


IMPORTANT 

EIMAC “EXTRAS” 
APPLICATION ENGINEERING-AS well os being 
available for consultation the Eimoc Application 
Engineering Department provider information 
about tube operating techniques, tubedoto and op- 
plicotion bulletins in order to keep you up to date 

with the latest in electron power tube development. 

FIELD ENGINEERING-On the following page is 
o list of Eimac field engineers who operate out of 
offices in many major cities of the United States. 
These men will help you personally with problems 

of technique, experimental work, etc. Engineers 
from the Eitel-McCullough, Inc., plant in San Bruno 
are also available for field consultation throughout 
the country. As Eimac tubes are universally adopted 
the some services extend to many countries over- 

seas through the Eimoc export division. 

Fief6 bglneen 
De&m 
P&e Lii: 
Tube Type Numberhq System 
Application fJulle& No. 5 
4-65A Radff-Beam Power let&e 
4-123A Radiol-&aan Pewer To&ode 
4-2!JOA Radial-Beam Power letrode 
4-4QoA Rodiil-Beam Power Totrode 
4lOWA Red&f-Beam Power tetrode 
4W20,oQoA Radial-Boem Power Tetrode 
4XlSOA RodWhom Power tetrode 
4X1506 Radial-Beam Power Tefrode 
4X5OOA Radial-Beam Power Tetmde 
4E27A/S-1258 Rodial-Beem Power Pentede 
2C3QA Power T&de 
3XzZOOA3 Power Triode 
3X2500F3 Power T&de 
3X3OOOAl Power T&de 
3K20,OOOLK Power Klystron 
866A Mercury Vapor Rectifier 
8724 Mercury Vapor Rectifier 
Vacuum Capacitors 
Vorioble Vacuum Copocitors 
Finger Stock 
HR Connecton 
Apt&cation Bulletin No. 8 
p&k Refwmce cotdog 
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EITEL-kCULLOUGH, INC. 

JAN ssuN0, CALIFORNIA 

Serving eight territories throughout the United States are top qualified men well 
equipped for electronic factory-field lioison. A phone toll or letter to the Eimoc 

field engineer covering your Oreo will bring immediate engineering assistance or 

information on deliveries ond prices. These men ore in doily communication with 

the Eimoc factories and hove up-to-the-minute information available ot their 
finger tips. 

.HERB BECKER 

1140 Crenshaw Blvd. 

Los Angeles 19, California 

Phone: Webster l-l 257 

.DAVE M. LEE CO. 

2517 Second Ave. 

Seattle 1, Washington 

Phone: Main 5512 

W. CLIF McLOUD 8 CO. 

5528 East Colfox Ave. 

Denver 7, Colorado 

Phone: Fremont 3067 

CLYDE H. SCHRYVER SALES CO. 

4550 Main St., Room 224 

Kansas City 5, Missouri 

Phone: Westport 4660 

b J. E. JOYNER, JR. 

1706 South Gordon St., S. W. 

P. 0. Box 341, Station A 
Atlanta, Georgia 

Phone: Amhurst 1101 

b ROYAL J. HIGGINS CO. 

10105 South Western Ave. 

Chicago 43, Illinois 

Phone: Cedarcrest 3-7388 

b ADOLPH SCHWARTZ 

One Exchange Place, Room 919 

Jersey City, New Jersey 

Phone: Delaware 3-2424.3-2425 

TIM COAKLEY SALES OFFICE 

11 Beacon St. 

Boston 8, Massachusetts 

Phone: Capitol 7-0050 

Export Agents 
FRAZAR & HANSEN, LTD. 

301 Clay St. 
San Francisco, California 

Phone: Exbrook 2-5112 

For information concerning your electronic problems or needs solicit the services 
of these men without any obligation. 
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TUBE TYPE PRICE 

z-OlC 5 15.25 
l-25A 11.00 
2-50A 13.75 
2-l 50D 19.25 
2-2404, 66.00 
2-2000A 214.50 
2C39A 34.00 
3K20,OOOLA 2.975.00 
3K20,OOOLF 2,975.OO 
3K20,OOOLK 2.975.00 
3W5000A3 198.00 
3W5OOOF3 198.00 
3WlO,OOOA3 957.00 
3X2500A3 198.00 
3X25OOF3 198.00 
3X3000Al 198.00 
4-65A 20.00 
4-l 25A 30.25 
4-250A 41.25 
4.400A 60.50 
4-l OOOA 132.00 
4E27A/5-1.258 35.75 
4PRbOA 90.00 
OW20,OOOA 1.850.00 
4X1 50A 48.00 
4X1 50D 48.00 
4X1 50G 54.00 
4X500A 121 .oo 
4X5OOF 93.50 

T”BE TYPE PRICE 

bC21 5 77.00 

KY2lA 13.25 

RX21 A 9.00 
251 9.00 
35T 10.50 
35TG 16.00 
75TH 13.25 
75TL 13.25 
1 OOTH 18.25 

1 OOTL 18.25 
152TH 28.75 
152Tl. 28.75 
250R 22.00 
250TH 33.00 
25OTL 33.00 
253 20.50 
304TH 60.50 
304TL 60.50 
450TH 77.00 
450TL 77.00 
592/3-200A3 30.25 
750TL 137.50 

8bbA 2.10 
872A 8.20 
1 OOOT 137.50 
1500T 220.00 
2000T 275.00 
8020 I1 OORI 15.00 

TYPE PRICE PRICE 

VCb-20 $15.00 VC50.20 $ 24.25 
VCb-32 17.25 VC50-32 27.50 
vc12-20 16.50 VVCbO-20 66.00 
VC12-32 20.00 VVC2-60-20 147.50 
VC25.20 20.00 VVC4-60-20 284.00 
VC25-32 23.25 

4-400A/4006* 
4-l OOOA/4000 
4.lOOOA/4001 

4X1 50A/4006’ 

I 4Xl50Aj4010 
4X1 50A/4011 

PREFORMED CONTACT FINGER STOCK 

I 31 j32*’ 
. . , . _ . _ l.EO/ff. 

1 _ 7,,6”. . _ . z.oo/tt. I 

I HV-1 $125.00 
Pump Oil - Qt. 5.00 
100 IG 22.50 I 
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Since 1945 all new tube types developed by Eitel-McCullough, Inc., have been given a type 
number chosen according to a coded numbering scheme. This system is designed to convey descriptive 

information about the tube. 

To illustrate the method of coding and the information the type number conveys, a 21/z kw forced. 

air cooled Eimac triode, type number 3X25OOA3, is broken down as follows: 

3X25OOA3 "." 

Number of Electrodes ” 
2 hdicates Diode 

3 Indicates Triode f 

4 Indicates T&rode 

5 Indicates Pentode 
; 

*It or - 
X 
w 

Pri 

PX 

Pw 

Plate 
Dissipation 

(Watts) 

Description 
Radiation cooled, internal anode. 
External anode, air-cooled tube. 
Water-cooled anode. 
Intended for pulse work, radiation cooled, 
internal anode. 
Intended for p&e work, external anode, air- 
cooled. 
Intended for pulse work, water-cooled anode. 

*In typs numbers chosen for future tubes, the letter 
“R” will be used in place of the dash to indicate a 
radiation cooled tube of the internal anode construc- 
tion. 

1 Indicates mu from 0 1 Indicates mu from 0 

2 Indicates mu from 11 2 Indicates mu from 11 

3 Indicates mu from 21 
etc. 

Version 
Indicates tubes which. although alike 
as to the number of elements and 
plate dissipation, are not necessarily 
interchangeable either electrically or 
physically. 





NUMBER 5 

TUBE 
PERFORMANCE 

COMPUTOR 
DETAILED INSTRUCTIONS 

TUBE PERFORMANCE COMPUTOR FOR RF AMPLIFIERS (CLASS 6, C, AND FREQUENCY MULTIPLIERS) 

It is quite easy to make a close estimate of the 
performance of a vacuum tube in radio frequency 
power amplifier service, or an approximation in 
the case of harmonic amplifier service. Such es- 
timates will give RF output power, DC input 
power, grid driving power and all DC current 

variations have been indicated next to the plate 
voltage and grid voltage scales of a typical constant 
current curve. At some instant of time, shown as 
“t” on the time scales, the grid voltage has a value 
which is the point marked ‘leg” on the grid voltage 
sine wave. At this same instant of time the plate 
voltage has a value which ia the point “ep” marked 
on the plate voltage sine wave. If now one finds 
the point on the tube curve sheet corresponding to 
these values (where a line drawn from “eg” and a 
line drawn from “ep” cross) he will be at point A 
in Fig. 2. As the values of grid voltage ‘leg” and 
plate voltage “ep” vary over the RF cycle, the point 
A moves up and down a line, which in the case of 
the normal RF power amplifier is a straight line. 
This line is called the “Operating Line.” 

values. 
These estimates can be made easily by using the 

Eimac Tube Performance Corn&or and the char- 
acteristic curves of a tube, plotted on plate volt- 
age/grid voltage curves (constant current curves). 
Only the ability to multiply out figures taken from 
the curves by means of the computer is required. 

By graphically laying out the trace of the plate 
and grid voltages as they rise and fall about the 
applied DC plate voltage and DC grid bias a clearer 
understanding is possible of the action taking place 
within a tube. With such an understanding the 
operating conditions can be altered readily to suit 
one’s particular requirements. 

Simple Action In 
Class C RF Amplifiers 

In an amplifier a varying voltage is applied to 
the control grid of the tube. Simultaneously the 
plate voltage will vary in a similar manner, due to 
the action of the amplified current flowing in the 
plate circuit. In radio frequency applications with 
resonant circuits these voltage variations are 
smooth sine wave variations, 180” out of phase (as 
the grid voltage rises and becomes more positive, 
the plate voltage falls and becomes less positive) 
as indicated in Fig. 1. Note how these variations 
center about the DC plate voltage and the DC 
control grid bias. 

Let us now see how such variations of the plate 
and grid voltages of a tube appear on the constant 
current curve sheet of a tube. In Fig. 2 these 

~ 
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r= 

Figure 2 

Any point on the operating line (when drawn 
on a curve sheet as in Fig. 2 or Fig. 4) tells the in- 
stantaneous values of plate current, screen current, 
and grid current which must flow when those par- 
ticular values of grid and plate voltage are applied 
to the tube. Thus by reading off the values of the 
currents and plotting them against the time, t, one 
can obtain a curve of instantaneous values of plate 
and grid current. See Fig. 3. 



If we analyze the plate and grid current values 
shown, we can predict that they will cause a DC 
ammeter to show a particular reading. This is 
called the DC component of the current. Also, we 
can predict that if the plate current flows through 
a properly loaded resonant RF circuit a certain 
amount of radio frequency power will be delivered 
to that circuit. If the circuit is tuned to the fun- 
damental frequency (same frequency as the RF 
grid voltage) the power delivered will be due to 
the fundamental (or principle radio frequency) 
component of plate current. If the circuit is tuned 
to a harmonic of the grid voltage frequency (for 
instance, two, or three ties the frequency) the 
power delivered will be due to a harmonic compo- 
nent of the plate current. 

The Eimac Tube Performance Computor gives us 
the means to make these simple calculations, It is 
a means with which to determine the DC compo- 
nent, the fundamental RF component, or the ap- 
proximate j harmonic component of the current 
flowing ina tube when the tube is operating as a 
radio frequency amplifier, and enables one to state 
what all meter readings will be and to predict the 
RF output power and the required driving power. 
With these factors known we are then able also to 
forecast what will happen if any of the operating 
conditions are changed. 

Use of the Eimac Tube Performance Computer 

The Eimac Tube Performance Computer is a 
simple aid to enable one to select suitable values 
from the characteristic curves of a tube, and by 
means of simple calculations’to forecast the per- 
formance of the tube in radio frequency power 
amplifiers. 

The basic steps are outlined under “Instructions” 
on the computer. This requires selecting DC plate 
and grid bias voltages, being guided by the typical 
operating values given on the technical data sheet: 
for the tube type and by general experience. Next, 
a suitable “Operating Line” must be chosen on the 
constant current curves for the tube type (plotted 
on grid voltage/plate voltage scales). 

The computer when properly placed over this 
operating line enables one to obtain instantaneous 
values of the currents flowing at every 15” of the 
electrical cycle. The formulas given on the com- 
putor were derived by Chaffee’ to give the various 
average and harmonic components of the resulting 
currents. Knowing these current component values 
and the radio frequency voltage values which are 
indicated by the use of the computer, one can read- 
ily calculate the complete performance of the tube. 

The fundamental methods of making such com- 
putations, and the considerations necessary to stay 
within ratings of the tube types, and accomplish 
various forms of modulation have been covered in 
the literature.-~-6.~ The method for the case 
of harmonic amplifier service is approximate and 
should be used only for tetrode and pentode tubes, 
where the plate voltage has little effect on the 
amount of plate current flowing. A more exact 
method, showing that for harmonic operation the 

P& ,!WP ,, 

operating line is a simple Lissajon figure, has been 
described by Brown.= 

The results of using this computer for power 
amplifier service can be applied in combination 
with the other methods given in the literature to 
give good accuracy with simpler procedues. The 
resulting accuracy is well within the normal varia- 
tion of tube characteristics due to the normal var- 
iation in manufacturing dimensions of a tube. Since 
the published tube curves are only typical of the 
characteristics to be expected from a particular 
tube type, the calculated performance is well with- 
in the values expected when different tubes of a 
given tube type are operated under the assumed 
conditions. 

Example Showing Detailed Use of the 
Eimac Tube Performance Computer 

Radio Frequency Power Amplifier, dlass C 
(Telegraphy or FM) 

Let us say we have an Eimac 4.65A tetrode and 
want to make it work effectivelv. Also let us sav 
we have a 2000 volt DC plate power supply avaij- 
able. 

Within frequency limits, we know a tube should 
be able to run in class-C amplifier service with 
about 75% efficiency, or, in other words, to con- 
vert 75% of the DC plate input power into RF 
output power. The difference, or 25% of the in- 
put power, is dissipated or lost as heat on the plate 
of the tube. The DC plate input power is then 
about four times the power dissipated on the plate. 

The 4-65A tetrode has a maximum rated plate 
dissipation of 65 watts, so, to illustrate perform- 
ance near the maximum rating, we’ll choose an in- 
put power four times the plate dissipation, or 260 
watts per tube. At 2000 volts the plate current 
per, tube must then be 130 ma. It is usual practice, 
in the case of tetrodes and the medium or low mu 
triodes in class-C amplifier service for the DC 
grid bias voltage to be roughly two or three times 
the grid voltage necessary to cut off the flow of 
plate current. By referring to the curves of the 
4.65A we decide to use a DC grid bias voltage 
of -120 volts. 

Let us now locate the “Operating Line” on the 
constant current curves of the 4-65A. See Fig. 4. 
First mark the point where the DC grid bias and 
DC plate voltage cross. The “Operating Line” must 
go through this point. Call it point No. 1. Next, 
we must decide what the peak value of plate cur- 
rent of the tube must be and how low we can let 
the instantaneous value of plate voltage go when 
the tube is passing this much current. This is 
necessary in order to locate the other end of the 
“Operating Line,” point No. 2. 

The peak value of plate current usually runs 
about four times the DC plate current. The min- 
imum value of instantaneous plate voltage is us- 
ually set by the fact that if the voltage is too low 
the grid and screen currents will be needlessly 
high, and also little will be gained as far as output 
power is concerned. The minimum value of plate 
voltage is usually in the region where the plate 
constant current curves bend upward. See Fig. 



4. (In the case of the triode this is near the 
“diode line” or line where the instantaneous grid 
and plate voltages are equal.) The practical pro- 
cedure in calculating tube performance is to arbi. 
trarily choose point No. 2 and complete the calcu. 
lations. Then try other locations of point No. 2, 
complete the calculations, and compare the results. 

In the case of the 4.65A let us choose a peak 
value of plate current about four times the DC 
plate current of 130 ma, or 500 ma. Let us choose 
a minimum instantaneous plate voltage of 250 volts 
and thus fix the upper end of the “Operating 
Line.” Next, locate this point on the tube curves. 
This is point No. 2 on Fig. 4. (The plate currents 
which flow at various combinations of plate and 
grid voltages are shown by the plate current lines. 
The value of current for each line is noted. In- 
between values can be estimated closely enough 
for our purposes.) Now draw a straight line be- 
tween points No. 1 and No. 2. This line is the 
“Operating Line” and shows the current and volt- 
age values for each part of the RF cycle when 
current is being taken from the tube. (The non- 
conducting half of the RF cycle would be shown 
by extending this line an equal distance on the 
opposite side of point No. 1. However, there is 
little use in so doing because no current flows 
during this half of the cycle.) 

The Eimac Tube Performance Computor can now 
be used to obtain the meter readings and power 
values from this “Operating Line.” Place the com- 

putor on the constant current curve sheet so that 
the “guide lines” of the computer are parallel with 
the operating line. Now slide the computer about 
without turning it until the line OG passes through 
the DC voltage point No. 1 and line OA passes 
through the peak current point No. 2. Make sure 
the guide Zincs are still parallel to the “Operating 
Lint.” 

Note that the lines OB, OC, OD, OE and OF of 
the computer all cross over the “Operating Line.” 

At each point where the lines OA, OB, etc., cross 
the “Operating Line” we need to determine the in- 
stantaneous values of plate current and grid cur- 
rent (and screen current if a tetrode or pentode 
is used) which is flowing at that particular mo- 
ment in the RF cycle. Later, from these key values 
of current, we will calculate the values of DC plate 
current and grid current (and screen current) as 
well as the RF components of the plate current. 

At each of these points, where the instantaneous 
current values are to be determined, a mark should 
be made on the constant current curve sheet of the 
tube. By noting where this mark lies with respect 
to the plate current curves, one can estimate the 
value of plate current flowing at this part of the 
cycle. Next, the location of this mark with respect 
to the control grid curves is noted and a value of 
grid current is estimated. Finally, by referring the 
mark to the screen grid curves, if the tube is a tet- 
rode or pentode, a value of screen current is noted. 
These current values should be listed for each 

Figure 4 
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point where the lines OA, OB, etc., cross the oper- 
ating line so that they can be combined later to 
calculate the various tube currents. At points 
where~ OF and OE cross, the current values are 
often Zero. 

Now in the example chosen, let us read off the 
instantaneous plate current values where these 
lines cross the “Operating Line.” At the point 
where the line OA crosses the “Operating Line” the 
plate current is 500 ma. Where OB crosses the 
operating line the plate current can be estimated 
as 510 ma since the point is about l/10 of the way 
from the 500 ma line to the 600 ma line. At OC 
the plate current is 460 ma, OD 290 ma, OE 75 ma, 
OF and OG 0 ma. Similarly we can estimate the 
instantaneous screen current at the crossing of OA 
and the “Operating Line” as 165 ma, and the in- 
stantaneous grid current at 60 ma. Values are read 
for the other crossings and written down. These 
values are put in simple columns for calculating: 

simplified r 
Crcx&i~ of Name m nstantaneous Values of Currents 

FOlYllUIaS Plate Screen Control Grid 
A 500 Ma 165 Ma 60 Ma 

5 
510 100 
‘tf?” 2.5 z:: __ ___ 

i% 
6 290 -5 ii 

: *: 
0 

OF : 0 
Now in order to obtain the DC value of plate, 

screen, and control grid currents the formula (see 
computer) says to add up the above values~ but use 
only one-half of the A values (giving 250 ma for 
plate, 82 ma for screen, and 30 ma for grid), and 
then divide by 12, as follows: 

DC Meter Reading=l/lZ (0.5 A+B+C+D+E+F) 
Plate SWC33l Control Grid 

5:: Ma 82 Ma 
_-_ 
460 
290 

80 - 
Total 1590 Ma 212 Ma 124 Ma 
DC Cur;;;kal/12 Total= 

18 Ma 10 Ma 

Now to calculate the+RF output power it is nec- 
essary to use the formula for the peak RF current 
which is present in the tube plate current. Since 
we are using the tube as a straight RF power am- 
plifier we use the formula for “Peak Fundamental 
RF” as shown on the computer. (If we were esti- 
mating the performance of a doubler or tripler we 
would use the formula for “Peak 2nd Harmonic 
RF” or ‘(Peak 3rd Harmonic RF”.) 

From the computer we see that the formula for 
the peak fundamental RF current is: 

1/12~~+1.93 B+1.73 C+1.41 D+E+0.52 F) 
500=500 Ma 

1.93 Bz1.93x 510=985 
1.73 C=1.?3x 460=796 
1.41 Dz1.41~ 2i;z;;9 

E= 
Total =2770 Ma 

Peak fundamental current=l/l2 Total 
=2770/12 =230Ma 

We now have the various current values. In 
Page Four 

order to calculate the powers involved it is neces- 
sary to know, not only the DC voltage values, but 
the greatest amount each voltage swings away from 
the DC value. This is known as the peak value of 
the ~RF voltage. Because the plate voltage swings 
from 2000 volts down to 250 volts the peak RF 
voltage is the difference! or 1750 volts. Similarly 
the grid voltage must rise and fall between the 
operating points No: 1 and No. 2, or from -126 
volts to +95 volts. This is a peak swing of 220 
volts .and the peak RF grid ~voltage is 220 volts. 

Let us now use the formulas for output’power 
and driving power: 

Output power=% peak RF plate current x peak 
RF plate voltage. 

We found the peak RF plate current to .be’230 
ma or ,230 amperes, and the peak RF plate voltage 
to be 1750 volts.. 
So; Output Power&h x ,230 x 1’750~ 201 watts,, 
and Input Power=DC Plate Current x DC Plate Voltag& 

~132 x 2000 ~264 watts 
Plate Dissipation zDC Input Power - RF Output Power 

~264 - 201 ~63 watts 
Efficiency =RF Output Power divided by 

DC Input Power 
=201/264 ~76% 

Driving Power =DC Grid CurrentxPeakRF GridVoltage 
So the Drivine Power=.010 x 220 ~2.2 watts 

The power consumed by the bias,source is simply 
the product of the DC grid current and the DC grid 
voltage, or ,010 x 120 = 1.2 watts. 
The difference between the driving power and the 

power consumed by the bias source is the power 
dissipated on the control grid, or 2.2 - 1.2 = 1.0 
watts. 

The power dissipated on the screen grid is simply 
.the product of the DC screen current and the DC 
screen voltage, because the screen grid has no 
impedance ,between it and the DC screen supply. 
Thus it is ,018 x 250 = 4.5 watts; 

The performance of the tube can now be sum- 
marized: 
DC Plate Voltage 2000 Volts Driving Power 2.2 watts 
DCScreenVoltage 250 Volts Grid Dissipation 1.0 watts 
DC GridVoltage -120 Volts Screen Dissipation 4.5 Watts 
DC Plate Current 132 Ma Plate Power Input 264 Watts 
DC Screen Current +; $; 
DC Grid Current 

Plate Power output 2;; ;;v;; 
Plate Dissipation 

REFERENCES 
1. E. L. Chaffee, “A Simplified Harmonic Analysis,” 

Review Sci. Inst. 7, page 384, October 1936 
2. II. P. Thomas, “Determination of Grid Driving Power 

in Radio Frequency Power Amplifiers,” Proc. IRE, 
Vol. 21, pp. 11341141; August 1933 

3. W. G. Wagener, “Simplified Methods for Computing 
Performance of Transmitting Tubes,” Proe. IRE; 
January 1937 

4. R. I. Sarbacher, “Graphical Determination of PA 
Performance,” Electronics; December 1942 

5. R. I. Sarbacber, “Performance of Self Biased 
Modulated Amalifier.” Electronics: Atxil 1943 

6. “Class C Am&fier ‘Ca&lations ‘With The Aid of 
Constant-Current Characteristics,” Eimac Application 
Bulletin Number 4 

7. ;‘V&~;~~~Tube Ratings,” Eimac Application Bulletin 

8. Robert II. Brown, “Harmonic Amplifier Design,” Proe. 
IRE, Vol. 35 pp. 771-777; August 1947 



APPLICATION BULLETIN 

ALIFORNIA 

EITE 

NUMBER 5 

TUBE 

PERFORMANCE 

COMPUTOR 

TUSE FSRFORYANCE COMWTOR 
For RF Ampiifim (Class D, C. aad hqweq Muhi~lkn) 

Use with mmtant currant curvea to obtakt plate. g&f. and screen currat v&w; Iho 
output and driving power. 

DC Currant (meter reading) 1112 (O.M+B+C+D+E+P) 
Peak Fundamental RF l/l2 ~A+1.93B+1.73C+l.4lD+E+O.S2F~ 
Peak 2nd Harmonic RF (Approx.)’ l/12 fA+1.73B+c-E-l.73P) 
Peak 3rd Harmonic RF (Appmx.1’ 1112 iA+1.41B-1.41D-2E-1.41?~ 

Output Power=% Peak RF pIMa cumret X Peak RF Plate Voltage 
Driving pOwer=DC Grid Current X Peak RF Grid Voltage 

*Use only for t&&es or pentodes-Apprcxlmte O& 

INSTRUCTIONS 

1. Mark poiat of DC plate voltmge end DC Grid Eim. 
2. Mark point of peak plate -t in bv plats volt4e 

mgbn. mlb im &out four tinus DC plate curmnt). 
3. Draw straight line bstwsen pofmta wbcted in No. 1 & 

No. 2. This is ‘Qmntiq L&w.” 
4. Plua computer on curv* sheet &II guide linen 

pmdlel to ‘~Cpermtitu Line.” Make OG lfne of cam- 
putor go through point of Stop No. 1. Make OA line 
of computer go through point cd Stap No. 2. 

5. Read current nlua rh.m “opsnting Lfd’ - 
OA. OR. OC. OD. OS, l id OF. 

6. Put vrlua in formvLu u A, 8. C. 0. E. L F. 
For detailed instruction8 sea Eiauc Appfkatbm SuRetfn No. 5. 

GUIDE LINES 
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EITEL-A&ttiLLOUGH, INC. 

. / 5AN BRUNO, CALIFORNIA 

The Elmac 4.65A IS a small radiation-cooled transmitting t&rode having 

a maximum plate disslpatlon rating of 65 watts The plate operates at a red 

color at maximum disslpatlon. Short, heavy leads and low interelectrode 
capacctances contribute to stable efflcrent operation at high frequencies. 

Although it IS capable of withstanding high plate voltages, the internal 

geometry of the4-65A IS such that it WIII deliver relatively high power output 

at a low plate voltage. 

The quick-heating filament allows conservation of power during standby 
periods in mob& applications. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament. Thorlated tungsten 

I, 
voltage ................ 6.0 volts 

&rre"t ................ 3.5 amperes 

Grid-Screen Amplification Factor (Average) _ - - 5 

Direct Interelectrode Capacitances (Average) 
Grid-Plate 0.08 ,Lfifd 
,nput _ _ -- _ 8.0 
output _ . _ 

wfd 
2.1 wfd 

Transconductance (ib = 125 IX., Eb = 500 v., E,, = 250 “. I . - 4000 Pmhos 
Frequency for Maximum Ratings - _ 150 MC. 

MECHANICAL 
bBase - _ 5.pin-Fits { ~$~~’ ,~~~~~I zE;z: 

Mounting . _ _ _ _ Vertical, base down or up 

Cooling _ _ _ _ Convection and Radiation 

Maximum Overall Dimensions 
Length _ _ _ _ _ _ 4.38 inches 
Diameter _ _ _ _ _ 2.38 inches 

Net Weight _ _ 3 ounces 

Shipping Weight (Average) - - - - - - I .5 pounds 



RADIO-FREQUENCY POWER AMPLIFIER 
AND’OSCILLATOR 
Clorr-C Telegraphy or FM Telephony 

MAXIMUM RATINGS (Key-dawn conditions, per tube) 

D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE 
D-C GRlD VOLTAGE 
D-C PLATE CURRENT 
PLATE DISSIPATION 
SCREEN DlSSlPATlON 
GRID DISSIPATION 

. _ - 3000 MAX. VOLTS 

. _ - 400 MAX. VOLTS 

. _ - -SO0 MAX, VOLTS 
_ . . 150 MAX. MA 
. _ _ 65 MAX. WATTS 
. . _ 10 MAX. WATTS 

5 MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
C,,,-r+C T&&q (C.,rrier ~~“di‘io”. ““‘err otherwise r,mcified, 1 ‘“‘4 
MAXlMVM RATlNGS 

D-C PLATE VOLTAGE - - 2500 MAX. VOLTS 
D-C SCREEN VOLTAGE 400 MAX. VOLTS 
D-C GRID VOLTAGE - -SO0 MAX. VOLTS 
D-C PL&TE CURRENT _ _ 120 MAX. MA 
PLATE DISSIPATION _ . 45 MAX. WATTS 
SCREEN DISSIPATION _ _ 10 MAX. WATTS 
GRlD DISSIPATION _ _ 5 MAX. WATTS 

AUDIO-FREQUENCY POWER AMPLIFIER 

AND MODULATOR 

MAXIMUM RATINGS (PER TUBE) 

D-C PLATE VOLTAGE - - - - _ 

D-C SCREEN VOLTAGE - - - 

MAX-SIGNAL D-C PLATE CURRENT, PER TUBE - 

PLATE DISSIPATION, PER TUBE - 

SCREEN DISSIPATION, PER TUBE - - - - 

_ . - . - - 3000 MAX. VOLTS 

_ _ . - . 600 MAX. VOLTS 

_ _ . _ _ - . 150 MAX. MA 

. _ . - - - 65 MAX. WATTS 

10 MAX: WATTS 

The e‘fec‘i”e grid CirCUi‘ rerirtance far each ‘“be nl”I‘ not exceed 250,000 ohnr. 
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APPLICATION 

MECHANICAL 
Mounting-The 4-65A must be mounted vertically, base 
up or base down. The socket must provide clearance for 
the glass tip-off which extends from the center of the 
base. A flexible connecting strap should be provided 
between the plate terminal and the external plate circuit, 
and the Eimac HR6 cooler used on the tube plate lead. 
The socket must not apply lateral pressure against the 
base pins. The tube must be protected from severe vibra- 
tion and shock. 

Adequate ventilation must be provided so that the 
seals and envelope under operating conditions do not 
exceed 225°C. For operation above 50 Mc., the plate 
voltage should be reduced, or special attention should 
be given to seal cooling. 

In intermittent-service applications where the “on” 
,time does not exceed a total of five. minutes in any ten 
minute period, plate seal temperatures as high as 250°C 
are permissible. When the ambient temperature does not 
exceed 30°C it will not ordinarily be necessary to 
provide forced cooling of the bulb and plate seal to hold 
the temperature helow this maximum at frequencies 
below 50 Mc. provided that a heat-radiating plate con- 
nector is used, and the tube is so located that normal 
circulation of air past the envelope is not impeded. 

ELECTRICAL 
Filament Voltage-The filament voltage,’ as measured 
directly at the filament pins, should he between 5.7 volts 
and 6.3 volts. 
Bias Voltage-D-C bias voltage for the 4-65A should not 
exceed -500 volts. If arid-leak bias is used. suitable ore- 
tective means must %e provided to pr&ent exce&ive 
plate or screen dissipation in the event of loss of excitation. 
Grid Dissipation-Grid dissipation for the 4-65A should 
not be allowed to exceed five watts. Grid dissipation may 
be calculated from the following expression: 

Pa = em& 
where Pg = Grid dirripation, 

e,,p=Peot positive grid voltage, and 
I,=~-c grid current. 

ecmp may be measured by means of a suitable peak 
voltmeter connected between filament and grid* 

Screen Voltage-The D-C screen voltage for the 4.65A 
should not exceed 400 volts except in the case of class- 
AB audio operation and Single Side Band R-F amplifier 
operation where it should not exceed 600 volts. 
Screen Dissipation-The paver dissipated by the screen 
of the 4.65A must not exceed 10 watts. Screen dissipation 
is likely to rise to excessive values when the plate voltage, 
bias voltage or plate load is removed with filament and 
screen voltages applied. Suitable protective means must 
be provided to limit screen dissipation to 10 watts in 
the event of circuit failure. 

Plate Voltag-The plate-supply voltage for the 4.65A 
should not exceed 3,000 volts. Above 50.Mc. it is advisable 
to use a lower plate voltage than the maximum, since the 
seal heating due to R-F charging currents in the screen 
leads increases with plate voltage and frequency. See in- 
structions on seal cooling under “Mechanical” and 
“shielding.” 

Plate Dissipation-Under normal operating conditions, 
the plate dissipation of the 4-65A should not be allowed 
to exceed 65 watts in unmodulated applications. 

In high-level-modulated amplifier applications, the 
maximum allowable carrier-condition plate dissipation is 
45 watts. 

Plate dissipation in excess of maximum rating is 
permissible for short periods of time, such as during 
tuning procedures. 

OPERATlON 

Class-C FM or Telegraphy-The 4-65A may be operated 
as a class-C FM or telegraph amplifier without neutrali- 
zation up to 110 MC. if reasonable precautions are taken 
to prevent coupling between input and output circuits 
external to the tube. In single ended circuits. plate, grid, 
filament and screen by-pass capacitors should be re- 
turned through the shortest possible leads to a common 
chassis point. In push-pull applications the filament and 
screen terminals of each tube should be by-passed to a 
common chassis point by the shortest possible leads, and 
short, heavy leads should be used to interconnect the 
screens and filaments of the two tubes. Care should be 
taken to prevent leakage of radio-frequency energy to 
leads entering the :amplifier, in order to minimize grid- 
plate coupling between these leads external to the 
amplifier. 

