





HIGH POWER
AUDIO AMPLIFIER CONSTRUCTION
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voltage for testing purposes.

Do not omit any fuses that are shown in the circuits
featured in this book (or any other publication come to that).
Fuses have their limitations, the main one being that they are
relatively slow in operation. Even the so-called ‘“‘quick-blow”
variety are not particularly fast by electronic standards. A
severe overload may well take almost a second to “blow” the
fuse. Semiconductor current limiting circuits operate in a
matter of microseconds, and will usually prevent any damage
to the semiconductors in the main circuit. Fuses are not fast
enough to provide the same degree of protection. Fuses also
tend to ignore minor overloads. They might eventually blow,
but perhaps only after the overload has been present for
several minutes or more. Semiconductor current limiting and
overload cutout circuits have well defined trigger levels.

Despite these problems, fuses are in some respects the more
practical choice. They are cheap, simple, and produce minimal
power losses. Semiconductor protection circuits need not be
particularly complex, but they are quite expensive where high
power levels are involved, and they tend to produce quite
significant power losses. In most cases fuses will prevent any
serious damage to components not already damaged when a
fault condition occurs, and they should always be sufficient
to prevent problems such as components overheating or wiring
burning out when a serious fault occurs.

Treat the output signal of a high power amplifier with due
respect.  Short circuits on the output can cause massive
currents to flow. Apart from the likelihood of damage to the
output transistors of the amplifier, pretty massive currents can
flow in the output wiring if the output is short circuited while
the amplifier is being driven hard. The currents might even be
high enough to melt wiring, or to cause the plastic insulation
to burn. Always use good quality cables and connectors of
adequate rating for the job. Figure of eight type “bell” cable
might be fine for low power music centres, etc., but it is
inadequate for high power amplifiers. You could easily end
up with more power being lost in the cable than reaches the
loudspeaker, possibly with dire consequences for the cable.
Use proper heavy duty loudspeaker cable, and avoid tempor-
ary lash-ups that are unreliable. These could prove to be
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high as this, and at higher powers the situation gets steadily
worse. Something not too far short of 200 volts peak to peak
is needed in order to give 500 watts r.m.s. into an 8-ohm
impedance loudspeaker.

The situation is actually somewhat worse than these figures
would suggest. No transistor output stage is capable of pro-
ducing a peak to peak output voltage that is equal to the
supply voltage. The efficiency in this respect varies substan-
tially from one design to another, but at the high currents
involved in this application, the voltage drops across power
transistors are generally quite high. With bipolar transistors
the discrepancy between the supply voltage and the peak to
peak output potential could easily be 10% or more. Losses
are generally higher with power f.e.t. devices, which tend to
have higher minimum “‘on” resistances than would be ideal.
With these it is not uncommon to have a peak to peak output
level that is around 20% less than the supply voltage.

Another factor to bear in mind is that most high power
audio amplifiers are not fed from stabilised power supplies.
Ideally I suppose they would be, but in practice there is the
high cost of the stabiliser circuit to consider. As yet, inexpen-
sive monolithic voltage regulators are not capable of handling
the kinds of supply voltages and currents involved in high
power audio applications. Also, a stabilised supply resultsin a
certain amount of wasted power, which has to be compensated
for by using a higher voltage mains transformer. In addition to
the extra cost, this also gives increased size and weight.
Although a stabilised supply has potential advantages, these
are normally outweighed by the increased cost, bulk, and
complexity.

The drawback of a non-stabilised supply is that there can
be a vast difference between the loaded and unloaded output
voltages. A drop of 30% or so from zero load to full load
would by no means be exceptional. This problem can be
eased by using a mains transformer of generous current rating,
but this obviously increases the bulk and cost of the power
supply to some extent.

The practical result of all this is that where an output
power rating requires a peak to peak output level of (say) 100
volts, the loaded supply voltage might need to be more like
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115 volts, and the unloaded supply could well be as high as
150 volts. To guarantee safe operation, some of the transis-
tors in the amplifier would need to have maximum voltage
ratings of around this 150 volt level, not the 100 volts
suggested by the peak to peak output potential.

