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EIMAC division of Varian

Main office: 301 Industrial Way, San Carlos, CA 94070
Look in the general section for—
A quick guide to EIMAC products and services offered in this catalog.

Including . . .

® Your nearest distributor of modern, fully guaranteed EINMAC electron
tubes and accessories.

® Your nearest Varian/EIMAC Field Engineer, who stands ready to give
vou immediate engineering assistance, information on deliveries and
prices, or to provide other information not found in this catalog.

® EIMAC tube type numbering system.
® EIMAC/JEDEC cross-reference list.

Important EIMAC extras...

APPLICATION ENGINEERING. The EIMAC Application Engineering
Department is available at all times for consultation. New tube operating
techniques are continually being explored, tested and proven by EIMAC
engineers, whose combined knowledge and exaperience are at your service.
EIMAC Application Bulletins covering various uses of EIMAC products
are available upon request.

FIELD ENGINEERING. Serving as an extension of the Varian/EIMAC
Application Engineering Department outside the EIMAC Division plant,
the Field Engineers cover the United States, and numerous foreign countries,
operating out of offices in major cities. They will help you personally with
experimental work, circuits, technique, etc. Engineers from the EIMAC
plant are available, too, for field consultation. As EIMAC tubcs are world
renowned, the same services extend to countries overseas through the
Varian /EIMAC export operations and overseas officcs.



8165
4-65A

RADIAL-BEAM

® TECHNICAL DATA POWER TETRODE
MODULATOR
0SCILLATOR
AMPLIFIER

The Eimac 8165/4-65A is a small radial-beam tetrode with a maximum plate-
dissipation rating of 65 watts. In most applications, no forced air is required, normal
radiation and convection cooling being adequate. An instant-heating, thoriated tung-
sten filament is employed, allowing all electrode voltages to be applied simultaneously
and permitting the conservation of power during standby periods. The 8165/4-65A is,
therefore, a good choice for many mobile applications.

Short, heavy leads and low interelectrode capacities assure stable, efficient
operation at high frequencies and permit its use at maximum ratings through 150
megacycles. The 8165/4-65A is equally useful in audio-amplifier or modulator service.

GENERAL CHARACTERISTICS

ELECTRICAL Min. Nom. Max.
Filament: Thoriated Tungsten
Voltage - - - - - - - - - - 6.0 volts
Current - - - - - - - - - 3.2 3.8 amperes
Grid-Screen Amplification Factor - - - - - - 5 7

Direct Interelectrode Capacitances:

Grid-Plate S e L 2 3 B 3 = 0.12 uuf ~ o & .
Input F . = 3 - - - - - 6.0 8.3 uuf l (N l
Output - - - - - - - - - 1.9 2.6 uuf I I

Frequency for Maximum Ratings - - - - - - - - - 150 mc
MECHANICAL
Base - - - - - - - - - - - - - - 5-pin—National HX-29 or Johnson 122-101
Maximum Seal Temperature 3 3 e - = = 3 ® < " o - R g 4 4 5 200° C
Maximum Envelope Temperature = - S 4 S e - 3 2 - 5 : 2 R 3 . 225° C
Recommended Socket Operating Position - - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - - s Convection and radiation
Recommended Heat Dissipating Connector - - - - - - - - - - - - Eimac HR-6
Maximum Over-all Dimensions
Length a = = = o - & - 5 - o 3 S & o 3 5 = 419 inches
Diameter = = s 2 - = = 3 = = = = e - - - = 2.38 inches
Net Weight @ c S = S > @ - o o o 0 - ¢ S 5 - = e 3 ounces
Shipping Weight {Approximate) - - - - - : = & 3 B B T © - - 1.5 pounds
RAD'O_FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Frequencies up to 150 megacycles)
OR OSCILLATOR D-C Plate Voltage - - - - 1500 2000 2500 3000 volts
D-C Screen Voltage - - J - 250 250 250 250 volts
Class-C Telegraphy or FM Telephony D-C Grid Voltage - - - -—105 —105 —105  —105 volts
MAXIMUM RATINGS {Key-down conditions) D-C Plate Current - - - - 150 137 124 112 ma
D-C PLATE VOLTAGE - = s - 3000 MAX. YOLTS D-C Screen Current* OO 32 26 22 ma
D-C SCREEN VOLTAGE - - - 400 MAX. VOLTS D-C Grid Current* - - - - 19 15 13 9 ma
D.C GRID VOLTAGE . - . —500 MAX. YOLTS Peak R-F Grid Voltage* . - - 205 195 185 175 volts
D-C PLATE CURRENT - - - - 150 MAX. MA Driving Power* - - . - - 38 29 24 1.6 watts
PLATE DISSIPATION - - - - 65 MAX. WATTS Plate Input Power - - - - 225 275 310 335 watts
SCREEN DISSIPATION - B . = 10 MAX. WATTS Plate OQutput Power - - - - 180 210 245 270 watts
GRID DISSIPATION - - - - 5 MAX. WATTS *Approximate values
PLATE.MODULATED RAD'O_FREQUENCY TYPICAL OPERATION (Frequencies up to 150 megacycles)
AMPLIFIER D-C Plate Voltage - - - - 1000 1500 2000 2500 volts
D-C Screen Yoltage - - - - 250 250 250 250 volts
Class-C Telephony D-C Grid Voltage - - - -—I50 —I150 —150  —I150 volts
MAXIMUM RATINGS [Carrier conditions) D-C Plate Current - - - - 120 120 13 102 ma
D-C PLATE VOLTAGE - A g - 2500 MAX. VOLTS D-C Screen Current* - - - 4 40 37 26 ma
D-C SCREEN VOLTAGE - - - 400 MAX. YOLTS D-C Grid Current* - - - - 20 20 8 13 ma
D-C GRID YOLTAGE - - - —500 MAX. YOLTS Peak R-F Voltage* - - . - 1255 255 250 235 volts
D-C PLATE CURRENT - - - - 120 MAX. MA Driving Power* - - - - 8 5.1 4.8 3.1 watts
PLATE DISSIPATION - - - - 45 MAX. WATTS Plate Input Power - - - - 120 180 226 255 watts
SCREEN DISSIPATION - = - P 10 MAX. WATTS Plate Output Power - - - - 85 140 182 210 watts
GRID DISSIPATION - - - - 5 MAX. WATTS *Approximate values

(Effective 5-1-62) Copyright 1961 by Eite!-McCullough, Inc.

EIMAC division of varian / 301 industrial way / san carlos / california 94070



C 4-65A

AUDIO FREQUENCY POWER AMPLIFIER OR
MODULATOR

Class-AB,

MAXIMUM RATINGS

D-C PLATE VOLTAGE - S S - 3000 MAX. YOLTS
D-C SCREEN YOLTAGE - g = - 600 MAX, YOLTS
D.C PLATE CURRENT - S g - 150 MAX. MA
PLATE DISSIPATION = g . = 55 MAX. WATTS
SCREEN DISSIPATION - 5 g g 10 MAX. WATTS
RADIO-FREQUENCY SSB POWER AMPLIFIER
Class-AB,

MAXIMUM RATINGS

D-C PLATE VOLTAGE - e S - 3000 MAX. YOLTS
D-C SCREEN YOLTAGE e e - 600 MAX. YOLTS
D-C PLATE CURRENT . S g - 150 MAX. MA
PLATE DISSSIPATION . e - g 65 MAX. WATTS
SCREEN DISSIPATION - 5 e S 10 MAX. WATTS

TYPICAL OPERATION
Class-AB, (Sinusoidal wave, two tubes except where noted)

D-C Plate Voltage - - - - 1500 2000 2500 3000 volts
D-C Screen Yoltage - - - - 500 500 400 400 volts
D-C Grid VYoltage* - - - - —%0 —105 —85 —90 volts
Zero-Signal D-C Plate Current - 60 40 30 30 ma

Max.-Signal D-C Plate Current Y 150 132 120 ma

Max.-Signal D-C Screen Current* - 10 [ [ 6 ma

Peak A-F Grid Yoltage (per tube)* 70 80 77 77 volts
Effective Plate-to-Plate Load -13,300 24,000 37,500 50,000 ohms
Max.-Signal Plate Input Power - 250 300 330 360 watts
Max.-Signal Plate Output Power - 120 170 200 240 watts

1Adjust to obtain listed zero-signal d-c plate current.
*Approximate values.

TYPICAL OPERATION
Class-AB1 (Frequencies to 150 megacycles)

D-C Plate Yoltage - - - - 1500 2000 2500 3000 volts
D-C Screen Voltage - - - - 500 500 400 400 volts
D-C Grid VYoltage! - - - - —90 —105 —85 —90 volts
Zero-Signal D-C Plate Current - 30 20 15 15 ma
Max.-Signal D-C Plate Current - 83 75 13 60 ma
Max.-Signal D-C Screen Current* - 5 3 3 3 ma
Peak R-F Grid Yoltage* - - - 70 80 77 77 volts
Max.-Signal Plate Input Power - 125 150 185 180 watts

Max.-Signal Plate OQutput Power - 60 85 100 120 watts
*Adjust to obtain listed zero-signal d-c plate current.
*Approximate Values.

output power will be noted.

NOTE: "TYPICAL OPERATION" data are obtained by calculation from published characteristic curves and confirmed by
direct tests. No allowance for circuit losses, either input or output, has been made.

In class-C operation, adjustment of the r-f grid drive to obtain listed plate current at the listed grid bias, screen
voltage, and plate voltage is assumed. Resultant screen and grid currents will vary from tube to tube, but litte change in

In class-AB, linear operation, screen current will also vary from tube to tube but is a useful indicator of relative
linearity. In general, less screen current means better linearity, providing other conditions are held constant. The same
degree of linearity will be obtained from different tubes if loading and drive are adjusted to give the same plate and
screen current, although output power may vary from tube to tube.

APPLICATION

MECHANICAL

Mounting—The 4-65A must be operated vertically,
base up or base down. The socket must provide clear-
ance for the glass tip-off which extends from the cen-
ter of the base. A flexible connecting strap should be
provided between the plate terminal and the external
plate circuit, and the Eimac HR-6 connector (or equi-
valent) used on the tube plate lead. The socket must
not apply lateral pressure against the base pins. The
tube must be protected from severe vibration and
shock.

Adequate ventilation must be provided so that the
seals and/or envelope under operating conditions do
not exceed their rated maximum temperatures. For
operation above 50 Mec. the plate voltage should be
reduced, or special attention should be given to seal
cooling.

When the ambient temperature does not exceed
30° C it will not ordinarily be necessary to provide
forced-air cooling of the envelope or plate seal at fre-
quencies below 50 Mc. provided that a heat-radiating
plate connector 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
at the filament pins, should be 6.0 volts. For long life,
excursions from this value should not exceed 4 5 per-
cent.

Bias Voltage—D-C bias voltage for the 4-65A should
not exceed —500 volts. If grid-leak bias is used, suit-
able protective means must be provided to prevent
excessive plate or screen dissipation in the event of
loss of excitation.

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 power dissipated by the
screen of the 4-85A 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 dis-
sipation to 10 watts in the event of circuit failure.

Plate Voltage—The plate-supply voltage for the
4-65A should not exceed 3000 volts. Above 50 Me. 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 instructions on seal cooling
under “Mechanical” and “Shielding.”

Plate Dissipation—Under normal operating condi-
tions, the plate dissipation of the 4-85A should not be
allowed to exceed 65 watts in unmodulated applica-
tions.

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

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

OPERATION

Class-C FM or Telegraphy—The 4-65A may be op-
erated as a class-C FM or telegraphy amplifier without
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neutralization up to 110 Mc. if reasonable precautions
are taken to prevent coupling between input and out-
put circuits external to the tube. In single-ended cir-
cuits, plate, grid, filament, and screen by-pass
capacitors should be returned through the shortest
possible leads and short, heavy leads should be used
to inter-connect 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 Mec. is due principally to screen-
lead-inductance effects and it becomes necessary to
introduce in-phase voltage from the plate circuit into
the grid cricuit. This can be done by adding capaci-
tance between plate and grid external to the tube.
Ordinarily, a small metal tab approximately %" square
and located adjacent to the envelope opposite the plate
will suffice for neutralization. Means should be pro-
vided for adjusting the spacing between the neutral-
izing capacitor plate and the envelope. An alternate
neutralization scheme for use above 110 Mec. is illus-
trated in the diagram shown below. 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 diagram, by the shortest possible lead, and the
lead from the mid point of this screen strap to the
capacitor, C, and from the capacitor to ground should
be made as short as possible.

s00n RFC

-Ec +Eer

i

Screen-tuning neutralization circuit for use above 100 Mc.
C is a small split-stator capacitor.

640,000
Cluptd) = r (Me) , approx.

Typical driving power and output power versus
frequency are shown below. The output power shown
is the actual plate power delivered by the tube; the
power delivered to the load will depend upon the ef-
ficiency of the plate tank and output coupling system.
The driving power is likewise the driving power re-
quired by the tube (includes bias loss). The driver
output should exceed the driving power requirements
by a sufficient margin to allow for coupling-circuit
losses. The use of silver-plated linear tank-circuit ele-
ments is recommended at frequencies above 75 Mc.

Class-C AM Telephony—The rf circuit considera-
tions discussed above under class-C FM or telegraphy
also apply to amplitude-modulated operation of the
4-85A. When the 4-65A is used as a class-C high-
level-modulated amplifier, both the plate and screen
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should be modulated. Modulation voltage for the
screen may be obtained by supplying the screen
voltage through a series dropping resistor from the un-
modulated plate supply, or by the use of an audio-fre-
quency reactor in the positive screen-supply lead, or
from a separate winding on the modulation transform-
er. 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
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 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 the grid-leak resistance should have a
reactance at the highest modulation frequency equal to
at least twice the grid-leak resistance.

©
2

POWER OUTPUT-WATTS

DRIVING POWER - WATTS

Class-AB, and Class-AB, Audio—Two 4-85As may
be used in a push-pull circuit to give relatively high
audio output power at low distortion. Maximum rat-
ings and typical operating conditions for class-AB.
audio operation are given in the tabulated data.

Screen voltage should be obtained from a source
having good regulation, to prevent variations in screen
voltage from zero-signal to maximum-signal conditions.
The use of voltage-regulator tubes in a standard cir-
cuit should provide adequate regulation.

Grid-bias voltage for class-AB: service may be
obtained from batteries or from a 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 grid-circuit resist-
ance should not exceed 250,000 ohms.

In some cases the maximum-signal plate dissipation
shown under “Typical Operation” is less than the
maximum rated plate dissipation of 4-65A. In these
cases, with sime-wave modulation, the plate dissipa-
tion reaches a maximum value, equal to the maximum
rating, at a point somewhat below maximum-signal
conditions.

The output-power figures given in the tabulated
data refer to the total output power from the amplifier
tubes. The useful output power will be from 5 to 15
percent less than the figure shown, due to losses in
the output transformer.




Shielding—The internal feedback of the tetrode has
been substantially eliminated and in order to fully
utilize this advantage, it is essential that the design of
the equipment completely eliminate any feedback
external to the tube. This means complete shielding
of the output cricuit from the input circuit and earlier
stages, proper reduction to low values of the induct-
ance of the screen lead to the r-f ground, and elimina-
tion 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 chas-
sis as shown in the sketch shown at the right.

The holes in the socket permit the flow of con-
vection 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 com-
plete under-part of the chassis is enclosed for electrical
shielding, screened holes or louvers should be pro-
vided 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 cir-
cuits should be kept above deck and the input circuit
and circuits of earlier stages should be kept below
deck or completely shielded.

=:
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Special Applications—If it is desired to operate this
tube under conditions widely different from those
given here, write to Power Grid Tube Marketing,
Eitel-McCullough, Inc., 301 Industrial Way, San
Carlos, California, for information and recommen-
dations. Copies of characteristic curves, either con-
stant-grid-voltage or constant-current, for various
screen potentials may be obtained from this department
on request.

HR-6 HEAT DISSIPATING
CONNECTOR
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4-120A
A (4D21)

4 RADIAL-BEAM
()
Y = TECHNICAL DATA POWER .TETRODE
MODULATOR
OSCILLATOR
AMPLIFIER

The EIMAC 4-125A is a radial-beam power tetrode intended for use as an
amplifier, oscillator, or modulator. It has a maximum plate-dissipation rating

of 125 watts and a maximum plate-voltage rating of 3000 volts at frequencies
up to 120 MHz.

The low grid-plate capacitance of this tetrode together with its low driving-
power requirement allows considerable simplification of the associated
circuit and driver stage.

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

The 4-125A in class-C rf service will deliver up to 375 watts plate power
output with 1.2 watts nominal driving power.

GENERAL CHARACTERISTICS ,
ELECTRICAL

Filament: Thoriated Tungsten
Voltage S = F A e = m e = w owm o= =g Bl volts
Current - - - - - - - - - - - - - - 63 amperes
Grid-Screen Amplification Factor (Average) - - - - - - - -39
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - - - - - - . . - . .005 pF
Input - - - - - - - - - - - - - - - -108 pF
Output - - - - - - - - - - - - - . - . 3] pF
Transconductance (I,=50 mA, E,=2500 V,E»,=400V) - - - - . 2450  wmhos
Highest Frequency for Maximum Ratings - - - - - . - - - 120 MHz
MECHANICAL
Base - - - - - - - - - - - - - - - - - 5pin metal shell
Basing - - - - - - - - - - - - . - - See outline drawing
Socket - - E. F. Johnson Co. socket No. 122-275, National Co. No.HX-100, or equivalent
Mounting Position - - - - . - - - - - . Vertical, base down or up
Cooling - - - - - - - - - . . - - . Radiation and forced air
Recommended Heat-Dissipating Plate Connector - - - - - - -EIMAC HR-6
Maximum Over-all Dimensions:
Length - - - - - - - - - - - - - - - -369 inches
Diameter - - - - - - - - - - - - - - - 91  inches
Net Weight - - - - - - - - - - - - - - - - 63 ounces
Shipping Weight - - - - - - - - - - - - - - - 15 pounds
(Revised 6-1-67) (© 1958, 1967 by Varian Printed in U.S.A,

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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RADIO-FREQUENCY POWER AMPLIFIER HIGH-LEVEL MODULATED RADIO-FREQUENCY
AND OSCILLATOR AMPLIFIER
Class-C Telegraphy or FM Telephony Class-C Telephony
(Key-down condition, 1 tube) (Carrier conditions unless otherwise specified, 1 tube)
MAXIMUM RATINGS
MAXIMUM RATINGS DC Plate Voltage! - - - - - - - - . 2500volts
. / €T, - - - - - _ - - -
DC Plate Voltage! - - - - - - - - - 3000volts BC %(}Ezel\]l(}]gg;&? oo _égg :&1:;
DC Screen Voltage - - - - - - - - - 400volts DC Plate Cllrrent 200 m‘A ’
DC Grid Voltage - - - - - - - - - - —500 watts oo o
Plate Dissipation - - - - - - - - - . 85 watts
DC Plate Cllrrent - - - - - - - - - - 225mA Screen Dissipation - - - - - - - - - 20 watts
Plate Dissipation - - - - - - - - - - 125 watts Grid Dissipation - - o 5 watts
Screen Dissipation - - - - - - - - - 20 watts :
Grid Dissipation - - - - - - - - - - 5 watts TYPICAL OPERATION
( Frequencies below 120 MHz)
TYPICAL OPERATION DC 1"1ate Voltage - - - - - 2000 2500 volts
DC Screen Voltage - - - - - 350 350 volts
(Frequencies below 120 MHz) DC Grid Voltage - - - - - —220 —210 volts
DC Plate Voltage - - - - 2000 2500 3000 wvolts DC Plate Current - - - - - 150 152 mA
DC Screen Voltage - - - - 350 350 350 wvolts DC Screen Current - - - - - 33 30 mA
DC Grid Voltage - - - - —100 —150 —150 volts DC Crid Current - - - - - 10 9 mA
DC Plate Current - - - - 200 200 167 mA Screen Dissipation - - - - - 11.5 10.5 watts
DC Screen Current - - - - 50 40 30 mA Crid Dissipation - - - - 1.6 14  watts
DC Grid Current - - - - - 12 12 9 mA Peak AF Screen Voltage, 100%
Screen Dissipation - - - - 18 14  10.5 watts Modulation - - - 210 910 volts
Grid Dissipation - - = 1.6 2 1.2  watts
Peak RF Grid Input Voltage - 230 320 280 wvolts Pe?fl:p%fmc ;ld }np_ut Yoltag_e o 375 360 volts
(approx.) g ) s
Driving Power (approx.)? - - 2.8 3.8 2.5 watts I],)l?glggoa?:,ﬁp(sg) pr_oh-_) - - - 330?) 3383 V\;iztz
Plate Power Input - - - - 400 500 500 watts Plft Dissipati 75 80 it
Plate Dissipation - - - - - 125 125 125 watts ate Lissipation - - - - - - 00 waltts
Plate Power Output - - - - 275 375 375 watts Plate Power Output - - - - - 225 3 patts
AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR
Class-AB2
AUDIO-FREQUENCY POWER AMPLIFIER MAXIMUM RATINGS
AND MODULATOR DC Plate Voltage - - - - - - - - - - 300volts
DC Screen Voltage - - - - - 400 volts
Class-AB Max-Signal DC Plate Current per Tube - - 225mA
Plate Dissipation, per Tube - - - - - - 125 watts
MAXIMUM RATINGS Screen Dissipation, per Tube - - - - - - 20 watts
TYPICAL OPERATION
7
DC Plate V oltzige - T T T T 3288 vo%ts‘ (Sinusoidal wave, two tubes unless otherwise specified )
DC Screen Voltage - - T voits DC Plate Voltage - - - - - 1500 2000 2500 volts
Max-Signal DC Plate Current per Tube - - 225mA DC Screen Voltage - - - - 350 350 350 volts
Plate Dissipation, per Tube - - - - - - 125 watts DC Crid Voltag‘er - '_41 '_45 ;43 volts
Screen Dissipation, per Tube - - - - - - AU Zero-Signal DC Plate Current - 87 72 93 mA
Max-Signal DC Plate Current - 400 300 260 mA
TYPICAL OPERATION Zero-Signal DC Screen Current 0 0 0 mA
(Sinusoidal wave, two tubes unless otherwise specified) Max-Signal DC Screen Current 34 5 6 mA
_ Effective Load, Plate-to-Plate - 7200 13,600 22,200 ohms
DC Plate Voltage - - - - - 1500 2000 2500 volts Peak AF Grid Input Voltage
DC Screen Voltage - - - - 600 600 600 volts (per tube) - - - - - - 141 105 89 wvolts
DC Grid Voltage* - - - =90 94 96 volts Max-Signal Avg. Driving Power
Zero-Signal DC Plate Current 5 60 50 50 mA (approx.) - - - T 95 1.4 1 watts
Max-Signal DC Plate Current - 222 240 232 mA Max-Signal Peak Driving Power 5.2 3.1 2.4  watts

Zero-Signal DC Screen Current —1.0 —0.5 —-0.3 mA e e e

Max-Signal DC Screen Cwrrent 17 6.4 8.5 mA ( . . .
i . . per tube) - - - 5 125 125 122 watts
Eftective Lo.ad, Plate-to-Plate - 10,200 13,400 20,300 ohms Max-Signal Plate Power Output 350 350 400 watts
Peak, AF Grid Input Voltage X Total Harmonic Distortion - - 2.5 1 2.2 per ct.
(per tube) - - - - - - 90 94 96 volts
Driving Power - - - - - - 0 0 0 watts (D) Above 120 MHz the maximum plate voltage rating de-
Max-Signal Plate Dissipation pends upon frequency. See page 4.
(per tube) - - - - - 875 125 125 watts (@) The effective grid circuit resistance for each tube must
Max-Signal Plate Power Output 158 230 330 watts not exceed 250,000 ohms.
Total Harmonic Distortion - - 5 2 2.6 per ct. (3 Driving power increases above 70 MHz. See page 4.

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER “TYP{CAL OPERATION” POSSIBLY EXCEEDING
THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE E{MAC DIVISION OF VARIAN ASSOCIATES, FOR {NFORMATION AND RECOMMENDATIONS
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APPLICATION

MECHANICAL

Mounting— The 4-125A must be mounted vertically,
base down or base up. The socket must be constructed
so as to allow an unimpeded flow of air through the holes
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 tube should be mounted above the chassis
deck to allow free circulation of air in the manner shown
in the mounting diagram below. The above requirements
are met by the E. F. Johnson Co. socket No. 122-275,
the National Co. socket No. HX-100, or a similar socket.

A flexible connecting strap should be provided be-
tween the HR-6 Heat Dissipating Plate Connector on the
plate terminal and the external circuit. The tube must be
protected from severe vibration and shock.

IRIE|
oy

4-125A mounting providing base cooling, shielding and isolation
of output and input compartments.

Cooling—Adequate cooling must be provided for
the seals and envelope of the 4-125A. In continu-
ous-service applications, the temperature of the
plate seal, as measured on the top of the plate cap,
should not exceed 170° C. A relatively slow move-
ment of air past the tube is sufficient to prevent seal
temperatures in excess of maximum at frequencies below
30 MHz. At frequencies above 30 MHz, radio frequency
losses in the leads and envelope contribute to seal and
envelope heating, and special attention should be given
to cooling. A small fan or centrifugal blower directed
toward the upper portion of the envelope will usually
provide sufficient circulation for cooling at frequencies
above 30 MHz, however.

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 220° C.
are permissible. When the ambient temperature does not
exceed 30° C. it will not ordinarily be necessary to pro-
vide forced cooling to hold the temperatures below this
maximum at frequencies below 30 MHz, provided that a
heat-dissipating plate connector is used, and the tube is
so located that normal circulation of air past the envelope
is not impeded.

Provision must be made for circulation of air
through the base of the tube. ‘here shielding or
socket design makes it impossible to allow free circula-
tion of air through the base, it will be necessary to apply
forced-air cooling to the stem structure. An air flow of
two cubic feet per minute through the base will be suffi-
cient for stem cooling.

ELECTRICAL

Filament Voltage— For maximum tube life the filament
voltage, as measured directly at the filament pins, should
be the rated value of 5.0 volts. Unavoidable variations
in filament voltage must be kept within the range from
4.75 to 5.25 volts.

Bias Voltage— Dc bias voltage for the 4-125A should
not exceed 500 volts. If grid-leak bias is used, suitable
protective means must be provided to prevent excessive
plate or screen dissipation in the event of loss of
excitation.

Screen Voltage— The dc screen voltage for the 4-125A
should not exceed 400 volts, except for class-AB  audio
operation.

Plate Voltage— The plate-supply voltage for the 4-125A
should not exceed 3000 volts for frequencies below 120
MHz. The maximum permissible plate voltage is less
than 3000 volts above 120 MHz, as shown by the graph
on page 5.

Grid Dissipation—Grid dissipation for the 4-125A
should not be allowed to exceed five watts. Grid dissipa-
tion may be calculated from the following expression:

Pg:ecmplC
where P,=Grid dissipation,
€e.mp = Peak positive grid voltage, and

I.=D-c grid current.

€.np Mmay be measured by means of a suitable peak
voltmeter connected between filament and grid.

Screen Dissipation—The power dissipated by the screen
of the 4-125A must not exceed 20 watts. Screen dissipa-
tion is likely to rise to excessive values when the plate
voltage, bias voltage or plate load are removed with
filament and screen voltages applied. Suitable protective
means must be provided to limit screen dissipation to 20
watts in the event of circuit failure.

Plate Dissipation—Under normal operating conditions,
the plate dissipation of the 4-125A should not be al-
lowed to exceed 125 watts in unmodulated applications.

In high-level-modulated amplifier applications, the
maximum allowable carrier-condition plate dissipation is
85 watts, The plate dissipation will rise to 125 watts
under 100% sinusoidal modulation.

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

4-125A —
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OPERATION

Class-C Telegraphy or FM Telephony— The 4-125A
may be operated as a class-C telegraph or FM telephone
amplifier without neutralization up to about 30 MHz if
reasonable precautions are taken to prevent coupling
between input and output circuits external to the tube.
A grounded metallic plate on which the socket may be
mounted as shown in the mounting diagram on page
three provides an effective isolating shield between grid
and plate circuits. 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 fhlaments of the two tubes. Care should be
taken to prevent leakage of radio-frequency energy to
leads entering the amplifier, to prevent grid-plate coup-
ling between these leads external to the amplifier.

Where shielding is adequate, the feed-back at fre-
quencies above 100 MHz is due principally to screen-
lead-inductance effects, and it becomes necessary to in-
troduce in-phase voltage from the plate circuit into the
grid circuit. This can be done by adding capacitance be-
tween plate and grid external to the tube. Ordinarily, a
small metal tab approximately %-inch square connected
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 plate and the envelope, but
care must be taken to prevent the neutralizing plate from
touching the envelope. An alternative neutralization
scheme is illustrated in the diagram below. In this circuit
feed-back is eliminated by series-tuning the screen to
ground with a small capacitor. The socket screen termi-
nals should be strapped together, as shown on the dia-
gram, by the shortest possible lead, and the leads from
the screen terminal to the capacitor, C, and from the
capacitor to ground should be made as short as possible.
All connections to the screen terminals should be made to
the center of the strap between the terminals, in order to
equalize the current in the two screen leads and prevent
overheating one of them. The value for C given under
the diagram presupposes the use of the shortest possible
leads.

At frequencies below 100 MHz ordinary neutraliza-
tion systems may be used. With reasonably effective
shielding, however, neutralization should not be required
below about 30 MHz.

The driving power and power output under typical
operating conditions, with maximum output and plate
voltage, are shown on page 5. The power output shown
is the actual plate power delivered by the tube; the
power delivered to the load will depend upon the effici-
ency 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 suffi-
cient margin to allow for coupling-circuit losses. These
losses will not ordinarily amount to more than 30 or 40

per cent of the driving power, except at frequencies
above 150 MHz. The use of silver-plated linear tank-
circuit elements is recammended at frequencies above
100 MHz.

Conventional capacitance-shortened quarter-wave lin-
ear grid tank circuits having a calculated Zg of 160 ohms
or less may be used with the 4-125A up to 175 MHz.
Above 175 MHz linear grid tank circuits employing a
“capacitor”-type shortening bar, as illustrated in the dia-
gram below, may be used. The capacitor, C;, may con-
sist of two silver-plated brass plates one inch square with
a piece of .010 inch mica or polystyrene as insulation.

Class-C AM Telephony—The 1f circuit considerations
discussed above under Class-C Telegraphy or FM
Telephony also apply to amplitude-modulated operation
of the 4-125A. When the 4-125A is used as a class-C
high-level-modulated amplifier, modulation should be
applied to both plate and screen. Modulation voltage for
the screen may be obtained from a separate winding on
the modulation transformer, by supplying the screen
voltage via a series dropping resistor from the unmodu-
lated plate supply, or by the use of an audio-frequency
reactor in the positive screen-supply lead. When screen
modulation is obtained by either the series-resistor or the
audio-reactor method, the audio-frequency variations in
screen current which result from variations in plate volt-
age as the plate is modulated automatically give the re-
quired screen modulation. Where a reactor is used, it
should have a rated inductance of not less than 10
henries divided by the number of tubes in the modu-
lated amplifier and a maximum current rating of two
or three times the operating dc screen current. To pre-
vent phase shift between the screen and plate modula-
tion voltages at high audio frequencies, the screen by-
pass capacitor should be no larger than necessary for
adequate rf by-passing. Where screen voltage is obtained
from a separate winding on the modulation transformer,
the screen winding should be designed to deliver the
peak screen modulation voltage given in the typical
operating data on page 2.

For high-level modulated service, the use of partial
grid-leak bias is recommended. Any by-pass capacitors
placed across the grid-leak resistance should have a re-
actance at the highest modulation frequency equal to at
least twice the grid-leak resistance.

Class-AB, and Class-AB2 Audio— Two 4-125A’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 operation are given in the tabulated data.

When tvpe 4-125A tubes are used as class-AB;, or
class-AB4 audio amplifiers at 1500 plate volts, under the
conditions given under “Typical Operation,” the screen
voltage must be obtained from a source having reason-
ably good regulation, to prevent variations in screen volt-
age from zero-signal to maximum-signal conditions. The
use of voltage regulator tubes in a standard circuit will
provide adequate regulation. The variation in screen cur-
rent at plate voltages of 2000 and above is low enough
so that any screen power supply having a normal order




of regulation will serve. The driver plate supply makes
a convenient source of screen voltage under these con-
ditions.

Grid bias voltage for class-AB; service may be ob-
tained from batteries or from a small fixed-bias supply.
When a bias supply is used, the dc resistance of the bias
source should not exceed 250 ohms. Under class-AB,
conditions the effective grid-circuit resistance for each
tube should not exceed 250,000 ohms.

