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Determination of Typical Operating Conditions for
RCA Tubes Used as Linear RF Power Amplifiers

By A. P. Sweet*

During the past several years, there has
been a tremendous increase in the use of
single-sideband, suppressed-carrier transmis-
sion in amateur-radio radiotelephony. This
type of transmission offers several advantages
over the widely-used amplitude modulation
methods. These advantages include reduced
band-width and the elimination of heterodyne-
interference problems. More useful power can
be obtained with the same tubes and power
supplies or, conversely, smaller tubes and
power supplies can be used to deliver the
same useful power.

With high-level amplitude modulation, a
carrier and two groups of sideband frequen-
cies are generated. The total power in the
two sidebands at 100 per cent modulation is
equal to one half of the carrier power. Thus,
for every 100 watts of total transmitted power,
67 watts is in the carrier and 16.5 watts is in
each sideband. Yet, one sideband contains all
of the necessary intelligence for communica-
tion (provided certain receiver requirements
are met).

Half the Bandwidth

Single-sideband, suppressed-carrier transmis-
sion utilizes only one sideband. By the elimi-
nation of the other sideband, the bandwidth is
cut in half. By suppression of the carrier, heter-
odyne interference is eliminated. Only 16.5
watts of power is required to convey the sanre
intelligence. Conversely, if the original 100
watts of power is transmitted in a single side-
band, six times the former useful power will
be obtained.

The literature contains considerable infor-
mation on various methods of generating

single-sideband, suppressed-carrier  signals.
However, little information is available on
the choice of tubes for amplifying these sig-
nals and the methods of calculating typical
operating conditions for these tubes.

Linear RF -Amplifiers

Single-sideband signals must be amplified
by linear rf amplifiers. These amplifiers are
identical to af power amplifiers except that
resonant tank circuits are used in the grid
and plate circuits instead of audio-frequency
transformers. Consequently, the tube manu-
facturer’s ratings for af power amplifier and
modulator service for class A, AB,, AB,, and
class B and typical operating conditions will
apply, provided the tube is also capable of
operating at the higher frequencies involved.
The same derating factors for plate voltage
and input versus frequency shown by the
manufacturer for class-C telegraphy ratings
should be applied to single-sideband opera-
tion at the frequencies where they become
applicable.

Because the tank circuits act as energy-
storage systems, it is not necessary (as in case
of audio work) to use two tubes in push-puil
in classsAB or class-B, linear, rf amplifiers.
However, if only one tube is used, the rf
harmonics will be higher thereby making the
TVI problems more severe.

Although the manufacturer’s ratings are
based on 100 per cent modulation with sine-
wave signals, normal voice modulation reaches
this condition only on the peaks of modula-
tion. The ICAS ratings shown by RCA have
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taken this factor into account. Consequently,
no attempt should be made to operate above
these maximum ratings. Such operation will
result in shorter tube life and the possibility
of early tube damage during transmitter ad-
justment or unexpected overloads such as
microphone ‘“howl.”

Since only rf power amplifiers are being con-
sidered, class A operation will not be discussed
further. Of the remaining classes, AB, opera-
tion with tetrodes or pentodes is the simplest
since only the plate- and screen-voltage sup-
plies require good regulation.

Table I includes the maximum ratings and
typical operating conditions for several RCA
tubes used as linear rf power amplifiers. If
it is desired to operate at conditions other
than those given, typical conditions can be
calculated by means of the following pro-
cedure:

1. Make sure E, is within tube ratings.

2. Refer to the published curves. On the
average plate characteristics curves, select
a point on the zero grid-voltage curve
near the “knee,” and record i’,,* and
€ymin; from the average screen-grid char-
acteristics curves, determine i’,, for this
point.
(E., equals the value shown for the curves
used.)

3. Calculate I, Iy - i7/3.
Calculate PD:
1
b
PD = “F‘Eb *3epnin)*

5. Calculate SI: SI = Ecpitcy/a.

6. Calculate PI: PI = E,I, .,

E, Dc plate voltage.

€ymin Minimum plate voltage for the re-
quired peak current (from the char-
acteristics curves) .

E., Dc screen voltage.

E., Dc control grid voltage.

em Maximum grid-voltage drive to obtain

the required peak plate current at a
given minimum plate voltage.
E’,  Peak value of grid-voltage swing.

Ib:N Maximum-signal, dc plate current.
1, Zerosignal, dc plate current.

i,  Instantaneous peak plate current.
I, Maximum-signal, dc screen current.
i’,, Instantaneous peak screen current.
i’,, Instantaneous peak grid current.

PD  Plate dissipation at maximum signal.

P1  Plate power input at maximum signal.
Power output at maximum signal.
Driving power at maximum signal.

SI  Screen input at maximum signal.

7. Check the values found in steps 4, 5, and
6 to determine whether they are within
tube ratings. Normally, they will be with-
in ratings for AB, operation. If they are
not, a lower value of i’y (either in the
negative-grid region or at a lower screen
voltage) must be selected and steps 2
through 7 repeated.