Where shielding is adequate, the feedback at fre- 
quencies above 110 Mc. is due principally to screen-lead- 
inductance effects, and it becomes necessary to introduce 
in-phase voltage from the plate circuit into the grid cir- 
cuit. This can be done by adding capacitance between 
plate and grid external to the tube. Ordinary, a small 
metal tab approximately Y&” square and located adjacent 
to the envelope opposite the plate will suffice for neutral- 
ization. Means should be provided for adjusting the spat- 
ing between the neutralizing capacitor plate and the 
envelope. An alternate neutralization scheme for use 
above 110 Mc., is illustrated in the diagram on page 4. In 
this circuit, feedback is eliminated by series-tuning the 
screen to ground with a small capacitor. The socket screen 
terminals should be strapped together as shown on the 
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diagram, by the shortest possible lead, and the lead ing reasonably good regulation, to prevent variations in 
from-the mid point of this screen strap to the capacitor, screen voltage from zero-signal to maximum-signal condi- 
C, and from the capacitor to ground should be made as tions. The use of voltage regulator tubes in a standard 
short as possible. circuit should provide adequate regulation. 

Driving power and power output under maximum out- 
put and plate voltage conditions are shown on page 2. The 
power output shown is the actual plate power delivered 
by the tube: the power delivered to the load will depend 
upon the efficiency of the plate tank and output coupling 
system. The driving power is likewise the driving power 
required by the tube (includes bias loss). The driver aut- 
put power should exceed the driving power requirements 
by a sufficient margin to allow for coupling-circuit losses. 
The use of silver-plated linear tank-circuit elements is 
recommended for all frequencies above 75 MC. 
Cless-C AM Telephony-The R-F circuit considerations 
discussed above under Class-C FM or Telegraphy also 
apply to amplitude-modulated operation of the 4-65A. 
When the 4-65A is used as a class-C high-level-modulated 

Grid bias voltage for class AB. service may he obtained 
from batteries or from B small fixed-bias supply. When a 
bias supply is used. the D-C resistance of the bias source 
should not exceed 250 ohms. Under class-AB, conditions 
the. effective aid-circuit resistance should not exceed 
250,000 ohms.- 

The peak driving power figures given in the class-ABa 
tabulated data are included to make possible an accurate 
determination of the required driver output power. The 
driver amplifier must be capable of supplying the peak 
driving power without distortion. The driver stage should, 
therefore, be capable of providing an undistorted average 
oatput equal to half the peak driving pawer requirement. 
A small amount of additional driver output should be pro- 
vided to allow for losses in the coupling transformer. 

In some cases the maximum-signal plate dissipation 
shown under “Typical Operation” is less than the maxi- 
mum rated plate dissipation of 4-66A. In these cases, 
with sine wave modulation, the plate dissipation reaches 
a maximum value. equal to the maximum rating, at B 
point somewhat below maximum-signal conditions. 

amplifier, both the plate and screen should be modulated. 
Modulation voltage for the screen is easily obtained by 
supplying the screen voltage via a series dropping resistor 
from the unmodulated plate supply. or by the use of a,, 
audio-frequency reactor in the positive screen-supply 
lead, or from a separate winding on the modulation trans- 
former. When screen modulation is obtained by either 
the series-resistor or the, audio-reactor methods, the 
audio-frequency variations in screen current which result 
from the variations in plate voltage as the plate is modu- 
lated automatically give the required screen modulation. 
Where a reactor is used, it should have a rated induct- 
ance of not less than IO henries divided by the number of 
tubes in the modulated amplifier and a maximum current 
rating of two to three times the operating D-C screen 
current. To prevent phase-shift between the screen and 
plate modulation voltages at, high audio frequencies. 
the screen by-pass capacitor should be no larger than 
necessary for adequate R-F by-passing. 

For high-level modulated service, the use of partial 
grid-leak bias is recommended. Any by-pass capacitors 
placed across rhe grid-leak resistance should have B 
reactance at the highest modulation frequency equal to 
at least twice the grid-leak resistance. 
Class-AB, and Class-A& Audio-Two 4-65As may be used 
in a push-pull circuit to give relatively high audio output 
power at low distortion. Maximum ratings and typical 
operating conditions for class-AR, and class-AB> audio 
operation ere given in the tabulated data. 

Screen voltage should be obtained from a source hav- 

The power output figures given in the tabulated data 
refer to the total power output from the amplifier tubes. 
The useful power output will be from 5 to 15 per cent less 
than the figures shown, due to lasses in the output 
transformer. 

Because of the intermittent nature of the voice, and 
the low average power, it is possible in cases where size 
and weight are important to operate a class-AB stage 
at higher peak power values than those indicated for sine 

In order to obtain peak power above that shown for 
sine wave (peak is twice average for sine wave), the plate- 
to-plate load impedsnce must be made proportionately 
lower than the value shown for a particular plate voltage. 
Also, more peak driving power will be required. At no 
time should the average plate or grid dissipation exceed 
the maximum values shown. 

KEYING THE TETRODE AMPLIFIER 

The flow of plate current in an R-F t&rode amplifier 
depends not only on the control grid bias and excitation, 
but also on the voltage applied to the screen grid. 

One easy method of keying is to remove the excitation 
and screen grid voltage simultaneously, while leaving the 
plate voltage still applied to the amplifier stage. This 
method also has an advantage in that the final tube can 
be made to draw a safe amount of current key-up position, 
maintaining a steadier drain on the power supply while 
keying. This tends to minimize “blinking lights” on weak 
AC supply lines when using moderate power. By properly 



choosing the values of L. C, and R, in the circuit, perfectly 
clean-cut highest speed hand keying can easily be obtained 
that is entirely devoid of clicks. 

The keying circuit is shown in the diagram and V, is 
the driver tube, which may he any one of the small 
tetrodes such as an 807, 6L6 or 6F6, used either as a 
frequency multiplier or a straight-through amplifier. This 
tube should furnish abqt five watts of output, power 
which allows ample driving power for one 4.65A. indud- 
ing circuit losses. Capacitance coupling is shown in the 
diagram, but this, of course, could just as well be link 
coupling. 

Steady driving power is fed to the grid of V, from 
the exciter. The keying circuit controls the plate and 
screen voltages on v,, as well as the screen voltage. on 
the 4.%A, all obtained from a common power supply B,. 
This supply should furnish sufficient voltage to the plate 
of V, to obtain the necessary driving power. Normally this 
voltage will be about the correct voltage for the screen 
of the 4-65A and resistor R, may be omitted. 

When the key is up there is no excitation to the 4-65A, 
and consequently no grid leak bias. At the same time, the 
screen voltage has also been removed so that very little 
current is drawn by the plate. With plate volt+ges up to 
2000 volts, the amount of current drawn is not sufficient 
to heat the plate beyond its rated plate dissipation and a 
fixed bias is not required. However, with plate voltages 
over 2000 volts, a small fixed bias supply is needed to 
keep the plate dissipation within the rated limit. An 
ordinary 221/2 volt C battery in the control grid circuit 
will furnish sufficient bias to completely cut the plate 
current off at 3000 volts, while some lower value of bias 
can be used to permit a safe amount of current to flow 
in key-up pqsition, presenting a more constant load to 
the power supply. 

A tapped resistor R, serves to supply screen voltage to 
V, and by adjusting this tap, the excitation to the 4-65A 
may be easily controlled. This method of controlling the 
output of a t&rode is not recommended in the larger 
tetrodes, however, r.s it is wasteful of power and the 
lowered power output obtained is due to a loss in 
efficiency. RI also serves as a means of keeping the screen 
of the 4.65A at ground potential under key-up conditions, 
stabilizing the circuit. R, is the normal pw?r supply 
bleeder. 

The keying relay must be insulated to withstand the 
driver plate voltage. Key clicks may be completely elim- 
inated by the proper selection of L,. R, and C, in series 
with and across the relay. In many applications values Of 
500 ohms for R, and 0.25 ufd for C, have been found 
entirely satisfactory. Choke L, is best selected by trial 
and usually is on the order of 5 henries. A satisfactory 
choke for this purpose can be made by using any smdl 

power-supply choke, capable of handling the combined 
current of the final screen grid and the driver stage, 
and adjusting the air gap to give the proper inductance. 
This may be checked by listening for clean keying 0” the 
“make” side of the signal or by observation in a ‘SCOW. 

R-F by-pass condensers C. and C, will have some effect 
on the required value of L, as well as ‘2,. These by-pass 
condensers should be kept at as small a value of capacity 
as is needed. In most cases ,002 ufd. is sufficient. 

SHIELDING 
The internal feedback of the t&rode has been substan- 

tially eliminated, and in order to fully utilize this advan- 
tage, it is essenti?l that the design of the equwnent 
completely eliminates any feedback external to the tube. 
This means complete shielding of the output circuit from 
the input circuit and earlier stages, proper reduction to 
low values of the inductance of the screen lead to the 
R-F ground, and elimination of R-F feedback in any 
common power supply leads. 

Complete shielding is easily achieved by mounting the 
socket of the tube flush with the deck of the chassis as 
shown in the sketch. 

The holes in the socket permit the flaw of convection 
air currents from below the chassis up past the seals in the 
base of the tube. This flow of air is essential to cool the 
tube and in cases where the complete under part of the 
chassis is enclosed for electrical shielding, screened hales or 
louvers should be provided to permit air circulation. Note 
that shielding is completed by aligning the internal screen 
shield with the chassis deck and by proper R-F by-passing 
of the screen leads to R-F ground. The plate and output 
circuits should be kept abqve deck and the input circuit 
and circuits of earlier stages should be kept below deck 
or completely shielded. 

DIFFERENT SCREEN VOLTAGES 
The published characteristic curves of tetrades are 

shown for the commonly used screen voltages. Occasion- 
ally it is desirable to operate the t&rode at some screen 
voltage other than that shown on the characteristic 
curves, It is a relatively simple matter to convert the 
published curves to corresponding curves at a different 
screen voltage by the method to be described. 

This conversion method is based on the fact that if 
all inter-electrode voltages are either raised or lowered 
by the same relative amount, the shape of the voltage 
field pattern is not altered, nor will the current distribu- 
tion be altered; the current lines will simply take on 
new proportionate values in accordance with the three- 
halves power law. This method fails only where insuffi- 
cient cathode emission or high secondary emission affect 
the current values. 

For instance, if the characteristic curves are shown 
at a screen voltage of 250 volts and it is desired to deter- 
mine conditions at 500 screen volts, all voltage scales 
should be multiplied by the sane factor that is applied 
to the screen voltage (in this case-Z). The 1000 volt 
plate voltage point now becomes 2000 volts, the 50 volt 
grid voltage point, 100 volts, etc. 
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The current line.5 then all asxuue new values in ac- 
cordwce with the 312 power law. Since the voltage was 
increased by a factor of 2, the current lines will all be 
increased in value by a factor of 2Yz or 2.8. Then all the 
current values should be multiplied by the factor 2.8. 
The 100 ma. line becomes a 280 ma. line, etc. 

Likewise, if the screen voltage given an the charac- 
teristic curve is higher than the conditions desired, the 
voltages should all be reduced by the same factor that 
is used to obtain the desired screen voltage. Correspond- 
ingly, the current values will all be reduced by an amount 
equal to the 312 power of this factor. 

nor convenience the 3/2 power of commonly used 
factors is given below: 

Voltage Fador 25 5 .75 1.0 1.25 1.50 1.75 
Corresponding 

Current Factor ,125 .35 .65 1.0 1.4 1.84 2.3 

Voltage Factor 2.0 2.26 2.6 2.75 3.0 
Corresponding 

Current Factor 2.8 3.4 4.0 4.6 5.2 

SINGLE SIDE BAND 
SUPPRESSED CARRIER OPERATION 

The 4.65A may be operated as a class B linear ampli- 
fier in SSSC operation and peak power outputs of over 300 
watts per tube may be readily obtained. This is made 
possible by the intermittent nature of the voice. If steady 
audio sine wave modulation is used, the single side band 
will be continuous and the stage will operate as a C-W 
class-B amplifier. With voice modulation the average 
pewer will run on the order of 1/5tb of this continuous 
paver. 

The same precautions regarding shielding, coupling 
between input and output circuits, and proper R-F by- 
passing must be observed, as described under Class-C 
Telegraphy Operation. 

Due to the widely varying nature of the load imposed 
on the power supplies by SSSC operation, it is essential 
that particular attention be given to obtaining good regu- 
lation in these supplies. The bias supply especially. 
should have excellent regulation, and the addition of a 
heavy bleeder to keep the supply well loaded will be 
found helpful. 

Under conditions of zero speech signal, the operating 
bias is adjusted so as to give a plate dissipation of 50 
watts at the desired plate and screen voltages. Due to 
the intermittent nature of voice, the average plate dis- 
sipation will rise only slightly under full speech modula- 
tion to approximately 65’ watts. At the same time, 
however, the peak speech power output of over 300 
watts is obtained. 

SSSC TUNING PROCEDURE 
Tuning the SSSC transmitter is best accomplished 

with the aid of an audio frequency oscillator and a CB- 
thode-ray oscilloscope. The audio oscillator should be 
capable of delivering a sine wave output of a frequency 
of around 800 to 1000 cycles so that the frequency will 
be somewhere near the middle of the pass-band of the 
audio system. Since successful operation of the class-B 
stage depends an good linearity and the capability of 
delivering full power at highest audio levels, the final 
tuning should be made under conditions simulating peak 
modulation conditions. If a continuous sine wave from 
the audio oscillator is used for tuning purposes, the 
average power at full modulation would be about five 
times that of speech under similar conditions of single. 
side band operation and the final amplifier would be 
subjected to a heavy overload. One method of lowering 
the duty cycle of the audio oscillator to closer approxi- 
mate speech conditions would be to modulate the 
oscillator with a low frequency. 

An alternate method would be to use the continuous 
audio sine wave, making all adjustments at half voltages 
and half currents on the screen and plate, thus reducing 
the power to one quarter. The stand-by plate dissipation 
under these conditions should be set at about 10 watts. 
Following these adjustments, minor adjustments at full 
voltages and 50 watts of stand-by plate dissipation could 
then be made, but only allowing the full power to remain 
on far ten or fifteen second intervals. 

The first step is to loosely couple the oscilloscope to 
the output of the exciter unit. The final amplifier with 
its filament and bias voltages turned an should also be 
coupled to the exciter at this time. With the audio 
oscillator running, adjust the exciter unit so that it 
delivers double side band signals. Using a linear sweep 
on the oscilloscope, the double side band pattern will 
appear on the screen the sane as that obtained from a 
100% sine xvave modulated AM signal. Next vary the 
audio gain control so that the exciter can be checked 
for linearity. When the peaks of the envelope start to 
flatten out the upper limit of the exciter output has been 
reached and the msrimum gain setting should be noted. 
The coupling to the final stage should be varied during 
this process and a point of optimum coupling determined 
by watching the oscilloscope pattern and the grid meter 
in the final stage. 

Next, adjust the exciter for single side band opers- 
tion and if it is working properly, the pattern an the 
oscilloscope will resemble an unmodulated AM carrier. 
The phasing controls should be adjusted so as to make 
the envelope as smooth an the top and bottom as 
possible. If the above conditions are satisfied, the exciter 
unit can be assumed to be operating satisfactorily. 

Next, loosely couple the oscilloscope link to the output 
of the final amplifier and again adjust tht exciter unit 
to give double side band output. 

If the reduced duty cycle method is used. the follow- 
ing tuning pmedure may be followed: 

1. Cut the audio output to zero. 
2. Apply 120 volts of bias to the 4.65A control grid. 
3. Apply the operating plate voltage fallowed by 

the operating screen voltage. 
4. Reduce bias voltage to obtain 50 watts of stand-by 

plate dissipation. 
5. Increase audio gain, checking the oscilloscope pat- 

tern for linearity as in the case of the exciter, and adjust 
for optimum antenna coupling. 

6. Readjust exciter unit for single side band opera- 
tion. 

7. Disconnect test signal and connect microphone. 

8. Adjust the audio gain so that the voice peaks give 
the same deflection on the oscilloscope screen as was 
obtained from the test signal peaks. 

If the alternate method is used with a 100% duty 
cycle from the audio oscillator, then step 3 should be to 
apply half voltages and the stand-by plate dissipation 
should be set at 10 watts. 

After the audio oscillator is disconnected and step 
8 completed at half voltages, the full voltages can then 
be applied and the stand-by plate dissipation adjusted 
for 50 watts. 

It is essential that the microphone cable be well 
shielded and grounded to avoid R-F feedback that might 
not occur when the lower impedance audio oscillator is 
used as an audio source. 

Typical operational data are given for SSSC in the 
first part of this data sheet. 
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Typical radio-frequency power amplifier circuit, Clart.C 
telegraphy, 345 wattr input. 

- 

I 

COMPONENTS FOR TYPICAL CIRCUITS 

L~,$,,- Tank circuit appropriat. for aPerating freq”enCy: 

Q= 12. capacitor plate spacing=.200”. 

L~~.c~I-TT~,xL circuit approp&+s for operating fraquencv: 
p= 12. capacitor plate rpasing=.ZOW. 

Lp&,- Tank circuit appropriate for operating frequency: 
Q= 12. capacitor plate rpacing=.375”. 

L~,.c~,- Tuned circuit appro,,ria+e for operating frequency. 
~~$~?--Tuned circuit appmpriats for operating frequency. 
c,.- ,002 -&Lfd. 5oov Mica 
c2- .oo* ;uid. 5ooov Mica 
Cp ,001 qfd. 2500” Mica 
cd--., vfd. lOO0” paper 
cs-.I -Pfd.t.oo ” paper 
Cb- 16 -jbL 450” Electrolytic 
CT- IO -p+d. IOOY Electrolytic 
~1-53.000 ohms ZOO watt--60,000 ohm adjustable 
RZ--250.000 ohma + wa++ 
RZ- 5.000 ohm. 5watt 
RA- 25,000 ohms 2 watts 
RS- 26.500 ohms 200 watts--30,000 ohm adjustable 
RA- 2.500ahm. 5 watts 
R7- 750 ohms 5 wa++r 
WC,- 2.5 mhy. 125 ma. R-F choke 
RW- I mhy. 5W ma. R-F choke 
TI- 150 watt modulation transformer: ratio Primary to recond- 

ary impedance approx. 1:l.l Pri. impedance 15.000 ohms, 
sec. impedance 16.700 ohms. 

Tz- 5 watt driver transformer impedance ratio primary to I/Z 

Tz-300 watt modulation tranrformer: impedance ratio Pri. to 
sec. approx. X4:1 t Pri. impedance=ZO,OOO ohms, sec. im- 
pedanca=8,333 ohms. 

I I 

Typical high-level-modulated R-F amplifier circuit, with 
modulator and driver rfager. 480 watts plate input. 
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EIMAC 4-65A TYPI 
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b The Eimac 4-l 25A is a radial-beam power tetrode intended for “se OI on amplifier, oscillator, 
or modulator. It her a maximum plate-dissipation rating of 125 watts and o moxim”m plate-voltage 
rating of 3000 Volts (It frequencies up to 120 Mc. 

The low grid-plate capacitance of this tetrode together with its low driving-power reqviremen, 
allows considerable rimplification of the associated circ”if and driver stage. 

Cooling is by radiation from the plate and by air circulation through the bare and around 
the envelope. 

The 4-l 25A in clarr-C r-f rerrice will de,’ jver up to 375 wa++s plate power output with 2.5 watts 
driving power. Two 4-l 25A’r in clorr-B modulator servile will deliver “,, to 400 watts ,,,axi,,,“m. 
signal power output with I .2 watts nominal driving power. 

ELECTRICAL 
GENERAL CHARACTERISTICS 

RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 

HIGH-LEVEL MODULATED RADIO-FREQUENCY 
AMPLIFIER 
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SAk bRUN0, CALIFORNIA 
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ELECTRICAL 
GENERAL CHARACTERISTICS 

Filament: Tho6at.d tungsten 
VoHsge . _ . _ _ . _ . . . . . . 
current - . . _ _ - . . _ . _ . 14.5 

Gvid-Ssr.an Amplification Fador (Ar.rage) - - _ - - . . - - 

Direct lntsreledrode Capacitances (Aversga) 
G,id.Pl.,+e _ _ _ _ _ _ _ _ . . . _ _ 0 
InpIt+ _ . . . . . _ . - - _ . i I 
OL.+pu, . _ . . _ . _ _ . . . . . 

Transsonductans. (I,=,00 ma.< Ea=?SOO”.. E,,=SOO”.) . . . . _ 4~ 
Frsqwnsy fo, M&num Ratings _ . _ . . . . _ . _ 

MECHANICAL 
Sam - - - . . - . . . . _ . . s-pin m 
Recommended Socket - - - - - - - E. F Johnson Co. socket No. 

National Co. No. HX-100. or 0’ 
Ba*ing . . . . . . . . . . . . . . - Se, 
t.bvn+ing Politic.” - . - - - . - - - - Vertical. bare do 
Cooling _ . . . _ . . . . . . . Radiation and f 
Recommended Heat Disripating Pla+.Conn.s+or _ . . . . . - - 

Maximvm OreraIl Dimanrionl: 
Lonq,h _ . . . . _ . . _ . . . . . 
Diameter . . . . _ . . . _ _ _ _ _ 

Net Weight _ . _ . . . . _ . . _ . . _ _ 
Shipping Weight (Average) - - _ - . . . . - . . 

RADIO-FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Cla.4 FM or Telegraphy (Key-down condition.. I tub.) 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE’ - . . 4000 MAX. VOLTS 
D-C SCREEN VOLTAGE - - . 600 MAX. VOLTS 
D-C GRID VOLTAGE . . . . -SO0 MAX. VOLTS 
D-C PLATE CURRENT - . . . 150 MAX. MA 
PLATE DISSIPATION . . . 250 MAX. WATTS 
SCREEN DlSSlPATlON - . . 35 MAX. WATTS 
GRID DISSIPATION . . . IO MAX. WATTS 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Cla...C Telephony 
(Carrier conditionr unless otherwire specified, I tubs) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE’ - - 3200 MAX. VOLTS 
D-C SCREEN VOLTAGE . _ 6W MAX. VOLTS 
D-C GRID VOLTAGE . . . . -SO0 MAX. VOLTS 
D-C PLATE CURRENT . . . . 275 MAX. MA 
PLATE DlSSlPATlON . . . 165 MAX. WATTS 
SCREEN DISSIPATION . . 15 MAX. WATTS 
GRID DISSIPATION . . . . IO MAX. WATTS 



APPLICATION 

Mechanical 

) Mounting-The 4-X01\ must be mounted vertically, bare down 
or bars up. The rocket murt be sonrtructsd 10 as to allow an 
unimpeded flow of air through the holes in the base of the tubs 
and ma+ al.0 provide cIe.r.nce for the gl.rr tip-off which 
extends from the center of the bars. The tube rhould be mounted 
above the sha& desk to 4Iow frse circulation of .& in the 
manner shown in ths mounting diagram b&w. Tha metal tube- 
bare shell rhould bo groundsd by means of suitable wring 
finger.. Ths above requiremsntr aw met by th. E. F. Johnron 
Co. socket No. ,Z=Z’/S, the National Co. rocket No. HX-100. 
or a rimilar socket. 

A fleiible connecting drap rhould be provided between the 
HR.6 Heat Dirripating Plate Connodor an the plate terminal 
and the elternsl circuit. The tubs murt bs protected from 
sovero vibration and Ihock. 

4.250A mounting providing bare cooling, shielding and isolation 
of output and input compartments. 

) indica+e. change from sheet dated 7-1-51 
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Cwling-Adequate cooling must be provided for the seal. and 
andope of the 4250A. Forced-air circulation in the amount 
of five subis feet per minute through the bare of th. tubs is 
required. Thir ail rhould ba applisd rimultaneourly with filamsnt 
power. The temperatwo of the plate 14 a~ maarured on the 
top of the pl& cap, rhould not exceed 170%. in continuour- 
I.,YiCB application.. 

A relatively dew movement af dir part the tube b sufficient 
to prevent a plate 4 temperature in BXCBII of the maximum 
rating at frequsncier below 30 Mc. A+ frequensie. above 30 
Ms., radio-frequency lorrer in the leads and envelops contribute 
to 4 and envelope heating and special attention rhould be 
+en to bulb and F&+e IBM, cooling. A small fan or centrifugal 
blower directed toward the upper portion of the envelope will 
urually provide rufficient circulation for cooling at frequensier 
above 30 Mc. (The Eimac 44OOA Air-System Socket provider d 
convenient method of mounting and cooling the 4.2SOA at VHF, 
rhould the UIB~ d&w to UIB it. Full information is available on 
the 4.4OOA data rh.et, 01 it will be rent from the factory on 
request.) 

In intermittent-service applicationr where the “on” time doer 
not exceed a total of five minuter in any ten-minute period. 
p,a+e-seal +smpera+urer al high a~ 220’ C. are permisrible. When 
the ambient tamperature doer not exceed 30’ C. it will not 
ordinarily be necerrary to provide forced cooling of the bulb 
and pla+e 14 to hold the temperature below thir md~imum at 
frequensier below 30 Mc., provided that a heat-radiating plate 
connector is wed, and the tube is 30 located that normal cilcu- 
lation of air part ths envelope is no+ impeded. 

Electrical 

) Filament Voltage-For maximum tube life the filament voltage. 
as mearured directly at the bare pinr, .hould be the rated vdlw 
of 5.0 v&r. Variationr rhauld be held within the range of 4.75 
to 5.25 w&r. 

Bias Voltqe-D-c bias voltage for the 4250A should not exceed 
500 voltr. If grid-leak biar is wed. suitable protective means 
must be provided to pteven+ BXCBII~V~ plate 01 screen dilripation 
in the event of IDII of excitation. 



Grid Dissipation-Grid dissipation for the 4.25OA should not be 
allowed to exceed ten watts. Grid dissipation may be calculated 
from the following expranion: 

P.=em,l. 
where P.=Grid dissipation 

e,,,=Psak positive grid voltage. and 
I,=D-s grid current. 

eIm. may be measured by means of a suitable peak voltmeter 
connected between filament and grid’. 

Sm.m V&w-The d-c scwen voltage for the 425OA should 
not exceed 600 v&r. 

Su.en Dirrif=Moa-The power dissipated by the screen of the 
4-250A mus+ not exceed 35 watts. Screen dissipation is likely to 
rise to exc~&a values when the plats voltage, bias voltage 01 
plats load is removed with filament and screen voltages applied. 
Suitable protective means mus+ be provided to limit screen 
dissipation to 35 watts in the event of circuit failure. 

Plal* Vd%e-The late-supply voltage f.r the 4.25OA rhwld 
no+ exceed 4000 vo+r for frequencies below 75 Mc. Above 75 P 
Ms., the maximum permissible plate voltage is less than 4000 
volt.. i)s rhown by the graph on page four. 

Plate Dissipation-Under normal operating conditionr the plate 
dissipation of the 4-XOA should not be allowed to &seed 250 
watts in unmodulated applications. 

In plats-modulated amplifier applicationr. the maximum allow- 
able carrier-condition plate dissipation is 165 watts. 

Plats dissipation in exces of the maximum rating is permissible 
for short periods of time. such as during tuning prosedurer. 

Opemrion 

Class-C FM w Telegraphy-The 4.ZSOA may be operated as a 
&s-C amplifier, FM 01 telegraphy, without neutralization up to 
30 MC. if reasonable precaution. are taken to prevent coupling 
between input and output sirs& external to the tube. A 
grounded metallic plate on which the rocket may be mounted 
and to which suitable connedorr may be attached to ground the 
tube bare shell, provider an effective isolating shield betwesn 
grid and plate circuits. In single-ended sircuitr. plate. grid, fila- 
ment and screen by-pars capacitarr should be returned through 
the shortest possible leads to a common char& point. In purh- 
pull applications the filament and semen terminals of each tube 
should be by-passed to a common chassis point by the shortest 
possible leads, and short. heavy leads should be used to intsr- 
connect the screens and filament. of the two tube.. Care should 
be taken to prevent leakage of radio-frequency energy to leads 

Screen-tuning neutralization circuit for use above 45 Mc. 
C -Approximately IOOppfd. per section, maximum. 

entering the amplifier in order to mini&a grid-plate coupling 
between there leads external to the amplifier. 

At frequencies from 30 Mc. +a 45 Mc. ordinary neutralization 
ryrtemr may be usad. 

Where shielding i. adequate. the feed-back at frequencies 
above 45 Mc. is due Principally to .sreen-lead-inductance 
affects, and it becomes necessary to introduce in-phase voltage 
from the plate circuit into the grid circuit. This can be done by 
adding capacitance between plate and grid external to the tube. 
Ordinarily. a small metal tab approximately %.inch square con- 
nected to the grid terminal and located adjacent to the envelope 
opposite the plate will suffice for neutralization. Means should 
be provided for adjusting the spacing between the neutralizing 
capacitor plats and the envelope. An alternative neutralization 
ashsme is illustrated in the diagram below. In this circuit, feed- 
bask is eliminated by series-tuning the screen to ground with a 
small capacitor. The rocket screen terminalr should be strapped 
together, as shown on the diagram, by the rhortert possible load, 
and the leads from the scman terminal to the capacitor. C, and 
;im.” the capacitor to ground ghauld be made as short as Porr- 

Dhing power and power output under maximum output and 
plate voltage condition3 are shown on page 4. The power output 
shown is the actual plate power delivered by the tubs; the 
power delivered to the load will depend upon the efficiency of 
the plate tank and output coupling system. The driving power is 
likewise the driving Power required by the tube (includes bias 
loss]. The driver output Power should exceed the driving power 
requirement by a sufficient margin to allow for coupling-circuit 
loses. The use of silver-plated linear tank-circuit elements is 
recommended for all frequencies above 75 Mc. 

CIEU-C AM T~lVhonY-The r-f circuit conrideratiom discussed 
above under Clarr-C FM or Telegraphy .bo apply to amplitude- 
modulated operation of the 4250A. When the 4.2SOA is used 
as a class-C plate-modulated amp!ifier. modulation should be 
applied to both plate and semen. Modulation voltage for the 
semen may be obtained from a reparate winding on the modu- 
lation tranrformer. by supplying the screen voltage via a series 
dropping resistor from the unmodulated Plate supply. or by the 
we of an audio-frequency reactor in the positive screen-supply 
lead. When screen modulation is obtained by either the series- 
rsrirtor or the audio-reactor method. the audio-frequency maria- 
tions in ICIBB~ current which result from the variations in plate 
voltage ar the plate is modulated automatically give the required 
screen modulation. Where a reactor is used. it should have a 
rated inductance of not less than 10 henries divided by the 
number of tube. in the modulated amplifier and a marimum 
current rating of two or three timer the operating d-c screen 
current. To prevent phase shift between the screen and plate 
modulation voltages a+ high audio frequencies, the screen by- 
Parr capacitor should be no larger than necessary for adequate 
r-f by-passing. 

For plate-modulated service, the we of partial grid-leak bias 
is recommended. Any by-pars capacitors placed across the qrid- 
leak resirtance should have a reactance at the highest modula- 
tion frequency equal to at least twice the grid-leak resistance. 

Clas-A& and Cbrr.AB, Audio -Two 4.250A’s may be used in 
a push-pull circuit to give relatively high audio output power at 
low distortion. Maximum ratings and typical operating conditions 
for class-AB, and class-Ab audio aperation are given in the 
tabulated data. 

Screen voltage should be obtained from a source having 
reasonably good regulation to prevent variations in screen volt- 
age from zero-signal to maximum-signal conditions. The use of 
voltage regulator tuber in a standard circuit should pravide ade- 
quate regulation. 

Grid bias voltage for &r-A& service may be obtained from 
batteries or from e mall fixed-bias supply. When a bias supply 
is wed the d-c rerirtance of the bias source should not orcsed 
250 ohms. Under class-A& conditionr the effective grid-circuit 
&stance should not exceed 250,000 ohms. 

2 Far suitable peak v.+.u.m. circuits see, for inrtance,, “Y.x”““l Tvbe 
Ratingr,” hmc tdsxr, January, ,945. This article is ava,lable in reprint 
form on requert. 
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The peak driving power figurer given in the 

clarr-AB, tabulated data are included to make 

por4ble, an accurate determination of the required 

driver output pier. The driver amplifier must be 

capable of rupplying the peak driving power with- 

out dirtortion. The driver stage should. therefore, 

be capable of providing an undistorted average 

output equal to half the peak driving power re- 

quiremen+. A ma,, amount df additional driver 

outpu+ should be pmvided to .Ilow for IOT.BI in the 

coupling tranrformer. 

In some cases the maximum-signal plate dirripa- 

tion .hawn under “Typical Operation” is lerr than 

the maximum rated plate dissipation of the 4.XOA. 

In there cases, the plate dissipation reachers a 

maximum value, equal to the maximum rating. at a 

poin+ romewha, b&w maximum-signal conditionr. 

The power output figures given in the tabulated 

data refer to the total power output from the 

amplifier tube.. The useful power output will be 

from 5 to 15 Per cent less than the figurer shown, 

due +o losses in the output tianrformer. 

Page. Four 



Typical radio frequency power amplifier circuit. Class-C 

telegraphy, 1000 w&r input. 

Typical high-level-modulated r-f amplifier circuit, with 

modulator and d.ivers+aqer. 1000 watts input. 

Typical high-level-modulated r-f amplifier circuit, with 

modulator stage, 615 wattr input. 

COMPONENTS FOR TYPICAL CIRCUITS 

1.,-C,, -Tank circuit appropriate for operating frequency: 
Q= 12. Capacitor plate rpacing=.ZOW. 