The peak driving power figures given in the class-AB;
tabulated data are included to make possible an accurate
determination of the required driver output power. The

(4D21)

driving amplifier must be capable of supplying the peak
driving power without distortion. The driver stage
should, therefore, be capable of providing an undistorted
average output equal to half the peak driving power re-
quirement. A small amount of additional driver output
should be provided to allow for losses in the coupling
transformer.

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 losses in the output
transformer.
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COMPONENTS FOR TYPICAL CIRCUITS

{Diagrams, Page 6)

Lpi- Coy —Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.200"".

Lpz2- Cpa —Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.200"".

Lps- Cps —Tank circuit appropriate for operating frequency:
@ =12. Capacitor plate spacing=.375".

Lps- Cps —Tank circuit appropriate for operating frequency;
® = 12. Capacitor plate spacing=.375".

Lyt - Coo — Tuned circuit appropriate for operating frequency.

Lez- Coo — Tuned circuit appropriate for operating fregency.

C, — .002-ufd., 500-v. mica

C,— .002-ufd., 5000-v. mica

C; — .001-ufd., 2500-v. mica

C,— lb-ufd., 450-v. electrolytic

C; — 10-ufd., 25-v. electrolytic

R, — 7000 ohms, 5 watts

R: — 70,000 ohms, 100 watts

R; — 3500 ohms, 5 watts

R, — 35,000 ohms, 200 watts

Rs — 550 ohms, | watt

Rs — 25,000 ohms, 2 watts

R; — 1500 ohms, 5 wats

RFC, — 2.5-mhy., 125-ma. r-f choke
RFC. — i-mhy., 500-ma. r-f choke

@ 4-125A —
{4D21)

T, — 10-watt driver transformer; ratio pri. to /2 sec. approx. 2:1.

T, — 200-watt modulation transformer; ratio pri. to sec. approx.
I:1; pri. impedance =16,200 ohms, sec. impedance = 16,500

ohms.

T, — 5-watt driver transformer; ratio pri. to !/, sec. approx. I.1:1.

T, — 400-watt modulation transformer; ratio pri. to sec. approx.
2.7:1; pri. impedance =22,200 ohms, sec. impedance =8300

ohms.
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Y ’® TECHNICAL DATA

The EIMAC 5D22/4-250A is a compact, ruggedly constructed power
tetrode having a maximum plate dissipation rating of 250 watts. It is in-
tended for use as an amplifier, oscillator or modulator. The low grid-plate
capacitance of this tetrode coupled with its low driving-power requirement
allows considerable simplification of the associated circuit and driver
stage.

The 5D22/4-250A is cooled by radiation from the plate and by circula-
tion of forced-air through the base, around the envelope, and over the plate
seal.

GENERAL CHARACTERISTICS1

ELECTRICAL

Filament: Thoriated Tungsten
Voltage . . . oo v v it it i e 50+0.25 V
Current, at 5.0volts . ..... ... .. 14.5 A
Transconductance (Average):

Ip =100 mA, Ecp =500 Vde .............. 4000 pmhos
Amplification Factor (Average):

Gridto Screen .. ... . ittt it i 5.1
Direct Interelectrode Capacitance ( grounded filament) 2

1 0
OUtpUt ottt e e e e e e
Feedback . ...t iiii i it i it et et e e e

Frequency of Maximum Rating:

0

5022

4-250A

RADIAL BEAM
POWER TETRODI

...... 12.7 pF
...... 4.5 pF
...... 0.12 pF

...... 110 MHz

1. Characteristics and operating values are based upon performance tests. These figures may change without notice
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using

this information for final equipment design.

2. Capacitance values are for a cold tube as measured in a special shielded fixture.

MECHANICAL
Maximum Overall Dimensions:
S 1 6.375 in; 161.93 mm
| =113 (=3 3.563 in; 90.50 mm
Net Weight . . .o o i ot i i i i i i ittt e 8 0z; 226.8 gm
Operating Position . . . . oo v vt ittt i e e i e Vertical, base down or up
Maximum Operating Temperature:
Plate Seal . . ... i ittt i it it e e e e e e e 200°C
Base Seals . . v vt ittt e e e ettt e e e e e e 176°C

(Effective 5-5-70) © 1970, 1952 by Varian

Printed in U.S. A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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Cooling v v v v v i ittt it e i e
Base ....... . il i,
Recommended Air System Socket..........
Recommended Chimney . ...............

Recommended Heat-Dissipating Connector:

Plate ........ e e e e e e e

................ Radiation and forced air
....................... Special 5-pin
.................. EIMAC SK-400 Series
....................... EIMAC SK-406

RADIO FREQUENCY LINEAR AMPLIFIER
GRID DRIVEN
Class AB1q

ABSOLUTE MAXIMUM RATINGS

DC PLATE VOLTAGE. .. ... ... .... 4000 VOLTS
DC SCREEN VOLTAGE. . .......... 600 VOLTS
DCPLATECURRENT . . .. .. . o v h 0.35 AMPERE
PLATE DISSIPATION . . .. . oo oo 250 WATTS
SCREEN DISSIPATION .. .. ... ohh 35 WATTS
GRID DISSIPATION . ............ 10 WATTS

TYPICAL OPERATION (Freguencies to 30 MHz}
Class AB1, Grid Driven, Peak Envelope or Modulation
Crest Conditions

Plate Voltage . . . .. ... .. ... .... 2500 3000 Vdc
Screen Voltage ., . . ... v v v v i n v o 600 600 Vdc
Grid Voltagel. . .. ............. -110 -116 Vdc
Zero-Signal Plate Current .. ....... 60 60 mAdc
Single-Tone Plate Current . . . ...... 215 205 mAdc
Zero-Signal Screen Current2, . ... ... -0.10 -0.10 mAdc
Single-Tone Screen Current? . . . . ... 7 6 mAdc
Peak rf Grid Voltage2. .. ......... 90 93 v
Plate Dissipation . ............. 225 250 W
Single-Tone Ptate Qutput Power . .. .. 312 350 W
Resonant Load Impedance . . ....... 5800 7300 Q

1. Adjust to specified zero-signal dc plate current.
2. Approximate value.

~ RADIO FREQUENCY POWER AMPLIFIER OR
OSCILLATOR Class C Telegraphy or FM Telephony
(Key-Down Conditions)

ABSOLUTE MAXIMUM RATINGS

DC PLATE VOLTAGE. . . ..... ... .. 4000 VOLTS
DC SCREEN VOLTAGE ........... 600 VOLTS
DC GRID VOLTAGE . ... ... vuv v -500 VOLTS
DCPLATECURRENT . .. .......... 0.35 AMPERE
PLATE DISSIPATION « « « v v v o v v v v u s 250 WATTS
SCREEN DISSIPATION. . . ......... 35 WATTS
GRID DISSIPATION ., ............ 10 WATTS

TYPICAL OPERATION (Freguencies to 110 MHz)

Plate Voltage . . .......... 2500 3000 4000 Vdc

Screen Voltage . .. ........ 500 500 500 Vdc
Grid Voltage ............ -150 -180 =225 Vdc
Plate Current .. .......... 300 345 312 mAdc -
Screen Current2, ., .. ...... 60 60 45 mAdc
Grid Current2. , ... .. ..... 9 10 9 mAdc
Peak rf Grid Voltage2. . ... .. 220 265 303 v
Calculated Driving Power2/3 | . 1.7 2.6 2.5 W
Plate Input Power ......... 750 1035 1250 W
Plate Dissipation ......... 175 235 250 W
Plate Output Power . ....... 575 800 1000 W

1. Above 110 MHz, the maximum plate voltage rating de-
pends upon frequency. See Application (Electrical)
section,

2. Approximate value.

3. Driving power increases above 40 MHz, See Application
(Electrical) section.

PLATE MODULATED RADIO FREQUENCY POWER
AMPLIFIER-GRID DRIVEN Class C Telephony

{Carrier Conditions)

ABSOLUTE MAXIMUM RATINGS

DC PLATE VOLTAGEL. ... ......... 3200 VOLTS
DC SCREEN VOLTAGE . . . . v v v o .. 600 VOLTS
DC GRID VOLTAGE .. .o v v e ... -500 VOLTS
DC PLATECURRENT .\ vv v ee e 0.275 AMPERE
PLATE DISSIPATIONZ. . .. oo v ve ... 165 WATTS
SCREEN DISSIPATIONS . .. ... ..... 35 WATTS
GRID DISSIPATION 3 . . . .. ... ..... 10 WATTS

1. Above 110 MHz, the maximum plate voltage rating de-
pends upon frequency. See Application(Electrical)sec-
tion.

2. Corresponds to 250 watts at 100% sine-wave modula-
tion,

3. Average, with or without modulation.

TYPICAL OPERATION (Freguencies to 110 MHz)

Plate Voltage . . ... ........... 2500 3000 Vdc
Screen Voltage . . . ............ 400 400 Vdc
GridVoltage .. ..........0.... =200 -310 Vdc
Plate Current . ... ............ 200 225 mAdc
Screen Current4 , ... .......... 30 30 mAdc
Grid Current 4, . ... ........... 9 9 mAdc
Peak af Screen Voltage {100%

modulation)4 . ... ........... 350 350 v
Peak rf Grid Voltage 4 .......... 255 365 v
Calculated Driving Power4/5% , . ., .. 2.2 3.2 W
Plate Input Power .. ........... 500 675 W
Plate Dissipation ............. 125 165 W
Plate Output Power , ., .......... 375 510 W

4. Approximate Value.
5. Driving power increases above 110 MHz. See Applica-
tion (Electrical) section.




AUDIO FREQUENCY POWER AMPLIFIER OR
MODULATOR Class AB, Grid Driven

(Sinusoidal Wave)

ABSOLUTE MAXIMUM RATINGS (per tube)

DC PLATE VOLTAGE

4000 VOLTS

DC SCREEN VOLTAGE
DC PLATE CURRENT .. ...
PLATE DISSIPATION
SCREEN DISSIPATION
GRID DISSIPATION

TYPICAL OPERATION (Two Tubes), Class ABq

Plate Voltage. . .. ... 1500
Screen Voltage. .. ... 600
Grid Voltage1/3 .. ... -95
Zero-Signal Plate Current 120

Max. Signal Plate Current 400
Zero-Signal Screen

Current!. ... ..... -0.40
Max. Signal Screen

Current! .. .. ... .. 23
Peak af Grid Voltage?2 . 64
Peak Driving Power . . . 0
Max. Signal Plate

Dissipation2 ... ... 145
Plate Output Power ... 310
Load Resistance

{plate to plate) 6250

2000 2500 3000
600 600 600
-104 -110  -116
110 120 120
405 430 417
-0.30 -0.30 -0.20
22 13 11
88 90 93

0 0 0
175 225 250
460 625 750
9170 11,400 15,000

Vdc
Vdc
Vdc
mAdc
mAdc

mAdc

mAdc

o O EEZ

TYPICAL OPERATION (Two Tubes), Class AB

Plate Voltage. . . . ... 1500
Screen Voltage. .. ... 300
Grid Voltage1/3 . . ... -48
Zero-Signal Plate Current 100

Max. Signa! Plate Current 485
Zero-Signal Screen

Current1......... 0
Max. Signal Screen

Currentl......... 34
Peak af Grid Voltage?2 . 96
Peak Driving Power4.. 4.7
Max. Signal Plate

Dissipation2, . .. ... 150
Plate Output Power , .. 428
Load Resistance

(plate to plate) 5400

Approximate value.
Per tube.

HOWN =

2000 2500
300 300
-48 -51
120 120
510 500

0 0
26 23
99 100
5.5 4.8

185 205
650 840

8000 10,900 16,000

5D22/4-250A @—

VOLTS
AMPERE
WATTS
WATTS
WATTS

3000
300
-53
125
473

Vdc
Vdc
Vdc
mAdc
mAdc

0 mAdc

33 mAdc
99 v
4.6 w

190
1040

0 OEE

Adjust to give stated zero-signal plate current.
Nominal drive power is one-half peak drive power.

correct rf grid voltage

is applied.

NOTE: TYPICAL OPERATION data are obtained from direct measurement or by calculation from published character-
istic curves. Adjustment of the rf grid voitage to obtain the specified plate current at the specified bias,
screen and plate voltages is assumed. If this procedure is followed, there will be little variation in output
power when the tube is changed, even though there may be some variation in grid and screen current. The grid
and screen currents which result when the desired plate current is obtained are incidental and vary from tube
to tube. These current variations cause no difficulty so long as the circuit maintains the correct voltage in
the presence of the variations in current. In the case of Class C Service, if grid bias is obtained principally
by means of a grid resistor, the resistor must be adjustable to obtain the required bias voltage when the

RANGE VALUES FOR EQUIPMENT DESIGN

Filament: Current at 5.0 volts . . . . ...

Interelectrode Capacitancesl (grounded filament connection)

Input .........
Output
Feedback . . .....

1. In Shielded Fixture.
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APPLICATION

MECHANICAL

MOUNTING - The 4-250A must be mounted
vertically, base up or down. The socket must be
constructed so as to allow an unimpeded flow of
air through the holes 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 SK-400 and
SK-410 Air-System Sockets. A flexible connecting
strap should be provided between the EIMAC HR-6
connector 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 170°C, and the plate seal at
a temperature below 200°C.

When the EIMAC SK-400 or SK-410 Air-System
Socket is used, a minimum air flow of 5 cubic
feet per minute at a static pressure of 0.25 inches
of water or less, as measured in the socket or
plenum chamber at sea level, is required to pro-
vide adequate cooling under all conditions of
operation., Seal temperature limitations may re-
quire that cooling air be supplied to the tube
even when the filament alone is on during stand-
by periods.

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

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 220°C, are permissible. When the am-
bient 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 below this maximum at frequencies
below 30 MHz, provided that a heat-radiating
plate connector is used, and the tube is so lo-
cated that normal circulation of air past the
envelope is not impeded. The five cubic feet per
minute base-cooling requirement must be observed
in intermittent service.

Tube temperatures may be measured with a
temperature sensitive paint, spray or crayon,

such as manufactured by Tempil Division, Big
Three Industrial Gas & Equipment Co., Hamilton
Blvd., So. Plainfield, N.J. 07080.

ELECTRICAL

FILAMENT VOLTAGE - For maximum tube life
the filament voltage, as measured directly at the
filament pins, should be the rated voltage of 5.0
volts. Variations in filament voltage must be
kept within the range from 4.75 to 5.25 volts.

BIAS VOLTAGE - The dc bias voltage for the
4-250A should not exceed 500 volts. If grid re-
sistor bias is used, suitable means must be pro-
vided to prevent excessive plate or screen dis-
sipation in the event of loss of excitation, and the
grid resistor should be made adjustable to facili-
tate maintaining the bias voltage and plate current
at the desired values from tube to tube. In oper-
ation above 50 MHz, it is advisable to keep the
bias voltage as low as is practicable.

SCREEN VOLTAGE - The dc screen voltage for
the 4-250A should not exceed 600 volts. The
screen voltages shown under Typical Operation
are representative voltages for the type of oper-
ation involved.

PLATE VOLTAGE - The plate-supply voltage
for the 4-250A should not exceed 4000 volts in
CW and audio applications. In plate-modulated
telephony service the dc plate supply voltage
should not exceed 3200 volts, except below110
MHz, intermittent service, where 4000 volts may
be used.

GRID DISSIPATION - Grid dissipation for the
4-250A should not be allowed to exceed 10 watts.
Grid dissipation may be calculated from the
following expression:
Py = egkxle
where Pg = Grid dissipation
egk = Peak positive grid to cathode voltage,
and
I, = dc grid current

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

-




SCREEN DISSIPATION - The power dissipated
by the screen of the 4-250A must not exceed 35
watts. Screen dissipation is likely to rise to ex-
cessive values when the plate voltage, bias volt-
age or plate load are removed with filament and
screen voltages applied. Suitable protective
means must be provided to limit screen dissipa-
tion to 35 watts in event of circuit failure.

PLATE DISSIPATION - Under normal operating
conditions, the plate dissipation of the 4-250A
should not be allowed to exceed 250 watts. The
anode of the 4-250A operates at a visibly red
color
watts.

In plate modulated amplifier applications,

at its maximum rated dissipation of 250

the maximum allowable carrier-condition plate
dissipation is 165 watts. The plate dissipation
will rise to 250 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.

PULSE SERVICE - For pulse
EIMAC 4PR400A should be used.

service, the

MULTIPLE OPERATION - To obtain maximum
power output with minimum distortion from tubes
operated in multiple, it is desirable to adjust
individual screen or grid bias voltages so that
the peak plate current for each tube is equal at
the crest of the exciting voltage. Under these
conditions, individual dc plate currents will be
approximately equal for full input signal for
class AB] operation.

CAUTION-GLASS IMPLOSION - The EIMAC
4-250A is pumped to a very high vacuum, which
is contained by a glass envelope. When handling
a glass tube, remember that glass is a relatively
fragile material, and accidental breakage can
result at any time. Breakage will result in flying
glass fragments, so safety glasses, heavy cloth-
ing, and leather gloves are recommended for
protection.

CAUTION-HIGH VOLTAGE - Operating voltage
for the 4-250A can be deadly, so the equipment
must be designed properly and operation precau-
tions must be followed. Design equipment so that
no one can come in contact with high voltages. All
equipment must include safety enclosures for
high voltage circuits and.terminals, with interlock

VOLTS

POWER OUTPUT-WATTS

DRIVING POWER -WATTS

5022/4-25 0A @—

to open the primary circuits of the
power supply and to discharge high voltage cap-
acitors whenever access doors are opened. In-
terlock switches must not be bypassed or
‘‘cheated’’ to allow operation with access doors

open. Always remember that HIGH VOLTAGE
CAN KILL.

switches

SPECIAL APPLICATION - If it is desired to
operate this tube under conditions widely dif-
ferent from those listed here, write to Power
Grid Tube Division, EIMAC Division of Varian,
301 Industrial Way, San Carlos, California 94070,
for information and recommendations.
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®

15 AIR HOLES
EQUALLY SPACED

5 AIR HOLES

BOTTOM VIEW

NOTE:

DIMENSIONAL DATA

o INCHES MILLIMETERS
T MmN MAX REF MmN, | max. | Rer
A | 5875 16.375 | -- |[149.23 [161.93 | ——
g8 | -- [3563] —-- —— 9050 -
D | 5125 | 5.625 | ~— |[130.18 [42.88 -—
E | 0350 | 0.365 | —— 8.89 | 9.27 ==
F |0.328] —— —— 8.33 | —- ——
H| —— —— lo0438|[ —— | —— T3
J | —— [o0se9]| -- —— |24.81 -
K| —— loe2so| -— -— | 835 -—
L - —— | 0.750 —— | —— [19.05
M| -- —— Jo.250 —— | —— ] 8635
N| -— |2.750 | —— - — |e9.85 | -—
Pl —— | —— lo312 —— | —— [ 792
Q] —- | —— |os500 — [ - = Ti270
R| ——-| —- |1625| —— | —— [4l.28
s| —— | == 11250 — —— [31.75
T [0.185 [0.19I -~ 470 | 4.85 | — -
ul —— | == | 30° —= = 30°
v] -] -—-—- 60° - - —— 60°
w| —- | —— 45° - - 45°

NOTES:

|._REF DIMENSIONS ARE FOR INFQ.

ONLY 8 ARE_NOT REQUIRED FOR
INSPECTION PURPOSES.

Base pins T and tubulation K are so alined that they can be freely inserted in a gage % inch (6.35 mm) thick with
hole diameters of .204 (5.18 mm)} and .500 {12.70 inm), respectively, located on the true centers by the given dimen-

sions S, U, V.
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8438
4-400A

TECHNICAL DATA

RADIAL BEAM
POWER TETRODE

The EIMAC 8438/4-400A is a compact, ruggedly constructed power
tetrode having a maximum plate dissipation rating of 400 watts. It is in-
tended for use as an amplifier, oscillator or modulator. The low grid-plate
capacitance of this tetrode coupled with its low driving-power requirement
allows considerable simplification of the associated circuit and driver
stage.

The 8438/4-400A is cooled by radiation from the plate and by circula-
tion of forced-air through the base, around the envelope, and over the plate
seal. Cooling can be greatly simplified by using an EIMAC SK-400 Series
Air System Socket and its accompanying glass chimney. This socket is de-
signed to maintain the correct balance of cooling air between the compon-
ent parts of the tube. 3

GENERAL CHARACTERISTICS!

ELECTRICAL

Filament: Thoriated Tungsten
HEIiCEE o S woe 88 v 9ns CooE & Fasr Ty F el w 5.0+0.25 V
Current at SOIVOLLS! & 1.0 oot ot ¢ Ao aa IDaioEe &40 & E 145 A
Transconductance (Average):
=100 mAs; g2 = 300 volts .. 5 9 s svwevissnws 4000 pmhos
Amplification Factor (Average):
@rld 16)[SCIeEl: m av» 74 svcessrons v rvawess ppw 5.1
Direct Interelectrode Capacitances (grounded filament)2
IHPUE .« v ape m b DR AL cahgt P SPhsadnlt aYpid A iy gpienydinn 1LxS pP
OGP saerame @ & S04 pe nbllld fe o 405 Nk os Twe B9 08 o0 BE be B 4.7 pF
EeedbaCkirets a3 3dant e a4 M I setawa 0 8 1o nnd: £ OF 3o 3 0.12 pF
Frequency of Maximum Rating:
EW & asmerivatt B vh eree g Al S Ay dor v 5 b SBT A LLAAEA o &4 o b W 110 MH:z

1. Characteristics and operating values are based upon performance tests. These figures may change without notice
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using
this information for final equipment design.

2. In Shielded Fixture.

3. Guarantee applies only when the 4-400A is used as specified with adequate air in the SK-400 or SK-410 Air-System
Socket and associated chimney or equivalent.

MECHANICAL
Maximum Overall Dimensions:
Length' semm= smpqreamersw e s np=rai b h iapbadsouaysine 6.375 in; 161.93 mm
DiaMElcR Mer = 4 n ass 1| A AN 0D S 6 o8 LOAGAES E.AGC JOE=WOGET) & 3.563 in; 90.50 mm
(Effective 7-20-70) © by Varian Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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Net Weight .. ... 9.00z; 255 gm

Operating Position .. .............. 555505008888 00 0. Vertical, base down or up
Maximum Operating Temperature:

Plate Seal . ... .. ... . i i ceeee.  225°C
Base Seals .............. et ettt ce e, 200°C
Cooling ........ e e i e i e e e, . . Radiation and forced air

Base ..... S G A S s St eeeaeiiiueiaoee ... Special 5-pin
RecommendedSocket....................................EIMACSK-4OOSeries
Recommended Chimney S et e it e, .. EIMAC SK-406
Recommended Heat-Dissipating Connectors:

Plate . .. ............. 5000600 aa0noC ST e e S I — .. HR-6
RADIO FREQUENCY LINEAR AMPLIFIER TYPICAL OPERATION (Frequencies to 75 MHz)
GRID DRIVEN Class AB1, Grid Driven, Peak Envelope or Modulation
Class ABy Crest Conditions
ABSOLUTE MAXIMUM RATINGS Plate Voltage ...................... 3000 Vdc
Screen Voltage. . . .................. 750 Vdc
DC PLATE VOLTAGE . . . ......... 4000 VOLTS Grid Voltagel. . . .............. ..... -130 Vdc
DC SCREEN VOLTAGE . . .. ....... 800 VOLTS Zero-Signal Plate Current . . . ... ... ..... 80 mAdc
DC PLATECURRENT ... ......... 0.350 AMPERE Single Tone Plate Current . . .. ... ....... 290 mAdc
PLATE DISSIPATION ............ 400 WATTS Single-Tone Screen Current2 |, .., ... ..... 13 mAdc
SCREEN DISSIPATION .. ......... 35 WATTS Useful Output Power . ... ............. 470 W
GRID DISSIPATION . . . . ... ... ... 10 WATTS Resonant Load Impedance . . ............ 5000 Q)
1. Adjust to specified zero-signal dc plate current. ﬁ
2. Approximate value.

RADIO FREQUENCY POWER AMPLIFIER OR Peak rf Grid Voltage1. ... ... 300 320 320 v

OSCILLATOR Class C Telegraphy or FM Telephony Grid Dissipation . . .. ... ... 1.8 1.9 1.8 W

(Key-Down Conditions) Calculated Driving Power 2... 5.4 6.1 5.8 W
Plate input Power ... ... ... 875 1050 1400 W

ABSOLUTE MAXIMUM RATINGS Plate Dissipation ......... 235 250 300 W
Plate Output Power . ... .... 640 800 1100 W

DC PLATEVOLTAGE. . ... ....... 4000 VOLTS .

DC SCREEN VOLTAGE. . . ........ 600 VOLTS LaNiales (I EEITEE

DC PLATE CURRENT . . . .\ ot oo .. 0.350 AMPERE 2. Driving Power increases with frequency. At 75 MHz dri-

PLATE DISSIPATION . .. .. ..o ... 400 WATTS ving power is approximately 12 watts.

SCREEN DISSIPATION . .. ........ 35 WATTS

GRID DISSIPATION . ........... 10 WATTS IYPICAL OPERATION (110 MHz, two tubes)

TYPICAL OPERATION (Frequencies to 75 MHz) Plate Voltage . . . ............. 3500 4000 Vdc
Screen Voltage . . .. ........... 500 500 Vdc

Plate Voltage . . . ... ...... 2500 3000 4000 Vdc GridVoltage . ............... -170 -170 Vdc

Screen Voltage . . ... ...... 500 500 500 Vdc Plate Current . . ... ........... 500 540 mAdc

Grid Voltage ............ -200  -220 -220 Vdc ScreenCurrent . ... ........... 34 31 mAdc

Plate Current . ... ........ 350 350 350 mAdc GridCurrent . . ... ........... 20 20 mAdc

Screen Current! . . ... .. ... 46 46 40 mAdc Driving Power1 . ... ... 20 20 W

Screen Dissipation .. ...... 23 23 20 W Plate Output Power 1 .. 1300 1600 W

Grid Current1 ., . . ... ... .. 18 19 18 mAdc Useful Qutput Power . .......... 1160 1440 W

1. Approximate value.




PLATE MODULATED RADIO FREQUENCY POWER
AMPLIFIER-GRID DRIVEN Class C Telephony

(Carrier Conditions)

ABSOLUTE MAXIMUM RATINGS

DC PLATE VOLTAGE. + v v v v v v e n . 3200
DC SCREEN VOLTAGE .. ... ..... 600
DC GRID VOLTAGE . ... oo v v -500
DCPLATE CURRENT . ..o vvv .. .. 0.275
PLATE DISSIPATIONT , ... ....... 270
SCREEN DISSIPATIONZ , . ... ... .. 35
GRID DISSIPATIONZ . .......... 10

VOLTS
VOLTS
VOLTS

AMPERE

WATTS
WATTS
WATTS

1. Corresponds to 400 watts at 100% sine-wave modu-

lation.
2. Average, with or without modulation.

TYPICAL OPERATION (Frequencies to 75 MHz )

4-400A @—

MAXIMUM RATINGS (Frequencies to 30 MHz,

Intermittent Service

ABSOLUTE MAXIMUM RATINGS

DC PLATE VOLTAGE . . .« oo v nn ... 4000 VOLTS
DC SCREEN VOLTAGE. . . ........ 600 VOLTS
DC GRID VOLTAGE . .o v oo v -500 VOLTS
DCPLATECURRENT . . .. .. ...... 0.275 AMPERE
PLATE DISSIPATION T . . . .. ... ... 270 WATTS
SCREEN DISSIPATIONZ . . ... ..... 35 WATTS
GRID DISSIPATION2. . .. ... ..... 10 WATTS

TYPICAL OPERATION {Frequencies to 30 MHz,
Intermittent Service)

Plate Voltage. . . . ... ..... 2000 2500 3000 Vdc Plate Voltage . . ... ..... 2000 2500 3000 3650 Vdc
Screen Voltage. . . ........ 500 500 500 Vdc Screen Voltage. .. ... ... 500 500 500 500 Vdc
Grid Voltage . . .......... -220 -220 -220 Vdc¢  Grid Voltage .. ........ -220 -220 -220 -225 Vdc
Plate Current . . . . ... ..... 275 275 275 mAdc Plate Current .. . ....... 275 275 275 275 mAdc
Screen Current! . .. .. ..... 30 28 26 mAdc Screen Currentl. ... ... .. 30 28 26 23 mAdc
Screen Dissipation ... ..... 15 14 13 W Screen Dissipation ... ... 15 14 13 12 W
Grid Current 1. . . ... ... ... 12 12 12 mAdc Grid Current 1. ... ... ... 12 12 12 13 mAdc
Grid Dissipation. . .. ...... 1.1 1.1 1.1 W Grid Dissipation. . ... ... .1 11 11 1.2 W
Peak af Screen Voltage ! Peak Screen Voltage
(100% modulation). . ... ... 350 350 350 v (100% modulation). .. . .. 350 350 350 350 v
Peak rf Grid Voltagel. ... ... 290 290 290 v Peak rf Grid Voltagel. . ... 290 290 290 315 v
Calculated Driving Power1 ... 3.5 3.5 3.5 W Calculated Driving Power1 . 3.5 3.5 3.5 4.0 W
Plate Input Power . . ... .... 550 688 825 W Plate Input Power .. ... .. 550 688 825 1000 W
Plate Dissipation ......... 170 178 195 W Plate Dissipation ... .. .. 170 178 195 235 W
Plate Output Power .. ... ... 380 510 630 W Plate Output Power . ... .. 380 510 630 765 W
1. Approximate value.
AUDIO FREQUENCY POWER AMPLIFIER OR Plate Output Power . ... .. 850 1100 1330 1540 W
MODULATOR Class AB, Grid Driven Load Resistance
(Sinusoidal Wave) (plate to plate} .. ... .. 6800 8900 11,500 14,0001}
ABSOLUTE MAXIMUM RATINGS (Per Tube) TYPICAL OPERATION (Two Tubes) Class AB2
DC PLATE VOLTAGE. . . .. .. ... .. 4000 VOLTS
DC SCREEN VOLTAGE .......... 800 VOLTS Plate Voltage . . . ...... 2500 3000 3500 4000 Vdc
DC PLATECURRENT . . .. ... ... .. 0.350 AMPERE Screen Voltage . .. ... .. SHD R L
PLATE DISSIPATION . . . . oo e ... 400 WATTS Grid Voltage1/4.. ... ... -75 -80 -85 -90 Vdc
SCREEN DISSIPATION .+« v v e n .. 35 WATTS Zero-Signal Plate Current . 190 160 140 120 mAdc
GRID DISSIPATION . + + v v vt 10 WATTS Max. Signal Plate Current . 700 700 700 638 mAdc
Zero-Signal Screen Current 0 0 0 0 mAdc
Max. Signal Screen Current 50 40 38 32 mAdc
TYPICAL OPERATION (Two Tubes) Class AB1 Peak af Grid Voltage2. . .. 133 140 145 140 v
Peak Driving Power3 . . . . 8.6 9.0 102 7.0 W
Plate Voltage. . . . . ... .. 2500 3000 3500 4000 Vdc Max. Signal Plate
Screen Voltage. . . ... ... 750 750 750 750 Vdc Dissipation2 ______ 320 363 400 400 W
Grid Voltage /4. . .. .. .. -130 -137 -145 -150 Vdc  pjate Qutput Power . . . . . 1110 1375 1650 1750 W
Zero-Signal Plate Current .. 190 160 140 120 mAdc | gad Resistance
Max. Signal Plate Current . . 635 635 610 585 mAdc (plate to plate). . . .. .. 7200 3910010,800 14,000}
Zero-Signal Screen Current . 0 0 0 0 mAdc
Max. Signal Screen Currentl, 28 26 32 40 mAdc
Peak af Grid Voltage2. . . . . 130 137 145 150 v 1. Approximate value.
Peak Driving Power3 . . . . . 0 0 0 Ow 2. Per tube.
Max Signal Plate 3. Nominal drive power is one-half peak power.
Dissipation2 . .. ...... 370 400 400 400 W 4. Adjust to give stated zero-signal plate current.
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NOTE: TYPICAL OPERATION data are obtained from direct measurement or by calculation from published character-
istic curves. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias,
screen and plate voltages is assumed. If this procedure is followed, there will be little variation in output
power when the tube is changed, even though there may be some variation in grid and screen current. The grid
and screen currents which result when the desired plate current is obtained are incidental and vary from tube
to tube. These current variations cause no difficulty so long as the circuit maintains the correct voltage in
the presence of the variations in current. In the case of Class C Service, if grid bias is obtained principal ly
by means of a grid resistor, the resistor must be adjustable to obtain the required bias voltage when the

correct rf grid voltage is applied.

