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Summary

The use of power tubes in ‘‘High-Efficiency’’
Harmonic Resonator Amplifiers appears to offer
significant advantages of improved efficiency with
consequent lower cooling requirements, reduced har-
monic output, and less critical tuning procedures.
Since this class of service has not been well de-
fined, appropriate tube ratings are not generally
available. This Note reviews the rating principles
involved and the relationships between ‘‘Harmonic
Resonator’® service and the more common class C
operation.
Tube Capabilities

The principal factors that establish the power
output capabilities of a grided electron tube are:
the maximum voltages that can be applied, the cur-
rent that can be drawn from the cathode, and the
maximum power losses of the various electrodes.
These values are established by the manufacturer
for a particular class of service consistent with
reasonable life expectancy. Class C telegraphy is
normally used as the basis for ratings since tube
operation in other classes of service can readily be
related to it. See Ref.1. Moreover, class C tele-
graphy or telephony operation of transmitting tubes
is a well recognized approach to those services
where maximum efficiency is desirable to minimize
operating costs; hence, an ideal standard of com-
parison for other forms of high efficiency operation.

Class C Amplifier

Class C operation is efficient because the nar-
row plate conduction angle results in most of the
plate current flowing during the period when the in-
stantaneous plate voltage is relatively low. The
relationships between the peak plate current, the
de plate current and the fundamental ac component

of plate current at various conduction angles can be
established on a theoretical basis; tables showing
these relationships are available. See Ref.2. Power
output, plate input (or DC plate current), peak plate
current, plate dissipation, efficiency, and grid input
can then be related to conduction angle as shown
on the left of Fig.1. This graph illustrates that
efficiency increases by narrowing the conduction
angle; and the peak plate current and grid input
requirement also increase rapidly. The design of
the individual tube type will dictate the limiting
parameter; however, maximum peak emission (peak
plate current) will generally be reached first in
conventional class C operation.

Adding Harmonic Resonators

The use of ‘‘High-Efficiency’’ Harmonic Reso-
nator operation permits increased efficiency with
lower peak plate current, lower plate dissipation,
higher power output, and lower grid input require-
ments for a corresponding plate input (or DC plate
current) as shown in transition from class C to
“‘High Efficiency’’ service in Fig.1. This high-
efficiency operation is achieved by the addition of
low-loss third harmonic resonators in series with
the rf plate and cathode circuits as shown in Fig.2.
See Refs.3 & 4. These resonators modify the plate
and grid voltages seen by the tube as shown in
Fig.3. The plate current waveform is essentially
‘“‘squared’’ pulses of 120° duration which provide
plate current flow during the longer period when the
instantaneous plate voltage is at a minimum. Con-
sequently, average plate dissipation is reduced and
efficiency improved.

Performance of the ‘‘High-Efficiency’’ Circuit

A close approximation of tube performance in
this class of operation can be made by assuming
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HYPOTHETICAL TUBE PERFORMANCE CLASS C AMPLIFIER
AND HARMONIC RESONATOR AMPLIFIER SERVICE

DC PLATE VOLTS = 5000, MINIMUM PLATE VOLTS =500
Mu-FACTOR = 25, TRANSCONDUCTANCE MHOS = 0,015
PEAK GRID CURRENT = 0.5 PEAK PLATE CURRENT
DASHED LINES INDICATE TRANSITION FROM CLASS CTO
HARMONIC RESONATOR AMPLIFIER SERVICE.
HARMONIC RESONATOR
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Fig.1
ideal ““square-wave’’ pulse shapes and a 120°plate Plate Dissipation - Pd = ebpinly Where ebin
conduction angle. The following relationships are is the minimum instantaneous plate voitage
then established: Power Output = PO = PI - Py

DC Plate Current = Iy, = 1y,/3, where i}, is the  Qn this basis, the ratio of peak-to-average grid cur-
peak plate current  yent is also 3 and the grid input is the product of

Power Input = PI = F; I}, where Ej is the DC  maximum instantaneous grid voltage and DC grid
plate voltage  current (ecmax X Ic). However, in actual practice,
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SIMPLIFIED DIAGRAM OF ‘‘HARMONIC the finite slope of the voltage waveform reduces the effective grid-

RESONATOR'' AMPLIFIER conduction angle by 30 to 40°. Therefore, the DC grid current and
grid input are correspondingly less.
; By using therelationship in the previous paragraph and setting

2

i

the maximum performance obtainable within the peak current limi-
tations of the example of Fig.l as a base, increased performance
capability is shown on the right of Fig.1. Again, the design of the
individual tube type will dictate the limiting parameter; however,
maximum grid input will generally be reached first in ‘““Harmonic
Resonator’’ operation for present tube designs. Hence, unless ac-
tual measurements can be made, the more conservative 3:1 peak-to-
average grid current ratio should be used in predicting tube perform-
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Fig.2
ance.
The RCA-5762/7C24 Power Triode in a ‘‘High-Efficiency’’ Circuit
TYPICAL PLATE AND Comparative typical performance of a transmitting tube is given below

GRID VOLTAGE WAVEFORMS to demonstrate the parameters discussed above. The RCA-5762/7C24 is
selected for its low cost and reliability in a wide range of broadcast and

