


Although every care has been taken with the preparation of
this book, the author or publisher will not be held responsible
in any way for any errors that might occur,

©1981 BERNARD BABANI (publishing) LTD

First Published — February 1981

British Library Cataloguing in Publication Data
Penfold, R.A.
VMOS projects
1. Electronic apparatus and appliances —
2. Transistor circuits — Amateurs’ manuals
1. Title
621.3815%28 TK9965

ISBN 0 85934 058 9

Printed and Manufactured in Great Britain by Hunt Barnard Printing Ltd.







CHAPTER 5. SIGNAL CONTROLCIRCUITS . ........ 83
DC Volume Control. ....... S B e, R S ORI 84
A T o o 05 o M e ey K o TS B & 86
L L T (s B B R B L ) G i S s 88

REANAI0COMPIESSOL . st st/ sloid s0siw76 Sia ase sraiets sheia 91
Computer Voice . v oo vvween.. stererslols s o eioe alsle 94

CONCLUSIONS ..... i eliaete et St P e 96

Transistor and IC Pin Connections . .. ..cvvavvuwe.. 97







like ordinary bipolar transistors, or the MOSFETS fabricated in
CMOS ICs. V-JFETs are more difficult to use than the other
two types of power FET, and would not seem to be available
to amateur users, Therefore, they will not be considered
further here.

An ordinary field effect transistor has an “on” resistance
that is usually in the range 100 to 500 ohms, and so producing a
useable power FET is not just a matter of producing a device
that is capable of dissipating high power without being
destroyed it is also necessary to obtain a much lower “on”
resistance. The structure of a VMOS FET is therefore
substantially different to that of an ordinary MOSFET, and
Figure 1 shows a cross-section that illustrates the internal
structure of a VMOS device. With an ordinary MOSFET (or
JFET) the current flows horizontally between the drain and
source terminals, but the structure of a VMOS device is such
that this current flow is vertical, and a low “on” resistance is
obtained. Another necessary characteristic of VMOS devices
is that they have a far higher gain than conventional FETs, so
that a gate signal of a few volts peak to peak is sufficient to

produce a change in drain current of perhaps an ampere or
more,
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Fig 1 A cross section ilkstrating the construction of a VKOS
device
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terminals! To avoid this problem it is necessary to operate the
device at safe combinations of collector current and voltage,
and the manufacturers data shows the “area of safe operation™,
The structure and negative temperature coefficient of VMOS
devices eliminates secondary breakdown, and VMOS transistors
can operate with virtually any combination of drain voltage
and current (provided the maximum permissible voltage,
current, and power ratings are not exceeded, of course).

Disadvantages

VMOS devices are not perfect, and do have a couple of
disadvantages, although these are of a relatively minor nature,
One is simply that they are slightly more expensive than
bipolar power devices, although this is offset by the fact that
in many application it would take two or even three bipolar
devices (plus possibly a few passive components as well) to
replace a VMOS transistor, and is perhaps not a valid criticism,
The second disadvantage is that most of the current devices
have a comparatively high “on” resistance. This means that
the voltage developed across a VMOS device when switched
hard on and passing a high current is likely to be somewhat
more than would be the case for a bipolar device operating
under similar conditions, This can result in reduced efficiency
in some applications, However, devices having “on”
resistances of only about 0.2 or 0.3 ohms are now produced,
and two or more devices can be connected in parallel, as shown
in Figure 2, to give reduced “‘on” resistance. Although this
simple parallel method of connection does not work well with
bipolar transistors, where the positive temperature coefficient
can result in one device passing a steadily increasing percentage
of the total current flow, until it eventually overheats and is
destroyed, this does not occur with VMOS transistors due to
their negative temperature coefficient. In fact the circuit tends
to be self stabilising with the two devices taking a virtually
identical share of the current flow. Of course, the transistors
used should all be of the same type, or should have similar
characteristics, or a greatly unequal current could flow through,
them, and the stabilising action might be inadequate to
properly compensate for this. The “on” resistance is equal to
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Fig.5 A 200mW class 8 amplifier using a VMOS driver stage

