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Voltage and window comparators 
Comparators are circuits in which the output changes 
state when the input varies above or below a set limit, or 
within two limits. Applications abound. 

THERE ARE MANY occasions in electronics when it is neces-
sary to have a circuit that abruptly changes its output stage 
when an input voltage, or a quantity that can be represented 
by a voltage such as a current, resistance, temperature or 
light level, etc), goes above or below a preset reference value. 
Circuits that perform this basic function are known as voltage 
comparators. 

Voltage comparators have plenty of practical applications 
apart from the obvious ones of over and under-voltage switches. 
They can readily be made to activate relays, alarms and other 
mechanisms when load currents or temperatures or light 
levels exceed, or fall within, preset limits, and have a stack of 
domestic and industrial uses. We'll look at some practical 
circuits in the next few pages. 

Basic voltage comparator 
circuits 
The easiest way to make a voltage comparator is to use a 
CA:3140 op-amp in one or other of the basic configurations 
shown in Figures 1 and 2. The 3140 op-amp has a typical basic 
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Figure 1. Basic op-amp comparator that functions as an under-voltage switch: 
the output is high when Vin is below Vref. 
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Figure 2 Alternative op-amp voltage comparator that functions as an over-
voltage switch: the output is high when Vin is above Vref. 

• 

open-loop) low frequency voltage gain of about 100 dB, so its 
output can be shifted from the high to the low state ( or vice 
versa ) by shifting the input voltage a mere 100 uV or so above 
or below the reference voltage value. This particular op-amp 
can be powered from either single-ended or split supply rails 
and provides an output that typically swings to within a couple 
of volts of its positive rail value or to within a few millivolts of 
its negative ( or zero) supply rail value: Unlike many other 
op-amps, the 3140 can accept input voltages all the way down 

Ray Marston 

to the negative rail value. 
The operation of the Figure 1 circuit is very simple. A fixed 

reference voltage I Vrefl is generated via R2-ZD1 and is 
applied directly to the non-inverting input terminal ( pin 31 of 
the op-amp, and the test or input voltage is applied to the 
inverting input terminal ( pin 2) via current-limiting resistor 
R 1. When Vin is below Vref the op-amp output is driven high 
(to positive saturation), but when Vin is above Vref the output 
is driven low ( to negative saturation ) as shown in the diagram. 
The action of the circuit can be reversed, so that the op-amp 
output is normally low but goes high when Vin exceeds V ref, 
by simply transposing the pin 2 and pin 3 connections of the 
op-amp, as shown in Figure 2. 
There are a few points worth noting about the basic single-

supply Figure 1 and Figure 2 3140 voltage comparator circuits. 
The first point is that the 'reference' voltage can be given any 
value from zero up to within two volts of the positive supply 
rail value, so either circuit can be made to trigger at any 
desired value between these limits by simply interposing a 
preset pot between a fixed voltage-reference source and the 
'Vref pin of the op-amp. 
The second point to note is that the ' input' pin of the op-amp 

must be constrained to the range from zero volts up to within 
two volts below the positive supply rail value. Thus, if you 
want the circuit to trigger at some high value of input voltage, 
this action can be obtained by feeding the input voltage to a 
simple potential divider before it reaches the actual input of 
the op-amp. 
The final point to note about the basic voltage comparator 

circuits is that they give a non-regenerative switching action, 
so that the op-amp is driven into the linear ( non-saturated) 
mode when the 'input' voltage is within a few tens of microvolts 
of Vref, and under this circumstance the op-amp output 
generates lots of spurious noise. In some applications this type 
of action may be unacceptable, in which case the problem can 
be overcome by feeding a small part of the op-amp output 
voltage back to the non-inverting input terminal, so that a 
regenerative switching action is obtained. The feedback signal 
introduces a degree of hysteresis in the voltage switching 
levels, the degree of hysteresis being directly proportional to 
the amount of feedback. 

Special voltage comparators 
Figures 3 to 7 show how the three points mentioned above can 
be put to practical use to make various types of'speciar voltage 
comparator circuits; plenty of other variations are possible. 

Figures 3 and 4 show how the basic comparator circuits can 
be modified to give variable-voltage switching by using a 
pre-set pot ( PRI ) to set the desired 'reference' or trigger 
voltage at any value in the range 0 — 5V6, and to give 
regenerative ('noiseless') switching by feeding part of the 
op-amp output back to the non-inverting terminal via R3; note 
in the Figure 4 circuit that the input terminal is terminated 
via R5, to ensure controlled hysteresis. 
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Figure 3. Variable under-voltage switch with degenerative feedback overcomes 
intermediate-voltage problems with Figure 1 and 2 circuits. 
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Figure 4. Variable over-voltage switch with regenerative feedback. 
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Figure 5 High value (0 — 130 V) under-voltage switch. 

Figures 5 and 6 show examples of how the circuits can 
be modified to give high-value variable-voltage (0 — 130 V) 
triggering by interposing a simple potential divider (R2-R3) 
between the input signal and the input of the op-amp: The 
Figure 5 circuit gives non-regenerative switching, while the 
Figure 6 circuit gives regenerative switching. 

Finally, Figure 7 shows how the comparator can be used as a 
sensitive audio sine-square converter that can operate from 
input signal amplitudes as low as 10 mV peak-to-peak at 
1 kHz and which produces decent squarewave outputs from 
sinewave inputs with frequencies up to about 15 kHz. Input 
impedance is 100k. 

VIN 

Figure 6. High value (0— 130 V) regenerative over-voltage switch. 

The operation of the Figure 7 circuit is simple. Voltage 
divider R1-R2 and capacitor C2 apply a decoupled reference 
voltage to pin 2 of the op-amp and an almost identical voltage 
is applied to signal-input pin 3 via isolating resistor R3. When 
a sinewave is fed to pin 3 via C 1 it swings pin 3 about the pin 2 
reference level, causing the op-amp output to change state at 

IOUT 
+10 V 

0 V - 

Figure 7. This sensitive sine-square converter needs only a few tens of 
millivolts of input signal to produce a decent squarewave output up to about 

15 kHz. 

the 'zero voltage difference' crossover points of the input 
waveform and produce a squarewave output. Preset pot PR1 ii 
used to bias the op-amp so that its output is just pulled low 
with zero input signal applied, so that the circuit operates with 
maximum sensitivity and stability. Note that, because of the 
gain-bandwidth product characteristics of the op-amp, the 
circuit sensitivity decreases as the input frequency is increased. 

Window comparators 
The voltage comparator circuits that we've looked at so far 
give an output transition when the inputs go above or below a 
single reference voltage value. It's a fairly simple matter to 
interconnect a pair of voltage comparators so that an output 
transition is obtained when the inputs fall between, or outside 
of, a pair of reference voltage levels. Figure 8 shows the basic 
circuit configuration, which is generally known as a window 
comparator or discriminator. 

OUT 
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8. A voltage window comparator or discriminator. The output goes high 
when Vin goes outside of the VL or Vu limits. 

The action of the Figure 8 circuit is such that the output of 
the upper op-amp goes high when Vin exceeds the six volt V. 
'upper limit' reference value, and the output of the lower 
op-amp goes high when Vin falls below the four volt VL 'lower 
limit' reference value. By feeding the outputs of the two 
op-amps to R4 via the Dl-D2 diode OR gate we get the sit-
uation where the final output is low when Vin is within the 
limits set by Vu and VL, but goes high whenever the input goes 
beyond these limits. 
The action of the Figure 8 circuit can be reversed, so that its 

output goes high only when the input voltage is within the 
'window' limits, by taking the output signal via a simple 
inverter stage. Alternatively, the required action can be 
obtained by transposing the two reference voltages and taking 
the output via a diode AND gate, as shown in Figure 9. 
Window discriminators can readily be made to activate from 

any parameter that can be turned into an analogue voltage, in 
the same way as a 'normal' voltage comparator can. They can 
thus be used to activate relays or alarms whenever temper-
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Figure 9 An alternative window discriminator in which the output goes high 
when Vin falls between the two limits. 
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Figure 10. An over-current switch: the output goes high when the load current 
exceeds a preset value. The action can be reversed by transposing pins 2 and 
3 of the op-amp. 

atures, voltages, currents or light levels etc. go outside of 
preset limits. Let's look now at some examples of 'analogue-
activated' comparator circuits. 

Analogue-activated 
comparators 
Figure 10 shows how a comparator circuit can be made to 
function as an over-current switch that gives a high output 
when the load current exceeds a value preset via PRL the 
value of Rx is chosen so that it develops roughly 100 mV at the 
required trip current level. A fixed half-supply 'reference' 
voltage is fed to pin 3 of the op-amp via R3-R4 and a similar but 
current-dependent voltage is fed to pin 2 via Rx-R1-PRI-R2; in 
effect, these two sets of components are configured as a Wheat-
stone bridge, with one side feeding pin 3 and the other side 
feeding pin 2, and the op-amp is used as a bridge-balance 
detector; consequently, the trip points of the circuit are not 
significantly influenced by supply voltage variations but are 
highly sensitive to load current variations. 
Note that the action of the Figure 10 circuit can be reversed. 

so that it functions as an undercurrent switch, by simply 
transposing the connections to pins 2 and 3 of the op-amp. The 
circuit can then be used as a lamp or load-failure indicator in 
cars or in test gear, etc. 
Figure 11 shows the circuit of a sensitive ac over-voltage 
switch, which gives a high output when the input signal 
exceeds a peak value 16 mV to 111 mV I preset via PR1. The ac 
input signal is applied to the input of non-inverting variable 
gain amplifier IC1, which has its gain variable from x45 to 
x850 via PR1. Note that the input of ICI is dc-grounded via 
R1-R2, so the op-amp responds only to the positive half-cycles 
of the input signal. Consequently, the output of IC1 is an 
amplified but positively half-wave rectified version of the 
input signal; this signal is peak-detected via R5-D1-C2-R6-R7 
and fed to the input of non-inverting voltage comparator IC2, 

which thus gives a positive output when the C2 voltage 
exceeds the value on the junction of R8-R9. 

Figures 12 to 15 show a variety of ways of using comparator 
circuits as light or temperature-activated switches. All of 
these circuits use a light or temperature-sensitive transducer 
(and LDR or cadmium sulphide photocell for light, or a 
negative-temperature-coefficent thermist,or for temperature) 
as the sensing element and use the element as one arm of a 
Wheatstone bridge and the op-amp as a simple bridge-balance 
detector so that the 'trip' point of each circuit is independent of 
supply line variations. In all cases, the sensing element must 
have a resistance in the range 5k to 100k at the required 'trip' 
point and PR1 is chosen to have the same resistance value as 
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Figure 11 This ac over-voltage switch can be triggered by input signals in the 
range 6 mV to 111 mV peak. 
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Figure 12 Precision over-temperature switch with transistor/relay output. 
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Figure 13 Precision under-temperature switch with VFET/relay output. 

the sensing element at the required trip level. 
The Figure 12 to 15 circuits also show a variety of ways of 

using the output of the op-amp to activate a relay or to 
generate an acoustic alarm signal. Thus, the Figure 12 over-
temperature switch has a transistor-driven relay output, while 
the Figure 13 under-temperature switch has a VFET-driven 
relay output. Similarly, the light-operated switch circuit of 
Figure 14 generates a monotone alarm output signal in a 
small speaker, while the dark-operated switch of Figure 15 
generates a low-power pulsed-tone signal in a small piezo-
electric transducer. 
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Figure 14 Light-operated switch with monotone alarm output. 

Micro-power operation 
All of the 3140-based comparator circuits that we have looked 
at so far are continuously powered; they draw continuous 
currents of about 4 mA per op-amp and will thus flatten 
a small 9 V battery in less than two days of continuous 
operation. These circuits are thus not well suited to battery 
operation in 'portable' applications. In practice, however, all of 
these circuits can easily be modified for long-life battery 
operation by using a micro-power 'sampling' technique; the 
principle can be explained with a simple example, as follows. 
The Figure 13 under-temperature switch circuit monitors 

temperature continuously and draws about 5 mA of quiescent 
current ( with the relay off). In reality, however, temperature is 
a slowly-varying parameter and thus does not need to be 
monitored continuously; instead, it can be efficiently monitored 
by briefly 'inspecting' or 'sampling' it ( by connecting the 
supply power and inspecting the op-amp output) only once 
every second or so; if the sample periods are very brief ( say 
300 uS I relative to the sampling interval lone second), the 
mean current consumption of the monitor can be reduced by a 
factor equal to the interval/period ratio (e.g: by a factor of 
3300) by using the sampling technique, so that, for example, 
the 5 mA consumption of the Figure 13 circuit can be reduced 
to a mean value of a mere 1.6 uA, thus giving years of 
continuous operation from a 9 V battery. The 'sampling' tech-
nique thus enables true micro-power monitor or comparator 
designs to be implemented. 
Figure 16 shows the basic circuit of a 'micro-power' or 

sampling version of the Figure 13 under-temperature switch, 
which operates the relay when the TH1 temperature falls 
below a preset value but which draws a mean quiescent 
current of only a few uA. The TH1-PRI-RI-R2-ICI monitor 
network is almost identical to that of Figure 13, but instead of 
being continuously powered it is powered via a 300 uS pulse 
just once every second via a sample-pulse generator and Q 1. 
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Figure /5. Dark-operated switch with low-power pulsed-tone output. 

Note that the output of IC1 is fed to temporary 'memory' store 
R4-C1 via D1, and that the memory store operates the relay 
via VFET Q2. 
Thus, if the TH1 temperature is outside of the trip level 

when the sample pulse arrives, IC1 output will remain low and 
no charge will be fed to CI, so Q2 and the relay will be off, but if 
the TH I temperature is within the trip level when the sample 
pulse arrives the IC1 output will switch high for the duration 
of the pulse and thus rapidly charge C 1 up via D1 and thence 
drive the relay on via Q2; the C 1 charge will then easily hold 

the relay on until the arrival of the next sample pulse. 
The Figure 16 circuit, then, illustrates the basic principle› 

of the micro-power sampling technique. In reality the 
sampling interval and pulse-width used (and thus the re-
duction in mean power consumption) will depend on the 
specific application. If, for example, you wish to monitor 
transient changes in light or sound levels and know that these 
transients have minimum durations of 100 mS, you may have 
to use a 50 mS sampling interval and (say) a 500 uS sample 
pulse, in which case the mean consumption of your circuit will 
be reduced by a factor of 100. 

In some cases you may have to slightly modify the operating 
principle of the sampling circuitry to obtain the desired 
micro-power operation. Figure 17, for example, shows how the 

Figure 16. This micropower or • sampling  version of the Figure 13 under-
temperature switch draws a mean quiescent current of only a few microamps. 
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Figure 17. This coded light beam detector circuit uses a modified version of the 
micropower 'sampling' technique. 

principle may be adapted to make a coded lightbeam detector, 
in which the 'code' light signal is modulated at 1 kHz for 
a minimum duration of 100 mS. Thus, the sample-pulse 
generator is designed to produce a minimum pulse width of 
1.2 mS so that it can 'capture' at least one full 1 kHz code cycle, 
and the sampling interval is set at 60 mS so that part of a tone 
burst will always be captured. The sampling circuitry thus 
gives a 50:1 reduction in monitor current consumption. 
Thus, in the Figure 17 circuit, the sample generator 

repeatedly feeds 1.2 mS 'inspection' pulses to the 3140 detector 
circuitry via one input of the OR gate and via Q1 to see if any 
trace of a coded signal exists. If no trace of a code signal is 
detected the output of the op-amp remains low and another 
sample pulse is applied 60 mS later, but if a trace of a code 
signal is detected the output of the op-amp immediately 
switches high and the resulting pulse is 'captured' by C 1 via 
D1 and applied to the remaining input of the OR gate, thereby 
temporarily applying full power to the 3140 circuitry so that 
the code signal can be properly inspected via the passive signal 
conditioning circuitry to see if it conforms to the specified 
'code' characteristics. 
Note that, for a sampling system to be truly efficient, the 

actual sample-pulse generator must itself consume negligible 
current and may thus have to be a non-standard design. We'll 
show some possible suitable circuits in the next edition of 
'Circuit File'. • 
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Using the 4007UB 'FETset' IC 
The 4007UB comprises two pairs of complementary 
MOSFETs and a simple MOSFET inverter stage, all 
independently accessible, which makes this simple IC a 
very versatile chip indeed. 

THE 4007UB is the simplest chip in the entire CMOS range. It 
contains little more than two pairs of complementary 
MOSFETs, plus a simple CMOS inverter stage. All of these 
elements are, however, independently accessible, enabling 
them to be configured in a wide variety of ways, thereby 
making the IC the most versatile in the entire CMOS range. 
The 4007UB is an ideal device for demonstrating CMOS 

principles to students, technicians and engineers. It is some-
times known as the 'design-it-yourself CMOS chip, and can 
readily be configured to act as a multiple digital inverter, 
NAND or NOR gate, transmission gate, or as a uniquely 
versatile `micropower' linear amplifier, oscillator or multi-
vibrator. We'll look at some practical examples of these 
applications later. In the meantime, let's look at 4007UB basics. 
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Figure la Functional diagram of 
the 4007UB dual CMOS pair plus 
inverter. 

Figure lb. Internal input protection • 
network (within dotted lines) on each 
input of the 4007U13. 

Basics: digital operation 
Figure la shows the functional diagram and pin numbering of 
the 4007UB. Each of the three independent input terminals 
of the IC is internally connected to the standard CMOS pro-
tection network shown in Figure lb. All MOSFETs in the 
4007UB are enhancement-mode devices; Ql, Q3 and Q5 are 
p-channel MOSFETs, and Q2, Q4 and Q6 are n-channel 
MOSFETs. Figure lc àhows the terminal notations of the two 
MOSFET types; note that the B terminal represents the bulk 
substrate. 
The term 'CMOS' actually stands for 'Complementary Metal 

Oxide Silicon field-effect transistors' and it is fair to say that 
all CMOS ICs are designed around the basic elements shown 
in Figure 1. It is thus worth getting a good basic understanding 
of these elements. Let's look first at the digital characteristics 
of the basic MOSFETs. 
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Figure lc. MOSFET terminal 
notations. G = Gate. D = Drain. 
S = Source. B = Bulk substrate. 

from e-channel MOSFET. 
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The input (gate) terminal of a MOSFET presents a near-
infinite impedance, and the magnitude of an external voltage 
applied to the gate controls the magnitude of source-to-drain 
current flow. Basic characteristics of the enhancement-mode 
n-channel MOSFET are that the source-to-drain path is open 
circuit when the gate is at the same potential as the source, but 
becomes a near short-circuit (a low resistance) when the gate 
is heavily biased positive with respect to the source. Thus the 
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Figure 2. Digital inverter made Figure 3. Digital inverter made from 
p-channel MOSFET. 

n-channel MOSFET can be used as a digital inverter by wiring 
it as shown in Figure 2. With a logic 0 (zero volts) input the 
MOSFET is cut off and the output is at logic 1 ( positive rail 
voltage), but with a logic 1 input the output is at logic O. 

Basic characteristics of the p-channel enhancement-mode 
MOSFET are that the source-to-drain path is open when the 
gate is at the same potential as the source, but becomes a 
near-short when the gate is heavily biased negative to the 
source. The p-channel MOSFET can thus be used as a digital 
inverter by wiring it as shown in Figure 3. 
Note in the Figures 2 and 3 inverter circuits that the on 

currents of the MOSFETs are determined by the value of R1 
and that these circuits draw a finite quiescent current when 
they are in one of their logic states. This snag can be overcome 
by connecting a complementary pair of MOSFETs in the 
standard CMOS inverter configuration shown in Figure 4a. 
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—• OUT 

Figure 4. Circuit (a), truth 
table (b) and standard 
symbol (c) of the basic 
CMOS digital inverter. 

Here, with a logic 0 input applied, Q1 is shorted, so the output 
is firmly tied to the logic 1 ( positive rail) state, but Q2 is open 
and the inverter thus passes zero quiescent current via this 
transistor. With a logic 1 input applied, Q2 is shorted and the 
output is firmly tied to the logic 0 (zero volt) state, but Q1 is 
open and the circuit again passes zero quiescent current. This 
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'zero quiescent current' characteristic of the complementary 
MOSFET inverter is one of the most important features of the 
CMOS range of digital ICs, and the Figure 4a circuit forms the 
basis of almost the entire CMOS family. Figure 4c shows the 
standard symbol used to represent a CMOS inverter stage. 
Q5 and Q6 of the 4007UB are fixed-wired in this inverter 
configuration. 
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vG. 
Basics: linear operation 
To truly understand the operation and vaguaries of 
CMOS circuitry, it is essential to understand the linear 
characteristics of basic MOSFETs. Figure 5 shows the typical 
gate-voltage to drain-current graph of an n-channel enhance-
ment mode MOSFET. Note that negligible drain current flows 
until the gate voltage rises to a 'threshold' value of about 1.5 to 
2.5 volts, but that the drain current then increases almost 
linearly with further increases in the gate voltage. 
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F,yure 5 Typical gate-voltage to 
drain-current characteristics of an 
n- channel MOSFET. 

Figure 6 Methods of biasing an n-channel 4007UB MOSFET for use as a 
linear inverting amplifier. 

Figure 6 shows how to connect an n-channel 4007UB 
MOSFET as a linear inverting amplifier. R1 serves as the 
drain load of Q2 and R2-Rx bias the gate so that the device 
operates in the linear mode. The Rx value must be selected to 
give the desired quiescent drain voltage; the Rx value is 
normally in the range 18k to 100k. If you want the amplifier to 
give a very high input impedance, wire a 10M isolating 
resistor between the R2-Rx junction and the gate of Q2, as 
shown in Figure 6b. 
Figure 7 shows the typical ID to VDs characteristics of an 

n-channel MOSFET at various fixed values of gate-to-source 
voltage. Imagine here that, for each set of curves, VGs is fixed 
at the VDD voltage, but that the VDs output voltage can be 
varied by altering the value of drain load RL. The graph can be 
divided into two characteristic regions, as indicated by the 
dotted line, these being the triode region and the saturated 
region. 
When the MOSFET is in the saturated region (with VDs at 

some value in the nominal range 50% to 100% of VGs) the 
drain acts like a constant current source, with it's current 
value controlled by VGs. A low VGs value gives a low constant-
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Figure 7. Typical lo to Vos characteristics of the n-channel MOSFET at various 
fixed values of Vos. 

current value, and a high VGs value gives a high constant-
current value. These saturated 'constant-current' character-
istics provide CMOS with its short-circuit proof feature and 
also determine it's operating speed limits at different supply 
voltage values. 
When the MOSFET is in the triode region (with VDs at some 

value in the nominal range 1% to 50% of VDs) the drain acts 
like a voltage-controlled resistance, with the resistance value 
increasing approximately as the square of the VGs value. 
The p-channel MOSFET has an ID to VDs characteristics 

graph that is complementary to that of Figure 7. Consequently, 
the action of the standard CMOS inverter of Figure 4 (which 
uses a complementary pair of MOSFETs) is such that it's 
current-drive capability into an external load, and also it's 
operating speed limits, increases in proportion to the supply 
rail voltage. 

Figure 8 Typical voltage transfer characteristics of the 4007UB simple 

CMOS inverter. 

Figure 8 shows the typical voltage-transfer characteristics 
of the standard CMOS inverter at different supply voltage 
values. Note (on the 15 V VDD line, for example) that the 
output voltage changes by only a small amount when the input 
voltage is shifted around the VDD and 0 V levels, but that when 
Vin is biased at roughly half-supply volts a small change 
of input voltage causes a large change of output voltage. 
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Figure 9 Method of biasing the 
simple CMOS inverter for linear 

operation. Typical gain and band-
width performance figures are 

30 dB and 2.5 MHz at 15 V supply. 
40 dB and 710 kHz at 5 V. 

Typically, the inverter gives a voltage gain of about 30 dB 
when used with a 15 V supply, or 40 dB at 5 V. Figure 9 shows 
how to connect the CMOS inverter for use as a linear amp-
lifier; the circuit has a typical bandwidth of 700 kHz at 5 V 
supply, or 2.5 MHz at 15 V. 
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Figure 10 Wiring three simple CMOS 
inverters in series (a) gives the equivalent 
of a B-series buffered' CMOS inverter, 
which has the transfer characteristics 
shown in (b). 
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Wiring three simple CMOS inverter stages in series (Figure 
10a) gives the direct equivalent of a modern B-series 'buffered' 
inverter stage, which has the overall voltage transfer graph 
shown in Figure 10b. The B-series inverter, typically gives 
about 70 dB of linear voltage gain, but tends to be grossly 
unstable when used in the linear mode. 

15 

10 

lo 
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veo 

vo,,, 

Figure II Drain-current transfer 

characteristics of the simple CMOS 
10 15 inverter. 

Finally, Figure 11 shows the drain-current transfer char-
acteristics of the simple CMOS inverter. Note that the drain 
current is zero when the input is at zero or full supply volts, but 
rises to a maximum value (typically 0.5 mA at 5 V supply, or 
10.5 mA at 15 V supply) when the input is at approximately 
half-supply volts, under which condition both MOSFETs of the 
inverter are biased on. In the 4007UB, these on currents can be 
reduced by wiring extra resistance in series with the source of 
each MOSFET of the CMOS inverter; we use this technique in 
the `micropower' circuits shown later in this article. 

Using the 4007UB 
The usage rules of the 4007UB are quite simple. In any specific 
application, all unused elements of the device must be dis-
abled. Complementary pairs of MOSFETs can be disabled by 
connecting them as standard CMOS inverters and tying their 
inputs to ground, as shown in Figure 12. Individual MOSFETs 
can be disabled by tying their source to their substrate (B) and 
leaving the drain open circuit. 

ye) 
V. ° re) 

Vooi. ye) 

0 V 

Figure 12. Individual 4007UB complementary MOSFET pairs can be 

disabled by connecting them as CMOS inverters and grounding their 
inputs. 

In use, the input terminals must not be allowed to rise above 
VDD (the supply voltage) or below Vss (zero volts). To use an 
n-channel MOSFET, the source must be tied to Vss, either 
directly or via a current-limiting resistor. To use a p-channel 
MOSFET, the source must be tied to VDD, either directly or via 
a current-limiting resistor. 
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00-06 

Figure 13. 4007UB triple inverter. 

V,0( • vol 

OUT 

Figure 14 4007UB inverter plus non-inverting buffer. 

OUT 

Practical 4007UB circuits: digital 
The 4007UB elements can be configured to act as any of a 
variety of standard digital circuits. Figure 13 shows how to 
wire it as a triple inverter, using all three sets of complementary 
MOSFET pairs. Figure 14 shows the connections for making 
an inverter plus non-inverting buffer; here, the Q1-Q2 and 
Q3-Q4 inverter stages are simply wired directly in series, to 
give an overall non-inverting action. 
The maximum source (load-driving) and sink ( load-

absorbing) output currents of a simple CMOS inverter stage 
self-limit at 10-20 mA as one or other of the output MOSFETs 
turns fully on. Higher sink currents can be obtained by simply 
wiring n-channel MOSFETs in parallel in the output stage. 

no 
IN 

05 

12 

ij OUT 

Figure 15. 4007UB high sink-current inverter. 

Figure 15 shows how to wire the 4007UB so that it acts as a 
high sink-current inverter that will absorb triple the current 
of a normal inverter. Similarly, Figure 16 shows how to wire 
the IC to act as a high source-current inverter, and Figure 17 
shows the connections for making a single inverter that will 
sink or source three times more current than a standard 
inverter stage. 
vorpo., 

HI 

IN •  

1 • OUT 
12 

Figure 16. 4007UB high 
current inverter. 

 • OUT 

4, 04 

kle 

source- Figure 17. 4007UB high-power in-
verter, with triple the sink- and 
source-current capability of a 
standard inverter. 
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Figure 18 4007UB two-input NOR gate. 

The 4007UB is a perfect device for demonstrating the basic 
principles of CMOS logic gates. Figure 18 shows the basic 
connections for making a two-input NOR gate. Note that the 
two n-channel MOSFETs are wired in parallel so that either 
can pull the output to ground from a logic 1 input, and the two 
p-channel MOSFETs are wired in series so that both must turn 
on to pull the output high from a logic 0 input. The truth table 
shows the logic of the circuit. A three-input NOR gate 
can be made by simply wiring three p-channel MOSFETs in 
series and three n-channel MOSFETs in parallel, as shown in 
Figure 19. 
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C e- 
10 

Figure 19. 4007UB three- input NOR gate. 
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Figure 21 4007UB transmission gate or bilateral switch. 

Figure 21 shows the basic circuit for using the 4007UB ti) 
make another important CMOS element, the so-called trans-
mission gate or bilateral switch. This device acts like a near-
perfect switch that can conduct signals in either direction and 
can be turned on (closed) by applying a logic 1 to the control 
terminal or turned off (open) via a logic 0 control signal. Here, 
an n-channel and a p-channel MOSFET are wired in parallel 
(source-to-source, drain-to-drain), but their gate signals are 
applied in anti-phase via the Q1-Q2 inverter. To turn the 
Q3-Q6 transmission gate on (closed), Q6 gate is taken to logic 1 
and Q3 gate to logic 0 via the inverter. To turn the switch off, 
the gate polarities are simply reversed. 
The 4007UB transmission gate has a near-infinite OFF 

resistance and an ON resistance of about 600 ohms. It can 
handle all signals between zero volts and the positive supply 
rail value. Note that, since the gate is bilateral, either of its 
terminals can function as input or output. 

A   OUT 

OUT 

o o 

o 

o 

o 

Figure 20. 4007UB two-input NAND gate. 

Figure 20 shows how to wire the 4007UB as a two-input 
NAND gate. In this case the two p-channel MOSFETs are 
wired in parallel and the two n-channel MOSFETs are wired 
in series. A three-input NAND gate can be made by similarly 
wiring three p-channel MOSFETs in parallel and three 
n-channel MOSFETs in series. 

B-.-... X 

CONTROL 
0= X TO B 
1= X TO A 

CONTROL 

Figure 22. 4007UB two-way transmission gate. 

Finally, Figure 22 shows how the 4007UB can be wired as a 
dual transmission gate that functions like a single-pole 
double-throw (SPDT) switch. In this case the circuit uses two 
transmission elements, but their control voltages are applied 
in antiphase, so that one switch opens when the other closes, 
and vice versa; the 'X' sides of the two gates are shorted 
together, to give the desired SPDT action. 
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Figure 23. Typical Av and frequency characteristics of the linear-mode basic 
CMOS amplifier. 

Practical 4007UB circuits: linear 
We've already seen in Figures 6 and 9 that the basic 4007UB 
MOSFETs and the CMOS inverter can be used as linear amp-
lifiers. Figure 23 shows the typical voltage gain and frequency 
characteristics of the linear CMOS inverter when operated 
from three alternative supply rail values. This graph assumes 
that the amplifier output is feeding into the high impedance of 
a 10M/15 pF 'scope probe. The output impedance of the open-
loop amplifier typically varies from 3k at 15 V, to 5k at 10 V, to 
22k at 5 V, and it is the product of the output impedance and 
output load capacitance that determines the bandwidth of the 
circuit, increasing the load capacitance or output impedance 
reduces the bandwidth. 
As you would expect from the voltage transfer graph of 

Figure 8, the distortion characteristics of the CMOS linear 
amplifier are not particularly wonderful. Linearity is quite 
good for small-amplitude signals (output amplitudes up to 3 V 
peak-to-peak with a 15 V supply), but the distortion then 
increases progressively as the output approaches the upper 
and lower supply limits. Unlike a bipolar transistor circuit, 
the CMOS amplifier does not 'clip' excessive sine wave signals, 
but progressively rounds off their peaks. 
Figure 24 shows the typical drain-current versus supply-

voltage characteristics of the basic CMOS linear amplifier. 
Note that the supply current typically varies from 0.5 mA at 
5 V to 12.5 mA at 15 V. 

In many applications, the quiescent supply current of the 
4007UB CMOS amplifier can usefully be reduced, at the 
expense of reduced amplifier bandwidth, by wiring external 
resistors in series with the source terminals of the two 
MOSFETs of the CMOS stage, as shown in the 'micropower' 
circuit of Figure 25. This diagram also shows the effect that 
different resistor values have on drain current, voltage gain 
and bandwidth of the amplifier when it is operated from a 15 V 
supply and has it's output feeding to a 10M/15 pF CRO probe. 

15 

10 
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0 S 10 15 
Voo  

Figure 24 Typical ID/VDD characteristics of the 

linear-mode CMOS amplifier. 

.15 V 

fit  
It is very important to appreciate in the Figure 25 circuit 

that these additional resistors add to the output impedance of 
the amplifier (the output impedance is roughly equal to the 
RI-Ay product) and this impedance and the external load 
resistance/capacitance has a great effect on the overall gain 
and bandwidth of the circuit. When using 10k values for RI, 
for example, if the load capacitance is increased to 50 pF the 
bandwidth falls to about 4 kHz, but if the capacitance is 
reduced to 5 pF the bandwidth increases to 45 kHz. Similarly, 
if the resistive load is reduced from 10M to 10k, the voltage 
gain falls to unity; for significant gain, the load resistance 
must be large relative to the output impedance of the amplifier. 
The basic (unbiased) CMOS inverter stage has an input 

capacitance of about 5 pF and an input resistance of near-
infinity. Thus, if the output of the Figure 25 circuit is fed 
directly to such a load, it will show a voltage gain of about 30 
and a bandwidth of 3 kHz when R1 has a value of 1M; it will 
even give useful gain and bandwidth when R1 has a value of 
10M and will consume a quiescent current of only 0.4 uA! 
The CMOS linear amplifier can be used, in either its 

standard or micropower forms, to make a variety of fixed-gain 
amplifiers, mixers, integrators, active filters and oscillators, 
etc. Three typical basic applications are shown in Figure 26. 
A particularly attractive linear application is as a crystal 

oscillator, as shown in Figure 27a. Here, the CMOS amplifier 
is linearly biased via R1 and provides 180° phase shift, and the 
Rx-C1-XTAL-C2 pi-type crystal network provides an additional 
180° of phase shift at the crystal resonant frequency, thereby 
causing the circuit to oscillate. If you simply want the crystal 
to provide a frequency accuracy within 0.1% or so, Rx can be 
replaced by a short and Cl-C2 can be omitted. For ultra-high 
accuracy, the correct values of Rx-C1-C2 must be individually 
determined (Figure 27 shows the typical range of values). In 
micropower applications, Rx can be incorporated in the CMOS 
amplifier, as shown in Figure 27b. If desired, the output of the 
crystal oscillator can be fed directly to the input of an 
additional CMOS inverter stage, for improved waveform 
shape/amplitude. 

RI 
lo p,,, woo r / V,o I ri,21341 

0 12.5 mA 20 2.7 MHz 

100R 8.2 mA 20 1.5 MHz 

56OR 3.9 unA 25 300 kHz 

IkO 2.5 mA 30 150 kHz 

51,6 600 uA 40 25 kHz 

10k 370 AA 40 15640 

1001, 40 uA 30 2 kHz 

IMO 4 uA 10 1 kHz 

Figure 25 Micropower' 

4007UB CMOS linear amp-
lifier, showing method of 
reducing lo, with measured 
performance details. 
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Figure 26. The CMOS amplifier can be used in a variety of linear inverting amplifier applications. Three 
typical examples are shown here. 
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Figure 27. Crystal oscillator using (a) 
standard and (b) micropower 4007UB 
CMOS linear inverter. 
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Figure 29 circuit is not, however, very good, the period vary 
ri   2 

from 200 ms at 6 V to 80 ms at 10 V. 

6Fivgu:seu3A0.allitilosv400. 4007UB asymmetrical ring-of-three astable consumes 2 uA at 

Ra 

rt 0 V Figure 30 shows how the 4007UB can be configured as an 
r— -130 ms asymmetrical ring-of-three astable. In this case the 'input' ut 

10 v  the circuit is applied to n-channel MOSFET, Q2. The circuit 
consumes 2 uA at 6 V or 5 uA at 10 V. 

0 V 
R3 10k 

  10 V 

60 

0 V 

0 V 

Figure 28 This 4007UB ring-of-three astable consumes 280 uA at 6 V, 

1.6mA at 10 V 

Practical 4007UB circuits: astables 
One of the most useful applications of the 4007UB is as 
a ring-of-three astable multivibrator. Figure 28 shows the 
basic configuration of the circuit. Waveform timing is con-
trolled by the values of RI. and Cl, and the output waveform 
(A) is approximately symmetrical. Note that for most of 
the waveform period the front-end (waveform B) part of the 
circuit operates in the linear mode, so the circuit consumes a 
significant running current. 

In practice, the running current of the Figure 28 astable 
circuit is far higher than that of an identically configured 
B-series 'buffered' CMOS chip such as the 4001B, the com-
parative figures being 280 uA at 6 V and 1.6 mA at 10V for the 
4007UB against 12 uA at 6 V and 75 uA at 10V for the 4001B. 
The 4007UB circuit, however, has far lower propagation 
delays than the 4001B and typically has a maximum astable 
operating speed that is three times higher than that of the 
4001B. 
The running current of the 4007UB astable can be greatly 

reduced by operating it's first two stages in the `micropower' 
mode, as shown in Figure 29. This technique is of particular 
value in low frequency operation, and the Figure 29 circuit 
in fact consumes a mere 1.5 uA at 6 V or 8 uA at 10 V, these 
figures being far lower than those obtainable from any 
other IC in the CMOS range. The frequency stability of the 

R1 101.1 

0 V 

80 Frs AT 10V 

200 ms AT 6V 
• 

- 10V 

0 V 

Figure 29. This micropower ring-of-three symmetrical 4007UB 

astable consumes 1.5 uA at 6 V, or 8 uA at 10 V. 

• 900 ms 

Figure 31 This dual time constant version of the 4007UB astable generates a 

very narrow output pulse. 

Figure 31 shows how the symmetry of the above circuit can 
be varied by shunting R1 with the D1-R3 network, so that the 
charge and discharge times of C 1 are independently control-
led. With the component values shown, the circuit produces a 
300 us pulse once every 900 ms and consumes a mere 2 uA at 6 
V or 4.5 uA at 10 V. Note that these characteristics are similar 
to those of the ideal 'sample-pulse generator' circuit that was 
mentioned at the end of the last Circuit File, on Voltage and 
Window Comparators (ETI, November'82, pp 48-51). 

Finally, to round off this edition of Circuit File, Figure 32 
shows how the current consumption of the above circuit can be 
even further reduced, by operating the Q3-Q4 CMOS inverter 
in the micropower mode. The table gives details of circuit 
performance with alternative C 1 and R3 values. This cir-
cuit will give years of continuous operation from a single 
battery supply. • 
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Light and power from 
dc supplies 
Generating mains-independent light and power from 
batteries is fraught with many unrealised difficulties. 
Whether you want dc back-up to operate equipment when 
the mains goes 'off the air' or a wholly independent 
240 Vac supply, you should know the problems up front. 

THAT'S THE TROUBLE with Electric-
ity Commissions — they've insidiously 
crept into our lives and made us quite 
dependent on them. For those occasions 
when we cannot avail ourselves of their 
'services', we have to rely on other 
sources to provide light and power. The 
old kerosene pressure lamp has its 
advantages — and disadvantages — but 
how on earth do you keep a disk drive 
running when the ac mains 'browns out'? 
As storage batteries are ubiquitous, the 
12 V car battery in particular, it's 
natural that we turn to them to provide 
back-up and mains-independent 
supplies. 

Back-up supplies 
For equipment designed to be powered 
directly from a nominal 12 Vdc source or 
from either 12 Vdc or 240 Vac, back-up 
supplies are employed to maintain 
continuity of supply, the battery being 
kept charged from the mains, but the 
battery acts to maintain power supply 
to the equipment in the event of mains 
failure. This sort of system is commonly 
installed with burglar alarms, amateur 
radio repeaters and geophysical mon-
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itoring equipment, for example. 
The 'power budget' of such systems is 

carefully considered to provide maxi-
mum service period from the battery 
supply when mains is unavailable. 
Hence a single 12 V storage battery — 
generally a low maintenance type — is 
employed. Let's learn a bit about lead-
acid batteries first. 
The fully-charged, no-load terminal 

voltage of a lead-acid cell is between 
2.3-2.4 volts. This drops under load to 
about 2.0-2.2 volts. When discharged, 
the cell voltage is typically 1.85 volts. 
The amp-hour capacity is determined 
from a 10-hour discharge rate. The cur-
rent required to discharge the battery to 
its end-point voltage of 1.85 V/cell is 
multiplied by this time; e.g: a 40 Ah 
battery will provide four amps for 
10 hours before requiring recharge. 
Note however that the amp-hour capac-
ity varies with the discharge current. 
The same battery discharged at a rate of 
10 amps will not last four hours; on the 
other hand if it is discharged at 1 amp it 
will last somewhat longer than 40 hours. 
The typical discharge characteristics of 
a (nominal) 12 V battery are shown in 
Figure 1. 

10-HOUR DISCHARGE RATE 

3-HOUR DISCHARGE RATE 

8 10 

TIME (HOURS) 

e 

15.6 «. 
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Roger Harrison 

The ideal initial charging current for 
the fully discharged battery ( cell voltage 
under 2.0 V) should be about 20 amps 
per 100 amp-hours of capacity ( Le: 
8 amps for a 40 Ah battery). Once the 
electrolyte begins to gas rapidly, the 
terminal voltage will be around 
13.8 volts and rising rapidly. At this 
point, the charging current should be 
reduced to somewhere between 4-8 amps 
per 100 Ah until charging is complete. 
At the end of charging, terminal volt-

age may rise to about 15.6 volts or more, 
but this decreases slowly after the 
charger is removed, the terminal voltage 
then usually reading around 14.0 to 
14.4 volts ( see Figure 2). 
Back-up supplies are generally of the 

'trickle-charge' type or the 'battery 
condition' sensing type. Two good exam-
ples are ET! projects 597 — Emergency 
Lighting Unit (December 1980) — and 
1503 — Intelligent Battery Charger 
(August 1981). The ETI-597 trickle 
charges a 12 V battery when the mains 
is on and provides automatic switchover 
when the power drops out. It's cheap and 
simple, but needs to be used for the 
batteries to stay in condition so that 
they deliver their rated capacity when 

CHARGING RATE 
REDUCED 

RAPID GASSING 

OCCURS 

6 a 10 

TIME (HOURS) 

Figure 2. Charging characteristics of a 12 V (nominal) lead-acid battery. The 
Figure 1. Typical discharge characteristics of a 12 V (nominal) lead-acid battery. kink in the curve near six hours is explained in the text. 
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needed. Back-up supplies of this sort are 
only practical where the load on the 
supply is not too heavy — generally 
20 W or so. 
To drive a heavier load, upwards of 

50 W for example, it's best to power the 
equipment from the battery all the time 
and have a charger which senses the 
battery terminal voltage, charging the 
battery when the terminal voltage falls 
to a preset level and turning off when 
the terminal voltage rises to the desired 
operating level again. This is what the 
ETI-1503 does. There is a slight element 
of luck involved as to how charged the 
battery will be at any one time, but the 
lower limit is usually set so that the 
equipment will operate for a specified 
period. The ETI-1503 can be used with 
batteries with a capacity up to 100 Ah. 
Such a battery can drive a 10 A load at 
the 10-hour discharge rate — which 
effectively means it's a good back-up 
supply for equipment with a power 
budget of up to 120 W mean consumption 
This means that actual consumption 
can be greater than that from time to 
time provided that consumption falls 
below the mean level for an equivalent 
period. An amateur VHF or UHF re-
peater is a good example. Whilst 'listen-
ing' only — no stations active on the 
input channel — consumption is quite 
low. When 'activated' by a station or 
stations, the repeater spends most of its 
time transmitting, and consumption 
can be four to ten times that during in-
active periods, depending on the power 
output of the transmitter employed in 
the repeater. 
As stated earlier, the major consider-

ation with back-up supplies is the power 
budget of the equipment being supplied. 
If you anticipate the necessity of operat-
ing the equipment for periods exceed-

Circuit of the ETI-597 

lighting applications. 
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Figure 3. The light output of a fluorescent tube increases with increasing supply frequency in the manner 

shown in this graph. The property is exploited in dc-ac square wave inverters for lighting. 

ing, say, eight hours, then a battery of 
adequate ampere-hour capacity needs 
to be used. It is always prudent to choose 
a battery with 20-50% more capacity 
than strictly necessary. 

dc-ac inverters 
Like storage batteries, 240 Vac mains-
operated equipment is ubiquitous! The 
huge variety of products have been 
designed to be convenient, thus making 
themselves necessary. Or so it seems. 
Why on earth anyone would want to 
take an electric razor on a camping 
expedition and expect to power it from 
an ersatz 240 Vac supply is beyond this 
writer — but then I haven't had a shave 
in more than 15 years except when my 
appendix was removed and then they 
didn't shave my face! 
There are two common approaches to 

providing 50 Hz ac power for mains 
operated appliances: provide square 
wave drive of the appropriate amplitude, 
or derive a sinewave (or pseudo sine-
wave ) supply of appropriate amplitude. 
Both are fraught with hidden difficult-

DI CURRENT LIMITING 
1144001 RESISTOR (AS REQUIRED) 

Emergency Lighting Unit', a simple back-up supply that can be used for other than 

ies. If you want any substantial amount 
of power output — like 200 W — you're 
in hot water — and probably unable to 
boil a billy, to boot! 

A square wave dc-ac inverter has the 
advantage of simplicity and efficiency 
— depending somewhat on the design. 
Inverters generally take two forms: self-
excited, usually employing a feedback 
winding on the transformer, and driven, 
where an oscillator drives a switching 
circuit, generally with transformer out-
put. Where the precise frequency of the 
ac output is unimportant, self-excited 
inverters are employed. Where a stable 
50 Hz output is required, a driven in-
verter is necessary. 
Lighting is one area where self-excited 

dc-ac inverters find application. The 
common tungsten filament incandescent 
light globe is a poor choice for lighting 
where a dc supply is employed. They 
have an efficiency of less than a fifth of 
that of a fluorescent light of the same 
power rating — viz: around 12 lumens/ 
watt for the tungsten filament lamp 
versus better than 60 lumens/watt for a 
fluorescent tube. A 20 W fluorescent 
tube would provide as much light out-
put as a 100 W incandescent globe! 
Those figures are based on 50 Hz ac 
supply. Fluorescent tubes actually 
improve in efficiency when driven from a 
higher frequency supply. Figure 3 shows 
how the light output of a fluorescent tube 
increases with increasing supply fre-
quency. Driving the tube from a supply 
frequency of 10 kHz or more will result in 
a 20% increase in light output. 
The circuit of a self-excited inverter 

driving a fluorescent tube is shown in 
Figure 4. This is taken from Project 
ETI-516 of November 1972. It ran at 
around 2 kHz and employed a ferrite-
cored transformer. Consumption was 
2.5 amps. An incandescent globe to pro-
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Figure 4. ETI project 516 (Nov. 72!) employed a self-excited dc-ac square wave inverter operating at 2 kHz 
to drive a 20 W fluorescent tube — an efficient solution to providing light from a dc supply. 

vide a similar light output would draw 
around 10 amps! Such inverters have one 
drawback — the transformer core 'sings' 
owing to the magnetostrictive forces on 
the core pieces (which generally come in 
two pieces). That can be solved in two 
ways — put the inverter in a 'soundproof' 
box or operate the inverter at a frequency 
above audibility. The first solution was 
employed with the ETI-516 inverter, but 
is inevitably only partially successful 
(though often acceptable). The second 
solution will be described next month in 
Project ETI-1505. 
When it comes to powering 240 Vac-

operated equipment or appliances a 
number of considerations have to be 
looked at. First, will the equipment 
operate from a square wave supply? 
Many appliances employing an ac or 
ac/dc motor will operate quite happily 
from a square wave supply. One of ETI's 
correspondents employed battery back-
up for his computer's disk drives, supply-
ing these with 240 V, 50 Hz square wave 
ac from a driven inverter. The general 
arrangement is shown in Figure 5. A 
100 Hz oscillator drives a flip-flop, which 
drives a pair of HEXFETs connected in 
push-pull across the secondary of a 
toroidal transformer. Battery supply was 
24 V. The transformer is operated 'back-
to-front' here, where input is applied to 
the secondary and the load connected 
across the primary. Toroidal transform-
ers perform much better in this applica-
tion than e.,nventional types as core 
losses are lower and primary-to-second-
ary coupling is generally better. Some 
losses are involved, the saturation 
voltage of the HEXFETs generally being 
the greatest source. Hence the use of a 
20-0-20 V winding and not a 24-0-24 V 
winding. 
The saturation voltage loss in switch-

ing devices driving a transformer is an 
important consideration. One or two 
volts lost from a 24 V supply represents 
only about 4% to 8% loss, but at 12 V it's 
twice that! Any further losses only 
magnify the problem. 
A square wave ac supply is inherently 

rich in harmonics. These can play havoc 
with audio and digital equipment and it's 
often difficult to suppress interference 
generated by the supply. Then again, 
some equipment — particularly anything 
containing a transformer and rectifier, 
will produce entirely different perform-
ance from when it's operated from a sine 
wave supply. The problem arises be-
cause the peak and RMS values of a 
square wave are the same, whereas the 
peak/RMS ratio for a sinewave is 1.414. 
To deliver the same work value as a sine 
wave supply, the peak output voltage of 
a square wave dc-ac inverter is gener-
ally set at 240 V. When driving a motor 
or resistive load, the square wave 
supply will deliver the same amount of 
power as a sine wave supply; i.e: the 
same amount of work will be done (all 
else being equal). But, where the load or 
equipment expects a peak voltage of 
340 V (as we have with the ordinary 
mains), then a square wave supply of a 
nominal 240 V output will not 'deliver 
the goods' as its peak voltage is only 
240 V. 
So much for that; let's look at sine-

wave dc-ac inverters. At this stage, I 
recommend you read the letter from 
reader Barry Brown in the accompany-
ing panel. 
Requests of a similar nature arrive 

quite commonly, though Mr Brown's is 
a little unusual compared to many we 
receive. Where Mr Brown suggests a 
dc-ac inverter to operate from a 24 V or 
32 V supply, many readers ask for a 
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Dear Sir, 

Despite the financial burden of com-
ponent costs for an ever-expanding range 
of new projects, please find enclosed my 
cheque for subscription renewal. Would 
you consider a three-to-six-month mora-
torium on new projects to enable those of us 
who are more enthusiastic about starting 
the new than finishing the old to clear some 
of the backlog? 
No? 
Well, to an area with possibly more 

appeal — that of small domestic power 
supplies. With most homesteads using 
32 Vdc power for lighting and almost all 
travellers using 24 or 12 Vdc power, a 
stable inverter producing 240 Vac at 50 Hz 
in the 500 W-1 kW range could be of enor-
mous benefit to many people. With an 
increasing range of domestic electronic 
equipment becoming available, the only 
way for many people to enjoy these pro-
ducts is to crank over the, if available, 240 V 
diesel generator. This is great stuff during 
the day, especially with auto-start, but can 
be a bit distressing when you discover that 
your evening music selection is really a duo 
for harpsichord and Lister Diesel. 
More ambitious, and probably a lot 

heavier: a larger inverter capable of starting 
a fridge/freezer would win many friends. 
Although these devices may have consid-
erable losses in conversion, there are 
advantages in using converters for many 
applications. Not the least of these would 
be the lifetime supply of European carp 
likely to be donated by the Darling River 
United Naturalists Kangaroo Appreciation, 
Research and Development Society 
(DRUNKARDS). Such a society, although 
unformed, could be initiated at the drop of a 
cold tinny after publication of a suitable 
circuit. 