Lower Load Impedance

One approach to high power audio design is to simply use
suitably high supply voltages, together with semiconductors
having adequate voltage ratings. Power field effect transistors
having voltage ratings of around 120 volts to 200 volts are now
readily available. These can handle quite high powers of
about 100 watts per device, and currents of up to about 7 to 8
amps. These can obviously be used to provide quite high
output powers when used in conventional class B output
stages. Matching high voltage driver transistors are available
for these output transistors.

High voltage bipolar power transistors are also available.
Although the ubiquitous 2N3055 is quite popular for audio
power amplifier designs, for genuine high power circuits its
collector to emitter voltage rating of 60 volts is something of a
limitation. Although it is often referred to as a 100 volt
transistor, it is only the collector to base rating that is 100
volts. Devices such as the 2N3773/2N6609 complementary
pair offer greater scope. These have collector to emitter
voltage ratings of 140 volts, collector current ratings of 16
amps, and power ratings of 150 watts.

It can be difficult to obtain really high output powers
even with the aid of these “mega” output devices. It is often
voltage rather than current ratings that are the limiting factor,
and the most simple solution is then to use a lower load
impedance. Halving the load impedance from 8 to 4 ohms
gives double the current flow, and double the output power
(provided the power supply, etc., have suitable ratings). An
output power of 300 watts requires about 138 volts peak to
peak into 8 ohms, which would probably dictate an unloaded
supply voltage in excess of 200 volts (but possibly a little less).
For 300 watts r.m.s. into a 4-ohm impedance the required
peak to peak voltage is about 97 volts. This would require an
unloaded supply voltage of only about 140 volts or so.
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A slight problem here is that most loudspeakers have an
impedance of 8 ohms rather than 4 ohms (although 4-ohm
types do exist). However, two 8-ohm loudspeakers wired in
parallel give an overall impedance of 4 ohms. Even lower load
impedances can be obtained by using more loudspeakers in
parallel (four speakers for a load impedance of 2 ohms for
example). There is a practical limit to how far you can take
this idea. Very low loudspeaker impedances require relatively
low drive voltages, but the drive currents can become massive.

Even assuming that everything in the circuit could handle
these currents, there are practical difficulties in dealing with
such low impedance signals. Very heavy gauge wiring is
needed in order to handle currents of ten or twenty amps
with low voltage drops. In fact quite heavy gauge wiring is
needed to handle such high currents without burning out!
Cables to handle very high currents are often more like metal
rods than the normal (very flexible) cables we are used to.

Another method of obtaining high output powers from
relatively low supply voltages is to use an output transformer
(or possibly just an inductor) to provide a suitable voltage
step-up. This method has its advantages and drawbacks. One
drawback is that it is difficult to produce suitable transformers
at reasonable cost. High quality types are expensive —
inexpensive types tend to seriously compromise the audio
output quality. The main drawback of this method for the
home constructor is simply that suitable transformers, or the
materials to build your own, do not seem to be readily avail-
able. It is only likely to be a practical proposition if you are
prepared to improvise with whatever likely looking materials
you can obtain, and you are prepared to accept that the final
product may not give satisfactory results. Even if suitable
materials or components can be obtained, getting this type of
circuit to operate well and reliably is not always easy.

Bridge Circuit

A more up-market way of obtaining high powers without
having to resort to very high supply voltages is to use a bridge
circuit. This does not have to be used as an alternative to a
lower load impedance, and it is quite possible to use the two
methods together in order to obtain high output powers from
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Fig.1.2  In-phase signals give no voltage difference across
the loudspeaker, and zero output

Fig.1.3  Anti-phase output signals give a large voltage
swing across the loudspeaker




20 volts of the opposite polarity across the loudspeaker, this
gives a total peak to peak value of 40 volts.