L,,.-C,,-Tank circuit appropriate for operafing frequency; 
Q=12,Capaci+or plate rpasing=.2W. 

L,,.C,s-T.,nk circuit appropriate for operating frequency: 
p=12. capacitor piate rpacing=.Lvv. 

L.1.&-Tuned circuit appropriate for operafing frequency. 
Lo-C,a-Tuned circuit appropriate for operating frequency. 
C,-..002-ufd. 500-v. mica 
C,-,002.ufd. 5000-v mica 
CL-.W-ufd.. 2500-v. mica 
C,-.l.ufd., 1000-v. paper 
C,-.l.ufd. boo-v. paper 
C.--5.ufd. 600-v paper 
C,-,03-ufd., 600-v. paper 
C,--.I-ufd., 1000-v. paper 
G-.25-ufd.. 1000-v. paper 
IL-886.700 ohms. adiurtable 100.000 ohms, 100 watts 
R,-250,000 ohms. (/I watt 
R,- 15,000 ohms, 5 watts 
R,-25,000 ohms, 2 wattr 
h-2,500 ohms. 5 watts 
R,-35,000 ohms, 160 waits 
R,-250.000 ohms, % watt 
R.-200.000 ohms. 2 wa++r 
L-500 ohmr. % watt 
It,,-, megohm, 1% watt 
Rx,-,OO.OOO ohms. \ ,~a,+ 
R,,--200,000 ohms. 1/2 watt 
R,, - 10,000 ohms. 'A watt 
R,.-50 ohm.. 10 watts 
f&m--,OO,OOO ohms. 100 waits 
WC,-2.5.mhy., 125.ma. rf choke 
WC,- I-mhy..,500-ma. r-f choke 
T,-3350.watt modulation tranrformer: ratio pvi. to sec. approx. 

1.5 : I; pri. impedance 20.300 ohms. secimpedance 13.300 
ohms. 

T,-bOO-watt modulation transformer: ratio pri to WC. approx. 
,.B : I: p,i. impedance 11,400 ohms. rec. impedance 6.250 
ohms 
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RUNO, CALIFORNIA 
. 

Length . . . _ _ _ . _ _ _ 
Diameter - - - . . . _ _ _ _ _ _ 

MAXIMUM RATINGS (Key-down conditions, per tub. to 110 Mc.) 
D-C PLATE VOLTAGE 
D-C SCREEN VOLTAGE : : : : : : : : : : : : : 

,000 MAX. VOLTS 

D-C PLATE CVRRENT . . . . _ . _ _ 
600 MAX. VOLTS 

PLATE DISSIPATION 
350 MAX. MA 

SCREEN DISSIPATION 1 1 1 1 1 : 1 1 1 1 1 1 1 
400 MAX. WATTS 

GRID DISSIPATION . - . . . . . . . 
35 MAX. WATTS 
10 MAX. WATTS 

IFI ‘equmc i.l I mlor 7s Ms., one tub., 



PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 
Clarr-C Telephony (Carrier conditions unless otherwise specified. One tube) 
MAXIMU&, RATINGS 

D-C PLATE VOLTAGE . _ . 3200 MAX. VOLTS 

D-C SCREEN YOLTAGE . . _ 600 MAX. VOLTS 

D-C GRID VOLTAGE - . . -500 MAX. VOLTS 

D-C PLATE CURRENT . - . 275 MAX. MA 

PLATE DISSIPATION - - . 270 MAX. WATTS 

SCREEN DlSSlPATlON - . _ 35 MAX. WATTS 

GRID DISSIPATION _ - . _ 10 MAX. WATTS 

) AUDIO FREQUENCY POWER AMPLlFlER 
AND MODULATOR-CLASS AR 
MAXIMUM RATINGS [PER TUBE) 

D-C PLATE VOLTAGE . - _ . _ 
D-C SCREEN VOLTAGE 
MAX-SIGNAL D-C PLATE‘CUiREN; : : : 
PLATE DISSIPATION - - . - 
SCREEN DISSIPATION - - - - - . 
GRID DISSIPATION - - - - - - - 

. . . _ _ _ 4000 MAX. VOLTS 
- _ . . . _ 800 MAX. VOLTS 
- . . . . _ 350 MAX, MA. 

- 400 MAX. WATTS 
- . . . _ 35 MAX. WATTS 

IO MAX. WAT6 

TYPICAL OPERATION CLASS AR. 

APPLICATION 
b MECHANICAL 

Mounting-The 4-400A must be mounted vertically, base 
up or base down. The socket must be constructed so as 
to allow an unimpeded flow of air through the bales in 
the base of the tube and must also provide clearance for 
the glass tip-off which extends from the center of the 
base. The metal tube-base shell should be grounded by 
means of suitable spring fingers. The above requirements 
are met by the Eimac 4-400A Air-System Socket. A 
flexible connecting strap should be provided between the 
Eimac RR-6 cooler on the plate terminal and the external 
plate circuit. The tube must be protected from severe 
vibration and shock. 
Cooling-Adequate forced-air cooling must be provided 
to maintain the base seals at a temperature below ZOO”C., 
and the plate seal at a temperature below 225°C. 

When the Eimac 4-400A Air System Socket is used. 
a minimum air flow of 14 cubic feet per minute at a 
static pressure of 0.25 inches of water. as measured in 
the socket at sea level, is required to provide adequate 
cwling under all conditions of operation. Seal tempera- 
ture limitations may require that cooling air be supplied 
to the tube even when the filament alone is on during 
standby periods. 

In the event an Air-System Socket is not used, pm- 
vision must be made to supply equivalent cooling of the 
base, the envelope, and the plate lead. 

Tube temperatures may be measured with the aid of 
) lndicater Change from sheet dated 4-1-51. 

“Tempilaq”, a temperature-sensitive lacquer manufac- 
tured by the Tempil Corporation, 132 West 22nd Street, 
New York 11. N. Y. 

b ELECTRICAL 
Filament VoltageFor maximum tube life the filament 
voltage, BS measured directly at the filament pins should 
be the rated voltage of 5.0 volts. Variations in &nent 
voltage must be kept within the range from 4.75 to 
5.25 volts. 
Bias VoltageThe d-c bias voltage for the 4.400A should 
not exceed 500 volts. If grid leak bias is used, suitable 
means must be provided to prevent excessive plate or 
screen dissipation in the event of loss of excitation. and 
the grid-leak resistor should be made adjustable to faci- 
litate maintaining the bias voltage and plate current at 
the desired values from tube to tube. In operation above 
50 MC., it is advisable to keep the bias voltage as low as 
is practicable. (See Operation) 
Screen Voltage-The d-c screen voltage for the 4-400A 
should not exceed 800 volts in r-f applications. In audio 
applications a maximum d-c screen voltage of 800 volts 
may be used. The screen voltages shown under “Typical 
Operation” are representative voltaees for the tvm of 
&ration involved: 

_. 

Plate Voltage-The plate-supply voltage for the 4.400A 
should not exceed 4000 volts in CW and audio applica- 
tions. In plate-modulated telephony service the d-c plate- 
supply voltage should not exceed 3200 volts. 

1 

. . 

i 



Grid Dissipation-Grid dissipation for the 4-400A should 
not be allowed to exceed 10 watts. Grid dissipation may 
be calculated from the following expression: 

P.=e.,,I. 
where PK = Grid Dissipation 

-Peak positive grid to cathode voltage, and 
?‘“- =D-c prid current 

ecen may be measured by means of a suitable I;X& 
voltmeter connected between filament and grid. 
suitable peak v.t.v.m. circuits see Eimac Application 
Bulletin Number 8. “Vacuum Tube Ratines.” This bulle- 
tin is available on’ request.) 

Screen Dis$mtion-The power dissipated by the screen 
of the 4-400A must not exceed 35 watts. Screen dissipa- 
tion is likely to rise to excessive values when the plate 
voltage, bias voltage or plate load are removed with fila- 
ment and screen voltages applied. Suitable protective 
means must be provided to limit screen dissipation to 35 
watts in event of circuit failure. 

Plate Dissipation-Under normal operating conditions, 
the plate dissipation of the 4-4C0A should not be allowed 
to exceed 400 watts. 

In plate modulated amplifier applications, the maxi- 
mum allowable carrier-condition plate dissipation is 270 
watts. The plate dissipation will rise to 400 watts under 
100% sinusoidal modulation. 

Plate dissipation in excess of the maximum rating is 
permissible for short. periods of time, such as during 
tuning procedures. 

OPERATION 

CLASS-C R-F AMPLIETER 
Neutralization-E reasonable precautions are taken to 
prevent coupling between input and output circuits, the 
4-400A may usually be operated up to the 30-MC. region 
without neutralizatian. Below 45 Mc. the conventional 
type of cross-neutralization may be used with push-pull 
circuits, or in single-ended circuits ordinary neutralization 
systems may be used which provide 180” out-of-phase 
voltage to the grid. A simple and effective method of 
neutralizing single-ended t&rode circuits is described in 
the August 1950 issue of CQ magazine in an article by 
Warren B. Bruene an “How to Neutralize Your Single- 
ended Tetrade Final”. 

At frequencies above 45 MC. ttie feedback is principally 
due to screen-lead-inductance effects. Feedback is elim- 
inated by using series capacitance in the screen leads 
between the screen and ground. A variable capacitor of 
from 25 to 50 uufd will provide sufficient capacitance to 
neutralize each tube in the region of 100 MC. The two 
screen terminals an the socket should be strapped to- 
gether by the shortest possible lead. The lead from the 
midpoint of this screen strap to the variable capacitor 
and from the variable capacitor to ground should be made 
with as low inductance as possible. 

In gene&, plate, grid, filament and screen by-pass or 
screen neutralizing capacitors should be returned to r-f 
ground with low inductance leads. 

In order to take full advantage of the high power-gain 
obtainable with the 4-400A, care should be taken to pre- 
vent feedback from the output to input circuits. A con- 
ventional method of obtaining the necessary shielding 
between the grid and plate circuits is to use a suitable 
metal chassis with the grid circuit mounted below the 
deck and the plate circuit mounted above the deck. 
Power supply leads entering the amplifier should be by- 
passed to ground and properly shielded to avoid feed- 
back coupling in these leads. The output circuit and an- 
tenna feeders should be arranged so as to preclude any 
possibility of feedback into other circuits. 

VHF Circuits-A typical linear tank circuit for use with 
the 4-400A in the 110 MC. region consists of a “quarter- 
wave length” plate tank and a “half-wave length” grid 
tank circuit. Precautions must be observed in the place- 
ment of components to avoid the possibility of accident- 
ally creating higher frequency tank circuits than desired. 
This could occur if a tuning capacitor were placed in a 
position on the line where it would create a spurious 
resonant circuit above the fundamental frequency. A 
properly neutralized amplifier at the fundamental fre- 
quency would appear regenerative at higher parasitic 
frequencies. and instability or oscillation would result. 

& capacitance tuning in the plate line should be kept 
to a small value, acting as a trimmer for the ,shorting- 
bar tunine. Such a variable caoacitor should be uosi- 
tioned on-the plate line as close ‘as possible to the &e 
leads. The tuning capacitor on the “half-wave” grid line 
should be positioned at the extreme end of the line away 
from the tube. 

In many cases where parasitic oscillation or regenera- 
tive harmonic amplification occurs. it is not evident until 
grid excitation at the fundamental frequency is applied. 
If the amplifier tunes in a normal manner and the effi- 
ciency appears normal for the frequency of operation, it 
may be assumed that the amplifier is free of parasitic 
oscillation and harmonic regeneration. 

VHF Operation-Above 50 MC. electron transit time fac- .,., . . .~... rors ,” me nMJe oecame ,mporran-c, mcreasmg m aegree 
as the frequency is increased. When the grid swings 
highly negative in potential, electrons “trapped” en route 
by the rapidly changing r-f voltage can be deflected from 
their normal paths. If excessively large r-f plate voltages 
exist due to light plate loading, these electrons are re- 
jected at high velocity to bombard tube parts normally 
outside the electron stream. This effect occurs when an 
amplifier goes into parasitic oscillation, as there is prac- 
tically no loading in the plate circuit and the excitation 
is almost always extremely high. Bombardment can 
cause premature tube failure by a focusing of stray elec- 
trons on metal parts or the glass envelope of a tube. Such 
concentration of a stray electron stream will usually 
overheat the material at the point of focus, with the 
probability of gas evolvement that can lead to loss of fila- 
ment emission or destruction of the tube. Where glass 
is the overheated material, a small hole or “suck-in” can 
occur, opening the tube to atmosphere. Dependent upon 
the degree of bombardment, tube failures can occur in a 
matter of minutes or after a few thousand hours of life. 
Either way, the full life potential is not realized. 

In orde; to minimize stray bombardment, the following 
rules should be followed in vhf operation of straight- 
thraueh amDlifiers- 

1. Use a minimum amount of bias (not over 1.5 to 2.0 
times cut-off). 

2. Use only enough drive to obtain satisfactory opera- 
tion and eood date efficiency. 

3. Use-fairly heavy plate ioading. Avoid operating the 
plate unloaded or lightly loaded at any time. Sufficient 
loading is indicated by low d-c screen current. Values on 
the order of 7% of the d-c elate current should not be 
exceeded. If c&ditions are &ch that the stage must be 
operated lightly-loaded, then the driving power should be 
reduced proportionately. Install undercurrent protection. 
especially where unloaded operation can occur due to 
antenna failures or transmission line icing. 

4. Operate the screen grid at a reasonably high volt- 
see. still keepina within screen dissipation ratings. _ 

5. Due to high charging currents present in vacuum 
tubes at high frequencies, it is essential that all connec- 
tions to the tube terminal surfaces be kept clean and 
make positive, firm cantact. 
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Filament: Thoriated tungsten 
Voltage - - - . . . . 7.5 “o,+r 
current - - . . . 21 ampsrsr 

Grid-Screen Amplification Factor (Average) . . . _ _ 7 
Direct Interslestroda Capacitances (&srage) 

Grid-Plate (without shielding. base grounded, . 
Input - . . . 

0.24 ,upfd 

ov+pv+ - - . . . _ 
27.2 ,,pfd 

Tranrsondustancs (ia= ma., Eb=2500 .,,, E,,=Soor.) . . _ 
7.6 PLpfd 

10,000 umhos 

MECHANICAL 
Bare . _ . . 
Baring - - - . 

S-pin metal shell (see dwg., 
. . . _ _ 

b Recommsnded Socket . - . : . . 
SOS drawing 

Movntinq po.i+ion - . 
Eimac 4.IOOOA Air-SYstom Socket 

. . . . 
Cooling - - - : . . . _ 

Vertical. bass down or UP 

Resomme&RHeat Dissipating Connector: 
Radiation and forced air 

- - - - . . . . . _ .., 
Mahwm Over-all Dimonsionr: 

Length . . _ _ 
n.~-~ . 

Eimac HR.8 

. 9.63 inches 

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR 
Class-C TslsgraPhY or FM Telephony 

MAXIM”M RATINGS ,Ke”-dorn c.n*itions, per tub* to 110 MC,, 
D-C PLATE VOLTAGE - . - . 
D-C SCREEN VOLTAGE - - . 
D-C GRID VOLTAGE 
D-C PLATE CURRENT : : : : : : : 
PLATE DISS’PATION 
SCREEN DlSSlPATlON : : : : : : : 
GRID DlSSlPATlON . . 

:AL OPERATION below Mc.. onc tub.) 
“0,+X 

. . . MOO MAX. VOLTS 

. _ - ,000 MAX. VOLTS 
-So0 MAX. VOLTS 

. . _ . 700 MAX. MA 
- ,000 MAX. WATTS 

. . . . 75 MAX. WATTS 
. . . 25 MAX. WATTS 

TYPICAL OPERATION (I 10 MC. 



i 

AUDIO FREQUENCY POWER AMPLIFIER AND MODULATOR 
Clarr AB 
MAXIMUM RATINGS (PER TUBE] 

D-C PLATE “OL 
D-C SCREEN YC 

,TAGE - . . . 
-.. .,LTAGE - - - - 

MAX-SIGNAL D-C PLATE CURRENT - - - 
PLATE DlSSlPATlON 
SCREEN DISSIPATION . : : : : : : 

- 6000 MAX. VOLTS 
- 1000 MAX. VOLTS 
- 700 MAX. MA 
- 1000 MAX. WAUS 

75 MAX. WATTS 

TYPICAL OPERATION 
c,arr AB, (Si”“.oidal XdW fro ,l,hl Ynlel! 

APPLICATION 

Mounting-The 4-1000A must be mounted vertically 
base up or base down. The socket must be constructed 
so as to allow an unimpeded flow of air through the 
holes in the base of the tube. The socket must also pro- 
vide clearance for the glass tip-off which extends from 
the center of the base. The metal tube base shell should 
be grounded by means of suitable spring fingers. A flex- 
ible connecting strap should be provided between the HR 
cooler on the plate terminal and the external plate cir- 
cuit. The socket must not apply excessive lateral pressure 
against the base pins. The tube must be protected from 
severe vibration and shock. 
Cooling-Adequate forced-air cooling must be provided 
to maintain the base seal temperatures below 150%’ and 
the plate seal below ZOO%!. The problem of cooling is 
greatly simplified by using the Eimac 4-IOOOA Air-Sys- 
tem Socket and its accompanying chimney. This system 
is designed to maintain the correct balance of cooling 
air for the various parts of the tube. The minimum 
quantity of air required by this system for maximum 
power output at 110 MC. is 45 cfm at an inlet static 
pressure of approximately 1.2 inches of water. 

In the event that an Air-System Socket is not used. 
provision must be made to circulate air through the base, 
around the envelope and over the plate seal. This is in 
addition to the normal cooling required by the base. Seal 

temperature limitations may require that coaling air be 
supplied to the tube even when filament alone is on dur. 
ing standby periods. 

Tube temperatures may be measured with the aid of 
“Tempilaq”. a temperature-sensitiue lacquer manufac- 
tured by the Tempil Corporation, 132 West 22nd Street, 
New York 11, N. Y. 

EI.ECTRICAL 

Filament Voltage-For maximum tube life the filament 
voltage, BS measured directly at the filament pins, should 
be the rated voltage of 7.5 volts. Unavoidable variations 
in filament voltage must be kept within the range from 
7.13 to 7.87 “olts. 
Bias Voltage-The D-C bias voltage for the 4.1000A 
should not exceed 500 volts. If grid-leak bias is used. 
suitable rwotective means must be movided to nravant 
excessive. plate or screen dissipation in the event of loss 

)of excitation. and the grid-leak resistor should be made 
adjustable to facilitate maintaining the bias voltage and 
plate current at the desired values from tube to tube. 
In the case of operation above 50 MC. it is advisable to 
keep the bias voltage as low as possible. (See “Opera- 
tion”.) 
Screen Voltage-The D-C screen voltage for the 4.1000A 
should not exceed 1000 volts. The screen voltages shown 
under “Typical Operation” are representative voltages 
for the type of operation involved. 



Plate Voltage-The plate-supply voltage for the 4-1000A 
should not exceed 6000 volts in CW and audio appli- 
cations. In plate-modulated telephony service above 30 
MC., the D-C plate-supply voltage should not exceed 5000 
volts; however, below 30 MC., 5500~volt operation may 
be used. 

Grid Dissipation-Grid dissipation far the 4.1000A should 
not be allowed to exceed 25 watts. Grid dissipation may 
be calculated from the followine exoressian: I . 

P,=e.,,I. 
where: P,= Grid dissipation, 

e.,, 5 Peak postive grid to cathode voltage, and 
I.= D-c grid current. 

earn. may be measured by means of a suitable peak 
volt-meter connected between filament and grid. (For 
suitable peak v.t.v.m. circuits, see far instance, “Vacuum 
Tube Ratings”, Eimac News. Januars 1945. This article 
is available in reprint form on reques%.) 
Screen Dissipation-The power dissipated by the screen 
of the 4-1000A must not exceed 75 watts. Screen dissi- 
pation is likely to rise to excessive values when the plate 
voltage. bias voltage or plate load are removed with fila- 
ment and screen voltaees aoolied. Suitable nrntwtiva 
means must be providea t~,~~i~~~;n;ltscreendissipatian to 
75 watts in event of circuit failure. 

PIate Dissipation-Under normal operating conditions. 
the plate dissipation of the 4-IOODA should not be al- 
lowed to exceed 1000 watts. 

In plate modulated amplifier applications. the maxi- 
mum allowable carrier-condition plate dissipation is 670 
watts. The plate dissipation will rise to 1000 watts under 
100% sinusoidal modulation. 

Plate dissipation in excess of the maximum rating is 
permissible for short periods of time, such as during 
tuning procedures. 

OPERATION 

CLASS-C R-F AMPLIFER 
Neutralization-If reasonable precautions are taken to 
prevent coupling between input and output circuits, the 
4-10OOA may be operated up to the 10 Mc. region with- 
out neutralization. In the region between 10 Mc. and 30 
MC., the conventional type of crass-neutralizing may be 
used with push-pull circuits. In single-ended circuits 
ordinary neutralization systems may be used which pro- 

) vide t80” out of phase voltage to the grid. A simple and 
effectwe method of neutralizing single-ended t&rode cir- 
cuits is described by Warren B. Bruene in “How to Neu- 
tralize Your Single-Ended Tetrade Final”, in the August, 
1950, issue of CQ magazine. 

At frequencies above 30 MC. the feedback is principally 
due to screen-lead-inductance effects. Feedback is elim- 
inated by using series capacitance in the screen leads 
between the screen and ground. A variable capacitor of 
from 25 to 50 uufds will provide sufficient capacitance to 
neutralize each tube in the region of 100 MC. When using 
this method, the two screen terminals on the socket 
should be strapped together by the shortest possible lead. 
The lead from the mid-point of this screen strap to the 
variable capacitor and from the variable capacitor to 
ground should be made with as low inductance as possible. 

In general. plate, grid, filament and screen bypass or 
screen neutralizing capacitors should be returned to r-f 
ground through the shortest possible leads. 

In order to take full advantage of the high power gain 
obtainable with the 4-lOOOA, care should be taken to 
prevent feedback from the output to input circuits. A 
conventional method of obtaining the necessary shielding 
beween the grid and plate circuits is to use a suitable 
metal chassis with the grid circuit mounted below the 
deck and the plate circuit mounted above the deck. 
Power supply leads entering the amplifier should be by- 

passed to ground and properly shielded to avoid feedback 
coupling in these leads. The output circuit and antenna 
feeders should be arranged so as to preclude any possi- 
bility of feedback into other circuits. 

VHF CircuitsA typical linear tank circuit for use with 
the 4-1000A in the 110 Mc. region consists of a “quarter 
wavelength” plate tank and a “half wavelength” grid 
tank circuit. Precautions must be observed in the place- 
ment of components to avoid the possibility of acci- 
dentally creating higher frequency tank circuits than the 
desired one. This could occur if a tuning capacitor were 
placed in a position an the line where it would create a 
resonant circuit at or near a harmonic frequency. A 
properly neutralized amplifier at the fundamental fre- 
quency would appear regenerative at higher parasitic 
frequencies and instability or oscillation would result. 

Any capacitance tuning in the plate line should be 
kept to a small value. acting as a trimmer far the 
shorting-bar tuning. Such a variable capacitor should be 
positioned on the plate line as close as possible to the 
plate leads. The tuning capacitor an the “half wave” 
grid line should be positioned at the extreme end of the 
line away from the tube. 

In many cases where parasitic oscillation or regen- 
erative harmonic amplification occurs. it is not evident 
until grid excitation at the fundamental frequency is 
applied. If the amplifier tunes in a normal manner and 
the efficiency appears normal for the frequency of opera- 
tion, it may be assumed that the amplifier is free of 
parasitic oscillation and harmonic regeneration. 

VHF Operation-Above 50 Mc.. electron transit time 
factors in the tube become important, increasing in 
degree as the frequency is increased. When the grid 
swings highly negative in potential, electrons, “trapped” 
enroute by the rapidly changing r-f voltage. can be 
deflected from their normal paths. If excessively large 
r-f plate voltages exist due to light plate loading, these 
electrons are rejected at high velocity to bombard tube 
parts normally outside the electron stream. This effect 
occurs when an amplifier goes into parasitic oscillation. 
as there is practically no loading in the plate circuit and 
the excitation is almost always extremely high, Bombard- 
ment can cause premature tube failure by a focusing of 
stray electrons on metal parts or the glass envelope of 
a tube. Such concentration of a stray electron stream 
will usually overheat the material at the point of focus. 
with the probability of gas evolvement that can lead to 
loss of filament emission or destruction of the tube. 
Where glass is the overheated material, a small hale or 
“suck-in” can occur, opening the tube to atmosphere. 
Dependent upon the degree of bombardment, tube fail- 
ures can occur in a matter of minutes, or after B few 
thousand hours of life. Either way, the full life potential 
is not realized. 

In order to minimize stray bombardment. the follaw- 
ing rules should be followed in vhf operation of straight 
through amplifiers. 

1. Use a minimum amount of bias (not over 1.5 to 2.0 
times cut-off). 

2. Use only enough drive to obtain satisfactory opera- 
tion and good plate efficiency. 

3. Use fairly heavy plate loading. Low plate voltage 
and high plate current is better than high plate voltage 
and low plate current. Awid operating the stage unloaded 
OP lightly loaded. If conditions are such that the stage 
must be operated lightly-loaded, then the driving power 
should be reduced proportionately. Install under-current 
protection, especially where unloaded operation can 
occur due to antenna failures or transmission line icing. 

4. Operate the screen grid at a reasonably high voltage, 
still keeping within screen dissipation ratings., 

)indicater changer fmrn rheet dated 11-15-50. 
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TENTATIVE DATA 

The Eimac 4WZOPOOA is a high-po.e,. water-cooled +ranrmining tet.oda having a m.ximum 
plate dirripation rating o‘ 20 kilowatts. This tubs will operate sffisiently as a power-amplifier a+ 
frequancie. up to 250 Ms. A 4ngla 4W2qO00~ operating as a +slsvirion visual r-f amplifier will deliver 
a synchronizing power output of 20 k’l I ora++> at 216 MC.. with a ~-MC. bandwidth. 

The coaxial terminal arrangement of +hs tubs is ideally suited for use in cavity circuits. The 
cathode is a unipotential thoriated tungrten cylinder of rugged sonr+ruc+ion, heated by electron 
bombardment. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Cathode: Unipotential. thoriated tungsten. Heated by electron bombardment. 

D-C Voltaae IA~wox.1 - - - - I600 v&r 
D-C Current lApprox.1 - - - _ 

Filament: Thoriated Tungsten, Helical 
Voltage - _ _ - - - - 
current - - - - - - _ 
Maximum allowable starting current - . 

Direct Interelectrode Capacitances (Average) 
Grid-Plate _ - - - - - - 
lnD”t - - . - . _ - . 
o;tput . _ _ . _ . _ 

Screen-Grid Amplification Factor IAverage - 
Transconductance I lbzb.6 A., Es=3.0 k’f., Ecz= I200 V.1 

MECHANICAL 
Base - - . - . . . _ . 

I .9 amperes 

IO volts 
30 amperes 
50 amperes 

0.5 ,+fd 

7: ;;:: 
5.5 

75,000 Fmhor 

- . 

QW20.000A I 
RADIAL-BEAM 

POWER TETRODE 

Special, Concentric 
Mounting Position - - - - - - - - - - 
Cooling - - . . - _ . _ _ _ . 

Vertical. base down or up 
- Water and Forced Air 

) Maximum Overall Dimensions 
Length _ . - . - . _ . _ _ _ _ 15.2 inches 
Diameter - . - . . . _ _ _ _ _ _ 5.0 inches 

Net Weight - - _._..___._ 7.6 pounds 
Shipping Weight - --.--__._. 40 pounds 

RADIO FREQUENCY POWER AMPLIFIER 
MAXIMUM RATINGS (per tube) 
D-C PLATE VOLTAGE * MAX K” 
D-C PLATE CURRENT IS MAX. AMP 
PLATE DIS*IPATIoN 20 MAX. KW 
SCREEN DISSIPATION 200 MAX. WATTS 
GRID DISSIPATION 60 MAX. WATTS 

kw 
kw 
kw 



APPLICATION 

Mounting-The 4W20,OOOA must be mounted 
vertically. Base-down or base-up mounting is 
optional. 

The co-axial contact surfaces provided for 
connection to the filament, cathode. grid, screen, 
and anode are of successively larger diameters to 
facilitate removal and replacement of tubes. 

Cavity circuits may be designed around the 
dimensions shoivn in the outline drawing. At 
very high frequencies the points of contact be- 
tween the tube and the external circuit will be 
required to carry high values of charging current. 
It is, therefore, essential that the confactors make 
firm and uniform contact between the terminal 
surfaces of the tube and the external circuit. 
Particular care should be taken that the antactors 
are not inadvertently forced out of shape, and 
that all contact surfaces are maintained free from 
dust or other foreign matter which would prevent 
uniform electrical connection. At VHF, poor con- 
tact by one finger of a multi-finger collet can re- 
sult in local overheating which may damage the 
tube seals. 

Although contact fingers or slotted collets are 
often made an integral part of cavity circuits, 
there is some advantage to reversing the plan by 
providing contact-finger assemblies which are de- 
signed to be clamped firmly to the terminal sur- 
faces of the tube itself and to make sliding contact 
with the cavity as the tube is inserted. This 
arrangement facilitates replacement of worn or 
damaged contactors and tends to remove inci- 
dental local heating from the vicinity of the tube 
seals. Tubes held in reserve for emergency re- 
placement may be fitted with contact-finger 
assemblies and water-line extensions to minimize 
lost time in making changes. 

Cathode Heating Power- The cathode of the 
4W20,OOOA is a unipotential, thoriated tungsten 
cylinder, heated by electron bombardment of its 
inner surface. Bombardment is obtained by using 
the cylindrical cathode as the anode of a diode. A 
helical filament is mounted on the axis of the cathode 
cylinder to supply the bombarding electrons. A d-c 
potential of approximately 1600 volts is applied 
between the filament and the cathode cylinder, and 
the recommended cathode heating power of 3000 
watts is obtained with approximately 1.9 amperes. 

The inner filament is designed to operate un- 
der space-charge limited conditions so that the 
cathode temperature may be varied by changing 

the voltage applied between the inner filament and 
the cathode cylinder. 

For maximum tube life the filament voltage. 
as measured directly at the filament terminals, and 
the cathode power should be held at their rated 
values. Variations in filament voltage should be 
held within the range of 9.5 to 10.5 volts, cathode 
power within the range of 2700 to 3300 watts. 

Caution: It must be kept in mind that the fila- 
ment is at a potential of 1600 volts d-c with respect 
to ground. The filament transformer and voltmeter 
must be adequately insulated for this voltage. 

Anode Cooling-The water-cooled anode requires 
6 gallons per minute of cooling water for the rated 
20 kilowatts of plate dissipation. This corresponds 
to a pressure drop of 1 pound per square inch across 
the water jacket. The inlet water pressure must not 
exceed a maximum of 25 pounds per square inch. 

The outlet water temperature must not exceed 
a maximum of 70°C under any conditions. 

Seal Cooling-The grid and screen tube contact 
surfaces and adjacent glass and ceramic must be 
cooled by high-velocity air which may be accom- 
plished by means of ring manifolds. The quantity, 
velocity and direction of air must be adjusted to 
limit the maximum seal temperatures to 150°C. 

The cathode and filament-stem also require 
forced-air cooling. A minimum of 30 cubic feet 
per minute must flow into the space enclosed by 
the outer filament spring collet connection. Part 
of this air flows through the three air holes pro- 
vided in the center of the base of the tube. This 
air cools the filament stem and vents through the 
nine holes in the base inside the cathode terminal. 

The filament spring collet fingers should be 
adequately spaced to allow approximately three- 
quarters of the air to flow through the collet. A 
cylindrical duct of non-metallic material, approxi- 
mately 2% inches in diameter, should be placed 
around the cathode connecting collet to guide the 
air along the cathode contacting surface and onto 
the cathode-to-glass seal. The temperature of the 
seals should not exceed 150°C. 

Tube temperatures may be measured with the 
aid of “Tempilaq”, a temperature-sensitive lacquer 
manufactured by the Tempil Corporation, 132 
West 22nd St., New York 11, N. Y. 

Air and water flow must be started before 
filament and cathode power are applied and main- 
tained for at least two minutes after the filament 
and cathode power have been removed. 
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The maximum rated plate voltage for the 4XISOA i, ,250 volts. and the tub. is capable of good 
performance with plate voltage, as lo- as 400 volts. Its high ratio of +.anscondust.nse to capacitance 
and its 150.watt plate dirripation rating mats the 4XtS0A useful for ride-band amplifisr applications. 

The use of the Eimas 4Xl50A Air-Sys+em So&+. or a ,oskst providing equivalent sir-cooling 
fasilitisr. i. required. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Oxide Coated. Unipotsntial 
Minimml Heating Time - - - - 
Cathode-to-Heater Voltage - - 

“eat..: Voltage - - - - . 
cvrrsnt - - - . - - 

&id-Screen Amplification Factor (Awaga) - - 
Direst In+.r.lsstrode Capacitanser (Average) 

Grid-Plata - - - - - 
lnpv, . . . . . . 
outpvt - - - - - . . 