Barry Brown, 
Young NSW. 

16 



r 241 V 
f-,qure Example of a driven dc-ac square wave inverter with nominal 240 Vac output. This technique 

has been employed by one of our correspondents as a computer back-up supply. 

50 Hz SINEWAVE 

OSCILLATOR 

CLASS B 

POWER OUTPUT 

Figure 6. Class B driven sinewave inverter technique for providing 240 Vac from a dc supply. 

1 kW or similarly rated inverter to run 
from a 12 V battery. The latter is 
impractical, for the following reasons. 
Consider this: a sinewave dc-ac 

inverter needs to be of the driven type. 
Hence it generally consists of an oscil-
lator driving a class B power amplifier 
— usually a push-pull type. The theor-
etical maximum efficiency obtainable 
with a class B power amplifier is 78%. 
With losses and power consumption of 
drive circuitry taken into account the dc 
power input to ac power output efficiency 
of an inverter of this type is generally 
around 65-70%. Thus a 1 kW dc-ac 
inverter to run from a 12 V battery 
would draw in excess of 120 amps at full 
load! Few batteries available would 
supply that sort of current for long. 
With currents of that magnitude, 
special arrangements have to be made 
for primary circuit conductors. A resist-
ance of 5 milliohms (0.005 ohms) will 
result in a power loss of more than 
70 watts. Then again, special considera-
tion has to be given to heat dissipation 
in the power output stage. The devices 
used would dissipate something over 
400 W at peak load. No load dissipation 
would probably be in the vicinity of 
40-50 W, which is no mean amount to 

get rid of. 
Apart from the weight of a heatsink, 

consider the weight of a 1 kVA ( or 
1000 W) transformer (assuming a single 
transformer is used). We'll leave the 
expense to your imagination. 
The problems are reduced somewhat 

when a much higher dc supply voltage is 
available. However, in the latter case 
other techniques of de to ac conversion 
present themselves — but that should 
be the subject of another article as it's a 
whole new ballgame. 

Where a 12 V battery supply only is 
available, there is a practical limit to 
the maximum power of a dc-ac inverter, 
and that's probably around 300 W out-
put. At typical efficiencies, the de input 
power is around 450 W, or close to 
35-40 amps current from the battery. 
As you would already appreciate, this 

brings its own special problems. A 
battery to supply that sort of power for 
any appreciable or worthwhile period 
would need to have a considerable 
ampere-hour capacity. Your typical 
40-60 Ah car battery would barely 
deliver an hour's worth of power. If the 
inverter is installed within the vehicle, 
or close by, and you are willing to keep 
the engine running during operation, 
then the battery will deliver the goods 
for quite a period, provided you can 'set' 
the throttle to suit so that battery 
charge is maintained. At this stage, I 
might point out that an alternator 
coupled to the motor would provide a 
more efficient energy conversion. 
To gain, say, four to six hours of 

operation for a 300 W inverter, you 
would need a battery system of more 
than 200 Ah capacity. 
A more practicable power level for a 

sinewave dc-ac inverter would be 
around 120 W. Such an inverter would 
pull 12 to 15 amps from the battery, a 
much more manageable figure. 
Having seen the primary side of the 

problem, let's consider the secondary 
side — the load. How many appliances 
do you have rated at less than 300 watts? 
Very few. The humble electric kettle is 
rated from 1 kW to 2.4 kW. Monochrome 
TV sets, particularly portables, may 
only consume 100 W, but a colour TV 
may draw three times that or more. A 
'low power' ( say, 30 W/ch.) domestic 
hi-fi will draw around 100 W, depending 
on how much equipment is in use and 
how loud you like it. Anything more 
ambitious has a proportionately larger 
consumption. A 300 W dc-ac inverter is 
best considered where the full output is 
only required intermittently. 

Conclusion 
As can be seen, many factors have to be 
taken into account when considering 
obtaining light and power from a 
battery supply — whether it be in a 
back-up application, for lighting or 
240 Vac substitution. The ubiquitous 
12 V battery is not up to the job in some 
instances — in which case higher 
voltage de systems are better considered» 
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Lib Notes 

Using BiFET and BiMOS op-amps 

The availability of BiFET and BiMOS op-amps has 
revolutionised circuit design since they appeared on the 
scene five or so years ago. While we've used devices like 
the CA3140 op-amp in projects we've not got around to 
describing practical applications circuitry. This 'Lab 
Notes' fills that gap. 

THE AVAILABILITY of BiFET and 
BiMOS devices in various packages 
with one to four operational amplifiers 
per package has revolutionised the 
operational amplifier market. Apart 
from the relatively expensive hybrid 
FET input devices, other FET input 
operational amplifiers had been avail-
able for some considerable time, so why 
should BiFET and BiMOS devices be so 
important? 
The first point to note is that amp-

lifiers with FET input stages can offer 
far higher input impedances than 
devices with ordinary bipolar transistors 
in their input stages. For example, the 
well-known 741 has an input impedance 

of the order of 1M and a maximum input 
bias current of 500 nA. The use of bi-
polar transistors to obtain a high input 
impedance has been pushed to the limit 
in devices such as the LM108, using 
supergain input devices to provide a 
typical input impedance of 70M and an 
input bias current of just under 1 nA. 
These values may be compared with 
those of some of the economical BiFET 
and BiMOS devices, where typical input 
impedances are of the order of 1 Terra-
ohm lone million Megohms!) and input 
currents are some tens of picoamps (pA) 
at room temperature. 
Thus if one connects the input of one 

of these BiFET or BiMOS amplifiers to 

Brian Dance 

almost any circuit, it will impose a very 
small load on that circuit. This can be a 
vital consideration when one is design-
ing such high-impedance circuits as 
those used in pH meters or in ionisation 
chamber smoke detector circuits, whose 
output current is inadequate to drive 
devices such as the 741. 

If one considers the very early types of 
monolithic FET input operational amp-
lifiers ( such as the Fairchild p.A740), 
they do have the desired high input 
impedance, but their disadvantage is 
that their input offset voltage and its 
temperature coefficient are so high that 
they do not approach the high standard 
of performance required by the modern 

INTRODUCTION TO THE BIMOS AND BIFET OP-AMP 

The first BiFET products were announced 
by National Semiconductor in 1975 (the 
LF155, LF156 and LF157 series, where LF 
signifies Linear FET device). The main 
advantages of these products is that the 
junction FET devices used in their input 
stages are fabricated on the same silicon 
chip as the remainder of the operational 
amplifier. Although hybrid operational 
amplifiers with FET input stages had been 
available for some considerable time pre-
viously, all of these hybrid devices contained 
the junction FET devices fabricated on a 
separate silicon chip from the remainder of 
the operational amplifier. Such hybrid 
devices can be made to have a very good 
performance if adequate trouble is taken in 
their design, but the extra labour costs in-
volved in the testing of the separate chips 
for appropriate matching characteristics 
and in connecting the two chips in a single 
hybrid package inevitably resulted in a price 

tag far above that of modern BiFET devices. 
The general type of construction of a BiFET 
device is shown in Figure 1, the channel 
between the source and the drain elec-
trodes of the FET input devices being 
fabricated by ion implantation. 

ION IMPLANT 

Figure 1. Construction of a BiFET device. 

Although National Semiconductor pro-
duced the first BiFET products, it was not 
long before other manufacturers entered 
the BiFET market, and such products are 
now available from Advanced Micro 
Devices, Analog Devices, Fairchild, Harris 

Semiconductor, Motorola, Intersil, Precision 
Monolithics, Raytheon and Texas Instru-
ments, although National Semiconductor 
still offer the widest range of BiFET pro-
ducts, details of which can be found in their 
Linear Databook. 
Very soon after National Semiconductor 

had announced the first BiFET products, 
RCA introduced their first BiMOS product, 
the economical CA3130 operational amp-
lifier. This has some similarities to the 
BiFET amplifiers, but employs MOSFET 
transistors in the input stage rather than 
junction FET devices. RCA soon introduced 
further BiMOS devices, one of the best 
known type being the CA3140. which can 
be used as a pin-for-pin replacement for the 
741 when a higher performance is required. 
More recently the CA080 series has been 
introduced as pin-for-pin replacements for 
the Texas Instruments series of TL080 
BiFET types. 
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GENERAL PINOUT 
DUAL OP-AMP 
TL072,TL082. 

18k (SEE NOTE A) 

- 15 V 

NOTE A: THESE RESISTOR VALUES MAY BE 
ADJUSTED FOR A SYMMETICAL OUTPUT 

TOP VIEW 

Figure 3. Quadrature oscillator producing two outputs 90 out of phase, using a TL082 dual op-amp — 
pinout at right. 

professional engineer. Modern BiFET 
and BiMOS devices provide a very high 
input impedance with relatively good 
stability and temperature performance 
— although the input impedance of any 
of these devices at 25°C is much greater 
than over the full temperature range. 

In general BiFET and BiMOS 
economical devices offer a comparable 
performance. If anything, BiMOS 
devices tend to offer the lower input bias 
currents and BiFET products the lower 
noise levels. However, premium devices 
of both types are available with 
performances far above the average for 
the type of device concerned. 

Half- Hertz oscillator 
Figure 2 shows the use of the econom-
ical TL081 device in a simple 0.5 Hz 
square wave oscillator. The TI,081 is a 

100k 

0.5 Hz SQUARE WAVE OSCILLATOR 

GENERAL PINOuT SINGLE OP-APAP 

TL060.TL061.TL070,TL071,TL080,TL081, 
CA3080,CA3140 CA3160 

Figure 2. Half-Hertz oscillator using a TL081 — 
pinout below. 

Modern BiMOS and BiFET op-amps come in both can and DIL packages. 

single operational amplifier in a dual-
in-line package with the connections 
shown in Figure 2; the pin connections 
are the same as those of the well-known 
741 devices, internal frequency com-
pensation being employed so that no 
external compensating capacitor is 
required. External offset adjustment 
can be made when required by means of 
an external variable resistor. The 
TL071 is a similar low-noise device 
with the same connections, and is quite 
suitable for use in this circuit, but its 
low-noise characteristics are not needed. 
The TL061 is a low-power device with 
the same connections. 
The frequency of oscillation of the 

Figure 2 circuit is given by 
f = 1/(2uRFCF), or about 0.5 Hz with the 
values shown. The high input impedance 
of the circuit enables a relatively high 
value of feedback resistor, RF, to be 
employed, so the value of CF can be 
reasonably small for a given frequency 
of operation. About nine-tenths of the 
output voltage is fed back to the non-
inverting input to provide positive 
feedback to maintain oscillation. The 
capacitor CF charges and discharges 
through RF according to whether the 
state of the output voltage is 'high' or 
low' at the time concerned. 
The circuit of Figure 2 generates 

square waves which are approximately 
symmetrical. However, if a circuit 
which generates waves with an unequal 
mark-to-space ratio is required, it is 
only necessary to connect a resistor of 
perhaps 10k to 50k in series with a diode 
across RF. The direction in which the 
diode is connected determines whether 
the output spends the greater part of its 
time in the 'high' or in the 'low' state. 

100 kHz oscillator 
Figure 3 shows the circuit of a 100 kHz 
oscillator providing two outputs which 
are 90° out of phase with each other. 
Although the TL081 is perfectly satis-
factory for use in this circuit, it is more 
convenient to use the dual TL082 device 
so that this one device is all that is 
needed. The connections of the 8-pin 
dual-in-line TL082 device are shown in 
Figure 3; it employs internal frequency 
compensation, but has no external offset 
adjustment facilities. 
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Figure 4. Function generator circuit. Sourcing or sinking current from pin 5 of the left hand CA3080 will 
vary the frequency. 

BiMOS generator 
A function generator which produces 
square and triangular waveforms is 
shown in Figure 4. It employs a CA3140 
BiMOS device together with a 
CA3080A and CA3080. A particular 
feature of this circuit is that a frequency 
range of one million to one can be 
obtained by the use of a single variable 
resistor, or alternatively by the use of 
an auxiliary sweeping signal. 
A CA3130 device may be employed 

instead of the CA3140 shown, but in 
this case a frequency compensating 
capacitor (about 56p) must be connected 
between pins 1 and 8, since the CA3130 

47, 

r-
BOOST BASS CUT 

(LINEAR) 
240k 5M 240k 

51k 5M 51k 
(LINEAR) 

,  BOOST TREBLE CUT  

TONE CONTROL NETWORK 
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ANO CUT AT 100H AND 10 kHz 
RESPECTIVELY. 
25 VOLTS P-P OUTPUT AT 20 kHz 
- 3 dB AT 70 kHz FROM 1 kHz 
REFERENCE 
0 dB FLAT POSITION GAIN 

is not internally compensated. The 
CA3160, which does not require any 
external frequency compensation, is 
also suitable for use in this circuit. 
The high frequency linearity of the 

ramp is adjusted by the 7-60p variable 
capacitor connected between the output 
of the CA3140 and the output CA3080 
device. The triangular wave output 
level is determined by the four 1N914 
level-limiting diodes in the output 
circuit and the network connected to pin 
2 of the CA3080. 

It is important to minimise lead 
length and parasitic coupling capac-
itance in this circuit by careful layout. 

FOR SINGLE SUPPLY 

FOR DUAL SUPPLIES 

4n7 

FOR SINGLE SUPPLY 

2M2 
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RI = R2 = 2R3 = 11115 
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Figure 5 Notch filter using a * Twin-T filter section 
on the input of a TL071 op-amp. 

Notch filter 
The circuit of Figure 5 shows the use of a 
TL071 low-noise amplifier in a notch 
filter circuit. This is the normal 'twin-T' 
filter in the input circuit, in which one of 
the 'T' sections consists of RI, R2 and C3 
and the other part of Cl, C2 and R3. It is 
designed to reject signals of one particu-
lar frequency ( the notch frequency), 
whilst passing signals of any other fre-
quency virtually unattenuated. 
For optimum performance, when a 

sharp notch in the frequency response is 
required, the components should have 
matched values ( to within 1% or 2%). 
When the values shown are employed, 
the notch frequency occurs at approxi-
mately 1 kHz. An advantage of using a 
high input impedance device such as the 
TL071 is that relatively large values 
may be employed for RI, R2 and R3 and, 

+30V 

Figure 6. Baxandall type tone control circuitry, with unity gain ( flat 
position). 
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Figure 7. Tone control circuit with 20 dB of gain, flat position. 
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therefore, for any given frequency, Cl, 
C2 and C3 can have a relatively low 
value. Large value, close tolerance 
capacitors are expensive, so the ability 
to employ devices of low value is 
important. 

Tone controls 
Two tone control circuits using the 
CA3140 are shown in Figures 6 and 7. 
Figure 6 is of the Baxandall type, which 
provides a gain of unity at the mid-
frequencies and uses standard linear 
potentiometers. The high input 
impedance of the CA3140 enables low-
value (and therefore cheap) capacitors 
to be employed in a circuit which has an 
impedance great enough to avoid exces-
sive loading of the stage feeding this 
circuit. 

Bass/treble boost or cut are about -±15 
dB at 100 Hz and 10 kHz respectively. 
Full peak-to-peak audio output is avail-
able up to at least 20 kHz, since the 
CA3140 has a relatively high slew rate 
(about 7 V/us). The gain falls by about 
3 dB at a frequency of around 70 kHz. 
The circuit of Figure 7 provides simi-

lar boost and cut facilities, but the gain 
of this circuit is about eleven. The input 
impedance is basically equal to the 
resistor from pin 3 to ground. 

220k 

MIN. 

100k 
BASS 

MAX. 

off between bandwidth and power con-
sumption which is required). Figure 9 
shows the response of the Figure 8 
circuit. 

Mic preamp 
A moving-coil microphone preamplifier 
with tone control is shown in Figure 10. 
A TL061 low-power device which is 
internally compensated is employed in 
this circuit. 

Distribution amp 
The Texas Instruments series of BiFET 
devices is also available with four 
separate amplifiers in a single 14-pin 
dual-in-line package. Figure 11 shows 
the connections of the TL064 low-power 
BiFET quad amplifier, together with a 

IC PREAMPLIFIER RESPONSE CHARACTERISTICS 

1- FREQUENCY - Hz 

• V, = • 15 V Tz25C 

Figure 9. Response characteristics of the Figure 8 
circuit. 

Figure 10. Moving-coil mic preamp with tone controls, using an internally 
compensated TL061 device (same pinout as TL071). 

circuit for an audio distribution amp-
lifier using one of these quad devices. 
The input stage acts as an input buffer 
and the other three stages act as output 
buffers, so that no signal from output A 
finds its way into any of the other 
outputs. 

10p The TL084 and the low-noise TL074 
have the same pin connections ( which 
are the same as those of the LM324 type 
of device), whereas the TL085 and the 
low-noise TL075 devices are quad types 
with connections similar to the RC4136. 
There is no TL065 at present. 

Figure 8. A two-stage tone control circuit using TL060 devices. (Same pinout as TL070). 

A tone control circuit using the TL060 
low-noise BiFET devices is shown in 
Figure 8. The TL060 is not internally 
compensated and therefore requires the 
10p external frequency compensation 
capacitor shown connected in the circuit 
of each device. Similar circuits can, of 
course, be made using the TL080 devices 
at the expense of a higher power level. A 
further alternative is the use of TL066 
programmable BiFET device without 
any compensating capacitors, but with 
a suitable value of the programming 
resistor between pin 8 and the negative 
line ( about lk, depending on the trade-

INPUT 

100k 

100u 

OUTPUT 

100k 

100k 

OUTPUT A 

OUTPUT B 

OUTPUT C 

GENERAL PINOU1 
QUAD OP-AMP 
TL064 TL074 TL084 

Figure 11. An audio distribution amplifier for slaving' several pieces of equipment from a single source 
Pinout for the quad op-amp is shown at right. 
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Figure 12. Simple voltage- variable gain amp using 
the TL080. 

Variable gain 
The simple circuit of Figure 12 is an 
amplifier which provides a variable 
gain set by the potentiometer. A TL080 
device is employed, so the compensating 
capacitor C, is required, since this 
device is not internally compensated. 

Ice warning 
The circuit of Figure 13 employs three of 
the four amplifiers of the TL084 device 
in an ice warning detector.. It is 
especially suitable for use in vehicles to 
warn the driver when the temperature 
of the thermistor (placed outside the 
vehicle) falls below 0°C. 
When the temperature of the therm-

istor falls, its resistance rises and the 
current flowing through the thermistor 
decreases. Thus the inverting input of 
the TL084 connected to this thermistor 
receives less current from the positive 
supply line and its output voltage tends 
to rise. This output voltage is fed to the 
TL084 output amplifier and produces a 
voltage across the LED, which lights, 
providing the required warning. 

+15V 

10k 

15 V 

Figure 14. Low-level light detector using FPT100 or 
similar phototransistor. 

Light detector 
The circuit of Figure 14 is a low-level 
light detector preamplifier using the 
low-power TL061 device with a TIL601 
or similar phototransistor. The variable 
resistor can be used to balance the out-
put at any particular value of light level. 
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Figure 13. An ice warning indicator. 
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Sine shaper 
The circuit shown in Figure 15 uses a 
CA3140 as a voltage follower device in 
combination with diodes from the 
CA3019 array to convert the triangular 
signal from a function generator into a 
sinewave output, which has typically 
less than 29( harmonic distortion. 
The circuit is best adjusted using a 

distortion analyser, but a fairly good 
adjustment can be made by comparing 
its output signal on an oscilloscope with 
that from a good sinewave signal 
generator. The initial slope is adjustd by 
R1, followed by an adjustment of R2. 
The final slope is established by adjust-
ing R3, thereby adding additional 
segments that are contributed by these 
diodes. Repetition of the adjustments 
may be necessary, since there is some 
interaction between the adjusting 
potentiometers. 

Wien bridge 
A CA3140 BiMOS amplifier is used in 
the circuit of Figure 16, together with a 
CA3019 diode array, to form a Wien 
bridge oscillator. The zener diode 
shunts the 75k feedback resistor and, as 
the output signal amplitude increases, 
the zener diode impedance rapidly 

\ decreases so as to produce more feed-
back, with a consequent reduction in 
gain. This action stabilises the output 
signal amplitude. This combination of a 
monolithic zener diode and the bridge 
rectifier tends to provide a zero temp-
erature coefficient for this regulating 
system. 

50 Hz. R = 3613 
l00Hz.R= 11166 
1 kHz. R 160k 
10 kHz, R 161, 
30 kHz. R = 51,1 

3k6 

O OUTPUT 
19V P-P TO 22 V P-P 
THO<0.3% 

50OR 

Figure 15. A triangle-to-sine waveshaping circuit employing a CA3140 op-amp Figure 16. A Wien bridge oscillator featuring amplitude stabilisation via the 
and a CA3019 diode array. zener action from the CA3019 diode array. 
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Figure 17. A multi-range voltmeter with high impedance input plus multi-range low- current meter. 

As the output circuit contains no 
RC time constant, there is no lower 
frequency limit for operation. If 
C 1 = C2 = lu ( polycarbonate ) and 
RI = R2 = 22M, the operating frequency 
can be about 0.007 Hz. At high fre-
quencies, as the frequency is increased 
the amplitude of the signal must be 
reduced to prevent slew rate limiting 
from taking place. An output frequency 
of about 180 kHz will reach a slew rate 
of about 9 V/us when the output voltage 
amplitude is about 16 V peak-to-peak. 

Meter 
The high input impedance of BiFET and 
BiMOS devices has led to their use in 
many voltmeters of high input resist-
ance and also in meters to measure very 
small currents. 
The circuit of Figure 17 was designed 

by Texas Instruments for the measure-
ment of voltages in the range ±0.6 V to 
±600 V, where the source resistance 
may be quite high, and to measure cur-
rents from 6 nA to 6 uA. The instrument 
was required to accept inputs of either 
polarity and be inexpensive, robust and 
reliable. It also had to have a long 
battery life, so a TL061 low-power 
operational amplifier device was 
selected. An inexpensive centre zero 
meter is considerably cheaper than a 
liquid crystal display and would provide 
adequate accuracy for the purpose. 
When the switch is in one of the posi-

tions A to D inclusive, the instrument is 
set for the measurement of voltages. 

The amplifier has a non-inverting gain 
of 10 and range selection is achieved 
by a simple potential divider network 
with a fixed input impedance of 
1000 megohm. A panel-mounted 'centre 
zero' control is included in the circuit to 
facilitate corrections for the mechanical 
movement of the meter zero and for the 
change in the operational amplifier 
input voltage offset ( for example, with 
temperature ). 

In the current measuring mode of 
switch positions E to H inclusive, the 
amplifier operates as a current-to-
voltage converter. For the most sens-
itive range of 6 nA, a transimpedance of 
1 Gigaohm is required to produce a full-
scale deflection of the meter. Rather 
than use a resistor of such a high value, 
a resistance multiplier arrangement 
was devised with a 100M feedback 
resistor for the most sensitive range. 
The two diodes across the input of the 

operational amplifier in conjunction 
with R6 provide protection against any 

gross overloading of the instrument. A 
suitable arrangement incorporating a 
fullwave rectifier into this circuit would 
allow alternating input signals to be 
measured, but arrangements would 
have to be made to allow for frequency 
roll-off of the response at high 
frequencies. 

3 pA meter 
A CA3160 and a CA3140 are used in the 
circuit of Figure 18 to construct a pico-
ammeter with ±3 pA full scale de-
flection lone picoamp = 10 12 amps). 
Pins 2 and 4 of the CA3160 are connected 
to ground, so the input pin 3 between 
them is effectively 'guarded'. If slight 
leakage resistance is present between 
terminals 3 and 2 or 3 and 4, there 
would be zero voltage across this leak-
age resistance and this would reduce 
the leakage current by a large factor. 

It is preferable to operate the CA3160 
with its output pin 6 near the ground 
potential, so as to reduce the dissipation 
by reducing the device supply current. 
The CA3140 serves as a x100 gain stage 
to provide the required plus and minus 
output voltage swing for the meter and 
feedback network. A 100:1 voltage 
divider network consisting of a 9k9 
resistor in series with a 100 ohm resistor 
sets the voltage at the 10 kMohm re-
sistor to ±30 mV full-scale deflection. 
This 30 mV signal results from ±3 V 
appearing at the top of the voltage 
divider network, which also drives the 
meter circuitry. 

It is possible to switch the 9k9 and 
100 ohm network in the output circuit so 
that current ranges from 3 pA to 1 nA 
can be handled using the single 10kM 
resistor. 
The writer has seen circuits using 

BiMOS devices published for use in 
measuring currents down to 100 femto-
amps ( 0.1 pA), but obviously extreme 
care is required to ensure the insulation 
is adequate when such small currents 
are being measured. 

500- 0- SOU UA 

Figure 18. This circuit will measure ve,y low currents -- full-scale deflection is three picoarnps! 

23 
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Voltmeter 
A further voltmeter circuit covering the 
range 10 mV to 300 Vis shown in Figure 
19, which also uses a CA3160 device. 
The range switch SW1 is ganged be-
tween the input and output circuitry to 
enable the proper output voltage for 
feedback to terminal 2 through the 
10k resistor to be selected. 
This circuit is powered by a single 

8.4 V mercury battery, the power supply 
current being somewhat less than 
500 uA plus the meter current required 
to indicate a given voltage. Thus the 
supply current rises to about 1.5 mA at 
ful I-scale deflection. 
Any readers who experience problems 

tz 2 
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Figure 19. Example of a multi-range voltmeter measuring from 10 mV to 300 V. 

in obtaining a CA3160 may use a 
CA3130 with a frequency compensation 
capacitor of about 56p between pins 1 
and 8. 
The aim of this article has not been to 

introduce readers to all the latest 

o rnA 

BiFET and BiMOS devices (of which 
there are large numbers), but rather to 
give an indication of the wide selection 
of circuits that can be made with just a 
few of the standard types of device 
which are readily available. 
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"Look, don't 

be so upset, I 

know just the 

book to help 

you with 

that problem 

circuit you 

have" 

CIRCUIT TECHNIQUES 
VOL. 1. 

Where else can you find a collection of 
articles that tells you how to use op-amps, 
how to design active filters, where and how to 
use 555 timers, gives you a practical guide to 
such widely used semiconductors as diodes, 
LEDs, zeners, voltage regulators, VFETs, 
Power MOSFETs and CMOS ICs? But that's 
not all this book has to offer! What about 
designing potcore inductors, using the 3080 
transconductance amp or crystal oscillator 
circuit techniques? 

ONLY $4.75 
Newsagents, selected electronics suppliers or direct 
from Eli Magazine, 15 Boundary St, Rushcutters Bay 
NSW 2011. Please add 90 cents for post and handling if 
buying by mail order. 
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Digital car alarm 
Ian Robertson 

The aim in developing this alarm unit was to provide the 
most comprehensive system yet developed for home 
construction. To this end, the circuit includes most of the 
features found in better known commercial alarms, with 
the added bonus of converting into a wiper delay system 
when the alarm is not in use. 

A MAJOR DIFFERENCE between this 
and other alarm circuits is the use of 
digital rather than analogue methods. 
The circuit uses a master oscillator feed-
ing a divider chain to obtain-the many 
time delays needed. Indeed the arrange-
ment is in many ways similar to an 
electronic organ circuit. 
An advantage of the digital technique 

is that all the delays maintain a fixed 
ratio to one another. They do not vary, 
as an analogue circuit will, due to com-
ponent tolerance, leakage, temperature, 
etc and, by adjusting a single potent-
iometer in the master oscillator, all 
timing functions can be varied simul-
taneously. This means it is sufficient to 
check the accuracy of a single delay 
period to have, in effect, checked the 
accuracy of all delay periods. Further, 
by running the oscillator at, say, ten 
times normal frequency, a complete test 
that would normally take two minutes, 
will take under fifteen seconds. 
With any alarm of this complexity the 

time and skill needed to carry out the 
installation within the car should not be 
underestimated. Fortunately there are 
a number of optional features in the 
system, and even if these are not used, 
the alarm will still be very effective. 
This gives each constructor the means 
whereby he can make the initial instal-
lation as simple or as complex as he 
wishes, while retaining the option of 
fitting the missing items at a later date. 

Features 
The following is a list of the main 
features in the system. Each item gives 
only a brief description. Greater detail 
will be found elsewhere in the text. 

Flashing indicator 
In operation whenever the alarm is set. 
Intended to deter a potential burglar, 
the indicator also reminds the owner to 
disable the system upon entering the 
car. 

Battery detector 
Sensitive to the drop in voltage 
occurring whenever the load on the 
electrical system changes. Normally 
opening a door, operating the brake, 
switching the headlights on, or a number 
of similar actions, will trip the detector. 

Two delayed trigger inputs 
Used in addition to (or in place of) the 
battery detector. These inputs are 
particularly useful in cars equipped 
with electric clocks, where the battery 
detector cannot always be successfully 
used. Suitable trigger inputs are the 
roof light, boot, bonnet and glove box 
lights. However, these must be powered 
from a circuit that remains energised at 
all times, even when the ignition is 
switched off. 

Four instantaneous trigger inputs 
These are suitable for the protection of 
driving lights, cassette player, radio, 
etc. In use a wire is clamped under one 
of the mounting bolts of the item to be 
protected. Should this wire become 
detached from the chassis, as it will if 
the protected item is removed, the horn 
will sound immediately. 

Hidden switch option 
Normally the alarm is cancelled by 
operating the ignition switch, however 
with this extra switch in circuit, a thief 
must locate both switches before he can 
cancel the alarm. The hidden switch 
will also prevent children, or curious 
adults, setting the alarm while the car 
is parked. 

Alarm relay 
The alarm section is fitted with a two 
pole relay. One contact set is used to 
operate the horn while the other con-
tacts may be used to flash the headlights 
or disable the ignition circuit or perhaps 
operate a second horn installed in the 
boot. It helps to have a second line 

of defence should the horn be faulty or 
disconnected. 

Alarm timing 
• Time to exit vehicle: 15 seconds 
• Time to enter vehicle: 15 seconds 
• Duration of horn: 96 seconds 
• Horn pulse rate: one second on, one 
second off 
• Indicator pulse rate: half second on, 
half second off. 

Wiper option 
Whenever the alarm is not in use, the 
circuit converts into a wiper control 
unit. The output from this section is 
once again via a relay, it has a single 
changeover contact and will suit most 
wiper systems. 

Wiper timing 
The wiper control switch settings are: 
• Continuous wipe ( CW). normal slow 
speed wiper operation 
• Single wipe (SW), single operation 
every 2, 4, 8, 16, 32 or 64 seconds. 
• Multiple wipe ( MW), dual operation 
every 8, 16, 32 or 64 seconds. 

Operation 
The heart of the alarm is an eight stage 
binary counter ( ICs B & C ) clocked by a 
1 Hz master oscillator. By this means a 
delay of 256 seconds will occur when-
ever the counter is taken from zero 
count to maximum count. Shorter delays 
are available by using the various out-
puts, Q I through Q8. In fact, any delay 
between one second and 256 seconds can 
be obtained by suitably decoding the 
'Q' outputs. 
Below is a list of the outputs that 

have been decoded and also their main 
functions: 

• Zero Interrupts the clock pulses. 
freezes the counter, holds 
the indicator off Pressing 
the set pushbutton advances 
the counter. 
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• 1 to 15 Time allowed to leave the 
car without triggering the 
alarm. During this period 
the indicator remains on. 

• 16 Interrupts the clock pulses, 
freezes the counter, flashes 
the indicator. Counter re-
started by a signal from the 
battery detector or the 
delayed trigger inputs. 

Circuit of the car alarm system. The dashed line 
indicates the electronics located in the diecast 
box I used to house the unit. 
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• 17 to 31 Time allowed to enter the 
car without the horn sound-
ing. The alarm may be reset 
to zero by operating the 
ignition switch also the 
hidden switch should this be 
fitted). 
The indicator will remain 
on for any count greater 
than 16. 

e.tt: 
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• 32 to 127 Alarm relay operates, 
pulsing the horn at one sec-
ond intervals. 

• 128 Returns the count to 16 
where it may be ret riggered 
should further interference 
to the car be detected. 

In addition to the above. ¡fat any t me 
one of the instantaneous t rigger i nputs 
becomes detached from the chassis, the 
counter will set to 32 and the sequence 
will begin with the horn sounding 
immediately. 
Similarly, any interruption to the 

power supply will set the counter to 
32. This item is included to prevent 
cancelling of the alarm by simply 
removing the battery lead for a few 
seconds. 
The conversion of the circuit from an 

alarm to a wiper system is under the 
control of the car ignition circuit: 
• With the ignition and hidden switches 
OFF the alarm is activated, the wiper 
disabled 
• With the ignition and hidden switches 
ON the wiper is activated, the alarm 
disabled. Or more simply, the alarm is 
enabled when the car is not in use, the 
wiper when the car is in use. 
The basic requirement of any wiper 

control system is to pulse the wiper 
motor for approximately one second, 
then follow with a delay ( variable) 
before the next one-second pulse. The 
length of the pulse is not critical, once 
the wiper has started to move the 
normal parking contacts will take over 
and complete the wipe cycle. Should the 
pulse be longer than req u i red for a single 
wipe of the screen then more than one 
wipe will occur, and this is the method 
used to obtain dual wipes in the multi-
wipe switch setting. 
This circuit operates by allowing the 

counter to free run, while feeding the 
signal from a Q output ( selected for the 
delay required) via a one-second pulsing 
network to the wiper relay. This gives a 
chain of one-second pulses separated by 
a switched delay interval. The pulse is 
extended to four seconds in the multi-
wipe setting. 

Circuit description 
Readers should refer to the various logic 
and circuit diagrams to clarilY points 
raised in the following description. 

I I system timing is developed around 
the eight stage binary counter I IC's 13 
& C t. Two 74C193 up/down counters ¡ ire 
used. However, in this circuit the down-
count facility is not used. This proved 
to be the simplest way to obtain 
asynchronous load and clear inputs. 
Other counters I considered either 
lacked these inputs or they were of the 
synchronous type. 

26 



The counters are clocked by the 1 Hz 
master oscillator ( ICs F3 & F4). This is a 
standard CMOS two-gate squarewave 
oscillator where the frequency can be 
adjusted over a wide range by the 500k 
preset. 

Selective decoding of the counter 
outputs is carried out by the gates 
shown above the counter (main circuit); 
decoded are 0, 16, > 32 and 128. 
Normally the counter will free run 

unless the clock pulses are interrupted 
by gates El & E3, and this will occur at 
counts 0 and 16. If the count is stopped 
at zero it may be restarted by a pulse 
from the set push button, if stopped at 16 
may be restarted by a pulse from the 
battery detector, trigger high or trigger 
low inputs. 
Any counter greater than 32 will 

operate the horn via the horn relay and 
gate Hl. Note also that gate H1, and 
therefore the horn, is pulsed on and off 
by output Q1 on counter B. 
Various gates below ICs C and B are 

used to clear and load the counters. 
These inputs, as mentioned earlier, are 
synchronous and may be operated at 
any time, even during periods when the 
clock is halted. The way these inputs 
have been used needs explanation. 
Turning the ignition on resets both 

counters, and this in turn interrupts the 
clock and holds the alarm in the standby 
position. 
A signal from one of the four instant-

aneous trigger inputs will set the 
counter. In this instance a count of 32 
will be loaded, causing the horn to sound, 
and continue to sound, while the counter 
steps through to 128. In a similar man-
ner, the capacitor on the load terminal 
of C will force the output to 32 for each 
power up of the circuit. 
Reaching a count of 128 resets the 

counters to 13 which involves clearing 
counter C while loading 13 into counter 
B. Loading 13 will silence the horn while 
giving three counts for the electrical 
system to settle before the battery 
detector is rearmed at a count of 16. 
Most input signals are buffered by the 

LM3900 quad op-amp. Keep in mind 
that this device compares input currents 
whereas the conventional op-amp com-
pares input voltages. Using resistors to 
convert voltages to currents, standard 
operational amplifier circuitry can be 
realised, but note when testing that 
both inputs are clamped to within 0.5 V 
of negative by the base-emitter junction 
of the input transistors. 

Nonetheless, the circuit operation is 
straightforward with K1 handling the 
accessory switch inputs (positive or 
negative ground systems), K2 buffers 
the set push button, while the hidden 
switch feeds both K1 and K2. The low 
value ( 10k) resistors used in the switch 
circuit can override any other input 
signal and will prevent the alarm being 

set in position S2 or cancelled in 
position Si. 
A short RC delay network is fitted in 

one line from the output of K 1 , which 
resets the counters each time the acces-
sory switch is turned off, thereby 
ensuring the alarm sequence will start 
from zero and overcome a problem that 
occurs if the ignition is switched off with 
the wiper running. 

Section K3 functions as the battery 
drop detector while also functioning as 
the trigger high/low input buffer. 
Figure 10 shows the battery detector in 
a simpler form. Both inputs are fed from 
a common voltage, but the lower value 
resistor feeding the inverter input 
drives the output low. 

If a negative pulse occurs on the bat-
tery line it will be coupled into the 
inverting input by the 100n capacitor. 
This will reverse-bias the inverting 
input resulting in the op-amp output 
going high and developing a pulse to 
advance the counter one count. In the 
final circuit a diode is included in series 
with the op-amp input, this means the 
diode and not the inverting input is 
driven negative, and prevents possible 
damage to the IC. 
Delayed trigger inputs TL and TH 

operate in a similar fashion. Note that 
in this instance the TL input feeds a 
negative pulse into the inverting input 
while the TH input is somewhat dif-
ferent as it feeds a positive pulse into the 
non-inverting input. The result how-
ever, is the same — a positive pulse at 
the output of K3. 
The instantaneous trigger inputs (Ti 

and T4) are quite different. Normally, 
the four inputs are held at earth 
potential so that, should any input be 
detached, a pulse will enter the NOR 
gate via the appropriate RC network. A 
negative-going pulse occures at the out-
put of the gate, loading 32 into the 
counter, thereby enabling the horn 
sequence. Unused inputs can in practice 
be left floating, as they respond to the 
change in voltage not the voltage level. 
An important feature is the indi-

cating light. This may be a LED or lamp 
and is operated by a two transistor driver 
stage, under the control of gate E2. The 
indicator may be off, illuminated or 
flashing and the sequence is as follows: 
• Off when wiper operation selected 
• Off for standby mode, counter zero 
• Flashing when armed, count of 16 
• Illuminated for all other counts. 
The ICs are supplied via a series pass 

transistor and the function on this stage 
is not primarily as a regulator. The 
intention is to limit the voltage fed to 
the ICs to below the rated maximum of 
15 V. In order to limit dissipation in the 
series transistor a 12 V zener is used. 
This means that the transistor is hard 
on with a nominal 12 V rail and will not 
start to regulate until the input voltage 

is some volts above this value. 
Conversion into a wiper control unit 

requires that the counters free run, 
and to obtain this the load and clear 
inputs must he overridden and the gates 
decoding 0 and 16 must be blocked. This 
is under the control of the ignition 
.witch. A logic '0' on the output of K I 
sets the circuit as a wiper control and a 
logic ' 1' at this point aets the alarm 
function. 
The free-running counter will give a 

squarewave signal from the various 'Q' 
outputs. The period in seconds given 
at each stage is two at Q I, four at Q2, 
eight at Q3, extending through to 256 
at Q8. By means of an RS flip-flop 
(cross-coupled gates, GI and G2) the 
squarewaves are converted into an 
asymmetrical wave having one second 
ON periods and switch-selectable OFF 
periods. 
Diagram 12 shows Q3 with a period of 

eight seconds setting the RS flip-flop, 
while the inversion of Q 1 resets the 
same flip-flop every two seconds. The 
resulting output, one second on seven 
seconds off, is clearly shown. 
On the multiple wipe setting the flip-

flop is reset by the inversion of Q3, not 
Q!, and this will give a pulse four 
seconds long in lieu of the previous one-
second pulse. Depending on the speed of 
individual wiper motors two or three 
wipes will occur during this period. 

Construction 
Construction is fairly straightforward, 
however there are two forms this may 
take. The first is to build only the alarm, 
the second is to built the alarm/wiper 
combination. There are points for and 
against either approach and these are 
covered in the installation notes. In the 
construction there is little difference 
between systems, although in units 
without the wiper option, one relay, 
two switches and a couple of minor 
components can be omitted. 
(Note that this article is not intended 

as an ETI constructional project and 
thus no pc board details are given.) 

Testing 
A completed unit should operate with a 
minimum of adjustment, however I 
recommend setting up the test circuit 
(Figure 9) to check out the alarm before 
fitting it into the car. 
Simple faults may be located with a 

multimeter, but for more elusive faults 
an oscilloscope will be required. 
The 12 V for testing may be obtained 

from the car's own battery, in situ, or 
more conveniently from a battery on the 
work bench. Alternatively a bench 
power supply may be used with the 
restriction that it may not test the bat-
tery detector circuit in all respects. 

Steps for testing using Figure 9 are: 
• Set preset potentiometers to approxi-
mately mid-way 
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• With the power and accessory switches 
on, all other switches off, check that 
the indicator light, alarm relay and 
wiper relay are all off 
• Move the wiper switch to continuous 
wipe (CW) and the wiper relay will 
pick up and remain up 
• Move to the single wipe position ( SW) 
and the relay will pulse at an interval 
determined by the second wiper 
switch. By adjustment of the 1M 
oscillator preset, the interval can be 
matched to the times marked on the 
switch. Reducing the resistance of the 
preset too far ( frequency increasing) 
will stop the oscillator 
• The multiple wipe setting (MW) is 
similar to the single wipe setting, 
however the relay pulse will be longer 
( four seconds) and switch settings 
2 and 4 will give the same timing as 
position 8 
• Turn the wiper and accessory switches 
off and the indicator, alarm relay and 
wiper relay should be off 
• Momentarily operate the push button. 
This will set the alarm, and light the 
indicator for a period of 15 s ( exit time) 

• After the exit time the indicator will 
flash at one second intervals showing 
the alarm is set 
• The alarm may now be triggered by 
means of the battery detector, opening 
a car door if the car battery is being 
used, or with a bench supply moment-
arily reducing the voltage by about 
three volts. If a bench battery is being 
used, connect a load, say a 15 W lamp, 
across the battery terminals. For cor-
rect operation the 470k sensitivity 
preset may need adjustment as 
maximum sensitivity is obtained with 
maximum resistance in circuit. Slowly 
rotate the preset until the indicator 
latches on, back ofT 1 mm, reset circuit 
(using accessory switch and the push 
button) and then try again 
• The 15 s entry delay will occur, fol-
lowed by the horn relay pulsing at one 
second intervals for a period of just 
over one and a half minutes. The 
circuit will reset with the indicator 
flashing 
• The alarm may also be triggered by 
either the TH or TL switch and these 
operate in the same manner as the 
battery detector 

• At any point during the above 
sequence, closing the accessory switch 
should cancel the alarm, forcing the 
relay and indicator off 
• Close the instantaneous trigger switch 
(T1 ). Reset the alarm using the acces-
sory switch and push button. Opening 
switch Ti will cause the horn relay 
to operate, pulsing for the normal 
l' 2 minute horn period 

• Momentarily opening the power 
switch will also cause the horn relay 
to operate 

• Other switches can be added for a 
more detailed test. Add the hidden 
switch, PG, T2, T3, T4 switches and 
with either an ohmmeter or lamp, 
check the alarm relay contacts, wiper 
relay contacts and also the indicator 
output. 

Installation 
The alarm may be installed with or 
without the wiper components. The 
combined alarm/wiper system must be 
mounted within reach of the driver, 
and this can mean the unit is more 
accessible if the car is broken into. 
By foregoing the wiper control the 
electronics may be hidden, and by using 
extended leads, the push button and 
indicator may still be fitted in the dash. 
I, however, advise against mounting the 
wiper switches outside the alarm as the 
circuit could be effected by noise pulses 
introduced by the connecting cables. 
Keep the wattage of the indicator 

down and use a high output LED or a 
low power lamp. Each time the indicator 
turns on it attempts to trip the battery 
detector. This in turn is set less sensi-
tive, and if taken too far the system may 
not respond in an emergency. The roof 
light must be not less than four times 
the wattage of the indicator. 

In mounting the alarm, each con-
structor must determine the most 
suitable position in his car. 
Wiring should be carried out in stages, 

starting with the basic circuit ( Figure 1 
or Figure 2) followed by the optional 
items ( Figure 3 to Figure 8). As each 
stage is fitted, the circuitry may be 
tested and the faults found. Testing 
stage by stage is possible with this 
alarm circuit because careful design has 
eliminated the need to bridge unused 
terminals to override the redundant 
function. 

Care is required to select the correct 
horn circuit as this should match the 
existing wiring whilst also taking into 
account the current demand of the 
horn( s) to be driven. The wiring must 
suit the currents involved. As a guide 
the cables used for the relay contacts 
(also the 0 V and BAT circuits) should 
have approximately the same area as 
the horn wiring already fitted in your 
car. The remaining runs can be any 
standard hook-up wire and the size can 
be chosen for mechanical rather than 
electrical reasons. 
During the alarm installation it is 

easy to overlook the part played by the 
wiring, for it is often the wiring and not 
the alarm that is most vulnerable. Take 
particular care to conceal the cable runs 
and to ensure all connections are sound 
and will not cause intermittent opera-
tion at a later date. 

IGNITION SWITCH 

12 V 

NEGATIVE GROUND 

NOTES 
1. EXISTING CAR WIRING 
INDICATED BY HEAVY LINES 
2. WHERE HORN CURRENT EXCEEDS 
10 A EXTERNAL RELAY MUST BE USED 

Figure 1. Basic alarm system, negative ground. 
with variations to the horn circuit. 

HORN VARIATIONS SAME AS 
NEGATIVE GROUND SYSTEM 
HOWEVER BATTERY IS REVERSED 

Figure 2. Basic alarm system, positive ground. 

28 



LAMP 

a) MISC INPUT TO 
NEGATIVE RAIL 

0) INPUT FROM 
ROOF LIGHT 

.c) COMBINED MISC AND 
ROOF LIGHT INPUT 
(MISC SWITCH WILL 
NOT OPERATE ROOF LIGHT) 

1.1 

Figure 3 TL input: using added switches or roof light. 

b) POSITIVE GROUND SYSTEM 
SAME AS NEGATIVE GROUND SYSTEM 
EXCEPT TRANSISTOR INVERTER 
NEEDED IN EACH INPUT USED 

a) NEGATIVE GROUND SYSTEM 
LEAD HELD IN CONTACT 
WITH CAR FRAME USING 
A MOUNTING BOLT ON THE 
ITEM TO BE PROTECTED 

Figure 5. Ti to T4 inputs: for driving light and radio protector. 

if LED 

Figure 7. PB and IND terminals: 
external pushbutton and indicator. 

ARMATURE 

+12 

FIELD 

PARKING SWITCH (PK POSITION) 

NC W3 

COM 

WI NO w2 

ADDED RELAY CONTACT 

PARK POSITION 

DASH SW 

Figure 11. Wiper operation. 