output transistors, Tr2 annd Tr3. This quiescent bias is needed
because about 0.5 volts ox so isneeded across the base and
emitter terminals of a silic on bipolar transistor before it
starts to conduct between its collector and emitter terminals.
If the bases of Tr2 and Tr3 were simply connected together
and fed from the drain te rminal of Trl, a voltage swing of as
much as 1 volt peak to pe ak (+ 0.5 volts) would not cause
either of the output transistors to be biased into conduction,
and would not produce any significant change in the output
voltage! Larger signal levels would bias the output devices
into conduction for a pro portion of the time, and the output
would swing either side of its quiescent level during signal
peaks. However, the signal at the output would be severely
distorted to say the least, wwith the beginning and end of each
half cycle being totally absent.

Ideally, the output stage should be biased so that both the
output devices are passing a reasonably large quiescent current,
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Capacitor
Cl  100nF plastic foil
Semiconductors
IC1 4011
Trl VN66AF
Miscellaneous
Component panel, touch contacts, wire, solder, etc.

Motor Speed Controller

The very simple DC motor speed controller circuit of Figure 21
uses a VMOS transistor as a sort of high power potentiometer
(theostat). The circuit is intended for use with 12 volt DC
motors having a maximum current consumption of up to
about 1 ampere,

The mains supply is taken to the primary winding of isolation
and step-down transformer T1 by way of on/off switch S1.
The output of T1 is full wave rectified by the push-pull
rectifier circuit comprised of D1 and D2, and the resultant
rough DC output is then smoothed to some degree by Cl to
give a reasonably steady DC potential, There is in fact a fair
amount of ripple on this DC output, but this is of no
consequence in this application.

Power is supplied to the load via Trl, and this is biased by a
potential divider circuit which consists of R1, VR1 and R2.
With the slider of VR1 at the R2 end of its track, the gate
bias voltage fed to Trl will not be sufficient to cause this
device to conduct significantly, and the motor will not run.
Steadily moving the slider of VR1 towards the other end of its
track causes a gradually increasing bias to be fed to Trl, and
this results in its drain to source resistance progressively falling.
Thus the power fed to the motor increases accordingly, as does
the speed of the motor, until Trl saturates (at which point the
motor is operating at full speed). Thus the speed of the motor
can be varied from zero to full speed by means of VR1.

C2 filters out any mains hum or other electrical noise which
might otherwise be picked up in the high impedance gate
circuit of Trl, making it impossible to adjust the motor speed
down to zero. D3 is a protection diode that suppresses any
high reverse voltage spikes that happen to be generated across
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obtained. A high frequency results in no significant gaps between
the pulses, and virtually a continuous signal is fed to the
motor. This gives a high average power in the motor, and it
operates at full speed.

The advantage of this system is that while the motor is
being pulsed with power it is effectively operating at full power,
and can draw a high supply current if the loading on the motor
requires it. The motor is therefore operated by a series of
powerful pulses which resist any tendency to stall and give high
torque even at low speeds,

Figure 22 shows the circuit diagram of a DC motor speed
control that uses a pulse method of operation. A suitable
DC supply is derived from the mains input by T1, D1, D2 and
C1, as in the previous circuit. Again Trl is connected in series
with the motor, but this time its gate terminal is fed with the
output signal from an astable multivibrator circuit. This is
based on two of the four gates in a CMOS 4001 device, and
these are used in what is almost a standard CMOS astable
configuration. It differs from the standard configuration in
that there are two timing resistors connected between the
output of gate 1 and the junction of R1 and C2. These two
resistors are VR1 and R2, and steering diodes D3 and D4 are
included in series with these. Due to the presence of these
diodes, R2 effectively becomes the timing resistance when the
output of the astable is high, and VR1 acts as the timing
resistance when the output is low. As R2 has a fixed value the
duration of the output pulses is fixed. The period between
them is obviously variable by means of VR, and is virtually
zero if it is set for minimum resistance. At maximum resistance
the mark space ratio of the output is more than ten to one.
VRI can therefore be adjusted for the required motor speed,
with minimum speed occuring at full resistance, and
maximum speed being produced at zero resistance.