= ~ communications applications. In addition, the tube is used in a “‘high-effi-
Yl ciency”” circuit in the RCA BTA-5U/10U transmitter.
& l. ‘ l, Ep In the chart shown in Fig.4, column I specifies the tube performance at
w Il carrier level as published in the technical bulletin for the RCA-5762/7C24
5 ]’ dated 4-64 under Plate Modulated RF Power Amplifier, Class C Telephony,
> Eb ‘ Typical Operation in Grid-Drive Circuit at a DC Plate Voltage of 4700 volts.
E | /} Fig.5 shows the same performance plotted on the typical constant-current
| ] characteristics graph from the technical bulletin as operating path ‘‘AD’’
: ' l' with point ““A”’ at optimum conditions. The peak plate current (ip) of 4.5
\ i amperes will double at the crest of modulation to 9 amperes, the limiting
4 A E it value for reasonable tube life expectancy in this service.
Column II of the chart shows the tube performance at the same plate
CHART OF TYPICAL OPERATION FOR RCA-5762/7C24
I II III
Wy ! DC Plate Voltage Eb 4700v 4700v 4700v
5 ?4,_\.,% DC Grid Voltage Ee -400v -400v -400v
g Eg ,‘r H w‘.l Min. Instantaneous Plate Voltage €bnin 460v 300v 440v
x J ‘\:‘ Max. Instantaneous Grid Voltage ecmax +275v +200v +235v
Plate Voltage Swing Ep = Ep “Cbmin 4240v 4400v 4260v
Plate Conduction Angle qbp 60° 120° : 120°
Ratio; Peak Value/DC Current i/ Ty 4.7 3 3
i Ratio: Peak Value/Fund. AC Current ib/Ip 1.8 - -
gé Peak Plate Current i 4.5a 2.9a 3.75a
Eg DC Plate Current Iy .96a .96a 1.25a
;; Fundamental AC Plate Current Ip 1.73a = =
E Grid Conduction Angle Peg 439 120°80%*  120° (80%)*
Max. Instantaneous Grid Current i 1.8a 1.5a 1.6a
DC Grid Current ia 0.28a  .5a(0.33a)* 0.533a(.355a)*
Lo | Grid Input Pg=ecp.. xI¢ 77w 100w (67w)* 125w (83w)*
" / \:' Power Input Pl =Eply 4500w 4500w 5900w
% ’I \ Power Qutput PO 3700w 4200w 5350w
E 50% [— LY Plate Dissipation PD = PI-PO 800w 300w 550w
0 Plate Circuit Efficiency Eff = PO/PI 82% 94% 91%
*Empirical value in parentheses represents the reduced grid conduction angle discussed in the

s2cM—12677  text and the corresponding factor of ic/I; = 360°/80° = 4.5.
Fig.3 Fig.4
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input and at point “B’" in Fig.5,

TYPICAL CONSTANT-CURRENT CHARACTERISTICS

but in a ‘“High-Efficiency’’ cir-
cuit. (A straight line representing
the path of operation is not appli-

Ef=12.6 VOLTS AC
Ic=GRID AMPERES
I, = PLATE AMPERES

ip

4.5
2.9

ebmin.
460
300

e
Cmax.

275 1.8
200

OoP

235

cable because the tube is either

600 Hitaet

3.75| 440

conducting at point “B’’, or it is

completely cut off.) Note that al-

though plate input remains the same,

500

power output is higher and grid in-

put, peak plate current, and plate

dissipation are now much lowerthan

the values in column I. 400

Column IIT of the chart shows

the tube performance in a ‘‘High-

300

Efficiency” circuit at point “‘C’’ in

Fig.5 to achieve higher power out-

put. Plate input and efficiency are

higher than the values for the class 2005,

C in column I and plate dissipation

and peak emission requirements are

lower.

100

The grid input in column III is

still slightly higher than for the typi-

GRID VOLTS (Eg)

cal class C in column I case and

theoretically life expectancy must

be reduced. However, actual mea-

surements in the RCA BTA-5U/10U

transmitter confirm that the more con-

—joo FEHEE

servative empirical figures shown in

parentheses have some safety factor.

Grid and Plate Current Ratings

for the RCA-5762/7C24

in the RCA BTA-5U/10U

Amaximum grid current limit of  _zpo itk

0.380 ampere has been established

for these transmitters and operating

experience shows a favorable watt-

hour/dollar relationship. Because
the peak cathode current demands in
this service are considerably re-
duced, the permissible DC Plate Cur-
rent per tube in these transmitters has also been in-
creased from 1.0 ampere maximum to 1.4 amperes
maximum; typical operation is at 1.25 amperes.

Conclusion

The use of power tubes in High-Efficiency Har-
monic Resonator Amplifiers appears to offer signi-
ficant advantages of improved efficiency, reduced
harmonic output, and less eritical tuning procedures.
Significantly more power output can frequently be
obtained provided adequate grid dissipation capa-
bility is available. However, individual tube-circuit
design complexities do not permit the derivation of
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a general relationship between ‘‘Harmonic Resona-
tor’’ service and present class C ratings. Therefore,
it 1s the responsibility of the equipment manufac-
turer to determine whether the proposed operation
will result in adequate life expectancy.
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