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GENERAL SECTION

DIODES « RECTIFIERS
PULSE MODULATORS

TRIODES « TETRODES
KLYSTRONS

OTHER PRODUCTS

APPLICATION BULLETINS

general

A QUICK GUIDE T0 EIMAC PRODUCTS
AND SERVICES OFFERED IN THIS CATALOG

This section contains general information applying to all Eimac
products. It includes a Quick Reference Catalog, Price Lists, Eimac
Tube Numbering System Chart, Tube Replacement Chart, Field
Engineer and Distributor lists.

Each of these sections include data sheets on current Eimac tube
types, listing mechanical and electrical characteristics, typical
operation data, and important application information.

Data on all other Eimac products are found in this section. It includes
information on Vacuum Capacitors, Air System Sockets and Chim-
neys, Contact Finger Stock, Heat Dissipating Connectors, Vacuum
Pump and other products.

Technical guides giving detailed information on the operation of
Eimac products in specific applications are found in this section. This
includes: Tube Performance Computor, Single Sideband, and other
timely bulletins.

Appllcatlﬂn Ellgllleeﬂllg. The Eimac Application Engineering Department is available at
all times for consultation. New tube operating techniques are continually being explored, tested
and proved by Eimac engineers, whose combined knowledge and experience are at your service.
Additional contributions by this Eimac department are its Application Bulletins, a service which
you receive without obligation.

HEId Englneerlﬂg. Serving as an extension of the Application Engineering Department out-
side the Eimac plant, Eimac Field Engineers cover the United States, operating out of offices in
major cities. They will help you personally with experimental work, problems of technique, etc.
Engineers from Eitel-McCullough, Inc. are available, too, for field consultation throughout the
country. As Eimac tubes are world renowned, the same services extend to various countries over-
seas through the Eimac Export Department.
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Eimac
Tube Type

[ d
~ ; Numbering
Since 1945 all new tube types developed by Eitel- guish the tube from others bearing similar preceding
McCullough, Inc. have been given a type number letters and numerals. Triode types carry an additional
chosen according to a coded number system. This number to indicate their approximate amplification
system is designed to convey descriptive information factor.
about the tube. To illustrate the method of coding and the information
In general, the type numbers consist of: a numeral in- the type number conveys, a 100-watt, ceramic, ex-
dicating the number of electrodes, one or more letters ternal-anode, forced-air cooled Eimac triode, type
denoting special characteristics, a numeral represent- number 3CX10CA5, is broken down as follows:
ing the plate dissipation, and a final letter to distin-
——
Number of Electrodes Plate Amplification
2—-Diode Dissipation Factor
3—Triode (Watts) 1-0 to 10
4—Tetrode 2—11 to 20
5—Pentode 3-21 to 30
4-31 to 50
5-51 to 100
6—101 to 200
7—201 to 500
8501 to 1000
Description Version
C —Ceramic Envelope (No Glass) Distinguishes tubes which, al-
L —External Anode, Liquid Convection Cooling though alike as to number of elec-
N —External Anode, Natural Convection Air trodes and plate dissipation, are
Cooling not necessarily interchangeable
P —Primarily for Pulse Applications physically or electrically.
°R—Internal Anode, Radiation Cooled
W—External Anode, Water Cooled
X —External Anode, Forced-Air Cooled
—

°In older types, the dash, as in the case of the

4-950A, carries the meaning of “R” given above.

(Effective 4-3-58) Copyright 1950 By Eitel-McCullough, Inc.




Eimac Tube-Type Numbering System for

Power Klystrons

In general, Eimac power klystrons are described by a
coded numbering system similar to that used to iden-
tify negative-grid tubes.

The type numbers contain: a numeral indicating the
number of cavities along the beam, one or more
letters denoting the type of tube and special charac-
teristics if any, a numeral designating the collector

dissipation, and a pair of letters, the first describing
the frequency band in which the tube operates and the
second describing the sub-band in which it operates.

As an example, the type number describing an Eimac
four-cavity klystron with modulating anode and 50,-
000-watt collector, designed for use in the “L” band is
broken down as follows:

_4XM>0.000LR

Number of Cavities

Collector
Dissipation
In klystron catalog numbers as-
signed prior to May 1, 1961
this was expressed in watts. In

Sub-Band

those assigned since that date
it is expressed in kilowatts.

Description
K —Klystron
M—Utilizes Eimac Modulating
Anode
P —Primarily for Pulse Applica-

tions

Frequency Band

(Megacycles)
P—225 to 390
L—390 to 1550

S—1550 to 3900
C—3900 to 6200
X—6200 to 10,900
K—10,900 to 36,000
©—36,000 to 46,000
V—46,000 to 56,000

Describes useful frequency sub-
band. Since no standard sub-
band assignment system exists
Eimac has evolved its own.



May, 1965
Eimac No. EIA No. EIA No. Eimac No.
3-200A8 s 592 4020 4-125A
3-400Z e, BED A ... comnmmsmmnmemmnsimnt 5-1258B
B-1000Z......consmmmmcmmsmsmmmmmsssssss 5D22 e, 4-250A
3CPN10AS5... 15 S —— 3-200A3
3CPXT100A5.. 7084 . 4X150A
3CX100A5... ZOBE.. = s 4X150D
2l a0 ) {00 oL T — 7208 4CX250B
3CX1000A7 e, 7204 . 4CX250F
3CX10,000A1.... 7289 3CX100A5
3CX10,000A3 FEBOW. .. cmmss. semrmmms 4CX250R
cie0 @ 1[0 Mo o],y S—————— 8160 7815 3CPN10AS5
3W5000A1 7815R. . 3CPX100A5
3W5000F1 8158 3CX10,000A1
BWEQO0AZ. cosssmmsmsssmmsnammmmssans 8242 8159 e 3CX10,000A3
3WS5000F3 .o 8243 8160 . 3CX10,000A7
3X2500A3 .l 8161 8161 3X2500A3
3X2500F3 o, 8251 3X3000F7
3X3000AT e 8238 3-400Z
3X3000F1 o 8239 3-1000Z
<4< ] 0] 0] 0] oy {———— 8162 4-65A
4-1000A
4CX300A
A __.4CX1000A
4CX3000A
4CX5000A
4CX5000R
ACV100,000C. oo 8351 4CX10,000D
ACW2000A e 8244 4X150G
V(" V{0 B 01010 [ xS ———— 8350 4W20,000A
BCKDE0B.......omrencmnmemsssrssssssmasms 7203 4PR65A
ACX250F 7204 4PR400A
ACX250K 8245 4PR1000A
> (00 ()8 ] - 8246 3X3000A1
BCXIB0R.... . commenenensamenssinnsisssses 7580W 3X3000F1
ACX300A e, 8167 3W5000A1
4CX300Y o 3W5000F1
ACX350A e 3W5000A3
e ColoT0) S ——— 8322 3W5000F3
ACXT1000A oo 8168 4CW2000A
4CX1000K 8352 4CX250K
4CX3000A 4CX250M
4CX5000A 4APR125A
4CX5000R 4PR250C
4CX10,000D.. 4W300B
4CX15,000A. ..o 8281 8200 3CX100F5
4CX35,000C .o 3X2500F3
4PR60B 4PR60B
APRO65A.oo8187 0 B28 4CX15,000A
APRI25A 8247 8283 3CX1000A7
4PR250C 4X150R
V.21 7 0] o). VO ————— 4X150S
APRVOO0OA. ... .rccmsmmmmmssmas 4CX350A
PN 4CX350F

..4CX35,000C
4CW50,000C
4CV100,000C
..4CX1000K
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EIMAC and EIA

POWER GRID TUBE NUMBER
CROSS-REFERENCE LIST




EIMAC EIA POWER GRID TUBE

EIMAC to EIA b
L

Eimac No. EIA No. Eimac No. EIA No. Eimac No. EIA No.
KY21A. .. — 3X3000A7.............. —_—— 4PR65A.. ... 8187
RX21A. ... —_— 3X3000F1.... ... 8239 4PR125A ... 8247
2-01C..ccooeei. _ 3X3000F7. oo, 8162 4PR250C............... 8248
2-25A . . _ 4-65A.. . 8165 4PR400A............... 8188
2-50A. . . —_— 4-125A. ... 4D21 4PR1000A.............. 8189
2-150D......... —_— 4-250A. . 5D22 4PR1000B.............. _
2-24QA.. ... —_— 4-400A.... . 8438 4W300B................. 8249
2-450A... ... _ 4-1000A.................. 8166 4W20,000A.........._.. 8173
2-2000A.... ...  — 4CPX250K............... 8590 4X150A. . ... 7034
2C39A. . 2C39A 4CS250H - ... ... = - 4X150D.... ... 7035
2C39WA ... 2C39WA 4CV8000A............... — 4X150G.............. 8172
2X1000A................. —_ 4CV20,000A............ —_— 4X150R..........._. 8296
2X3000F................_. e 4CV35,000A............ —_—— 4X150S.... ... 8297
829D . .eeeermennaees _ 4CV100,000C.......... 8351 4X500A... ... —
3C24....oa . 3C24 4CWS800A............... ———— 5-125B... .. 4E27A
3-200A3....... 592 4CW2000A.............. 8244 5-500A... ... —
3-400Z.....ooooe. 8163 4CW10,000A.......... _— S5CX1500A............. —_—
3-1000Z................... 8164 4CW25,000A........ _ S5CX3000A............... _— "
3CPNI10A5.............. 7815 4CW50,000C........... 8350 6C21... 6C21
3CPX100A5............. 7815R 4CW100,000D......... —_— 28T . 25T
3CV30,000A1.......... _ 4CXT125C, s iteans e 35T 35T
3CV30,000A3.......... —_ 4CX125F ... —_— 35TG ... 35TG
3CW20,000A1......... —— 4CX250B................. 7203 75TH.... ... 75TH
3CW20,000A3......... _— 4CX250F..............._. 7204 o b G N, 75TL
3CW20,000A7......... —_— 4CX250K. ... 8245 100R........ ... 8020
3CW20,000H3......... — 4CX250M..-. ot 8246 100TH.................... 100TH
3CW25,000A3......... — 4CX250R................ 7580W 100TL..................... 100TL
3CW30,000H3......... e 4CX300A.... ... 8167 152TH.... ... 152TH
3CX100AS5.............. 7289 4CX300Y...oooe. 8561 152TL.... . 152TL
3CX100F5............... 8250 4CX350A. ... 8321 250R.... . _
3CX1000A7............. 8283 4CX350F ... ............ 8322 250TH... ... 250TH
3CX2500A3............. 8161 4CX600A................ —_— 250TL... ... 250TL
3CX2500F3............. 8251 4CX1000A. ... 8168 4516 253
3CX10,000A1.......... 8158 4CX1000K............... 8352 304TH. ... 304TH
3CX10,000A3.......... 8159 4CX15008B............... 8660 304TL..._............ 304TL
3CX10,000A7.......... 8160 4CX3000A............... 8169 450TH................... 450TH
3CX15,000A3.......... —_— 4CX5000A............... 8170 450TL.. .. 450TL
3WS5000A1.............. 8240 4CX5000R............... 8170W 750TL.... oo 750TL
3W5000F1.............. 8241 4CX10,000D.........._. 8171 1000T.....co. 1000T
3W5000A3............... 8242 4CX15,000A............ 8281 1500T................. 1500T S~
3WS5000F3............... 8243 4CX35,000C............ 8349 20007 ... 2000T
3X3000A1................ 8238 4PR60B...............__. 8252




NUMBER CROSS-REFERENCE LIST

EIA to EIMAC

AN

e

EIA No.

Eimac No.

EIA No. Eimac No.
6697A. ... _

6884 . ... —

6894. ... —_—
6895..... oo e —_
7034 4X150A
7035 .. 4X150D
7203, 4CX250B
7204 ... 4CX250F
74271 1 — _

7289... .l 3CX100A5
7480..,.............. —_——
7580W............ 4CX250R
7698 ... ——

7815.. i eeeennn, 3CPN10A5
7815R.............. 3CPX100A5
7843 oo —_—
8020.......c........ 100R

8158.. ... 3CX10,000A1
8159.. ... 3CX10,000A3
8160..... ... 3CX10,000A7
8161................ 3CX2500A3
8162................ 3X3000F7
8163 ..o 3-400Z
8164..... ... 3-1000Z
8165.. ... 4-65A
8166............... 4-1000A
8167 oo 4CX300A
8168......cccce 4CX1000A
8169.. ... 4CX3000A
8170 e 4CX5000A
=Bl (0) Y — 4CX5000R
8171 ... ... 4CX10,000D
<1l iy — 4X150G

EIA No. Eimac No.
8173 . 4W20,0000A
(S 1oy AO—— 4PR65A
8188 ... 4PR400A
8189...... ... 4PR1000A
st 3X3000A1
8239.......cco., 3X3000F1
8240.... ... 3WS5000A1
8241 ... 3W5000F1
8249.. .. ...ccoc. 3W5000A3
8243 ... 3W5000F3
8244 ... 4CW2000A
;L 4CX250K
8246................ 4CX250M

o DX (— 4PR125A
8248. ... 4PR250C
8249 . ... 4W300B
8250....ccccceeee 3CX100F5
8251.....ceneee e 3CX2500F3
8252... ... 4PR60B
8281 . ... 4CX15,000A
8283.. ... 3CX1000A7
1710 [ T— 4X150R
8297 oo 4X150S
8321............... 4CX350A
8322 . ... 4CX350F
8349. ... 4CX35,000C
8350 4CW50,000C
839 s 4CV100,000C
8352.. ... 4CX1000K
8438... ... 4-400A
8561.............. 4CX300Y
8590........cccoonen 4CPX250K
8660................. 4CX1500B
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(Effective 2-15-82) © by Varian EIMAC Printed in U.S.A.



A




POWER GRID TUBE SELECTION GUIDE

The EIMAC Power Grid Tube Selection Guide is
arranged for ease in making type selections by use
rather than tube type. The Guide is applications-oriented.

Tube types are listed according to the principal
modes of service for which they are rated. Under each
mode of service, EIMAC tube types suitable for the
application are tabulated in descending order of the
most significant tube parameter in the left hand column.
For example, in the POWER AMPLIFIER tabulation
tube types are listed in descending order of typical rf

power output; PULSE REGULATOR tubes are listed in
descending order of peak current capability. This format
places emphasis on tube application and facilitates com-
parison in terms of the significant ratings of the EIMAC
types available for a given application.

After preliminary selection of a tube type (or types)
from the Guide. the final choice should be based upon
the complete ratings from the EIMAC data sheet for the
tube in question and consultation with the EIMAC Appli-
cation Engineering Department.

RADIO FREQUENCY POWER AMPLIFIER

Linear Service

Inter-Mod.
Peak Env. Rated Frequency* Distortion EIMAC
Powert Plate F1/ Upper Typicalt Type Tube
Typical Diss. Useful 3rd 5th Cooling Number Type
(kW—W) (kW—W) (MHz) (dB) (dB)
1180 kW 1250 kW 30/50 — - water 8974/X-2159 Tetrode
600 kW 650 kW 50/100 — — water 8973/X-2170 Tetrode
230 kW 250 kW 30/50 -31 —43 vapor 4CV250,000B Tetrode
230 kW 250 kW 30/50 -31 —43 water 4CW250,000B Tetrode
168 kW 100 kW 108/150 — - water 4CW100,000E Tetrode
123 kW 100 kW 30/50 -26 —40 vapor 4CV100,000C Tetrode
55 kW 35 kW 30/50 -30 —-40 air 4CX35,000C Tetrode
45 kW 50 kW 110/200 —46 —-60 vapor 4CV50,000J Tetrode
45 kW 50 kW 110/200 —46 -60 water 4CW50,000J Tetrode
27.5 kW 20 kW 110/220 - — air 3CX20,000A7 Triode?
17 kW 15 kW 110/220 —-40 -39 air 3CX15,000A7 Triode’
17 kW 20 kW 140/220 —-40 -39 water 3CW20,000A7 Triode’
17 kW 10 kW 140/220 -40 -39 air 3CX10,000A7 Triode'
12 kW 15 kW 110/220 -41 -41 air 4CX15,000J Tetrode
10.5 kW 10 kW 100/220 -35 —40 air 4CX10,000J Tetrode
10 kW 10 kW 250/— = = air 3CX10,000U7 Triode™ 2
10 kW 5 kW 100/220 -30 -38 air 4CX5000R Tetrode
5.8 kW 3 kW 150/220 —-40 —43 air 5CX3000A Pentode
5.5 kW 3 kW 110/— -51 —45 air 3CX3000A7 Triode'’
5.3 kW 3 kW 150/220 -32 —-36 air 4CX3000A Tetrode
3.3 kW 5 kW 100/220 -41 —44 air 4CX5000J Tetrode
2060 W 1 kW 220/400 -31 -39 air 3CX1000A7 Triode’
2050 W 1500 W 220/400 -38 —44 air 3CX1500A7/8877 Triode’
2030 W 1500 W 500/— —44 —44 air 8938 Triode'
1785 W 1500 W 110/220 -33 —42 air 5CX1500A Pentode
1160 W 1000 W 110/220 —-43 —47 air 4CX15008 Tetrode
1080 W 1000 W 110/— -29 -37 air 3-1000Z Triode’
740 W 500 W 110/— -40 —45 air 3-500Z Triode'
645 W 500 W 110/— —-33 -41 air 5-500A Pentode
590 W 200 W 500/900 -35 —36 conduction 8873 Triode'
590 W 400 W 500/900 -35 -36 air 8874 Triode’
590 W 300 W 500/900 -35 -36 air 8875 Triode’
590 W 400 W 110/— -28 -35 air 3-400Z Triode'
580 W 600 W 30/— —43 —43 air 4CX600J Tetrode
495 W 400 W 110/— - . air 4-400C Tetrode
350 W 350 W 500/— -27 -50 air 8930 Tetrode
295 W 250 W 500/— -25 -30 air 4CX250R Tetrode
295 W 250 W 500/— =25 -30 conduction 4CS250R Tetrode
263 W 350 W 30/220 -30 -35 air 4CX350A Tetrode
263 W 350 W 30/220 -30 -35 air 4CX350F Tetrode
263 W 350 W 30/220 —40 —45 air 4CX350FJ Tetrode

$Plate power output, calculated or measured at low frequency.
*F1 is the maximum frequency at which maximum ratings apply. Operation at the upper useful frequency normally involves operation at
reduced plate voltage and reduced plate input power.

tCalculated or measured by two-tone method at 2.0 MHz.

1. Cathode driven.

2. VHF TV



RF POWER AMPLIFIER
Class C, CW or FM Service

Plate Pwr. Rated Frequency EIMAC | _—
Output Plate F1/ Upper Power Type Tube
Typical* Diss. Useful Gain* Cooling Number Type
(kW—W) (kW—W) (MHz)

1650 kW 1250 kW 30/50 x200 water 8974/X-2159 Tetrode
1050 kW 650 kW 50/100 x300 water 8973/X-2170 Tetrode
460 kW 250 kW 30/50 x150 vapor 4CV250,000B Tetrode
460 kW 250 kW 30/50 x150 water 4CW250,0008 Tetrode
220 kW 100 kW 108/150 x1800 water 4CW100,000E Tetrode
168 kW 100 kW 30/50 x1350 vapor 4CV100,000C Tetrode
165 kW 100 kW 30/50 x140 water 4CW100,000D Tetrode
137 kW 50 kW 110/220 x900 vapor 4CV50,000E Tetrode
137 kW 50 kW 110/220 x900 water 4CWS50,000E Tetrode
110 kW 35 kW 30/50 x425 air 4CX35,000C Tetrode
64 kKW 20 kW 90/150 x66 air 3CX20,000A3/H3 Triode
42 kW 25 kW 100/150 x37 water 3CW25,000A3 Triode
38 kW 20 kW 110/220 x170 air 4CX20,000A/8990 Tetrode
36.5 kW 15 kW 110/225 x166 air 4CX15,000A Tetrode
30 kW 15 kW 100/150 x45 air 3CX15,000A3 Triode
25 kW 15 kW 110/160 x50 air 3CX15,000A7 Triode
24.5 kW 10 kW 140/200 x6 air 3CX10,000A3 Triode’
245 kW 20 kW 140/200 x6 water 3CW20,000A3 Triode'
22.5 kW 10 kW 160/— x15 air 3CX10,000A7 Triode
20 kW 15 kW 220/— x850 air 8989 Tetrode
16 kW 5 kW 100/220 x1050 air 4CX5000A Tetrode
16 kW 10 kW 100/220 x1050 air 4CX10,000D Tetrode
16 kW 10 kW 100/220 x1050 water 4CW10,000A Tetrode
16 kW 5000 W 100/220 x1050 air 4CX5000R Tetrode
11 kW 3000 W 30/100 x260 air 4CX3000A Tetrode
10 kW 4000 W 75/150 x73 air 3CX2500A3/F3 Triode
10 kW 5000 W 75/150 x73 water 3CW5000A3/F3 Triode
8500 W 3000 W 150/220 x160 air 5CX3000A Pentode
3400 W 1000 W 110/— x225 air 4-1000A Tetrode
3200 W 1500 W 110/220 x350 air 4CX1500A Tetrode
3180 W 1500 W 110/220 x350 air 5CX1500A Pentode W
2600 W§ 1500 W 250/— x33 air 3CX1500A7/8877 Triode'
1500 W§§ 1500 W 500/— x30 air 8938 Triode’
1265 W 500 W 110/— x140 air 4-500A Pentode
1100 W 400 W 110/— x190 air 4-400C Tetrode
1000 W 250 W 110/— x190 air 4-250A Tetrode
840 W 350 W 100/150 x31 air 5867A Triode
805 W 500 W 110/— x67 air 4-500A Tetrode
600 W 300 W 110/220 x158 air 4CX300Y Tetrode
500 W 300 W 500/— x177 air 4CX300A Tetrode
450 W 350 W 500/— x190 air 8930 Tetrode
380 W 250 W 500/— x190 conduction 4CS250R Tetrode
380 W 250 W 500/— x130 air 4CX250B/FG Tetrode
380 W 250 W 500/1500 x130 air 4CX250K/M Tetrode
380 W 250 W 500/— x190 air 4CX250R Tetrode
380 W 250 W 150/500 x130 air 4X150A/7609 Tetrode
375 W 125 W 120/— x150 air 4-125A Tetrode
320 W 200 W 500/— x35 conduction 8873 Triode
320 W 400 W 500/— x35 air 8874 Triode
320 W 300 W 500/— x35 air 8875 Triode
300 W 600 W 1000/— x31.5 air 3CX600U7 Triode
270 W 65 W 150/— x160 convection 4-65A Tetrode
216 W 400 W 1000/— x11.5 air 3CX400U7 Triode?

“Power output and power gain are calculated or measured at low frequency.

tF1 is the maximum frequency at which maximum ratings apply. Operation at the upper useful frequency normally involves operation at
reduced anode voltage and reduced plate input power.

§Power output shown is measured useful, delivered to load, at 104 MHz.

§§Useful power output, measured at 430 MHz.

1. Cathode driven. 2. 900 MHz.



R F POWER AMPLIFIER

Class C—Plate Modulated Service

Carrier Pwr. Plate Diss. Frequencyt EIMAC

Output at Typical F1/ Upper Power Type Tube
Typical* Conditions Useful Gain* Cooling Number Type

(KW—W) (KW—W) (MHz)

1375 kW 300 kW 30/50 x200 water 8974/X-2159 Tetrode
700 kW 160 kW 50/100 x290 water 8973/X-2170 Tetrode
285 kW 119 kW 30/50 x120 vapor 4CV250,000B Tetrode
285 kW 119 kW 30/50 x120 water 4CW250,000B Tetrode
140 kW 47 kW 30/50 x110 vapor 4CV100,000C Tetrode
140 kW 35 kW 108/150 x260 water 4CW100,000E Tetrode
138 kW 22 kW 30/50 x160 water 4CW100,000D Tetrode
110 kW 22 kW 110/220 x160 water 4CW50,000E Tetrode
110 kW 22 kW 110/220 x160 vapor 4CV50,000E Tetrode
55 kW 13 kW 30/50 x440 air 4CX35,000C Tetrode
29 kW 7 kW 30/— x800 air 8990A Tetrode
27.5 kW 7.5 kW 90/150 x18 air 3CX20,000A3 Triode
27.5 kW 7.5 kW 90/150 x18 air 3CX20,000H3 Triode
23.5 kW 5.8 kW 110/225 x155 air 4CX15,000A Tetrode
23.5 kW 5.8 kW 110/225 x155 vapor 4CV35,000A Tetrode
18.0 kW 5.4 kW 100/150 x37 air 3CX15,000A3 Triode
12.4 kW 2.6 kW 140/200 x24 air 3CX10,000A3 Triode
8.5 kW 3.5 kW 100/220 x230 air 4CX10,000D Tetrode
8.5 kW 3.5 kW 100/220 x230 air 4CX5000A Tetrode
8.5 kW 3.5 kW 100/220 x230 air 4CX5000R Tetrode
5.75 kW 1.25 kW 150/220 x190 air 4CX3000A Tetrode
5300 W 950 W 75/150 x45 air 3CX2500A3/F3 Triode
2630 W 670 W 110/— x290 air 4-1000A Tetrode
2320 W 780 W 110/220 x230 air 4CX1500A Tetrode
1960 W 575 W 110/220 x195 air 5CX1500A Pentode
1765 W 485 W 110/— x50 air 3-1000Z2 Triode
830 W 245 W 110/— x140 air 4-500A Tetrode
785 W 280 W 110/— x110 air 5-500A Pentode
640 W 185 W 110/— x25 air 3-500Z2 Triode
630 W 195 W 110/— x190 air 4-400C Tetrode
510 W 165 W 110/— x160 air 4-250A Tetrode
300 W 80 W 120/— x90 air 4-125A Tetrode
300 W 200 W 110/220 x175 air 4CX300Y Tetrode
270 W 280 W 500/— x160 air 8930 Tetrode
235 W 65 W 500/— x160 conduction 4CS250R Tetrode
235 W 65 W 500/— x135 air 4CX250B Tetrode
235 W 65 W 500/— x135 air 4CX250FG Tetrode
235 W 65 W 500/1500 x135 air 4CX250K Tetrode
235 W 65 W 500/1500 x135 air 4CX250M Tetrode
235 W 65 W 500/— x160 air 4CX250R Tetrode
235 W 65 W 500/— x135 air 4CX300A Tetrode
235 W 65 W 150/500 x135 air 4X150A Tetrode
235 W 65 W 150/500 x135 air 7609 Tetrode
210 W 45 W 150/— x65 convection 4-65A Tetrode

“Power output and power gain are calculated or measured at low frequency.

tF1 is the maximum frequency at which maximum ratings apply. Operating at the upper useful frequency normally involves operation at
reduced plate voltage and reduced plate input power.



INDUSTRIAL SERVICE

Class C—Oscillator or Amplifier

Plate Pwr. Rated Filament Frequencyt EIMAC

Output Plate Heating F1/ Upper Type Tube
Typical* Diss. Power Useful Cooling Number Type
(kW—W) (kW—W) (Watts) (MHz)

1600 kW 1000 kW 26640 30/60 water 8972/X-2176 Triode
750 kW 500 kW 13320 30/60 water 8971/X-2177 Triode
70 kW 40 kW 1600 90/— water 3CW40,000H3 Triode
60 kW 20 kW 1600 90/— air 3CX20,000H3 Triode
42 kW 30 kW 1020 90/— water 3CW30,000H3 Triode
42 kW 30 kW 1020 100/— vapor 3CV30,000H3 Triode
41.2 kW 15 kW 1020 90/— air 3CX15,000H3 Triode
29 kW 10 kW 742 90/— air 3CX10,000H3 Triode
28 kW 20 kW 742 90/— water 3CW20,000H3 Triode
20.6 kW 10 kW 566 90/— water 3CW10,000H3 Triode
18.6 kW 5 kW 566 90/— air 3CX5000H3 Triode
10 kW 5 kW 379 75/150 water 3CW5000H3 Triode
8.3 kW 4.5 kW 550 75/— air 3CX4500A3/H3 Triode
5 kW 2.5 kW 379 75/150 air 3CX2500A3/F3/H3 Triode
2.0 kW 1.0 kW 150 100/— air 3-1000H Triode
1.2 kW 300 W 125 40/80 air 304TL Triode
680 W 350 W 70 100/— air 5867A Triode

*Plate power output, calculated or measured at low frequency.
tF1 is the maximum frequency at which maximum ratings apply. Operation at the upper useful frequency normally involves operation at
reduced plate voltage and reduced plate input power.



REGULATOR SERVICE

Voltage or Current

Maximum Maximum Minimum Rated EIMAC

Pass Hold-off Tube Plate Type Tube
Current Voltage * Drop Diss. Cooling Number Type
(Adc) (kvdc) (Vdc) (kW—W)

300 40 kV 3000 1250 kW water 8974/X-2159 Tetrode
150 40 kV 2500 650 kW water 8973/X-2170 Tetrode
90 130 kV 2000 1000 kW water 9009/ X-2062K Tetrode
90 100 kV 2000 300 kW water 9008/ X-2062J Tetrode
50 40 kV 4400 250 kW water 4CW250,000B Tetrode
35 40 kV 2700 100 kW water 4CW100,000E Tetrode
30 40 kV 3300 100 kW water 4CW100,000D Tetrode
15 35 kV 3000 50 kW water 4CW50,000E Tetrode
15 40 kV 2200 35 kW air 4CX35,000C Tetrode
7.5 10 kV 1500 20 kW water 3CW20,000A1 Triode
7.5 20 kV 1200 20 kW water 3CW20,000A7 Triode
7 10 kV 1300 12 kW air 3CX10,000A1 Triode
6 20 kV 800 25 kW water 4CW25,000A Tetrode
4 20 kV 500 15 kW air 3CX15,000A7 Triode
4 15 kV 2000 10 kW water 4CW10,000A Tetrode
3 12 kV 1300 5000 W water 3CW5000A1 Triode
2 12 kV 1000 3000 W air 3CX3000F1 Triode
2 6 kV 1000 2000 W water 4CW2000A Tetrode
1 8 kV 250 1500 W air 3CX1500A7 Triode
1 6 kV 500 1000 W air 4CX1000A Tetrode
1 6 kV 500 800 W water 4CW800B Tetrode
1 6 kV 500 800 W water 4CWB800F Tetrode
0.8 4.5 kV 300 400 W air 8874 Triode
0.8 4.5 kV 300 300 W air 8875 Triode
0.8 4.5 kV 300 200 W conduction 8873 Triode
0.6 30 kV 500 100 W air 4PR1000A Tetrode
0.6 8 kV 400 500 W air 3-500Z Triode
0.2 20 kV 1800 400 W air 4PR400A Tetrode
0.2 50 kV 1000 250 W air 4PR250C Tetrode
0.1 18 kV 1200 125 W air 4PR125A Tetrode
0.1 15 kV 500 65 W convection 4PR65A Tetrode

*Consult EIMAC Application Engineering Department at the appropriate plant for regulator range characteristics



RF POWER AMPLIFIER

Grid Pulsed Service

Peak RF Rated Frequencyt Maximum Maximum EIMAC

Pwr. Output Plate F1 /Upper Plate Plate Type Tube
Typical® Diss. Useful Voltage Current” Cooling Number Type
(kW—W) (kW—W) (MHz) (kvdc) (A)

3900 kW 1250 kW 30/50 30 195 water 8974/X-2159 Tetrode
2000 kW 650 kW 50/100 30 100 water 8973/X-2170 Tetrode
1000 kW 100 kW 108/150 30 50 water 4CW100,000E Tetrode
500 kW 50 kW 110/220 30 33 vapor 4CV50,000E Tetrode
500 kW 50 kW 110/220 30 33 water 4CW50,000E Tetrode
160 kW 15 kW 110/225 12 20 air 4CX15,000A Tetrode
80 kW 10 kW 110/220 10 13 air 4CX10,000D Tetrode
80 kW 10 kW 110/220 10 13 air 4CX5000A Tetrode
80 kW 10 kW 100/220 10 13 air 4CX5000R Tetrode
34 kW 1.0 kW 110/— 15 3.5 air 4PR1000A Tetrode
28 kW* 250 W 500/1500 7 6.0 air 4CPX250K Tetrode
28 kW* 250 W 500/1500 7 6.0 air 4CX250K Tetrode
28 kW* 250 W 500/1500 7 6.0 air 4CX250M Tetrode
26 kW 1500 W 500/— 5 8 air 8938 Triode
11 kW 400 W 110/— 10 1.7 air 4PR400A Tetrode
10 kWi 250 W 500/1500 5.5 0.8 air 4CPX250K Tetrode
4000 W 125 W 120/— 9 0.7 air 4PR125A Tetrode
2600 W 300 W 110/220 3 1.3 air 4CX300Y Tetrode
2000 W 65 W 150/— 7.5 0.4 convection 4PR65A Tetrode
1600 W 200 W 500/— 3 0.8 conduction 8873 Triode
1600 W 400 W 500/— 3 0.8 air 8874 Triode
1600 W 300 W 500/— 3 0.8 air 8875 Triode
1600 W 250 W 500/— 3 0.8 air 4CX250B Tetrode
1600 W 250 W 500/— 3 0.8 air 4CX250F Tetrode
1600 W 250 W 500/1500 3 0.8 air 4CX250K Tetrode
1600 W 250 W 500/1500 3 0.8 air 4CX250M Tetrode

fAverage during the pulse. Power output data is plate power (does not include circuit losses), calculated or measured at low frequency.

tF1 is the maximum frequency at which maximum ratings apply. Operation at the upper useful frequency normally involves operation at
reduced plate voltage and reduced plate power input. %

*Plate and screen-grid pulsed.

1 Cathode driven, screen pulsed.



AF POWER AMPLIFIER OR MODULATOR SERVICE

Plate Diss.

—~ AF Pwr. Output at Typical Driving EIMAC
Typical Conditions Class of Power Type Tube
(2 tubes) Per Tube Service (2 tubes) Cooling Number Type
(kW—W) (kW—W) W)
1900 kW 420 kW AB1 0 water 8974/X-2159 Tetrode
950 kW 210 kW AB1 0 water 8973/X-2170 Tetrode
660 kW 260 kW AB1 0 vapor 4CV250,000B Tetrode
660 kW 260 kW AB1 0 water 4CW250,000B Tetrode
246 kW 57 kW AB1 0 vapor 4CV100,000C Tetrode
246 kW 57 kW AB1 0 water 4CW100,000D Tetrode
200 kW 46 kW AB1 0 water 4CW100,000E Tetrode
195 kW 42 kW AB1 0 water 4CW50,000E Tetrode
195 kW 42 kW AB1 0 vapor 4CV50,000E Tetrode
195 kW 42 kW AB1 0 vapor 4CV50,000J Tetrode
195 kW 42 kW AB1 0 water 4CW50,000J Tetrode
70 kW 20 kW AB1 0 air 4CX35,000C Tetrode
66 kW 20.5 kW AB1 0 vapor 4CV35,000A Tetrode
57 kW 14 kW AB1 0 water 4CW25,000A Tetrode
57 kW 14 kW AB1 0 air 4CX15,000A Tetrode
31.9 kW 9 kW AB1 0 air 4CX10,000D Tetrode
29.1 kW 10 kW AB1 0 air 3CX10,000A1 Triode
29.1 kW 10 kW AB1 0 water 3CW20,000A1 Triode
17.5 kW 4.20 kW AB1 0 air 4CX5000A Tetrode
17.5 kW 4.20 kW AB1 0 air 4CX5000R Tetrode
14.5 kW 4.75 kW AB1 0 vapor 4CV8000A Tetrode
13.0 kW 2.50 kW AB2 113 water 3CW5000A3/F3 Triode
13.0 kW 2.50 kW AB2 113 air 3CX2500A3/F3 Triode
11.4 kW 3.30 kW AB1 0 air 4CX3000A Tetrode
10.0 kW 2.95 kW AB1 0 water 3CW5000A1/F1 Triode
10.0 kW 2.95 kW AB1 0 air 3CX3000A1/F1 Triode
3.90 kW 900 W AB2 4.7 air 4-1000A Tetrode
3.22 kW 920 W AB1 0 air 5CX1500A Pentode
3.20 kW 920 W AB1 0 air 4CX1500A Tetrode
1.72 kW 500 W AB1 0 air 4-500A Tetrode

P\ 1.66 kW 458 W AB1 0 air 5-500A Pentode
1.75 kW 400 W AB2 3.5 air 4-400C Tetrode
1.42 kW 445 W AB2 25 air 3-500Z Triode
1.31 kW 340 W AB2 26 air 3-400Z2 Triode
1.04 kW 190 W AB2 1.9 air 4-250A Tetrode
800 W 225 W AB1 0 air 4CX300A Tetrode
780 W 350 W AB1 0 air 8930 Tetrode

4CX250BC
. 4CX250F
600 W 200 W AB1 0 air 4X150A Tetrode
7609

400 W 125 W AB2 1.0 air 4-125A Tetrode
270 W 63 W AB2 1.3 convection 4-65A Tetrode

AN



Peak Maximum Rated EIMAC
Plate Hold-off Plate Type Tube W/
Current* Voltage Diss.* Cooling Number Type
(A) (kVdc) (kW—W)
780 60 1250 kW water 8974/X-2159 Tetrode
400 60 650 kW water 8973/X-2170 Tetrode
300 40 250 kW water 4CW250,000B Tetrode
150 130 1000 kW water 9009/X-2062K Tetrode
150 100 400 kW water 9008/X-2062J Tetrode
150 75 100 kW water Y-676A Tetrode
150 60 35 kW air Y-546 Tetrode'’
150 60 100 kW water Y-647 Tetrode?
150 40 100 kW water 4CW100,000D Tetrode
150 60 100 kW water Y-676 Tetrode®
150 40 100 kW water 4CW100,000E Tetrode
150 40 35 kW air 4CX35,000C Tetrode
100 35 50 kW water 4CW50,000E Tetrode
100 35 50 kW vapor 4CV50,000E Tetrode
70 20 25 kW water 4CW25,000A Tetrode
60 20 15 kW air 4CX15,000A Tetrode
60 30 15 kW air Y-456 Tetrode*
50 30 25 kW water Y-569 Tetrode®
50 15 1.5 kW air 3CPX1500A7 Triode
40 15 10 kW air 4CX10,000D Tetrode
40 20 20 kW water 3CW20,000A7 Triode
40 15 5 kW air 4CX5000A Tetrode
40 15 5 kW air 4CX5000R Tetrode
40 25 10 kW water Y-442 Tetrode®
25 20 3 kW air 4CX3000A Tetrode
18 20 60 W air 4PR60C Tetrode
15 10 3 kW air 3CX3000A7/F7 Triode
12 4 600 W air 4CX600B/F Tetrode
12 4 800 W water 4CW800B/F Tetrode
12 15 750 W air 8941 Planar Triode -
12 8 750 W air 8942 Planar Triode
12 4 750 W air 8940 Planar Triode | -
10 50 1.0 kW air 8960 Tetrode
10 7 1.5 kW air 4CX1500A Tetrode
8 30 1.0 kW air 4PR1000A Tetrode
8 40 1.0 kW air Y-364 Tetrode’
8 7.5 (oil) 600 W air or oil 8954 Tetrode
6 12 150 W air Y-518 Planar Triode
6 7 250 W air 4CPX250K Tetrode
6 4 150 W air Y-519 Planar Triode
5 12 150 W air Y-540 Planar Triode
5 10 150 W air 8755 Planar Triode
5 4 150 W air 8847A Planar Triode
5 3.5 100 W air 7211 Planar Triode
5 3:5 150 W air 8757 Planar Triode
§ 3.5 100 W air 8403 Planar Triode
4 50 250 W air 4PR250C Tetrode
4 20 400 W air 4PR400A Tetrode
3 10 400 W air Y-504 Triode®
3 4.5 100 W air 7815RAL Planar Triode
3 3.5 100 W air 7815R Planar Triode
3 3.5 100 W air 7855 Planar Triode
2.1 18 125 W air 4PR125A Tetrode
1.5 4.5 100 W air 8745 Planar Triode
1.2 15 65 W convection 4PR65A Tetrode
'Specially processed 4CX35,000C *Prototype 4CW25,000A
2Specially processed 4CW100,000D *Specially processed 4CX5000R
*Specially processed 4CW100,000E ’Specially processed 4PR1000A
‘Specially processed 4CX15,000A *Specially processed 3-400Z
“Contact EIMAC Application Engineering Department at the appropriate plant for peak pulse ratings.
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SWITCH TUBE OR PULSED REGULATOR SERVICE
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TUBE PERFORMANCE COMPUTOR FOR R-F AMPLIFIERS (CLASS B, C, AND FREQUENCY MULTIPLIERS)

It is quite easy to make a close estimate of the per-
formance of a vacuum tube in radio-frequency power-
amplifier service, or an approximation in the case of har-
monic-amplifier service. Such estimates will give r-f out-
put power, d-c input power, grid driving power, and all
d-c current values.

These estimates can be made easily by using the
Eimac Tube Performance Computor and the character-
istic curves of a tube, plotted on plate-voltage/grid-volt-
age coordinates (constant-current curves). Only the abil-
ity to multiply figures taken from the curves, by means of
the computor, is required.

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

Simple Action in
Class-C R-F Amplifiers

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

Let us now see how such variations of the plate and
grid voltages of a tube appear on the constant-current
curves of a tube. In Fig. 2 these variations have
been indicated next to the plate-voltage and grid-voltage
scales of a typical constant-current curve. At some instant
of time, shown as “t” on the time scales, the grid voltage
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has a value which is the point marked “eg” on the grid-
voltage sine wave. If one now finds the point on the tube
curves corresponding to these values (where a line
drawn from “eg” and a line drawn from “ep’ cross) he
will be at point A in Fig. 2. As the values of grid volt-
age “eg” and plate voltage “ep” vary over the r-f cycle,
the point A moves up and down a line, which in the
case of the normal r-f power amplifier is a straight line.
This line is called the “Operating Line.”

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

If we analyze the plate and grid-current values
shown, we can predict that they will cause a d-c am-
meter to show a particular reading. This is called the
d-c component of the current. Also, we can predict that
if the plate current flows through a properly loaded
resonant r-f circuit a certain amount of radio-frequency
power will be delivered to that circuit. If the circuit is
tuned to the fundamental frequency (same frequency as
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the r-f grid voltage) the power delivered will be due to
the fundamental, or principal, radio-frequency compo-
nent of plate current. If the circuit is tuned to a harmonic
of the grid-voltage frequency, e.g., two or three times the
frequency, the power delivered will be due to a harmonic
component of the plate current.

Use of the Eimac Tube Performance Computor

The Eimac Tube Performance Computor gives us
the means to make these simple calculations. It is a means
with which to determine the d-c component, the funda-
mental r-f component, or the approximate harmonic com-
ponent of the current flowing in a tube when the tube
is operating as a radio-frequency amplifier, and enables
one to state what all meter readings will be and to predict
the r-f output power and the required driving power.
With these factors known we are able to forecast what
will happen if any of the operating conditions are
changed.

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

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

The computor, when properly placed over this op-
erating line, enables one to obtain instantaneous values
of the currents flowing at every 15° of the electrical
cycle. The formulas given on the computor were derived
by Chaffee! to give the various average and harmonic
components of the resulting currents. Knowing-these cur-
rent component values and the radio-frequency voltage
values which are indicated through use of the computor,
one can readily calculate the complete performance of
the tube.

The fundamental methods of making such computa-
tions, and the considerations necessary to stay within rat-
ings of the tube types while accomplishing various
forms of modulation have been covered in the literature,
2.3.4.5.7. The method for the case of harmonic-ampli-
fier service is approximate and should be used only for
tetrode and pentode tubes where the plate voltage has
little effect on the amount of plate current flowing. A
more exact method, showing that for harmonic operation
the operating line is a simple Lissajou figure, has been
described by Brown.s

The results obtained by using this computor for
power-amplifier service can be applied in combination

with the other methods given in the literature to give
good accuracy with simpler procedures. The resulting
accuracy is well within the normal variation of tube
characteristics due to the normal variation in manufactur-
ing dimensions of a tube. Since the published tube curves
are only typical of the characteristics to be expected from
a particular tube type, the calculated performance is well
within the values obtained when different tubes of a
given tube type are operated under the assumed condi-
tions.

Example Showing Detailed Use of the
Eimac Tube Performance Computor

Radio-Frequency Power Amplifier, Class-C
(Telegraphy or FM)

Let us say that we have an Eimac 4-65A tetrode and
want to make it work effectively. Also, let us assume that
we have a 2000-volt d-c plate power supply available.

Within frequency limits, we know that a tube
should be able to run in class-C amplifier service with
about 759 efficiency, or in other words to convert
759 of the d-c plate input power into r-f output power.
The difference, or 257 of the input power, is dissipated
or lost as heat on the plate of the tube. The d-c plate
input power is then about four times the power dissi-
pated on the plate.

The 4-65A tetrode has a maximum rated plate dissi-
pation of 65 watts, and, to illustrate performance near
the maximum rating, we’ll choose an input power four
times the dissipation rating, or about 260 watts per tube.
At 2000 volts the plate current per tube must then be
130 ma. It is usual practice in the case of tetrodes and
the medium or low-mu triodes in class-C amplifier serv-
ice for the d-c¢ grid-bias voltage to be roughly two or
three times the grid voltage necessary to cut off the flow
of the plate current. By referring to the curves for the
4-65A, we decide to use a d-c grid-bias voltage of —130
volts.

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

The peak value of plate current in class-C amplifiers
usually runs about four times the d-c plate current. The
minimum value of instantaneous plate voltage is usually
set by the fact that if the voltage is too low, the grid
current in triodes and the screen current in tetrodes will
be needlessly high, resulting in high grid or screen dissi-
pation. Also, little will be gained as far as output power
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ADDENDUM
USE OF EIMAC TUBE PERFORMANCE COMPUTER FOR CLASS A, AB, AND B SERVICE

While the Eimac Tube Performance Computer is de-
signed for class C service, it may be used for class A, AB
or B service wherein the idling (quiescent) plate current
is not zero. When it is desired to calculate performance
for operating conditions having a large order of idling
plate current, the plate current flow during the positive
half of the plate voltage swing becomes appreciable and
cannot be ignored. When the tube functions over 180° or
more of the operating cycle, a full set of ordinate points
must be employed for the computations. The Eimac Com-
puter is therefore used in a two-step process.

First, the operating line is determined and the Eimac
Computer used in the normal fashion to derive the in-
stantaneous values of plate, screen and grid current dur-
ing the negative half of the plate voltage swing. These
current points are logged as explained under the class C
service description.

Second, the instantaneous current points over the posi-
tive portion of the plate voltage cycle must be determined
and combined with those points determined for the nega-
tive half of the cycle. This is done in the following fash-
ion: A line is pencilled on the Eimac Computer over the
operating line, and of equivalent length. The Computer is
now inverted and rotated 180° and again aligned with the

chosen operating line on the Constant Current Graph so
that inverted point G on the Computer falls on the idling
current value (point 1) on the graph and inverted point A
passes through a minimum peak current point represent-
ing maximum positive plate voltage swing. The pencilled
line on the Computer now represents an extension of the
operating line into the area of positive peak voltage swing.
The extended operating line is a straight line, twice as
long as the original operating line. Instantaneous values
of plate, screen and grid current (if any) are those ob-
served where the reversed ordinate lines on the Computer
cross the extended operating line.

The current points measured with the Computer invert-
ed are logged and these, together with the points obtained
in the first operation (Computer right side up) provide a
full set of instantaneous peak current values necessary
for calculation of class A, AB or B parameters. With the
first set of computer readings termed A, B, C, D, E, F, and
G; the second (inverted) set may be termed A’, B’, C', D',
E’, and F’, with the sets used in the following formulae!:
Formulae are modifications of Chaffee's which permit

using current values directly from the Constant Current
curves.

O e et ) = 1 P3N 4 B48) + (CHC) + (O4D) + E+E) + (4F) + ]
(2) Peak Fundamental RF Current = _]1_2_ KA_A,) + 1.93 (B=B') + 1.73 (C=C') + 1.41 (D—D") + (E—E') + 0.52 (F—Fﬂ
O e ax 2 Harmonic RE gurrent = b [(A+A) + 1.73 (B48) + (C+C) — (E+E) — 1.73 (F+F) — 23]

d i _
@ foprox. e oot = o [(A—A) + 1.41 (B—B) — 1.41 (D) — 2 (E—E) — 1.4] (F—F)]
(5) Power Output = Peak Fundamental RF current x Peak RF voltage

2

(6) Resonant Load Impedance = Peak RF Voltage

Peak Fund. RF Current

AN EXAMPLE: USING THE EIMAC TUBE PERFORMANCE COMPUTER FOR CLASS AB-1 SERVICE

Operating data is to be derived for an Eimac 4CW-
50,000C tetrode operating at a plate potential of 10 KV
and a screen potential of 1.5 KV. Grid current is zero; that
is, the tube is operated in the class AB-1 mode, with the
grid never being driven positive.