OFF 

LOW 

HIGH 

Figure 8. Wiring a hidden switch. 

a) WOUND FIELD 
WIPER SYSTEM 

W3 NC 
X  o 

COU 

..41,3 ?NI X  

ADD RELAY CONTACTS AT x 

PM FIELD 

b) PM FIELD 
WIPER SYSTEM 

2 SPEED 
ARMATURE 

Included are a number of diagrams 
and these show how to wire the optional 
features. 
• TH & TL Delayed inputs for con-

nection to the roof light 
circuit may also be fed from 
any number of additional 
points. Possible switch posi-
tions are rear doors, tail-gate 
or glovebox (Figure 3 & 4). 

01 

ORS 

b) INPUT FROM 
ROOF LIGHT 

c)COMBINED MISC AND 
ROOF LIGHT INPUT 

A) MISC INPUT TO 
POSITIVE RAIL 

Figure 4. TH input: using added switches or existing roof light. 

b) DISABLE IGNITION CIRCUIT 

HORN RELAY 
) 

aI OPERATE HIDDEN HORN WITH AND WITHOUT RELAY 

Figure 6. A3 and A4 alarm relay contact; giving extra protection. 

Figure 9 Basic test circuit. 

POWER 

1.) 
12 V 

BAT 

12 V 

Figure 70 Simplified battery-drop detector. 

.12 V 

12 v 

I—  SETS RS FLIP FLOP ON NEG GOING EDGE 

NOT USED AS IS 
BUT INVERTED 
TO FORM erl 

RESETS AS FLIP FLOP 
ON NEO GOING EDGE 

 r- OUTPUT OF RS FLIP FLOP 1 SEC ON 7 SEC OFF 

Figure 12. Wiper circuit timing diagram. 

IRO 5W 

CIRCUIT TO LIMIT 
START UP CURRENT 
OF CLOCK MOTOR 

• Ti to T4 Instantaneous inputs are 
clamped under driving 
lights, cassette, radio, etc 
and will sound the horn as 
soon as the connection is 
broken. A transistor in-
verter stage will be neces-
sary in vehicles with a posi-
tive ground system, however 
this stage should only be 

CLOCK 

<I Figure 13. Clock circuit modification 
to prevent tripping of alarm. 

fitted to inputs that are 
actually used ( Figure 5). 

• A3 & A4 Spare contacts on alarm 
relay may be used for a 
number of auxiliary func-
tions. The contacts have a 
current limit of 10 A and 
larger currents require a 
horn or lamp relay to be 
fitted (Figure 6). 

(continued on page 50) 
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Lab  Notes 
Integrated switching regulator 

As we are already aware, switching power supplies are 
replacing linear supplies in many applications because of 
their higher efficiency, reduced size and generally lower 
cost. National Semiconductor has introduced a switching 
regulator building block, the LH1605. 

THIS NEW regulator contains the 
power switching transistor, catch diode, 
and control circuitry to enable you to 
build an efficient switched mode power 
supply (SMPS). It has an adjustable 
output from 3 to 30 volts, a current capa-
bility of 5 amperes and is available in 
an 8-pin TO-3 package. 

The features of the regulator are: 
1. Output adjustable from 3 to 30 V. 
2.5 A output current 
3. Step-down operation 
4. High efficiency 
5. Frequency of operation adjustable 

to 100 kHz 
6. Maximum input voltage 35 V 
7. Minimum input-output voltage dif-

ferential = 5 V 
8. TO-3 package. 

The internal construction and the 
base connections of the integrated 
circuit are shown in Figure 1. 

Application details 
The LH1605 is a step-down positive de to 
de switching converter with built-in 
control circuits, power transistor and 
catch diode. Few additional external 
components are required to provide an 
SMPS of 5 A capability. In the simplest 
design form, a timing capacitor (CT) 
determines the operating frequency, an 
LC filter provides a low ripple dc output 
voltage and a single resistor sets the 
level of the output voltage. (Rs). 

The value of Rs may be calculated 
from the formula: 

Rs = 2 kfl Vote. — 2.5 V  
2.5 V 

o  
INPUT 

o  
4 

Barry Davis 

COMP 

vc, 

TIMING 
CAP CT 

OSC 

AMP 

BUFFER 

7 

 o 
OUTPUT 

STEERING 
DIODE 
(ANODE) 

CASE 

2k 

3 

GROUND 

—11r— REF 

Figure 1. Block diagram and base connections of the LH1605. 

A typical circuit is shown in Figure 2. 
Rs is made adjustable to allow the out-
put voltage to be varied. Capacitor C 1 is 
included to improve noise rejection by 
bypassing the reference (pin 2). 

Operation 
A basic step-down switching regulator 
circuit is shown in Figure 3. 

Transistor Q is the switching element 
which has the 'on' and 'off' times control-
led by a pulse width modulator (PWM). 

NC 

VREF 

AMP IN 
CT 

TOP VIEW 

 o 
ERROR 
AMPLIFIER 
INPUT 

2  
O 

EXT. CAP. 

(V F) 

CASE IS GROUND 

OUTPUT 

DIODE 

NC 

INPUT 

When Q is on power is drawn from the 
input and supplied to the load. The 
capacitor (C) charges and a voltage is 
developed across the inductor L. The 
diode (D) has a positive potential at its 
cathode, because Q is saturated, and is 
therefore held in reverse bias (off). 
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COMMON POINT OUTPUT 

IN 

INPUT 

OUT 

COMMON POINT CONNECTIONS TO GROUND 

NOTE: SINGLE POINT GROUND FOR INPUT AND OUTPUT 

Figure 2. Typical circuit applications. 

When Q is off, the magnetic field 
stored in the inductor collapses. The 
polarity of the voltage across L reverses, 
forcing the diode into forward bias (on). 
The energy stored in the inductor is 

released and the inductor current 
passes through the loop formed by the 
diode, inductor, and capacitor/load, 
thereby maintaining an output current. 
The control circuit error amplifier 

(EA), samples the output voltage and 
automatically increases the 'on' time of 
Q if the output voltage decreases. 
Likewise it increases the 'off time of Q if 
the output voltage increases. 
This automatic action constantly 

compares the output voltage with a 
reference voltage and provides the 
necessary correction by varying the 
conduction time of Q. 
With this type of circuit, the output 

can be calculated from the formula: 

V. X ton \Tout = 

where t. = Q conduction time in 
seconds and T = period of one cycle of 
PWM (i.e. t. + toff). 

Design procedure 
The design of a complete voltage 
regulator with the LH1605 is relatively 
straightforward. However, prior to 
designing an operational circuit we 
must be aware of five circuit par-
ameters. These are: 

1. Maximum and minimum input 
voltage. 

2. Required output voltage. 
3. Maximum and minimum load 

current. 
4. Maximum allowable ripple 

voltage. 
5. Desired switching frequency. 

  PIN 8 

PIN 

INPUT 

PIN 4 

I PIN 7 

LOAD OUTPUT 

VREF 

IH1605 INSIDE DOTTED LINE 

Figure 3. Basic switched-mode power supply. 

Using the following parameters a 
design example can be given. 

(max) = 15 V 
= 10 V 

V0 = 5 V 
(max) = 3 A 

I. (min) = 1 A 
Output ripple Dv° = 20 mV 
Operating frequency = 25 kHz 

The values of the output L and C can 
be calculated, but firstly the 'off' time is 
required. 

toff = 1 —  Vout  
Vin ( maxi 

15 
25 kHz 

= 26.7 usecs 

The minimum equivalent frequency of 
the switching transistor at minimum 
input voltage is: 

f(min) = 1 _ v out  

Vin (min) 

toff 

= 1 — 5 
10  

26.7 us 
= 18.7 kHz 

The allowable peak to peak ripple 
current through L is: 

Ai = 2xlomjn 
= 2 x lA 
= 2A 

The inductance L can now be calculated. 

PIN 2 

L = \Tout x toff 

Ai 
= 5 x 26.7 us 

2A 
= 67 uH 

The value of minimum output capa-
citance is given by: 

• Ai 
8 x f(n.d. x 

• 2A  
8 x 18.7 kHz x 20 mV 

= 688 uF (minimum) 

Because of the high value of ripple 
current, the capacitor must have a low 
equivalent series resistance (ESR): 

ESR.ax = 
Ai 

= 20 x 10-3 
2 

= 0.01 ohms 

O
S
C
I
L
L
A
T
O
R
 F
R
E
Q
U
E
N
C
Y
 
(
Hz

) 

100k 

108 

1k 

ml»13••• wilmmn••.. 
ffllt 

'I Mill Mummailis 

111111111111101111111 ----... 
.1116 99••••• 

NMINIIMBNIIIINIMM121=11 

1111111•1111111•1111111111 

1000 100 

C, — TIMING CAPACITOR (pF) 

Figure 4. Frequency vs. timing graph. 

10 000 

Using the frequency/timing capacitor 
graph in Figure 4, a 0.001 uF (1 nF) 
capacitor used as the timing component 
will provide an operating frequency of 
25 kHz. 
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Lab Notes 
The output voltage of 5 V can now be 

programmed by calculating the value of 
Rs. 

Rs = 2 MI V.ut — 2.5 

2.5 
= 2 ILO 5 — 2.5 

2.5 
= 2 kl] 

The completed 
Figure 5. 

NOTE: Vs4 _ limn  DIFFERENTIAL MUST BE 5 V MINMUM 

Figure 5. Example circuit values. 

circuit is shown in 

67 uH 

Choice of inductor core 
The power handling capability of the 
inductor is reflected in the type of core 
material chosen. LI2 must be calculated 
to determine the minimum useable 
inductor core without core saturation. 
L is the inductance previously calcu-
lated and I is the dc output current. It 
equals Io(max) + Ai. 
There are two popular core materials 

available — 
1. molypermalloy 
2. ferrite. 
Ferrite potcores have the advantage 

of ease of winding and self-shielding 
against inherent magnetic fields. 
Molypermalloy cores are capable of 
higher flux density for a given core size. 
Once the core is selected from the 

manufacturer's catalogue, the number 
of turns for the winding (N) can be 
calculated: 

N = 1000 V L 
Law 

N = number of turns, L = inductance 
required. L1000 = inductance (mH/1000 
turns) for the core, given by the manu-
facturer. 
For example, in the design exercise, 

the desired value of L was 67 uH: 

Peak I2 = (3 A + 2 A)2 
= 25 A 

Therefore: 

LI2 = 67 uH x 25 A 
= 1.68 millijoules 

The permalloy core chosen has a 
nominal inductance of 120 inH per 1000 
turns. Therefore: 

N = 1000 V67 uH  
120 mH 

24 turns 

Heatsinking 
There will be significant self-heating 
due to internal power dissipation, even 
at moderate output power. The junction 
temperature must be kept as low as 
possible under operating conditions 
(maximum temperature 150°C). Good 
heatsinking is essential and a mica 
washer complete with 'thermal' paste is 
recommended, along with a TO-3 styled 
heatsink. 

Short circuit protection 
The LH1605 will be permanently 
damaged if under a short circuit con-
dition for longer than 10 milliseconds, 
and it is therefore desirable to add 
current limit protection to the circuit. A 
current limit circuit is shown in Figure 6. 

TO L 

TO Rs 
(COMMON POINT 0/P) 

TO PIN 2 
LH1605 

02 

01 = 2N5086 
02 = 2N2222 

Rct. 

Figure 6. Short circu it protection. 

The value of Rci. is determined by the 
current limit you decide to set. It can be 
calculated from the formula: 

RcL = 660 mV 

'Sc 

where Isc = short circuit current. 
The voltage developed across ItcL by 

the short circuit current (600 mV) will 
turn transistor Q1 on. The increase in 
of Q1 will develop a voltage across the 
10k resistor, making the base of Q2 
more positive with respect to the 
emitter. Q2 will turn on, pulling the 
reference of the control circuit (pin 2) 
down towards ground. The error amp-
lifier suddenly sees too high an output 
voltage. This shuts the series pass 
transistor off in the LH1605 by reducing 
the switching time, thereby reducing 
the output voltage to the level of the 
reference. 
A complete power supply with 

current limiting at 3.25 A is shown in 
Figure 7. 

Evaluation kit 
A complete evaluation kit including the 
printed circuit board, inductor, and 
specification sheet is available from: 

National Semiconductor 
Cnr. Stud Road & Mountain Highway 
Bayswater 
Vic. 3153. 

The evaluation kit, SR1605, is fully 
assembled and ready for immediate use. 
It is designed to accept any unregulated 
input voltage from 10 to 25 V and 
provide a 5 V 3A output. 
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L 67 uH RCL OR 18 

Figure 7. 5 V SMPS with short circuit protection. 
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Instrumentation 

techniques 
Tim Orr 

T
he following sections describe several electronic 
measurement techniques, and by adopting a modular 
approach it will be possible to construct a wide range 

of electronic measurement systems. First of all, though, 
we'll look at some of the units involved and try to clear up 
some of the confusion about them. 

The Decibel 
The decibel (dB) is a convenient way of expressing 

signal gain or loss in a system. When a signal passes 
through several amplifiers or filters the signal level may 
alter; the overall system gain is the product of all the in-
dividual gains. However, it is easier to add a series of 
numbers than to multiply them and so it is easier to con-
vert the signal gains into a logarithmic equivalent which 
can then just be added or subtracted. This is equivalent to 
multiplying and dividing in the linear world. The calcula-
tion of gain in dBs is shown Table 1. The chart shows a 
range of dB values and their equivalent multiplier. These 
multipliers are often abbreviated by engineers (see rule of 
thumb), just to make life easy. 

dB 

+ 80 
+ 70 
+60 
+50 
+40 
+30 
+20 
+18 
+12 
+10 
+ 6 
+ 3 
o 

- 3 
- 6 
- 10 
- 12 
- 18 
- 20 
- 311 
- 40 
- 50 
- 60 
- 70 
- 80 

VIN   

TABLE 1 
MULTIPLIER 

X 10,000 
x3162 
X 1000 
x 316.2 
X 100 
x31.6 
X 10 
x7.94 
x 3.98 
x3.16 
x 1.99 
x 1.41 
x 1.00 
x0.708 
x 0.501 
x0.316 
x0.251 
x 0.126 
0 100 
(1.012 

•• 0.010 
0 ( 1012 
• (1)1 
,r 0.00032 
0.0001 

AV 

RULE OF THUMB 
MULTIPLIER 

10,000 
3,000 
1,000 
300 
100 
30 
10 

4 
3 
2 

1.4 
1.0 
0.7 
0.5 
0.3 
0.25 
0.125 
0.10 
0.01 
0.01 
0.003 
0.001 
0.0001 
0.0001 

H -0 0Vow- Av .*.T_,R IN dBs = 20LOG I Y-Q-V-14 
y IN Vim 

046rn IS USED AS A VOLTAGE MEASUREMENT. 

OdEln1 IS A SINEWAVE LEVEL THAT DISSIPATES 
1 MILLIWATT OF POWER INTO A 600R LOAD 

141600R) 

THE POWER DISSIPATED = 
8,,R 

vpp2 

FOR Un16. Vpp2 8 R 10 3 

vpp -,i15.6-7)-cei(10 .2 •41- 

Vpp 2.1909V 

. OdB IS EOUIVALENT TO 2.1909 Vpp or 0.7746 VRms 

THIS IS USUALLY ROUNDED OFF TO 2.2 Vpp or 0.775 Vpms 

Fig. 1 Everything you ever wanted to know about the dBm! 

The dBm 
The dBm is used to describe a signal level and not 

signal gain and loss as for the dB ( Fig. 1); it is widely used 
in audio and telecommunication engineering. For exam-
ple, microphone amplifiers often have their equivalent in-
put noise voltage expressed in dBm. If, say, this noise is 
-124 dBm and a microphone is being used that delivers a 
signal level of - 40 dBm, then the signal-to-noise ratio at 
the output of the amplifier is 124 - 40 = 84 dB. Not exact-
ly a difficult calculation! Table 2 shows a chart of dBm 
signal levels. The dBm is meant to be used for 600 ohm im-
pedances; however the same signal level across any load 
is referred to as the dBU. 

dBm 
+ 20 
+ 18 
+ 12 
+ 10 
+ 6 
+ 3 
O 
- 3 
- 6 
- 
- 12 
- 18 
- 20 
- 
-4(1 

-- 50 
-60 
- 7(1 
-80 
-90 
- 100 
- 110 
- 120 
- 110 

TABLE 2 
V RMS 
7V75 
6V16 
3V08 
2V45 
1V55 
1V094 
775 m y 

549 mV 
188 mV 
245 mV 
197 mV 
97.6 rnV 
77.3 mV 
24.3 mV 
7,75 mV 
2.45 (11V 
773 uV 
245 uV 
77.5 LIN,' 
24.5 uV 
7.73 LIN; 
2.45 uV 
775 nV 
245 nV 

VP-P 
22\' 
17V47 
8V76 
6\•95 

4V 19 
1V I 1 
2V2 
1V56 

695 mV 
531 mV 

mV 
220 mV 

22 InV 
6.93 InV 
2.2 mV 
1)93 uV 
220 u\,' 
60.3 uV 
22 (1‘. 

6.93 uV 
2.2 UV 
695 nV 
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ORIGINAL SINEWAVE FULL WAVE RECTIFIED EOUIVALENT DC VALUE 

INPUT o  

12V 0  

+ 11.0 

1 1n0 

/477 

dB OUTPUT 
—3mV/dB 

SCALE 
FACTOR 
ADJUST 10* 

PR1 
470R 

ZERO 
dB 

RV1 
220k 

SET L  

36k 

741 

Vcc 

AD536A 
(ANALOG 
DEVICES) 

24k 

4 

10 

/7777 

  dB OUTPUT(6V E 60dB) 
O +0V1/d8 oq +1V0/10d8 

•USE A TEL LABS 081 IF POSSIBLE. THIS HAS A Tc OF +350OPPMPC. 
IT COMPENSATES FOR DRIFT IN THE AD536A 

51,6 

 0 +12V 

1V2 BAND GAP 
LM313 OR 
EQUIVALENT 

Fig. 2 Circuit for a dB meter using an Analog Devices IC. 

Measuring Decibels 
The AD536A is an RMS-to-DC converter chip, which 

is made by Analog Devices. It contains an absolute value 
circuit, a squarer/divider and a current mirror. With these 
elements it can compute a true RMS value or a log (dB) 
equivalent of the input signal. The circuit in Fig. 2 has a 
useful operating range of 60 dB. PR1 sets the scale factor of 
the meter. Insert a 1 V peak-to-peak sine wave and then 
change it to 100 mV peak-to-peak; this is to a change of 20 
dB and so the preset PR1 should be adjusted for a 2 V 
change in the output voltage. RV1 sets 0 dB by inserting a 
current that cancels the log output current from the 
squarer/divider. This can be used to measure absolute 
voltage in dBm by setting zero at an input voltage of 775 
mV RMS. Alternatively it can be used to compute a dB 
ratio. Insert a signal, set zero and then change the input 
signal level — the resulting output change will represent 
the dB change in input level. Note that the input of the 
AD536A can accept DC signals, but a small DC offset on 
the input signal will add a large error to low level readings, 
For the computation of dBs for AC signals it is best to AC-
couple the input with a 4u7 capacitor. 

RMS To DC Conversion 
The AD536A calculates the true RMS value of the in-

put signal by converting it to an absolute value. It is then 
squared, averaged and then square rooted. The result is a 
DC voltage that is equal to the RMS value of the input 
signal ( Fig. 3). Most moving coil AC voltmeters are 

• cl+121/1 

VAms OUTIDC) 

Fig. 3 The same chip can be used for an RMS to DC 
converter. 

OV 

V PP 

VraYi VRMS 

Vilms = 0.707 Vp = 6353 Vpp 

Fig. 4 Sine wave level measurement. 

calibrated for sine wave operation only; the peak voltage 
of the sine wave is multiplied by 0.707 to produce the RMS 
value ( Fig. 4). This type of meter will give wrong readings if 
noise, square waves, triangle waves or any non-sinusoidal 
signals are measured, as in Fig. 5. To measure any non-
sinusoidal waveform a true RMS converter is needed, 
otherwise the reading could be wrong by a factor of 5! 

WAVEFORM RMS CREST FACTOR• 

1:\71p 

SINEWAVE 0.707 Vp fi = 1.414 

F-7,4SYMMETRICAL 1.0 Vp 1.0 .1 SGUAREWAVE 

__A\7lp 
TRIANGLE 
WAVE 

Vp 

—,— = 0.577 Vp 
y 3 

15 . 1.732 

12 Vp 

NOISE 

TRUE RMS 36 70 4.0 
DEPENDS ON THE SPECTRUM 

_k_r_illp 

SPIKE TRUE RMS 10 0 
DEPENDS ON SHAPE , 

Vp 

•THE CREST FACTOR k 
Vpms 

Fig. 5 Measuring different waveforms. 

Noise Annoys 
All electronic components generate noise, and the 

combined effect of all the noise components in a system 
gives rise to the phenomena of a noise floor. This is a 
background noise signal that is forever present. The 
measurement that is often used to describe the noise per-
formance of a system is called the signal-to-noise ratio 
which is expressed in dB. This is the ratio between the nor-
mal operating signal level and the residual noise level with 
the signal removed. Measurement of the signal is relatively 
straightforward; a sine wave signal can easily be measured 
with an AC voltmeter, to give the RMS value. The noise 
measurement is more difficult. First, the noise level will 
probably be very low and so it will need amplification. Se-
cond, we will only be interested in noise within a certain 
bandwidth. Noise outside our selected bandwidth will 
make the noise reading seem larger than it really is. 
Therefore we will need to band-limit our amplifier. For 
audio applications a bandwidth from 20 Hz to 20 kHz is 
often used. 

Finally, noise is a random process and it has a con-
stantly varying ratio between its peak and RMS voltage. A 
simple rectifying and smoothing process will give an er-
roneous reading and a true RMS-to-DC converter is need-
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Fig. 6 (Above) A low noise 60 dB 
amplifier and 20 Hz to 20 kHz filter. 

Fig. 7 (Right) Measuring noise in op-
amps. 
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ed for correct readings. Thus by using a band-limited 
amplifier with a true RMS converter it is possible to ac-
curately measure the residual noise level. A suitable 
amplifier and filter for audio work is shown in Fig. 6. The 
NE5534 op-amps are low noise devices, so they will con-
tribute very little noise to the output signal. The amplifier 
has a voltage gain of 60 dB and so the output reading must 
be attenuated by the same amount; Table 1 shows the 
equivalent is x 1000, so millivolts turn into microvolts. 
This calculation assumes a flat noise spectrum. 

Figure 7 is a circuit that measures the equivalent input 
noise of op-amps. The circuit has an overall gain of 100 dB 
(x 100,000) and so the DVM reading must be attenuated 
by this factor; additional filtering may be included to 
remove hum or to produce an A-weighting. 

The noise often has an A-weighting frequency 
response applied to it before measurement (Fig. 8). This 
curve is similar to the frequency sensitivity of the human 
ear and so by A-weighting the noise measurement it 
becomes a subjective quantity. It also improves the ap-
parent noise performance figure. Usually when you make 
a noise reading there is a mains hum component that is ac-
tually bigger than the noise. This can be removed with a 
400 Hz high pass filter as in Fig. 10. This filter also removes 
some of the energy of the noise below 400 Hz, but even so 

- 

-10.-

;73 
co -20-

0 -30-

-40 

-50 

20 100 200 1000 2000 

FREQUENCY (Hz) 

Fig. S The IEC 'A' weighted curve. 

10000 20000 

the noise reading is still useful. Sophisticated digital 
multimeters often give you the choice of 400 Hz high-
pass, 30 kHz and 80 kHz low-pass and A-weighting filters; 
sometimes they also have the facility for true RMS, dBm 
and dB ratio measurements. 

Noise in op-amps is specified in nV/N/Hz. The 
equivalent input noise voltage is: 

= E x VBANDWIDTH 
= (En x 141) nV for a 20 kHz bandwidth 

where EIN is the equivalent input noise voltage in V 
RMS 
E. is the input noise in nV/./Hz. 

The calculation assumes a flat noise spectrum. 

SOURCE 

Fig. 9 An IEC 'A' weighting circuit. 

BYPASS 

INPUT O- C ode 

Fig. 10 A 400 Hz two pole high pass filter. 

///1, 

400Hz 

FREQUENCY (Hz) 
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 Xcircuit 

Clock or square 
wave generators 
How to use transistors, op-amps and 555 timers to make a 
variety of square wave or clock' generator circuits. 

THE 'SQUARE WAVE' generator is 
one of the most basic circuit blocks used 
in modern electronics. It can be used for 
'flashing' LED indicators, for gener-
ating audio tones, or for 'clocking' logic 
or counter/divider circuitry, etc. The 
generators themselves may produce 
either symmetrical or non-symmetrical 
waveforms, and may be of either the 
free-running or the 'gated' type. 
Square wave generator circuits are 

quite easy to design, and may be based 
on a wide range of semiconductor tech-
nologies, including the humble bipolar 
transistor, the op-amp, the 555 timer 
chip or on CMOS logic elements, etc. In 
this month's edition we'll confine our 
discussion to designs based on the tran-
sistor, the op-amp and the 555; next 
edition we'll continue the subject by 
showing 22 different CMOS-based 
square wave generator circuits! 

Transistor astables 
One of the easiest and cheapest ways of 
generating repetitive square and rect-
angular waveforms is to use the basic, 
two-transistor astable multivibrator 
circuit shown in Figure 1. A major ad-
vantage of this rather old-fashioned 
transistor circuit is that it can quite 
happily operate from supply voltages as 
low as 1.5 volts or, with a slight modifi-
cation, from supply voltages up to 
several tens of volts. 
The Figure 1 circuit acts essentially 

as a self-oscillating regenerative 
switch, in which the on and off periods of 
the circuit are controlled by the Cl-Ri 
and C2-R2 time constants. If these time 
constants are equal (C1= C2 and 
R1=R2), the circuit acts as a square 
wave generator and operates at a fre-
quency of approximately 

1/(1.4 Cl R1) 
Thus the frequency can be decreased by 
raising the values of Cl-C2 or R1-R2, or 
vice versa. The frequency can be made 
variable by using twin-gang variable 
resistors ( in series with 10k limiting 
resistors) in place of R1 and R2. 
Outputs can be taken from either 

collector of the Figure 1 circuit, and the 

OUTPUT 1 

01 
COLLECTOR 

02 
COLLECTOR 

01 
BASE 
- - 

1 

02 r 

BASE I 

v„ 

5109 V 

184 
1k8 

JL 
OUTPUT 2 

0 V 

0 V 

Figure 1. Circuit and relevant waveforms of basic 1 
kHz transistor astable multivibrator. 

two outputs are in antiphase. The 
operating frequency of the circuit is sub-
stantially independent of supply rail 
values in the range 1.5 to 9 volts. The 
upper supply voltage limit is set by the 
fact that, as the transistors switch 
regeneratively at the end of each half-
cycle, the base-emitter junction of the 
transistor is reverse-biased by an 
amount roughly equal to the supply 
voltage. Consequently, if the supply 
voltage exceeds the reverse base-
emitter breakdown voltage of the tran-
sistor (typically about 9 volts), the 
timing operation of the circuit will be 
upset. This snag can be overcome by 
using the circuit modification shown in 
Figure 2. 
Here, a 1N4148 diode is wired in 

series with the base input terminal of 
each transistor and effectively raises 
the reverse base-emitter breakdown 
voltage of each transistor to about 80 
volts. The maximum supply voltage of 
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the circuit is then limited only by the 
collector-emitter breakdown character-
istics of the transistors, and may be 
several tens of volts. In practice, the 
'protected' circuit of Figure 2 gives a 
frequency variation of only 2% when the 
supply voltage is varied from 6 V to 
18 V. 
The leading edges of the output wave-

forms of the Figure 1 and Figure 2 
circuits are slightly rounded. The lower 
the values of R1 and R2 become relative 
to collector resistors R3 and R4, the 
worse this rounding becomes. Con-
versely, the larger the values of R1 and 
R2 relative to R3 and R4, the better the 
wave shape will be. The maximum per-
missible values of R1 and R2 are equal 
to the products of transistor current 
gain (say 90) and the R3 (or R4) values 
(1k8 in this case), so the maximum pos-
sible values of R1 and R2 are 162k in the 
Figure 1 and Figure 2 circuits. 
The rounding of the leading edges of 

the basic astable circuit occurs because 
the collector voltage of each transistor is 
prevented from rising immediately to 
the positive rail voltage as the transis-
tor turns off, because of loading by its 
cross-coupled timing capacitor. This 
deficiency can be overcome, and 
excellent square waves obtained, by 
effectively disconnecting the capacitor 
from the collector of its transistor as it 
turns off, as in the 1 kHz generator of 
Figure 3. Here, D1 and D2 are used to 
disconnect the timing capacitors at the 
moment of regenerative switching. The 
main time constants of the circuit are 

+ve 3T018V 

1k8 

02 
2N3904 
BC 108 

0 V 

Figure 2. This version of the 1 kHz astable has 
frequency correction applied via D1 and D2 
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02 
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Figure 3. This version of the 1 kHz astable has waveform correction applied via D1 and D2 and produces 

excellent square waves. 

again determined by CI-RI and C2-R2. 
The effective collector loads of Q1 and 
Q2 are equal to the parallel resistances 
of R3-R4 and R5-R6 respectively. 

Operation of the basic astable multi-
vibrator relies on slight imbalances of 
the transistor characteristics, so that 
one transistor turns on slightly faster 
than the other when power is first 
applied. If the voltage to the circuit is 
applied by slowly increasing it from zero 
volts, both transistors may turn on 
simultaneously, in which case oscilla-
tion will not occur. This snag can be 
overcome by using the sure-start circuit 
of Figure 4, in which the timing resist-
ors are connected to the transistor 
collectors in such a way that only one 
transistor can ever be turned on at a 
given moment. 

OUTPUT 1 1,118 OUTPUT./ 

Figure 4. The 1 kHz astable with sure-start' facility. 

The transistor astable circuits we 
have looked at so far are designed to 
give a symmetrical output waveform, 

OUTPUT 1 

with a 1:1 mark-to-space ratio. A non-
symmetrical waveform can be obtained 
by simply making one set of astable 
time-constant components larger than 
the other. Figure 5a shows the con-
nections for making a fixed-frequency 
(about 1100 Hz) variable mark-to-space 
ratio waveform generator, in which the 
ratio can be fully varied over the range 
1:10 to 10:1. 
The leading edges of the output wave-

forms of the above circuit may be 
objectionably rounded for some applica-
tions when the mark-to-space control is 
set to its extreme positions. Also, the 
circuit may be difficult to start if the 

Figure 6. Basic op-amp relaxation oscillator. 

supply voltage is applied to the circuit 
slowly. Both of these snags can be over-
come by using the connections of Figure 
5b, in which the circuit is fitted with 
sure-start and waveform-correction 
diodes. 

OUTPUT 

Op-amp generators 

Good square waves can be generated by 
using a fast op-amp, such as the LF351. 
in the basic relaxation oscillator con-
figuration shown in Figure 6. This 
circuit requires the use of dual power 
supplies and, because of the slew-rate 
limitations of op-amps, its output 
waveform rise and fall times are not as 
good as those obtained from transistor, 
555, or CMOS astables. The op-amp 
circuit has, however, some distinct 
advantages over these alternative types 
of square wave generator; specifically. 
it has excellent frequency stability and 
the waveform can be varied over a wide 
range by altering any one of its four 
passive component values. 
The basic operation of the Figure (i 

cirucit is fairly easy to follow. The out-
put of the op-amp alternatively 
switches between the positive and nega-
tive supply rail values and thus applies 
a positive or negative 'reference' voltage 
to the non-inverting terminal of the op-
amp, this reference voltage being a 
fixed fraction or ratio (determined by 
the R2-R3 ratios) of the supply voltage 

Suppose initially that Cl is discharged 
and the op-amp output has just switched 
positive. In this case Cl will charge 
positively via R1 until its voltage 
reaches the positive reference value on 
the non-inverting terminal of the op-

,. 

OUTPUT2 

0 V 

Figure 5b. Improved version of variable M/S ratio astable with waveform 

Figure 5a. Basic variable M/S ratio astable operating at about 1100 Hz. correction and sure-start facility. 
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Figure 7. (a) Simple 500 Hz to 5 kHz squarewave 
generator and (b) an improved version. 

amp, at which point the op-amp voltage 
( and thus the reference voltage) will 
start to fall and thus initiate a regenera-
tive switching action in which the out-
put switches abruptly to the negative 
rail voltage. Cl will then start to charge 
in a negative direction via RI until its 
voltage reaches the new (negative) 
reference value on the non-inverting 
terminal, at which point the op-amp 
output will again switch regeneratively 
high and initiate a new action in which 
the whole sequence repeats itself. 
The action of the op-amp circuit is 

such that a symmetrical square wave is 
developed at the output of the op-amp, 
and a non-linear triangle waveform is 
developed across Cl; each waveform 
swings symmetrically about the zero 
volts line. Note that the operating fre-
quency is virtually independent of the 
supply rail voltages, but can be varied 
by altering the R1 and C 1 values, or by 
altering the R2-R3 ratios. 

Figure 7a shows the practical circuit 
of a simple 500 Hz to 5 kHz op-amp 
square wave generator in which the 
frequency variation is obtained by 
altering the attenuation ratio of the 
R2-RV1-R3 potential divider, and 
Figure 7b shows how the circuit can be 
improved by using PR1 to preset the 
frequency range of the RV1 frequency 

control to a precise minimum value, and Figure 8. Four-decade (2 Hz to 20 kHz) square wave generator. The presets enable the circuit to use a 
by using RV2 as an output amplitude single calibrated frequency scale. 

 /circuit 

500 Hz 

5kHz 

R3 

10k 

01 

1N4148 I RV1 

11,1914 100k 

02 

1N4149 

114914 

---/VVV A/S RATIO 

.9V RI 

2 

«lam 

(FREQUENCY) 

Ion 

1 RANGE = 650 Hz TO 6.S kliz 

M/S RANGE = 11 -1 TO 1.11 

/7.777 O v 

Figure 9. Variable frequency, variable M/S ratio 
generator. 

being powered from 9 volt split supplies, 
they can in fact be powered from any 
split supplies in the range 5 to 18 V. 

555 astables 
The IC known as the '555 timer' makes 
an excellent square wave generator 
when used in the astable mode. The 
device is readily available, inexpensive, 
and is housed in an 8-pin dual-in-line 
(DIL) plastic package. It can be powered 
by any supply in the range 4.5 to 15 
volts, has a low-impedance output that 
can source (supply) or sink (absorb) load 
currents up to 200 mA and, when used 
in the astable mode, generates output 
square waves with typical rise and fall 
times of about 100 ns. The 555 astable 
has excellent frequency stability, can 
span the frequency range from near zero 

R2 

100k 

LE 

HF 

1,13 

10k 

RV2 

100 

(LEVEL) 

-.e  

control. 
Figure 8 shows how the above circuit 

can be modified to make a general-
purpose square wave generator that 
covers the range 2 Hz to 20 kHz in four 
switched decade ranges. Note that pre-
set controls PR1 to PR4 are used to 
precisely set the minimum frequencies 
of the 2 Hz — 20 Hz, 20 Hz — 200 Hz, 
200 Hz — 2 kHz, and 2 kHz — 20 kHz 
ranges respectively, without calling for 
the use of precision components. 

Finally, Figure 9 shows how the basic 
relaxation oscillator circuit can be mod-
ified so that it provides both a variable 
frequency and a variable mark-to-space 
ratio output. The mark-to-space ratio is 
variable via RV1, and the circuit action 
is such that C 1 alternately charges posi-
tively via R1-D1 and the left-hand side 
of RV1 and charges negatively via 
R1-D2 and the right-hand side of RV1. 
The mark-to-space ratio is variable over 
the range 11:1 to 1:11, and the fre-
quency is variable over the approximate 
range 650 Hz to 6.5 kHz via RV2; vary-
ing the mark-to-space ratio setting 
causes only slight interaction with the 
frequency control. 
Note that the Figure 6 to Figure 9 

circuits can be used with virtually any 
types of op-amp, but that the maximum 
usable frequency and the quality of the 
output rise and fall times depend on the 
slew rate of the op-amp that is used; the 
LF351, for example, gives a perform-
ance about ten times better than the 741 
in these respects. Also note that 
although we've shown the circuits as 
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T = 0.7(R1 • 2R2)C1 

1.44  
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IFFI2 » RI: 

II= 0.711R2■CI 

12 = 0.7aR2■CI 

7 = 1.4v/12 aCI 

0.72 

R2 4C1 

Figure 10. (a) Basic circuit of a 1 kHz 555 astable with design formulae. ( 1) 
Approximate relationship between Cl, R2 and f for the 555 astable when R2 is 
large relative to R1. 

to about 100 kHz, and its frequency and 
mark-to-space ratio can be accurately 
controlled with two external resistors 
and one capacitor. 
Figure 10a shows the practical circuit 

of a basic 1 kHz 555 astable, together 
with the formulae that define the 
timing of the circuit. The circuit opera-
tion is such that Cl first charges 
exponentially via the series R1-R2 
combination until eventually its voltage 
rises to two-thirds of the supply voltage, 
at which point a regenerative switching 
action takes place and Cl starts to 
discharge exponentially via R2 until 
eventually its voltage falls to one-third 
of the supply voltage. At this point a 
second regenerative switching action 
takes place and Cl starts to re-charge 
towards two-thirds of the supply voltage 
via R1-R2, and the whole sequence 
repeats. C2 is used in this circuit ( and 
those that follow) to decouple the in-
ternal circuitry of the 555 chip from the 
effects of supply line transients. 
Note that the operating frequency of 

the above circuit is virtually inde-
pendent of the supply voltage value, and 
that both the mark-to-space ratio and 

C
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 C
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A
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I
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100u 
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lu 

loon 
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In 0.1 

the frequency are determined by the 
R1-R2-C1 values. Also note that if R2 is 
large relative to R1, the operating fre-
quency is determined mainly by the R2 
and Cl values and that an almost 
symmetrical output waveform is 

STOISV 

OUT 

10 100 
ASTABLE FREQUENCY — 

10k 100E 

11, for example, shows how it can be 
made into a variable frequency square 
wave generator by replacing R2 with a 
fixed and a variable resistor in series. 
With the component values shown, the 

*vs +re STO 15V 

ov 
Figure 11. This variable frequency generator 
covers 1.4 kHz to 15 kHz. 

generated. The graph of Figure 10b 
shows the approximate relationship be-
tween frequency and the Cl-R2 values 
under the above condition. In practice, 
the R1 and R2 values can be varied from 
about lk to 10M. 
The basic Figure 10a circuit can be 

modified in a number of ways. Figure 

RI 
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R2 

10k 
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100k 

(FRED.) 

LED1 

R1 

470R 

02 

47014 

1102 

Figure 12. This two-LED flasher operates at just 
under 1 Hz. The LEDs flash alternately. 

frequency can be varied over the 
approximate range 1.4 kHz to 15 kHz 
via RVI. 
Figure 12 shows how the circuit can 

be used as a two-LED 'flasher' unit, in 
which one LED turns off as the other 
turns on, and vice versa. The circuit> 
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Figure 15. Gated astable with 
gate signal applied to the 
pin 4 RESET terminal of the OUT 

IC. 

0 
operates at a frequency of just under 
1 Hz. 
Figure 13 shows how the circuit can 

be modified so that its mark and space 
periods are independently variable over 
the approximate range 15 us to 1.5 ms. 

5TO 15 V 

0 V 

Figure 13. Astable with mark and space periods 
independently variable over about 15 us to 1.5 ms. 

Here, timing capacitor Cl alternately 
charges via R1-RV1-D1 and discharges 
via RV2-R2-D2. 
Figure 14 shows how the circuit can 

be modified so that it acts as a fixed-
frequency square-wave generator with 
a mark-to-space ratio or duty cycle that 
is fully variable from 1'; to 99% via 

RV1 

100k 

(DUTY 

CYCLE) 

1)2 

154148 

15914 

OUT 

100n 22n 

Figure 14. 555 astable with duty cycle variable 
from 1% to 99%. Frequency is almost constant at 
about 1 kHz. 

RV1. Here, Cl alternately charges via 
R1 and the top half of RV1 and D1, and 
discharges via D2-R2 and the lower half 
of RV1. Note that the sum of these two 
timing periods is virtually constant, so 
the operating frequency is almost inde-
pendent of the setting of RV1. 
The 555 astable circuit can be gated 

on and off ( enabled or disabled) either 

Figure 16. Gated astable with 
gate signal applied to Cl via 
Ql. 

GATE 

INPUT 

rrfr7 

by applying a gate signal to pin 4 or by 
disabling or enabling the main timing 
capacitor via a transistor switch. 
Figure 15 shows how the circuit can 

be gated via the pin 4 ( reset) terminal. 
The characteristic of this terminal is 
such that if the terminal is biased above 
a nominal 0.7 volts, the astable is 
enabled, but if it is biased below 
0.7 volts by a current greater than 
100 uA (by taking pin 4 to ground via a 
resistance less than 7k, for example) the 
astable is disabled and its output is 
grounded. Thus in the Figure 15 circuit 
the astable can be turned on by applying 
a high or logic 1 signal to pin 4, or off by 
applying a zero or logic 0 signal to pin 4. 

Finally, to complete this month's look 
at square wave generator circuits, 
Figure 16 shows how the 555 astable 
can be gated on and off via a transistor 
wired across the main timing capacitor, 
Cl. Here, with zero gate drive applied, 
QI is cut off and the astable is free to 
operate in the normal way, but when a 
high gate signal is applied, Q1 is driven 
on and discharges Cl, thus disabling 
the astable. Note that the output of this 
circuit is driven high when the astable 
is disabled in this way. • 
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More clock generators 
In the last article, Ray covered clock or square wave 
generators using transistors, op-amps and 555s. This 
time he covers the use of CMOS gates and the 4046B 
VCO chip. 

INEXPENSIVE CMOS logic ICs such as the 4001B and the 
4011B can easily be used to make very inexpensive but highly 
versatile square-wave or 'clock' generator circuits. They can 
be designed to give symmetical or non-symmetrical outputs, 
and can be of the free-running or the gated types; in the latter 
case, they can be designed to turn on with either logic 0 or 
logic 1 gate signals, and to give either a logic 0 or a logic 1 
output when in the 'off mode. You can even use these 'cheapo' 
circuits as simple voltage-controlled oscillators (VC0s) or as 
frequency-modulated oscillators. 

If you want really good VCO operation from a square-wave 
generator, with excellent linearity and versatility, you can 
turn to the slightly more expensive 4046B CMOS IC. We'll 
look at some applications of this chip later, but let's start by 
looking at some basic two-gate CMOS square-wave generator 
or astable circuits. 

Basic two-gate astable circuits 
The simplest way to make a CMOS astable circuit is to wire 
two CMOS inverter stages in series and use the C-R feedback 
network shown in Figure la. This circuit generates a decent 
square wave output and operates at about 1 kHz with the 
component values shown. The frequency is inversely propor-
tional to the C-R time constant, so can be raised by lowering 
the values of either Cl or R1. Cl must be a non-polarised 
capacitor and can have any value from a few tens of pF to 
several uF, and R1 can have any value from about 4k7 to 22M; 
the operating frequency can vary from a frequency of 1 Hz to 
about 1 Mhz. For variable frequency operation, wire a fixed 
and a variable resistor in series in the RI position. 

NOTE: ICI = W01801140118 

1 VP 

- 0V 

Figure 1(a) Circuit of the basic two-gate CMOS astable. This operates at 1 kHz 
with the component values shown. 

v. 

IN •  
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IN •  

4011E> OUT 

4011E))--. OUT 

40018 
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0 V , 

IN 40018 
OUT 

Figure 1(b). Ways of connecting a two-input NAND (40118) or NOR (4001B) 
gate for use as an inverter. 

Note at this point that each of the 'inverter' stages of the 
Figure la circuit can be made from a single gate of a 4001B 
quad two-input NOR gate or a 4011B quad two-input NAND 
gate by using the connections shown in Figure lb. Thus each of 
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these ICs can provide two astable circuits. Also note that the 
inputs to all unused gates in these ICs must be tied to one or 
other of the supply-line terminals; the Figure la astable ( and 
all other astables shown in this feature) can be used with any 
supplies in the range 3 to 18 V; the 'zero volts' terminal goes 
to pin 7 of the 4001B or 4011B, and the '+ ve' terminal goes 
to pin 14. 
The output of the Figure lb astable circuit switches ( when 

lightly loaded) almost fully between the zero and positive 
supply rail values, but the C1-R1 junction is prevented from 
swinging below zero or above the positive rail levels by built-in 
clamping diodes at the input of ICla. This characteristic 
causes the operating frequency of the circuit to be somewhat 
dependent on supply rail voltage. Typically, the frequency 
falls by about 0.8% for a 10% rise in supply voltage; if the 
frequency is normalised with a 10 volt supply, the frequency 
falls by 4% at 15 V or rises by 8% at 5 V. 

Also, the operating frequency of the Figure la circuit is 
influenced by the 'transfer voltage' value of the individual 
ICla gate that is used in the astable, and can be expected to 
vary by as much as 10% between individual ICs. The output 
symmetry of the waveform also depends on the 'transfer 
voltage' value of the IC and, in most cases, the circuit will give 
a non-symmetrical output. In most 'hobby' or other non-
precision applications, these defects of the basic astable circuit 
are of little practical importance. 

NOTE: ICI = 40018 OR 40118 

OUT 

0 

Figure 2. This compensated version of the 1 kHz astable has excellent 
frequency stability with variations in supply voltage. 

Some of the defects of the Figure la circuit can be minimised 
by using the 'compensated' astable of Figure 2, in which R2 is 
wired in series with the input of IC la. This resistor must have 
a value that is large relative to RI, and its main purpose is to 
allow the CI-RI junction to swing freely below the zero and 
above the positive supply rail voltages during circuit opera-
tion and thus improve the frequency stability of the circuit. 
Typically, when R2 is ten times the value of RI, the frequency 
varies by only 0.5% when the supply voltage is varied between 
5 and 15 volts. An incidental benefit of R2 is that it gives a 
slight improvement in the symmetry of the output of the 
astable. 
The basic and compensated astable circuits of Figures 1 and 

2 can be built with a good number of detail variations, as 
shown in Figures 3 to 6. In the basic astable circuit, for 
example, C 1 alternately charges and discharges via RI and 
thus has a fixed symmetry. Figures 3 to 5 show how the basic 
circuit can be modified to give alternate CI charge and dis-
charge paths to thus allow the symmetry to be varied at will. 
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NOTE ICI = 40010 OR 40110 

Figure 3. Modifying the astable to give a non-symmetrical output: MARK is 
controlled by the parallel values of R1 and R2; SPACE is controlled by R2 only. 

The Figure 3 circuit is useful if you need a highly non-
symmetrical waveform, equivalent to a fixed pluse delivered 
at a fixed `timebase' rate. Here, C 1 charges in one direction via 
R2 in parallel with the Dl-R1 combination, to generate the 
mark or pulse part of the waveform, but discharges in the 
reverse direction via R2 only, to give the space between the 
pulses. 

NOTE ICI 4o0IR OR 0011B 

MARK SPACE 

.Ve 

0 V 

Figure 4. This astable has independently variable MARK and SPACE times. 

Figure 4 shows the modifications for generating a waveform 
with independently variable mark and space times; the 
mark time is controlled by RI-RV1-D1, and the space time 
is controlled by R1-RV2-D2. 

NOTE: ICI = 0001E1 OR 40110 

OUT 
0 V 

Figure 5. The mark/space ratio of this astable is fully variable from 1:11 to 11:1 

via RV1; frequency is almost constant at about 1 kHz. 

Figure 5 shows the modifications to give a variable 
symmetry or mark/space ratio output while maintaining a 
near-constant frequency. Here, C 1 charges in one direction via 
D2 and the lower half of RV1 and R2, and in the other direction 
via D1 and the upper half of RV1 and RI. The M/S ratio can be 
varied over the range 1:11 to 11:1 via RV1. 

R2 180E 

VOLTAGE 
CONTROL 
INPUT 

NOTE: ICI = 00010 OR 40110 

Figure 6. Simple voltage-controlled oscillator ( VCO) circuit. 
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Figure 7. Special effects VCO which cuts off when Vir, falls below a preset 

value. 

Finally, Figures 6 and 7 show a couple of ways of using the 
basic astable circuit as a very simple VCO. The Figure 6 
circuit can be used to vary the operating frequency over a 
limited range via an external voltage. R2 must be at least 
twice as large as RI for satisfactory operation, the actual value 
depending on the required frequency shift range; a 'low' 
R2 value gives a large frequency shift range, and a 'large' R2 
value gives a small frequency shift range. The Figure 7 circuit 
acts as a special-effects VCO in which the oscillator frequency 
rises with input voltage, but switches off completely when the 
input voltage falls below a value preset by RV1. 

Gated astable circuits 
All of the astable circuits of Figures 1 to 5 can be modified for 
gated operation, so that they can be turned on and off via an 
external signal, by simply using a two-input NAND (4011B) 
or NOR (4001B) gate in place of the inverter in the IC 1 a 
position, and by applying the input gate control signal to one of 
the gate input terminals. Note, however, that the 4001B and 
the 4011B give quite different types of gate control and output 
operation in these applications, as shown by the two basic 
versions of the gated astable in Figures 8 and 9. 

