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I. INTRODUCTION

MU —é’m;c, £96 ~ Voo

In the UHF and VHF ranges, the conventional grounded cathode power amplifier

(See Figure 1) is limited in its applications. Some of the problems which arise as

frequency is increased are as follows:
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RE CIRCUIT OF GROUNDED CATHODE POWER AMPLIFIER

a. The grid to plate capacitance (output to input) causes a degenerative
feedback vhich drastically reduces the gain of the amplifier, and neutralization becomes
electricélly critically and physically awkward.

b. If a tetrode or pentode is used to correct the problem of output-to-input
capaciti&e coupling, transient tims then becomes the limiting factor.

¢. Cathode lead inductance reduces the input impedance excessively.
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2C39A CONSTANT-CURRENT CHARACTERISTICS AS GROUNDED-GRID POWER

AMPLIFIER
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2.3 Program, Calculator, and Experimertal Results

Graphical snalyses of this type generally become guite long and tedious. An
examnle of a simple method of performing this aralysis is given here. R, I. Sarbacher

; : = T e O, n et P et Y R L5 S —
describes 2 simple caleulator (given at the en 7 this report) for this purpose. An

example of the analysis procedure of a grounde

on ths 205 Tollows:

s

Step 1. Plot the characteristic curves for the 2C39-A as described in Section 1L

(Pintted in Figure 3).
Step 2. Assume B, By, @ and s and draw the load line as described in
For the 2C39-A example, set:
) = 600 v e, = 23
b 7 ’ B

(see Figure La)
+9
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This example load line is drawn on the characteristic curves (Figure 3) between points
o and B, In this case the one ma constant-current cuwrve is considered cutoff. This is

Claszs B opersation.

Step 3, Set point ¢ of the caleulator on point o of the load line. Rotate

)

he caleunlator until curve A of the calculator goes through point 8 of the load line.
Read off the values of grid and plate current st the intersections of the load line and
curves A, B, ¢, D, B and F, and tebulate these values on Figure 4B. (Note that the load
iine does not necessarily have to be drawn on the characteristic curves but rather the

trongparent ruler enclosed with the ecalculator may be used. )

The average DC plate current, I, is given by:

R. I. Sarbacher, "Graphical Determination of PA Performence," Electronics, December 1942,



PROGRAM SHEET NO. 1 FOR CLASS B, AND C GROUNDED GRID POWER AMPLIFIER ANALYSIS

GTVEN OPERATION Class B TUBE TYPE 2C39~K&
By 600 ce 23
B, +9.5 e, 300
iy
: 0. 107 I 0. Ol I 0. 150
Ty 107 . 3 o 70
ip 0. 178 i, 0.254
enly
RF Power Qut = ~—Sesm 26.7 watts
2 A ——————
Power Input to Plate = T, x I = -6l - yatts

Power Out x 100
Efficiency = = b g
Power Input to Plate -

Plate Dissipation = Power Input to Plate ~ RF Power Qut 37.3 Jatts

e«c.ic )
RF Power Input to Grid = .oan = - - 2.92 watts

2

RF Pover Out
Power Gain = = = _ %2
RF Power In

e.
Plate Circuit Impedance = -—g = 1680 s

i —_—l

p
ec_.
Toput Tmpedance = -{-" = 90.5 - ohms
c
Ebb = DC Plate to Grid Voltage e, = Peak RF Cathode to Grid Voltage
e, = Peak RF Plate to Grid Voltage Ic = DC Cathode Current
IO = DC Plate Current i o T Peak RF Fundamental Cathode Current
ip = Peak RF Fundamental Plate Current I‘g = DC Grid Current
E, = DC Cathode to Grid Voltage (Bias) ig = Peak RF Fundamental Grid Current
Figure LA

-

B B St 14 bt BB N

[IVINF O TP WiV

(Y %

sSAABAd A A A K W



PROGRAM SHEET NO. 2 FOR CLASS B AND C GROUNDED GRID POWER AMPLIFIER ANALYSIS

PLATE CURRENT

A 0.38
A/2  0.19
B-  0.37
C 0.33
D 0.24
E-  0.12
F-  0.03
S - 1.28

GRID CURRENT
A 0.20
A'/2  0.10
B 0.175
! 0.130
D! 0.08
E' 0.03
F' -
S 0.515
S 0.107
12 -
S»l
—— - 0.043
12
S"
— 0.150 -
12
Figure 4B

CATHODE CURRENT

A" 0.58
A"/2 0,29
B" 0.545
c" 0.46
D" 0.32°
B" 0.15
F' - 0,03
s" - 1.795
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The fundamental RF plate current, ip, is:

i, = 1/12[A +1.932B + 17320 + L.ULLD + E + 0.516F]

The fundamental RF grid current is:

ig = l/lQ[%' + 1.932B' + 1.732C' + 1.414D' + B' + O.SlSFJ

The fundamental RF cathode current is:

These quantities should be recorded on Figure LA.
Step #. Other quantities such as RF power out, power input to plate, etc., are
easily found at this point (See Figure L4B).