Within frequency limits, a plate circuit efficiency of
about 55-65% may be assumed for class AB-1 operation,
and maximum d.c. input is therefore about 2.2 to 2.75
times the anode dissipation. A maximum power input of
2.2 x 50,000 = 110 kilowatts is chosen. At 10 KV, the
maximum d.c. plate current is then 11.0 amperes. This is
within the maximum rated plate current of “15 amperes
for class AB service as specified on the data sheet.

In class AB service the tube does not operate in a cut-
off condition, rather a certain value of idling plate current
exists. This must be taken into account when choosing
point (1) on the Constant Current graph. Generally speak-
ing, high values of resting plate current provide reduced
level of intermodulation distortion products and somewhat
lower plate efficiency. Idling plate current is usually chos-
en so that anode dissipation under quiescent conditions is
about 50-70% of the maximum dissipation rating. In this
example, idling plate current is chosen to be 4.5 amperes.
From the graph, it is determined that a grid potential of
about —295 volts is required to produce the desired plate
current at the chosen screen and plate potentials. The
intersection of the —295 volt bias line and the 10 KV
plate line determines the idling point on the operating
line (point 1).

Copyright 1964 Eitel-McCullough, Inc.

Next, the peak value of plate current must be deter-
mined, and the minimum value of instantaneous plate
voltage chosen to pass this amount of current. Determina-
tion of these values will locate point (2) and will define
the operating line.

Class AB-1 service limits grid voltage excursions to
negative grid regions on the Constant Current graph.
Point (2) therefore may never be located above the zero
grid voltage line. In addition, the minimum instantaneous
plate voltage is usually not allowed to swing as low as
the d.c. screen potential, as screen dissipation tends to be-
come abnormally high. The location of point (2) thus has
certain restrictive limits defined by screen dissipation and
the maximum positive grid signal voltage. In this case for
the 4CW50,000C, minimum instantaneous plate voltage
is about 2 KV. Peak r.f. voltage is thus 10,000 — 2,000 =
8,000 volts.

Peak r.f. plate current in a class AB-1 amplifier usu-
ally runs about 2.5 to 3.0 times the average d.c. plate cur-
rent. In this case, a maximum peak plate current of about
2.9 times the maximum signal d.c. plate curren. of 11.0
amperes, or 32 amperes is chosen. This defines point (2)
which is at the intersection of the 2 KV minimum plate
voltage line and the 32 ampere Constant Current line.
This point falls within the limits defined in the previous
paragraph. A straight line is drawn between points (1)
and (2) which is the negative plate cycle portion of the
operating line.

DETAILED INSTRUCTIONS
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When the operating line is extended to the right of
point (1) it can be observed that the tube conducts over
the rest of the cycle where (by virtue of the “flywheel”
effect of the resonant tank circuit), the instantaneous
plate voltage swings as far above the normal d.c. value as
it swings below. It is important to note that operation

with less than cutoff bias requires that the Eimac Com-
puter employ points on the operating line falling to the
right of point (1). The operating line, accordingly, is ex-
tended and the Computer is employed in a two-part oper-
ation, as shown in the following example:

4CW50,000C COMPUTATIONS

D.C. Plate Voltage = 1.5 KV Power Input = 110 KW
D.C. Screen Voltage = 10 KV Max. D.C. Plate Current = 11 amp.
Zero-Signal Plate Current = 4.5 amp.
D.C. Grid Voltage = —295volts
Constant Current Graph and Operating Peak Plate Current = 32 amp.
Line determine: Peak RF Voltage = 8,000
Step One Step Two
Eimac Computer Readings Inverted Computer Readings
Instantaneous Peak Current (amps) Instantaneous Peak Current (amps)
Ordinate Crossing Plate Screen Ordinate Crossing Plate Screen
A 32 3 A’ 0.20 —
B 31 2 B’ 0.25 —
C 28 12 c' 0.30 -
D 22 0.25 D’ 0.50 —
E 15 0.07 E’ 0.80 —
F 9 — F 1.50 -
G 4.5 —
D.C. Plate Current = = Eg—'?.-p 31.25 4+ 28.3 + 22.5 + 15.8 + 10.5 + 43 = 10.75 amp.

Plate Power Input

Peak Fundamental RF Current
Power Output

Plate Dissipation

Efficiency
Resonant Load Impedance

D.C. Screen Current

10 KV x 10.75A = 107,500 watts

]‘—2 31.8 + 59.4 + 47.7 4+ 30.3 + 14.2 + 3.9] = 15.6 amp.

‘5—~6’2‘8—°°° — 62,500 watts

45,000 watts

782590, 100 = 58.2%

-?—g_oé—o- = 512 ohms

& [%+ 2 4+ 1.2 4+ 025 + 0.07:] — 417 ma.
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\ TUBE PERFORMANCE COMPUTOR

For RF Amplifiers (Class B, C, and Frequency Multipliers)

\ Use with constant current curves to obtain plate, grid, and screen current values; also output and
driving power.
DC Current (meter reading) 1/12 (0.5A+B+C+D+E+F) ;
Peak Fundamental RF 1/12 (A+1.93B+1.73C+1.41D+E+0.52F )
\ Peak 2nd Harmonic RF ( Approx.)*® 1/12 (A+1.78B+C—E—-1.73F)
D Peak 3rd Harmonic RF ( Approx.)*® 1/12 (A+1.41B—1.41D—2E—1.41F)
Output Power = % Peak RF plate current X Peak RF Plate Voltage
Driving Power = DC Grid Current X Peak RF Crid Voltage
\ °Use only for tetrodes or pentodes — Approximate Only.

INSTRUCTIONS

. Mark point of DC plate voltage and DC Grid Bias.
. Mark point of peaE plate current in low plate voltage
region. (This is about four times DC plate current. )

. Draw straight line between points selected in No. 1 &
No. 2. This is “Operating Line.”
Place computor on curve sheet with guide lines parallel
to “Operating Line.” Make OG line of computor go
through point of Step No. 1. Make OA line of computor
E go through point of Step No. 2.

5. Read current values where “Operating Line” crosses OA,

OB, OC, OD, OE, and OF.
6. Put values in formulas as A, B, C, D, E, & F.

For detailed instructions see Eimac Application Bulletin No. 5.

| GUIDE LINES
&

i G

Printed in U.S.A.
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is concerned. The minimum value of plate voltage is
usually in the region where the plate constant-current
curves bend upward. See Fig. 4. (In the case of the
triode this is near the “diode line,” the imaginary line
where the instantaneous grid and plate voltages are
equal.) The practical procedure in calculating tube per-
formance is to arbitrarily choose point No. 2, complete
the calculations, and compare the results.

In the case of the 4-65A let us choose a peak value
of plate current about four times the d-c plate current
of 130 ma, or 500 ma. Let us choose a minimum instan-
taneous plate voltage of 250 volts and thus fix the upper
end of the “Operating Line.” Next, locate this point on
the tube curves. This is point No. 2 on Fig. 4. (The plate
currents which flow at various combinations of plate and
grid voltages are shown by the plate-current lines. The
value of current for each line is noted. In-between values
can be estimated closely enough for our purposes.) Now
draw a straight line between points No. 1 and No. 2.
This line is the “Operating Line” and shows the current
and voltage values at each instant in the r-f cycle when
current is being taken from the tube. (The non-conduct-
ing half of the r-f cycle would be shown by extending
this line an equal distance on the opposite side of point
No. 1. However, there is little use in doing so, because
no current flows during this half of the cycle.)

The Eimac Tube Performance Computer can now
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be used to obtain the meter readings and power values
from this “Operating Line.” Place the computor on the
constant-current curve sheet so that the “guide lines” of
the computor are parallel with the operating line. Now
slide the computor without turning it until the line OG
passes through the d-c voltage point No. 1 and line OA
passes through the peak-current point No. 2. Make sure
the guide lines are still parallel to the “Operating Line.”

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

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

These current values should be listed for each point
where the lines OA, OB, etc. cross the operating line so
that they can be combined later to caculate the various
tube currents. At points where OF and OE cross, the
current values are usually zero for class-C operation.

Now in the example chosen, let us read off the instan-
taneous plate-current values where these lines cross the
“Operating Line.” At the point where the line OA
crosses the “Operating Line” the plate current is 500 ma.

EIMAC 4-65A
TYPICAL
CONSTANT CURRENT
CHARACTERISTICS i
SCREEN VOLTAGE — 250 VOLTS i

=== PLATE CURRENT AMPERES

.—.—SCREEN CURRENT AMPERES
100 ——— GRID CURRENT  AMPERES
0 50 — w0
- T ——
2 s .500
.-o-l E ~— .400
> 6 0 : .300
a < - = 9
2 5 .200
© 0
: > 100
v 2‘50 -050
S 0 :
Cn (]
o i
-100

PLATE VOLTAGE—VOLTS

’4— PEAK R-F PLATE VOLTAGE —>‘ Figure 4



Where OB crosses the operating line the plate current
is also 500 ma. At OC the plate current is about 450 ma,
OD 300 ma, OE 90 ma, OF and OG 0 ma. Similarily we
can see that the instantaneous screen current at the
crossing of OA and the “Operating Line” is 200 ma, and
the instantaneous grid current is almost 80 ma. Values
are read for the other crossings and written down. These
values are put in simple columns for calculating:

Simplified Instantaneous values of currents

Crossing name in

of line Formulas Plate  Screen Control grid
OA A 500 ma 200 ma 80 ma
OB B 500 155 70
ocC C 450 60 42
OD D 300 15 17
OE E 90 0 0
OF F 0 0 0

Now in order to obtain the d-c value of plate, screen,
and control-grid currents the formula (see computor)
says to add up the above values but use only one-half of
the A values (giving 250 ma for plate, 100 ma for screen,
and 40 ma for grid), and then divide by 12, as follows:

D-C meter reading = 1/12 (0.5 A+B+C+D+E+F)

Plate Screen Control grid
250 ma 100 ma 40 ma
500 155 70
450 60 42
300 15 17
90 0 0
0 0 0
Total 1590 ma 330 ma 169 ma

D-C current = 1/12 total = (approximately)
133 ma 28 ma 14 ma

Now, to caculate the r-f output power it is neces-
sary to use the formula for the peak r-f current which is
present in the tube plate current. Since we are using the
tube as a straight r-f power amplifier, we use the formula
for “Peak Fundamental R-F” as shown on the computor.
(If we were estimating the performance of a doubler or
tripler we would use the formula for “Peak 2nd Harmonic
R-F "or “Peak 3rd Harmonic R-F”.)

From the computor we see that the formula for the
peak fundamental r-f current is:

1/12 (A+1.93B+1.73C+1.41D+E+0.52F)
A= 500=500 ma

1.93B=1.93 x 500=965

1.73C=1.73 x 450=778

1.41D=1.41 x 300=423
E= 90= 90

Total =2756 ma

Peak fundamental current=1/12 total

=2756/12=230 ma

We now have the various current values. In order
to calculate the powers involved, it is necessary to know
not only the d-c voltage values but the greatest amount

4

each voltage swings away from the d-c value. This is
known as the peak value of the r-f voltage. Because the
plate voltage swings from 2000 volts down to 250 volts
the peak r-f plate voltage is the difference, or 1750 volts.
Similarly the grid voltage must rise and fall between the
operating points No. 1 and No. 2, or from —130 volts to
+90 volts. This is a peak swing of 220 volts and the
peak r-f grid voltage is 220 volts.

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

Output power = % peak r-f plate current x peak
r-f plate voltage.

We found the peak r-f plate current to be 230 ma
or .230 ampere, and the peak r-f plate voltage to be
1750 volts.

So; Output Power =% x 0.230 x 1750 =201 watts,
and Input Power =D-C Plate Current x D-C Plate Voltage
=0.133 x 2000=266 watts
Plate Dissipation =D-C Input Power — R-F Output Power
=266 — 201 = 65 watts
= R-F Output Power divided by
D-C Input Power
=201/266 = 75.5%
=D-C Grid Current x Peak R-F Grid Voltage
=0.014 x 220=3.1 watts

The power consumed by the bias source is simply
the product of the d-c grid current and the d-c grid
voltage, or 0.014 x 130 = 1.7 watts.

The difference between the driving power and the
power consumed by the bias source is the power dissi-
pated on the control grid, or 3.1 — 1.7 = 1.4 watts.

Efficiency

Driving Power

The power dissipated on the screen grid is simply
the product of the d-c screen current and the d-c screen
voltage because the screen grid has no impedance be-
tween it and the d-c screen supply. Thus it is 0.028 x
250 = 7.0 watts.

The performance of the tube can now be sum-
marized:

D-C Plate Voltage 2000 volts| Driving Power 3.1 watts
D-C Screen Voltage 250 volts | Grid Dissipation 1.4 watts
D-C Grid Voltage —130 volts| Screen Dissipation 7.0 watts
D-C Plate Current 133 ma | piate Input Power 266 watts
II')(;gkl\lcll:t;?n(;Sil(ll"ent 28 ma Plate Output Power 201 watts

Voltage 220 volts Plate Dissipation 65 watts
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driving power.

DC Current (meter reading)

Peak Fundamental RF

Peak 2nd Harmonic RF (Approx.)*®
Peak 3rd Harmonic RF (Approx.)®

1/12 (0.5A+B+C+D+E+F)

1/12 (A+1.93B+1.73C+1.41D+E+0.52F )
1/12 (A+1.73B+C—E—-1.73F)

1/12 (A+1.41B—1.41D—-2E—-1.41F)

Output Power = % Peak RF plate current X Peak RF Plate Voltage
Driving Power = DC Grid Current X Peak RF Grid Voltage

®Use only for tetrodes or pentodes — Approximate Only.

r A

INSTRUCTIONS

. Mark point of DC plate voltage and DC Grid Bias.

. Mark point of peak plate current in low plate voltage

region. ( This is about four times DC plate current. )

. Draw straight line between points selected in No. 1 &
No. 2. This is “Operating Line.”

. Place computor on curve sheet with guide lines parallel
to “Operating Line.” Make OG line of computor go
through point of Step No. 1. Make OA line of computor

E go through point of Step No. 2.

5. Read current values where “Operating Line” crosses OA,
OB, OC, OD, OE, and OF.
6. Put values in formulas as A, B, C, D, E, & F.
or detailed instructions see Eimac Application Bulletin No. 5.
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CLASS C AMPLIFIER CALCULATIONS WITH THE AID OF CONSTANT CURRENT CHARACTERISTICS

In calculating and predicting the operation of a
vacuum tube as a class-C radio frequency amplifier,
the considerations which determine the operating
conditions are plate efficiency, power output re-
quired, maximum allowable grid and plate dissipa-
tion, maximum allowable plate voltage and maxi-
mum allowable plate current. The values chosen
for these factors will depend both on the demands
of a particular application and the tube selected to
do the job.

The plate and grid currents of a class-C amplifier
are periodic pulses, the durations of which are al-
ways less than 180 degrees. For this reason the
average plate and grid currents, power output,
driving power, etc., cannot be directly calculated
but must be determined by a Fourier analysis from
points selected along the line of operation as plotted
on the constant-current characteristics. This may
be done either analytically or graphically. While
the Fourier analysis has the advantage of accuracy,
it also has the disadvantage of being tedious and
involved.

An approximate analysis which has proven to be
sufficiently accurate for most purposes is presented
in the following material. This system has the ad-
vantage of giving the desired information at the
first trial. The system, which is an adaption of a
method developed by Wagener', is direct because
the important factors, power output, plate efficien-
cy and plate voltage may be arbitrarily selected at
the beginning.

In the material which follows, the following set
of symbols will be used. These symbols are illus-
trated graphically in Figure 1.

Symbols

P: =Plate power input

P, =Plate power output

P, =Plate dissipation

n =Plate efficiency expressed as a decimal

Eww=D-c plate supply voltage

E,m =Peak fundamental plate voltage

ebmin = Minimum instantaneous plate votage

I, =Average plate current

I,m =Peak fundamental plate current

ibmsx =—Maximum instantaneous plate current

8, =0One-half angle of plate current flow

E.. =D-c grid bias voltage (a negative quantity)
} E.: =D-c screen voltage

1 W. G. Wagener ''Simplified Methods for Computing Performance of
Transmitting Tubes,' Proc. L.R.E., Vol. 25, p. 47, (Jan. 1937).

(Reprinted from the Eimac News Industrial Edition, March 1945)
Indicates Revision |1-10-49

E¢m =Peak fundamental grid excitation voltage
e.mp = Maximum positive instantaneous grid voltage
I. =Average grid current
icmsx =Maximum instantaneous grid current
Ps =Grid driving power (including both grid and
bias losses)
P; =Grid dissipation
’ m = Amplification factor of triode
w1z =Grid-screen amplification factor of tetrode

Method

The first step in the use of the system to be de-
scribed is to determine the power which must be
delivered by the class-C amplifier. In making this
determination it is well to remember that ordinar-
ily from 5 to 10 per cent of the power delivered by
the amplifier tube or tubes will be lost in well-de-
signed tank and coupling circuits at frequencies be-
low 20 Mc. Above 20 Mc. the tank and coupling
circuit losses are ordinarily somewhat above 10
per cent.

The plate power input necessary to produce the

required output is determined by the plate effici-
ency:

For most applications it is desirable to operate
at the highest possible efficiency. High-efficiency
operation usually requires less expensive tubes and
power supplies, and the amount of artificial cooling
needed is frequently less than for low-efficiency
operation. On the other hand, high-efficiency opera-
tion often requires more driving power and higher

’operating plate voltages. Eimac triodes and tet-

rodes will operate satisfactorily at 80 per cent effi-
ciency at the highest recommended plate voltages
and at 75 per cent efficiency at medium plate volt-
ages.

The first determining factor in selecting a tube
or tubes for any particular application is the maxi-
mum allowable plate dissipation. The total plate
dissipation rating for the number of tubes used
must be equal to or greater than that calculated
from

P,=P—P,

After selecting a tube or tubes to meet the power
output and plate dissipation requirements it be-
comes necessary to determine from the tube char-
acteristics whether the tube selected is capable of
the required operation and, if so, to determine the
driving power, grid bias and grid current.

A SERVICE OF THE FIELD ENGINEERING DEPARTMENT OF EITEL-McCULLOUGH. INC.

COPYRIGHT 1948, EITEL-McCULLOUGH, INc.
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The complete procedure necessary to determine the
class-C-amplifier operating conditions is as follows?:

1. Select plate voltage, power output and efficiency.

2. Determine plate input from

Pt
n

3. Determine plate dissipation from
P,=P,—P,

Pp must not exceed maximum rated plate dissipation for tube or tubes
selected.

4. Determine average plate current from

Py
Evo

I, must not exceed maximum rated plate current for tube selected.

=

5. Determine approximate inmax from

ibmax=4.5 I» for n=0.80
ibmax=4.0 I, for n=0.75
ibmax=3.5 Iv for n=0.70

6. Locate the point on constant-current characteristics
where the constant plate current line corresponding to
the approximate i»max determined in step 5 crosses the
line of equal plate and grid voltages (‘‘diode line’")

' in the case of triodes; or in the case of tetrodes where
the plate current line turns rapidly upward.

Read evmin at this point.?

7. Calculate Eym from

Epm =Euvb—e€buin

I m
8. Calculate the ratio ——from

Iv
Lu _ 20 Ew
L, — Epm
Ipnl

9. From the ratio of calculated in step 8 determine the
b

ratio lomax trom Chart 1.
b

I
10. Calculate a new value for ibmax from ratio found in step 9.

ibmax = (ratio from step 9) In

11. Read ecmp and icmax from constant current characteristics
for values of ebmin and ibmax determined in steps 6 and 10.

12. Calculate the cosine of one-half the angle of plate
current flow from

Cos 6,=2.3 (I"—m —1.57 )
I,

13. Calculate the grid bias voltage from

_ 1 Epm Ey ;
E.= 1 — Cos 6, [Cos 6, (—u——ecmp) " ], for triodes;

1 E.
' or Ec..= i—_——m [_‘ €cmp Cos 6,— 'u,l: ] ’ for tetrodes.

14. Calculate the peak fundamental grid excitation voltage
from

Egm=ecmp_Ecc

E¢m

£ for values of E.. and Egm found

15. Calculate the ratio

in steps 13 and 14.

2 In the case of push-pull or parallel amplifier tubes the analysis should be
carried out on the basis of a single tube, dividing P,, P  and Pp by the
number of tubes before starting the analysis and multiplying Iy, I, and P,
by the same factor after completing the analysis.

} Indicates Revision |1-10-49

16. Read ratio —2** from Chart 2 for ratio Eem

L E.. found in
step 15.
17. Calculate average grid current from ratio found in step -
16 and value of icmsx found in step 11. 5
I — icmnx
‘" ratio from step 16
18. Calculate approximate grid driving power from
Ps=0.9 Egml. 3
19. Determine grid dissipation from
Pg = Pd +Echc
P, must not exceed the maximum rated grid dissipation for the tube
selected.
Example
A typical application of this procedure is shown in the
example below.
1. Desired power output............. 1250 watts
Desired plate voltage.............. 4000 volts
Desired plate efficiency.......... 75 per cent (n=0.75)
1250
2. P= W— =1670 watts
3. P,=1670—1250=420 watts
Try type 450TL; Max. P,=450W; . =18
1670
4, L= 71666_=0‘417 ampere
(Max. I, for 450TL=0.600 ampere)
5. Approximate ibmax=4.0X0.417=1.67 ampere
p——
6. evmin= 315 volts (see figure 2)
T E,m=4000 — 315 = 3685 volts
Lim 2x0.75 4000
8. L = 3685 =1.63
9. - _3.45 (from Chart 1)
b
10. ibmax=23.45 X 0.417=1.44 amperes
11. ecmp=280 volts
icmax=0.330 amperes
(see figure 3)
12, Cos 6,=2.32 (1.63 — 1.57)=0.139
1 [ 3685 280 ) 4000]
13. Ece= 10139 0.139 18 — 18
= — 270 volts
14. E¢m=280 — ( — 270) =550 volts
Egm 550
15 E.. = —270 — 204 =
16. ‘(‘mll
LI_—-=5.69 (from Chart 2)
0.330
17. To= 569 = 0.058 amperes
18. P:=0.9 x 550 x 0.058 =28.7 watts
19. P,=28.7 + (— 270x0.058) =13.0 watts .

(Max P, for 450TL=65 watts)®

3 In a few cases the lines of constant plate current will inflect sharply
upward before reaching the diode line. In these cases ey, should not
be read at the diode line but at the point where the plate current line
intersects a line drawn from the origin through these points of inflection.
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4 |f this calculation gives Cos 6, as zero or a negative quantity class-B
operation is indicated and new operating conditions should be chosen

on a basis

of higher efficiency (less plate dissipation, more power output

or less power input).

5 The calculated driving power is that actually used in supplying the grid

and bias losses. Suitable allowance in driver design must be made to
allow for losses in the coupling circuits between the driver plate and
the amplifier grid.

6 ''Vacuum Tube Ratings'' Eimac News, Industrial Edition, Jan. 1945.
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DETAILED INSTRUCTIONS

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

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

These estimates can be made easily by using the
Eimac Tube Performance Computor and the char-
acteristic curves of a tube, plotted on plate volt-
age /grid voltage curves (constant current curves).
Only the ability to multiply out figures taken from
the curves by means of the computor is required.

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

Simple Action in
Class C RF Amplifiers

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

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

TIME—=

DC GRID
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BIAS
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AT ANY INSTANT

NEGATIVE
VOLTAGE

Figure 1

variations have been indicated next to the plate
voltage and grid voltage scales of a typical constant
current curve. At some instant of time, shown as
“t” on the time scales, the grid voltage has a value
which is the point marked “eg” on the grid voltage
sine wave. At this same instant of time the plate
voltage has a value which is the point “ep” marked
on the plate voltage sine wave. If now one finds
the point on the tube curve sheet corresponding to
these values (where a line drawn from ‘“‘eg” and a
line drawn from ‘“‘ep” cross) he will be at point A
in Fig. 2. As the values of grid voltage “eg” and
plate voltage “‘ep” vary over the RF cycle, the point
A moves up and down a line, which in the case of
the normal RF power amplifier is a straight line.
This line is called the “Operating Line.”
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Any poinl on the operating line (when drawn
on a curve sheet as in Fig. 2 or Fig. 4) tells the in-
stantaneous values of plate current, screen current,
and grid current which must flow when those par-
ticular values of grid and plate voltage are applied
to the tube. Thus by reading off the values of the
currents and plotting them against the time, t, one
can obtain a curve of instantaneous values of plate

and grid current. See Fig. 3.

Figure 3
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If we analyze the plate and grid current values
shown, we can predict that they will cause a DC
ammeter to show a particular reading. This is
called the DC component of the current. Also, we
can predict that if the plate current flows through
a properly loaded resonant RF circuit a certain
amount of radio frequency power will be delivered
to that circuit. If the circuit is tuned to the fun-
damental frequency (same frequency as the RF
grid voltage) the power delivered will be due to
the fundamental (or principle radio frequency)
component of plate current. If the circuit is tuned
to a harmonic of the grid voltage frequency (for
instance, two, or three times the frequency) the
power delivered will be due to a harmonic compo-
nent of the plate current.

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

Use of the Eimac Tube Performance Computor

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

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

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

The fundamental methods of making such com-
putations, and the considerations necessary to stay
within ratings of the tube types, and accomplish
various forms of modulation have been covered in
the literature.zz<ss7 The method for the case
of harmonic amplifier service is approximate and
should be used only for tetrode and pentode tubes,
where the plate voltage has little effect on the
amount of plate current flowing. A more exact
method, showing that for harmonic operation the
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operating line is a simple Lissajou figure, has been
described by Brown.e

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

Example Showing Detailed Use of the
Eimac Tube Performance Computor

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

Let us say we have an Eimac 4-65A tetrode and
want to make it work effectively, Also let us say
we have a 2000 volt DC plate power supply avail-
able.

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

The 4-65A tetrode has a maximum rated plate
dissipation of 65 watts, so, to illustrate perform-
ance near the maximum rating, we’ll choose an in-
put power four times the plate dissipation, or 260
watls per tube. At 2000 volts the plate current
per tube must then be 130 ma. It is usual practice,
in the case of tetrodes and the medium or low mu
triodes in class-C amplifier service for the DC
grid bias voltage to be roughly two or three times
the grid voltage necessary to cut off the flow of
plate current. By referring to the curves of the
4-65A we decide to use a DC grid bias voltage
0f—120 volts.

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

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



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

In the case of the 4-65A let us choose a peak
value of plate current about four times the DC
plate current of 130 ma, or 500 ma. Let us choose
a minimum instantaneous plate voltage of 250 volts
and thus fix the upper end of the “Operating
Line.” Next, locate this point on the tube curves.
This is point No. 2 on Fig. 4. (The plate currents
which flow at various combinations of plate and
grid voltages are shown by the plate current lines.
The value of current for each line is noted. In-
between values can be estimated closely enough
for our purposes.) Now draw a straight line be-
tween points No. 1 and No. 2. This line is the
“Operating Line” and shows the current and volt-
age values for each part of the RF cycle when
current is being taken from the tube. (The non-
conducting half of the RF cycle would be shown
by extending this line an equal distance on the
opposite side of point No. 1. However, there is
little use in so doing because no current flows
during this half of the cycle.)

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

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

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

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

At each of these points, where the instantaneous
current values are to be determined, a mark should
be made on the constant current curve sheet of the
tube. By noting where this mark lies with respect
to the plate current curves, one can estimate the
value of plate current flowing at this part of the
cycle. Next, the location of this mark with respect
to the control grid curves is noted and a value of
grid current is estimated. Finally, by referring the
mark to the screen grid curves, if the tube is a tet-
rode or pentode, a value of screen current is noted.
These current values should be listed for each
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point where the lines OA, OB, etc., cross the oper-
ating line so that they can be combined later to
calculate the various tube currents. At points
where OF and OE cross, the current values are
oiten zero.

Now in the example chosen, let us read off the
instantaneous plate current values where these
lines cross the “Operating Line.” At the point
where the line OA crosses the “Operating Line” the
plate current is 500 ma. Where OB crosses the
operating line the plate current can be estimated
as 510 ma since the point is about 1 /10 of the way
from the 500 ma line to the 600 ma line. At OC
the plate current is 460 ma, OD 290 ma, OE 75 ma,
OF and OG 0 ma. Similarly we can estimate the
instantaneous screen current at the crossing of OA
and the “Operating Line” as 165 ma, and the in-
stantaneous grid current at 60 ma. Values are read
for the other crossings and written down. These
values are put in simple columns for calculating:

Crossing of Sﬁ“;g}éﬁiﬁd Instantaneous Values of Currents
line Formulas Plate Screen Control Grid
OA A 500 Ma 165 Ma 60 Ma
OB B 510 100 50
0oC C 460 25 30
oD D 290 5 14
OE E 80 0 0
OF F 0 0 0

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

DC Meter Reading =1/12 (0.5 A4+B+C+D+E+F)

Plate Screen Control Grid
250 Ma ” 82 Ma 30 Ma
510 100 50
460 25 30
290 5 14
___ 8 - -
Total 1590 Ma 212 Ma 124 Ma

DC Current=1/12 Total =
132 Ma 18 Ma 10 Ma

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

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

1/12 (A+1.93 B+1.73 C+1.41 D4+E+40.52 F)
A= 500=500 Ma
1.93 B=1.93x 510 =985
1.73 C=1.73x 460 =796
1.41 D=1.41x 290 =409
E= 80=380
Total =2770 Ma

Peak fundamental current =1/12 Total
= 2770/12 = 230 Ma

We now have the various current values. In
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order to calculate the powers involved it is neces-
sary to know, not only the DC voltage values, but
the greatest amount each voltage swings away from
the DC value. This is known as the peak value of
the RF voltage. Because the plate voltage swings
from 2000 volts down to 250 volts the peak RF
voltage is the difference, or 1750 volts. Similarly
the grid voltage must rise and fall between the
operating points No. 1 and No. 2, or from-125
volts to +95 volts. This is a peak swing of 220
volts and the peak RF grid voltage is 220 volts.

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

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

We found the peak RF plate current to be 230
ma or .230 amperes, and the peak RF plate voltage
to be 1750 volts.

So; Output Power =% x .230 x 1750 = 201 watts,
and Input Power =DC Plate Current x DC Plate Voltage

=.132 x 2000 =264 watts
Plate Dissipation =DC Input Power—RF Output Power
=264 — 201 =63 watts

=RF Output Power divided by
DC Input Power
=201/264 =76%
Driving Power =DC Grid Currentx Peak RF Grid Voltage
So the Driving Power =.010 x 220 =2.2 watts

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

The difference between the driving power and the
power consumed by the bias source is the power
dissipated on the control grid, or 22—-1.2 = 1.0
watts.

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

The performance of the tube can now be sum-
marized:

DC Plate Voltage 2000 Volts | Driving Power 2.2 Watts
DC Screen Voltage 250 Volts | Grid Dissipation 1.0 Watts
DC Grid Voltage —120 Volts | Screen Dissipation 4.5 Watts
DC Plate Current 132 Ma Plate Power Input 264 Watts
DC Screen Current 18 Ma Plate Power Output 201 Watts

Efficiency

DC Grid Current 10 Ma | Plate Dissipation 63 Watts
Peak RF Grid
Voltage 220 Volts
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Southern Electronics Corp.
309 South 10th Street

(205) 745-5298

ALASKA

Anchorage
Yukon Radio Supply
Box 406
272-7964

Juneau
Alaska Radio Supply
307 Seward Street, Box 2538
586-3333

ARIZONA
Phoenix
Midland Specialty Co., Inc.
1930 N. 22nd Street
(602) 258-6476
Radio Parts of Arizona
214 South 11th Avenue
(602) 258-6476

Tucson

Inland Electronic Supply Co. Inc.

715 East Broadway, Box 4010
(602) 792-3070
Yuma
Yuma Electronics Supply
149 Main Street
(602) 782-3866

ARKANSAS
El Dorado

Industrial Electronic Supply, Inc.

413 West Main Street

(501) 862-4901
Fort Smith

Wise Radio & TV Supply, Inc.
1001 Towson Avenue

(501) 783-8925

Little Rock
Carlton-Bates Company
1210 East Sixth Street
(501) 375-5375
David White Radio Supply Co.
1222 Main Street
(501) 376-1391
Texarkana
Lavender Distributing Corp.
520 E. Fourth Street
773-4631

CALIFORNIA
Burlingame
Amrad Electronics
999 Howard Avenue
(415) 342-5757
Chico
Dunlap Electronics
824 Cherry Street
(916) 342-8313
Culver City
JSH Electronics
8549 Higuera Street
(213) 870-4616
837-0177
Fresno
Dunlap Electronics
1740 E. McKinley
(209) 268-6111
Glendale
R. V. Weatherford Co.
6921 San Fernando Road
(213) 849-3451
Lancaster
Manley’s Electronic Supply
45003 North Yucca Avenue
(805) 948-1687
Los Angeles
Federated Purchasers, Inc.
11820 West Olympic Blvd.
(213) 272-8771
Henry Radio
11240 West Olympic Boulevard
(213) 477-6701
272-0861
Radio Product Sales Co.
1501 So. Hill Street
(213) 748-1279
Marysville
Dunlap Electronics
1012 Sixth Street 95901
(916) 742-7126
Mountain View
Alcom Electronics
2025 Middlefield Road
(415) 968-7388
Brill Electronics
855 Terra Bella Avenue
(415) 961-1500
Oackland
Brill Electronics
610 East 10th Street
(415) 834-5888
Elmar Electronics, Inc.
140 — 11th Street
(415) 834-3311
Palo Alto
Zack Electronics
654 High Street
(415) 326-5432
Pomona
R. V. Weatherford Co.
1095 E. 3rd Street
(714) 623-1261
Redding
Dunlap Electronics
3082 Bechelli Lane
243-6513

Riverside
Electronic Supply, Inc.
2486 Third Street
(714) 683-8110
Sacramento
Dunlap Electronics
1800 — 18th Street
(916) 444-8070
San Bernardino
Electronic Supply
323 West 7th Street
(714) 884-4791
San Diego
Milo of California, Inc.
(Formerly Electronic Components
of San Diego)
2060 India Street
(714) 232-2951
Western Radio & Television Supply Co.
1415 India Street
(714) 239-0361
San Francisco
Fortune Electronics
2280 Palou Avenue
(415) 826-8811
Zack Electronics
1444 Market Street
(415) 621-1444
San Jose
Peninsula Electronic Supply
980 S. First Street
(408) 294-8781
Weatherbie Industrial Electronics, Inc.
1280 N. Fourth Street
(408) 297-9550
Stockton
Dunlap Electronics
27 S. Grant Street
P.0. Box 1970 95201
(209) 446-3373
Temple City
Broadcast Engineering & Equipment
Maintenance Co.
9405 Blackley Street
(213) 287-1325
Walnut Creek
Dunlap Electronics
2089 North Broadway, Box 96
(415) 935-8330

COLORADO

Colorado Springs
D & M Electronics
717 North Weber, Box 1777
(303) 633-4668

Denver
Electronic Parts Co.
1277 Broadway
(303) 266-3755

Kierulff Electronics
1200 Stout Street
(303) 825-7033

L. B. Walker Radio Company
300 Bryant Street
(303) 935-2401
Newark-Denver Elect. Supply Corp.
2170 South Grape Street, Box 22045
(303) 757-3351

Grand Junction
Radio & Electronic Supply Co.
640 White Avenue, Box 566
(303) 243-3346

Pueblo
L. B. Walker Radio Company
100 No. Victoria
(303) 542-1924

CONNECTICUT

Hamden
Cramer Electronics Inc.
60 Connolly Parkway
(203) 272-6339
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CONNECTICUT (Continued)
New Haven
Radio Shack, Industrial Div.
92 York Street
(203) 777-7941
Waterbury
Bond Radio Electronics
439 W. Main Street
(203) 753-1184

DISTRICT OF COLUMBIA
Washington
Capitol Radio Wholesalers, Inc.
2120-22 — 14th Street, N. W.
(202) 232-6000
Electronic Wholesalers, Inc.
2345 Sherman Avenue, N. W.
(202) 483-5200

FLORIDA

Ellenton
Slep Electronics Co.
P. O. Box 178, Highway 301
(813) 722-1843

Jacksonville
Southeast Electronics, Inc.
1125 Rosselle Street, Box 2517
(305) 356-3007

Miami
Amateur Radic Center, Inc.
2805 N. E. 2nd Avenue
(305) 374-4101
East Coast Electronics, Inc.
1900 N. W. Miami Court
(305) 371-4635
Electronic Equipment Co. Inc.
2701 N. W. 42nd Avenue
(305) 635-0421
Electronic Wholesalers, Inc.
9390 N. W. 27th Avenue
(305) 696-1620

Orlando
Hammond Electronics Inc.
911 West Central Blvd.
(305) 241-6601
Electronic Wholesalers, Inc.
345 Graham Avenve
(305) 841-1550

Panama City

Central Electronic Supply
318 Luverne Avenue

(305) 785-4821

Tallahassee
Tallahassee Sales

317 West Gaines Street, Box 2585
(305) 224-3368

Tampa

Thurow Electronics Inc.

121 South Water Street

(813) 229-1885

West Palm Beach

Goddard, Inc.

1000 North Dixie Highway
(305) 833-5701

GEORGIA
Atlanta
Jackson Electronic Supply Co.

1135 Chattahoochee Avenue, N. W.

(404) 355-2223

Specialty Distributing Co., Inc.
763 Juniper Street, N. E.

(404) 873-2521

HAWAII

Honoluly
Honolulu Electronics
819 Keeamuokuy Street
999564
Industrial Electronics Inc.
646 Queen St.
506-095
Pacific Electronics
1336 Dillingham Blvd.
817-118, 816-865
Precision Radio Ltd.
1160 South King Street
575291

Radio Television Corp. Ltd.
432 Keawe Street
502901

IDAHO

Twin Falls
United Electronics Wholesale
217 - 2nd Avenue North
(208) 733-7324

ILLINOIS

Chicago
Allied Radio Corp.
100 North Western Avenue
(312) 421-6800
Newark Electronics Corp.
223 West Madison Street
(312) 782-2944

Franklin Park
Richardson Electronics, Ltd.
9001 Exchange Place
(312) 678-2923

Peoria
Klaus Radio & Electric Co.
403 East Lake Street
(309) 688-3401

INDIANA
Evansville
Ohio Valley Sound
20 E. Sycamore
(812) 425-6173
Indianapolis
Graham Electronics Supply Co.
122 South Senate
(317) 634-8486

IOWA
Cedar Rapids
Deeco, Inc.
618 First Street, N. W.
(319) 365-7551
Council Bluffs
World Radio Laboratories
3415 West Broadway
(712) 342-4720
Davenport
TCR Distributors
1205 East River Drive, Box 29
(319) 323-8051
Des Moines
Radio Trade Supply Company
1224 Grand Avenue
(515) 288-7237
Mason City
Waters Electronic Supply
516 S. Delaware
(515) 423-5889

KANSAS

Wichita
Radio Supply Company, Inc.
115 Laura
(316) 267-5214

KENTUCKY

Louisville

P.l. Burks & Company, Inc.

659 South Ninth Street

(502) 583-2871

Owenshoro

Ohio Valley Sound

600 W. Third Street

(502) 683-6727

Lexington

Radio Electronic Equipment Co.

480 Skain Avenue
(606) 254-5550

LOUISIANA

Alexandria
Central Radio Supply
601 N. Third Street
(318) 443-4517

Lafayette
Ralph’s of Lafayette, Inc.
3004 Cameron, Box R
(318) 234-4507

Lake Charles

Wholesale Radio Equipment, Inc.

1722 Common Street, Box NN
(318) 439-9017
New Orleans
Radio Parts, Inc.
1112 Magazine Street
(504) 522-0217
Southern Radio Supply Company
1909 Tulane Avenue
(504) 524-2345
Shreveport

Industrial Electronic Supply, Inc.

2422 Southern Avenue

(318) 422-9459

Interstate Electric Company
1419 Culpepper Street

(318) 423-6131

Koelemay Sales Company
2530 Linwood Avenue
423-4256

MARYLAND

Baltimore

Kann-Ellert Electronics, Inc.
2050 Rockrose Avenue

(301) 889-4242

Valley Electronic, Inc.

8809 Satyr Hill Road

(301) 668-4900

MASSACHUSETTS

Boston
DeMambro Electronics
1095 Commonwealth Ave.
(617) 783-1200
Radio Shack Corp.
730 Commonwealth Avenue
(617) 734-6811
Newton
Cramer Electronics, Inc.
320 Needham Street
(617) 969-7700
Springfield

Soundco Electronic Supply Co., Inc.

147 Dwight Street
(413) 739-3947
Reading

Graham Radio, Inc.
505 Main Street
(617) 944-4000

MICHIGAN

Detroit

Newark-Detroit Electronics, Inc.
20700 Hubbell

(313) 548-0250

Radio Specialty Company

12775 Lyndon Avenue

(313) 272-4212

Flint

Shand Electronics, Inc.

2401 South Dort Highway

(313) 238-0477
Kalamazoo

Electronic Supply Corp.

429 E. Kalamazoo Ave., Box 831
(616) 381-4623

MINNESOTA

Duluth
Northwest Radio
123 East First Street
(218) 727-1565
Minneapolis
Electronic Center
107 Third Avenue North
(612) 338-8678
Lew Bonn Company
1211 La Salle Avenue
(612) 339-9461
St. Paul
Stark Electronic Supply
154 University Avenue
(612) 222-4781

MISSISSIPPI

Hattiesburg
Swan Electronics, Inc.
506 Bouie Street, Box 766
(601) 584-5494

o
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Jackson

A‘ Swan Electronics, Inc.
342 N. Gallatin Street, Box 3289
(601) 352-5516

Mississippi Valley Elect. Supplies, Inc.

166-1/2 E. Porter
(601) 948-5454

MISSOURI
Butler
Henry Radio Company
211 North Main Street
(816) 679-3127
Joplin
Four State Radio Supply Company
402 Wall Street
(417) 624-0368
Kansas City
Burstein-Applebee Company
1012-14 McGee Street
(816) 221-1155
Walters Radio Supply Company
3635 Main Street
(816) 531-7015
St. Louis
Interstate Industrial Elect. Inc.
2218 South Jefferson Avenue
(314) 773-4990
Van Sickle Radio Electronics Inc.
1113 Pine Street
(314) 241-2700
Walter Ashe Radio Company
1125 Pine Street
(314) 241-1125
University City
Olive Industrial Electronics, Inc.
6662 Olive Street Road
(314) 863-4051

MONTANA
™ Billings
Electronic Supply Company
250 - 11th Street West
(406) 252-2197
Interstate Distributing Company
2112 — 4th Avenue N.
P. O. Box 2523
(406) 245-5141

NEBRASKA
Lincoln
Scott Electronic Supply Corp.
2201-2207 ** Q" Street
(402) 432-6558
Omaha
Radio Equipment Company
625 North 18th Street
(402) 341-7709
Scottsbluff
Joachim Radio Supply Co.
1913 Broadway, Box 67
(308) 632-2181

NEVADA

Las Vegas
Electronic Supply Co.
1112 South 2nd Street
(702) 384-5666

Reno
Dunlap Electronics
555 Eureka
P.0O. Box 2471
(720) 329-1308
Electronic Distributing Co. EDCO
720 Tahoe Street, Box 2918
(720) 323-2766

NEW HAMPSHIRE
ﬁ Concord
Evans Radio, Inc.
P. 0. Box 312
(603) 225-3358

NEW JERSEY

Camden
General Radio Supply Co., Inc.
600 Penn Street
(609) 964-8560

Springfield

Federated Purchasers, Inc.
155 U. S. Route 22

(201) 376-8900

NEW MEXICO
Alamagordo
Kierulff Electronics Co., Inc.
209 Pennsylvania Avenue
(505) 437-0370
Albuquerque
Electronic Parts Co., Inc.
222 Truman Street, N. E.
(505) 265-8401
Midland Specialty Company
1712 Lomas Blvd., N. E.
(505) 247-2486
Los Alamos
Valley Engineering, Inc.
601 Cedar
2-3310
Roswell
R & R Electronic Supply Co.
605 East 2nd Street
(505) 622-0670

NEW YORK

Albany

Ft. Orange Radio Dist. Co., Inc.
904-916 Broadway

(518) 436-8411

Buffalo

Radio Equipment Corp.

147 Genesee Street

(716) 856-1415

Farmingdale, L. 1.

Arrow Electronics, Inc.

900 Broad Hollow Rd. (Rt. 110)
(516) 694-6800

Lynbrook, L.I.

Peerless Radio Dist., Inc.
19 Wilbur Street

(516) 593-2121

Jamaica, L.I.

Mars Aircraft Radio Supply Corp.
Hangar No. 1

J. F. Kennedy Int'l. Airport
(212) 656-5656

New York City

Barry Electronics Corp.

512 Broadway

(212) 925-7000

Calvert Electronics, Inc.
220 East 23rd Street

(212) 679-1340

Electronic Tube Sales

161 Washington Street

(212) 227-4141

Harrison Radio Corp.

225 Greenwich Street

(212) 227-7777

Harvey Radio Corp., Inc.
103 West 43rd Street

(212) 582-1500

Metropolitan Supply Co.
Division Metropolitan Overseas

Supply Corporation

443 Park Avenue South
(212) 686-2834

Midway Radio & Television Corp.
58 W. 45th Street

(212) 687-5053

Milgray Electronics, Inc.
160 Varick Street

(212) 989-1600

Milo Electronics Corp.

530 Canal Street

(212) 233-2980

State Labs., Inc.

215 Park Avenue, South
(212) 677-8400

Terminal-Hudson Electronics, Inc.

236 W. 17th Street

(212) 243-5200

Visual Electronics Corp.
356 West 40th Street

(212) 736-5840
Rochester

Rochester Radio Supply Inc.
140 West Main Street

(716) 562-9900

NORTH CAROLINA
Asheville
Freck Radio & Supply, Inc.
38 Biltmore Avenue
(704) 254-9551
Fayetteville
Eastern Radio Supply Inc.
952 Bragg Boulevard
High Point
Womack Electronics
130 Lindsay Street
(919) 882-4177
Raleigh
Southeastern Radio Supply Co. Inc.
414 Hillsboro Street
(919) 828-2311
Winston-Salem
Electronic Wholesalers, Inc.
938 Burke Street
(919) 725-8711

NORTH DAKOTA

Fargo
Bristol Distributing Co.
1345 Main Street, Box 1818
(701) 232-7394

Minot
John Iverson Company
216 South Broadway
(701) 838-5466

OHIO

Akron
The Sun Radio Company
110 East Market Street
(216) 434-2171

Cincinnati

Hughes-Peters, Inc.
1128 Sycamore Street
(513) 381-7625

Cleveland
Pioneer-Standard Electronics, Inc.
5403 Prospect Avenue
(216) 432-0010
Radio & Electronic Parts Corp.
3235 Prospect Avenue
(216) 881-6060

Columbus
Hughes-Peters, Inc.

481 East 11th Avenue
(614) 294-5351

Dayton
Pioneer-Standard Electronic

Supply Co.