ICI 4011E1 

0 v 

Figure 8. This gated astable has a normally low output and is gated on by a high 

(logic 1) at the input. 

GATE 

.Ve 

GATE 

•ve 

0 V 

Figure 9. This version of the gated astable has a normally high output and is 
gated on by a low (logic 0) at the input. 

Note specifically from these two circuits that the NAND 
version is gated on by a logic 1 input and has a normally low 
output, while the NOR version is gated on by a logic 0 input 
and has a normally high ouput. R2 can be eliminated from 
these circuits if the gate drive is direct-coupled from the ouput 
of a preceding CMOS logic stage, etc. 
Note in the basic gated astable circuits of Figures 8 and 9 

that the output signal terminates as soon as the gate drive 
signal is removed; consequently, any noise present at the gate 
terminal also appears at the outputs of these circuits. Fig-
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Figure 10. Semi-latching or noiseless gated astable circuit, with logic 1 gate 
input and normally zero output. 

ures 10 and 11 show how to modify the circuits to overcome 
this defect. Here, the gate signal of IC la is derived from both 
the outside world and from the output of IC lb via diode OR 
gate DI-D2-R2. As soon as the circuit is gated from the outside 
world via D2 the output of IC lb reinforces or self-latches the 
gating via D1 for the duration of one half astable cycle, thus 
eliminating any effects of a noisy outside world gate signal. 
The outputs of the 'semi-latching' gated astable circuits are 
thus always complete numbers of half cycles. 

'Ring of three' clock-generator circuits 
The two-gate astable circuit is not generally suitable for direct 
use as a 'clock' generator with fast-acting counting and divid-
ing circuits, since it tends to pick up and amplify any supply 
I ine noise during the 'transitioning' parts of its operating cycle 
and thus to produce square waves with 'glitchy' leading and 
trailing edges. A far better type of clock generator circuit is the 
'ring of three' astable shown in Figure 12. 

 /circuit 

DI 

154148 

ICI 40118 

OUT 
GATE 

OUT 

*We 

0 V 

Figure 12. This ring-of-three' astable makes an excellent clock generator. 

The Figure 12 'ring of three' circuit is similar to the basic 
two-gate astable, except that its 'input' stage ( IC la-IC lb) acts 
as an ultra-high gain non-inverting amplifier and its main 
timing components (Cl-Ri) are transposed (relative to the 
two-gate astable). Because of the very high overall gain of the 
circuit, it produces an excellent and glitch-free square wave 
output, ideal for clock-generator use. 
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100k 
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154140 
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22k ICI 400113 

DI 
IN4I40 

Go 

GATE 
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Figure 11. Alternative semi-latching gated astable, with logic 0 gate and 
normally high output. 

The basic ring-of-three astable can be subjected to all the 
design modifications we've already looked at for the basic 
two-gate astable; e.g: it can be used in either basic or 
compensated form and can give either a symmetrical or non-
symmetrical output, etc. The most interesting variations of 
the circuit occur, however, when it is used in the 'gated' mode, 
since it can be gated via either the IC1b or IC lc stages. Fig-
ures 13 to 16 show four variations on this 'gating' theme. 
Thus the Figures 13 and 14 circuits are both gated on by a 

logic 1 input signal, but the Figure 13 circuit has a normally 
low output, while that of Figure 14 is normally high. Simi-
larly, the Figures 15 and 16 circuits are both gated on by a 
logic 0 signal, but the output of the Figure 15 circuit is 
normally low, while that of Figure 16 is normally high. 

40468 VCO circuits 
To close this look at CMOS square wave generator circuits, 
let's look at some practical VCO applications of the 4046B 
phase-locked loop (PLL) IC. Figure 17 shows the internal block 
diagram and pinouts of this chip, which contains a couple of 
phase comparators, a VCO, a zener diode and a few other bits 
and pieces. 
For our present purpose, the most important part of the chip 

is the VCO section. This VCO is a highly versatile device; it 
produces a well-shaped symmetrical square wave output, has 
a top-end frequency limit in excess of 1 MHz, has a voltage-to-
frequency linearity of about 1% and can easily be 'scanned' 
through a 1 000 000:1 range by an external voltage applied to 
the VCO input terminal. The frequency of the oscillator is 
governed by the value of a capacitor (minimum value 50p) 
connected between pins 6 and 7, by the value of a resistor 
(minimum value 10k) wired between pin 11 and ground, and 
by the voltage (any value from zero to the supply voltage in 
use) applied to VCO-input pin 9. 

ICI = 40118 

0 V 0V 

Figure 13. Yhis ring-of-three' astable is gated by a logic 1 input and has a Figure 14. This gated ring-of-three' astable is gated by a logic 1 input and has a 
normally low output. normally high output. 
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ICI = 40010 Ri 680k 
Figure 15. Ring-of-three gated by a logic 0 input and having a normally low 

Figure 16. Ring-of-three with normally high output and logic 0 gating. output. 
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Figure 17. Internal block diagram and pinouts of the 4046B. 

Figure 18 shows the simplest possible way of using the 
4046B VCO as a voltage-controlled square wave generator. 
Here, CI-RI determine the maximum frequency that can be 
obtained (with the pin 9 voltage at maximum) and RV1 con-
trols the actual frequency by applying a control voltage to 
pin 9. The frequency falls to a very low value (a fraction of a 
Hz) with pin 9 at zero volts. The effective voltage-control range 
of pin 9 varies from roughly 1 V below the supply value to 
about 1 V above zero, and gives a frequency span of about 
1 000 000:1. Ideally, the supply voltage to the circuit should be 
regulated. .9 V (REGULATED) 

RVI 
1008 
FREQUENCY 

OUT 

ROI 
100k 
FREQUENCY 

— OUT 

Figure 18. Basic wide-range VCO, " 

spanning near-zero to roughly 

5 kHz. 

We've said above that the frequency of the Figure 18 circuit 
falls to near-zero when the input voltage is reduced to zero. 
Figure 19 shows how the circuit can be modified so that the 
frequency falls all the way to zero with zero input, by wiring a 
high-value resistor (R2) between pins 12 and 16. Note here 
that when the frequency is reduced to zero, the VCO output 
randomly settles in either a logic 0 or a logic 1 state. 

Figure 20 shows how the pin 12 resistor can alternatively be 
used to determine the minimum operating frequency of a 
restricted-range VCO. Here, fmin is determined by Ci-R2 
and fina. is determined by Cl and the parallel resistance of RI 
and R2. 
Figure 21 shows an alternative version of the restricted-

range VCO, in which fma. is controlled by Ci-Ri and fmin is 
determined by C 1 and the series combination of RI and R2. 
Note that by suitable choice of the RI and R2 values, the 
circuit can be made to 'span' any desired frequency range from 
1:1 to near-infinity. 

Finally, it should be noted that the VCO section of the 4046B 
can be disabled by taking pin 5 of the package high (to logic 1 
level) or enabled by taking pin 5 low. This feature makes it 
possible to gate the VCO on and off by external signals. Thus 
Figure 22 shows how the basic VCO circuit can be gated via a 
signal applied to an external inverter stage. Alternatively, 
Figure 23 shows how one of the internal phase comparators of 
the 4046B can be used to provide gate inversion, so that the 
VCO can be gated via an external voltage applied to pin 3. • 

+9V (REGULATED) 

RV1 
100k 
FREQUENCY 

Figure 1,o Modification of the Figure 18 circuit Figure 20 Restricted-range VCO, with frequency 

takes it all the way down to zero, variable from roughly 72 Hz to 5 kHz via RV1. 
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Figure 22 Gated wide-range VCO using an external gate inverter. 
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Figure 23. Gated wide-range VCO using one of the internal phase comparators 
as a gate inverter. 
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Figure 21 Alternative version of the restricted-range 
VCO. Maximum frequency is controlled by Cl -R1. 

minimum by C1-(R1+ R2). 
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Beating the RS232 blues 
A serial interface should be the simplest way to connect 
two pieces of computer gear together. Unfortunately, 
RS232 complicates matters. 

ONLY TWO pieces of wire are needed to 
allow one computer device to talk to 
another, and three if you want a two-
way conversation. So you would think 
that hooking together computer equip-
ment with serial interfaces would be 
easy — provided, of course, that the 
various equipment manufacturers had 
adopted a standard for their interfaces. 
And herein lies a problem. 

The 'standard' which was adopted for 
serial interface was one known as 
'RS232'. RS232 is a standard of the 
American Electronics Industries 
Association, and was originally intended 
for the interface between 'Data Term-
inal Equipment' (DTE — in other words 
a computer 'dumb' terminal) and 'Data 
Communications Equipment' (DCE — 
equipment which facilitates communi-
cation to a remote computer, like a 
modem). 
The standard specifies the electrical 

characteristics of the interface signals, 
along with the shape and pin assign-
ments of the connectors to be used. In 
addition there are certain other conven-
tions which go along with this standard, 
like the commonly used data rates and 
formats. 
Now, although it's possible to borrow 

the electrical and timing conventions 
from this standard, many aspects are 
ambiguous. As mentioned above, RS232 
specifies two different 'sexes' of equip-
ment, terminal equipment and com-
munications equipment, each with their 
own sex of connector, and their own 
connector pin assignments. But the 
standard is now being applied also to 
computers, printers, plotters, digitising 
tablets, speech synthesisers and so on, 
which don't fall conveniently into the 
category of either sex. Consequently 
any particular piece of equipment has a 
more or less arbitrary sex assignment. 

Furthermore, RS232 contains specifi-
cations for using its connectors and 
signals for a large number of different 
applications. Since today's equipment 
needs only the simplest of such arrange-
ments, most of RS232's features are not 
used, and in fact merely add to the 
confusion as manufacturers arbitrarily 
select the few features they need for 
their interface. 

OK, the fact that the interface is 
somewhat arbitrary on any particular 
piece of equipment would be compen-
sated if the equipment manual told you 
how it worked. Not the case. In fact the 
description of how the RS232 interface 
works is almost universally the worst 
described part of the manual, ranging 
from extremely ambiguous to downright 
wrong. 
This month I am going to describe the 

theory of how RS232 is supposed to 
work. In a following issue I will describe 
a test unit which will patch any two 
devices together, and monitor what they 
are saying. You may wish to build one, 
or borrow the principles to understand 
how to test an interface by some altern-
ative method. 

The basics of a serial 
interface 

There are many possible ways to make a 
serial communications 'channel'; RS232 
is just one method. Let us examine 
serial interfaces in general, and see how 
RS232 implements the various features 
involved. 
I should point out here that many of 

these features are not strictly a part of 
RS232, but are conventions which are 
used with it. The best way to declare 
something as a 'convention' is by 
referring to data on the ICs used to 
implement RS232 serial interfaces, 
namely the 'UART' which formats the 
data (such as the National 5303 and 
similar), and the 'line driver' and 
'receiver' which actually send and 
receive the electrical signals on the 
serial cable (National LM1488 and 
1489 respectively). 
Suppose we are dealing with the 

simplest type of interface, one in which 
there is a 'sender' and a 'receiver', such 
as may be the case where a computer 
sends data to a line printer. Two wires 
connect the two devices, one wire being 
'Ground' or zero volts, the other wire 
carrying the data. 

Ones and zeros 
The first task is to decide how to repre-
sent the binary 'one' and 'zero' as 

Graham Wideman 

voltages. A TTL logic IC regards a vol-
tage less than 0.4 Vasa logic zero, and a 
voltage greater than 2.8 Vasa logic one. 
A TTL output is not, for various reasons, 
suited to sending data down a long wire, 
so RS232 does things differently. A 
'zero' is represented by a 'high' voltage 
between +3 V and + 12 V ( for some 
reason also called 'space), while a 'one' 
is represented by a 'low' voltage between 
—3 V and — 12 V (also called 'mark). 
The range between —3 V and +3 V is 
undefined. 
Next we must decide in what order 

and with what timing the bits are to be 
sent down the wire. RS232 calls the unit 
of data transmission a 'character', even 
though the data sent may not actually 
represent a character. A particular 
device may be set to transmit or receive 
5, 6, 7 or 8-bit characters, with seven 
being the most common (because seven 
bits will represent the entire ASCII set 
of 128 characters), and eight the next 
most popular. These characters are sent 
least significant bit first. Using the 
scheme as I have so far described it, the 
letter '13', which is ASCII 42 hexadeci-
mal, or 66 decimal, would appear on the 
line as (see also Figure 1): 

High low high high high high low 
(7-bit code) 

o i o ol lo o 

Figure 1 The letter II ( hex 42) represented as a 
sequence of voltage levels, as used by RS232 

devices. 

How does the receiver know when a 
particular character starts? We could 
use a third wire to signal that a charac-
ter is starting on the second wire. This is 
a form of 'synchronous' communication, 
and is not used with any personal com-
puter equipment. Instead RS232 has a 
way of telling the receiver that a charac-
ter is starting. It works as follows. 

Start bit 
Suppose the receiver receives the above 
letter 'B'. Normally the communications 
line sits at 'mark' or low. Along comes 
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bit one, which is a high, and immedi-
ately the receiver knows a character is 
coming in. Now, assuming that the 
receiver and sender are set so that they 
agree as to how long each bit is, the 
receiver will be able to recognise a high, 
then a low, then another low and so on, 
until the whole 'B' has been received. 
However, suppose that instead the 

letter 'A' was sent, which is 41 hex, and 
therefore is represented (also see Fig-
ure 2) as: 

Low high high high high high low 
1  4 

11 0 0 01 0 0 1 

Figure 2 The letter A' (hex 41) represented in 
RS232 voltage levels. 

This time, by the time the receiver finds 
out something is happening, it's already 
on the second bit! And what if you had a 
character composed entirely of lows? 
The way around this problem is to 

prefix every character with a 'start' bit, 
which is invariably high. 

Stop bit 
This still leaves one problem. Suppose 
we send several hundred characters in a 
row. It would be unreasonable to expect 
that the sender and receiver agree as to 
the time-per-bit to such great accuracy 
that they would still be in step after so 
many bits. To overcome this each char-
acter is suffixed with one or two (accord-
ing to how the devices are set) 'stop' bits, 
which are always low. After each 
character we always have a low-to-high 
transition which can be relied upon to 
keep the two devices in step. 

Notice that there is nothing particu-
larly special about the start and stop 
bits. They look like any other bits, 
except that there is always a low-to-high 
transition at least once per character, 
and it's between these two bits. I point 
this out because it means, for example, 
that if you are sending serial data to a 
printer, if the signal is momentarily dis-
connected (transmission continuing but 
reception interrupted) then upon recon-
nection the printer will probably not be 
able to interpret the incoming stream of 
highs and lows. The printer will be 
confused until the next pause in trans-
mission, unless the combination of 
received characters enables the printer 
to determine where the stop-start 
location is. 

Transmission speed: 
'Baud Rate' 
Naturally, both sender and receiver 
must be set to the same nominal com-
munications speed. This speed is 
measured in bits-per-second, a unit also 

1 I  

START 

known as the baud. ( One bit per second 
is one baud.) Commonly used rates are: 
110 and 133 (for Selectric terminals, for 
example), 300 baud (modems communi-
cating via telephone), 600, 1200, 2400, 
4800 and 9600 baud. Some devices also 
communicate at 19 200, 38 400 and 
even 76 800 baud, but such are rare. 

Parity 
An embellishment which is occasionally 
seen is the use of 'parity' as an error 
checking method. In a seven-bit code, 
for example, an extra bit may be added 
after the last bit ( but before the stop bit). 
The sender counts the number of 'one' 
bits in the character, and if the answer 
is even it sets the parity bit to 'one', if not 
it is made 'zero'. ( This is the even parity 
convention. There's an equally little-
used odd parity convention which 
makes the parity bit 'one' for an odd 
total.) 
When the receiver gets the character 

it does the same arithmetic and compares 
its answers to the parity bit received 
with the character. If it has the same 
answer it knows all is well; if the answer 
is wrong an error has occurred some-
where. For example, suppose an 'A' is 
transmitted (seven-bit, even parity). 
This would be represented as in Fig-
ure 3. 
01000001111111 1 0 

IL DATA I/11  WAITING DATA 

SITART 
STOP 

PARITY 
EVEN 

(THERE MAY BE 
NO WAITING) 

Figure 3 Representation of the letter A' in seven-
bit even parity code. Note that a 1' is a low voltage 
and a 0' is a high. The line normally sits at low 

or ' 1'. 

Now if one of those bits were accident-
ally changed somewhere along the way, 
there would be either one or three Ts, 
which is an odd number and does not 
agree with the parity bit. ( And of course 
if the parity bit was accidentally 
changed, it wouldn't agree properly 
either.) You can probably see that this 
scheme cannot show where the error 
occurred or how to fix it, nor does it 
signal double errors. It is basically a 
low-overhead warning device. 

In fact parity is generally ignored, 
since most personal computer equip-
ment is not operated in electrically 
noisy environments where such errors 
are likely to occur, and in any case such 
equipment has no convention for 
requesting that the sender resend the 
faultily received data. ( Often the receiv-
ing device may be set to expect the 
parity bit but not use it.) However, I have 
included this description so that you 
know what parity is when the equipment 
has a switch to select or deselect its use. 

Lots of options! 
As you can see, even thus far there are 
plenty of options to choose from. In a 
typical device many of these options 
may be switch selectable, usually mini-
ature DIP switches inside the box, or 
perhaps soldered jumpers. In some 
cases, such as terminals and computers, 
some of these features may be program-
med from the keyboard or from software. 
So there are plenty of ways in which 

your two little darlings won't be able to 
talk to each other! But wait, there's 
much more! 

How many duplexes? 
Although not strictly of direct concern 
in the RS232 interface, some equipment, 
particularly terminals and modems, 
provide a 'Full/Half Duplex' switch. 

'Full Duplex' means that when the 
terminal transmits a character to the 
remote computer the computer immed-
iately echoes the character back to the 
terminal, whereupon it appears on the 
terminal's screen (or paper, if a tele-
type). If there is no echo then the char-
acter you typed will not appear on the 
terminal's screen. This is a kind of 
insurance method to let you know that 
the computer is listening. 

In 'Half Duplex' set-ups it is assumed 
that the computer will not echo the 
characters from the terminal, and thus 
the terminal puts the typed characters 
on the screen whether or not the compu-
ter is awake. 
The surprise comes if you have your 

terminal (or modem) set to Half Duplex, 
and the computer you are talking to 
echoes the characters. Then if you type 
'FRED' you'll see 'FFRREEDD'. 

Not so fast! 
A commonly needed feature is the 
ability to tell the sending device to slow 
down. I don't mean to send at a lower 
baud rate, but rather to pause for a 
moment. A typical situation where this 
occurs is in slow printers. When the 
carriage reaches the end of the line the 
printer must tell the sender to wait until 
the carriage returns before sending 
more characters. 
Such a signalling system is known as 

'handshaking'. Typically this is imple-
mented by adding an extra wire to the 
interface cable. The receiver maintains 
this wire at a 'high' signal level while 
it's OK for the sender to send, pulling it 
low' to tell the sender to halt the flow of 
data. Sometimes an interface will have 
handshaking lines both ways, so that 
either device can halt the other. 
A complete two-way interface would 

consist of two data wires, two handshak-
ing wires and ground — a total of five 
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wires. Most RS232 hook-up problems 
occur because one piece of equipment 
needs some of these signals which the 
other does not provide, or because the 
wires in each piece of equipment are not 
connected to the corresponding pins in 
the interfacing connectors. 

Not so fast type two 
A quick note here that on some intelli-
gent printers handshaking is carried 
out using a method called 'X-on, X-off. 
Instead of a separate handshaking wire, 
the printer has a data output wire 
(normally printers only receive data). If 
the printer wishes to halt the sender the 
printer sends a control character to the 
sender ( usually control-S, hex 13, which 
is also known as 'Direct Control 3'). Sub-
sequently sending the same character 
will restart the data. Note that this is 
the same character which you use in 
CP/M (and Apple) to stop and start a 
continuous display to the screen from 
the keyboard. 

Handshaking and buffers, etc 
How necessary is handshaking in 
practice? A major sore point in the small 
computer industry has been the need for 
handshaking in printers. The Epson 
MX-80, for example, was available at 
one time with a serial interface known 
as 8141. This interface could only 
remember a maximum of two characters 
as they arrived from the computer. 
Since the 'line-feed' time exceeds the 
time of two characters, even at the 
slowest baud rates it was necessary for 
the interface to signal a halt after each 
line. The Exidy Sorcerer and the stand-
ard Apple printer interface board do not 
have any handshaking inputs, and con-
sequently it would be impossible to 
make this combination of equipment 
work serially. (This particular problem 
rarely comes up since the MX-80 has a 
parallel input which is usually used. 
The Sorcerer has a parallel output, and 
the Apple has available for it a parallel 
printer board. I am simply showing how 
close to the surface such problems are 
swimming.) 
A solution to this dilemma which is 

finding widespread adoption is to 
incorporate a 'buffer' into the serial 
interface. Such is the Epson 8145 inter-
face, which has a 2000-character 
(approx.) buffer. Since the MX-80 chugs 
along at 80 characters-per-second ( cps), 
if the computer transmits at 300 baud 
(30 cps) the buffer is normally virtually 
empty. At line-feed time the buffer fills 
up a little as the computer continues to 
transmit. But the MX-80 catches up on 
the next line. There is thus no need for 
handshaking. You can, however, get 

Figure 4 Photo showing two different styles of RS232 connectors. In each case the individual wires are 
soldered to the connector pins or receptacles. 

To the left is a connector which comes with all thepins or receptacles permanently fixed in place: wires 
are soldered into cups on the rear, which is the side in view here. 

In the centre and to the right are shells which come empty', into which may be inserted male pins ( into 
centre shell i or female receptacles ( right). These can be more convenient, as the pins (shown separately 
and attached to wires) are easier to wire to before being placed in the snell, and in fact when installed are 

well separated by the shell ( as can be seen in the rear view of the female connector on the right). The tool 
on the left is for the installation or removal of the male and female contacts. 

In each case the connector may be bolted to a chassis, or put in a plastic cover for use as on the end of 
a cable. 

••••• 

• P, iffi • 
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Figure 5. These are called Insulation Displacement Connectors' (IDC) and of course must be used with 

ribbon cable. They can only be used if it is desired to connect all 25 pins at one end to all 25 at the other. 
However, they are very easy to install: all that i 3 needed is a small vice to squash the connector onto the 
ribbon. 

into trouble if the computer sends a 
large number of form-feeds, which take 
a long time 

Wires and connectors 
and stuff 
The connector used with RS232 is 
known as a DB25', which has 25 pins in 
the male, and 25 receptacles in the 
female. Various styles are shown in 
Figures 4 and 5, with pin numbering 
shown in Figure 6. But why 25 pins? 
RS232 was endowed with a pile of 

features not now used, and these were 
implemented using most of the 25 pins. 
Now very few of the pins are used. The 
extra pins provide two opportunities for 
confusion and problems, however. One 
problem is that with such a profusion of 
pins it can be difficult to figure out 
which ones you are supposed to use for 
your application. 

'Business end' of xnale, or solder side of female. 

1 2 3 4 5 6 7 8 9 10 11 12 13 
14 15 16 17 18 19 20 21 22 23 24 25 

'Business end' of female, solder side of male. 

13 12 11 10 9 8 7 6 5 4 3 2 1 

25 24 23 22 21 20 19 18 17 16 15 14 

IMPORTANT NOTE: This numbering scheme 
means that with the IDC connectors the pin 
numbers do not correspond to the ribbon con-

ductor numbers: 1 will be 1, but pin 14 will be 
ribbon conductor 2, etc. 

Figure 6. DB25 contact numbering 

The second problem area is that with 
all those extra tantalising pins available 
and otherwise doing nothing, many 
manufacturers use the 'spare' pins for 
other purposes. Exidy uses them for the 
cassette interface. IDS, in their Paper 
Tiger printers, use the same DB25 for 
both serial and parallel interfaces. 
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'Official' 
Signal Name Abbree) 

Protective ground PG 
Signal ground SG 

Data: 
Transmitted data TxD 
Received data RxD 

Handshaking: 
Request to send RTS 
Data terminal ready DTR 

Clear to send CTS 
Data set ready DSR 

Connector Sex: 

(1) Note that the handshaking lines are sometimes 
indicated as inverted signals (e.g: DTR). The idea is 
that if for the data a low is al', then if the data terminal 
is ready it should send out a ' 1'. In fact it sends out a 
high, which corresponds to a zero, hence the desire to 
use inverted signal notation. This refers, however, to 
the identical signal. In contrast there is the rare 
occasion when the equipment actually does put out an 
inverted signal, i.e: low means ready, high means not 
ready. Yeah, I know, but don't complain to me! 

Pin 
No. 

7 

2 
3 

4 
20 

5 
6 

DTE 
'Terminal' 

Out 
In 

Out 
Out 

In 
In 

Male) 

DCE 
'Modem' 

In 
Out 

In 
In 

Out ) 
Out ) 

Female 

Comments 

Optional 
Necessary 

Basically 
same use 

Basically 
same use 

(2) In fact almost all terminals use female chassis-
mount connectors. (A notable exception is the 
Heathkit H19.) It seems that it is almost standard 
practice to use females on equipment chassis, and 
male on cables (except for much DEC equipment, 
which uses male chassis mounts on equipment, and 
female connectors on cables). Note that this means 
you can't tell the DTE/DCE gender from the sex of the 

connectors. 

Figure 7. Table of signals, what they do, and connector pin assignments. 

That's fine except that if between such 
units you use a cable with too many 
wires implemented (and this can easily 
be the case if you use a standard RS232 
cable in a set-up which does not use 
handshaking) then you are likely to 
blow something at one or both ends! 
The pins which are commonly used 

are shown in Figure 7. Note that the 
naming convention can result in a 
variety of confusions. If the equipment 
is masquerading as a DCE the manual 
may tell you that, for example, pin 2 is 
'Transmitted Data', which strictly 
speaking is an input. However, th. 
manual writer may not know this and 
instead call it 'Received Data', intend-
ing 'Received' in a looser sense. 

Fighting back 
The first thing to do before connecting 
anything is to make yourself a chart like 
the one in Figure 8 for each piece of 
equipment you may have to connect to-
gether. This is especially important if 
you are involved with many different 
units. I have a whole binder full of such 
charts on the equipment I work with. 
Using this binder I can almost instantly 
connect any two units with few problems. 
The point to this chart is that for each 

of your pieces of equipment (and I 
assume you're working with at least 
two!) it serves to collect the titbits of 
information you will glean from the 
manuals, the schematic and so on. You 
end up with the info in the same format 
for each unit, where it can be simply 
compared to give you the best idea of 
how to wire things up before you blow 
anything, and before you have the 
frustrating experience of having the 
system not work. 

If handshaking lines are provided, try 
to find out if they actually do anything, 
or if they are dummies. For example, 
one printer may have an output which 
signals the sending computer to halt. 

PIN SIGNAL SIGNAL 
NAME 

Another printer may claim to have the 
same handshaking output, but it is 
actually internally wired permanently 
high, and is provided merely for 
supposed compatibility to a computer 
which may need such an input so as not 
to halt. Got that?! 

Wiring up the cable 
You will notice that if one of your units 
is a true DTE and the other a true DCE 
then a standard cable (pin 1 goes to 
pin 1, 2 to 2 and so forth, which is called 
a 'straight-through') will work. You are 
unlikely to see this situation very often, 
which is something you should know 
before you buy such a cable made up 
(they're likely to be expensive ready-
made), or before you get convinced by 
the salesman that the printer hook-up is 
trivial. 
So you decide to wire your own cable. 

First, of course, you must obtain the 
appropriate sexes of connectors to mate 
with what you have on the equipment, 
and a cable with a sufficient number of 
conductors. If its over 20 feet you may 
wish to use shielded cable, but I've used 
unshielded up to several hundred feet. 

IN/ OPEN 
OUT OK? 

COMMENTS 
-- - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

EQUIPMENT TYPE: CONNECTOR SEX ON EQUIPMENT: 

Figure 8 Interface chart to save you headaches. 

DATE: 
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(continued from page 29) 

• SI & S2 Hidden switch, normally 
concealed under the dash or 
front seat, must be in the set 
position to activate the 
alarm or the cancel position 
to deactivate the alarm 
(Figure 81. 

• WI to W3Wiper control relay contact 
with WI, W2, W3 corres-
ponding to the common, 
normally open and normally 
closed relay contacts. This 
relay is suitable for the. 
majority of wiper motors, 
the exception being a con-
tinuously variable system. 

A number of wiper arrangements have 
been used over the years but these can 
be loosely divided into two categories, 
motors with wound fields or motors with 
permanent magnet fields. 
The earliest type of motor employed a 

wound field, and these were character-
ised by a good self-braking action. All 
that is required for control is a simple 
on-off switch. Self parking is achieved 
by a mechanically linked parking switch 
which keeps power applied in all but the 
parking position ( Figure 11a). 
The more recent type of permanent 

magnet motor does not have the same 
braking characteristics, and it is 
necessary to apply dynamic braking by 
placing a short across the armature. 
Here a changeover self-parking contact 
is used which either applies power to the 
armature or places a short across it 
( Figure 1 1 b). The added relay contact 
opens the brake circuit and then applies 
power to the armature low speed brush. 
(Dashboard switch is off.) Once the 
wipers are in motion the cam-operated 
contacts parallel the relay contacts, 
allowing the relay to be released and the 
wipe/. action to continue until one com-
plete sweep has been made. Thus the 
wiper will give a single low speed stroke 
for each relay operation. 

In vehicles fitted with an electrically 
driven clock there is a possibility of false 
alarms. This applies particularly to 
clocks that are rewound at intervals by 
a small motor. 
Two general approaches may overcome 

this problem. Reduce the sensitivity of 
the battery detector or limit the starting 
current of the clock motor. 
The sensitivity of the battery detector 

is adjusted by the 470k preset, while the 
start-up current can be reduced by the 
network shown in Figure 13. The com-
ponent values are a guide only and in 
certain instances a series resistor may 
be found to be all that is required. 

If all else fails the alarm may be 
triggered by the TH or TL inputs via the 
roof light circuit. Hopefully the battery 
detector can still be set to operate with 
the brake light or similar high current 
circuit. • 

2 

3 

7 

2 

3 

7 
9a The simplest possible cable, opposite sexes 
and no handshaking. 

3 3 

7  7 

9b. The next simplest cable, DCE to DCE or DTE to 
DTE, and still no handshaking. 

2 

3 

4 

5 

6 

7 

2 

3 

4 

5 

6 

7 

20 20 

9c. Cable to join opposite sexes with handshak-
ing. ('Standard' straight-through cable.) 

Figure 9. Some typical cable hookups. 

Next, no matter what the equipment 
involved, wire pin 7 to pin 7. If it's a 
straight-through you are making, then 
go right ahead, 2 to 2, 3 to 3, etc. 
The next-most-delightful situation is 

where the two units are of the same sex 
and need no handshaking lines. For the 
data lines simply wire 2 to 3 and 3 to 2. 

If handshaking lines are needed then 
determine which handshaking outputs 
actually mean something (as opposed to 
the dummies). Then connect these to the 
handshaking inputs of the opposite 
units. 
You may have a sender which is send-

ing to a receiver which does not need to 
halt the sender. If this is the case you 
need to decide what to do with the 
sender's handshaking input. In some 
units it can merely be left open (uncon-
nected), and this is seen as the same 
as 'high'. On other units open is taken as 
a 'low' and halts transmission. The 
handshaking input may be wired perm-
anently high by jumpering it to a hand-
shaking output on the same device. This 
is normally done inside the plug on that 

3 3 

7 

4 o- • 

20 o- ) 

5 0-.• 

7 

.e.-o 5 

6 0—' 
*CHOOSE 1 OF 2 

9d. Joining same sexes with handshaking (one 
possibility). 

2  2 

3  3 

•  4   4 

  5 5  

6    6 

7   7 

•-•(-0 6 

*,-.0 4 

20 

20 
• 

20 
'SOMETIMES ONE OR TWO 
OF THESE MUST BE OMITTED 

9e Joining opposite sexes, with defeated hand-
shaking at both ends. 

unit's end of the cable. Figure 9 shows 
some typical cable configurations. 

The initial hook-up 
Armed with the appropriate (we hope) 
cable, plug in and see if it works! It 
probably won't, so refer to Figure 10, 
which is a summary of all the things to 
check to make the two pieces of equip-
ment compatible communicators. 

A test box to 
defeat all problems 
So perplexing are some RS232 problems 
which I have encountered that I highly 
recommend obtaining a test unit of 
some kind if you are going to be involved 
with many such situations. In the next 
part of this article we intend to present 
details of a device which is designed to 
handle these problems, and which also 
permits quickly patching together any 
trial interface configuration. Unlike 
commercial units, it will even enable 
you to determine the inputs and outputs 
of a completely unknown interface with 
no documentation. • 

1. Number of bits per character: 5, 6, 7, or 8. 
2. Number of Stop bits: 1 or 2. 
3. Baud Rate: 110, 150, 300, 600, 1200, 1800, 2400, 4800, 9600 or other. 
4. What to do with Parity: 

On transmission: No Parity, Even Parity, Odd Parity, Parity bit set to 0, or Parity bit set to 1. 
On reception: No Parity expected, Ignore Parity, Expect Odd, or Expect Even. 

5. Full or Half Duplex. 

6. Make sure machines are On Line if they have the ability to be off line. 
7. A rather rare final item which can cause problems is an option on a few machines which allows for the 

inversion of the polarity of the data signals and/or handshaking signals. You should set these to: Negative 
Mark for the data lines, and handshaking lines should indicate OK to proceed with a high level, STOP with a 
low level. 

8. What to do with a system which can't be made to work after all this is the subject of next month's article. 

Figure 10. List of quick checks to make when hooking up two pieces of gear for the first time. 
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RS232 serial interface 
troubleshooter 

Making a 'standard' RS232 interface work can be a night-
mare. 'Standards' not withstanding, you can regain lost 
sleep with this troubleshooting unit. 

THE PREVIOUS feature explained 
how computer serial interfaces of the 
RS232 type are supposed to work, and 
why they frequently won't. Here we 
present the design and construction 
details of a test unit which solves most 
of these problems. You may wish to 
build it as described here, or simply 
borrow the principles to troubleshoot 
interfaces using other instruments. 
The troubleshooter provides the 

capability to patch together any wiring 
arrangement, and to monitor what is 
happening on each wire. In this much 
it parallels the better commercially-
available RS232 'problem solvers'. 
However, it also includes an apparatus 

for determining exactly which interface 
wires are outputs, inputs, not connected, 
or shorted, thereby making possible a 
complete picture of a totally unknown 
interface. This is extremely useful if the 
equipment in question has no manual, 
or as is more likely, has a manual which 
leaves the subject of the RS232 interface 
completely ambiguous. 

Patching board 
The heart of the troubleshooter is a 
breadboard patching block which is 
wired permanently to a pair of ribbon 

Figure 1. The RS232 troubleshooter. 

cables, each cable having attached to it 
both male and female DB25 connectors 
of the 'insulation displacement' squash-
on variety. After peeling the adhesive 
plastic backing off the breadboard block 

Figure 2. Closer view of breadboard area used for patching the troubleshooter's two DB25-equipped 
ribbon cables, and for connection to the unit's signal monitor and test signals. 

Graham Wideman 

(and cleaning it up a bit), the individual 
conductors of the ribbon cable are 
soldered to the underside of the rows of 
contacts in the breadboard, as shown in 
the photo of Figure 2, and detailed in the 
diagram of Figure 3. 
This simple device already gives two 

capabilities, as shown in Figure 4. First, 
both cables can be attached, one to each 
of the pieces of equipment which are to 
be interfaced together. Having both a 
male and female connector on each 
cable ensures that plugging in will be no 
problem. Then the particular pin-to-pin 
wiring can quickly be tried out using 
jumper wires on the tester's breadboard 
patching area, before a permanent cable 
is made up. 
The second way to use the device as so 

far described, is for 'tapping into' an 
existing interface arrangement which 
is now perhaps malfunctioning. Suppose 
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TROUBLESHOOTER 

COMPUTER PRINTER 

Figure 4a. Using the troubleshooter's patching 
area to rig new trial cable before making perma-
nent version. 

TROUBLESHOOTER 
CABLE 

COMPUTER 

EXISTING 

CABLE 

Figure 4b. Using just one ribbon cable, the 
troubleshooter provides a convenient way to tap 
into and monitor the signals on a supposed to be 
working • RS232 hookup. 

the 'existing system' is a computer talk-
ing to a printer. Simply unplug one end 
of the computer-to-printer cable (let's 
say the printer end), and plug it into one 
of the two connectors (male or female 
as appropriate) on one of the trouble-
shooter's ribbons. Plug the remaining 
connector on the same ribbon into the 
receptacle on the printer. Now the short 
length of ribbon between male and 
female DB25s carries the connection 
from computer to printer, and in addi-
tion this ribbon brings out all 25 lines to 
the breadboard where they may be con-
veniently monitored. 

Signal monitor 
In order to monitor the signals on an 
RS232 line it is possible to get away 
with simply a LED with a resistor in 
series. However this loads the line, 
possibly changing the conditions you 
were trying to monitor. Additionally, 
you would not see any quick pulses of 
activity which may be important. 
Consequently the monitor incorpor-

ated in this tester has been designed to 
address these two problems. Four LEDs 
are used, two to indicate a steady high 
or low level, while the other two flash on 
for about a half second in response to a 
positive or negative pulse. The level 
LEDs respond only to valid high or low 
signals; a voltage in the middle (around 
zero), or an open line will cause neither 
LED to illuminate. The LEDs are 
powered from a built-in mains power 
supply, and the RS232 line is monitored 
via high impedance buffers, so as not to 
disturb it. 

Test Signals 
Ribbon 

00000 00000 DB25 
00000 00000 24 25 Cable 
00000 0000o 22 24 
00000 o0o00 20 23 
000oo 00000 18 22 
00000 00oo0 16 21 
000oo 00000 14 20 
00000 00000 12 19 
00000 oo0oo 10 18 
00000 00000 8 17 
000oo 000 o o 6 16 
00000 00000 4 15 
00000 00000 2 14 
00000 0°000 25 13 
00000 00000 23 12 
00000 00000 21 11 
00000 coco: 13 10 
coo.::. 00000 17 9 
00000 00000 15 8 

Grrird 00000---00000 13 7 
00000 0000 11 6 

-12V 100k 00000 00000 9 
4k 00000 oo0o o 7 4 
1 k 00000 00000 5 3 

300 00000 00000 3 
100 00000 00000 1 1 DB25 Cable P 

00000 00000 
00000 00000 

Ground 100k 00000 00000 
4k 00000 o0000 
1 k 00000 00000 

300 00000 00000 
100 oo00o 00000 

00000 000 00 24 25 DB25 Cable B 
00000 00000 22 24 

100k 0o0o0 00000 20 23 
4k 00000 00000 18 22 
1k 0000o 00000 16 21 

300 00000 00000 14 20 
100 0000 o 00000 12 19 

0o0oo 00000 10 18 
0000o 00000 8 17 

Osc. 100k 00000 000oo 6 16 
4k o000o 00000 4 15 
1k 00000 00000 2 14 

300 00000 00000 25 13 
100 00000 00000 23 12 

o0000 00000 21 11 
Monitor 00000 00000 19 10 

oo000 00000 17 9 
00000 00000 15 8 

Ground 0000o-0000o 13 7 
11 6 

(It should be remembered here that 
the RS232 line levels are —3V to — 12V 
for a low' representing a data ' 1', and 
+3 V to + 12 V for a 'high' representing 
a 'zero'. With no data the line sits at 
low.) 

The monitor input is soldered to the 
underside of a contact strip on the 
breadboard (actually two strips, in case 
of wear), and thus may be patched to 
any other contact as desired for observa-
tion of the signals there. 

From DB25s 

11 

+12V 

00000 

00000 
00000 

00000 
0 0000 
00000 
00000 

00000 
00000 
00 000 
00000 
00000 
00000 
000 00 

9 
7 4 
5 3 
3 
1 1 DB25 Cable B 

Figure 3. Diagram showing one possible arrangement for the breadboard connection area. Note that 
the DB25 ribbon cables occupy one 'side' of the board, and the test monitor and signals occupy the 
other. Opposite each ribbon's pin number 7 is a ground connection, across which would normally be 
installed a small jumper. 
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INPUT 

BAND 
 - ›— 

• slim • • t DIODES 

e Hoort 

+12 V 

D1 

R1 1k 

D2 

-12V 

+12 V 

R3 
2k 

ZD 
2.7 V 

R44 
1M 

ZD2 
- 27V 

-12V - 

R4 
2k 

R7 10k 

-2.7V 

03 

LED1 

POSITIVE 
LEVEL 

R13 68OR 

03 
2N3906 R15 10k 

-e-
-12 V 

R17 10M 

13 

electrolytic 

R19 680R 

tantalum 

LED3 — 

POSITIVE 
PULSE 

R5 10M IC1 IS LM339 QUAD COMPARATOR, OPEN COLLECTOR OUTPUT 
+12 V PIN 3 

NEGATIVE -12 VPIN 12 
LEVEL /w D1-04 = 1N914, 1N4148, etc. 

R14 68OR o = CONNECTION TO BREADBOARD 

R6 
10M 

-12 V 

Figure 5. Circuit diagram of monitor section. 

+12 V 

R29 300R 

R33 1k 

R37 4k 

R41 100k 

- 12 V 

R9 101( 

+12V 

R10 
10k 

-2.7V 
SOURCE 

R22 68k 

LF356 

R23 1M 

R26 100R 

R30 300R 

LED2 

02 
2N3906 

04 
2N3906 

-2.7 V 

R24 100R 

R28 300R 

R32 1k 

R36 4k 

R40 100k 

R35 1k 

R38 4k R39 4k 

R42 100k R43 100k 

o = CONNECTION TO BREADBOARD 

Figure 6. Circuit of test oscillator, and other test levels. 

CASE 

VOLTAGE REGULATOR 
PIN OUT 

1 2 3 

78XX 
- - 
79xX 

Ti 
24 Vct/0.5 A 

1 2 3  

IN 0 V Ïou 
0 V 1 IN 

R16 10k 

Figure 7 Power supply for troubleshooter. 

BR1 
50PIV/1 A 
BRIDGE 

+12V 

GND 

-12 V 

R18 10M 

 a 
 k LEDs 

R20 68OR 11\11\ 

LED4 

NEGATIVE 
PULSE 

The circuit diagram and description 
for the monitor, the test oscillator to be 
described, along with the power supply, 
are to be found in Figures 5 to 7. 

Generated signals 
Of immediately obvious use are the 
'high' and low' signals provided. These 
may be used to apply 'halt' or 'go' signals 
to handshaking lines. Additionally there 
is built-in a square-wave generator 
which continuously oscillates between 
high and low conditions at a rate of 
approximately five times per second. 
Each of these signals, along with 

ground, is supplied to contacts on the 
breadboard via a selection of resistors, 
from 100 ohms to 100k ohms. The use-
fulness of this arrangement may not be 
immediately apparent, and for explana-
tion I must describe the electronic 
circuits which transmit or receive on an 
RS232 line. 

How it works 
The monitor 

The schematics for the troubleshooter's 
main monitor, test oscillator and power 
supply are to be seen in Figures 5 to 7. 
Components R1-D1-D2 prevent the 

input signal from causing damage 
should it happen to exceed the trouble-
shooter's power rail limits. From there 
the input signal is routed to two very 
similar 'channels', one concerned with 
'high' levels and pulses, the other with 
low' levels and pulses. 

54 



Looking then at the positive channel, 
the input signal arrives at the negative 
input of comparator IC la, where it is 
compared to a reference of about 2V7 
(which is set by ZD1 at the positive 
input of IC1a). Supposing that the input 
signal exceeds 2V7, then IC la's output 
is low, turning on Ql via R7, and 
illuminating LED1 to indicate a 'high 
level'. 
At the same time, the low level ( about 

-10 V) at the output of IC la turns on 
Q3, quickly charging C 1 'down' to about 
- 9 V. IC1c sees this voltage and com-
pares it to - 2V7, sees that it is lower 
and lowers its own output illuminating 
LED3 to indicate a 'high pulse'. 

If the monitor input now drops below 
2V7, IC la's output will go high, turning 
off Q1 and the 'high-level' LED1, and 
also Q3. However the 'high pulse' LED3 
will remain on for a short while (about a 
half second) as C 1 is charged up past the 
2V7 point by R11. Notice that this de-
layed LED3 action would have occured 
even if LED1 had been on for only an 

Parts List 

Resistors  1/4 W unless specified 
R1   1k 
R2   10k 
R3, 4  2k 
R5, 6, 17, 18   10M 
R7, 8, 9, 10, 15, 16   10k 
R11, 12  50k 
R13, 14, 19, 20  680 
R21  27k 
R22  68k 
R23  1M 
R24, 25, 26, 27   100 
R28, 29, 30, 31   300 
R32, 33, 34, 35   1k 
R36, 37, 38, 39   4k 
R40, 41, 42, 43   100k 
R44  1M 

Capacitors 
C1, 2   
C3, 6, 7   
C4, 5   

Diodes 
D1, 2, 3, 4   
ZD1. 2   

20u/20 V electrolytic 
Oui tantalum s 
500u/25 V electrolytic 

1N914 or 1N4148 etc 
2V7 small zener diode 

BR1  Bridge rectifier, 50 PIV/1 A 
LED1, 2, 3, 4  LEDs of your choice 

of colour 

Transistors 
01, 2. 3. 4  2N3906 

Integrated circuits 
IC1  LM339 
IC2  LF356A 
IC3  7812 
IC4  7912 

Transformer 
T1  240 V primary, 

12-0-12/500 mA 
secondary 

Miscellaneous 
Breadboard, case, fuse and holder, switch for 
power, power lead and plug etc. 

invisibly short length of time. Hence 
LED3 makes visible short pulses which 
cannot be seen by simply watching the 
level, whether on the troubleshooter's 
level LEDs, or even with an oscilloscope. 
The negative channel works similarly, 

the only change being to swap the posi-
tive and negative inputs of the input 
comparator. 

Test oscillator 

As we shall see, IC2's output must sit in 
either high (about + 10 V) or low (about 
-10 V) states. Let us assume it is 
initially low, and that C3 starts out 
uncharged, so that there is 0 V at the 
op-amp's negative input. 

Since the op-amp output is at say 
-10 V, the positive input will be at 
approximately -3V, established by the 
R21-R22 voltage divider. Remembering 
that we assumed the negative input to 
be at 0 V, the low' output will remain 
temporarily unchanged. 
However, the low output will charge 

C3 via R23 downwards. After a while 
the op-amp negative input will be less 
than its positive input (at -3 V), and 
thus the output will change states to 
+10 V. When this happens the voltage 
at the positive input changes, of course, 
to + 3V, maintaining this state of affairs. 
Again we must wait for C3 to be 

charged via R23, this time up to +3 V. 
You should be able to see that this oscil-
lating action will continue, and that the 
period is the time taken for C3 to charge 
from -3 V to +3 V, then back down to 
-3 V, when R23 is pulled up to + 10 V 
and then down to - 10 V respectively. 
The values given provide a frequency 

of about 5 Hz, quite suitable for this 
testing purpose. 
The oscillator output is delivered to 

the breadboard area via various values 
of resistor, as described in the text. 

Of drivers and receivers 
For various reasons, special purpose 
buffers are used to send signals and 

receive signals on an RS232 line. These 
are called 'drivers' and 'receivers', 
and are exemplified by the National 
LM1488 and 1489 respectively. Figures 
8 and 9 show a simplified view of how 
the driver output and receiver input 
look electrically. 

TTL 
INPUT 

.12V 

12 V 

TO RS232 

LINE 

Figure 8. Simplified view of an RS232 driver' 
output 

FROM RS232 
LINE 

 e. 

Fn. OUTPUT 

Figure 9. An RS232 receiver looks like this 
electrically. 

The points to notice are that a receiver 
input looks like a (approximately) 4k 
resistor to ground. An operating driver 
output looks like a (approximately) 
500 ohm resistor pulling up to 12 V 
(nominally), or pulling down to - 12 V, 
according to its state. 
Knowing these facts it is apparent 

that if a high or low signal is applied 
through a resistor to a receiver input or 
driver output, the resulting signal on 
the line (which can be monitored) will 
be high, low or in-between depending 
upon the value of resistor used. 

Therefore, when looking at an un-
known line, by applying the test oscil-
lator' i output via each resistor in turn, 
it is quickly possible to tell what that 
line does. The chart in Figure 10 details 
this. 

Line 

Condition 

Open 
Receiver Input 
Driver Out-Low 
Driver Out-High 
Short to Ground 
Short to + 12 V 
Short to - 12 V 

Oscillator Signal via Resistor (ohms) 

100k 4k lk 

HL 
None 

H 
None 
H 

HL 
HL 

H 
None 
H 

HL 
HL 

H 
None 
H 

Charts shows the Level LEDs (not 'pulse' LEDs) activated in various cases. 