Tran,sonduc+ans. (Eb=S@,v., E,.=250v., la=200 ma) 
Frequensy for Maximum Rating. - - - - 

MECHANICAL 
Base . . . . . 
Recommended Socket - - - - . 
Base Conn.s+ionr - - - - - . - 
Movn,ing . . . _ _ . - . 
Coo,ing . _ . _ . . 

M&n”” Overall Dime”rion% 
Length - - - - - - - 
oiamete. - . . - 
Seated Height - - - - 

Nat Weight - - - . - 
Shipping Weight - - - - 

. . 
. 

. 

. . 

. . 

. . 

. . 

. . 

. 

. 

. . 

. 

. . 

. _ . 

. . . 

. . _ 

. . . 

. . _ 

. . . _ 
. . - 
. . . 



PLATE-MODULATED RADIO- 
FREQUENCY AMPLIFIER 
Class-C Telephony (Carrier conditions. per tube) 

MAXIMUM RATINGS 

D-C PLATE VOLTAGE - 1000 MAX. VOLTS 

D-C SCREEN VOLTAGE - 300 MAX. VOLTS 

D-C GRID VOLTAGE - -250 MAX. VOLTS 

D-C PLATE CURRENT _ 200 MAX. MA 
PLATE DISSIPATION - - 100 MAX. WATTS 

SCREEN DISSIPATION - 12 MAX. WATTS 

GRID DISSIPATION - - 2 MAX. WATTS 

RADIO-FREQUENCY POWER 
AMPLIFIER 
Class-B Linear. Television Visual Service (per tube) 

MAXlMUM RATINGS 

D-C PLATE VOLTAGE - 1250 MAX. VOLTS 
D-C SCREEN VOLTAGE - 400 MAX. VOLTS 
D-C GRID VOLTAGE - - -250 MAX:VOLTS 

D-C PLATE CURRENT 
(AVERAGE1 - - _ 250 MAX. MA 

PLATE DISSIPATION - - I50 MAX. WATTS 

SCREEN DISSIPATION _ I2 MAX. WATTS 

GRID DISSIPATION _ - 2 MAX. WATTS 

CLASS-AB OR -B POWER 
AMPLIFIER OR MODULATOR 
MAXIMUM RATINGS IPer tube) 

D-C PLATE VOLTAGE - 

D-C SCREEN VOLTAGE - 

D-C PLATE CURRENT - 

PLATE DISSIPATION - - 

SCREEN DISSIPATION - 

GRID DISSIPATION - - 

1250 MAX. VOLTS 

400 MAX. VOLTS 

250 MAX. MA 

I50 MAX. WATTS 

I2 MAX. WATTS 

2 MAX. WATTS 
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-- 

APPLICATION 
. MECHANICAL 

Mounting-The 4X15OA may be mounted in any position. 
Use of the Eimac 4X150A Air-System Socket. or its 
equivalent, is required. 

The tube will fit a standard “loktal” socket, but the 
“se of such a socket prevents adequate air-cooling of the 
base of the tube. Use of the “loktal” socket is not 
recommended, 

Connections to the terminals of all the electrodes ex- 
cept the plate are provided by the Air-System Socket. 
The anode-cooler assembly provides a terminal surface 
for the plate connection. For high-frequency applications 
a metal band or a spring-finger collet should be used to 
make good electrical contact with the cylindrical o”ter 
surface of the anode cooler. Points of electrical contact 
should be kept clean and free of oxidation to minimize 
r-f losses. 

Cooling-The 4X15OA requires sufficient forced-air cool- 
ing to keep the cooler core and the metal parts of the 
metal-to-glass seals from exceeding a maximum tempera- 
ture of 150°C. The air flow m”st he started when power 
is applied to the heater, and must continue without in- 
terruption until all electrode v&ages have been removed 
from the tube. 

The Eimac Air-System Socket directs the air over the 
surfaces of the tube base. and through the anode cooler 
to provide effective cooling with a minimum air flow. 
Seven and one-half cubic feet of cooling air per minute 
must flow through the Air-System Socket and the anode 
cooler for adequate cooling. This corresponds to a total 
pressure drop of 0.6 inches of water through the socket 
and the anode cooler. 

The air requirements stated above are based on 
operation at sea level and an ambient temperature of 
20°C. Operation at high altitude or at high ambient 
temperatures requires a greater volume of air flow. The 
necessary design information for such conditions is con- 
tained in an article entitled “Blower Selection for Forced- 
Air-Coaled Tubes”, by A. G. Nekut, in the August, 1950, 
issue of “Electronics.” 

One method of measuring temperature is provided by 
the “se of the “Tempilaq”, a temperature-sensitive 
lacquer. which melts when a given temperature is 
reached. Where forced-air cooling is employed, very 
thin applications of the lacquer must be used. This 
product is obtainable from the Tempil Corporation, 132 
West 22nd St.. New York II. N. Y. 

ELECTRICAL 

Heater-‘i-b heater should be operated as close to 6.0 
volts ns possible. but it will withstand heater-voltage 
variations as great as 10% without injury. Some varia- 
tion in power output must be expected to occur with 
variations of the heater voltage. 

CathodeThe cathode is internally connected to the four 
even-“timbered base pins. All four corresponding socket 
terminals should be used for connection to the external 
circuit. The leads should be of large cross-section and as 
short and direct as possible to minimize cathode-lead 
inductance. 

Grid Dissipation-Grid-circuit driving-power require- 
ments increase with increasing frequency because of cir- 
cuit losses other than grid dissipation. This becomes 
noticeable at freqwncies near 30 Mc., and increases until 

at 500 MC. as much as 30 watts driving paver may be 
required in ordinary circuits. 

Despite the increased driving power required by the 
circuit as a whole at higher frequencies, the power 
actually consumed by the tube grid does not increase 
greatly. Satisfactory operation in stable amplifier circuits 
is indicated by d-c grid-current values below approxim- 
ately 15 milliamperes. 

Screen Dissipation-Bias- or plate-supply failure or “n- 
loaded-plate-circuit operation can cause the screen cm- 
rent and dissipation to rise to excessive values. Protection 
for the screen can be provided by an overload relay in 
the screen circuit, in addition to the usual plate-overload 
relay. Use of a screen-current milliammeter is advisable. 

Plate Dissipation-The maximum-rated plate dissipation 
is 150 watts. The maximum-rated plate dissipation for 
plate-modulated applications is 100 watts under carrier 
conditions. which permits the plate dissipation to rise 
to 150 watts under 100% sinusoidal modulation. 

Plate dissipation may be permitted to exceed the 
maximum rating momentarily, as, for instance, during 
tuning. 

UHF Operation-Transit time effects, which occ”r at 
ultra-high frequencies in the 4X15OA, can be minimized 
l~;,“;herence to the operating conditions suggested 

Use a minimum d-c bias voltage. not over twice 
cut-off. 
Apply only enough drive to obtain satisfactory 
plate efficiency. 
Operate the screen at reasonably high voltage, but 
do not exceed the screen-dissipation rating. The 
circuit should be loaded to obtain screen-current 
values’ close to those given under “Typical 
Operation” at 500 Mc. 
Fairly heavy plate loading is required. In general, 
low-voltage. high-current operation is preferable 
to operation at high voltage and low current. If 
conditions require a change to lighter plate laad- 
ing, the drive should also be reduced to the mini- 
mum value for satisfactory operation at the new 
oUtpUt level. 
Parasitic oscillations are “suallv associated with 
excessive grid and screen cur&t and are in- 
jurious to vacuum tubes. Similarly, tuned-plate 
circuits which accidentally become simultaneously 
resonant to harmonics and the fundamental fre- 
quency may also ca”se low efficiency and damage 
tubes. 

Plate Modulation-Plate modulation can be applied to the 
4X150A when it is operated as a class-C radio-frequency 
amplifier. To obtain 100% modulation, the d-c screen 
voltage m”st be modulated approximately 5510, in phase 
with the plate modulation. Self-modulation of the screen 
by means of a series resistor or reactor may not be satis- 
factory in this particular t&rode due to the screen- 
voltage. screen-current characteristics. 

Grid Resistance-In class-A and -AB, amplifiers, where no 
grid current flows, the grid-bias voltage may be applied 
through a resistor. The maximum permissible series re- 
sistance per tube is 100,000 ohms. 

Special Applications-If it is desired to operate this tube 
under conditions widely different than those given here. 
write to Eitel-McCullough, Inc., San Bruno, California. far 
information and recommendations. 
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UNO, CALIFORNIA 

The Eimac 4Xl50A/4000 and 4Xl50A/4010 Air-System Sockets are de- 

signed to provide adequate air cooling and an efficient high-frequency circuit 

arrangement for the Eimac 4Xl50A and 4Xl50D t&odes. The insulating 

materials used in their construction have very low r-f losses to well above 800 

MC.. and are mechanically strong, non-porous. non-hygrorcopic and substan- 

tially unaffected by temperatures up to 180’ Centigrade. The contact fingers 

are of spring alloy and all metal parts are silver plated to reduce r-f losses. 

The 4XI50A/4000 Air-System Socket is characterized by having all connect- 

ing tabs insulated from the socket flange and skirt. This type socket is intended 

for use in circuits where the cathode of the tube is not at chassis potential. 

The 4Xl50A/4010 Air-System Socket is characterized by having the four 

cathode connecting tabs (Numbers 2, 4, 6 and 81 riveted permanently to the 

socket skirt. This type socket is intended for use in circuits where the cathode 

of the tube is at chassis potential. 

MOUNTING-If the tube and socket are to be used in a coaxial-line circuit, the 

Air-System Socket may be mounted directly on the end of the coaxial input line. 

The skirt of the socket fits over a cylinder of I %‘I outside diameter, and four 

mounting holes are provided ISee Outline Drawings). 

For chassis mounting, a 2% ” diameter hole should be cut into the deck and the socket secured by 

the three toe clamps piovided. 

DO NOT DRILL THROUGH THE SOCKET FLANGE. 

.’ 

i 

CONNECTIONS-The control grid connection is on the axis of the socket and is provided with a NO. 6-32 

threaded hole for direct connection to a coaxial line or a terminal lug. 

A low impedance path between screen grid and ground is provided by a bypass capacitor of from 

2750 ppf +500 ppf built into the socket flange. 

COOLING-A pressurized chamber should be provided to introduce an air stream into the socket from 

the under side to cool the grid, cathode and screen seals. A heat-resistant chimney is provided to direct 

the air stream over the tube envelope and through the anode radiator. 

If a coaxial-line circuit is used, the input line should be prerrurircd, while the output cavity should be 

made air tight to direct the air through the anode radiator of the tube. 

For the specific cooling requirements of the 4X l50A and 4Xl50D. see the paragraph on “Cooling” 

in the 4Xl50A Data Sheet. 

SOCKET IDENTIFICATION 

TYPE NUMBER DESCRIPTION 

4Xl50A/4000 - - - - .- - - - - 4Xl50A Air-System Socket with Chimney 

4Xl50A/4001 - - - - - - - - - 4X I50A Air-System Socket less Chimney 

4XI50A/4006 - - - - _ - - _ - _ 4Xl50A Air-System Chimney Only 

4Xl50A/4010 - - - - 4XI50A Air-System Socket-Grounded Cathode-with Chimney 

4Xl50A/40ll - - - - 4XI50A Air-System Socket-Grounded Cathode-less Chimney 
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The Eimac 4XI50A/4000 and 4Xl50A/40lO Air-System Sockets are de- 

signed to provide adequate air cooling and an efficient high-frequency circuit 

arrangement for the Eimac 4Xl50A and 4Xl50D tetrodes. The insulating 

materials used in their construction have very low r-f losses to well above 800 

MC., and are mechanically strong, non-porous, non-hygroscopic and subrtan- 

tially unaffected by temperatures up to 180’ Centigrade. The contact fingers 

are of spring alloy and all metal parts are silver plated to reduce r-f losses. 

The 4X I50A/4000 Air-System Socket is characterized by having all connect- 

ing tabs insulated from the socket flange and skirt. This type socket is intended 

for use in circuits where the cathode of the tube is not at chassis potential. 

The 4Xl50A/4010 Air-System Socket is characterized by having the four 

cathode connecting tabs INumbers 2, 4, 6 end 81 riveted permanently to the 

socket skirt. This type socket is intended for use in circuits where the cathode 

of the tube is at chassis potential. 

MOUNTING-If the tube and socket are to be used in a coaxial-line circuit, the I- 

Air-System Socket may be mounted directly on the end of the coaxial input line. 

The skirt of the socket fits over a cylinder of I %” outside diameter, and four 

mounting holes are provided ISee Outline Drawings). 

For chassis mounting. a 2%” diameter hole should be cut into the deck and the socket secured by 

the three toe clamps provided. 

DO NOT DRILL THROUGH THE SOCKET FLANGE. 

CONNECTIONS-The control grid connection is on the axis of the socket and is provided with a No. 6-32 

threaded hole for direct connection to a coaxial line or a terminal lug. 

A low impedance path between screen grid and ground is provided by a bypass capacitor of from 

2750 pwf k500 Ppf built into the socket flange. 

COOLING-A pressurized chamber should be provided to introduce an air stream into the socket from 

the under side to cool the grid, cathode and screen seals. A heat-resistant chimney is provided to direct 

the air stream over the tube envelope and through the anode radiator. 

If a coaxial-line circuit is used, the input line should be prersurizod, while the output cavity should be 

made air tight to direct the air through the anode radiator of the tube. 

For the specific cooling requirements of the 4Xl50A and 4Xl50D, see the paragraph on “Cooling” 

in the 4Xl50A Data Sheet. 

SOCKET IDENTIFICATION 

TYPE NUMBER DESCRIPTION 

4XI50A/4000 - . - - - - - - - 4X I50A Air-System Socket with Chimney 

4Xl50A/4001 - - - - - - - - - 4Xl50A Air-System Socket less Chimney 

4XI50A/4006 - - - - - - - - - - 4Xl50A Air-System Chimney Only 

4Xl50A/4010 - - - - 4XI50A Air-System Socket-Grounded Cathode--with Chimney 

4Xl50A/40ll - - - - 4Xl50A Air-System Socket--Grounded C&hod-less Chimney 

IHkctir. 6.E-51, Cop”ri.ht 101 b” w.l-McC”llo”.h, I”C. 
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The Eimac 4Xl50A/4000 end 4X150A/40lO Air-System Sockets ere de- 
signed to provide adequate air cooling end en efficient high-frequency circuit 
arrangement for the Eimac 4Xl50A end 4XI50D tetroder. The insulating 
materials used in their construction have very low r-f losses to well above 800 
MC., end are mechanically strong, non-porous, non-hygrorcopic end subrtan- 
tially unaffected by temperatures up to 180’ Centigrade. The contact fingers 
are of spring alloy and all metal parts are silver plated to reduce r-f losses. 

The 4Xl50A/4000 Air-System Socket is characterized by having all connect- 

ing tabs insulated from the socket flange and skirt. This type socket is intended 
for use in circuits where the cathode of the tube is not at chassis potential. 

The 4Xl50A/4010 Air-System Socket is characterized by having the four 
cathode connecting tabs (Numbers 2, 4, 6 end 81 riveted permanently to the 
socket skirt. This type socket is intended for use in circuits where the cathode 
of the tube is at chassis potential. 

MOUNTINC-If the tube and socket are to be used in a coaxial-line circuit, the I- 
Air-System Socket may be mounted directly on the end of the coaxial input line. 
The skirt of the socket fits over e cylinder of I I/ “ outside diameter, and four 
mounting holes we provided 1 See Outline Drawings). 

For chassis mounting. e 2%” diameter hole should be cut into the deck and the socket secured by 
the three toe clamps provided. 

DO NOT DRILL THROUGH THE SOCKET FLANGE. 

CONNECTIONS-The control grid connection is on the axis of the socket and is provided with a No. 6-32 
threaded hole for direct connection to (I coaxial line or a terminal lug. 

A low impedance path between screen grid end ground is provided by a bypass capacitor of from 
2750 FFf +500 ppf built into the socket flange. 

COOLIN&A pressurized chamber should be provided to introduce an air stream into the socket from 
the under side to cool the grid, cathode and screen seals. A heat-resistant chimney is provided to direct 
the air stream over the tube envelope end through the anode radiator. 

If e coaxial-line circuit is used, the input line should be pressurized, while the output cavity should be 
made air tight to direct the air through the anode radiator of the tube. 

For the specific cooling requirements of the 4Xl50A end 4Xl50D, see the paragraph on “Cooling” 
in the 4Xl50A Data Sheet. 

SOCKET IDENTIFICATION 

TYPE NUMBER DESCRIPTION 

4XI50A/4000 - - - - . - - - - 4XI50A Air-System Socket with Chimney 

4Xl50A/4001 - - _ - . - _ - - 4XI50A Air-System Socket less Chimney 

4Xl50A/4006 - - - - . _ - - - - 4Xl50A Air-System Chimney Only 

4Xl50A/4010 - - - - 4Xl50A Air-System Socket-Grounded Cathode-with Chimney 

4Xl50A/40ll - - - - 4XI50A Air-System Socket--Grounded Cathode-less Chimney 





TENTATIVE DATA 

EITEL-McCULL’OUGH, INC. 
SAN BRUNO, CALIFORNIA 

4111506 
RADIAL-BEAM 

POWER TETRODE 

PLATE MODULATED RADIO FREQUENCY 
AMPLIFIER 

PLATE PULSED RADIO FREQUENCY 
AMPLIFIER OR OSCILLATOR 

TENTATIVE DATA 



PLATE VOLTAGE-VOLTS 

FREql”ENC” - MC. 



The Eimas 4X5ooA i, an .x+smal-mods +e+.od. having a maximum plate dirripation rating of 
500 watts. It. small sir. and low-inductance leads permit efficient operation a+ rslatively large outputs 
well inio the VHF region. The screen grid is manted on a disc which +.rmina+.r in a connector ring 
located between grid and plats. thus mating possible effective rhi.lding between the grid and 
plate circuits. The grid terminal i. locatad at the ce,n+er of the glarr bars to facilitate ringle-tube 
operation in coaxial sirsuitr. 

The combination of low grid-plate sapasitancs. 1.w screen-lead inductance and functionally 
located +.rminal. sontribut.. to the stable operation of the 4X5M1A at high frsqusnsia.. making 
neutralization unnscsrsary in most C~IOI and greatly simplifying it in others. 

GENERAL CHARACTERISTICS 

ELECTRICAL 
Filament: Thoriatsd Tungsten 

Voltage - - - . . _ . . 
current _ - - - - - . _ . . 

Scram Grid Amplification Factor (Awags) - - . - . 
Direst Interelastrode Capacitances (Average) 

Grid-plate - . - . - _ . _ . 
lnpvt - - - . - . . - . _ 
ovtpvt - - - . - . . . _ . 

Tmn.sonductance (ib=200 ma.. eb=2So0 s.c E,,=Soo v.) _ . . 

b Frequency for Maximum Ratings - - - - - - . 

. . _ 0.05 p/tfd 

. _ . 12.8 ppfd 

. . . 5.6 jtpfd 
. _ 5203 pmhor 

_ . _ I20 Ms. 

RADIO FREQUENCY POWER AMPLIFIER 
AND OSCILLATOR 
Class-C FM or Talegraphy (Key-down sonditionr, I tube) 
MAXIMUM RATINGS (Fmquensi.. up to 120 Ms.) 

D-C PLATE VOLTAGE - - - - - MAX. VOLTS 
D-C SCREEN VOLTAGE - - - 500 MAX. VOLTS 
D-C GRID VOLTAGE _ - - - -500 MAX. VOLTS 
D-C PLATE CURRENT - . . - 350 MAX. MA. 
PLATE DISSIPATION _ _ . _ 500 MAX. WATTS 
SCREEN DISSIPATION - . . - 30 MAX. WATTS 
GRID DISSIPATION - - - - IO MAX. WATTS 

) TYPICAL OPERATION (Ps, tube, at I10 Me.) 

D-C Plate Voltage - - - - - 2Hx) 3wO 4M)o Volts 
D-C Plat. Currant - - - - - - 310 310 315 Ma. 
D-C Screen Voltage - - - - - 500 500 500 Volts 
D-C Screen Curr.nt . . _ _ - 26 24 22 Ma. 
D-C Orid Voltage . _ - - - - -150 -I50 -I50 Volts 
D-C Grid Current _ - _ - . - 15 16 16 Ma. 
Driving Powr (appror.) - _ . - 5 S 5 watts 
Us.f”l Power outpvt (app.0x.J - 475 WJ 035 Watts 

) RADIO FREQUENCY POWER AMPLIFIER 
Cla%,-B Lima. Ampli‘i~r. T.l.*i*lon “,,“a, S.r*ice 

MAXIM”” RATIN FOR TV ,R.Q”.nci.r w to no ME., 
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EITE OUGH, INC. . 

U’NO. CALIFORNIA 
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The Eimas 4E27A/5-125B is a power pentode intended for use as a modulator. orsillator or 
amplifier. Th. driving.powsr .equirwnen+ i, very low, and nau+..,iza+ion p,ob,.m. a,e simplified 01 
eliminated entirely. The tube has a ma&urn plats-dissipation rating of 125 watts and a m&mum 
plats voltage rating of 4000 volts a+ frequencies up to 75 Ms. Cooling is by convection and radia. 
tion. Type 4E27A,5-125B unilaterally replace. type 4E27. 

The 4E27.4/5-1256 in cl...-C r-f service will de, <we, up to 375 waits plate power output with 
less than 2 watts driving powe,. It will deliver up to 75 rettr of ~a,,;., for sup,,rersor modulation. 

Two 4E27A/S-I25B’s will deliver up to 300 watts maximum-signal p,a+. povsr output in c,.ss 
AB, modulator service, 400 watts in class AB, with less than I watt driving power. 

GENERAL CHARACTERISYICS 
ELECTRICAL 

Filament: Thoriatsd tungsten 
vdtag. . . . _ _ . . . . - . . . 5.0 .onr 
Cur,.“+ . - . _ _ . . . . . . - 7.5 amper** 

Grid-Screen Amplifisation Factor (Average) - - - _ - . . 5.0 
Direst Ints,slsst.od. Capasitanses (Average) 

G,id-Plats _ . _ _ _ . . . . . 0.08 CIpfd 
lnpv, . _ _ _ _ . . . . . . 10.5 ppfd 
O”+p”+ . . . . . - - - . . . 4.7 ppfd 

Tran.sondustanc. (In=50ma., Ea=25C&. E,,=500v.. E,,= Ox) - - 2150 pmhor 
Highest Frequencies for Maximum Ratings - - - - - - - 75 MC. 

MECHANICAL 
Bare _ _ _ _ _ _ _ _ . _ . _ _ I-pin. metal shell 
Co”n.s+io”. . . . . . . . . . . - 5.. drawing 
SO&*+* . . . . . . . . E. F. Johnson Co. No. 122.237. or .quival.nt 
Mounting Porition - - - - _ . - - - - Vertical, base down or up 
Cooling . . _ . - - - . . . Convection and radiation 
Rssommended Heat Dissipating Plats Connesto, - - - . - . . - . . 
Maximum Over-Al, Dimension,: 

Length . . . _ _ . _ _ - _ _ . . . 
Diama+sr - - - - - - - - . . - . . . 

Net Weight (Average) . . . . . - - . _ _ _ _ _ . 
Shipping Waigh+ . . . . . - _ . _ _ _ _ _ _ 

*see “Coolinq” ““de, ApDlication Nate.. 

. . . . Eimas HR.5 

. . _ _ 6.19 inches 
. . . 2.75 insher 

. . . . 6.0 OY”6es 

. . . . 2.0 pounds 

I 

RADIO-FREQUENCY POWER 
OR OSCILLATOR 
Class-C Telegraphy or FM Telephony, 
(Key-down conditionr, per tube) 
MAXIMUM RATINGS 
D-C PLATE “OLTAGF - - 

TAGE : : 
.NT . 

PATION . . 
ION 

AMPLIFIER 

Frequencier up to 

4000 MAX. 
750 MAX. 

-500 MAX. 
200 MAX. 
125 MAX. 
20 MAX. 
20 MAX. 

5 MAX. 

75 Ms. 

VOLTS 
VOLTS 
VOLTS 
MA 
WATTS 
WATTS 
WATTS 
WATTS 



PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER 
Class-C Telephony. Frequencies up to 75 Ms. 
(Carrier condition., per tube, unlerr otherwire rpesified] 

MAXIMUM RATINGS 
D-C PLATE VOLTAGE - - 3200 MAX. VOLTS 
D-C SCREEN VOLTAGE - _ - 750 MAX. VOLTS 
D-C GRlD VOLTAGE - - - - -500 MAX. VOLTS 
D-C PLATE CURRENT - - - 160 MAX. MA 

SVPPRESSOR DlSSlPATlON - - _” ..-I ~. .I_~. .- 
SCREEN DISSIPATION . - - 20 MAX. WATTS 
GRID DlSSlPATlON - - - - 

SUPPRESSOR-MODULATED 
RADIO-FREQUENCY AMPLIFIER 
Clasr-C Telephony. Frequencies up to 75 Ms. 
(Carrier conditionr. per tube. unless otherwise specified] 

MAXlMUM RATINGS 

D-C PLATE VOLTAGE . - 4000 MAX. VOLTS 

D-C SCREEN VOLTAGE - - - 750 MAX. VOLTS 

D-C GRID VOLTAGE - - - - -500 MAX. VOLTS 

D-C PLATE CURRENT - - - 200 MAX. MA 

PLATE DISSIPATION - - . - 125 MAX. WATTS 

SUPPRESSOR DISSIPATION - - 20 MAX. WATTS 

SCREEN DISSIPATION - - - 20 MAX. WATTS 

GRID DISSIPATION - - - 5 MAX. WATTS 

AUDIO-FREQUENCY POWER AMPLIFIER TlPlCAL OPERATlON (TWO tubes ““less othervlils specified1 

OR MODULATOR 
c,arr-AB. 

Clam-AR. Sinusoidal Wave 

MAXlMUM RATINGS (Per Tube) 

D-C PLATE VOLTAGE - - 

D-C SCREEN VOLTAGE - - 

D-C GRID VOLTAGE - - - 

D-C PLATE CURRENT 

PLATE DISSIPATION - - - 

SUPPRESSOR DISSIPATION - 

SCREEN DlSSlPATlON - 

GRID DlSSlPATlON - - - 

4000 MAX. VOLTS 

750 MAX. VOLTS 

-500 MAX. VOLTS 

200 MAX. MA 

125 MAX. WATTS 

20 MAX. WATTS 

20 MAX. WATTS 

5 MAX. WATTS 



APPLICATION 
MECHANICAL 

Mounting-The 4E27A/5-125B must be mounted w+‘ca!,Y, bare 
down or up. The plate lead should be flexible, and the tube 
murt be protected from vibration and shock. 

Cooling-A heat diwipating connector (Eimas HR.5 01 equiva- 
lent) is required at the plate terminal, and provirion must be 
made for the free circulation of air through the rocket and 
through the hole. in the base. If the E. F Johnson Co. 122.237 
rocket recommended under “General Characterirficr” is to be 
used. the model incorporating a ventilating hole should be 
specified. 

A+ high ambient +empera+urer, at fre..yncier above 75 ME., 
OI when the flow af air is restricted, it may become necerra,V 
to provide forced air circulation in sufficient quantity to prevent 
the temperature of the plate and base seals from exceeding 
225°C. Forced movement of air ~C~SI the tube sea,. and 
envelope is always beneficial, though not neserrarily required. 

Tube temperaturer may be meawed with the aid of “Tem- 
pilaq.” a temperature-renritive lacquer manufactured by the 
Tempil Corporation. 112 West 22nd Street, New York I I, N. Y. 

ELECTRICAL 

Filament Volbgc-For maximum tube life the filament voltage. 
as measured directly at the bare pinr. should be the rated 
value of 5.0 volts. Variations should be held within the range of 
4.75 to 5.25 “c&r. 

Grid V&age-Although a maximum of -500 volts bias may be 
applied to the grid. there is little advantage in using bias volt- 
ages in excess of those listed under “Typical Opera+ion,“excep+ 
in certain rpecialired applicationr. 

When grid-leak bias i. wed. suitable protective means mm+ 
be provided to prevent excessive plate dirripation in the event 
of loss of excitation. and the grid-leak reris+or should be made 
adjustable +a facilitate maintaining the bias voltage and plate 
current at the desired value from tube +a tube. 

In clara-C operation, particularly at high frequency. both 
grid bias and grid drive should be only great enough to provide 
ratirfactory operation at good plate efficiency. 

Screen Dirripatiom-Decrease or removal of plats load, plate 
voltage or bias voltage may result in screen dissipation in ex- 
ces of the 20 watt maximum rating. The tube may be ptected 
by an overload relay in the screen circuit ret to remove the 
screen voltage when the dissipation exceeds 20 wattr. 

Reairtorr placed in the screen circuit for ihe purpore of 
developing an audio modulating voltage on the semen in 
modulated radio-frequency amplifiers should be made variable 
to permit adjustment when replacing tubes. 

Plak Disriptim -Plate dirripatian in .exces of the I25-watt 
maximum rating i. permissible for short periadr of time, such 
as during tuning procedurer. 

Opwa?i~-If reasonable precautionr are taken to pmvent 
coupling between the input and output sircuitr, the 4E27A/5- 
1258 may usually be operated at frequencies up to 75 Mc. 
without neutralization. A conventional method of obtaining the 
necessary shielding between the grid and plate circuits is to 
use a suitable metal char& with the grid circuit mounted below 
the desk and the plate cirsuit above. The tube rocket should be 
mounted flush with the under ride of the chassis deck, and 
spring fingers mounted around the rocket opening should make 
contact between the sharrir and the metal bare she,, of the 
tube. Power-rupply leads entering the amplifier should be by- 
parsed to ground and properly shielded. The output circuit and 
antenna feeders should be arranged IO as to prec,ude any 
possibility of feedback to other sircuitr. 

Feedback at high frequencies may be due to the inductance 
of ~leadr. particularly those of the smeen and wpprer.or-gridr. 
By-parsing methods and means of placing there grid. at r-f 
ground potential are discussed in Application Bulletin Number 
Eight. “The Care and Feeding of Power T&odes,” available 
from Eitel-McCullough, Inc., for twenty-five cents. Much of the 
material contained in this bulletin may be applied to pentodes. 

7BM 
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b The Eimas ZC39A is a high-mu UHF +ranrmi++ing t&de with a p,a+s.di.ripa+ion rating of ,o,, 
watts. dsrigned for use as a pore, amplifier, oscillator, or frequency multiplier at frequencies +o 
above 2500 Mc. The rugged conr+ruc+ion, ma,, size and unu~a,,~ high +,anrconduc+anse of +bjr tube 
make it ideal for compact fixed or mobile equipment. Its physical sharas+eri.+ic.r are par+icularly ru;+. 
able for grid-isolation circuits and for savity-type c~,cY~+.. 

The ZC39A in a class-C r-f grid-isolation circuit at 500 Mc. will d&e, up +., 2, xa++% useful 
PO”” ou+p”+ 4th 6 watts driving power. Ar an r-f oscillator a+ 2500 Ms.. the 2C39A will deliver a 
minimum of I? *a++* useful p.awer output. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Cathode: Coated Unipotsntial 
Heater V&age’ - - - - - - - - - - 6.3 volts 
Heater current - - - - - - - . - _ . 1.0 ampere 

Amplification Facto, (Average) - - - - - - - - - - - IW 
Direst Interelectrode Capacitance. (Average) 

G$,.P,a+e _ _ _ _ _ . . _ _ _ _ I .95 p/If 
Grid.Ca+hode _ _ _ _ _ . . . . . _ 6.50 pf4f 
Plate-Cathode - - - - . - - - - . . 0.035 ppf max. 

Transsondustanse (lb=70ma., E,=W,.) - - - . _ . . 

’ ‘see .Lication~.. 

22,OW ,mhor 
H,gh.s+ Frequency for Maximum Ratings - - - . . - . _ 2500 MC. 

) MECHANICAL 
Bare, Socket and Connection. - - - - . - - . . _ . See drawing 
Mo”n+ing Parition - - - _ - - - _ - - - - . _ AW 
Cooling . . _ . _ . . - - . - - - . - Forced air 
Maiimum T.mpsr.turs of Anode. Grid. Cathode and Haater Se.1. and Anode Cooler Core - 
Maximum O*.rall Dimensions: 

Length _ _ _ _ _ _ _ . . _ . _ . _ _ _ 
Diameter - . . . . . . . . . . _ _ . . 

Net Weigh+ . . . . . . _ _ . _ _ _ _ _ _ _ _ 
Shipping Weight (Average) . . . _ . - . _ _ . . . _ 

. 
. SAk .YRUNO, CALIFORNIA 

RADIO-FREQUENCY POWER AMPLIFIER. 
OSCILLATOR OR MODULATOR 
MAYlM”” RATiNGS lb-c, tube> 

PLATE-MODULATED RADIO-FREQUENCY 
AMPLIFIER OR OSCILLATOR 
MAXIMUM RATlNGS ,carrisr Eondition. De. tvt.e, 



b 
APPLICATION 

r 
. MECHANICAL 

Mounting-The 2C39A may be operated in any 

position. It should seat against the “anode flange” 

(see outline drawing), and any clamping action 

intended to hold the tube in its socket against 

vibration should also be applied to this flange. 

No seating or clamping pressure should be exerted 

against any other surface. 

Conneclions-The tube terminals are in the form 

of concentric cylinders having graduated dia- 

meters, as illustrated in the outline drawing. Spring 

collets or fingers should be fitted to these cylindri- 

cal surfaces to make contact with the anode, grid, 

cathode and heater terminals. It is important to 

maintain good electrical contact by keeping these 

surfaces clean and by providing adequate contact 

area and spring pressure. 