The example case given here was bullt and tested. The complete circuit dia=-

", gram is given in Figure 5. Tchebycheff two pole minimum transmission loss matching

networks were used as the RF input and output circuits.l The experimental results came
_remarkably close to the predicted results considering the fact that the normal RF plate
circuit efficiency in most high frequency amplifiers is only about 80%. Compare the
predicted results in Figure LB with the experimental results given in Figure 6.

2.4 How to Choose the Best "Q" Point

The analysis of class B and C power amplifiers at best leave a great deal to

be desired. Since the basic parameters (B, E,

tant factors as gain, power out, and efficiency are not known until the snalysis is

, e, and eb) must be assumed, such impor-

c
completed. The question "How do I choose the basic parameters (or "Q" point) to meet
my specification?" immedistely arises. There is no direct answer to this gquestion
except that of using a trial and error process. Some engineering Jjudgement is required

at this point. The grounded-grid nower amplifier should generally be operated as a

1

J. L. Dautremont, Jr. and P. H., Rogers, "A Minimum Transmission Losgs Tschebycheff Two~
Pole Matching Network," Electronic Defense Group Technical Memorandum No. 17, Univer-
sity of Michigan, April 1955.
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class B power amplifier; that is, the tube sghould be biased wo cutoff because the RF

power galn and plate cireuwit efficiency can be made high, and the input impedance is

. ‘s Lo N .
snall under this condition, If the amplifier is

efficiency remains high butl the vower gein decreases sincs:
-(\) I3
nower in o= eyt i
. Power out
and power gain = -
o
e T 3
c o

e guantity e,” s the

a0

amplifier is operated farther and farther Trom cntoff, Morzover, 11 amplifier is

operated as a class "A" amplifier, the efficiency and RF power out will decrease., Hence,

W

amoliifier will generally give the best results ag far

-

operaticn as & Closs T

)

L

efficiency, RF vpower out, input impedance, and power gain are conrarned.

Also, to get the most BF power out of the power amplifier at & reasonable

efficiency, the amplifier should he driven as hard as possible without exceeding the

ling
ratings of the tube used. Usually the 1imits will be the DC plate current snd DC grid
current, To find the operating point which will give the most power out with a given

a

By, and B, plot the curve shown in Figure 7. Note that ef

<t
oy
1,

e : e O o o oo
Ticiency increases asg

"limit" curves are followed to the right.

2.5 How to Find the Fundamental RF Plate Resistance R,

BT Tt e T e st Y

source, it is desirable to know the effectis

order to design an efficient plate network. the source

impedance in a linear network is to measure the voltage across

values of knowvn resistance acro

451
)
£
\

output. This resulis in

1 , Lo . B J
The input impedance is _Z . This is small if e, is small. A emall input irpedence

decreases
lem easier.
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for definitions of parameters)s

R, = ——= =(2)

To find R  for a grounded-grid power amplifier, let (E2 - El) and (I2 - Il) approach

zero, while holding E,,, E,, and e, constant. This results in the following formula:

ct
R = =2 E = onstant
o -~ ° ip pp T constan
E. = constant
e = constant

Hence R, is simply the negative slope of the e, Vs ip curve holding Epyp, B, and e, con=-

stant. (Note that ep and iP are RF voltagés and currents)., If three or four points of
the ey V8 ép curve are found, a curve may be drawn through them and the slope is obtained
at the desired operating point. The "final" Q point should be known before this is done.l

Notice on Figure 7 that RO increases as e, increases.
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R, = 4000 for the 2C39-A example case.
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2,6 - Comments

To get a clear overall understanding of a grounded~-grid power amplifier, care-
fully consider statements (a), (b), (c), and (d) of Figure 7. The only way to prove
these statements is to do a complete graphical analysis of a class B grounded-grid power
amplifier, plot the curve of Figure 7, and see that the statements are true.

The bandwidth of the amplifier is influenced by the RF plate circuit configura-
tion used, the plate resistance, Ry, and the plate circuit impedance. The direction of

increasing bandwidth with a given circuit configuration is shown in Figure 7.



A72+B+C+D+E+F
VTR e
;;;/12,[,/% + 19328 +1.732C + 1.4140 + E+ 0.518F

CLASS B AND C
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