300 100 

HL HL 
HL HL 
FL/HL HL 
FH/HL HL 
None None 
H H 

H - High; L = Low; None = neither LED on; HL = alternating H and L; FL = Flashing Low; 
EH = Flashing High 

Figure 10. Chart showing how to test an unknown RS232 line, and the monitor's indications under 
various conditions. 
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First it includes a flat clamp to grip 
the two ribbon cables (liberal use of 
double-sided wall-tile sponge adhesive 
tape also helps). Secondly, it keeps 
together the circuit board and the 
breadboard. In both these respects it 
makes wiring to the breadboard easier, 
and virtually eliminates any problems 
of wire breakage when the various parts 
are moved about during construction or 
testing of the project. As the photos 
show, the entire guts of the prototype 
can be removed in one piece, connected 
to the case only by the leads to the PSU. 
Another hint: DON'T FORGET when 

soldering the ribbons to the breadboard 
A word of warning is in order here 

however. Proper use of the monitor 
assumes that you at least know which 
pin on the connector is ground. This is 
almost always pin 7, so consistently in 
fact that we located the monitor's ground 
points on the breadboard opposite to the 
pins 7 of each of the two ribbon cables, 
and permanently left a small jumper 
installed at these two locations (see 
Figure 3). However, there are lurking 
about some units which don't abide by 
this standard. The only thing you can do 
about this (if you are documentationless 
and suspect this problem) is to open the 
case and actually trace the unit's 
circuit-board ground and see what 
DB25 pin it goes to. 

Construction notes 
The construction is not too critical. As 
can be seen the prototype version was 
built using Veroboard. One plan which 
is extremely useful to follow is to make a 
simple frame assembly like the one 
shown in Figure 11, which serves two 
purposes. 

that the numbering of the DB25 pins is 
not the same sequence as the ribbon 
cable conductors. This is shown in 
Figure 3. 

Improvements 
Although our troubleshooter has 
proved tremendously useful, I cannot 
claim that our prototype is the last 
word. In fact, I feel that if done again we 
would add several extra LEDs as simple 
on-off high-low indicators along with 
the existing level plus pulse monitor, so 
as to keep an eye on several lines at 
once. You may wish to adopt this idea in 
your unit. • 

Figure 11. When constructing a unit such as this, where there are a lot of wires hanging around, it's 
helpful to use brackets and cable clamps like the ones in this photo. They prevent undue strain on 
soldered connections, improving reliability, and enable the circuitry to come out of the box in one piece, 
more or less, for testing purposes during construction, or later if the unit needs repair. 

Top 
new THE VERY LATEST 

This great new book from ETI is so 
PROJECTS 'hot off the press' that the cover literally 

vol ii glows red! 

TOP PROJECTS VOL. 8 
Our 'Top Projects' series have always been very popular with hobbyists, containing as they do 
a collection of the best projects from the past year or so's issues of ETI Magazine. Here we 
have 25 projects, ranging from the ETI-1501 Negative Ion Generator, to the ETI-499 General 
Purpose 150 W MOSFET Power Amp Module, from the ETI-574 Disco Strobe to the ETI-469 
Percussion Synthesiser, from the ETI-735 UHF TV Converter to the ETI-563 NiCad Fast 
Charger. Also included are the ETI-599 Infrared Remote Control Unit, the ETI-567 Core 
Balance Relay, the ETI-259 Incremental Timer, the ETI-156 100 MHz High Impedance 
Instrument Probe, the ETI-328 LED Oil Temperature Meter for cars, the ETI-257 Universal 
Relay Driver Board, the ETI-492 Sound Bender, the ETI-1503 Intelligent Battery Charger, the 
ETI-729 UHF Masthead Amp & more, & more. 
Top Projects Vol. 8 is available at newsagents, selected electronic suppliers or directly, by mail 
order, from ETI Book Sales, 15 Boundary St, Rushcutters Bay NSW 2011, for $4.95 plus 90e 
post and handling. 
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Qoing places? 
Centre zero LED 
bar/dot meter Granville NSW 
THIS CIRCUIT drives twenty LEDs 
with a single bar/dot driver. Ten LEDs 
(green) are for a positive input signal 
and ten LEDs ( red) for a negative input 
signal. A yellow LED, which is lit 
permanently, gives the centre zero indi-
cation. The LEDs would, for best effect, 
be mounted on a panel as shown below: 

LED 1 20 1 19 1 18 1 

switching off Q3 and switching on QI, 
which enables LEDs 11-20. As there is 
no gain in the absolute value amplifier, 
the full-scale reading is equal to that set 
by the internal reference of IC3. This 
means that the full-scale value of this 
circuit is about ±-1.2 V. This value can 
be altered by conditioning the required 

CENTRE ZERO BAR/DOT METER 

13 12 11 

When used in the bar mode, the bar of 
light elongates to the left for an increas-
ing negative signal and to the right for 
an increasing positive signal. 
The circuit runs from a single 12 Vdc 

supply. A 5 V regulator is included, 
which serves both to power the LEDs 
and to provide a reference line for the 
positive and negative input signals. 

IC1 is connected as a simple ( but 
effective) 'absolute value' amplifier. 
This drives the LM3914, which will only 
accept positive input signals. IC2 is con-
nected as a comparator, and serves as a 
polarity indicator. When the input is 
positive the output of the comparator is 
high, which drives Q3 via ZD1 and Q2, 
enabling LEDs 1-10. 
When the input is negative, the out-

put of the comparator swings low, 

2 3 8 9 10 

input signal. The LM3915 may be sub-
stituted for the LM3914 if a logarithmic, 
rather than a linear, scale is desired. 
This circuit can, apart from its 

obvious applications as a general centre 
zero meter, be used to display the differ-
ence between two voltage levels, e.g: a 
reference level and an unknown level. 
In this application the position on the 
circuit marked 'A' would be separated 
from the +5 V line and would be con-
nected to the reference voltage. The 
unknown voltage to be compared would 
be connected to the input terminal. Both 
the reference and the unknown would 
be referred to 0V. The only limitation is 
that the reference voltage should be be-
tween 4 and 8 volts above 0 V when 
using a 12 V supply. 

Gregory's Maps 
Australia Road & Reference 

No.150 
World ( Political) No. 100 

City of Sydney No. 10 
Sydney Pocket Map No. 11 
Brisbane City Map No. 513 
Adelaide City Map No. 514 

Metropolitan Sydney No. 9 
Metropolitan Sydney No. 1 
Metropolitan Sydney No. 2 
Metropolitan Sydney No. 3 
Metropolitan Sydney No. 4 
Metropolitan Sydney No. 5 
Metropolitan Sydney No. 6 
Metropolitan Sydney No. 7 
Wollongong No. 505 
Geelong No. 515 

Sydney Suburban No. 15 
Sydney & Suburbs Pocket 
Map No. 18 

Melbourne Suburban No. 35 
Adelaide Suburban No. 55 

Brisbane Suburban No. 78 

Qld. Sunshine Coast No. 509 
Qld. Gold Coast No. 510 
N.S.W. Windsor-Richmond 
& Upper Hawkesbury 
No. 250 

N.S.W. Newcastle-Gosford 
No. 504 

N.S.W. Central Coast No. 503 
N.S.W. Blue Mountains No. 507 

New South Wales No. 20 
New South Wales No. 27 
Victoria No.45 
South Australia No. 50 
Queensland No. 70A 
Western Australia No. 60 
Northern Territory No. 506 
Tasmania No. 508 

Gregory's Guides 
Fishing Guide 
National Parks of New 
South Wales 

National Parks of Victoria 
200 Kilometres Around 
Sydney 

100 Kilometres Around 
Adelaide 

Gregory's Street 
Directories 
Sydney, Melbourne, Brisbane, 
Adelaide, Wollongong, 
Newcastle, Canberra. 

Geddaeregarys.. 
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short circuits 

Dual wiper unit 
Ian Robertson 
Helensburgh NSW 

The recent spell of unsettled weather 
quickly demonstrated how useful the 
intermittent wiper control that had 
been fitted to my previous car was. In 
common with a number of contemp-
orary hatchbacks, my new Mazda 323 is 
fitted with front and rear wipers, but 
this feature actually serves to lengthen 
the time spent fiddling with the wiper 
controls. 
I soon found the fixed delay provided 

by Mazda a poor substitute for a fully 
variable system for the front wind-
screen; any fixed delay seems to be right 

SW1a 

+ 

3x 22u/16 9-

IC 74C14 DIODES 1N914A 

only about 5% of the time! A fixed delay 
may be OK for the rear window, how-
ever, since even in heavy rain the glass 
needs only an occasional wipe. 
I therefore developed this dual wiper 

unit, which is given here as fitted to the 
Mazda 323 hatchback, but which should 
also fit the Ford Laser without modifi-
cation. For other cars only the external 
wiring should require change. The 
circuit can be used on cars with only one 
set of wipers by simply not using, or 
more likely not building, the rear part of 
the circuit. 

SW1: 1 1 WIPE 
2 = 2 WIPES 

This design has two identical delay 
sections, each feeding a miniature relay 
— one relay for the front wiper and one 
for the rear. Each section has a potent-
iometer to adjust the cycle rate, varying 
from continuous operation to a wipe 
every 60 seconds. An additional switch 
is provided to enable single or double 
wipes to be selected, two wipes being 
better on the longer delay settings. Each 
potentiometer incorporates a switch to 
turn the relevant section off; this 
arrangement guarantees that the screen 
is wiped immediately the wiper is 

0 de*.etàr-oRLY1 

RLY1 

POT 1 

POT 2 

58 



turned on, rather than after whatever 
delay is set on the pot. 
The circuit operates by pulsing the 

wiper motor for approximately half a 
second and then following with a vari-
able delay before the next pulse. The 
length of the pulse is not critical; once 
the wiper has started to move the 
inbuilt 'parking' contacts will complete 
the cycle. If the pulse is made longer 
than the time taken by a single wipe, 
two or more wipes will occur, the exact 
number depending on how long the 
pulse is made. 
Wiper motors may use either perma-

nent magnets or electromagnet field 
assemblies, the latter being easier to 
control with a simple on/off switch; the 
permanent magnet type will tend to run 
on unless brought to a stop by a short in 
the armature. The Mazda is fitted with 
a permanent magnet wiper in the front 
and a wound field wiper in the rear. 
Refer to the circuits to see how each type 
is driven by the wiper relays. 
The circuit has two identical timer 

sections: one for the front and one for the 
rear. A single IC is used, the 74C14 
Schmitt trigger hex inverter, using 
three inverters in each wiper section. 
Each section consists of an oscillator, 
followed by a buffer stage; this in turn 
feeds the output transistor and relay. 
The oscillator gives both the fixed half-
second pulse and the variable delay 
between pulses. Normally an oscillator 
of this type has equal 'on' and 'off' times; 
however, diodes may be used to separate 
the timing capacitor charge and dis-
charge paths and obtain any ratio of 'on' 
to 'off times. 

+12 V 

EXISTING DELAY 

UNIT PLUG 

EXISTING DELAY UNIT FRONT WIPER 

+12 V 

REAR WIPER 

A 

TIMER 

4 • 

OFF 
O LO 

O b o 
INT HI 

—0 
INT 

OFF \ o 

FRONT REAR 

HI SWITCH SWITCH 

_J 

ORIGINAL WIPER CIRCUIT FOR MAZDA 323 

In this circuit the charge path is via 
the 1 MHz potentiometer, which may 
delay the charge for up to 60 seconds, 
while the discharge path bypasses the 
pot and is determined by either the 10k 
or 33k fixed resistors, giving the desired 
half-second delay, single wipe setting, 
or half-second, dual wipe setting. In 
practice the actual times are component-
related, and can be adjusted by varying 
the timing capacitor. The circuit shows 
three 22u tantalum capacitors in 
parallel; other values can be used, the 
aim being to reliably obtain a single and 

DUAL WIPER UNIT 

TO FRONT WIPER 
(SEE MAZDA WIPER 
CIRCUIT DIAGRAM) 

RLY2 

EXISTING SW 

REAR WIPER 

BLUE/WHITE 

+12 V 

NOTE THE ORIGINAL DELAY UNIT IS REMOVED 

INSTALLATION DETAILS FOR MAZDA 323 

dual wipe on the respective switch 
settings. 

Construction and fitting vary from 
car to car, so details will have to be left 
to individual constructors. Whatever 
form the unit takes, do not separate the 
potentiometer from the electronics 
board; if you want to reduce the size of 
the dash unit, mount the relays sepa-
rately. Long leads on the potentiometer 
would be open to noise pick-up, leading 
to erratic wiper operation. Use pots with 
a logarithmic or 'C' curve; this will 
spread the short times, making the con-
trols easier to use. Some constructors 
may prefer to use a 500K/C potent-
iometer, which is fine, the only effect 
being to reduce the maximum delay to 
30 seconds. 
A zener-regulated supply is used for 

the IC, which is powered whenever the 
front or rear wiper section is turned on 
and fed by the diodes immediately after 
the switches. Observe the usual pre-
cautions with the CMOS IC; it may be 
best to use an IC socket and fit the 
74C14 after everything else is finished. 
If the rear wiper section is left out, tie 
the unused IC inputs to earth or to 
positive. 
I have included diagrams of the orig-

inal Mazda circuit, and how the unit fits 
into it. Using your car's circuit diagram 
it shouldn't be too difficult to work out 
the external wiring for other makes of 
car. • 
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Lab Note 

Improved text display for 
video monitors 
Modify your video monitor to uncramp the lines of text. 
Here are the principles and practical circuitry. 

REMEMBERING WHAT we were all 
playing with ten years ago, there is no 
denying that today's personal comput-
ers are marvellous pieces of equipment, 
and whatever your brand preference, 
tremendous value for money. And that 
sentiment is doubled for those of us who 
use a computer for 'serious' purposes — 
in our work. However, the serious user 
will notice that most personal comput-
ers sacrifice some degree of convenience 
of use for particular specialised applica-
tions. This is not surprising, as the 
manufacturers have tried to make their 
products as generally appealing as 
possible without unnecessarily increas-
ing their prices with luxury features. 
One such area is that of text display, 

where many personal computers 'trade 
in* some text readability in order to 
accommodate graphics capabilities. For 
many users this is of little consequence, 
but it becomes a major headache when 
using the computer for word processing, 
or even for long hours of programming. 
This article describes a method whereby 
a video monitor can be modified to 
counteract one of these shortcomings, 
and provide a display which will save 
your eyes and your temper. 

Cramped lines 
The problem which this article solves is 
that of 'cramped lines', where the lines 
of text are too close together to allow 
ease of reading or scanning. As an ex-
ample, the author's computer, an Exidy 

NOTES AND KEY FOR DIAGRAMS 

TPOSITIVE POWER SUPPLY 

I CONNECTION TO GROUND 

-n> SCHMITI" TRIGGER 

SYMBOL 

APPROXIMATELY 

Sorcerer, is of all the popular computers 
one of the most suited to text processing 
because it displays 30 lines of 64 
characters, lower case letters, under-
lined characters using the programm-
able character set, has an extra keypad 
for word processor function keys, and 
has built-in parallel and serial ports for 
a printer. When teamed with an Exidy 
or Vista disk drive (which require no 
expansion interface) the result is a 
system which performs admirably 
. . . except for the display. 
Each character in the display 

occupies an 8-by-8 dot matrix. The 
matrix squares butt up against each 
other both horizontally and vertically, 

Graham Wideman 

so that pictures made using graphics 
characters appear to have continuous 
lines with no gaps where the characters 
touch each other. Normal capital letters 
use 5-by-7 dots, which leaves three dots' 
worth of space between adjacent char-
acters on the same line, but only one 
dots' worth between characters on 
adjacent lines. This is not very nice, but 
excusable. The big problem arises when 
using both upper and lower case letters, 
such as normal text. Then characters 
such as 'y' and 'p', which have 'tails' 
(descenders) hanging below the line, 
use the bottom row of dots in the matrix 
for these tails. Now there is no space 
between lines, and for example a 'g' 

The problem wh 
lines", where the 
ease of reading 
computer, an Exi 
one of the most 
38 lines of 64 

ich this art 
lines of text 
or scanning. 

dy Sorcerer, 
suited to text 
characters, 1 

EL D A ' OR ER. NEN EA 
Exidy or Vista disk drive ( which require no expansion INTERFACE) 
THE RESULT IS A SYSTEM WHICH PERFORMS ADMIRABLY... except for 
the display. 

Each character in the display occupies an 8 by 8 dot matrix. 
The matrix squares but up against each other both horizontally 
and vertically, so that pictures made using graphics characters 
appear to have continuous lines with no gaps where the 
characters touch each other. Normal capital letters use 5 by 7 
dots, which leaves 3 dots-worth of space between adjacent 
characters on the same line, but only one dot-worth between 
characters on adjacent lines. This is not very nice, but 
excusable. The big problem arises when using both upper and 
lower case letters, such as normal text. Theo characters such as 

icle solves is that of "cramped 
are too close together to allow 

As an example, the author's 
is of all the popular computers 
processing, because it displays 

ower case letters, underlined 
, has an extra 

W 

You can can turn this screen display into ... 
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ONE FRAME 

- 1 I 

LONG SYNC 
PULSE 
(ABOUT 18 
HORIZONTAL LINES) 

(ONE VERTICAL SCAN) 

ONE 
HORIZONTAL I 
LINE 

SHORT 
SYNC 
PULSE 

SIGNAL 
PULSES PRODUCE LEVELS 
WHITE DOTS ON 
SCREEN 

•••• ANOTHER 
240 LINES 

Figure 1:Simplifieddiagramofthecompositevideosignal. 

appearing above a -Jr will touch. In 
addition, underlined characters are 
most unreadable, since they too use this 
bottom row of dots in the matrix. It is 
thus desirable to be able to introduce 
sonne more space between each row of 
characters. 

More space 
There are several methods which are 
potentially useful in obtaining the 
desired spacing. One possibility is to 
modify the computer so that it allows a 
picture scan-line (or two) in between 
each row of characters. This proves to be 
unfeasible in the case of the Sorcerer 
because its 30 lines of characters 
already occupy 240 of the approximate-
ly 256 scan lines that you might be able 
to squeeze onto your monitor, which 
doesn't provide even one spare line per 
row of characters. In any case, such a 
modification to the computer could be 
rather messy. 

Consequently, it is logical next to look 

O  

7 

— WHITE 

— BLACK 

— SYNC (VERY BLACK) 

COMPOSITE VIDEO IN 

SYNC— 
SIGNAL 
SEPARATOR 

shown was incorporated into a 'monitor-
ised' TV set, and demonstrates the tech-
niques involved. 

Vertical sweep operation 
Before proceeding to the design of the 
'line uncramper' itself, it is necessary to 
describe the salient features of the verti-
cal and horizontal scanning systems in 

e 
PICTURE TUBE BRIGHTNESS 

HORIZONTAL 
SWEEP 

VERTICAL 
SWEEP 

, CURRENT 

HORIZONTAL 
e DEFLECTION 
I 'YOKE' 

"r CURRENT 

co VERTICAL 
DEFLECTION 

I 'YOKE' 

Figure 2: Conceptual picture of TV or monitor sweep sections. 

at the video monitor itself to see if it 
could be modified to provide space be-
tween rows of characters. The answer is 
yes. The following description of how 
this is done is not a complete design for 
any particular monitor, but is instead 
intended to be adapted to whatever 
monitor you have. The simple circuitry 

The problem which this article solves is that of "cramped 
lines", where the lines of text are too close together to allow. 
ease of reading or scanning. As an example, the author's 
computer, an Exidy Sorcerer, is of all the popular computers 
one of the most suited to text processing, because it displays 
38 lines of 64 characters, lower case letters, underlined 
characters uçinq 1h prooraffolable character al, has an extra 
KEYPAD FOR W1 -PROCESSOR fUHCTIOR KE ea! lift UILT -11 
PARALLEL AND SERIAL PORTS FOR A PRINTER. WHEN TEAMED WITH AN 
Exidu or Vista disk drive (which require no expansion INTERFACE) 
THE ' RESULT IS A SYSTEM WHICH PERFORMS ADMIRABLY... except for 
the display 

Each character in the display occupies an 
The matrix squares but up against each other 
and vertically, so that pictures made using gr 
appear to have continuous lines with no 
characters touch each other. Normal capital le 
dots, which leaves 3 dots- worth of space 
characters on the same line, but only one 
characters on adjacent lines. This is no 
eycutable The big problem arises when usi 
lower cate letters, such as normal text. Then 

8 by 8 dot matrix 
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aphics characters 
gaps where the 
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characters such as 

... this screen display. Letters on adjacent rows no longer touch, and a screenful of text (only a small 
area Is shown here) becomes far more easily readable. 

1 SCAN 

LINE I-64 US) 

a typical monitor. The signal which is 
passed by your computer to the monitor 
is called 'composite video' and looks 
something like Figure 1 when displayed 
on an oscilloscope. The signal is 'com-
posed' of three separate sets of informa-
tion added together. They are: the 
actual picture information which tells 
where white dots are to appear on a line; 
the horizontal synchronising pulses 
which identify the beginning of a line 
and tell the monitor to start a new line 
at the left side of the screen; and the 
vertical synchronising pulses which tell 
the monitor to start a new frame at the 
top of the screen. What happens to these 
signals is shown in Figure 2. 
The electron beam inside the picture 

tube is scanned from side to side and 
from top to bottom by two sets of 
electromagnets, called the horizontal 
and vertical 'yokes' respectively. An 
electromagnet deflects the electron 
beam away from the centre of the screen 
by a distance which is more or less pro-
portional to the amount of current flow-
ing through the magnet coil. Thus it is 
not surprising that in order to provide a 
smooth sweep rate over the screen 
followed by a rapid retrace to the start-
ing position, the current through the 
coils in both horizontal and vertical 
cases is a sawtooth wave shape, as 
Figure 2 shows. 
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SYNC SIGNAL 

 ••1 
20 MS 

VOLTAGE REPRESENTING / 4 
SWEEP CURRENT 
MAGNITUDE 

Figure 3: Simplified look at vertical sweep section. 

A more detailed look at the vertical 
sweep section is provided by Figure 3. 
The synchronising signal controls the 
frequency of the sawtooth oscillator. 
The sawtooth voltage is amplified, then 
applied across the vertical yoke coil. 
The output from the amplifier is a 
sawtooth-like waveform which varies 
between, say, 1 V and 7 V. However, the 
yoke must conduct both positive and 
negative currents in order to deflect the 
electron beam up and down to cover top 
and bottom of the screen. The vertical 
amplifier cannot generate a waveform 
with both positive and negative volt-
ages, since it is supplied with only a 
'single-sided' positive power supply. 
Hence a large dc blocking capacitor is 
inserted so that the voltage applied to 
the yoke averages out to zero and thus 
must have both positive and negative 
parts, say — 3 V to +3 V. 
A small-value resistor ( typically half 

an ohm) does little to reduce the sweep 
current through the yoke to ground. In-
stead, the small voltage generated 
across it is used as a measure of the yoke 
current, and is fed back to the negative 
input of the sweep amplifier. Here it is 
compared to the intended sawtooth, and 
any correction is made. The result is 
that a sawtooth current is supplied 
through the yoke, and a sawtooth 
voltage may be observed at the 'top' of 
the current-sensing resistor. However, 
the voltage waveform observed at the 
top of the yoke ( output from the capac-
itor) is a somewhat distorted sawtooth 
because the yoke coil has inductance. 
This is a simplified description of how 

the vertical sweep section works, but it 
points out the three components (yoke, 
dc blocking capacitor and current-
sensing resistor) which are important to 
the line uncramper. If you are contem-
plating modifying your monitor then 
you must be able to locate these three 
components both inside the monitor and 
on the monitor circuit diagram. 

LARGE 
DC BLOCKING 
CAPACITOR )10006) 

CURRENT 
SENSING 
RESISTOR (ORS) 

VYx1 

••• 

YOKE 
COIL 

SWEEP CURRENT 

Sweep modifying 
Having recognised that the deflection of 
the electron beam (and hence the 
spacing of the scan lines on the screen) 
is controlled by the current flowing 
through the yoke, it is straightforward 
to conclude that we could add a little bit 
of extra space between the bottom of one 
row of characters and the top of the next 
row by somehow altering the yoke 
current at the appropriate instant. 

Figure 4a shows a graph of normal 
vertical sweep current during a portion 
of a frame (about 20 lines' worth), and the 
relative spacing of the picture lines. It 
would be possible to add current in steps 
after each character row, as shown in 
Figure 4b (one character row here is 
shown as consisting of eight lines, as 
would be the case for the Sorcerer). This 
would provide the desired space be-
tween character rows; however, all the 
additional spaces would add to the total 
picture height, possibly making the 
picture too high for the screen eVen with 
the monitor's picture height adjustment 
set to minimum. In any case this 
arrangement would require readjust-
ment of picture height when switching 
between graphics and text modes. 
The basic solution lies in Figure 4c. 

Here, each set of eight lines belonging to 
one row of characters is vertically 
squeezed together. This makes the 
characters less tall, the skrinkage leav-
ing the desired space between character 
rows. Figure 4c also shows the wave-
form of the basic current to be added to 
the normal yoke current to achieve this 
result. 

The circuitry 
Now the actual line uncramper cir-
cuitry can be discussed. The circuitry 
has been broken into sections so that the 
function of each can be clearly under-
stood, and so that, where necessary, 
modifications can be made simply. 
Figures 5 to 11 show these circuit 
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Figure 4a: Graph showing the vertical yoke current 
during a portion of the sweep. Beside the graph is 
a representation of the spacing of the scan lines 
with this normal (unmodified) sweep current. 
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Figure 4b: Graph shows the effect of adding a step 
of current after each character row. Note the 
spaces in the scan lines. 
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CURRENT ADDED TO 
'NORMAL SWEEP CURRENT 
TO PRODUCE DESIRED 
SWEEP CURRENT AS SHOWN. 

Figure 4c: In this graph the scan lines for each 
character row are vertically squeezed together to 
obtain a space between rows. The current to be 
added to the normal yoke current is shown 
beneath. 

modules. 
The line uncramper needs to be sup-

plied with power. This can most readily 
be obtained from the monitor itself, as 
shown by Figure 5. Needless to say, it is 
assumed that the monitor or TV set in 
question is a transistor or IC type and 
has such voltages available. (Modifica-
tion of valve type monitors is not 
recommended, both from safety and 
practicality viewpoints.) The 'power 
supply' circuitry filters the supplied 
voltage so that any noise on the 
monitor's supply line will not interfere 
with the line uncramper, and perhaps 
more importantly, vice-versa. The vol-
tage supplied to the line uncramper can 
be anywhere between 9 V and 15 V; the 
components are not very fussy. 

Horizontal and vertical signals 
The line uncramper needs to be 
informed of the start of each horizontal 
line (so it can count them) and the start. 
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GROUND ° 
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C2 TO LINE 

2000/20 VT 1- NON-ELECTROLYTIC CIoo SEPARATOR 

 11. GROUND 

Figure 5: Schematic of power supply' for Line Uncramper. 

of each picture frame (so it can properly 
register the spaces between character 
rows). To facilitate this, signals are 
taken from the horizontal and vertical 
sections and conditioned into nice 
pulses for use by the rest of the circuitry. 
This job is done by the circuits shown in 
Figures 6 and 7. In the TV set which the 
author modified, a 0 V to — 10 V pulse 
was found in the horizontal sweep sec-
tion. The horizontal pulse conditioner 
converts this first to a + 10 V-to-O V 
pulse (components C3, RI, D1, D2) then 
generates a 10 us pulse on the falling 
edge of the input pulse (D3, R2, C4) 
which is inverted and squared up by 
IC la. (Note the use of Schmitt trigger-
type gates. These give more 'positive' 
switching action, which is important 
when attempting to change relatively 
slowly varying signals into digital 
pulses. Although the 4093 is shown, any 
CMOS Schmitt inverters will do). 
The vertical signal used was taken 

from the yoke (point VYx1 on Figure 3). 
This signal is less `nice' than the 
horizontal signal used, and its pulse 
conditioner consequently is fancier. The 
waveform is a sort of sawtooth with a 
pulse on top of each peak, and it 
measures 1 V to 7 V. This is `floated' by 
C5, and the average voltage adjusted by 
RV1 and R3 ( i.e: the signal is moved up 
or down) so that the signal which feeds 
into IC lb produces a stable and reliable 
pulse at IC lb's output, as shown. This 
pulse triggers a pulse generater (C6, 
D6, R6, RV2 and IC1c) whose output 
pulse width is 60 us ±30 us approxi-
mately. (Pulse width adjusted by RV2.) 
This gives us two nice pulses indicat-

ing the start of the horizontal and 
vertical sweeps. It is quite likely that 
the signals available in your monitor or 
TV will differ from the ones shown here; 
you will have to try to find signals that 
you can use either by studying the 
monitor circuit or prodding around with 
an oscilloscope. The techniques shown 
in Figures 6 and 7 are quite generally 
applicable and should be useful in most 
cases. In any event, your input signal 
conditioners should provide the same 
kind of pulses for the subsequent 
circuitry to work with. 

CI, 

100 

RV1 
10k 

C3 

-1011 10u 

FROM HORIZONTAL 
SWEEP SECTION 
OF TV OR 
MONITOR 02 

Ir 

3 k 1N4001, 1N914 

'V 10 us 

—1 

SIGNAL Ha 

Figure 6: This circuit is the horizontal pulse conditioner, taking a signal from 
the monitor and producing a well-defined pulse at the beginning of a scan line 
for the subsequent circuitry to use. 

R4 1k 

05 

2x1N914 

R5 10k 

D6 
1N914 

C6 
IC11) 4n7 
".X 4093 

Figure 7: This vertical pulse conditioner performs an 

analogous function on the vertical signal to the circuitry in 
Figure 6. 

RV7 
100k 

R6 
10k 

R3 100k 

I C 

x 4093 

-.I 1/50s L-

FROM VERTICAL 

SWEEP OUTPUT 
POINT VVx I 

The Line Uncramper fits neatly into a small metal box attached to the side of the TV set/monitor. The 
circuit board is supported by the rotary switch only. Cornections to the TV set pass through a hole 

behind the board through the box and TV set cabinet walls. 
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TOP-OF-FRAME 
DELAY SET 

All 
10k 

Di 

DI 

2x 11.4914 

SW,/ )1 SSSWe ;4  

Cl 
2e 

4 PLACES 
DIP SWITCH 

4 s 1001, 
R7-R10 row. 

This short pulse, 'T', serves both as the 
signal to put a space in the display scan, 
and also presets IC4 again ready to 
count the lines in the next character 

The remaining circuitry is triggered 
by pulse 'T' to provide the required 

BINARY current to the yoke. First, some words 
about current sources and sinks, and 

DOWN about how to supply current to the yoke. 

NC: 2,6.11,14 
V+: 16 
CND: 8 

ftn. 20 us 
PULSE TO SYNCHRONISE 
FIRST CHARACTER ROW 

IC 14 
1/4 1 X 4093 

SCAN-LINES-PER-CHARACTEe yli 
SET 4 PLACES 

DIP SWITCH 

R13-R16 
4 s100k 

Ha 

DOWN 

SW5 SW6 SW7 SW8 

BINARY 

9 5 

NC: 2. 6, 11, 14 
V+ : 16 
CND: 8 

D9 
1N914 

C8 
100p 

2 

DIO 

DI1 

3 

IC2a 
x 4093 

1 us 

PULSE BETWEEN 
— EACH ROW OF 

CHARACTERS 

Figure 8: The timing circuitry is the real heart of the Line Uncramper. It determines where the first space 
will appear on the screen, and the number of scan lines between subsequent spaces. 

Timing 
The purpose of the section shown in 
Figure 8 is to generate a pulse which 
indicates that a space is to be made in 
the screen scanning. It therefore must 
determine where the first space must 
occur, and then must repeatedly signal 
a space after the bottom of each charac-
ter row. Counter IC3 handles the first 
part of this task. The pulse from the 
vertical signal conditioner, `Va', loads 
this counter with the number set on DIP 
switches SW1 to 4. The counter is set up 
to count in binary, and to count down-
wards, and it counts the horizontal 
pulses 'Ha'. When it counts down to zero 
its 'carry' output synchronises the sec-
ond counter IC4 by presetting it (via 
pulse generator C7-D16-R12-IC 1d, and 
then D10) with the value on DIP 
switches SW5 to 8. This value is the 
number of lines in a character, which for 
the Sorcerer is eight or 1000 binary 
(SW8 open, SW7 to 5 all closed). IC4 also 
counts downward, and each time it 
reaches zero its 'carry' output triggers a 
pulse generator (D9, R18, C8, IC2a). 

Current sinks 
Some current sources and sinks are 
shown in Figure 11. In each case the 
collector lead (marked 'c'), if connected 
to some other circuit, is able to supply 
(source) or draw away (sink) a pre-
determined amount of current, without 
affecting the voltage present on that 
other circuit (within limits). In Figure 
11a, for example, the current drawn 
away is labelled Ic (collector current). 
For our approximate purposes, Ic is the 
same as le. Ie in turn is determined by 
Ohm's Law to be the voltage across re-
sistor R, divided by R. The voltage 
across R is Vb, less the fixed base-
emitter voltage of 0.6 V. Consequently, 
by setting Vb we can determine Ic. As a 
formula: 

Ic = (Vb— 0.6)/R 
The formula for Figure 11b is the 

same, while those for Figures 1 lc and d 
are similar except that there are two 
base-emitter voltages, and hence the 
formula is: 

Ic = (Vb— 1.2)/R 
(These circuits, of course, only work 

for positive values of Ic. 
The advantage of the two-transistor 

design is simply that about 50 to 100 
times less base current (Ib) is required 
to operate it. The limit within which 
these circuits must operate is that the 
voltage on the circuit to which the cur-
rent sink or source is connected must 
allow at least a certain minimum vol-
tage from collector to ground ( 11a and 
11c) or from collector to the positive sup-
ply V+ ( 11b and 11d). This minimum is 
Vb-0.4 V approximately. 

Uncramper outputs 
Now, looking back to Figure 3, what we 
are attempting to do is to add to, or sub-
tract from, the current flowing in the 
yoke. Increasing the current through 
the yoke can be done by feeding more 
current into point VYx 1 , or drawing 
more current away from VYx2. In the 
first case a current source would be 
attached to VYxl, while in the second a 
current sink would be attached to 
VYx2. The second of these two is not 
feasible since the small voltage across 
the current-sensing resistor is in-
sufficient for a current sink to operate. 
To reduce the current through the 

yoke, a current sink may be attached to 
VYx 1, or a current source attached to 
VYx2. (It may be thought that where 
the current added or subtracted affects 
the voltage across the current-sensing 
resistor, the negative feedback would 
cause the vertical amplifier to 'correct' 
for the difference and cancel the desired 
addition or subtraction. This does not 
happen because in fact the amount 
added or subtracted is relatively small, 
and the indicated feedback loop is not 
the only feedback path.) 
The basic sawtooth current to be 

added to the yoke is generated by the 
circuit of Figure 9. Here, the pulse 'T' 
turns on Ql and Q2 for a short time. Q2 
forces the voltage across C9 to about 
2 V. When Q2 turns off, C9 slowly 
charges via R21 and RV3. The repeti-
tion of these events results in a sawtooth 
waveform at the base of Q3, the height 
of which is adjusted by RV3. This saw-
tooth voltage controls a current source 
(Q3, Q4, R22) which supplies a sawtooth 
current to the yoke. 
That should finish the job. Unfortu-

nately, the sawtooth current source is 
not able to force the drop in current at 
the end of each tooth to occur fast 
enough, due to the slowing effect of the 
yoke's inductance. The result is that the 
space which should occur between scan 
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1 CHARACTER 
ROW 

012 

3 x 1N914 013 

D14 

02 
2N3906 

C9 
475 

RV3 
50k 

VOLTAGE 

1 CHARACTER ROW 

ADJUSTABLE 

R22 
91R 

TV OR 
MONITOR 
VERTICAL SWEEP SECTION 

Figure 9 A sawtooth current is generated by this circuit, which 
feeds the vertical yoke and causes the vertical squeezing of the 
scan lines belonging to one character row. 

lb 

Vb 

1 lc 

le 

lc 

(a) (b) 

lla NPN current sink. lib. PNP current source. 

Vb 

(C) 

11c: Two-transistor ('Darlington arrangement) 

Vn 

Vb 

1 lc 

(d) 
11d: Darlington current source. 

Figure 11 Circuitry for current sources and sinks. 

015 
1N914 

C10 
330p 

RV4 
10k 

PULSE WIDTH 
ADJUST 

3 us 2 us 

1 CHARACTER ROW 

r-

CURRENT 

IC213 
R23 x 4093 

3k3 

R25 
2k7 

FI24 10E 

yoke for a few microseconds. 
Switch SW9a-b-c turns on the power 

to the uncramper, and connects the two 
current sources to the monitor. 

Construction 
Any construction method which you 
have found satisfactory for digital cir-
cuitry should be appropriate for the line 
uncramper. The author's prototype was 
constructed on Veroboard and mounted 
in a small metal box attached to the side 
of the TV set/monitor. Rotary switch 
SW9 is mounted on the front of the box, 
and supports the circuit board. Wires 
into the TV pass through a hole drilled 
through the box and TV walls. 

Adjustment 
An oscilloscope will probably already 
have been needed to find the necessary 
horizontal and vertical signals in the 
monitor, and will be required now for 
setting up the uncramper. First set all 

R26 
lOR 

2 n 2142907 

06 

SW9c 

TO VY x2 

TV OR MONITOR 

VERTICAL SWEEP SECTION 

VVx2 

CURRENT 
"—[ 

100 mA 

1-5 us 

Figure 10: This circuit sends a pulse to the yoke to make the between-row step in the scan occur sharply. 

lines ( in about 5 us or less) actually 
takes so long (about 50 us) that the top 
scan line of each character row is on an 
angle, the left end joined to the upper 
row of characters, and the right end 
finally dropped down to join with the 
lower row of characters. What is needed 
is to give the yoke a swift kick to cause 
the step in the vertical sweep to occur 
smartly. This function is performed by 
the circuitry of Figure 10. 
Pulse 'T' is 'stretched' by 

D15-C10-R23-RV4 and produces a pulse 
at the output of IC2b which is 3 us ± 2 us 
long. This pulse is applied to a current 
source (R24, R25, Q5, Q6), which 
supplies a pulse of current to VYx2, 
sharply reducing the voltage across the 

trimmer potentiometers for the middle 
of their ranges. Then power ue the 
modified monitor and quickly ensure 
that the supply voltages on the un-
cramper are as supposed to be, and that 
nothing is getting extremely hot, etc. 
With your computer connected to the 
monitor, the horizontal and vertical 
pulse conditioners should be adjusted 
and verified for proper operation. ( It is 
probably a good idea not to connect the 
two current sources to the monitor until 
this stage is reached and the generally 
satisfactory operation of the uncramper 
has been checked with the 'scope.) 

Next, DIP switches SW5 to 8 can be 
set for the appropriate number of scan 
lines per character row. The display > 
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PARTS LIST 

Resistors   all 5%, W or greater 
unless noted 

R1, R4, R19, R20   1k 
R2, R5, R6, R11, 
R12,R17,R18,R24 . 10k 
R3, R7-10, R13-16   100k 
R21  20k 
R22  91R 
R23  3k3 
R25  2k7 
R26  1OR 1/4 W 

Trimpots  all linear, miniature, 
multiturn units are 
desirable but not 
necessary. 

RV1, RV4   10k 
RV2  100k 
RV3  50k 

Capacitors 
c 1  200u or greater/20V 

electrolytic 
C2  500n non-electrolytic 
C3. C5   10u/25 V electrolytic 
C4, C8 100p 
C6  4n7 
C7  2n2 
C9  47n 
C10  330p 

Inductor 
Li  1 mH or greater RF choke 

Semiconductors 
D1-D16  1N914 or similar silicon 

signal diode 
01  2N3904, BC107, BC547 
02, 03, 04 2N3906, 2N5139.2N3250 
05.06 2N2907, 2N3645, 2N4143 
IC1. IC2  4093 
IC3, IC4  4029 

Switches 
SW1-8 8-section DIP switch 
SW9 3-pole 2- position 

Cnimidign 

0 o 

The Uncramper switch is positioned in a convenient location for operation alongside the TV set's 
controls. The upper box attached to the set is the monitor input circuit, allowing the TV set to use the 
computer video signal directly. 

should be looking somewhat reasonable, 
with horizontal black spaces appearing 
in the picture. ( Increase the brightness 
so that you can see what the scan lines 
are doing.) Now switches SW1 to 4 can 
be changed until:the black lines are be-
tween rows of characters. Finally. RV3 
and RV4 must be alternately adjusted 
to provide the desired amount of space 
and proper vertical stepping re-
spectively. 

The line uncramper should provide you 
with a video monitor which is easier to 
read, and a computer system which is 
more enjoyable to use. It is a device 
which may not be necessary with future 
generations of computers, but in the 
meantime you can save your eyes 
. . . and perhaps some enterprising com-
pany would like to pick up the idea and 
provide uncramper kits for the more 
popular monitors? • 

HELP 
FIGHT 
THE 

SILENT 
KILLER 

Kidney disease is the silent killer in 
Australia today. It may be Present 
without apparent symptoms — & 
hundreds of Australians die of it 
every year. 
But because people can't see their 
kidneys and don't know much about 
their functions, they miss the vita] 
early warning signs. 
Our kidneys are, in fact, miraculous 
miniature laboratories containing 
one to two million filters that help 
control blood pressure & the 
important balance of salt & water in 
our bodies. Yet over 300,000 
people consult their doctors each 
year with kidney complaints. 
The Australian Kidney Foundation 
is the only voluntary gift-supported 
community health organisation 
solely concerned with fighting 
kidney disease, the silent killer. The 

Foundation provides research & 
education programmes to both the 
general public and the medical 
profession. As well as life-giving aid 
to thousands of ordinary 
Australians. 
We need urgent financial support to 
continue our work — and we need 
kidney donors. 
For more information, ring the 
number below. Any donation of $2 
or over is tax deductible and 
bequests. endowments and 
legacies are exempt from State & 
Federal Estate duties. 

Remember, as someone has so 
rightly pointed out - the life you 
could help to save could be your 
own. 

The Australian Kidney Foundation, 
1 York St., Sydney. Phone 27 1436 
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Lab Notes \) 

Super timer from is to days 

Timing long periods has always been a problem because 
of the high leakage characteristics of the timing capacitor. 
This is no longer true! The XR-2240 IC is a programmable 
timer capable of producing ultra-long time delays without 
sacrificing accuracy. 

THIS IC can generate time delays from 
microseconds up to five days, and with a 
little ingenuity can generate a delay of a 
couple of years! A functional block 
diagram of the IC is shown in Figure 1. 

V 

REGULATOR 
OUTPUT 

TIMEBASE 
OUTPUT 

TIMING RC 

MODULATION 

TRIGGER 

RESET 

Figure 1. Functional block diagram of the XR-2240. 

The circuit consists of an internal 
timebase generator, a programmable 
8-bit counter and a control flip-flop. The 
time delay at the output is set by an 
external CR network and can be any 
period from 1.CR to 255.CR. Herein lies 
the secret. The CR timebase generator 
can be set to give a very accurate short 
period, and binary multiples of this 
short period are then programmed and 
taken from the output. Each output is 
capable of sinking approximately 5 mA 
of load current. 
The features of the IC are: 
1. Timing from microseconds to days. 

2. Programmable delays: 
1.CR to 255.CR 

3. Wide supply voltage range: 4 V to 
15 V 

4. TTL compatible inputs and outputs 
5. High accuracy: 0.5'4 
6. Excellent temperature stability 
7. Period T = CxR 

Circuit operation 
The timing cycle is initiated by a 
positive-going pulse on pin 11. This trig-
ger pulse performs three functions: 

1. Activates the timebase generator 
2. Enables the counter 
3. Sets all counter outputs to the low 

state 

TRIGGER 

TIMEBASE 
OUTPUT 

COUNTER 
OUTPUTS 

Barry Davis 

The timebase generator produces 
timing pulses with a period, T, equal to 
1.CR . These clock pulses are counted by 
the binary counter inside the IC and the 
timing period is complete when a 
positive-going pulse is applied to pin 10 
(i.e: the circuit is reset). In most appli-
cations one or more of the output term-
inals are connected back to the reset 
input. The circuit will commence timing 
when the trigger pulse is applied, and 
automatically reset on the completion of 
the timing period. 
Remember, the outputs are normally 

high and are set to low when timing is 
initiated, returning again to the high 
level on completion of the timing period. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

-1-1_1_111-LITL11_ 
^ 

TIME 

1 PIN 1 

Figure 2. Output waveforms and timing diagram. 

PIN 2 

PIN 3 

PIN 4 
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OUTPUT 

10k 

47k 

OUTPUT PULSE 1 OFF OR A COMBINATION OF OUTPUT PERIODS 

Figure 3 Connections for a practical circuit. 

Circuit construction 
The binary outputs, pins 1 to 8, are open 
collector and can be connected together 
to a common pull-up resistor. The out-
put of the timer will be low as long as 
any one output is low. In this manner 
the time delays associated with each 
output can be added by simply connect-
ing them together to a common bus. 
The outputs can be used individually or 
wired together. 
For example, the output at pin 4 is 

8 x CR = 8T. If pins 4 and 3 are con-
nected together the output will become 
12 x CR = 12T. 
Figure 3 shows the actual connections 

for a practical circuit. When the power 
is applied, with no trigger or reset 
inputs, the circuit sets up to the initial 
state of all outputs high. Once triggered, 
the circuit is totally immune to any 
additional trigger inputs until the 
timing period is completed, or a reset 
pulse is applied. 

Choice of timing components 
Once a signal timing period, T, is 
established, the output can be deter-
mined by 'wiring-in' periods of T follow-
ing a binary progression. However, the 
procedure may have to be reversed 
when a certain accurate output period is 
required. 

TRIGGER 

For example, if a timing period of 
6 hours 30 seconds is required, firstly 
convert the time to seconds: 

= 6 x 60 x 60 + 30 
= 21630 seconds. 

The maximum number of timing 
periods available with one IC is 
(1+2+4+8+16+32+64+128)T = 255 T. 
Therefore the period of T can be 
calculated: 

T = 21630 
255 

= 84.82 seconds 

With a low-loss capacitor (such as 
tantalum) as one timing component, 
R can be calculated. If C = 100 uF: 

T = CR 

10M 

1M 

100k 

T
I
M
I
N
G
 R
 (
O
H
M
S
)
 

ECOMMENDED VALUES 

10k 

1k 

o 
0.001 0.01 0.1 1 10 100 

T:MING C ( uF) 

a) RECOMMENDED VALUES 

1000 

Therefore: 

R = T 

= 84.82  
100x10 - 6 

= 848.24 kf 

This can be tailored precisely for very 
accurate timing with a resistive 
network or potentiometer, or simply 
rounded off to 850k. 

Figure 4 shows two graphs which 
will assist you in choosing: 

1. The recommended range of 
timing component values. 

2. The time period, (T) up to 100 
seconds, to be expected from 
combinations of C and R values. 

An example of output periods to be 
expected using a 100 uF capacitor 
(tantalum) and 1M resistor as the tim-
ing components is shown in Table 1. 

T = CR = 100 uFx 1M= 100 seconds 
Period of Output 
100 secs = 1.7 min 
200 secs = 3.3 min 2T 

4T 
81 
16T 
32T 
64T 
128T 
255T 

400 
800 
1600 

3200 
6400 
12800 
25500 

secs - 6.7 min 
secs - 13.3 min 
secs = 26.7 min 
secs = 53.3 min 
secs = 1.8 hours 
secs = 3.6 hours 
secs = 7.1 hours 

Table 1. Example of accurate time available using 
the XR-2240. 

The type of circuit operation discus-
sed to this point has been monostable 
i.e: the output goes low on triggering, 
stays low for the timing period and 
returns to a high level. It will not time 
again until it is retriggered. An 
XR-2240 can also be used in a free-
running or astable mode. 

Astable operation 
To operate in this mode the reset line to 
pin 10 is disconnected from the output. I> 

100 

10 ,k 
i• 
e• 

sk... 
0 

100 us 10ms 1 s 
10 us 1 ms 100 ms 

TIMEBASE PERIOD 

bl NOMOGRAPH OF CR PERIODS 

Figure 4. Graphs to assist in the choice of values of C and R. 

10 s 
100 s 
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Figure 5. Astable operation under control of external trigger and reset 
controls. 

Figure 5 shows an astable circuit 
under the control of the external trigger 
and reset signals. It will start timing 
when an external trigger pulse is 
applied, and will not stop until a reset 
pulse is applied. 

Alternatively, the circuit can be made 
truly free running. The circuit in Figure 6 
self-triggers automatically when the 
power is switched on, and continues to 
operate in its free running mode 
indefinitely. 
When the timer is used in this mode, 

each counter output can be used indi-
vidually as synchronised oscillators, or 
they can be connected together to pro-
vide complex pulse patterns. 

Ultra-long delays 
In some applications delays of four days 
may be required. This is particularly 
useful in electronic farming for control-
ling the rate of supplementary feeding. 
The timing components required can be 
calculated thus: 
4 days = 96 hours 

= 5760 minutes 
= 345 600 secs. 

Maximum number of T combina-
tions = 255 

Therefore 
T = 345600 

255 
= 1355.3 secs 

= 22.6 minutes 
Incidentally, 20 minutes is about the 
longest time recommended for 1.CR as 
anything beyond this suffers from leak-
age problems. 