RANGE VALUES FOR EQUIPMENT DESIGN

Min. Max
Filament: Current at 5.0 volts . . . . . . it it et e e e e e e e e . 135 147 A
Interelectrode Capacitances 1(grounded filament connection):
Input .. e e e e e 10.7 14.5 pF
Output « .o i e e e . 4.2 5.6 pF
Feedback ................... Cee e e e ---- 0.17 pF

1. In Shielded Fixture.

APPLICATION

MECHANICAL

MOUNTING - The 4-400A must be mounted
vertically, base up or down. The socket must be
constructed so as to allow an unimpeded flow of
air through the holes 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 SK-400
and SK-410 Air-System Sockets. A flexible con-
necting strap should be provided between the
EIMAC HR-6 cooler on the plate terminal and the
extemal 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 200°C, and the plate seal at
a temperature below 225°C.

When the EIMAC SK-400 or SK-410 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 or less, as measured in the socket or
plenum chamber at sea level, is required to pro-
vide adequate cooling under all conditions of
operation. Seal temperature limitations may re-
quire that cooling air be supplied to the tube
even when the filament alone is on during stand-
by periods.

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

4

Tube temperatures may be measured with
a temperature sensitive paint, spray or crayon,
such as manufactured by Tempil Division, Big
Three Industrial Gas & Equipment Co., Hamilton
Blvd., So. Plainfield, N.J. 07080.

ELECTRICAL

FILAMENT VOLTAGE - For maximum tube life
the filament voltage, as measured directly at the
filament pins, should be the rated voltage of 5.0
volts. Variations in filament voltage must be
kept within the range from 4.75 to 5.25 volts.

BIAS VOLTAGE - The dc bias voltage for the
4-400A should not exceed 500 volts. If grid re-
sistor bias is used, suitable means must be pro-
vided to prevent excessive plate or screen dis-
sipation in the event of loss of excitation, and
the grid resistor should be made adjustable to
facilitate maintaining the bias voltage and plate
current at the desired values from tube to tube. In
operation above 50 MHz, it is advisable to keep
the bias voltage as low as is practicable.

SCREEN VOLTAGE - The dc screen voltage for
the 4-400A should not exceed 800 volts. The
screen voltages shown under Typical Operation
are representative voltages for the type of oper-
ation involved.




PLATE VOLTAGE - The plate-supply voltage
for the 4-400A should not exceed 4000 volts in
CW and audio applications. In plate-modulated
telephony service the dc plate-supply voltage
should not exceed 3200 volts, except below 30
MHz, intemmittent service, where 4000 volts may
be used.

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:

Pg= egkxIc
where Pg = Grid dissipation

egk =Peak positive grid to cathode voltage,
and
I =dc grid current
ecmp may be measured by means of a suitable
peak voltmeter connected between filament and

grid.

SCREEN DISSIPATION - The power dissipated
by the screen of the 4-400A must not exceed 35
watts. Screen dissipation is likely to rise to ex-
cessive values when the plate voltage, bias volt-
age or plate load are removed with filament and
screen voltages applied. Suitable protective
means must be provided to limit screen dissipa-
tion to 35 watts in event of circuit failure.

PLATE DISSIPATION - Under normal operating
conditions, the plate dissipation of the 4-400A
should not be allowed to exceed 400 watts. The
anode of the 4-400A operates at a visibly red
color at its maximum rated dissipation of 400
watts.

In plate modulated amplifier applications,
the maximum 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.

4-400A @—

PULSE SERVICE - For pulse service, the
EIMAC 4PR400A should be used.

MULTIPLE OPERATION - To obtain maximum
power output with minimum distortion from tubes
operated in multiple, it is desirable to adjust
individual screen or grid bias voltages so that
the peak plate current for each tube is equal at
the crest of the exciting voltage. Under these
conditions, individual dc plate currents will be
approximately equal for full input signal for
class AB1 operation.

CAUTION - GLASS IMPLOSION - The EIMAC
4-400A is pumped to a very high vacuum, which
is contained by a glass envelope. When handling
a glass tube, remember that glass is a relatively
fragile material, and accidental breakage can
result at any time. Breakage will result in flying
glass fragments, so safety glasses, heavy cloth-
ing, and leather gloves are recommended for
protection.

CAUTION-HIGH VOLTAGE - Operating voltage
for the 4-400A can be deadly, so the equipment
must be designed properly and operating precau-
tions must be followed. Design equipment so that
no one can come in contact with high voltages.All
equipment must include safety enclosures for
high voltage circuits and terminals, with interlock
switches to open the primary circuits of the
power supply and to discharge high voltage cap-
acitors whenever access doors are opened. In-
terlock switches must not be bypassed or
‘‘cheated’’ to allow operation with access doors
open. Always remember that HIGH VOLTAGE
CAN KILL.

SPECIAL APPLICATION - If it is desired to
operate this tube under conditions widely dif-
ferent from those listed here, write to Power
Grid Tube Division, EIMAC Division of Varian,
301 Industrial Way, San Carlos, California 94070,
for information and recommendations.
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BOTTOM

NOTE:

15 AIR HOLES
EQUALLY SPACED

5 AIR HOLES

DIMENSIONAL DATA
oM. INCHES MILLIMETERS
MN. | MAX | REF MN._ | max | REF
A | 5875 [6.375| -~ |[149.23 [161.93 | —~
B | -- |3.563 ] —-— -— [9050 | —-
D | 5125 [5.625 | —— |[130.18 |W2.88 | ——
£ 0350 |0.365 | —— 889 | 927 | ——
F |0328] —— -— |[ 833 | — ——
H| —— [ -- [o438|[ —— [ == [11.13
J | —— |o9es| -- —— [2a61 | ——
K| —— o250 | -~ -— [ 635 | --
L —— -—— |o7s0|[ —— | —— [19.05
M| —— | —— Joeso|[ —— | == [ &35
N| -— |2.750 | —— ~— |69.85 | —
Pl —— [ —— To312 —— | == | 792
Q| ——- | ——Jos00 || —— [ - - (1270
R| ——1 == J1se2es|[ —— | —— [4l.28
s| —— [ —= [reso|[ —- —— [37s
T [oas5 |09l | -= |[ 470 | 485 | — -
ul ~—— | == [ 30° -~ | == [ 30°
v|] -—— | —— | so0° -- | —— [ e0°
w | —- | —— | a5° - [ —— [ a5°
NOTES:

i REF DIMENSIONS ARE FOR INFQ

ONLY & ARE NOT REQUIRED FOR

INSPECTION

PURPOSES.

Base pins T and tubulation K are so alined that they can be freely inserted in a gage Y% inch (6.35 mm) thick with
hole diameters of .204 (5.18 mm) and .500 {12.70 mm), respectively, located on the true centers by the given dimen-

sions §, U, V.
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6775
4-400C

RADIAL BEAM
POWER TETRODE

® TECHNICAL DATA

The EIMAC 6775/4-400C is a compact, ruggedly constructed, broadcast-
quality tetrode having a maximum plate dissipation rating of 400 watts.
It is intended for use as an amplifier, oscillator, or modulator. The low
grid-plate capacitance of this tetrode coupled with its low driving-power /’.‘
requirement allows considerable simplification of the associated circuit '
and driver stage.

The 6775/4-400C is cooled by radiation from the plate and by circula-
tion of forced-air through the base, around the envelope, and over the plate
seal. Cooling can be greatly simplified by using an EIMAC SK-400 Series
Air-System Socket, and its accompanying glass chimney. This socket is
designed to maintain the correct balance of cooling air between the com-
ponent parts of the tube.’

The 6775/4-400C is especially recommended for applications where long
life and consistent performance are of prime consideration. 2

e T—p

— A e

GENERAL CHARACTERISTICS3 nﬂ u. u

ELECTRICAL
Filament: Thoriated Tungsten

MOLBIEET ash« o 60 6 va'd bl 6.4 B B aerpe G55 08 s demre il ol Q00 50025 V

Current, at 5.0 VOIS .« . v v v v it e e e e e e e e, 14.7 A
Transconductance (Average):

=100 mA, Egsi= 500 VOIS, 446 885 0 8 b o e oo nresors oo o 4000 umhos
Amplification Factor (Average):

Biid [(PISEEE, & a e doiss & Tk 4 g SFages’s 0.5 B0 5 A athnts &b s Wl Dol
Direct Interelectrode Capacitances (grounded filament)?

e o A T O N T 12.5 pF

SO on TSI PSS RD B PETEN BD N e G e Etie’ Akl A 4.7 pF

EED Aiame bive 4dad@nn s &'Scnsnmd aginill b a o i b Sacst read s bl 5 0.12 pF
Frequency of Maximum Rating:

Ellnge w0 bid 4 LORC OB DO G pA FEH b d'e 450 A6 DI 4 §id o ks 110 MHz

1. Guarantee applies only when the 4-400C is used as specified with adequate cooling air in the SK-400 or SK-410
Air-System Socket and associated chimney, or equivalents.

2. See FILAMENT VOLTAGE section for recommended operating conditions when long life and consistent performance
are of prime concern.

3. Characteristics and operating values are based on performance tests. These figures may change without notice
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using
this information for final equipment design.

4. Capacitance values are for a cold tube as measured in a special shielded fixture in accordance with Electronic
Industries Association Standard RS-191.

(Effective 4-1-71) @ by Varian Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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MECHANICAL
Maximum Overall Dimensions:
T3 1 1 1 6.375 in; 161.93 mm
Diameter. « v v it it i e et e e et e e e 3.563 in; 90.50 mm
Net Weight ..ot it ittt ettt i it ittt e e et 9.0 0z; 255 gm
(070752210 Vo) R0 XL Te N e e S e S e e e 5 s B s e S e S 5 Any
Maximum Operating Temperature:
Plate Seal. . v i ittt i it e e ettt et et e e 225°C
Base Seals . ....... e e ettt et e et e e e e 200°C
00T ) 5§ Radiation and forced air
Base & it it i e i i e et e ettt e e e e Special 5-pin
Recommended Socket. « v v v it it i it i e e i et e EIMAC SK-400 Series
Recommended Chimney . .. ... ottt ittt it teenenesnnenas EIMAC SK-406
Recommended Heat-Dissipating Connectors:
Plate . v o v i i it et e e e et e e TR R e HR-6
RADIO FREQUENCY LINEAR AMPLIFIER TYPICAL OPERATION (Frequencies to 75 MHz)
GRID DRIVEN Class ABq, Grid Driven, Peak Envelope or Modulation
Class AB1 Crest Conditions
Plate Voltage . . . . . . .o v v it v i i in s ot 3000 Vdc
ABSOLUTE MAXIMUM RATINGS Screen Voltage. . . .. ...... .. ....... 750 Vdc
Grid Voltage1 . . ... .. ... .o -130 Vvdc
DC PLATE VOLTAGE v v v v v v oo 4000 VOLTS Zgro-SlgnaI Plate Current . . ... ........ 80 mAdc
S AGE 800 VOLTS Single-Tone Plate Current . . .. . . ... .... 290 mAdc
DC SCREEN VOLTAGE . ......... MO Single-Tone Screen Current2 , ... ....... 13 mAdc
DC PLATE CURRENT . .......... 0.350 AMPERE Useful Output Power . .. ............. 470 w
PLATE DISSIPATION ........... 400 WATTS Resonant Load impedance . . ........... 5000 Q2
SCREEN DISSIPATION .. ........ 35 WATTS 1. Adjust to specified zero-signal dc plate current.
GRID DISSIPATION . .. ......... 10 WATTS 2. Approximate value.
RADIO FREQUENCY POWER AMPLIFIER OR Peak rf Grid Voltagel. ... ... 300 320 320 v
OSCILLATOR Class C Telegraphy or FM Telephony Grid Dissipation. .. ....... 1.8 1.9 1.8 W
(Key-Down Conditions) Calculated Driving Power2 . . . 5.4 6.1 5.8 W
Plate Input Power . ... ..... 875 1050 1400 W
ABSOLUTE MAXIMUM RATINGS Plate Dissipation . ... ... .. 235 250 300 W
Plate Output Power .. ...... 640 800 1100 W
DC PLATE VOLTAGE . .......... 4000 VOLTS
DC SCREEN VOLTAGE .......... 600 VOLTS 1. Approximate value.
DC PLATE CURRENT . .......... 0.350 AMPERE 2. Driving Power increases with frequency. At 75 MHz dri-
PLATE DISSIPATION . .......... 400 WATTS ving power is approximately 12 watts.
SCREEN DISSIPATION . ...... ... 35 WATTS
GRID DISSIPATION .. ... ... ... 10 WATTS TYPICAL OPERATION (110 MHz, two tubes)
TYPICAL OPERATION (Frequencies to 75 MHz) Plate Voltage. .. ............. 3000 4000 Vdc
ScreenVoltage. ... ... ... ..... 500 500 Vdc
Plate Voltage ... .... 2500 3000 4000 Vvdc Grid Voltage . ............... -170 -170 Vdc
Screen Voltage ...... 500 500 500 Vdc Plate Current . . . . ............ 500 540 mAdc
Grid Voltage ....... -200 -220 -220 Vdc ScreenCurrent . . .. ... ........ 34 31 mAdc
Plate Current . ...... 350 350 350 mAdc Grid Current . .. ............. 20 20 mAdc
Screen Current! . . .. .. 46 46 40 mAdc DrivingPowerl . .. ... ......... 20 20 W
Screen Dissipation .. .. 23 23 20 W Plate Output Powerl, . .. ... ..... 1300 1600 W
Grid Current! . . . .. ... 18 19 18 mAdc Useful Output Power . .......... 1160 1440 W

1. Approximate value
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PLATE MODULATED RADIO FREQUENCY POWER MAXIMUM RATINGS (Frequencies to 30 MHz, Intermittent
AMPLIFIER-GRID DRIVEN Class C Telephony Service)

(Carrier Conditions)

ABSOLUTE MAXIMUM RATINGS
ABSOLUTE MAXIMUM RATINGS

O CUA BV Ao 3200 VOLTS DC PLATE VOLTAGE .............. 4000 VOLTS

DG SCREEN VOLTAGE . . . .. ... " 600 VOLTS DC SCREEN VOLTAGE . .. .. ... ..... 600 VOLTS

DC GRID VOLTAGE . . .« . 500 VOLTS DC GRID VOLTAGE .. .. .. vinn -500 VOLTS

DC PLATE CURRENT .+« v vr oo n . 0.275 AMPERE DC PLATE CURRENT ... ........... 0.275 AMPERE

PLATE DISSIPATIONT . . . " 270 WATTS PLATE DISSIPATIONT. .. ... ... ..... 270 WATTS

SCREEN DISSIPATIONZ. . ... ..... 35 WATTS SCREEN DISSIPATIONZ. .. .. ........ 35 WATTS

GRID DISSIPATIONZ . .. ........ 10 WATTS GRID DISSIPATIONZ . .. ... ... o... 10 WATTS

1. Corresponds to 400 watts at 100% sine-wave modu-

lation. 2. Average, with or without modulation.

TYPICAL OPERATION (Frequencies to 75 MHz, TYPICAL OPERATION (Frequencies to 30 MHz, Intermittent

Continuous Service) Service)

Plate Voltage. ... ...... 2000 2500 3000 Vdc

Screen Voltage. .. ...... 500 500 500 Vdc Plate Voltage. . . .. .. .. 2000 2500 3000 3650 Vdc

Grid Voltage .......... -220 -220 -220 Vdc Screen Voltage. . ... ... 500 500 500 500 Vdc

Plate Current . . . .. ..... 275 275 275 mAdc Grid Voltage . . . .. . ... 2220 -220 -220 -225 Vdc

Screen Currentl. . . ... ... 30 28 26 mAdc p 276 275 275 275 mAd

Screen Dissipation . . . . .. 15 14 13 W LGS 56 0060k (A mAde

Grid Current? . . . .. .. ... 12 12 12 mAdc Screen Currentl. . . .. ... 30 28 26 23 mAdc

Grid Dissipation. . ... ... 1.1 11 11 W Screen Dissipation . . . . 6 14 13 12w

Peak af Screen Voltage ! Grid Current. . . ... ... 12 12 12 13 mAdc

(100% modulation). . .. .. 350 350 350 v Grid Dissipation ...... .10 11 19 1.2 W

Peak rf Grid Voltagel. . . . . 290 290 290 v Peak Screen Voltage

Calculated Driving Power. . 3.5 3.5 35 W (100% modulation). . . .. 350 350 350 350 v

Plate Input Power .. ... .. 550 688 825 W Peak rf Grid Voltage!. ... 290 290 290 315 v

Plate Dissipation . ... ... 170 178 195 W Calculated Driving Power 1 3.6 3.6 3.6 4.0 W

Plate Output Power . ... .. 380 510 630 W Plate Input Power . . . . .. 550 688 825 1000 W
Plate Dissipation ...... 170 178 195 235 W

1. Approximate value. Plate Output Power . . ... 380 510 630 765 W

AUDIO FREQUENCY POWER AMPLIFIER OR Max Signal Plate

MODULATOR Class AB, Grid Driven Dissipation2 . . ...... 370 40U 400 400 W

(Sinusoidal Wave) Plate Output Power . .. .. 850 1100 1330 1540 W
Load Resistance

ABSOLUTE MAXIMUM RATINGS (Per Tube) (plate to plate). . .. ... 6800 8900 11,50014,000 £

DC PLATE VOLTAGE . .. ......... 4000 VOLTS TYPICAL OPERATION (Two Tubes) Class AB2

DC SCREEN VOLTAGE .. ......... 800 VOLTS Pla e T 2500 3000 3500 4000 Vdc

DC PLATE CURRENT . ........... 0.350 AMPERE gte V Voltage T 200 000 Jopg 490 vde

PLATE DISSIPATION . ... ... ... 400 WATTS Grid Voltage1/4 . ... ... -75 -80 -85 -90 Vdc

SCREEN DISSIPATION . .......... 35 WATTS Zero-Signal Plate Current . 190 160 140 120 mAdc

GRID DISSIPATION . .. .......... 10 WATTS Max.Signal Plate Current. . 700 700 700 638 mAdc
Zero-Signal Screen Current. 0 0 0 0 mAdc

TYPICAL OPERATION (Two Tubes) Class AB1 Max.Signal Screen Current . 50 40 38 32 mAdc
Peak af Grid Voltage2 . . . 133 140 145 140 v

Plate Voltage. . . ... ... 2500 3000 3500 4000 Vdc ;Ziks?'g‘;"”glzf:’e“ ~e+. 86 9.0102 70w

Screen Voltage . . . . . . . . 750 750 750 750 Vdc Di'ssi%ationz ________ 320 363 400 400 W

Grid Voltage1/4..... .. -130 -137 -145 -150 Vdc Piate Output Power . . . .. 1110 1375 1650 1750 W

Zero-Signal Plate Current . 190 160 140 120 mAdc Load Resistance

Max.Signal Plate Current . 635 635 610 585 mAdc (plate to plate). .. .... 7200 9100 10,800 14,000 )

Zero-Signal Screen Current . 0 0 0 0 mAdc 1. Approximate value.

Max.Signal Screen Current] 28 26 32 40 mAdc 2. Per Tube.

Peak af Grid Voltage2 . .. 130 137 145 150 v 3. Nominal drive power is one-half peak power.

Peak Driving Power3 . . . . 0 0 0 0w 4. Adjust to give stated zero-signal plate current.
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NOTE: TYPICAL OPERATION data are obtained from direct measurement or by calculation from published character-
istic curves. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias,
screen and plate voltages is assumed. If this procedure is followed, there will be little variation in output
power when the tube is changed, even though there may be some variation in grid and screen current. The grid
and screen currents which result when the desired plate current is obtained are incidental and vary from tube
to tube. These current variations cause no difficulty so long as the circuit maintains the correct voltage in
the presence of the variations in current. In the case of Class C Service, if grid bias is obtained principally
by means of a grid resistor, the resistor must be adjustabie to obtain the required bias voltage when the

correct rf grid voltage is applied.

RANGE VALUES FOR EQUIPMENT DESIGN

Min Max

Filament: Currentat 5.0 volts . . . .. v v v v v v v v it e 140 15.3 A
Interelectrode Capacitances l(grounded filament connection):

0 1 10.7 14.5 pF

(6 11 R R R R AR SRS - 42 5.6 pF

O ity ==== 0,17 pF
1. In Shielded Fixture, per E IA Standard RS-191.

APPLICATION

MECHANICAL

MOUNTING - The 4-400C may be operated in
any position. The socket must be constructedso
as to allow an unimpeded flow of air through the
holes in the base of the tube and must also pro-
vide clearance for the glass tip-off which ex-
tends 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 SK-400 and SK-410 Air-
System Sockets. A flexible connecting strap
should be provided between the EIMAC HR-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 200°C, and the plate seal at
a temperature below 225°C.

When the EIMAC SK-400 or SK-410 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 or less, as measured in the
socket or plenum chamber at sea level, is re-
quired to provide adequate cooling under all
conditions of operation. Seal temperature limita-
tions may require that cooling air be supplied to
the tube even when the filament alone is on

during standby periods.

Tube temperatures may be measured with a
temperature sensitive paint, spray or crayon,
such as manufactured by Tempil Division, Big
Three Industrial Gas & Equipment Co., Hamilton
Blvd., So. Plainfield, N.J. 07080.

ELECTRICAL

FILAMENT VOLTAGE - Filament voltage
should be measured at the tube base with an
accurate meter. When operating at the nominal
voltage, variations of 5% are tolerable and
should have little effect on electrical perform-
ance of the tube. However, when very long life
and consistent performance are factors, voltage
can often be reduced to a value lower than the
nominal voltage, but should be regulated and
held to #1% when this is done. To achieve a
regulated voltage and still have it adjustable, a
typical procedure would involve a one-to-one
regulating transformer, feeding a variable ratio
transformer (such as a POWERSTAT or a
VARIAC), which in tum feeds the filament
transformer. The equipment is first operated
with nominal filament voltage applied, and when
stable operation is achieved, the voltage is then
reduced in small steps {about 0.2 volt at a time)
until the point is reached where performance of
the tube is clearly affected. The voltage is then




raised to a few tenths of a volt above this level
for operation. Periodically (every 500 to 1000
hours) this procedure should be repeated and the
cperating value of the filament voltage readjusted
if necessary.

BIAS VOLTAGE - The dc bias voltage for the
4-400C should not exceed 500 volts. If grid re-
sistor bias is used, suitable means must be pro-
vided to prevent excessive plate or screen dis-
sipation in the event of loss of excitation, and
the grid resistor should be made adjustable to
facilitate maintaining the bias voltage and plate
current at the desired values from tube to tube.
In operation above 50 MHz, it is advisable to
keep the bias voltage as low as is practicable.

SCREEN VOLTAGE - The dc screen voltage
for the 4-400C should not exceed 800 volts. The
screen voltages shown under Typical Operation
are representative voltages for the type of opera-
tion involved.

PLATE VOLTAGE - The plate-supply voltage
for the 4-400C should not exceed 4000 volts in
CW and audio applications. In plate-modulated
telephony setrvice the dc plate-supply voltage
should not exceed 3200 volts, except below 30
MHz, intermittent service, where 4000 volts may
be used.

GRID DISSIPATION - Grid dissipation for the
4-400C should not be allowed to exceed 10
watts. Grid dissipation may be calculated from
the following expression:
Pg=egkxIc

where Pg = Grid dissipation

egk = Peak positive grid to cathode volt-

age, and
Ic =dc grid current

SCREEN DISSIPATION - The power dissipated
by the screen of the 4-400C must not exceed 35
watts. Screen dissipation is likely to rise to ex-
cessive values when the plate voltage, bias volt-
age or plate load are removed with filament and
screen voltages applied. Suitable protective
means must be provided to limit screen dissipa-
tion to 35 watts in event of circuit failure.

PLATE DISSIPATION - Under normal operating
conditions, the plate dissipation of the 4-400C
should not be allowed to exceed 400 watts., The

6775/4-400C

anode operates at a visibly red color at its max-
imum rated dissipation of 400 watts.

In plate modulated amplifier applications,
the maximum 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.

MULTIPLE OPERATION - To obtain maximum
power output with minimum distortion from tubes
operated in multiple, it is desirable to adjust
individual screen or grid bias voltages so that
the peak plate current for each tube is equal at
the crest of the exciting voltage. Under these
conditions, individual dc plate currents will be
approximately equal for full input signal for
class AB1 operation.

CAUTION -GLASS IMPLOSION - The EIMAC
4-400C is pumped to a very high vacuum, which
is contained by a glass envelope. When handling
a glass tube, remember that glass is a relatively
fragile material, and accidental breakage can
result at any time. Breakage will result in flying
glass fragments, so safety glasses, heavy cloth-
ing, and leather gloves are recommended for
protection.

CAUTION-HIGH VOLTAGE - Operating voltage
for the 4-400C: can be deadly, so the equipment
must be designed properly and operating precau-
tions must be followed. Design equipment so that
no one can come in contact with high voltages.
All equipment must include safety enclosures for
high voltage circuits and terminals, with inter-
lock switches to open the primary circuits of the
power supply and to discharge high voltage cap-
acitors whenever access doors are opened. In-
terlock switches must not be bypassed or
““cheated’’ to allow operation with access doors
open. Always remember that HIGH VOLTAGE
CAN KILL.

SPECIAL APPLICATION - If it is desired to
operate this tube under conditions widely dif-
ferent from those listed here, write to Power
Grid Tube Division, EIMAC Division of Varian,
301 Industrial Way, San Carlos, California 94070,
for information and recommendations.
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DIMENSIONAL DATA

EQUALLY SPACED

5 AIR HOLES

BOTTOM VIEW

NOTE:

_— INCHES MILLIMETERS
‘I MmN | max | Ref mn. | max | Rer

A 5875 /6.375 | —— |[149.23 [161.93 | —~-
B| -- [3.563 | —-- -— [9050 -
D | 5.125 [ 5.625| -— |[i30.18 |42.88 | ——
E | 0350 | 0.365 | —— 8.89 | 9.27 —
F |o328 | —— —— 8.33 | —- ——
H| —— | —— |0.438|] —— | —= J11.13
J | —— losss | -- —— [24.8! ==
K| —— |0250 | --— —-—- | 635 -
L -- -— [0.750 —— [ —— [19.05
M| —- —— [o250|| —= | == | 6.35
N| -- [2.750 | —— -~ [69.85 | ——
P| —— | —— Jo0.312 —— [ —=T792
Q| ——- ] —— 0500 — | - - Tiz70
R| —-] —- Tise2s|[ == == Ta128
s| —— 1 —— Jreso][ —- —— [3.75
T [0.185 [ 0.191 == 470 | 4.85 | — -
u| -—— | —— [ 30° - [ == 30°
v| —— [ -— [ 60° || == [ —= | e0°
w | —- | —— 45° -— | —— [ as5°

) NOTES:

i5 AIR HOLES |._REF DIMENSIONS ARE FOR INFO

ONLY 8 ARE NOT REQUIRED FOR

INSPECTION PURPOSES.

Base pins T and tubulation K are so alined that they can be freely inserted in a gage Y inch (6.35 mm) thick with
hole diameters of .204 (5.18 mm) and .500 {12.70 mm), respectively, located on the true centers by the given dimen-

sions §, U, V.
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TECHNICAL DATA

The EIMAC 4-500A is a compact, ruggedly constructed, broad-
cast-quality tetrode having a maximum plate dissipation rating of
500 watts. It is intended for use as an amplifier, oscillator, or mod-
ulator. The low grid-plate capacitance of this tetrode coupled with
its low driving-power requirement allows considerable simplification
of the associated circuit and driver stage.

The 4-500A is cooled by radiation from the plate and by circula-
tion of forced-air through the base, around the envelope, and over
the plate seal. Cooling can be greatly simplified by using an
EIMAC SK-400 Series Air-System Socket, and its accompanying
glass chimney. This socket is designed to maintain the correct
balance of cooling air between the component parts of the tube.

The 4-500A is especially recommended for applications where
long life and consistent performance are of prime consideration.

GENERAL CHARACTERISTICSI
ELECTRICAL

Filament: Thoriated Tungsten

Vieltagel dibies & oir o BoS FALE G 14 8 A8 W A a1 ¢ 61 Al s Guvnts b o8
Current, at 10.0 volts . . . . . vt it i i e e

Amplification Factor (Average):

Grid t0 SCIEM v v v v v i e e e e e e e et e e e e e e e e e e

Direct Interelectrode Capacitances (grounded filament)?2

iy, M B oo g o et © GO e b« o B ey e ara ook

CEP o528 pvt st D at s e Tap s agervas 290 b o8 Liany ne f

Frequency of Maximum Rating:

CW 5 gl o 80 £ b B ot RO S 6.0 § 68 QB oust 04 () mesalye ¢

4-500A

RADIAL BEAM
POWER TETRODE

Jeqe., JU0&0S Y
102 A

5.5

15.0 pF
5.0 pF
0.15 pF

110 MHz

1. Characteristics and operating values are based on performance tests. These figures may change without notice as
the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using this

information for final equipment design.

2. Capacitance values are for a cold tube as measured in a special shielded fixture in accordance with Electronic in-

dustries Association Standard RS-191.