8. Calculate PO: PO = PI — PD.

9. Calculate I: I, = I,/ 5.

10. E., can now be found on the plate char-
acteristics curves as the grid voltage where
the plate voltage is E, and the plate cur-
rent is I,

1. Efg = (Eey) + ecye
This value of E_ is the absolute value of
E_, (the brackets mean ignore the sign)
plus the algebraic value of e, (include
the sign) . If the original point in step 2
was selected on the zero grid-voltage
curve, then e, is equal to zero and

F"g = [ECl]'
12. Calculate I,: I,=i'co/4
E'i',
13. Calculate DP: DP =—%-=% (for AB,

operation, /., = O so DP is zero).
c1

Class-AB, Tetrode or
Class-B Triode Operation

Class-AB, tetrode and class-B triode opera-
tion provide more power than class-AB, opera-
tion, but have the disadvantage of placing
stiffer requirements on the driver and grid-
bias supply regulation.

Calculation of typical operating conditions
other than those given in the tube data sheets
is slightly more complicated for class-AB, and
class-B operation than for class AB,, but is
still relatively simple with the procedure out-
lined below:*

1. Make sure E, is within tube ratings.

2. Assume a value of I .. A good starting
point is at
I _3 (rated PD),
bms Eb
Check this value to see whether it is with-
in ratings. If it is not, use the maximum
rated value of I, ..

3. Calculate i’y: Py = 3ppge
From the plate characteristics curves,
select a value of e, near the “knee”
of the curves at which i’, can be obtained.
Also record E,, €., V', and i’,, for this
point.

5. Calculate PD:
* Calculation for tetrodes is discussed; the triode case Is

the same except for the omission of the calculation of
screen-input power.
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1
PD =% (E, + 3ey,,).

Ecgicy
6. Calculate SI: SI = 1
7. Calculate PI: PI =E]I, ..

Check the values found in steps 5, 6, and
7 to determine whether they are within the
maximum ratings for the tube type. If the
calculated values exceed the maximum ratings,
choose a lower value of I,  and repeat steps
3 through 7.

If the plate dissipation and input are below
the maximum ratings but the screen input is
high, it may be possible to choose a higher
value of e, in step 4 (and repeat steps 5,
6, and 7) to get all values within ratings. The
reverse case can also be applied.

If all the values are well below maximum
ratings, a higher value of I, can be chosen
in step 2, and steps 3 through 7 repeated
to see whether the operation is still within
ratings. If so, this latter set of operating con-
ditions will provide slightly more power out-
put.

When values that are slightly below the
maximum ratings are obtained for plate dis-
sipation, screen input, and plate input,, the
corresponding value of I, . represents the
maximum value which can be used at the
original plate voltage selected. Lower values
of I, which give more conservative opera-
tion but less power output, can also be used.

Once the value of I, is selected, the re-
mainder of the calculation follows steps 8
through 13 shown for class AB, operation.
The driving power (DP) calculated does not
include the rf tube and circuit losses. Con-
sequently, for adequate performance, at least
ten times this value of power should be avail-
able from the driver.

The following example illustrates the cal-
culation of “typical operation” conditions for
the class-AB,, CCS operation of the type 807
with an E, of 600 volts:

1. The maximum plate voltage rating is

600 v.

2. Determine I, :

3 (rated PD) _ 3(25)
L =02 Eb = g0 = 125 amp.

This value is above the maximum-signal,
dc plate-current rating (from tube hand-

book or tube bulletin); therefore, the
maximum rated value of 120 ma will be
used as a first approximation.

3. i"y = 3L, = 3(120) = 360 ma.

4. From the 300-v E, curves, Fig. 1, select
€pmin = 90 v, and read e, (= + 12v).
From Figures 2 and 3, read i’c1 = 12 ma,
and ', = 35 ma, respectively.

I
5. PD = 222 [E, + 3(eyy;,)]

= 1720[600 +3(90)] = 26 w.

_ Ecoicy 300(.035)

6. SI =— = n = 26w

7. PI = EJI,,.. = 600(.120) = 72 w.

PD and PI are both above ratings, and a
lower value of e, at the required current
cannot be found on the curves. Therefore, a
lower value of I, ms must be chosen; try a value
of 100 ma, and repeat steps 3 through 7:

3. i, = 3 (100) = 300 ma.

4. From the 300-v E_, curves: e, . = 70 v,
€m = + 7,1, = 8 ma, i‘,, = 35 ma.
.100

5. PD =~ (600 + 3(70}] = 20.3 w.

6. SI :M:ZGW

7. PI = 600 (.100) = 60 w.
These values are within ratings; therefore,

the remainder of the calculations can be com-
pleted:

8. PO =PI —-PD = 60 — 20.3 = 39.7 w.

I,,. 100

9. I - = — =
bo = ¢ 5 20 ma.

10. E., (from Fig. I) = —35 v.
1. E, =(E)) +em=35+(T) = 42v.

12, 1, =—~ =

iley 35
T° 8.7 ma.

15. Dp - Delle2 _42(.008) _

5 5 A7 w.

These values compare reasonably well with
the published values.

(Continued on Page 5)
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are approximate only. Minor adjustments are
usually made in actual operation by varying
the grid bias or screen voltage slightly. In
linear rf amplifier circuits for single-sideband,
suppressed-carrier transmission, it is particu-
larly important to check the actual operating
conditions when the transmitter is first set up
to assure that linear operation within the

maximum tube ratings is being obtained.
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ditions shown by the manufac-

(Continued from Page 3)
Table I shows the maximum ratings and
turer (or calculated by the preceding methods)

typical operating conditions for several popu-

It should be remembered that the typical
operating con

lar RCA tubes in linear rf amplifier service
for singlesideband, suppressed-carrier trans-
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