Cooling- Forced air must be supplied to the 

anode, grid, cathode and heater seals and to the 

anode cooler core in sufficient quantities to limit 

their temperatures to 175°C. A convenient access- 

ory for the measurement of tube temperatures is 

“Tempilaq”, a temperature-sensitive lacquer manu- 

factured by the Tempil Corporation, 132 West 

22nd St., New York I 11 N. Y. 

A suitable arrangement for an anode cooling 

cowl is shown in conjunction with the outline draw- 

ing. For operation at maximum rated dissipation, 

an air flow through this cowling of 12.5 cubic feet 

per min& is recommended; less cooling air may 

be used at low plate dissipations, provided only 

that seal and anode cooler core temperatures are 

not allowed to exceed 175°C. 

At ambient temperatures greater than 25”C., 

or at altitudes higher than sea level, more air will 

be required to accomplish equivalent cooling. Fur- 

ther information on this subject is contained in an 

article by A. G. Nekut, “Blower Selection for 

Forced-Air Cooled Tubes”, Electronics. August, 

1950. 

ELECTRICAL 

Heater Voltage-The heater of the 2C39A is de- 

signed to be operated at 6.3 volts, with variations 

held within the range of 5.7 to 6.9 volts. This oper- 
. 

sting voltage is particularly recommended for 

pulse applications requiring in excess of 3.0 am- 

peres of peak cathode current. 

Tube life may be materially increased by oper- 

ation of the heater at 5.3 volts, with variations 

held within the range of 4.8 to 5.8 volts. This oper- 

ating voltage should be used whenever the peak 

cathode current is not required to exceed 3.0. 

amperes, and whenever transit-time effects contri- 

bute back heating to the cathode. Back heating is 

a function of frequency, grid bias and excitation 

(grid currentl, load impedance, power output and 

circuit design and adjustment. 

Cavity Circuik-Information regarding the design 

of cavities suitable for the 2C39A is widely avail- 

able. One source is the material on cavity design 

for the 2638 and 2C39 contained in “Very High 

Frequency Techniques”, Radio Research Labora- 

tory Staff. McGraw-Hill Co., 1947, Vol. I, Chapter 

15, pp. 337-375. 

Operalion-Low-voltage, high-current operation is 

preferable to high-voltage, low-current operation, 

from the standpoint of optimum tube !ife. 

An excellent indication of operating conditions 

is the ratio of grid current to plate current: when 

the 2C39A is operated with grid-current values 

greater than half those of the plate current, either 

the drive is excessive or the plate loading is too 

light for the excitation present. The tube should 

never be operated without a load, or lightly loaded, 

even for short periods of time, and drive should be 

held to the lowest value consistent with reasonable 

efficiency. 

When grid-leak bias is used, suitable means 

must be provided to protect the tube against loss 

of excitation at plate voltages in excess of 800 

volts, and the grid-leak resistor should be made 

variable to facilitate maintaining the bias voltage 

and plate current at the desired values when tubes 

are changed in the equipment. 
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. . . . . I WC 

. . . _ _ 9.0 inches 

. . . . 4.156 inches 

. . . . 6.25 pounds 
- 17 pound, Shipping Weight (Avsragc] - - - - . . . . . . . . _ _ 

RADI~-FREQUENCY pov 
OR OSCILLATOR 

APLIFIER 



APPLICATION 
)Cooling-A minimum air flow of 120 cubic feet 

per minute must be passed through the anode 
cooler. The pressure drop acxoss the cooler at this 
rate of flow equals I.0 inch of water when the 
tube is cold, and increaser with rising tempera- 
ture to 1.25 inches when the plate dissipation at- 
tains its rated maximum value of 2500 watts. 

A minimum air flow of 6 cubic feet per minute 
must also be directed into the filament stem struc- 
ture between the inner and outer filament ter- 
minals. Cooling air in the above quantities must 
be supplied to the anode cooler and the filament 
seals before filament voltage is applied, and the 
air flow should be maintained for at least one 
minute after the filament power has been re- 
moved. Simultaneous removal of all power and 
air (as in care of power failure) will not ordinarily 
injure the tube, but it is not recommended as a 
standard operating practice. Anode-cooler-core, 
grid- and filament-seal temperatures must not ex- 
ceed 150’ C. 

The figures above are for an ambient temper- 
ature of 20” C at sea level and do not include 
duct or filter losses. Further information regarding 
operation at higher amb’ient temperatures or 
higher altitudes is available in an article entitled 
“Blower Selection for Forced Air Cooled Tubes”, 
by A. G. Nekut, in the August, 1950, issue of 
“Electronics”. 

Filament Voltage-The filament voltage, as meas- 
ured directly at the tube, should be 7.5 volts with 
maximum allowable variations due to line fluctua- 
tion of from 7. I2 to 7.87 volts. 

Bias Voltage-There is little advantage in using 
bias voltages in excess of those given under “Typ- 
ical Operation”, except in certain very rpecial- 
iced applications. Where bias is obtained from a 
grid resistor, suitable protective means must be 
provided to prevent excessive plate dissipation in 
the event of loss of excitation. 

)Indicater change hm ahee, dated 2.15-50. 

Plate Voltage-The plate-supply voltage for the 
3X2500A3 should not exceed 6000 volts. In most 
cases there is little advantage in using plate-sup- 
ply voltages higher than those given under “Typi- 
cal Operation” for the power output desired. 

In Class-C FM or Telegraphy service, a 0.1 henry 
choke, shunted by a spark gap, should be series 
connected between the plates of the amplifier 
tubes and the high-voltage-plate-supply capacitor 
to offer protection from transients and surges. In 
plate-modulated service, where a plate-modula- 
tion transformer is used, the protective choke is 
not normally required. 

Grid Dissipation-The power dissipated by the 
grid of the 3X2500A3 must never exceed 150 
watts. Grid dissipation may be calculated from 
the following expression: 

ecmp lmay be measured by means of a suitable 
peak voltmeter connected between filament and 
grid. Any suitable peak v.t.v.m. circuit may be 
used lone is shown in “Vacuum Tube Ratings”, 
Eimac News, January 1945. This article is avail- 
able, in reprint form on request). 

In equipment in which the plate loading varies 
widely, such as oscillators used for radio-fre- 
quency heating, care should be taken to make 
certain that the grid dissipation doer not exceed 
the maximum rating under any condition of load- 
ing. 

In VHF operation, particularly above 75Mc., the 
d-c grid current must not exceed 200 ma. under 
any conditions of plate loading. With lightly 
loaded conditions the grid driving power should 
be reduced so that the grid current doer not ex- 
ceed one-tenth of the plate current. 
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The Eimoc 3X25OOF3 is o medium-mu, forced-air cooled, external-anode power 
triode intended for amplifier, oscillator ond modulator service. It hos o maximum plate 
dissipation rating of 2500 watts and is capable of high output at relatively low plate 
voltages. A single 3X25OOF3 will deliver o radio frequency plate power-output of 7500 
wottr 01 a plate voltage of 4000 volts. 

The tube is equipped with flexible filament and grid leads which simplifies socketing 
and equipment design for industrial ond communication frequencies below 30 Mc. 

The approved Federal Communications Commission rating for the 3X25OOF3 os o 
plate modulated amplifier is 5000 watts of carrier power. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Tbri.ted hlngltm 
Voltage - 7.5 “Oh. 
Cvnen, - 51 ampere, 

AmpliRc.ticm FocIor ,Awogel 20 
0irc.t ln+creled.odc C.p.dtonce* ,*wogs, 

Orid-P,o,e . . 20 #II‘d 
Grid-Filomm, . 36 pwfd 
P,o,c.Fi,.men, - . - I.2 lrlrtcl 

Tr.nrcond”ct.nce lib = 830 ma. Eb = 3000 V., . - 20,000 dvn 
Frequency ‘orMoxiln”m Rating. - . 30 MC 

,r MECHANICAL 
Box. See Drawing 
Movn,ine . . “e”icol. lmre dovn or Yp 
Maximum O”W.ll oimcn.ionl: 

Length be. Rlf include filament C.m”eFl0r.l - 9.0 incher 
oiometer . 4.15.5 inctle* 

Net reight - - . . 7.5 povnd. 
, shh;;y reightlA*erage, - - 17 POY”d, 



APPLICATION 

Filament VoltageThe filament voltage, as measured 
directly at the tube, should be 7.5 volts with maximum 
allowable variations due to line fluctuation of from 7.12 
to 7.87 volts. 

Bias Voltag+There is little advantage in using bias volt- 
ages in excess of those given under “Typical Operation,” 
except in certain very specialized applications. Where bias 
is obtained from a grid resistor, suitable protective means 
must be provided to prevent excessive plate dissipation in 
the event of loss of excitation. 

Plate Voltage-The plate-supply voltage for the 
3X2500.F,3 should not exceed 6000 volts. In most cases 
there is little advantage in using plate-supply voltages 
higher than those given under”Typice1 Operation” for the 
power output desired. 

In Class-C FM orTelegraphy service, a 0.1 henry choke, 
shunted by a spark gap, should be series connected between 
the plates of the amplifier tubes and the high-voltage-plate- 
supply capacitor to offer protection from transients and 
surges. In plate-modulated service, where a plate-modula- 
tion transformer is used, .the protective choke is not nor- 
mally required. 

Grid Dissipation-The power dissipated by the grid of 
the 3X2500F3 must never exceed 150 watts. Grid dissipa- 
tion may be calculated from the following expression: 

P, = eemplc 
where P, = grid dissipation, 

e.,,=peak positive grid voltage, and 
Ic = d-c grid current. 

ecmp may be measured by means of a suitable peak volt- 
meter connected between filament and grid. Any suitable 
peak v.t.v.m. circuit may be used (one is shown in”Vacu- 
urnTube Ratings,” Eimac i’$ews, January 1945. This article 
is available, in reprint form on request). 

In equipment in which the plate loading varies widely, 
such as oscillators used for radio-frequency heating, care 
should be taken to make certain that the grid dissipation 
does not exceed the maximum rating under any condition 
of loading. 



DRIVING POWER vs. POWER OUTPUT 

The three charts on this page 

show the relationship of plate ef- 

ficiency, power output and grid 
driving-power at plate voltages of 

4000, 5000 and 6000 volts. These 

charts show combined grid and bias 
losses only. The driving power and 

power output figures do not include 
circuit losses. The plate dissipation 

in watts is indicated by P,. 

Points A, B, and C are identical 

to the typical Class C operating 

conditions shown on the first page 

under 4000, 5000 and 6000 volts 
respectively. 

POWER OUTPUT-WATTS 

2ow 4000 6000 moo coca mm wow 

POWER OUTPUT-WATTS 

POWER OUTPUT-WATTS 
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PLATE VOLTAGE - VOLTS 



Mounting Po‘iti.” - - . - - 

Cooling - . . - - - . 

M&n”rn T.mpera+“r.l: 
Grid and Filament Seals, 
Anode Cooler Core _ . 

Maximum Overall Dimenrionr: 
Length - . . . . . 
Diameter . . . . . 

Net Weight - . . . . _ . 

Shipping Weight (AverageJ . . . . 

. 
. 

. 

. 
. 
. . 

. 

. . 

. . 

. . 

. . 

. 
. . 

. . 

. . 

. _ See outline drawing 

- Vertical. base down or up 

. . . . Forced air 

. . . . _ _ 

. 

. . _ 

. 

. . _ 

. . . l5O’C 

. . 9.0 inches 

. 4.16 inches 

. . . 6.25 pound, 

. . 16 pounds 

APPLICATION 
Filament Voltage-The filament voltage, as measured di- 
rectly at the tube, should be the rated value of 7.5 volts. 
Variations should be held within the range of 7.12 to 
1.87 v&s. 
Cooling-The 3X3000Al requires an air-flow of 130 
cubic feet per minute through the anode cwler. This 
corresponds to a pressure drop across the waler of 2.2 
inches of water. A flow of 6 cubic feet per minute must 
also be directed into the filament stem structure, between 
the inner and outer filament conductors. 

The air-flow must be started when power is applied to 
the filament, and must continue without interruption 

until all electrode voltages have been removed from the 
tube. It is advisable to permit the air-cooling system to 
operate for two minutes or more after the removal of 
power. 

These air requirements are based upon operation at 
an ambient temperature of ZO’C and at sea level. 

Coolig conditions for the 3X3000Al may be con- 
sidered satisfactory if the temperature of the anode 
moler core and of the metal parts of the metal-to-glass 
seals is not allowed to exceed 15O~C. A convenient access. 
ow for the measurement of these temperatures is “Tempi- 
la.$‘. a temperature-sensitive lacquer manufactured by 
the Tempil Corpcration. 132 West 22nd St.. New York 
11, N. Y. 
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PLATE VOLTAGE - KILOVOLTS 

NOTE 1 
,040” MAXIMUM RUNOUT OF 
GRID CONTACT SURFACE 
WITH RESPECT TO AXIS 
DETERMINED BY ANODE 
AND OUTER FILAMENT 
CONTACT SURFACE. 

NOTE 2 
.025” MAXIMUM RUNOUT OF 
INNER FILAMENT CONTACT 
Sm TO 
TO OUTER FILAMENT 
CONTACT SURFACE. 



TENTATIVE DATA 

The Eimac 3K20,OOOLK is a three cavity, cascade. magnetically focused, 
power amplifier klystron intended primarily for UHF television broadcast 
service. A single 3K20,OOOLK operating es a television visual r-f amplifier will 
deliver 5.5 kW of peak synchronizing power output with e power gain of 20 to 
25 decibels. The cavities of the Eimac UHF television klystron ere completed by 
tuning boxer external to the tube. 

NOMINAL TUNING RANGE 
The entire UHF television band (470.890 Mc) is covered by three tuba. of the lK20,WOL series: 

TUBE TYPE NUMBER MC. CHANNEL 
3K*O,OOOLA 470-580 14.32 

3K20,OOOLF 580.720 33-55 

3K20.00DLK 720-890 56-83 

GENERAL CHARACTERISTICS 

3K20,OOOLK 
KLYSTRON 

l 

L-BAND 

AMPLIFIER 

MECHANICAL 

t&vn+ing -support from mwnting flange 

+&vn+ing Polition - - Axis Vertical 

Cooling - - - Water S Forced Air 

CO”“eC+iO”S: 

Filament Flexible Laad. 

Cathode . Cylindrical Strap 

Focus Electrode . Cylindrical Strap 
cavities - Multiple Contact Finger* 

Maxim”m Orerall Dimsnrionr: 

ELECTRICAL 

Filament: Pure Tungsten 
Voltage 
Current (;i+h cathode cold) 

9.0 Volts 

Currsnt (with cathode at operating 
42. Ampere% 

temperature, . 
Marimum Alloxabls Starting Current 

39. Amperes 
84. Amperes 

Cathode: Unipotential: hsated by electron bombardmsnt 
MAXIMVM CATHODE RATINGS 

DC Voltage 2300. Marimum Yo,,r 
DC cvrrent- 
DC Power 

.75 Maximwn Ampere. 
I 600. Maximum Watt. 

Focus Electrode: 
*Vol+ags (with raspem 

to cathode) 0 Volt* 
Magnetic Field: Axial 

MAXIMUM RATINGS 
DC BEAM VOLTAGE 14.0 Max. LV 
DC BEAM CURRENT 
COLLECTOR DISSIPATION : : : : : : : : : 

- 1.7 Mar. Ampr 
20.0 Max. tw 

TYPICAL OPERATION 
RF Linear Amplifier-T&vision Visual Service (In accordance 

with ,951 “nited States Federal Co,,,. 
RF Amplifier-Tslevirion Aural Service 

munications Commirrion Standards, DC Cathode Bombarding “oltaga 2100 Volts 

DC Cathode Bombarding Voltage 2100 Volt* DC Cathode Bombarding Current .66 Amperes 
DC Cathode Bombarding Current 
DC Cathode Bombarding Power . 

.66 Ampetsl - 
,400 Watts 

DC Cathoda Bombarding Power ,400. Wattr 

DC Bsam Voltage 13.3 tv DC Beam Voltage - - 10.5 kV 
DC Beam Cvrren, - 

ttx Collector Current (approrima+ely)- 
1.55 Ampercr 

Peat Synchronizing Level 
1.25 Ampsrer 

DC Beam Current - I., Amperes 

pc Collsctor Cvrren, - - .9 Amperes 
*Driving Power (.pproxima+el~) 55. wattr 

Power output . 5.5 LW 
thing Pow*, - . IO. watts 

Efficimy 27. P.,Ce”+ tcc4.stor Dirripation (approrimatsly) 7. LW 
Blast Level 

tcollestor Dirripation (approximately) 14. tw 
Power output - - - 2.75 tw 

‘Driving Power (approximately) 36. Watt. Efficiency - 24. P*tce”t 
Power atput - 3.3 tw 
Efficiansy . . 

,MW vary r0mewh.t from +“be to tube. 
16. Percent Total driwng power including ,osIeJ lnrerfed for broadband operation. 

T+.l DP”a+ion tigurc. I@?. obtained b” direct m*ar”r.men+ in operatinq ~4Yipmnt. The o”+p”+ power il “%*+“I pow., m.ar”r.d in a lb.3 
ClCC”i‘. Th* driring porsr is the tota, power ‘al;,” b” the tuba and a P”CRC.I r~ronant circuit. In man” case, with ‘“rtntr r*in,m,n, and 
impror.d techniq”aI b.f+~r per+orm.nc. might b* had. F Dr th. P,.I.“‘ 1b egurm <an be +*ke” a, attainable “dl”~,. 

,tffecfi”e I ID 5,) Cop”iigh+ iPI1 by Elfel Mctullovgh Inc. 
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APPLICATION 
Mounting-The 3K20,OOOLK is provided with two 
integral mounting flanges, located es shown on the 
outline drawing. Either flange may be used to 
sup 
in 1 t 

ort the tube. Two threaded holes are provided 
e Input Pole Piece end we shown on the out- 

line drawing. When fitted with eye bolts, the tube 
may be hung from these bolts during mounting 
operations. The eye bolts must be removed after 
mounting operations are completed to prevent 
high voltage erc-over. 
Filamenr Operation-For maximum tube life, the 
pure tungsten filament should be operated just 
above the emission limiting temperature. This tem- 
perature will be obtained with a filament voltage, 
as measured directly at the terminals, of approxi- 
mately 9 volts. The filament voltmeter should be 
capable of indicating within I % accuracy and un- 
avoidable voltage variation should be within the 
range of i 2 %. If a voltage regulator is used, the 
voltmeter should be a moving iron vane or dyna- 
mometer type capable of reading correct RMS 
voltage with distorted wave form. 
Cathode Heating Power - The cathode of the 
3K20,OOOLK is unipotential and heated by electron 
bombardment. A dc potential of approximately 
2 100 volts is ap 
cathode: and t e t: 

lied between the filament and the 
recommended cathode heating 

power of 1400 watts is obtained with approxi- 
mately .66 amperes. The filament is designed to 
operate under space-charge limited conditions so 
that cathode temperature may be varied by 
changing the voltage between the filament and 
the cathode. 
Cooling-Air end water flow must be started be- 
fore the filament and cathode power are applied 
and maintained for at least two minutes after the 
filament and cathode power have been removed. 
Tube temperatures may be measured with a tem- 
perature-sensitive paint. such as “Tempilaq”, man- 
ufactured by the Tempil Corporation, 132 West 
22nd Street, New York I I, N. Y. 

3K20,OOOLK Cooling Requirements for Typical 
Operating Conditions and Correct Magnetic Field 
Adjustment: 

Cooling 
Medivrn “olvme ‘r~:~re Remarks 

Input Pole Piece - - water I gpm 8 F-i ;;;;,,. 

Short Drift Tube Jacket *Water I gpm 2 pri Drop if 
Serier 

Long Drift Tube Jacket ‘Water I gpm 

output Pole Piece - water I gpm 1.6 pri 1 

Connected 
2 psi with ~/IV 

Collector Aaaembly - Water 6 gpm 

;pi= 

3 psi 

El&M 

t 

Filament Stem Air l-2 cfm 

Gun Cathode Terminal - Air 90 cfm 
structure Four Electrode Seals Air 30 cfm 

i 

See 

I”@ cavity - - None 
Cooling 
Diagram 

Center Cavity - - Air 15 sfm 

ovtput cavity - - - - Air 50 sfm 
‘Water inlet must be at bottom and outlet a‘ top to avoid air trap. 

The inlet water pressure of the Pole Pieces and 
the Drift Tube Jackets should not exceed 40 
pounds per square inch. The inlet water pressure 
of the Collector Assembly should not exceed 25 
pounds per square inch. Only clean, filtered air 

Page Two 

should be blown on the tube. The cooling water 
should be of sufficient purity to prevent liming of 
the water system. The outlet water temperature 
must not exceed a maximum of 70°C under any 
condition. The temperature of the metal-to-glass 
seals should not exceed 15O’C. 
RF Contact Surfaces-The means by which con- 
tact is made between the cavities end the tuning 
boxes is of greet importance. Two requirements 
which must be met to ensure proper tube perform- 
ance are es follows: 

(I) Contact to the tube cavities murt be made only on 
the peripheral surface of the I/.” cavity flange. as 
shown on the outline drawing. 

(2) Each individual finger of the c&t 01 spring stock 
material murt mats poritivs sontad to the cavity 

Magne~~~g&ld-An adjustable magnetic field is 
necessary to control end direct the beam through- 
out the length of the drift tube. The magnetic 
field should be capable of variation around the 
recommended field strength of 120 gauss. Beam 
transmission (collector current divided by the 
beam current as measured in the cathode return 
to beam power supply) will vary from 75% to 
95 %. Improper adjustment or misalignment of the 
magnetic field, ar indicated by too low a value of 
beam transmission, may cause the beam to im- 
pinge on and overheat the drift tube walls. 
Caution-It is convenient to operate the r-f and 
collector portions of the tube et ground potential. 
Since the cathode and filament are operated at 
high negative potentials with respect to ground, 
filament end cathode power supplier and volt- 
meters must be adequately insulated for these high 
voltages. Protection must also be afforded to 
operating personnel. 
Protecrion-It is recommended that the following 
protective devices be used: 

(I ) Interlocks in air and water rupplier. 
(2) Interlock in magnetis field supply circuit. 
(3) Curren, overload in cathode bombardment supply 

&Wit. 
(4, Current overload in beam current supply circuit. 
(5) Current underload in collector current circuit. 
(6) Current limiting resistor of approximately 100 ohm. in 

se,ies with beam power swply to isolate tube from 
final capacitor of r&l 

The filament and cat ode bombardment volt- 6 
ages will normally be applied before the beam 
voltage. Cavity tuning or magnet adjustment 
should be made with reduced beam voltage 1% 
to % normal]. Slight retuning and readjustment 
will be necessary when beam voltaqe is raised to 
full value. 



GLASS 

FILAMENT STEM 
AIR COOLING, 

CATHODE TERMINA 

THIS COOLING AIR MAY BE SUPPLIED 
BY A SINGLE BLOWER THROUGH 
SUITABLE MANIFOLD AND BAFFLES 

COOLING AIR NOT REOUIRED 
ON INPUT CAVITY 

CENTER CAVITY - 
DRIFT TUBE 
COOLING 

OUTPUT CAVITY - 
AIR COOLING:- 

COLLECTOR 
COOLING 

OUTPUT POLE 
WATER COOLING 

*WATER CONNECTIONS ARE MADE AS SHOWN 
WHEN TUBE IS MOUNTED WITH INPUT POLE 
Up. WHEN TUBE IS MOUNTED WITH OUTPUT 
POLE UP THE WATER CONNECTIONS MUST 
BE REVERSED. 

COOLING DIAGRAM 
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FOR LIFTING EYEBOLTS 

j----=Fr-l 

INPUT END VIEW 
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COLLECTOR COOLING 

OUTPUT END VIEW 

LWATER LINES INSULATED 

i 
FROM COLLECTOR FOR 
METERING PURPOSES 

205; I1 
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37s 4 
@CONTACT SURFACE 
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1953 PROCEEDINGS OF THE I.R.E. 

High-Power Klystrons at UHF* 

20 

D. H. PREISTt, WEMBER, IF& C. E. MURDOCKt, ASSOCIATE, IRE, AND J. J. WOERNERt 
. 

Summarp-A brief history of high-power cw klystron develop 
merit and a classi5cation of types of klystron axe f&wed by B de- 
scription of the three-cavity, grIdIess klystron amplifier with mag- 
netic focusing, in general terms, and the Eimac S-kw klystron for 
--‘IV in more detail. TbIs tube has cavities which are partly out- 
side the vacuum system and contain ceramic “windows.” The ad- 
V.&ages of the klystron over the conventional negative&d type of 
tube are reviewed from the standpoint of performa,,ce, and the main 
operatiox+I features ore noted. 

INTRODUCTION 

H 

N VIEW OF the increasing activity above 450 mc 
for such purposes as television, it may be of value 
to review the means of generating transmitter 

power presently available. 
Of outstanding interest in this field is the post-World 

War II development of power amplifier klystrons. Al- 
though the klystron principle was discovered as far back 
as 1939,’ its application to high-power generation was 
delayed, largely because of the 1939-1945 war and the 
need to concentrate on those lines of development which 
appeared the most promising for military purposes. The 
ultimate possibilities of the klystron were appreciated 
by few, and although a great deal of fundamental re- 
search on electron beams was carried on in various 
places, development in the field of high-power cw tubes 
was confined mainly to one group in California,*” and 
one group in France.‘*’ As a result of this work the basic 
principles have been extended, and much progress has 
been made in techniques of construction, culminating 
in the recent appearance of high-power klystrons for 
commercial purposes in the United States,2,B and an in- 
creasing awareness of the great advantages of this type 
of tube for stable amplification at high-power levels. 

The object of this paper is to review, briefly, from the 
point of view of the potential user, the performance of a 
modern high-power klystron, and to describe the 
special peculiarities and methods of operation of this 
type of tube. A brief survey will also be made of the 
factors limiting the performance of a klystron, compared 
with the factors limiting the performance of conven- 
tional negative-grid tubes. 

* Decimal classification: R339.2XRS83.6. Original manuscript re- 
ceived by the Institute, November 3, 1952. 

t Eitel-McCullough, Inc., San Bruno, Calif. 
1 R. H. Varian and S. F. V&an, “A high frequency oscillator and 

amplifier,” Jour. Appl. Phys., vol. 10, p. 321: 1939. 
1 “High Power UHF Klystron,” T&-Tech, p. 60; October, 19.52. 
SW. C. Abraham, F. L. Salisbury, S. F. Vorian, and M. Cho- 

dorow, ‘Transmitting Tube Suitable for UHF TV,” paper presented 
at IRE National Convention; 1951. 

4 P. Gudnard, B. Epsztein, and P. Cahour, ‘Klystron Amplifim- 
teur de 5 KW z$ large hande passante,” Ann. Radioelecl., vol. VI, 
p. 24:1951. 

1 R. V?arnecke and P. Godnard, “Tubes 2 Modulation de Viteeee,” 
Gauthier-Villards, Paris; 1951. 

*J. J. Woerner, “A High Power UHF Klystron forTVService,” 
paper presented at IRE National Convention: 1952. 

KLYSTRON TYPES 

Present-day klystrons fall into three categories: 

1. RefEex Klystron Oscillators 
Most of these have low efficiency (of the order of 
1 per cent) and generate relatively low power, and 
are suitable for receivers, local oscillators, test 
equipment, and the like. 

2. Z-Cavity Klystrons 
These may be used as amplifiers, oscillators, or fre- 
quency multipliers; as amplifiers they are capable 
of power gains of about 13 db and efficiencies of 
about 20 per cent, at frequencies of the order of 
1,000 mc. 

3. 3-Cavity Klystrons 
These are useful, principally, as amplifiers, and are 
capable of power gains of about 20 to 30 db, and 
efficiencies of 30 to 40 per cent, together with 
bandwidths of several mc, at frequencies of the 
order of 1,000 mc. Because of the superior amplifier 
performance given by this type of klystron, the 
other two types will not be dealt with further in 
this paper. 

J-CAVITY GRIDLESS KLYSTRON AMPLIFIER WITH 
MAGNETIC FOCUSSING 

This type of tube, sometimes called a “cascade 
amplifier,” is illustrated schematically in Fig. 1. It will 
be seen to consist of four essential parts: 

1. The Electron Gun 
This has a source of electrons (the cathode), a 
means of accelerating the electrons to a high 
energy level (the anode), and a means of focussing 
the electrons into a parallel beam of high electron 
density emerging from the hole in the anode. 

Fig. l-Schematic diagram of 3.cavity klystron with 
magnetic focusing. 
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2. The RF Resonant Cavities and Drift Tubes 
The first cavity is fed with RF energy from a 
driving source at low level. The second cavity is 
tuned to resonanfe, or near resonance, but is not 
fed with energy from outside. The function of 
these two cavities, in conjunction with the drift 
tubes, is to velocity-modulate the electron beam 
so as to produce “bunches” of electrons at the out- 
put cavity. The latter is tuned to resonance and 
coupled to the antenna, or other load, and serves 
to extract as much RF energy as possible from the 
“bunched” electron beam. Its function and opera- 
tion are closely similar to those of the output cir- 
cuit of a Class “C” amplifier using triodes or 
tetrodes. 

3. The ‘LCollector” Electrode 
This collects the electrons after they have passed 
through the output cavity, and have given up part 
of their energy to the RF field, and thus to the 
load; because only about 30 per cent of the energy 
in the beam is converted to RF energy, this collec- 
tor has to be capable of dissipating the remaining 
percentage, that is to say, 70 per cent of the 
product of the anode-cathode voltage and cathode 
current, when fully driven. (In practice the collec- 
tor current is very slightly less than this because 
some electrons inevitably strike the anode and the 
drift-tube walls.) If the tube is used ‘as a linear 
modulated amplifier, the collector will be required 
to dissipate 100 per cent of the input power under 
conditions of zero drive and zero output. 

4. External Magnetic Circuit 
This consists of suitably disposed electromagnets 
producing an axial magnetic field of controllable 
strength which tends to keep the beam parallel as 
it passes along the tube. Without this field the 
beam would expand because of the mutual re- 
pulsion of the electrons. The optimum field 
strength is fairly critical, and is not necessarily 
uniform along the length of the tube. It is usually 
prevented from penetrating the cathode, either by 
a metallic magnetic shield or by the use of a “buck- 
ing” coil, or by a combination of both. 

B. Performance and Ofierational Features of This Type of 
Klystron 

The 3-cavity klystron is a tube capable of generating 
a much larger power output at uhf than the conven- 
tional negative-grid tube. The deterioration of per- 
formance as the frequency is raised is slight. The power 
gain of the klystron is very much larger than that of a 
t&ode. It may be worthwhile to review briefly the rea- 
sons for this. 

Considering the factors limiting the power output of 
a triode or t&rode, aside from external circuit losses, 
one finds that basically they are the total cathode emis- 

the RF loss in the materials used to make the electrodes 
and the envelope. Now the total cathode emission, as- 
suming the best material is used and that a given life 
is required, depends on its area. This area is limited at 
uhf because the tube forms part of a resonant transmis- 
sion line in which large changes of electric and magnetic 
field occur over distances which are small compared 
with the wavelength. Since nonuniform potentials be- 
tween electrodes cause loss of efficiency, it is necessary 
to keep the electrode dimensions small compared with 
the wavelength: thus, the cathode area is limited, and 
has to be reduced as the wavelength is decreased. The 
anode voltage is limited by internal flash-arcs between 
electrodes. The electrode spacing must, however, be 
small enough to give small electron transit times, and 
must be decreased with the wavelength. The applied 
voltage must, therefore, be reduced also with the wave- 
length. Lastly, the RF losses in the tube materials in- 
crease as the wavelength decreases. All these factors 
added together give the well-known result that triodes 
and tetrodes get rapidly smaller as the wavelength de- 
creases, and so does the power they will generate and 
the efficiency. In addition, the problem of manufacture 
becomes more and more serious, and ultimately becomes 
prohibitive. The two worst problems are caused by the 
small spacing between electrodes, of the order of 0.001 
inch, and the mechanical weakness of the fine wire grids. 

Considering now the power gain, this becomes less as 
the wavelength decreases because the tube requires 
more and more driving power to overcome the increas- 
ing electron transit-time effects, losses in materials, 
grid current, and (usually) inherent negative feedback. 

In a klystron, on the other hand, some of these limita- 
tions do not occur at all, and others are less significant. 
The cathode area is not limited by the wavelength be- 
cause it is outside the RF field. The anode-to-cathode 
spacing being of the order of 1 inch, extremely high 
anode voltages may be applied without internal flash- 
arcs; also, the cavity gap spacings may be about + inch 
in a S-kw tube at 1,000 mc. Again, because gridless gaps 
may be used without seriol~s loss of coupling between 
the beam and the resonant cavities, there are no prob- 
lems of fabrication or heating of grid wires: Further- 
more, because the collector is outside the RF field, it 
may be designed solely for the purpose of dissipating 
heat, and this becomes a minor problem in practice. The 
losses in the conductive tube materials are small because 
all the metal parts carrying RF current may be made 
of high-conductivity metal. (There is no loss comparable 
to the RF losses in a t&de due to RF current flowing 
through lossy cathode material or fine resistive grid 
wires.) Therefore, the only limiting factor approached in 
klystrons giving adequate power for present commercial 
apphcations is the loss in the dielectrics. Some dielec- 
trics are inevitable either in the form of windows in the 
cavities, as in the Eimac tube, or in the other type of 

sion, the anode voltage, the interelectrode spacing, and tube with integral cavities, the window between the 
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output cavity and the load. If the power level is raised 
high enough, these dielectrics will ultimately break 
down, either by cracking due to heat or by flashing over 

. the outside surface which is at atmospheric pressure; 
however, this does not occur in a well-designed tube at 
power levels that are presently interesting. 

