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Advantages

The most obvious advantage of a VMOS device over an ordinary 
bipolar power transistor is that a VMOS device requires no 
significant input current, and has a typical input impedance of 
thousands of megohms. The input current is of the order of 
a few nano-amps, rather than milli-amps, and a high impedance 
drive circuit is quite adequate except where fast switching 
speeds are required. VMOS devices have an input capacitance 
of up to about 50pF, and in high speed switching or similar 
applications tire drive circuit must be at a low enough 
impedance for this to have no significant effect.

VMOS devices are ideal for high speed applications since 
they do not have the minority carrier storage time associated 
with bipolar transistors, and are majority carrier devices. The 
typical rise and fall time for a VMOS transistor is only about 
4 nano-seconds, which is about 10 to 100 times less than a 
bipolar power transistor.

An important advantage of VMOS devices in some applications, 
such as class B audio power amplifiers, is that they have a 
negative temperature coefficient and do not suffer from 
thermal runaway. Bipolar transistors have a positive 
temperature coefficient, and thus when they heat up in use they 
tend to conduct more heavily. This can produce increased 
current flow and dissipation in the device, which causes further 
heating and a further increase in current flow. This process 
can continue until the device becomes overheated and is 
destroyed. Since VMOS transistors have a negative temperature 
coefficient, when they heat up they tend to conduct less 
heavily, giving slightly reduced current flow and no 
possibility of thermal runaway. This is not to say that a 
VMOS device cannot be destroyed by overheating, since the 
reduction in current How due to heating is not very large, and 
is not sufficient to make it impossible to over-power the 
device.

A further important advantage of VMOS devices is that 
they do not suffer from secondary breakdown. In bipolar 
transistors this effect is caused by a sort of local thermal 
runaway causing “hot spots” which cause the silicon to melt 
and produce a short circuit between the collector and emitter
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A ]0vv quiescent current has the disadvantage of higher 
distortion because the output transistors do respond to even 
small voltage swings from the driver stage, but not as well as 
at higher signal levels. This is merely because a bipolar 
transistor tends to have a relatively low current gain at low 
levels of collector current. Thus, even with a small quiescent 
bias current, the distortion (which is termed “crossover 
distortion”) is still produced, although much less severely 
than with zero quiescent bias.

In this design D1 and D2 produce a bias voltage that is just 
sufficient to bring Tr2 and Tr3 to the threshold of conduction, 
so that a small quiescent output current is produced through 
these devices. A higher current would bring about two main 
problems. Firstly, a small amplifier such as this is likely to be 
used mainly in applications where it will be powered from an 
ordinary 9 volt dry battery, and in the interests of battery 
economy a fairly low quiescent current is desirable. The second 
problem is that of thermal runaway in the output transistors.
It has already been pointed out that bipolar transistors have 
a positive temperature coefficient, and therefore tend to 
conduct more heavily as they heat up. This heating will 
inevitably occur in the output devices in even a small amplifier 
such as this, and can lead to a substantial increase in the 
quiescent current consumption after the unit has been in use 
for a while. The increased bias current then leads to further 
heating of the output transistors, which in turn results in further 
heating, and so on. This can easily result in a steady increase in 
the output current until the dissipation in the output devices 
becomes so great that they overheat completely and are 
consequently destroyed.

This problem can be alleviated to some extent by using a very 
low quiescent bias current through the output devices, so that 
even after the output devices have heated up slightly with use, 
there is still only a very modest quiescent current flow, and no 
danger of thermal runaway. The price that has to be paid for 
this simple method is an increase in crossover distortion. 
However, the use of negative feedback reduces this distortion 
to a suitably low level, and a small amplifier such as this is not 

Hy intended to give hi-fi results anyway.
One other problem with the stability of the quiescent
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of Tr2’s collector load. The latter sets the quiescent bias 
current through the output transistors, and is adjusted for a 
total quiescent current consumption of about 30mA. It is 
important that this component should be adjusted for virtually 
minimum value when the amplifier is first connected to the 
power source, as otherwise a very high initial current might be 
drawn by the unit. This could possible damage Tr3 and (or)
Tr4, and could damage the power supply as well. With R8 
set for virtually minimum resistance there should be no 
significant current through the output devices, and R8 can 
then be carefully advanced to give the appropriate current 
consumption figure.