MECHANICAL

Maximum Overall Dimensions:

Length . ... e e e e e
DiaTEteRem oottt @ do e £ 5 0%5.4 0idodds ThhE &Y Kot e ¢ o ah &%
Net Veipht ¢ it biadesfmeadss i oatl sebhit s taosic®aobvr

(Effective 3-10-72) © by Varian

7.000 in; 177.80 mm
3.562 in; 90.47 mm
8.7 0z; 245 gm

Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070



4-500A

Operating Position . ... .. ...ttt ittt i e i Vertical, base up or down
Maximum Operating Temperature:
Plate Seal. v v vt it it e e e e i e e e et et e e ettt e 225°C
Base SEals v v it ittt e e e e et e e ettt e e e e e e 200°C
(00o70) I S S S S A B 5 5 5 S R S Radiation and forced air
T Special 5-pin
Recommended SoCKet. o v v v v vt i v e e et e e ettt et EIMAC SK-410
Recommended Chimney ... .. ...ttt ittt ittt e e tenenneeen. EIMAC SK-426
Recommended Heat-Dissipation Connectors:
o T HR-6
RADIO FREQUENCY LINEAR AMPLIFIER TYPICAL OPERATION (Frequencies to 30 MHz)
GRID DRIVEN Class AB,
Plate Voltage . . . ... .... 2500 3000 4000 Vdc
ABSOLUTE MAXIMUM RATINGS: Screen Voltage . . . ...... 750 750 750 Vdc
Grid Voltage 1. ... ... .. -117 -130 -140 Vdc
DC PLATE VOLTAGE .« v v v oo 4000 VOLTS Zero-Signal Plate Current .. 150 100 80 mAdc
Y= 1000 VOLTS One-Tone Plate Current ... 338 320 322 mAdc
C SCREEN TAGE .. ... .o ov VOLT Two-Tone Plate Current ... 254 225 215 mAdc
DC PLATE CURRENT ... ... ..... 0.450 AMPERE Zero-Sig. Screen Current 2 . . 0 0 0 mAdc
PLATE DISSIPATION . .......... 500 WATTS One-Tone Screen Current?2 . . 38 36 32 mAdc
SCREEN DISSIPATION .. ........ 35 WATTS Two-Tone Screen Current 2. . 12 10 8 mAdc
GRID DISSIPATION ... ......... 12 WATTS Peak rf Grid Vo|t6962 ..... 103 116 126 v
Plate Dissipation ... .... 418 427 500 W
1. Adjust for specified zero-signal plate current. One-Tone Plate Output Power 427 533 773 W
2. Approximate values. Resonant Load3|mpedance .. 3700 4800 6500 §)
3. The intermodulation distortion products are refer- IMID:;rZrogrL:grs 33 33 29 dB
enced against one tone of a two-equai-tone signal. 5th Order 38 -35 -34 dB
RADIO FREQUENCY POWER AMPLIFIER OR TYPICAL OPERATION (Frequencies to 75 MHz)
OSCILLATOR (Ctass C Telegraphy or FM Telephony -
Key Down Conditions) Plate Voltage ......... 2500 3000 3800 Vdc
ABSOLUTE MAXIMUM RATINGS: Screen Voltage......... 500 500 500 Vvdc
Grid Voltage . ........ -265 -270 -280 Vdc
DC PLATE VOLTAGE .. ... ...... 4000 VOLTS Plate Current ... ...... 402 428 445 mAdc
DC SCREEN VOLTAGE .. ... ... .. 600 VOLTS Screen Currentl . . ... ... 34 48 49 mAdc
DC PLATE CURRENT ... ........ 0.450 AMPERE Peak rf Grid Voltage 1 365 380 390
PLATE DISSIPATION ... ........ 500 WATTS e aae oo 84 o0 W
SCREEN DISSIPATION . . ..o v oo .. 35 WATTS riving FOWer<. . ... : X .
GRID DISSIPATION & o v oo e enn 12 WATTS Plate Input Power . . ... .. 1005 1285 1685 W
Plate Dissipation . ...... 360 395 420 W
;- gppr_oximate value. e Val Plate Output Power . ... .. 645 890 1265 W
. riving power Increases wi requency. alues
shown are calculated or measured at Low Frequency. Resonant Load Impedance . . 2520 2970 4030 {)
PLATE MODULATED RADIO FREQUENCY TYPICAL OPERATION (Frequencies to 30 MHz)
POWER AMPLIFIER- GRID DRIVEN (Continuous Service)
Class C Telephony {Carrier Conditions) Plate VOItage . . .« v oo v v .. 2700 3200 Vdc
ABSOLUTE MAXIMUM RATINGS: Screen Voltage. . . .. ... .... 500 500 Vdc
DC PLATE VOLTAGE « « v v v oo 3200 VOLTS Grid Voltage .. ........... RSN s
DC SCREEN VOLTAGE ... .. ..... 600 VOLTS Plate Current . . .. .. ....... 338 337 mAdc
DC GRID VOLTAGE . ... ....... -500 VOLTS Screen Current 3. . .. .. ..... 30 40 mAdc
DC PLATE CURRENT . ... .. ... .. 0.35 AMPERE Grid Current3. . . . . v v v e ... 12 15 mAdc
PLATE DISSIPATION 1.2 .......... 332 mﬂg Peak af Screen Voltage3
SCREEN DISSIPATION<. . ... ... .. TT o .
(100% modulation). . . .. ... 500 500 v
GRID DISSIPATIONZ2. . .. . ... ... 12 WATTS Peak rf Grid Voltage3. “““““ 360 380 v
1. Corresponds to 500 watts at 100% sine-wave modu- Calculated Driving Power4. . . . . 4.3 5.8 W
lation. W
2. Average, with or without modulation. :ZIate In.put. Povyer """"" 315 1075 W
3. Approximate value. late Dissipation . ... ...... 45 245
4. Driving power increases with frequency. Values Plate Output Power . ... ..... 670 830 W
shown are calculated for low frequency. Resonant Load Impedance . . . .. 3610 4390




AUDIO FREQUENCY POWER AMPLIFIER OR
MODULATOR Class AB, Grid Driven, Sinusoidal Wave

ABSOLUTE MAXIMUM RATINGS (Per Tube)

DC PLATE VOLTAGE ... ........ 4000 VOLTS
DC SCREEN VOLTAGE .......... 1000 VvOLTS
DC PLATE CURRENT . .......... 0.450 AMPERE
PLATE DISSIPATION . .......... 500 WATTS
SCREEN DISSIPATION . ......... 35 WATTS

GRID DISSIPATION .. ......... 12 WATTS

1. Approximate value.
2. Per tube.
3. Adjust to give stated zero-signal plate current.

4-500A

TYPICAL OPERATION (Two Tubes - Class AB4)

Plate Voltage. . .. ......... 3000 3800 Vvdc
Screen Voltage. . .......... 750 750 Vdc
Grid Voltagel/3 .. ... .. .... -138 -150 Vvdc
Zero-Signal Plate Current . . . .. 200 150 mAdc

Max. Signal Plate Current . . . .. 735 715 mAdc
Zero-Signal Screen Current . . . . 0 0 mAdc
Max. Signal Screen Current1 . . . 16 16 mAdc
Max. Signal Grid Current . . . .. 0 0 mAdc
Peak af Grid VoltageZ . ... ... 123 135 v
Peak Driving Power . ... .... 0 0w
Max. Signal Plate Dissipation . . 480 500 W
Plate Output Power .. ... ... 1240 1720 W

Load Resistance (tube-to-tube). . 7800 10500 {2

NOTE: TYPICAL OPERATION data are obtained from direct measurement or by calculation from published character-
istic curves. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias,
screen and plate voltages is assumed. If this procedure is followed, there will be little variation in output
power when the tube is changed, even though there may be some variation in grid and screen current. The grid
and screen currents which result when the desired plate current is obtained are incidental and vary from tube
to tube. These current variations cause no difficulty so long as the circuit maintains the correct voltage in
the presence of the variations in current. In the case of Class C Service, if grid bias is obtained principally
by means of a grid resistor, the resistor must be adjustable to obtain the required bias voltage when the

correct rf grid voltage is applied.

RANGE VALUES FOR EQUIPMENT DESIGN

5 5 T

1. In Shielded Fixture, per EIA Standard RS-191.

Min Max
.................... 9.7 11.2 A
.................... 13.0 17.0 pF
.................... 4.0 6.0 pF
.................... --- 0.20 pF

APPLICATION

MECHANICAL

MOUNTING - The 4-500A must be mounted
vertically. The socket must be constructed so as
to allow an unimpeded flow of air through the
holes in the base of the tube and must also pro-
vide clearance for the glass tip-off which ex-
tends 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 SK-410 Air-System Socket.
A flexible connecting strap should be provided
between the EIMAC HR-6 coocler 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 200°C, and the plate seal at
a temperature below 225°C.

When the EIMAC SK-410 Socket and SK-426
Chimney are used, a minimum air flow of 14 cubic
feet per minute at a static pressure of 0.25
inches of water or less, as measured in the
socket or plenum chamber at sea level, is re-
quired to provide adequate cooling under all
conditions of operation. Seal temperature limita-
tions may require that cooling air be supplied to
the tube even when the filament alone is on
during standby periods.

Tube temperatures may be measured with a
temperature sensitive paint, spray or crayon,
such as manufactured by Tempil Division, Big
Three Industrial Gas & Equipment Co., Hamilton
Blvd., So. Plainfield, N.J. 07080.

ELECTRICAL

FILAMENT VOLTAGE - Filament voltage
should be measured at the tube base with an
accurate meter. When operating at the nominal

[#8}




4-500A

voltage, variations of 5% are tolerable and
should have little effect on electrical perform-
ance of the tube. However, when very long life
and consistent performance are factors, voltage
can often be reduced to a value lower than the
nominal voltage, but should be regulated and
held to #1% when this is done. To achieve a
regulated voltage and still have it adjustable, a
typical procedure would involve a one-to-one
regulating transformer, feeding a variable ratio
transformer (such as a POWERSTAT or a
VARIAC), which in turn feeds the filament
transformer. The equipment is first operated
with nominal filament voltage applied, and when
stable operation is achieved, the voltage is then
reduced in small steps (about 0.2 volt at a time)
until the point is reached where performance of
the tube is clearly affected. The voltage is then
raised to a few tenths of a volt above this level
for operation. Periodically (every 500 to 1000
hours) this procedure should be repeated and the
operating value of the filament voltage readjusted
if necessary.

BIAS VOLTAGE - The dc bias voltage for the
4-500A should not exceed 500 volts. If grid re-
sistor bias is used, suitable means must be pro-
vided to prevent excessive plate or screen dis-
sipation in the event of loss of excitation, and
the grid resistor should be made adjustable to
facilitate maintaining the bias voltage and plate
current at the desired values from tube to tube.
In operation above 50 MHz, it is advisable to
keep the bias voltage as low as is practicable.

SCREEN VOLTAGE - The dc screen voltage
for the 4-500A should not exceed 1000 volts. The
screen voltages shown under Typical Operation
are representative voltages for the type of opera-
tion involved.

PLATE VOLTAGE - The plate-supply voltage
for the 4-500A should not exceed 4000 volts in
CW and audio applications. In plate-modulated
telephony service the dc plate-supply voltage
should not exceed 3200 volts, except below 30
MHz, intermittent service, where 4000 volts may
be used.

GRID DISSIPATION - Grid dissipation for the
4-500A should not be allowed to exceed 12
watts. Grid dissipation may be calculated from
the following expression:

Pg=egk xIc
where Pg=Grid dissipation
egk = Peak positive grid to cathode voltage,
and
Ic=dc grid current

SCREEN DISSIPATION - The power dissipated
by the screen of the 4-500A must not exceed 35
watts. Screen dissipation is likely to rise to ex-
cessive values when the plate voltage, bias volt-
age or plate load are removed with filament and
screen voltages applied. Suitable protective
means must be provided to limit screen dissipa-
tion to 35 watts in event of circuit failure.

PLATE DISSIPATION - Under normal operating
conditions, the plate dissipation of the 4-500A
should not be allowed to exceed 500 watts. The
anode operates at a visibly red color at its max-
imum rated dissipation of 500 watts.

In plate modulated amplifier applications,
the maximum allowable carrier-condition plate
dissipation is 335 watts. The plate dissipation
will rise to 500 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.

MULTIPLE OPERATION - To obtain maximum
power output with minimum distortion from tubes
operated in multiple, it is desirable to adjust
individual screen or grid bias voltages so that
the peak plate current for each tube is equal at
the crest of the exciting voltage. Under these
conditions, individual dc plate currents will be
approximately equal for full input signal for

class AB 1 operation.

CAUTION-GLASS IMPLOSION - The EIMAC
4-500A is pumped to a very high vacuum, which
is contained by a glass envelope. When handling
a glass tube, remember that glass is a relatively
fragile material, and accidental breakage can
result at any time. Breakage will result in flying
glass fragments, so safety glasses, heavy cloth-
ing, and leather gloves are recommended for
protection.

CAUTION-HIGH VOLTAGE - Operating voltage
for the 4-500A can be deadly, so the equipment
must be designed properly and operating precau-
tions must be followed. Design equipment so that
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no one can come in contact with high voltages.
All equipment must include safety enclosures for
high wvoltage circuits and terminals, with inter-
lock switches to open the primary circuits of the
power supply and to discharge high voltage cap-
acitors whenever access doors are opened. In-
terlock switches must not be bypassed or
‘‘cheated’’ to allow operation with access doors
open. Always remember that HIGH VOLTAGE
CAN KILL.

INTERELECTRODE CAPACITANCE - The
actual internal interelectrode capacitance of a
tube is influenced by many variables in most
applications, such as stray capacitance to the
chassis, capacitance added by the socket used,
stray capacitance between tube terminals, and
wiring effects. To control the actual capacitance
values within the tube, as the key component
involved, the industry and the Military Services
use a standard test procedure as described in
Electronic Industries Association Standard
RS-191. This requires the use of specially con-
structed test fixtures which effectively shield

4-500A

all external tube leads from each other and
eliminates any capacitance reading to ‘“ground’’.
The test is performed on a cold tube. Other
factors being equal, controlling internal tube
capacitance in this way normally assures good
interchangeability of tubes over a period of
time, even when the tube may be made by dif-
ferent manufacturers. The capacitance values
shown in the manufacturer’s technical data, or
test specifications, normally are taken in ac-
cordance with Standard RS-191.

The equipment designer is therefore cau-
tioned to make allowance for the actual capaci-
tance values which will exist in any normal
application. Measurements should be taken with
the socket and mounting which represent ap-
proximate final layout if capacitance values
are highly significant in the design.

SPECIAL APPLICATION - If it is desired to
operate this tube under conditions widely dif-
ferent from those listed here, write to Power
Grid Tube Division, EIMAC Division of Varian,
301 Industrial Way, San Carlos, California 94070,
for information and recommendations.
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L] --[-- Jomo|[ - [ - [ 1905
M| - - [ - Joes0|[ - - | - - [ 635
N|]--12m0] - - - - | 6985] - - NOTES:
Pl - - --Jom|[-- | -- 179 I. BASE PINS (T) @ TUBULATION
Q] -- -- | 0500]|| - - - - | 1270 (®) ARE SO ALIGNED THAT
g - Lo 'L-ng - - | -- l4ler THEY CAN BE FREELY IN-
T Toms [ oBT | 470 [ 85| oo SERTED INTO A GAUGE /4
0T - T - T %o - T .  o° THICK WITH HOLE DIA'S OF
v -- 1 - e[~ -] &° 204 8 .500 RESPECTIVELY
W1 - - | - - | as° [ - - [ -- | 45° LOCATED ON THE TRUE

CENTERS BY THE GIVEN

DIMENSIONS (0, @ a (®.

2. REF. DIM'S ARE FOR INFO.
ONLY & ARE NOT REQD
FOR INSPECTION PURPOSES.
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® TECHNICAL DATA

The EIMAC 8166/4-1000A is a radial-beam tetrode with a maximum
plate dissipation rating of 1000 watts. Intended for use as an amplifier,
oscillator, or modulator, the 8166/4-1000A is capable of efficient operation
well into the VHF range.

In FM broadcast service on 110 Megahertz, two 8166/4-1000A tet-
rodes will deliver a useful output power of over 5000 watts.
Operating under class AB, modulator conditions with less than 10

watts of peak driving power, two of these tubes will deliver 3900 watts of
output power.

In class AB,, a pair of 8166/4-1000A tetrodes will deliver 3800 watts
of output power.

Cooling of the tube is accomplished by radiation from the plate and by
circulation of forced-air through the base and around the envelope. Cooling
can be simplified through the use of the EIMAC SK-500 Air-System Socket.

GENERAL CHARACTERISTICS

8166
4-1000A

RADIAL-BEAM
POWER TETRODE

‘ JJvJJ

ELECTRICAL
Filament: Thoriated tungsten Min. Nom. Max.
Voltage - - -* - - - =« - - - - - 7.5 volts
Current - - - - - - - - - - - - 20.0 22.7 amperes
Amplification Factor (Grid to Screen) - - - - - - 6.1 7.7
Direct Interelectrode Capacitances:*
Grid-Plate - - - - - - - - - - - 0.35  uuf
Input T S T 23.8 32.4  puf
Output - - - - - - - - - - - - 6.8 9.4 puf
Transconductance (I,—=300 ma) - - - - - - - 10,000 pmbhos
Highest Frequency for Maximum Ratings - - - - - 110 MHz
MECHANICAL
Base - - - - -4 - - - - - - - - - - - - b-pin metal shell
Basing - - - - - - - - - - - - - - - - - - 8See drawing
Recommended Socket - - - - - - - - - - EIMAC SK-500 Air-System Socket
Recommended Chimney- - - - - - - - - - - - - - - - SK-506

Operating Position = = = = = = m, e e -
Cooling - - - - - - - - - - - - - -
Recommended Heat-Dissipating Connector:

Plate S T T T T T T T S
Maximum Over-all Dimensions:

Length - - - - - - - - - - - - - -

Diameter 5B g 2 & € & & g & o= E e
Net Weight (tube only) - - - - - - - - - - -
Shipping Weight - - - - - - - - - - - - -

tIn Shielded Fixture

(Revised 10-30-66) ©® 1963, 1966 Varian

EIMAC division of varian / 301 industrial way / san carles / californi

Vertical, base up or down
Radiation and forced air

- - - EIMAC HR-8
= - - 9.63 inches
- - - 5.25 inches

- - - 1.5 pounds
- - - 12 pounds

Prinfed in U.S.A.

a 34070



4-1000A

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR

Class-C Telegraphy or FM Telephony

MAXIMUM RATINGS (Key-down conditions, per tube to 110 MHz)

DC PLATE VOLTAGE -
DC SCREEN VOLTAGE -
DC GRID VOLTAGE - -
DC PLATE CURRENT - -
PLATE DISSIPATION -
SCREEN DISSIPATION -
GRID DISSIPATION - -

TYPICAL OPERATION (Frequencies below 110 MHz,
one tube)

DC Plate Voltage - - - - - . 3000 4000 5000 6000
DC Screen Voltage - - - - . 500 500 500 500
DC Grid Voltage - - - . . . =150 —150 —200 —200
DC Plate Current -~ - - - . . 700 700 700 700
DC Screen Current T 146 137 147 140
DC Grid Current - - - . . . 38 39 45 42
Screen Dissipation - e - e . 73 69 73 70
Grid Dissipation - - - . - 5 [} 7 [}
Peak RF Grid Input Voltage (approx.) - 290 290 355 350
Driving Power (approx.}* - - - . 11 12 16 15
Plate Input Power - - - - - 2100 2800 3500 4200
Plate Dissipation - - - . . . 670 700 490 800
Plate Output Power - - - - . 1430 2100 2810 3400

*Apparent driving power requirements increase above 30 MHz. At 110 MHz the
driver should be capable of supplying 200 watts per tube to take care of feed-

through, circuit losses, and radiation.

volts
volts
volts
ma
ma
ma
watts
watts
volts
watts
watts
watts
watts

6000 VOLTS
1000 VOLTS

—500 VOLTS

700 MA

1000 WATTS
75 WATTS
25 WATTS

TYPICAL OPERATION (110 MHz, two tubes, push-pull)

DC Plate Voltage -
DC Screen Voltage
DC Grid Voltage -
DC Plate Current -
DC Screen Current
DC Grid Current -
Screen Dissipation (per tube)
Driving Power (approx.) -
Plate Input Power - -
Plate Dissipation (per tube)
Useful Qutput Power - - -

These 110 MHz typical performance figures w
ment in operating equipment. The output powe

4000 5000 4000 volts
450 500 500 volts
—150 —160 —180 volts
1.15 1.25 1.25 amps
280 240 250 ma
80 80 100 ma

63 60 63 watts
350 400 400 watts
4600 6250 7500 watts
650 850 900 watts
3000 4200 5200 watts

ere obtained by direct measure-
r is useful power measured in a

load circuit. The driving power is that taken by the tube and a practical reso-
nant circuit. In many cases with further refinement and improved technigues,

better performance might be obtained.

PLATE-MODULATED RADIO-FREQUENCY

AMPLIFIER
Class-C Telephony (Carrier Conditions)

MAXIMUM RATINGS (Per tube to 110 MHz)

DC PLATE VOLTAGE SSES
DC SCREEN VOLTAGE - - - -
DC GRID VOLTAGE - - - S
DC PLATE CURRENT - - - -
PLATE DISSIPATION I ==
SCREEN DISSIPATION - - - -
GRID DISSIPATION - . . - -

15500 Max. volts below 30 MHz.

- 5000 VOLTSt
- 1000 VOLTS
—500 VOLTS
- 600 MA

- 670 WATTS
- 25 WATTS
- 75 WATTS

TYPICAL OPERATION (Frequencies below 110MHz, one tube)

DC Plate Voltage - -
DC Screen Voltage - 5
DC Grid Voltage - -
DC Plate Current - -
DC Screen Current -
DC Grid Current - -
Screen Dissipation -
Grid Dissipation - -
Peak AF Screen Voltage

(100% modulation) - -
Peak RF Grid Input Voltage
Driving Power** . . .
Plate Input Power - -
Plate Dissipation -
Plate Qutput Power - 13

*5500 volt operation may be used below 30 MHz

1

e
R
Vv e
Cr e

18

3000

250 250 250
340 335 335 325 volts

4000 5000
00 500 500

5500*volts
500 volts

—200 —200 —200 —200 volts
600 600 600 600 ma

45 132 130 105 ma
36 33 33 28 ma
72 66 65 52 watts
5 4 4 3 watts

250 volts

12 11 11 9 watts
00 2400 3000 3300 watts

410 490 560 670 watts

90 1910 2440 2630 watts
only.

**Apparent driving power requirements increase above 30 MHz. At 110 MHz the
driver should be capable of supplying 200 watts per tube to take care of feed-

through, circuit losses, and radiation.

AUDIO FREQUENCY POWER AMPLIFIER AND MODULATOR

Class-AB

MAXIMUM RATINGS (Per tube)
DC PLATE VOLTAGE -
DC SCREEN VOLTAGE -

MAX-SIGNAL DC PLATE CURRENT

PLATE DISSIPATION -
SCREEN DISSIPATION -

TYPICAL OPERATION Class-AB;

(Sinusoidal wave, two tubes unless otherwise specified)

DC Plate Voltage - - - - - . . 4000
DC Screen Voltage - - - . . - 1000
DC Grid Voltage (approx.)* - - - - =115
Zero-Signal DC Plate Current - - . - 300
Max-Signal DC Plate Current - - . - 1.05
Zero-Signal DC Screen Current - . - o}
Max-Signal DC Screen Current - - - - 60
Effective Load, Plate-to-Plate - - - - 7000
Peak AF Grid Input Voltage (per tube) - - 115
Driving Power - - e e e . - o}
Max-Signal Plate Dissipation (per tube) - - 930
Max-Signal Plate Qutput Power - - - 2340

*Adjust to give stated zero-signal plate current. The DC resistance in series

10,000
125

0

950
3100

6000
1000
—135
200
0.95
o]

6
14,000
135
0
930
3840

with the control grid of each tube should not exceed 250,000 ohms.

volts
volts
volts
ma
amps
ma

4 ma

ohms
volts

watts
watts
watts

]
1
]
1
I
]
]
1

TYPICAL OPERATION Class-AB;

(Sinusoidal wave, two tubes uniess otherwise sp

DC Plate Voltage - - - - - -
DC Screen Voltage - - -
DC Grid Voltage (approx.)* -
Zero-Signal DC Plate Current -
Max-Signal DC Plate Current -
Zero-Signal DC Screen Current
Max-Signal DC Screen Current -
Effective Load, Plate-to-Plate - -
Peak AF Grid Input Voltage (per tube)
Max-Signal Peak Driving Power -
Max-Signal Nominal Driving Power
(approx.) - - < o < < o
Max-Signal Plate Dissipation (per tube) - -
Max-Signal Plate Qutput Power - - -

*Adjust to give stated zero-signal plate current.

6000 VOLTS
1000 VOLTS
700 MA
1000 WATTS
75 WATTS

ecified)

4000 5000 4000 volts
500 500 500 wvolts
—60 —70 —75 volts

300 200 150 ma
1.20 1.10 .95 amps

0 0 0 ma

95 90 65 ma
7000 11,000 15,000 ohms
140 145 130 volts
11.0 11.0 9.4 watts

5.5 5.5 4.7 watts
900 850 900 watts
3000 3800 3900 watts

control plate current.

Note: Typical operation data are based on conditions of adjusting the rf grid drive to a specified plate current, maintaining fixed conditions of grid bias and
screen voltage. It will be found that if this procedure is followed there will be littie variation in output power between tubes even though there may be some
variation in grid and screen currents. Where grid bias is obtained principally by means of a grid resistor, it is necessary to make the resistor adjustable to

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER ‘‘TYPICAL OPERATION," POSSIBLY EXCEEDING
THE MAXIMUM RATINGS GIVEN FOR CW SERVICE, WRITE EIMAC DIVISION OF VARIAN ASSOCIATES, FOR INFORMATION AND RECOMMENDATIONS
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APPLICATION

MECHANICAL

Mounting — The 4-1000A must be operated
vertically. The base may be down or up. The
recommended socket for this tube is the SK-500
Air-System Socket.

Cooling — Adequate forced-air cooling must
be provided to maintain the base seal tempera-
tures below 150°C and the plate seal tempera-
ture below 200°C. Cooling is simplified by the
use of the EIMAC SK-500 Air-System Socket,
and its SK-506 Air Chimney, which control the
flow of air around the tube.

When the EIMAC SK-500 Air-System Socket
is used, the following flow rates apply to sea
level operation, with an ambient temperature of
25°C for the operating conditions described:

At 110 megahertz, with maximum rated plate
dissipation, an air-flow rate of 35 cfm is re-
quired. The corresponding pressure drop as
measured in the socket is 1.9 inches of water
column.

At frequencies below 30 megahertz, an air-
flow rate of 20 cfm provides adequate cooling.
The corresponding pressure drop as measured
in the socket is 0.6 inch of water column.

In the event that an Air-System Socket and
Air Chimney are not used, air must be circu-
lated through the base of the tube and over the
envelope surface and the plate seal in sufficient
quantities to maintain the temperatures below
the maximum ratings. Seal-temperature ratings
may require that cooling air be supplied to the
tube if the filament is maintained at operating
temperature during standby periods.

In any questionable situation, the only criteri-
on for correct cooling practice is temperature.
A convenient medium for measuring tube tem-
peratures is a temperature-sensitive paint.

ELECTRICAL

Filament Voltage — For maximum tube life
the filament voltage, as measured directly at the
filament pins, should be the rated voltage of 7.5
volts. Variations in filament voltage must be
kept within the range of 7.13 to 7.87 volts.

Bias Voltage — The dc bias voltage for the
4-1000A should not exceed 500 volts. With grid-
leak bias, suitable means must be provided to
prevent excessive plate or screen dissipation in

the event of loss of excitation. The grid-resistor
should be made adjustable to facilitate main-
taining the bias voltage and plate current at the
desired values from tube to tube. In the case of
operation above 50 megahertz, it is advisabe to
keep the bias voltage as low as possible.

Screen Voltage — The dc screen voltage for
the 4-1000A should not exceed 1000 volts. The
screen voltages shown under “Typical Opera-
tion” 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 applications. In plate-modulated
telephony service above 30 megahertz, the dc
plate-supply voltage should not exceed 5000
volts; however, below 30 megahertz, 5500-volts
may be used.

Grid Dissipation — Grid dissipation for the
4-1000A should not be allowed to exceed 25
watts. Grid dissipation may be calculated from
the following expression:

P;':ecmpln
where: P,—Grid dissipation,
e.p,—Peak positive grid to cathode
voltage
I.=DC grid current.

€..p Mmay be measured by means of a suitable
peak voltmeter connected between filament and
grid.

Screen Dissipation—The power dissipated by
the screen of the 4-1000A must not exceed 75
watts. Screen dissipation is likely to rise to ex-
cessive values when the plate voltage, bias volt-
age, or plate load are removed with filament
and screen voltages applied. Suitable protective
means must be provided to limit screen dissipa-
tion to 75 watts in event of circuit failure.

Plate Dissipation — Under normal operating
conditions, the plate dissipation of the 4-1000A
should not be allowed to exceed 1000 watts.

In plate-modulated amplifier applications, the
maximum allowable carrier-condition plate dis-
sipation is 670 watts. The plate dissipation will
rise to 1000 watts under 100 per-cent sinusoidal
modulation.

Plate dissipation in excess of the maximum
rating is permissible for short periods of time,
such as during tuning procedures.
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Neutralization — If reasonable precautions
are taken to prevent coupling between input and
output circuits, the 4-1000A may be operated up
to the 10-megahertz region without neutraliza-
tion. In the region between 10 megahertz and
30 megahertz, the conventional type of cross-
neutralizing may be used with push-pull cir-
cuits. In single-ended circuits ordinary neutrali-
zation systems may be used which provide 180°
out of phase voltage to the grid.

At frequencies above 30 megahertz the feed-
back is principally due to screen-lead-inductance
effects. Feedback is eliminated 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 capaci-
tance to neutralize each tube in the region of
100 megahertz. 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

@ 4-1000A —

to the variable capacitor and from the variable
capacitor to ground should have as little induc-
tance as possible.

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

In order to take full advantage of the high
power gain obtainable with the 4-1000A, care
should be taken to prevent feedback from the
output to input circuits. A conventional 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 bypassed to the 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 possibility of feedback into other circuits.
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REF| MIN. | NOM. | MAX.
A | 8875 | 9.250 | 9.62%
B | 8000 | 8375 | 8750
c 5.250
D 3.625
E | 313
F | 825 | 875 | 925
G | IO 1125 | 1140
H | 559 | s66 | 573
J | 484
K 60°
L 30°
M 30°
N | 1495 | 1500 | 1505
P | 3m 374 | 377

DIMENSIONS
IN _INCHES

BOTTOM VIEW
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C

4CN15A

CERAMIC
POWER TETRODE

The Eimac 4CN15A is a coolerless version of the 4CX300A tetrode intended for
use in low duty or pulse service. It is electrically identical to the 4CX300A with
the exception of plate dissipation which is rated at 15 watts in air. Where other
cooling means are used, such as liquid immersion, plate dissipation is limited only
by the maximum allowable anode and seal temperatures.

GENERAL CHARACTERISTICS

ELECTRICAL

Cathode: Oxide-Coated, Unipotential

Heating Time -

Cathode~to-Heater Potential

Heater: Voltage - -
Current - -

Amplification Factor (Grid to Screen) -
Transconductance (I, = 200 ma) -

Min, Nom.

- 12,000

Direct Interelectrode Capacitances, Grounded Cathode:

Input - - -
Output - =~ -
Feedback - -~

Frequency for Maximum Ratings

MECHANICAL

Base - - - - - - -
Recommended Socket - -
Operating Position - - =~

Maximum Operating Temperatures:

Ceramic-to-Metal Seals

Anode Core-~ -
Cooling - = = = = =

Maximum Over-all Dimensions:

Height - - -
Diameter - -~
Net Weight - - =~ - -
Shipping Weight- - =~ -

MAXIMUM CW RATINGS

DC PLATE VOLTAGE -
DC PLATE CURRENT -
DC SCREEN VOLTAGE
DC GRID VOLTAGE - - -
PLATE DISSIPATION -
SCREEN DISSIPATION=-
GRID DISSIPATION- -~

*Up to 250 Mec.

- 25
- 3.5

Class=C
FM or Teleg

2000
250
300

-250

- 1 5%

12

- 2

**Rating in air - may be increased with adequate cooling.

(Effective 6-1-68) (c) 1963, 1968 by Varian

Max
seconds
~ 1150 volts
volts
3.1 amperes
5.6
umhos
33 uuf
4.5 uuf
- 0.06 uuf
- 500 Mc

- =~ Special, breechblock terminal surfaces

Class-C
Plate Mod

1500
200
300

=250

10%*
12
2

- Eimac SK-700 series

= = e = = = Any
- = ~ = = 250° C
- = = = = 250° C

Convection or conduction

- = = = 25 inches

- -~ - - inches
- = - = 2,5 ounces
- - = - 1 pound

Class-AB

2500 MAX., VOLTS
250 MAX, MA
400 MAX. VOLTS
-— MAX, VOLTS

15** MAX., WATTS
12 MAX, WATTS
2 MAX, WATTS

Printed in U.S.A,
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MAXIMUM PULSE RATINGS Class-C Clasgs-C Pulse
Grid Pulsed Plate Pulsed Modulator

DC PLATE VOLTAGE -~ - ~ - - - - = = 2500 7000 (pulsed) 4000 MAX, VOLTS
PEAK PLATE CURRENT (DC Component) - - - 6.0%* 6.0* 6.0* MAX. AMPS
DC GRID VOLTAGE- - - - - - = = = = =300 -500 -300 MAX, VOLTS
DC SCREEN VOLTAGE- - - - = = = = = 750 1500 (pulsed) 750 MAX, VOLTS
PLATE DISSIPATION (AVG)** -~ - = - = = 15 15 15 MAX, WATTS
SCREEN DISSIPATION (AVG) - - - - - - = 12 12 12 MAX. WATTS
GRID DISSIPATION (AVG) - - - - - = = = 2 2 2 MAX, WATTS

*According to table below.

**Depends on cooling method.
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8590
EI MAZGC 4CPX250K

RADIAL BEAM
TETRODE

The EIMAC 8590/4CPX250K is a compact forced-air cooled, external
anode radial beam tetrode, intended for wideband grid-pulsed radio fre-
quency amplifier and pulse modulator service.

The 8590/4CPX250K has a maximum anode dissipation of 250 watts
and is capable of delivering pulse output power in excess of 10 kW with
10 db gain when cathode driven at 450 MHz.

The tube is of coaxial construction and especially designed for cavity
operation.

GENERAL CHARACTERISTICS !

ELECTRICAL

Cathode: Oxide Coated, Unipotential

Heater: Voltage ............... ........ 6.0:0.3 V

Current, at 6.0 volts . . . .. ... v iv vt 25 A

Amplification Factor (Average):

Grid to SCreen . . v v i i ittt it it e i e e 5
Direct Interelectrode Capacitances (Grounded grid)_2

501 e e S 5 5 s e B s e R 14.0 pF

DU PUt & vt e e e e e et e e 4.1 pF

O 500 MHz

1. Characteristics and operating values are based upon performance tests. These figures may change without notice as the
result of additional data or product refinement. EIMAC Division of Varian should be consulted before using this information
for final equipment design.

2. in Shielded Fixture.

