The Zen Variations - Part 5

The Complementary Zen

by Nelson Pass, (c) 2003 Pass Laboratories

Intro

The Zen Amp concept is an
exploration of how well you can
make a simple audio amplifier
perform. It makes for an
interesting illustration of design
technique, since more complex
circuits are inevitably composed
of collections of simple circuits,
and it is well recognized that
the optimization of these simple
sub circuits is usually the key to
getting the most out of the larger
circuit.

Apart from that, there is aesthetic
pleasure in rendering a device
in a simple way. Also we find
that, other things being roughly
equal, simple circuits sound
better musically. The Zen series
has so far demonstrated that
single gain stage amplifiers have
enough stand-alone performance
to justify their use in audiophile
applications. There is no reason
why we canit go on from here to
build two and three gain stage
circuits, but we have not yet
exhausted the possibilities for
single gain stage amplifiers, and
so we will explore some more.

Complementary Design

Previously we have limited
ourselves to single-ended Class
A amplifiers, but itis time to try
a complementary (push-pull)
design. Since this is supposed
to be a tutorial series, we need to
ask the primary question, iWhat

is meant by complementary
operation and why do | want it?¢

If there is only one gain device,
there cannot be complementary
operation. If there are two
gain devices you can operate
them in opposition, one of them
conducting more current while the
other one conducts less current
and vice versa. While this still
constitutes one gain stage, the
two devices give more gain and

power, and in addition certain
types of distortion (principally
second harmonic) tend to cancel.

The reason for distortion in an
amplifier is pretty much the
variation of gain of the active
devices over their operating
curve. As a transistor or tube
experiences greater and lesser
voltage and current over the
audio waveform itis gain changes,
creating distortion. If an oppositely
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operated device has the same
sort of character but is operated
in reverse, the distortions of the
two devices tend to cancel each
other out, and you get better
performance. This effect is useful,
although it is largely limited to
second harmonic (non-symmetric),
and does not help out at all on odd
order (symmetric) distortions.

Technically the Son of Zen project
is a complementary stage by
virtue of having two single-ended
stages, one on each side of the
loudspeaker. This has been
occasionally referred to as a
fibalanced single-endedd amplifier,
and isnit what we normally think
of when we refer to a push-
pull amplifier. However it does
benefit from the same distortion
cancellation mentioned above,
and its character is partly the result
of the complementary operation of
the transistors.

Common Drain Operation

Routinely, designers create single-
stage complementary voltage
follower amplifiers by using devices
of opposite polarity types with both
a plus and a minus supply voltage
as seen in Fig 1, where two
Mosfets can be seen operating
in iCommon Draind mode, where
the signal goes in the Gate and
comes out the Source. The circuit
has current gain, but not voltage
gain, and is similar to many of
the output stages of ordinary
multi-stage amplifiers in which a
previous stage has done all the
voltage amplifying you need.

It operates by having the Source
pins of the Mosfets connected
to the output, where they tend
to follow the voltage presented
to the Gates. A bias voltage is
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required between the input of the
amplifier and the Gates of the
Mosfets in order to put the Gates
of the Mosfets in the proper DC
position. A Mosfet requires about
3 to 4 volts DC between the Gate
and Source before it will start
conducting, and by adding this to
the input, we avoid losing the first
3 or 4 volts of the input signal.

For driving loudspeakers, we
usually want the amplifier to have
both voltage and current gain. Itis
a rare preamplifier that will output

the full voltage needed, and this
leaves the follower circuit of Figure
1 useful only in a limited number
of cases.

Common Source Operation

To get both voltage and current
gain, the amplifier will be operated
in iACommon Sourced mode, in
which the input goes into the Gate
and comes out the Drain. Figure 2
shows a simplified complementary
version of such an amplifier. Q1
and Q2 are both driven by the
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same input signal, but because
one is an N channel device and
the other a P channel type device,
their reactions to the input are
opposite. If the input voltage is
positive in polarity, Q1 conducts
less and Q2 conducts more, and
the output voltage goes negative,
making this an inverting type
amplifier.

R1 and R2 form the input and
feedback network of the amplifier,
and the gain of the circuit will
be slightly less than the ratio of
R2/R1. On the positive side, R3
and R5 form a network that sets
up the proper DC voltage bias for
the Gate of Q2, meaning 3 to 4
volts across R3. Similarly on the
negative half, R4 and R6 set up
bias for the Gate of O1. C1 and
C2 conduct the input signal to
the Gates of these Mosfets while
blocking this DC Gate bias.

More Parts!

Figure 2 will work just fine as is,
but itis usually more convenient
to add some little touches for
extra stability. Figure 3 shows a
more detailed schematic designed
to make life easier for those of
you fearless enough to build this
amplifier (and | certainly hope
you do). First off, we never use
Mosfets without some resistance
in series with the Gate pins, else
they might just fly away with
parasitic high frequency oscillation
all by themselves, and so we
have R7 and R8 to damp out that
possibility. The value is not at all
critical - somewhere between 100
and 500 ohms will do the job.

Also, you will notice that we have
added Source pin power resistors
to Q1 and Q2. These help stabilize
the DC bias a bit, and also give us

convenient spots across which
we can measure the current flow
through the circuit. In this case, |
have chosen two parallel .47 ohm
3 watt resistors to form a 6 watt
.235 ohm resistor (because the
Digikey catalog only offers the
inexpensive metal film Panasonic
power resistors down to .47
ohms). Like the Gate resistors, a
wide range of values will work fine.

| suggest between .1 and .5 ohm,
keeping in mind that they should
be able to handle as much as 4
amps without overheating. All the
rest of the resistors will be happy
at .25 watt ratings, and none of
them are critical in value except
R3 and R4.

In a real amplifier, R3 and R4
assume critical values, as they
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Fig. 3 Complementary Zen
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