Like the previous circuit, this controller is intended for use
with 12 volt DC motors which draw a supply current of up to
about 1 ampere,

Components: Pulsed Motor Speed Controller (Figure 22)
Resistors (both 1/3 watt 5%)
Rl 680k R2 220k
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VR1 2.2M (or 2M) lin. carbon

Capacitor
Cl 1000 puF 25V C2 10nF
Semiconductors
IC1 4001
Trl VN66AF
D1  1N4001 D4 1N4148
D2 1N4001 DS 1N4148
D3  1N4148
Switch
S1  DP mains switch
Transformer

T1 Standard mains primary, 9V — 0 —9V 2A secondary
Miscellaneous

Component board, control knobs, case, 1A quick blow fuse

and holder to suit, wire, solder, etc,

Car Cassette Supply

The circuit of Figure 23 is for a device which enables a cassette
recorder or similar item of equipment to be powered from a
12 volt car battery. This is much more economic than using
ordinary dry cells to power equipment used in the car, but
there is the problem that most cassette recorders require a
6,7.5 or 9 volt supply. A device such as the one described
here is therefore needed in order to drop the 12 volt supply
to a suitable level. With the specified values this circuit gives
an output potential of 7.5 volts, but this can be changed to
approximately 6 or 9 volts by chainging D2 to a 6.2 volt or
9.1 volt component respectively. The unit has built-in
current limiting circuitry which limits the maximum output
current to about 500mA or so.

The circuit uses what is nearly a conventional arrangement,
but whereas an emitter follower (or source follower) stage
would normally be added at the output of operational
amplifier IC1 in order to boost its maximum output current
capability to a suitably high level, a common source stage is
used here (equivalent to a bipolar common emitter stage). IC1
and Tr3 are used as a simple unity gain buffer stage with 100%
negative feedback from the output to the non-inverting input
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‘The current consumption of the circuit is about 2mA plus
whatever output current is drawn. Tr3 should be fitted with a
heatsink, and a small, finned, bolt-on type will normally be
adequate.

The reason for using a common source output stage in this
circuit rather than a source follower should perhaps be
explained. As we saw earlier in the chapter describing audio
circuits, a source follower output stage produces a substantial
voltage drop between the input signal to the gate and the output
signal from the source, In this application we do, of course,
require a fairly large voltage drop from the input to the output,
but the voltage drop through a source follower stage could still
be too high, giving an inadequate output potential at high
supply currents. In audio circuits this problem can be over-
come quite often by the use of the bootstrapping technique,
as we have already seen, but this technique can only be used in
AC circuits and is not applicable here. It is possible to provide
a stepped-up supply for the driver circuitry and thus overcome
the problem, but this would be relatively complex, and the use
of a common source output stage is probably the most simple
way of overcoming the problem,

Components: Negative Earth Car Cassette Power Supply

(Figure 23)
Resistors (all 1/3 watt 5% except RS which is 1 watt 5%)

R1 2.2k R4 10k

R2 22k RS 1ohm

R3 10k
Capacitors

Cl 10 uF 10V C3 1000 uF 25V

C2  470nF plastic foil C4 100 uF 16V
Semiconductors

IC1 LF351

Trl BC178 Tr3 BDS512

Tr2 BC109

D1 1N4002 D2 BZY88C7VS (see text)
Miscellaneous

Component board, 1A quick blow fuse and holder to suit,
wire, solder, etc,

66









PCC1 ORP12 CDS cell
Capacitor
Cl 100 uF 25V
Semiconductors
IC1 CA3140T or CA3140E
Trl VN66AF
Switches
S1  SPST toggle S2  SPST toggle
1P1 12 volt parking lamp bulb
Miscellaneous
Case, component board, wire, solder, etc,