MECHANICAL
Maximum Overall Dimensions:
1ET441 5068 680 08 008000030000 0000000a04006a0080508060804000064a0% 2.81 in; 71.37 mm
Diameter .o it i e e e e e e et et e et e e e e 1.64 in; 41.66 mm
NetWeight ... ... .0 ittt ianasanns 4 0z; 114 gm
(0] o123 1o oY) 2015 o) I S S s s S S5 S 5 A G B0 005 0 5 G Any

(Efective 4-1-70) © 1970 by Varian Printed in U.S.A.
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MECHANICAL
Maximum Operating Temperature:
Ceramic/Metal SEals .+ v v v v v ve vt e innenneenonnssssassnssneanesnsaaaas 250 °C
ANOAE COTE v v v v e vt eee oot cneoaennneseoannnssonnneneennnnanaas 2580 °C
COOLIME « v vt vttt iii e iiieeiieeeseaneanuasaaeansesnassassens.. Forced-Air
BaSE « vttt ettt et et et et easeas.. Coaxial
Socketing: EIMAC collets are available as follows:
Heater pin connection « « « « v« v v e v v veusesesssessssenass.. EIMAC Part No. 008290
Cathode cOnnection « .« ...voeeeeeeeseaeeaaasassnsessesss. EIMAC PartNo. 008291
Control grid connection .........eettvvuveueueaaassss. ... EIMAC PartNo. 008292
Anode coNNECtion « . .vveeveeeeeneeneaesoeasesnaasessas. EIMACPart No. 008294
Screen grid connection . ........i0000eeeeeaauuaeeeas..... EIMACPartNo. 882931

RADIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION
OR OSCILLATOR
Plate Voltage ........ 1000 1500 2000 2500 Vdc
Class C Telegraphy or FM Telephony Screen Voltage . . . .. .. 250 250 250 250 Vdc
LA LT EIL TG Grid Voltage » « « « v . . . . 90 90 90 -90 Vdc
Plate Current . ....... 250 250 250 280 mAdc
LSS Screen Current1.. .. ... 38 21 19 16 mAdc
DC PLATE VOLTAGE + + + v v v e et 2500 VOLTS e 1 e
DC SCREEN VOLTAGE . . ... ... .... 500 VOLTS e O e e
DC GRID VOLTAGE . + .+ v o v e e -250 VOLTS Peak rf Grid Voltage © . . . ! v
DC PLATE CURRENT .. v o v vvvvnnnn 0.250 AMPERE Calculated Driving
PLATE DISSIPATION « .« oo v v v e e e 250 WATTS Power | . ...t 3.5 32 29 28 W
SCREEN DISSIPATION . . ... ... .. .. 12 WATTS Plate Input Power .. ... 250 375 500 625 W
GRID DISSIPATION & v v v v v e v v e e 2 WATTS Plate Output Power .... 190 280 390 500 W
1. Approximate value.
PULSE MODULATOR SERVICE TYPICAL OPERATION
MAXIMUM RATINGS Plate Voltage « .« v v v v v i v ve v v i o 6000 Vdc
DC PLATE VOLTAGE ............ 7000 VOLTS Screen Voltage . ...« v v v vt e e 750 Vric
DC SCREEN VOLTAGE . . .......... 750 VOLTS Grid VOItAgE « + v v e v et v e e e e e 275 Vdc
DC GRID VOLTAGE. .. .....ovvntn -400 VOLTS Peak Drive Voltage1 ................ 280 v
PEAK PLATE CURRENT . ... vvvvn.. 6.0 AMPERES Peak Plate Current . - o« o 35 &
PULSE DURATION . . . . . . . v oot {See Derating Chart} Peak Screen Current 1 o v v oo o e 04 a
DUTY FACTOR . « + v v v v v e v et (See Derating Chart) Peak Input P 21.0 KW
PLATE DISSIPATION « « e v v vn e 250 WATTS Pook g&‘;ut‘;‘g'::er BRSO 1=
SCREEN DISSIPATION . . ..o vwe e 12 WATTS Peak OUtpUt VOItage . - » « v v e e e e 5000 kv
GRID DISSIPATION . . .. vv e ee e 2 WATTS Pulse DUration. . . . « e v v v v v oo v v v v v v 250 ps
Duty Factor . . ... ..o iiiveennnons 0.005

1. Approximate value .




RF POWER AMPLIFIER

Class B or C, Grid and Screen Pulsed

MAXIMUM RATINGS

DC PLATEVOLTAGE ......... v 5500 VOLTS
PEAK DC SCREEN VOLTAGE ......... 1000 VOLTS
DCGRID VOLTAGE .............. -250 VOLTS
PEAK PLATE CURRENT ! . .. .. ... . ... 6.0 AMPERES
PULSE DURATION ............ {See Derating Chart)
DUTY FACTOR . ... ... v (See Derating Chart)
PLATE DISSIPATION . . . . v v vt i e 250 WATTS
SCREEN DISSIPATION . .. .. v v v i ot 12 WATTS
GRID DISSIPATION . . . ¢ v v v v v v v i e v 2 WATTS

1. Peak anode current may be considered as average
during the pulse and should be limited to 6.0 amperes.
With a pulse length longer than 80 us, or a duty factor
higher than 0.0016, peak current should be reduced in

8590/4CPX250K —

TYPICAL OPERATION (Frequencies to 500 MHz)
Class B, Grounded Grid (Measured Values)

Plate Voltage .. ..« .« v v iv vt nnenns 5500 Vdc
Screen Voltage (Pulsed}. . . ... ........ 1000 v
Grid Voltage .« ..o i v e i s s nnnns -200 Vdc
Peak Grid Voltage2. . . ... v vvv v nn s 255 v
Peak DrivingPower2. . ... .. ... v v.. 1000 w
Peak Output Power (Useful}............ 10 kW
Pulse Duration .. ........ .o 250 ps
Duty Factor ... ...+ cvi it anann 0.005

accordance with the data shown on the Derating Chart
for Anode Current. For longer pulse duration or larger
duty factor, consult EIMAC Division of Varian.

2. Approximate value .

NOTE: TYPICAL OPERATION data are obtained by calculation from published characteristic curves. Adjustment of
the rf grid voltage to obtain the specified plate current at the specified bias, screen and plate voltages is
assumed. If this procedure is followed, there will be little variation in output power when the tube is
changed, even though there may be some variation in grid and screen current. The grid and screen carrents
which result when the desired plate current is obtained arg incidental and vary from tube to tube. These
current variations cause no difficulty so long as the circuit maintains the correct voltage in the presence of
the variations in current. If grid bias is obtained principally by means of a grid resistor, the resistor must
be adjustable to obtain the required bias voltage when the correct rf grid voltage is applied.

RANGE VALUES FOR EQUIPMENT DESIGN

Heater: Current at 6.0 vOltS & v v vt v it v it s et bttt ettt st s o neenennnns 2.3 30 A

Cathode Warmup Time .. ... ... ...

30 --- sec.

Interelectrode Capacitances' (Grounded Grid Connection)
Input . i e i i i i i e i e 120 160 pF

OUIPUL « v v it ittt ittt e et it e 390 435 pF
Feedback .. ... iii ittt ittt ittt iiiiitinasssnnnsanaas === 0,01 pF

1. Capacitance values are for a cold tube as measured in a shielded fixture.

APPLICATION

MOUNTING - The 8590/4CPX250K may be mounted
in any position. The concentric arrangement of the
electrode terminals permits the use of the tube in
coaxial line or cavity-type circuits to advantage.

Connections to the contact surfaces should be made
by means of spring finger collets which have suf-
ficient pressure to maintain a good electrical con-
tact at all fingers. Points of electrical contact
should be kept clean and free of oxidation to min=

imize rf losses.



_@ 8590 /4CPX250K

HEATER - The rated heater voltage for the
8590/4CPX250K is 6.0 volts, as measured at the
base of the tube, and variations should be restricted
to plus or minus 0.3 volt for long tube life and con-
sistent performance. At frequencies above approx-
imately 300 MHz under Class C Telegraphy
conditions, it may be necessary to reduce heater
voltage to compensate for rf transit-time heating of
the cathode. This type of back-heating is a function
of frequency, grid current, grid bias, anode current,
duty cycle, and circuit design and adjustment. The
following heater operation voltages are recommended
for straight-through CW amplifier operation:

Frequency (MHz) Heater Voltage

300 or lower 6.00
301 to 400 5.75
401 to 500 5.50

COOLING - Sufficient forced-air cooling must be
provided to maintain the anode core and seal tem-
peratures within maximum ratings. Special care must
be observed to insure that there is adequate cooling
in the area of the coaxial filament and grid terminals.
With an anode dissipation of 250 watts and an in-
coming air temperature of 50°C at sea level, a min-
imum air flow of 4.8 cfm must be passed through the
anode cooler, with a resultant pressure drop of
approximately 0.25 inch of water. Air should normally
be directed in a base-to-anode direction in order to
minimize base cooling problems. In cases where
long life and consistent performance are factors,
cooling in excess of minimum requirements is nor-
mally beneficial. Air flow should be applied before
or simultaneously with the application of electrode
voltages (including heater voltage), and may be
removed simultaneously with them.

CATHODE WARMUP TIME - Heater voltage should
be applied for a minimum of 30 seconds before the
application of other electrode voltages to allow
proper conditioning of the cathode surface.

CATHODE OPERATION - The oxide-coated uni-
potential cathode must be protected against
excessively high emission current. The DERATING
CHART FOR ANODE CURRENT shows the current
capability of the 8590/4CPX250K anode at various
pulse durations and duty factors, To use this chart,
enter with pulse duration and note the intersection
with the desired peak anode current. At this inter-
section read off the values of maximum duty and/or
pulse repetition rate.

Under a given set of operating conditions, element
dissipation may limit the maximum permissible duty
to a smaller value than anode current considerations
alone would dictate. It will usually be found that
screen grid dissipation is the limiting factor with
large plate voltage swings and that plate dissipation
limits the maximum duty with small plate voltage
swings.

CONTROL GRID OPERATION - The average power
dissipated by the control grid must not exceed two
watts., The control grid dissipation can be computed
as the product of average grid current, and peak
positive grid to cathode voltage.

SCREEN GRID OPERATION - The average power
dissipated by the screen grid must not exceed twelve
watts. Screen grid dissipation is the product of dc
screen voltage, average screen current during the
pulse, and duty factor.

The screen grid current may reverse under certain
operating conditions and produce negative current
indications on the screen milliammeter. This is a
nommal characteristic of most tetrodes. The screen
grid power supply should be designed with this
characteristic in mind so that the correct operating
voltage will be maintained on the screen grid under
all conditions. A current path from screen to cathode
must be provided by a bleeder resistor, gaseous
voltage regulator, or an electron tube shunt regulator
connected between screen and cathode and arranged
to pass approximately 15 milliamperes per tube. A
series pass tube regulated power supply can be used
only when an adequate bleeder resistor is provided.
Protection for the screen grid should be provided by
an over-current relay and by interlocking the screen
supply so that plate voltage must be applied before
screen voltage can be applied.

PULSE MODULATOR PLATE OPERATION - Aver-
age plate dissipation may be calculated as the
product of average plate current during the pulse,
minimum anode voltage, and duty factor. Excessive
average dissipation is likely to occur with high
values of minimum anode voltage. The calculated
value of plate dissipation may well be below 250
watts based on a rectangular pulse but excessive
dissipation will result if pulse rise and fall times
slow down the plate voltage swing and allow plate
current to flow for longer periods in the high anode
voltage region.




UHF OPERATION - Such operation should be con-
ducted with heavy plate loading, minimum bias, and
the lowest driving power consistent with satisfactory
performance. It is often preferable to operate at a
sacrifice in efficiency to obtain increased tube life.

MULTIPLE OPERATION - Tubes operating in

SPECIAL APPLICATION

8590/4CPX250K @—

parallel or push-pull must share the load equally,
It is good engineering practice to provide individual
metering and individual adjustments of bias and/or
screen grid voltage to equalize the plate currents.
Where overload protection is provided, it should be
capable of protecting the surviving tube(s) in the
event that any tube fails.

If it is desired to operate this tube under conditions widely different from those listed here, write
to Power Grid Tube Division, FIMAC Division of Varian, 301 Industrial Way, San Carlos, California

94070, for information and recommendations.
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AN 4CS250R
' ® TECHNICAL DATA CONDUCTION COOLED
— O : / RADIAL BEAM
TETRODE

The 4CS250R is a compact, conduction cooled, high perveance radial
beam tetrode. It is electrically identical to the 4CX250R except that the
maximum dissipation of the 4CS250R is limited only by the maximum al-
lowable anode and ceramic/metal seal temperatures. A beryllium oxide
(BeO) thermal link is brazed to the anode providing an electrically isolated,
low thermal resistance path between the anode and the heat sink. Rug-
gedized construction allows the 4CS250R to be operated in applications
where shock and/or vibration is experienced.

GENERAL CHARACTERISTICS!

ELECTRICAL

Cathode: Oxide Coated, Unipotential
Heater: Voltage . . .« v v v v vt i i i i iieiee e anns 6.0 :0.3 V
Current, at 6.0 volts . . . .« v i ittt e i 2.6 A
Cathode - Heater Potential ........... ... ... +150 V
Direct Interelectrode Capacitances (grounded cathode)2

W s s s s e et e e e e e e e e e i e e e e e e e e 500 MHz
Plate or Grid-Pulsed . . . i v i ittt ittt it it et ittt e e e 500 MHz

1. Characteristics and operating values are based upon performance tests. These figures may change without notice
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using
this information for final equipment design.

2, In Shielded Fixture.

3. See output capacitance.

MECHANICAL
Maximum Overall Dimensions:
Length ...ttt it i it it i e 2.46 in; 62.5 mm
|0 ST 1 = =) GO 1.76 in; 44.9 mm
Net Weight o . 0o vt ittt i i i i i ittt ti i i et S5oz; 141.7 gm
Operating POSition . . .« vt vt it it i ti ittt it ittt en et etaanorossenenon Any
()
(Fffective 9-1-70) © by Varian Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carles / california 94070
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Maximum Operating Temperature: '
Ceramic/Metal Seals . ... v ii ittt ittt it e, 250°C
Anode Cote .. ittt e e e e e s os00C
Plateand Base Seals . . .. .. vt it iiii it it e e e e e e . 2500C

Co0ling e e

. Conduction
Base ... i i i e et ettt e e Special 9-pin
Recommended Socket ............................. EIMAC SK-660, SK-661 series

RADIO FREQUENCY LINEAR AMPLIFIER TYPICAL OPERATION (Frequencies to 500 MHz)
GRID DRIVEN CATHODE DRIVEN Class AB4, Grid Driven, Peak Envelope or
Class ABj Modulation Crest Conditions
Plate Voltage . . ... ........... 1500 2000 Vdc
MAXIMUM RATINGS: Screen Voltage . . . ............ 350 400 Vdc
GridVoltage 1. . . ... .......... -62 -80 Vdc
DC PLATE VOLTAGE . . . ... ...... 2000 VOLTS Zero-Signal Plate Current .. ... ... 133 70 mAdc
DC SCREEN VOLTAGE . . . .. ...... 500 VOLTS Two-Tone Plate Current . . ... .. .. 250 245 mAdc
DC GRID VOLTAGE .. ....... . .. 2250 VOLTS Two-Tone Screen Current2. . . .. . . . -10 +1 mAdc
DC PLATE CURRENT 0.250 AMPERE Peak rf Grid Voltage ........... 56 80 v
"""""" : Useful OutputPower . .......... 262 470 w
SCREEN DISSIPATION . ... ....... 12 WATTS
Resonant Load Impedance . ... .. .. 2160 2840 O
GR'D DISSIPATION ............ 2 WATTS Intermodulation Distortion Pl’OdUCtS3
3rdOrder . ..., ........... -30 -23 db
BthOrder ... ............. -35 -27 db

1. Adjust to specified zero-signal dc plate current. 3. The intermodulation distortion products are referenced a-
gainst one tone of a two equal tone signal. ‘

2. Approximate values.

RADIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Frequencies to 175 MHz)

OR OSCILLATOR

Class C Telegraphy or FM Te|emony Plate Voltage. . .. .... ... 1000 1500 2000 Vdc

(Key-Down Conditions) Screen Voltage. . ... ... .. 250 250 250 Vdc
Grid Voltage .. ......... -90 -90 -90 Vdc
Plate Current . . . ... ... .. 227 240 241 mAdc

MAXIMUM RATINGS: Screen Current1 .. . . .. ... 9 8 8 mAdc
Grid Current 1. . ... ... ... 11 10.5 10.5 mAdc

DC PLATEVOLTAGE . . ... ...... 2000 VOLTS Peak rf Grid Voltage 1. . . . .. 104 104 104 v

DC SCREEN VOLTAGE . . ... ..... 300 VOLTS Calculated Driving Power 1 . . 1.2 1.1 1.1 W

DC GRID VOLTAGE ........... -2560 VOLTS Plate Input Power ... ... . 170 360 482 W

DC PLATE CURRENT . . . .. .. . ... 0.250 AMPERE Plate Dissipation . .. ... .. 17 9N 103 W
Pltate Output Power . . . ... . 153 269 379 W

Z(F:;FSES; Sl)slliiiiogrilor\l 1§ xﬁgg Resonant Load Impedance . .. 1833 2900 4041 ()

1. Approximate value.

PLATE MODULATED RADIO FREQUENCY POWER
AMPLIFIER-GRID DRIVEN

Class C Telephony {Carrier Conditions)

MAXIMUM RATINGS: DCPLATECURRENT .. ......... 0.200 AMPERE
SCREEN DISSIPATION Y. . ... ... .. 12 WATTS

DC PLATE VOLTAGE ... ........ 1500 VOLTS GRID DISSIPATIONT . . . ... ..... 2 WATTS

DC SCREEN VOLTAGE . .. ....... 300 VOLTS

DC GRID VOLTAGE .. ......... -250 VOLTS 1. Average, with or without modulation.
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AUDIO FREQUENCY POWER AMPLIFIER

OR MODULATOR
Class AB1, Grid Driven {Sinusoidal Wave)

MAXIMUM RATINGS (Per Tube):

DC PLATE VOLTAGE .. ........ 2000 VOLTS
DC SCREEN VOLTAGE . ........ 500 VOLTS
DC GRID VOLTAGE . .......... -260 VOLTS
DC PLATECURRENT . . .. ..... .. 0.250 AMPERE
SCREEN DISSIPATION . . ... ... .. 12 WATTS
GRID DISSIPATION . .......... 2 WATTS

TYPICAL OPERATION (Two Tubes) (Push-Pull)

4CS250R @_

Plate Voltage . . . . ............ 1500 2000 Vdc
Screen Voltage . . .. ........... 300 350 Vdc
Grid Voltage 1/2. . . ... ... ..... -48 -66 Vdc
Zero-Signal Plate Current .. .. .. .. 200 140 mAdc
Max. Signal Plate Current . . . ... .. 490 500 mAdc
Zero-Signal Screen Current1 . . .. .. -2 -4 mAdc
Max. Signal Screen Currentl, . . . . .. 0 +4 mAdc
Plate Output Power . . ... ....... 390 595 W
Load Resistance (plate to plate) . ... 5920 8016 {)

1. Approximate value.

2. Adjust to give stated zero-signal plate current.

NOTE: TYPICAL OPERATION data are obtained from direct measurement or by calculation from published character-
istic curves. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias,
screen and plate voltages is assumed. If this procedure is followed, there will be little variation in output
power when the tube is changed, even though there may be some variation in grid and screen current. The grid
and screen currents which result when the desired plate current is obtained are incidental and vary from tube
to tube. These current variations cause no difficulty so long as the circuit maintains the correct voltage in
the presence of the variations in current. In the case of Class C Service, if grid bias is obtained principally
by means of a grid resistor, the resistor must be adjustable to obtain the required bias voltage when the

correct rf grid voltage is applied.

RANGE VALUES FOR EQUIPMENT DESIGN

Min. Max.
Heater: Current at 6.0 volts . . ... . it ittt it i i et e 23 29 A
Cathode Warmup Time .. .. ... .. i i i, S 30 --- sec.
Interelectrode Capacitancesl(grounded cathode connection)
Input ......... 50 0005000008800 000a0 8888080008000 16.0 18.5 pF
Output ...... ... o ... 5550 5000000000 A aaa8ahac 42 5.2 pF
Feedback .o ot i ittt it e e e e e e e ---  0.06 pF

1. In Shielded Fixture.

APPLICATION

MECHANICAL

MOUNTING & SOCKETING - The 4CS250R may
be mounted in any position. EIMAC SK-660 and
SK-661 socket series is recommended. The
SK-660 (made of alumina) and the SK-661 (made
of BeO) will allow the tube base seal heat to be
effectively transferred to the heat sink. Other
sockets may be used if a means for keeping the
ceramic/metal base seals below 250°C is pro-
vided. The EIMAC SK-655 and ERIE 2943 and
2929 series screen by-pass capacitor are recom-
mended for use with the 4CS250R. Figure 1 shows

the recommended method of mounting the 4CS-
250R to the heat sink.

When using natural convection heat sinks,
Figure 2 will assist the designer in determining
the minimum heat sink surface area required for

the given power dissipation. The thermal and
electrical characteristics of the BeO used on the
4CS250R are given in Table I and Figure 3.

A good thermally conductive compound (1)
should be used in the interface to reduce the
thermal resistance of this joint. In addition, the
method of fastening the tube to the heat sink
should provide reasonable compression to help
further reduce this interface thermal resistance.

The effectiveness of any cooling system used
with the 4CS250R is determined by the anode and
ceramic/metal seal temperatures. These must be
held below 250°C for all conditions of expected
ambient temperatures and operation. These tem-
perature parameters should be measured in the
design stage using accurate thermocouples or
thermistors.
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(1) Themmal joint compound and supplier.
a) Wakefield 120, Wakefield Engineering

Co. Wakefield, Mass.

Dow Corning 340, Dow Corning Corp.,

Midland, Michigan.

Thermal Bond 312,

Astrodyne, Inc., Burlington, Mass.

General Electric Insulgrease — G641,

General Electric Co. Cleveland Ohio,

44117.

b)

c) Astrodyne

d)

COOLING - The 4CS250R is designed for con-
duction cooled systems by using a beryllium
oxide (BeO) thermal link brazed to the anode.
The BeO is a ceramic material which exhibits
high thermal conductance similar to aluminum
and high electrical resistance and low loss
typical of ceramics. When this BeO themal link
is fastened to a suitable heat sink, it provides a
low thermal resistance path allowing the anode
heat to be transferred to the heat sink. The
BeO also provides electrical isolation between
the tube anode and the heat sink.

The heat sink can be cooled by natural (free)
convection, forced air convection, liquid cooling
or a combination of these methods. The design
choice is determined by the tubes application
but in all cases the cooling system must maintain
the anode and ceramic/metal seal temperatures
below 250°C.

In a conduction cooled system, anode temper-
ature and seal temperature are determined by the
thermal resistance of the thermal path between
the anode and the cooling medium, e.g., air,
water. The thermal path consists of the Beryllium
oxide thermal link, the interface between the
thermal link and heat sink, and the heat sink.

The thermal resistance of the BeO thermal link
versus its average temperature is given in Figure
3. The tube user must then determine the thermal
resistance of the thermal link from the BeO
thermal link to the cooling medium for his par-
ticular application.

DANGER-BERYLLIUM OXIDE CERAMICS (BeQ)
BREATHING DUST OR FUMES CAN KILL
Normal use of tubes with Beryllium Oxide cer-
amics is not hazardous, but the user is cautioned
that breathing small quantities of the dust or
fumes from Beryllium Oxide can seriously injure
or kill, Do not alter, disassemble, grind, lap, fire,
chemically clean, or perform any other operation
on the Beryllium Oxide block attached to the
anode of the 4CS250R, or to the socket used with
the tube, which may also contain Beryllium Oxide.

Any tube or accessory part containing Beryllium
Oxide ceramics should be returned to EIMAC at
the end of its useful life, with authorization for
disposal.

SHOCK AND VIBRATION - The 4CS250R is
shock and vibration tested with plate and screen
voltages applied. Production tubes are randomly
sampled and tested under the following conditions.

With a plate voltage of 2000 volts applied,
the tubes sampled are subjected to six shocks of
90 G’s minimum half-sine-wave motion, with a
duration of 11.0 + 2 milliseconds, in each of the
three major axes (X, Y, Z).

With the rated plate and screen voltages ap-
plied and the control grid voltage adjusted for a
plate current of 100 ma. through a plate load re-
sistance of 4900 ohms, each of the tubes tested
is vibrated in the three major axes throughout
the range of 28 to 2000and back to 28 Hz in a

CHARACTERISTICS OF 99.5% BeO
Electrical Resistivity in 14
ohm-cm @250°F 10 Dielectric Strength in volts/mil 300
Thermal Conductivity (K) in
Dielectric Constant Cal./Cm2/Cm/Sec./°C
at 70°F and 1 MHz 6.40 of 99.5% BeO
at 70°F and 8.5 GHz 6.57 o
at 250°F and 8.5 GHz 6.64 20°C 0.60
100°C 0.45
Loss Tangent 400°C 0.20
at 70°F and 1 MHz 0.0006
at 70°F and 8.5 GH:z 0.00044
at 250°F and 8.5 GHz 0.00040 (From Coors Data Sheet 0001, Aug 1965)

Table I
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minimum time of six minutes per axis. The vi-
bration level is maintained at 10 G’s. The noise
voltage developed across the plate load resistor
may not exceed 30 volts rms.

VOLTAGE BREAKDOWN VERSUS ALTITUDE -
Table II shows typical breakdown voltage versus
altitude across the BeO themmal link. The mea-
surements were taken with the heat sink plate at
ground potential and the anode at the breakdown
potential.

Altitude All voltage
(thousands of feet) readings in kVdc

(typical)

Sea Level 11.5

5 10.5

10 10.5

15 9.0

20 7.5

25 6.5

30 5.5

35 5.0

40 4.0

45 4.0

30 3.5

Table 11

OUTPUT CAPACITANCE - The interelectrode
capacitances given in the General Characteristics
are measured in a shielded fixture and does not
include additional external capacitances. The
typical capacitance between the anode and a
heat sink plate 4’’ x 4’” is 6.7 pF at 25°C. Total
output capacitance will be approximately 11.5
pF. The measurement configuration is shown in
Figure 1.

FIG. 1 TYPICAL MOUNTING CONFIGURATION

4CS250R @—
ELECTRICAL

HEATER/CATHODE OPERATION - For max-
imum life and uniform performance, the heater
voltage should be maintained within plus or
minus 5% of the rated 6.0 volts at operating fre-
quencies up to 300 MHz for CW use.Between 300
and 400 MHz, 5.75 volts is recommended and
between 400 and 500 MHz 5.5 volts is recom-
mended.

GRID OPERATION - Maximum rated dc bias
voltage is -250 volts. D.C. resistance, grid to
cathode, should be no more than 100,000 ohms.
Maximum grid dissipation allowable is 2 watts.

SCREEN OPERATION - Maximum screen dis-
sipation is 12 watts, normally computed by
multiplying dc screen voltage by the average
screen current. This computation is essentially
correct except in the case of heavy plate loading
when secondary emission current may mask the
normal screen current.

All tetrodes, under some conditions of load-
ing and drive, will exhibit secondary emission
from the screen which changes the net current to
the screen and may even cause the screen meter
to reverse. Normally, secondary emission is
harmless provided the screen voltage is stable.
To insure stable screen voltage, it is recommend-
ed that a bleeder resistor calculated to pass 15
ma from screen to ground be used.

PLATE OPERATION - The plate dissipation
rating of the 4CS250R is limited by anode core
and ceramic/metal seal temperature. These are a
function of the themmal link and are discussed in
the ““Cooling’’ section.

MULTIPLE OPERATION - To obtain maximum
power with minimum distortion from tubes operated

in multiple it is desirable to adjust individual
screen or grid-bias voltages so the peak plate
current for each tube is equal at the crest of the
exciting voltage. Under these conditions, in-
dividual dc plate currents will be approximately
equal for full input signal for class-AB1 operation.

SPECIAL APPLICATION - If it is desired to
operate this tube under conditions widely differ-
ent from those listed here, write to Power Grid
Tube Division, EIMAC Division of Varian, 301
Industrial Way, San Carlos, California 94070, for
information and recommendations.
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ANODE POWER DISSIPATION OF 4CS250R VS HEAT SINK
AREA FOR WAKEFIELD B-1703 (SAFETY FACTOR INCLUDED)

600
| | | |
AMBIENT AIR TEMP. 25°C
WAKEFIELD B—1703 CROSS-SECTION (~3 FINS/INCH)
500 |—
o.oszs»‘ ’,_ ‘-1 ‘——o.zs
1.290 i
» 400 —
1.00-
£
; /
= /
=
S
E 300 //
(7]
2]
[=1]
]
z /
g 200 /
100 /
)
) 100 200 300 400 500 600 700 800
HEAT SINK PROJECTED SURFACE AREA IN SQUARE INCHES
FIG. 2

THERMAL RESISTANCE VS AVERAGE TEMPERATURE OF 4CS250R THERMAL LINK INCLUDING 1 LAYER
OF WAKEFIELD 120 THERMAL COMPOUND BETWEEN BeO AND HEAT SINK
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AVERAGE BeO THERMAL LINK TEMPERATURE (°C)

FIG. 3
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PIN NO.I. SCREEN GRID DIMENSIONAL DATA
PINNO 2 CATHODE oM INCHES MILLIMETERS
PIN NO.3. HEATER ‘| MmN | max | Rer MN. | MAX. | REF
PIN NO.4. CATHODE A | 2324 | 2464 | - - 5903 | 6259 | - -
PIN NO 5. 1.C.DO_NOT USE FOR EXTERNAL CONNECTION : ‘:g?g 0894 | - - 1| 2235 2271 | - -
PINNO 6 CATHODE c ] 190 | - - 4597 | 485 | - -
D | 0760 | 0800 | - - 1930 | 2032 | - -
PIN NO.7. HEATER E | 0985 105 - - 2502 | 2578 | - -
PIN NO.B. CATHODE F - - 1408 | - - - - 37| - -
CENTER PIN-CONTROL GRID (E) G | o7 | - - = 475 | - - =
e " BASE B8-236
'. ' (JEDEC DESIGNATION)
*(‘DT *@ J | 0559 | o573 - - 20 | 455 - -
K | 0240 - - | - - 610 | -- | - -
! L [ o2l | o228 - - 544 | s579] - -
, j M [ os00 ] oea0 | - - 1524 [ 26| - -
| i N 1733 | 1787 | - - 4402 | 4488 - -
o P [1980 | 2030 | - - 5029 | 5.56 | - -
\ R | a4z ae | - - 43° ar* | - -
d S | oses | 105 | - - 2502 | 25.78 | - -
- T | 007 | 0143 | - - 272 | 363 - -
= QP
ANODE [
— . ©

SCREEN GRID ——==

L A NOTES:
I_REF_DIMENSIONS ARE FOR INFO.
_—®—— ONLY 8 ARE NOT REQUIRED FOR
i INSPECTION PURPOSES,
(CONTACT OUTER *@
T

3
]
CYLINDRICAL — U L U

=

SURFACE ONLY)

i 4- 40UNCx  Dp.Min.

: ] | TOP VIEW
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4CV8000A

® TECHNICAL DATA VAPOR-COOLED
RADIAL-BEAM
POWER-TETRODE

The EIMAC 4CV8000A is a ceramic/metal vapor-cooled power tetrode
designed to be used as a Class-AB] linear amplifier in audio or radio-
frequency applications. Its characteristic of low intermodulation distortion
makes it specially suitable for single-sideband service. The vapor-cooled
anode has a dissipation rating of 8000 watts when mounted in an EIMAC
BR-101 broiler.

The 4CV8000A is also recommended for Class-C radio-frequency power
amplifier and plate-modulated radio-frequency power amplifier service.

GENERAL CHARACTERISTICS!

Filament: Thoriated Tungsten

VO s e oomz Pr TenEw pae e gs oy tee o . ok . 9.0:045 V

Circrent, a 950 VoIl u 4 de'ai -G08 & ows KA 0 0o oest 41.5 A
Amplification Factor (Average):

Giidl 10V SCIEEl v 6 g8Q "o PF QT B OB TS T BEGETHA S 5.5
Direct Interelectrode Capacitance (grounded cathode)?

Gl ¢ dapec-Sedtoogionhorat'saoldgpoaibicbonss caRpribed0ns 130 pF

CPE § s s oo b BB W R sl Ak o dad bllewAts e d Fah Fudds dea v 1.0 pF
Frequency of Maximum Rating:

Bl canvivisvat s dald? swall pebh i oo d §AF MO46 000 N ILRATYE u 98 150 MHz

1. Characteristics and operating values are based upon performance tests. These figures may change without notice
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using
this information for final equipment design.

2. Capacitance values are for a cold tube as measured in a special shielded fixture in accorcance with Electronic
industries Association Standard RS-191.