T = CR 

if C = 500 uF (low leakage) 

R = T 

= 1355.3  

500 x 10-6 
= 2M7 

Two XR-2240 ICs can be cascaded to 
generate extremely long time delays. 
When used in this format the reset and 
trigger terminals of the ICs are tied 
together and the timebase of unit 2 
disabled as shown in Figure 7. 
The output is normally high. When a 

positive-going trigger pulse is applied 
the output goes low and stays in the low 
state for (256)2 = 65 536 periods of the 
timebase oscillator. Therefore the total 
timing period of two cascaded units can 
be from 256.CR to 65 536.CR. The out-
put is available in 256 discrete steps by 
selectively connecting one or a com-
bination of the outputs from unit 2 to the 
output bus. 
With T = 20 minutes an example of 

an ultra-long delay can be given. 
v. 

Figure 6 Free-running circuit. 

CR = T 

65 536T 

V+ 

= 20 mins. 

= 1 310 720 min 
= 21 845 hours 
= 910 days 
= 2.5 years! 

This article highlights the use of an 
XR-2240 as a precision timer. Other 
application suggestions are: 

1. Sequential timing 
2. Binary pattern generation 
3. Frequency synthesis 
4. Pulse counting or summing 
5. AID conversion 
6. Digital sample and hold 

Further information on the IC can be 
obtained from Exar Integrated Systems 
or their agents (Total Electronics). 

This article was made possible by the 
courtesy of Exar Integrated Systems. 
Data was taken from their publication 
XR-224012340 Programmable Timer 
Counter'. • 
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Figure 7. Cascaded XR-2240s. 
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Audio amplifiers using 
nested differentiating 
feedback loops 

Part 1 The present state of the art 

The use of nested differentiating feedback loops ( NDFLs) 
is a new technique for reducing audible-frequency distor-
tion in an amplifiel to a vanishingly low level. As the name 
implies, NDFLs rely on negative feedback, but they use it 
in a new way. 

IN ORDER TO UNDERSTAND just 
how far the new NDFL technique can 
improve an amplifier, we first need to 
know the fundamental limits to the 
reduction of distortion that can be 
achieved with conventional techniques. 
In this first of three articles we survey 
familiar negative-feedback theory. 
Figure lisa block diagram of an amp-

lifier with negative feedback. In this 
diagram, the forward path corresponds 
to the amplifier before feedback is 
applied, and its gain is traditionally 
designated by the Greek letter µ. The 
feedback network returns a fraction 1.3 of 
the output to the input circuit, where it 
is in some way subtracted from the true 
input to provide the actual input to the 
forward path. 

In many practical amplifiers, the sub-
traction is accomplished by applying 
the input and feedback signals to the 
two inputs of a balanced differential 
first stage of the forward path. Figure 2 
is an outline practical circuit. In this 
circuit the feedback factor is the 
attenuation of the network comprising 

and 11F2 

RF, 
13 —   

RI: I + RF2 • 
(1) 

A typical value for an audio power amp-
lifier might be 1/20. The forward-path 
gain I/ in Figure 2 corresponds to gain 
from input to output when the feedback 
network is removed. A typical value for 
a simple audio power amplifier might be 
1000. 

SUBTRACTOR 

INPUT 

FEEDBACK 

Figure 1. Block diagram of a feedback amplifier. 

For Figure 1, the overall closed- loop 
gain A is given precisely by 

FORWARD 
PATH 

OUTPUT 

Output 
A —   (2) 

Input 1 + µ13 • 

The quantity 1.43 is called the loop gain. 
Physically, loop gain is the gain that 
would be observed if the feedback `loop' 
in Figure 1 was cut at some point, a 
signal was injected into one side of the 
cut, and the resulting signal at the other 
side of the cut was measured. 

If the values of p. and /3 are such that 
loop gain is small compared with unity, 
the closed-loop gain is very nearly equal 
to the forward-path gain ( that is, the 
gain without feedback) 

A --> . (3) 

However, if loop gain is large compared 
with unity, the closed-loop gain 
approaches the reciprocal of the feed-
back factor and becomes almost inde-
pendent of the forward-path gain 

A --> 1/0 . (4) 

Edward M. Cherry 
Associate Professor 

Department of Electrical Engineering 
Monash University 

The quantity 1/0 is often called the 
demanded gain, as it is the value the 
overall closed-loop gain would take in 
ideal circumstances. 
As a numerical example, if we sub-

stitute the above values p. = 1000 and 
13 = 1/20 into Equation 2, the gain of our 
'typical' audio power amplifier works 
out as A= 19.6. The approximate 
Equation 4 predicts A 20, within 2% 
of the correct answer. 
The quantity 1 + p.I3 occurs often in 

feedback theory. It is called the return 
difference F 

F = 1 + 1.43 (5) 

Physically, return difference has the 
significance 

F — 
closed-loop gain 

forward-path gain 
(6) 

For values of loop gain greater than 
about 10, loop gain and return differ-
ence are almost equal — in our 'typical' 
example the values are 50 and 51 
respectively. 

Simplified treatments of feedback 
theory show that, if the distortion 
generated in the forward path (that is, 
the amplifier without feedback) at a 
particular output signal amplitude is Dm, 
then the resulting closed-loop distortion 
DA at the same output signal amplitude 
is 

DA = Diz/F (7) 
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Figure 2. Outline circuit of an audio power amplifier. 

Distortion is improved when feedback is 
applied to an amplifier by a factor equal 
to the return difference. In our 'typical' 
amplifier, F = 51; if the distortion with-
out feedback happened to be 10(,:, then 
feedback should reduce the distortion to 
0.196C4. 
More rigorous treatments of feedback 

theory show that Equation 7 is no more 
than a poor approximation to the truth. 
In the first place, real amplifiers are far 
more complicated than Figure 1 sug-
gests, because several different feedback 
paths ( not all intentional!) can be 
identified. For example, the collector-
base capacitances of transistors inevit-
ably provide some unintended feedback 
at high frequencies. There is a very real 
problem in interpreting just what loop 
gain and return difference mean when 
there is more than one feedback loop. 
Once the correct interpretation is 
established, return difference invariably 
turns out to be a function of frequency, 
and the reduction of distortion corres-
ponding to Equation 7 depends on the 
value of return difference at the 
frequency of the distortion, not the fre-
quency of the input. Feedback therefore, 
does not reduce all distortion compon-
ents equally. 

Finally, it is found that the closed-loop 
distortion of an amplifier can contain 
new components that were not present 
in the distortion that existed in the for-
ward path before feedback was applied. 
These new distortion components 
initially increase as loop gain is in-
creased, but they fall away again 
towards zero as loop gain is made large. 

Despite all these complications, the 
fact remains that adequate negative 
feedback, properly applied, does reduce 
distortion. Why, then, do amplifier 
designers not simply apply some arb-
itrarily large amount of feedback and 
reduce amplifier distortion to the 
vanishing point? 

131 

NOMINAL 

GAIN 
(LOG SCALE) 

FORWARD-PATH GAIN 

CLOSED LOOP GAIN 

3 dB 

ACTUAL CURVE 

ASYMPTOTE 

FREQUENCY 
(LOG SCALE) 

Figure 3. Logarithmic plots of gain versus frequency for Figure 1. 

TIM, IIM, PIM, . . 
In the last 10 years or so, readers of 
audio magazines have been made aware 
of a conjecture that goes something like 
this: 

"Harmonic distortion and the usual 
intermodulation distortion decrease 
with increasing feedback. Transient 
intermodulation distortion (TIM) 
increases with increasing feedback, 
and is approximately directly pro-
portional to the feedback. Therefore, 
there is an optimum value for the 
feedback at which the subjective 
distortion sensation is least. This 
optimum feedback is unlikely to 
exceed about 20 dB." 

More recently, there has been con-
jecture that heavy overall feedback 
should be applied with caution if 
interface intermodulation distortion 
( IIM ) is to be avoided. An amplifier 
should provide a low open-loop output 
impedance so that the need for feed-
back-generated loudspeaker damping is 
minimised. 
There has also been conjecture that 

negative feedback, which reduces the 
usual intermodulation distortion, may 
increase phase intermodulation distor-
tion ( PIM ) by converting amplitude 
nonlinearities into phase nonlinearities. 

Unequivocally, none of these con-
jectures has any basis in the new NDFL 
amplifiers. As an aside, there is a 
substantial body of opinion that none of 
these conjectures has any basis, full 
stop; interested readers should refer to 
References 1 — 12. 

Instability and oscillation 
A fundamental limit to the amount of 
feedback that can be applied to an amp-
lifier is set by the onset of instability 
and oscillation. 

If the magnitudes of the forward-path 
gain and demanded gain of the idealised 
Figure 1 are plotted versus angular 
frequency co ( in radian/second) on 
logarithmic scales, the resulting graph 
looks something like Figure 3. The 3 dB 
bandwidth of the amplifier without 
feedback is lítu, and the gain-
bandwidth product ( at which gain drops 
to unity) is 1/T1. 
Because the graph is on logarithmic 

scales, the separation between the 
curves of forward-path gain and de-
manded gain is the loop gain ( remember 
that, to divide two numbers, you sub-
tract their logarithms; if you divide p. by 
1/0, you get 4.3). The magnitude of loop 
gain falls to unity at the frequency 1/T\ 
where the curves intersect and their 
separation is zero ( remember that the 
logarithm of unity is zero). 
By a similar argument, return differ-

ence is the separation between the 
curves of forward-path gain and closed-
loop gain, as indicated in Figure 3. 
We could make a similar graph to 

Figure 3, showing the phases of 12 and 
up. Again, the phase of loop gain would 
turn out to be the separation between 
the two curves. However, there is a 
remarkable piece of mathematics due to 
Bode, who used a transformation evolved 
by Hilbert ( 1862-1943), which shows 
that there is a relation between the 
magnitude and phase of the response of 
any linear system. Subject to some qual-
ifications, our proposed graph of the 
phases is completely predictable from 
Figure 3 and contains no new informa-
tion. Interested readers may refer to 
Chapter 14 of Bode's book ( Reference 13), 
but are warned that it is anything but 
easy going! 
As an example, many readers will 

know that, if the forward-path in 
Figures 1 and 3 has a high-frequency 
cut-off rate variously described as single 
pole, 20 dB/decade, or 6 dB/octave, then 
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...nested differentiating feedback loops 

its phase shift is 45° at the 3 dB cut-off 
frequency 1/ Tu, and is asymptotic to 90° 
at very highfi-equencies. 

In 1932, Nyquist applied a theorem 
which dates back to Cauchy ( 1789-1857) 
to derive the condition for a feedback 
amplifier to be stable and free from 
oscillation. If a polar plot is made of the 
magnitude and phase of return differ-
ence as frequency is varied, a vaguely 
'snail-shaped' curve results. Such a 
polar plot is called a Nyquist diagram. 
Subject again to some qualifications, 
the stability criterion for a feedback 
amplifier is that its polar plot of return 
difference should not enclose the origin. 
Figure 4 shows one example each of 
a stable situation and an unstable 
situation. 

90 LEADING 

UNSTABLE 

90 LAGGING 

MID-FREQUENCY 
1 + 

INCREASING 
FREQUENCY 

o 

Figure 4 Nyquist's stability criterion. The curves 
are polar plots of return difference for changing 
frequency. 

Because the phase of return difference 
can be predicted from Figure 3 via 
Bode's result a Nyquist diagram can 
also be constructed from Figure 3 and 
the onset of instability can be predicted. 
In 1945 Bode showed that Nyquist's 
criterion could in fact be expressed in 
terms of the gradients of the curves in 
Figure 3, thereby eliminating the work 
of finding the phase explicity and plot-
ting the Nyquist diagram. Bode's exact 
rule is complicated, but a useful para-
phrase is 

"If in graphs such as Figure 3 the 
separation between the forward-
path gain and demanded gain 
decreases toward zero at a rate not 
exceeding 30 dB/decade, the amp-
lifier is unlikely to oscillate." 

This paraphrase makes no allowance 
for the tolerances on components. It 
assumes, in effect, that everything 
about the forward path is well known 

and constant. In the audio context, the 
paraphrase takes no cognizance of the 
fact that the capacitance of the leads 
that connect an amplifier and loud-
speaker is anything but well known. A 
more conservative rule, applicable to 
the audio context, is therefore 

"In graphs such as Figure 3, the 
separation between the forward-
path gain and demanded gain 
should not decrease towards zero at 
a rate exceeding 20 dB/decade." 

The practical consequence is that the 
forward path of an audio amplifier with 
conventional resistive feedback should 
have a single dominant pole which sets 
the fall-off of gain at frequencies above 
1 /I'm. The second and subsequent poles 
should all lie at frequencies substantial-
ly above ltrx ( the frequency where 
the separation reaches zero), because 
each pole contributes a 20 db/decade 
downwards slope to the graph of forward-
path gain. 

Maximum available feedback 
In Figure 2, the first stage is a long-
tailed pair with a current mirror at its 
output; the input and feedback signals 
are applied to the two bases to perform 
the subtraction process of Figure 1. The 
second stage provides a large voltage 
gain, and the lag compensating capaci-
tor C provides the dominant pole of the 
forward path corresponding to 1/Te, in 
Figure 3. The third stage is a comple-
mentary class-B emitter follower whose 
function is to transfer the output 
voltage from the second stage to the 
loudspeaker load. In practice, the tran-
sistors in the second and third stages 
are often Darlingtons, and the input 
transistors are often replaced by FETs. 

In any amplifier, there is at least one 
pole associated with the finite transit 
time of electrons through each tran-
sistor. The transit time for typical 
small-signal transistors is a fraction of a 
nanosecond, but for power transistors of 
the ubiquitous 2N3055 class the transit 
time may be as long as a few tenths of a 
microsecond. Thus, the output stage of 
Figure 2 may have a pole in the vicinity 
of 1 MHz. 
As we saw in the previous section, the 

unity-loop-gain frequency lítx in 
Figure 3 must be substantially less than 
the frequency of all poles except the 

dominant pole 1/1-i., if an amplifier is to 
be stable. If the power transistors are of 
the 3055 class then, no matter how fast 
the other transistors may be, there is 
going to be one pole at about 1 MHz. 
Therefore, 1/Tx must be chosen to cor-
respond to something like 200 kHz. Even 
with more modern power transistors, 
1/Tx is restricted to about 1 MHz. The 
art of designing a stable power amplifier 
involves choosing the lag compensating 
capacitor C such that lfrx is appropriate 
to the transistors actually used. 
The geometry of Figure 3 is such that, 

no matter how ¿z, ,6 and 'Cm are separately 
chosen, the return difference F40) at any 
angular frequency co cannot exceed 

F(o)) 1/co`rx (8) 

Thus, if 1/1-x is designed to correspond 
to 200 kHz, return difference at 20 kHz 
cannot exceed 10 ( = 20 dB), and cannot 
exceed 200 (= 46 dB) at 1 kHz. An 
amplifier that boasts 80 dB of feedback 
IF = 10 000 at low frequencies) must 
have 1/T„ corresponding to about 20 Hz; 
return difference must begin falling 
above 20 Hz, and the former values at 
1 kHz and 20 kHz (46 dB and 20 dB) still 
apply. 
Returning now to Equation 7, the 

effectiveness of feedback in reducing 
distortion is set by the frequency of the 
distortion, not the frequency of the 
input. The audible frequency range is 
generally reckoned to extend to about 
20 kHz and, with the foregoing con-
straints, return difference at this 
frequency cannot exceed 10. Remem-
bering that 20 kHz is the third harmonic 
of 6.667 kHz, we see that feedback can-
not reduce offensive odd-harmonic 
distortion of mid-treble input signals by 
more than a factor of 10. Remembering 
too that 20 kHz is the seventh harmonic 
of 2.857 kHz, we see that feedback can-
not reduce crossover distortion of 
mid-range input signals by more than a 
factor of 10. 

Until recently there has been no way 
around this problem except to increase 
the unity-loop-gain frequency 1/Tx, and 
this demands that the frequencies of the 
transistor poles must be increased if 
stability is to be preserved. Fragile, 
expensive power transistors, with nar-
row bases to achieve short transit times, 
become mandatory. • 

(continued on page 74) 
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Audio amplifiers using 
nested differentiating 
feedback loops 

Part 2 — The basic idea 

Edward M. Cherry 
Associate Professor 
Department of Electrical Engineering 
Monash University 

Here we get to see how this technique is applied to an 
amplifier and the effect it has on performance under 
differing conditions. 

PREVIOUSLY we saw that, for a feed-
back amplifier to be stable, the sep-
aration between the forward-path gain 
and the demanded gain in graphs such 
as Figure 3 should not decrease towards 
zero at a rate exceeding 20 dB/decade. If 
an amplifier uses conventional resistive 
feedback, this stability criterion 
requires that the forward path must 
have just one dominant pole 1/1-,, 
usually achieved in practice by suitable 
lag compensation. All the poles assoc-
iated with transit time effects in tran-
sistors must be at substantially higher 
frequencies than Itrx, the frequency of 
intersection of the curves of forward-
path gain and demanded gain. Thus, 
available transistor types ultimately 
force the choice of lítx, and hence set a 
limit to the reduction of distortion that 
can be achieved by feedback because 
the return difference F( w ) at angular 
frequency «, in Equation 7 cannot 
exceed 

F1 co) E 1/arx (8) 

There is, however, another solution to 
the stability problem. If the forward-
path gain has two dominant poles, so 
that its gain falls at 40 dB/decade, the 
rate of closure between the graphs of 
forward-path gain and demanded gain 
would still be 20 dB/decade provided the 
demanded gain itself were to fall at 

«79 .4.vi I + sT,, 

1+ST0 

S 

2±,tej_ 

I+ ST0 I + sTO 

sTF 

Figure 5. Block diagram of an NDFL amplifier. 

20 dB/decade. In essentials, this requires 
that the usual frequency-independent 
resistive feedback factor Li should be 
replaced by something having a fre-
quency dependence of the form ari.• 
(remember that the demanded gain is 
the reciprocal of the feedback factor). 
Mathematicians tell us that a linearly 
rising frequency response corresponds 
to differentiation with respect to time 
and, in hardware terms, a capacitive 
feedback network will perform just this 
action. 

Figure 5 shows the outline of an 
amplifier incorporating nested differ-
entiating feedback loops. 

Notice first that the forward path has 
been separated into a number of stages, 
whose mid-frequency gains are to MN 
respectively. The variable s is what 
mathematicians call complex frequency; 
for sinusoidal signals its magnitude is 
equal to the angular frequency w of the 

A 

sinusoid. Factors of the form ( 1 + ex) 
represent a frequency response that 
rises proportional to frequency above 
the frequency li-rx — that is, they rep-
resent a zero. Similarly, factors of the 
form 1/il + st-„) represent a frequency 
response that falls inversely proportional 
to frequency above the frequency li lo — 
that is, they represent a pole. Thus, the 
stages in Figure 5 have special fre-
quency responses: all stages exrcept the 
first have a pole at 1/11), and all except 
the first and last two have a zero at 1/Tx. 

Notice also that there are differ-
entiating feedback networks, each 
denoted by sTF, linking the output back 
to various points in the forward path. 
The resulting feedback loops are 
arranged one inside another, like a nest 
of Chinese boxes — hence the name 
nested differentiating feedback loops. 
The amplifier is completed by an 

overall resistive feedback network 0. 
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GAIN 
(LOG SCALE) 

N 
GAIN WITHOUT 
ANY FEEDBACK 

Figure 7 shows just the last two stages 
and the inner differentiating feedback 
factor. This 'clump' is a feedback amp-
lifier in its own right, and Figure 7 
shows its forward-path gain (that is, the 
gain of the last two stages without any 
feedback), the demanded gain, and the 
resulting closed-loop gain. Although the 
forward-path gain falls at a two-pole 
rate ( 40 dB/decade), the demanded gain 
falls at a one-pole rate ( 20 dB/decade), 
and their rate of closure is 20 dB/decade. 
By itself, this 'clump' is stable. 
Figure 8 shows what happens when 

we add the antepenultimate stage and 
another differentiating feedback factor. 

4/ 
-ro (LOG SCALE) 

Figure 6. Logarithmic plots of gain versus frequency for Figure 5. 

If we removed all the feedback from 
Figure 5, the forward-path gain would 
be shown in Figure 6: constant up to the 
frequency 1/1-0, then falling at an 
( N-1 i-pole rate ( 20( N-1 ) dB/decade) up 
to 1/1-x, and finally levelling'off some-
what to a two-pole rate (40 dB/decade). 

If we now applied just the overall 
resistive feedback /3, the return differ-
ence would be as shown in Figure 6. 
Distortion would be reduced by a 
constant large amount, approximately 

• • • /-LN 13, at all frequencies up to 
111. Choosing 1/1.0 to correspond to 
20 kHz would virtually eliminate 
audible-frequency distortion. But the 
amplifier would be unusable because of 
oscillation. 
The rate of closure of the forward-path 

gain and demanded gain curves breaks 
the rule of 20 dB/decade. Let us see how 
inclusion of the nested differentiating 
feedback loops solves the problem. 

didv-a4IN-1/in 

MN-2 / S To 

I + s To 

GAIN 
(LOG SCALE) 

re.. DEMANDED GAIN 

MN 

MN 
/ +sr° 

GAIN WITHOUT 

FEEDBACK 
(‘" 

RETURN 4 FEEDBACK 

GAIN WITH 

DIFFERENCE 

ALN iPN TF T0 x 

=. Tx  

To2 

Figure 7. The Inner loop of Figure 5. 
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(N-1)TH (INNER) LOOP 

Figure 8 The (N-2)th loop of Figure 5. 
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Again this 'clump' can be considered as 
a feedback amplifier in its own right. 
Provided we choose 

.LN -2 = Torrx 
the various gains line up as shown. The 
forward-path gain is the combined gain 
of stage IN-2) and stages (N-1) and N 
with their local feedback, and this is the 
middle solid curve in Figure 8. The 
demanded gain is the dashed curve 
passing through 1/1.F. Once again the 
forward-path gain and demanded gain 
close at 20 dB/decade, so the stability 
criterion is satisfied for this larger 
'clump'. 
And so it goes on. We can add more 

stages and differentiating feedback 
factors, and each time the curves line up 
as required for stability provided we 
choose 

ILN-1 IN /3 = (Totrx )2, (9) 

= /LI fiTX, (10) 

Pk ---- To/Tx for 2 k N-2 . 111 i> 
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Figure 9 Complete plots of gain versus frequency for Figure 5. 

F'igure 9 shows the gain curves for the 
complete amplifier. 

In designing an NDFL amplifier, the 
starting point is to choose the frequency 
1/Tx so that the various transistor poles 
are sure to lie at substantially higher 
frequencies. Next choose the frequency 
1/1-0 up to which the return difference 
should remain constant; 20 kHz is a 
suitable value for audio amplifiers. 
After this, the circuit more or less 
designs itself via Equations 9 — 11 
above. 

Outline practical circuit 
Figure 10 shows how an amplifier of the 
basic topology of Figure 2 can be mod-
ified to include two NDFLs. Interested 
readers should refer to references 
14 — 16 for more details. 
Notice first that the lag compensating 

capacitor, C. in the penultimate stage 
of Figure 2 has been removed in Fig-
ure 10. In its place are two capacitors ( C ) 
linking the output back to various points 
in the forward path. These capacitors 
are the feedback networks of the nested 
differentiating feedback loops. 

GAIN WITHOUT 
ANY FEEDBACK 

(LOG 
SCALE) 

The output stage has been changed to 
include a modified form of Thiele's load-
stabilising network. Some form of LRC 
filter is required to locate one of the 
poles correctly, and with the circuit 
shown we get double value from the 
components ( see references 17, 18). 

The input stage itself is unchanged, 
but an inexpensive small capacitor in 
the overall feedback network /3 can be 
used to correct the group delay and 
improve the reproduction of transient 
waveforms. 
Another essential addition is an 

amplifying stage between the two nested 
differentiating feedback factors. This 
rather peculiar circuit ) which dates 
back to Rush in 1964) seems largely to 
have been forgotten. It uses one n-p-n 
transistor and one p-n-p to provide a 
well-defined gain ( 19). 
As already suggested, once the 

demanded gain 1/13 and the critical fre-
quency ltrx are chosen, the circuit 
almost designs itself. The equations are: 

RE.-1 + 142 = ' 

RC = /31-x 

Ry Cy = 1-X 

= ( v3 - 1 rrx • 

All stage gains and poles and zeros auto-
matically look after themselves. 

Figure 10. Outline circuit for an NDFL amplifier. 
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• ..nested differentiating feedback loops 

Figure 11(a) shows the 5 kHz square-
wave response of Figure 10 as built 
from: 

5'i -tolerance resistors, 
20C4 -tolerance capacitors, 
unselected production transistors. 

Evidently the circuit is 'designable'; 
Equations 12 — 15 really do predict 
component values for good transient 
response. 
A nice feature of the modified Thiele 

circuit in Figure 10 is that, when the 
load is made capacitive ( a well-known 
source of high-frequency oscillation in 
amplifiers), the voltage waveform at the 
FEEDBACK POINT is the waveform 
the amplifier would have delivered into 
its nominal resistance load. Figures 
11( b ) and ( c) illustrate this; the violent 
ringing in Figure 11( b ) is simply an 
LC resonance between the filter in-
ductor and the load capacitance, and is 
in no way indicative of approaching 
instability. 

(a) 8 ohm resistance load. 

(b) 8 ohm and 2 uF parallel load 

(c) waveform at feedback point for (b) 

Figure 11. 5 kHz square-wave response of 
Figure 10. 

Figure 12 shows details of the 1 kHz 
sinusoidal response under overdrive 
conditions. Note the quick, clean 
recovery. 

Figure 12. Detail of output waveform from Figure 10 
under overdrive. 

0.1 — • .0 

I I 11.11 I I 

MS OUTPUT VOLTS /0 

Figure 73 1 kHz third harmonic distortion 
o — Figure 2 (conventiona, amplifier); 
. — Figure 10 (NDFL amplifier) 

An amplifier has been built in which 
the circuit can be switched from Fig-
ure 2 to Figure 10, to illustrate the 
improvement in performance of adding 
two NDFLs. Figure 13 compares the 
measured third-harmonic distortions of 
1 kHz. Notice how the distortion of 
Figure 10 drops away to below three 
parts per million at small signal amp-
litudes. Such behaviour is more typical 
of class-A amplifiers than class-B 
amplifiers, and may account for the 
clean sound of NDFL amplifiers. 

Crossover distortion associated with 
incorrect bias of the output stage is one 
of the most audibly annoying forms of 
distortion. Audio amplifiers based on 
Figure 2 sometimes have a type of cross-
over distortion that does not show up in 
normal measurements. Correct biasing 
of the output stage relies on close track-
ing of the thermally-compensated 
biasing device and the power transistors. 
At best the biasing device can be 
thermally bonded to the power tran-
sistor cases. More usually it is bonded to 
the heatsink, but there is no way it can 

simultaneously sense the actual junction 
temperatures of al! the power tran-
sistors. Under rapidly-fluctuating 
dynamic signal conditions, the junction 
temperatures may be wildly different 
from each other and from the case or 
heatsink temperatures, and therefore 
the biasing may be wrong. 

(a) Figure 2 (conventional amplifier) 

(b) Figure 10 (NDFL amplifier) 

Figure U. 2 kHz crossover distor ion when bias 
is set wrongly 

Figure 14 compares the static cross-
over distortion of Figures 2 and 10 when 
the bias is deliberately set 0.5 V too low. 
Dynamic mistracking of the biasing 
circuit. should not introduce audible 
crossover distortion in an NDFL 
amplifier. 
One final point. The NDFL technique 

maximises the return difference land 
hence minimises distortion components) 
at frequencies up to Above this 
frequency the return difference falls 
away rapidly. and distortion rises. 
Choosing 1/t0. to correspond to 20 kHz 
minimises audible-frequency distortion. 
but does not minimise ultrasonic 
distortion. 

For example, a common specification 
for audio power amplifiers is their -PHD 
at 20 kHz. The harmonics of 20 kHz lie 
at 40 kHz. 60 kHz, 80 kHz, and soon. All 
are Lltrasonic ( and hence inaudible) 
and the NDFL technique does not 
minimise them. A measurement of THD 
at 20 kHz may therefore give a quite 
misleading indication of an NDFL amp-
lifier's audible performance. Valid 
objective tests include the SMPTE and 
CCIF tests for two-tone intermodulation 
distortion, the proposed IEC test for 
TIM ( 20), Cordell's proposed three-tone 
test for TIM ( 21) and the proposed test 
for input-output intermoduiation distor-
tion 1OD ( 9). The distinguishing feature 
cf all these tesis is that they measure 
the distortion al audible frequencies. e 
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Designer's notebook 
Phil Walker 

EVER NEEDED a two-bit digital to analogue converter, an 
awkward low current supply rail, logic level shifting? These are 
just three of the nine design ideas presented here. 

Uprated Zener Diode 

This circuit can be used to simulate a high power zener 
diode where the correct component is not available or is too 
expensive. The configuration increases the allowable dis-
sipation in the circuit up to the limit of the transistor, or the 
diode rating times the transistor current gain. The stabilised 
voltage is about 0.6 V to 1 V greater than the nominal zener 
voltage. The variation of output voltage with load current may 
riot be quite as good as a normal diode but this may well be 
offset by convenience or cost considerations. 

680R 

Single Output Pulse From An Input Change 
When dealing with asynchronous inputs to a digital system 

it is often necessary to signal that a change of input has 
occurred. This circuit is mainly concerned with producing a 
single pulse synchronous with the system clock when the input 
changes state. The output is a pulse, one clock period wide, 
after the input goes from high to low or vice-versa (depending 
upon which output is used). 

If only the falling edge of the input is of interest, then the in-
put signal may be taken to the set inputs of the latches. This will 
enable the circuit to respond more quickly and reliably to suc-
cessive pulses. In general the clock frequency should be at least 
four times the input frequency. 

l 

CLOCK 

CL OCK 
—J 

INPUT 

u 

LCD Thermometer 

The la 7106 used as a digital centigrade thermometer. 
A silicon diode-transistor has a temperature coefficient of 
about - 2mV/°C. Calibration is achieved by placing the sensing 
transistor in ice water and adjusting the zeroing potentiometer 
for a 000.0 reading. The sensor should then be placed in boiling 
water and the scale-factor potentiometer adjusted for 100.0 
reading. 

7106 To pin 1 
40 

OSC 

OSC 2 

OSC 3 

TEST 

REF NI 

REF LO 

C REF 

C REF 

COMMON 

IN NI 

IN LO 

AJZ 

BUFF 

INT 

V 

A 

BP — TO BACK PLANE 
21 

) TO DISPLAY 

Two Bit AID Converter 
This is a very simple circuit which gives an approximate 

conversion of an input voltage level to a two bit binary code. Its 
accuracy is limited by the output circuitry of the op-amps and 
for best results CMOS types could be used. 

As the input voltage rises from 0 V, at first both the A and B 
outputs are low. This makes the voltage at point X about one-
quarter the supply voltage. As the input voltage reaches this 
level, output A will go high. Later, when the input voltage 
reaches half the supply voltage, output B will go high. This then 
makes the voltage at point X go to three-quarters of the supply, 
forcing output A to go low. Still later, as the input voltage con-
tinues to rise it will reach this last value and output A will again 
go high. 

The reference for this circuit is the supply rail. If the op-
amps or comparators used cannot drive to very near the supply 
rails then adjustments may be made to the resistor values to 
compensate. 

INPUT 

 O .VE 

OUTPUTS 
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TEL to CMOS Logic Interface 
When using mixed logic families it is necessary to transfer 

the signal from one set of logic levels to another. If all the 
devices are operated from the same supply rails this is easy, but 
if the rails are different then some form of interface circuit is 
needed. 

For a TTL to CMOS interface this can be most simply a TTL 
gate with an open collector output and pull-up resistor, but if 
this is not available then the following circuit may be used. The 
circuit operates quite well for low to medium frequencies. 

NOTE. 
01 IS BC107, BC108. BC109, BC182 ETC 

10-47 

'VE 
TTL 

SUPPLY 

CMOS LOGIC 
DEVICE 

'VE 
CMOS 
SUPPLY 

COMMON 
OV 

Monostables 

A commonly-used « a uit bloc k is the monostable. There 
are several convenient ways to realise one and these two 
general c ircuits show how. Suitable CMOS inverters for the 
upper circuit would be 74014, 4009, 4049 and -1b69. Inverters 
can be made by tying the inputs of NAND gates together, don't 

forget. ' Rule of thumb timing equations are given. 
The ICM7555 is a CMOS version of the ever-popular 555. In 

this application the input is pin 2, output is pin 3. It « wldn't be 

simpler, could it? 

(MUS In,erters 
-= 1 188E 

Keep R grealet than 471. 

( MUS 55 
1 = 1 IRE '"'""' 

Simple Pulse Burst Generator 
Using a 4093 CMOS quad NAND gate package it is very 

easy to make a circuit which produces bursts of pulses. These 
bursts have the property that they are composed of complete 
pulses, all of which have the same duration. The circuit shown 
here is configured to produce a variable number of pulses in 
each burst while the repetition rate of the bursts remains 
roughly constant. 

The first IC section produces the variable mark/space ratio 
burst control signal, the next two sections are the gated 
oscillator while the last section acts as a buffer and gives the 
output as positive-going pulses. 

The frequency of operation for both sections is determined 
by the product of the capacitance and the fixed plus variable 
resistance. If a 50% fixed duty cycle is desired then the 
resistor/diode combination can be replaced by a fixed resistor in 
series with a variable resistor. 

NOTE: 
RV2 IC1 IS 40938 
1001, 01.5 ARE 1N4148 

Bistable Touch Switch For Analogue Signals 
This uses two sections of a 4016 or 4066 CMOS switch IC. 

One section of the device is used as a latch, while the others can 
be used as a changeover switch or as three make or break 
switches. 

A similar switch can also be made using a 4053 triple 1 of 2 
selector. In this case we get two analogue change-over switches 
with a bistable action. Either of these circuits could be used 
where audio control or signal selection is required but the hi-est 
of fi is not essential. 

NOTE 
IC1 IS 40168 OR 406613 

TOUCH 
PLATES 

A X 

TOUCH 
PLATES   

B X 

4M7 

4M7 

5 

14 4 

IC1a 

13 

10 

1C1h 

7 

12 

10 

 OWE 

 0 B 

'Cl' 

IC1d 

 0 A 

 00V 

TOUCH 
PLATES ( .--s\ 

X —I> A 

X' -111› A 

4M7 

10 

4M7 9 

3 

ICla 

5,6,7.8 

10  

 OA 

15 

IC1b 

NOTE 
Cl IS 40538 

 0 X 

14 

ICU 

13 

2 

 o v 

 OA' 

 0 B' 

 O 

 0 OV 

Extra Supply Rails 
A 555-type timer IC can be used to provide that awkward 

low current supply rail when an extra battery would be inconve-
nient. The device is connected as a free-running astable 
oscillator and drives a simple charge pump. The polarity of the 
diodes and capacitors in the output circuit determines whether 
the output is positive or negative. Output impedence of this cir-
cuit is usually quite high, being determined by the capacitor 
values. The capacitor values should not be too high as this will 
overload the output circuit of the IC. 

If the standard type of 555 IC is used the main supply rail 
should be decoupled at the IC pins with an electrolytic 
capacitor to prevent the well-known switching spike of the 
device affecting the rest of the circuitry. 

The output voltage from this arrangement will range up to 
about equal to the input voltage, superimposed on to the rele-
vant supply rail. • 
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Use your Motorola 6800 
D2 kit to progam 
2716 EPROMs 
If you have been waiting for cheap, easy to program and 
easy to use EPROMs before incorporating non-volatile 
memory into your microcomputer system or building 
dedicated microprocessor projects, then you need wait no 
longer. With the 2716-type EPROMs now available and 
this very simple interface you can program EPROMs very 
quickly and cheaply using a Motorola 6800 D2 kit. 

OVER THE PAST couple of years there 
has been a remarkable development 
in the EPROMs available for use in 
microprocessor systems. After the 
difficult-to-program 1702 EPROMs 
with 512 x 8 storage, we saw the 
2708 EPROM arrive with twice the 
storage capacity ( 1024 x 8 bits) and 
considerably simpler programming 
requirements. The 2708 has become 
relatively cheap, but many hobbyists 
have probably been put off using this 
device because it requires three power 
supply voltages (+ 12 V, +5 V, - 5 V) 
when the rest of the microprocessor 
system probably only uses one ( + 5 V); it 
also requires a programmer capable of 
switching a + 26 V programming 
supply, and it requires each location to 
be programmed about 100 times in a 
loop, making programming of individual 
locations difficult. 
Now we have the 2716, which makes 

EPROMs much more attractive to 
hobbyists. It contains 2K x 8 bits of 
storage, uses only a single +5 V power 
supply, requires a static + 25 V pro-
gramming supply, with each location 
being programmed with a single 50 ms 
TTI.-level pulse, and allows program-
ming of any number from 1 to 2048 loca-
tions at a time. And best of all is the 
price — around $5 each in one-off 
quantities from some sources. This 
represents far better value than the 
2708 ever did. 
2716 EPROMs can be programmed 

using a Motorola 6800 D2 kit and the 
very simple and low-cost interface 
circuit shown in Figure 1. The program-
mer interface connects to the user PIA 
(Peripheral Interface Adaptor) of the 
D2 kit. A programming power supply of 
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PM 
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Figure 1 2716 EPROM programmer interlace circuit. 
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+24 V to + 26 V is also required. The 
interface circuit simply uses two 7475 
quad latch ICs to latch the address 
information from the PIA, and one diode 
to feed +5 V to the Vpp pin of the 2716 
with the + 25 V programming supply 
turned off. No pc board layout is given 
since the circuit is so simple and the 
method of construction will depend on 
the system with which the interface is to 
be used. 

All the signal generation and timing 
required are handled by a software 
routine called PG2716', for which a full 
listing is given. The routine latches the 
address of the location to be pro-
grammed into the 7475s, then reads the 
contents of that location, checking that 
it is erased (i.e: $FF), programs the loca-
tion and then again reads the contents 
to verify the programmed data. Each 
address of the EPROM is programmed 
in turn in this way. The waveforms 
required by the 2716 for this sequence 
are shown in Figure 2. Using these 
waveforms and the comments in the 
listing the operation of the routine 
should be fairly easily followed. The 
routine occupies only 170 bytes of 
memory, and while the listing shows it 
assembled beginning at location $1E00, 
it is relocatable without changes. 
The only fixed locations used are 
$A002-A005 and $A042-A043, which 
are in the D2 kit stack RAM. 
The principle of operation of the pro-

grammer is that the data to be stored in 
the EPROM is first loaded into RAM 
and then copied as a block into the 
EPROM. The only restriction on load-
ing the data into RAM is that the eleven 
low-order address bits (AO-A10) of the 
data in RAM must correspond to the 
address in the EPROM at which that 
data byte is to be stored; i.e: a 2K x 8 
block of data in the D2 kit RAM maps 
directly to the 2716 EPROM. 
The sequence of steps to be followed in 

using the programmer is: 

a. 

b. 

C. 
d. 

e. 

f. 

g. 

connect the interface circuit to 
the D2 kit 
insert the EPROM into the 
interface socket 
power up the D2 kit 
load the programmer program 
and the data to be programmed 
into the D2 kit memory 
power up the + 25 V pro-
gramming supply 
enter the beginning address of 
the data in the D2 kit memory 
into $A002-3, and the end 
address into $A004-5 via the 
D2 kit keyboard (note that any 
number of data bytes from 1 to 
2048 can be specified.) 
start the programmer by 
entering $1E00 G via the D2 

kit keyboard 
h. if the EPROM is programmed 

successfully, the JBUG prompt 
will appear on the D2 kit 

display after approximately 
100 seconds 

i. power down +25 V program-
ming supply 

j. power down D2 kit 
The EPROM is then programmed ready 
for use. 

In the event of an error, a software 
interrupt of the programming routine 
will occur. 

a. if the SWI occurs at $1E33, 
the EPROM was not correctly 
erased 

b. if the SWI occurs at $1E34, 
programming did not occur 
correctly 

In either case, after the SWI, X = loca-
tion at which failure occurred, A = data 
expected at failed location, B = data in 
EPROM at failed location. 

2758 (1K x 8 bit) EPROMs can also be 
programmed with this programmer. 
2758 EPROMs are 2716 EPROMs with 
only the lower or upper half working. To 
program a 2758, load the data to be 
programmed into the appropriate half 
of a 2K x 8 block in the D2 kit RAM so 
that the 1K x 8 data maps directly into 
the working half of the 2K x 8 locations 

in the 2758. 
One note of warning should be given 

for purchasers of 2716-type EPROMs. 
Some manufacturers, e.g: Texas 
Instruments, have designated a three 
power supply 2K x 8 EPROM with the 
2716 code (e.g: TMS 2716). Be careful to 
purchase the single power supply ver-
sion — from Texas this is the TMS 2516. 
A place suitable for using 2716 

EPROMs, though it is not mentioned in 
the manual, is in the two sockets on the 
main D2 kit board provided for optional 
PROMs. The straps on the board neces-
sary for 2716 use are EO-E4, El-E2, 
E3-E7 and E5-E9. All other connections 
on the pc board are correct. Wherever it 
is that you use 2716 EPROMs, one thing 
is certain — you will never go back to 
2708s. 
The principle of using a program-

mable input-output port with a single 
interface to program 2716 EPROMs 
could easily be applied to micropro-
cessor systems using other processors, 
e.g: Z80, 8080, etc. It can also be applied 
to programming other EPROM types, 
and the author has built such an inter-
face for Intersil IM6654 512 x 8 bit 
CMOS EPROMs. 

(Ref 'An Ultra-Low-Cost Programmer 
for CMOS EPROMs', Electronic 
Engineering (UK),Jan. 1981, pp 23 -25.) 
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Figure 2 27 16 EPROM programmer waveforms. 

VERIFY 
PGM'ING 

81 



Program Listing 
*. 2716 EPROM PROGRAMMER PROGRAM ev 

8004 PIAR (OU 88004 User PIA 

0005 PIACRA (OU 88005 

0006 PIAB (OU 88006 

0007 PIACR8 (OU 88007 

A002 BEGAOD RM02 From begin address 

6004 ENDADD 81182 From end address 

6042 AODPNT RM82 Pointer at address to be 

read or programmed 

1E00 C6 FF PG2716 WAS # SFF Set FIAR as outputs 

1E02 CE 8006 LOX # PIAB 

1E05 80 31 8511 PIASET 

1E07 C6 20 LIMB - S20 Initialize PIAD 

1E09 E7 00 STAB 0,0 

1E08 FE 6002 LOX BEGADD Initialize ACReNT 

1EUE 09 DEX 

1EOF 08 LOOP 1NX 

1E10 FF 8042 SIX ADOPNT Update pointer 

1E13 80 33 35R OUTADD Output address 

1E15 130 53 858 DATARD 

1E17 06 FF LOAR . SFF 

1E19 11 COP 

1E1A 26 14 ONE ERROR1 

1(1C EID 66 

Read data and 

verify EPROM 

location erasure 

85R DATAWR Program EPROM location 

111E 80 4A 8511 DATARO 

1E20 FE 8042 LOX ADOPNT 

1E23 A6 00 LDA8 0,X 

1E25 11 C801 

1E26 26 OC ONE ERROR2 

1E28 BC 8004 

1E20 26 E2 

1E2D 7E ( 080 

CPX CROADO 

ONE LOOP 

Read location to verify 

Programming 

Teat if all locations 

programmed 

3MP RESTAR Return to 3SUC 

1EIW FE 8042 ERROR1 LOX ADOPNT Not properly erased 

1E33 3F SRI 

1E34 3F ERROR2 5141 Not prooerly programmed 

** SUBUOUTINE TO SET PIA LINES AS INPUTS OR OUTPUTS ** 

Entry - X . PIA peripheral register address 

8 sr required data direction pattern ( 0 in, 1 . outr 

1E38 6F 01 PIASET CLR 1,0 

1E3A E7 GO STAF 0,0 

1E3C 86 04 LOAAIMS04 

1E3E A7 01 STAA 1,0 

1E40 39 FITS 

Access LIENI 

Set lines as I/O 

Access PR 

** SUBROUTINE TO OUTPUT ADDRESS TO EPROM 

Entry - ADOPNT adcre.a to be output 

1E48 C6 FF GUIADO LOAR 0-eFF 

1E48 CE 8004 L004PIAA 

1E4D 80 E9 850 PIASET 

Set PIAR as outputs 

1E4F 86 8043 LDAA ADZ.,PNT+1 Output low byte 

1E52 07 00 ',IAA 0,0 to PIAR 

1E54 86 A042 LOAA ADDPNT 

1E57 84 07 ANDA * SO7 Mask off high 5 bits 

of high byte 

1E59 BA 10 ORAA * S10 

1E58 E6 02 LOAD 2,0 Output high 3 hits 

1E50 C4 ED ANDO * KO of address to PTAS 

1(5F 10 ABA and output low 

1E60 A7 02 STA4 2,1 byte into latches by 

setting address strobe 

high 

1E62 86 EF LORAISSEF Set address . trobe low 

1E64 84 02 ANDA 2,0 to latch address 

1E66 A7 02 STAA 2,0 

1E68 39 RTS 

SUBROUTINE TO REDO DATA FROM EPROM ** 

Entry - address latched 

Exit - dote in 6 

1E6A 5F OATARD CIRA 

1E6B CE 8004 LOX WPIAA 

1E6E BD CB uSR PIASET 

1E70 86 of LOAF 490F 

1E72 AA 02 ANDA 2,1 

1E74 87 12 STAR 2,5 

1E76 E6 00 LOAF C,X 

1E78 86 20 LOAA * 820 

1E7A AA 02 ORAA 2,0 

1E7C A7 02 STAA 2,0 

1E7E 39 RIS 

Set PIAA as inputs 

Set PAS loi  to read 

data 

Reao data 

Set PS high to end 

data rea0 

** SW:MA/TINE TO WRITE DATa TO EPROm 44 

Entry - address latched 

- ADDPNT points to data 

1E84 C6 FF DATAWR LOAB*8FF 

1E86 CE 8004 LOX * PIAA 

1E89 80 AD 808 PIASET 

1E88 FE 8042 LOX ADDPNT 

1EBE E6 00 LOAD 0,0 

1E90 CE 8004 LOX 1ePIAA 

1E93 E7 00 5180 0,0 

1E95 86 40 LDAAs$40 

1E97 AA 02 ORAR 2,1 

1E99 87 02 5108 2,1 

Set PIAR as outputs 

Point to data 

Fetch data 

Output data 

Set P86 high for 

50ms to program 

EPROM location 

1E9B CE 0100 LDX*SOF00 50ms delay 

1E9E 09 01050 DEX 

1E9F 26 FO ONE OLY50 

1EA1 CE 8004 LOX Mr/IAA 

1E/14 86 BF LOAR 430F 

1E86 A4 02 ANDA 2,1 

1E88 87 02 STAA 2,0 

1EAA 39 RIS 

Set PB6 low to end 

Programming pulse 

• 
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Symmetric multivibrator using 
two inverting gates 

Dr. Ton Trancong 

THIS CIRCUIT provides a frequency 
fairly independent of supply voltage, 
the output having a near-perfect 1:1 
duty cycle. It is based on the improved 
astable multivibrator circuit described 
in ETI Circuit Techniques Volume 1, 
p.68, and is useful when low power con-
sumption and simplicity are the main 
considerations. 
The circuit uses the dual RC relaxa-

tion circuits formed by RIC I and R2C2, 
and is self-starting as it has no stable 
steady-state. While astable multivibra-
tors using a single RC relaxation circuit 
suffer non-unity space-to-mark ratio 
due to the transfer voltage not being 
exactly halfway between the supply vol-
tages, this circuit avoids the problem by 
using a dual relaxation circuit based on 
two inverter sections on the same IC chip. 
The voltages applied to the gates of 

both inverters relax exponentially until 
one of them reaches its gate's transfer 
voltage. Hence the states of the inverters 
change instantaneously and the cycle 
repeats with the two inverters swapping 
their roles. 

Cl = C2 
R3 = R4 R1 = R2 
PERIOD = 2.2 R1C1 

Resistors R3 and R4 should have a 
value of more than three times that of 
RI and R2 for the RC relaxation circuits 
to behave as if R3 and R4 were infinite. 
However, too high values of R3 and R4 
may affect the operation of the circuit as 
the voltages at the inputs of the 
inverters may then fail to follow the re-
laxation voltages. The only require-
ments for proper operation are that IC1 
and IC2 must be sections of the same 
physical integrated circuit chip, and 
that corresponding components of the 
dual circuits must have the same nomi-
nal values. 