314 Leo Street
(513) 224-0871
Stotts-Friedman Company
108-112 N. Jefferson Street
(513) 224-1111

Toledo
Warren Radio Company
1002 Adams Street
(419) 248-3364

Youngstown
Ross Radio Co.
325 West Federal Street
(216) 746-8881

OKLAHOMA

Oklahoma City
Radio Supply, Inc.
724 North Hudson Street
(405) 232-6128

Tulsa
Radio, Inc.
1000 South Main Street
(918) 587-9124
S & S Radio Supply
537 South Kenosha
(918) 582-8242

OREGON
Medford
Verl G. Walker Company
205 West Jackson Street, Box 1586
(503) 773-7557
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OREGON (Continued)

Portland

Lou Johnson Co., Inc.
2720 N. W. 29th

(503) 222-9551

United Radio Supply Inc.
22 N. W. 9th Avenue
(503) 226-6334

PENNSYLVANIA
Altoona
Allegheny Electronics, Inc.
1720 Union Avenue
(814) 944-0828
Philadelphia
Almo Industrial Electronics, Inc.
412 North 6th Street
(215) 922-5918
JOA Cartridge Service
P. O. Box 3087, Wadsworth Station
(215) 886-7993
Philadelphia Electronics, Inc.
1225-27-29 Vine Street
(215) 568-7444
Pittsburgh
Cameradic Company
1121 Penn Avenue
(412) 391-4000
Radio Parts Co., Inc.
6401 Penn Avenue
(412) 361-6400
Reading
George D. Barbey Company
333 North 4th Street
(215) 376-6116
Scranton
Fred P. Pursell
1221-37 N. Washington Avenue
(717) 346-2011
State College
Alvo Electronics Distributors, Inc.
103 South Pugh Street
(814) 238-6277

SOUTH CAROLINA
Charleston
Wholesale Radio Supply Company
515 East Bay Street
(803) 722-2634
Columbia
Dixie Radio Supply Company
1900 Barnwell Street
(803) 253-5333
Greenville
Carolina Radio Supply Co. Inc.
221 West Washington Street, Box 2670
(803) 239-5125

SOUTH DAKOTA
Sioux Falls
Warren Radio Supply
196 East 6th Street
(605) 336-1830

TENNESSEE
Chattanooga
Specialty Distributing Co.
1313 Central Avenue
(615) 267-9531
Jackson
L. K. Rush Co., Inc.
425-31 North Royal Street, Box 1418
(901) 422-6533/4
Kingsport
Radio Electric Supply Co., Inc.
961 East Sullivan Street
(615) 247-8111
Knoxville
Chemcity Radio & Electric Co.
2211 Dutch Valley Road
(615) 687-3530
McClung Appliances
310 Georgia Street, N. E.
Box 3266
(615) 524-1811

Memphis
Bluff City Distributing Co.
234 East Street, Box 418
(901) 276-4501
Lavender Electronics, Inc.
190 South Cooper
(901) 276-2757
W & W Distributing Co.
644-46 Madison Avenue
(901) 527-4627
Nashville
Electra Distributing Company
1914 West End Avenue
(615) 255-8444
Tullahoma
Randolph & Holt, Inc.
304 South Atlantic St.
(615) 455-4531

TEXAS

Amarillo

West Texas Electronics Co.
1601 W. Third Street
(806) 376-6251

Beaumont
Sterling Electronics Inc.
1160 Laurel
(713) 833-7503

Corpus Christi
Elec. Equipment & Engineering Co.
805 South Staples Street, Box 3672
(512) 883-9271

Wicks Radio Equipment Co.
513 South Staples Street
(512) 884-8285

Dallas
Adleta Electronics Company
1907 McKinney Avenue
(214) 742-8257
Com-Supply Incorporated
900 Dragon Street
(214) 747-7508
T. |. Supply Company
6000 Denton Drive
(214) 357-6121

Wholesale Electronic Supply
2809 Ross Avenue
(214) 824-3001

Paso

McNicol, Inc.
3012 East Yandell Street
(915) 533-2936
Midland Specialty Company
2235 Wyoming Street
(915) 533-9555

Houston
Busacker Electronic Equip.
1216 West Clay Street
(713) 526-4661

Laredo
Broadcast Electronics Corp.
1314 lturbide Street
(512) 723-9422

Lubbock
Nunn Electric Supply Corp.
1817 4th Street, Box 5727
(806) 765-5741

San Antonio
Sterling Electronics, Inc.
3903 San Pedro
(512) 7359173

UTAH

Ogden
Ballard Supply Corporation
3109 Washington Boulevard
(801) 394-5544
Salt Lake City
Ballard Supply Corp.
44 East 6th South Street
(801) 364-6541
Broadcast Services, Inc.
145 Social Hall Avenue
(801) 355-4641
Electronic Sales Corp. (ELSCO)
2275 S.W. Temple
(801) 466-8631

S. R. Ross, Inc.
1212 South State, Box 1055
(801) 328-0591 A
Standard Supply Company
225 E. 6th South Street, Box 1047
(801) 355-2971
VIRGINIA

Charlottesville
Virginia Radio Supply Co., Inc.
Box 1189
715 Henry Avenue
(703) 296-4184

Norfolk
Priest Electronics, Inc.
6431 Tidewater Drive
(703) 885-2021

Richmond
Meridian Electronics Inc.
1001 West Broad Street
(703) 353-6648

Roanoke
H.C. Baker Sales Company, Inc.
17-19 Franklyn Road, S.W.
(703) 344-9209

WASHINGTON

Bellingham
Advanced Electronics
804 Dupont & D Streets
(206) 733-0280

Seattle
Robert E. Priebe Company
2228 Second Avenue
(206) 682-4354
Seattle Radio Supply Co., Inc.
2117 Second Avenue
(206) 624-2341
Westlake E lectronic Supply Co., Inc.
415 Westlake Ave., North
(206) 622-6600

Spokane el
HCJ Electronics
6904 Sprague East
(509) 924-2343
Northwest Electronics, Inc.
730 East First Avenue
Term. Box 3047
(509) 534-2644

WEST VIRGINIA
Charleston
Mountain Electronics Company
708 Bigley Avenue
(304) 344-3411

WISCONSIN
Eau Claire
Indianhead Electronic Supply
515 Wisconsin Street 54701
834-3606
Madison
Satterfield Electronics, Inc.
1900 South Park Street, Box 1438
(608) 257-4801
Milwaukee
Radio Parts Company, Inc.
1314 North 7th Street
(414) 276-4160

WYOMING
Casper
Fleming Supply Inc.
?28 ;Eost ‘A’ Street
307) 236-6056 W
Hathaway Electronic Supply -
333 North Wolcott, Box 930
(307) 234-1821
Cheyenne
Houge Radio & Supply Company
4012 Central Avenue
(307) 632-6474
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Engineers

Eimac Field Engineers serve eighteen territories throughout the United States and Canada. These men

maintain close contact with the Eimac factories and can supply the latest information on Eimac products

and their applications. A phone call or letter to the Eimac Field Engineer covering your area will bring

you immediate engineering assistance as well as information on delivery and prices of Eimac products.

The Eimac Export Department offers these same services to customers in other parts of the world.

RUSH S. DRAKE ASSOC.
1817 Norman

Seattle 44, Washington
Phone EAst 3-8545

EITEL-McCULLOUGH, INC.
Regional Office, Room 110
301 Industrial Way

San Carlos, California
Phone: LYtell 1-8937

EITEL-McCULLOUGH, INC.

Regional Office

3402 W. Century Blvd.

Inglewood, California

Phone: ORchard 3-2710
ORegon 8-3789

HERB BECKER COMPANY
1140 Crenshaw Blvd.

Los Angeles, California
Phone: WEbster 1-1257

HASTIN SALES CORP.
235 Cooke Street

P. O. Box 2098
Honolulu 5, Hawaii
Phone: 507-171

McLOUD & RAYMOND CO.
2151 So. Grape Street

P. O. Box 22044

Denver 22, Colorado

Phone: SKyline 6-1580 & 6-1589

BOWDEN ENGINEERING &
SALES CO.

2329-C Wisconsin, N. E.

Albuquerque, New Mexico

AXtel 9-0473

H. M. RICHARDSON & CO.
9 East 22nd Street
Minneapolis 4, Minnesota
Phone: FEderal 6-4078

Effective 4-28-61

MAURY E. BETTIS CO.
CLYDE H. SCHRYVER ASSOC.
3706 Broadway

Kansas City 11, Missouri
Phone: LOgan 1-0772

HOWELL SALES, INC.

235 Southeast 14th Street

Grand Prairie, Texas

Phone: Dallas—ANdrew 2-5153
Ft. Worth—CRestview 4-4530

DICK BELLEW SALES CO.
314 Melrose

El Dorado, Arkansas
Phone: UNion 3-8325

J. E. JOYNER & ASSOC.
868 York Ave., S. W.

P. O. Box 10821, Stn. A
Atlanta 10, Georgia
Phone: 758-7497

EITEL-McCULLOUGH, INC.
Regional Office

1129 Bellwood Avenue
Bellwood, IIl.

Phone: COlumbus 1-8437

TECHNICAL ASSOCIATES, INC.

4475 Lander Road
Chagrin Falls, Ohio
Phone: TErrace 1-9884

JAMES R. EBERLY CO.
Bank of Commerce Bldg.
1700 “K” Street, N. W.
Washington 6, D. C.
Phone: Dlstrict 7-2667

FRED F. BARTLETT & CO.

18 West Avenue

P. O. Box 126

Wayne, Pennsylvania

Phone: MUrray 8-7325 & 8-7326

EITEL-McCULLOUGH, INC.
Regional Office
383 Washington Avenue
Belleville, New Jersey
Phone: N. J. PLymouth 1-2300
N. Y. C. WHitehall 4-5345

COAKLEY SALES OFFICE
148 Needham Street
Newton Highlands

Boston 61, Massachusetts
Phone: DEcatur 2-4800

DAYTON, OHIO, AREA-
GOVERNMENT ONLY:

ROBERT G. SIFF & ASSOC. INC.
22 Oxford Avenue

Dayton 7, Ohio

Phone: CRestview 8-4779

ROME, N. Y. AREA—
GOVERNMENT ONLY:

T. “PHIL” RIZZUTI

R.F.D. #1, Hoag Road, Greenway
Rome, New York

Phone: FF 6-6109

Canada:

R. D. B. SHEPPARD

2036 Prince Charles Road
Ottawa 3, Ontario, Canada
Phone: PArkway 2-7152

Export Department:

EITEL-McCULLOUGH, INC.
San Carlos, California

Phone: LYtell 1-1451

Cable: EIMAC SAN CARLOS

SEE REVERSE SIDE FOR SECTIONAL MAP

Printed in U.S.A. 981
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—

USER
PRICE

October 15, 1960

TKOI5CA ...oveeeeeieneennnn $ 618.00
1170) 1o 618.00
TK20KA . ...ooveeenennnn. 475.00 .«
TK20XD ....oovvvinnrnnannnns 475.00 -
TK20XK ... e 475.00
11701) ¢ S 475.00
MWMIBCH . ..cereiinnnnnnn 810.00 >
MEPBIEK .......c.oimsiviasse 810.00 -
TKI25CA . ..ovoeeeannannn 298.00
WAZECE . .......c0cnissumass 298,00
WIRBEC . .oviieiinnrcnsorsns 730.00 -
5 | A R 18.50 -

O IBEA .. 20.00 -
T 23.00 °
BUBOD ..o oo e 38.55
2BMOA  ........eennennnns 42.85

@2:450A ..., 113.00
2-2000A .. ... 228.00 *
ZEIOA . ... 22.50

®2C39WA . ..., 32.00
2X1000A . ...........cuuinnn. 127.50

S ®2X3000F ...........0........ 168.00 X

L BR2)D.. v e ol L. 25.80
3C24 ......... = el g NS 16.05 .

®3CPN10A5S . ................. 32.00
¢ 3CW20,000A3 ............... 560.00 -
®3CX100A5 .................. 32.00 °
¢ 3CX10,000A3 . ............... 468.00
3K2500LX . ..., 2,360.00
3K25005G . .................. 2,950.00
3K3000LQ ................... 2,360.00
¢ 3K50,000LA ................. 4,200.00 >
3K50,000LF .................. 4,200.00
3K50,000LQ ................. 4,200.00
3KM3000LA ................. 2,470.00
3KM4000LT . ................. 1,880.00 -
3KM50,000PA . .............. 11,000.00
& 3W5000A1 .................. 237.00 >
® 3W5000A3 .................. 225.00
® 3W5000F1 ................... 243.00 -
& 3W5000F3 ................... 231.00 °
3X100A5 .........oooniinnnn. 25.00
® 3X2500A3 . .................. 200.00
@ 3X2500F3 . .................. 206.00
& 3X3000AT1 ................... 212.00
® 3X3000F1  ................... 218.00
T 28.50

L 4
4

¢
L 4

L 2

L 2K 2R 2

L 2R 4

L 2R 2R 2R 4

L 2R 4

L 2R 2R 4

4A25A .. $  36.00
BBSBA . ..covieeernneneos s 46.50
4-400A ...........cciiiiinnnnn 48,00 -
4-1000A ............c0oiinnn. 132.00 -
4CNISA . ... ..o 55.00 -»
4CW2000A .................. 218.00
4CW10,000A ................ 576.00 *
4CX125C ...t 55.00
ACARSOB ... ... 39.35
4CX250F .................... 39.35
4CX250K . ................... 64.25
4CX250M ................... 92.50 -
4CX300A .................... 55.00
4CX1000A ................... 156.00
4CX5000A ................... 495.00
4CX10,000D ................. 550.00
4E27A/5-125B . ............... 50.00 -
4K50,000LQ ................. 3,760.00
4KM3000LQ ................. 3,750.00 -
4KM3000LR .................. 2,420.00 -
4KM50,000LA ................ 4,230.00
4KM50,000LQ ................ 3,760.00
4KM170,000LA ............... 20,500.00 ~
4KMP10,000LF ............... 10,800.00 -
4PR6OA . .................... 100.00
4PRESA .. ... 35.75 -
4PR125A . .......ooviunnnnn. 50.00 .-
4PR400A . ................... 60.00 .
4PR1000A ................... 145.00 -
BWEBBB. . . ..oonniionnnmnsaias 57.00 -
4W20.000A .................. 1,950.00
AXABOA. ... .cooniiiioinsoneshis 25.00
BUIEOD oo e 28.00
4X150G . ... 58.00
EXREOE ... ssciess e frea 42.50
4X500A .. ... 128.50 -
7o S R GICEE Y g SN T 82.50
6K50,000LQ ................. 8,250.00

- e Rt 18.50
BT i s SR e R st 21.50
- SRR e ¥t 36.00 -
IEBH .. it sas e meenn 30.00
ROREr - o T i g 30.00
1001G ... veeee e 107.00 .«
T100TH ...t ennns 23.60 <
1 PN R ey o JpPSie 23.60
172 1« [ 75.00

All Prices subject to change without notice. Minimum factory order $10.00

& Indicates change from sheet dated March 15, 1960

(Continued)




£=3 @ PRICE °*  OCTOBER 15,1960

LT B $ 75.00
L et 38.55
RO e e 38.55
i L e S A U 38.55
S . .o .o 37.25
L e e 64.50 -
ol ] SR e e 64.50

L1 A S e 77.00 -

BT Lo WBanca o oo s b mca iy s 77.00
¢ 5927/3-200A3 ...............- 46.00
OJOOTE . et e e 150.00 -
SENDOOTR o imiter e e Moo ol 150.00
S HBOOTE L rer re oo eome bbb s 279.00 -
O Z000TE 0 L mrer b b oot s 387.00 ~

7 e S S IR S R see 4X150A /

PBBE. o o5 Lo iy i wrecens see 4X150D /

77741 B e P see 4CX250B

i R SR see 4CX250F -

7289........00c000iiiiinn see 3CX100A5 -
¢ 7580/4CX250BA .............. 45.00 -
¢ 8020(100R) ................. 21.50 ¢
Sl S e e P 26.75
CREUVAN . ..o v e anen 25.75 -

PREFORMED CONTACT FINGER STOCK
(Available in 3-Foot Lengths Only)
piece
®CF100 .............. 17/32" 5.77
QRCEZOUR" " . . o e 13/16" 6.70
¢CF300 ............. 31/32& 6.23
®CEA00%............. 1-17/32" 8.30
®CF5000:. ............. 1-3/8" 6.70
SACEIHO0> . - e 2-1/4" 9.23
¢CF700 .............. 17/32" 6.23
®CF800 .............. 23/32" 6.23
¢CF90 .............. 31/64" 5.77
*Double-sided
UNTREATED FINGER STOCK (Punched and
formed, not heat-treated or plated)
Available in 3-foot lengths only).
CCENOL . e 17/32" 4.92
CREZON .. e e, 31/32" 5.77
CRB0NL . .t o 1-3/8" 6.23
AIR SYSTEM SOCKETS

SIGBO0N . o e R 107.15

BREGOO™ | . e R0 17.65

SK-500 20.70

OREGUOMN LSS st S st @ 11.90

SREG02" 0 7o oo o imiia s S ot o 11.90

SREGNOL - Sooton, ool e 12.65

SHEER0RE. o8 ool i a TR 16.80

L O PR A A 18.85

b o SR P S L 533

BICEE0 . oh i s e g et 8.60

VACUUM TUBES (continued)

L R B R IR R BRI R BN 4

L 2 R R R

SKubB5 wrgereim ... . S A $ 5.85
SK=700 . o s e e 21.45
SK-710 21.45
T e A e s B el e 26.50
SK=7400 . o e e 9.80
SK=Z 60 . o N o L e e e 9.80
SK=7700 o o eiianame o 9.80
SICBO0A .. .. s e 55.70
SK-810 ........................ 55.70
SREBRO T B s B L e 65.00
SK-900 ........................ 68.55
SKEIB00 e e e e ks 64.50
CHIMNEYS FOR AIR SYSTEM SOCKETS
SK-306 ... ... ... .. .. ... ... 6.45
SK-406 ........................ 8.60
SK-506 ............. ... .. .. ... 15.35
SK-606 ........................ .65
SK-626 ......... ... .80
SUBIE . .. . i e e e 7.07
SK-806 ........................ 8.55
SKEROORE . - ol o sl LN LT Y 11.43
SK-1306 ....................... 6.45
HEAT DISSIPATING CONNECTORS
(Alodine Finished)
HR-1 .. ... ... ... ... 1.10
HR-2 ..., 1.20
by e, R B el R 1.20
HR-4 ... ... ... .............. 1.20
HR-5 .........ciiiviininenns 1.20
BIREOS . L. st e 1.20
BIR=Te L s ity s L e 1.65
HR-8 ... ... ... .. ... ...... 1.65
B R A - v o e LT e LA 2.80
HR=10 1 - o e T e 1.65
TUBE EXTRACTOR
For 4X150, 4X250 and
2C39 Series
SK-604 . ..................... .57
4X150G COLLETS
Collet. 008290 ................ 3.20
Collet. 008291 ............... 3.20
Collet. 008292 ................ 4.00
Collet" 882931 ..............:; 4.00
Collet 008294 . ............... 4.00
VACUUM SWITCH
LT 2 I T T R ST 28.50
o LA B P TR 29.00
L R - = e P O 38.55
Ve A e e L R 34.25
BENEC oI IR e oore o o 4 e 10.29
28VETC0Il. -~ vocoone i veiiee e d B 10.29

All Prices subject to change without notice. Minimum factory order $10.00

0 Indicates change from sheet dated March 15, 1960

Printed in U.S.A. 943



diodes - rectifiers - pulse modulators )

Look in the general section for---

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

® Your nearest Eimac Field Engineer, who stands ready to
give you immediate engineering assistance, information
on deliveries and prices, or provide other information not
found in the catalog.

Eimac tube type numbering system.
Tube Replacement Chart.

Prices on Eimac products.

IMPORTANT EIMAC “EXTRAS”

Appllcatlon Engllleerlllg. The Eimac Application Engineering Department is available at
all times for consultation. New tube operating techniques are continually being explored, tested
and proved by Eimac engineers, whose combined knowledge and experience are at your service.
Additional contributions by this Eimac department are its Application Bulletins, a service which
you receive without obligation.

Fleld E"gmee"ng. Serving as an extension of the Application Engineering Department out-
side the Eimac plant, Eimac Field Engineers cover the United States, operating out of offices in
major cities. They will help you personally with experimental work, problems of technique, etc.
Engineers from Eitel-McCullough, Inc. are available, too, for field consultation throughout the
country. As Eimac tubes are world renowned, the same services extend to various countries over-
seas through the Eimac Export Department.

ssojejnpow asind
s1a1j1)2a1 - sapoip
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When, in 1936, government engineers first tried Eimac tubes as pulsed oscillators,
radar became a reality in the United States. The ability of standard Eimac tube types
to withstand voltages many times in excess of their maximum CW ratings and to de-
liver high orders of emission current over relatively long periods of time made pos-
sible the attainment of the high peak power required for a practical radar system.

Throughout the years since 1936, the development of improved pulse equipment
has been paced by new Eimac tubes and the continual improvement of existing types
for better and more reliable operation under pulsed conditions.

Important milestones in the use of Eimac tubes in pulse service are:

Eimac 100T tubes used as pulsed VHF oscillators in the Navy’s first radar tests at
sea aboard the USS New York in 1938.

Eimac VT-127’s, a modification of the 100T used as oscillators and Eimae 304T’s
used as modulators in the SCR-268, one of the Army’s first radar sets.

Eimac 15E and 15R miniature transmitting tubes developed for and used as pulsed
oscillators and high voltage rectifiers in ASB airborne search radar.

Eimac 327A and 227A tubes developed for use as pulsed oscillators in Navy search
radar sets of the SC and SK series.

Eimac 527 tube developed for and used in SK-IM and SR radar for high-power

search.

Eimac 1000T, later modified for mass production and designated 6C21, used as
modulator for the Armys famous SCR-584 radar.

During World War II Eimac produced nearly 2 million tubes of its own design for
pulse service. In the process of developing and producing these tubes Eimac has
gained “know how” about the pulse operation of tubes which is unequaled in the
vacuum tube industry. This knowledge has made it possible to develop new tubes
having outstanding characteristics for pulse operation. Among these tubes are oscil-
lators and amplifiers capable of delivering pulse powers from a few tens of kilowatts
to megawatts and modulators which will key currents from a few amperes to hundreds
of amperes.

Years of experience have been gained regarding the pulse capabilities of standard
Eimac types. Some of this information is presented on the following pages. However,
many pulse applications are so specialized in nature that they do not lend themselves
to general rules or tabular presentation. If your problem is of this sort, avail your-
self of the services of the Eimac Field Engineering Department.
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NUMBER 3
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SERVICE
NOTES

REVISED 2-1-55

PULSE SERVICE NOTES

In pulse service, where the “on-time” is small
compared to the “off-time,” Eimac tubes with their
ample reserve of filament emission and freedom
from internal insulators can be run to a much higher
peak-power than is permissible in continuous services.
In continuous service, the published voltage and cur-
rent maxima of Eimac tubes are generally set at
values considerably less than the inherent limitations
of the design, due to the need to consider the aver-
age power dissipated on the anode, grids, and entire
tube structure. In pulse service, it is usually reason-
able to increase the applied electrode voltages and
resulting pulse currents above the maximum values
shown for continuous service on the data sheets.

Because of the wide variety of operating conditions
in pulse service, it seems advisable to indicate pos-
sibilities of tube performance rather than specific
operating conditions. It is the user’s responsibility
to see that no basic limitations of the tubes are ex-
ceeded and to introduce factors of safety according to
the needs of the particular application.

The principal basic limitations of the tube are
given below:

1. Average Electrode Dissipation. The dissipa-
tion limits of the electrodes are given on the
tube data sheet and usually under Radio Fre-
quency Power Amplifier or Oscillator Service.
The dissipation must be average over a full
repeated pulse cycle. The length of the ap-
plied pulse must not be so great that the
temperature rises excessively on any one
pulse. Pulse times as high as 0.1 second are
often not unreasonable. Above about 0.1 sec-
onds the rise in temperature of the electrodes
rather than the average power during the
pulse becomes the basic limitation and this
type of service is discussed under Item 5,
“Long Pulse Operation.”

Usually, the average electrode dissipation is
the product of the dissipation on the element
during the on-time, multiplied by the duty
cycle (ratio of on-time to a full cycle time).
This assumes that the pulse .is essentially a
square wave. The dissipation may be con-
siderably greater if intermediate values of
current between zero and the maximum value
flow for appreciable time. Sometimes un-
even heating of an element may be a further
limitation. In the case of a radiation-cooled
anode, this effect is apparent and the tem-
perature of the hottest spot should not be
allowed to exceed the normal maximum
anode temperature.

2. Envelope and Seal Temperatures. The tem-
perature requirements of the bulb and seals
will be met if the ordinary cooling instruc-
tions are followed. In continuous radio fre-

quency service, a limiting upper frequency is
usually specified above which operation at
reduced ratings or increased cooling is recom-
mended. In pulse service above this fre-
quency, care should be taken to see that the
heating of the leads due to rf charging cur-
rents will not be greater than normal.

. Available Cathode Emission. In continuous

service, the tube currents are usually limited
by dissipation of the electrodes and for
convenience are given in terms of dc com-
ponents read on a meter external to the tube.
In pulse service, one needs to know the avail-
able total cathode emission in order to engi-
neer the application.

With thoriated tungsten filaments operating
at rated voltage in Eimac tubes, the available
emission throughout life is above 80 milliam-
peres per watt of filament power. By raising
the filament voltage 109, this figure can be
approximately doubled. Above 109, the
emission will not be further increased, except
for short periods of time due to the failure
to maintain the optimum emitting surface
conditions.

With oxide coated cathodes, the available
peak emission is not clearly defined or as
easily generalized as in the case of thoriated
tungsten filaments. It appears that the avail-
able emission for pulse work in typical oxide
coated cathodes used in Eimac tubes can con-
servatively be estimated as 500 ma. per watt
of heater power. This figure assumes that the
pulse duration is not over about 3 micro-sec-
onds. There is some evidence that above 3
micro-seconds, the maximum usable space
current may have to be reduced.

. Voltage Insulation. The breakdown voltage

of Eimac tubes is usually well above the
values given for continuous service. The basic
limit is related to the maximum instantaneous
voltage applied to the anode of the tube at
any instant. It is also somewhat affected by
the regulation of the supply voltage and
length of time the voltage is applied. The
accompanying table is a rough guide to the
values of dc anode voltage that can be ap-
plied to the tube.

. Long Pulse Operation. When the length of

the applied pulse exceeds about 0.1 seconds
(100 milliseconds) the power limitation is
no longer the average power dissipated on
the electrodes and one must consider the
temperature rise of the electrodes (princi-
pally the grid wires) during the time the pulse
is on. If the pulse duration is in excess of
2.5 seconds the tube must be treated as in
continuous service and the normal data sheet
ratings apply.
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PRINTED IN U.S.A.



The maximum capabilities of a thoriated
tungsten tube in pulse service when the pulse
duration is btween 0.1 seconds and 2.5 sec-
onds can be computed by using the accom-
panying curve and table.

As long as the off-time between pulses is 5
seconds or more the pulse may be repeated
even though the maximum tube capability for
a given pulse length is utilized. Because the
grid dissipation is the principal limitation,
the curve and table give factors to compute
the permissible grid dissipation during the
pulse. The product of the two factors is the
number of times the rated grid dissipation
can be exceeded for a given pulse duration.
The factor from the curve is to be used di-
rectly for the plate and screen dissipation.

When first running up the voltage on a tube
in pulse service, or after the tube has been idle for
some time, occasional internal flash breakdowns in a
tube are to be expected. The circuit should be de-
signed so that the high rush of current and resulting
high transient voltage surges will not be destructive
to equipment. The transients, due to momentary
breakdown of the insulation of the vacuum space,
have very high frequency components. As a conse-
quence, high voltages will develop across small lead
inductances. Spark gaps, bypass capacitors and in-
ductance filters are often used to dissipate or divert
this energy into harmless channels.

Protective devices should be designed to remove
the applied voltage quickly when a breakdown oc-
curs. If overload protective action is fast, and the
regulation of the source voltage poor enough, no
damage to the tube will result and operation can
be resumed.

No guarantee is made that the tube will not break
down at the voltages given on the chart. It is esti-
mated from considerable experience that these are
approximately safe maximum values to be con-
sidered in design work.

The maximum capabilities of a thoriated tungsten
tube in pulse service when the pulse duration is
between 0. seconds and 2.5 seconds can be com-
puted by using the accompanying curve and table.

25 [ TTTTIT T 7
DISSIPATION FACTORS FOR
20 LONG PULSE OPERATION OF [—j
\ THORIATED TUNGSTEN TUBES
15 Pulse duration greater than | |
\ 0.1 seconds (see paragraph 5)
10 \
9 N\,
8 N
7 N\,
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5
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PULSE DURATION
(Seconds !

PULSE SERVICE NOTES

MAXIMUM RATINGS FOR PULSED SERVICE

MAXIMUM PLATE VOLTAGE

RF Pslervice RF cie_rvice Pulse Max. Grid Factor
lube Type wilted | o | e Voitage | Pole

Kilovolts Kilovolts Kilovolts Kilovolts | Operation*
2C39A 35 : cise o
3C24 10 7.5 15 .68
3X2500A3 15 10 .68
3X2500F3 15 10 . .68
3X3000A1 15 10 ,, .68
3X3000FI 15 10 . .68
3W5000A3 15 10 .68
3W5000F3 I5 10 .68
3W10,000A3 15 e e
4E27A/5-125B 12 9 18 2.0 1.68
4-65A 10 7.5 15 2.0 .57
4-125A 12 9 18 2.0 1.87
4-250A 15 10 20 2.5 2.7
4-400A 15 10 20 2.5 2.7
4-1000A 20 15 30 2.5 1.54
4PR&60A 20 1.5
4W20,000A 20%** 15 30 5.0 e
4X150A 7 2 3 1.0
4X150D 7 2 3 1.0
4X150G6 7 2 3 1.0
4X500A 10 7.5 15 2.0 95
4X500F 10 7.5 15 2.0 95
6C21 20 15 30
I5E 12.5 10 15
25T 10 1.5 15 77
35T 10 1.5 15 84
35TG 10 7.5 15 84
UH-50 5 4 7.5 .
75TH 12 9 17 .67
75TL 12 9 17 .62
100TH 15 10 20 1.01
100TL 15 10 20 111
152TH 12 9 18 . 71
152TL 12 9 18 .65
250TH 18 15 25 : 1.03
250TL 18 15 25 - .89
304TH 12 9 18 - Tl
304TL 12 9 18 .65
327A 20 15 30
450TH 20 15 30 1.09
450TL 20 15 30 1.0
527 20 18 30
592/3-200A3 18 15 25 .80
750TL 20 15 30 s 1.09
1000T 20 15 30 1.1
15007 20 15 30 1.61
2000T 20 15 30 1.8

*Combine with factor taken from curve for various pulse duration times.

**The unipotentiai thoriated tungsten cathodes of the 3WI10,000A3 and
4W20,000A necessitate the use of a slightly different method in the
determination of pulse duration time and grid dissipation than that
used on the filamentary type tubes. The permissible grid dissipation for
desired pulse duration times can be determined by using the following
equations:

3WI10,000A3 Grid 27

kw —
Max. Grid Dissipation, = pulse duration (millisec)
4W20,000A Grid K 39
Max. Grid Dissipation, . pulse duration (millisec)
4W20,000A Screen 95
kw —

Max. Screen Dissipation, pulse duration (millisec)

***The value given is for use of the tube in air. If the anode to screen
portion is surrounded by a suitable liquid dielectric, the voltage may
be increased to 30 kilovolts.

| |
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2-25A

HIGH-VACUUM
RECTIFIER

EITEL-McCULLOUGH, INC.

SAN BRUNO, CALIFORNIA

The Eimac 2-25A diode is a high-vacuum rectifier intended for use in
rectifier units, voltage multipliers, or in special applications, whenever condi-
tions of extreme ambient temperatures, high operating frequency, high peak
inverse voltages, or the production of high-frequency transients would prevent

the use of gas-filled rectifier tubes.

The 2-25A has a maximum d-c current rating of 50 milliamperes and a
maximum peak inverse voltage rating of 25,000 volts. Cooling is by convection

and radiation.

A single 2-25A will deliver 40 milliamperes at 10,000 volts to a capacitor-
input filter with 8800 volts single-phase supply. Four 2-25A’s in a bridge circuit
will deliver 100 milliamperes at 15,600 volts to a choke-input filter with 17,600

volts single-phase supply.

GENERAL

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - -
Current - - - -

MECHANICAL
Base - - - - - - -
Basing - - - - - - =
Socket - - - - - - -
Mounting Position - = - = =
Cooling - - - - - - -
Maximum Temperature of Plate Seal - -
Recommended Heat Dissipating Plate
Maximum Overall Dimensions:
Length - - - - -
Diameter - - - -
Net Weight - - -
Shipping Weight (approx.) - - -

MAXIMUM RATINGS (Per tube)
PEAK INVERSE PLATE VOLTAGE -
PLATE DISSIPATION - - -
D-C PLATE CURRENT" - 5 =
PEAK PLATE CURRENT - -

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled

CHARACTERISTICS

6.3 volts

3.0 amperes

- . . - - - - Small 4-pin
Refer to outline drawing
Refer to discussion under ""Application"
Vertical, base down or up
Convection and radiation

225°C
Eimac HR-I

4.38 inches
.44 inches
1.2 ounces

1.0 pound

25,000 MAX. VOLTS
15 MAX. WATTS
50 MAX. MA
1.0 MAX. AMPERE

to the load by a choke-input filter incorporating the ''critical'’

value (or larger) of input inductance. For maximum d-c current ratings under this and other load conditions see discussion under ""Application'".

APPLICATION

MECHANICAL

Mounting—The 2-25A must be mounted vertically with the
base either down or up. The lead to the plate terminal of the
tube should be flexible.

The small 4-pin base fits an E. F. Johnson Co. No 122-224,
a National Co. No. XC-4 or CIR-4, or an equivalent socket. In
some circuits, particularly those of the voltage multipliers illus-
trated in Fig. 2, it may be necessary to mount the socket on
stand-off insulators, or on a sheet of insulating material, to
provide adequate insulation to ground.

(Effective 7-1-52) Copyright 1952 by Eitel-McCullough, Inc.

Cooling—The 2-25A is cooled by convection and radiation.
Clearance should be provided around the glass envelope ade-
quate for the free circulation of air. An Eimac HR-1 Heat
Dissipating Connector or equivalent is required on the plate
terminal.

The maximum temperature at the plate seal must not ex-
ceed 225°C. A convenient accessory for measuring this tem-
perature is "Tempilaq', a temperature-sensitive lacquer available
from the Tempil Corporation, 132 W. 22nd St., New York II,
N. Y.



APPLICATION (Continued)

ELECTRICAL

Filament Operation—For maximum tube life, the filament
voltage, as measured at the base pins, should be the rated
value of 6.3 volts. Variations must be kept within the range
from 6.0 to 6.6 volts. In applications which require the diode
to deliver high peak currents, it is important to maintain the
filament voltage at the rated value.

CAUTION SHOULD BE OBSERVED WHEN MEASURING
RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT HIGH POTENTIAL.

The thoriated-tungsten filament of the 2-25A reaches oper-
ating temperature in a fraction of a second after application
of voltage. Plate voltage may be applied simultaneously with
filament voltage.

Plate Operation—With low room illumination, the plate of
the 2-25A begins to show color as the maximum plate dissipa-
tion rating of 15 watts is approached. The maximum peak
inverse voltage rating of 25,000 volts should not be exceeded at
any time.

Performance —-The accompanying table shows some maximum
performance capabilities of the 2-25A when used as a power-
supply rectifier.

2-25A MAXIMUM-PERFORMANCE CAPABILITIES
Capacitor-Input Filter Choke-Input Filter

Circuit A-C Input D-C Output D-C Output D-C Output D-C Output
Type Voltage Yoltage Current Voltage Current
(volts rms) (volts) (ma) (volts) (ma)

iihngle-

ase,
Half- 8800 10,000 40 s s
Wave
Single-
oo, 8800 10,000 80 7900 100
Wave
Single-
Phase, 17,600 20,000 80 15,800 100
Bridge

10ne-half the transformer secondary voltage.

Maximum D-C Current Ratings —Plate dissipation rather than
peak current usually limits the d-c current which the 2-25A
is capable of delivering to the load. Because the plate dissi-
pation associated with a given d-c current depends upon the
amount of ripple and its wave-shape, circuit conditions will
determine the maximum d-c current rating of the tube.

Choke-Input Filter—The maximum d-c current rating of the
2-25A is 50 milliamperes when the load incorporates a choke-
input filter with the "critical" value (or larger) of input
inductance (L, in Fig. 1):

Lo= Ref for full-wave single-phase rectifiers,
18.8f

Lo= sse{" for half-wave three-phase rectifiers,

Lo= R eff for full-wave three-phase rectifiers,
660f

where: Lo= "critical" value of input inductance (henries),
f= supply-line frequency (cycles per second),
R Load voltage (volts)

eff = .
Coad current [amps)

Choke-input filters are not normally used with single-phase
half-wave rectifiers.

Capacitor-Input Filter—The 2-25A is particularly suitable for
power-supply applications demanding high voltage at low
current. Under these conditions capacitor-input filter circuits
become desirable. The maximum d-c current rating of the 2-25A
when no input choke is incorporated in the filter depends upon

the total series resistance of the capacitor-charging circuit
relative to the effective load resistance seen by each tube.
The circuit diagrams and tabulation in Fig. 2 are so arranged
and labeled that this required series resistance may be found
for a wide range of load conditions. This may be done by de-
termining the value of the following quantities:

Ec is the filter-input d-c voltage. While this is usually the
entire load voltage, in the case of voltage multipliers it is the
load voltage divided by the multiplication factor.

| p is the d-c current per tube. This is the entire load cur-
rent only in the case of the simple half-wave rectifier or half-
or full-wave multiplier. In the case of full-wave center-tapped
or bridge rectifiers, Ip is half the load current.

R¢ is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit
the peak value of current to which the tubes will be subjected
under given load conditions. This required minimum depends
upon the d-c current per tube (lp), and has been tabulated in
Fig. 2 as a percentage of the effective load resistance per tube
(Ec/lp). The total charging-circuit resistance involves the in-
ternal resistance of the rectifier tube, Rp, the added series
resistor, Rs, and the equivalent internal resistance of the a-c
voltage supply, R;.

Rp is the plate resistance of the 2-25A, which may be
taken as 1200 ohms.

R is the equivalent internal resistance of the supply. This
may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used
in measuring this regulation.

Rs is the series resistor which must be inserted in the
charging circuit to bring the total charging-circuit resistance
(Rc) up to the required minimum. Its value may be found
from the formula associated with each of the circuits of Fig. 2.
This resistor must be inserted in such a position in the circuit
that it protects all tubes.

Tubes may be operated in parallel to increase the output
capability in a given circuit. When two tubes are placed in
parallel at each place where one is shown in the circuits of Fig.
2, the plate resistance (Rp) will be half as great and the
maximum allowable load current twice as great as indicated.

Peak Inverse Voltage —The peak inverse voltage rating of
the 2-25A is 25,000 volts. In single-phase power-supply rectifier
circuits the peak inverse voltage to be used in design is the
peak a-c supply voltage (I.41 times Erms in Fig. 2) in the
case of bridge circuits, and twice this value in the case of half-
and full-wave rectifiers and voltage multipliers. Peak inverse
voltage in three-phase operation depends upon the circuit em-
ployed, and will be found listed in the handbooks.

Special Applications—The ratings given for capacitor-input
filter circuits assume values of input capacitance large enough
to hold the ripple to a low value. In special applications where
a larger percent ripple is tolerable, and filter capacitance
is low, the 2-25A is capable of larger d-c output currents.

As a unidirectional conductor in d-c circuits where the
current is continuous and the percent ripple is moderate, the
maximum current rating of the 2-25A is 90 milliamperes.

The plate characteristic curve for the 2-25A serves as a
guide to special applications. The maximum plate dissipation
rating of 15 watts, the maximum peak inverse voltage rating of
25,000 volts, and the maximum peak plate current of 1.0 ampere
must not be exceeded.
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Eimac 2-25A Maximum D-C Current Ratings for R-C Filter Applications

D-C Plate Current (lp) 35.0 375 40.0 42.5 45.0 475 50.0 milliamperes per tube
s t of Effective

Total Charging- percent of

Cirouiil Resistance: [Ric) 1.3 2.0 34 5.5 9.0 16 27 Load Resistance per

Tube (Ec/lp)

A-C Supply Voltage times Filter-Input
(E rms ) 0.80 0.83 0.88 0.94 1.05 1.23 1.50 D-C Voltage (Ec)
Peak Inverse Voltage 23 2.4 25 2.7 3.0 35 43 times Filter-Input

(!/2 these values for circuit b.) D-C Voltage (E)

Fig. 2. Eimac 2-25A Basic R-C Circuits (for any one of the indicated loads)
R;= Equivalent resistance of voltage source.
Rp= 1200 ohms (600 ohms for two tubes in parallel)
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2-50R

HIGH-VACUUM
RECTIFIER

EITEL-McCULLOUGH, INC.

SAN BRUNO, CALIFORNIA

The Eimac 2-50A diode is a high-vacuum rectifier intended for use in recti-
fier units, voltage multipliers, or in special applications, whenever conditions of
extreme ambient temperatures, high operating frequency, high peak inverse
voltages, or the production of high-frequency transients would prevent the use
of gas-filled rectifier tubes.

The 2-50A has a maximum d-c current rating of 75 milliamperes and a maxi-
mum peak inverse voltage rating of 30,000 volts. Cooling is by convection and
radiation.

A single 2-50A will deliver 60 milliamperes at 12,500 volts to a capacitor-
input filter with 10,600 volts single-phase supply. Four 2-50A’s in a bridge cir-

cuit will deliver 150 milliamperes at 19,000 volts to a choke-input filter with
21,200 volts single-phase supply.

GENERAL CHARACTERISTICS

EITEC-MeCULLO
Sam gruwo CA¥F

ELECTRICAL A
Filament: Thoriated Tungsten H g
Voltage - - - - - - - - 5.0 volts o
Current - - - - - - - 4.0 amperes
MECHANICAL
Base - - - - - - - - - - - - - Medium 4-pin bayonet
Basing - - - - - - - - - - - - Refer to outline drawing
Socket - - - - - - - - - - Refer to discussion under "Application”
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - = - . - - - - - - Convection and radiation
Maximum Temperature of Plate Seal - - - - - - - - - - - 225°C
Recommended Heat Dissipating Plate Connector - - - - - - - - Eimac HR-3
Maximum Overall Dimensions:
Length - - - - - - - - - - - - - 5.50 inches
Diameter - - - - - - - - - - - - 1.82 inches
Net Weight . - - - - - - - - - - - - - 2.5 ounces
Shipping Weight (approx.) - - - - - - - - - - - 1.0 pound
MAXIMUM RATINGS (Per tube)
PEAK INVERSE PLATE VOLTAGE - - - - 30,000 MAX. VOLTS
PLATE DISSIPATION - - - - - - 30 MAX. WATTS
D-C PLATE CURRENT' . - - S - = 75 MAX. MA
PEAK PLATE CURRENT - - - - = 1.0 MAX. AMPERE

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the ''critical"
value (or larger) of input inductance. For maximum d-c current ratings under this and other load conditions see discussion under ""Application''.

APPLICATION

on stand-off insulators, or on a sheet of insulating material, to

MECHANICAL

Mounting—The 2-50A must be mounted vertically with the
base either down or up. The lead to the plate terminal of the
tube should be flexible.

The medium 4-pin base fits an E. F. Johnson Co. No. 122-
224, a National Co. No. XC-4 or CIR-4, or an equivalent socket.
In some circuits, particularly those of the voltage multipliers
illustrated in Fig. 2, it may be necessary to mount the socket

(Effective 7-1-52) Copyright 1952 by Eitel-McCullough, Inc.

provide adequate insulation to ground.

Cooling—The 2-50A is cooled by convection and radiation.
Clearance should be provided around the glass envelope ade-
quate for the free circulation of air. An Eimac HR-3 Heat Dissi-
pating Connector or equivalent is required on the plate terminal.

The maximum temperature at the plate seal must not exceed
225°C. A convenient accessory for measuring this temperature



APPLICATION (Continued)

is "Tempilaq" a temperature-sensitive lacquer available from
the Tempil Corporation, 132 W. 22nd St., New York 11, N. Y.

ELECTRICAL

Filament Operation—For maximum tube life, the filament volt-
age, as measured at the base. pins, should be the rated value of
5.0 volts. Variations must be kept within the range from 4.75
to 5.25 volts. In applications which require the diode to
deliver high peak currents, it is important to maintain the fila-
ment voltage at the rated value.

CAUTION SHOULD BE OBSERVED WHEN MEASURING
RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT A HIGH POTENTIAL.

The thoriated-tungsten filament of the 2-50A reaches op-
erating temperature in a fraction of a second after application
of voltage. Plate voltage may be applied simultaneously with

filament voltage.

Plate Operation—With low room illumination the plate of
the 2-50A begins to show color as the maximum plate dissipa-
tion rating of 30 watts is approached. The maximum peak inverse
voltage rating of 30,000 volts should not be exceeded at any
time.

Performance—The accompanying table shows some maximum

performance capabilities of the 2-50A when used as a power-

supply rectifier.

2-50A MAXIMUM-PERFORMANCE CAPABILITIES
Capacitor-Input Filter Choke-Input Filter

Circuit A-C Input D-C Output D-C Output D-C Output D-C Output

Type Voltage Yoltage Current Voltage Current
(volts rms) (volts) (ma) (volts) (ma)

Single-

Phase,

Half. 10,600 12,500 60

Wave

Single-

Ehase, 10,600" 12,500 120 9500 150

Wave

Single-

Phase, 21,200 25,000 120 19,000 150

Bridge

'One-half the transformer secondary voltage.

Maximum D-C Current Ratings—Plate dissipation rather than
peak current usually limits the d-c current which the 2-50A
is capable of delivering to the load. Because the plate dissipa-
tion associated with a given d-c current depends upon the
amount of ripple and its wave-shape, circuit conditions will de-
termine the maximum d-c current rating of the tube.

Choke-Input Filter —The maximum d-c current rating of the
2-50A is 75 milliamperes when the load incorporates a choke-
input filter with the "critical” value (or larger) of input in-
ductance (L, in Fig. I}):

R eff f ; B
= or full-wave single-phase rectifiers,
8.8 giephaser
Lo =% for half-wave three-phase rectifiers,
= Rett for full-wave three-phase rectifiers,
660f
where: Lo ="critical" value of input inductance (henries),
f =supply-line frequency (cycles per second),

Rope = Load voltage (volts)
off = = on2as WO T
Load current (amps)

Choke-input filters are not normally used with single-phase
half-wave rectifiers.

Capacitor-Input Filter—The 2-50A is particularly suitable for
power-supply applications demanding high voltage at low cur-
rent. Under these conditions capacitor-input filter circuits
become desirable. The maximum d-c current rating of the 2-50A

when no input choke is incorporated in the filter depends upon
the total series resistance of the capacitor-charging circuit
relative to the effective load resistance seen by each tube. The
circuit diagrams and tabulation in Fig. 2 are so arranged and
labeled that this required series resistance may be found for a
wide range of load conditions. This may be done by determin-
ing the value of the following quantities:

Ec is the filter-input d-c voltage. While this is usually the
entire load voltage, in the case of voltage multipliers it is the
load voltage divided by the multiplication factor.

I'p is the d-c current per tube. This is the entire load current
only in the case of the simple half-wave rectifier or half- or full-
wave multiplier. In the case of full-wave center-tapped or bridge
rectifiers, |p is half the load current.

Rc is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit
the peak value of current to which the tubes will be subjected
under given load conditions. This required minimum depends
upon the d-c current per tube (I ), and has been tabulated in
Fig. 2 as a percentage of the effective load resistance per tube
(Ec/lp). The total charging-circuit resistance involves the in-
ternal resistance of the rectifier tube, Rp, the added series
resistor, Rs, and the equivalent internal resistance of the a-c
voltage supply, R;.

Rp is the plate resistance of the 2-50A, which may be
taken as 1000 ohms.

Ri is the equivalent internal resistance of the supply. This
may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used in
measuring this regulation.

Rs is the series resistor which must be inserted in the
charging circuit to bring the total charging-circuit resistance up
to the required minimum. Its value may be found from the for-
mula associated with each of the circuits of Fig. 2. This resistor
must be inserted in such a position in the circuit that it pro-
tects all tubes.

Tubes may be operated in parallel to increase the output
capability in a given circuit. When two tubes are placed in
parallel at each place where one is shown in the circuits of Fig.
2, the plate resistance (Rp) will be half as great and the maxi-
mum allowable load current twice as great as indicated.

Peak Inverse Voltage —The peak inverse voltage rating of
the 2-50A is 30,000 volts. In single-phase power-supply rectifier
circuits the peak inverse voltage to be used in design is the
peak a-c supply voltage (1.41 times E ms in Fig. 2) in the case
of bridge circuits, and twice this value in the case of half- and
full-wave rectifiers and voltage multipliers. Peak inverse voltage
in three-phase operation depends upon the circuit employed, and

will be found listed in the handbooks.

Special Applications—The ratings given for capacitor-input
filter circuits assume values of input capacitance large enough
to hold the ripple to a low value. In special applications where
a larger percent ripple is tolerable, and filter capacitance is low,
the 2-50A is capable of larger d-c output currents.

As a unidirectional conductor in d-c circuits where the
current is continuous and the percent ripple is moderate, the
maximum current rating of the 2-50A is 145 milliamperes.

The plate characteristic curve for the 2-50A serves as a
guide to special applications. The maximum plate dissipation
rating of 30 watts, the maximum peak inverse voltage rating of
30,000 volts, and the maximum peak plate current of 1.0 ampere
must not be exceeded.