Using a bridge circuit it is theoretically possible to obtain a
peak to peak output voltage that is double the supply voltage.
This is not possible using current output devices, but it is
certainly possible to obtain peak to peak output potentials
that are well in excess of the supply voltage. The output level
is roughly double that of a single-ended power amplifier. In
terms of output power this actually means that something
like four times the normal output power for a given supply
voltage and loudspeaker impedance can be achieved using a
bridge circuit. Remember that doubling the output voltage
also doubles the output current, and that power is equal to
voltage multiplied by current. Doubling both the output
voltage and the output current therefore gives a quadrupling
of the output power.

Using a bridge circuit it is clearly possible to obtain quite
high output powers without having to resort to either a high
supply voltage or extremely low load impedances. As we
have already seen, for 100 watts r.m.s. into an 8-ohm imped-
ance loudspeaker some 28.28 volts r.m.s., or 80 volts peak to
peak is required. Using a single-ended transformerless output
stage this dictates a supply voltage of at least 80 volts, and
what in practice is likely to be an unloaded supply voltage of
130 volts or so. A bridge circuit could achieve the same out-
put power from a supply potential of at least 40 volts, and
what in practice would probably be an unloaded supply
voltage of about 65 volts or so. This is clearly much more
manageable, although it must be borne in mind that the
reduced supply voltage is gained at the expense of greatly
increased supply current. However, with semiconductor
circuits it is generally easier to provide high currents than it
is to provide high voltages.

Although a bridge circuit may seem to be an ideal solu-
tion to providing high output powers without having resort
to high supply voltages, this system does have one or two
slight drawbacks. A minor one is that with this type of
circuit it is generally a little more difficult to obtain good
stability than it is with single-ended designs. The probable
cause of this is the fact that the input must be in-phase with
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one of the outputs. This can easily lead to problems with
instability due to stray feedback. It is not usually too difficult
to obtain good stability though, and this is not a major
drawback.

Something that does tend to be a more major problem is
that of obtaining a low quiescent output voltage. With this
type of circuit it is normal for the output to be directly
coupled to the loudspeaker. There is no strong d.c. compon-
ent across the outputs, which makes using a large electrolytic
coupling capacitor a dubious practice. The circuit could be
designed to produce a suitably strong polarising voltage, but
this would upset the symmetry of the circuit, which would be
reflected in a significant reduction in the maximum output
power.

Direct coupling is a better way of handling matters, but
only if the two output voltages are accurately matched under
quiescent conditions, In fact the situation is a little more
complex than this, as the output voltages must remain accur-
ately matched when the amplifier is being driven. It is very
easy to produce a design that has accurately matched d.c.
output potentials under standby conditions, but which has a
strong d.c. bias across the outputs when the amplifier is driven
hard. It is also easy to produce a design which has accurately
matched output levels when it is first set up, but which drifts
out of balance within a few minutes.

The problem with d.c. offsets across the output is that they
produce strong d.c. flows through the loudspeaker. Apart
from reduced efficiency in the amplifier, there are the conse-
quences for the loudspeakers to take into account. Strong
d.c. levels maintained for a long period of time can apparently
result in the loudspeaker cone being permanently offset from
its correct resting position. This could affect the reproduction
quality, and would certainly reduce the maximum power level
that the unit could handle properly.

Although there are potential problems here, they are not
insurmountable.  Using operational amplifier style dual
balanced supply rails, together with operational amplifier style
biasing and feedback circuits, will usually ensure that there is
no significant d.c. bias across the outputs.

A small but important point to bear in mind when using
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bridge amplifiers is that neither output is at earth potential.
Furthermore, as d.c. coupling is used, letting one of the out-
puts come into electrical contact with the earth rail will
produce a massive current flow. The fuses might “blow” in
time to prevent any damage, but it is quite likely that one or
more output transistors would be destroyed before the fuses
cut off the supply. Using dual balanced supplies and a central
(0 volt) earth rail can minimise this problem by giving minimal
differences between the output potentials and the earth
voltage. However, this would not necessarily ensure a low
current flow in the event of an output being short circuited to
earth.