R2 

In my particular application, I used a 
4009 CMOS hex-inverter chip with RI 
= R2 = 300k (20% tolerance), R3 = R4 
-= 1M (20% tolerance), C 1 = C2 = 680p 
(10% tolerance) of the same production 
batches. The frequency obtained is 
fairly stable (with only 33c4 variation 
when the supply voltage varies between 
3.3 V and 15 V) and its duty cycle is 
almost a perfect 1:1 over the whole 
permissible range of supply voltage. 
When the ratio R3/R1 = R4/R2 is high, 
the period of the circuit should have the 
value of 2.2R1C1; in my application it is 
about 400 ns. • 

HELP 
FIGHT 
THE 

SILENT 
HILLER 

Kidney disease is the silent killer in 
Australia today. It may be present 
without apparent symptoms — & 
hundreds of Australians die of it 
every year. 
But because people can't see their 
kidneys and don't know much about 
their functions, they miss the vital 
early warning signs. 
Our kidneys are, in fact, miraculous 
miniature laboratories containing 
one to two million filters that help 
control blood pressure & the 
important balance of salt & water in 
our bodies. Yet over 300,000 
people consult their doctors each 
year with kidney complaints. 
The Australian Kidney Foundation 
is the only voluntary gift-supported 
community health organisation 
solely concerned with fighting 
kidney disease, the silent killer. The 

Foundation provides research & 
education programmes to both the 
general public and the medical 
profession. As well as life-giving aid 
to thousands of ordinary 
Australians. 
We need urgent financial support to 
continue our work — and we need 
kidney donors. 
For more information, ring the 
number below. Any donation of $2 
or over is tax deductible and 
bequests, endowments and 
legacies are exempt from State & 
Federal Estate duties. 

Remember, as someone has so 
rightly pointed out - the life you 
could help to save could be your 
own. 

The Australian Kidney Foundation, 
1 York St., Sydney. Phone 27 1436 
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short circuits 

Exposure analyser for 
black and white prints 

This exposure analyser, coupled to a timer, simplifies 
making black and white prints. A light intensity reading is 
taken from the image, the 'time' control is adjusted to the 
balance point and lights two LEDs, the timer is started — 
and your enlarger is turned on for the correct time. 

THE REASON for building an exposure 
analyser such as this was to avoid 
making test strips for different negatives 
or for different degrees of enlargement. 
Commercially available analysers are 
often either fiddly to use or compara-
tively expensive. Some operate by 
adjusting the aperture of the enlarger 
and keeping a constant exposure time, 
which is less satisfactory than varying 
the exposure time as most enlarger 
lenses give better performance when 
stopped down from maximum aperture. 
There have also been several analyser 

circuits in electronics magazines, but I 
found these to be either too full of draft-
ing errors to be practicable or, in one 
( Ise, going into technical overkill — 
using 23 ICs, digital exposure readout 
to tenths of a second, and requiring an 
IC (CA3140) to perform better than its 
published specifications. So I decided to 
design and build my own exposure 
analyser. 

Circuit operation 
The circuit is in two parts, excluding the 
power supply: the light-measuring 
comparator has an LDR in one leg of a 
resistive bridge. 
As the LDR resistance can be up to 

20-30M, the voltage is buffered by a 
TL081 BiFET op-amp. Voltages from 
the bridge are applied to a window volt-
age comparator made from a dual 
BiFET IC. A small amount of hysteresis 

TIME ADJ. 

1M LOG. 

GANGED 

IN 

GNDDD 

OUT 

78L10 

NOTES: 
I. TL081, TL082 ARE BIFET OP-AMPS, VERY HIGH INPUT 
IMPEDANCE: 1On OHMS TYPICAL. 

2. BYPASS 78110 REGULATOR WITH CAPACITORS SHOWN 
MAKE SURE THEY'RE CLOSE TO THE IC. 

3. SET 1M LOG. (GANGED) POT TO 50% ROTATION: RESIST. 
ANCE SHOULD BE CLOSE TO 100k. WITH 21, CALIBRATE' POT 
NEAR MIDDLE, PICK CAPACITOR TO GIVE PULSE DURATION 
OF 10 SECONDS TRIMPOT HAS ADJUSTMENT RANGE OF 
+ 40%, - 20%. 

is provided by the 15M resistors. I didn't 
worry about using buffering on the 
other side of the bridge because of lower 
resistances. 

Peter Cox 

USE: 
I. SET TIME ADJUST POT TO 10 SECONDS. MAKE A PRINT 
THAT REQUIRES 10 SECONDS EXPOSURE, WITH LDR 
MEASURE MID-GREY OR HIGHLIGHTS (NOT BOTH) AND 
ADJUST PAPER SPEED POT FOR BRIDGE BALANCE: BOTH 
LEDS LIGHT, 

2. PUSH START BUTTON TO BEGIN TIMING CYCLE 

The bridge is fed from a 10 V voltage 
regulator, as otherwise the IC output 
voltages may be restricted, the inputs 
working within 0.75 V or so of the posi-
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tive rail. The time adjust pot, a 1M log 
unit, is ganged, and the other section 
determines the output duration of a 555 
monostable. A timer calibrate pot is 
included to simplify setting up the 
timer. 
The capacitor used in the 555 RC net-

work should be very low-leakage, but 
ordinary tag tantalums seem to give 
consistent timings despite leakage 
currents of 50 nA/uFV (maximum 
quoted on ITT tag data sheet). 

Parts 
BiFET op-amps are freely available — 
singles, duals or quads; the TL084 quad 
costs $3 or less. The LDR is made in 
Japan by Moririca, and is sold by 
Plessey Professional Components of 
Villawood NSW, costing $1 each in 
small quantities ( when I bought some a 
while ago). There are many Moririca 
types available, so others may be more 
suitable than the ones 1 used; I bought 
the LDRs originally for use in an 
AGC amplifier, as an LDR-LED gain 
reduction element. • 

4k7 

TIMER 

240 Vac 

A 

N 

ENLARGER 
LAMP 

200 mA 
RELAY 

NOT 20 PROJECTS 
NOT 25 PROJECTS 
NOT EVEN 35 PROJECTS ... BUT. 
50 PROJECTS! ... WOW! 

ND 

The great, grand, gi-normous 

HOBBY ELECTRONICS PROJECT BOOK 
is here at last! This book must have just about something for everyone. 
Something for the dabbler or dab hand, for newcomer or old timer. Contemplate 
it — 50 projects in six categories: Radio & Communications, Music & Audio, 
Games and Hobbies, Test Gear, Measurement, Miscellaneous, PLUS: Construc-
tion Techniques and a Reference section! Amazing — 50 projects and 15 
articles, a veritable hobbyist's ' bible'. The articles cover project construction, the 
art of soldering, making printed circuits, capacitors, how to read capacitor 
codes, diodes, transistors, inductors, transformers, reading circuit diagrams, 
component numbering and where to buy components. Printed circuit board 
patterns are given and all the component pinouts you need to know about. 

THAT'S RIGHT! $4.95 
This must be the best value ever in an electronics book. Rush out now and get your copy before 
they all go — which they're bound to! On sale at newsagents and selected electronic suppliers. 
Or, you can obtain a copy by mail order from ETI Book Sales, 15 Boundary St, Rushcutters Bay 
NSW 2011 by sending $4.95 plus $ 1.10 post and handling. 
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Design your own digital 

test equipment 
An extensive range of test equipment may be designed 
and constructed using the information given here. 

T
he following sections should give you enough infor-
mation to go ahead and design your own digital 
multimeter, customised to give exactly the ranges and 

features you find most useful. We also look at techniques 
for measuring temperature and dealing with very small 
signals. 

Dedicated DVMs 
Intersil make a pair of DVM chips ( Fig. 1, Fig. 2) that 

make life very easy if you want to measure and display a 
voltage. These chips are the ICL7106 and the 7107 and 
they seem to have become an industry standard. The first 
device is an LCD version and the whole lot consumes a 
mere 1 mA when running; it can run from a single 9 V 

INTERSIL 
7106 

o 

40 

--A/Vi\A-0P"  

P 

160 246 
THIS POT 
ADJUSTS THE 
SCALE 
FACTOR 

  + 
T.10n o  IN 

10 

9V 

21 

Fig. 1 The Intersil ICL7106 with liquid crystal display. 

216 battery. The second device uses an LED display. The 
display may consume up to 100 mA, making battery 
operation a problem. Several companies make modules 
that contain both the DVM chip and a display. All you 
need to do is power it up and send it a voltage. It is, in fact, 
an instant' DVM module — no talent required. 

Tim Orr 

The Intersil chips have a differential input with an in-
put current of only 10 pA maximum, 1 pA typical. The 
devices have an auto zero facility so that they automatical-
ly cancel out any offset voltages at the input. The input 
sensitivity is 200 mV, but by connecting various amplifers, 
attenuators, RMS and dB converters and filters to the DVM 
chip a wide range of signal measurements can be 
performed. 

Measuring Voltage . . . 

Figure 2 shows the standard 1 megohm input im-
pedance decade attenuator that is used in most digital 
multimeters. The very high input impedance of the 7106/7 

grinn 
—111.1 

401  
1001, 

11 100p 

INTERSIL 
7107 

0 20k 

10n 

u 220n 

Fig. 2 The Intersil ICL7107 with LED display. 

.5V 

IN 

 O 

 0 5V 

produces negligble loading of the attenuator network. 
Figure 4 shows a standard four decade DC voltmeter cir-
cuit. If voltages below 200 mV are to be investigated then 
a preamplifier with low offset and drift characteristics is 
needed. The resistors used in the attentuator are standard 
E96 values and can be obtained with a 0.5% tolerance. 
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INPUT 

ATTENUATION 

OdB 

1 k 0 

ALL RESISTORS ARE 

STANDARD E% 

lOR VALUES 

Fig. 3 A 20 dB step attenuator. 

}OUTPUT 

TO AVOID LOADING ERRORS. 
USE A VERY HIGH INPUT 

IMPEDANCE VOLTAGE 
FOLLOWER AFTER THE 
ATTENUATOR 

. . . Current . . . 
Figure 5 is a current meter circuit; the current is 

made to pass through shunt resistors. This sets up a DC 
voltage (no more than 200 mV) which is measured by the 

RANGE SELECTOR 

(SET INPUT 

SENSITIVITY) 

200mV 

V IN 

RIN "AR 

909k 

0.6% 

TV 

90k9 

0.6% 

20V 

9609 

0 5% 

200V 

lkO 

0.5% 

lOR 

0.5% 

10,1 

INTERSIL 7106 

DVM CHIP 

AND DISPLAY 

FSD 

Fig. 4 A decade 31 digit digital voltmeter. 

DC OPERATION 

DVM chip. The input is protected by a diode bridge that 
pops the fuse when the input voltage exceeds 1V8 (three 
diode voltages) and the current exceeds 3 A. If you could 
pass unlimited current through the resistor network then 
you would probably end up with a fire! 

. . . And Ohms 
Figure 6 is an ohmmeter circuit. The 741 op-amp 

generates a precision and stable — 1V2 DC reference 
voltage which causes a fixed current to flow into the vir-

CURRENT RANGE 

SELECTOR SWITCH 

(SET FSO) 

3 AMP 
FUSE 

INPUT + 

5 AMP 

DIODES 

INPUT 

200uA 

tuai earth input of the LF355; the current will be 10 mA us-
ing the 120 ohm resistor, 1 mA using the 1k2 resistor and 
so on. This fixed current also flows through the test resistor 
which is the feedback route for the LF355 and in doing so 
sets up a voltage that in linearly proportional to the value 
of the test resistor. At 'full-scale-deflection' the output of 

-I2V 

-1V2 

ITOR• 

1V2 
BAND Gel 

vCC 
•MATCHEO SET 60 SIL 

PUT TEST 
RESISTOR HERE 

r 

ADJUST FOR 
ZERO WITH R • 0 OHMS 

Fig. 6 A five decade ohmmeter. 

1. t200/./V 
OVM CHIP 

1 AND DISPLAY / 

41/7 

SET SCALE 
FACTOR 

221. RANGES 

OFFSET A • 0 TO TOOR 
ADJUST 9 • 0 TO 21/0 

C • 0 TO 20k 
0 • 0 TO 200k 
E • 0 TO 2M0 

the LF355 is 2 V which is attenuated to 200 mV; this 
voltage is then fed to the DVM chip. The LF355 is a JFET 
op-amp which has a small input current and offset voltage 
and low temperature drift characteristics. Even so it is bet-

INPUT 
VOLTAGE 

PROTECTION 

?, WAVE 
PRECISION 
RECTIFIER 

MAX 
200656M5AMP 1GAIN s/111 

FROM INPUT 
ATTENUATOR 
(NEEDS A OC 
PATH TO 
GROUND/ 

1001. 

6 • 1N4001 

100n 

FILTER 

3v1 OC /PAK 

CALIBRATE 
22 Vpm s MAX AC RANGES 

162314.0 

Fig. 7 An AC voltage and current converter. This is only 
accurate for sine waves. 

1506 

TO OVM 
INPUT 

AD5901H 
INTERSIL 

ADS90 

66°C TO F150°C 

.5V OUTPUT 

CURRENT 

uA 

023 

TO 298.2 

OVM 

lmV/°k 218 

10 

SET 

1V2 0°C 

BANDGAP 

REFERENCE 

+0V248 

Fig. 8 Reading degrees Kelvin (top) and Centrigrade 
Fig. 5 A five decade DC current meter. (bottom). 
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ter to run the output at 2 V and then attenuate it to 200 V, 
because this also attenuates any residual offsets and other 
errors. 

Figure 7 shows a simple AC converter circuit that is a 
cheaper alternative to the RMS to DC converter published 
last month. It can be used to measure V RMS and I RMS for a 
sine wave input. The circuit is a high impedance buf-
fer/amplifier with a half-wave precision rectifier and 
smoothing circuit. 

Measuring Temperature 
Intersil makes a device called the AD5901H which 

converts temperature into current; the device generates an 
output current of luA per degree Kelvin. Absolute zero in 
degrees Kelvin is — 273.2°C and so 0°C = 273.2°K. If this 
temperature-dependent current is dumped into a 1k0 
resistor then the voltage across the resistor will increase by 
1 mV per degree K (or C) — see Fig. 8. The operating 
range ot the device is — 55°C to + 150°C which will 
generate a voltage change of 205 mV across the 1k0 
resistor. This can easily be displayed on the + 200 mV 
range of the DVM chip. The sensor plus the DVM and 
display make a very simple and compact battery operated 
digital thermometer. 

Amplifying Small Signals 
Often you need to amplify very small DC voltages. 

The output from strain gauges or thermocouples is very 
small, often below 1 mV. This would hardly cause any 

DEVICE 

NE5534 
(SIGNETICS) 

RC4136 
(RAYTHEON) 

RC4739 
(RAYTHEON) 

RC4558 
(RAYTHEON) 

TL081 
(TEXAS) 

741 
(VARIOUS 
MANUFACTURERS) 

TABLE 1 
E IN uV RMS 
(AVERAGE OF 

SEVERAL SAMPLES) 

0.59 

0.87 

1.00 

1.05 

1.72 

NOISE LEVEL 
RELATIVE TO 
NE5534 IN 

clBs 

O 

+3.4 

+4.6 

+5.0 

+8.7 

+9.3 

DEVICE LM363 ICL7650 
MANUFACTURER NAT. SEMI INTERSIL 

I g 

Vos(uV) 

%sit (UV/°C) 

NOISE (V.) 
(nV/N/Hz) 

2 nA 

30 

2 

12 

10 pA 

1 

0.05 

2 u Vpp 

LONG TERM - 100 nV/month 
DRIFT 

COMMENTS Av - 100 Chopper 
stabilised 
op-amp 

movement in a 200 mV DVM chip. However, an amplifier 
that will operate in the sub-millivolt area is quite difficult to 
make with any accuracy. For example, a 741 op-amp 
might have an input offset of 2mV (Table 2). this error is 
actually bigger than the voltage we are measuring! 

There are four main sources of error. 113, the input bias 
current, has to flow through R1 and R2 and in doing so 
upsets the gain equation. Note that 1,3_ is not exactly the 
same value as Vos is the input offset voltage which 
represents a DC input imbalance. This also upsets the gain 
equation. Furthermore, Vos has a temperature coefficient 
VosTC which is the maximum change in Vos per degree C. 
So the amplifier will drift with temperature. V„ is the input 
noise voltage, which is multiplied by the fixed gain on the 
amplifier. If the noise is similar in amplitude to the input 
voltage then you are going to get noisy readings. Finally, 
the input offset voltage drifts with time — it ages! Very few 
manufacturers provide information regarding this 
parameter. 

The selection chart (Table 2) shows a range of in 
strumentation and ordinary op-amp error parameters. The 
way to overcome these errors is to use a suitable op-amp 
rather than to use a low performance part and to try and 
cancel out all the drifts and offsets. The details given in the 
chart only show some of the many parameters that 
manufacturers specify. Devices are often graded into 
several performance categories, so if you want to design 
high quality amplifiers then refer to the manufacturers' 
detailed data. • 

R2 

V IN 

R1 

DC VOLTAGE 

AMPLIFIER 

V OUT 

VOUT = ( VIN x FTi) + ERRORS 
R1 

Fig. 9 Choosing a precision op-amp. Table 1 (left) gives some 
typical noise results, Table 2 (below) shows typical values for 
the errors shown in the above diagram. 

TABLE 2 
LF355 

NAT. SEMI 

30 pA 

2000 

5 

20 

JFET 
op-amp 

TL081 
TEXAS 

5 pA 

5000 

20 

20 

JFET 
op-amp 

• 

741 

80 nA 

2000 

2 

14 

Bip Aar 
op-amp 

725 

42 nA 

500 

0.6 

9 

OP-27A/E 
PMI 

10 nA 

10 

0.2 

3 

- 200 nV/month 

Instrumentation Ultra-low 
op-amp noise 

precision 
op-amp 
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Tech tips 

240 V To 120 V Converter For Resistive Loads 

M. Greenfield 

A friend visiting the USA has brought 
back with him a percolator and an 
electric stewing pan, both for 110 V 
operation, rated at 600 W and 
1.2 kW respectively. He was under 
the impression that a small 
transformer would do but this, of 
course, was not practical and the 
solution had to be electronic. 

Since the power in the load is 
V2/R it will have quadrupled with 
respect to the American wattage. 
Thus the control circuit is required to 
produce one half-cycle in every two 
mains cycles, using a thyristor. 
Switching at the zero-crossing point 
of the mains cycle eliminates the 

L 0 

240V AC 
MAINS NO  
INPUT 

E 
i500mA 

QUICK 
BLOW 

need for RFI suppression. 
The circuit consists of a 12 V 

50 Hz square wave shaper, this being 
a BC337 transistor followed by one 
flip-flop within a 4013 CMOS IC. The 
signal is then divided by two, using 
the other flip-flop of the IC, 
producing a 25 Hz square wave 
which is further buffered by a 
2N5305 Darlington transistor. The 
latter drives the thyristor, a BT152. 
Note the two MO and two 10k 
resistors in series; this combination 
overcomes the resistor voltage rating 
limitation. 

N 

r — 
11 1N4007 

5  

Power to the logic circuit is 
provided by means of a diode pump. 
The 220n pump series capacitor is 
effectively connected across the 
mains and it should have a 
corresponding voltage rating (250 V 
AC suppression capacitor). 

The circuit was tried with 
resistive loads of up to 1.5 kW. A 
further application would be to 
control resistive loads rated for 240 V 
AC operation (eg a 1 kW bar heater) 
to full, half or quarter power. This can 
be done using the additions shown in 
dotted lines. 

220n 

8e1  
1044002 

12V 

400mV 
TENER 

Ii 
IN 4002 

8 7 

10k 

OUTPUT 
TO LOAD 

3 

4 

/54013B 

IMO 

1N400/ «.> 

2Nb30', 

INPUT 

TUNING 
...FLANGE. 

RESPONSE 

NOTCH 1 
FREQUENCY = 2-RC : 50 100 

. .  
40Hz 125Hz 

FREQUENCY 

Notch filter 
An audio notch filter has many and 
varied applications. This circuit will 
provide a very deep' high attenuation) 
notch in the input-to-output response at 
a frequency set by the value of the 
ganged-pot sections. With the circuit 
values shown, it is tuneable over a range 
from about 40 Hz to 125 Hz. Varying the 
value of C will shift the range up or 
down the audio spectrum. If you use 
internally compensated op-amps then 
no extra frequency compensation will 
be required. Types such as the NE553-1 
IN or AN) or TL071 are suitable, or 
multi-op-amp packs such as the LIV1324 
or T1,07-1 may be employed. Note that C 
should be a good-quality film or poly-
carbonate capacitor. 
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ETI BOOK SALES 
Save time and trouble with mail order. Just fill 
out the coupon on page 9Z 

electronics 
textbooks 

ELECTRONICS - IT'S EASY VOL. 1 $5.95 
Meters. resistance, capacitance and inductance, emitter 
followers. op amps. power supplies and electronic filters. 

ELECTRONICS - ITS EASY VOL. 1 $12.95 
Same content in a hard-cover form. 

ELECTRONICS - irs EASY VOL. 2 S5.95 
Digital sub-systems counters and shift registers. A-D and 
D-À conversion. digital instruments and test equipment. 
computers, transmission inks and oscilloscopes. 

ELECTRONICS - IT'S EASY VOL. 2 $12.95 
Same content in a hard-cover form 

ELEMENTS OF ELECTRONICS 
'This series is an introduction to modern electronics. All the 
maths is taught as the reader progresses. The course 
concentrates on the understanding of concepts central to 
electronics, rather than digressing over the whole field 
The author anticipates where difficulties lie and guides the 
reader tnrough them. 

BOOK 1 
BP62 $7.52 
AH fundamental theory necessary to full understanding of 

pie electronic circuits and components. 

BOOK 2 
BP63 $7.52 
AU -mating current theory. 

BOOK 3 
BP64 $7.52 
-, ,,,,,,conductors technology leading to transistors and ICs. 

BOOK 4 
BP77 $9.76 
Microprocessing systems and circuits. 

BOOK 5 
BP89 $9.76 
Communications 

ESSENTIAL THEORY FOR THE ELECTRONICS HOBBYIST 
2288 $4.32 
This book supplies the electronics hobbyist with the back-
ground knowledge which will exactly suit their specific 
requirements Minimum maths 

BEGINNER'S GUIDE TO DIGITAL ELECTRONICS 
BP61 $3.36 
Covers Ell essential areas including number systems. 
codes, constructional and sequential logic. analogue/ 
digital/analogue conversion 

A MICROPROCESSOR PRIMER 
BP72 $5.92 
Learning about microprocessors is easy with this book, 
written in a style that is easy to follow. The shortcomings of 
this basic machine are discussed and the reader is shown 
how these are overcome by changes to the instruction set. 
Relative addressing, index registers follow as logical 
progressions. vn 

reference 
and data handbooks 

AUDIO CYCLOPEDIA 
20675P $66.00 
A complete, in-depth look at the art of audio - from the 
basic principles of sound to solid-state and integrated 
circuits Over 3000 entrees and hundreds of illustrations 
and circuit diagrams cover acoustics, amplifiers, record-
ing, reproduction, test equipment, audio measurements. 
and much more 

REFERENCE DATA FOR RADIO ENGINEERS 
21218P $21.95 
The largest and most comprehensive collection of 
equations, graphs, tables, and other reference data 
needed in general radio engineering and design Contains 
hundreds of charts. monographs. diagrams. curves, tables 
and illustrations 

TUBE SUBSTITUTION HANDBOOK 
21746P $8.75 
Complete, accurate. up-to-date guide to direct substitutes 
for receiving and picture tubes. Contains over 6000 
receiving tube substitutes, over 4000 monochrome and 
colour picture tube substitutes, and 600 communications 
substitutes. Also includes pinouts for quick operational 
checks. 

CONTEMPORARY MATHEMATICS FOR ELECTRONICS 
70274P $29.75 
This book is split into three sections Direct current maths 
introduces the student to the calculator, fractions and 
dimensional analysis. Alternating current maths covers 
phasors. quadratics and RMS in both sine and digital 
waveforms. Active device maths introdJces number 
systems and boolean 

AUSTRALIAN MICROCOMPUTER HANDBOOK 
72505 NOW $15.00 
Normally 625.00 A detailed buyer's guide to micro-
computer systems and application packages in commercial. 
industrial, scientific, educational and home/nobby areas 

TRANSISTOR SUBSTITUTION HANDBOOK 
21515P $8.75 
17th edition - Accurate transistor substitution in a matter 
of seconds with this replacement listing of over 19 000 
American and foreign bipolar transistors 

THE CP/M HANDBOOK WITH MP/M 
88048A $19.95 
Shows you how to use CP/M (control program for 
microprocessors) and its resources. No prior knowledge 
of computers is assumed CP/M is available on nearly all 
computers using the 8080, 8085 or 280 microprocessors 

HANDBOOK OF ICS EQUIVALENTS AND SUBSTITUTES 
20213 $5.76 
Contains full interchangeability data on more than 
9500 ICs with possible alternatives and equivalents 
shown Covers many types of digital and linear ICs. 

HANDBOOK OF RADIO. TV. INDUSTRIAL 
TRANSMITTING TUBE & VALVE EQUIVALENTS 
BP2 $2.25 
Equivalents book for amateurs and servicemen More than 
18 000 old and new valves from UK. USA, Europe. Japan 
et al CV (military) listings with commercial equivalents 
included. 

RADIO AND ELECTRONIC COLOUR CODES 
AND DATA CHART 
BP] 61.60 
This large wall chart covers all colour codes in use 
throughout the world. For all radio and electronic com-
ponents made in UK. USA, Europe and Japan 

FIRST BOOK OF TRANSISTOR EQUIVALENTS 
AND SUBSTITUTES 
BP1 $3.36 
This guide covers many thousands of transistors showing 
possible alternatives and equivalents. Covers transistors 
made in UK, Japan. USA. Germany, France, Europe, 
Hong Kong and includes types produced by more than 
120 different manufacturers 

SECOND BOOK OF TRANSISTOR EQUIVALENTS 
AND SUBSTITUTES 
BP14 $5.92 
Interchangeability data covers semiconductors 
manufactured all over the world Immediate equivalents 
are shown and possible substitutes are included 

GIANT CHART - RADIO. ELECTRONICS, 
SEMI-CONDUCTORS & LOGIC SYMBOLS 
BP27 51.92 
Identify those symbols at a glance A must for beginners 
and advanced enthusiasts alike. Professionals can always 
hide it in their desks! 

RESISTOR SELECTION HANDBOOK 
BP26 S2.24 
Shows how to combine two preferred values of resistor to 
obtain virtually any required value of resistance. Inc udes 
information about fixed resistors, standard ranges. colour 
codes and markings, power ratings and resistor calculations 

ELECTRONIC CALCULATOR USERS HANDBOOK 
BP33 $5.12 
Presents formulae, data, methods of calculation, con-
version factors, etc. for use with the simplest or most 
sophisticated calculators. Includes the way to calcJlate 
using only a simple four-function calculator: trigonometric 
functions, hyperbolic functions, logarithms, square roots 
and powers 

DIGITAL IC EQUIVALENTS AND PIN CONNECTIONS 
BP40 $12.32 
Revised edition showing Japanese. American and 
European equivalents Also shows pin connections of a 
popular user-orientated selection of digital ICs 

LINEAR EQUIVALENTS AND PIN CONNECTIONS 
BP41 $9.12 
Shows equivalents and pin connections of a selection of 
popular linear ICs, with details of families. functions 
country of origin and manufacture. Includes devices from 
Analog Devices, Advance Micro Devices. Fairchild 
Harris, ITT, Motorola, Philips, RCA, Raytheon, Signetics. 
Sescocrem, SGS-ATES, Siemens. AEG-Telefunken. 
Teledyne. Texas Instruments 

PRACTICAL ELECTRONIC CALCULATIONS 
& FORMULAE 
BP53 $9.76 
For the practical person s workbench Bridges gap 
between technical theory and cut-and-dried methods 
which work but leave the experimenter unfulfilled. There's 
a strong practical bias. Tedious and higher maths avoided 
where possible. 

INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE 
BP85 $9.76 
Companion to BP I and BP14 equivalents books, but co, 
tains a huge amount of information on modern transistors 
produced by over 100 manufacturers. Wherever possible 
equivalents are subdivided into European, American 
and Japanese types Also shown are the material type. 
polarity, manufacturer and indication of use or application, 

HOW TO IDENTIFY UNMARKED ICS 
BP101 $2.46 
This chart shows the reader how, with lust a test-meter 
to go about recording the particular 'signature' of an 
unmarked IC which should enable the IC to be identified 
with reference to manufacturers or other data 
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electronics 
for beginners 

BEGINNERS HANDBOOK OF IC PROJECTS 
74286P $19.25 
The novice is guided in mastering the fundamentals of 
building, troubleshooting and testing electronic projects 
In addition to many elementary projects, more advanced 
ones are included concerning bipolar integrated circuits 
and medium and large-scale integrated circuits. 

HI-FI LOUDSPEAKER ENCLOSURES 
205B $3.36 
Data for building corner reflex, bass reflex, exponential 
horn, folded horn, tuned port, Klipschorn labyrinth, tuned 
column, loaded port and multi speaker panoramics. Clear 
dimensioned diagrams included. 

SOLID STATE NOVELTY PROJECTS 
2196 $3.04 
A number of novelty projects using modern ICs and tran-
sistors. Includes Optomin' - a musical instrument played 
by reflecting a light beam with your hand, water warbler for 
pot plants, music tone generator. LEDs and ladders game. 
touch switch, electronic roulette wheel, etc. 

SOLID STATE SHORTWAVE RECEIVERS 
FOR BEGINNERS 
2226 $4.32 
Design and construction of several solid-state shortwave 
receivers giving high level of performance yet utilising 
relatively few inexpensive components. 

BEGINNERS' GUIDE TO BUILDING 
ELECTRONIC PROJECTS 
227B $5.12 
Enables total beginners to tackle electronic projects 
Includes component identificatton, tools, soldering, build-
ing methods, cases, legends, etc, etc. Practical basic 
projects are included. 

ESSENTIAL THEORY FOR THE ELECTRONICS 
HOBBYIST 
228B $4.32 
This book supplies the electronics hobbyist with the back-
ground knowledge which will exactly suit their specific 
requirements. Minimum maths. 

RADIO AND ELECTRONIC COLOUR CODES 
AND DATA CHART 
BP7 $1.60 
This large wall chart covers all colour codes in use 
throughout the world. For all radio and electronic 
components made in UK, USA, Europe and Japan. 

FIRST BOOK OF PRACTICAL ELECTRONIC PROJECTS 
BP23 $2.72 
Full constructional data, circuits, components lists for 
many practical projects including audio distortion meter. 
superFET receiver, guitar amp, metronome, etc. 

RESISTOR SELECTION HANDBOOK 
BP28 $2.24 
Shows how to combine two preferred values of resistor 
to obtain virtually any required value of resistance. 
Includes information about fixed resistors, standard 
ranges, colour codes and markings, power ratings and 
resistor calculations. 

HOW TO BUILD YOUR OWN METAL AND 
TREASURE LOCATORS 
BP32 $5.92 
Electronic and practical details on the simple and 
inexpensive construction of heterodyne metal locators. 

ELECTRONIC PROJECTS FOR BEGINNERS 
BP48 $4.64 
This book gives the newcomer to electronics a wide range 
of easily built projects. Actual components and wiring 
layouts aid the beginner. Some of the projects may be built 
without using soldering techniques. 

POPULAR ELECTRONIC PROJECTS 
BP49 $4.96 
A collection of the most popular types of circuits and 
projects to interest most electronics constructors. The 
projects cover a wide range and are divided into four basic 
types: radio, audio, household and test equipment. 

BEGINNERS GUIDE TO DIGITAL ELECTRONICS 
BP61 $3.36 
Covers all essential areas including number systems. 
codes, constructional and sequential logic, analogue/ 
digital/analogue conversion. 

ELECTRONIC GAMES 
BP69 $5.92 
How to build many interesting electronic games using 
modern ICs. Covers both simple and complex circuits for 
beginner and advanced builder alike. 

RADIO CONTROL FOR BEGINNERS 
BP79 $5.92 
How complete systems work with constructional details of 
solid state transmitters and receivers. Also included - 
antennas, field strength meter, crystal controlled superhet, 
electro-mechanical controls. Section dealing with 
licensing etc not applicable to Australia. 

EASY ELECTRONICS-CRYSTAL SET CONSTRUCTION 
BP92 $6.56 
For those who wish to participate in the intricacies of 
electronics more through practical construction than by 
theoretical study. The circuits are based on those from 
earlier publications but have been modified to use modern 
inexpensive components and home wound coils. 

IC PROJECTS FOR BEGINNERS 
BP97 $6.56 
Especially written for the less experienced hobbyist, and 
offers a range of fairly simple projects based around 
a number of popular and inexpensive linear and digital 
ICs. Complete layout and point-to-point wiring diagrams 
included. 

ELECTRONICS - IT'S EASY VOL. 1 $5.95 
Meters. resistance. capacitance and inductance, emitter 
followers. op amps, power supplies and electronic filters. 

ELECTRONICS- ITS EASY VOL. 1 $12.95 
Same content in a hard-cover form. 

ELECTRONICS - ITS EASY VOL. 2 $5.95 
Digital sub-systems counters and shift registers, A-D and 
D-A conversion, digital instruments and test equipment. 
computers, transmission links and oscilloscopes. 

ELECTRONICS - IT'S EASY VOL. 2 $12.95 
Same content in a hard-cover form 

SIMPLE PROJECTS FROM ETI $2.95 
Two volumes containing easy projects plus chapters 
on construction techniques and useful information on 
components. 

HOBBY ELECTRONICS PROJECT BOOK $4.95 
Filly projects ranging from very simple ones for complete 
beginners to more elaborate ones for those with more 
experience. There's a complete guide to soldering and 
instructions on how to make your own pc boards. 

HOW TO BUILD ELECTRONIC GAMES $3.95 
Alien invaders, electronic die, sound effects, two slot car 
controllers, electronic poker machine, the family ferry and 
lots more 

HOW TO BUILD GOLD AND TREASURE 
DETECTORS $3.95 
Tells you how metal detectors work and how to construct 
the different types of detectors: discriminating. BF°, 
induction balance and a professional deep-seeking unit. 
How to build a geiger counter. 

constructional projects 
general 

DESIGN OF TRANSISTOR CIRCUITS, 
WITH EXPERIMENTS 
21626P $20.75 
A self-teaching course in transistor circuits - seven 
chapters explore the fundamentals of active semi-
conductors and their operating principles and procedures 
Experiments in design and semiconductor testing provide 
hands-on experience. 

UNIQUE ELECTRONIC WEATHER PROJECTS 
21484P $13.25 
Fun and easy-to-build projects include an IC barometer to 
serve as a tornado warning and a 'thermostat with a brain 
to help conserve energy. 

BUILD YOUR OWN HI-FI & AUDIO ACCESSORIES 
220B $3.04 
Essential for keen hi-fi and audio enthusiasts. Projects 
include stereo decoder, three-channel mixer, FET preamp 
for ceramic pick-ups, mic preamp with adj. bass, stereo 
dynamic noise limiter, loudspeaker protector, voice-
operated relay, etc. 

28 TESTED TRANSISTOR PROJECTS 
2216 $4.32 
Some circuits are new, others are familiar designs. 
Projects can be split and/or combined for specialised 
needs. 

50 CMOS PROJECTS 
2248 $4.64 
Many interesting and useful projects - multivibrators, 
amplifiers and oscillators; trigger devices: special devices. 

!!!!!!! 

• 

MAJOR SOLID STATE AUDIO HI-FI PROJECTS 
BP29 $3.04 
Three projects for the more experienced constructor: 
12.5 W/ch stereo amplifier, eight input stereo/mono mixer 
and 4x14 W quadraphonic amplifier. Full constructional 
details provided. 

HOW TO BUILD YOUR OWN METAL AND 
TREASURE LOCATORS 
BP32 $5.92 
Electronic and practical details on the simple and 
inexpensive construction of heterodyne metal locators. 

HOW TO MAKE WALKIE-TALKIES 
BP43 $5.12 
This treatise on low power transmitter-receivers (walkie-
talkies) covers many aspects from licensing requirements 
and bands. through practical circuitry and construction to 
the various types of aerials that may be used. 

PROJECTS IN OPTO-ELECTRONICS 
BP45 $5.92 
Included are simple circuits using ordinary LEDs as well as 
more sophisticated designs such as infra red transmitters 
and detectors, modulated light transmission and also 
photographic projects etc. 

RADIO CIRCUITS USING ICS 
BP46 $4.64 
This book describes ICs and how they can be employed in 
receivers for the reception of either amplitude or frequency 
modulated signals. Also discussed are stereo decoder 
circuits, quadrophonic circuits and voltage regulator 
devices. 

POPULAR ELECTRONIC PROJECTS 
BP49 $4.96 
Includes a collection of the most popular types of circuits 
and projects which cover radio, audio. household projects 
and test equipment. 

HOW TO BUILD YOUR OWN SOLID-STATE 
OSCILLOSCOPE 
BP57 $5.12 

il Project divided into sections for builder individually to 
construct and test - then assemble into complete 
instrument. Includes short section on scope usage. 

SINGLE IC PROJECTS 
BP65 $5.12 
Simple to build projects based on a single IC. A few 
projects use one or two transistors as well. A strip board 
layout is given for each project plus special constructional 
and setting up info. Contents include low level audio 
circuits, audio power amps, timers, op-amps and 
miscellaneous circuits 

ELECTRONIC GAMES 

BP69 A number of interesting electronic games projects using 
Er ICs for both the beginner and advanced enthusiast. 

ELECTRONIC HOUSEHOLD PROJECTS 

BPoll $59 guseful and popular projects for use around the home 
Includes two-tone buzze, intercom. smoke and gas 
Most s 

detectors, baby alarm, freezer alarm etc. etc. 

REMOTE CONTROL PROJECTS 
BP73 $6.56 
Covers radio, infra- red, visible light, ultrasonic controls. 
Full explanations are provided so that the reader can 
adapt the projects for domestic and industrial as well as 
model use. 

POWER SUPPLY PROJECTS 

BP76 This book gives a number of power supply designs, 
including simple unstabdised types, fixed voltage regulated 
types and variable voltage stabilised designs. The designs 
are all low voltage types for semiconductor circuits. 

POPULAR ELECTRONIC CIRCUITS -  BOOK 1 
BP80 $6.56 
Yet more circuits from Mr Penfold! Includes audio, radio, 
test gear, music projects household projects and many 
more. An extremely useful book for all hobbyists, offering 
remarkable value for the designs d contains 

ELECTRONIC PROJECTS USING SOLAR CELLS 
BP82 $6.56 
Includes a number of projects that benefit from solar powwer.5e6r 
and obviate the problems encountered with batteries. 
such as weight and bulk, frequency of replacement, and 
failure when batteries are exhausted. 

DIGITAL IC PROJECTS 
BP84 56 
Companion to No. 225 Practical Introduction to Digit$a6II.Cs 
and BP61 Beginner's Guide to Digital Electronics. The 
projects included in this book range from simple to more 
advanced projects - some board layouts and wiring 
diagrams are included. 

AUDIO PROJECTS 
BP90 $6 
Covers a wide range of audio projects including pre-
amplilers and mixers, power amplifiers, tone controls and 
matching etc. A number of board layouts and wiring 
diagrams are included. 
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LOOK 1 More books! 
ELECTRONIC TIMER PROJECTS 
BP93 $6.56 
These may have a high degree of accuracy with quartz 
control or they may be quite simple designs. using only a 
few components. A number of specialist timer projects 
are car windscreen wiper delay unit, darkroom timer. 
metronome etc 

ELECTRONIC PROJECTS FOR CARS AND BOATS 
BP94 S6.56 
Fifteen fairly simple projects designed for use with 12 V 
electrical systems but in some cases can also be 
employed with 6 V and/or positive earth systems as well. 

MODEL RAILWAY PROJECTS 
BP95 $6.56 
Projects include such things as controllers, signals and 
sound effects units Construction stnpboard layouts are 
provided for each project 

CB PROJECTS 
BP96 $6.56 
A number of useful designs include a speech processor, 
interference filters and a simple CB radio receiver. Strip-
board layouts. wiring diagrams and notes on construction 
are provided. 

POPULAR ELECTRONICS CIRCUITS - BOOK 2 
BP98 57.52 
A companion for BP80, this book provides a wide range of 
designs for electronics enthusiasts who are capable of 
producing working projects from just a circuit diagram 
without the aid of detailed constructional information. 

MINI-MATRIX BOARD PROJECTS 
BP99 $6.56 
This book provides a selection of 20 useful circuits which 
can all be built on a mini-matrix board which is just 24 holes 
by 10 copper strips in size. Simple and easy for those with 
not much experience in electronics 

MULTI-CIRCUIT BOARD PROJECTS 
BP103 $6.56 
All circuits are based on one specially designed pc board. 
Recommended to the less experienced hobbyist 

ELECTRONIC SCIENCE PROJECTS 
BP104 $7.52 
These projects range in complexity from a simple colour 
temperature meter to an infra-red laser. There is an 
electronic clock regulated by a resonating spring and an 
oscilloscope with a solid-state display. How to build them 
and use them is fully explained. 

AERIAL PROJECTS 
BP105 $6.56 
Practical aerial designs including active, loop and made 
which are relatively simple and inexpensive to build. The 
complex theory and mathematics of aerial design have 
been avoided. 

MODERN OP-AMP CIRCUITS 
BP106 56.56 
A collection of widely varying circuits and projects based 
on the op-amp ICs. 

HOW TO GET YOUR ELECTRONIC PROJECTS WORKING 
BP110 $6.56 
Helps you to overcome the problems of a circuit that 
doesn't work by indicating how and where to start looking 
for many of the common faults that can occur when 
building up a project. 

circuit techniques 
and design 

TTL COOKBOOK 
21035P $17.50 
A complete look at TTL logic circuits - what TTL is. how it 
works, and how to use it. Many kinds of practical TTL are 
included, such as digital counters. electronic stopwatches. 
digital voltmeters, etc. 

ACTIVE-FILTER COOKBOOK 
21168P' $21.95 
Learn how to construct filters of all kinds - highpass, 
lowpass, bandpass. The book is easy to understand - no 
advanced maths or obscure theory is used. 

ELECTRONIC CIRCUITBOOK 1: 
PROJECT CONSTRUCTION 
21241P $7.50 
Your basic guide to project construction, covering 
component identification, power supplies, proper tool 
selection, troubleshooting techniques. oscilloscope use. 
custom-made enclosures, and more 

CMOS COOKBOOK 
21398P $19.25 
This book explains CMOS technology and is application 
to ' real world . circuitry. A mini-catalogue is included, which 
lists over 100 devices, giving their pinouts and application 
notes 

IC TIMER COOKBOOK 
21416P S15.95 
Gives you a look at the hundreds of ways IC timers are 
used in electronic instrumentation 

IC CONVERTER COOKBOOK 
21527P S20.75 
Written for the practising engineer, technician, hobbyist or 
student, this book will be an invaluable working guide to 
the understanding and use of IC analogue/digital and 
digital analogue converters 

DESIGN OF OP-AMP CIRCUITS, WITH EXPERIMENTS 
21537P $16.50 
The design of the fundamental circuits that are the basic 
building blocks of more sophisticated systems. A series of 
35 experiments illustrates the design and operation of 
linear amps. differentiators and integrators. voltage and 
current conveners, active filters, and lots more. 

555 TIMER APPLICATIONS SOURCE BOOK, 
WITH EXPERIMENTS 
21538P $11.25 
This book describes the construction of the 555 timer and 
gives numerous practical examples of its applications in all 
areas of electrical and computer engineering, including 17 
Simple experiments. 

DESIGN OF ACTIVE FILTERS WITH EXPERIMENTS 
21539P 115.95 
Introduction to the theory, implementation and design of 
active filters using the 741 op-amp 

DESIGN OF PHASE-LOCKED LOOP CIRCUITS. 
WITH EXPERIMENTS 
21545P $15.95 
An excellent introduction to the theory, design and 
implementation of phase-locked loop circuits using 
various TTL and CMOS devices. Includes manufacturers 
data sheets and describes the use of breadboarding aids 
in the wide range of laboratory-type experiments. 

AUDIO IC OP-AMP APPLICATIONS 
21558P $13.25 
This book discusses IC op-amps and their application in 
audio systems, and describes the numerous advantages 
of using op-amps, including small spatial needs, low 
power consumption. reliable performance and low cost 
Assumes a basic understanding of op-amp theory 

UNDERSTANDING CMOS INTEGRATED CIRCUITS 
21598P $9.95 
This book tells you what CMOS ICs are, how they work, 
and how they can be used in electronic circuit designs. 
Many practical circuits, complete with parts values. 
are included. 

DESIGN OF TRANSISTOR CIRCUITS 
WITH EXPERIMENTS 
21626P $2 0.75 

self-teaching course to provide the background and nd 
explanations necessary to teach the reader the art of 
designing transistor circuits 

GUIDE TO CMOS BASICS, CIRCUITS, 
AND EXPERIMENTS 
21654P S14.95 
If you are already familiar with TTL devices and are ready 
to examine the benefits of CMOS, this book is your 
complete source. It tells you what CMOS devices are. their 
characteristics and design rules. 22 experiments demon-
strate the concepts discussed. 

PRACTICAL TRANSFORMER DESIGN HANDBOOK 
21657P $35.50 
An easy to understand. illustration- filled guide to 
designing and constructing transformers. Reviews the 
fundamentals of electricity. magnetism and algebra needed 
to understand transformer theory, and covers general 
design considerations, transformer types. power losses 

••• and transformer use in converters and inverters 

Z80 MICROCOMPUTER DESIGN PROJECTS 
21682P $20.75 
This book provides a complete look at the internal 
architecture of the Z80, the heart of many microcomputers. 
and even shows how to build a microcomputer. the EX80. 
using this powerful chip 

DESIGN OF VMOS CIRCUITS, WITH EXPERIMENTS 
21686P $17.50 
The authors look at the technology which makes dramatic 
advancements possible with VMOS, and show how these 
components can easily and effectively be integrated into 
common circuit designs to enhance their responses. 

IC OP-AMP COOKBOOK 
21695P n3 
Basic op-amp theory in detail. with 200 practical, illustrated 
circuit applications: JFET and MOSFET units are featured. 
plus manufacturers' data sheets and company addresses 

EXPERIMENTS IN ARTIFICIAL INTELLIGENCE 
FOR SMALL COMPUTERS 
21785P $13.25 
Artificial intelligence is the capability of a device to perform 
functions normally associated with human intelligence. 
With this book, a small computer with extended BASIC 
and somé knowledge of BASIC language, you can 
conduct interesting and exciting experiments in artificial 
intelligence. 

PRACTICAL SOLID-STATE CIRCUIT DESIGN 
21787P $14.95 
Ar, introductory course in practical solid-state circuit 
design for the experimenter, designer or technician who is 
interested in constructing tailor-made circuits 

SCRS AND RELATED THYRISTOR DEVICES 
21806P $19.25 
Wr • tten for experimenters, technicians and engineers, this 
book is a practical and comprehensive guide to theory. 
operation, specifications and applications of silicon-
controlled rectifiers ISCRs) and related thyristor devices 

REGULATED POWER SUPPLIES 
21808P $n.7 
Comprehensive discussion of the internal architecture 
and operation of the latest solid-state regulators. Explains 
when regulated supplies are needed and how to incor-
porate them in your projects. and discusses modern 
circuitry including linear and switching circuits and 
late ICs. 

ANALOG INSTRUMENTATION FUNDAMENTALS 
21835P $29.75 
Numerous practical, hands-on lab experiments and 
solved problems are included, plus discussions of move-
ments, dc ammeters, voltmeters. ohmmeters. bridges. 
filters and attenuators. No calculus is required. 

RF CIRCUIT DESIGN 
21868P $33.95 
A practical approach to the design of RF amplifiers 
impedance-matching networks and filters. Uses a minimum 
of complex maths. 

SOLAR CELLS 
22270P $37.95 
In-depth description of the basic operating principles and 
design of solar cells. It also covers the techniques 
currently used to produce solar cells and reviews system 
applications. 

ELECTRONIC DESIGN WITH OFF-THE-SHELF ICS 
50274P $14.70 
It contains virtually all the information you need to design 
and build electronic circuits, systems and subsystems with 
readily available ICs. Shows how to interface them into 
highly complex systems. 

MODERN FILTER DESIGN 
94663P $49.95 
This book details the advances in active RC filters, both 
from a practical standpoint and from a state-of-the-art 
point of view. It is the first book that gives detailed analysis 
and design procedures for switched capacitor filters. 

COIL DESIGN AND CONSTRUCTION MANUAL 
160B $6.56 
How to make RF, IF. audio and power coils. chokes and 
transformers. Maths is simplified. 

50 PROJECTS USING CA3130 ICS 
2238 $4.32 
The CA3130 is an advanced operational amplifier capable 
of higher performance than many others: circuits often 
need fewer ancillary components. Audio projects. RF 
projects. Test equipment. Household projects. Misc 
projects. 

PRACTICAL INTRO TO DIGITAL ICS 
225B $4.32 
Introduction to digital ICs (mainly TTL 7400). Besides 
si mple projects. includes logic test set to identify and test 
digital ICs Also includes digital counter-timer 

50 CIRCUITS USING GERMANIUM. SILICON 
AND ZENER DIODES 
BP36 $3.36 
50 interesting and useful circuits and applications using 
the germanium and silicon signal diodes. silicon rectifier 
diodes and zener diodes etc. 
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50 PROJECTS USING RELAYS, SCRS AND TRIACS 
BP37 $5.92 
Practical working circuits using silicon controlled rectifiers, 
relays and bi-directional triodes. With a minimum of 
difficulty you can use them in motor control, dimming and 
heating control timing and tight sensitive circuits, warning 
devices and many others. 