LOAD
RECTIFIER CURRENT

|
|
oo
2 |
g
o+
]
A
WWW

Fig. I. Rectifier with Choke-Input Filter

MWW
(R;) Ry
(RP) l I (Rp)
= +
/IVOV00 bt E 21
b ‘- E
(RP) (RP) .
a. Full-Wave Center-Tapped Rectifier b. Full-Wave Bridge Rectifier
Ry=R.~R; - Rp Ry =R, —R; -R,
(Rp)
3
lP EEC_
]
E (RP)
o T o}
' 1 | m Rs
(R ) ®))
c. Half-Wave Rectifier . d. Half-Wave VYoltage Doubler
J: ‘IL I i i Ry=R.—R, =R,
T “T Ry=R R, -R, A H L i
‘ R,) ! T e
e % ’ I :
ll,, 6E, %: é ; I
= | - ®y) 4
ki é T “‘_ l'l{
| | () | b=
\ - ‘
| , | | S !
= L | ] "E ‘
‘ T ) 3E. 'Olg ‘
i esiil
: 41 Tl T +
" ®y)
i 1 % '
| i O
+ O
e. Half-Wave VYoltage Multiplier (with common !
ground when Rs is inserted on the "high"
side of E.mg) f. Full-Wave Voltage Multiplier

Eimac 2-50A Maxium D-C Current Ratings for R-C Filter Applications

D-C Plate Current (Ip) 55 60 65 70 75 milliamperes per tube

percent of effective
Load Resistance per
Tube (Ec/lp)

Total Charging-
Circuit Resistance (R¢) 1.3 2.4 4.7 8.5 17

A-C Supply Voltage times Filter-Input
(E rms ) 0.80 0.85 0.92 1.04 1.28 D-C Voltage (Ec)

Peak Inverse Yoltage times Filter-Input
(/2 these values for circuit b.) 2.3 Bt 2 34 4 D-C Voltage (E()

Fig. 2 Eimac 2-50A Basic R-C Circuits (for any one of the indicated loads)
R;= Equivalent resistance of voltage source
Rp= 1000 ohms (500 ohms for two tubes in parallel)
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EIMAC

2-150D

HIGH-VACUUM
RECTIFIER

The Eimac 2-150D is a high vacuum diode rectifier intended for use in
rectifier units, voltage multipliers, or in special applications, whenever con-
ditions of extreme ambient temperatures, high operating frequency, high
peak inverse voltages, or the production of high-frequency transients would
prevent the use of gas-filled rectifier tubes.

The 2-150D has a maximum d-c current rating of 250 milliamperes
and a maximum peak inverse voltage rating of 30,000 volts. Cooling is by
convection and radiation.

A single 2-150D will deliver 200 milliamperes at 11,800 volts to a
capacitor-input filter with 10,600 volts single-phase supply. Four 2-150D’s in
a bridge circuit will deliver 500 milliamperes at 19,000 volts to a choke- input
filter with 21,200 volts single-phase supply.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - - - - - - bOvolts
Current - - - - - - - - 13.0 amperes
MECHANICAL
Base - - - - - - - ~ - - - - - - 50-watt jumbo 4-pin bayonet
Basing - - - - - - - - - - - - - - Refer to outline drawing
Socket - - - - - - - - - - . Refer to discussion under “Application”
Mounting Position - - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - - - Convection and Radiation
Maximum Temperature of Plate Seal - - - - - - - - - - - 225°C
Recommended Heat Dissipating Plate Connector - - - - - - - Eimac HR-6
Maximum Over-all Dimensions:
Length - - - - - - - - - - - . - - . - 888 inches
Diameter - - - - - - - - - - - - - - - 250 inches
Net Weight - - - - - - - - - - - - - - - - 9 ounces
Shipping Weight (approx.) - - - - - - - - - - - - 1 pound
MAXIMUM RATINGS (Per tube)
PEAK INVERSE PLATE VOLTAGE - - - - 30,000 MAX. VOLTS
PLATE DISSIPATION - - - - - - - 90 MAX. WATTS
D-C PLATE CURRENT* - - - - - - - 250 MAX. MA
PEAK PLATE CURRENT - - - - - - - 3.0 MAX. AMPERES

*Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the ‘‘critical’’ value (or larger)
of input inductance. For maximum d-c current ratings under this and other load conditions see discussion under ‘‘Application.”

(Revised 12-15-65) Copyright 1952, 1965 by Varian Associates




APPLICATION

MECHANICAL
Mounting — The 2-150D must be mounted vertically
with the base either down or up. The lead to the plate
terminal of the tube should be flexible.

The 50-watt jumbo 4-pin bayonet base fits an E. F.
Johnson Co. No. 123-211, a National Co. No. XM-50, or
an equivalent socket. In some circuits, particularly
those of the voltage multipliers illustrated in Fig. 2, it
may be necessary to mount the socket on stand-off
insulators, or on a sheet of insulating material, to pro-
vide adequate insulation to ground.

Cooling — The 2-150D is cooled by convection and
radiation. Clearance should be provided around the
glass envelope adequate for the free circulation of air.
An Eimac HR-6 Heat Dissipating Connector or equiva-
lent is required on the plate terminal.

The maximum temperature at the plate seal must
not exceed 225°C. A convenient accessory for measur-
ing this temperature is “Tempilaq,” a temperature-
sensitive lacquer available from the Tempil Corpora-
tion, 132 W. 22nd Street, New York 11, N.Y.

ELECTRICAL

Filament Operation — For maximum tube life, the fila-
ment voltage, as measured at the base pins, should be
the rated value of 5.0 volts. Variations must be kept
within the range from 4.75 to 5.25 volts. In applica-
tions which require the diode to deliver high peak cur-
rents, it is important to maintain the filament voltage
at the rated value.

CAUTION SHOULD BE OBSERVED WHEN MEAS-
URING RECTIFER FILAMENT VOLTAGE. THE FIL-
AMENT CIRCUIT MAY BE AT HIGH POTENTIAL.

The thoriated-tungsten filament of the 2-150D reach-
es operating temperature in a fraction of a second after
application of voltage. Plate voltage may be applied
simultaneously with filament voltage.

Plate Operation—With low room illumination, the plate
of the 2-150D begins to show color as the maximum
plate dissipation rating of 90 watts is approached. The
maximum peak inverse voltage rating of 30,000 volts
should not be exceeded at any time.

Performance — The accompanying table shows some
maximum performance capabilities of the 2-150D
when used as a power-supply rectifier.

2-150D MAXIMUM-PERFORMANCE CAPABILITIES
Capacitor-Input Filter Choke-Input Filter

Circuit A-C Input  D-C Output D-C Output D-C Output D-C Output

Type Voltage Voltage Current Voltage Current
(volts rms) (volts) (ma) (volts) (ma)

Single-Phase,

Half-Wave 10,600 11,800 2000 e

Single-Phase,

Full-Wave 10,600! 11,800 400 9500 500

Single-Phase,

Bridge 21,200 23,600 400 19,000 500

10ne-half the transformer secondary voltage.

Maximum D-C Current Ratings — Plate dissipation
rather than peak current usually limits the d-c current
which the 2-150D is capable of delivering to the load.
Because the plate dissipation associated with a given
d-c current depends upon the amount of ripple and its
wave-shape, circuit conditions will determine the maxi-
mum d-c current rating of the tube.

Choke-Input Filter — The maximum d-c current rating
of the 2-150D is 250 milliamperes when the load incor-
porates a choke-input filter with the “critical” value (or
larger) of input inductance (L; in Fig. 1):

LD:l;‘g”8 7 for full-wave single-phase rectifiers,
L,,:,I;‘g‘f’ for half-wave three-phase rectifiers,
L,,:l;é'(;f for full-wave three-phase rectifiers,

where:L,="critical” value of input inductance (henries),
f—=supply-line frequency (cycles per second),
Rurr— Load voltage (volts)
eff—
Load current (amps)

Choke-input filters are not normally used with single-
phase half-wave rectifiers.

Capacitor-Input Filter — The 2-150D is particularly
suitable for power-supply applications demanding high
voltage at low current. Under these conditions capaci-
tor-input filter circuits become desirable. The maxi-
mum d-c current rating of the 2-150D when no input
choke is incorporated in the filter depends upon the
total series resistance of the capacitor-charging circuit
relative to the effective load resistance seen by each
tube. The circuit diagrams and tabulation in Fig. 2 are
so arranged and labeled that this required series resis-
tance may be found for a wide range of load condi-
tions. This may be done by determining the value of
the following quantities.

E. is the filter-input d-c voltage. While this is usually
the entire load voltage, in the case of voltage multipliers
it is the load voltage divided by the multiplication factor.

I, is the d-c current per tube. This is the entire load
current only in the case of the simple half-wave recti-
fier or half- or full-wave multiplier. In the case of full-
wave center-tapped or bridge rectifiers, I, is half the
load current.

R. is the total charging-circuit resistance. A certain
minimum value of charging-circuit resistance is neces-
sary to limit the peak value of current to which the
tubes will be subjected under given load conditions.
This required minimum depends upon the d-c current
per tube (I,), and has been tabulated in Fig. 2 as a
percentage of the effective load resistance per tube
(E./1,). The total charging-circuit resistance involves
the internal resistance of the rectifier tube, R,, the
added series resistor, R, and the equivalent internal
resistance of the a-c voltage supply, R..

R; is the plate resistance of the 2-150D, which may
be taken as 300 ohms.

R, is the equivalent internal resistance of the supply.
This may be taken as the regulation of the high-voltage
supply expressed as a decimal multiplied by the load
resistance used in measuring this regulation.

R, is the series resistor which must be inserted in the
charging circuit to bring the total charging-circuit resis-
tance up to the required minimum. Its value may be
found from the formula associated with each of the
circuits of Fig. 2. This resistor must be inserted in such
a position in the circuit that it protects all tubes.

Tubes may be operated in parallel to increase the
output capability in a given circuit. When two tubes
are placed in parallel at each place where one is shown
in the circuits of Fig. 2, the plate resistance (R,) will
be half as great and the load maximum allowable load
current twice as great as indicated.

Peak Inverse Voltage—The peak inverse voltage rating
of the 2-150D is 30,000 volts. In single-phase power-
supply rectifier circuits the peak inverse voltage to be
used in design is the peak a-c supply voltage (1.41
times E... in Fig. 2) in the case of bridge circuits, and
twice this value in the case of half- and full-wave recti-
fiers and voltage multipliers. Peak inverse voltage in
three-phase operation depends upon the circuit em-
ployed, and will be found listed in the handbooks.

Special Applications—The ratings given for capacitor-
input filter circuits assume values of input capacitance
large enough to hold the ripple to a low value. In spe-
cial applications where a larger percent ripple is toler-
able, and filter capacitance is low, the 2-150D is cap-
able of larger d-c output currents.

As a unidirectional conductor in d-c circuits where
the current is continuous and the percent ripple is
moderate, the maximum current rating of the 2-150D
is 500 milliamperes.

The plate characteristic curve for the 2-150D serves
as a guide to special applications. The maximum plate
dissipation rating of 90 watts, the maximum peak in-
verse voltage rating of 30,000 volts, and the maximum
peak plate current of 3.0 amperes must not be exceeded.
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Eimac 2-150D Maximum D-C Current Ratings for R-C Filter Applications

D-C Plate Current (I;) 150 175 200 225 250 milliamperes per tube
R e o TR 0.7 16 3.9 9.6 27 E:;Zenl{e;fsffit:eed::;
Tube (Ec/lp)
f‘éfmj“”'y Voltage 078 | 082 0.90 1.07 1.50 *[‘)'_“é‘v':,'::;'e'"fgz)
T8 e veluos T ciruit b B Valtege £

Fig. 2 Eimac 2-150D Basic R-C Circuits (for any one of the indicated loads)

R;=Equivalent resistance of voltage source

Rp=300 ohms (150 ohms for two tubes in parallel)
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2-240R

HIGH-VACUUM
RECTIFIER

EITEL-McCULLOUGH, INC.
S .

A N C ARLOS CALI FORNIA

- ®

The Eimac 2-240A is a high vacuum diode rectifier intended for use in
rectifier units, voltage multipliers, or in special applications, whenever condi-
tions of extreme ambient temperatures, high operating frequency, high peak
inverse voltages, or the production of high-frequency transients would prevent

the use of gas-filled rectifier tubes.

The 2-240A has a maximum d-c current rating of 500 milliamperes and a
maximum peak inverse voltage rating of 25,000 volts. Cooling is by convection

and radiation.

A single 2-240A will deliver 320 milliamperes at 10,000 volts to a capa-
citor-input filter with 9,000 volts single-phase supply. Four 2-240As in a bridge
circuit will deliver 1.0 ampere at 16,000 volts to a choke-input filter with 18,000

volts single-phase supply.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Yoltage - - - - -
Current - - - - -

MECHANICAL
Base - - - - - - -
Basing - - - - - - -
Socket - - - - - - -
Mounting Position - - - - -
Cooling - - 2 - - - -
Maximum Temperature of Plate Seal - -
Recommended Heat Dissipating Plate
Maximum Over-all Dimensions:
Length - - - . -
Diameter - - - - -
Net Weight - - - - - -
Shipping Weight (approx.) - - -

MAXIMUM RATINGS (Per tube)
PEAK INVERSE PLATE VOLTAGE -
PLATE DISSIPATION - - -
D-C PLATE CURRENT" - - -
PEAK PLATE CURRENT - -

7.5 volts

12.0 amperes

- 50-watt jumbo 4-pin bayonet
Refer to outline drawing
- - Refer to discussion under "Application"

Vertical, base down or up
Convection and radiation
225°C
Eimac HR-6

1.2
3.82
10 ounces

3 pounds

inches
inches

25,000 MAX. YOLTS
150 MAX. WATTS
500 MAX. MA
4.0 MAX. AMPERES

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the ''critical'

value (or larger) of input inductance.

For maximum d-c current ratings under this and other load conditions see discussion under ''Application''.

APPLICATION

MECHANICAL

Mounting—The 2-240A must be mounted vertically with the
base either down or up. The lead to the plate terminal of the
tube should be flexible.

The 50-watt jumbo 4-pin bayonet base fits an E. F. John-
son Co. No.123-211, a National Co. No. XM-50, or an equiva-
lent socket. In some circuits, particularly those of the voltage
multipliers illustrated in Fig. 2, it may be necessary to mount

(Effective 10-21-59) Copyright 1959 by Eitel-McCullough, Inc.

the socket on stand-off insulators, or on a sheet of insulating
material, to provide adequate insulation to ground.

Cooling—The 2-240A is cooled by convection and radiation.
Clearance should be provided around the glass envelope ade-
quate for the free circulation of air. An Eimac HR-6 Heat
Dissipating Connector or equivalent is required on the plate
terminal.

The maximum temperature at the plate seal must not exceed

’ Indicates Change From Sheet Dated 10-31-57



APPLICATION (Continued)

225°C. A convenient accessory for measuring this temperature
is "Tempilaq"”, a temperature-sensitive lacquer available from
the Tempil Corporation, 132 W. 22nd St., New York I, N. Y.

ELECTRICAL

Filament Operation—For maximum tube life, the filament volt-
age, as measured at the base pins, should be the rated value
of 7.5 volts. Variations must be kept within the range from
7.15 to 7.85 volts. In applications which require the diode to
deliver high peak currents, it is important to maintain the
filament voltage at the rated value. All four socket terminals
should be used, placing two in parallel for each filament con-
nection.

CAUTION SHOULD BE OBSERVED WHEN MEASURING
RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-
CUIT MAY BE AT HIGH POTENTIAL.

The thoriated-tungsten filament of the 2-240A reaches op-
erating temperature in a fraction of a second after application
of voltage. Plate voltage may be applied simultaneously with
filament voltage. All four socket terminals should be used,
putting two in parallel for each filament connection.

Plate Operation—With low room illumination, the plate of the
2-240A begins to show color as the maximum plate dissipation
rating of 150 watts is approached. The maximum peak inverse
voltage rating of 25,000 volts should not be exceeded at any
time.

Performance—The accompanying table shows some maximum
performance capabilities of the 2-240A when used as a power-
supply rectifier.

2-240A MAXIMUM-PERFORMANCE CAPABILITIES
Capacitor-Input Filter Choke-Input Filter

Circuit A-C Input D-C Output D-C Output D-C Output D-C Output

Type Voltage Voltage Current Voltage Current
(volts rms) (volts) (amperes) (volts) (amperes)

Single-

Thess, 9,000 10,000 0320 ...

Wave

Single-

Enas, 9,000° 10,000 0.640 8,000 1.00

Wave

Single-

Phase, 18,000 20,000 0.640 16,000 1.00

Bridge

10ne-half the transtormer secondary voltage.
Maximum D-C Current Ratings —Plate dissipation rather than
peak current usually limits the d-c current which the 2-240A is
capable of delivering to the load. Because the plate dissipation
associated with a given d-c current depends upon the amount
of ripple and its wave-shape, circuit conditions will determine
the maximum d-c current rating of the tube.
Choke-Input Filter—The maximum d-c current rating of the
2-240A is 500 milliamperes when the load incorporates a choke-
input filter with the "critical'" value (or larger) of input induct-
ance (L in Fig. I):

Lo= T—s’%f for full-wave single-phase rectifiers,

_ Rett
Lo=7sr

for half-wave three-phase rectifiers,

Lo= Ret

for full-wave three-phase rectifiers,

where: Lo="critical" value of input inductance (henries),
f =supply-line frequency (cycles per second),
R — Load voltage (volts)
® Load current (amps)’
Choke-input filters are not normally used with single-phase
half-wave rectifiers.
Capacitor-Input Filter—The 2-240A is particularly suitable for
power-supply applications demanding high voltage at low cur-

rent. Under these conditions capacitor-input filter circuits be-
come desirable. The maximum d-c current rating of the 2-240A
when no input choke is incorporated in the filter depends upon
the total series resistance of the capacitor-charging circuit rela-
tive to the effective load resistance seen by each tube. The
circuit diagrams and tabulation in Fig. 2 are so arranged and
labeled that this required series resistance may be found for a
wide range of load conditions. This may be done by determin-
ing the value of the following quantities:

E. is the filter-input d-c voltage. While this is usually the
entire load voltage, in the case of voltage multipliers it is the
load voltage divided by the multiplication factor.

Ip is the d-c current per tube. This is the entire load current
only in the case of the simple half-wave rectifier or half- or
full-wave multiplier. In the case of full-wave center-tapped or
bridge rectifiers, |p is half the load current.

Rc is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit
the peak value of current to which the tubes will be subjected
under given load conditions. This required minimum depends
upon the d-c current per tube (l;), and has been tabulated in
Fig. 2 as a percentage of the effective load resistance per tube
(Ec/lp). The total charging-circuit resistance involves the in-
ternal resistance of the rectifer tube, Rp, the added series
resistor, Rg, and the equivalent internal resistance of the a-c
voltage supply, R;.

Rp is the plate resistance of the 2-240A, which may be
taken as 200 ohms.

R;

may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used in

is the equivalent internal resistance of the supply. This

measuring this regulation.

R is the series resistor which must be inserted in the
charging circuit to bring the total charging-circuit resistance up
to the required minimum. Its value may be found from the
formula associated with each of the circuits of Fig. 2. This
resistor must be inserted in such a position in the circuit that
it protects all tubes.

Tubes may be operated in parallel to increase the output
capability in a given circuit. When two tubes are placed in
parallel at each place where one is shown in the circuits of
Fig. 2, the plate resistance (Rp) will be half as great and the
maximum allowable load current twice as great as indicated.

Peak Inverse Voltage—The peak inverse voltage rating of the
2-240A is 25,000 volts. In single-phase power-supply rectifier
circuits the peak inverse voltage to be used in design is the
peak a-c supply voltage (1.4] times Erms in Fig. 2) in the case
of bridge circuits, and twice this value in the case of half- and
full-wave rectifiers and voltage multipliers. Peak inverse voltage
in three-phase operation depends upon the circuit employed and

will be found listed in the handbooks.

Special Applications—The ratings given for capacitor-input
filter circuits assume values of input capacitance large enough
to hold the ripple to a low value. In special applications where
a larger percent ripple is tolerable, and filter capacitance is
low, the 2-240A is capable of larger d-c output currents.

As a unidirectional conductor in d-c circuits where the cur-
rent is continuous and the percent ripple is moderate, the maxi-
mum current rating of the 2-240A is 800 milliamperes.

The plate characteristic curve for the 2-240A serves as a
guide to special applications. The maximum plate dissipation
rating of 150 watts, the maximum peak inverse voltage rating of
25,000 volts, and the maximum peak plate current of 4.0 am-
peres must not be exceeded.
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Eimac 2-240A Maximum D-C Current Ratings for R-C Filter Applications

D-C Plate Current (lp) 280 300 320 340 360 380 400 milliamperes per tube

. percent of Effective
g+a|-*C|"|zarg‘|:g- (Re) 1.0 1.8 3.0 5.0 1.5 12 20 Load Resistance per

ircuit Resistance (Rc Tube (Ec/lp)

A-C Supply Voltage times Filter-Input
(Es) 0.80 0.83 0.87 0.94 1.01 1.14 .33 D-C Voltage (Ec)
Peak-Inverse Voltage times Filter-Input
(/> these values for circuit b.) 23 24 4.5 23 %9 32 3.8 D-C Voltage (E()

Fig. 2 Eimac 2-240A Basic R-C Circuits (for any one of the indicated loads)
R; =Equivalent resistance of voltage source
Rp=200 ohms (100 ohms for two tubes in parallel)
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EIMAC

- | 24508

HIGH-VACUUM
RECTIFIER

The Eimac 2-450A is a high-vacuum diode rectifier intended for use in
rectifier units, voltage multipliers, or in special applications where high
peak-inverse voltages, extreme temperatures, high operating frequency,
or the production of high-frequency transients would prevent the use of

mercury-vapor or gas-filled rectifier tubes.
ELECTRICAL CHARACTERISTICS
Filament: Thoriated Tungsten Min. Nom. Max.
Voltage - - - - - 7.5 volts
Current - - - - - 250 28.0 amperes
MECHANICAL
Base - - - - - - - - - 4-pin, metal shell
Socket - - - - - - E F Johnson Co. 124-214 or equivalent
Operating Position - - - - - - -vertical, base down or up
Recommended Plate Connector S Eimac HR-8
Maximum Operating Temperatures:
Plate Seal - - - - - - - - - - - 225°C
Envelope - - - - - - - - - - -250°C
Net Weight - - - - - - - - - -24pounds
Shipping Weight (approx1mate) - - - - - - - 9 pounds
COOLING

The temperature of the plate seal and envelope must not be allowed to exceed 225°C and
250°C respectively. When several tubes are being operated in the same compartment and at or near
maximum rated plate dissipation, forced-air cooling is required. In any event, it should be remem-
bered that the listed temperatures are maximums and that lower operating temperatures will result
in longer life and improved reliability. The use of a temperature-sensitive paint, sparingly applied
in the referenced areas, is recommended to determine the effectiveness of the cooling employed in
any given installation.

MAXIMUM RATINGS
Peak Inverse Plate Voltage - - - - - - - - - -

30,000 MAX. VOLTS

Plate Dissipation - - - - - - - - - - - - - 450 MAX. WATTS
D-C Plate Current - - - - - - = - - - - - - 1 MAX. AMPERE
Peak Plate Current T T T 8 MAX. AMPERES
MAXIMUM POWER-SUPPLY CAPABILITIES*

Circuit Vortage (olts ms) A age Gottsy " Curent. g9y
Single-Phase, Full-Wave (2 tubes) - - - - 21,200 total 9,300
Single-Phase, Bridge (4 tubes) - - - - - 21,200 total 18,600 2.0
Three-Phase, Full-Wave (6 tubes) - - - - 12,250 per leg 28,000 3.0

*Choke-input filter with L equal to or greater than twice “critical”; zero circuit loss assumed; tube drop considered.

CHOKE-INPUT FILTER

The maximum d-c current rating of the 2-450A is 1.0 amperes when the load incorporates a
choke-input filter with the “critical” value (or larger) of input inductance. This value may be calcu-
lated from the appropiate formula below:

B, 5 for full-wave R.osi for half-wave Rere for full-wave
Lo:ﬁ single wave L,—5=¢< three-phase L.—a=nz three-phase
. power supplies 75t power supplies 660f power supplies
where: L,="“critical” value of input inductance (henries) f—=supply-line frequency (cycles per second)

Rur— Load voltage (volts)
¢ Load current (amps)

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

(Revised 3-1-66) Copyright 1959, 1966 by Varian Associates
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2-2000A

HIGH-VACUUM
RECTIFIER

EI MAC

The Eimac 2-2000A is a high-vacuum diode rectifier intended for use in
rectifier units, voltage multipliers, or in special applications, whenever condi-
tions of extreme ambient temperatures, high operating frequency, high peak
inverse voltages, or the production of high-frequency transients would prevent
the use of gas-filled rectifier tubes.

The 2-2000A has a maximum d-c current rating of 750 milliamperes and
a maximum peak inverse voltage rating of 75,000 volts. Cooling is by forced
air, convection, and radiation.

A single 2-2000A will deliver 600 milliamperes at 31,500 volts to a capa-
citor-input filter with 26,500 volts single-phase supply. Four 2-2000A's in a
bridge circuit will deliver 1.50 amperes at 47,600 volts to a choke-input filter
with 53,000 volts single-phase supply.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - - - - - - 10.0 volts
Current - - - - - - - - 25.0 amperes
MECHANICAL
Base - - - - - - - - - - - - - - - Special 4-pin
Basing - - - - - - - - - - - - Refer to outline drawing
Socket - - - - - - - . . - Refer to discussion under "Application"
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - Forced air, convection, and radiation
Maximum Temperature of Plate Seal - - - - - - - - - - 225°C
Recommended Heat Dissipating Plate Connector - = - - - - - - Eimac HR-8
Maximum Over-all Dimensions:
Length - - - - - - - - - - - - 17.8 inches
Diameter - - - - - - - - - - - - 8.13 inches
Net Weight - - - - - - - - - - - - - 3 pounds
Shipping Weight (approx.) - - E - - - - - - - 13 pounds
MAXIMUM RATINGS (Per tube)
PEAK INVERSE PLATE VOLTAGE - = - - 75,000 MAX. VOLTS
PLATE DISSIPATION - - - - - - 1200 MAX. WATTS
D-C PLATE CURRENT' - - - - = - 750 MAX. MA
PEAK PLATE CURRENT - = = 5 s 12 MAX. AMPERES

'Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporating the ''critical"
value (or larger) of input inductance. For maximum d-c current ratings under this and other load conditions see discussion under ''Application''.

APPLICATION

Cooling—The 2-2000A is cooled by forced air, convection, and
radiation. Forced air is required for cooling of the filament
seals. If an E. F. Johnson Co. No. 124-214 socket is used, air at
a static pressure of 4 inches of water measured at the inlet of
the !4-inch cooling tube in the socket will provide sufficient

MECHANICAL

Mounting—The 2-2000A must be mounted vertically with the
base either down or up. The lead to the plate terminal of the
tube should be flexible.

The special 4-pin base fits an E. F. Johnson Co. No. 124-
214 or an equivalent socket. In some circuits, particularly those
of the voltage multipliers illustrated in Fig. 2, it may be neces-
sary to mount the socket on stand-off insulators, or on a sheet
of insulating material, to provide adequate insulation to ground.

(Effective 7-1-52) Copyright 1952

base cooling. The base of the tube is provided with a l-inch
diameter hole. If a socket is used with a I-inch diameter match-
ing hole and the manifold is of the same diameter, a static
pressure of less than 0.1 inch of water will be required. Clear-
ance should be provided around the glass envelope adequate
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APPLICATION

for the free circulation of air. An Eimac HR-8 heat Dissipating
Connector or equivalent is required on the plate terminal.

The maximum temperature at the plate seal must not ex-
ceed 225°C. A convenient accessory for measuring this tem-
perature is ''Tempilag", a temperature-sensitive lacquer avail-
able from the Tempil Corporation, 132 W. 22nd St, New York
I, N Y.

ELECTRICAL

Filament Operation—For maximum tube life, the filament volt-
tage, as measured at the base pins, should be the rated value
of 10.0 volts. Variations must be kept within the range from
9.5 to 10.5 volts. In applications which require the diode to
deliver high peak currents, it is important to maintain the fila-
ment voltage at the rated value. All four socket terminals should
be used, putting two in parallel for each filament connection.

CAUTION SHOULD BE OBSERVED WHEN MEASURING

RECTIFIER FILAMENT VOLTAGE. THE FILAMENT CIR-

CUIT MAY BE AT HIGH POTENTIAL.

The thoriated-tungsten filament of the 2-2000A reaches
operating temperature in a fraction of a second after applica-
tion of voltage. Plate voltage may be applied simultaneously
with filament voltage.

Plate Operation—The plate of the 2-2000A operates at dull red
color at the maximum plate dissipation rating of 1200 watts.
The maximum peak-inverse-voltage rating of 75,000 volts should
not be exceeded at any time.

Performance—The accompanying table shows some maximum
performance capabilities of the 2-2000A when used as a power-
supply rectifier.

2-2000A MAXIMUM-PERFORMANCE CAPABILITIES
Capacitor-Input Filter Choke-Input Filter

A-C Input D-C Output D-C Output D-C Output D-C Output
Circuit Yoltage Yoltage Current* Voltage Current
Type (volts rms) (volts) (amperes) (volts) (amperes)

Phase, 26,500 31,500 0.600

Ehase, 26,500" 31,500 .20 23,800 1.50

Phase, 53,000 63,000 1.20 47,600 1.50

10ne-half the transformer secondary voltage.
Maximum D-C Current Ratings—Plate dissipation rather than
peak current usually limits the d-c current which the 2-2000A is
capable of delivering to the load. Because the plate dissipation
associated with a given d-c current depends upon the amount
of ripple and its wave-shape, circuit conditions will determine
the maximum d-c current rating of the tube.
Choke-Input Filter—The maximum d-c current rating of the
2-2000A is 750 milliamperes when the load incorporates a choke-
input filter with the "critical' value (or larger) of input induc-
tance (L; in Fig. I):

R

Lo= —2ff  for full-wave single-phase rectifiers,

18.8f

Ls= %‘;ﬁ- for half-wave three-phase rectifiers,

Lo= Rett for full-wave three-phase rectifiers,
660f

where: Lo= "critical" value of input inductance (henries),
f = supply-line frequency (cycles per second),
Rt = Load voltage (volts)
€ Load current (amps)
Choke-input filters are not normally used with single-phase
half-wave rectifiers.
Capacitor-Input Filter—The 2-2000A is particularly suitable for
power-supply applications demanding high voltage at low cur-

(Continued)

rent. Under these conditions capacitor-input filter circuits be-
come desirable. The maximum d-c current rating of the 2-2000A
when no input choke is incorporated in the filter depends upon
the total series resistance of the capacitor-charging circuit rela-
tive to the effective load resistance seen by each tube. The
circuit diagrams and tabulation in Fig. 2 are so arranged and
labeled that this required series resistance may be found for a
wide range of load conditions. This may be done by deter-
mining the value of the following quantities:

E. is the filter-input d-c voltage. While this is usually the
entire load voltage, in the case of voltage multipliers it is the
load voltage divided by the multiplication factor.

Ipis the d-c current per tube. This is the entire load current
only in the case of the simple half-wave rectifier or half- or
full-wave multiplier. In the case of full-wave center-tapped or

bridge rectifiers, | is half the load current.

Rc is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit
the peak value of current to which the tubes will be subjected
under given load conditions. This required minimum depends
upon the d-c current per tube (Ip), and has been tabulated in
Fig. 2 as a percentage of the effective load resistance per tube
(Ec/lp). The total charging-circuit resistance involves the in-
ternal resistance of the rectifier tube, R, the added series
resistor, Ry, and the equivalent internal resistance of the a-c
voltage supply, R;.

Rp is the plate resistance of the 2-2000A, which may be
taken as 400 ohms.

R; is the equivalent internal resistance of the supply. This
may be taken as the regulation of the high-voltage supply ex-
pressed as a decimal multiplied by the load resistance used in
measuring this regulation.

R is the series resistor which must be inserted in the
charging circuit to bring the total charging-circuit resistance up
to the required minimum. Its value may be found from the
formula associated with each of the circuits of Fig. 2. This resis-
tor must be inserted in such a position in the circuit that it
protects all tubes.

Tubes may be operated in parallel to increase the output
capability in a given circuit. When two tubes are placed in
parallel at each place where one is shown in the circuits of
Fig. 2, the plate resistance (Rp) will be half as great and the
maximum allowable load current twice as great as indicated.

Peak Inverse Voltage—The peak-inverse-voltage rating of the
2-2000A is 75,000 volts. In single-phase power-supply rectifier
circuits the peak inverse voltage to be used in design is the
peak a-c supply voltage (1.4 times E.ms in Fig. 2) in the case
of bridge circuits, and twice this value in the case of half- and
full-wave rectifiers and voltage multipliers. Peak inverse voltage
in three-phase operation depends upon the circuit employed,

and will be found listed in the handbooks.

Special Applications— The ratings given for capacitor-input
filter circuits assume values of input capacitance large enough
to hold the ripple to a low value. In special applications where
a larger percent ripple is tolerable, and filter capacitance is
low, the 2-2000A is capable of larger d-c output currents.

As a unidirectional conductor in d-c circuits where the
current is continuous and the percent ripple is moderate, the
maximum current rating of the 2-2000A is 1500 milliamperes.

The plate characteristic curve for the 2-2000A serves as a
guide to special applications. The maximum plate dissipation
rating of 1200 watts, the maximum peak-inverse-voltage rating
of 75,000 volts, and the maximum peak plate current of 12
amperes must not be exceeded.
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f. Full-Wave Yoltage Multiplier

Eimac 2-2000A Maximum D-C Current Ratings for R-C Filter Applications

D-C Plate Current (lp) 550 600 650 700 750 milliamperes per tube
gl Shyeging- (Ru) i 2.1 3.8 7.0 13 E:;Zenge;t+§f‘fceec+;:i
Tube (E./lp)
Aé?mf‘)”""'y Voltage 080 | 084 | 090 1.00 116 g’_“c"‘viil';‘:;‘:"f;:)
biatoige 0 o 2 | | e [ | i

Fig. 2 Eimac 2-2000A basic R-C Circuits (for any one of the indicated loads)
R; =Equivalent resistance of voltage source

Rp=400 ohms (200 ohms for two tubes in parallel)
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2X3000F

HIGH-VACUUM
RECTIFIER

The Eimac 2X3000F is a high-vacuum, forced-air cooled, external-anode diode
intended for use in high-power rectifier units whenever high peak-inverse voltages,
extreme ambient temperatures, high operating frequency, or the production of high-
frequency transients would prevent the use of mercury-vapor or gas-filled rectifier
tubes.

CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - - - - - 7.5 volts
Current - - - - - - - 51 amperes
MECHANICAL
Operating Position - - - - - Vertical, base down or up
Maximum Operating Temperatures:
Glass-to-Metal Seals - - - - - - 175° C
Anode Core - - - - - - - 175° C
Net Weight - - - - - - - - 5.7 pounds
Shipping Weight (Approximate) - - - - - 17 pounds

MAXIMUM RATINGS
PEAK INVERSE PLATE VOLTAGE = - - - - =
PLATE DISSIPATION - - - - - - - &

25,000 MAX, VOLTS
3,000 MAX. WATTS

DC PLATE CURRENT = = - - - - = % - 3 MAX. AMPERES
PEAK PLATE CURRENT = - - - - = = # = 20 MAX. AMPERES
Maximum Approx. Maximum
TYPICAL POWER-SUPPLY AC Input DC Output DC Output
CAPABILITIES Voltage Voltage Current
Circuit (volts rms) (volts) (amps)
Single-Phase, Full-Wave (2 tubes) 17,700 total 8,000 6.0
Single-Phase, Bridge (4 tubes) 17,700 total 16.000 6.0
Three-Phase, Full-Wave (6 tubes) 10,200 per leg 24,000 9.0

*Choke-input filter with L equal to or greater than twice “critical”; zero circuit loss assumed.

COOLING

Sufficient forced air cooling must be provided to maintain seal and anode core temperature at 175°C or below.
Air-flow must be started when filament power is applied and it is advisable to continue air-cooling for two
minutes after all voltages are removed.

The table below lists minimum air-flow requirements to maintain tube temperatures below 175°C with air
flowing in both the base-to-anode and anode-to-base directions. This tabulation presumes air at 40°C and sea
level. A separate supply of approximately six cubic feet per minute, directed into the filament structure is also
required to maintain rated filament seal temperatures. This is best accomplished using a small diameter
insulating tubing directed into the stem, between the filament seals.

MINIMUM COOLING AIR-FLOW REQUIREMENTS
BASE-TO-ANODE FLOW ANODE-TO-BASE FLOW
Plate PRESSURE DROP PRESSURE DROP
Dissipation AIFEEFI;IMO)W (inches of AIR(E:I;II\'/IC))W (inches of

(Watts) water) water)

1000 15 0.1 25 0.2

2000 45 0.4 75 1.2

3000 95 1.4 155 4.5

Note: An extra 375 watts have been added to these plate dissipation figures in preparing this tabulation, to

compensate for filament dissipation.
For operation at high altitudes or higher ambient temperatures, these quantities should be increased. In all
cases it is suggested that actual temperatures be measured to insure adequate cooling.

(Effective 6-1-63) © Copyright 1958-1963 by Eitel-McCullough, Inc. Printed in U.S.A.
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4PRGOA

G , RADIAL-BEAM
: ( PULSE TETRODE
EITEL-McCULLOUGH, INC. :
SAN,Q'R;QNO, CALIFORNIA MODULATOR
AMPLIFIER

The Eimac 4PR60A is a high-vacuum tetrode intended for pulse-modulator
service in circuits employing inductive or resistive loads. This tube unilaterally

replaces the 715C and the 5D21.

3 The 4PR60A has a maximum plate dissipation rating of 60 watts, is cooled
by radiation and convection, and delivers pulse power output in the range of
300 kilowatts with one kilowatt of pulse driving power.

GENERAL CHARACTERISTICS

ELECTRICAL
Cathode: Oxide-coated, Unipotential
Heater Voltage - - - - - - - - - - - 260 volts
Heater Current - - - - - - - - - - 225 amperes
Minimum Heating Time - - - - - - - - 3 minutes

Direct Interelectrode Capacitances (Average)

For peak plate currents in excess of 5 amperes, the duty shall not
exceed 0.001, and the product of peak current in amperes and pulse

220 320 kilowatts

Grid-Plate (without shielding) - - - - - - - 0.3 pupf
lnput - - - - - - - - - - - - - - - 430 ppt
Output - - - - - - - - - - - - - - - 9.0 ppuf
MECHANICAL
Minimum Shock Test - - - - - =« =« - -« « o o o =« = = == - - - - = - 200g
Base - - = e - e e e . Fits E. F. Johnson Co. Socket Number 122-234 or equivalent
Mounting Position - - - - - - - - - - - - - - - - - - - - - - - - - Any
Cooling - - - - - - « -« « <« - - - - - - - - - - - Radiation and Convection
Recommended Heat Dissipating Plate Connector - - - - - - . - . . . - Eimac HR-8 —
Maximum Over-All Dimensions
Length - - - - - - - - - - - - - - - 4 - - - - - - - b inches
Diameter = =« = = =« o o @ c o o, i & @ = m = = ow = = = 3 inches
Net Weight - - - - - - - - - <« <« - . <« - - - - - - - - - -12 ounces
ShippingWeight - - - - - - - . - . . . . . . . . . . - - - . |.75 pounds
RATINGS
MAXIMUM RATINGS—Pulse Modulator Service (Per Tube) TYPICAL OPERATION
D-C PLATE VOLTAGE - - - 20 MAX. KILOVYOLTS Pulse Modulator (Per Tube)
D-C SCREEN YOLTAGE! - - 1.5 MAX. KILOVOLTS 3
D-C Plate Voltage - - - - 15.8 20.0 kilovolts
D-C GRID VOLTAGE? - - - —1.0 MAX. KILOVOLT Pulse Plate Current - - - - 140 16.0 amperes
PEAK POSITIVE GRID VOLTAGE - 300 MAX. VOLTS D-C Screen VYoltage - - - 1.25 1.25 kilovolts
PEAK PLATE CURRENT - - 18 MAX. AMPERES Pulse Screen Current* 5 = 4.0 3.0 amperes
PEAK POSITIVE PLATE VOLTAGE 25 MAX. KILOVOLTS DCGrid Vollege -+ - = = 800 500 wolls
- 5 : Pulse Grid Current* - - - - I.I 1.l amperes
PLATE DISSIPATION (AVERAGE) - 60 MAX. WATTS Pulse Positive Grid Voltage - - 100 100 volts
SCREEN DISSIPATION (AVERAGE) 8 MAX. WATTS l?ulfy L. “" = = - = 2 -OO; °0|2
ulse Leng - - - - - wsec
SEAL TEMPERATURES - ° 200 MAX. DES. C Peak Positive Plate Yoltage - - 25 25 kilovolts
DuTY Peak Plate Current - - - 16 18 amperes

Pulse Power Input - s

duration in microseconds shall not exceed 40. The tube shall not be Pulse Power Output - 210 305 LEI°W5'H5
operated for longer than 5 microseconds in any 100 microsecond Plate Output Voltage - - - 15.0 19.0 kilovolts
interval. 1 id seri tecti ist hall be 20,000 oh ini

For peak plate current values of less than 5 amperes, the pulse cracn gn- sernfas pro-ec e TepisaAneSi Sha | 08 SRR Tghimsy mintmum
duration-current factor of 40 applies, and the plate dissipation rating > 2Control grid series resistance shall be 100,000 ohms, maximum.

of 60 watts determines the maximum permissible duty. *Approximate values.

(Effective 3-22-54) Copyright 1954 by Eitel-McCullough, Inc. ’ Indicates change from sheet dated 8-15-52.
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APPLICATION

MECHANICAL
Mounting—The 4PR60A may be mounted and
operated in any position. A flexible connecting
strap should be provided between the plate ter-
minal and the external plate circuit.

The 4PR&OA is designed to withstand 200g
shocks of short duration transferred to the tube
through clamps on the metal skirt. Such clamps
must be shaped to fit the contour of the skirt and
must be fastened to the tube before being tight-
ened to the chassis in order that no distorting
force will be applied. No lateral pressure or
clamping action should be applied to the base pins
or to any part of the tube other than the skirt.
The skirt is internally connected to the cathode.

Adequate ventilation must be provided so that

the seals and envelope under operating conditions
do not exceed 200°C.

ELECTRICAL

Heater Voltage—The heater voltage, as measured
directly at the heater pins, should be the rated
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value of 26.0 volts. Variations in heater voltage
must be kept within the range from 23.4 to 28.6
volts.

Screen Dissipation—The average power dissipated
by the screen of the 4PR60A must not exceed
eight watts. A protective series resistance of not
less than 20,000 ohms must be inserted in the
screen - voltage supply circuit and the screen
should be adequately by-passed directly to the
cathode by means of a suitable capacitor.

Plate Voltage—The plate-supply voltage for the
4PR60OA should not exceed 20 kilovolts. In circuits
employing inductive loading, the peak instantan-
eous plate voltage should not exceed 25 kilovolts.
Plate Dissipation—Under normal operating condi-
tions, the plate dissipation of the 4PR60A should
not be allowed to exceed 60 watts. Plate dissipa-
tion in excess of maximum rating is permissible for
short periods of time, such as during adjustment
procedures. The 4PR60A should not be operated
without a heat dissipating plate connector such
as the recommended Eimac HR-8.

EIMAC 4PR60A
TYPICAL
PLATE CUT-OFF '
CHARACTERISTICS

1250

SCREEN VOLTAGE — VOLTS

1500

PLATE VOLTAGE — KILOVOLTS

’ Indicates change from sheet dated 8-15-52.
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8252
4PR60B

RADIAL-BEAM
PULSE TETRODE

MODULATOR
AMPLIFIER

Y

The Eimac 8252/4PR60B is a high-vacuum tetrode intended for pulse-
modulator service in circuits employing inductive or resistive loads. This tube
unilaterally replaces the 715C and the 5D21 and supersedes the 4PR&0A.

The 8252/4PR60B has a maximum plate dissipation rating of 60 watts, is
cooled by radiation and convection, and delivers pulse output power in the region
of 300 kilowatts with less than one kilowatt of pulse driving power.

GENERAL CHARACTERISTICS

ELECTRICAL
Cathode: Oxide-coated, Unipotential Min. Nom. Max.
Heater Voltage - - - - - - - . 26.0 volts
Heater Current - - - - - - . . 2.1 amperes
Cathode Heating Time - - - - - - 3 5 minutes
Direct Interelectrode Capacitances
Grid-Plate S R 2.0 pwpf
Input - - - - - - - . - . . 35 50 wpf
Output - - - - - - . . . .60 11 pwpuf
MECHANICAL

Minimum Shock Test - - - - . - . . . o . . oL L.

Base - - - - - .- - . . . . . . FitsE F. Johnson Co. Socket Number

Mounting Position - - - - - - - . . . _ . _ . _ . . . .
Cooling - - - - - - - o o o o o L L L. ..
Recommended Heat Dissipating Plate Connector - - - - - . . . .
Maximum Seal and Envelope Temperatures - - - - - . - . . . .
Maximum Over-All Dimensions

length - - - - -« - - - - . . . . . - o . . -
Diameter - - - - - . . o - - . . . < . . . .
Net Weight - - - - « o <« 4o = & =2 & s =« = = =~ = = =« =
Shipping Weight - - - - - . . _ _ o o . . . . . . .
RATINGS
MAXIMUM RATINGS—Pulse Modulator Service (Per Tube) TYPICAL OPERATION
D-C PLATE VOLTAGE - - - . . . 20 MAX. KILOVOLTS Pulse Modulator (Per Tube)
D-C SCREEN VOLTAGE - - . - . 1.5 MAX. KILOVOLTS D-C Plate Voltage - ’
D-C GRID VOLTAGEt - - - . . . —1.0 MAX. KILOVOLT Pulse Plate Current
PEAK POSITIVE GRID VOLTAGE - - - 300 MAX. VOLTS D-C Screen Voltage
PEAK PLATE CURRENT - - . . . 18 MAX. AMPERES Pulse Screen Current* -
PEAK POSITIVE PLATE VOLTAGE - - 25 MAX. KILOVOLTS D-C Grid Voltage
PLATE DISSIPATION (AVERAGE) - - - 60 MAX. WATTS Pulse Grid Current*
SCREEN DISSIPATION (AVERAGE) - - 8 MAX. WATTS Pulse Positive Grid Voltage
GRID DISSIPATION (AVERAGE) - - - 1 MAX. WATT Dutyi- - = o = = =
buty - - - - - . . . . . See chart page 4 Pulse Duration - - - -
Peak Positive Plate Voltage
tEffective grid-circuit resistance must not exceed 100,000 ohms. Pulse Input Power - -

Pulse Output Power - - -
Pulse Output Voltage -

(Effective 2-15-62) Copyright 1962 by Eitel-McCullough, Inc. Printed in U.S.A. *Approximate value.

190g, 0.5ms half sine
122-234 or equivalent

- - - Any

Radiation and Convection

16.0
10.0
1.25
1.8
—550
0.20
30
0.0025
5

25
160
150
15.0

- Eimac HR-8
- - 200°cC

6.000 inches

3.063 inches
12 ounces
2.5 pounds

20.0 kilovolts
18.0 amperes
1.25 kilovolts
2.7 amperes
— 600 volts
0.75 ampere
150 volts
.001
2 psec
25 kilovolts
360 kilowatts
337 kilowatts
18.75 kilovolts
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APPLICATION

MECHANICAL

MOUNTING—The 4PR60B may be mounted and
operated in any position. A flexible connecting strap
must be provided between the plate terminal and
the external plate circuit.

The 4PR60B is designed to withstand 200g
shocks of 0.5 millisecond duration transferred to
thé tube through clamps on the metal skirt. Such
clamps must be shaped to fit the contour of the skirt
and must be fastened to the tube before being tight-
ened to the chassis in order that no distorting force
will be applied. No lateral pressure or clamping ac-
tion should be applied to the base pins or to any
part of the tube other than the skirt. The skirt is in-
ternally connected to the cathode. The 4PR60B must
be protected from severe vibration.

Cooling—Adequate ventilation must be provided
so that seal and/or envelope temperatures do not
exceed 200° C under any operating or standby con-
dition. When the 4PR60B is operated where air
circulation is restricted, these temperatures can
easily reach 225°C or more which will accelerate
seal deterioration and cause early tube failure.