Power Calculations

Calculating the output power of an audio amplifier should be a
simple enough matter, but it is a slightly contentious one. In
theory, you simply take the maximum loaded r.m.s. output
voltage, square it, and divide by the loudspeaker impedance.
For example, 10 volts r.m.s. into an 8-ohm impedance loud-
speaker gives 12.5 watts r.m.s. (10 volts squared = 100 volts,
divided by 8 ohms = 12.5 watts). If the output voltage is the
peak figure, not the r.m.s. one, it should first be divided by
1.414 in order to convert it into an equivalent r.m.s. figure.
For peak to peak voltages divide by 2.828 in order to obtain
an equivalent r.m.s. value.

While this is all simple enough, in practice matters are
complicated by the fact that few audio power amplifiers are
powered from stabilised supplies. As already pointed out, the
use of stabilised supplies does have potential advantages, but
these are normally outweighed by the disadvantages. In
particular, the increased cost and bulk. An advantage of a
non-stabilised supply is that it enables short spiky waveforms
to be handled better. Although waveforms of this type give
very high peak output powers, they produce relatively low
current consumptions. Figure 1.4 helps to illustrate this
point.

In the upper waveform, which is triangular, the average
level is just half the peak level.  In the lower waveform its
spiky nature means that the average level is only about one-
tenth of the peak level. The peak output power is the same
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if desired, or they can be fitted on their own heatsink (one of
about 3 degrees Centigrade per watt should suffice). Bear in
mind that the metal tabs of the BD711/712/911/912 transis-
tors connect internally to their collector terminals. It is
essential that all these devices should be properly insulated
from their heatsinks using TO-220 insulating kits. These
consist of a single insulating washer plus one plastic bush (just
one bush, since this type of transistor has only one mounting
bolt).

These amplifiers produce output powers that are compar-
able to the power MOSFET circuits, and if anything, they will
produce what are generally slightly higher output powers for a
given set of operating conditions. 1 have not made any
distortion measurements on the bipolar versions of the
amplifiers, and in this respect I would not expect them to be
as good as the power MOSFET designs. However, listening
tests would suggest that they have quite a reasonable level of
performance in this respect, and they should certainly give
adequate for most high power audio applications.

Components

Non-inverting Bipolar Power Amplifier (Fig.3.16)

Resistors (0.25 watt 5% carbon unless indicated)
R1 3k9

R2 22k

R3 68k

R4 4k7

RS 4k7

R6 1k

R7 100R

R8 15k

R9 100R

R10 100R

R11 OR22 3 watt
R12 OR22 3 watt
R13 OR22 3 watt
R14 OR22 3 watt
R1S 2R2

R16 27k
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Inverting Bipolar Power Amplifier (Fig.3.17)

Resistors (0.25 watt 5% carbon unless indicated)
R1 1k

R2 22k

R3 68k

R4 4k7

RS 4k7

R6 100R

R7 15k

R8 100R

R9 100R

R10 OR22 3 watt

R11 OR22 3 watt

R12 OR22 3 watt

R13 OR22 3 watt

R14 1k

R1S 2R2

R16 27k

Potentiometer

VR1 4k7 sub-min hor preset
Capacitors

Cl 100u 63V radial elect
C2 100u 63V radial elect
C3 4u7 63V radial elect
C4 In polyester

CS 39p ceramic plate
Cé 6n8 polyester

C7 100n polyester
Semiconductors

TR1 2SA872A

TR2 2SA872A

TR3 2SD756

TR4 2SB716

TRS 2SD756

TR6 28SD756

TR7 BD711
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Please note overleaf is a list of other titles that are available in
our range of Radio, Electronics and Computer Books.

These should be available from all good Booksellers, Radio
Component Dealers and Mail Order Companies.

However, should you experience difficulty in obtaining any
title in your area, then please write directly to the Publisher
enclosing payment to cover the cost of the book plus adequate
postage.

If you would like a complete catalogue of our entire range
of Radio, Electronics and Computer Books then please send a
Stamped Addressed Envelope to:

BERNARD BABANI (publishing) LTD
THE GRAMPIANS
SHEPHERDS BUSH ROAD
LONDON W6 7NF
ENGLAND
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