More Solid State Theory

UNDERSTANDING THE

PUSH-PULL

WIIY PUSII-PULL

When an RF carrier is amplified by a
semi-conductor device (and this includes dis-
crete transistors, FET’s, chips and 1C amps),
not only is the signal amplified, but the semi-
conductor reacts as a (frequency) doubler or
mixer.

For example, if we amplify a channel 2
visual carrier (55.25 MHz), at the output of
the amplifier, we would measure not only
the 55.25 MHz carrier, but we would also
measure a iew signal at 110.50 Milz, or
twice the frequency of the input carrier. The
new carrier or signal at 110.50 Mllz is gen-
erated within the semi-conductor in the
amplification process and it is called second
order distortion.

Unfortunately, things get much worse
when we amplify two carriers in the RF amp-
lifier. If, in addition to our 55.25 MHz visual
carrier, we also have a channel 4 visual carrier
at 67.25 Mllz, we would cxpect to have no
fewer than 55.25 MHz, 67.25 M1z, 110.50
MHz (2 x 55.25), and 134.50 MHz (2 x
67.50) at the output of the amplifier. How-
ever, with two or more carriers going into the
amplificr, we have more than just the two
plus their 2x carriers coming out. Because in
addition to frequency doubling the original
input carriers (55.25 x 2 = 110.50; 67.25
x 2 = 134.50), we also have sum and dif-
ference frequencies present at the output of
the RF amplifier. In this situation, we will
also have 12 Mtz (67.25 - 55.25), and 112.5
MHz (55.25 + 67.25).

Note there are six carriers present at the
output, the original two plus four more.
This is just an analysis of two visual carriers.
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AMPLIFIER

A 12 channel system with 12 visual carriers,
12 aural carriers, 12 color sub-carriers, plus
some quantity of M band signals and a pilot
carrier or two, starts to defy human compu-
tation!

Now naturally these undesired second
order distortion carriers are never as strong
coming out of our amplifier as our primary
desired signals. But they are there, and if they
were to happen to fall on or within a visual
carrier signal region of a TV channel on the
system, we would see some form of picture
degradation on our desired pictures. (Sce
CAT] for May 1974, Pages 24/25 for beat
pattern effects.)

When the Federal Communications Com-
mission first allocated the 12 VHF television
channels we now function with, this poten-
tial problem was at least taken into consid-
eration. Certainly not with CATV or line
amplifiers in mind, but with direct trans-
mitter radiation problems in mind. Conse-
quently, low band channels were so grouped
so that when we apply the “2x rule” to their
primary frequencies, we find that 2x the
primary frequency always falls someplace
above channel 6 but below channel 7 in the
spectrum. On channel 6, for example, 2x the
83.25 MHz visual carrier frequency is 168.50
Mltlz, while channel 7 (the next channel in
line) has a visual carrier frequency of 175.25
Mtz.

As long as CATV system operators were
satisfied with 12 standard assignment VHF
channels, the CATV industry had few real
problems with second order distortion prod-
ucts. But, as soon as we began to think about
our “empty spectrum’ on our cable plants,
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DIAGRAM 1

and wondering aloud how we might be able
to force-feed additional TV channels through
the cable and amplifiers, the second order
distortion bird came home to roost!

For example, 2x channel 3 visual carrier
frequency falls in mid-band channel “A”. If
it shows up at a high enough level on the
cable plant, it will definitely show a herring-
bone type of beat with any signal we hap-
pened to be cable-carrying on Channel “A”
on our CATV plant.

To enable our industry to utilize the so-
called mid-band channels between 6 and 7
(we generally speak of mid-band as starting
around 120 MMz and running up to 174
Mliz, although most users of cable do not
use the full range [1]), the push-pull ampli-
fier was developed.

WIIAT IS PUSII-PULL?

Basically, a push-pull amplifier stage con-
sists of two transistors (chips, etc.) operating
electrically 180° out of phase with each
other, with the outputs combined through a
transformer as illustrated in Diagram 1. Very
cleverly the second order distortion products
generated in the amplifier stage(s) are can-
celled in the transformer (180° out of phase
cancels), and this makes possible amplifica-
tion over a frequency range that spans more
than a single octave (2).

The typical amplifier stage operating on
each side of a push-pull amplifier is a stan-
dard amplifier circuit with both current and
voltage feedback (see CATJ, May 1974,
Pages 40-46). The individual stage is designed
flat or with 2-3 db maximum tilt by chang-
ing the feedback ratios. Input and output
impedances are matched to 75 ohms. See
Diagram 2 for a typical single stage. This type
of circuitis exactly the same as a single ended
amplifier, which was discussed in some de-
tail in the May issue of CAT]J.
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DIAGRAM 2 - =

There have been two major designs for
the development of a push-pull amplifier.
The first we shall discuss utilizes a two-way
splitter as its basic element. We are all aware
that a two-way splitter divides the signal fed
to itintoa pair of separate but equal outputs.
A 75 ohm splitter has a 75 ohm input and
two 75 ohm outputs, and in a standard
splitter the two (split) outputs are in phase
(each with the other). Another way of de-
scribing a splitter is to call it a “balanced di-
vider”. See Diagram 3.