Adequate control of the base temperature, in
particular, is necessary. Envelope and plate-seal
temperatures do not ordinarily require special atten-
tion provided that an HR-8 heat-dissipating plate
connector is used. However, each individual applica-
tion of the 4PR6OB should be carefully evaluated
to assure safe operating temperatures. A blower
is usually required only when normal air circulation
is restricted, when the ambient temperature exceeds
25°C, when the altitude is other than sea level, or
when a combination of these factors exists.

ELECTRICAL

Heater Operation—The heater voltage, as measured
directly at the heater pins, should be maintained at
the rated value of 26.0 volts. Maximum variations in
heater voltage must be kept within the range of
23.4 to 28.6 volts. Where consistent performance and
long tube life are factors, the heater voltage must
be kept within the range of 24.7 to 27.3 volts. The
peak pulse-emission capability of the cathode may
be impaired at low heater voltages, and high heater
voltages contribute to short tube life.

A heater noise test is conducted periodically on
4PR60B samples. This test insures that the heater/
cathode assembly will not generate excessive r-f
noise during vibration over the frequency range
of 10 to 50 cps.

A 500-hour heater cycling test is alsa con-
ducted periodically on 4PR60B samples. This test
consists of at least 1000 complete on-off cycles and
insures that grid-to-cathode shorts will not occur
as a result of cumulative hysteresis effects upon
mechanical joints in the cathode assembly.
Cathode Operation—It is essential that the minimum
cathode heating time of three minutes be observed
prior to the flow of cathode current. Conservative
design for reliable tube operation in pulse circuits
dictates the use of five minutes minimum heating
time.

The "Cathode Current Derating Chart' on page
4 depicts the current capabilities of the 4PR60B
cathode at various pulse durations and duty fac-
tors. To use this chart, enter with pulse duration
and note the intersection with desired pulse cathode
current (the total of plate, screen, and grid currents
during a particular pulse condition). At this inter-
section read off values of maximum duty and/or
pulse repetition rate.

Under a given set of operating conditions, ele-
ment dissipations may limit the maximum per-
missible duty to a value less than that which cathode
considerations would dictate. When this occurs, it
will usually be found that screen dissipation is the
limiting factor under low tube-voltage-drop condi-
tions and that plate dissipation limits the maximum
duty under high tube-voltage-drop conditions.

Control-Grid Operation—The average power dis-
sipated by the control grid of the 4PR60B must
not exceed one watt. Control-grid dissipation is
not usually a limiting factor with this tube, but
can be computed as the product of pulse grid cur-
rent, pulse positive grid voltage, and duty factor.
Similarly, pulse driving power is pulse grid current
times pulse grid voltage swing (bias voltage plus
positive grid voltage).

Screen-Grid Operation—The average power dissi-
pated by the screen of the 4PR60B must not ex-
ceed eight watts. Screen dissipation is the product
of d-c screen voltage, pulse screen current, and duty
factor. Excessive screen dissipation is likely to occur
under conditions of low tube-voltage drop during
conduction. This condition can be relieved by using
a lower plate load resistance which will cause higher
tube-voltage drop during conduction.

A bleeder resistance designed to draw at least
10 milliamperes of current should be connected di-
rectly from screen to cathode of the 4PR60B. This
bleeder resistance will insure that only a positive
current load is presented to the screen supply.

Plate Operation—The plate of the 4PR60B is radi-
ation cooled and is rated at 60 watts maximum
dissipation. Average plate dissipation must not ex-
ceed 60 watts. The 4PR60B should not be operated
without a heat-dissipating plate connector such as
the recommended Eimac HR-8.

Average plate dissipation may be calculated as
the product of pulse plate current, pulse tube-voltage
drop, and duty factor. Excessive average plate dissi-
pation is likely to occur at high values of pulse tube-
voltage drop. The calculated value of plate dissipa-
tion may be well below 60 watts in a given case, but
excessive dissipation may result if pulse rise and fall
times are appreciable compared to pulse duration.
This excessive plate dissipation occurs because long
rise and fall times slow down the plate voltage
swing and allow plate current to flow for longer
periods in the high voltage-drop region.

The plate-supply voltage for the 4PR60B should
not exceed 20 kilovolts. In circuits employing induc-
tive loading, the peak instantaneous plate voltage
should not exceed 25 kilovolts.
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4PR60B OUTLINE DRAWING AND DIMENSIONS
DIMENSION DATA
REF. MIN. MAX.
A 5750 6. 000
! ] B 3.063 DIA.
C 5.344 5.594
D 1.125 1.250
E 2.885 DIA. 2.905 DIA.
F .328
G 438 500
H .06
J CAP: Cl—4|
(JEDEC DESIGNATION)
»)
N .250
P .043 .057
Q 188
e R .687
T A71 .203
U A71 .203
" .788 DIA. 1.813 DIA.
; w .I83DIA. 191 DIA.
@ X 157
- : e
CONTROL GRID
®—-‘ HEATER CATHODE
; NOTES:
1
_‘— |. DIMENSIONS IN INCHES.
i
2. (¥)CONTACT AREA.
. 3. (% ¥)DEFINES CYLINDRICAL AREA AVAILABLE
—BEATER FOR CLAMPING WHICH MUST NOT BE DISTORTED
BY CLAMPING ACTION.
SCREEN GRID 4. THE BASE PINS SHALL BE CAPABLE OF ENTERING
N ‘ A GAUGE 174 INCH THICK HAVING FOUR .214" DIA.

HOLES LOCATED ON II/16 CENTERS AND A

@5 PINS

(SEE NOTE 4)

CENTER HOLE .250 DIA
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EI M AC
g ® Division of Varian 673
B MERCURY-VAPOR
RECTIFIERS

The EIMAC 575A and 673 are half-wave mercury vapor-rectifiers incorpora-
ting features which enable them to withstand high peak inverse voltages and to
conduct at relatively low applied voltages. The tubes differ only in basing.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Oxide-coated
Voltage . _ _ _ _ _ . _ _ . 5.0 volts
Current _ _ _ _ _ _ . _ _ . 90toll5 amperes
Filament Heating Time . . _ _. _ _ _ _ . 30 seconds
Anode Starting Voltage (approx.) _ _ _ _ _ _ 20 volts
MECHANICAL
Base _ _ _ _ . . . . . _ _ B7A 50 watt, A4-29
673 Industrial, A4-18

Recommended Socket . _ . _ _ _ 575A E.F. Johnson #123-211

- . . 673 E.F.]Johnson #123-206

Maximum Overall Dimensions:

Length . _ _ _ _ _ _ _ _ _ _ B575A 11-1/8 inches
673 11-7/16 inches

. e e e o e oL 2-9/16 inches
5. e = o o= = e e 12 ounces

Diameter
Net Weight

MAXIMUM RATINGS (per tube)
CONDENSED MERCURY TEMPERATURE LIMITS® _ 20-50 20-60 °C

PEAK INVERSE ANODE VOLTAGE . . . . . . _ . . 15 10 kv
PEAK ANODE CURRENT:
Quadrature Filament Excitation®* _ _ _ _ _ _ _ _ _ _ 10 10 Amps

In-Phase Filament Excitation . _ _ _ _ _ _ _ _ _ _ 6 7 Amps
AVERAGE ANODE CURRENT: (Maximum averaging time - 20 seconds)

Quadrature Filament Excitation®® _ _ _ _ _ _ _ _ _ _ 25 25 Amps
In-Phase Filament Excitation . _ . _ _ _ _ _ _ _ _ 15 175 Amps
MAXIMUM AC SHORT CIRCUIT CURRENT®**®* _ _ _ _ _ 100 100 Amps

*Condensed Mercury temperature rises approximately 18°C above ambient.

**Quadrature excitation refers to filament voltage 90°+30° out of phase with anode voltage.
#**Max. duration 100 milliseconds.

APPLICATION
MECHANICAL

Mounting: The 575A and 673 must be mounted vertically base down.

Cooling: Provisions should be made for adequate air circulation around the tube. The temperature of
the condensed mercury should be kept within the ranges given under “MAXIMUM RATINGS.” This
temperature should be maintained at 40°=+5°C for most satisfactory operation of the tube. To measure
the condensed-mercury temperature a thermocouple or small thermometer may be attached to the glass
near the tube base using a small amount of putty. A condensed-mercury temperature lower than the

(Revised 4-1-67) © 1964, 1967 by Varian Printed in U.S.A.
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recommended value raises the voltage at which the tube becomes conducting and tends to reduce the
life of the filament. A temperature higher than recommended lowers the voltage at which the tube
becomes conducting and reduces the peak inverse voltage rating of the tube. The approximate con-
densed-mercury temperature rise above ambient is 18°C.

ELECTRICAL
Filament Voltage: For maximum tube life, the filament voltage as measured directly at the filament
pins, should be held at the rated value of 5.0 volts. Unavoidable variations in filament voltage must
be kept within the range of 4.8 to 5.2 volts. A filament voltage less than the minimum recommended
value may cause a high tube voltage drop, with consequent bombardment of the filament and eventual
loss of emission. A filament voltage higher than the recommended maximum value will also decrease
the life of the filament.
Caution should be observed in measuring the filament voltage as the filament circuit may be at a
high dc potential.
The filament should be allowed to reach operating temperature before the plate voltage is applied. Un-
der normal conditions, a delay of approximately 30 seconds will be required. The delay time should be
increased if there is any evidence of arc-back within the tube.
When it is necessary to use a shield around the tube care must be taken to insure adequate ventilation
and maintenance of normal condensed-mercury temperature. When a mercury-vapor rectifier is first
installed, the filament should be operated at normal voltage for approximately ten minutes with no
plate voltage applied, in order that the mercury may be properly distributed.
Shielding: Electromagnetic and electrostatic fields tend to cause the mercury vapor to break down,
are detrimental to tube life and make proper operation difficult. Consequently, the tube should be
isolated from such fields as exist around a transmitter or other similar equipment.

673 575-A
ANODE ) ANODE
.gﬁg DIA. ::g DIA. -

. 292 ]
27§ MAX. i == 2% MAX. —
x
<
3 %
e -
N oo
NOTE: These dimensions
\ reflect standard manufac-
turing tolerances. They
j should not be made the
basis for purchase speci-
fications unless checked
with EIMAC, Division of
Varian. 1
INDUSTRIAL FILAMENT
BASE 50 WATT
A4-18 BASE

A4-29
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8698

® TECHNICAL DATA 869B|.

MERCURY-VAPOR
RECTIFIERS

The EIMAC 869B and 869BL are half-wave mercury-vapor rectifiers incor-

porating features which enable them to withstand high peak inverse voltages and
to conduct at relatively low applied voltages. The 869B and 869BL carry maxi-
mum ratings of 20 kV peak inverse voltage, 5 amperes dc and 20 amperes peak

cathode current.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Oxide-coated
Voltage - - - - - - - - -
Current = = = & = = = &= &

Filament Heating Time - - - - - - -
Anode Starting Voltage (approx.) - - - -

MECHANICAL

Bageé = s = = = = = = = = s @ &
Maximum Overall Dimensions:
Length - - - - - - - - - - .
Diamefer = = = o = = = = = =
Net Weight - - - - - - - - - . -

MAXIMUM RATINGS (Single Tube)

CONDENSED MERCURY TEMPERATURE RANGE* - - - -

PEAK INVERSE ANODE VOLTAGE- - - -
PEAK ANODE CURRENT:
Quadrature Excitation** - - - -
In-Phase Excitation - - - - -

TEEE TR " Horr
-« == = [Tte2l A

60 Sec L
30 v .

- - - See Drawing

- - - 147/16 in. i
g % i,
- - - 20 oz.

30-60 30-50 30-40° C

= B B @B BB 10 15 20 MAX KV

T T T I 20 20 20 MAX AMPS
T 10 10 10 MAX AMPS

AVERAGE ANODE CURRENT: (30 second maximum averaging time)

Quadrature Excitation - - - - -
In-Phase Excitation - - - -
MAXIMUM AC SHORT-CIRCUIT CURRENT***

=B BB B 50 5.0 5.0 MAX AMPS
= = = (= = m E 2.5 2.5 2.5 MAX AMPS
= 2 = E s 100 100 100 MAX AMPS

*Condensed Mercury rises approximately 20°C above ambient.
**Quadrature excitation refers to anode current and filament current 90% 30° out of phase.

***¥\Maximum duration 100 milliseconds.

Data based on load return to center tap on filament transformer.

APPLICATION

MECHANICAL

Mounting: The 869B and 869BL must be
mounted vertically, base down. The 869BL includes
3 inch insulated flexible leads with lugs.

Cooling: Provisions should be made for ade-
quate air circulation around the tube. The tempera-
ture of the condensed mercury in the 869B and
869BL should be kept within the ranges given under
‘“MAXIMUM RATINGS.”’

(EFFECTIVE 3-16-64) COPYRIGHT 1964, 1967 BY VARIAN

This temperature should be maintained at 40°
+5°C for most satisfactory operation of the tube.
To measure the condensed-mercury temperature a
thermocouple or small thermometer may be attached
to the glass near the tube base using a small amount
of putty. A condensed-mercury temperature lower
than the recommended value raises the voltage at
which the tube becomes conducting and tends to re-
duce the life of the filament. A temperature higher

PRINTED IN U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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than recommended lowers the voltage at which the
tube becomes conducting and reduces the peak in-
verse voltage rating of the tube.

In some installations a blast of air must be
directed at the base of the tube to insure adequate
cooling.

ELECTRICAL

Filament Voltage: For maximum tube life,
the filament voltage as measured directly at the fila-
ment pins, should be held at the rated value of 5.0
volts. Unavoidable variations in filament voltage
must be kept within the range of 4.8 to 5.2 volts. A
filament voltage less than the minimum recommended
value may cause a high tube voltage drop, with con-
sequent bombardment of the filament and eventual
loss of emission. A filament voltage higher than the
recommended maximum value will also decrease the
life of the filament.

Caution should be observed in measuring the
filament voltage as the filament circuit may be at a
high dc potential.

The filament should be allowed to reach opet-
ating temperature before the plate voltage is applied
Under normal conditions, a delay of approximately

60 seconds will be required. The delay time should

be increased if there is any evidence of arc-back
within the tube.

When it is necessary to use a shield around the
tube care must be taken to insure adequate ventila-
tion and maintenance of normal condensed-mercury
temperature. When a mercury-vapor rectifier is first
installed, the filament should be operated at normal
voltage for approximately ten minutes with no plate
voltage applied, in order that the mercury may be
properly distributed.

X-Ray Radiation: Above approximately 16,000
peak inverse voltage, a rectifier will produce X-Rays.
In most equipment, there is adequate shielding so
that this does not constitute a health hazard, how-
ever, this should be checked in any new equipment.
A standard reference on this subject is ‘‘X-Ray
Protection, Handbook No. 93,”’ National Bureau of
Standards.

Shielding: Electromagnetic and electrostatic
fields tend to cause the mercury vapor to break down,
are detrimental to tube life and make proper opera-
tion difficult. Consequently, the 869B and 869BL
should be isolated from such fields as exist around
a transmitter or other similar equipment.

. 8698
20 oA
.8(:|.9 » “}r
3
MAX.
14412
‘ai'szs"\
l_l u U NOTE: These dimensions
— reflect standard manufac-
turing tolerances. They
should not be made the
N basis for purchase specifi-
FICAMENT FILAMENT, cations unless checked
with EIMAC Division of

(S-254)

Varian, 301 Industrial Way,
San Carlos, California,
94070.

869BL has 3 inch insulated flexible filament leads with spade terminals for #10 screw instead of pins

shown on the 869B outline.
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MERCURY-VAPOR
RECTIFIERS

The EIMAC 6894 and 6895 are half-wave mercury-vapor rectifiers espe-
cially designed for high voltage power rectifier applications. They are mercury
filled for high efficiency, long life and the ability to operate at high peak in-
verse voltage.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Oxide-coated '
Voltage - - - - - - - - - - - - =-"=- - - 5.0 V
Current - - - - = = = = = = = = - 90to11.0 A
Filament Heating Time - - - - - - - - - - - - - - 30 Sec
Anode Starting Voltage (approx.) - - - - - - - - - - - 20V
MECHANICAL
Base - - - - - - - - - - - 6894 50 watt, A4-29
6895 Industrial A4-18
Recommended Socket - - - - - - 6894 E.F. Johnson #123-211
6895 E.F. Johnson #123-206
Maximum Overall Dimensions:
Length - - - - - - - - - 689% 10-17/32 in.
6895 10-13/32 in.
Diameter - - - - - - - - - - - - - - - 2-9/16 in.
Net Weight - - - - - - - - - - - - - - - - - - 4oz

MAXIMUM RATINGS (per tube)
PEAK INVERSE ANODE VOLTAGE

20° -50°C Condensed Mercury Temperature Range* - - - - - - - - - - 20 MAX KV

20° -55°C Condensed Mercury Temperature Range - - - - - - - - - - 15 MAXKV

20° -60°C Condensed Mercury Temperature Range - - - - - - - - - - 10 MAX KV
PEAK ANODE CURRENT:

Quadrature Filament Excitation** - - - - - - - - - - - - - - 11.5 MAX AMPS

In-Phase Filament Excitation - - - - - = - - - - - - - - - - 8.3 MAX AMPS
AVERAGE ANODE CURRENT

Quadrature Filament Excitation - - - - - - - - - - - - - - - 2.5 MAX AMPS

In-Phase Filament Excitation - - S e 1.8 MAX AMPS
MAXIMUM AC SHORT CIRCUIT CURRENT*** - - - - - - - - - - - - 100 MAX AMPS

*Condensed Mercury Temperature rises approximately 20°C above ambient.

**Quadrature Excitation refers to filament voltage 909 30° out of phase with anode voltage.
**¥Max. duration 100 milliseconds.

All data based on load return to center tap of filament transformer.

APPLICATION

MECHANICAL '

Mounting: The 6894 and 6895 must be mounted Cooling: Provisions should be made for ade-
vertically, base down. These two tubes differ only quate air circulation around the tube. The tempera-
in their basing and socketry. ture of the condensed mercury should be kept within

(EFFECTIVE 3-16-64) COPYRIGHT 1964, 1967 BY VARIAN PRINTED IN U.S.A.
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the ranges given under ‘“‘MAXIMUM RATINGS.”’

This temperature should be maintained at
40° + 5°C for most satisfactory operation of the
tube. To measure the condensed-mercury tempera-
ture a thermocouple or small thermometer may be
attached to the glass near the tube base using a
small amount of putty. A condensed-mercury tem-
perature lower than the recommended value raises
the voltage at which the tube becomes conducting
and tends to reduce the life of the filament. A tem-
perature higher than recommended lowers the voltage
at which the tube becomes conducting and reduces
the peak inverse vnltage rating of the tube.

ELECTRICAL

Filament Voltage: For maximum tube life,
the filament voltage as measured directly at the fila-
ment pins, should be held at the rated value of 5.0
volts. Unavoidable variations in filament voltage
must be kept within the range 4.8 to 5.2 volts. A
filament voltage less than the minimum recommended
value may cause a high tube voltage drop, with con-
sequent bombardment of the filament and eventual
loss of emission. A filament voltage higher than the
recommended maximum value will also decrease the
life of the filament.

Caution should be observed in measuring the
filament voltage as the filament circuit may be at a
high dc potential.

The filament should be allowed to reach oper-
ating temperature before the plate voltage is applied.
Under normal conditions, a delay of approximately
30 seconds will be required. The delay time should
be increased if there is any evidence of arc-back
within the tube.

When it is necessary to use a shield around the
tube care must be taken to insure adequate ventila-
tion and maintenance of normal condensed-mercury
temperature. When a mercury-vapor rectifier is first
installed, the filament should be operated at normal
voltage for approximately ten minutes with no plate
voltage applied, in order that the mercury may be
properly distributed.

Shielding: Flectromagnetic and electrostatic
fields tend to cause the mercury vapor to break
down, are detrimental to tube life and make proper
operation difficult. Consequently, the tube should
be isolated from such fields as exist around trans-
mitter or other similar equipment.
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The EIMAC 8020 diode is a high-vacuum rectifier intended for use in
rectifier units, voltage multipliers, or in special applications, whenever con-
ditions of extreme ambient temperatures, high operating frequency, high
peak inverse voltages, or the production of high-frequency transients would

prevent the use of gas-filled rectifier tubes.

The 8020 has a maximum dc current rating of 100 milliamperes and a
maximum peak inverse voltage rating of 40,000 volts. Cooling is by convec-

tion and radiation.

A single 8020 will deliver 80 milliamperes at 17,000 volts to a capacitor-
input filter with 14,000 volts single-phase supply. Four 8020’s in a bridge
circuit will deliver 200 milliamperes at 25,000 volts to a choke-input filter

with 28,000 volts single-phase supply.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - - - - - - - - - 50 volts
Current - - - - - - - - - - - 6.5 amperes
MECHANICAL
Base - - - - - - - - - - - - - - - - - - - - - - Medium 4-pin bayonet
Basing - - - - - - - - - - - - - - - - - - - - - Refertooutline drawing
Socket - - - - - - - - - - - - - - - - Refer to discussion under “Application”
Mounting Position- - - - - - - - - - - - - - . - - Vertical, base down or up
Cooling - - - - - - - - - - - - - - - - - - - - Convection and radiation
Maximum Temperature of Plate Seal - - - - - - - - - - - - - - - - - 225°C
Recommended Heat Dissipating Plate Connector - - - - - - - - - - EIMAC HR-8
Maximum Overall Dimensions:
Length - - - - - - - - - - - - - - - - - - - - - 800 inches
Diameter - - - - - - - - - - - - - - - - - - - - 232 inches
Net Weight - - - - - - - - - - - - - - - - - - - - - - - 4 ounces
Shipping Weight (approx.) - - - - - - - - - - - - - - - - -1 pound
MAXIMUM RATINGS (Per Tube)
Peak Inverse Plate Voltage - - - - - - = = = = = = = = = = 40,000 volts
Plate Dissipation - - - - - - - - - S 60 watts
DC Plate Current* - - - - - - - - - S 100 ma
Peak Plate Current - - - - - - - - e 1.5 ampere

1 Averaged over one cycle for each tube. Applies only when the rectifier is coupled to the load by a choke-input filter incorporat-
ing the “critical” value (or larger) of input inductance. For maximum dc current ratings under this and other load condi-

tions see discussion under “Application.”

APPLICATION

MECHANICAL

Mounting—The 8020 must be mounted vertically with the
base either down or up. The lead to the plate terminal of the
tube should be flexible.

The medium 4-pin bayonet base fits an E. F. Johnson Co.
No. 122-124, a National Co. No. XC-4 or CIR-4, or an equiv-
alent socket. In some circuits, particularly those of the volt-
age multipliers illustrated in Fig. 2, it may be necessary to

(Revised 6-1-67) (© 1952, 1967 Varian

mount the socket on stand-off insulators, or on a sheet of in-
sulating material, to provide adequate insulation to ground.
Cooling—The 8020 is cooled by convection and radiation.
Clearance should be provided around the glass envelope ade-
quate for free circulation of air. An EIMAC HR-8 Heat
Dissipating Connector or equivalent is required on the plate
terminal.

Printed in U.S.A.
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APPLICATION (Continued)

The maximum temperature at the plate seal must not ex-
ceed 225°C. A convenient accessory for measuring this tem-
perature is “Tempilaq,” a temperature-sensitive lacquer
available from the Tempil Corporation, 132 W. 22nd St.,
New York 11, N. Y.

ELECTRICAL

Filament_Operation—For maximum tube life, the filament
voltage, as measured at the base pins, should be the rated
value of 5.0 volts. Variations must be kept within the range
from 4.75 to 5.25 volts. In applications which require the
diode to deliver high peak currents, it is important to main-
tain the filament voltage at the rated value.

Caution should be observed when measuring rectifier
filament voltage. The filament circuit may be at high
potential.

The thoriated-tungsten filament of the 8020 reaches op-
erating temperature in a fraction of a second after applica-
tion of voltage. Plate voltage may be applied simultaneously
with filament voltage.

Plate Operation—With low room illumination, the plate of
the 8020 begins to show color as the maximum plate dissipa-
tion rating of 60 watts is approached. The maximum peak
inverse voltage rating of 40,000 volts should not be exceeded
at any time.

Performance—The accompanying table shows some maxi-
mum performance capabilities of the 8020 when used as a
power-supply rectifier.

8020 MAXIMUM PERFORMANCE CAPABILITIES
Capacitor-Input Filter Choke-Input Filter

Circuit  AC Input DC Output DC Output DC Output DC Output
Type Voltage Voltage Current Voltage Current
(volts rms) (volts) (ma) (volts) (ma)

Single-

Phase,

Half-

Wave 14,000 17,000 800  sses:
Single-

Phase,

Full-

Wave 14,0001 17,000 160
Single-

Phase,

Bridge 28,000 34,000 160 25,000 200

12,500 200

1 One-half the transformer secondary voltage.

Maximum DC Current Ratings—Plate dissipation rather than
peak current usually limits the dc current which the 8020 is
capable of delivering to the load. Because the plate dissipa-
tion associated with a given dc current depends upon the
amount of ripple and its wave-shape, circuit conditions will
determine the maximum dc current rating of the tube.
Choke-Input Filter—The maximum dc current rating of the
8020 is 100 milliamperes when the load incorporates a choke-
input filter with the “critical” value (or larger) of input in-
ductance (L in Fig. 1):

Reft
o =71g88f for full-wave single-phase rectifiers,

_ Rest
*ﬁ for half-wave three-phase rectifiers,

Lo
Reit

Lo =560t

for full-wave three-phase rectifiers,

where: Lo — “critical” value of input inductance (henries),
f = supply-line frequency (cycles per second ),

_ Load voltage (volts)

" Load current (amps)

Rett

Choke-input filters are not normally used with single-phase
half-wave rectifiers.
Capacitor-Input Filter—The 8020 is particularly suitable for
power-supply applications demanding high voltage at low
current. Under these conditions capacitor-input filter circuits
become desirable. The maximum dc current rating of the
8020 when no input choke is incorporated in the filter de-
pends upon the total series resistance of the capacitor-charg-
ing circuit relative to the effective load resistance seen by
each tube. The circuit diagrams and tabulation in Fig. 2 are
so arranged and labeled that this required series resistance
may be found for a wide range of load conditions. This may
be done by determining the value of the following quantities:

E, is the filter-input dc voltage. While this is usually the
entire load voltage, in the case of voltage multipliers it is the
load voltage divided by the multiplication factor.

I, is the dc current per tube. This is the entire load current
only in the case of the simple half-wave rectifier or half- or
full-wave multiplier. In the case of full-wave center-tapped

or bridge rectifiers, I,is half the load current.

R, is the total charging-circuit resistance. A certain mini-
mum value of charging-circuit resistance is necessary to limit
the peak value of current to which the tubes will be subjected
under given load conditions. This required minimum depends
upon the dc current per tube (I, ), and has been tabulated
in Fig. 2 as a percentage of the effective load resistance per

O

tube ( > . The total charging circuit resistance involves
Ip

the internal resistance of the rectifier tube, Ry, the added

series resistor, Rg, and the equivalent internal resistance of

the ac voltage supply, Ry.

Ry, is the plate resistance of the 8020, which may be taken
as 1000 ohms.

R; is the equivalent internal resistance of the supply. This
may be taken as the regulation of the high-voltage supply
expressed as a decimal multiplied by the load resistance used
in measuring this regulation.

Rs is the series resistor which must be inserted in the
charging circuit to bring the total charging-circuit resistance
up to the required minimum. Its value may be found from the
formula associated with each of the circuits of Fig. 2. This
resistor must be inserted in such a position in the circuit that
it protects all tubes.

Tubes may be operated in parallel to increase the output
capability in a given circuit. When two tubes are placed in
parallel at each place where one is shown in the circuits of
Fig. 2, the plate resistance (R, ) will be half as great and the
maximum allowable load current twice as great as indicated.

Peak Inverse Voltage—The peak inverse voltage rating of the
8020 is 40,000 volts. In single-phase power-supply rectifier
circuits the peak inverse voltage to be used in design is the
peak ac supply voltage (1.41 times E nsin Fig. 2) in the
case of bridge circuits, and twice this value in the case of
half- or full-wave rectifiers and voltage multipliers. Peak
inverse voltage in three-phase operation depends upon the
circuit employed, and will be found listed in the handbooks.
Special Applications—The ratings given for capacitor-input
filter circuits assume values of input capacitance large enough
to hold the ripple to a low value. In special applications
where a large percent ripple is tolerable and filter capacitance
is low, the 8020 is capable of larger dc output currents.

As a unidirectional conductor in dec circuits where the cur-

rent is continuous and the percent ripple is moderate, the
maximum current rating of the 8020 is 200 milliamperes.

The plate characteristic curve for the 8020 serves as a
guide to special applications. The maximum plate dissipa-
tion rating of 60 watts, the maximum peak inverse voltage
rating of 40,000 volts, and the maximum peak plate current
of 1.5 amperes must not be exceeded.
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ground when Ry is inserted on the "high"
side of Erms) f. Full-Wave Voltage Multiplier
Eimac 8020 Maximum D-C Current Ratings for R-C Filter Applications
D-C Plate Current (l;) 70 75 80 85 90 95 100 milliamperes per tube
. percent of Effective
Total Charging- 0.8 1.2 1.8 3.0 4.7 7.6 12 Load Resistance per
Circuit Resistance (R.)

Tube (EC
5
A-C Supply Voltage times Filter-Input
(Erms) 0.78 0.80 0.83 0.87 0.92 1.01 1.14 D-C Voltage (E.)

Peak Inverse Voltage times Filter-Input
(12 these values in circuit "b'".) 2t 4 %A 2.5 % 23 32 D-C Voltage (E.)

Fig. 2. EIMAC 8020 Basic R-C Circuits (i‘or any one of the indicated loads) .
Ri=Equivalent resistance of voltage source 3
Rp=1000 ohms (500 ohms for two tubes in parallel)
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KY21A

x EI MAC
® GRID-CONTROLLED
MERCURY-VAPOR
RECTIFIER

The EIMAC KY21A is a grid-controlled mercury vapor-rectifier incor-
porating features which enable it to withstand high peak inverse voltages
and to conduct at relatively low applied voltages. The oxide-coated, edge- ,
wise-wound, shielded ribbon filament, provides a large emission reserve and ;
long life, =

— -
GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Oxide-coated B %

Voltage - - - - - - - - - - 2.5 volts Emae

Current - - - - == 10 amperes ‘0/ ”i,w
Tube Voltage Drop (approx ) - - - - = - 10 volts e 3
Ionization Time (approx.) - - - - - - - 10 usec ,g‘
Deionization Time (approx.) - - - - - - 1000 pusec % ‘%
MECHANICAL J
Base - - - - - - - - - - - Medium, 5-pin, #A5-11

Recommended Socket - -
Maximum Overall Dimensions:

E. F. Johnson #122-225

Length - - - - - - - - - - - 8.0 inches
Diameter S T 275 inches
Net Weight - - - - - - - - - - - 4 ounces
Shipping Weight - - - - - - - - - - 3 pounds

MAXIMUM RATINGS (Single Tube)
PEAK INVERSE ANODE VOLTAGE* - -

11,000 VOLTS

PEAK ANODE CURRENT - - - - - - - - - - - 3 AMPERES
AVERAGE ANODE CURRENT - - - - - - - - - . .75 AMPERES
SUPPLY FREQUENCY - - - - - - 150 CPS
CONDENSED-MERCURY TEMPERATURE RANGE* oo - - - 20-60° CENTIGRADE

*Temperatures in excess of 60°C limit the peak-inverse rating to 5500 volts with a corresponding reduction in
permissible RMS supply voltages to one-half those listed in the table.

**Qperation at 40° plus or minus 5° is recommended.

APPLICATION

MECHANICAL

Mounting — The KY21A must be mounted
vertically, base down. In order to carry the ten
amperes of filament current the adjacent pins
have been connected in parallel within the base.
Similar connections should be made in the
socket.

Cooling — Provisions should be made for ade-
quate air circulation around the tube. The tem-
perature of the condensed mercury in the
KY21A should be kept within the ranges given
under “MAXIMUM RATING.”

This temperature should be maintained at
40° =5°C for most satisfactory operation of

(Revised 7-1-66) © 1953, 1966 Varian

the tube. To measure the condensed-mercury
temperature a thermocouple or small thermom-
eter may be attached to the glass near the tube
base using a small amount of putty. A con-
densed-mercury temperature lower than the
recommended value raises the voltage at which
the tube becomes conducting and tends to re-
duce the life of the filament. A temperature
higher than recommended lowers the voltage at
which the tube becomes conducting and reduces
the peak inverse voltage rating of the tube.

ELECTRICAL

Filament Voltage — For maximum tube life,
the filament voltage as measured directly at

Printed in U.S.A.
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the filament pins, should be held at the rated
value of 2.5 volts. Unavoidable variations in
filament voltage must be kept within the range
of 2.4 to 2.6 volts. A filament voltage less than
the minimum recommended value may cause
a high tube voltage drop, with consequent bom-
bardment of the filament and eventual loss of
emission. A filament voltage higher than the
recommended maximum value will also de-
crease the life of the filament.

Caution should be observed in measuring the
filament voltage as the filament circuit may
be at a high dc potential.

The filament of the KY21A should be allowed
to reach operating temperature before the plate
voltage is applied. Under normal conditions, a
delay of approximately 30 seconds will be re-
quired. The delay time should be increased if
there is any evidence of arc-back within the
tube.

When it is necessary to use a shield around

EIMAC KY2IA e
CONTROL GRID
\/ \ CHARACTERISTIC
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% Depends on temperature, age and
tube -to-tube variation.

NOTE: These dimensions reflect standard
manufacturing tolerances. They should not be

made the basis for purchase specifications un-
less checked with EIMAC Division of Varian.

the KY21A care must be taken to insure ade-
quate ventilation and maintenance of normal
condensed-mercury temperature. When a
KY21A is first installed, the filament should
be operated at normal voltage for approximately
ten minutes with no plate voltage applied, in
order that the mercury may be properly distrib-
uted.

Shielding — Electromagnetic and electro-
static fields tend to cause the mercury vapor to
break down, are detrimental to tube life and
make proper operation difficult. Consequently,
the KY21A should be isolated from such fields
as exist around a transmitter or other similar
equipment.

Grid Circuit — The KY21A is prevented from
conducting by placing a negative potential on
the grid. The relationship between negative
grid control voltage and anode voltage is shown
in the characteristic curve below.

|
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RX21A

intny
MERCURY-VAPOR
RECTIFIER
The Eimac RX21A is a half-wave mercury vapor-rectifier incorporating features
which enable it to withstand high peak inverse voltages and to conduct at relatively
low applied voltages. The oxide-coated, edgewise-wound, shielded ribbon filament,
provides a large emission reserve and long life.
GENERAL CHARACTERISTICS
ELECTRICAL
Filament: Oxide-coated
Voltage - - - - - - - - - - - - - - 25 volts
Current- - - - - - - - - - - - - - 10 amperes
Tube Voltage Drop (approx.) - =- = = = = = = = - = 10 volts
MECHANICAL
Base - - - - - - - - - - - - - - - Medium, 5-pin, #A5-11
Recommended Socket - - = - - - - - - - E,F. Johnson #122-225
Maximum Overall Dimensions:
Length - - - - - = - - - - - - - - 8,0 inches
Diameter - - - - - - - - - - - - 2-1/16 inches
| Net Weight - - - - = - - - - - - - - - - - 4 ounces
Shipping Weight - - - - - - - - - - - - - - - 3 pounds
MAXIMUM RATINGS (Single tube)
PEAK INVERSE ANODE VOLTAGE* - - - = = = = = = = = = = - 11,000 MAX, VOLTS
PEAK ANODE CURRENT - = = = = = = = = = = = = = = = = 3 MAX. AMPERES
AVERAGE ANODE CURRENT = - = = = = = = = - = = = = - = .75 MAX, AMPERES
SUPPLY FREQUENCY - - - = = = = = = = = = = = - = = = 150 MAX, CPS
CONDENSED-MERCURY TEMPERATURE RANGE** - - - - - - - - - -20-60° CENTIGRADE
* Temperatures in excess of 60°C limit the peak-inverse rating to 5500 volts with a corresponding
** Operating at 40 plus or minus 5 C is recommended.
APPLICATION
MECHANICAL
Mounting: The RX21A must be mounted vertically, the recommended value raises the voltage at which
base down. In order to carry the ten amperes of the tube becomes conducting and tends to reduce the
filament current the adjacent’pins have been connected life of the filament. A temperature higher than rec-
in parallel within the base. Similar connections should ommended lowers the voltage at which the tube be-
be made in the socket. comes conducting and reduces the peak inverse voltage
Cooling: Provisions should be made for adequate air rating of the b
circulation around the tube. The temperature of the ELECTRICAL
condensed mercury in the RX21A should be kept within
13 th)
the ranges given under ‘‘MAXIMUM RATINGS’’. Filament Voltage: For maximum tube life, the filament
This temperature should be maintained at 40° ¥5°C voltage as measured directly at the filament pins,
for most satisfactory operation of the tube. To meas- should be held at the rated value of 2.5 volts. Un=
ure the condensed-mercury temperature a thermo= avoidable variations in fillament voltage must be kept

couple or small thermometer may be attached to the
glass near the tube base using a small amount of
putty., A condensed=mercury temperature lower than

within the range of 2.4 to 2.6 volts, A filament voltage
less than the minimum recommended value may cause
a high tube voltage drop, with consequent bombard=

(Effective 1=2=63) ® Copyright 1953 = 1963 by Eitel=MeCullough, Ine. Printed in U.S.A,
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ment of the filament and eventual loss of emission.
A filament voltage higher than the recommended maxi-
mum value will also decrease the life of the filament.

Caution should be observed in measuring the filament
voltage as the filament circuit may be at a high dc
potential.

The filament of the RX21A should be allowed to reach
operating temperature before the plate voltage is
applied. Under normal conditions, a delay of approx-
imately 30 seconds will be required. The delay time
should be increased if there is any evidence of arc-
back within the tube.

When it is necessary to usea shield around the RX21A

care must be taken to insure adequate ventilation and
maintenance of normal condensed-mercury tempera-
ture. When an RX21A is first installed, the filament
should be operated at normal voltage for approximate-
ly ten minutes with no plate voltage applied, in order
that the mercury may be properly distributed.

Shielding: Electromagnetic and electrostatic fields
tend to cause the mercury vapor to break down, are
detrimental to tube life and make proper operation
difficult. Consequently, the RX21A should be isolated
from such fields as exist around a transmitter or other
similar equipment.
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NOTE: These dimensions reflect
standard manufacturing toler-
ances. They should not be made
the basis for purchase specifica-
tions unless checked with Eitel-
McCullough, Inc.
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Look in the general section for---

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

® Your nearest Eimac Field Engineer, who stands ready to
give you immediate engineering assistance, information
on deliveries and prices, or provide other information not
found in the catalog.

Eimac tube type numbering system.
® Tube Replacement Chart.

Prices on Eimac products.

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 proved by Eimac engineers, whose combined knowledge and experience are at your service.
Additional contributions by this Eimac department are its Application Bulletins, a service which
you receive without obligation.

Flﬂld Eﬂglneel‘lng Serving as an extension of the Application Engineering Department out-
side the Eimac plant, Eimac Field Engineers cover the United States, operating out of offices in
major cities. They will help you personally with experimental work, problems of technique, etc.
Engineers from Eitel-McCullough, Inc. are available, too, for field consultation throughout the
country. As Eimac tubes are world renowned, the same services extend to various countries over-
seas through the Eimac Export Department.

Sapoil)
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HIGH-MU
UHF
TRIODE

The Eimac 2C39A is a ceramic-metal high-mu planar triode with a plate-
dissipation rating of 100 watts, designed for use as a power amplifier, oscillator, or b
frequency multiplier at frequencies to above 2500 megacycles. The new ceramic-metal
construction results in extreme ruggedness, mechanical uniformity, reliable operation
at seal temperatures up to 250°C, and longer life expectancy than its glass prototypes.

The 2C39A in a class-C r-f grounded grid circuit at 500 megacycles will typically
deliver 27 watts useful power output with 6 watts driving power. As an r-f oscillator
at 2500 megacycles the 2C39A will deliver a minimum of 12 watts useful power output.

GENERAL CHARACTERISTICS

ELECTRICAL

Cathode: Oxide-Coated, Unipotential
Heating Time - - - - -
Heater: Voltage (See "Aplecahons ) - - - -
Current - - - - -
Amplification Factor - -
Direct Interelectrode Capacahnces (In Shlelded F|x+ure)
Grid-Plate - - - = . s
Grid-Cathode - - - - - g =
Plate-Cathode - - - E - 8 s
Transconductance (lh=70 ma.) : - - - -
Frequency for Maximum Ratings - - - - -

p MECHANICAL

Base, Socket and Connections - - - See drawing
Operating Position - = = - < = Any
Cooling = - - - - - Forced Air
Maximum Operahng Temperatures:
Ceramic-to-Metal Seals - - . 250° C
Anode Core - - - s ” - 250° C

Min. Nom. Max.

= - 60 seconds
- - 63 volts
- 095 1.10 amperes
- - 100
- 1.86 2.16 uuf
- 5.0 7.60 uuf
- - - 0.035 uuf
20,000 30,000 umbhos
- - - 2,500 mc

Maximum Over-all Dimensions:

Length - . - - - 2.75 inches
Diameter - - - - - 1.27 inches
Net Weight - - - 2.5 ounces
Shipping Weight (Snngle Tube Approx) S 7.0 ounces

RADIO-FREQUENCY POWER AMPLIFIER,
OR OSCILLATOR
MAXIMUM RATINGS (Per tube)

D-C PLATE VOLTAGE
D-C CATHODE CURRENT
D-C GRID VOLTAGE -
D-C GRID CURRENT -
HEATER VOLTAGE -
INSTANTANEOUS PEAK POSITIVE

3 = 1000 MAX. VOLTS
- - 125 MAX. MA
- - —ISO MAX VOLTS

SEE APPLICATION NOTES

IR

TYPICAL OPERATION (Key-down conditions, per tube)
(Power-Amplifier Grid-Isolation Circuit, CW Operahon 500 Mc.)

D-C Plate VYoltage - - - - - - - 800 volts
D-C Grid Voltage - - - - - - - - —20 volts
D-C Plate Current - - - - - - - - 80 ma
D-C Grid Current - - - - - - - 32 ma
Driving Power (approx. )‘ - - - - - - 6 watts
Useful Power Output - - - - - = - 27 watts

TYPICAL OPERATION
(R-F Oscillator, 2500 Mc.)?

GRID VOLTAGE - - - 30 MAX. YOLTS D-C Plate Voltage - - - - - - - - 900 volts
INSTANTANEOUS PEAK NEGATIVE D-C Grid Voltage - - = - - - E - —22 volts
GRID VOLTAGE - - - - 400 MAX. YOLTS D-C Plate Current - - - - - - - - 90 ma
PLATE DISSIPATION - - - - - - 100 MAX. WATTS D-C Grid Current - - - - . . " - 27 ma
GRID DISSIPATION - - - - - - 2 MAX. WATTS Useful Power Output - - - - - = 12 watts

PLATE-MODULATED RADIO-FREQUENCY ::l"'::‘;: SPIER':T'RO: 5 , .
ate-Modulate adio-Frequency Power Amplifier

AMPLIFIER OR OSCILLATOR Grid-lsolation Circuit, 500 Mc., Per Tube) P
MAXIMUM RATINGS (Carrier conditions, per tube) D-C Plate Voltage ) . . . i . i . 500 volfs
D-C PLATE VOLTAGE? - - - - - - 600 MAX. YOLTS
D-C GRID VOLTAGE - - - - - - —I50 MAX. YOLTS D-C Grid Voltage - - - - - - - —16 volts
D-C GRID CURRENT - - - - - - - 50 MAX. MA
D-C CATHODE CURRENT - - - - - 100 MAX. MA D-C Plate Current - = = = - = - - 65 ma
PEAK INSTANTANEOUS POSITIVE

GRID YOLTAGE - - = s 30 MAX. YOLTS D-C Grid Current - - - - - - - - 35 ma
PEAK INSTANTANEOUS NEGATIVE

GRID VOLTAGE - - - - 400 MAX. YOLTS Driving Power (approx.)! - - - - - - - 5 watts
PLATE DISSIPATION - - - - . = = 70 MAX. WATTS
GRID DISSIPATION - - - - - - - 2 MAX. WATTS Useful Carrier Power Output - - - - - - 16 watts

1Driving power listed is the total power which must be supplied to a practical grid circuit at the frequency shown.
2These 2500-megacycle conditions conform to the minimum requirements of the MIL-E-1 specifications for the 2C39A.

IFor less than 100% modulation, higher d-c plate voltage may be used if the sum of the peak positive modulating voltage and the d-c

,voltage does not exceed 1200 volts.

(Effective 10-25-62) Copyright 1962 by Eitel-McCullough, Inc:

plate

’ Indicates change from sheet dated 1-1-61
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APPLICATION

MECHANICAL

Mounting—The 2C39A may be operated in any posi-
tion. It should be firmly held in place by spring-finger
collets bearing on the terminal surfaces. The tube
should seat against the under side of the “anode
flange” (see outline drawing). In applications in-
volving severe shock and vibration, the tube may be
clamped in place by applying a suitable clamping
device to the anode flange. It is recommended that no
other portion of the tube be subjected to clamping
forces.

Connections—The tube terminals are in the form of
concentric cylinders of graduated diameters so that the
2C39A may be conveniently used with coaxial tuning
devices. Spring-finger collets should be used to make
contact with the anode, grid, cathode, and heater ter-
minals. Adequate contact area and spring pressure
should be provided to minimize heating and to prevent
erratic circuit performance at the higher frequencies.
Non-contacting or intermittently-contacting collet
fingers will cause troublesome circuit behavior, espe-
cially at very-high and ultra-high frequencies. Elec-
trode contact surfaces should be kept clean and free
of oxide coatings.

Cooling—Sufficient cooling must be provided for the
anode and body seals to maintain operating tempera-
tures below the rated maximum values:

Ceramic to Metal Seals 250°C
Anode Core 250°C

At sea level, with an inlet air temperature of 25°C,
13.0 cubic feet per minute of air flow is required to
cool the anode at 100 watts plate dissipation when the
air cowling as illustrated is used. Pressure across the
anode under these conditions is 0.6 inches of water.
Operation at higher altitudes or with higher inlet tem-
peratures requires increased volumes of flow to obtain
equivalent cooling. When using the anode cowling as
illustrated here, it is necessary to provide additional
facilities for seal cooling.

It should be borne in mind that operating temper-
ature is the sole criterion of cooling effectiveness, re-
gardless of the coolant type, flow rate or coolant
temperature.

ELECTRICAL
Heater Operation—The rated heater voltage for the
2C39A is 6.3 volts and the working voltage should be
determined from the table below. The heater voltage
should be maintained within plus or minus 10% of its
intended value to minimize variations in circuit per-
formance and to obtain maximum tube life.

At ultra-high frequencies transit-time effects can
influence the cathode temperature. The amount of r-f
driving power diverted to heating the cathode by
back-bombardment will depend upon the frequency,
the plate current, and the r-f driving power being
supplied to the tube. The following table is intended
as a general guide.

Frequency (Mec.) E; (Volts)
Up to 400 6.3
400 to 1000 6.0
1000 to 1500 5.5
1500 to 2000 5.0
2000 and above 4.5

If the conditions of operation result in extreme
cathode back-heating, it may be necessary to start
dynamic tube operation at normal heater voltage fol-
lowed by a reduction of heater voltage to the proper
value.

Cathode Operation—The oxide-coated unipotential
cathode in the 2C39A and one side of the heater are
connected internally. The absolute maximum rated
d-c¢ current is 125 milliamperes.

It is recommended that rated heater voltage be
applied for a minimum of 30 seconds before other
operating voltages are applied. Tube performance
will become stabilized approximately 60 seconds after
the heater voltage is applied.

Control-Grid Operation—The maximum rated grid
dissipation is 2.0 watts.

At operating frequencies near 500 megacycles, the
driving power necessary for maximum output of a
typical grounded-grid amplifier is in the order of 6
watts and as the operating frequency is increased, the
driving power requirements increase. Most of this
additional driving power is absorbed in circuit losses
other than grid dissipation, however, and the actual
grid dissipation will increase very little.

The grid bias required by various 2C39A tubes may
vary between limits approximately 50% above and
below the nominal value and means should be provided
in the equipment to accommodate such variations.

When grid-leak bias is used, suitable means must
be provided to protect the tube against loss of excita-
tion at plate voltages above 600 volts and the grid-leak
resistor should be made variable to facilitate maintain-
ing the bias voltage and plate current at the desired
values when tubes are changed in the equipment.