Considering the power gain of a klystron, this is 
governed almost entirely by the geometry and is limited 
only by the small RF losses in the input cavity and the 
beam loading of the cavity, which is small. The transit- 
time loading experienced with a triode becomes a factor 
of minor importance, and the negative feedback disap- 
pears since there is no coupling between the input and 
output cavities. 

Fig. Z-Curve (1) : Efficiency versus irequency for typical uhf tetrode 
4X150G. (Plate dissioation 150 watts.) 
Curve (2): l%iciency v&eus frequency f& typical uhf triade 
-2C39. (Plate dissipation 100 ~&ttsJ 
Curve (3): Typical efficiency of klystrons verws frequency 
(indeoendent of outout oower~. This is the efficiencv at the 
opt&m frequency ior &ch tibe. 
Curve (4) (dotted): Maximum power output of the largest 
commercially available negative-grid tube at various frequen- 
cies. 
Points L3 cw power output of various klystrons (not the lug- 
est possible). 

It is, therefore, apparent that the efficiendy and power 
gain of a klystron will fall off relatively slowly, com- 
pared with a triode or tetrode, as the wavelength is re- 
duced. This is illustrated by the curves in Fig. 2. It is 
also clear that the maximum size and power output of a 
klystron are not determined by the wavelength. It fol- 
lows that the klystron is ideally suited to high-power 
generation at uhf and microwave frequencies, and out- 
classes the conventional type of tube in every respect, 
including ease of manufacture. 

Turning now to a typical performance obtainable 
from a 3.cavity klystron, the results given by the Eimac 
tube may be taken as representative of this type of 
tube. This tube will generate 5 kw of RF power in the 
uhf television band with an efficiency of more than 30 
per cent when fully driven. The over-all bandwidth is 
about 5 mc and the power gain, under television condi- 

tions, is about 20 db. Salient features of operation are 
these: 

The tuning of each of the 3 cavities is independent of 
the others since there is no feedback present. This 
makes for very simple lining-up procedure. 

The output cavity is tuned to resonance at the mid- 
band frequency, and loaded for optimum performance 
by means of some variable coupling device external to 
the tube. 

Fig. 3autput power versus driving power for klystron. 

A curve of power output against power input for this 
type of tube is a Bessel function of the first order and the 
first kind, and the first part of such a curve is very 
nearly linear. (See Fig. 3.) In television service, assuming 
that sync stretching is used in the driving stages, the 
klystron may be operated in such a way that the sync 
pulses drive the tube very nearly to the peak of the 
Bessel curve, so that the efficiency at sync pulse levels 
is nearly the fully driven efficiency. 

I 
J 

Fig. 4--Efficiency versus driving pmver, showing the effect 
of detuning the middle cavity. 

The center cavity is detuned to a frequency slightly 
higher than the midband frequency, since this gives 
greater efficiency than resonant operation, and helps to 
broaden the pass band. This cavity may be loaded ex- 
ternally by resistance in some cases. This detuned opera- 
tion requires greater driving power to the first cavity 
than resonant operation. (See Fig. 4.) 

The input cavity may be either detuned on the low- 
frequency side of resonance or it may be tuned to 
resonance and loaded with external resistance in order 
to achieve the necessary bandwidth. 
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The relation between efficiency, power output, and 
anode voltage for a given tube is shown at Fig. 5. There 
is an optimum voltage for best efficiency because the 
voltage determines the speed of the electrons along the 
tube. Now a certain time is required for electron bunch- 
ing to take place; this depends mainly on the frequency 
and determines the distance between the cavities. But 
this distance will be optimum for only one electron 
speed, and therefore only one voltage. Conversely, for a 
given voltage the relation between efficiency and fre- 
quency will also show a broad peak at a given frequency, 
and this fall-off at higher and lower frequencies will limit 
the useful frequency range of a given tube, even if the 
cavities are tunable over an indefinitely wide range. 

The power input from the dc power supply feeding 
the anode of the tube is constant (about 1.5 amps at 13 
kv), and independent of the drive voltage; therefore, 
the regulation of this power supply may be quite p”r 
without adverse effects. Also, only simple circuits are 
necessary to reduce the hum to a low level. The filament 
may be heated by ac. 

w. 
‘I 

1. 

LLe 

The magnetic field used for focussing the beam is 
simple to arrange, and relatively low in intensity, and 
consumes only a small amount of dc paver in the coils. 
It must be made variable since the efficiency of the tube 
varies fairly rapidly with the field strength and reaches 
a maximum for an optimum setting of the magnetic 
field. The RF cavities, the drift tubes, and the anode 
are all in metallic contact and may be grounded. Thus, 

there is no problem of by-passing and dc isolation in the 
output circuit compared to the by-passing problem ? 
with a triode or t&rode amplifier. The collector is 
usually~insulated from the main part of the tube in order 
to facilitate monitoring of the current division between 
the collector and the drift tubes. The anode voltage sup- 
ply is grounded on the positive side, and the negative 
side is connected to the cathode of the tube. 

Considering now the over-all problem of design, con- 
struction, installation, and operation of a high-power 
uhf amplifier, and the difference between the problem 
with a conventional type of tube and with a klystron, 
it is evident that the klystron scores heavily in all re- 
spects. The burden imposed on the transmitter de- 
signer is lessened because the klystron with its cavities 
forms a complete amplifier stage in itself. Because of the 
absence of feedback in the klystron, the circuit design is 
greatly simplified, compared with the conventional am- 
plifier design. Also, when using a conventional tube at 
uhf, the designer is usually faced with the very difficult 
problem of obtaining the maximum efficiency from a 
stage in which the tube is run to its limit, and only by 
very careful design can the desired performance be ob- 
tained from it. With klystrons, on the other hand, the 
problem is easier because there is usually a greater 
margin of performance, both in respect to output and 
paver gain. Also, the construction of a klystron stage is 
simpler than the conventional stage, and, as we have 

m 

seen, the operation is also simpler. 
Fig. 1 shows the more or less conventional type of 

klystron construction involving integral cavities, 
namely, cavities which are an integral part of the 
vacuum system. A unique feature of the Eimac tube, 
hereinafter described, is that part of the cavities are 
external to the tube envelope so that simple mechanical 
tuning of the cavities over a wider band of frequencies 
is possible. The tube itself is also simplified. 

C. A Practical Exam&: Eimac UHF Klystron for TV 

The photograph in Fig. 6 shows the Eimac uhf klys- 
tron, an example of a 3-cavity klystron in a form suit- 
able for commercial manufacture, and now in produc- 

Fig. 6-The Eiic S-kw uhf klystron for TV. 
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tion. Tube-cavity parts and drift-tube sections are 

r 
shown in Fig. 7. Fig. 8 shows the tube and external 
cavities in a test setup. 

Fig. ‘i-Tube cavity parts and drift tube sections. 

Fig. B-The 5.kw klystron on test. 

A feature of interest is the use of cavities which are 
tunable by means external to the vacuum system. This 
is made possible by use of ceramic ‘Sndows” which, if 
designed and fabricated correctly, will produce only a 

#- 
minor deterioration in the over-all performance of the 
tube because of their finite dielectric loss and high 
dielectric constant. 

This means that part of each cavity is in vacua and 
part is in air. The convenience of operating a tube of 
this type, compared with a tube in which the cavities 

are entirely in vacua, is considerable. In the first place, 
the mechanism for varying the resonant frequency is 
simple and may involve straightforward shorting bars 
with sliding contacts with negligible losses. These 
slidable devices are outside the vacuum system, as 
shown in Fig. 8. The tuning range of such a cavity is 
large. With a totally evacuated cavity it has not yet 
been found possible to use such a means of tuning, be- 
cause sliding contacts in vacua are generally unsatis- 
factory. Therefore, tuning has to be done by distortion 
of scme flexible metallic membrane. Such a membrane 
introduces mechanical weaknesses into the tube struc- 
ture which then has to be stiffened by an external frame. 
Also, the range of tuning is relatively small, and usually 
the tuning is done by varying the gap spacing, and 
therefore, its capacitance. This can be done only to a 
limited extent. If the gap is made too wide, the elec- 
tron transit time will become an appreciable fraction 
of 1 RF cycle, causing inefficiency; on the other hand, 
if the gap is too small, the bandwidth will suffer (band- 
width varies roughly as l/c). With a ceramic window 
cavity the tuning is done by varying the inductance of 
the cavity, the capacitance across the gap is fixed, and 
the gap can be set for optimum performance over the 
frequency band. 

Another point of difference is that the mechanical 
forces required to tune a cavity by means external to 
the vacuum system are small, being determined only 
by friction, whereas with the other type of cavity the 
tuning mechanism has to withstand the forces caused by 
the operation of atmospheric pressure against the 
flexible metallic membrane. 

Fig. 9-Output cavity with one tuning plunger removed, showing 
ceramic and output coupling device. 

Another desirable feature obtained with the ceramic 
windows is that the loading of the cavity may be ac- 
complished outside the vacuum system, either by loops 
or a waveguide-to-cavity loading device, such as a 
quarter-wave transformer made from ridge waveguide. 
(See photograph of output cavity, Fig. 9.) The coupling 
may, therefore, be varied with ease. With a totally 
evacuated cavity it is very inconvenient to build in a 
variable load coupling, and it is ccmmmn practice to use 
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a fixed loop: thus the benefit of variable coupling is lost. 
Lastly, because of the relatively large frequency band 

that can be covered by a given klystron with ceramic 
windows,.a smaller number of tube designs is required 
to cover a given frequency band, such as the uhf TV 
band. This simplifies the manufacturing problem and 
reduces the cost of the tube. 

Another feature of interest is the use of a tantalum 
cathode heated by electron bombardment from a tung- 
sten filament of relatively small size by means of a dc 
power supply (0.6 amps. at 2,000 volts) between the 
cathode and the filament. This constitutes a flexible 
system, and is much simpler to design and construct 
than a radiation-heated cathode. 

OF THE I.R.E. .hWZLWy 

CONCLUSIONS 

The 3-cavity externally tunable klystron is excel- 
lently suited to high-power generation at uhf (and also 
at higher frequencies) because 

1. it is relatively simple to manufacture, 
2. it is easy to use and adjust, 
3. the transmitter design and construction is simpli- 

fied by its use, 
4. its performance as an amplifier is greatly superior 

to other tube types. 

It is likely that the future will see more and more such 
tubes in commercial service for an increasing variety of 
applications. 

\ 
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‘Filament: Coated 
“olt.g. _ _ . . . . _ . . . . . - 2.5 “oltl 
Cum”+ . . . _ . _ . _ . . . . - 50 amprer 

Tube Voltage D,.p (approx,) _ - - - _ - - - - - - IS **I+, 

MECHANICAL 
Bass . . . _ . _ . . _ . Medium ,-Pin bayonet. RMA AC,0 
Basing . _ . . _ . _ . _ . . Sea base sonnestion diagram 
Marimum Overall Dimenrionr: 

Length _ _ _ _ _ _ _ _ . . . . . 6.5 inches 
Diama,er . . . . _ . - . . - . - . 2.5 inch., 

Net Weight (Approx.) - - - - - . - - - - - - 2 O”“CM 
Shipping Weigh+ (Average) . . _ - . - - - - . - 0.5 pounds 

MAXIMUM RATINGS (single tube) 
PEAK INVERSE ANODE VOLTAGE - - 2,M)o s,ooo IO,Wll MAX. VOLTS 
PEAK ANODE CURRENT - - _ . 2.0 I .o I.0 MAX:AMPERES 
AVERAGE ANODE CURRENT - - . 0.5 0.25 Cl.25 MAX. AMPERES 
SUPPLY FREQUENCY - - - - - IS0 I.000 150 MAX. C. P. 5. 
CONDENSED-MERCURY TEMPERATURE RANGE’ X-70 x-70 25.60 T 
‘Omration at 10 clegreer p,vr or rni”“I 5 degrsel c is recommended. 

APPLICATION 
MECHANICAL 



l 
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,.,.e- v 866A/866 



The Eimas 872-A/872 is a half-wave marcuyvapor rectifier incorporating featwsr which en. 
able it to withstand high peat-inverse voltages and to conduct at rslativaly low applied-roltaga.. The 
shielded ribbon filament. edgsris..wound. Providss a large emission ,ese,ve and long lit.. 

GENERAL CHARACTERISTICS 
ELECTRICAL 

Filament: Coated 
““,taga . . . . . . . . - 5.0 WI,+* 
C”,,*“+ . . . . . . . . . - 7.0 ampere4 

Tubs Voltage Drop (appr...) - - - - - - - - - 10 “OliI 

MECHANICAL 
Bare . . . . . Jbmbo ,-pin. RMA type A,-29 
Basing _ . _ . . . . . . Sss bass connection diagram 
Marim”m Overall Dimenkms: 

Length _ _ _ _ _ _ _ _ _ 0.5 inches 
Dh”s,s. . . . . . . . . . . . 2.31 inches 

Net Weight (Appror.) - - - . - . - - . - 8 0Y”Ce.l 
Shipping Weight (Avsrag.) - - - - - - - - - - - 1.5 pwndr 

MAXIMUM RATINGS (single tube) 
PEAK INVERSE ANODE VOLTAGE’ - . . - - - 10.000 MAX. VOLTS 
PEAK ANODE CURRENT 
AVERAGE ANODE CURREN; : : : : : : : 

5 MAX. AMPERES 
1.20 MAX. AMPERES 

SUPPLY FREQUENCY . 
CONDENSED-MERCURYTEMiERA;URE-RAN&E’ : : : : 

100 MAX. C. P. 5. 
20.60 OC 

APPLICATION 

ELECTRICA, 



CONDITIONS ASSUMED 

P I 

BOTTOM VIEW OF 
SOCKET CONNECTIONS 

F 
PIN I-NO CONNECTION 
PIN Z-FILAMENT, CATHODE SHIELD 
PIN 3-NO CONNECTION 
$I 4-FILAMENT ^ -. .-- 
. 

ir -rLAIC 
-GAS TYPE TUBE 



Eimac I~CYYIII sapacitorr are p.orided with terminab which allow the use o‘ standard &O-amp,. 
fuse clips for mounting. These clips must be kept &an and murt at all times make firm and pori+ive 
contact with the capacitor terminals. Failure to maintain a low-resistance contact to the capacitor 
terminalr may result in .xc.~siv. heating and pmnanen, damags to the capaci+o, seals. 

VC50-32 
Capacitanc.* 50 ppfd. 
Ma.. Peak Voltage 32,ow “01,s 
Ma.. RMS current 28 ampr. 

VC50-20 
Capasitanse’ 50 pFfd. 
Mar. Peak wtags 20.000 *o,+. 
Max. RMS current 28 amp*. 

VC25-32 
Capacitance* 25 wfifd. 
Max. Peak V&age 32.000 *o,+s 
Max. RMS cwent 28 amp,. 

VC25-20 
Capacitanse’ 25 ppfd. 
Max. Peak V&age 20,ooo “oltr 
Ma.. RMS Current 28 amp‘. 

L 
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2 

I 
MAX. PEAK VOLTAGE B 

: MAX. RMS CURRENT 
“9 
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VC12-32 
capacitance* I? ppfd. 
Max. Peak Voltage 32.000 volts 
Max. RMS Current 28 amps. 

vc 12-20 
Capacitance* 12 ppfd. 
Max. Peak Voltage 20,000 volts 
Mar. RMS Current 28 amps. 

I i iiii I I II 

VC6-32 
Capacitance* 6 &d, 
Max. Peak Voltage 32,000 volt. 
Max. RMS Current 28 amps. 

VC6-20 
C.pacitance* 6 &d. 
Max. Peak Voltage 20,000 volts 
Max. RMS Current 28 ampr. 
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These capacitors are manufactured in two maximum peak voltage ratings. 12.000 and 20,OW volts, 
and in capacitances of 6. 12. 25 and 50 uufd. A,, fyper hare a maximum current rating of 2B 
amperes. Each of the sapaciton may bo operated a+ its full maximum voltage rating at any frequency 
below that at which the rms current through the capacitor is 28 ampcre~ Above this frequency. the 
r-f voltage ~CIOII the capacitor must be reduced as the frequency incr....~, to prevent the cwmnt 
from exceeding the maximum rating. The sraphr below rhor the m.rimum Psak r-f voltage which 
may be applied to each type of capacitor a+ frsqusnsie. between 100 kilocycles and 50 megasyclss. 
Currcr am also shown which indicate the ,ms current flowing through the c.,,wi+or under m.ximum 
r-f ~oltags conditions at any frequency between 100 kilocycles and 50 megasyclss. Where both r-f 
and d-s voltages en applied to the capecitor, the sum of the peak r-f and d-c voltag.. mur+ no+ 
exceed the peak voltage rating of the capacitor. 

Eimac vacuum capasitorr are Prc.vidsd with termin& which allow the use of standard 60.ampere 
fuse clips for mounting. These clips must be kept clean and must at all times make firm and positive 
contact with the capacitor terminals. Failure to maintain a ,or.resirtance contact to the sapsci+or 
termina,. may rerult in .xessive heating and psrmanen+ damage to the capacitor . ..I.. 

vcso-32 
capaci+.ns.* 
Max. Peak Voltage 
Max. RMS cvrrsnt . 

vcso-20 
Capacitance* 
Max. Peak Voltage 
Max. RMS Cvrrsnt 

VC25-32 
c.pasitanc.* 
Max. Peak Voltage . 
Mar. RMS Current 

VC25-20 
capasitanse* 
Max. Psak “o,+ag* 
Ma.. RMS cur.en+ 

25 plrfd. 
20,cm “O,,% 

28 *mpr. 



VC12132 
capacitance* 
Ma.. Peak V&age 
Mar. RMS cvrrent 

. 

vc 12-20 
capacitance* 
Max. Peak Voltage 
Max. RMS cvrrent 

12 bpfd. 
20,000 v&s 

28 *mpr. 
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VC6-32 
capacitance* 
Max. Peak Voltage 
Max. RMS current 

VC6-20 
c.paci+ance* 
Max. Peak Voltage 
Max. RMS cvrrent 



TYPES VVC 60-20 VVCZ-60-20 VVC4-60-20 

GENERAL 
Eimac variable vacuum capacitors are intended 

principally for use as plate tank capacitors in radio 
frequency amplifiers and oscillators. The use of 
vacuum for the dielectric permits close spacing of 
the electrodes giving concentrated capacitance at 
high voltage. The variable vacuum capacitors are 
compact, lightweight, and eliminate the effects of 
dust and atmospheric conditions. 

The basic capacitor unit IVVC60-20) has an 
RF peak voltage rating of 20,000 volts and a maxi- 
mum current rating of 40 amperes RMS. Ganged 
multiple unit capacitors are available using two 
units IVVC2-60-201 or four units IVVC4-60.201. 
These multiple unit capacitors include a single 
mounting plate, gear train, and single tuning shaft. 
One end of each unit capacitor mounts on the 
commcm plate and one end is free. Thus the multi- 
ple capacitor may be connected with the units in 
parallel, as two series capacitors for “split-stator” 
work, or as multiple capacitors with one terminal 
COltlIllO”. 

The capacitors may be operated at a maximum 
voltage rating at any frequency provided the cur- 
rent rating is not exceeded. Above a particular 
frequency the maximum current rating becomes 
the limitation and voltage values less than the 
maximum must be used. Curves are given for each 
capacitor showing maximum allowable current 
I RMSl vs. frequency. 

The capacitance variation is linear with respect 
to shaft rotation with the complete range being 
covered in seventeen revolutions of the shaft. Ref- 
erence should be made to the tuning curve for each 
capacitor. A return to previously-indexed settings 
is positive. The variable vacuum capacitors have a 
low temperature coefficient resulting in a negli- 
gible change in capacitance due to variation in 
temperature. The actual coefficient values are 
given for each capacitor combination. 

MOUNTING 

The VVC60-20 is provided with a mounting 
plate on one end, which also serves as an electrical 

connection. If the circuit is such that one side of 
the capacitor is grounded, the mounting plate can 
be fastened directly to the panel or chassis. Four 
eyelets to accommodate No. 8-32 machine screws 
are provided on the mounting plate. If a single or 
multiple unit is to be ungrounded the mounting 
should be on insulators and the tuning shaft broken 
with an insulating coupling and the dial portion of 
the shaft grounded. 

The other end of the capacitor is provided with 
a large terminal that permits the use of a simple 
clamp or collet connector. This connector should 
be mounted flexibly to prevent undue mechanical 
strain being put on the capacitor seals. The con- 
nector must be kept clean and must at all times 
make a firm and positive contact with the capaci- 
tor terminal. Failure to maintain a low resistance 
contact to the capacitor terminal may result in 
excessive heating and permanent damage to the 
capacitor seals. 

The multiple unit capacitor is designed so that 
it may be mounted readily on the chassis or from a 
panel. The mounting plate serves as one electrical 
connection and can be mounted directly at ground 
potential or insulated above ground. 

The capacitors require normal circulation of air 
to keep the metal-to-glass seals below the maxi- 
mum permissible temperature when carrying large 
values of current. In cases where the air flow is 
restricted or the ambient temperature is above 
room temperature a measurement of the seal tem- 
perature should be made. Adequate cooling must 
be provided to keep the metal of the metal-to- 
glass seals below 150’ centigrade. 

The low-torque tuning mechanism provides easy 
hand-operation of a dial directly on the shaft of 
either the single or multiple-unit capacitors. The 
capacity of type VVC vacuum condensers may be 
controlled by an electric tuning motor providing a 
minimum of two inch-pounds of torque per unit. 
The use of positive-action limit switches or a slip- 
coupling is recommended to avoid forcing the 
mechanism when it reaches the limit of its travel 
in either direction. 







The VVC4-60-20 is a four unit variable vacu 
VVCbO-20 units in a convenient gang mounting. 

ELECTRICAL 
CHARACTERISTI 

I 
Capacitance 

Maximum ___.______._.................. 
Minimum _________......_..__............ 

Number of revolutions (See Curves) 
Maximum Peak R.F. Voltage _.______.. 
Maximum Current (RMS) ..__..______ 

(See derating curve vs frequent 
Temperature Coefficient .__......._..... 

MECHANICAL 
Mounting .._._________.......................... 
Cooling L.. ........................................ 
Maxim\ m Seal Temperature ............ 
Maximum Overall Dimensions 

Depth .................................... 
Height .................................... 
Width .................................... 

Net Weight .................................. 
Shipping Weight (approx.) ............ 
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PREFORMED CONTACT FINGER STOCK 

b Eimac Preformed Contact Finger Stock is a prepared strip of spring 

material slotted and formed into a series of fingers designed to make 

sliding contact. 

Eimac Finger Stock is an excellent means of providing good circuit 

continuity when using components with adjustable or moving contact 

surfaces. It is especially suitable for making connections to tuber with 

coaxial terminals, or to moving parts, such as long-line and cavity type 

circuits; and it is also useful in acting as an electrical “weather-strip” 

around access doors to equipment cabinets. 

The material is a heat treated alloy: and is silver plated for better r-f 

conductivity. No further forming of the material should be attempted. 

Eimac Finished Finger Stock has a minimum radii of curvature of % ” for 

the 17/32” type, and % H for both the 31/32” 

and I - 7/16” types. It may be secured by any 

suitable mechanical means or by soft soldering. 

Eimac Finger Stock can be obtained to 

order in a raw state (punched, formed, un- 

plated end not heat treated). The Raw Finger 

Stock can be formed to different shaper by the 

user but it then must be carefully heat treated. 

Finished Finger Stock receives a closely con- 

trolled and uniform heat treatment as follows: 

375’.385’C. for 5 hours in a neutral gas atmo- 

sphere. No special cooling considerations are 

necessary, except those required to avoid oxi- 

dation. Eitel-McCullough will not undertake to 

heat treat or plate Raw Finger Stock after 

being further formed by a customer. For fur- 

ther information concerning the heat treatment 

of the Finger Stock material, Alloy No. 720. 

write the supplier of the material: 

General Plate Division 

Metals and Control Corporation 

Attleboro, Massachusetts 

Standard lengths of either Raw or Finished 

Finger Stock are I foot, 2 feet and 3 Imexi- 

mum1 feet. Some small variation aboutthe 

standard lengths should be expected. 

b 
contast Swfasss 

fo, which Finger 
stost i, erpcsi.ll* 
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1 - 7/l 6” TYPE 

17/32” TYPE 

31/32” TYPE 



Designed ‘or we on the larger tuber, the HR.9 Heo, Dirripoting 
Connector is provided with an air duct ,o conduct the cooling 
air directly ,o the gloss seal. 

HR Heat Dissipating Connec,oorr or6 machined from solid 
durml rod, rind are supplied with ,he necessary machine screws. 
The table below lists the proper c-mnectorr for use with each 
Eimac tube hoe. 
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SECTION A 

INTRODUCTION 

The user of transmitting tubes is no doubt 
. 

familiar with the usual r-f circuits built around 

neutralized triodes, and the many considerations 

in layout, circuit design, adjustment, keying, 

modulation, and care required to get the best 

performance and life for his particular needs. He 

probably is not so familiar with an accumulation 

of factual experience using the latest designs of 
the four-electrode transmitting tube, the t&rode. 

It is the purpose of this application bulletin 

to cite s”me of the experience which has been 

had with current and new tetrodes to help users 

obtain the full capabilities of the tubes. 
Briefly stated these new tubes: 

1. Have internal feedback coupling reduced 

to a very small value. 
2. Permit design of amplifier stages which 

operate with driving power less than 1% 

of output power in most cases, and with 

negligible driving power in many audio 
cases. 

3. Operate efficiently and with good life at 

audio and radio frequencies, including 

the VHF region (30 to 300 MC.) and in 
some cases into the UHF region (300 to 

3000 MC.). 

4. Take abuse (providing it’s done intelli- 41 
gently and not with a hammer). 

5. Allow designers to build compact, simple, 

flexible equipment with the least chance 

of spurious interfering radiations. 

The practical desired results, however, can 

not be had unless the design, adjustment and 

operation of the complete equipment are right. 

This recital of 801118 experience with Eimac tet- 

rodes can not presume to supply the normal skill 

and good techniques necessary to build success- 

ful electronic equipment. It may make it easier 

by showing layouts, circuit considerations, ad- 

justment techniques, and operating values, which 

have worked. In many ways the problem is little 

different from building successful equipment 

with triodes. 

The bulletin tries to give a general under- 

standing, and clues to understanding, s”me of 

the behavior of circuits using tetrodes. For spe- 

cific ratings, operating values and information 

on a particular tube type, the technical data sheet 

for the tube type should be studied. It comes with t7 

the tube, or may be had for the asking. 

Fig. I 

Well arranged. filtered. and shielded 
r-f amplifier. Designed and built by 
R. L. Norton (WKEM), and in use 

at WIFH. / 
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SECTION B 
LAYOUT 

P B-l. General 

. Th e metallic enclosure in which the t&rode 

or tetrodes operate serves the following three 
purposes: 

1. 

2. 

3. 

Completes the shielding between the out- 

put (plate circuit) and the input (grid 
circuit). 

It channels the forced cooling air, or 
convection air currents, so as to cool the 

tube adequately and, incidentally, the 
associated component parts as well. 

It confines the radio frequency energy 

and helps permit selection of the desired 

frequency as the only one to be coupled 
out to the useful load circuit. 

A good example of a suitable enclosure is 

shown in Fig 1. 

B-l -a. Shielding 

BY referring to Figs. 2, 3, 4, 5, and 6, one 

can readily see several r-f layouts which have 

been satisfactory in practice. Note that in all 

cases the tube is mounted vertically with the 

base down, and the socket is mounted flush with 

the deck separating the compartment below the 

tube and the compartment above the tube. In all 

cases the grid and filament for cathode termin- 

als) are on the base end of the tube and extend 

into the lower compartment. The plate circuit 

and plate terminal are in the upper compart- 

ment. 

In the case of tubes having metal base shells, 

grounding clips should be carried by the bolts 

mounting the socket so as to bring the base shell 

to chassis potential. This completes the shielding 

between the output and input circuits since the 

base shell of the tube comes up opposite the 

screen shield within the tube itself. 

Fig. 2 

Push-pull r-f amplifie, emplo).ing C250A +e+rod.s. 
Designed and built by C. F. Bans (MWB)‘. 

Fig. 3 

Push-pull 88.108 Mc. I Kw. .mplifie. amp,oying 
4-400A tetroder. Radio Engineering Laboratories, 

Modal 101 transmitter. 





11 \ _----------. Fig. 8 
4-125A mounting providing cooling, shielding and 

irolation of output and input compar+men+r. 

B-l-b. Air Cooling 

If the flow of cooling air is upward it will be 

consistent with the normal %ow of convection 

currents. See Figs. 8 and 9. In all cases the 
socket is an open structure or has adequate vent 

holes to allow cooling of the base end of the tube. 

Cooling air enters through the grid circuit com- 

partment below the socket through a screened 
opening, passes through the socket cooling the 

base end of the tube, sweeps upward cooling the 

Fig. 9 

4X150.4 sharrir mount& providing cooling. rhield- 
ing and irolation of output and input compartmentr. 

glass envelope and into the output circuit com- 
partment. The output compartment also has a 

mesh-covered opening which permits the air to 

vent out readily. These arrangements apply 
whether the tube is cooled by forced air or con- 

vection circulated air. If the tube is to be forced- 

SECTION B 
air cooled, a suitable fan or blower is used to 
pressurize the compartment below the tubes. No 

holes should be provided for the air to pass from 

the lower to the upper compartment other than 
the passages through the socket and tube base. 

Some pressure must be built up to force the prop- 

er amount of air through the socket. In the case 
of convection cooling, open louvers or screened 

areas permit ready entrance of cool air, and all 

BCC~SS holes or vents should have large areas to 
provide a minimum resistance to the flow of air. 

.--------m-w- 

._-_---m-e-- 

Fig. 10 

DO NOT SUB-MOUNT A METAL BASE SHELL 
TUBE. Bare cooling is ,x.wt.d and no improve- 

ment in shielding rerultr. 

DO NOT SUB-MOUNT A TUBE WITH 

METAL BASE SHELL SO THAT THE CHASSIS 
DECK OR MOUNTING DECK COMES UP 

ABOVE THE VENT HOLES OF THE BASE 
SHELL OF THE TUBE See Fig. 10. No improve- 

ment in isolating output and input circuits re- 

sults, and such an arrangment pl-events the flow 

of cooling air, whether forced or by convection 

currents. If a tube must be recessed into the 

mounting deck because of space limitations, a 

recessing cylinder with wide clearances should be 
used to permit the air from the base holes to vent 

into the compartment above deck. 

The method shown in Figs. 8 and 9 of sup- 

plying the cooling air to the tube has worked 
successfully, provided the desired flow is ob- 

tained, and it is to be preferred over methods 

which try to force cooling air transversely across 

the tube base. 



SECTION B 
In the case of the 4X15OA, 4-4OOA, and 

4-10OOA t&rode, there are available complete 

air system sockets. See Fig. 11. These permit 

cooling air to be blown axially onto the base of 

the tube, through or past the base, confined by a 

suitable chimney to cool the glass portion of the 

tube, and then forced onto the plate terminal or 

through the anode cooler. This combined system 

permits a single stream of air to cool a tube com- 

pletely in a manner determined to be well bal- 

anced by the manufacturer. Since the air chan- 

nel is well defined and its resistance to the flow 

of air standardized, a simple measurement of the 

air pressure at the input indicates the proper 

flow of air. This assumes that there are no other 

air flow restrictions. 

B-2. Component Parts 

If one is to maintain the isolation of the out- 

put and input circuits indicated on the general 

layout, there must be some thought given to the 

location of the component parts. All component 

parts of the grid or input circuit and any earlier 

stages must be kept out of the plate circuit com- 

partment. Similarly, plate circuit parts must be 

kept out of the input compartment. It must be 

noted, however, that the screen lead of the tube 

and connections to it via the socket are common 

to both the output and input resonant circuits. 

Due to the plate-screen capacitance of the tube, 

the r-f plate voltage (developed in the output 

circuit) causes an r-f current to flow out the 

screen lead to the chassis. In the case of a push- 

pull stage, this current may flow from the screen 

terminal of one tube to the screen terminal of 

the other tube. Similarly, due to the grid to 

screen capacitance of the tube, the r-f voltage in 

the input circuit will cause an r-f current to flow 

in this same lead to chassis, or to the opposite 

tube of the push-pull circuit. 

Curiously enough, the inductance of this 

lead, common to both the output and input cir- 

cuits, has the desirable feature of providing volt- 

age of opposite polarity to neutralize the feed- 

back voltage of the residual plate to control-grid 

capacitance of the tube. (This is discussed under 

section D-2 “Neutralization”.) It should be 

noted, however, that the mutual coupling from 

the screen lead to the input resonant circuit 

might possibly be a source of trouble if accen- 

tuated. 