Ultra Simple Timer

The high input impedance of VMOS devices together with their
enhancement mode of operation makes them ideal for timer
circuits, The circuit of Figure 28 shows how a VMOS
transistor can be used as the basis of a very simple switch on
delay timer, where power is not supplied to a relay until some
predetermined period after the unit has been switched on.
Circuits of this type can be used in burglar alarms and many
other applications.

@ 3 O g4p 9
to
Rt [|] D1 AL Reset 12v

1N4148

O Sia
) RLA1
) Tri
VNE66AF

R1 ':Cf

100y T

Fig. 28 An ultra simple VMOS timer circuit
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When power is first applied to the circuit Tr1 will be cut off,
and will not supply any significant current to the relay which
acts as its drain load. Ct immediately starts to charge via Rt,
and eventually Trl will begin to conduct. When the drain
current reaches a suitably high level the relay is activated.
When the circuit is reset, Sla discharges Ct through current
limiting resistor R1 so that the unit is ready to perform another
timing run when S1 is returned to the “set” position again. R1
is needed to eliminate sparking at the contacts of Sla due to
an excessive discharge current (which would reduce the operating
life of S1 substantially).

The delay time is approximately 0.3CR seconds with C in
micro farads and R in megohms, but this is only a very
approximate figure as in practice such things as the relay
threshold current, threshold voltage of Trl, and the precise
supply voltage all affect the time delay. This circuit is there-
fore only suitable for applications where highly predictable
output times are required. Rt can be made many tens of
megohms in value if necessary, and so quite long delay times
are attainable. If a high value is used for Rt, and Ct is an
electrolytic component, it is advisable to use a tantalum bead
component for the latter. An ordinary electrolytic may have a
leakage current that is too high for this application, greatly
extending the timing period or even preventing the relay from
switching on at all.

The circuit can easily be modified to give an alternative
form of operation where switching on causes the relay to be
energised for some predetermined length of time. The
necessary modification is detailed in Figure 29. Note that the
original circuit gave a relatively short timing period due to the
fact that Ct only had to charge to a small fraction of the supply
voltage in order to switch on Trl. In the modified circuit Ct
has to charge to not far short of the full supply potential
before Trl starts to switch off and the timing period ends.

This gives a switch-on time of very roughly 2.5CR. It also
makes it even more important for Ct to be a high quality low
leakage component.
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to rise as well. Eventually Trl will conduct hard enough to pro
.duce!a large proportion of the supply voltage across R6, and Tr3
starts to switch off. Its drain potential then rises, and
switches on Tr2, This pulls the source terminal of Trl lower
in potential, increasing the gate to source voltage of this device
and causing it to conduct more heavily. This results in Tr3
conducting less heavily, which in turn biases Tr2 harder and
further increases the bias to Trl. This regenerative action
occurs very rapidly, and results in Tr1 and Tr2 being switched
hard on, and Tr3 being cut off. Power is thus removed from the
- radio. This regenerative feedback is needed in order to ensure
that the radio is switched off abruptly rather than being slowly
faded out. Of course, if a slow fade out is preferred, then it is
merely necessary to omit Tr2.

It is obviously essential that the circuit should have a low
current consumption so that the life of the battery is not greatly
reduced (bearing in mind that when the set switches off the
timer will still be connected to the battery, and will not be
disconnected until the morning). In the off state the only
significant current drawn by the set is that which flows through
R6, Trl and R7. Due to the fairly high combined resistance
of these a current flow of only about 23 uA ensues, and this is
far too small to have any large effect on the lifespan of the
battery.