Plate Operation— The maximum rated plate dissipa-
tion is 100 watts. In plate-modulated applications, the
plate dissipation under carrier conditions must be lim-
ited to 70 watts to avoid exceeding the plate-dissipa-
tion rating with 100% sine-wave modulation.

In general, low-voltage high-current operation is
preferable to high-voltage low-current operation from
the standpoint of optimum life.

An excellent indication of operating conditions is
the ratio of grid current to plate current; when the
2C39A is operated with grid-current values greater
than half those of the plate current, either the drive
is excessive or the plate loading is too light for the
excitation present. The tube should never be operated
unloaded, even for short periods of time. Drive should
be held to the lowest value consistent with reasonable
efficiency.

Special Applications—If it is desired to operate this
tube under conditions widely different from those

given here, write to Eitel-McCullough, Inc., San Carlos,
California, for information and recommendations.
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P REF_| NOM. [ MIN. | MAX.
/ N\ 1
/ \ & B I 1.815 1.875
B S o D 766 826
- B — ] e 3 341 401
\ / . F 026 .086
AN G 1.095 1135
I H 880 .920
1 1289 1.329
1 J 462 47T
¢ K 125 185
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— W | +—RADIATOR AIR_FROM _|_ 0 = P 1180 1195
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= T = . [ u 213 223
@—1 5 T I = v 094 —
] w 400 460
! ll | perenence seace % o6 |oss |
Lo @m ! Y 313 328
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AC 750
AD J28 | ]
(j) AE 333 348 |
G

I.The total indicated runout of the anode contact surface
and the grid contact surface with respect to the cathode

contact surface shall not exceed .020.

2.The total indicated runout of the cathode contact sur-
face with respect to the heater contact surface shall not ex-

ceed .012.
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TENTATIVE DATA d I

GH, INC. . 8, 2C39

AN BRUNO, CALIFORNIA

The Eimac 2C39B is a ceramic-and-metal UHF transmitting triode with a plate dissipation rating
of 100 watts. It is useful as a CW amplifier or oscillator at frequencies up to 2500 mc., and in pulse
applications at frequencies up to 3000 mc.

The terminals of the 2C39B are a graduated series of cylindrical surfaces, which fit conven-
iently into sockets made integral with coaxial circuit elements. The maximum envelope-temperature
rating for the 2C39B is 200°C, and the tube is cooled by forced air. The 2C39B is the unilateral re-
placement for the 2C39A.

GENERAL CHARACTERISTICS
ELECTRICAL

Cathode: Oxide-Coated, Unipotential

Heater Voltage - - - - - - - - - - - 6.3 volts
Heater Current - - - - - - - - - - 1.025 amperes
Heating Time - - - - - - - - - - - - 60 seconds
Amplification Factor - - - - - - - - - - - - & 100
Transconductance (Plate Current 70ma.) - - - - - - - - 25,000 gmhos
Direct Interelectrode Capacitances, (average) ] g !
Grid - Plate - - - - - - - - - B - - 201 pufds ¢ ;
Grid- Cathode - - - - - - - - - - - 6.60 pufds < = P
Plate-Cathode - - - - - - - . J. . . . 0035 pufds -
Highest Frequency for Maximum Ratings - - - - - - - - 2500 mc. '
MECHANICAL
Terminal Location - - - - - - - - - - - See Outline Drawing
Mounting Position - - - - - - - - - - - - - - Any
Cooling - - - - - - - - = = - - - - - Forced Air
Maximum Envelope Temperature - 3 5 - /CORRECTION: MAXIMUM ENVELOPE TEMBERATURE = 250°C. 200°C.
Maximum Over-all Dimensions:
Length - - - - - - - - - - - - - - - - = - - - 2 3/4 inches
Diameter - - - - - - - - - - - - - - - - - - - 117/64 inches
Net Weight - - - - - - - - - - - - - - - - - - - - - 2.5 ounces
Shipping Weight (Approximately) - - - - - - - - - - - - - - = = = -7 ounces
T TYPICAL OPERATION (Key-down conditions, per tube) - o
RADIO FREQUENCY POWER AMPLIFIER’ (Power-Amplifier Grid-lsolation Circuit, CW Operation, 500 Mc.)
OSCILLATOR OR MODULATOR D-C Plate Voltage - - - - < . = LT 00 volts
MAXIMUM RATINGS (Per tube) bt b ey -~ ST mE® o E e o o= a8 it
D-C PLATE VOLTAGE - - - - -/ _ . _ 1000 MAX. VOLTS D-C Grid Current - . - - . . . . - . . 32ma
D-C CATHODE CURRENT - - - - - _ 125 MAX. MA Driving Power (approx.)! - - - - - - - - - 6 watts
D-C GRID VOLTAGE - - - - /A - - - —150 MAX. VOLTS Useful Power Output = = = - - = - - - - 27 watts
D-C GRID CURRENT - - - - - - - - 50 MAX. MA
HEATER VOLTAGE - - - - - _ _  SEE APPLICATION NOTES TYPICAL OPERATION
INSTANTANEOUS PEAK POSITIVE (R-F Oscillator, 2500 Mc.)2
GRID YVOLTAGE - - - - /- - - - . 30 MAX. VOLTS D-C Plate Voltage - - - - . . . _ _ _ _ 900 volts
INSTANTANEOUS PEAK NEGATIVE D-C Grid Voltage - = = = & = =« = = = = =22 volts
GRID VOLTAGE - - - - - - - - - 400 MAX. VOLTS D-C Plate Current - - - - - . - . _ _ 90 ma
PLATE DISSIPATION - - = = - - - - 100 MAX. WATTS D-C Grid Current B s am el = s & owme o e g8 27 ma
GRID DISSIPATION - - - /- - - - - 2 MAX. WATTS Useful Power Output - - - = - = - - - - 15 watts
PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATION
(Plate-Modulated Radio-Frequency Power Amplifier
AMPL'FIER OR OSCILLATOR Grid-Isolation Circuit, 500 Mc., Per Tube)
MAXIMUM RATINGS (Carrier conditions, per tube) DIC Plate'Voltage: = 5 © &= = = = & = o e 600 volts
D-C PLATE VOLTAGE3, - - - - - - - - 600 MAX. VOLTS
D-C GRID VOLTAGE - - - - - - - - —150 MAX. VOLTS D-C Grid Voltage - = = e e - e - - - - —16 volts
D-C GRID CURRENT - - - - - - - - 50 MAX. MA
D-C CATHODE CURRENT - - - - - - - 100 MAX. MA D-C Plate Current - - - - - - - - - - - 75 ma
PEAK INSTANTANfOUS POSITIVE
GRID VOLTAGE - - - - - - . - . 30 MAX. VOLTS D-C Grid Current = e o w @ E s E 8 B e 40 ma
PEAK INSTANTANEOUS NEGATIVE
GRID VOLTAGE - - - - - - - - - 400 MAX. VOLTS Driving Power (approx.)! - e = = e e e e 6 watts
PLATE DISSIPATION Sy =L By ey N Eg 70 MAX. WATTS
GRID DISSIPATION - - - - - - - - . 2 MAX. WATTS Useful Carrier Power Output - - - - - - . . _ 18 watts

1Driving bwer listed is the total power which must be supplied to a practical grid circuit at the frequency shown.
2These 2500 Mc. conditions conform to the proposed requirements of the USAF specification for the 2C39B.

3For Le/ss than 1009, modulation, higher d-c plate voltage may be used if the sum of the peak positive modulating voltage and the d-c plate voltage
does not exceed 1200 volts.

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 EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.

(Effective 6-1-56)Copyright 1956 by Eitel-McCullough, Inc.



APPLICATION

MECHANICAL

Mounting—The 2C39B may be operated in any
position. It should be held firmly in the socket by
the contact fingers bearing on the terminal surfaces,
and in cases of extremely heavy vibration or shock
the tube can be clamped in place. Clamping forces
may be applied only to the flange above the anode
terminal surface. The under side of this flange
should make contact with the stop which controls
the vertical position of the tube in the socket. No
other surfaces of the tube should be used for vertical
reference points, nor should clamping forces be ap-
plied to any part of the tube other than the flange
referred to above.

Connections—The tube terminal surfaces are in
the form of concentric cylinders having graduated
diameters, as illustrated on the outline drawing.
Spring collets or fingers should be fitted to these
cylindrical surfaces to make contact with the anode,
grid, cathode and heater terminals. It is important
to provide adequate contact area and spring pres-
sure, and to maintain good contact by keeping the
contact surfaces free of oxidation and accumulated
dirt.

Cooling—The maximum rated temperature of the
ceramic-to-metal seals used in the 2C39B is 200°C.,
and sufficient cooling a.r must be forced to flow
over the envelope surfaces to maintain their tem-
peratures below the maximum rated value.

The anode is cooled by forced air flow through
the fins on the anode cooler. When the air cowling
illustrated here is used, the air flow required to dis-
sipate 100 watts at sea level, with the air at 25°C,
is 12.5 cubic feet per minute.

The only criterion for cooling effectiveness is
temperature. Under operating conditions involving
less than the rated maximum power dissipation from
the anode, reduced air-flow rates are permissible
providing the temperatures are maintained below
the maximum rating. This also applies when air
cowlings, different from that type shown here, are
used.

A convenient method of measuring temperature
is the use of a temperature-sensitive paint, which
melts and changes its appearance permanently above
certain specified temperatures. One such product
is “Tempilac” sold by the Tempil Corporation, 11
West 25th Street, New York, 10, N. Y.

The air flow-rate should be increased at high
altitudes to obtain equivalent cooling. The flow
rates in cubic feet per minute at 35,000 feet alti-
tude will usually be double the sea level requirements.

ELECTRICAL

Heater Voltage—The maximum rated heater vol-
tage for the 2C39B is 6.3 volts, which provides ade-
quate cathode emission for applications requiring
peak cathode currents in excess of 3.0 amperes.

When the 2C39B is used in applications requiring
less than 3.0 amperes peak cathode emission, the
heater voltage can be reduced to 5.6 volts, to pro-
long the life of the tube.

The heater voltage should be maintained within
+ 5% of the selected operating voltage to main-
tain uniform circuit performance. For best tube life
the heater voltages must be kept within the range
from 5.1 volts to 6.9 volts, except in circuits where
transit-time effects occur.

Transit-time effects can result in r-f heating of
the cathode when the tube is operated near its
upper useful frequency limit, with large driving
power. The amount of r-f heating depends on the
frequency, driving power, grid current and several
other circuit variables whose effects can not be pre-
dicted reliably, so no fixed rule can be given by
which these effects may be compensated. In each
individual case it is necessary to systematically re-
duce the heater voltage until a point is identified
where the circuit performance starts to deteriorate
with further heater voltage reduction. The operating
voltage should be ten percent greater than that
voltage, but not less than 4.5 volts. In cases where
the heater voltage is too low to permit immediate
circuit operation, the heater voltage may be raised
to 6.3 volts until dynamic operation of the circuit
starts, after which the heater voltage can be re-
duced to the selected operating voltage.

Operation—Longer tube life will be obtained when
the tube is operated at low voitage and high cur-
rent, instead of high voltage and low current. The
plate circuit must always be kept adequately loaded
and the grid driving power should be kept as low as
possible, consistent with satisfactory efficiency.

The ratio of grid current to plate current is a
good indicator of circuit conditions. Grid current
in excess of half the plate current indicates that
the driving power is excessive for the circuit con-
ditions and should be reduced.

Equipment which relies on grid-leak bias to pro-
tect the tube should have effective plate-current
overload protection when operating at more than
800 volts. Grid-leak resistors should be made vari-
able, to permit adjustment of the bias and the
plate current to the correct values under changing
circuit conditions.
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NOTES:

\

RADIATOR

ANODE CONTACT SURFACE

GRID CONTACT SURFACE

CATHODE CONTACT SURFACE

HEATER CONTACT SURFACE

. THE TRUE INDICATED RUNOUT OF THE ANODE CONTACT
SURFACE AND THE GRID CONTACT SURFACE WITH RESPECT
TO THE CATHODE CONTACT SURFACE SHALL NOT EXCEED .020.

2.THE TRUE INDICATED RUNOUT OF THE CATHODE CONTACT
SURFACE WITH RESPECT TO THE HEATER CONTACT SURFACE

SHALL NOT EXCEED 0Ol2.

AIR_FROM |
BLOWER —

=~

/4

==

RECOMMENDED COWLING

FOR
FORCED-AIR COOLING
OF ANODE

NOM. MIN, MAX.
A 2 ¥
B 1.805 1.875
Cc 1.258
D . 736 .826
E -341
F .086
G 1.135
H 1.000
J .459 .479
K '8
L .668
M | 1564 1 'Teg
N 132
P 1.175 1.199
Q /a2
R 1.021 1.039
S |5/I.
T .652 .668
U 213 .223
Vv 3/32
w .400
X Yea
Y 312 .328
74 D18
AA 1.289 1.329

Printed in U.S.A. P.O. 13388



TENTATIVE DATA

e, ErELmccuiiouch e EESLL
HIGH-MU UHF
TRIODE

The Eimac 2C39WA is a planar triode of ceramic and metal
construction designed for use as an oscillator, frequency
multiplier, or power amplifier in the VHF and UHF ranges
and particularly suitable for use in grid-isolation circuits.
The Eimac 2C39WA is manufactured and tested to exacting fol-
erances to insure consistent and uniform tube performance.

CHARACTERISTICS

ELECTRICAL

Min. Nom. Max.
Cathode: Oxide-Coated, Unipotential

Heating Time - - 60 seconds
Heater: Voltfage - - 5.8 volts
Current (E¢=5,8v) 0.87 |03 ampere
Amplification Factor - - 100
Transconductance
(E¢=5.5v, Ep=600v, Rk=30ohms) 18,000 30,000  umhos
Frequency for Maximum Ratings - - 2500 mc
Interelectrode Capacitances (In Shielded Fixture): Min, Max.
Grid-Cathode - - - - - - 5.6 7.6 uuf
Grid-Plate - - - - - .86 2.16 wuuf
Plate-Cathode =~ - - - - - 0,035 uuf
MECHAN | CAL
Terminals - - - - -~ Graduated cylindrical surfaces
Maximum Seal and Anode Core Temperature - - - - 200° C
Cooling = - - - - - - - Forced air
Operating Position - - - - - - - Any
Maximum Over—=Al| Dimensions:
Length - - - - - - - 2,75 1inches
Diameter - - - - - - |27 inches
Net Weight - - - - - - 2,5 ounces
Shipping Weight (Approximafe) - - - - - 7 ounces
MAX IMUM RATINGS Class—C oscillator, multiplier, or amplifier,
(Carrier or key—down conditions) (Plate Mod) (Telege or FM)
D-C PLATE VOLTAGE - - - - 600 |000 MAX. VOLTS
D—C CATHODE CURRENT - - - - 100 125 MAX. MA
D-C GRID VOLTAGE - - - - = -150 —150 MAX. VOLTS
D-C GRID CURRENT - - - 50 50 MAX. MA
INSTANTANEOUS PEAK POSITIVE GRID VOLTAGE - 30 30 MAX. VOLTS
INSTANTANEOUS PEAK NEGATIVE GRID VOLTAGE - 400 400 MAX. VOLTS
PLATE DISSIPATION (WITH 12,5 CFM AIR FLOW) - 70 |00 MAX. WATTS
GRID DISSIPATION - - - - - 2 2 MAX, WATTS

(Effective 2-7-58) Copyright 1958 by Eitel-McCullough, Inc.
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MADE IN USA

—J———RADIATOR

——

b N

Juuduuud

I : REFERENCE SURFACE
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[~=———ANODE CONTACT SURFACE

DIMENSION  DATA
REF MIN. MAX.
B 1.805 1.875
D 736 826
E 1.534
G .140
H 1.000
1 1.289 1.329
J .459 479
K A25
L 1.475
M 1.234 1.266
N 03|
P 1175 | 1199
Q 031
R 1.021 1.039
- S 813
T 652 .668
U 213 .223
i v .094
X .016
Y 312 .328
AC 750
AD 125
*‘—@—" AG 1.719 |
-

DIMENSIONS IN INCHES

_._@__

<=————SEE NOTE “¢"

GRID CONTACT SURFACE

HEATER CONTACT SURFACE

CATHODE CONTACT SURFACE

Printed in U.S.A. 43917
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EITEL-McCULLOUGH, INC. 3CPN10AS
UHF
PULSE
TRIODE

The Eimac 7815/3CPN10A5 is a low duty pulse rated version of the 3CX100A5
with the anode cooler removed. A longer grid-anode ceramic insulator is incorporated,
making the tube useful at high altitude. The nominal plate dissipation rating is 10
watts but may be increased if sufficient cooling is provided. Cooling is accomplished
by conduction through a suitable heat sink or convection. Where greater plate dissipa-

tion is required, the 7815R/3CPX100A5 should be used.

The tube is usable in pulse applications to 3000 Megacycles. Electrical characteristics

except for plate dissipation are similar to the 3CX100A5.

GENERAL CHARACTERISTICS 3

ELECTRICAL Min. Mo, Max. ;
Cathode: Oxide-coated, Unipotential h
Heating time - - - - - - 60 seconds
Heater:
Voltage - - - - - - - - - 6.0 volts
Current - - - - - - - - - 0.90 1.05 amperes
Amplification Factor - - - - - - - - - 100
Transconductance (I b = 70 milliamperes) - - - - - 25,000 Micromhos
Direct Interelectrode Capacitances Min. Max.
Grid-Cathode - - - - = : - - - - - = = ] = 8 S - 5.6 7.0 uuf
Grid-Plate - - - - - - - - - - - - . - - - - " - 1.86 2.10 uuf
Plate-Cathode - - - - - - - = - - - - - - - - - - - 0.035 uuf
Frequency for Maximum Ratings - - - - - - - - - - - - - - - - 3000 Megacycles
MECHANICAL
Terminals z = - - - - = - - - - - - 2 - - - Graduated Cylindrical Surfaces
Maximum Operating Temperatures:
Ceramic-to-Metal Seals - - = - - - - - - = = s . < 3 < = - - 250°C
Anode Core - - - - - - - - - - - - - s - - - 3 = ] - 250°C
Operating Position - - - - - - - - - « - - o - - - - - - - Any
Cooling - - - - - - - = = - - = = - - - - - Conduction and Convection
Maximum Overall Dimensions:
Length - - - - - - - - . - - - - - - - - - - - - 2.701 inches
Diameter - - - - - - - = - - - - - - - - - - - - - 1.195 inches
Net Weight - - - - . - - - - - - - - - - - - - - - - 2.0 ounces
Shipping Weight (approx.) - . - - - - - - - - s = = - s = s = 7.0 ounces
PLATE PULSED OSCILLATOR OR AMPLIFIER TYPICAL OPERATION
CLASS-C Pulse Plate Voltage - - - - 3500 3500 volts
MAXIMUM RATINGS Pulse Plate Current - - - - 3.0 3.0 amps
PEAK PULSE PLATE YOLTAGE - - 3500 MAX. YOLTS DC Plate Current (avg) - - - 7.5 9 mA
DC GRID VOLTAGE - - - -  -150 MAX. VOLTS DG Grid Cureent [svg] - - - 4K 3 mA
PULSE PLATE CURRENT - . - - 3.0 MAX. YOLTS Pulse Power Output - i i i 1600 2000 watts
DC CATHODE CURRENT - - - 125 MAX. MA
PULSE GRID CURRENT - - - 1.8 MAX. AMPS Frequency - - - - - - 3000 2500 Mc
PLATE DISSIPATION (AVG) - - 10 MAX. WATTS Pulse Length - - . - - 3 5 usec
GRID DISSIPATION (AVG) - - 2 MAX. WATTS Duty Factor = - - - - 0.0025 0.003

(Effective 1-1-63) @ Copyright. 1963 by Eitel-McCulllough, Inc.




— 3CPN10A5

GRID PULSED OSCILLATOR OR AMPLIFIER

CLASS-C

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - 2000 MAX. VOLTS
DC GRID VOLTAGE - - - - .150 MAX. VOLTS

PULSE PLATE CURRENT - . .
DC CATHODE CURRENT - - .
PLATE DISSIPATION (AVG) - - -
GRID DISSIPATION (AVG) - -

3.0 MAX. AMPS

125 MAX. MA.
10 MAX. WATTS
2 MAX. WATTS

TYPICAL OPERATION

DC Plate Voltage - - - - - 1600 1700 volts
DC Grid Voltage - - - - - -45 -45 volts
Pulse Plate Current - - - - 3.0 1.9 amps
Pulse Grid Current - - - - 1.8 1.1 amps
Pulse Power Output - - - - 1000 1500 watts
Frequency - - - - - - 3000 1100 Mc
Pulse Length - - - - - 3 3.5 usec
Duty Factor - - - - - - 0.0025  0.001

APPLICATION

MECHANICAL

Mounting—The 3CPN10A5 may be operated in any
position. It should be firmly held in place by spring-
finger collets bearing on the terminal surfaces. In use
the tube should seat against the underside of the
anode-terminal flange which is on the plane of refer-
ence for longitudinal dimensions. In appplications in-
volving severe shock and vibration, the tube may be
clamped in place by applying a suitable clamping
device to the anode-terminal flange. It is recommended
that no other portion of the tube be subjected to clamp-
ing forces.

Connections—The terminals are in the form of con-
centric cylinders of graduated diameters conveniently
used with coaxial tuning devices. Spring-fingered col-
lets should be used to make contact with the anode,
grid, cathode and heater terminals. Adequate contact
area and spring pressure should be provided to mini-
mize heating and to prevent erratic circuit perform-
ance at the higher frequencies. Non-contacting or
intermittently-contacting collet fingers will cause trou-
blesome circuit behavior, especially at very-high and
ultra-high  frequencies. Electrode contact surfaces
should be kept clean and free of oxide coatings.

Cooling—Sufficient cooling air must be provided for
the anode and body seals to maintain operating tem-
peratures below the rated maximum value of 250°C.

The nominal plate dissipation rating is 10 watts and
is dependent on convection cooling to a heat sink.
Where adequate cooling is provided this value may be
extended. Where greater plate dissipation is required
use of the 3CPX100A5 is recommended.

It should be borne in mind that operating temperature
is the sole criterion of cooling effectiveness, regardless
of the coolant type, flow rate or coolant temperature.
One method of measuring the surface temperatures is
the use of temperature sensitive lacquer, such as
“Tempilaq.”

ELECTRICAL

Heater Operation—The rated heater voltage for the
3CPN10A5 is 6.0 volts. The heater voltage for the
3CPN10A5 should be maintained within plus or minus
5% of its intended value to minimize variations in

circuit performance and to obtain maximum tube life.

At frequencies above approximately 1000 megacycles,
transit time effects begin to influence cathode temper-
ature. The amount of driving power diverted to
heating the cathode by back-bombardment will depend
upon the frequency, the plate current, driving power,
and duty factor. If the conditions of operation result
in appreciable cathode back-heating, it may be neces-
sary to start dynamic tube operation at normal heater
voltage followed by a reduction of heater voltage to
a lower value. The heater of the 3CPX10A5 must not
be operated at less than 4.5 volts in any case.

Cathode Operation—The oxide-coated unipotential
cathode in this tube must be protected against ex-
cessively high emission currents. For all types of opera-
tion the maximum rated dc current is 125 milliamperes.

In pulse service, current must be limited according
to the curve on page 3.

It is recommended that the rated heater voltage be
applied for a minimum of 60 seconds before other
operating voltages are applied.

Control Grid Operation—Crid dissipation must not
exceed the rated maximum 2.0 watts grid dissipation
power. In pulse applications the instantaneous peak
grid-to-cathode voltage must be limited to +250 to
—750 volts.

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 recommendations.



PULSE CATHODE CURRENT-AMPERES

MAX. CURRENT = 4.8A

——0.0025

3CPN10A5 @ —_

EIMAC 3CPN10AS
PULSE CATHODE
CURRENT VS
PULSE LENGTH

————CONSTANT DUTY FACTOR
CONSTANT REPETITION RATE

PULSE DURATION—uSEC

DIMENSIONS IN INCHES
DIMENSIONAL DATA
REF. MIN. MAX. NOM.
A 185 [1875
KNURLED [ B_ 1534
C 1475
D 1289 [1329
| F | 270 [1.0I0
| G | 462 | 477
! REFERENCE SURFACE H 040
I 185
J | 766 | 826 |
I ANODE CONTACT SURFACE ‘
y, M 1180 [LI95
N _[1.025 [1.035
AR P |.772 | 792
R | 655 | 665
? Q@ s 545
> T 213 | 223
Q U [ 315 [.325
l Y 086
| GRID CONTAGT SURFACE W 100 |
| X 035
| l
|
HEATER CONTACT SURFACE LA [ | .850
CATHODE_CONTACT SURFACE ZA|.427 [.447 |
ELECTRODE CONTACT AREA
REF
AA |.198%163 ANODE
AB [1225%.040 GRID
AC |1631£.097 _ HEATER
AD |l645%.170  CATHODE
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1815R
EITEL-McCULLOUGH, INC. 3CPX100A5
UHF

N £

PULSE
TRIODE

The Eimac 7815R/3CPX100A5 is a pulse rated version of the 3CX100A5. A longer
grid-anode ceramic insulator is incorporated, making the tube useful at high altitude.

The nominal plate dissipation rating is 100 watts.

The tube is usable in pulse applications to 3000 Megacycles. Electrical characteristics
are similar to the 3CX100A5.

GENERAL CHARACTERISTICS

ELECTRICAL
Min. Nom, Max.
Cathode: Oxide-coated, Unipotential
Heating time - - - - - - 60 seconds

Heater:

Voltage - - - - - - - - - 6.0 volts

Current - - - - - - - - - 0.90 1.05 amperes
Amplification Factor - - = - = - . = s 100
Transconductance (I b = 70 milliamperes) - - - - - 25,000 Micromhos
Direct Interelectrode Capacitances Min. Max.

Grid-Cathode - - - - - - - - - - - - - - - - - - 57 7.0 uuf

Grid-Plate - - - - - - - - - - - - - - - - = - - 1.8% 2.10 uuf

Plate-Cathode - - - - - - = - s - - s - e & - - - - 0.035 uuf
Frequency for Maximum Ratings - - - - - - - - - - - - - - - - 3000 Megacycles
MECHANICAL
Terminals - - - - - - - - s - - - 2 2 - - - Graduated Cylindrical Surfaces
Maximum Operating Temperatures:

Ceramic-to-Metal Seals - - - - - - - - . - - . - s - < 2 = - 250°C

Anode Core - - - - - - - - - s s . = s < s g = z 5 g 250°C
Operating Position - - - - - - - - - - - - - - - - - - - - Any
Cooling - - - - - - - - - - - - s - - - - - - - - Forced Air
Maximum Overall Dimensions:

Length . . . . . R . . . - . . - . s . . = 5 p = 2.701 inches

Diameter - - - - - - - = S - - - - - - - - - - - - 1.264 inches
Net Weight - g - o ’ - - - - - - - - - - - - - - - - 2.5 ounces
Shipping Weight (approx.) - - - - - - - - - - - - - - - - - - 7.0 ounces
PLATE PULSED OSCILLATOR OR AMPLIFIER TYPICAL OPERATION
CLASS-C Pulse Plate Voltage - - - - 3500 3500 volts
MAXIMUM RATINGS Pulse Plate Current - 3 E - 3.0 3.0 amps
PEAK PULSE PLATE YOLTAGE - - 3500 MAX. YOLTS DC Plate Current (avg) - - - 7.5 9 mA
DC GRID YOLTAGE - - - - -150 MAX. YOLTS DC Grid Current (avg) - R R 45 3 miA
PULSE PLATE CURRENT - - - 3.0 MAX. YOLTS Pulse Power Output - ) ; ; 1600 2000 watts
DC CATHODE CURRENT - - - 125 MAX. MA F 3000 2500 M
PULSE GRID CURRENT - - - 1.8 MAX. AMPS requency'= =2 % s ® €
PLATE DISSIPATION (AVG) - - 100 MAX. WATTS Pulse Length - . . . . 3 5 usec
GRID DISSIPATION (AVG) - - 2 MAX. WATTS Duty Factor - - - - - 0.0025 0.003

(Effective 1-1-63) @ Copyright.1963 by Eitel-McCulllough, Inc.



f— 3CPX100A5

GRID PULSED OSCILLATOR OR AMPLIFIER

CLASS-C

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - 2000 MAX. YOLTS
DC GRID VOLTAGE - . - -150 MAX. YOLTS
PULSE PLATE CURRENT - - - 3.0 MAX. AMPS
DC CATHODE CURRENT - - - 125 MAX. MA.
PLATE DISSIPATION (AVG) - - - 100 MAX. WATTS
GRID DISSIPATION (AVG) - - - 2 MAX. WATTS

TYPICAL OPERATION

DC Plate Yoltage - - - - - 1600 1700 volts
DC Grid Voltage - - - - - -45 -45 volts
Pulse Plate Current - - - - 3.0 1.9 amps
Pulse Grid Current - - - - 1.8 1.1 amps
Pulse Power Output - - - - 1000 1500 watts
Frequency - - - - - - 3000 1100 Mc
Pulse Length - - - - 3 3.5 usec
Duty Factor - - - - - - 0.0025 0.001

APPLICATION

MECHANICAL

Mounting—The 3CPX100A5 may be operated in any
position. It should be firmly held in place by spring-
finger collets bearing on the terminal surfaces. In use
the tube should seat against the underside of the
anode-terminal flange which is on the plane of refer-
ence for longitudinal dimensions. In appplications in-
volving severe shock and vibration, the tube may be
clamped in place by applying a suitable clamping
device to the anode-terminal flange. It is recommended
that no other portion of the tube be subjected to clamp-
ing forces.

Connections—The terminals are in the form of con-
centric cylinders of graduated diameters conveniently
used with coaxial tuning devices. Spring-fingered col-
lets should be used to make contact with the anode,
grid, cathode and heater terminals. Adequate contact
area and spring pressure should be provided to mini-
mize heating and to prevent erratic circuit perform-
ance at the higher frequencies. Non-contacting or
intermittently-contacting collet fingers will cause trou-
blesome circuit behavior, especially at very-high and
ultra-high frequencies. Electrode contact surfaces
should be kept clean and free of oxide coatings.

Cooling—Sufficient cooling air must be provided for
the anode and body seals to maintain operating tem-
peratures below the rated maximum value of 250°C.
At sea level, with 20°C air, approximately 12.5 CFM of
cooling air directed across the anode through a suit-
ale cowling will maintain safe anode temperature.
In pulse applications requiring low plate dissipation
and/or small size, the coolerless 3CPN10A5 should be
considered.

The nominal plate dissipation rating is 10 watts and
is dependent on convection cooling to a heat sink.
Where adequate cooling is provided this value may be
extended. Where greater plate dissipation is required
use of the 3CPX100A5 is recommended.

It should be borne in mind that operating temperature
is the sole criterion of cooling effectiveness, regardless
of the coolant type, flow rate or coolant temperature.

One method of measuring the surface temperatures is
the use of temperature sensitive lacquer, such as

“Tempilaq.”

ELECTRICAL

Heater Operation—The rated heater voltage for the
3CPX100A5 is 6.0 volts. The heater voltage for the
3CPX100A5 should be maintained within plus or minus
5% of its intended value to minimize variations in
circuit performance and to obtain maximum tube life.

At frequencies above approximately 1000 megacycles,
transit time effects begin to influence cathode temper-
ature. The amount of driving power diverted to
heating the cathode by back-bombardment will depend
upon the frequency, the plate current, driving power,
and duty factor. If the conditions of operation result
in appreciable cathode back-heating, it may be neces-
sary to start dynamic tube operation at normal heater
voltage followed by a reduction of heater voltage to
a lower value. The heater of the 3CPX100A5 must not
be operated at less than 4.5 volts in any case.

Cathode Operation—The oxide-coated unipotential
cathode in this tube must be protected against ex-
cessively high emission currents. For all types of opera-
tion the maximum rated dc current is 125 milliamperes.
In pulse service, current must be limited according
to the curve on page 3.

It is recommended that the rated heater voltage be
applied for a minimum of 60 seconds before other
operating voltages are applied.

Control Grid Operation—Grid dissipation must not
exceed the rated maximum 2.0 watts grid dissipation
power. In pulse applications the instantaneous peak
grid-to-cathode voltage must be limited to 250 to
—750 volts.

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 recommendations.



PULSE CATHODE CURRENT-AMPERES
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10.0

. ik EIMAC 3CPX100A5

ke SHRREN A B PULSE CATHODE
CURRENT VS

PULSE LENGTH

————CONSTANT DUTY FACTOR
CONSTANT REPETITION RATE

D-C RATING

0]] 2 3 4 5 6

ew 2 3 4 5 8 8]00 2 3 4 5 6 8]000
PULSE DURATION-vSEC

DIMENSIONS IN INCHES

DIMENSIONAL DATA
ReF[ MIN. [ max. [ now.
A [1.815 [1.875
B [1.534
[ 1.475%
D 1.289 | 1.329
F .970 | 1.010
G | .482 . 477
H | .040
|1 | .125 | .i188
J | .76 | .826 | |
K | .o25 . 0486
‘ © RADIATOR NOTE f L 11 236 | 268
L] 1.180 [1.195
E = | N 1.025 | 1.035
® = = | P .TT2 .T792 1
L - R .855 .665
[L . 1| s .545
— 1 = T .213 . 223
C 1 — U .318 .325
l | | | REFERENCE SURFACE v -08s
T /J\ w 100
| N X .035
| | X = ¥ .108 .145
[ | | ANODE CONTACT 2 [—aso —sto
| M) SURFACE AA | o35 | 361
u ~ AB [1.185 | 1.265
| | @ AC | 1.534 [1.728
o\ AD 1.475 [1.815
& ®
] I
| ‘ L ® —|—— GRID CONTACT
i = SURFACE
1 ] 4‘}
H | — HEATER CONTACT
{ ! | SURFACE
1 \
@J | d-) e __CATHODE CONTACT
i SURFACE

NOTES b,d 8 e
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" ,® TECHNICAL DATA

The 3CV1500A7 is an integral-boiler, ceramic/metal, vapor cooled zero-
bias triode, intended for Class AB2 linear amplifier service in either grid
driven or cathode driven configuration. Except for the anode dissipation
rating, the 3CV1500A7 is electrically identical to the EIMAC 8283/3CX-

1000A7.

The 3CV1500A7 is especially recommended when the ambient noise
level must be reduced to a minimum, since high-pressure/high-volume

forced-air cooling is not required.

GENERAL CHARACTERISTICS1

3CV1500A7

HIGH-MU
POWER TRIODE

ELECTRICAL
Filament: Thoriated-tungsten Mesh , il 9
VOIHEE wwims o n u nwarms s s s o 8w gk e el s o b b 50+025 V S —
Current; at 5:0 VOIS sievwwmsnm o mowswsesnnysnos 30 A
Amplification Factor (average) .. ... ..o 200
Direct Interelectrode Capacitances (grounded filament) 2
ORI o commmrs 0 m 0w o s s e iy & sk R B R R W 8RR R B S R 6 R 32.0 pF
CONE savmsmanev o mmssnsssss smmess  sssssesesedsssss sy s 0.15 pF
CBD vvvnbmnubms somsbordsn s b ied @shisseimnemasias s s e s 14.0 pF
Direct Interelectrode Capacitances (grounded grid)?
CHIL o vonie mom im0 5 3w iem o m e 5 W B AR SRS B R 8RR N K R S 32.0 pF
COUE oo munreis e o 5 & 5t Blissihe o a5 1o im0y 50 o R (3 1 81 a1 oAt s (8 B0 R &1 956 e 14.0 pF
AR50 4 AR .o S 35 e SRR v e W i P 8 U U A 0.15 pF
Frequency of Maximum Rating:
CW bovwmmmsnissnspasessinsess i BEmesssses e wsssesss s 220 MHz

1. Characteristics and operating values are based upon performance tests. These figures may change without notice
as a 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 shielded fixture in accordance with Electronic Industries

Association Standard RS-191.
MECHANICAL

Maximum Overall Dimensions:

LBOETH o« v s sovivmme v s e e se s s esens e e s nms ey 5.110 in; 129.8 mm

DAATIERETY (svihaieieios e b ol Rums s s o e s oM PR RE o s Lo S SN e dats 3.355in; 85.2 mm
Net Weight ....coveisssnisvsnssnsvssamamasianmussasessss 2.381b; 1.08 kg
Opetating Position « «« v s s wosnnomes sssorsnnssesnnsssessssnss Vertical, base down
Maximum Operating Temperature:

Ceramic/metal seals : x s » & 5w wsm 55 55 5 8 poemman s s 88 88D swens s sy 250°C
Cooling s sssvosammsssanmsenenss s s g p s wEme s s s s s Eyes Vapor and Forced Air
BASE o o & 5 & 5 56 56w 6 6 5 6 8 8 86 SIS o W @ W sl el se e 8w e e e Special Breechlock
Recommended Socket. s c sssvasssmamnsinnunsanvnssmsneveamnses EIMAC SK-861

(Effective 6-15-71) © by Varian

Printed in U.S.A.

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



3CV1500A7

RADIO FREQUENCY LINEAR AMPLIFIER
CATHODE DRIVEN Class AB

TYPICAL OPERATION (Frequencies to 30 MHz)
Class AB2 Peak Envelope or Modulation Crest Conditions

MAXIMUM RATINGS: Plate Voltage . . . . ........ 2000 2500 3500 Vdc
Grid Voltage!. . .......... 0 0 -12 Vdc
DC PLATE VOLTAGE ... ......... 3500 VOLTS Zero-Signal Plate Current . . . . 238 305 129 mAdc
DC PLATE CURRENT . ... ........ 1.0 AMPERE Single Tone Plate Current . . . . 875 800 857 mAdc
PLATE DISSIPATION . ........... 1500 WATTS Two-Tone Plate Current . . ... 600 585 590 mAdc
GRID DISSIPATION . ... ........ 45 WATTS Single-Tone Grid Current3. . . . 230 205 225 mAdc
Two-Tone Grid Current3. . . . . . 130 120 120 mAdc
Peak rf Drive Voltage3. . . ... 80 74 110 v
Peak Driving Power . . .. .... 80 60 100 w
1. Adjust to specified zero-signal dc piate current. Plate Dissipation . ........ 800 830 940 W
Useful Output Power . .. .... 940 1170 206C W
2. The intermodulation distortion products are refer- Resonant Load Impedance . ... 1100 1670 2300 ()
enced against one tone of a two equal tone signal. Intermodulation Distortion Products?2
3rd Order wwwsss wmmsss -29 -31 -31 db
3. Approximate values. Bth Order «swissww.e s s -37 -40 -39 db

AUDIO FREQUENCY POWER AMPLIFIER OR

TYPICAL OPERATION (Two Tubes)
MODULATOR Class AB2, Grid Driven(Sinusoidal Wave)

Plate Voltage ............... 2000 2500 Vdc
MAXIMUM RATINGS (Per Tube) Grid VOItage « v s s s mww s s s ewmm s s 0 0 Vdc
Zero-Signal Plate Current . ... .... 400 500 mAdc
DC PLATE VOLTAGE!. .. ......... 3500 VOLTS Max. Signal Plate Current . . ... ... 2.0 2.0 Adc
DC PLATE CURRENT . ........... 1.0 AMPERE Max. Signal Grid Current2. ... .... 590 480 mAdc
PLATE DISSIPATION . ........... 1500 WATTS Peak af Grid Voltage3. . ......... 95 90 v
GRID DISSIPATION . .. ......... 45 WATTS Peak Driving Power4 . .. ........ 25 44 w
Plate Input Power . .. .......... 4000 5000 W
1. See zero-bias operation in Application Section. Max. Signal Plate Dissipation . .. .. 1650 1900 W
2. Approximate value. Plate Output Power . . .......... 2350 3100 W
3. Per Tube. Load Resistance
4. Nominal drive power is one-half peak power. (platetoplate). .. ........... 1900 2580 Q)

NOTE: TYPICAL OPERATION data are obtained by measurement or calculation from published characteristic curves.
Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias, and plate volt-
ages 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 current. The grid current which results when the
desired plate current is obtained is incidental and varies 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 YALUES FOR EQUIPMENT DESIGN

Min. Max.
Heater: Current at 5.0 voItS . . . v vt v v vt v it et e e e e e e ee.... 28,0 330 A
Cathode Warmup Time . ... .......... e 5 --- sec.

Interelectrode Capacitance'! (grounded grid connection)

Cifi vonsensnsssnnssnosssnnnnssnansnsunussnnusnseasnns 290 300 pF
Cout .. vttt it it ittt i e 120 16.0 pF
3 ) P L Il I ,mT™ --- 0.2 pF

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



3CV1500A7

APPLICATION

MECHANICAL

MOUNTING - The 3CV1500A7 must be mounted
with its axis vertical, base down, with sufficient
clearance for an insulated makeup water line to
connect to the side of the integral anode boiler
and an outlet steam line to attach to the top of
the boiler. The use of the EIMAC socket SK-861
is recommended.

COOLING - Cooling is accomplished by the
presence of distilled water at a controlled level
in the integral anode boiler. The energy dissipa-
ted by the anode causss the water to boil at the
anode surface, to be converted into steam and
carried away to a condenser. This boiling action
keeps the anode surface at approximately 100°C.

The water in the boiler must be maintained at
the correct level, as shown on the outline drawing
for the tube. This is normally accomplished with
a special control unit, mounted with the correct
relationship to the tube so as to maintain the
water level in the tube boiler at the specified
level. A condenser unit is used to convert the
steam back to water, which is then teturned to
reservoir/control-box/boiler system.

Forced-air cooling of the tube base is required,
with 15 cfm minimum directed across and through
the socket and base of the tube. Air flow should
be applied simultaneously with the application of
electrode voltages, including the filament, and
may be removed simultaneously with the removal
of filament voltage.

ELECTRICAL

FILAMENT - Rated filament voltage for the
3CV1500A7 is 5.0 volts. Filament voltage, as
measured at the socket, should be maintained at
this value to obtain optimum performance and
maximum tube life. In no case should it be al-
lowed to deviate from 5.0 volts by more than plus
or minus five per cent.

INPUT CIRCUIT - When the 3CV1500A7 is op-
erated as grounded-grid rf amplifier, the use of a
resonant tank in the cathode circuit is recom-
mended to obtain greatest linearity and power
output. For best results with a single-ended amp-
lifier, it is suggested that the cathode tank cir-
cuit operate at a ‘‘Q’’ of five or more.

CLASS-C OPERATION - Although designed for
Class-AB2 service, the 3CV1500A7 may be opera-
ted as a Class-C power amplifier or oscillator, or
as a plate-modulated rf amplifier. The zero-bias
characteristic can be used to advantage in Class-
C amplifiers by employing only grid leak bias. If
driving power fails, plate dissipation is kept to
a low level since the tube will operate at normal,
static zero-bias conditions.

ZERO-BIAS OPERATION - Operating at zero-
bias is not recommended with plate voltages over
2500 volts since plate dissipation may be exceed-
ed. Similarly, the safety of zero-bias operation
as mentioned above under ‘“Class-C Operation’
is not available at plate voltages above 2500
volts. Straight Class-C or Class-AB2 operation
is, of course, permissible up to 3500 volts where
other ratings are not exceeded. Higher plate
voltage may be used with the proper bias.

PLATE DISSIPATION - The plate dissipation of
1500 watts attainable through vapor cooling pro-
vides a large margin of safety in most applica-
tions. The rating may be exceeded during tuning
for brief periods.

Since the tube anode is usually at high poten-
tial to ground, water and steam connections to the
anode are made through insulating tubing. These
insulating sections should be long enough so that
column resistance is above 100,000 ohms per
1000 supply volts. It is essential that high purity
water be used to minimize power loss and cor-
rosion of metal fittings. Good distilled or de-
ionized water will have a resistance of 1 to 2
megohms per cm3. Water should be discarded if
resistivity falls to 50,000 ohms cm3.

HIGH VOLTAGE - Normal operating voltages
used with the 3CV1500A7 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.



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.

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, tne 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

3CVI500A7

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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DIMENSIONAL DATA
DIM INCHES MILLIMETERS
| MIN. MAX. REF MIN MAX. REF
A - - = = 3:355 == = - 85.22
B - - - - 1.000|| - - = = 25.40
C [ 1870 | 1900 <= 4750 | 4826 - -
D [ 2250 |2300 = 571515842 --
E - - - - 2400([ - - - - | 6096
F 14190 | 4315 -- |]10643 |I0960| - -
G [4850 |5110 -- ||123.19 [129.79 [ --
J 10690 | 0710 - - 1753 | 1803 -- |
K 10415 |0435 <= 1054 [ 11.05] - -
L 10140 10.165 == 357 419 - -
M 10020 | 0030 - - 050 | 076 ] - -
N 0700 | 0800 - - 1778 [ 2032 | - -
P 10314 | 0316 = 798 803 | - -
R 55° 65° == 55° 65° - =
S 115° 125° - - 115 ] 125° | - -
T -- - - I.720 - - - - 4369
U 10025 | 0048 == 064 | 122 - -
V_ 10045 |0070 -- .14 178 | - -
Wl -- == 0.375 - - - - 953
X | -- -- 0.750 - - - - 19.05
Y |0O500 | .00 - - - - - - - -
NOTES:

|.__REF DIMENSIONS ARE FOR INFOQ.
ONLY gARE N%T @@I
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EIMAC

JCW3000H3

INDUSTRIAL
MEDIUM-MU

WATER-COOLED
POWER TRIODE

The EIMAC 3CW5000H3 is a water-cooled, ceramic-metal power
triode designed primarily for use in industrial radio-frequency heating
services. Its water-cooled anode is conservatively rated at 5 kilowatts of
plate dissipation with low water flow and pressure drop.

Input of 12.5 kilowatts is permissible up to 75 megahertz. Plentiful
reserve emission is available from its 375 watt filament. The grid struc-
ture is rated at 150 watts making this tube an excellent choice for severe
applications.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament: Thoriated-Tungsten Min. Nom. Max.
Voltage - - - - - 7.5 Volts
Current - - - - - 48 53 amps

Amplification Factor - - - - 20

Interelectrode Capacitances, Grounded Cathode Connection:
Grid-Filament - - - - 292 40.2 ppf
Plate-Filament - - - -  0.60 120 uuf
Grid-Plate - - - - - 17.8 24.2 puf

Frequency for Maximum Ratings - 75 MHz

MECHANICAL

Base T S

Operating Position - - - e - e e a4 e a4 A
Cooling - - - - - - - - - - . . . . .
Maximum Operating Temperatures - - - - - - . . .

Maximum Dimensions:
Height - - - - - - - - - . . . . .
Diameter - - - - - - - - - - - - -

Net Weight - - - - - - . . - - - . . .

@. ,:;a
. 3CW5000H3 §
F

- - - See Outline
Vertical, base up or down
- Water and Forced Air
- - - - 250°C

- - - See Outline
- - - See Outline

- - - 7.5 Pounds

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.

(Effective 4-1-66) © 1966 Varian

Printed in U.S.A.




—_— @ 3CW5000H3

RF INDUSTRIAL OSCILLATOR
Class-C (Filtered DC Power Supply)

MAXIMUM RATINGS:

DC PLATE VOLTAGE - - - - - 6000 volts
DC PLATE CURRENT - - - - 2.5 amps
DC GRID VOLTAGE - - - - —1000 volts
DC GRID CURRENT - - - - 0.4 amp
PLATE INPUT POWER - - - 12.5 kW
PLATE DISSIPATION (NOMINAL) - - 5 kW

TYPICAL OPERATION*
DC Plate Voltage -
DC Plate Current -
DC Grid Voltage -

- 4000 6000 volts
- 2.5 2.08 amps
- —300 —500 volts

DC Grid Current - - .245 .180 amps
Peak Positive Grid Voltage - 280 265 volts
Driving Power - - - 142 136 watts

- 10,000 12,500 kW
- 2,500 2,500 kw
- 7,500 10,000 kW
1,625 ohms

Plate Input Power - -
Plate Dissipation - -
Plate Output Power -
Approximate Load Impedance - 910

*Loaded Conditions

circuit losses has been made.

Note: “TYPICAL OPERATION" data are obtained by calculation from published characteristic curves. No allowance for

APPLICATION

ELECTRICAL
Filament
The rated filament voltage for the 3CW5000H3
is 7.5 volts. Filament voltage, as measured at
the tube, must be maintained at 7.5 volts plus
or minus five percent for maximum tube life
and consistent performance.