MECHANICAL
Maximum Overall Dimensions:
Lehglh s o pspum svepg snspreperrepar s narEsOa Ry oy 7.98 in; 202.69 mm
Diameter AMNG6SA T OEaNAR otdEBALE Bisd LEABAGL MAd TEE 7.87 in; 199.90 mm
Net Weight s howebud baiphd oubes fdb ey itadiat bidits s 7.0 1b; 3.2 kg
Operating Position sgsaspseraio ossee i i0sq o ewegs spa™ e vs Axis vertical, base up
Maximum Operating Temperature:
Ceramic/Metal Seals . . . . . v vt it ittt e e e e e s e e s 250°C
ATele R saxdssos 46668 veeiiud bebhn Jodaeinsa s pdonn ddive sae 110°C
Codliig . eadp.raane siatBitbAdevraitssblitnettisnpds s Vapor and Forced Air
BESE & & wioE « 36 uilwed B o6 kL35 D FoE Bl & Special, ring and breach-block terminal surfaces
Recommended Air System Socket . . . . . . o i i ittt it e e SK-1490
Recommended BOLIEr . m cv v o ww v m s oin oo oo m i e s s w v e s BREL0D
(Revised 3-15-71) © by Varian Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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RADIO FREQUENCY LINEAR AMPLIFIER
GRID DRIVEN, Class AB1

TYPICAL OPERATION (Frequencies to 30 MHz) )
Class AB1, Grid Driven, Peak Envelope or Modulation
Crest Conditions.

Plate Voltage . 5000 6000 Vdc

AX AT NGS 1S A= I I R R

iSRS AL U Screen Voltage. . .. ... ........ 850 850 Vdc
Grid Voltage 1. ... .. .. ....... -130  -135 Vdc

DC PLATEVOLTAGE ... ... ... .. 7000 VOLTS Zero-Signal Plate Current . . ... ... 1.0 1.0 Adc

DC SCREEN VOLTAGE .. . ... . ... 1000 VOLTS Single-Tone Plate Current ., , ., .. .. 1.95 2.0 Adc
Single-Tone Screen Current2 . .. . . . 130 125 mAdc

DC PLATE CURRENT .. ... .o ... . 2.0 AMPERES Peak rf Grid Voltage 2 . . . .. ... .. 120 125 v

PLATE DISSIPATION ... ........ 8000 WATTS Plate Dissipation . .. .......... 3650 4750 W

SCREEN DISSIPATION . ......... 175 WATTS Plate Cutput Power . . ... ....... 6000 7250 W

GRID DISSIPATION & v v v oo u 50 WATTS Resonant Load Impedance ........ 2170 1825 Q

1. Adjust to specified zero-signal dc plate current. 2. Approximate value .

RADIO FREQUENCY POWER AMPLIFIER OR TYPICAL OPERATION (Frequencies to 30 MHz)

OSCILLATOR Tel Plate Voltage .. ............. 6000 7000 Vdc

Sk @ Telegra'pr?y AUl 7 Screen Voltage. . . ............ 500 500 Vdc

{Key-Down Conditions) GridVoltage . . .. ............ -240  -265 Vdc
Plate Carrent . . . ... .. ... ..... 1.95 1.90 Adc

ABSOLUTE MAXIMUM RATINGS Screen Current1 . .. ... .. ...... 315 295 mAdc
Grid Current1 . . . ..., .. ... .... 135 125 mAdc

DC PLATE VOLTAGE . .. ... ... .. 7000 VOLTS Peak rf Grid Voltagel, .. ... .. ... 345 370 v

DC SCREEN VOLTAGE . ......... 1000 VOLTS Calculated Driving Power . ... ... 47 47 W

DC PLATE CURRENT .. ......... 2.0 AMPERES Plate Cutput Power ............ LU

PLATE DISSIPATION . .......... 8000 WATTS

SCREEN DISSIPATION . ......... 175 WATTS

GRID DISSIPATION .. .......... 50 WATTS 1. Approximate value.

PLATE MODULATED RADIO FREQUENCY POWER TYPICAL OPERATION (Frequencies to 30 MHz)

AMPLIFIER-GRID DR'VE,N o Plate Voltage . .............. 4000 5000 Vdc

Class C Telephony (Carrier Conditions) Screen Voltage ... ........... 400 400 Vdc
GridVoltage . .. ............. -250  -250 Vdc

ABSOLUTE MAXIMUM RATINGS Plate Current . . . ... .. ..o ... 1.4  1.35 Adc
Screen Current1 . . ., ... ... .... 225 235 mAdc

DC PLATE VOLTAGE . . v v oot .. 5000 VOLTS Grid Currentl .., ... ... ... ... 115 125 mAdc

DC SCREEN VOLTAGE . . ........ 600 VOLTS Peak af Screen Voltage 1

DC PLATE CURRENT . . ... ...... 1.4 AMPERES (100% modulation). . . .. ....... CEa ey

PLATE DISSIPATION! . .. .. ...... 5500 WATTS Peak rf Grid voltage 1. ....... .. e8Iy

SCREEN DISSIPATIONZ. ... ... ... 175 WATTS E L SRR 9 W

2 o Plate Dissipation .. ........... 1200 1250 W
GRID DISSIPATION 2 . . ... ...... 50 WATTS Plate Output Power . .. ......... 4400 5500 W
1. Corresponds to 8000 watts at 100% sine-wave

modulation.
2. Average, with or without modulation.

1. Approximate value.
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AUDIO FREQUENCY POWER AMPLIFIER OR
MODULATOR
Class AB , Grid Driven (Sinusoidal Wave)

ABSOLUTE MAXIMUM RATINGS (per tube)

DC PLATE VOLTAGE . .. .. .. .. .. 7000 VOLTS
DC SCREEN VOLTAGE . ......... 1000 VOLTS
DC PLATE CURRENT .. ........ 2.0 AMPERES
PLATE DISSIPATION . .......... 8000 WATTS
SCREEN DISSIPATION . ......... 175 WATTS
GRID DISSIPATION .. ......... 50 WATTS

4CV8000A

TYPICAL OPERATION (Two Tubes)

Plate Voltage ............... 5000 6000 Vdc
Screen Voltage. . .. ... ... ..... 850 850 Vdc
Grid Voltage 173 . . ........... -130  -135 Vdc
Zero-Signal Plate Current . . ... ... 2.0 2.0 Adc
Max. Signal Plate Current . .. .. ... 3.9 4.0 Adc
Max. Signal Screen Current! . ... .. 260 250 mAdc
Peak af Grid VoltageZ. .. ....... 120 126 v
Max. Signal Plate DissipationZ, . . .. 3650 4750 W
Plate Output Power . . . ......... 12.0 14.5 kW
Load Resistance (plate to plate). ... 4340 3650 Q

. Approximate value.
2. Per Tube.
3. Adjust to give stated zero-signal plate current.

NOTE: TYPICAL OPERATION data are obtained direct measurement or by calculation from published characteristic
curves. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias, screen
and plate voltage is assumed. If this procedure is followed, there will be little variation in output power when
the tube is changed, even though there may be some variation in grid and screen current. The grid and screen
currents which result when the desired plate current is obtained are incidental and vary from tube to tube.
These current variations cause no difficulty so long as the circuit maintains the correct voltage in the
presence of the variations in current. In Class C service, if grid bias is obtained principally by means of a
grid resistor, the resistor must be adjustable to obtain the required bias voltage when the correct rf grid

voltage is applied.

RANGE VALUES FOR EQUIPMENT DESIGN

Heater: Current at 9.0 volts . .. ... .. .. ...

Interelectrode Capacitances’ (grounded cathode connection)

CilM o o v e v v v et oo st ae s

.................... 39.5 43.5 A
.................... 120 140 pF
.................... 10.5 14.5 pF
.................... 1.4 pF

1. Capacitance values are for a cold tube as measured in a special shielded fixture in accordance with Electronic

Industries Association Standard RS-191.

APPLICATION

MECHANICAL

MOUNTING - The 4CV8000A must be operated
with its axis vertical, base up in an EIMAC
BR-101 boiler. Care must be exercised when
installing to insure that the boiler is level, the
water is at the proper level and that the flange
of the tube makes a vapor tight seal against the
tubber ¢‘0’’ ring and boiler. A typical vapor

cooling system is shown in this data sheet.

SOCKET - The EIMAC SK-1490 socket is avail-
able for use with the 4CV8000A. Filament,
control-grid, and screen-grid connections are
made to this socket.

COOLING - Cooling is accomplished by im-
mersing the anode in the distilled water filled
BR-101 boiler. The energy dissipated at the
anode causes the water to boil at the surfaces of
the anode, be converted into steam and be carried
away to the condenser. The boiling action keeps
the anode surfaces at approximately 100°C. In
a properly designed boiler-tube system (such as
the 4CV8000A and BR-101), it is extremely un-
likely that the anode surfaces will ever exceed
110°C - well below the 250°C maximum rating-at
full dissipation ratings.

The water in the boiler must be maintained at
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a constant level, just below the top of the fins
on the anode cooler. This is accomplished auto-
matically in the vapor cooling system shown.
Condensate from the condenser is retumed to the
boiler to maintain this constant fluid level. Any
decrease in liquid level is sensed by the control
box, CB-102. A low water level in the control
box activates the solenoid water valve, allowing
make-up water from the reservoir to enter the
boiler. When the proper level is reached, the con-
trol box de-energizes the solenoid, stopping the
flow from the reservoir. A second switch in the
control box is energized if the water level drops
to a lower level because of an empty reservoir
or a constriction in the line. This switch may be
used to shut down the equipment or activate an
alarm.

For reliable operation, it is important that the
control box and boiler be mounted so that the
level sensed by the control box is exactly the
same as the level in the boiler.

Cooling of the tube base is accomplished by
blowing 25-50 CFM of air through the socket

from the sides.

ELECTRICAL

HIGH VOLTAGE - Normal operating voltages
used with the 4CV8000A are deadly, and the
equipment must be designed properly and opera-
ting precautions must be followed. Design all
equipment so that no one can come in contact
with high voltages. All equipment must include
safety enclosures for high-voltage circuits and
terminals, with interlock switches to open pri-
mary circuits of the power supply and to dis-
charge high-voltage condensers whenever access
doors are opened. Interlock switches must not be
bypassed or ‘‘cheated’’ to allow operation with
access doors open. Always remember that HIGH
VOLTAGE CAN KILL.

FILAMENT OPERATION - The rated filament
voltage for the 4CV8000A is 9.0 volts. Filament

voltage, as measured at the socket, must be
maintained at 9.0 volts plus or minus five per-
cent to obtain maximum tube life. The use of a
constant voltage filament transformer is recom-
mended.

GRID OPERATION - The 4CV8000A grid has a
maximum dissipation rating of 50 watts. Pre-
cautions should be observed to avoid exceeding
this rating. Grid dissipation is the product of
the dc grid current and the peak positive grid
voltage swing.

SCREEN OPERATION - The power dissipated
by the screen must not exceed 175 watts. Screen
dissipation, in cases where no ac is applied to
the screen, is the product of screen voltage and
screen current. If the screen voltage is modu-
lated, the screen dissipation will depend upon
loading, driving power and screen voltage.

Screen dissipation is likely to rise to exces-
sive values when the plate voltage, bias voltage
or plate load are removed with filament and
screen voltages applied. Suitable protective
means must be provided to limit the screen dis-
sipation in the event of these failures.

PLATE DISSIPATION - The plate dissipation
rating of 8000 watts attainable through vapor
cooling provides a large margin of safety. It is
unlikely that this rating will be exceeded, even
during tuning periods.

When the 4CV8000A is used as a plate-modu-
lated rf amplifier, this rating is reduced to 5500
watts with a reduced plate input rating of 5000
volts and 1.4 amps.

SPECIAL APPLICATIONS - If it is desired to
operate this tube under conditions widely dif-
ferent from those given here, write to Power Grid
Tube Division, EIMAC Division of Varian, 301
Industrial Way, San Carlos, Califomia 94070,
for information and recommendations.
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DIMENS!ONAL DATA

—_—

_SCREEN GRID _ L - || %@
w' —- 2oy

\g

e T T ——

FILAMENT —\‘ ‘
CONTROL GRID : ‘

P )

SEE NOTE | —/

15 SLOTS

INCHES MILLIMETERS
— MIN. MAX. REF. MIN, MAX. REF.
A | 3475 | 3.525 88.27 | 89.53 - -
B | 0.860 | 0.890 21.84 | 226! - -
C | 2985 | 3025 7582 | 76.84 o
D | 3.490 | 3.525 88.65 | 89.54 o
E | 3472 | 3.602 88.19 | 91.49 S5
F | 6.000 | 6.200 152.40 | 157.48 - -
G | 7.753 | 7983 196.93 | 202.77| - -
H | 0.965 | 1.005 24.51 | 25.53 Sk
K | 0700 | 0730 1778 | 18.54 - -
L [ 0430 | 0460 1092 | 11.68 oo
M | 0160 | 0.180 4.06 457 - -
N | 0.018 | 0.025 0.46 | 0.64 - -
P | 1.O50 | 1.100 26.67 | 27.94 o
R 39° 41° 39° 41° - -
S 89° 9I° 89° 91° - -
T [ 0485 | 0515 1232 | 13.08 =
U | 1.557 | 1.567 39.55 | 39.80 - -
V | 4000 | 4.175 101.60 | 10605 - -
w o - - 2.968 S - - 75.39
X - - - - 7.875 - - - - 200.03
Y o - - 0.344 - - Sl 8.74
Z | 1.785 | 1.915 s 45.34 | 48.64 - -
NOTES:

1. AREA FOR MEASURING ANCDE

FLANGE TEMPERATURE.

2. REFERENCE DIMENSIONS ARE

FOR INFORMATION ONLY 8 ARE

NOT REQ'D FOR INSPECTION

PURPOSES.
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4CV20,000A

% EI MAC
i Division of Varian VAPOR-COOLED

5 A N C AR (S
FORM I RADIAL-BEAM

POWER-TETRODE

The Eimac 4CV20,000A is a vapor~cooled, ceramic-metal, power tetrode designed
for use as an oscillator, modulator, or amplifier in audio and radio-frequency
applications. The vapor-cooled anode is conservatively rated at 20 kilowatts of
plate dissipation when mounted in an Eimac BR~-200 boiler.

A pair of these tubes in class AB, audio frequency or radio frequency linear

amplifier service will deliver 35 kilowatts output. The frequency for maximum
ratings is 30 megacycles; operation to 110 megacycles is possible at reduced input.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min. Nom. Max.
Voltage - - - - = - - - - - - - 15 Y
Current - - - - - = - - - =~ 73 78 A
Amplification Factor (Grid-Screen) =~ - - - - - - 45
Direct Interelectrode Capacitances, Grounded Cathode:
Input - - - - - - - - - - - 108 122 pF
Output - - - - - - - - - - 18 23 pF
Feedback - - - = - = - - - - - - - 10 pF
Direct Interelectrode Capacitances, Grounded Grid:
Input = - - - = = = = = - - 48 58 pF
Output - - - - - - - - - - 18 23 pF
Feedback- - - - - = = = - - - - - - 1.0 pF
Frequency for Maximum Ratings - - - - - - - - - - 30 MHz
MECHANICAL
Base - -~ - - - = = = - - - =~ = = = =« =~ - = = = - - - BSpecial, Concentric
Recommended Socket - - - - - - - - = - & = = = = & = -~ - Eimac, SK-300A
Recommended Boiler - - - - - - - = = =« <« = = = = = -~ - =~ Eimac, BR-200
Operating Position - - - - = - - - = - - - - - - - - - - - Axis vertical, baseup
Cooling - - - = = = = = = = = = = = - - - - - - - - - YVapor & Forced air
Maximum Seal Temperature - = = = = = - = - = = - = - = - = = - - = 250° C
Maximum Anode Core Temperature - - - = - = = = = = = - - - - - - =~ = 250°C
Maximum Over-all Dimensions:
Height - = = = = = = = = =« = - - ~ = -« - - -~ - - = 9.13 in
Diameter - - - - - = - = = = =& = & =& & = = = = = = 7.75 in
Net Weight - = = = = = = = « = - = - = - - - = - = - - = - 21 1bs
RADIO FREQUENCY POWER AMPLIFIER
OR OSCILLATOR
Class-C Telegraphy or FM Telephony TYPICAL OPERATION (Below 30 Mc)
MAXIMUM RATINGS DC Plate Voltage - - - 6000 7500 volts
DC PLATE VOLTAGE (to 30 Mc) - - 7500 VOLTS DC Screen Voltage - - - 500 500 volts
(égoifg ﬁg . Zs(s)gg gggg DC Grid Voltage - - - =290 -300 volts
i -7 DC Plate C - - - 5 2
DC SCREEN VOLTAGE- - - - -1500 VOLTS Do secoorrent > 21 o o e
DC PLATE CURRENT (to 30 Mc) - - 3.0 AMPS  pc Grid Current - - - 290 290 mA
(30-60 Mc) - - 2.8 AMPS  pey RF Grid Voltage* - 520 530 volts
(60-110 Mc) - - 2.6 AMPS  priying power - - - - 150 155 watts
PLATE DISSIPATION 20,000 WATTS  pjate Output Power - - - 12,900 17,000 watts
SCREEN DISSIPATION - - =~ - - 250 WATTS
GRID DISSIPATION - - - - - - 75 WATTS *Approximate Values

(Effective 6-1-68) © 1962, 1968 by Varian Printed in U.S.A.
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PLATE-MODULATED RADIO-FREQUENCY
POWER AMPLIFIER

Class-C Telephony (Carrier comditions except where
noted)

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - 5000 VOLTS
DC BSCREEN VOLTAGE - - - 1000 VvOLTS
DC PLATE CURRENT - - - - 2.5 AMPS
PLATE DISSIPATION* - - -~ -~ 13,500 WATTS
SCREEN DISSIPATION - - - - 250 WATTS
GRID DISSIPATION - - - - - 75 WATTS

* Corresponds to 20,000 watts at 100-percent sine-
wave modulation.

** Approximate values.

TYPICAL OPERATION
(Frequencies below 30 megacycles)

DC Plate Voltage ~ - - =~ - 4000 5000
DC Screen Voltage - - - - 500 500
Peak AF Screen Voltage

(For 100%) modulation) - - - 470 490
DC Grid Voltage - ~ - =~ = =320 -340
DC Plate Current- - - - =~ 2.2 2.2
DC Screen Current** - - =- 33 330
DC Grid Current** - -~ =~ =~ 160 150
Peak RF Grid Voltage** - -~ - 490 510
Grid Driving Power - - - - 78,5 76.5
Plate Dissipation - - - - - 3050 3250
Plate Output Power - - - - 5750 7750

volts
volts

volts
volts
amps

volts
watts
watts
watts

RADIO-FREQUENCY

TYPICAL OPERATION (Peak-Envelope or Modula-

tion-Crest Conditions.

R DC Plate Voltage - - - - - - 5000 7500 volts
Class AB DC Screen Voltage - - - - - - 1500 1500 volts
1 DC Grid Voltage - - - - - - -250 -260 volts
MAXIMUM RATINGS (per tube) Max-Signal Plate Current
DC PLATE VOLTAGE - - -~ - 7500 VOLTS
DC SCREEN VOLTAGE - - - 1500 VOLTS Max-Signal Plate Current - - - 4.0 4.0 amps
DC PLATE CURRENT - - - - 4.0 AMPS Zero-Signal Plate Current - - - 2.0 2.0 amps
PLATE DISSIPATION -~ - = - 20,000 WATTS Max-Signal Screen Current*- - - 165 150 mA
SCREEN DISSIPATION -~ - - = 250 WATTS Peak RF Grid Voltage* - - - - 240 250 volts
GRID DISSIPATION - - - - 75 WATTS Driving Power - - - - - - - - 0 0 watts
* Plate Dissipation- - - - - - - 970012,500 watts
Per Tube Plate Output Power - - - - - 10,30017,500 watts
** Approximate values. Resonant Load Impedance- - 590 1030 ohms
AUDIO-FREQUENCY AMPLIFIER _
OR MODULATOR TYPICAL OPERATION (Two Tubes)
DC Plate Voltage - - - - - - 5000 7500 volts
Class-AB DC Screen Voltage - - - - - - 1500 1500 volts
1 DC Grid Voltage - - - - - - -250 -260 wvolts
MAXIMUM RATINGS Max-Signal Plate Current - - - 8.0 8.0 amps
DC PLATE VOLTAGE - - - - 7500 VOLTS Zero-Signal Plate Current - - - 4.0 4.0 amps
DC SCREEN VOLTAGE - - - 1500 VOLTS Max-Signal Screen Current** - - 330 300 mA
QC PLATE CURRENT - - - - 4.0 AMPS Peak RF Driving Voltage** - - 240 250 volts
PLATE DISSIPATION - - - - 20,000 WATTS Driving Power - - - - - - - - 0 0 watts
SCREEN DISSIPATION - - - - 250 WATTS Load Resistance, Plate-to-Plate 1180 2060 ohms
GRID DISSIPATION - - - - 75 WATTS Max~Signal Plate Dissipation* - 970012,500 watts
Max-Signal Plate Output Power 20,600 35,000 watts

* Approximate values

NOTE: “TYPICAL OPERATION’’ data are obtained by calculation from published characteristic curves.
No allowance is made for circuit losses of any kind. Adjustment of the rf grid drive to obtain the speci-
fied plate current at the specified grid bias, screen voltage, and plate voltage is assumed. If this procedure
is followed, there will be little variation in output power when tubes are changed, even though there may be
some variations in grid and screen currents. The grid and screen currents which result when the desired
plate current is obtained are incidental and vary from tube to tube. These current variations cause no
difficulty so long as the circuit maintains the correct voltage in the presence of the variations in current.
If grid bias is obtained principally by means of a grid resistor, the resistor must be adjustable to obtain
the required bias voltage when the correct rf driving voltage is applied.
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APPLICATION

MECHANICAL

MOUNTING — The 4CV20,000A must be operated
with its axis vertical, base up in an Eimac BR-200
boiler. Care must be exercised when installing to
insure that the boiler is level, the water is at the
proper level and that the flange of the tube makes a
vapor tight seal against the rubber‘‘O”’ ring and boiler.
A typical vapor cooling system is shown below.

SOCKET — The Eimac SK-300A socket is available for
use with the 4CV20,000A. Filament, control grid and
screen grid connections are made to this socket.

COOLING — Cooling is accomplished by immersing
the anode in the distilled water filled BR-200 boiler.
The energy dissipated at the anode causes the water to
boil at the surfaces of the anode, be converted into
steam and be carried away to the condenser. The boil~
ing action keeps the anode surfaces at approximately
100°C. In a properly designed boiler-tube system
(such as the 4CV20,000A and BR-200), it is extremely
unlikely that the anode surfaces will ever exceed
110°C - well below the 250°C maximum rating - at

full dissipation ratings.

The water in the boiler must be maintained at a con-
stant level as indicated by the mark onthe boiler, just
below the top of the fins on the anode cooler. This is
accomplished automatically in the vapor cooling sys-
tem shown. Condensate from the condenser is returned
to the boiler to maintain this constant fluid level. Any
losses or drops in liquid level are sensed by the con-
trol box, CB-202. A low water level in the control
box activates the solenoid water valve, allowing make-
up water from the reservoir to enter the boiler. When
the proper level is reached, the control box de-
energizes the solenoid, stopping the flow from the
reservoir. A second switch in the control box is
energized if the water level drops to a lower level
because of an empty reservoir or aconstrictionin the
line. This switch may be used to shut down the equip-
ment or activate an alarm.

For reliable operation, it is important that the con-
trol box and boiler be mounted so that the level sensed
by the control box is exactly the same as the level in
the boiler.

Cooling of the tube base is accomplished by blowing
25-50 CFM of air into the socket in the area of the
filament seals.

VAPOR COOLING SYSTEM

STEAM PRESSURE INTERLOCK
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ELECTRICAL

FILAMENT OPERATION — The rated filament voltage
for the 4CV20,000A is 7.5 volts. Filament voltage, as
measured at the socket, must be maintained at 7.5
volts plus or minus five percent to obtain maximum
tube life. The use of a constant voltage filament
transformer is recommended.

CONTROL-GRID OPERATION — The 4CV20,000A con-
trol grid has a maximum dissipation rating of 75
watts. Precautions should be observed to avoid ex-
ceeding this rating. Grid dissipation is the product of
the dc grid current and the peak positive grid voltage
swing.

SCREEN-GRID OPERATION — The power dissipated
by the screen must not exceed 250 watts. Screen
dissipation, in cases where no ac is applied to the
screen is the product of screen voltage and screen
current. If the screen voltage is modulated. the screen
dissipation will depend upon loading, driving power
and screen voltage.

4CV20,000A @ S

Screen dissipation is likely to riseto excessive values
when the plate voltage, bias voltage or plate load are
removed with filament and screen voltages applied.
Suitable protective means must be provided to limit
the screen dissipation in the event of these failures.

PLATE DISSIPATION — The plate dissipation rating
of 20,000 watts attainable through vapor cooling pro-
vides a large margin of safety. It is unlikely that this
rating will be exceeded, even during tuning periods.

When the 4CV20,000A is used as a plate-modulated
rf amplifier, this rating is reduced to 13,500 watts
with a reduced plate input rating of 5000 volts and
2.5 amps.

SPECIAL APPLICATIONS —If it is desired to operate
this tube under conditions widely different from
those given here, write to Power Grid Tube Market-
ing Department, EIMAC Division of Varian, 301
Industrial Way, San Carlos, California for informa-
tion and recommendations.

DIMENSIONS IN INCHES

- -
DIMENSIONAL DATA
| — £ REF.| MIN. | MAX. | NOM.
|
—_ _@ — 2 5750
6 | 855 | 895 |
FIOMENT — — ' ‘v—"_‘ - | = 320 760
_@ | — | — wMor coWmcr | O | /859G | /.93G

£ | 3.085 | 3023 |
~ | 3.792 | s.832 |

B

- = R /ﬁ;,lb G | 29680 4.020 |
S KR o | 88
S P RRTE
Y- & | /88 |
| L L [ 47ad | 1B2G
@ Cb ’ 47 | | 27;';;
SCREEN G | N | -3
L_ * ‘l Ve Vad dﬁ?fi Q25 |
& 986 [sa50 |
| R s |7z7s0
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TECHNICAL DATA

The EIMAC 4CV35,000A is a ceramic-metal power tetrode intended
for use as a Class-C amplifier in radio-frequency applications. It features a

new type of internal mechanical structure which results in higher RF operat-
ing efficiency. Low RF losses in this mechanical structure permit operation
of the 4CV35,000A at full ratings up to 110 megahertz. The 4CV35,000A
is also recommended for Class-AB audio-frequency and radio-frequency
linear power amplifier service. The vapor-cooled anode is rated at 35 kilo-
watts of plate dissipation, making the tube attractive for low efficiency

applications.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament: Thoriated Tungsten

Voltage
Current

Amplification Factor (Grid-Screen)
(average)

Min. Nom. Max.
6.3

152 168
4.5

Direct Interelectrode Capacitances, Grounded Cathode:

Input -
Output -
Feedback

Direct Interelectrode Capacitances, Grounded Grid and Screen:

Input -
Output -
Feedback

MECHANICAL
Base - -

Maximum Seal Temperature
Maximum Anode Flange Temperature { See OQutline Drawing)

Recommended Socket -

Boiler - -

Operating Position

Maximum Dimensions:

Height -
Diameter
Base Cooling -
Net Weight -

Shipping Weight (Appr

oximate)

(Revised 5-15-66) © 1962, 1966 Varian

volts
amps

Min.

152
22.0

63.0
23.0

Axis vertical,

THESE SPECIFICATIONS ARE BASED ON DATA APPLICABLE AT PRINTING DATE. SINCE EIMAC HAS A POLICY
OF CONTINUING PRODUCT IMPROVEMENT, SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE.

4GV39,000A

VAPOR-COOLED
RADIAL-BEAM
POWER-TETRODE

|
T
Max.

172 put
27.0  uuf

2.0 uuf
78.0 puf
28.0  puf

0.3 puuf

Special, concentric

250°C
110°C
EIMAC, SK-310
EIMAC, BR-200
base up or down

- 9.44 inches
- 7.75 inches

- Forced Air
- 20 pounds
- 35 pounds

Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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RADIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION
OR OSCILLATOR DC Plate Voltage 7500 10,000 volts
Class-C Telegraphy or FM Telephony (Key-down conditions) DC Screen Voltage 750 750 volts

DC Grid Voltage

MAXIMUM_ RATINGS DC Plate Corren: —515  —540 volts

4.95 4.8 amps

DC PLATE VOLTAGE - - - - - 10,000 VOLTS DC Screen Current - - .580 .585 amp
DC SCREEN VOLTAGE - - - - 2,000 VOLTS DC Grid Current - - .360 .320 amp
DC PLATE CURRENT - - - - - 5.0 AMPS Peak RF Grid Voltage - - 675 700 volts
PLATE DISSIPATION - - - - - 35,000 WATTS Driving Power - - - & 240 225 watts
SCREEN DISSIPATION - - - - - 450 WATTS Plate Dissipation - - - 9000 10,000 watts
GRID DISSIPATION - - - - - 200 WATTS Plate Output Power - - - 27,000 38,000 watts
PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATION
POWER AMPLIFIER DC Plate Voltage - - - 6000 8000 volts
Class-C Telephony (Carrier conditions unless noted) Egaksc,&eFegc\r/e%l:uag\?oltz;ge o7 ZY 750 volts
MAXIMUM RATINGS (For c]iooo/T modulation) - —740 710 volts
DC Grid Voltage - - - —600 —640 volts
DC PLATE VOLTAGE - 8000 VOLTS
DC SCREEN VOLTAGE 1500 VOLTS DS RS SIACUT S SRS

.450 430 mA

DC Screen Current - - .
.185 .180 mA

DC PLATE CURRENT - DC Grid Current = S

PLATE DISSIPATION* -

4.0 AMPS
23,000 WATTS

SCREEN DISSIPATION - : - "7a50 watts  Peak RF Grid Voltage - S R

GRID DISSIPATION - ... 200 WATTS Grid Driving Power - - - 150 150 watts
Plate Dissipation - - - 5100 5800 watts

*Corresponds to 35,000 watts at 100 percent sine-wave modulation. Plate Output Power - - - 17,400 23,500 watts

AUDIO-FREQUENCY AMPLIFIER TYPICAL OPERATION (Two Tubes)

OR MODULATOR DC Plate Voltage - - 8000 10,000 volts

1500 1500 volts
—290 —300 volts
10.7  10.7 amps

Class-ABy DC Screen Voltage - -

DC Grid Voltage - -
MAXIMUM RATINGS (Per Tube) Max-Signal Plate Current -

DC PLATE VOLTAGE - - - - - 10,000 VOLTS Zero-Signal Plate Current* - 5.0 5.0 amps
DC SCREEN VOLTAGE - - - - 2,000 VOLTS Max-Signal Screen Current** - .390 .340 mA
DC PLATE CURRENT - - - - - 6.0 AMPS Zero-Signal Screen Current - 0 0 amps
PLATE DISSIPATION - - - - - 35,000 WATTS Peak AF Driving Voltage* - 280 290 volts
SCREEN DISSIPATION - - - - - 450 WATTS Driving Power - - - - 0 0 watts
GRID DISSIPATION - - - - - 200 WATTS Load Resistance, Plate-to-Plate 1680 2200 ohms
“per Tube Max-Signal Plate Dissipation* - 16,800 20,500 watts
“*Approximate Values Max-Signal Plate Output Power 50,000 66,000 watts
RADIO-FREQUENCY LINEAR AMPLIFIER TYPICAL OPERATION, Peak-Envelope or Modulation-Crest
Class-AB; Conditions
DC Plate Voltage - - - 8000 10,000 volts
MAXIMUM RATINGS DC Screen Voltage - - - 1500 1500 volts
DC PLATE VOLTAGE - - - - - 10,000 VOLTS DC Grid Voltage =~ - - - —290  —300 volts
! Max-Signal Plate Current - - 5.35 5.35 amps
DC SCREEN VOLTAGE N - ° - 2,000 VOLTS Zero-Signal Plate Current - 2.5 2.5 amps
DC PLATE CURRENT - - - - - 6.0 AMPS Max-Signal Screen Current* - 195 170 mA
PLATE DISSIPATION - - - - - 35,000 WATTS Pe.alg RF Grid Voltage - - 280 290 volts
SCREEN DISSIPATION - - - - - 450 WATTS Driving. P9W$F S ]6808 2 508 watts
ate Dissipation s oo , , watts
GRID DISSIPATION - - - - - 200 WATTS Plate Output Power - - - 25000 33,000 watts
*Approximate Values Resonant Load Impedance - 840 1100 ohms

NOTE: “TYPICAL OPERATION’' data are obtained by calculation from published characteristic curves and confirmed by direct tests. No allowance is made for
circuit losses of any kind. Adjustment of the rf grid drive to obtain the specified plate current at the specified grid bias, screen voltage, and plate voltage
is assumed, If this procedure is followed, there will be little variation in output power when tubes are changed, even though there may be some variations
in grid and screen currents. The grid and screen currents which result when the desired plate current is obtained are incidental and vary from tube to
tube. These current variations cause no difficulty so long as the circuit maintains the correct voltage in the presence of the variations in current. If grid bias
is obtained principally by means of a grid resistor, the resistor must be adjustable to obtain the required bias voltage when the correct rf driving voltage
is applied.
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APPLICATION
MECHANICAL

Mounting — The 4CV35,000A must be oper-
ated with its axis vertical, base up in an EIMAC
BR-200 boiler. Care must be exercised when
installing to insure that the boiler is level, the
water is at the proper level and that the flange
of the tube makes a vapor tight seal against the
the rubber O-ring and boiler. A typical vapor
cooling system is shown on the opposite page.