50 FET PROJECTS 
BP39 $5.92 
Projects include amplifiers and converters, test equipment. 
tuners, receivers and receiver aids, mixers and tone 
controls etc etc. The FET used is not critical. This book is 
of interest and value to SW listeners, radio amateurs, hi-fi 
enthusiasts and general experimenters. 

50 SIMPLE LED CIRCUITS 
BP42 $3.36 
50 interesting and useful circuits and applications using 
the LED. Also includes circuits for the 707 Common Anode 
Display for the beginner and advanced enthusiast. 

IC555 PROJECTS 
BP44 $6.56 
One wonders how life went on before the 555! Included 
are basic and general circuits, motor car and model 
railway circuits, alarms and noise makers plus section on 
subsequent 556.558 and 559s 

PROJECTS IN OPTO-ELECTRONICS 
BP45 $5.92 
included are simple circuits using ordinary LEDs as well as 
more sophisticated designs such as inf ra-red transmitters 
and detectors, modulated light transmission and also 
photographic projects etc. 

RADIO CIRCUITS USING ICS 
BP46 $4.64 
This book describes ICs and how they can be employed in 
receivers for the reception of either amplitude or frequency 
modulated signals. Also discusseo are stereo oecoaer 
circuits quadrophonic circuits and voltage regulator 
devices 

LM 3900 IC PROJECTS 
BP50 $4.64 
Unlike conventional op-amps, the LM 3900 can be used 
for all the usual applications as well as many new ones. 
It s one of the most versatile, freely obtainable and 
inexpensive devices around. This book provides the 
groundwork for simple and advanced uses - it's much 
more than a collection of projects. Very thoroughly 
recommended 

50 CIRCUITS USING 7400 SERIES ICS 
BP58 $5.12 
50 interesting and useful circuits and applications using 
these inexpensive and versatile devices. 

50 CMOS IC PROJECTS 
2246 $4.64 
Projects include multivibrators, amplifiers and oscillators, 
trigger devices and other special devices. 

SECOND BOOK OF CMOS IC PROJECTS 
BP59 
Leading on from book number 224 '50 CMOS IC C 
PROJECTS', this second book provides a further 
selection of useful circuits mainly of a fairly simple nature. 
Contents have been selected to ensure minimum overlap 
between the two books. 

COUNTER DRIVER AND NUMERAL DISPLAY PROJECTS 
8P67 $5.92 
Well-known author F.G. Rayer features applications and 
projects using various types of numerical displays. 
popular counter and driver ICs. etc. 

VMOS PROJECTS 
BP83 $6.56 
Though primarily concerned with VMOS power FETs and 
their applications, power MOSFETs are dealt with too, in a 
chapter on audio circuits. Projects include audio circuits, 
sound generator circuits, de control circuits and signal 
circuits 

DIGITAL IC PROJECTS 
BP84 $6.56 
Helps the reader to devebp a knowledge of the workings 
of digital circuits. Board layouts and wiring diagrams are 
included. 

HOW TO USE OP-AMPS 
BP88 $7.52 
Design notes and applications on many topics including 
basic theory, amplifiers, power supplies, audio circuits. 
oscillators, filters, computers and control engineering. It's 
written around the 741 IC but includes design notes for 
most of the common op-amps 

ELECTRONIC TIMER PROJECTS 
BP93 $6.56 
These may have a high degree of accuracy with quartz 
control or they may be quite simple designs, using only a 
few components. A number of specialist timer projects are 
car windscreen wiper delay unit, darkroom timer, 
metronome etc. 

ETI CIRCUITS BOOKS 1/2/3 $2.95 ea 
Many of these circuits have been published in the ' Ideas 
for Experimenters section in ETI 

ETI CIRCUIT TECHNIQUES VOLS 1/2 $4.75 ea 
The how, what. which, where, why and how much anthology 
of electronic components. circuits and techniques 

test equipment 
and fault finding 

AUTOMOTIVE TUNE-UP AND EMISSION 
CONTROL SERVICE 
21712P $20.75 
Car owners who wish to save money and maintain their 
cars at peak performance will learn from this book how to 
adjust. repair and maintain the systems that ensure best 
operation. 

TROUBLESHOOTING WITH THE OSCILLOSCOPE 
21738P $15.95 
Excellent for the professional service technician or the 
serious hobbyist. as it combines step-by-step procedures 
for using the scope with the specific nuts and bolts of TV 
receiver troubleshooting. 

EFFECTIVELY USING THE OSCILLOSCOPE 
21794P $14.95 
Excellent for the professional service technician or the 
serious do-it-yourself. as it combines the correct step-by-
step procedures for using a scope with the specific nuts 
and bolts of TV receiver troubleshooting. 

MICROCOMPUTER DESIGN AND TROUBLESHOOTING 
21819P $26.75 
Tells you how to design microcomputer systems and 
make them work without an expensive commercial 
development system or the need for costly test instrumenta-
tion. The author also provides a complete description of 
two popular microprocessors - the 8085 and the 6502 

USE OF THE DUAL-TRACE OSCILLOSCOPE 
40023P $23.75 
This programmed text breaks down the process of 
operating a scope into a series of logical steps starting with 
the deflection of the electron beam and continuing through 
proper use of the triggering controls to measure the phase 
difference between two waveforms. 

ELECTRONIC TROUBLESHOOTING HANDBOOK 
52585P $10.50 
This workbench guide shows you how to pinpoint tran-
sistor troubles in minutes, how to test almost everything 
electronic and how to get the most out of low cost test 
equipment. 

PRACTICAL REPAIR AND RENOVATION 
OF COLOUR TVS 
BP34 $4.32 
This book shows how to obtain a working colour TV for 
very little outlay by repairing and renovating a set that has 
been 'written off' by a dealer. Includes practical details of 

, how to construct your own CRT tester/rejuvenator and 
Me cross hatch generator. 

MIR HOW TO BUILD YOUR OWN SOLID STATE 
OSCILLOSCOPE 
BP57 $5.12 
The oscilloscope is divided into various sections which 
can be individually constructed and tested and then 
assembled together to complete the whole instrument. 
Also tells you how to use the instrument. 

TRANSISTOR RADIO FAULT-FINDING CHART 
BP70 $1.92 
Used properly, this chart should enable the reader to trace 
most common faults quickly. Across the top of the chart 
are four rectangles containing brief descriptions of the 

e faults. Selecting the appropriate fault, the reader simply 
follows the arrows and cames out the suggested checks in 
sequence until the fault is cleared. 

ELECTRONIC TEST EQUIPMENT CONSTRUCTION 
BP75 $ 
Describes construction of wide range of test gear including 

9 
d;ng2 

FET amplified voltmeter, resistance bndge, field strength 
indicator heterodyne frequency meter etc. 

POWER SUPPLY PROJECTS 
BP76 $5.92 
Includes simple unstabilised types, fixed voltage regulator 
types and variable voltage stabilised designs. The designs 
are all low voltage types for semiconductor circuits. 

HOW TO GET YOUR ELECTRONIC PROJECTS WORKING 
BP110 $6.56 
Helps you to overcome the problems ot a circuit that 
doesn t work by indicating how and where to start looking 

j. for many of the common faults that can occur when 
building up a project. 

TEST GEAR - METERING AND POWER SUPPLY 
PROJECTS $3.00 
Includes many types of meters. audio noise and signal 
generators. simple CMOS tester, oscilloscope calibrator 
etc 

TEST GEAR - VOL. 2 $3.95 
Projects include audio oscillator, transistor tester. true 
RMS voltmeter, RF signal generator, versatile logic test 
probe, microwave oven leak detector etc. 

ELECTRONIC PROJECTS FOR YOUNG 
SCIENTISTS $3.95 
PH meter. geiger counter, helium-neon laser, sound level 
meter. solar cells, negative ion generator and much more. 

electronic 
music/audio/video 

« 

ee 

AUDIO CYCLOPEDIA 
20675P $66.00 
A complete in-depth look at the art of audio - from the 
basic principles of sound to solid-state and integrated 
circuits. Over 3000 entries and hundreds of illustrations 
and circuit diagrams cover acoustics, amplifiers, record-
ing, reproduction, test equipment, audio measurements. 
and much more. 

ELECTRONIC MUSIC CIRCUITS 
21833P $24.95 
How to build a custom electronic music synthesiser, 
outlines numerous other circuit designs and then shows 
you how to modify them to achieve particular responses. 
Many of the circuits can be used as special-effects boxes 
for guitars and other musical instruments. 

INTRODUCTION TO ELECTRO-ACOUSTIC MUSIC 
81515P $15.95 
This book assumes no previous technical knowledge. It 
discusses the relationship between the technology and 
the composition of electro-acoustic music. 

MODERN RECORDING TECHNIQUES 
21037P $19.25 
Explains the equipment controls and techniques found in a 
modern recording studio and how to use them creatively 
and correctly to produce a desired result, Numerous 
photographs, diagrams and charts. 

SOUND SYSTEM ENGINEERING 
21156P $32.50 
Dealing with audio systems as a whole, it includes 
installing and equalising the sound system and interfacing 
the electrical and acoustic systems. Instrumentation, the 
acoustic environment and designing for acoustic gain are 
covered. 

TUBE SUBSTITUTION HANDBOOK 
21746P $8.75 
Complete, accurate, up-to-date guide to direct substitutes 
for receiving and picture tubes. Contains over 6000 
receiving tube substitutes, over 4000 monochrome and 
colour picture tube substitutes, and 600 communications 
substitutes. Also includes pinouts for quick operational 

il checks. 

fr 

HOW TO BUILD SPEAKER ENCLOSURES 
20520P $8.75 
A practical guide to the 'whys' and 'hows' of constructing 
high-quality top-performance loudspeaker enclosures. 

ACTIVE-FILTER COOKBOOK 
21168P $21.95 
Learn how to construct filters of all kinds - highpass. 
lowpass, bandpass. The book is easy to understand- no 
advanced maths or obscure theory is used. 

DESIGN OF ACTIVE FILTERS WITH EXPERIMENTS 
21539P $15.95 
Introduction to the theory. implementation and design of 
active filters using the 741 op-amp. 

AUDIO IC OP-AMP APPLICATIONS 
21558P $13.25 
This nook discusses IC op-amps and their application in 
audio systems, and describes the numerous advantages 
of using op-amps, including small spatial needs. low 
power consumption, reliable performance and low cost. 
Assumes a basic understanding of op-amp theory. 

VIDEO TAPE RECORDERS 
21521P $17.50 
In this completely revised second edition, the author tells 
n simple language how helical VTRs work and how to 
operate and service them. Includes numerous examples 
of circuits and mechanical systems. 
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OOPSI More books! 
CHEAP VIDEO COOKBOOK 
21524P S11.75 
Complete discussion of a new, low-cost way to get words 
pictures ana opcode out of your computer and onto any 
ordinary TV screen, using a seven- IC easy-to-build circuit 
which you can build for less than $20. 

AN INTRODUCTION TO VIDEO 
BP100 $6.56 
T his book is written in layman s language and is for 
anyone who is thinking about buying or renting or who has 
just bought or rented a video recorder and wants to get the 
best out of the machine 

MOBILE DISCO HANDBOOK 
BP47 $4.64 
Most people who start mobile discos know little about 
equipment or what to buy. This book assumes no pre-
bminary knowledge and gives enough into to enable you to 
have a reasonable understanding of disco gear 

ELECTRONIC MUSIC AND CREATIVE TAPE RECORDING 
BP51 $5.92 
Shows how eiectronic music can be made at home with 
the simplest and most inexpensive of equipment. 
Describes how the sounds are generated and how these 
may be recorded to build up the final composition 

PRACTICAL CONSTRUCTION OR PREAMPS, 
TONE CONTROLS, FILTERS, ATTENUATORS 
BP60 S4.96 
This book shows the enthusiast how to construct a variety 
of magnetic tape recording, microphone and disc pre-
amplifiers. and also a number of tone control circuits. 
rumble and scratch filters, attenuators and pads. 

ELECTRONIC SYNTHESISER PROJECTS 
BP81 $5.92 
For the electronic music enthusiast, an invaluable 
reference. This book is lull of circuits and information on 
how to build analogue delay lines. sequencers. VC0s. 
envelope shapers. etc etc The author takes a clear and 
logical approach to the subject that should enable the 
average enthusiast to understand and build up what 
appears to be a quite complex instrument. 

AUDIO PROJECTS 
BP90 S6.56 
Covers a wide range of audio projects including 
preamplifiers and mixers, power amplifiers, tone controls 
and matching etc. A number of board layouts and wiring 
diagrams are included. 

ELECTRONIC MUSIC PROJECTS 
BP74 $5.92 
Provides constructors with practical circuits for the less 
complex music equipment including fuzz box. waa-waa 
pedal, sustain unit. reverb and phaser. tremolo generator 
etc. Text covers guitar effects. general effects, sound 
generators. accessories. 

SONICS 1982 YEARBOOK $5.35 
Ah interview with Kraftwerk, how to cope with recording. 
lighting, rock acoustics, guitars. equipment reviews and 
more 

SONICS MAGAZINE $2.35 ea 
T he Australian music magazine dedicated 10 the art and 
craft of sourd Published April. July. October. Yearbook in 
December .$ 15 for one year subscription. Please indicate 
starling issue 

computers 
for beginners 

COBOL FOR BEGINNERS 
39378P S21.95 
It is a solid text for introductory programming courses in 
Cobol. using a format that is easy to understand, yet 
comprehensive enough to make supplementary readings 
unnecessary 

THE PET PERSONAL COMPUTER FOR BEGINNERS 
61827P S20.95 
This handy guide is written for use with all varieties of PET 
computer. from the original 2001 to the new 8032 Super 
PET It is suited to novices with no practical experience 
and provides advice and practical examples 

BIG THINGS FROM LITTLE COMPUTERS 
77859P S19.25 
A layperson s guide to personal computing with all the 
basic information and lots of examples of how personal 
computers can be used 

BEGINNER'S GUIDE TO DIGITAL ELECTROHICS 
BP61 $3.36 
Covers all essential areas including number systems. 
cOdes, constructional and sequential logic, analogue/ 
digital/analogue conversion 

BEGINNER'S GUIDE TO MICROPROCESSORS 
& COMPUTING 
BP66 $5.92 
Introduction to basic theory and concepts of binary 
arithmetic, microprocessor operation and machine 
language programming. Only prior knowledege assumed 
,s very basic arithmetic and an understanding of indices 

A MICROPROCESSOR PRIMER 
BP72 $5.92 
Learning about microprocessors is easy with this book. 
written in a style that is easy to follow. The shortcomings of 
this basic machine are discussed and the reader is shown 
how these are overcome by changes to the instruction set. 
Relative addressing. index registers follow as logical 
progressions. 

AN INTRO TO BASIC PROGRAMMING TECHNIQUES 
BP86 S6.56 
Ideal for beginners seeking to understand and program in 
BASIC Book includes program library for biorhythms. 
graphing Y against X. standard deviations, regressions. 
generating musical note sequences, and a card game. 

BEGINNING BASIC 
39806A $19.95 
Intended for beginners with no computing experience, one 
should be able to intelligently program in BASIC in a short 
time 

BEGINNING FORTRAN 
46011A $19.95 
Starts with simple elementary examples and proceeds to 
intermediate level programs Also includes references. 
tutorials. flow charts. deck set-ups and matrix algebra 

UNDERSTANDING COMPUTERS 
39815A $17.95 
This book describes how computers work For people who 
use small computers. it starts with the most elementary 
gates and works up to the complete computer Gives an 
understanding of languages and how they operate in the 
computer 

NAILING JELLY TO A TREE 
39842A $24.95 
This guide to software teaches you about machine 
language, assembly language programming and BASIC 
The emphasis is not on learning to write programs but on 
learning to use the thousands of available programs that 
have already been written 

PEANUT BUTTER AND JELLY GUIDE TO COMPUTERS 
39813A S14.95 
A simple, easy-to-digest source of information on personal 
computing for the potential buyer who is less than an 
expert in the field 

INTRODUCTION TO WORD PROCESSING 
88076A $17.95 
Written for the non-technical reader, this book tells about 
the concepts common to all word processing systems. 
then analyses all features in detail 

YOUR FIRST COMPUTER 
88045A S12.50 
An easy-to-understand beginner s book to small 
computers. Understanding them, buying them and using 
them for personal and business applications 

FROM CHIPS TO SYSTEMS: AN INTRODUCTION 
TO MICROPROCESSORS 
88063A $19.95 
Explains exactly what a microcomputer system is and how 
it works Introduces fundamental concepts and covers all 
aspects of microprocessors and related components 
internal operation, memories, interfacing and system 
development etc 

COMPUTERS FOR EVERYBODY 
39849A $8.95 
In this easy-to-understand book it is explained how a 
computer can be used at home, in the office or at school 
Includes a consumer's guide to computer equipment that 
will help the reader decide what to buy and who to buy 
it from 

computers 
hardware & techniques 

2U1S5INGPTHE 6800 MICROPROCESSOR 
12 $ 13.25 

f his will guide the reader through the conception. 
configuration, writing and running of a variety of programs 
that demonstrate practical use of a 6800 system. 

Z80 MICROCOMPUTER DESIGN PROJECTS 
21682P S20.75 
This book provides a complete look at the internal 
architecture of the Z80. the heart of many microcomputers, 
and even shows how to build a microcomputer. the EX8O. 
using this powerful chip 

MICROPROCESSOR CIRCUITS VOL. 1 
21877P $14.75 
Presents basic microprocessor concepts in Sslimp7le5 
language for beginners and teaches you to construct a 
useful microcontroller system. Offers 30 demo circuits 
which take you through assembly, operation and pro-
gramming of a microcontroller 

INTERFACE PROJECTS FOR THE APPLE II 
69387P S15.95 
A series of interlace projects that are easily builti59ind5 
enable the user to realise the computer s potential through 
project construction. Protects are primarily hardware-
orientated, with some software supporting the hardware. 

PET INTERFACING 
21795P $25.25 
Demonstrates how to build numerous interfacing devices 
for pET hardware. BASIC language programs are used 
throughout, and the book includes a discussion of the 
microprocessor's internal architecture and general 
hardware/software interfacing 

6809 MICROCOMPUTER PROGRAMMING AND 
INTERFACING, WITH EXPERIMENTS 
21798P 21 95 
Gives a solid understanding of how to program and$ 

interlace the high-performance 6809 microprocessor The 
author completely explores internal structure, addressing 
modes, data movement instructions, registers. arithmetic 
logic and test instructions for the 6809. 

Z80 MICROCOMPUTER HANDBOOK 
21500P S17.50 
This thorough handbook covers hardware, software and 
microcomputers built around the Z80 

THE S100 AND OTHER MICRO BUSES 
21810P S13.25 
The key to successful computer expansion is a complete 
understanding of the bus system, through which the 
computer communicates with peripherals This book will 
give you that understanding. 

MICROCOMPUTER DESIGN AND TROUBLESHOOTING 
21819P 
Tells you how to design microcomputer systems 5 s26a7nd 
make them work without an expensive commercial 
development system or the need for costly test instru-
mentation. The author also provides a complete description 
of two popular microprocessors - the 8085 and the 6502 

DON LANCASTER'S MICRO COOKBOOK, VOLUME 1 
21828P $20.75 
This cookbook starts with the very fundamentals or 
microprocessors and microcomputers and takes you 
through number systems. codes, memory. etc. until you 
can work intelligently with micros 

DON LANCASTER'S MICRO COOKBOOK. VOLUME 2 
21829P$ 20.75 
Carries on where Volume 1 left off.  

APPLE INTERFACING 
21862P $15.95 
Using this book, you will be able to perform useful 
experiments which will provide a much clearer under-
standing of the fundamentals of computer interfacing 
and computer electronics A better understanding of 
interactions between hardware and software will enable 
you to communicate more effectively with your Apple 

MICROPROCESSOR CIRCUITS VOL. 1 
21877P $14.75 
Presents basic microprocessor concepts in straight-
forward language for beginners. Teaches you to construct 
a useful microcontroller system through progressive 
demonstration circuits 

8080 MICROCOMPUTER EXPERIMENTS 
39808A $29.50 
This hands on book includes 105 experiments presenting 
programs and diagrams as required for clarification 

A STEP-BY-STEP INTRODUCTION TO 
8080 MICROPROCESSOR SYSTEMS 
39804A $16.95 
Doesn t require any electronics or computer background 
This book describes the 8080 architecture and instruction 
set through simple examples. Some basic software is 
introduced 
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DIGITAL CIRCUITS WITH MICROPROCESSOR 
APPLICATIONS 
46032A 539 50 
An introductory text, this book provides readers with the 
basic ideas and tools needed to analyse and design digital 
circuits and computer systems. Discusses micro-
processor computer organisation, machine language 
number systems and gate circuits 

MICROPROCESSOR INTERFACING TECHNIQUES 
88029A $24.95 
Teaches you how to interconnect a complete micro• 
processor system and interface it to the usual peripherals 
The hardware and software skills needed to effectively 
interface peripheral devices are covered along with 
various buss standards and A/D conversion. 

PRACTICAL INTRO TO DIGITAL ICS 
2258 $4.32 
introduction to digital ICs (mainly TTL 7400). Besides 
simple projects, includes logic test set to identify and test 
digital ICs Also includes digital counter-timer 

BEGINNER'S GUIDE TO MICROPROCESSORS 
& COMPUTING 
BP66 55.92 
Introduction to basic theory and concepts of binary 
arithmetic, microprocessor operation and machine 
language programming. Only prior knowledge assumed is 
very basic arithmetic and an understanding of indices 

A MICROPROCESSOR PRIMER 
BP72 $5.92 
Learning about microprocessors is easy with this book 
written in a style that is easy to follow The shortcomings of 
this basic machine are discussed and the reader is shown 
how these are overcome by changes to the instruction set 
Relative addressing. index registers follow as logical 
progressions 

PRACTICAL COMPUTER EXPERIMENTS 
BP78 55.92 
How to build typical computer circuits using discrete logic 
This book e a useful intro to devices such as adders and 
storers as well as a general source book of logic circuits. 

THE 6809 COMPANION 
BP102 $6.56 
It is not a beginners introduction to microprocessors in 
general but a discussion of the features of the 6809 and a 
reference work for the 6809 programmer in particular. 

COMPUTERS & COMPUTING 
YEARBOOK 1980 $4.95 
Includes beginners buying guide. the Apple, Tandy 
TRS-80, the Vector MZ. introducing BASIC, S100 VDU. 
EPROM programmer. microcomputer power supply and 
lots more 

COMPUTERS & COMPUTING 
YEARBOOK 1982 $4.95 
Includes disks. CP/M and your computer. learners 
microcomputer. programming in CHIP-8. alphasort. Iasi 
plotter. PET talk. the System 80 etc 

computing software 

CP/M PRIMER 
21791P $21.95 
A complete one-stop course on CP/M. the very popular 
operating system for 8080. 8085 and Z80-based micro 
computers. Complete terminology, hardware and software 
concepts. startup of a CP/M system, and a complete list of 
CP/M-compatible software 

THE CP/M HANDBOOK (WITH MP/M) 
88048A $19.95 
Contains a step-by-step description of all the CF M 
command features. Designed for the beginner, the book 
progresses to detailed explanations of the file transfer 
program, the debugging program and CP/M's text editing 
program 

HOW TO GET STARTED WITH C'IM 
39832A 519.95 
This practical book eases the r ader into the essentials iiI 
the system, giving an °very*, of the operating system 
idea of what it will be like to se and what it can do for th,-
reader 

AUSTRALIAN MICROCOMPUTER HANDBOOK 
72505 NOW S15.00 
Normally $25.00 A detailed buyer's guide to inch) 
computer systems and application packages in commercial 
industrial, scientific. educational and home/hobby areas 

THE C PROGRAMMING LANGUAGE 
10163P $21.95 
C is a general purpose low-level programming language 
It e not specialised to any particular area of application 
but its absence of restrictions make it convenient and 
effective for many tasks. 

THE 68000: PRINCIPLES AND PROGRAMMING 
21853P S19.95 
An easy- to- read. systematic approach to the 68000 
advanced 16- bit microprocessor. The book guides you 
through the complex architecture, instruction set. pinouts 
and interfacing techniques. Written for design engineers 
prograrrmnriers and students 

PROGRAMMING IN BASIC FOR 
PERSONAL COMPUTERS 
30739P $14.75 
Simple instructions show how to give BASIC commands 
and statements a wide range of applications, from 
programming video games to developing business or 

scientific programs. 

PROGRAMMABLE CALCULATORS 
46008A 524.95 
This book suggests which calculators to buy their 
possibilities and limitations and the how-tos of pro 
gramming them. 

TAKE A CHANCE WITH YOUR CALCULATOR 
39807A $14.95 
An introduction to modern mathematics, this book deals 
with programming of programmable calculators and 
includes probability problems 

AN INTRO TO BASIC PROGRAMMING TECHNIQUES 
BP86 $6.56 
Ideal for beginners seeking to understand and program in 
BASIC Book includes program library for biorhythms 
graphing Y against X. standard deviations, regressions 
generating musical note sequences. and a card game 

BASIC FOR EVERYONE 
61481P $19.75 
144paqi is ic ', IC information for all purposes 

BEGINNING BASIC 
39806A S19 95 
Intended tor hoginnerS. this book discusses how a 
programmer and a basic computer interact with the com-
puter. problems likely to be met by the beginner, the need 
for and uses of documentation etc 

FIFTY BASIC EXERCISES 
88056A $17.95 
Designed to teach BASIC through actual practice. this 
book contains graduated exercises in math, business 
operations research games and statistics The programs 
were designed to run directly on a TAS-80 and will run with 
minor or no changes on any system with Microsoft BASIC 

INSIDE BASIC GAMES 
88055A $19.95 
The medium of games teaches readers how to design 
error-free. interactive BASIC programs. Rules, algorithms 
and coding differences for the PET. APPLE II and TAS-80 
are also included. 

MICROSOFT BASIC 
39823A 519.95 
Includes branching and loops, arithmetic in BASIC 
strings, editing, arrays and files, the disk and a description 
of the Radio Shack Level II BASIC. 

INTRODUCTION TO FORTH 
21842P $14.95 
The most complete book available on the MMS FORTH 
version of FORTH, but also a fundamental approach to 
programming in all versions of FORTH. Many program-
trthl eirroasmoitlet_Sevaerr Ilpier.with direct comparisons to 

C version of these programs. 

STARTING FORTH 
42922P $23.75 
A olear and complete guide to FORTH, this book covers 
fundamental principles and then a full set of high-
level FORTH commands. II concludes with advanced 
techniques and style 

A FORTRAN PRIMER 
80454P $6.95 
Assumes no previous knowledge of program writing It 
covers the fundamentals of the FORTRAN language 
enables extensive program writing and concentrates on 
programming style. 

INTRODUCTION TO STRUCTURED FORTRAN 
46007A $19.95 
Written for the beginner, the text incorporates the 
new FORTRAN 77 with a discussion of structural pro• 
gramming Includes a discussion of lime-sharing. pseudo 
.anguage programming and WATFIV statements. 

MICROSOFT FORTRAN 
39846A $24.95 
An introductory text on FORTRAN in general and Microsoft 
FORTRAN in particular. The latter is exceptionally well 
suited for use on microcomputers using CP/M and others 
of the 8080/8075/Z-80 family 

BEGINNING FORTRAN 
46011A $19.95 
Introduces readers to FORTRAN Included are references 
for further study. brief tutorials on key punching. flow chart-
ing. deck set-ups and matrix algebra 
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OWIKTRAN 
39824A $19.95 
Quick FORTRAN for Micros. Minis and Main Frames 
Starts with the basic concepts of computing and Owiktran. 
a fundamental subset of FORTRAN IV Lots of examples 
to increase the readers proficiency. 

THE UCSD PASCAL HANDBOOK 
35536P $23.75 
Language descriptions organised in a quick and easy 
reference are given in this book for readers with no prior 
experience of Pascal programming. 

INTRODUCTION TO PASCAL 
91522P $19.95 
The second edition of this popular book has been updated 
to conform to the new international standard of Pascal 
The contents illustrate the design and construction of 
Pascal programs, involving a wide range of basic corn 
puter algorithms in a practical context 

PASCAL 
46028A $19.95 
For people with little or no programming experience, this 
book gives lots of examples that clearly explain proper 
usage of language features Discusses top-down 
programming debugging self-documentation etc 

THE PASCAL HANDBOOK 
88053A 523.50 
This book summarises the entire rascal vocabulary. 
including the variations introduced by different com-
mercial versions of Pascal All in dictionary format 

PASCAL PROGRAMS FOR SCIENTISTS 
AND ENGINEERS 
88058A S23.50 
Over 60 of the most frequently used scientific algorithms. 
along with their program implementation in Pascal, are in 
this book 

COBOL FOR BEGINNERS 
39378P S21.95 
it is a solid text for introductory programming courses in 
Cobol. using a format that is easy to understand, yet 
comprehensive enough to make supplementary readings 
unnecessary. 

STARSHIP SIMULATION 
39810A $11.95 
This book offers both a specific simulation which can be 
implemented. modified and played, and a complete look al 
how to put together a simulation on almost any subject 

BASIC PROGRAMS FOR SCIENTISTS AND ENGINEERS 
88073A $19.95 
This book contains scientific and engineering application 
programs written in BASIC 

COMPUTER GRAPHICS PRIMER 
21650P $21.95 
Almost every page has a colour drawing. photograph 
picture or a schematic to help you learn computer graphics 
quickly and easily. Programming concepts apply to an 
microcomputers, and examples are given in BASIC lor the 
Apple II 

INTRODUCTION TO TRS-80 GRAPHICS 
39818A S17.95 
It begins with the basic concepts of line drawing and leads 
the reader on to geometric shapes, moving figure 
animation and other more advanced topics 

CIRCUIT DESIGN PROGRAMS FOR THE TRS-80 
21741P $21.75 
A number of programs written to aid you in using your 
TAS-80 and Level II BASIC for the design and analysis ol 
many electronic circuits. The programs analyse inform-
ation on ms values, periodic waveforms, integrated circuit 
timers and bipolar transistor circuits 

MOSTLY BASIC: APPLICATIONS FOR YOUR TAS-80 
- BOOK 1 
21788P S19.25 
28 ready-to-use BASIC programs which have been 
completely tested and debugged Programs include a 
telephone dialler, digital stop-watch, spelling test. house 
buying guide, gas mileage calculator, and others. Com-
plete with explanations of each program. sample runs, and 
complete program listing. 

MOSTLY BASIC: APPLICATIONS FOR YOUR TRS-80 
- BOOK 2 
21865P $19.25 
32 ready-to-run BASIC programs. including two to test 
your ability in history and maths. a Dungeon of Danger 
that s strictly for fun, eleven household programs, seven 
on money and investment, two to test your ESP level, arid 
more Complete with explanations, sample run and listing 
or each program 

INTERMEDIATE PROGRAMMING FOR THE TAS-80 
MODEL I 
21809P $14.95 
Step-by-step instructions lor the TAS-80 user who wants 
to progress from BASIC to machine and assembly 
language programming with the TAS-80 Model I system 
A complete how-to guide with numerous examples 
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...and for good 
measure... 

TRS-80 - MORE THAN BASIC 
21813P $15.95 
Learn to program in Z80 mnemonics by using the book's 
error-tolerant interactive monitor program. Over 26 com-
mands available, with total documentation that helps you 
change the commands to meet specific applications 

TRS-80 ASSEMBLY LANGUAGE MADE SIMPLE 
21851P $19.25 
If you have an understanding of BASIC programming. this 
book will help you learn to plan, write and hand-assemble 
your own assembly language programs tn memory, using 
the T - bug and Level It BASIC ROM subroutines 

PROGRAMMING THE TRS-80 POCKET COMPUTER 
30531P S13.25 
This book explains all aspects of problem-solving rn 
BASIC, and covers cassette machine interfacing and how 
to make the best use of the system s keyboard and display 

TRS-80 ASSEMBLY LANGUAGE SUBROUTINES 
31188P $19.25 
A wide spectrum of applications is discussed in this book, 
which provides easy-to-use routines that can be used as 
they stand or modified 

32 BASIC PROGRAMS FOR THE TRS-80 COMPUTER 
39827A $29.50 
Programs for the TRS-80 Level II or Model Ill BASIC (with 
16K or more user memory) 

APPLE BASIC 
39099P $19.25 
This book gives the beginner a thorough introduction to 
BASIC programming on an Apple computer. and covers 
all areas of programming, including graphics. games. 
mathematical programs and a great deal more 

CIRCUIT DESIGN PROGRAMS FOR THE APPLE II 
21863P $23.75 
A series of ready-to- run Apple II programs ideal for 
electronics design engineers and others faced with 
solving problems related to plotting and verification of 
experimental data The programs may be used as sub-
routines in larger programs, and many can be translated to 
run on other microcomputer systems. 

APPLESOFT LANGUAGE 
21811P $13.95 
Written for Apple II micros that use the Microsoft language. 
this introduction covers each aspect of programming in 
non-technical language, from elementary concepts to 
advanced techniques 

APPLE MACHINE LANGUAGE 
90230P $21.95 
This straightforward book teaches machine language 
programming through BASIC, the transition being made 
step-by-step Many sketches of video displays are 
provided, as well as exercises with answers. 

APPLE PASCAL GAMES 
88074A $19.95 
Explore all the essential elements of UCSD Pascal and 
learn the important Apple Pascal extensions. 

PASCAL PROGRAMMING FOR THE APPLE 
95454P $18.95 
This book teaches LICSD Pascal on the Apple II Many 
examples, programs for financial applications, graphics. 
file structures and sound reproduction are supplied 

32 BASIC PROGRAMS FOR THE APPLE COMPUTER 
38834A $29.50 
Full of programs with practical applications, educational 
uses, games and graphics 

PET/CBM BASIC 
61751P $19.25 
This book provides a thorough introduction to BASIC pro-
gramming on a PET computer. explaining programming 
concepts for graphics, including three-dimensional letters. 
bar graphs and the use of sound effects in PET programs 

THE PET PERSONAL COMPUTER FOR BEGINNERS 
61827P $20.95 
This handy guide is written for use with all varieties of PET 
computer. from the original 2001 to the new 8032 Super 
PET It is suited to novices with no practical experience 
and provides advice and practical examples 

PET BASIC 1 
95524P $19.25 
For users of the PET computer, this book covers such 
topics as creative graphics, humour and interesting small 
programs 

• 

PET GAMES AND RECREATIONS 
95529P $18.85 
Presenting an interesting mixture of diversions guaranteed 
to entertain and educate Ideal for beginners, yet also 
challenging to computer veterans, the book features 
progressive levels of difficulty and five different types 
of games. 

32 BASIC PROGRAMS FOR THE PET COMPUTER 
39825A S29.50 
Each chapter fully documents a different bug-tree 
program If readers have a good working knowledge of 
BASIC, they can devise and implement their own program 
changes 

THE ATARI ASSEMBLER 
90236P $19.25 
This practical book gives detailed instructions for using the 
Atan Assembler cartndge for novices with some knowledge 
of BASIC programming. Fundamental information pro-
gramming in assembly language is given 

ATARI GAMES AND RECREATIONS 
90242P $19.25 
Beginners and advanced users can use the prepro-
grammed games in this book to improve their skill Charts. 
hash cards, an error dictionary and graph paper designs 
are among the features 

EXPLORE COMPUTING WITH THE TRS-80 
(AND COMMON SENSE) 
96137P $17.95 
This introduction to microcomputers and the 19BASIC75 
language is suitable for novices and users of the TRS-80 
Among the topics covered are creating tables, arts and 
graphics games and simulation 

32 BASIC GAMES FOR THE EXIDY SORCERER 
39835A $29.50 
Full of programs with practical applications, educaational2ti9o.n5a0i 
uses, games and graphics. Each chapter documents a 
different bug-free program 

THE ART OF PROGRAMMING THE 1K ZX81 
BP109 $6.56 
This book explains how to use the features 01 the ZX8 
including its random number generator, graphics and 
timer REEK and POKE are explained and you should 
learn enough to develop programs of your own. 

PROGRAMMING THE 6502 
88046A $18.95 
Principles of assembly language programming for the 
6502 microprocessor are taught in this introductory text 
Includes a discussion of trade-offs between hardware and 
software and detailed explanations of the 6502 s internal 
registers and buss operation. 

6502 APPLICATIONS BOOK 
88015A $17.95 
Use this book and a few low-cost components to build ilda 
complete home alarm system. an electric piano. a motor 
speed-regulator, a time-ol-day clock. a simulated traffic 
control system and a Morse code generator, etc. 

6502 GAMES 
88023A $17.95 
You learn how to play ten sophisticated games and also 
learn assembly language programming. Also learn the 
techniques of algorithm design and data structures 

8080 MACHINE LANGUAGE PROGRAMMING 
FOR BEGINNERS 
39814A S12 .95 
The book will take the reader step-by-step throug1h2 gh e5 
most common 8080 op codes and it will do so at a level 
anyone can understand 

PROGRAMMING THE Z80 
88047A $19.95 
This book will enable every reader to write complete appli-
cation programs for Z80-based computer systems 
Includes exercises to measure progress and compre-
hension at each level of programming 

PROGRAMMING THE 28000 
88072A $19.95 
A complete introduction to programming concepts and 
techniques for use with the 16- bit. Z8000 microprocessor 
Presents detailed descriptions of the architecture and 
functions of this ' super chip' 

START WITH BASIC ON THE COMMODORE VIC 20 
97070P S14.75 
Helpful exercises and step-by-step instructions show you 
how to program in BASIC utilising all the graphic functions 
on the Vic 20. 

computing for 
business 

BASIC FOR ACCOUNTANTS 
80098P $9.95 
Shows accountancy students and accountants how to use 
a computer to perform the repetitive tasks associated with 
record keeping, calculating and report writing. Using the 
BASIC language attention is concentrated on debtors, 
inventory and general ledger systems. 

COMPUTER BASED BUSINESS SYSTEMS 
80192P $lli.9 
A short introduction to the sorts of systems usedbya5 
typical business to handle its typical activities. The book 
arms at providing a general understanding and therefore 
avoids technological detail. 

THE COMPUTER SOLUTION 
80195P $13.50 
It should be of interest to business people contem p l ating.l3.50 
implementing or already using computer data processing 
or to any non-technical person curious to know why and 
how computers are used in Australian businesses and 
organisations. 

SMALL BUSINESS COMPUTERS: A GUIDE 
TO EVALUATION ANO SELECTION 
81134P $14.95 
Ideal or the inexperienced user, this text emphasises 
management considerations in determining the feasibility. 
economics, evaluation, selection, contracts and practicality 
of installing a computer 

SMALL BUSINESS COMPUTER SYSTEMS 
81136P $14.95 
This book provides a bridge between the accountant and 
the DP professional by explaining every step of the trading 
and reporting process in DP terms. It is especially useful to 
people engaged in the specification process or in auditing 
DP accounting systems 

THE VISICALC BOOK - APPLE EDITION 
98397P $22.25 
If you are using Visicalc on your Apple II and want to learn 
more about its expanded uses then this book will show you 
how to build a model. enter your data and solve problems 
about profit/loss protections. pricing/costing estimates etc 

THE CP/M HANDBOOK (WITH MP/M) 
88048A S19.95 
Containing a step-by-step description of all the 
CP 'M command features, the book progresses to detailed 
explanations of the file transfer program, the debugging 
program and CP/M's text editing program. 

YOUR FIRST COMPUTER 
88045A $12.50 
A beginners guide to small computers, understanding 
them buying them and using them for personal and 
business applicationsAncludes peripherals, languages 
and application packages. 

DON'T (OR HOW TO CARE FOR YOUR COMPUTER) 
88065A $16.95 
A guide to computer and peripheral preservation. Specific 
advice for the computer. floppy disks, hard disks, the CRT 
terminal, the printer, tape units, the computer room, soft-
ware and documentation are included. 

INTRODUCTION TO WORD PROCESSING 
88076A $17.95 
Written for the non-technical reader, this book tells about 
concepts common to all word processing systems, then 
analyses all features in detail, from screens to scrolling 
and formatting. 

SMALL COMPUTERS FOR THE SMALL BUSINESSMAN 
39831A $24.95 
The book tells readers how and where to shop for a 
computer successfully: what to expect their computer to 
do for them: how to select software: whether or not to use a 
consultant: how to introduce the computer to the staff and 
how much computer is necessary 

INVENTORY MANAGEMENT FOR SMALL COMPUTERS 
39848A $24.95 
Owners of retail businesses and their employees need this 
book. The program provides an inventory control system 
so that you know what stock is on hand, where it is located 
what price was paid for it and the selling price. 

BASIC FOR BUSINESS FOR THE TRS-80 
90352P S22.25 
This book covers the application of BASIC language to 
business uses on the TRS-80 models II and Ill 

FROM THE COUNTER TO THE BOTTOM LINE 
39811A S24.95 
A demystifying guide to basic accounting needs arid 
computer use Includes inventory and purchasing, billing 
accounts receivable. accounts payable and general ledger 
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Address: 

amateur radio, DX, 
communications 

INTRODUCTION TO RADIO ASTRONOMY 
21246P $8.75 
It gives background information on the structure oi 
the universe, classification of galaxies and radio-wave 
propagation. It covers in detail reception of extraterrestrial 
radio signals and their sources and the types of antennas 
It also explains how to construct several practical, low-cost 
radio telescopes. 

TUBE SUBSTITUTION HANDBOOK 
21746P $8.75 
Complete, accurate, up-to-date guide to direct substitutes 
for receiving and picture tubes. Contains over 6000 
receiving tube substitutes. over 4000 monochrome and 
colour picture tube substitutes. and 600 communications 
Substitutes . Also includes pinouts for quick operational 
checks. 

RF CIRCUIT DESIGN 
21868P $33.95 
A practical approach to the design of RF amplifiers. 
impedance-matching networks and filters. Uses a minimum 
of complex maths 

COMPUTERS AND THE RADIO AMATEUR 
66306P $28.00 
For the radio operator who wants to know how computers 
function and how they can be used with other equipment 

SOLID STATE SHORT WAVE RECEIVERS 
FOR BEGINNERS 
222B $4.32 
Design and construction of several solid-state shortwave 
receivers giving high level of performance yet utilising 
relatively few inexpensive components. See also 226. 

HANDBOOK OF RADIO, TV, INDUSTRIAL & 
TRANSMITTING TUBE & VALVE EQUIVALENTS 
BP2 $2.25 
Equivalents book for amateurs and servicemen. More 
than 18 000 old and new valves from UK, USA, Europe, 
Japan et at CV (military) listings with commercial 
equivalents included. 

RADIO CIRCUITS USING ICS 
BP46 $4.64 
Describes how ICs can be employed in receivers for the e 
reception of either amplitude or frequency modulated 
signals. Stereo decoder circuits and the devices available 
at present for quadrophonic circuits are discussed. 

LONG DISTANCE TV RECEPTION (TV-DX) 
BP52 $6.56 
Written by UK authority, the book includes many units and 
devices made by active enthusiasts. A practical and 
authoriative intro to this unusual aspect of electronics. 

RADIO STATIONS GUIDE 
BP55 $5.92 
This is an aid for all those who have a radio receiver 
Shows the station site, country, frequency and/or 
wavelength, as well as Effective Radiation Power of the 
transmitter and in some cases, the station's call sign as 
well. 

AN INTRODUCTION TO RADIO DXING 
BP91 $6.56 
One section is devoted to amateur band reception and the 
other section covers broadcast band reception, with 
advice on suitable equipment and the techniques 
employed when using that equipment. The constructional 
a number of useful accessories is described. 

AERIAL PROJECTS 
BP105 $6.56 
Practical aerial designs including active, loop and ferrite 
which are relatively simple and inexpensive to build. The 
complex theory and mathematics of aerial design have 
been avoided. 

general 

AUTOMOTIVE TUNE-UP AND EMISSION CONTROL 
SERVICE 
21712P $20.75 
Car owners who wish to save money and maintain their 
cars at peak performance will learn from this book how to 
adjust, repair and maintain the systems that ensure best 
operation. 

-ORDER FORM 

INTRODUCTION TO AUTOMOTIVE SOLID-STATE 
ELECTRONICS 
21825P $14.95 
For the professional as well as the home mechanic — 
explains the functions of most on-board automotive black 
boxes and logic systems. including anti-skid braking. 
electronic spark control, diagnostic systems and trip 
computers. 

SECURITY ELECTRONICS 
21419P $11.25 
The principles of operation of the electronic devices used 
in the various types of security systems are described 
Intrusion detection and alarms, object detectors, bugging 
and debugging devices computer protection, as well as 
the planning of systems. 

ELECTRONIC SECURITY DEVICES 
BP56 $5.92 
Besides including both simple and more sophisticated 
burglar alarm circuits using light, infrared and ultra-sonics, 
this book also gives circuits for gas and smoke detectors. 
flood alarms, fire alarms. doorphones, baby alarms. etc. 

EXPERIMENTS IN ARTIFICIAL INTELLIGENCE 
FOR SMALL COMPUTERS 
21785P $13.25 
Artificial intelligence is the capability of a device to perform 
functions normally associated with human intelligence. 
With this book, a small computer with extended BASIC 
and some knowledge of BASIC language, you can 
conduct interesting and exciting experiments in artificial 
intelligence. 

TELEMATIC SOCIETY 
02460P $17.50 
An extensive update of 'The Wired Society', this book 
demonstrates how developments in telecommunications 
will affect the way we live. 

ELECTRONIC CALCULATOR USERS' HANDBOOK 
BP33 $5.12 
Presents formulae, data, methods of calculation, con-
version factors, etc, for use with the simplest or most 
sophisticated calculators. Includes the way to calculate 
using only a simple four-function calculator trigonometric 
functions; hyperbolic functions; logarithms, square roots 
and powers. 

YOUR ELECTRONIC CALCULATOR AND YOUR MONEY 
BP54 $4.64 
Starts with a basic revision of percentages and decimals. 
then deals with mortgages. cars, insurance, fuel. 
shopping, tax etc. There's a section on investment and the 
last section deals with the calculator in a small business. 

Send to ET! Book Sales, 4th Floor, 15 Boundary St, Rushcutters Bay NSW 2011. 
Allow 4-5 weeks for delivery. Post & Handling $1 per book. Effective until June 30, 1983. 

Please supply: 

BOOK TITLE BOOK NO. OTY TOTAL PRICE 

Post and handling 

I enclose TOTAL $ 

Name:   Please debit my El Bankcard 

American Express Card 

Number   

 Postcode  Signature   

Expiry Date 
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AFTER YOU 
PLAY THE GAME... 

GO 
mimmamillio. 

Decided to build your own 
electronic games rather 
than waste your money on 
the video game at the local 
milkbar. 

Clever thinking! 

Advance 2 Paces. 

You've lost the dice 
from your Ludo set. 

Go to Jail! 

You are 
interested in 
electronics! 

Advance 2 Paces. 

You're a 
Winner! 

If you rush out an buy 
your copy of "Howd to 
Build ELECTRONIC 

GAMES" 

i 

How to Build 

ELECTRONIC 

GAMES 

Contains 35 projects includ- 
ing an Electronic Poker Ma-
chine, Alien Invaders, Radio 
Microphone, Sound Bender, 
Reaction Tester, Racetrack 
Game, Electronic Grenade 
and lots more. This book is 

If 
full dof the sort of projects ynoout direct 
like to build when your plus 
builing a project! Check ..How 
your favourite newsagent or ETI 
electronics supplier. Rushcutters 

eLJÇ1...... 
2116' 

hubs 
Nome., ..., ei ••••••• 
*I.e. 

GM 1.se 

.—  ..,_,... 

i 

So, you've cuit buil the 
" Electroni Dce" — 
one of the many 
projects to be found 
in "How to Build 
ELECTRONIC GAMES" 

Advance 4 Paces. 

,..• 
i, • 

e H-- 
• . 
• • 

not available, 
from 
90c post 
to Build 

Book Sales, 

ETI by 
and 

Electronic 
15 

Bay, 

....,. 
—"" 

you 
sending 

Boundary 
NSW 

eti 

— 
Got drunk 
trying to work -; 
out the " Puzzle ,... 
of the Drunken 
Sailor" - 

Go to Jail! 

The plants are thriving, thanks 
to the " Soil Moisture Indicator" 
Project. 

- ,eie - /' -€. -, 
-- , 

./. 
) 

.;ei .*.99- 1,,) . 

Advance 5 Paces. 

can buy 
$3.95 

handling to 
Games" 

St., 
2011. 

Lost all your money on 
the Poker Machines? 

Lose a Turn. 

(You wouldn't have lost 
any with our " Electronic 
Poker Machine" Pro- 
ject) 

Congratulations! 
You've just won at the 
races playing our " Race- 
track Gar" Project. 

, ...,r 
-. ,¡ . . - - -  ,fi 

- 
•— , 

, 
Advance to Finish 

The batteries in your radio 
are dead. If you had 
bought a copy of " How to 
Build ELECTRONIC 
GAMES", you could have 
built your own Sun-
powered radio. 

Lose a Turn. 

JAIL ir,, •.!>;',, 
 /ea.  

";,:e:, , 'e----='="e') 
, :,»Nii;*‘4 - 

'40Treni • 

...rend the bunk! 
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