However, a push-pull amplifier circuit re-
quires that the inputs to the opposing ampli-
fier stages be 180° out of phase. So, to the

(1) There is a tacit understanding between
CATV system designers and the FAA that we
will avoid the cable use of the 108-120 MHz
spectrum for fear that cable radiation in that
spectrum wmight be mistaken for an aircraft
ommni-beacon station and airplanes overbead
might lock onto our cable plant radiation be-
lieving it to be an airport omni station.

(2) In CATV and other RF work, a frequency-
octave is any doubling of the width of a given
frequency span. For example, 50 (x2) = 100
MHz is one octave. Once at 100, 100 (x2) =
200 MHz is the next octave. Once at 200
MHz, 200 (x2) = 400 MHz is the next octave.
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standard two-way. splitter (Diagram 3), we
modify one of its output legs, or ports, by
addingina 1:1 transformer. This transformer
does nothing to the impedance of that leg,
but it does create a 180° phase reversal, or
lag, in that leg. See Diagram 4.

With two signals of opposite phase, but
equal level, we are now ready to drive the
twin amplifier sections as shown in Diagram
5. Notice in Diagram $, that the input signal
is fed through the standard two-way splitter,
into a phase shifting (1:1) network on one
leg and into an amplifier stage on both legs.
Stage A (amplifier 1) feeds directly into
stage B (amplifier 2) on both legs.

After stage B on both legs, the side which
was fed directly by the input two-way split-
ter now goes through a phase shifting net-
work (1:1) and then both legs are recom-
bined in a second two-way splitter, utilized
now as a two-signal-combiner.

While in the push-pull portion of the
amplifier as a whole, there is never any type
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of gain control or tilt control employed.
To do so while in the delicate phase-state in
the two parallel legs of the push-pull ampli-
fier would introduce a variable (or two)
which would change the relative phases of
the two legs beyond the point where they
could be controlled. Gain and tilt are always
employed in the amplifier stage(s) when the
the signal is in an unbalanced mode.

In trouble shooting this type of push-pull
circuitry (and it is the most popular approach
to push-pull around), there are a number of
areas which may be helpful to you:

(1) Because of the way that two-stages
of push-pull are designed, wune or
both of the amplifiers on one side
(i.e. 1A and 1B in Diagram 5) could
fail and the total gain of the ampli-
fier as a whole would drop by only
6 db.

Each individual amplifier stage is a
complete single ended amplifier and
it should be viewed and trouble shot
as outlined in the May issue of
CAT], Page 40.

You should use a signal probe and
follow the signal (RF) continuity
through the amplifier on one side,
and then on the other side (CA7T)/
for May, Page 46). Keep in mind

(2)

(3)

that relative to the input zo the
two-way splitter (on the input to the
push-pull stage[s]) you will see a
3 db loss down any one leg, but
that after the two-way splitter in
the output of the two legs (i.e. re-
combiner) you will see a 3 db gain
relative to either leg alone.

NOTE: The opposing transistor
pairs in any push-pull amplifier (i.e.
1A and 2A) are carefully matched
(one to the other) by the original

4

CATJ for



INPUT
o +)

DIAGRAM 6

transistor manufacturer. It is very
important to understand that if you
arc going to maintain phase parity
between  opposing stages,  that
malched pairs, and only matched
pairs, should be used. Therefore,
if you pop one transistor (i.e. 1A),
you must replace that transistor,
plus its opposing member (2A) with
a matched pair provided by the tran-
sistor  manufacturer or amplifier
manufacturer. However, you can
still use the good member of the pair
later on, in a single ended amplifier
stage. So discard only the bad one
of the pair.

OTHER PUSH-PULL CIRCUITS

Other approaches to push-pull amplifier
design follow the same basic pattern, but
there are some innovations which you should
understand in casc your equipment utilizes
one or more.

One major difference is the manner in
which the out-of-phase signals are developed
by the circuit designer. Diagram 6 illustrates
a method by which a single transformer
(rather than a two-way splitter plus 1:1

transformer on one leg) can create the phase
reversal or imbalance required for a push-pull
amplifier.

With a turns ratio of 3 turns on the in-
put and a turns ratio of 4 turns on the output
side of the transformer, we will end up with
180° phase reversal on the two legs. This
deletes both the two-way splitter and the 1:1

transformer.
FULL PUSII-PULL AMPLIFIER

A typical push-pull line extender will have
four stages of amplification. The first two
will be single ended and it will be in these
stages where the gain and tilt controls are
located. Following the two single ended
stages will be the two (pairs of) push-pull
stages. Sec Diagram 7.

Normally a plug-in type of cable equal-
izer is also employed in these amplifiers. It
is placed at the input to the amplifier (see
Figure 17, Page 45, May CAT]).

Push-pull amplifier stages are normally
biased like single ended amplifier stages.
There is one exception, as shown in Dia-
gram 8.

Notice in Diagram 8 that the base bias
voltage developed by R1 and R2 is fed to
the center tap of transformer I'1 and is then
fed to the base of both transistors. This is
done for two reasons:

(1) It removes three component parts
from the circuit.
(2) It forces both transistors to aceept

the same identical base bias condi-
tion.

Also, notice that resistor R5 is common
to both circuits. This-again removes a com-
ponent part from the circuit, and it maintains
both transistors at exactly the same collector
current levels.
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