Control Grid Operation

The grid current rating is 0.4 ampere dc. This
value should not be exceeded for more than very
short periods such as during tuning. Over-
current protection in the grid circuit should be
provided. Ordinarily it will not be necessary to
operate with more than 0.275 amperes grid cur-
rent to obtain reasonable efficiency. Inindustrial
heating service with varying loads, grid current
should be monitored continuously with a dc
current meter. The maximum grid dissipation
rating is 150 watts.

Plate Operation

Maximum plate voltage rating of 6000 volts
and maximum plate current of 2.5 amperes dc
should not be applied simultaneously as rated
plate dissipation may be exceeded. The 12.5
kilowatts input rating applies for Class C ampli-
fier or oscillator service with no modulation.

Plate over-current protection should be pro-
vided to remove plate voltage quickly in the
event of an overload or an arc-over at the load.
In addition current limiting power supply resis-
tors should be used. These precautions are espe-
cially important in industrial service with its
wide variations in loading.

Spark gaps from plate to ground should be
used to prevent transient voltages from flashing
across the tube envelope during any fault condi-
tions.

High Frequency Operation

The 3CWS5000H3 is usable to 110 MHz. At
this frequency, plate voltage must be reduced to
4000 volts in Class C service.

MECHANICAL
Mounting
The 3CW5000H3 must be mounted vertically,
either base up or down. A grid contact flange is
provided for bolting to a strap or a grid deck.
Heavy flexible leads are provided for applying
the filament voltage.

Cooling

Anode cooling is accomplished by circulating
water through the integral anode-water jacket.

The table below lists the minimum water flow
requirement for adequate anode cooling at vari-
ous plate dissipation levels. In all cases, the out-
let water temperature must not exceed 70°C nor
should inlet water pressure exceed 60 psi. This
table is based upon 15°C temperature rise inlet
to outlet water.

MINIMUM WATER-COOLING REQUIREMENT

Plate Water Pressure
Dissipation Flow Drop
(kw) (gpm) (psi)
3.0 0.65 0.27
5.0 1.10 0.70
7.0 1.75 1.75

Additional stem cooling air must be provided.
13 CFM of air directed against the center fila-
ment contact ring %2/’ below the outer filament
contact ring by a 1% 1.D. air duct arranged at
a 45° angle with the center line of the tube will
provide adequate cooling.

Special Application

If it is desired to operate this tube under con-
ditions widely different from those given here,
write to Power Grid Division, EIMAC, Division
of Varian, 301 Industrial Way, San Carlos, Cal-
ifornia for information and recommendations.
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DIMENSIONS IN INCHES
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w
X
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MO BT A2 A Lo
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-/l YNF 28 THEERO AES |. 4250
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3CW15,000A3

WATER-COOLED
POWER TRIODE

The Eimac 3CW25,000A3 is a water-cooled, ceramic-metal power triode designed
primarily for use in industrial radio-frequency heating services. Its water-cooled anode
is rated at 25 kilowatts of plate dissipation with low water flow and pressure drop.

Full input of 60 kilowatts is permissable up to 100 megacycles. Plentiful reserve
emission is available from its one kilowatt filament. The grid structure is rated at 500

watts making this tube an excellent choice for severe applications.

It is also recommended as a grounded grid FM amplifier, a conventional plate-

modulated amplifier or as a linear amplifier in new equipment designs.

GENERAL CHARACTERISTICS

ELECTRICAL Min. Nom. Max
Filament: Thoriated-Tungsten
Voltage . . . . . . . 6.3
Current . . . . . . . 152 172
Amplification Factor . . 20
Interelectrode Capacitances, Grounded Cathode:
Grid-Filament . . . . . 48 58
Plate-Filament . . . . . 1.2 1.5
Grid-Plate . . .t B 30 38

Frequency for Maximum Rcmngs ¢

MECHANICAL
Base .
Recommended Socket
Operating Position
Cooling ;
Maximum Opercmng Temperctures

volts
amperes
puf
ppf
ppf
. 100 Mc
Coaxial

oo Eimac SK-1300
. Vertical, base up or down
Water & Forced air

Ceramic-to-Metal Seals . . 250°C
Maximum Dimensions:
Height 9.4 inches
Diameter 5.0 inches
Net Weight . 12 pounds
TYPICAL OPERATION
RF INDUSTRIAL OSCILLATOR DC Plate Voltage . . . . 7000 10,000 volts
o : DC Plate Current . . . . 6.0 6.0 amps
Class-L: [Filtered DC Pawer Bipply) DC Grid Voltage . . . . —600 800 volfs
MAXIMUM RATINGS DC Grid Current . . : .66 315 amps
DC PLATE VOLTAGE. . . . . 10,000 VOLTS Peak Positive Grid Vol’rcge . 440 360 volts
DC PLATE CURRENT . . . . . . 6.0 AMPS Driving Power . " . 660 365 watts
DC GRID CURRENT . . . . . . . 1.0 AMP Plate Input Power . . . . 42 60 kw
PLATE INPUT POWER . . . . . . . 60 kw  Plate Dissipation . ... 12 18 kW
PLATE DISSIPATION . . . . . . . 25Kw  Flate Output Power . . 30 rliad

(Effective 11-1-63) © Copyright 1963 by Eitel-McCullough, Inc.

Approximate Load Impedonce 600 750 ohms



— @ 3CW25,000A3

RADIO-FREQUENCY POWER AMPLIFIER
PLATE-MODULATED

Class-C

TYPICAL OPERATION

DC Plate Voltage . . . . . 5000 7000 volts
MAXIMUM RATINGS DC Grid Voltage . . . . . . =600 —820 volts
DC PLATE VOLTAGE 7000 MAX. VOLTS DC Plate Current . . . . . . 5.0 5.0 amps
DC PLATE CURRENT 5.0 MAX. AMPS DC Grid Current . . . . . . 600 600 mA
PLATE DISSIPATION 16.5 MAX. KW Driving Power . . . . . . 600 750 watts
GRID DISSIPATION 500 MAX. WATTS Plate Output Power . . . . . 17.8 27.5 kW
RADIO-FREQUENCY TYPICAL OPERATION
LINEAR AMPLIFIER Class-AB, DC Plate Voltage . . . . . 7000 10000 volts
MAXIMUM RATINGS DC Grid Voltage* . . . . . =250 —400 volts
DC PLATE VOLTAGE 10000 MAX. VOLTS Zero-Sig Plate Current . . . . 2.0 2.0 amps
DC PLATE CURRENT 6.0 MAX. AMPS Max-Sig DC Plate Current . . . 6.0 6.0 amps
PLATE DISSIPATION 25 MAX. KW Max-Sig DC Grid Current . . . 375 333 mA
GRID DISSIPATION 500 MAX. WATTS Peak RF Grid Voltage . . . . 530 700 volts
PR ; : ; Driving Power . . . . . . 200 240 watts
Adjust to give specified zero-signal dc plate current Plate Outout Power . . . . . 264 A1

Note: “TYPICAL OPERATION” data are obtained by calculation from published characteristic
curves. No allowance for circuit losses has been made.

APPLICATION

ELECTRICAL

Filament—The rated filament voltage for the 3CW-
25,000A3 is 6.3 volts. Filament voltage, as measured
at the socket, must be maintained at 6.3 volts plus or
minus five percent for maximum tube life and con-
sistent performance.

Control Grid Operation—The grid current rating is
one ampere dc. This value should not be exceeded
for more than very short periods such as during tuning
and over-current protection in the grid circuit should
be provided. Ordinarily it will not be necessary to
operate with more than 0.4 to 0.6 amperes grid current
to obtain reasonable efficiency. In industrial heating
service with varying loads, grid current should be mon-
itored continuously with a dc current meter. The maxi-
mum grid dissipation rating is 500 watts.

Plate Operation—The maximum plate input power
rating is 60 kilowatts at 10,000 volts and 6.0 amperes
de. This rating applies for Class C amplifier or oscillator

service and for Class AB applications. When used as a
plate modulated rf amplifier, input is reduced to 7000
volts at 5.0 amperes dc. Maximum input may be ex-
ceeded for short periods during tuning without exceed-
ing plate dissipation ratings.

Plate over-current protection should be provided to
remove plate voltage quickly in the event of an over-
load or an arc-over at the load. In addition current
limiting power supply resistors should be used. These
precautions are especially important in industrial serv-
ice with its wide variations in loading.

Spark gaps from plate to ground should be used to
prevent transient voltages from flashing across the tube
envelope during any fault conditions.

High Frequency Operation—The 3CW25,000A3 is
usable to 140 Mc. At this frequency, plate voltage must
be reduced to 7000 volts in class A, B or C service. For
plate-modulated applications at 140 Mc, plate voltage
is reduced to 5500 volts.



Mounting—The 3CW25,000A3 must be mounted ver-
tically, either base up or down. Where the tube is in-
stalled in a base up position, it is suggested that any
clamping pressure or rf contact be made only in the
area shown as “V” on the outline drawing.

Socket—The Eimac SK-1300 socket is used with the
3CW25,000A3 for making connections to the filament
and grid. Where the socket is to be removable—as in
base-up operation—the SK-1310 should be used.

Cooling—Anode cooling is accomplished by circulat-
ing water through the integral anode—water jacket.
With the tube in the anode-up position the water inlet
is the outer water fitting and the outlet will be the
center water fitting. When the tube is mounted base
up, these are reversed.

The table below lists the minimum water flow re-
quirement for adequate anode cooling at various plate
dissipation levels. In all cases, inlet water temperature
must be limited to 60°C or below, outlet water tem-
perature must not exceed 70°C nor should inlet water
pressure exceed 60 psi.

3CW25,000A3 @ —

Minimum Water-Cooling Requirement
Plate Dissipation Water Flow Pressure Drop
(kW) (GPM) (PSI)
10 6 0.2
15 9 0.4
20 12 0.7
25 15 1.1

Additional forced-air cooling of the tube’s base is
also required to maintain ceramic-to-metal seal tem-
peratures below the 250°C maximum. Approximately
50 cfm of cooling air directed into the base structure,
through the socket will generally satisfy this require-
ment.

Special Application—If it is desired to operate this
tube under conditions widely different from those
given here, write to Power Grid Marketing, Eitel-
McCullough, Inc., 301 Industrial Way, San Carlos,
California for information and recommendations.

................
CIMENSIONAL DATA
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1289
JCX100A

8250
JCX100F5

HIGH-MU UHF
TRIODES

The Eimac 7289/3CX100A5 and 8250/3CX100F5 are ceramic-and-mstal planar UHF triodes in-
tended to supersede 2C39 types. The 7289/3CX100A5 has a 6.0-volt heater, while the 8250/3CX100F5
has a 26.5-volt heater. They are manufactured to exaciing dimensional tolerances to provide the greatest
mechanical uniformity. Extended and critical electrical testing results in increased reliability and a mini-
mum variation in electrical characteristics. Full ratings apply at altitudes up to 60,000 feet and they are
capable of sustained, reliable operation at elevated temperatures.

The mechanical and electrical characteristics of these tubes make them desirable for grid isolation
circuits in cavity devices. They will deliver 27 watts of useful power at 500 megacycles and at 2900
megacycles, 9.5 watts of useful power can be realized.

GENERAL CHARACTERISTICS . 1288
ELECTRICAL 30X1¥0l5
Cathode: Oxide-coated, UmpotenhaI
Heating time - - e e e e e 60 Seconds
Heater MIN. NOM. MAX.
3CX100A5 Voltage (see applications) - - - - 6.0 Volts
Current (Ef = 6.0 volts) - - - . - 0.90 1.05 Amperes
3CX100F5 Voltage (see applications) - - - - 26.5 Volts
Current (Ef = 26.5 volts) - - - - - 0.20 0.24 Amperes
Amplification Factor S 100
Transconductance (Ip = 70 milliamperes) - - - - - . 25,000 Micromhos
Direct Interelectrode Ccpacxfcnce
Egl * = e T T 5.6 7.0 upt
Cap = = - = = . e 1.95 2.15 puf
Cpk = = = = = = - -+ « - - - 0.035 Mpf
Frequency for Maximum Ratings - - - - . . . . . 2500  Megaycles
MECHANICAL

Terminals: Graduated Cylindrical Surfaces
Maximum Operating Temperatures

Ceramic to Metal Seals - - - - - - - - . . . . . . . . . . . . . . . . . 250°C Bgegﬁosch;ccﬁ;m
Anode Core - - - - - - - - . . . . . . . . < - . < .+ - .+ - - . - . 250°C Bge;ﬁosch;r:ctli;m
Operating Position - - - - - - - . . - - . . . . . . . . . . . . - . . . . . . . Any
Cooling = = = = = = < « o o .« . o o < 4 o 4 4 . 4 < . < < 4 < < < < < - < ForeedAir
Maximum Overall Dimensions
length -« -« = = = = @ « &« 2 = = s = =2 &« = % % = s = = = % % s 3 = = = = 2701 Inches Max.
Diameter - - - - - . . . . - . . - . . - . . + 4 4 + + - - < . < < - - 1.264 Inches Max.
Net Weight - - - 5w o e e e owm ow s s 2 om owm om ow w5 s om om o@m o= s % o= o= = = | 25006HEEs
Shipping Weight Iopprox) < - - - - - - - - - - . . . . - - - - <. - « « < - - - - - 7.00unces
RADIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Per Tube) Power Amplifier
OR OSCILLATOR Grounded-Grid
(Key-down conditions)
MAXIMUM RATING (Per Tube)
DC PLATE VOLTAGE L 1000 VOLTS MAX. 500 Mc 2500 Mc 2900 Mc
DC CATHODE CURRENT R 0.125 AMP. MAX.
DC GRID VOLTAGE - - - - - - - . _150 VOLTS MAX. DC PLATE VOLTAGE - - - - - 800 900 1000 Volts
DC GRID CURRENT - - - - - - 0.050 AMP. MAX. DC GRID VOLTAGE (approx.) - - —20 —22 —9.5 Volts
INSTANTANEOUS PEAK POSITIVE Al
GRID VOLTAGE - - o 30 VOLTS MAX. DC PLATE CURRENT - - - - - 80 90 100 Milliamp.
INSTANTANEOUS PEAK NEGATIVE DC GRID CURRENT (approx.) - - 30 25 15 Milliamp.
GRID VOLTAGE - - - - - . . . —400 VOLTS MAX.
PLATE DISSIPATION - - - - - . . - 100 WATTS MAX. DRIVING POWER lapprox.) - = - - ° Warrs
GRID DISSIPATION - - - - - - . . . 2 WATTS MAX. USEFUL OUTPUT POWER - - - QT 15 9.5 Watts
PLATE MODULATED RADIO FREQUENCY
TYPICAL OPERATION (Per Tube)
P
AMPLIFIER OR OSCILLATOR 500 Mc, Grounded-Grid, Carrier Conditions.
MAXIMUM RATINGS (Per Tube)
DC PLATE VOLTAGE - - 3w o e 600 VOLTS MAX. DC PLATE VOLTAGE - - - - - - - - - 600 Volts
DC CATHODE CURRENT - - - - - - 0,100 AMP. MAX.
DC GRID VOLTAGE - - - - - . . . —150 VOLTS MAX. DC GRID VOLTAGE (approx.) - - - - - - - —15 Volts
DC GRID CURRENT - - - - - - 0.050 AMP. MAX. : i s illi
INSTANTANEOUS PEAK POSITIVE DC PLATE CURRENT - - - - - - 65 Milliamp.
GRID VOLTAGE - - - 5 30 VOLTS MAX. RID CURRENT - - - - - - - 35 Milliamp.
INSTANTANEOUS PEAK NEGATIVE P G lopprox) ?
GRID VOLTAGE - - - - . . . . —400 VOLTS MAX. DRIVING POWER (approx.) - - - - - - - 5 Watts
PLATE DISSIPATION - - - . - . . . 70 WATTS MAX.
GRID DISSIPATION - - - - - . . . 2 WATTS MAX. USEFUL CARRIER POWER OUTPUT - - - - - - 16 Watts

(Effective 5-1-62) Copyright 1962 by Eitel-McCullough, Inc. Printed in U.S.A.



— @ 3CX100A5/3CX100F5

APPLICATION

MECHANICAL

Mounting — The 3CX100A5 and 3CX100F5 may be
operated in any position. They should be firmly
held in place by spring-finger collets bearing on
the terminal surfaces. In use the tubes should seat
against the under side of the anode-terminal flange
which is on the plane of reference for longitudinal
dimensions. In applications involving severe shock
and vibration, the tubes may be clamped in place by
applying a suitable clamping device to the anode-
terminal flange. It is recommended that no other
portion of the tube be subjected to clamping forces.

Connections — The terminals of each tube are in
the form™ of concentric cylinders of graduated di-
ameters so that they may be conveniently used with
coaxial tuning devices. Spring-fingered collets should
be used to make contact with the anode, grid, cath-
ode and heater terminals. Adequate contact area
and spring pressure should be provided to minimize
heating and to prevent erratic circuit performance
at the higher frequencies. Non-contacting or inter-
mittently-contacting collet fingers will cause trouble-
some circuit behavior, especially at very-high and
ultra-high frequencies. Electrode contact surfaces
should be kept clean and free of oxide coatings.

Cooling — Sufficient cooling must be provided for
the anode and body seals to maintain operating
temperatures below the rated maximum values:

Ceramic to Metal Seals 250°C (300G ahor! form

Anode Core 250G { “eioas she
At sea level, with an inlet air temperature of
20°C (68°F), 12.5 cubic feet per minute of air flow
is required to cool the anode at 100 watts plate dis-
sipation when the air cowling as illustrated is used.
Operation at higher altitudes or with higher inlet
temperatures requires increased volumes of flow
to obtain equivalent cooling. When using the anode

cowling as illustrated here, it is necesary to provide
additional facilities for seal cooling.

It should be borne in mind that operating tem-
perature is the sole criterion of cooling effectiveness,
regardless of the coolant type, flow rate or coolant
temperature. One method of measuring the surface
temperatures is the use of temperature sensitive
lacquer, such as "Tempilag.”" This product can be
obtained from the Tempil Corp., 132-34 West 22nd
Street, New York 11, New York. When temperature
sensitive materials are used, extremely thin applica-
tions must be used to avoid interference with the
transfer of heat from the tube to the air stream,
which would cause inaccurate indications.

ELECTRICAL

Heater Operation — The rated heater voltage for
the 3CX100A5 is 6.0 volts, and for the 3CX100F5
26.5 volts. The working voltage should be selected
from the table below. The heater voltage for each
type should be maintained within plus or minus
of 5% of its intended value to minimize variations

in circuit performance and to obtain maximum tube
life.

At frequencies above approximately 1000 mega-
cycles, transit time effects begin to influence the
cathode temperature. The amount of driving power
diverted to heating the cathode by back-bombard-
ment will depend upon the frequency, the plate
current and driving power being supplied to the
tube. If the conditions of operation result in appe-
ciable cathode back-heating, it may be necessary
to start dynamic tube operation at normal heater
voltage followed by a reduction of heater voltage
to the proper value. The following table is intended
as a general guide in this respect.

Mc 3CX100A5 Ef 3CX100F5 Ef
Up to 1000 - - - - - - 6.0 26.5
1000 te 2000 - - - - - 5.5 24.3
2000 and above - - - - 5.0 22.1

The heater of the 3CX100A5 must not be oper-
ated at less than 4.5 volts in any case, nor should
the heater of the 3CX100F5 be operated at less
than 20.0 volts in any case.

Cathode Operation — The oxide-coated unipotential
cathode in these tubes must be protected against
excessively high emission currents. For all types of
operation the maximum rated dc current is 125
milliamperes. The cathode and one side of the
heater are connected together internally.

It is recommended that the rated heater voltage
be applied for a minimum of 30 seconds before
other operating voltages are applied. Tube perfom-
ance will become stabilized 60 seconds after the
heater voltage is applied.

Control Grid Operation — Crid dissipation must not
exceed the rated maximum 2.0 watts grid dissipa-
tion power.

At operating frequencies near 500 megacycles,
the driving power necessary for maximum output is
in the order of 6 watts and as the operating fre-
quency is increased the driving power requirements
increase. Most of this increased driving power is ab-
sorbed in circuit losses other than grid dissipation,
however, so that the grid dissipation will increase
very little.

The maximum rated dc grid voltage is —150
volts and the grid may be driven to a maximum
of 30 peak volts positive or to —400 peak volts
negative.

The grid bias required by various individual
tubes may vary between limits approximately 50 %
above and below the center value, and means
should be provided in the equipment to accommo-
date such variation.

Plate Operation — The maximum rated plate dis-
sipation power is 100 watts. In plate modulated
applications, the carirer plate dissipation power
must be limited to 70 watts to avoid exceeding the
plate dissipation rating with 100% sine wave
modulation.

Special Applications — If it is desired to operate
this tube under conditions widely different from
those given here, write to Power Grid Marketing,
Eitel-McCullough, Inc., 301 Industrial Way, San
Carlos, California for information and recommenda-
tions.
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NOTES:

1. The total indicated runout of the anode contact surface and
the grid contact surface with respect to the cathode contact
surface shall not exceed .020.

2. The total indicated runout of the heater contact surface with
respect to the cathode contact surface shall not exceed .012.
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RECOMMENDED COWLING

FOR
FORCED-AIR COOLING
OF ANODE
REF. NOM. MIN. MAX.
A 1.815 1.875
8 1.534
c 1.475
D 1.289 1.329
E 1.085 1135
F .880 920
G 462 477
H 040
[ o B 125 185
J 766 826
K 025 046
L 1.234 1.264
M 1180 1195
N 1.025 1.035
P 772 792
Q 541 561
R 655 665
s 545
T B 213 .223
U 315 325
v 086
w 100
X 035
Y 105 145
z 650 850
AA 035 361
AB ) 1185 1.265
AC 1.534 1.728
AD [ [ 1ar7s 1.815
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3CX2500A3

MEDIUM MU
TRIODE

TECHNICAL DATA

.\O/QD

The EIMAC 3CX2500A3 is an all ceramic and metal, medium-mu,
forced-air cooled, external anode transmitting triode with a maximum plate
dissipation rating of 2500 watts. Relatively high power output as an ampli-
fier, oscillator, or modulator may be obtained from this tube at low plate
voltages. The 3CX2500A3 is an exact replacement for the EIMAC 3X2500A3
and is suggested for use where higher ambient temperatures are to be
expected or greater reliability is required. The all ceramic and metal con-
struction allows a greater margin of safety with respect to tube operating
temperatures while permitting higher processing temperatures to insure
longer life.

The tube has a rugged, low-inductance cylindrical filament-stem struc-
ture, which readily becomes part of a linear filament tank circuit for VHF
operation. The grid provides thorough shielding between the input and out-
put circuits for grounded-grid applications and is conveniently terminated
in a ring between the plate and filament terminals. The 3CX2500A3 may be
installed or removed without the aid of tools.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min. Nom. Max
Voltage - = = = = = = - 7.5 volts
Current - - - - - - - - 49 53 amperes
Amplification Factor - - - - - - 19 26
Direct Interelectrode Capacitances
Grid-Plate - - - - - - -1638 23.2 pF
Grid-Filament - - - - = -202 40.2 pF
Plate-Filament - - - - - - 0.6 1.2 pF
Tranconductance (Ib=830 ma., Eb=3000 v.) - 20,000 umhos
Highest Frequency for Maximum Ratings - 75 MHz
MECHANICAL
Base - - - - - - - - = - =« =« =« - - = - - See drawing
Mounting - - - - - - - - - - - - - - \Vertical, base down or up
Cooling = =~ =~ = = = = = = & ® =& & = = & & = Forced Air
Maximum Anode Core and Seal Temperatures - - - - - - - - - - 250°C
Maximum Over-all Dimensions:
Length - - - - - - - - - - - - - - - - - 86 inches
Diameter - - - - - - - - - - - - - - - - 416 inches
Net Weight - - - - - - - - - - - - - - - - - 625 pounds
Shipping Weight (Average) L T S T S T 17 pounds
RADIO-FREQUENCY POWER
AMPLIFIER OR OSCILLATOR TYPICAL OPERATION (Frequencies below 75 MHz per tube)
ional lized Ampli DC Plate Voltage - - - - 4000 5000 6000 volts
C°?F",th‘;2iie?§‘;ﬁ;af§5 Mﬂﬁl)'ﬁer' OC Plate Current e 2.5 25 2.08 amps
DC Gri oltage - - - - - —300 —A45 —500 volts
e i Te‘etgrg‘%hy (Key-down DC Grid Current* - - - - - - 245 265 180 ma
concinghsg [REETHRE Peak RF Grid Input Voltage* - - - 580 750 765 volts
MAXIMUM RATINGS Dri\éing Power* - - - - - - 123 197 136 watts
Grid Dissipation* - - - - - 78 46 watts
DC PLATE VOLTAGE - 6000 VOLTS Plate Power Input - - - - - 10000 12,500 12,500 watts
DC PLATE CURRENT - 2.5 AMPS Plate Dissipation - - - - - - 2500 2500 2500 watts
PLATE DISSIPATION - 2500 WATTS Plate Power Output - - - - - 7500 10,000 10,000 watts

GRID DISSIPATION - 150 WATTS

(Revised 3-1-67) © 1967 Varian

*Approximate values.

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

Printed in U.S.A.



- @ 3CX2500A3

PLATE-MODULATED RADIO-

TYPICAL OPERATION (Frequencies below 75 MHz per tube)

FREQUENCY AMPLIFIER BE l;llare \éolfage - - - - - 4000 4500 5000 volts
; : . ate Current - - - - - - 1.67 1.47 1.25 amps
e bt o8 py LS DC Grid Voltage - - - - - - 450 —500 —550 volts
. o DC Grid Current* - - - - - 180 140 150 ma
Class-C Telephony (Carrier conditions, Peak RF Grid Input Voltage - - - 685 715 760 volts
per tube) Driving Power* - - - - - 125 100 115 watts
MAXIMUM RATINGS Grid Dissipation* - - - - - - 43 30 32 watts
DC PLATE VOLTAGE - 5000 VOLTS Plate Power Input - - - - - - 6670 6615 6250 watts
DC PLATE CURRENT - 2.0 AMPS Plate Dissipation - - - - - - 1670 1315 950 watts
PLATE DISSIPATION - 1670 VOLTS Plate Power Output - - - - - 5000 5300 5300 watts
GRID DISSIPATION - 150 WATTS *Approximate values.
AUDIO-FREQUENCY POWER TYPICAL OPERATION (Sinusoidal wave, two tubes unless noted)
AMPLIFIER OR MODULATOR DC Plate Voltage - - - - - - 4000 5000 6000 volts
Class-AB or B DC Grid Voltage! - - - - - —150 —190 —240 volts
Zero-Signal DC Plate Current - - - - 0.6 0.5 0.4 amps
MAXIMUM RATINGS IEAF?X Slgnfl DdC Pllate Cuir)rlent - - - - 4.0 3.2 3.0 amps
ective Load, Plate to Plate - - - - 2200 3600 4650 ohms
DC PLATE VOLTAGE - 6000 VOLTS Peak AF Grid Input Voltage (per tube)* - 340 360 390 volts
DC PLATE CURRENT - 2.5 AMPS Max-Signal Peak Driving Power* - - - 340 230 225 watts
PLATE DISSIPATION - 2500 WATTS Max-Signal Nominal Driving Power* - - 170 115 113 watts
GRID DISSIPATION - 150 WATTS Max-Signal Plate Output Power - - - 11,000 11,000 13,000 watts

*Approximate values.

1Adjust to give listed zero-signal plate current.

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

APPLICATION

Cooling—TForced-air cooling must be provided
to hold the ceramic-to-metal seals and anode
core temperature below the maximum rating of
250°C. At ambient temperatures above 50°C, at
higher altitudes and at operating temperatures
above 30 MHz, additional air flow must be pro-
vided. Sea level and 10,000 foot altitude air-flow
requirements to maintain seal temperatures
below 200°C in 50°C ambient air are tabulated
below (for operation below 30 MHz).

Anode-to-Base Air Flow!
Sea Level 10,000 Feet
Anode
Dissipation Air Flow | Pressure Drop Air Flow | Pressure Drop
Watts CFM Inches Water CFM Inches Water
1500 33 .6 48 9
2500 66 1.25 96 1.82
Base-to-Anode Air Flow
Sea Level 10,000 Feet
Anode
Dissipation Air Flow Pressure Drop Air Flow Pressure Drop
Watts CFM Inches Water CFM Inches Water
1500 32 .6 47 .9
2500 57 1.0 83 1.5

*Since the power dissipated by the filament repre-
sents about 400 watts and since grid dissipation can,
under some conditions represent another 150 watts,
allowance has been made in preparing this tabulation
for an additional 550 watts.

1 When air is supplied in the anode-to-base direction,
a minimum of 3 cfm must be directed into the filal
ment-stem structure between the inner and outer fila-
ment terminals to maintain the base seals below 250°C.
No separate air is required with base-to-anode airflow.

Simultaneous removal of all power and air
(as in the case of a power failure) will not

ordinarily injure the tube, butitis recommended
that cooling airflow continue for at least three
minutes after filament power has been removed.

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

Bias Voltage — There is little advantage in
using bias voltages in excess of those given
under “TYPICAL OPERATION” except in certain
very specialized applications. Where bias is ob-
tained from a grid resistor, suitable protective
means must be provided to prevent excessive
plate dissipation in the event of loss of excitation.

Plate Voltage — The plate-supply voltage for
the 3CX2500A3 should not exceed 6000 volts.
In most cases there is little advantage in using
plate-supply voltages higher than those given
under “TYPICAL OPERATION” for the power
output desired.

Grid Dissipation — The power dissipated by
the grid of the 3CX2500A3 must never exceed
150 watts. Grid dissipation is the product of dc
current and peak positive grid voltage.

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

InVHF operation, particularly above 75 MHz
the dc grid current must not exceed 200 ma
under any conditions of plate loading. With
lightly loaded conditions the grid driving power
should be reduced so that the grid current does
not exceed one-tenth of the plate current.
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NOTES:

I, .040 MAXIUM RUNOUT OF GRID CONTACT
RFACE WITH CT_TQ AXI RMI
FILAMENT A

SURFACE.
2. .025 MAXIUM R

CONTACT
QUTER FILAMENT CONTACT SURFACE.

OF INNER FI NT

3. DIMENSIONS IN INCHES.

BOTTOM VIEW

REMOVABLE GRID
CONNECTOR WITH
SPRING FINGERS

I

T
&; } GRID BY-PASS
= 2§ CAPACITOR

SPRING COLLET
CONNECTORS FOR -
FILAMENT TERMINALS

FLOATING CENTER
CONNECTOR POST

RFE CIRCUIT ———

TYPICAL TUBE CONNECTORS AND STEM COOLING

DRIVING POWER vs. POWER OUTPUT

The three charts on this page show the relationship of plate
efficiency, power output and approximate grid driving power
at plate voltages of 4000, 5000 and 6000 volts. These charts
show combined grid and bias losses only. The driving-power
and power-output figures do not include circuit losses. The
plate dissipation in watts is indicated by Pp. Points A, B, and
C are identical to the typical Class C operating conditions
shown on the first page under 4000, 5000 and 6000 volts
respectively.
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3CX2500F3

MEDIUM MU
TRIODE

The EIMAC 3CX2500F3 is an all ceramic and metal, medium-mu,
forced-air cooled, external anode transmitting triode with a maximum plate
dissipation rating of 2500 watts. Relatively high power output as an ampli-
fier, oscillator, or modulator may be obtained from this tube at low plate
voltages. The 3CX2500F3 is an exact replacement for the EIMAC 3X2500F3
and is suggested for use where higher ambient temperatures are to be
expected or greater reliability is required. The all ceramic and metal con-
struction allows a greater margin of safety with respect to tube operating
temperatures while permitting higher processing temperatures to insure
longer life.

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

GENERAL CHARACTERISTICS
ELECTRICAL

Filament: Thoriated Tungsten Min. Nom. Max.

Voltage - - - - - = - - 7.5 volts
Current - - - - - - - - 48 53 amperes
Amplification Factor - - - - - - 19 26
Direct Interelectrode Capacitances
Grid-Plate - - - - - - ~-16.8 23.2 pF
Grid-Filament - - - - = =292 40.2 pF
Plate-Filament - - - - - - 0.6 1.2 pF
Tranconductance (Ib=830 ma., Eb=3000 v.) - 20,000 umhos
Highest Frequency for Maximum Ratings - 30 MHz
MECHANICAL
Base = = = = == = W m = == = == = See outline drawing
Mounting - - - - - - - - = - - - - - \Vertical, base down or up
Maximum Anode Core and Seal Temperatures - - - - - - - - = - 250°C
Cooling - - - - - - - = = = = = = - = = - - Forced Air
Maximum Over-all Dimensions:
Length (Does not include filament connectors) - - - - - - = - 8.6 inches
Diameter - - - - - - - - - = - - - - = - 416 inches
Length of filament Connectors (Approximate) - - - - - - - - - 9.5 inches
Net Weight - - - - - - - - - - - - - - - - - 7.5 pounds
Shipping Weight (Approximate) - - - - - - - - - - = - 17 pounds
RADIO-FREQUENCY POWER TYPICAL OPERATION (Frequencies below 30 MHz)
AMPLIFIER OR OSCILLATOR DC Plate Voltage - - - - - - 4000 5000 6000 volts
Conventional Neutralized Amplifier, B(C: E;‘a-tf \(/:ulrtrent - - s 32(58 fg 288 amlps
| rid Voltage - - - - - - — —450 —500 volts
s Srieny e e 1 D B 2 m
Peak RF Grid Input Voltage* - - - 580 750 765 volts
MAXIMUM RATINGS Dri\éing Power* - - - - - - 142 197 136 watts
Grid Dissipation*. - - - - - - 78 46
DC PLATE VOLTAGE - 6000 VOLTS p walts
Plate Input Power - - - - - 10,000 12,500 12,500 watts
DC PLATE CURRENT - 2.5 AMPS Plate Dissipation - - - - - - 2500 3500 3500 watts
PLATE DISSIPATION - 2500 WATTS Plate Output Power - - - - - - 7500 10,000 10,000 watts
GRID DISSIPATION - 150 WATTS *Approximate values.

(Revised 3-1-67) © 1967 Varian

Printed in U.S.A.
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PLATE-MODULATED RADIO-
FREQUENCY AMPLIFIER
Conventional Neutralized Amplifier,
Class-C Telephony (Carrier Conditions)

MAXIMUM RATINGS

DC PLATE VOLTAGE - 5500 VOLTS
DC PLATE CURRENT - 2.0 AMPS
PLATE DISSIPATION - 1670 VOLTS
GRID DISSIPATION - 150 WATTS

TYPICAL OPERATION (Frequencies below 30 MHz)

DC Plate Voltage - - - - - - 4000 4500 5000 volts
DC Plate Current - - - - - - 1.67 1.47 1.25 amps
DC Grid Voltage - - - - - - —450 —500 —550 volts
DC Grid Current* - - - - - - 180 140 150 ma

Peak RF Grid Input Voltage* - - - 685 715 760 volts
Driving Power* - - - - - 125 100 115 watts
Grid Dissipation* - - - - - - 43 30 32 watts
Plate Input Power - - - - - 6670 6615 6250 watts
Plate Dissipation - - - - - 1670 1315 950 watts
Plate Output Power - - - - - - 5000 5300 5300 watts

*Approximate values.

TYPICAL OPERATION (Sinusoidal wave, two tubes unless noted)

DC Plate Voltage

AUDIO-FREQUENCY POWER DC Grid Voltagel

AMPLIFIER OR MODULATOR
Class-AB or B

Zero-Signal DC Plate Currem - - -

Max-Signal DC Plate Current - - -

Effective Load, Plate to Plate - - - -

Peak AF Grid Input Voltage (per tube)* - 340 360 390 volts

- - - - - 4000 5000 6000 volts

- - - —150 —190 —240 volts
- 0.6 0.5 0.4 amps
- 4.0 3.2 3.0 amps

2200 3600 4650 ohms

MAXIMUM RATINGS

< Max-Signal Peak Driving Power* - - 340 230 225 watts
DC PLATE VOLTAGE - 6000 VOLTS Max-Signal Nominal Driving Power* - - 170 115 113 watts
DC PLATE CURRENT - 2.5 AMPS Max-Signal Plate Output Power - - - 11,000 11,000 13,000 watts

PLATE DISSIPATION - 2500 WATTS
GRID DISSIPATION - 150 WATTS

*Approximate values.

1Adjust to give listed zero-signal plate current.

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

APPLICATION

Cooling—Forced-air cooling must be provided
to hold the ceramic-to-metal seals and anode
core temperature below the maximum rating of
250°C. At ambient temperatures above 50°C, at
higher altitudes and at operating temperatures
above 30 MHz, additional air flow must be pro-
vided. Sea level and 10,000 foot altitude air-flow
requirements to maintain seal temperatures
below 200°C in 50°C ambient air are tabulated
below (for operation below 30 MHz).

Anode-to-Base Air Flow!

Sea Level 10,000 Feet
Anode
Dissipation Air Flow Pressure Drop Air Flow Pressure Drop
Watts CFM Inches Water CFM Inches Water
1500 33 .6 48 9
2500 66 1.25 96 1.82

Base-to-Anode Air Flow

Sea Level 10,000 Feet
Anode
Dissipation Air Flow Pressure Drop Air Flow Pressure Drop
Watts CFM Inches Water CFM Inches Water
1500 32 .6 47 .9
2500 57 1.0 83 1.5

*Since the power dissipated by the filament repre-
sents about 400 watts and since grid dissipation can,
under some conditions represent another 150 watts,
allowance has been made in preparing this tabulation
for an additional 550 watts.

IWhen air is supplied in the anode-to-base direction,
a minimum of 3 cfm must be directed into the fila-
ment-stem structure between the inner and outer fila-
ment terminals to maintain the base seals below 250°C.
No separate air is required with base-to-anode airflow.

Filament Voltage — The filament voltage, as
measured directly at the tube, should be 7.5
volts with maximum allowable variations due to
line fluctuation of from 7.12 to 7.87 volts. Tube
life may be extended by operation at the lower
end of this range.

Bias Voltage — There is little advantage in
using bias voltages in excess of those given
under “TYPICAL OPERATION” except in certain
very specialized applications. Where bias is ob-
tained from a grid resistor, suitable protective
means must be provided to prevent excessive
plate dissipation in the event of loss of excitation.

Plate Voltage — The plate-supply voltage for
the 3CX2500F3 should not exceed 6000 volts.
In most cases there is little advantage in using
plate-supply voltages higher than those given
under “TYPICAL OPERATION” for the power
output desired.

Grid Dissipation — The power dissipated by
the grid of the 3CX2500F3 must never exceed
150 watts. Grid dissipation is the product of dc
current and peak positive grid voltage.

In equipment in which the plate loading
varies widely, such as oscillators used for radio-
frequency heating, care should be taken to make
certain that the grid dissipation does not exceed
the maximum rating under any condition of
loading. With lightly loaded conditions the grid
driving power should be reduced so that the grid
current does not exceed one-tenth of the plate
current.
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DIMENSIONAL DATA

REF. MIN. MAX. NOM.

A | 4 V32 4 3/32

] 2%/32| 27/32

c 3 5/8

[ 8.375 | 6.625

E .859 890

F .812 937

[ e 134e
/\A H 7.000 | 7.800
(N K 3/8 7/16

Ll 1 1/8

L) 7.000 | 7.500

N | VB8 | | 5/8
0 P 7.937 | 8.437

Q 37/8| 4 1/4

L R
S | 1 306 | use
i T |8 9
U | 8.937 | 9.437

|
I
|
| |
| I
l\
| ANODE COOLER
|

AND TERMINAL

® fL T |
—'—_—_“_:::::::‘:]_;_«Tt‘—

GRID LEAD

00

~—— GRID TERMINAL
.197%.003 DIA. HOLE

FILAMENT LEADS

FILAMENT TERMINALS
.390% .005 DIA. HOLE

DRIVING POWER vs. POWER OUTPUT

The three charts on this page show the relationship of plate
efficiency, power output and approximate grid driving power
at plate voltages of 4000, 5000 and 6000 volts. These charts
show combined grid and bias losses only. The driving-power
and power-output figures do not include circuit losses. The
plate dissipation in watts is indicated by Pp. Points A, B, and
C are identical to the typical Class C operating conditions
shown on the first page under 4,000, 5000 and 6000 volts
respectively.
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® TECHNICAL DATA

The EIMAC 3CX2500H3 is a ceramic/metal, forced air cooled, extemal
anode power triode designed primarily for use in industrial radio-frequency
heating services. Its anode is conservatively rated at 2.5 kilowatts of

plate dissipation with low air flow and pressure drop.

Input of 12.5 kilowatts is permissable up to 75 megahertz. Plentiful
reserve emission is available from its 390 watt filament. The grid struc-
ture is rated at 150 watts making this tube an excellent choice for severe

applications.
GENERAL CHARACTERISTICS!
ELECTRICAL
Filament: Thoriated Tungsten
VolaPe ssnss s s s nwmmsmes s 98 6 §neomes s s

Current, at 7.5 Volfs ..s o mvmss s & 5 & @ sie w55 68w
Amplification Factor (Average) . .. ....cvvvevnnnn

Direct Interelectrode Capacitance (grounded cathode)2

INPUt c cocnemsnsmaesismems s s N B ERIEBNDE S E S S 0D EEEE GG S W

Output
Feedback

Frequency of Maximum Rating:
Cw

7.5 + 0.37
50
20

-------------------------------------------------

---------------------------------------------------

3CX2500H3

MEDIUM-MU
AIR-COOLED
POWER TRIODE

\Y
A

75 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:

Liength.(excludingleads) c s s s s s s smwm s s 65 a0 soseesen & e s

Diameter

Maximum Operating Temperature:

NetWeIght s ccsvvsnancsiv v s umees Lbs 68 00 NS RSN EE
Operating Position . ......covviii i,

9.000 in; 228.60 mm
4.250 in; 107.95 mm

6.51b; 14.3 kg
Vertical, base up or down

Ceramiic/Metal SeadlSiz s s s 65 6 5 5 d ss mws s a6 o6 i@ 6 @55 E S 6 666 &85 56 m 250°C
COOLIMG] oo vviie &6 & o 5161 Mot 5 55 5 5 @ (181 &) LGLAWE 6105 5 58 & ) 5040 Mo wotas (5 onfi 8 1 51 81 Siemeiongs Forced Air
BASE! wramsris s (s (s 55 51 s s} i alosmwnarioiis is 1o o) 31 Snish ismiemia] i 51 16 15 5] & ) 5115 et vos 61 ) B 18 41 51 ios mioitinsd See Outline

(Effective  2-1-71) © by Varian

Printed in U.S.A.

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



3CX2500H3

RADIO FREQUENCY INDUSTRIAL OSCILLATOR
Class C (Filtered DC Power Supply)

ABSOLUTE MAXIMUM RATINGS

DCPLATE VOLTAGE . .. ........ 6000 VOLTS
DC GRID VOLTAGE . . . ... ...... -1000 VOLTS
DC PLATE CURRENT . .......... 2.5 AMPERES
PLATE DISSIPATION . .......... 2500 WATTS
PLATE INPUTPOWER . . .. ... .. .. 12.5 kW

DC GRID CURRENT . . .......... 0.4 AMPERE

TYPICAL OPERATION (Frequencies to 75 MHz)2

Plate Voltage . . ... ... .. ... 4000 6000 Vdc
Grid Voltage ................ -300 -500 Vdc
Plate Current + ; s s5 s s s wmmm s s o 2.50 2.08 Adc
Grid Current1. .. .. e 0.245 0.180 mAdc
Peak rf Grid Voltagel. . ......... 280 265 v
Calculated Driving Power®. . . .. ... 142 136 W
Plate Input Power .. ........... 10.0 12.5 kW
Plate Dissipation ............. 25 25 W
Plate Output Power . ... ........ 7.5 10.0 W
Resonant Load Impedance . ....... 910 1625 Q)

1. Approximate value.
2. Loaded Conditions

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

Filament: Current at 7.5 volts

Min. Max.

48 53 A

Interelectrode Capacitancel(grounded filament connection)

Input . ........

e eiaa..... 292 40.2 pF

OUtput v w2 o msvucerssisaonasanunensnnnossnonnsnansnsns 00 Jod PF

Feedback .. ... v it ittt enennn

e eiiie.... 16.8 23.2 pF

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

APPLICATION

MECHANICAL

MOUNTING - The 3CX2500H3 must be mounted
vertically either base up or down. A mounting
flange is provided on the grid terminal to allow
bolting the tube to a grid deck or a strap. Fila-

ment voltage is applied through two heavy flex-
ible leads.

COOLING - Forced-air cooling must be pro-
vided to hold the ceramic/metal seals and anode
core temperature below the maximum rating of
250°C. At ambient temperatures above 50°C, at
higher altitudes and at operating temperatures
above 30 MHz, additional air flow must be pro-

vided. Sea level and 5000 foot altitude air flow
requirements to maintain seal temperatures be-
low 200°C in 50°C ambient air are tabulated
below (for operation below 30 MHz).

Anode-to-Base Air Flow

Sea Level 5000 Feet

Anode
Dissi- | AirFlow] Pressure Drop Air Flow] Pressure Drop

pation CFM Inches Water CFM Inches Water
watts

1500 33 0.6 40 0.74

2500 66 1.25 79 1.49




Base-to-Anode Air Flow

Sea Level 5000 Feet

Anode
Dissi4 Air Flow Pressure Drop|Air Flow| Pressure Drop

pation CFM | Inches Water CFM | Inches Water
watts

1500| 32 0.6 39 0.74
2500 57 1.0 68 1.23

*Since the power dissipated by the filament represents
about 400 watts and since grid dissipation can,
under some conditions represent another 150 watts,
allowance has been made in preparing this tabulation
for an additional 500 watts.

Additional stem cooling air must be provided.
14 CFM of air directed against the center rod
12’ below the outer filament contact ring by a
1%’ L.D. air duct arranged at a 45° angle with
the center line of the tube will provide adequate
cooling.

ELECTRICAL

FILAMENT - The rated filament voltage for the
3CX2500H3 is 7.5 volts. Filament voltage, as
measured at the tube, must be maintained at
7.5 volts plus or minus five percent for maxi-
mum tube life and consistent performance.

GRID OPERATION - The grid current rating
is 0.4 ampere dc. This value should not be ex-
ceeded for more than very short periods such
as during tuning. Over-current protection in the
grid circuit should be provided. Ordinarily it
will not be necessary to operate with more than
0.275 ampere grid current to obtain reasonable
efficiency. In industrial heating service with
varying loads, grid current should be monitored
continuously with a dc current meter. The max-
imum grid dissipation rating is 150 watts.

PLATE OPERATION - Maximum plate voltage
rating of 6000 volts and maximum plate current
of 2.5 amperes dc should not be applied simul-

3CX2500H3

taneously as rated plate dissipation may be ex-
ceeded. The 12.5 kilowatts input rating applies
for Class C amplifier or oscillator service with
no modulation.

Plate over-current protection should be pro-
vided to remove plate voltage quickly in the
event of an overload or an arc-over at the load.
In addition current limiting power supply resis-
tors should be used. These precautions are espe-
cially important in industrial service with its
wide variations in loading.

Spark gaps from plate to ground should be
used to prevent voltages from flashing across

the tube envelope during any fault conditions.

HIGH FREQUENCY OPERATION - The 3CX-
2500H3 is usable to 110 MHz. At this frequency,
plate voltage must be reduced to 4000 volts in
Class C service.

HIGH VOLTAGE - The 3CX2500H3 operates
at voltages which can be deadly, and the equip-
ment must be designed properly and operating
precautions must be followed. Equipment must be
designed so that no one can come in contact with
high voltages. All equipment must include safety
enclosures for high-voltage circuits and tem-
inals, with interlock switches to open the prim-
ary circuits of the power supplies 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 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, Califonia 94070
for information and recommendations.
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DIMENSIONAL DATA
bt INCHES MILLIMETERS
‘| MmN | max | Rer MIN. | max. | REF
A | 8000 [ 9000 | - - 20320 | 22860 | - -
B | 4093 | 4.156 | - - 10396 | 10556 | - -
c | 3875 [a250 | - 9843 | 10795 | - -
D | 2937 | 3062 | - - 7460 | 77.77 | - -
E | 1703 | 1.953 | - - 4326 | 4961 | - -
F [ == - - |oi25 - E 318
G |o78l | 0843 | - - 1984 | 21.41 | - -
H 0687 |0812 | - - 1745 | 2062 | - -
J | 1000 | 1125 | - - 2540 | 2858 | - -
K | 8937 [9437 | - - 22700 [ 23970 | - -
L | 7937 [8437 | - - 20160 | 21430 | - -
M| -- - - o390 == 5= 99l
N 4230 [4250 | - - 10744 [ 10795 | - -
P [ 3855 [3885 | - - 9792 | 9868 | - -
R | - - ~ - |0250 - B 635
s | 29° | 3P == 29° 3° | - -
NOTES:
. REFERENCE DIMENSIONS ARE FOR
GRID FLANGE

INFORMATION ONLY AND ARE NOT

REQUIRED FOR INSPECTION PURPOSES.

