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Fig. I. Eight 6V6 tubes in push pull-parade!
cathode-follower output stage, and two
paralleled power transformers give this
amplifier an unusual appearance. Simple
c i r c u i t arrangement provides maximum
speaker damping.

A Practical
Cathode-Follower A udio Amplifier
W . E. G IL S O N , M.D.,* and RU SSELL PA V LA T *
A design which provides high damping for the louospeaxer, resulting in excellent transient response.
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peaker damping

is a comparatively

neglected element in the discussion
of high-quality amplifiers. Specifi
cations usually state that the frequen
cy response cur\e can best be drawn
with a reliable straightedge, and that
the percentage of distortion is negli
gible at a substantial number of B I T ’s
output per second. The absolute flat
ness and freedom from distortion so
obtained are largely of emotional value
to the designer, as a slight variation at
high output cannot be detected except
by measurement, because the inner ear
generates up to 50% harmonic distor
tion under that condition*1 Such an
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amplifier may sound clean, or it may
be quite “ muddy.” depending on the
damping.
Such fine sounding specifications a- 5
usually accompanied by (sometimes
accomplished by) the use of large
amounts of inverse feedback. Thus fair
damping is usually obtained, particu
larly if an excellent output transformer
is used or if the feedback is taken
from the voice coil winding. Except
in a very good transformer, there is
regrettably little relation between the
wave shapes of the voltages on the
primary and secondary windings.
Although in comparable circumstan
ces triodes sound somewhat cleaner
than beam-power tubes to the writers,
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Fig. 2. Underside of amplifier chassis. Note clean, straightforward wiring lavout.

this is an uncertain subjective judg
ment. Many persons interested in audio
reproduction will, when the proper
stimulus is applied, inevitably state
their dogma “ Nothing can beat a pair
of 2A3’s.” One amplifier on the marke'.
at present, with the modern equivalent
of the 2A3, sounds definitely muddy,
largely because of a lack of damping.
No inverse feedback from the output
winding is used, and the transformer is
not of sufficiently high quality to pro
vide close coupling between the tubes
and the voice coil. Thus a good so..d
triode dess not inevitably give clean
reproduction. I t can give very good re
sults if used in a well designed ampli
fier.
The use of the 6A S7G appears to
provide some improvement in damping.
An experimental amplifier using this
tube, constructed some time ago, sound
ed remarkably clean, considering that
a poor output transformer was used.
McProud2 obtained an impedance of
7 2 ohms across the 16-ohm output
winding, using the 6A S7G in a better
amplifier with good components.
Considerably better damping can be
obtained with a cathode follower ampli
fier. This type of audio output circuit
has seldom been used, probably because
of the high driving voltage required.
The present circuit has been developed
to provide adequate output with an
economical source of distortion-free
high driving voltage. The circuit ap
pears slightly unconventional, but there
is a definite reason for all of the de
partures from the usual. The amplifier
is shown in Figs. 1 and 2.

Driving V olta g e

The driving voltage is obtained by
using a resistance coupled (ISN'T with
a plate supply voltage of 700, and a
plate voltage of 300. The cathode fol
lower output requires high current at
low loltage, and the preamplifier stages
require low current at low voltage. Tt)
fulfill these requirements, t" ’0 RX(
transformers are used with their high

voltage' secondaries in parallel. The
combination is then rated at 350 volts
each side of the center tap, at 300 ma.
I wo 5 volt and two 6.3-volt windings
arh also available. One of the 6.3-volt
windings, with its center tap connected
to ground, is used for the heaters of
the earlv amplifier stages and for the
6X5GT rectifier, which supplies 350
volts above ground at low power for

4. Frequency response curves at d ifferent output levels. Note that range
extends from 4 cps to well over 30 kc.
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these stages. The two 5-volt windings
are used for the two 5U4G rectifiers,
which are connected in the reverse of
the usual manner to provide 350 volts
below ground at high power, for the
output stage. There is a total differ
ence of 700 volts, across which the
driver stage is operated. Tin remaining
0.3 ^olt winding, which has its center
tap connected to minus 350, supplies
the beaters of the driver and output
stages.
The bias for the final stage is ob
tained from the pulsating d-c voltage
drop across the 150 ohm filter resistor,
which voltage would otherwise be wast
ed. I’ his is voltage-divided and filtered
and gives a 25-volt negative bias which
is highly stable.
In order to obtain peak output, it is
necessary to make the driver and oath
ode follower circuit slightly more sen
sitive, as the limitation lies in the
phase inverter output. Approximately
5 pei cent regenerative feedback is
added from cathode to cathode, increas
ing peak output and noticeably re
ducing peak overall distortion. This
changes the output impedance imper
ceptibly because of the large amount
of overall degenerative feedback. The
regenerative circuit may be omitted if
desired