I 

Parasitic oscillations are usually unavoid- 

ably present in new designs. Such parasitic os- 
cillations result from the minor characteristics 

of some of the lead wires and circuit components 
and such incidental circuits must be altered to 

prevent their occurrence. This is a straight-for- 
ward “de-bugging” and will not affect the per- 

I 

formance of the fundamental frequency. 
Thus, after the general arrangement of the 

layout of the new amplifier is known, the loca- 

tion of the component parts is the next step. No 
attempt is made to discuss details other than 

those which are peculiar to power tetrodes. 
No given layout can be guaranteed to be a 

cure-all for trouble. It is believed that certain 
basic ideas and arrangements can be considered 
as good practice, which will make “de-bugging” 

easier. Certain of the component parts might 
just as well be laid out following one of these 
arrangements. 

The photographs of equipment are examples 

of good layout. The bypassing arrangements 
near the t&rode socket illustrated in Figs. 1‘2, 

13 and 14 are examples of successful arrange- 
ments. They are not presumed to be perfect nor 

the only possible good arrangements. 

B-3. Lead Lengths 

Some of the inter-connecting lead wires 

close to the tube should be made extremely low I 

inductance to minimize the chances of forming t 

possible VHF parasitic circuits. If two or more 

tubes are used they should be placed reasonably 



Fig 12 

Underside of push-pull multi-band r-f amplifier 
employing C250A tetroder. Designed and 

built by C. F. Bane (W6WB)‘. 

close together to help provide short inter-con- 
necting leads. The lead lengths of radio frequency 
circuits involving the fundamental frequency can 
usually be much longer and will depend a good 

deal on the frequency of the fundamental. All of 
the d-c, keying, modulating, and control circuit 
wires can be quite long, if properly arranged, 
and so be kept away from the active r-f circuits. 

The following inter-connecting leads in a 
t&rode power amplifier should preferably have 
quite low inductance: the filament and screen by- 
passing leads, the leads from grid and plate to 
the tuning capacitor of the r-f circuit and return, 

and the inter-connections from tube to tube in 
push-pull or parallel arrangements. For a lead to 
have low inductance, it must have a large sur- 

face and be short in length, as in a strap or a 
ribbon. This consideration also applies to that 
portion of a lead inside of a bypass capacitor. 

rGRlD 

v. FliAMENT 

SECTION B 
B-4. Filament Bypassing 

Low inductance bypass capacitors should be 

used in bypassing the filament. It is good practice 

to place one direot!y between the dlament sockets 
terminals. If the circuit allows it, strap one fila- 

ment directly to the chassis, and if not, use a sec- 
ond bypass capacitor from one terminal to 
chassis. 

If two or more tubes are in a push-pull or 

parallel circuit, one can use a short strap inter- 

connecting one of the filament terminals of each 
socket, Fig. 14~2, g; or the tubes can be bypassed 

as in the single tube case, Fig 14b, f. The mid- 
point of the inter-connecting strap can be by- 
passed or grounded directly. 

In case separate filament supplies are used, 

as in individual metering circuits, filament by- 

passes as shown in Fig. 14d have been found 
satisfactory. 

With tubes having a completely isolating 
screen cone terminal such as the 4X500A and 

4X150A, th e general circuit arrangement is 
usually different. The filament or cathode should 

go directly or through bypasses to the cavity wall 
or chassis to which the screen terminal is by- 

passed. Typical cavities or arrangements are 
shown in Figs. 5, 6, 9 and 17. In the case of the 

4X150A air system socket, the cathode terminals 
are secured to the mounting cup which also 
forms one plate of the screen bypass capacitor. 

B-5. Screen Bypassing and Screen Series Tuning 

Low inductance leads are generally advisable 

for screen terminal connections. For all fre- 
quencies it has been found good practice for the 



SECTION B-C 
screen bypass capacitor to go directly from 
screen to one filament terminal. This applies to 
tubes in push-pull as well as single tubes. In the 

. VHF region the connection to the screen term- 
inals should be made to the mid-point of a strap 
placed between the two screen terminals of the 
socket. This provides for equal division of the 
r-f current in the two screen leads and minimizes 
the heating effects. 

Above the self neutralizing frequency of the 
t&rode (about 25 MC. for the 4-1000A and 
around 80 MC. for.the 4-125A) the screen bypass 
capacitors are usually variable capacitors. (See 
section D-2 “Neutralization”). The variable 
capacitors are placed in the circuit at the same 
location as the bypass capacitors. Care should 
be taken to keep the inductance of the leads low. 

above apply directly to tubes having the screen 
grid mounted on internal supporting lead rods, 
as in the types 4-65A, 4-125A, 4-250A, 4-400A, 
4X500F and 4-1OOOA. 

The types 4X150A, 4X150G, and 4X500A 
have isolating screen cone terminals. These tubes 
seem to work best when the screen bypass capac- 
itor is a flat sandwich type of capacitor (using 
silver coated mica for a dielectric) built directly 
onto the peripheral screen contacting collet of 
the socket. This arrangement is illustrated in 
Figs. 5, 6, and 17. Provided the screen contacting 
collets do not introduce appreciable inductance, 
it has been found that capacitors having values 
of about 800 micro-microfarads or greater are 
suitable for VHF and UHF frequencies. At lower 
frequencies the usual bypass capacitor values of 

The information in Fig. 14 and paragraphs about ,001 to ,003 mfd are suitable. 

CIRCUIT CONSIDERATIONS 

C-l. Basic Circuifs 

The basic circuits of t&rode amplifiers for 
both audio and r-f power amplifiers are in gen- 
eral similar to those for triode amplifiers. The 
tubes perform the same functions and differ prin- 
cipally in having much lower driving power re- 
quirements and much greater inherent isolation 
between output and input circuits. Such differ- 
ences as exist in the details and associated cir- 
cuits are discussed in the following paragraphs 
and sub-sections. 

In designing the basic r-f circuits, reference 
should be made to the technical data sheet of the 
particular tube type for the electrode voltages 
and currents, and the output and driving power 
to be expected. 

Because of the ability of the screen to assist 
in the flow of plate current, the grid can control 
a large plate current without going positive. For 
this reason low distortion audio amplifiers in 
class AB, are possible. Thus, the tube requires 
audio driving voltage only (with no grid current 
flowing) while delivering large audio power, 
such as 750 watts from a pair of 4-25OA’s or 3 
kw from a pair of 4-1000A t&-odes. For such a 
circuit refer to Fig. 15 where a pair of receiving 
tubes in a resistance coupled, phase inverting cir- 
cuit is all that is required to drive the t&rode. 
For a typical equipment design see Atkins & 
Mandoli’, and Fig. ‘7. 



VHF circuits appear very simple and clean 
as shown in Figs. 3, 4, and 5. Care in bypassing 
and neutralizing (if required) is very important. 

,, For details see Sections B-4, B-5 and D-2. A 

typical schematic circuit is shown in Fig. 16. An 
understanding of transmission line circuits is 

helpful though no more necessary in t&rode cir- 
cuits than triode circuits. 

I 
Fig. 16 

screen-tuning neutr.di.ation circvit for “se above 
100 MC. with 4-1254 tetrode. 

Some tetrodes are able to operate well into 
the UHF region, and coaxial type cavity circuits 

are normally employed. In general, microwave 
and cavity techniques apply to the cavity con- 

struction. As indicated in Fig. 17, screen bypass- 
ing is introduced as part of the cavity construc- 
tion. 

Schematic cavity section of 1~50 MC., amplifier 
employing 4X1506 tetrode. 
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C-2. Bypassing. Filtering, Screening 

Essentially the requirements for confining 
the.r-f energy to the desired circuits by bypass- 
ing, filtering, and screening are the same with 
t&rode power amplifiers as with triode amplifiers. 
See section B-l, 4, 5 and D-2 for discussion of 
best arrangements. 

C-3. Power Supply Consideration 

In general, power supply problems for the 
plate and grid are the same as for the triode 
amplifier. The need for screen voltage introduces 
some new considerations and provides some new 
possibilities. 

Voltage for the screen grid of a power tet- 
rode can readily be taken from the power SUPPLY 

used for the plate of the tube. In this case a 
series resistor, or potential dividing resistor, is 
chosen so that with the intended screen current 
the voltage drop through the resistor is adequate 
to give the desired screen voltage. It is, of course, 
possible to take the screen voltage from a low 
voltage supply, frequently using one already 
available in the equipment. There is considerable 
latitude so that an available voltage can be used. 
Sometimes a combination might be employed 
where a dropping resistor is used in conjunction 
with a low voltage or intermediate voltage sup- 
ply. Frequently a combination of series resistor 
and voltage source can be chosen so that the 
rated screen dissipation will not be exceeded re- 
gardless of the variations in screen current. With 
a fixed screen supply, there are advantages in 
using an appreciable amount of fixed grid bias SO 
as to provide protection against loss of excita- 
tion, or for cases where the driver stage is being 
keyed. 

If the screen voltage is taken through a 
dropping resistor from the plate supply, there is 
usually little point in using a fixed grid bias be- 
cause an unreasonable amount would be required 
to protect the tube if the excitation failed. When 
a screen dropping resistor is used, most of the 
bias is normally supplied through a grid resistor 
and other means are used for tube protection. 

Under operating conditions with normal 
screen voltage the cut-off bias is low (about l/5 
the screen voltage). When a stage loses excita- 
tion and runs statically, the screen current falls 
close to zero. (See static curves of tube in ques- 
tion.) If the screen voltage is obtained through 
a simple dropping resistor from the plate supply, 
the screen voltage will then rise close to full plate 
voltage. Because the cut-off bias required is pro- 
portional to the screen voltage, the grid bias re- 
quired will be much greater than the amount of 
bias desired under normal operating conditions. 
For further discussion see C-4 “Protection” and 
C-5 “Keying”. 
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If the output power of a transmitter or am- 
plifier stage is to be adjustable by varying the 
plate voltage, it is advisable to take the screen 
voltage through a dropping resistor from the 
plate supply. Then, as the plate supply voltage is 
raised or lowered, the screen voltage rises or falls 
also and the plate current will follow. Alter- 
natively, then sceen supply could be separate but 
with large series resistance to give poor regula- 
tion, and the changes in screen current would 
cause the screen voltage to rise or fall. It is 
necessary to have the plate current proportional 
to the plate voltage if the same loading adjust- 
ment (load resistance) is to serve for all power 
levels. If the plate current does not follow the 
plate voltage, the loading would have to be 
changed for each power level. This added control 
over the screen voltage is nkcessary because the 
plate current in a t&rode is principally controlled 
by screen voltage when excitation is present, and 
very little by plate voltage alone. 

, I 
c:_ to 
“9. 10 

Applisationr and circuits +o which fixed and rerirtm type 
screen and grid supplier are best suited. 

In Fig. 18 a chart summarizes some of the 
reasons for choosing either a fixed screen supply 
or dropping resistor type of screen supply. Sim- 
ilarly the type of the grid bias is important and 
should be chosen with both the application and 
the protection of the tube in mind. The d-c 
screen and grid currents are sensitive to changes 
in excitation and loading, and these changes af- 
fect the d-c grid and screen voltages if the sup- 
plies have appreciable internal resistance. These 
effects may be very beneficial if properly employ- 
ed but in some cases are undesirable. For all va- 
riable grid drive applications a fixed screen SUP- 
ply and a fixed control grid bias are necessary. It 
should be noted, however, that for a plate modu- 
lated r-f amplifier, an r-f amplifier where a 
variable loading condition is expected, or where 
output power is to be controlled by changing 
plate voltage, a screen source with poor regula- 
tion is desirable, i.e., screen voltage obtained 
through a screen dropping resistor. 

This chart indicates the location of a suitable relay which should 
act to remwe the principal wpply voltage from the stage or 

tranrmitte. to preven+ damage to the tuber. 

C-4. Protection 

Eimac tetrodes are designed to stand con- 
siderable abuse. For instance, the excess anode 
dissipation resulting from detuning the plate cir- 
cuit of the tube will have no ill effects if not aP- 
plied for periods of time sufficient to overheat 
the bulb and the seal structure. 

Similarly the grid and screen will stand 
some excess dissipation. In the Iatter cases, how- 
ever, the maximum dissipation indicated on the 
data sheet should not be exceeded except for time 
intervals of less than a second. The maximum 
dissipation rating of the grid and screen is 
usually considerably above the typical valves 
used for maximum output so that ample operat- 
ing leeway is provided. The time of duration of 
overloads on the control and screen grids is 
necessarily short because of the small heat stor- 
age capacity of the wires. Futhermore, grid tem- 
peratures cannot be seen, as in the case of the 
plate temperature, and no visual warning of 
accidental overload is had. 

The type and degree of protection required 
il; an r-f amplifier against circuit failures wil 
vary with the type of screen and grid voltagt 
supply. Fig. 18~indicates some of the inhera 
protection provided by certain types of supplies 
and Fig. 19 presents a chart of protection as re 
lated to certain kibds of circuit failures. Fo 
screen voltage taken through a dropping resisto 
from the plate supply, a plate relay provides al 
most universal protection. For a fixed screen sup 
ply a screen relay provides protection in mos 
cases, and, for protection against excess antenn 
loading and consequent high plate dissipation, 
screen undercurrent relay should also be usec 
(Starting up in the latter case will, of course, x-8 
quire a temporary hold-in circuit.) 



Plate, screen, and grid bias voltages may be 

applied simultaneously to a t&rode. Grid bias 

and excitation can usually be applied alone to the 
., tube, especially if a grid leak resistor is used. 

Plate voltage can be applied to the t&rode be- 
fore the screen voltage, with or without excita- 

tion to the control grid. NEVER APPLY 

SCREEN VOLTAGE BEFORE PLATE VOLT- 
AGE. The only exceptions would be when the 

tube is cut off so that no space current (screen 
or plate current) will flow, or the excitation and 
screen voltage are low. If screen voltage is ap- 
plied before the plate voltage and space current 

can flow, the maximum allowable screen dissi- 

pation will almost always be exceeded and dam- 
age to the tube will result. 

C-5. Keying 

The t&rode power amplifier can be keyed 

using the same basic principles employed with 
any power amplifier. In addition, the screen elec- 

trode provides another low power circuit where 
keying can be introduced. Suitable filters, of 

course, must be used so that the make and break 
is slow enough to avoid high frequency sidebands 
known as “key clicks”. The usual “key click” 
filter techniques apply. 

There are several good methods of controlling 

the t&rode r-f power amplifier when exciter key- 
ing is used. With the screen voltage fixed and 

with fixed bias greater than cut-off, the tube will 
pass no current when the excitation is removed. 

SECTION c 

Fig. 21 

Tetrode amplifier keying circuit ursd by B. 0. 
Ballau (W6BETJ’. 

It is also possible to key the exciter stage 

when the screen voltage is taken through a drop- 
ping resistor and grid leak bias is used. See Fig. 
20. In this system a high tramconductance, low 
mu triode is connected between screen and cath- 

ode, and the controlling bias for the small triode 

is taken from the t&rode bias developed in the 
grid leak resistor. When normal excitation is 
present on the t&rode r-f amplifier and grid bias 

is developed, the triode control tube is cut off 
and the screen voltage circuit operates normally. 

If excitation voltage is removed from the t&rode 
power amplifier, the bias voltage developed in 

the resistor drops to zero and the control triode 
becomes conducting. The current drawn by the 
triode control tube will increase the IR drop in the 

screen dropping resistor and lower the screen 

v&age to a very low value. 
There is still some screen voltage on the 

t&rode and a small static plate current flows 
which, however, is usually not enough for the 
plate dissipation rating to be exceeded. This 

value can be reduced further by putting a second 

control triode in parallel with the first (also a 

smart precaution against failure of the single 

triode), by putting a gas regulator tube in series 
with the lead to the screen before the screen 

r-f bypass capacitor, or by introducing a small 
amount of fixed bias on the t&rode between the 

grid resistor and the t&rode grid. These pro- 
cedures are usually not required. In fact, the 

static plate current gives a desirable bleeder ac- 
tion for the plate supply. 

Fig. 21 shows a method of keying a t&rode 

r-f power amplifier where the low voltage 

power supply for the screen of the t&rode and 

for the plate and screen of the driver stage is 
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keyed directly. The circuit is described by 
Ballou*, I’. This permits keying in a relatively 

low voltage, low current circuit. The key click 
filter capacitor, resistor, and choke are simple 

and assure positive control of the keying wave 

shape. 

C-6. Modulating 

A t&rode r-f amplifier can be amplitude 

modulated in all the usual ways: plate modula- 

tion, screen modulation, grid modulation, or 
cathode modulation. Of these, plate modulation 

is the type most extensively used, and a discus- 
sion of several simple methods of obtaining sim- 

ultaneous modulation of the screen will be 

helpful in this respect. 

Fig. 22 shows three of the basic plate modu- 

lation (or high level modulating) circuits, and 
Fig, 15 shows a complete schematic involving a 

plate modulated r-f amplifier and the audio 

modulator stage, using a pair of 4-250A tetrodes 
to modulate a pair of 4-250A tetrodes. 

In plate modulation it is necessary to intro- 
duce not only amplitude modulation of the plate 

voltage, but also to develop about 70% ampli- 
tude modulation of the screen voltage of the tube 

as well, for 100% carrier modulation. Modula- 
tion of the screen voltage can be developed in one 

of the following three ways: 

1. By supplying the screen voltage through 
a dropping resistor connected to the un- 

modulated d-c plate supply. 

2. When a low’voltage fixed screen supply 
is used, a modulation choke is placed in 
series with the supply. In the case of 
voice modulation this is about a 10 

henry choke. 

3. A third winding on the modulation trans- 
former designed to develop the required 

screen modulation voltage. 
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It is interesting to note that in all three 

cases the screen of the t&rode tube supplies the 

necess&y audio power. During the portion of 

the modulation cycle when the plate voltage is 

increased, the screen current decreases. If the 

screen is supplied through an impedance such as 

the screen dropping resistor, or modulation 

choke, the voltage drop in this series impedance 

becomes less and the screen voltage rises in the 

desired manner. On the other part of the modula- 

tion cycle when the plate voltage is decreased, 

the screen current increases causing a greater 

.voltage drop in the screen series impedance, thus 

lowering the voltage on the screen of the tube. 

It will be noted that in the plate circuit 

the plate voltage increases, the plate current i 

creases, which requires power to be supplie 

from the audio modulator. In the screen cir 

however, as the screen voltage increases, 

screen current decreases. This corresponds 

audio power being supplied from the tetro 

and d-c screen voltage source, and delivered 

the dropping resistor or series impedance. In t 

case of the modulation transformer the power 

supplied back to the audio source. In all c 

this power is a few per cent of the plate po 

input to the tube and is therefore negligible. 

Where modulation voltage appears on 

electrode of a tube, the r-f bypass capacitor 

this electrode should be kept to about .OO2 

or less in order to avoid bypassing high m 

tion frequencies. 

In grid modulation or screen modulati 

where 100% modulation capabilities are de&r 

the tube efficiency under carrier condition 

about half that expected in the r-f amplifier 

plate (high level) modulation is used. 

efficiency is usually on the order of 35% and 

grid or screen modulation is not used unless th 

is a desire to save on the physical size of 

modulation source. 

When grid modulation is used, the s 

voltage and grid bias must be taken from s 

with good regulation. This usually means 

arate low voltage power supply source. In 

case of screen modulation, the grid bias sho 

be taken from a grid leak bias resistor. The 

cedure in screen modulation is otherwise sim 
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to the standard procedure of modulating with an carrier condition which will permit 100% ampli- 
electrode other than the plate. The r-f amplifier 

) !l‘i 

tude modulation. Under these conditions the 
1s adlusted to good class-C operating conditions, unmodulated carrier power is about I/’ that of 

_ and then the grid bias is increased, or the screen the corresponding unmodulated class-C ampli- 
voltage is reduced, until the output antenna cur- fier. The grid bias or screen voltage can then be 
rent falls to half its former value. This gives a modulated up and down about this carrier point. 

CIRCUIT ADJUSTME 

-3 CHOICE OF OPERATING 

D-l Stabilizing the Amplifier 

? 

. 

At this point it is assumed that the ampli- 

fier has been built, supply and control circuits 

tested out, the filament voltage checked at the 
tube sockets, air cooling is correct, and the grid 
and plate circuits resonate at the desired fre- 

quency. The next step is to apply voltage to the 
amplifier and test for stability. 

D-l-a. Testing for Parasitic Oscillations 

In the case of the t&rode r-f power ampli- 
fier, it will be necessary to investigate not only 
for the possibility of self oscillation, but lack of 

a 
feedback on the fundamental frequency. The 
basic steps of checking for self oscillation are 

three fold: 

1. The amplifier should be operated without 

r-f excitation and without fixed grid bias, 
with light loading and with low voltages 

applied to the screen and plate. The volt- 
age should be high enough to develop 

full plate dissipation, however. For this 
test grid leak bias should be used. If the 

screen and plate voltage supplies can- 
not be adjusted directly to low voltages, 

suitable series resistance should be used, 
either in series with the rectifier out- 

put or transformer primary so that the 
voltages developed at the tube will be 

low. (Simple light bulbs of the right size 
will serve as resistors in series with the 

primary of the rectifier transformers.) 
The r-f circuits should be tuned off reso- 

nance to see if self oscillation of the am- 
plifier can be started. The presence of 
any current on the grid milliameter 

means that self oscillation is present. 

2. By means of a wave meter the frequency 

of self oscillation of the r-f power ampli- 
fier is found. 

3. 

NT AND 
CONDITIONS 

The circuit supporting the self oscilla- 

tion must be determined and altered so 
that such oscillations cannot exist, and 
without disturbing the performance on 

the normal frequency of the amplifier. 

The subject of parasitic oscillations in am- 

plifiers has been well covered in the literature, 
and the following references will be helpful: 
Mixa, Fylw’, Banes. 

D-l-b. Correction of Parasitic Oscillation 

The usual self oscillations in r-f power am- 
plifiers have been found to fall in the following 
three classes: 

1. 

2. 

3. 

Oscillation at a VHF frequency from 
about 40 to 150 MC., regardless of the 
normal frequency of the amplifier. 

Self oscillation on the fundamental fre- 
quency of the amplifier. 
Oscillation at a low radio frequency be- 
low the normal frequency of the ampli- 
fier. 

The low frequency oscillation in an ampli- 
fier usually involves the r-f chokes, especially 
when chokes are used in both the output and in- 
put circuits. Because the possible feedback 
coupling in a t&rode is negligible at such low 
frequencies, this type of oscillation due to feed- 
back through the tube is generally not found in 
the tetrodes under discussion. 

Oscillation near the fundamental frequency, 
if it occurs, involves the normal resonant cir- 
cuits, and brings up the question of neutralizing 
the r-f power amplifier. This general subject is 
discussed thoroughly under “Neutralization” 
section D-2. 

In case a parasitic self oscillation is found 
on a very high frequency, the inter-connecting 
leads of the tube, the tuning capacitor and bypass 
capacitors are involved. This type of oscillation 
does not usually occur when the power ampli- 
fier is designed for operation in the VHF region 



SECTION D 
and where the r-f circuits external to the tube 

have negligibly small tuning capacitors. With- 

out tuning capacitors the highest-frequency os- 
cillating circuit possible is then the fundamental 

and there would be no higher frequency circuit 
available for the parasitic. (The only exception 

would be where higher order modes of line cir- 

cuits might provide a parasitic circuit. However, 

little trouble has been found in this respect.) 

Fig. 23 

Urual circuit rupporting VHF pararitic OICillatio” 
in HF r-f amplifierr. 

The VHF oscillation occurs commonly in 

amplifier constructions where the radio fre- 
quency circuits are composed of coils and capaci- 
tors, as in the HF and LF region. As will be seen 

in Fig. 23, the parasitic oscillation uses the capa- 
citors of the fundamental resonant circuit as by- 

pass capacitors, and the associated grid and plate 
leads for the inductances of the parasitic circuit. 

The tube capacitances help form the tuned-plate 
tuned-grid oscillation circuits. The circuit is in- 

dicated by the heavy lines in Fig. 23. 

There are several straight-forward ways to 
suppress the VHF parasitic oscillation. In gen- 

eral, it will probably be more easily suppressed 
if the general layout and bypassing methods in- 

dicated earlier are followed. 

It turns out that the frequency usually met 
in a VHF parasitic oscillation is well above the 
self neutralizing frequency of the tube. (See 
D-2-b “Analysis of Neutralizing Circuits”.) How- 

ever, if the self neutralizing frequency of the 
tube can be increased and the frequency of the 
parasitic lowered, complete suppression of the 

parasitic may result, or its suppression by resis- 
tor-coil parasitic suppressors made easier. 

The following table lists the usual frequency 
around which the VHF parasitic may occur with 

usual circuit lead lengths: 

4-1000A 90-110-Mc. 
4X500F . . : 130-145Mc. 

4X500A . Approx. 225 MC. 
4-400A . . 130-150Mc. 

4-250A . . . 130-150 MC. 
4-125A 

4-65A : : : : 

130-145 MC. 

130-170 MC. 

It is also possible to predict fairly closely 
with a grid dip wavemeter the frequency to be 

expected in a given equipment. The circuit should 
be complete and no voltages on the tube. The 

grid terminal may be strapped to the filament or 

screen because the grid circuit does not usually 

seem to be involved. Couple the meter to the 
plate or screen lead. 

The following two methods of eliminating 

the VHF parasitic oscillation have been used 
successfully: 

1. By placing a small coil and resistor com- 

bination in the plate lead between the 
plate of the tube and the tank circuit. 
See Fig. 24. The resistor-coil combina- 
tion is usually made up of a non-induc- 

tive resistor of about 50 to 100 ohms, 
shunted by 3 or 4 turns about I/” in 

diameter and frequently wound right 
around the resistor. In SOme cases 

it may be necessary to use such a sup- 
pressor in both the plate and grid leads. 
The resistor coil combination operates 

on the principle that the resistor loads 
the VHF circuit but is shunted by the 

coil for the lower fundamental fl;e- 

Placement of pararitic rupprerrorr to eliminate 
VHF pararitic orcillationr in HF r-f amplifier.. 



2. By the use of small paiasitic chokes in 

the plate lead. See Fig. 24. The size of 
this coil will vary considerably depend- 

ing upon the tube and the circuit layout, 

and may run from about 4 to 10 turns of 

about a l/z” diameter. Apparently, the 
presence of this choke in the frequency 

determining part of the circuit lowers 

the frequency of a possible VHF para- 
sitic so that it falls near the self neutral- 

izing frequency of the tube and bypass 
leads. (See D-2-b “Analysis of Neutral- 

izing Circuits.“) In addition to varying 

the size of the suppressor choke, the 

amount of inductance common to the 

screen and filament in the filament 

grounding strap may be a factor. This 

can be varied simultaneously with the 
suppressor choke. 

Of the two methods indicated above for sup- 
pressing VHF parasitic oscillations, the first one 

is probably the simpler to use and has been 
widely employed. No detailed study has been 
made of the circuits involved in the second 
method, but the method has been used success- 
fully as indicated by Mix’ and Ban@. A further 
discussion of the theory believed active in the 
second case is given under section D-2 “Neutral- 
ization”. 

The procedure of checking for self oscilla- 
tion in an r-f power amplifier described above 
in section D-l will normally show up most trou- 
ble and allow for its correction. If, however, 
the correction is marginal it may sometimes 
happen that under operating conditions the self 
oscillation will be triggered off. The oscillation 

may occur only on the peaks of amplitude modu- 
lation or on keying surges. By observing the r-f 
envelope on a cathode ray osci!loscope, the oscil- 
lation can usually be seen. The trouble can be 
fully eliminated by pursuing further the correc- 
tive procedures outlined under D-l-b above. 

A more difficult self oscillation to locate is 
one occurring on a harmonic of the fundamental 
frequency and occurring only when the stage is 
operating. It will show up when testing for the 

presence of abnormal power in the harmonics 
under operating conditions. 
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In the case of an audio amplifier employing 

t&rode, small non-inductive resistors of about 
100 ohms resistance should be placed in series 
with the plate, and possibly the grid as well, in 
case self oscillation of the amplifier occurs in the 
very high frequency portion of the r-f spectrum. 
Should the audio or d-c voltage drop in the re- 
sistor be objectionable, it can be shunted with a 
small coil. 

D-2. Neutralization 

Whether oi- not a t&rode should be neutral- 
ized seems to be an open question. As stated 
previously, the feedback within t&odes is a very 
small fraction of the feedback present in triodes. 
In a great many cases the isolation provided by a 
t&rode is enough so that there is no need to use 
any neutralization to counteract the negligible 
feedback. This applies to all low frequency r-f 
amplifiers. Whether or not neutralization should 
be used in the HF, the VHF and UHF regions de- 
pends entirely upon the particular tube type, the 
operating conditions and the desired isolation of 
output and input circuits. In the case of tubes 
having isolating screen cone terminals, as for in- 
stance the 4X150A and 4X150G, no neutraliza- 
tion has been found necessary up through their 
highest useful amplifier frequency, approximate- 
ly 500 MC. and 1000 MC. respectively. In the case 
of the 4X500A, also employing’ the isolating 
screen cone terminal, it is occasionally found de- 
sirable to use neutralization at 100 MC., though 
this is frequently not necessary. In the case of 
tetrodes having internal screen support lead rods, 
such as the 4-125A and 4-250A types, the need to 
employ neutralization in the HF region may be 
found in amplifiers operating with high power 
gain and high plate voltages, if complete isola- 
tion of output and input circuits is desired. Fre- 
quently it is not necessary. 

At frequencies below the VHF region, neu- 
tralization usually employs a capacitance bridge 
circuit to balance out the feedback due to the 
residual plate to grid capacitance. This assumes 
that the screen is well bypassed to ground and 
so provides the expected screening action. In the 
VHF and UHF regions the screen is not necessar- 
ily at r-f ground potential and the neutralizing 
circuit becomes more involved. For suitable VHF 
circuits and simple explanation, see Section 
D-2-b “Analysis of Neutralizing Circuits”. 
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If neutralization on the fundamental fre- 

quency below the VHF region is found desirable, 
normal cross-neutralization of push-pull ampli- 
fiers is simulest. The neutralizine cauacitors are 
small and each capacitor need only be a wire 
connected to each side of the grid circuit, brought 
through the chassis deck, and allowed to “look” 
at the plate of the tube on the opposite half of 
the circuit. This is illustrated in Fig. 2. The wire 
or rod can be *L “to 1” away from the glass, and 
by adjusting its length or spacing the last trace 
of coupling can be eliminated from the amplifier. 
A simple insulating wallet mounted on the chassis 
deck will support the wire or rod and allow it to 
be adjusted. 

tame bridge showing clearly the grid neutraliza- 
tion circuit. See Fig. 26b. Balance is had when 
Cn QP 
;;- = ~7 v fl 

-. 
tance grid to plate of the t&rode, and Cgf is the 
total input capacitance, including tube and stray 
capacitance. 

In the case of a single-ended stage, either a 
push-pull output or a push-pull input circuit can 
be used to provide the out-of-phase voltage neces- 
sary for neutralization. Because of the low volt- 
age and the small size of the r-f input circuit, it 
is usually simpler to make the input circuit push- 
pull, and the circuit becomes a “grid neutraliza- 
tion” circuit. See Fig. 25. The neutralizing 
capacitor, Cn, is again very small and similar to 
those described above under cross-neutralization. 
To maintain the balanceof the input circuit while 
tuning, it is desirable to have a padding capaci- 
tor, Ci, equal in size to the input capacitance of 
the t&rode. 

rag. ‘2 

Purh-pull grid neutralization, basic circuit. 

Single-ended r-f stages can also be easily 
grid-neutralized without using a conventional 
push-pull input circuit. See Fig. 26. In this 
method described by.Bruene’, the input resonant 
circuit is taken off ground a small amount by 
making the input circuit bypass capacitor, C, 
somewhat smaller than usual. The voltage to 
ground across capacitor, C, is out of phase with 
the grid voltage and can be fed back to plate to 
provide neutralization. In this case the neutral- 
izing capacitor, Cn, is considerably larger than 
the capacitance plate to grid and is about the 
size of those used for neutralizing triodes. 

The basic circuit of the Bruene method is 
shown in Fig. 26a. It can be redrawn as a capaci- 

Fig. 26 

Single-ended grid neutralization described by Bruene’. 
a) Basic Circuit. b) Arranged as 

capacitance bridge. 

Single-ended amplifiers can also be neutral- 
ized by taking the plate circuit a small amount 
off ground as was done in the single-ended grid 
neutralizing scheme, and by using the tube ca- 
pacitances as part of the bridge circuit. This 
method has been described by Hultberg’. 

Fig. 27 

Single-ended plate neutralization. basic circuit. 
See Hultberg’. 

Such a circuit is shown in Fig. 27. It differs 
from the usual r-f amplifier circuit in that the 
plate bypass capacitor is returned to the screen 
side of the screen bypass capacitor, Cs, and in 
adding stray capacitance from plate to ground, 
Cp. The size of screen bypass capacitor, Cs, and 
the amount of stray capacitance in Cp are chosen 
to balance out the voltages induced in the input 
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circuit by the internal tube capacitances plate to 
grid, Cpg, and screen to grid, Csg. 

Fig. 28 

Single-ended plate nsutraliration ahawing 
capacitance bridge circuit present. 

The circuit is redrawn in Fig. 28 in the 
usual bridge circuit form. Balance is had when 

CP CPg 
-=- 
CS cgs . 

In usual t&rode structures the ca- 
pacitance from screen to grid is roughly half the 
published tube input capacitance. (The tube in- 
put capacitance is mainly the sum of the capaci- 
tance of the grid to screen and the capacitance 
grid to cathode. Since as a first guess these two 
capacitances are roughly equal, one is not far off 
in using half the listed tube input capacitance.) 