Socket — The EIMAC SK-310 socket is avail-
able for use with the 4CV35,000A. Filament,
control grid and screen grid connections are
made to this socket.

Cooling — Cooling is accomplished by im-
mersing the anode in the distilled water filled
BR-200 boiler. The energy dissipated at the
anode causes the water to boil at the surfaces of
the anode, be converted into steam and be car-
ried away to the condenser. The boiling action
keeps the anode surfaces at approximately
100°C. In a properly designed boiler-tube sys-
tem (such as the 4CV35,000A and BR-200), it
is extremely unlikely that the anode surfaces
will ever exceed 110°C — well below the 250°C
maximum rating — at full dissipation ratings.

The water in the boiler must be maintained

at a constant level. Just below the top of the
fins on the anode cooler. This is accomplished
automatically in the vapor cooling system
shown. Condensate from the condenser is re-
turned to the boiler to maintain this constant
fluid level. Any losses or drops in liquid level
are sensed by the control box CB-202. A low
water level in the control box activates the sole-
noid water valve, allowing make-up water from
the reservoir to enter the boiler. When the
proper level is reached, the control box de-
energizes the solenoid, stopping the flow from
the reservoir. A second switch in the control
box is energized if the water level drops to a
lower level because of an empty reservoir or a
constriction in the line. This switch may be used
to shut down the equipment or activate an alarm.

For reliable operation, it is important that the
control box and boiler be mounted so that the
level sensed by the control box is exactly the
same as the level in the boiler.

Air cooling of the tube base is required. 100
CFM minimum should be directed straight
down toward the center of the SK-310 socket
from a blower or duct, not more than 5l
inches from the socket.

VAPOR COOLING SYSTEM

STEAM PRESSURE INTERLOCK

.

W\\\ / A N

CONDENSER
(STEAM-WATER) ’ e
|
T~ —
\\ —h P AN
~pT
L RESERVOIR
EQUALIZER T
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(STEAM) LOW WATER ALARM AND T
INTERLOCK )
— P S
T —= [ N et
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% N 2 o
~ it | [
r = WATER —
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ELECTRICAL

Filament Operation — The rated filament
voltage for the 4CV35,000A is 6.3 volts. Fila-
ment voltage, as measured at the socket, must
be maintained at 6.3 volts plus or minus five
percent to obtain maximum tube life. The use
of a constant voltage filament transformer is
recommended.

Control-Grid Operation — The 4CV35,000A
control grid has a maximum dissipation rating
of 200 watts. Precautions should be observed to
avoid exceeding this rating. Grid dissipation is
the product of the dc grid current and the peak
positive grid voltage swing.

Screen-Grid Operation — The power dissi-
pated by the screen must not exceed 450 watts.
Screen dissipation, in cases where no ac is ap-
plied to the screen is the product of screen volt-
age and screen current. If the screen voltage is
modulated, the screen dissipation will depend
upon loading, driving power and screen voltage.

Screen dissipation is likely to rise to excessive

2907 gowmer
FHRAMENT

R —

f

o
(:J)

values when the plate voltage, bias voltage or
plate load are removed with filament and screen
voltages applied. Suitable protective means must
be provided to limit the screen dissipation in the
event of these failures.

Plate Dissipation — The plate dissipation rat-
ing of 35,000 watts attainable through vapor
cooling provides a large margin of safety. It is
unlikely that this rating will be exceeded, even
during tuning periods.

When the 4CV35,000A is used as a plate-
modulated rf amplifier, this rating is reduced to
23,000 watts with a reduced plate input rating
of 8000 volts and 4.0 amps.

Special Applications — If it is desired to oper-
ate this tube under conditions widely different
from those given here, write to Power Grid
Tube Marketing Department, EIMAC Division of
Varian, 301 Industrial Way, San Carlos, Cali-
fornia for information and recommendations.

e —
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4CV50,000E
EIMAGC

VAPOR COOLED
POWER TETRODE

The EIMAC 4CV50,000E is a ceramic/metal, vapor-cooled power te-
trode intended for use at the 50 to 100 kilowatt output power level. This
tube is characterized by low input and feedback capacitances and low in-
temal lead inductances. A rugged mesh thoriated tungsten filament pro-
vides adequate emission over the long operating life. It is recommended
for use as a class C rf amplifier or oscillator, a class AB rf linear ampli-
fier or a class AB push-pull af amplifier or modulator. The 4CV50,000E
is also useful as a plate and screen modulated class C rf amplifier. The
vapor cooled anode is rated at 50 kilowatts dissipation.

GENERAL CHARACTERISTICS! —_—
ELECTRICAL shown with

boiler removed.
Filament: Mesh Thoriated Tungsten
VOIEAEE sivnmmssmmassscmmassnomosseassss 12+ 0.6 V
Current, at 12.0 volts . . . . v v v vt i it s et e e 220 A
Amplification Factor (Average)
Grid to Screen . . . . v i v it it e e e e 4.5

Direct Interelectrode Capacitances (grounded cathode)

MAPIE . w w vomg ymmm s o o @ hes i B Bl R E L 310 pF

DL s wosussouiamsos 59 @B Ens s @EEL FEBEAESSE O N EEH 88880 53 pF
Feedback ... v v ittt it it it ittt it et e e e e e 0.7 pF
Frequency of Maximum Rating:

CW e i i i e e i e e et et e e s e e e e e e e 110 MHz
1. Characteristics and operating values are based upon performance tests. These figures may change without notice

as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using
this information for final equipment design.

MECHANICAL

Maximum Overall Dimensions:
Length(less boiler) . o . v v v it ittt it it it i ie e e e o 11.500 in; (292.1 mm)
|0 E 11 U= €= SN 0.531 in; (241.0 mm)
Net Weight (Jess boiler). o v v v v v v i it ittt it st ittt i e e 31.5 1b; (14.3 kg)

Operating Position .. ... u vt ittt it it ittt innnnan Vertical, base down

Maximum Operating Temperature:

Ceramic/Metal Seals and terminals . .. .o v vt vt it it ittt ittt 250°C
(8 1T S I S e Vapor and Forced Air
2] e S R 5 55 5 5 5 SR e S S S e S S Special
Recommended Air System Socket ......... .. i EIMAC SK-2000 Series
Recommended Boiler .. ..o v vt ittt it i EIMAC BR-700 Series

(Effective 5-1-70) © 1970 by Varian Printed in U.S.A.
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RADIO FREQUENCY LINEAR AMPLIFIER

TYPICAL OPERATION (Frequencies to 30 MHz)

GRID DRIVEN Class ABq, Grid Driven, Peak Envelope or Modulation
Class AB Crest Conditions.
ABSOLUTE MAXIMUM RATINGS:

S T S Plate Voltage . . . v v oo v vt v vt e o n s nn o 10.0 kVdc
DC PLATE VOLTAGE « « v v v v ... 17,500 VOLTS (s;f?se\”/o\l’t‘;';:%e --------------------- 2163 ‘\‘/\égc
DC SCREEN VOLTAGE......... 2'508 MASLE Zero-Signal Plate Current .. ... ......... 3.4 Adc
DC PLATE CURRENT .. ........ 12.0 AMPERES Single Tone Plate Current . . .. ... ....... 9.14 Adc
PLATE DISSIPATION .. ........ 50,000 WATTS Peak rf Grid Voltage 2 ... .. ........... 230 v
SCREEN DISSIPATION .. ....... 1,500 WATTS Resonant Load Impedance . . ............ 600 ()
GRID DISSIPATION .. ........ 400 WATTS Plate Dissipation . . .. ... ............ 35 kW

Plate Output Power .. ... ............. 57 kW
1. Adjust to specified zero-signal dc plate current.
2. Approximate value.
RADIO FREQUENCY POWER AMPLIFIER OR TYPICAL OPERATION (Frequencies to 30 MHz)
OSCILLATOR
Class C Telegraphy or FM Telephony Plate Voltage . . .. .............. 15.0 15.0 kVdc
{(Key-Down Conditions) Screen Voltage . . ............... 1.6 1.6 kVdc
GridVoltage . .. ............... -800 -800 Vdc
. Plate Current . . . .. ... .. ........ 9.0 11.5 Adc
RS LY S AR et Screen Currentl. . . . .. .. ......... 0.9 0.83 Adc
Grid Current '. . . .. ... L oL 125 160 mAdc
DC PLATE VOLTAGE . .. ....... 17,500 VOLTS Peak rf Grid Voltage1 _____________ 880 925 v
DC SCREEN VOLTAGE . . . . ... .. 2,500 VOLTS Calculated Driving Power 1. . . .. .. ... 110 150 w
DC PLATECURRENT ... .. .. ... 12.0 AMPERES Piate Dissipation . .............. 25 36 kW
PLATE DISSIPATION . ... ...... 50,000 WATTS Plate Output Power . . ... ......... 110 137 kW
SCREEN DISSIPATION .+ v v v v v .. 1,500 WATTS Resonant Load Impedance . . ... ..... 820 615
GRID DISSIPATION ... .... ... 400 WATTS .
1. Approximate value
PLATE MODULATED RADIO FREQUENCY POWER TYPICAL OPERATION (Frequencies to 30 MHz)
AMPLIFIER-GRID DRIVEN
Class C Telephony (Carrier Conditions) Plate Voltage. . . ... ... ........ 9.0 14.0 kVdc
Screen Voltage . .............. 750 750 Vdc
. GridVoltage . .. .............. -600 -600 Vdc
ORI LA TR UL Plate Current . . . ... ........... 7.41  9.25 Adc
Screen Current3 . . . .. .......... 0.69 1.15 Adc
DCPLATEVOLTAGE . ......... 15,000 VOLTS GridCurrent ... .............. 0.333 0.833 Adc
DC SCREEN VOLTAGE......... 2,000 VOLTS Peak af Screen Voltage 3
DC PLATE CURRENT . . ........ 12.0 AMPERES {100% modulation) . .......... 750 750 v
PLATE DISSIPATION T . ... .... 33,000 WATTS Peak rf Grid Voltage3 . .. ... ... .. 750 820 v
SCREEN DISSIPATIONZ . ... .... 1.500 WATTS Calculated Driving Power . . .. ... .. 250 685 W
GRID DISSIPATIONZ . ... ...... 400 WATTS Plate Dissipation .. ... ......... 12.5 21.5 kW
) Plate Output Power . . ... ... ..... 54.2 110 kW
1. Corresponds to 50,000 watts at 100% sine-wave
modul ation. 3. Approximate value .
2. Average, with or without modulation.
AUDIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Two Tubes)
OR MODULATOR
Class AB1{, Grid Driven (Sinusoidal Wave) Plate Voltage . . .. ... .............. 15.0 kVdc
Screen Voltagﬁ .................... 1.25 kVdc
Grid Voltage 173 . . .. .. ... ... .. .... -280 Vdc
ABSOLUTE MAXIMUM RATINGS (Per Tube) Zero-Signal Plate Current . . . .. .. ...... 5.0 Adc
Max. Signal PlateCurrent . . .. ......... 18.6 Adc
DC PLATE VOLTAGE. . ........ 17,500 VOLTS Max. Signal Screen Current. . . . ... .. ... 0.6 Adc
DC SCREEN VOLTAGE ........ 2,500 VOLTS Peak af Grid Voltage2. . .. ............ 275 v
DCPLATECURRENT . . . v v v v v n 12.0 AMPERES Peak DrivingPower . . ... ............ 0w
PLATE DISSIPATION . . .. v v v .. 50,000 WATTS Max. Signal Plate Dissipation2 ... ...... 41.7 kW
SCREEN DISSIPATION &« & o v v v n .. 1,500 WATTS Plate Output Power . .. ... ........... 195 kW
GRID DISSIPATION .. ........ 400 WATTS Load Resistance (plate to plate) . . .. ..... 1870

1. Approximate value.
2. Per tube.
3. Adjust to give stated zero-signal plate current.
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correct rf grid voltage is applied.

NOTE: TYPICAL OPERATION data are obtained from direct measurement or by calculation from published character-
istic curves. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias,
screen and plate voltages is assumed. !f this procedure is followed. there will be little variation in output
power when the tube is changed., even though there may be some variation in grid and screen current. The grid
and screen currents which result when the desired plate current is obtained are incidental and vary from tube
to tube. These current variations cause no difficulty so long as the circuit maintains the correct voltage in
the presence of the variations in current. In the case of Class C Service, if grid bias is obtained principally
by means of a grid resistor, the resistor must be adjustable to obtain the required bias voltage when the

RANGE VALUES FCR EQUIPMENT DESIGN Min. Max.
Heater: Current at 12.0volts ............... 90000000000 0cC 200 230 A
Interelectrode Capacitances (grounded cathode connectxon)
Input . .. .0t i i e e e e 290 330 pF
Output . . ..... e 5 58000000 ad0n000d0085naE000s0 47.0 57.0 pF
Feedback ... ..... 100 60¢c . : 90 6000¢c . 0D C e --- 1.0 pF
Interelectrode Capac1tances (grounded grid connection)
11710 e .. 130 150 pF
Output . ... ... e ettt e, 4710 57.0 pF
Feedback . . . v v v v v v i v i iii i B 0.5 pF

APPLICATION

MECHANICAL

MOUNTING - The 4CV50,000E must be operated
with its axis vertical. The base of the tube must
be down.
SOCKET - The EIMAC sockets type SK-2000
series are recommended for use with the 4CV-
50,000E.
COOLING - Cooling is accomplished by im-
mersing the anode in the distilled water filled
EIMAC boiler. The energy dissipated at the anode
causes the water to boil at the surfaces of the
anode, to be converted into steam and be carried
away to the condenser. The boiling action keeps
the anode surfaces at approximately 100°C. In a
properly designed boiler-tube system, it is ex-
tremely unlikely that the anode surfaces will
ever exceed 110°C at full dissipation ratings.
The water in the boiler must be maintained
at a constant level which may be accomplished
automatically in an EIMAC vapor cooling system.
Condensate from the condenser is returned to the
boiler to maintain a constant coolant level. Any
losses or drops in coolant level are sensed and
makeup water enters the boiler from the reservoir.
When the proper level is reached the flow from
the reservoir is stopped automatically. A switch
is energized when the reservoir water level drops
to a low level. This switch may be used to shut
down the equipment or activate an alam.

Air cooling of the tube base is required whenever
filament voltage is applied. A minimum air flow of
100 cfm should be ducted toward the center of the
EIMAC SK-2000 socket from a blower or fan. Pres-
sure drop through the SK-2000 socket is approxi-
mately 0.5 inches of water. The air system must
be capable of supplying 100 cfm into this head.

The water used as a coolant in the vapor
phase cooling system is continuously distilled.

It is imperative that the resistivity of the water
be maintained above 200,000 ohms/cm3, The
entry of any contaminator to the system must be
prevented. The use of any lead bearing alloys
such as brass or soft/solder in fabrication of the
cooling system must be avoided since steam
leaches out the lead, contaminating the coolant.

Suitable materials for a cooling system are
copper, hard solder, and polypropylene. Any
contamination of the water causes leakage cur-
rent to flow through the water supply lines to
ground. When the resistivity is low this leakage
current power will cause boiling in the lines,
interfering with the proper operation of the system.

The user must be prepared to flush the system
on initial startup to purtge any contamination
which may have entered the components during
shipment or assembly.
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ELECTRICAL

FILAMENT OPERATION - Filament voltage
should be measured at the socket with a 1 per-
cent rms responding meter. The peak emission
at rated filament voltage of the EIMAC 4CV-
50,000E is normally many times the peak emis-
sion required for communication service. A small
decrease in filament temperature due to reduc-
tion of filament voltage can increase the life of
the 4CV50,000E by a substantial percentage. It
is good practice to determine the nominal fila-
ment voltage for a particular application that will
not adversely affect equipment operation. This
is done by measuring some important parameter
of performance such as plate current, power out-
put, or distortion while filament voltage is re-
duced on the 4CV50,000E. At some point in
filament voltage there will be noticeable
reduction in plate current, or power output, or an
increase in age slightly higher than the point
at which performance appears to deteriorate.
This point should be periodically checked to
maintain proper operation.

GRID OPERATION - The 4CV50,000E control
grid is rated at 400 watts of dissipation. Grid
dissipation is the approximate product of grid
current and peak positive grid voltage.

SCREEN OPERATION - The power dissipated
by the screen grid must not exceed 1500 watts.
Where no ac is applied to the screen, dissipation
is the product of dc screen voltage and dc screen
current. With screen modulation the dissipation
is dependent on rms screen voltage and rms
screen current. Plate voltage, plate load or bias
voltage must never be removed while filament
and screen voltages are present since the screen
dissipation rating will be exceeded. Suitable
protective means must be provided to prevent any
of these conditions,

The 4CV50,000E may exhibit reversed screen
current to a greater or lesser degree depending
on operating conditions. The screen supply volt-
age must be maintained constant for any values
of negative and positive screen current which
may be encountered. Dangerously high plate cur-
rent may flow if the screen power supply exhibits
a rising voltage characteristic with negative
screen current. Stabilization may be accomplished
with a bleeder resistor connected from screen to

4

cathode, or an electron-tube regulator circuit may
be employed in the screen supply. It is absolutely
essential to use a bleeder if a series electron-
tube regulator is employed.

PLATE DISSIPATION - The plate dissipation
of 50 kilowatts attainable through vapor cooling
provides a large margin of safety in most appli-
cations. The rating may be exceeded for brief
periods during tuning., When the 4CV50,000E is
used as a plate-modulated tf amplifier, plate
dissipation under carrier conditions is limited
to 33,300 watts.

HIGH VOLTAGE - Normal operating voltages
used with the 4CV50,000E are deadly, and the
equipment must be designed properly and opera-
ting precautions must be followed. Design all e-
equipment so that no one can come in contact
with high voltages. All equipment must include
safety enclosures for high-voltage circuits and
terminals, with interlock switches to open pri-
mary circuits of the power supply and to dis-
charge high-voltage condensers whenever access
doors are opened. Interlock switches must not be
bypassed or ‘‘cheated’ to allow operation with
access doors open. Always remember that HIGH
VOLTAGE CAN KILL.

X-RADIATION - High-vacuum tubes operating at
voltages higher than 10 kilovolts produce pro-
gressively more dangerous X-ray radiation as the
voltage is increased. The 4CV50,000E, operating
at its rated voltages and currents, is a potential
X-ray hazard. Only limited shielding is afforded
by the tube envelope. Moreover, the X-ray radia-
tion level can increase significantly with aging
and gradual deterioration, due to leakage paths
or emission characteristics as they are affected
by the high voltage. X-ray shielding must be
provided on all sides of tubes operating at these
voltages to provide adequate protection through-
out the tube’s life. Periodic checks on the X-ray
level should be made, and the tube should never
be operated without adequate shielding in place
when voltages above 10 kilovolts are in use.
Lead glass, which attenuates X-rays, is available
for viewing windows. If there is any doubt as to
the requirement for or the adequacy of shielding,
an expert in this field should be contacted to
perform an X-ray survey of the equipment.

Operation of high-voltage equipment with
interlock switches ‘‘cheated’’ and cabinet doors
open in order to be better able to locate an equip-
ment malfunction can result in serious X-ray
exposure,




RADIO FREQUENCY RADIATION - Avoid ex-
posure to strong if fields even at relatively low
frequency. Absorption of tf energy by human
tissue is dependent on frequency. Under 30 MHz,
most of the energy will pass completely through
the human body with little attenuation or heating
effect. Public health agencies are concerned with
the hazard, however, even at these frequencies,
and it is worth noting that some commercial
dielectric heating units actually operate at fre-
quencies as low as the 13 and 27 MHz bands.

Many EIMAC power tubes, such as the 4CV-
50,000E, are specifically designed to generate or
amplify radio frequency power. There may be a
relatively strong rf field in the general proximity
of the power tube and its associated circuitry---
the more power involved, the stronger the rf field.
Proper enclosure design and efficient coupling
of rf energy to the load will minimize the rf field
in the vicinity of the power amplifier unit itself.

4CV50,000E @—

FAULT PROTECTION - In addition to normal
plate overcurrent interlock, screen current inter-
lock, and coolant flow interlock, it is good
practice to protect the tube from intemal damage
which could result from occasional plate arcing
at high anode voltages.

In all cases some protective resistance, 5
ohms to 25 ohms, should be used in series with
the tube anode to absorb power supply stored
energy in case a plate arc should occur. If power
supply stored energy exceeds 750 watt seconds,
some form of electronic crowbar which will dis-
charge power supply capacitors in a few micro-
seconds following indication of start of a plate
arc is recommended.

SPECIAL APPLICATION - If it is desired to
operate this tube under conditions widely dif-
ferent from those listed here, write to Application
Engineering, Power Grid Tube Division, EIMAC
Division of Varian, 301 Industrial Way, San
Carlos, California 94070, for information and
recommendations.
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4Cv50,000E N

DIMENSIONAL DATA
oM INCHES MILLIMETERS
1 MIN. MAX. MIN. MAX.
A | 9468 | 9531 | 24049 | 24209
B | 5.000 | 5250 | 127.00 | 133.35
c R E— —— —_—
D | 1.230 | 1.270 | 31.24 | 32.26
E | 3.865 | 3.885 | 98.17 | 98.68
F | 4240 | 4.260 | 107.70 | 108.20
. G | 4490 | 4510 | 114.05 | 11455
4 “20UNC-28 H 7.750° 196.85°
THRU, |2 HOLES
EQUALLY SPACED ON J 0.069 0.149 1.75 3.78
7.375 DIA.P.C. K | 0.382 | 0462 9.70 .73
L | 0797 | 0.922 | 20.24 | 23.42
3750 D FO-To ALIGH WITH LOOKING seRuLNo. | M | 4875 | 5000 | (2383 | 12700
PIN_WITHIN 10° N 11.500° 292.10"
P 1.437" 36.50"
R | 0469 | 053l 11.91 13.49
S 22 1/2°" 221/2°"
T 30°° 30°°"
"REFERENCE OIMENSIONS ARE FOR INFORMATION
ONLY AND ARE NOT REQUIRED FOR INSPECTION
ON 8750 DIA. PC.
NOTE: NOMINAL OVERALL HEIGHT WITH
BOILER = 13.0 INCHES {330.2 mm).
/A_NOD_E
/
& @
O,
DO NOT CONTACT m»—\
| I B
© 1
\‘
SURFACE o \ SCREEN
% . - CONTROL
[@leosoa] SEEUNDEXHOLS: FILAMENT
TUBE_MOUNTED ON
FEATURES &
"DATUM AT _MMC.
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4Cv50,000J

TECHNICAL DATA VAPOR COOLED
POWER TETRODE

The EIMAC 4CV50,000] is a ceramic/metal, vapor-cooled power tetrode
intended for use at the 50 to 100 kilowatt output power level. This tube is
characterized by low input and feedback capacitances and low internal
lead inductances. A rugged mesh thoriated tungsten filament provides ade-
quate emission over the long operating life. It is recommended for use as
a class AB1 rf linear amplifier. The vapor cooled anode is rated at 50 kilo-
watts dissipation.

GENERAL CHARACTERISTICS1

ELECTRICAL e )
Filament: Mesh Thoriated Tungsten - i
Voltage .« v v ittt et i i i e 12+ 0.6 V
Current, at 12.0 volts . . . . v v it it it it et e e e 220 A
Amplification Factor (Average)
Grid tO SCIEEM &+ v v v v v ittt it i ettt it s ittt it eeanens 4.5
Direct Interelectrode Capacitances (grounded cathode)
03 310 pF
070 48 pF
O ) 1.0 pF
Frequency of Maximum Rating:
W e e e e e e e e 110 MHz

1. Characteristics and operating values are based upon performance tests. These figures may change without notice
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using
this information for final equipment design.

MECHANICAL
Overall Dimensions:

Length (less boiler) . o v v v vttt ittt ittt st ennn 11.500 in; 292.1 mm

|9 B R 1= = < 9.531 in; 241.0 mm

Net Weight (less boiler) . . v v v v v it it i ittt i i s it i e st e e 31.51b; 14.3 kg
Operating Position . .. ... v i ittt ittt i ittt Vertical, base down
Maximum Operating Temperature:

Ceramic/Metal Seals and terminals . « v v v v v it v it it i it ettt ettt e 250°C
07070 5 Vapor and Forced Air
BaSE t i i it it it e et e et e e e e e Special
Recommended Air System Socket . ... ... ittt i i e EIMAC SK-2000 Series
Recommended Boiler. . . . v i it ittt it e et e e e e EIMAC BR-710, 720
(Effective 7-15-71) © 1971 by Varian Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070




4Cv50,000J

RADIO FREQUENCY LINEAR AMPLIFIER TYPICAL OPERATION (Frequencies to 30 MHz)
GRID DRIVEN Class AB Class AB1, Grid Driven Peak Envelope or Modulation
Crest Conditions

ABSOLUTE MAXIMUM RATINGS:

Plate Voltage .................... 8.3 kvdc
DC PLATE VOLTAGE ... ....... 17,500 VOLTS Screen Voltage. ... ................ 1.5 kVdc
DC SCREEN VOLTAGE ... ...... 2,500 VOLTS GridVoltage 1. . .. ................. -250 Vdc
DC PLATE CURRENT . ......... 12.0 AMPERES Zero-Signal Plate Current . . ... ........ 3.6 Adc
PLATE DISSIPATION . ......... 50,000 WATTS Single-Tone Plate Current. . ... ........ 9.8 Adc
SCREEN DISSIPATION ......... 1.500 WATTS Peak rf Grid Voltage 2 250 v
GRID DISSIPATION . ... ....... 400 WATTS Resonant Load Impedance . ............ 413 Q

Plate Dissipation .. ................ 35 kW
1. Adjust to specified zero-signal dc plate current. Plate Output Power . . ............... 45 kW
2. Approximate value. Intermod. Distortion Products 3
3. The IMD products are referenced against one tone 3 dOrder . . ... .......... ... ... -46 dB

of a two-equal tone signal. 5th Order . ..................... -60 dB

NOTE: TYPICAL OPERATION data are obtained from direct measurement or by calculation from published character-
istic curves. Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias,
screen and plate voltages is assumed. If this procedure is followed, there will be little variation in output
power when the tube is changed. even though there may be some variation in grid and screen current. The grid
and screen currents which result when the desired plate current is obtained are incidental and vary from tube
to tube. These current variations cause no difficulty so long as the circuit maintains the correct voltage in
the presence of the variations in current.

RANGE VALUES FOR EQUIPMENT DESIGN Min.  Max.
Heater: Current at 12.0 VOItS . . . v v v ittt ittt e e e e ee e e 200 230 A
Interelectrode Capacitances (grounded cathode connection) m
T 290 330 pF -
ot L e e e e e e 42.0 53.0 pF
s S S --- 1.5 pF
Interelectrode Capacitances (grounded grid connection)
L S s e s 113 137 pF
Cout .o e e e e e 45.0 55.0 pF
e --- 0.5 pF
APPLICATION
MECHANICAL
MOUNTING - The 4CV50,000] must be operated tremely unlikely that the anode surfaces will
with its axis vertical. The base of the tube must ever exceed 110°C at full dissipation ratings.
be down. The water in the boiler must be maintained
at a constant level which may be accomplished
SOCKET - The EIMAC sockets type SK-2000 automatically in an EIMAC vapor cooling system.
series are recommended for use with the 4CV- Condensate from the condenser is returned to the
50,000]. boiler to maintain a constant coolant level. Any
losses or drops in coolant level are sensed and
COOLING - Cooling is accomplished by im- makeup water enters the boiler from the reservoir.
mersing the anode in the distilled water filled When the proper level is reached the flow from
EIMAC boiler. The energy dissipated at the anode the reservoir is stopped automatically. A switch
causes the water to boil at the surfaces of the is energized when the reservoir water level drops
anode, to be converted into steam and be carried to a low level. This switch may be used to shut
away to the condenser. The boiling action keeps down the equipment or activate an alarm.
the anode surfaces at approximately 100°C. In a Air cooling of the tube base is required when-
properly designed boiler-tube system, it is ex- ever filament voltage is applied. A minimum air




flow of 100 cfm should be ducted toward the cen-
ter of the EIMAC SK-2000 socket from a blower or
fan. Pressure drop through the SK-2000 socket is
approximately 0.5 inches of water. The air system
must be capable of supplying 100 cfm into this
head.

The water used as a coolant in the vapor
phase cooling system is continuously distilled.
It is imperative that the resistivity of the water
be maintained above 200,000 ohms/cm . The
entry of any contaminator to the system must be
prevented. The use of any lead bearing alloys
such as brass or soft/solder in fabrication of the
cooling system must be avoided since steam
leaches out the lead, contaminating the coolant.

Suitable materials for a cooling system are
copper, hard solder, and polypropylene. Any con-
tamination of the water causes leakage current to
flow through the water supply lines to ground.
When the resistivity is low this leakage current
power will cause boiling in the lines, interfering
with the proper operation of the system.

The user must be prepared to flush the system
on initial startup to purge any contamination
which may have entered the components during
shipment or assembly.

ELECTRICAL

FILAMENT OPERATION - Filament voltage
should be measured at the socket with a 1 per-
cent rms responding meter. The peak emission
at rated filament voltage of the EIMAC 4CV-
50,000] is normally many times the peak emis-
sion required for communication service. A small
decrease in filament temperature due to reduc-
tion of filament voltage can increase the life of
the 4CV50,000] by a substantial percentage. It
is good practice to determine the nominal fila-
ment voltage for a particular application that will
not adversely affect equipment operation. This
is done by measuring some important parameter
of performance such as plate current, power out-
put, or distortion while filament voltage is re-
duced on the 4CV50,000]. At some point in fila-
ment voltage there will be noticeable reduction
in plate current, or power output, or an increase
in distortion. Operation must be at a filament volt-
age slightly higher than the point at which perform-
ance appears to deteriorate. This point should be
periodically checked to maintain proper operation.

GRID OPERATION - The 4CV50,000] control
grid is rated at 400 watts of dissipation. Grid
dissipation is the approximate product of grid
current and psak positive grid voltage.

4Cv50,000J

SCREEN OPERATION - The power dissipated
by the screen grid must not exceed 1500 watts.
Where no ac is applied to the screen, dissipation
is the product of dc screen voltage and dc screen
current. With screen modulation the dissipation
is dependent on rms screen voltage and rms
screen current. Plate voltage, plate load or bias
voltage must never be removed while filament
and screen voltages are present since the screen
dissipation rating will be exceeded. Suitable
protective means must be provided to prevent any
of these conditions.

The 4CV50,000] may exhibit reversed screen
current to a greater or lesser degree depending
on operating conditions. The screen supply volt-
age must be maintained constant for any values
of negative and positive screen current which
may be encountered. Dangerously high plate cur-
rent may flow if the screen power supply exhibits
a rising voltage characteristic with negative
screen current. Stabilization may be accomplished
with a bleeder resistor connected from screen to
cathode, or an electron-tube regulator circuit may
be employed in the screen supply. It is absolutely
essential to use a bleeder if a series electron-
tube regulator is employed.

PLATE DISSIPATION - The plate dissipation
of 50 kilowatts attainable through vapor cooling
provides a large margin of safety in most appli-
cations. The rating may be exceeded for brief
periods during tuning. When the 4CV50,000] is
used as a plate-modulated rf amplifier, plate
dissipation under carrier conditions is limited
to 33,300 watts.

HIGH VOLTAGE - Normal operating voltages
used with the 4CV50,000] are deadly, and the
equipment must be designed properly and opera-
ting precautions must be followed. Design all
equipment so that no one can come in contact
with high voltages. All equipment must include
safety enclosures for high-voltage circuits and
terminals, with interlock switches to open pri-
mary circuits of the power supply and to dis-
charge high-voltage condensers whenever access
doors are opened. Interlock switches must not be
bypassed or ‘‘cheated’’ to allow operation with
access doors open. Always remember that HIGH
VOLTAGE CAN KILL.