Early models of tins amplifier mar.
ifested a variety of motorboating. Be
cause of the low impedance of the out
put stage, and its consequent control
of the power supply voltage, in-phase
motorboating is likely to occur due to

the push-pull tubes acting as if they
v ere in parallel. The first model using
ibis circuit had the lower ends of the
2400-ohm driver bias resistors con
nected directlv to minus 350. Motor
boating occurred even with onl\ the
drivers and output tubes plugged in.
This can be explained by regarding the
minus 350 as the reference point, with
ground moving up and down in volt
age, depending on the drain by the out
put stage on the power supply. Ground
is coupled to the grids of the drivers
through various capacitors and resist
ors. A negative pulse on the grids of
the drivers will cause the grids of the
output tubes tc become less negative,
causing greater drain on the power
supply. Ground and the grids of the
driver will thus become more negative,
and motorboating results. This inter
esting but undesired phenomenon was
eliminated by inserting a 15,000-ohm
resistor between the 2400-ohm bias re
sistors and minus 350, and connecting
a 40-gf capacitor from the junction to
ground. As it is now connected, when
ground moves up and down both the
grids and cathodes move with it, and
the output is practically zero.
S p e a k e r D a m p in g

The primarv purpose in the design
oi the amplifier was to achieve unusu
ally good damping. This has been car
ried to such an extent that the limit
ing factor is the d-c resistance of the
output winding, less than one ohm. The
cleanness of reproduction obtained is
definitely noticeable. A good demon
stration is side 4 of Columbia’s “ Young
Person’s Guide to the Orchestra” ,
which has excellent low notes as well
as the crack of a whip near the end of
the record. The extri me low frequencies
are more naturally reproduced because
ot the added control of the voice coil.
There is no muddiness. Another test
ot the damping, somewhat analogous
to definition in a camera lens, is the
separation of rapidly rolled drumbeats.
It is usually suggested that the out
put of a tweeter be reduced by means
of a resistor network, because it is
higher in efficiency than a woofer. In
listening tests it has been found tenta
tively that the introduction of a re
sistance in series with a good compres
sion type tweeter reduces its sharpness
and clarity, making it sound like an
ordinary cone type tweeter. It is thus
suggested that other methods might be
tried, such as multiple tweeters spread
mg the sound more widely, for ex
ample.
The amplifier is used primarily in
our “ Gilson” , a radio-phonograph com
bination using a Jensen 18-inch thea
tre speaker with two Jensen tweeters.
Passably good reproduction can be ob
tained however, even with a 15-mch

speaker designed for home use, because
of the control of the voice coil.
The frequency response is shown in
Fig. 4, the total harmonic distortion
in Fig. 5. The deviations shown cannot
be detected by the ear
Figure 6 shows oscillograms taken
fiom the 16-ohm voice coil of a 15-inch
speaker. The response to a square wave
at 200 cps is shown at (A ), at 5000 cps
at (B ).
The effect of damping is demon
strated at (C ) and (D ). A 0.5-volt d-c
pulse is applied to the input, produc
ing a transient, the shape of which de
pends on a number of factors. (C)

(C)

(D)

rig. 6. Oscillograms of output for va
rious input signals: (A) 200-cps square
wave; (B) 5000-cps square wave; (C)
0.5-volt d-c pulse at input, speaker
connected normally; (D) same signal as
at (C), but with 10-ohm resistor in series
with voice coil. Last two oscillograms
show effect of damping.

shows the lack of overshoot and smooth
exponential return as the coupling ca
pacitors discharge. At (D ), a 10-ohm
resistor has been connected in series
with the 16-ohm voice coil. The poten
tials produced by the marked overshoot
and continued vibration of the voice
coil can clearly be seen.
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