It should be noted that in all neutralizing 
capacitance bridge circuits it is assumed that the 
frequency is low enough so that inductances in 
the connecting leads and tube structures can be 
neglected. This is usually not the case in the 
VHF region, especially in single-ended t&rode 
stages where bridge circuits balance with a very 
small voltage in part of the bridge circuit. At 
VHF the small amount of voltage developed in 
the residual inductance of the screen circuit can 
be enough to accomplish neutralization in itself. 
See section D-2-b “Analysis of Neutralizing Cir- 
cuits.” 

D-2-a. Procedure 

The neutralizing process for t&odes fol- 
lows the standard procedure. The first step in 
rough adjustment is to break the d-c connections 
of the plate voltage and screen voltage leaving 
the r-f circuits intact. (If the d-c current path is 
not broken, some current is found to flow in 

,‘) &her one of these circuits even though their 
voltages are zero, and the presence of this cur- 
rent causes the amplifier to work in the normal 
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manner, generating r-f power in the plate circuit. 
It will then be incorrect to adjust for zero power 
in the plate circuit.) 

As an indicator of neutralization adjust- 
ment, one can use either a sensitive r-f meter 
coupled to the plate circuit or observe the reac- 
tion on the grid current as the plate circuit is 
tuned. When the plate circuit is tuned through 
resonance, the grid current will dip when the 
circuit is out of neutralization in the same man- 
ner as it does with triode neutralization adjust- 
ments. The neutralizing circuit is adjusted until 
the indication has been reduced to a minimum. 

For the final trimming of the neutralization 
adjustment, the stage should be returned to oper- 
ating condition at reduced power similar to that 
used when testing for parasitic oscillations, or 
under the final loaded operating conditions. At 
the higher frequencies and in the VHF region, it 
will be found that a small additional trimming 
adjustment of the neutralizing circuit is usually 
required. When the plate circuit is tuned through 
resonance, the minimum plate current and maxi- 
mum control grid current should occur simul- 
taneously. The d-c screen current should be 
maximum at the same time. 

The neutralizing procedures indicated above 
apply not only to the HF radio frequencies, but 
also apply in the VHF or TJHF regions. In the 
latter cases the neutralizing circuit is different 
and the conventional cross-neutralization schemes 
will not be applicable. See below. 

Fig 29 

T&ode sharasteiirticr involved in feedback 
Ch”i,. 
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Fig. 30 

Graphical prerentation of components of output 
circuit voltages in tetrode when self neutralized. 

D-2-b. Analysis of Neutralizing Circuits 

Careful analysis of the feedback circuits of 
tetrodes in the VHF region has been made’ and 
the basic concepts follow. In Fig. 29 the t&rode 
circuit elements involved in the feedback circuits 
are indicated. These circuit elements are inher- 
ent and inside the vacuum enclosure of the tube, 
and involve the residual capacitance plate-to- 
grid, the capacitance from plate to screen, the 
capacitance from screen to grid, and the induct- 
ance of the screen lead to the tube. It will be 
noted that the r-f voltage developed in the plate 
circuit Ep causes a current I to flow through the 
plate to screen Cps, and the inductance L in the 
screen leads. The passage of this current through 
the inductance L develops a voltage -E which has 
a polarit,y opposite to that of the plate voltage 

EP. 

In Fig. 30 these same circuit elements and 
voltages have been arranged with a graphical 
representation where the height above or below 
the zero line represents magnitude and polarity 
of the r-f voltage of that part of the circuit with 
respect to zero or filament voltage. Because all of 
the circuit components involved are pure reac- 
tance., the voltages are either in phase or out of 
phase and so can be represented as positive and 
negative with respect to each other. The voltages 
plotted are the components only of the rlf out- 
put circuit voltage Ep and no attempt is made to 
show the normal driving voltage on the grid. The 
plate “P” is shown at a high positive potential 
above zero and the magnitude is represented by 

the distance above the zero line as shown by the 
dimension Ep. The voltage developed in the 
screen lead inductance places the screen at a 
negative voltage with respect to the plate voltage. 
The screen of the tube “S” is shown to be below 
the filament line, or negative, by the amount -E. 
If the circuit were perfectly neutralized, the con- 
trol grid “G” would lie on the zero potential line 
or at filament potential insofar as any action of 
the r-f plate voltage “Ep” on the input circuit is 
concerned. If there is no component of output 
voltage developed between grid and filament, the 
circuit is neutralized. 

The total r-f voltage between plate and 
screen comprises plate voltage Ep and screen lead 
inductance voltage -E. This total voltage is ap- 
plied across a potential divider consisting of the 
capacitance plate to grid, Cpg, in series with the 
capacitance grid to screen, Cgs. When this po- 
tential divider is suitably matched to the magni- 
tudes of the voltage Ep and screen lead voltage 
-E, the control grid will have no voltage differ- 
ence to filament as a result of the output circuit 
voltage Ep. 

It should be noted in Fig. 30 that the poten- 
tial dividing action between capacitances plate- 
to-grid, Cpg, and grid-to-screen, Cgs, will not i 
be affected by the operating frequency. It should 
be noted also that the division of voltage between 
plate and screen and screen and ground due to 
the charging current, I, will vary greatly with 
frequency. There will, therefore, be some part- 
icular frequency at which this potential dividing 
circuit places the grid at filament potential as far 
as the plate circuit action is concerned, and this 
is called the self neutralizing frequency of the 
t&rode. At this particular frequency the t&rode 
is inherently neutralized due to the circuit ele- 
ments within the tube structure and any external 
added screen lead inductance to ground. Typical 
self neutralizing frequencies with normal screen 
by-passing circuits are as follows: 

Approximate Self Neutralizing Frequencies of 
Tetrodes 

4-1000A . 25 to 30Mc. 
4-400A . . . . . 45 MC. 
4-250A . . . 45 MC. 
4X500F . . 75to 90Mc. 
4-125A . . 75 to 90Mc. 
4-65A . 80 to 120Mc. 1 
4X150A 
4X150G 
4X500A 

1 
apparently above the 

useful range of the tube. 
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When the tube is operated below the self 
neutralizing frequency, the normal cross neutral- 
izing circuits apply. In this case a neutralizing 
capacito? approximately equal to the plate grid 
capacitance of the tube brings voltage of oppo- 
site polarity from the output circuit to the grid 
or from the input circuit to the plate. 

If the operating frequency is higher than the 
self neutralizing frequency of the t&rode, the 
voltage -E developed in the screen grid lead in- 
ductance is too large to give the proper voltage 
division between the internal capacitances of the 
tube. One obvious method of reducing the volt- 
age in the screen lead reactance is to series tune 
the screen lead to ground so as to lower the total 
reactance. This takes the form of a series vari-’ 
able capacitor as shown in the graphical repre- 
sentation in Fig. 31. 

Another method would be to change the 
potential divider network made up of the tube 
capacitances. This could be done by adding 
capacitance external to the tube between grid 
and plate. The method is shown in Fig. 32. This 
added capacitance plate-to-grid is on the same 
order of size as the residual grid plate capaci- 
tance of the t&rode and hence is similar in con- 
struction to the neutralizing capacitance used 
at lower frequency. However, in this case the 
small wire or rod standing up beside the tube 
“looking” at the plate (and so forming a neutral- 

A-T- 
/ /I IP 

Componentr of output voltage of a tetrods when 
neutralized by added external grid-to-plate 

capacitance. 

izing capacitor) is connected to the grid of the 
tube rather than to an opposite polarity in the 
input circuit. 

If the r-f power amplifier, operating above the 
self neutralizing frequency of the tube, must 
tune over a range of frequencies, it is probably 
easier to use the screen series tuning capacitor 
method and make this control available to the 
operator. If operation is desired over a range of 
frequencies including the self neutralizing fre- 
quency of the tube, this circuit is also desirable 
because the incidental lead inductance in the 
variable tuning capacitor lowers the self neutral- 
izing frequency of the circuit so that the neutral- 
izing series capacitor can be made to operate 
over the total desired frequency range. Obvi- 
ously, if the range is too great, switching of neu- 
tralizing circuits will be required. Usually, a 
small 50 or 100 mmfd variable capacitor in the 
screen lead has been found satisfactory. 

D-2-c. Self-Neutralization of the VHF Parasitic 

Another method of changing the self neu- 
tralizing frequency of a t&rode is had when 
using the general bypassing arrangement of 
screen and filament shown in Fig. 23. The screen 
lead is bypassed with minimum inductance to 
the filament terminal of the tube. Some induct- 
ance is introduced in the commcm filament and 
screen grounding lead. 
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Fig. 31 Fig. 31 

Componentr of output voltage of a +&rode new Componentr of output voltage of a +&rode new 
tralired by adding inductance common to soeen tralired by adding inductance common to soeen 

and cathode return. and cathode return. 

The circuit arrangement is plotted with 
components of plate voltage in Fig. 33. The grid 
is shown below the zero voltage or chassis poten- 

tial, indicating that the voltage developed in the 
total screen lead inductance to chassis is excess- 

ive. If now the filament is tapped up on this in- 
ductance, a point can be found where the voltage 

difference between grid and filament is zero as 
far as the components of plate voltage are con- 

cerned. The arrangement will be found to self 
neutralize at a higher frequency than if the fila- 

ment and screen were separately bypassed to 
chassis. 

It has been found in tubes, such as the 

4-65A, 4-1258, 4-25OA, 4-400A and 4-lOOOA, 
that the usual VH.F parasitic is higher in fre- 

quency than the normal self neutralizing fre- 
quency of the tube. Thus, by increasing the self 
neutralizing frequency of the tube and screen by- 
pass arrangement, the tendency of the VHF par- 

asitic to occur is reduced. 
If now the frequency of the VHF parasitic 

is reduced by increasing the inductance of the 
plate lead (presuming this is the principle fre- 

quency defining circuit), it can be made to ap- 
proach the self neutralizing frequency of the tube 
and so suppress the parasitic. 

It is interesting to note that the later addi- 
tion of cross-neutralization for the fundamenal 
HF 01‘ LF frequency should not disturb this VHF 

neutralization provided the fundamental neutral- 
izing circuit involves only voltages of the lower 

or fundamental frequency. 
In its purest form this might mean having 
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zero impedance for the VHF parasitic frequency 
between the point in the grid circuit where the 

neutralizing capacitor is connected and the. 

chassis. 

D-3. Properly Adjusting Excitation and Loading 

In adjusting an r-f amplifier for proper ex- 
citation and proper loading, it will be noticed 

that the procedure is different, depending upon 
whether the screen voltage is taken from a fixed 
supply or a dropping resistor supply with poor 

regulation. 
In the case where both the screen supply and 

grid bias are from fixed sources with good regu- 
lation, the plate current is almost entirely con- 

trolled by the r-f excitation. One should first 
vary the excitation until the desired plate cur- 
rent flows. The loading is then varied until the 

maximum power output is obtained. Following 

these adjustments the excitation is then trimmed 
along with the loading until the desired control 

grid, and screen grid currents are had. 
In the case of an r-f amplifier where both 

the screen and grid bias are taken from sources 

with poop regulation, the stage will handle very 
much like the triode r-f power amplifier. The 

plate current will be adjusted principally by 
varying the loading, and the excitation will be 
trimmed to give the desired control grid current. 

In this case the screen current will be almost 
entirely set by the choice of the dropping re- 

sistor. It will be found that excitation and load- 
ing will vary the screen voltage considerably and 

these should be trimmed to give about the nor- 
mal screen voltage. 

D-4. Operating Voltages and Currents for 
Various Applicarions 

Probably the simplest way to get an idea of 
the capabilities of the tube, and the voltages and 

currents to be used on the various electrodes, is 

to refer to the technical data sheet for that tube 
type. A number of typical operating conditions 

are given for various classes of service. A great 
many other operating conditions are possible, 
but these particular ones are usually selected to 
show the maximum capabilities of the tube for 

different plate voltages. At no time should the 
maximum ratings for that class of service be 

exceeded. 
As long as none of the maximum ratings of 

the tube are exceeded, a wide choice of voltages 
on the plate, screen, or grid, and a wide range of 
plate current values is available. In general it 

will be found that for efficient operation the 



ratios of d-c grid current, d-c screen current, d-c 
plate current should be kept somewhere near the 
ratios indicated on the data sheet. Thus, if l/z or 
ya of the indicated plate current is to be used, 
the d-c grid current and d-c screen current 
should be approximately l/z or 2/z of the values 
indicated on the data sheet. 

For those interested in estimating tube per- 
formance from the characteristic curves of the 
tube, two application bulletins are m&able” lo. 
These application bulletins describe simple 
means of calculating or estimating from charac- 
teristic curves the performance of tubes as class- 
C r-f amplifiers. 

In referring to the characteristic curves of 
a tube, it should be recognized that these curves 
are typical of a normal tube. As in all manufac- 
tured products, some tblerance is allowed. In 
general, the currents indicated will be within 
plus or minus 10% of the values shown. 

D-5. Effect of Different Screen Voltages 

Typical operating values for a t&rode for 
a particular value of screen voltage are given on 
the published data sheet. The screen voltage is 
not critical and the value used has been chosen 
as a convenient value consistent with low driv- 

@) mg power and reasonable screen dissipation. If 
lower values of screen voltage are used, more 
driving power will be required on the grid to 
obtain the same plate current. If higher values 
of screen voltage are used less driving power 
will be required. Thus, high power gain 
can be had provided the circuit has adequate 
stability. Care should be observed that the screen 
dissipation limit is not exceeded. The value of 
screen voltage can be chosen to suit available 
power supplies or amplifier conditions. 

For a method of altering the coordinate and 
curve scales of the tube curves to obtain a set of 
curves for another screen voltage, see page 5 of 
the Eimac 4-65A Technical Data Sheet”. 

D-6. Balance of Push-Pull Amplifiers 
In a push-pull r-f amplifier lack of balance 

of plate circuit or plate dissipation is usually due 
to lack of symmetry in the r-f circuit. Normally, 
the tetrodes are similar enough that such un- 
balance is not associated with the tube and its 
characteristics. This point can readily be checked 
by interchanging the tubes in the sockets (pro- 

,* 

vided both tubes have the d-c voltages to plate, 
screen, and grid in common) and seeing whether 
the unbalanced condition remains with the socket 
location or moves with the tubes. If it remains 
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with the socket location, the circuit requires ad- 
justment. If appreciable unbalance is associated 
with the tubes, it is possible that one tube is not 
normal and should be investigated further. 

The basic indicators of balance are the plate 
current per tube and the plate dissipation of 
each tube. It is assumed that the circuit 
applies the same d-c plate voltage, d-c screen 
voltage, and d-c grid bias to each tube from com- 
mon supplies. Also, it is assumed that the plate 
circuit is mechanically and electrically symmet- 
rical or approximately so to begin with. 

Unbalance in a push-pull r-f amplifier is 
usually caused by unequal r-f voltages applied to 
the grids of the tubes, or by the r-f plate circuit 
applying unequal r-f voltages to the plates of the 
tubes. The r-f grid excitation should first be 
balanced until equal d-c plate currents flow in 
each tube. Then the r-f plate circuit should be 
balanced until equal plate dissipation appears 
on each tube. 

The balance of plate current is a more im- 
portant criterion than equality of screen current 
or grid current. This results from the fact that 
tubes are more uniform in the plate current 
characteristics, and also that the screen current 
is very sensitive to lack of voltage balance in 
the r-f plate circuit. 

Once the d-c plate currents per tube have 
been made equal by adjusting the r-f grid cir- 
cuit, the r-f plate circuit can be adjusted to give 
equal plate dissipations, as noted. Or, if the 
tubes have equal screen current characteristics, 
the r-f plate circuit could be balanced until equal 
screen currents result. If the tubes differ some- 
what in screen current characteristics, and the 
circuit has common d-c supply voltages, the final 
trimming of the plate circuit balance could be 
made by interchanging tubes and adjusting the 
circuit to give the same screen current for each 
tube regardless of its location. 

It should be noted that the d-c grid current 
has not been used as an indicator of balance of 
the r-f power amplifier. It is probable that after 
following the above procedure the grid currents 
will be fairly well balanced, but in itself it is not 
a safe indicator of balance of grid excitation. 

In audio power amplifiers operating in 
Class-AB, or Class-ABn, the idle d-c plate current 
per tube should be balanced by separate bias ad- 
justments for each tube. In many cases some 
lack of balance of the plate currents will have 
negligible effect on the overall performance of 
the amplifier. 
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When tubes are operating in the idle posi- 

tion close to cut-off, operation is in a region 
where the plate current cannot be held to a close 
percentage tolerance. At this point the action of 
the positive screen and plate voltages is in 
delicate balance with the opposing negative grid 
voltage. The state of balance is indicated by the 
plate current. Very minor variations of indi- 
vidual grid wires or diameter of grid wires upset 
the balance, and it is practically impossible to 
control such minor variations in manufacture. 
In many audio amplifier applications, especially 
where the larger power tetrodes are used, the 
circuit should be designed to permit the bias to 
be adjusted individually on the tubes. 

D-7. Harmonic Amplifiers and Control 
of Harmonics 

The use of power tetrodes to give good effi- 
ciency in harmonic amplifiers and to control the 
presence of unwanted harmonics in the output 
circuit is inherently sound. Because of the shield- 
ing built into the t&rode, the coupling between 
the output and input circuits ( and the input and 
output circuits) has been reduced to a negligibly 
small value. (To estimate harmonic amplifier 
performance see Bro~n’~ and the Eimac applica- 
tion bulletin “Tube Performance Computor”‘“.) 

A pulse ‘of plate current delivered by the 
tube to the output circuit contains energy on 
the fundamental and most harmonic frequencies. 
The output plate circuit resonance, coupling, and 
shielding must be designed to select the desired 
frequency and avoid radiation of the undesired 
frequencies. 

It is not generally appreciated that the pulse 
of grid current also contains energy on the har- 
monic frequencies and control of these harmonic 
energies may be quite important. The ability of 
the t&rode to isolate the output circuit from the 
input circuit over a very wide range of frequen- 
cies is important in avoiding feed-through of 
harmonic voltages from the grid circuit. An im- 
portant part of this shielding is the fact that 
properly designed tetrodes permit the construc- 
tion of complete shielding in the amplifier layout 
so that coupling external to the tube is also 
prevented. 

It has been found that the plate circuit effi- 
ciency of t&rode harmonic amplifiers is quite 
high. In triode amplifiers, if feed-back of the 
output harmonic frequency occurs, the phase of 
the voltage fed back is usually such as to reduce 
the harmonic content of the plate pulse, and 
thereby lower the plate circuit efficiency. Since 
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tetrodes have negligible feedback, the efficiency 
of a harmonic amplifier is usually up to expected 
efficiencies. 

Also, the high amplification factor of a tet- 
rode causes the plate voltage to have little effect 
on the flow of plate current, and it is easier to 
obtain plate pulses with high harmonic energies 
without using excessive grid basis. A well de- 
signed t&rode also permits large r-f voltages to 
be developed in the plate circuit while still pass- 
ing high peaks of plate current in the r-f pulse. 
These two factors help further to increase the 
plate efficiency. 

In r-f amplifiers operating either on the 
fundamental or a. desired harmonic frequency, 
the control of unwanted harmonics is very im- 
portant. The subject is well covered in the litera- 
ture discussing the reduction of interference with 
television receivers. The following steps permit 
reduction of the unwanted harmonic energies 
present in the output circuit: 

1. 

2. 

3. 

4. 

5. 

The circuit impedance between plate and 
cathode should be very low for the high 
harmonic frequencies. Usually this is ob- 
tained by having some or all of the tun- 
ing capacitance of the resonant circuit 
close to the tube. 
Complete shielding of the output com- 
partment. 
The use of inductive output coupling 
from the resonant plate circuit and pos- 
sibly a capacitive or’ Faraday shield be- 
tween the coupling coil and the tank coil, 
or a high frequency attenuating circuit 
such as a pi, or pi-L net. 
The use of low pass filters for all supply 
leads and wires coming into the output 
and input compartments. 
The use of resonant traps for particular 
frequencies. 

D-8. Driving Power Requirements 

The technical data sheet for a particular tube 
gives the approximate driving power required. 
For radio frequencies below the VHF region, the 
driving powers are obtained by calculation and 
confirmed by direct tests. The listed driving 
power gives the total power taken by the tube 
grid and the bias circuit. This driving power 
figure does not allow for losses in the r-f resonant 
circuit since such losses depend principally on 
the design of that circuit. The circuit losses can 
be kept to a low value by proper design. Some 
allowance for them must be made, however, in 
determining the total driving power to be sup- 
plied by the driver stage. 



In the case of tetrodes operating in the VHF 
and UHF region, the approximate driving power 
given under typical operation on the data sheets 
is obtained by direct measurement in operating 
equipment. Because it is impossible to separate 
the circuit action and the tube action, the driving 
power listed is the total power taken by the tube 
and a practical amplifier circuit. 

The total driving power required from the 
exciter stage in the VHF and UHF region is pre- 
sumably composed of the following: 

1. The power taken by the grid itself and 
the bias circuit (which is equal to that 
for the same grid voltages and current 
acting in a low frequency circuit). 

2. The resistance losses caused by the r-f 
charging currents passing through the 
leads of the tube into the tube capaci- 
tances. 

3. Power fed through to the output circuit 
and power dissipated on plate and screen 
due to the presence of cathode lead 
inductance. 

4. Excess energies taken on by the space 
current electrons within the tube due to 
the rapidly varying grid voltage. Some 
of this excess energy shows up in bom- 
bardment of the cathode and general 
tube structure. 

5. Some dielectric loss in the insulating 
material of the tube envelope. 

6. Losses in the r-f grid circuit and a por- 
tion of the input line coupled to the driv- 
ing circuit. 

The total driving power in the VHF and 
UHF region is often greater than the grid dissi- 
pation capability of the tube. As indicated above, 
the portion of the driving power which appears 
as grid dissipation can be calculated in the nor- 
mal manner13 (d-c grid current times the peak 
positive grid voltage). 

SECTION D.E 

LIFE 

D-9. VHF and UHF Operating Conditions for 
Satisfactory Plate Efficiency and Minimum 
Drive. 

When operating a tube in the VHF and UHF 
region the driving power can usually be mini- 
mized without appreciably affecting the plate 
conversion efficiency, by the following steps: 

1. A minimum d-c control grid bias should 
be used. Frequently, it is advisable to 
bring this down to approximately cut- 
off. 

2. A high value of d-c screen voltage is ad- 
visable even though it appears to in- 
crease the fraction of the cycle during 
which plate current flows. 

3. Using the minimum r-f excitation volt- 
age necessary to obtain plate circuit per- 
formance, even though the d-c grid cur- 
rent is considerably lower than one 
would expect at lower frequencies. 

4. The cathode lead inductance common to 
the output and input circqits should be 
kept to a low value. 

It is found that the choice of driving condi- 
tions as indicated above does not necessarily de- 
crease the plate efficiency as much as at lower 
radio frequencies. The steps indicated above 
should be tried experimentally to determine 
whether or not the plate circuit efficiency is ap- 
preciably effected. As will be indicated below 
under section E-3, it is preferable to sacrifice 
plate efficiency somewhat and improve the life 
expectancy of the tube in the VHF and UHF 
region. 

It has also been observed that optimum out- 
put power at these frequencies is obtained when 
the loading is greater than would be used at low- 
er frequencies. Apparently the use of lower r-f 
voltage in the plate circuit is desirable. Fortun- 
ately, this same condition reduces driving power 
and screen current and, as will be noted later, 
improves life expectancy. 

E-l. Maximum Tube Ratings. 

The technical data sheet for each tube type 
gives the basic maximum ratings for each class 
of service. Also on the technical data sheet will 
be found references to cooling air and maximum 

,a 

temperature, and mechanical considerations as 
they may affect life. Careful observance of the 
information on the data sheet will avoid damage 
to the tube.and shortening of its useful life. A 

reprint on Vacuum Tube Ratings is available’3. 
In general, the tube ratings are. so chosen 

that operation within the ratings will give a 
minimum of 1000 hours of guaranteed life. The 
typical life expectancy is therefore considerably 
greater and will depend upon a great many fac- 
tors, sane of which are discussed below. In 
general, operation below the maximum ratings 
will increase the life expectancy of the tuba. This 
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is especially true with reduction in the plate dis- 
sipation of the tube. Very roughly speaking, the 
life expectancy will go up directly as the plate 
dissipation and total watts being handled by the 
tube go down. 

If tubes are to be used in pulse service with 
short pulses and appreciable off-time between 
pulses, the tube ratings are quite different. For 
information and assistance on’pulse application 
write to the Field Engineering Department of 
Eitel-McCullough, Inc., San Bruno, California, or 
refer to Application Bulletin No. 3 “Pulse Serv- 
ice Notes”“. 

E-2. Cooling 

Adequate cooling of the tube envelope and 
metal-to-glass seals is one of the principle factors 
affecting tube life. Deteriorating effects increase 
directly with the temperature of the tube envel- 
ope and seals. The technical data sheet for the 
particular tube type should be studied thor- 
oughly with reference to the air cooling require- 
ments. Even if no air cooling is specified, ample 
free space for circulation of air around the tube 
is required or else some air must be forced past 
the tube. 

Excess cooling air will have only beneficial 
results and inadequate cooling air is almost cer- 

tain to invite pwmature failure of the tube. 
Tubes operated in the VHF and UHF region 

are inherently subjected to greater heating action 
than tubes operated at lower frequencies. This 
results directly from the flow of larger r-f charg- 
ing currents into the tube capacitances, dielectric 
losses, and a tendency for electrons to bombard 
parts of the tube structure other than the normal 
grid and plate. See section E-3 for a discussion 
of “VHF and UHF Life Considerations.” Greater 
cooling air is therefore required at these higher 
frequencies. For tubes designed to operate in the 
VHF and UHF region, such as the Eimac tet- 
rodes, the cooling air is specified for the normal 
top frequencies of the tube. 

If the tubes are to become a part of a VHF 
line circuit or cavity UHF circuit, the inductance 
associated with the electrode supports and leads 
must be reduced to a very small value. In the 
case of the 4X150A, 4X150G, and 4X500A, some 
of the electrode leads and supports take the form 
of large surfaces, conical or cylindrical in shape, 
and extremely short. This means that the 
amount of heat conducted out through the metal- 
to-glass seals is greatly increased. It also means 
that the terminal connections of the tube are 
large surfaces with relatively thin walls. 

The mechanical layout of sockets, connec- 
tions, and circuits close to the tube must allow 
ample cooling air to be blown against the tube 
seals and surfaces. Also ample contacting surface 
to carry the heavy radio frequency charging cur- 
rents must be provided. Since these two require- 
ments may tend to conflict, considerable thought 
must be given to an adequate layout. 

E-3-a. Connectors 

Where the tube terminals are large cylindri- 
cal surfaces, the contacting portions of the socket 
are either spring collets or a multiplicity of 
spring fingers. Usually these multiple contacting 
surfaces are made of beryllium copper to pre- 
serve the spring tension at the relative high 
temperatures present on tube terminals and are 
silver plated to reduce r-f resistance. 

Rigid clamping connectors should be avoided 
even though the radius of the curvature seems to 
be close to that of the cylindrical contacting sur- 
face of the tube. It has been found that such 
rigid clamping connectors will distort the tube 
terminal arid fracture the adjacent metal-to-glass 
seal. Similarly set screw connecting devices are 
questionable on large cylindrical tube terminals 
unless they act to distribute the pressure uni- 
formly and without any distorting effects. 

If the connectors fail to provide multiple 
contacts to the cylindrical tube seals, concentra- 
tion of r-f charging current will result and the 
overheating may be destructive. Once the con- 
nectar loses its spring action the heating is 
aggravated and damage to the tube is very apt to 
occur. All tube connectors should be inspected 
and serviced regularly to be sure that uniform, 
good contact to the tube results. 

E-3. VHF and UHF Life Considerations 

A tube designed for VHF and UHF work 
must have very small size if practical resonant 
circuits are to be built around them. Further- 
more, these tubes operate less efficiently and 
have much ereater incidental losses than at 
lower frequency. For these &sons, the power E-3-b. Tube Temperatures 

which must be dissipated from the electrodes Forced air cooling of the seals and tube 
and tube envelope seals is very much greater per envelope, as well as of an external anode, is im- 
unit of area than for tubes designed solely for perative. Both air flow and maximum tempera- 
low frequency. tures are given on the data sheets and both 
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should be measured to be certain that ample air 
and cooling results. The problem of making 

v 
temperature measurements under these condi- 

tmns 1s severe. The most practical technique has 

been to use a very light spray of very thin tem- 
perature indicating paint, such as Tempilaq- 
made by the Tempil Corporation, 132 West 22nd 
Street, New York 11, N. Y. By using an ex- 

tremely thin spray and not covering solidly, a 

temperature gradient across the indicating paint 
due to the action of the cooling air will be 
avoided. For further discussion see Eimac appli- 
cation bulletin’s on the subject. 

E-3-c. Backheating by Elechans 

Another action involving the motion of 
electrons within the tube is present at VHF and 

UHF and has been commonly referred to as back- 
heating of the cathode. Due to the fact that the 

time of flight of the electrons from the cathode 

through the grid structure to the plate becomes 
an appreciable part of the cycle, the electrons 

can be stopped in fight and turned back by the 
rapidly changing grid voltage. Under these con- 

ditions the electrons are turned back or deflected 
from their normal paths and given excess energy 

with which the electrons bombard the cathode 

and other portions of the tube structure. This 
effect can be greatly aggravated by the choice 

of operating conditions to the extent that very 
destructive effects occur. The tube can even be 
destroyed within a few minutes under severe 

conditions. 

Fortunately, the conditions which tend to 
minimize this back-bombardment by electrons 

are the same as those giving minimum driving 
conditions as discussed under “VHF Operating 

Conditions” section D-9. The tendency for elec- 
trons to be turned back in fight is reduced by the 

use of the lowest possible r-f grid voltage on the 
tube. This is obtained by using the lowest pos- 
sible d-c grid bias. In tetrodes this effect is in- 

herently much lower because of the action of the 

d-c accelerating voltage on the screen of the 
tube. The d-c screen voltage acts to continue 

accelerating the electrons toward the anode, and 
also inherently permits the use of very much 
smaller grid voltages. Consequently, under 
favorable conditions the number of electrons 

turned back to heat the cathode and tube struc- 
ture can be kept to a practical low level. In addi- 

tion to the use of low d-c grid bias, a high screen 
voltage is desirable. 

At the same time the plate circuit should 

SECTION E 
always operate with heavy loading (low external 
plate impedance) so that the minimum instan- 

taneous value of plate voltage shall stay suffi- 
ciently positive to continue accelerating electrons 
to the anode. For this reason best life is had 

when the t&rode amplifier is heavily loaded as 
indicated by having small values of d-c screen 
and d-c control grid current. 

NEVER OPERATE WITH LIGHT PLATE 
LOADING. If the plate load is removed so that 
the minimum instantaneous plate voltage tends 

to fall to values around cathode potential (as it 

must do when the loading is removed completely 
and excitation is present), the number of elec- 
trons turned back can be completely destructive 

to the tube. It has been found that under condi- 
tions of “no loading” the electron bombardment 
of the insulating glass portion of the tube is 

often sufficient to cause a suck-in of the glass. 
Automatic protection should be installed to re- 

move all voltages from the tube when the plate 
circuit loading becomes too light for the amount 
of excitation applied. 

It should be noted that parasitic oscillations 
are seldom loaded heavily, as indicated by the 

high grid currents often had during such self os- 
cillation. Thus excessive r-f plate voltages are de- 
veloped which at VHF can be damaging in the 

same manner as unloaded operation on a VHF 

fundamental frequency. Should such unloaded 
VHF parasitic oscillation be present simultan- 

eously with apparently satisfactory operation on 
the fundamental, unexplained reduction of life 

may result. 

Occasionally, also, an output line circuit 
can resonate simultaneously to a harmonic fre- 
quency as well as to the fundamental fre- 
quency. The higher resonant modes of practical 

line circuits are not normally harmonically re- 
lated, but sometimes the tuning curve of a mode 

will cross the fundamental tuning curve and at 
that point the circuit will build up resonant volt- 

ages at both the harmonic frequency and funda- 
mental frequency. The harmonic resonance is 
usually lightly loaded and the damaging action 
is similar to that of lightly loaded parasitic or 

fundamental operation. Again the operation of 
the tube and circuit on the fundamental may ap- 
pear normal, but with lower than expected effi- 

ciency, and damaging action to some degree can 
occur. 

In addition to operating the tube with 
minimum bias, high screen voltage, and heavy 

loading on the plate circuit, some degree of com- 



SECTION F 

pens&ion for the remaining back heating of the back bombardment by electrons the compensa 
cathode may be required. This can be accom- tion for back heating of the cathode is not largf 
plished by lowering the filament voltage 01‘ heat- and may often be neglected. In cases where it i! 
er voltage until the cathode operates at normal suspected, it is advisable to discuss the subject ir 
temperature. It has been found with t&-odes detail with the Field Engineering Department O: 
that by taking precautions necessary to minimize Eitel-McCullough, Inc., in San Bruno, California 

TECHNICAL 
The Field Engineering Department of Eitel-Mc- 
Cullough, Inc., will gladly assist tube users in the 

choice of tubes and operating conditions. This is 

especially important where a prototype design of 

ASSISTANCE 

equipment and later manufacture is planned 

Such assistance makes use of the accumulates 

detailed experience with the tube types involve 

and is handled confidentially and without charge 
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