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APPLICATION NOTE

ON

RESISTANCE-COUPLED AUDIO-FREQUENCY AMPLIFIERS

Difficulties from low-frequency oscillation (motorboating) are
often experienced when a high-gain multi-stage audio amplifier of conven-
tional design obtains B-supply voltage from a single power-supply unit.
These difficulties are usually dus to interstage coupling through & com-
mon impedance in the power unit. Customary expedients to prevent motor-
boating include the use of very large filter condensers and several pow-
er-supply units. However, by suitable design, the gain of an audio ampli-
fier of low frequencies can be reduced to such levels that the effects
of feed-back through a power unit of conventional design are greatly re-
duced.

The use of a series screen resistor and a self-bias resistor of-
fers several advantages over fixed-voltage operation: (1) the effects
of possible tube differences are minimized; (2) operation over e wide
range of plate-supply voltages without appreciable change in gain is fea-
sible; and (3) the low frequency at which the amplifier cuts off is easily
changed. Fixed-bias or fixed-screen-voliage operation increases the ten-
dency of an amplifier to motorboat and decreases the compensating action
of the remaining series resistors. The advantages of an amplifier con-
gtructed according to the data presented in this Note can be further empha-
sized by the addition of suitable decoupling resistors and condensers.
With a proper decoupling filter in the plate circuit of each stage, thres
or more amplifier stages can be operated from a single power-supply unit
of conventional design without encountering any difficulties dus to coup-
ling through the power unit; not more than two stages should be operated
from a single power-supply unit when decoupling filters are not used.

Detailed informetion on the operstion of the 2B7, 6B7, 6B8, 6C6,
6J7, and 57 as resistance-coupled audio-frequency amplifiers is presented
in the accompanying Pentode Chart. These data obtain for plate-supply
voltages from 45 to 600 volts, for plate-rssistor values of 0.1, 0.25,
and 0.5 megohm, and for a number of grid-resistor values. The combina-
tion of resistor and condenser values that is suggested in the Pentode
Chart causes a 30 per cent drop in output voltage per stage at 100 cycles.
A similer cut-off characteristic at any other low frequency (f,) can be
obtained by multiplying the capacitance values shown in the chart by

100/%4.
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The values of resistors and condensers suggested in the Pentode
Chart were determined as follows. A cathode-ray oscillograph was connect=
6d to show the reletion between output voltage and input voltage (dynamic
characteristic) of a single stage resistance-coupled amplifier. From
previous experience, it is known that in an a-f amplifier employing pentode-
type tubes the output voliage is substantlially independent of frequency
above the cut-off frequency (f;) end below some higher frequency (fgz).
It is also known that the value of the parallel combination of Ry and Ry
determines to some extent the value of (fg). The following approximate
values of (fz) obtain for the recommended values of Ry when normal circuit
and tube capacitances are present.

Rp* f2
0.1 megohm 20,000 cycles
0.25 " 10,000 cycles
0.5 v 5,000 cycles.

*For the condition where Ry is less than R;.

For given values of Ry and Rg, the magnitude of Ry, Rq, and the
input signal were adjusted until kinks just appeared at the extremities
of the dynamic characteristic at the grid-current point. Under these
conditions, the tube operates at the center of its dynamic characteristie,
which is nearly linear throughout the operating range. Therefore, maxi-
mum output at minimum distortion is obtained. The values C,, C4, and C
were then determined. Very large capacitances were used in the positions
indicated by C,, C4, and C. The value of each was reduced, in turn, un-
til the output voltage dropped 10 per cent at 100 cycles. Hence, for
each stage of amplification, the output voltage at 100 cycles is approxi-
mately 0.7 Eo, where E, is the output voltage at some higher frequency
which is less than f3. For (n) like stages in cascade, the output voltage
at 100 cycles is (0.7 E,)®. For a given value of decoupling resistor,
the size of the decoupling condenser can be determined in the manner simi-
lar to that used for obteining the values of C,, C4q, and C.

Detailed informetion on the operation of triocdes as resistence-
coupled audio-frequency amplifiers is presented in the accompanying
Triode Chart. The combination of condenser and resistor values suggested
in this Triode Chart causes a 20 per cent drop in output voltage per
stage at 100 cycles. A similar cut-off characteristic at any other low
frequency (f;) can be cobtained by multiplying the capacitance values
shown by 100/f;. As with pentodes, the use of self-bias reduces the ef-
fects of possible tube differences and permits operation over a wide range
of plate-supply voltages without appreciable change in gein. The regulat-
ing action of & self-biased triode amplifier is not as good as that of a
pentode amplifier having series screen and self-bias resistors, because
the regulating action of a screen is not available in a triode.

¥hen a number of high-mu triode amplifier stages are cascaded, the

high-frequency response may be severely curtailed, because the high effec-
tive input capacitarnce of a triode shunts the load of the previous tube.

AN-67-2
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When good high-frequency response from a triode amplifier is desired,
therefore, low-mu tubes and low values of plate end grid resistors should
be used.

On the Charts, the values of C, are given for an amplifier with
d-¢ heater excitation. When a-c is used, depending on the character of
the associated circuits, the gain, and the value of f;, it may be neces-
sary to increagse the value of C, to minimize hum disturbances. It may
also be desirable to have & d-c¢ potential difference of approximately 10
volts between heater and cathode.
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EXPLANATION OF TWIN-TRIODE R, VALUES

APPLICATION NOTE No. 67
ON
RESISTANCE-COUPLED AUDIO-FREQUENCY AMPLIFIERS

In the Triode Chart of this Note, it should be observed, as
stated in Notes under Twin-Triode Diagram, that the R, values for
Twin-Triods types 6A6, 6N7, 53, and 79 are for two triode units
on basis that tube type is used in phase-inverter service. Other
tabulated data on these types are given for each triode unit.

RCA Cunningham « Radiotron Radio Tubes « RCA Radiotron Transmit-
ting Tubes « Special Purpose Tubes « Photo Tubes « Cathode Ray Tubes
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