Zero-Impedance Output Sta

RAYMOND G. ANTHES*®

Excellent transient and low-frequency response and good loudspeaker damp-
ing make this amplifier suitable for high-quality, low-power applications.

HE ZERO-IMPEDANCE STAGE to be de-
Tscribed was designed for home use,

along with its driver, to give good
quality performance at moderate cost.
A series R-C circuit (&4, Crin Fig. 1)
shunts the primary of the output trans-
former so that the output tube works
into almost unity power factor load. This
minimizes harmonic distortion and phase
shift. The feedback circuits are direct
coupled and the negative voltage feed-
back is taken from the primary of the
output transformer rather than the sec-
ondary in order to reduce undesired
phase shift to 2 minimum in this feed-
back loop.

The low-frequency response is ex-
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ceptionally good because the stage is
effectively acting as a zero-impedance
source feeding the primary of the output
transformer. The output transformer
used was of good quality and had l-inch
stack. A frequency response taken with
the loudspeaker connected, and measiir-
ing output voltage across the secondary
of the output transformer indicated the
3-db-down point was below 20 cps at the
low end, and at 5000 cps at the high end,
and only 9 db down at 15,000 cycles per
second. At 214 watts output into a re-
sistance load at 400 ¢ps, the total r.m.s.
distortion was under 5 per cent. This is
relatively high by most standards, but
quite low for a 6V6.

A disadvantage of taking the negative
voltage feedback from the primary of the
output transformer is that this feedback

cannot correct for the fall-off in high-
frequency response in the transformer.
The writer prefers to sacrifice some
high-frequency response for minimum
phase shift in the negative feedback cir-
cuit, This assures that the feedback
works most effectively, reducing inter-
modulation distortion to a minimum,
giving maximum reduction of harmonic
distortion and maintaining a low-im-
pedance source feeding the output trans-
former, over and beyond the complete
audio frequency spectrum. It is possible
to compensate for this loss in highs by a
fixed equalizer in the preamplifier, but
this was not done because the high-fre-
quency loss was not serious. Most pre-
amplifiers incorporate some form of tone
control circuit with treble boost which



can be used for this equalization.

The use of the series R-C network
across the primary of the output trans-
former to provide virtually unity power
factor load to the tube is not new. The
theory of this is well known. If a series
R-C circuit and a series R-L circuit are
connected in parallel as shown in Fig.
2, where the R’s are equal, it can be
proved that the impedance of the paral-
lel combination will be a pure resistance
equal to R at all frequencies, if R=
VL/C. At frequencies above the re-
sonant frequency of the loudspeaker, the
impedance measured across the primary
of the output transformer with the loud-
speaker load on the secondary may be
roughly approximated by a series R-L
cirenit. Consequently, within this fre-
quency range, which extends from ap-
proximately 125 cps to the highest audio
frequencies, the composite load imped-
ance presented to the tube is very nearly
pure. resistance with small variation in
magnitude with frequency.

If values of R: and C: are chosen to
give the optimum composite load imped-
ance, there will be appreciable reduction
in available output power at the higher
frequencies where the reactance of C:
becomes small in comparison with the
magnitude of Rr. This is a serious disad-
vantage. A compromise between these
two factors was made in this design.

Adjustment of R and C

The effect of changing R: and C: can
be observed readily on an oscilloscope
by the simple circnit of Fig. 3, and the
values of R: and C: were finally selected
in this way. The value of Kp used was
47,000 ohms, which approximates the
plate resistance of the 6V6, The phase
angle of the combination is determined
from the ellipse appearing on the screen.

For the tube operating voltages used,
the load impedance Z presented to the
tube should be from 7000 to 10,000 ohms.
The output transformer should match
the loudspeaker to this load. A good
compromise for R is 2 to 4 times the
magnitude of Z and the time constant
R:g' should be approximately 150 micro-
seconds.

The value for Z used by the author
was low, being around 5,000 ohms; R,
was 15,000 ohms and C: was 0.01 ni.
These values are not critical,

For R.C: time constant of 150 micro-
seconds, the reactance of C. is equal to
R: at approximately 1000 cps. Conse-
quently the power loss in the resistor is
low below this frequency. In music, very
few fundamental tones occur above this
frequency which corresponds to two
octaves above middle “C” on the piano.
Even though some available power is
lost at higher frequencies, it is not a
seripus matter.

In the usual 6V6 class “A” power
amplifier, the average screen current
and the average plate current both in-
crease when a signal of sinusoidal or
symmetrical waveform is applied. If the
signal is keyed on and off and a d.c.
milliammeter placed in the plate circuit,
the meter fluctuates wildly. If instead
of maintaining a constant screen voltage,
a particular value of screen dropping
resistor R is chosen, it is possible to
minimize this fluctuation in d.c. plate
current provided the screen bypass ca-
pacitor is removed. The action is sim-
ple. In the presence of signal, screen
current increases. The resulting in-
creased voltage drop in Ri causes a re-
duction in screen voltage just sufficient
to provide the required compensation
In order to obtain instant action, the
screen-bypass capacitor must be re-

The use of direct-coupled voltage
feedback elitminates the need for a large
blecking capacitor and ensures proper
operation of the feedback circuit at the
lowest audio irequencies. The current

Fig. 2. Series R-C circuit and series R-L circuit
in porallel.

through the feedback resistor Ry must
come through the output transformer,
which is a disadvantage. Resistors Ry
and Rt should preferably be wire wound.

Positive current feedback is obtained
from a portion of the cathode bias re-
sistor Ri, of the 6V, as shown in Fig. 1.
ERie is a wire wound potentiometer, and
serves as a control to adjust the output
impedance. This potentiometer may be
replaced by a 200-ohm resistor and the
current feedback taken across the full
200 ohms,

_ The positive feedback control is ad-
justed in the following manner so that
the tube presents zero impedance to its
plate load. With the loudspeaker con-
nected, an a.c. voltmeter is connected

Fig. 3. Circuit used to

determine  optimum
values of R, and C;
of Fig. 1. AYDIO
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moved, The removal of this capacitor
results in about 10 per cent reduction in
voltage gain, and a lass in screen filter-
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Fig. 1. Schematic of simple two-stoge amplifier employing megative voltage feedback an
positive current feedback to obtain an output impedance approximating zero.

across the primary of the output trans-
former with moderate signal applied to
the amplifier. A resistor of 5000 to
10,000 ohms (not critical as to value)
is then shunted across the transformer
primary. The feedback control 1s ad-
justed to a point where there is no
change in output voltage as this resistor
is connected or removed. With full 200
ohms in the feedback control, the output
voltage actually increases when the re-
sistor is connected across the trans-
former, indicating a negative-impedance
source. It was found by measurement
that the source impedance in the author’s
amplifier remains zero from 20 to 20,000
cps. It was not checked above this fre-
qutency. The drop off below 20 cps is due
to the coupling capacitor Ce

It should be noted that a blocking ca-
pacitor cannot he used in series with the
negative feedback resistance Rri. If one
were used, the negative feedback would
become ineffective at some low fre-
quency, yet the positive feedback would
still be effective, and low-frequency
oscillation or motorboating is likely to
occur,