The charge time of C1 depends upon the number of timing
resistors switched into circuit using S1. A timing period of
roughly five minutes is obtained with a single resistor, and
consequently times of about 10, 15 and 20 minutes with two,
three and four resistors respectlvely

When the unit is switched off, S2a discharges C1 through
current limiting resistor RS so that the unit is ready to start .
another timing run from the beginning when S2 is returned to
the ““set” position again,

Components: Radio Timer (Figure 30)
Resistors (all 1/3 watt 5%)

R1 to R4 10M (4 off) R6 330k
RS 10 ohms R7 47k
Capacitor

Cl 100 uF 10V tantalum bead
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Semiconductors
Trl VNIOKM (or VN66AF, VN67AF, etc.)
Tr2 VNIOKM (or VN66AF, VN67AF, etc.)
Tr3 VN66AF
Switch
S1  4-way, 3-pole rotary (only one pole used)
S2 DPDT toggle
Miscellaneous
Case, component panel, control knob, battery and connectors,
wire, solder, etc. ~

Simple Burglar Alarm

A VMOS device makes a good basis for a burglar alarm circuit
since its low level of leakage current and insignificant gate
drive current requirement make it easy to produce a circuit
that has an extremely low stand-by current consumption. This
makes battery operation of the unit an economically sound
prospect.

The circuit diagram of a basic burglar alarm based on a
VMOS transistor is shown in Figure 31. This can be used with
normally open (NO) contacts, normally closed (NC) contacts,
or both. These are, of course, micro or reed switches fitted to
doors or windows, or possibly switch mats. If no normally open
contacts are used, both these and R2 are simply omitted from
the circuit. If the normally closed contacts are not required,
these are left out and R1 is wired direct between Tr2’s gate and
the negative supply rail.

Operation of the circuit is very straight forward. Under
quiescent conditions R1 and R4 provide a bias voltage to Tr2
that is far too small to bring the device into a state of conduction,
Therefore no significant power is supplied to the relay which
forms the drain load for Tr2. If one of the NO contacts is
activated, a potential divider action across R2 and R1 takes the
gate of T12 several volts positive, biasing the device into
conduction and activating the relay. A pair of normally open
relay contacts then close and switch on the alarm generator
circuit.

Trl was originally cut off, since there was no significant
voltage across the relay and thus no significant base current fed
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The unit is primarily intended for use with a low level signal
source such as an electric guitar, but it will work reasonably well
provided the input level does not exceed about S00mV RMS.

Components: Tremolo Unit (Figure 33)
Resistors (all 1/3 watt 5% (10% over 1M) except for R6)

R1 3% R6 470k 0.1 watt preset
R2 3% R7 22k
R3 39k RS 1.8M
R4 5.6k R9 820 ohms
R5 1.8M R10 4.7k
VR1 100k lin. carbon
Capecitors
Cl 100 uF 10V C4 2.2 uF plastic foil
C2 10 uF 10V tantalumbead C5 220nF plastic foil
C3  47pf ceramic plate C6 2.2 uF plastic foil
Semiconductors

IC1 CA3130T or CA3130E
Trl VNIOKM (or VNG6AF, Tr2 BC179
VNG67AF, etc.)

Switch
S1  SPST toggle

Miscellaneous
Case, component panel, 9 volt battery and connector to suit,
sockets, wire, solder, etc.

Noise Gate

As many readers may be unfamiliar with noise gates, it should
perhaps be explained that this is a piece of equipment which
only passes signals that exceed a certain threshold level.

Signals are either fully suppressed (giving an effect similar to
the squelch circuits fitted to some FM tuners and VHF
communications equipment, and circuits of this type are often
called “audio squelch” units), or attenuated by about 20dB,

if they are below the threshold level. The idea of a circuit of
this type is to reduce or eliminate noise on signals which have a
poor signal to noise ratio. It is only the noise during gaps in the
signal that is effected, and there is no true improvement in the
signal to noise ratio. However, a high continuous noise level,
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