Although in a design which uses bipolar devices it would 
be normal to use a transistor or diodes in the bias circuit 
for the output transistors (as explained in the previous section 
of tills book) to provide temperature compensation, this is 
unnecessary here of course, since the output devices both 
have a negative temperature coefficient, and will cause a slight 
reduction in the quiescent outout current when they heat up in 
use. There is thus no risk of thermal runaway, and no need 
for temperature compensation since the small drop in the 
output bias current when the output transistors heat up is of 
no practical consequence.

One disadvantage of VMOS devices used in this type of 
circuit is a lower efficiency when compared to bipolar devices 
in an equivalent circuit. When used in the emiiter follower 
mode, the input voltage at the base of the transistor produces 
an almost identical change in the output voltage at the 
emitter, and there is a voltage drop of only about 0.65 volts 
between the base and emitter terminals of the device. The 
voltage gain is not quite unity, but is normally about 0.98 
and quite good enough to give high efficiency in a circuit of 
the type under consideration here, with an output voltage 
swing that is not far short of being equal to the supply 
potential if the amplifier is fully driven.

A VMOS device has a gate threshold voltage that is 
somewhat higher than the equivalent voltage in a bipolar device, 
and this gives an output voltage swing that is accordingly 
lower. However, this is largely offset by the fact that in 
bipolar power amplifiers it is often necessary to use a Darlington.
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that it only gives the desired effect on one set of half cycles; 
the positive going half cycles in this case. The minimum drive 
voltage available to Tr4 remains OV, or a little higher than this 
in reality since the collector voltage of Tr2 cannot quite go 
right down to the negative supply voltage. With a minimum 
gale voltage of just over OV, the minimum source voltage of 
Tr4 must be several volts lower than this under high output 
current conditions.

In order to compensate for this it is necessary to use a 
slightly higher supply voltage than would normally be utilized 
for an amplifier of this power rating and load impedance. Also, 
as mentioned earlier, the output is biased to slightly more than 
half the supply potential, this being necessary because the 
output would otherwise clip on negative peaks well before the 
point where clipping of positive output peaks occurred. Biasing 
the output a few volts higher than half the supply voltage 
ensures virtually symetrical clipping, and optimum output 
power for a given supply voltage.

Although a voltage gain of unity is very convenient when it 
comes to correctly biasing the amplifier, such a low gain is, 
of course, totally inadequate for use in practical audio 
applications. It is therefore necessary to decouple some of the 
feedback at audio frequencies so as to give a useable level of 
voltage gain. C4 is used to provide this decoupling, and R5 is 
included in series with C4 in order to limit the amount of 
negative feedback that is removed. This is done because the 
full voltage gain of the amplifier is not required in the majority 
of applications, and it is beneficial to leave as much negative 
feedback as possible as this feedback reduces distortion.

The voltage gain of the amplifier is approximately equal to 
R6 divided by R5, or about 10 times (20dB) with the specified 
values. However, within reason the vollage gain of the circuit 
can be altered to suit individual requirements by modifying 
the value of R5.

As with any audio amplifier design, the performance will 
vaiy somewhat from one example of the design to another. 
However, the distortion performance of this design seems to be 
comparable to that of simple bipolar transistor circuits, with 
the total harmonic distortion at most power levels being only 
about 0.1% or less. Measurements were only made at a
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Cl lOOnF plastic foil 

��������������  
ICl 4011 
Trl VN66AF 

�������������
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 
(rheostat). 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 SI.
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 Rl, VR1 and R2.
With the slider of VRl 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 nan. 
Steadily moving the slider of VRl 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 VRl.

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 Tl, Dl, D2 and 
Cl, 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 400! 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 VR1, 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.
VR1 can therefore be adjusted for the required motor speed, 
with minimum speed occuring at full resistance, and 
maximum speed being produced at zero resistance.

I.ikc 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.

����������$  ������  �����  �����  ����������  *+� ���  ��-
!��������  (both 1/3 watt 5%)

Rl 680k R2 220k
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VR1 2.2M (or2M) lin. carbon 
���������

Cl 1000 �+  25V 
��������������  

IC1 4001 
Trl VN66AF 
D1 1N4001 
D2 1N4001 
D3 1N4148 

�����8
SI DP mains switch 

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

�������������
Component board, control knobs, case, 1A quick blow fuse 
and holder to suit, wire, solder, etc.

C2 lOnF

D4 1N4148 
D5 1N4148

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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