X-RADIATION - High-vacuum tubes operating at
voltages higher than 10 kilovolts produce pro-
gressively more dangerous X-ray radiation as the
voltage is increased. The 4CV50,000], operating
at its rated voltages and currents, is a potential




X-ray hazard. Only limited shielding is afforded
by the tube envelope. Moreover, the X-ray radia-
tion level can increase significantly with aging
and gradual deterioration, due to leakage paths
or emission characteristics as they are affected
by the high voltage. X-ray shielding must be
provided on all sides of tubes operating at these
voltages to provide adequate protection through-
out the tube’s life. Periodic checks on the X-ray
level should be made, and the tube should never
be operated without adequate shielding in place
when voltages above 10 kilovolts are in use.
Lead glass, which attenuates X-rays, is available
for viewing windows. If there is any doubt as to
the requirement for or the adequacy of shielding,
an expert in this field should be contacted to
perform an X-ray survey of the equipment.

Operation of high-voltage equipment with
interlock switches ‘‘cheated’” and cabinet doors
open in order to be better able to locate an equip-
ment malfunction can result in serious X-ray
exposure.

RADIO FREQUENCY RADIATION - Avoid ex-
posure to strong rf fields even at relatively low
frequency. Absorption of rf energy by human
tissue is dependent on frequency. Under 30 MHz,
most of the energy will pass completely through
the human body with little attenuation or heating
effect. Public health agencies are concerned with
the hazard, however, even at these frequencies,
and it is worth noting that some commercial
dielectric heating units actually operate at fre-
quencies as low as the 13 and 27 MHz bands.

4Cv50,000J

Many EIMAC power tubes, such as the 4CV-
50,000], are specifically designed to generate or
amplify radio frequency power. There may be a
relatively strong tf field in the general proximity
of the power tube and its associated circuitry---
the more power involved, the stronger the rf field.
Proper enclosure design and efficient coupling
of if energy to the load will minimize the rf field
in the vicinity of the power amplifier unit itself.

FAULT PROTECTION - In addition to normal
plate overcurrent interlock, screen cumrent inter-
lock, and coolant flow interlock, it is good
practice to protect the tube from internal damage
which could result from occasional plate arcing
at high anode voltages.

In all cases some protective resistance, 5
ohms to 25 ohms, should be used in series with
the tube anode to absorb power supply stored
energy in case a plate arc should occur. If power
supply stored energy exceeds 750 watt seconds,
some form of electronic crowbar which will dis-
charge power supply capacitors in a few micro-
seconds following indication of start of a plate
arc is recommended.

SPECIAL APPLICATION - If it is desired to
operate this tube under conditions widely dif-
ferent from those listed here, write to Application
Engineering, Power Grid Tube Division, EIMAC
Division of Varian, 301 Industrial Way, San
Carlos, California 94070, for information and
recommendations.
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4Cv50,000J

OIMENSIONAL DATA
_ INCHES MILLIMETERS
| MIN. MAX. MIN. MAX.
A | 9.468 | 9.531 | 24049 | 24209
B | 5.000 | 5.250 | 127.00| 133.35
c J— JE— —_— R
D | 1.230 | 1.270 | 3124 | 32.26
E | 3.865 | 3.885 | 98.17 | 98.68
F | 4.240 | 4.260 | 107.70 | 108.20
| G | 4490 | 4510 | 11405 | 114.55
3 'RUZ?ZU% H 7.750" 196.85"
m J 0.069 | 0.149 1.75 3.78
7.375 DIA.P.C. K | 0382 | 0462 | 970 1173
L | 0797 | 0.922 | 20.24 | 2342
3/16_DIA. INDEX HOLE THRU ON
8750 DIA_ PC. TO ALIGN WITH LOCKING SERIAL NO. M | 4875 | 5.000 | 123.83 | 127.00
PIN WITHIN 10° N 11.500" 292.10"
P 1.437" 36.50"
R | 0469 | 0.53] 11.91 13.49
& S 221/2°" 221/2°"
T 30°" 30°"
*REFERENCE DIMENSIONS ARE FOR INFORMATION
ONLY ANO ARE NOT REQUIREO FOR INSPECTION
5/16 DA HOLE THRU PURPOSES.
8 HOLES EQUALLY SPACED |
ON 8750 DIA. RC. [ (a) ==
hed NOTE: NOMINAL OVERALL HEIGHT WITH
BOILER = 13.0 INCHES (330.2 mm).
I
i
| 9
|
| ANODE
///
®
o
T
DO NOT CONTACT O.0:
\ D ®
* 1 / 1¢ “‘ '—1—';
r = at *\ 7‘
S =7 <1 © e
ng /| | \\\ \‘
SURFACE ! /}/ L@ N SCREEN
2 piapn—" - CONTROL
FEEETD SEE INDEX HOLE ® FILAMENT
UBE_MOUNTED ON -
TuBE, JOUNTED ON
FEATURES & mE 015 DIA,
DATUM AT MMC.



8351
; i e vaase 4CV100,000C
o VAPOR COOLED

CAL!FORN | A
POWER TETRODE

The EIMAC 8351/4CVv100,000C is a ceramic-metal, vapor-cooled power
tetrode intended for use at the 100 to 200 kilowatt output power level. It is
recommended for use as a Class-C tf amplifier or oscillator, a Class-AB, rf
linear amplifier or a Class-AB, push-pull af amplifier or modulator. The 8351/
4CV100,000C is also useful as a plate and screen modulated Class-C rf amplifier.

The vapor-cooled anode is rated at 100 kilowatts of plate dissipation
when mounted in the EIMAC BR-300 series boiler.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament: Thoriated Tungsten
Voltage - - - - - - = = = = - « o - - - - 10 V
Current - - = = - - = - - - - - - - - - - 300A

Amplification Factor (Grid-Screen) (average) - - - - - - - - - - 4.5

Interelectrode Capacitances, Grounded Cathode Min. Max.
Input - - - - - - - - - - - - - - - 420 500 pF
Output - - - - - - - - - - - - - - . 46 56 pF
Feedback ~ - - - - - - - - - - - - - 1.5 3.2 pF

Interelectrode Capacitances, Grounded Grid
Input - - - = = - - - - - - - - - - 170 210 pF
Output - - - - - = - - = - - - = = =« 48 58 pF
Feedback - - - - - - - - - - - - - - --- 0.6 pF

Frequency for Maximum Ratings - - - - - - - - - - - - - 30 MHz

MECHANICAL

Base - - - - - - = - - - - - - <f- <« - - - - - - - - - - Special, graduated rings
Maximum Seal Temperature - - - - - - - - - - - - - - - - - - - - - - - - 250°C
Maximum Anode Flange Temperature - - - - - - - - - - - - - - - - - - - - - 130°C
Recommended Socket - - - - - - - - - - - - - - - - - - - - - EIMAC SK-1500 Series
Recommended Boiler - - - - - - - - - - - - - - - - - - - - - FEIMAC BR-300 Series
Operating Position - - - - - - - - - - - - - - « - <« - - - - - - \Verttical, base up
Maximum Dimensions:

Height - - - - - - - -« - - - - « - - - - -« - - - - - - - - - - -17.0 in

Diameter - - - - - - - - - - - - - - - - - - - - = - - - = - - -10.0,in
Cooling - - - - - - = = - - - - =« - - - - - - - - - - Lijquid to vapor and forced air
Net Weight s e - e e e e - e e s - s e e e e e e e e - e o - e - - 95 1bs
Shipping Weight (approximate) - -150 lbs

RADIO-FREQUENCY POWER AMPLIFIER OR OSCILLATOR TYPICAL OPERATION (Frequencies below 30 megacycles)

Class-C Telegraphy or FM Telephony (Key-down conditions DC Plate Voltage - - 16 176 kV
ass-C Telegrapny or UL Tefephofy fhey ’ DC Screen Voltage - 15 1.5 kv

DC Grid Voltage - -1020 -1050 V

MAXIMUM RATINGS DC Plate Current - - - - - -11.8 1.8 A
DC PLATE VOLTAGE - - . 20,000 VOLTS DC Screen Current - .. - 1.0 1.0 A
DC SCREEN VOLTAGE - - - 2500 VOLTS DC Grid Current - - - - - - - - 100 100 mA
DC PLATE CURRENT - - - i5.0 AMPS Peak RF Grid Voltage- - - - - - -1220 1260 V
PLATE DISSIPATION - - - 100,000 WATTS Driving Power* - - - - - - - - 120 126 W
SCREEN DISSIPATION - - - 1750 WATTS Plate Dissipation - - - - - - - - 38 385 kW
GRID DISSIPATION - - - - 500 WATTS Plate Output Power - - - - - - - 139 168 kW
Resonant Load Impedance - - - - - 600 710 ()

(Effective 2-1-68) (c) 1963, 1968 by Varian Printed in U.S.A,




PLATE-MODULATED RADIO-FREQUENCY
POWER AMPLIFIER-CATHODE DRIVEN

Class-C Telephony (Carrier conditions except where noted)
MAXIMUM RATINGS

DC PLATE VOLTAGE - - - 17,500 VOLTS
DC SCREEN VOLTAGE - - - 2000 VOLTS
DC PLATE CURRENT - - - 15.0 AMPS

PLATE DISSIPATION* - - - 66,500 WATTS
SCREEN DISSIPATIONT- - - 1750 WATTS
GRID DISSIPATION- - - - 500 WATTS

*  Corresponds to 100,000 watts at 100 per cent sine wave
modulation

** Approximate value

T Calculated low frequency drive power

1 Average, with or without modulation

4CV100,000C

TYPICAL OPERATION (Frequencies below 30 megacycles)

DC Plate Voltage - - - - - - - 14 16 kV
DC Screen Voltage - - - - - - 750 750 V
Peak AF Screen Voltage

(for 100% modulation**~ - - - 750 750 V
DC Grid Voltage - - - - - - - -700 -700 VvV
DC Pltate Current - - - - - - - 9.1 12.0 A
DC Screen Current - - - - - - 20 175 A
DC Grid Current - - - - - - - 1.0 1.20 A
Peak RF Grid Voltage- - - - - - 1000 1050 V
Grid Driving Powerf - - - - - - 1000 1260 W
Plate Dissipation - - - - - - - 204 54.0 kw
Piate Output Power - - - - - - 107 138.5 kW
Resonant Load Impedance - - - - 790 620 Q

AUDIO-FREQUENCY AMPLIFIER OR MODULATOR

CIass-AB1

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - 20,000 VOLTS
DC SCREEN VOLTAGE- - - 2500 VOLTS
DC PLATE CURRENT - - - 15.0 AMPS
PLATE DISSIPATION - - =-100,000 WATTS
SCREEN DISSIPATION - - - 1750 WATTS
GRID DISSIPATION - - - - 500 WATTS
*Per Tube

** Approximate value

TYPICAL OPERATION (Two Tubes)

DC Plate Voltage - - - - - - - 15 18 kV
DC Screen Voltage - - - - - - 1.5 1.5 kV
DC Grid Voltage - - - - - - - -360 -380 V
Max-Signal Plate Current - - - - 18.8 20.0 A
Zero-Signal Plate Current - - - - 6.0 6.0 A
Max-Signal Screen Current** - - - 0.690 0.700 A
Peak AF Driving Voltage® - - - - 350 380 V
Driving Power - - - « = - < =~ 0 0 W
Load Resistance, Plate-to-Plate - - 1800 2080 {}
Max-Signal Plate Dissipation* - - - 47.3 56.8 kW
Max. Signal- Plate Qutput Power - - 187.4 246.4 kW

PLATE-MODULATED RADIO-FREQUENCY
POWER AMPLIFIER-GRID DRIVEN

Class-C Telephony (Carrier conditions except where noted)

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - 17,500 VOLTS
DC SCREEN VOLTAGE - - - 2000 VOLTS
DC PLATE CURRENT - - - 15.0 AMPS

PLATE DISSIPATION - - - 66,500 WATTS
SCREEN DISSIPATIONt- - - 1750 WATTS
GRID DISSIPATIONT - - - 500 WATTS

*Voltages given are referenced to ground
tAverage, with or without modulation

TYPICAL OPERATION (Frequencies below 30 megacycles)

DC Plate Voltage*- - - - - - - 12 15 kV
DC Screen Voltage* - - - - - - 560 900 V
DC Grid Voltage* - - - - - - - -440 -600 V
DC Plate Current = - - - - - - 124 116 A
DC Screen Current - - - - - - 1.32 0.72 A
DC Grid Current - - - - - - - 0.20 0.10 A
Peak RF Cathode Voltage - - - - 655 720 V
Cathode Driving Power - - - - - 8.1 8.1 kW
Cathode Driving Impedance- - - - 27 32 QO
Plate Dissipation - - - - - - - 49.2 47.0 kW
Plate Output Power - - - - - - 112,7 141.0 kW
Resonant Load Impedance - - - - 480 650 {2

RADIO-FREQUENCY LINEAR AMPLIFIER

C Iass-AB1

MAXIMUM RATINGS

DC PLATE VOLTAGE 20,000 VOLTS
DC SCREEN VOLTAGE 2500 VOLTS
DC PLATE CURRENT - - - 15.0 AMPS

PLATE DISSIPATION - - 100,000 WATTS
SCREEN DISSIPATION - - - 1750 WATTS
GRID DISSIPATION - - - - 500 WATTS

*Approximate value

TYPICAL OPERATION, Peak-Envelope or Modulation-Crest
Conditions, (Frequencies below 30 megacycles)

DC Plate Voltage - - - - - - - 15 18 kV
DC Screen Voltage - - - - - - 1.5 1.5 kV
DC Grid Voltage - - - - - - - -360 -380 V
Max-Signal Plate Current - - - - 9.4 100 A
Zero-Signal Plate Current - - - - 3.0 3.0 A
Max-Signal Screen Current*- - - - 0.345 0.350 A
Peak RF Grid Voltage - - - - - 350 380 V
Driving Power - - - - - - - - 0 0 W
Plate Dissipation - - - - - - - 47.3 56.8 kW
Ptate Output Power - - - - - - 93.7 123.2 kW
Resonant Load Impedance - - - - 900 1040 Q

NOTE: "'TYPICAL OPERATION’’ data are obtained by calculation from published characteristic curves. Adjustment
of the rf grid drive to obtain the specified plate current at the specified grid bias, screen voltage, and plate
voltage is assumed. If this procedure is followed, there will be little variation in output power when the tubes
are changed, even though there may be some variations in grid and screen currents. The grid and screen currents
which result when the desired plate current is obtained are incidental and vary from tube to tube. These current
variations cause no difficulty so long as the circuit maintains the correct voltage in the presence of the varia-
tions in current. If grid bias is obtained principally by means of a grid resistor, the resistor must be adjustable
to obtain the required bias voltage when the correct rf driving voltage is applied.




APPLICATION
MECHANICAL

Mounting: The 4CV100,000C must be mounted
vertically, anode down, in an EIMAC BR-300 series
boiler. Care must be exercised to insure that the axis
of the tube/boiler combination is vertical and that
water in the boiler is at the level indicated. The
anode flange on the tube must seat securely against
the rubber ‘‘O’’ ring, forming a vapor-tight seal be-
tween tube and boiler.

Socket: The EIMAC SK-1500 series socket is
available for use with the 4CV100,000C. Filament,
control grid and screen grid connections are made to
this socket. Spring finger contacts on the socket are
used to make connections to the concentric rings on
the tube base.

Cooling: Cooling is accomplished by immersing
the anode of the 4CV100,000C in a “‘Boiler’’ filled
with distilled water. Enetgy dissipated by the anode
causes the water to boil at the anode surfaces, be
converted into steam and be carried away to an ex-
ternal condenser. The condensate is then returned to
the boiler, completing the cycle.

This boiling action maintains the anode surfaces
at a fairly constant temperature near 100°C. The
vapor-cooled tube has good overload capabilities;

excess dissipation for moderate periods only causes
more water to boil.

The system schematic drawing shown below out-
lines a vapor-cooling installation. A control box
(EIMAC CB-202) is used to sense water level, to
signal for make-up water and to shut down the system
in case of low water level. In order to perform its
function, the control box must be mounted so that its
water level mark is at the same elevation as the
water level mark on the boiler.

Since the tube anode and boiler are usually at
high potential to ground, water and steam connections
to the boiler are made through insulating tubing.

A pressure equalizing line is shown between the
steam side of the system and the top of the control
box. Its function is to provide the same pressure in
the control box as in the boiler.

Separate cooling of the tube base is required and
is accomplished by directing approximately 120 cfm
of air horizontally through the socket from the side.
It is preferable to direct this airthrough three equally
spaced ducts.

The well in the center of the baseplate of the
tube is a critical area which requires cooling to main-
tain envelope temperatures less than 250°C. For
most applications, 1 to 2 C.F.M. of air directed
through the center of the socket is sufficient for this
purpose.
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ELECTRICAL

Filament The rated filament voltage for the
4CV100,000C is 10.0 volts. Filament voltage, as
measured at the socket, should be maintained at 10
volts plus or minus five percent to obtain maximum
life and consistent performance.

Filament starting current must be limited to a
maximum of 900 amperes.

Voltage between filament and the base plates of
either tube, or SK-1500 socket, must not exceed 100
volts.

Control-Grid Operation The 4CV100,000C con-
trol grid is rated at 500 watts of dissipation. Grid
dissipation is the approximate product of grid current
and peak positive grid voltage.

Screen Dissipation The power dissipated by
the screen grid must not exceed 1750 watts. Where
no ac is applied to the screen, dissipation is the pro-
duct of dc screen voltage and dc screen current. With
screen modulation the dissipation is dependent on
RMS screen voltage, and RMS screen current. Plate

voltage, plate load or bias voltage must never be re-
moved while filament and screen voltages are present
since the screen dissipation rating will be exceeded.
Suitable protective means must be provided to pre-
vent any of these conditions.

Plate Dissipation The plate dissipation of
100 kilowatts attainable through vapor cooling pro-
vides a large margin of safety in most applications.
The rating may be exceeded for brief periods during
tuning. When the 4CV100,000C is used as a plate-
modulated rf amplifier, plate dissipation under carrier
conditions is limited to 66,500 watts.

Special Application Where it is desired to
operate this tube under conditions widely different
from those listed here, write to Power Grid Tube
Division, EIMAC Division of Varian, 301 Industrial
San Carlos, California, for

Way, information and

4CV100,000C @ —

recommendations.
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AN 4CV250,000A
A HNIC
-~ '\O/ G, s VAPOR COOLED

POWER TETRODE

The EIMAC 4CV250,000A is a ceramic/metal, vapor-cooled
power tetrode intended for use at the 250 to 500 kilowatt output
power level. It is recommended for use as a Class C rf amplifier or
oscillator, a Class AB 1f linear amplifier or a Class AB push-pull
af amplifier or modulator. The 4CV250,000A is also useful as a
plate and screen modulated Class C rf amplifier.

The vapor cooled anode is rated at 250 kilowatts maximum dis-
sipation when used with the EIMAC Y-585 boiler.

GENERAL CHARACTERISTICS!

ELECTRICAL

Filament: Thoriated Tungsten
Voltage ........ .ot 120 £ 0.6 V

Current (at 12.0volts) . . . v v v v v v v i v v n e 660 A
Amplification Factor (Grid-Screen)(Avg.) ... .. ... 4.5
Direct Interelectrode Capacitance: (Grounded Cathode)?
50 1 765 pF
Q 0 124 pF

(G 00 00000000 0000000000 0000000000000 0000G00000a0000ac. 6.0 pF

1. Characteristics and operating values are based upon performance tests. These figures may change without notice
as the result of additional data or product refinement, EIMAC Division of Varian should be consulted before using
this information for final equipment design.

2. Capacitance values are for a cold tube as measured without any special shielded fixture.

MECHANICAL

Base .. i e e et e e i e e et e e e Special
. Maximum Seal Temperature « o v v v v v vt v ittt ittt e ettt ettt st enennenas 200°C
Recommended Boiler ... ... ... ..ttt i i EIMAC Y-585
Operating Position . .. .. ..o i ittt i i e e Vertical, Anode up

Maximum Dimensions;
Height .. ... .. e e 28.02 in; 71.17 cm
Diameter. o v vt e et e e e e ettt 15.062 in; 38.26 cm
L0700 B Vapor and water
Net Weight .. ... i i i i i i s i it i e e e en 180 1b.; 82 kg
Shipping Weight (@pproximate) . .. ... vi ittt ittt it en e nnnnnnns 350 1b.;159 kg
- (Revised 3-172) © 1972 Varian Printed in U.S.A.

EIMAC division of varian/301 industrial way/san carlos/california 94070 |



4CV250,000A

RADIO-FREQUENCY POWER AMPLIFIER OR
OSCILLATOR

Class C Telegraphy or FM Telephony
{Key-down Condition)

ABSOLUTE MAXIMUM RATINGS:

DC PLATE VOLTAGE ......... 20,000 VOLTS
DC SCREEN VOLTAGE ........ 2,500 VOLTS
DC PLATE CURRENT ......... 40 AMPERES
PLATE DISSIPATION ......... 250,000 WATTS
SCREEN DISSIPATION ........ 3,500 WATTS
GRID DISSIPATION  ......... 1,500 WATTS

TYPICAL OPERATION (Frequencies below 30 MHz)

DC Plate Voltage .. ........... 16 19 kV
DC Screen Voltage .. .......... 800 800 V
DC Grid Voltage .. ........... -800 -800 V
DC Plate Current .. ........... 235 325 A
DC Screen Current . .. ......... 2.4 35 A
DCGridCurrent . . .. .......... 1.15 25 A
Driving Power 1 . . ... ... ...... 224 3.0 kW
Plate Output Power .. .......... 275 460 kW
Plate Dissipation . ............ 100 155 kW
RF Load Impedance ............ 300 275 ()
% 53/4 6570

1. Calculated Driving Power neglects input conddc-
tance andrf circuit loss.

PLATE-MODULATED RADIO-FREQUENCY POWER
AMPLIFIER

Class C Telephony (Carrier conditions except where
noted)

ABSOLUTE MAXIMUM RATINGS:

DC PLATE VOLTAGE ... ...... 17,500 VOLTS
DC SCREEN VOLTAGE ... ... .. 2,000 VOLTS
DC PLATE CURRENT ......... 30 AMPERES
PLATE DISSIPATION 1. . .. ... .. 167,000 WATTS
SCREEN DISSIPATION ... ..... 3,500 WATTS
GRID DISSIPATION . ......... 1,500 WATTS

1. Corresponds to 250,000 watts at 100 per cent sine
wave modulation.
2. Approximate Value,

TYPICAL OPERATION (Frequencies below 30 MHz)

DC Plate Voltage .. .............. 15 kV
DC Screen Voltage .. ............. 800 V
Peak af Screen Voltage({for 100% Mod.}2. . 800 V
DC GridVoltage ................ -800 V
DCPlate Current ... ............. 22.8 A
DCScreenCurrent .. ............. 4.1 A
DC Grid Current .. ... .. ......... 1.46 A
Peak rf Grid Voltage. .. ........... 1110 v
Grid DrivingPower 3 . . . ... ........ 1630 W
Plate Output Power .. ............. 280 kW
RF Load Impedance .. ............. 323 Q)
Plate Dissipation ............... 63 kW
2 e,

3. Calculated Driving Power neglects input conduc-
tance and rf circuit loss.

AUDIO-FREQUENCY AMPLIFIER OR MODULATOR
Class AB

TYPICAL OPERATION (Two Tubes Class AB1)

DC Plate Voltage . . .......... 15 20 kV

ABSOLUTE MAXIMUM RATINGS (Per Tube) DC Screen Voltage . ... ....... 1.8 1.8 kV
DC Grid Voltage. . . ... ....... -500 -500 V
DC PLATE VOLTAGE . ........ 20,000 VOLTS Max-Signal Plate Current .. ..... 40 46 A
DC SCREEN VOLTAGE ........ 2,500 VOLTS Zero Signal Plate Current2. . . .. .. 0.2 02 A
DC PLATE CURRENT . ........ 40 AMPERES Max-Signal Screen Current!. .. ... 1.1 1.2 A
PLATE DISSIPATION ......... 250,000 WATTS Peak af Driving Voltage 2 .. 500 500 v
SCREEN DISSIPATION ... ..... 3,600 WATTS Driving POWer . ... .......... 0 0w
GRID D|SS|PAT|ON .......... 1,500 WATTS Load Impedance (plate to plate) .. 650 870 Q

. Plate Dissipation . ........... 160 260 kw

1. Approximate Value. Max-Signal Output Power ... .. .. 440 660 kW

2. Per Tube m 7 7570 ;lz‘_

RADIO-FREQUENCY LINEAR AMPLIFIER
Class AB

ABSOLUTE MAXIMUM RATINGS

DC PLATE VOLTAGE .. ....... 20,000 VOLTS
DC SCREEN VOLTAGE .. ...... 2,500 VOLTS
DC PLATE CURRENT . ........ 40 AMPERES
PLATE DISSIPATION . ........ 250,000 WATTS
SCREEN DISSIPATION .. ...... 3,500 WATTS
GRID DISSIPATION .. ........ 1,500 WATTS

1. Approximate Value.
2. Calculated Driving Power neglects input conduc-
tance and rf circuit loss.

TYPICAL OPERATION Class ABq Peak-Envelope or
Modulation Crest Conditions (Frequencies below 30
MHz)

DC Plate Voltage . ........... 15 20 kv
DC Screen Voltage .. ......... 1.8 1.8 kV
DC Grid Voltage . ........... -500 -500 V
Plate Current . . . . ... ........ 20 23 A
Zero Signal Plate Current . . .. ... 0.2 0.2 A
Maximum Signal Screen Current1. .. 1.1 1.2 A
Peak rf Grid Voltage ......... 500 500 v
Driving Power2. . . . .......... 0 ow
Plate Dissipation ... ......... 80 130 kW
Resonant Load Impedance . . ... .. 326 435 ()
Plate Qutput Power . .......... 220 330 kW

7. 1], .

L a



PULSE MODULATOR OR REGULATOR

ABSOLUTE MAXIMUM RATINGS:

4CV250,000A

DC SCREEN VOLTAGE ........ 2,500 VOLTS
PEAK CATHODE CURRENT . . .. .. 350 AMPERES
PLATE DISSIPATION ......... 250,000 WATTS

SCREEN DISSIPATION . ....... 3,500 WATTS

DC PLATE VOLTAGE . . ......... 40,000 VOLTS GRID DISSIPATION .. ....... 1,500 WATTS
APPLICATICON

MECHANICAL

MOUNTING - The 4CV250,000A must be mounted
vertically, anode up. The tube may be supported
by the anode flange or the screen flange.

Care must be exercised to insure that the
axis of the tube/boiler combination is vertical
and that water in the boiler is at the level in-
dicated. The anode flange on the tube must seat
securely against the rubber ‘‘0’’ ring, forming a
vapor-tight seal between tube and boiler.

COOLING - Cooling is accomplished by im-
mersing the anode of the 4CV250,000A in a
‘‘Boiler’’ filled with distilled water. Energy dis-
sipated by the anode causes the water to boil at
the anode surfaces, be converted into steam and
be carried away to an external condenser. The
condensate is then returned to the boiler, com-
pleting the cycle.

This boiling action maintains the anode sur-
faces at a fairly constant temperature near 100°C.
The vapor-cooled tube has good overload capabil-
ities; excess dissipation for moderate periods
only causes more water to boil.

Since the tube anode and boiler are usually at
high potential to ground, water and steam connec-
tions to the boiler are made through insulated
tubing.

The filament supports of the 4CV250,000A are
water cooled. Approximately .5 GPM should cir-
culate through each of the filament connectors
with a pressure drop of 20 PSI. Filament con-
nector assemblies, SK-1710, provide electrical
and water connections. Two sets of SK-1710 are
required.

It is recommended that the water cooled con-
trol grid connector, SK-1712, be used. Water flow
of approximately .5 GPM should circulate through
the grid connector. The pressure drop across the
grid connector is low. A convenient way to make
water connection is to series connect the grid
cooling water with the outer filament cooling
water path.

The outer filament water path has a lower
pressure drop than the inner filament water path
making this connection practical.

ELECTRICAL

FILAMENT OPERATION - The peak emission
at rated filament voltage of the EIMAC 4CV-
250,000A is normally many times the peak emis-
sion required for communication service. A small
decrease in filament temperature due to reduction
of filament voltage can increase the life of the
4CV250,000A by a substantial percentage. It is
good practice to determine the nominal filament
voltage for a particular application that will not
affect the operation of the equipment. This is
done by measuring some important parameter of
petformance such as plate current, power output,
or an increase in distortion. Operation may be at
a filament voltage slightly higher than that point
at which performance appeared to deteriorate.
This voltage should be measured at the socket
with a 1% meter and periodically checked.

Filament starting current must be limited to a
maximum of 1800 amperes.

CONTROL GRID OPERATION - The 4CV-
250,000A control grid is rated at 1,500 watts of
dissipation and protective measures should be
included in circuitry to insure that this rating is
not exceeded. Grid dissipation is the approximate
product of dc grid current and peak positive grid
voltage.

SCREEN DISSIPATION - The power applied to
the screen grid must not exceed 3,500 watts.
Where no ac is applied to the screen, dissipation
is the product of dc screen voltage and dc screen
current. With screen modulation the dissipation

is the product of RMS screen current and RMS
screen voltage.

PLATE DISSIPATION - The plate dissipation of
250 kilowatts attainable through vapor cooling
provides a large margin of safety in most appli-
cations. The rating may be exceeded for brief
periods during tuning. When the 4CV250,000A is
used as a plate-modulated rf amplifier, plate dis-
sipation under carrier conditions is limited to

167,000 watts.




4Cv250,000A

X-RADIATION - High-vacuum tubes operating at
voltages higher than 10 kilovolts produce pro-
gressively more dangerous X-ray radiation as the
voltage is increased. The 4CV250,000A, opera-
ting at its rated voltages and currents, is a po-
tential X-ray hazard. Only limited shielding is
afforded by the tube snvelope. Moreover, the X-
ray radiation level can increase significantly with
aging and gradual deterioration, due to leakage
paths or emission characteristics as they are af-
fected by the high voltage. X-ray shielding must
be provided on all sides of tubes operating at
these voltages to provide adequate protection
throughout the tube’s life. Periodic checks on the
X-ray level should be made, and the tube should
never be operated without adequate shielding in
place when voltages above 10 kilovolts are in
use. Lead glass, which attenuates X-rays, is
available for viewing windows. If there is any
doubt as to the requirement for or the adequacy of
shielding, an expert in this field should be con-
tacted to perform an X-ray survey of the equip-
ment.

Operation of high-voltage equipment with inter-

lock switches ‘‘cheated’’ and cabinet doors open
in order to be better able to locate an equipment
malfunction can result in serious X-ray exposure.

HIGH VOLTAGE - Normal operating voltages
used with the 4CV250,000A are deadly, and the
equipment must be designed properly and opera-
ting precautions must be followed. Design all
equipment so that no one can come in contact
with high voltages. All equipment must include
safety enclosures for high-voltage circuits and
terminals, with interlock switches to open pri-
mary circuits of the power supply and to dis-
charge high-voltage condensers whenever access
doors are opened. Interlock switches must not be
bypassed or ‘‘cheated’’ to allow operation with
access doors open. Always remember that HIGH
VOLTAGE CAN KILL.

SPECIAL APPLICATION - If it is desired to
operate this tube under conditions widely dif-
ferent from those listed here, write to Power Grid
Tube Division, EIMAC Division of Varian, 301
Industrial Way, San Carlos, California %4070, for
information and recommendations.
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4CW8008B
4CW8O00F

RADIAL BEAM
POWER TETRODE

4 TECHNICAL DATA

The EIMAC 4CW800B and 4CW800F are ceramic/metal,
liquid cooled radial-beam tetrodes designed for use in dis-
tributed amplifiers and VHF/UHF power amplifiers.

The mechanical and electrical features of these tubes are
compatible with distributed amplifier circuit requirements,
i.e., low lead inductance, low input and output capacitance
and small size.

Ruggedized construction consisting of a unitized elec-
trode structure and direct mounting to the chassis, combine
to make the 4CW800B and 4CW800F suitable for environments
of severe shock and vibration.

" The maximum rated plate dissipation is 800 watts for both

types.
GENERAL CHARACTERISTICS!

ELECTRICAL
Cathode: Oxide Coated, Unipotential
Heater: 4CW800B
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Frequency for Maximum Ratings .. ... ..... ... . i, 800 MHz
Direct Interelectrode Capacitance: (Grounded Cathode) 2
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. Characteristics and operating values are based upon performance tests. These figures may change without notice
as the result of additional data or product refinement. EIMAC Division of Varian should be consulted before using
this information for final equipment design.

. Capacitance values are for a cold tube as measured in a special shielded fixture.
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Maximum Operating Temperatures:
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