2. THERE ARE 12 HOLES IN GRID FLANGE.

GRID FLANGE AND FILAMENT LEADS

" ARE TO BE ORIENTED AS SHOWN
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8240
3W5000A1

LOW-MU
WATER-COOLED
TRIODE

The Eimac 8240/3W5000A1 is a low-mu water-cooled power triode intended for
use as an audio amplifier or modulator. The maximum rated plate dissipation is
5000 watts.

Two 3W5000A1’s in class-AB;j audio service will deliver more than 10 kilowatts
maximum-signal plate output power at 6000 plate volts without drawing grid current.

The 3W5000A1 is electrically identical to the air-cooled 3X3000A1 except for its
plate dissipating rating.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min. Nom. Max.
Voltage - = = = = = = = = = = = = =175 volts
Current- - - - = - = = = = = = 49 54 amperes
Amplification Factor = - = - - - - = =44 5.6
Direct Interelectrode Capacitances (Average)
Grid-Plate - - = = = = = = = = = = = 17 uufd
Grid-Filament - - - - - = = = = = - = 29 uufd
Plate-Filament- - - - - = = - = = = = 25 uufd
Transconductance (I = 1.0 amp., E}, = 3000V) - - 11,000 umhos
Maximum Frequency = = = = = = = - = = = - = 75 Mc
MECHANICAL
Base = = - = = = = = = = = = = = = = = = = = = = = = - Seeoutline drawing
Mounting Position - - - ~ - - = = - = - - - - - - - - - Vertical, base down or up
Cooling - - - = = = - = = = = = = = = = = = = - - =~ - Water and forced air
Maximum Temperatures:
Grid and Filament Seals = - - = = - - - = - = = = = = = = = = = = 175° C
Anode Cooler Core= = = = - = = = = = = = = = = = = = = = = = = 250° C
Maximum Diameter - - - - = = = = = = = = = = = = = = - - = - 363 inches
Maximum Height - - - = = = = = = - = = = - = - - - - - - - - 126 inches
Net Weight - - - - - = = = = = = = = = = = = - - - - - - - = 3,5 pounds
Shipping Weight- = = = = = = = = = = = = - - - - - = = = = = = 15 pounds
AUDIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Sinusoidal wave, two tubes)
OR MODULATOR ClaSS-ABl
Clalss—AB1
DC Plate Voltage - - - - 4000 5000 6000 volts
MAXIMUM RATINGS (Per tube) DC Grid Voltage (Approx)*  -860  -1080  -1300 volts
Zero-Signal DC Plate Current 500 400 335 mA

DC PLATE VOLTAGE 6000 MAX.  VOLTS Max-Signal DC Plate Current 3.00 2.80 2.65 amps
DC PLATE CURRENT 2.5 MAX. AMPERES Effective Load, Plate-to-Plate 2160 3320 4560 ohms
PLATE DISSIPATION 5000 MAX. WATTS Peak AF Grid Input Voltage

GRID DISSIPATION 50 MAX. WATTS (per tube) - - - - - 760 995 1250 volts
Max-Signal Driving Power - 0 0 0 watts
*Adjust to stated Zero-Signal DC Plate Cur-  Max-Signal Plate Input
rent. Can be expected to vary £15%. Effect- Power - - - = = 12,000 14.000 16.000 watts
ive grid-circuit resistance must not exceed Max-Signal Plate Dissipation
200,000 ohms. (per tube) - - - - 3000 3000 3000 watts
Max-Signal Plate Output
**At maximum signal without negative feed- Power - - - - 6000 8000 10.000 watts

back. Total Harmonic Distortion** 1.8 2.6 2.1 percent

(Effective 8-15-64) Copyright 1963-64 by Eitel-McCullough, Inc. Printed in U.5.A.
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APPLICATION

MECHANICAL

Mounting: The 3W5000A 1 must be mounted vertically with its base up or down at the convenience of the designer.
The filament connections should be made through spring collets and care must be taken not to impart strain to
the terminals or base.

The tube must be protected from severe shock and vibration during shipment and operation.

Cooling: Sufficient cooling must be provided to maintain seal and anode core temperature at 175°C or below.
Cooling water and air-flow must be started when filament power is applied and it is advisable to continue for
two minutes after all voltages are removed.

The table below lists minimum water-flow requirements to maintain tube temperatures below 175°C for various
water-inlet temperatures. The water outlet temperature must not exceed 70°C and inlet water pressure must be
less than 60 pounds per square inch. A separate air-flow supply of approximately six cubic feet per minute,
directed into the filament structure is also required to maintain rated filament seal temperatures. This is best
accomplished using a small diameter insulating tubing directed into the stem, between the filament seals.

MINIMUM WATER COOLING REQUIREMENTS
Plate Dissipation
Water Inlet
Temp. 2 KW 3 KW 4 KW 5 KW

°C)

Flow Pressure Flow Pressure Flow Pressure Flow Pressure

Rate Drop Rate Drop | Rate Drop Rate Drop

GPM PSI GPM PSI GPM PSI GPM PSI
20 1.7 0.68 2.6 1.3 3.9 2.3 5.6 3.9
30 2.3 1.1 3.2 1.7 4.5 2.8 ' 6.2 4.5
40 3.0 1.6 3.8 2.2 - 5.3 3.5 6.9 5.3
50 3.9 2:3 4.7 3.0 6.0 4.3 sl 6.1

Note: .

An extra 425 watts have been added to these plate dissipation figures in preparing this tabulation, to com-
pensate for grid and filament dissipation. :

For operation at high altitudes or higher ambient temperatures, these quantities should be increased. In all
cases it is suggested that actual temperatures be measured to insure adequate cooling.

ELECTRICAL

Filament: The rated filament voltage for the 3W5000A1 is 7.5 volts and should not exceed this value by more
than five percent if maximum tube life is to be realized. Reduction of filament voltage to about 7.2 volts will
actually enhance tube life and provision should be made for this adjustment where the lower emission can be
tolerated.

Grid Operation: The grid dissipation rating of the 3W5000A1 is 50 watts. This is the product of the peak posi~
tive grid voltage and average dc grid current. When tubes are used in parallel in amplifier or modulator service,
provision should be made for individual adjustment of bias voltage, in order to match the tubes. In practice,
individual adjustment of drive voltage will not be necessary.

Special Applications: If it is desired to operate the 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 recommendations.
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DIMENSION DATA

REF| NOM. MIN. MAX.

A | 3234 [3266

B 3.625

c 1062 1187

D 4000 | 4500 |

E 7562 | 8.062

PATEE b G 3250 | 3.750.

700 CORPER TUBING H 3625 | 3.875

WATER INPUT WITH & SAE FLARE ; o T
COOLER UP FITTING NUTS - = T
e M 1.437 1.562

N 812 937

R 1490 1.510

WATER INPUT X 615 635

qo) @5 COOLER DOWN Y 2990 | 3010

/ANODE COOLER

®

- O -
®
I
t

B J/ (SEE_NOTE 1)
N
| ] [}
® | L~
I N\\
} SS_FILAMENT
X (SEE_NOTE 2)

NOTE: These dimensions
"-_G}—— reflect standard manufact-
uring tolerances. Where
they are to be made the
basis of purchase speci-
fications, they should first
be checked with the factory.

NOTES:

. 025" MAXIMUM RUNOUT OF INNER
FILAMENT CONTACT SURFACE WITH
RESPECT TO OUTER FILAMENT
CONTACT SURFAGE.

2. DIMENSIONS IN INCHES,
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. 3W5000A3

MEDIUM-MU
POWER TRIODE

The Eimac 8242/3W5000A3 is a water-cooled, medium-mu power triode intended
for amplier, oscillator or modulator service. It has a maximum plate dissipation rating
of 5000 watts and is capable of high output at relatively low plate voltages. A single
3W5000A3 will deliver a radio frequency plate power-output of 7500 watts at a plate
voltage of 4000 volts.

NOTE: The 8242/3W5000A3 is a water-cooled version of the air-cooled 8161/
3X25000A3.

The 8242/3W5000A3 should be used where water cooling is preferred and for
industrial applications or installations where reserve anode dissipation is desired.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated tungsten Min.  Nom. Max. 7N 8242
Yoltage - - - - - - - - - 7.5 volts W 7° 3W5000A3
Current - - . - - - - - ® 49 54 amperes :
Amplification Factor (Average) - - - - - - 20
Direct Interelecirode Capacitances (Average)
Grid-Plate - - - - - - - 17.8 24.2 upt
Grid-Filament - - - - - - - - 29.2 40.2 uuf
Plate-Filament - - - - - - - - 0.60 1.20 pnut
Transconductance (lo=830 ma, E,=3000v) - - e e 20,000 umhos
Frequency for Maximum Ratings - - - - - - 75 mc
MECHANICAL
Base - s = = = = e - - - - - - - see drawing
Mounting - - - - - - - - - - - vertical, base down or up
Maximum Over-All Dimensions:
Length - - - - - - - - - - - - 12.56  inches
Diameter - - - - - - - - - - - - 3.63  inches
Net Weight - - - - - - - - - - - - - 4.8 pounds
Cooling - 3 - - - - - - - - - - Water and forced air
RADIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION

(Frequencies below 75 Mc., per tube)

OR OSCILLATOR

D C Plate Voltage - - - 4000 5000 6000 volts
[Frequencies below 75 Mc.) D-C Plate Current - - - 25 25 2.08 amps
Class-C FM or Telegraphy D-C Grid Voltage - - - —300 —450 —500 volts
(Key-down conditions, per tube) D.-C Grid Current . - - 245 265 180 ma

Peak R-F Grid Input Voltage - 580 750 765 volts

MAXIMUM RATINGS Driving Power (approx.) - 142 197 136 watts
D-C PLATE YOLTAGE - - - - 6000 MAX. YOLTS Grid Dissipation - - - 68 78 46 watts
D-C PLATE CURRENT - - - - 2.5 MAX. AMPS Plate Power Input - - - 10,000 12,500 12,500 watts
PLATE DISSIPATION - - - - 5000 MAX. WATTS Plate Dissipation - - - 2500 2500 2500 watts
GRID DISSIPATION - - - - 150 MAX. WATTS Plate Power Output = & 7500 10,000 10,000 watts
PLATE MODULATED RADIO FREQUENCY TYPICAL OPERATION
AMPLIFIER (Frequencies below 75 Mc., per tube)

D C Plate Voltage - - - 4000 4500 5000 volts
(Frequencies below 75 Mec.) D-C Plate Current - - - 1.7 155  1.45 amps
Class-C Telephony Total Bias Voltage - - - —450 —500 —550 volts

; o Fixed Bias Voltage - - - —230 —325 —410 volis

(Caerier conditions, per tubs) Grid Resistor - - - - 1500 1500 1400 ohms
MAXIMUM RATINGS D-C Grid Current - - - 150 120 100 ma

Peak R-F Grid Input Voltage - 680 720 760 volts
D-C PLATE YOLTAGE - - - - 5000 MAX. VOLTS Driving Power (approx.) - 102 86 76 watts
D-C PLATE CURRENT - - - - 2.0 MAX. AMPS Grid Dissipation - - - 35 26 21 watts

Plate Power Input - - - 6670 6970 7250 watts
FLATE DISSIPATION - =« = = 3350/ MAX. WATIS Plate Dissipation - - - 1670 1670 1670 watts
GRID DISSIPATION - - . - 150 MAX. WATTS Plate Power Output - - 5000 5300 5580 watts

(Effective 6-1-64) © Copyright 1964 by Eitel-McCullough, Inc., Printed in U.S.A.
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AUDIO FREQUENCY POWER AMPLIFIER
AND MODULATOR
Class B (Sinusoidal wave, two tubes unless otherwise specified)

MAXIMUM RATINGS

D C PLATE YOLTAGE . - -

MAX-SIGNAL D C PLATE
CURRENT, PER TUBE - - - 2.5 MAX. AMPS

PLATE DISSIPATION, PER TUBE - - 5000 MAX. WATTS

- 6000 MAX. YOLTS

TYPICAL OPERATION (Sinuscidal wave, two tubes unless noted)

D C Plate Voltage - - - 4000 5000 6000 volis
D C Grid Voltage' - - - —I50 —190 —240 volts
Zero-Signal D C Plate Current - 0.6 0.5 0.4 amps
Max-Signal D C Plate Current 4.0 32 3.0 amps
Effective Load, Plate to Plate - 2200 3600 4650 ohms
Peak A-F Grid Input Voltage
(per tube)* - - - 340 360 390 volts
Max-Signal Peak Driving Power* 340 230 225 watts
Max-Signal Nominal Driving
Power* - - - - 170 115 113 watts

Max-Signal Plate Output Power 11,000 11,000 13,000 watts
*Approximate values.

IAdjust to give listed zero-signal plate current.

TYPICAL OPERATION CLASS AB. (Two Tubes)

Modulator service for 4000 and 5000 volt operation, to modulate one or
two tubes, as shown under ''Plate Modulated Radio Frequency Ampli-
fier'" (Page 1)

D C Plate Voltage - 4000 5000 4000 5000 volts
D C Grid VYoltage

(approx.)* - - —155 —200 —I145 —190 volts
Zero-Signal D C Plate

Current - - - 0.4 0.4 0.6 0.5 amps
Max-Signal D C Plate

Current - - - 1.35 .13 270 2.26 amps
Effective Load, Plate

to Plate - - - 6600 10,000 3300 5000 ohms
Peak A-F Grid Input

Voltage (per tube) 240 275 285 310 volts
Max-Signal Peak

Driving Power - 42 40 134 118 watts
Max-Signal Nominal Driving

Power (approx.) - 21 20 67 59 watts
Max-Signal Plate

Power Output - 3700 4000 7400 8000 watts
Will Modulate one Tube

R F Final Input of - 6670 7250 watts
Will Modulate two tubes

R F Final Input of - 13,340 14,500 watts

*Adjust to give stated zero-signal plate current.

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 SERYICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATON AND RECOMMENDATIONS

APPLICATION

Cooling— Minimum recommended water-flow rate and
pressure drop values for different water-inlet tempera-
tures and plate dissipations are tabulated on the opposite
page. The outlet water temperature must not exceed a
maximum of 70° C under any conditions. The inlet water
pressure must not exceed a maximum of 60 pounds per
square inch.

The grid-terminal contact surface and adjacent glass
must be cooled by forced air. The quantity, velocity and
direction must be adjusted to limit the maximum seal
temperature to 175° C.

The filament stem structure also requires forced-air
cooling. A minimum of 6 cubic feet per minute must
be directed into the space between the inner and outer
filament contacting surfaces.

Air and water flow must be started before filament
power is applied and maintained for at least five min-
utes after the filament power has been removed.

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

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

Plate Voltage — The plate supply voltage for the
3W5000A3 should not exceed 6000 volts. In most
cases there is little advantage in using plate-supply
voltages higher than those given under “Typical Oper-
ation” for the power output desired.

In Class-C FM or Telegraphy service, a 0.1 henry

choke, shunted by a spark gap, should be series con-
nected between the plates of the amplifier tubes and
the high voltage plate supply capacitor to offer pro-
tection from transients and surges. In plate modulated
service, where a plate modulation transformer is used,
the protective choke is not normally required.
Grid Dissipation—The power dissipated by the grid
of the 3W5000A3 must never exceed 150 watts. Grid
dissipation may be calculated from the following ex-
pression

P.=ecmplc

where P,=Grid dissipation,
e.mp=Peak positive grid voltage, and

I.=D-C grid current

€.mp May be measured by means of a suitable peak
voltmeter connected between filament and grid. Any
suitable peak v.t.v.m. circuit may be used.

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

I 025" MAXIMUM RUNOUT OF INNER
FILAMENT CONTACT SURFACE WITH
RESPECT TO OUTER FILAMENT
CONTAGCT SURFACE.

DRIVING POWER vs. POWER OUTPUT

The three charts on this page show the relationship of plate
efficiency, power output and approximate grid driving power at
plate voltages of 4000, 5000 and 6000 volts. These charts show
combined grid and bias losses only. The driving-power and power-
output figures do not include circuit losses. The plate dissipation
in watts is indicated by Pp. Points A, B, and C are identical to
the typical Class C operating conditions shown on the first page
under 4000, 5000 and 6000 volts respectively.
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8241
3W5000F1

LOW-muU
WATER-COOLED
TRIODE

The Eimac 8241/3W5000F1 is a low-mu water-cooled power triode intended for
use as an audio amplifier or modulator. The maximum rated plate dissipation is
5000 watts.

Two 3W5000F1’s in class-ABj audio service will deliver more than 10 kilowatts
maximum-signal plate output power at 6000 plate volts without drawing grid current.

The 3W5000F1 is provided with ““flying leads’ for simplifying filament and grid
connections.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min. Nom. Max.
Voltage - = = = = = = = = = = = = = 7.5 volts
Current - - - = = = - = = = - - 49 54 amperes
Amplification Factor - - - - - - = =44 5.6
Direct Interelectrode Capacitances (Average)
Grid-Plate = - = - = = = = = = = - = 17 uufd
Grid-Filament - - - - = - - = = = - - 29 uufd
Plate-Filament- - - - - - - - = = = 2.5 uufd
Transconductance (I =1.0 amp., Eb —3000 V) - - = =11.000 umhos
Maximum Frequerty - =- - -~ - = = = = = = 30 Mc
MECHANICAL
Base = = = = = = = = = = = = = = = = = = = = - = = = =~ Seeoutline drawing
Mounting Position = = - = = = = = = = = - - - - = - - - Vertical, base down or up
Cooling - = = = = = = = = = = = = = = = = = = = = = = = - - Torced air
Maximum Temperatures:
Grid and Filament Seals - - - = = = = = = = = = = = = = = = = = = 175° C
Anode Cooler Core- - - - = = = = = = = = = = = = = = = = = = = 250° C
Maximum Diameter - - - - = = = = = = = - = = = = = = = = = = 3,63 inches
Net Weight - - - = - = - = = = = = = = = = = = = = - = - - - 4.8 pounds
Shipping Weight- - - = = = = = = = = = = = = = = - = = - = = = 15 pounds
AUDIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Sinusoidal wave, two tubes)
OR MODULATOR (Class ABq)
Class-ABq
DC Plate Voltage - - - = 4000 5000 6000 volts
MAXIMUM RATINGS (Per tube) DC Grid Voltage (Approx)* -860 -1080 -1300 volts
Zero-Signal DC Plate Current 500 400 335 mA

DC PLATE VOLTAGE 6000 MAX. VOLTS Max-Signal DC Plate Current 3.00 2.80 2.65 amps
DC PLATE CURRENT 2.5 MAX. AMPERES Effective Load. Plate-to-Plate 2160 3320 4560 ohms
PLATE DISSIPATION 3000 MAX, WATTS DPeak AF Grid Input Voltage

GRID DISSIPATION 50 MAX, WATTS (per tube) = - - - =~ 760 995 1250 volts
Max~-Signal Driving Power - 0 0 0 watts
*Adjust to stated Zero-Signal DC Plate Cur- Max-Signal Plate Input
rent. Can be expected to vary T15%. Effect- Power - - - - 12.000 14.000 16,000 watts
ive grid-circuit resistance must not exceed  Max-Signal Plate Dissipation
200.000 ohms. (per tube) - - = - = 3000 3000 3000 watts
Max~Signal Plate Output
**At maximum signal without negative feed- Power - - = = = 6000 8000 10.000 watts
back. Total Harmonic Distortion** 1.8 2.6 2.1 percent

(Effective 2-18-63) © Copyright 1963 by Eitel-McCullough, Inc. Printed in U.S.A.
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APPLICATION

MECHANICAL

Mounting: The 3W5000F1 must be mounted vertically with its base up or down at the convenience of the designer.
The base is fitted with heavy filament leads to facilitate connections. These leads should be arranged to prevent
mechanical stress on the filament structure. The grid is also fitted with a flying lead.

The tube must be protected from severe shock and vibration during shipment and operation.

Cooling: Sufficient cooling must be provided to maintain seal and anode core temperature at 175° C or below.
Cooling must be started when filament power is applied and it is advisable to continue for two minutes after all
voltages are removed.

The table below lists minimum water-flow requirements to maintain tube temperatures below 175°C for various
water-inlet temperatures. The water outlet temperature mustnot exceed 70°C and inlet water pressure must be
less than 60 pounds per square inch. A separate air-flow supply of approximately six cubic feet per minute,
directed into the filament structure is also required to maintain rated filament seal temperatures. This is best
accomplished using a small diameter insulating tubing directed into the stem, between the filament seals.

MINIMUM WATER COOLING REQUIREMENTS
Plate Dissipation
Water Inlet
Temp. 2 KW 3 KW 4 KW 5 KW

0 Flow Pressure Flow Pressure Flow Pressure Flow Pressure

Rate Drop Rate Drop Rate Drop Rate Drop

GPM PSI GPM PSI GPM PSI GPM PSI
20 1.7 0.68 2.6 1.3 3.9 2:3 5.6 3.9
30 2.3 1.1 3.2 1.7 4.5 2.8 6.2 4.5
40 3.0 1.6 3.8 2.2 5.3 3.5 6.9 5.3
50 3:9 2.3 4.7 3.0 6.0 4.3 7.7 6.1

Note:
An extra 425 watts have been added to these plate dissipation figures in preparing this tabulation, to com-
pensate for grid and filament dissipation.

For operation at high altitudes or higher ambient temperatures, these quantities should be increased. In all
cases it is suggested that actual temperatures be measured to insure adequate cooling.

ELECTRICAL

Filament: The rated filament voltage for the 3W5000F1 is 7.5 volts and should not exceed this value by more
than five percent if maximum tube life is to be realized. Reduction of filament voltage to about 7.2 volts will
actually enhance tube life and provision should be made for this adjustment where the lower emission can be
tolerated.

Grid Operation: The grid dissipation rating of the 3W5000F1 is 50 watts. This is the product of the peak
positive grid voltage and average dc grid current. When tubes are used in parallel in amplifier or modulator
service, provision should be made for individual adjustment of bias voltage, in order to match the tubes. In
practice, individual adjustment of drive voltage will not be necessary.

Special Applications: If it is desired to operate the 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 recommendations.
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DIMENSION DATA

| NOM. MIN. MAX.
© WATER LINES 3234 | 3266
1/2 0.0. CU. TUBING 3.625 |
WITH I/2 S.A.E. 1.062 1187
FLARE FITTING 4.000 4.500
NUTS 7562 | 8.062

e

8.937 9437

WATER INPUT

3.250 3.750

COOLER DOWN

3.625 3.875
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7937 8437
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1437 1.562
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GRID LEAD

NOTE: These dimensions
reflect standard manufact-
uring tolerances. Where
they are to be made the
basis of purchase speci-
fications, they should first
be checked with the factory.

GRID TERMINAL

ALL DIMENSIONS
IN INCHES

118 N
FILAMENT LEADS

FILAMENT TERMINAL

(TENTATIVE)
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MEDIUM-MU
POWER TRIODE

®

The Eimac 8243 /3W5000F3 is a water-cooled, medium-mu power triode intended
for amplifier, oscillator or modulator service. It has a maximum plate dissipation rating
of 5000 watts and is capable of high output at relatively low plate voltages. A single '®
3W5000F3 will deliver a radio frequency plate power-output of 7500 watts at a plate
voltage of 4000 volts.

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

NOTE: The 8243]3W5000F3 is a water-cooled version of the air-cooled 8251/
3X2500F3.

The 8243/ 3W5000F3 should be used where water cooling is preferred and for
industrial applications or installations where reserve anode dissipation is desired.

GENERAL CHARACTERISTICS

““’“».\

ELECTRICAL
Filament: Thoriated tungsten Min.  Nom. Max.
Voltage - - - - - - - - - 7.5 volts
Current - - - - - - - - - 49 54 amperes
Maximum allowable starting current - - - - 100 amperes
Amplification Factor (Average) - - - - - - 20
Direct Interelectrode Capacitances (Average)
Grid-Plate S 17.8 24.2 ppt
Grid-Filament - - = - - - - - 29.2 40.2 wuf
Plate-Filament - s - - - - - - 0.60 1.20 wpuf
Transconductance (l,=830 ma, E,=3000v) - - - - 20,000 umhos
Frequency for Maximum Ratings - . - - - - 30 mc
MECHANICAL
Base - - - - - - - - - - - - - - see drawing
Mounting - - - - - - - - - - - vertical, base down or up
Maximum Over-All Dimensions:
Length (Does not include filament connectors) - - = - 12.56 inches
Diameter - - - - - - - - - - - - 3.63  inches
Net Weight - - B - - - - - - - - - - 4.8 pounds
Shipping Weight (Average) - - - 2 - - - - - - 15 pounds
Cooling - - - - - - - - - - - - Water and forced air
RADIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION

(Frequencies below 30 Mc., per tube)

OR OSCILLATOR

D C Plate Voltage - - - 4000 5000 6000 volts
(Frequencies below 30 Mc.) D-C Plate Current - - - 25 25 2.08 amps
Class-C FM or Telegraphy D-C Grid Voltage - - - —300 —450 —500 volts

v D-C Grid Current - - - 245 265 180 ma

(Key-down conditions, per tube)

Peak R-F Grid Input Voltage - 580 750 765 volts
MAXIMUM RATINGS Driving Power (approx.) - 142 197 136 watts
D-C PLATE VOLTAGE - - - - 6000 MAX. YOLTS Grid Dissipation - - - 68 78 46 watts
D-C PLATE CURRENT - - - - 2.5 MAX. AMPS Plate Power Input - - - 10,000 12,500 12,500 watts
PLATE DISSIPATION - - - - 5000 MAX. WATTS Plate Dissipation - - - 2500 2500 2500 watts
GRID DISSIPATION - - - - 150 MAX. WATTS Plate Power Output - - 7500 10,000 10,000 watts
PLATE MODULATED RADIO FREQUENCY TYPICAL OPERATION
AMPL'F'ER (Frequencies below 30 Mc., per tube)

D C Plate Voltage - - - 4000 4500 5000 volts
(Frequencies below 30 Mc.) D-C Plate Current - - - 1.67 155 145 amps
Class-C Telephony Total Bias Voltage - - - —450 —500 —550 volts

3 ois Fixed Bias Voltage - - - —230 —325 —410 volts

(Carsier emdifions, per absl Grid Resistor - - - - 1500 1500 1400 ohms
MAXIMUM RATINGS D-C Grid Current - - - 150 120 100 ma

Peak R-F Grid Input Voltage - 680 720 760 volts
D-C PLATE YOLTAGE - - - - 5000 MAX. VOLTS Driving Power (approx.) - 102 86 76 watts
D-C PLATE CURRENT - - - - 2.0 MAX. AMPS Grid Dissipation - - - 35 26 21  watts

Plate Power Input - - - 6670 6970 7250 watts
PLATE DISSIPATION - - - - 3350 MAX. WATTS Plate Dissipation - - - 1670 1670 1670 watts
GRID DISSIPATION - - - - 150 MAX. WATTS Plate Power Output - - 5000 5300 5580 watts

(Effective 10-20-61) Copyright 1962 by Eitel-McCullough, Inc., Printed in U.S.A.
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AUDIO FREQUENCY POWER AMPLIFIER
AND MODULATOR
Class B (Sinusoidal wave, two tubes unless otherwise specified)

MAXIMUM RATINGS
D-C PLATE YOLTAGE
MAX-SIGNAL D-C PLATE

CURRENT, PER TUBE - - - 25 MAX. AMPS

PLATE DISSIPATION, PER TUBE - - 5000 MAX. WATTS

- 6000 MAX. YOLTS

TYPICAL OPERATION (Sinusoidal wave, two tubes unless noted)

D-C Plate Voltage - - - 4000 5000 6000 volts
D-C Grid Voltage' - - - —150 —190 —240 volts
Zero-Signal D-C Plate Current - 0.6 0.5 0.4 amps
Max-Signal D-C Plate Current 4.0 32 3.0 amps
Effective Load, Plate to Plate - 2200 3600 44650 ohms
Peak A-F Grid Input Voltage
(per tube)* - - . 340 360 390 volts
Max-Signal Peak Driving Power* 340 230 225 watts
Max-Signal Nominal Driving
Power* - - - - 170 115 113 watts

Max-Signal Plate Output Power 11,000 11,000 13,000 watts
*Approximate values.
1Adjust to give listed zero-signal plate current.

TYPICAL OPERATION CLASS AB; (Two Tubes)

Modulator service for 4000 and 5000 volt operation, to modulate one or
two tubes, as shown under ''Plate Modulated Radio Frequency Ampli-
fier'' (Page 1)

D-C Plate Voltage - 4000 5000 4000 5000 wvolts
D-C Grid Yoltage

(approx.)* - - —I155 —200 —145 —190 volts
Zero-Signal D-C Plate

Current - - - 0.4 0.4 0.6 0.5 amps
Max-Signal D-C Plate

Current - - - 1.35 1.13 270 226 amps
Effective Load, Plate

to Plate - - - 6600 10,000 3300 5000 ohms
Peak A-F Grid Input

Voltage (per tube) 240 275 285 310 volts
Max-Signal Peak

Driving Power - 42 40 134 118 watts
Max-Signal Nominal Driving

Power (approx.) - 21 20 67 59 watts
Max-Signal Plate

Power Output - 3700 4000 7400 8000 watts
Will Modulate one Tube

R-F Final Input of - 6670 7250 watts
Will Modulate two tubes

R-F Final Input of - 13,340 14,500 watts

*Adjust to give stated zero-signal plate current.

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 SERYICE, WRITE EITEL-McCULLOUGH, INC., FOR INFORMATON AND RECOMMENDATIONS

APPLICATION

Cooling— Minimum recommended water-flow rate and
pressure drop values for different water-inlet tempera-
tures and plate dissipations are tabulated on the opposite
page. The outlet water temperature must not exceed a
maximum of 70° C under any conditions. The inlet water
pressure must not exceed a maximum of 60 pounds per
square inch.

The grid-terminal contact surface and adjacent glass
must be cooled by forced air. The quantity, velocity and
direction must be adjusted to limit the maximum seal
temperature to 150° C.

The filament stem structure also requires forced-air
cooling. A minimum of 6 cubic feet per minute must
be directed into the space between the inner and outer
filament contacting surfaces.

Air and water flow must be started before filament
power is applied and maintained for at least five min-
utes after the filament power has been removed.

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

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

P Indicates change from sheet dated 8-26-58

Plate Voltage — The plate supply voltage for the
3W5000F3 should not exceed 6000 volts. In most
cases there is little advantage in using plate-supply
voltages higher than those given under “Typical Oper-
ation” for the power output desired.

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

Grid Dissipation—The power dissipated by the grid
of the 3W5000F3 must never exceed 150 watts. Grid
dissipation may be calculated from the following ex-
pression

Pi=emmls

where P,=Grid dissipation,
e.mp=Peak positive grid voltage, and

.=D-C grid current

€.mp May be measured by means of a suitable peak
voltmeter connected between filament and grid. Any
suitable peak v.t.v.m. circuit may be used.

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

EITEL-McCULLOUGH, INC.

3X100A5

HIGH-MU

C A LI FORNIA

TRIODE

The Eimac 3X100A5 is a high-mu transmitting triode of planar construction
designed for use as a power amplifier, oscillator, or frequency multiplier in the VHF

and UHF ranges.

The 3X100A5 is physically and electrically identical to the Eimac

2C39A but additional production tests, including long-pulse cathode evaluation, assure

higher quality.

The 3X100A5 will deliver a minimum of 12 watts useful power output as an r-f
oscillator at 2500 megacycles and up to 27 watts power output as an amplifier at

500 megacycles.

GENERAL CHARACTERISTICS
ELECTRICAL

Cathode: Oxide-Coated, Unipotential
Heating Time - - - . = s - .

Heater: Voltage (See "Applications") - - - - -

Current - - - - - - - 5 = 5
Amplification Factor - - - - - - - - .

Direct Interelectrode Capacitances:
Grid-Plate - - & - = < . - =
Grid-Cathode - - - - = s s s
Plate-Cathode - - - s S 2 2 =

Tranconductance (l,=70 ma.) - - - - ; -

Frequency for Maximum Ratings

MECHANICAL

Base, Socket and Connections - - -

See drawing

Operating Position - - - . - - Any
Cooling - - - - - 3 - Forced Air
Maximum Operating Temperatures:
Metal-to-Glass Seals - . - - 175° C
Anode Core - - - - - - 175° C

Min. Nom. Max.
= 60 seconds
- 63 volts
0.95 1.10 amperes

- 100

1.86 2.16 uuf
5.60 7.60 uuf
- 0.035 uuf
20,000 30,000 umbhos
- - 2,500 mc

Maximum Over-all Dimensions:

Length - -
Diameter - -

Net Weight -
Shipping Weight (Approxvmafe)

2.75
1.27

inches
inches

2.8 ounces
7 ounces

RADIO-FREQUENCY POWER AMPLIFIER,
OR OSCILLATOR

TYPICAL OPERATION (Key-down conditions, per tube)
(Power-Amplifier Grid-Isolation Circuit, CW Operation, 500 Mc.)

D-g gaIe Voltage - - - - - - - 800 volts
D- rid Voltage - - - - - - —20 volts
MAXIMUM RATINGS (Per tube) DG Plate Cureent . i i i i i 80 ros
D-C PLATE VOLTAGE - - - - - 1000 MAX. VOLTS D-C Grid Current - - - - - - - - 32 ma
D-C CATHODE CURRENT - - - - - 125 MAX. MA Driving Power (approx.)! - - - - b watts
D-C GRID VOLTAGE - - - - - - ~-—|5(0J MAX VOLTS Useful Power Output - - - - - 27 watts
D-C GRID CURRENT - - - - - - MA
HEATER VOLTAGE - - - SEE APPLICATION NOTES TYPICAL OPERATION
INSTANTANEOUS PEAK POSITIVE (R-F Oscillator, 2500 Mc.)?

GRID YOLTAGE - - - 30 MAX. YOLTS D-C Plate Voltage - - - - - - 900 volts
INSTANTANEOUS PEAK NEGATIVE D-C Grid Voltage - - - - - - - - —22 volts

GRID VOLTAGE - - - - 400 MAX. YOLTS D-C Plate Current - - - - - - - 90 ma
PLATE DISSIPATION - - - - - - 100 MAX. WATTS D-C Grid Current - - - - - - 27 ma
GRID DISSIPATION - - - - - - 2 MAX. WATTS Useful Power Output - - - - - - 12 watts
PLATE-MODULATED RADIO-FREQUENCY {:I’"’CA& dOPIEf’;T'ROZI 8 P

ate-Modulated Radio-Frequency Power Amplifier

AMPLIFIER OR osc|LLAT°R Grid-Isolation Circuit, 500 Mc., Per Tube)
MAXIMUM RATINGS (Carrier conditions, per tube) D-C Plate Voltage - A a ) ) ; 3 ; 00 volts
D-C PLATE VOLTAGE? - - - - - - 500 MAX. YVOLTS
D-C GRID VOLTAGE - - - - - - —I50 MAX. VOLTS D-C Grid Voltage - - - - - - —16 volts
D-C GRID CURRENT - - - - - - - 50 MAX. MA
D-C CATHODE CURREN - - - - 100 MAX. MA D-C Plate Current - - - - - M . 45 ma
PEAK INSTANTANEOUS POSITIVE .

GRID VOLTAGE - - - - 30 MAX. YOLTS D-C Grid Current - - - - s = - = 35 ma
PEAK INSTANTANEOUS NEGATIVE .

GRID VOLTAGE - - - - 400 MAX. YOLTS Driving Power (approx.)' - - - - - - - 5 watts
PLATE DISSIPATION - - - - - - - 70 MAX. WATTS .
GRID DISSIPATION - - - - - - - 2 MAX. WATTS Useful Carrier Power Output - - - - - - 16 watts
1Driving power listed is the total power which must be supplied to a practical grid circuit at the frequency shown.
“These 2500-megacycle conditions conform to the minimum requirements of the MIL-E-1 specifications for the 2C39A.
‘For less than 100% modulation, higher d-c plate voltage may be used if the sum of the peak positive modulating voltage and the d-c plate

voltage does not exceed 1200 volts.

(Effective 1-10-58) Copyright 1958 by Eitel-McCullough, Inc
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APPLICATION

MECHANICAL

Mounting—The 3X100A5 may be operated in any posi-
tion. It should be firmly held in place by spring-finger
collets bearing on the terminal surfaces. The tube
should seat against the under side of the “anode
flange” (see outline drawing). In applications in-
volving severe shock and vibration, the tube may be
clamped in place by applying a suitable clamping
device to the anode flange. It is recommended that no
other portion of the tube be subjected to clamping
forces.

Connections—The tube terminals are in the form of
concentric cylinders of graduated diameters so that the
3X100A5 may be conveniently used with coaxial tuning
devices. Spring-finger collets should be used to make
contact with the anode, grid, cathode, and heater ter-
minals. Adequate contact area and spring pressure
should be provided to minimize heating and to prevent
erratic circuit performance at the higher frequencies.
Non-contacting or intermittently-contacting collet
fingers will cause troublesome circuit behavior, espe-
cially at very-high and ultra-high frequencies. Elec-
trode contact surfaces should be kept clean and free
of oxide coatings.

Cooling—Forced air must be supplied to the anode
cooler and to the metal-to-glass seals in sufficient
quantity to maintain their temperatures below 175° C.

At sea level, with an inlet air temperature of 20°
C, 12.5 cubic feet per minute of air flow is required
to cool the anode at 100 watts plate dissipation when
the illustrated air cowling is used. Operation at higher
altitudes or with higher inlet air temperatures will
require increased volumes of flow to obtain equivalent
cooling. When using the anode cowling as illustrated
here, it is necessary to provide air for seal cooling
separately.

It should be borne in mind that operating tem-
perature is the sole criterion of cooling effectiveness,
regardless of the coolant type, flow rate, or coolant
temperature. One method of measuring surface tem-
peratures is by the use of a temperature-sensitive lac-
quer, such as “Tempilaq.” This product can be ob-
tained from the Tempil Corporation, 132-34 West 22nd
Street, New York 11, N.Y. or from various chemical or
scientific-equipment suppliers. When temperature-
sensitive materials are used, extremely thin applications
must be used to avoid inaccurate indications and in-
terference with the heat transfer from the tube to the
air stream.

ELECTRICAL

Heater Operation—The rated heater voltage for the
3X100A5 is 6.3 volts and the working voltage should
be determined from the table below. The heater voltage
should be maintained within plus or minus 10% of its
intended value to minimize variations in circuit per-
formance and to obtain maximum tube life.

At ultra-high frequencies transit-time effects can
influence the cathode temperature. The amount of r-f
driving power diverted to heating the cathode by
back-bombardment will depend upon the frequency,
the plate current, and the r-f driving power being
supplied to the tube. The following table is intended
as a general guide.

Frequency (Mc.) E; (Volts)
Up to 400 6.3
400 to 1000 6.0
1000 to 1500 5.5
1500 to 2000 5.0
2000 and above 45

If the conditions of operation result in extreme
cathode back-heating, it may be necessary to start
dynamic tube operation at normal heater voltage fol-
lowed by a reduction of heater voltage to the proper
value.

Cathode Operation—The oxide-coated unipotential
cathode in the 3X100A5 and one side of the heater are
connected internally. The absolute maximum rated
d-c current is 125 milliamperes.

It is recommended that rated heater voltage be
applied for a minimum of 30 seconds before other
operating voltages are applied. Tube performance
will become stabilized approximately 60 seconds after
the heater voltage is applied.

Control-Grid Operation—The maximum rated grid
dissipation is 2.0 watts.

At operating frequencies near 500 megacycles, the
driving power necessary for maximum output of a
typical grounded-grid amplifier is in the order of 6
watts and as the operating frequency is increased, the
driving power requirements increase. Most of this
additional driving power is absorbed in circuit losses
other than grid dissipation, however, and the actual
grid dissipation will increase very little.

The grid bias required by various 3X100A5 tubes
may vary between limits approximately 50% above and
below the nominal value and means should be provided
in the equipment to accommodate such variations.

When grid-leak bias is used, suitable means must
be provided to protect the tube against loss of excita-
tion at plate voltages above 600 volts and the grid-leak
resistor should be made variable to facilitate maintain-
ing the bias voltage and plate current at the desired
values when tubes are changed in the equipment.

Plate Operation— The maximum rated plate dissipa-
tion is 100 watts. In plate-modulated applications, the
plate dissipation under carrier conditions must be lim-
ited to 70 watts to avoid exceeding the plate-dissipa-
tion rating with 100% sine-wave modulation.

In general, low-voltage high-current operation is
preferable to high-voltage low-current operation from
the standpoint of optimum life.

An excellent indication of operating conditions is
the ratio of grid current to plate current; when the
3X100A5 is operated with grid-current values greater
than half those of the plate current, either the drive
is excessive or the plate loading is too light for the
excitation present. The tube should never be operated
unloaded, even for short periods of time. Drive should
be held to the lowest value consistent with reasonable
efficiency.

Special Applications—1If it is desired to operate this
tube under conditions widely different from those
given here, write to Eitel-McCullough, Inc., San Bruno,
California, for information and recommendations.
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8161

MEDIUM MU TRIODE

The Eimac 8161/3X2500A3 is a medium-mu, forced-air-cooled, external-anode
transmitting triode with a maximum plate-dissipation rating of 2500 watts. Relatively
high power output as an amplifier, oscillator or modulator may be obtained from this
tube at low plate voltages. A single tube will deliver a radio-frequency output of 7500
watts at 4000 plate volts at frequencies up to 110 Mc., as well as at lower frequencies.

The tube has a rugged, low-inductance cylindrical filament-stem structure, which
readily becomes part of a linear filament tank circuit for V.H.F. operation. The grid
provides thorough shielding between the input and output circuits for grounded-grid
applications and is conveniently terminated in a ring between the plate and filament
terminals. The 8161/3X2500A3 may be installed or removed without the aid of tools.

The approved Federal Communications Commission rating for the 8161/3X2500A3
is 5000 watts of carrier power when used as a plate-modulated amplifier and 1250
watts of carrier power when used as a grid-modulated or linear amplifier.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min. Nom. Max.
Voltage - - - - - - - - - - 7.5 volts
Current - . . - - - - - - - 49 54 amperes
Amplification Factor . . . - - . B . 19 26
Direct Interelectrode Capac:iances
Grid-Plate - - - - - - - - - 168 23.2 uuf
Grid-Filament . - - - - - - - 292 40.2 uuf
Plate-Filament - - - - - - - - 0.6 1.2 uuf
Transconductance (ln=830 ma., E,=3000 v.) . - - - 20,000 umhos
Highest Frequency for Maximum Ratings - - - - - 75 mc
MECHANICAL
Base - ; & . - - - - - - - - - . - - - - - - - - See drawing
Mounting - - - - - - - - - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - - - - Forced air
b Maximum Anode Cooler Core and Sea! Tempera'fures - : 5 = = 5 - S B s & - = 175° C
Maximum Over-All Dimensions:
Length - . - - - - - - - - - - - - - - - - - 8.6 inches
Diameter - - - - - - - - - - - - - - - - - - - 4.16 inches
Net Weight - - - - - - - - - - - - - - - - - - 6.25 pounds
Shipping Weight (Average) - - - - - - - - - - - - - - - - - 17 pounds
RAD'O'FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Frequencies below 75 Mc. per tube)
D-C Plate Voltage - - - . - - 4000 5000 6000 volts
OR OSCILLATOR D-C Plate Current - - - - - - 25 2.5 2.08 amps
(Conventional Neutralized Amplifier—Frequencies below 75Mc.) D-C Grid Voltage - - - - - - =300 —450 —500 volts
Class-C FM or Telegraphy (Key-down conditions, per tube) D-C Grid Current* - - - - - 245 265 180 ma
MAXIMUM RATINGS Peak R-F Grid Input Vol?age' - - - - 580 750 765 volts
D-C PLATE VOLTAGE - . S - S s - 6000 MAX. YOLTS Driving Power® - - - - - - 142 197 136 watts
D-C PLATE CURRENT - - - - - . - 2.5 MAX. AMPS Grid Dissipation* - - - - - - 68 78 46 watts
PLATE DISSIPATION - - - 2500 MAX. WATTS Plate Power Input - - - - 10,000 12,500 12,500 watts
’ PLATE COOLER CORE TEMPERATURE - - - - 175 MAX, ° C Plate Dissipation - - - - - 2500 2500 2500 watts
GRID DISSIPATION & - - - 150 MAX. WATTS Plate Power Output - - - - - - 7500 10,000 10,000 watts
RADIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (110 M., per fube)
Grounded-Grid Circuit D-C Plate Voltage - - - - - - - 3700 4000 volts
Class-C FM Telephony D-C Grid VYoltage - - - - - - . —450 —500 volts
géXlPlthME RVAOTLP#féE(Frequcnmes befween 75 and IIO Mc4)000 KUK, VOLTS D-C Plate Current o i N L. i . 18 1.85 amps
SEHMECHMET 0 1 D Dl REEER cccicwer o oo oo m mm
PLATE DISSIPATION - - - 2500 MAX. WATTS Drivi P . . . . . . . . . 0 #
D PLATE COOLER CORE TEMPERATURE - 175 MAX. © C riving  Power 00 300 watts
GRID DISSIPATION - - - - 150 MAX. WATTS Useful Power Output - - - - - - - 6850 7500 watts
PLATE-MODULATED RADIO_FREQUENCY TYPICAL OPERATION (Frequencies below 75 Mc., per tube)
D-C Plate ¥oltage - - - - - 4000 4500 5000 volts
AMPLIFlER D-C Plate Current - - - - - 1.67 1.47 1.25 amps

- - —450 —500 —550 volts
- 180 140 150 ma
685 715 760 volts
- 125 100 115 watts
- 43 30 32 watts
- 6670 6615 6250 watts

(Conventional Neutralized Amplifier—Frequencies below 75 Mc.) gg g:‘lg ‘é%'::gﬁ‘ -

Class-C Telephony (Carrier conditions, per tube) Peak R-F Grid Input VoI?age‘

M RATINGS Driving Power* - -

D-?:mlh’ALli!F‘E VOLTAGE - - - - - - 5000 MAX. YOLTS Grid Dissipation* -

D-C PLATE CURRENT - - - - . 2.0 MAX. AMPS Plate Power Input -

PLATE DISSIPATION - Plate Dissipation -
’ PLATE COOLER CORE TEMPERATURE - - 175 MAX. ° C Plate Power Output -
GRID DISSIPATION - - = 150 MAX. WATTS

1670 1315 950 watts
5000 5300 5300 watts

LI I I
=
~
=)
<
>
x
£
>
~
=
wv

*Approximate values.

(Effective 11-20-62) Copyright, 1962 by Eitel-McCullough, Inc. } Indicates change from sheet dated 1-1-61
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AUDIO-FREQUENCY POWER AMPLIFIER
OR MODULATOR

Class-AB or B

MAXIMUM RATINGS

D-C PLATE VOLTAGE - - - - 6000 MAX. YOLTS
D-C PLATE CURRENT - - - - 2.5 MAX. AMPS
PLATE DISSIPATION - - - - 2500 MAX. WATTS

GRID DISSIPATION - - - 150 MAX. WATTS

TYPICAL OPERATION (Sunusoudal wave, two tubes unless noted)

D-C Plate Voltage - - 4000 5000 6000 volts
D-C Grid Voltage! - - - —150 —190 —240 volts
Zero-Signal D-C Plate Currenf - - - 0.6 0.5 0.4 amps
Max-Signal D-C Plate Current - - - 4.0 3.2 3.0 amps
Effective Load, Plate to Plate - - - 2200 3600 4650 ohms
Peak A-F Grid Input Yoltage (per tube)* - 340 360 390 volts
Max-Signal Peak Driving Power* - - - 340 230 225 watts
Max-Signal Nominal Driving Power* - - 170 115 113 watts

Max-Signal Plate Output Power
*Approximate values.
IAdjust to give listed zero-signal plate current.

11,000 11,000 13,000 watts

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 EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS

APPLICATION

P Cooling—Forced-air cooling must be provided to
hold the glass-to-metal seals and the anode cooler core
below the maximum rated temperature of 175° C. Al-
though the air requirements stated below are sufficient
to maintain rated tube temperatures under many con-
ditions, air in excess of the amounts shown will usually
result in longer tube life. At ambient temperatures
higher than 20° C., at high altitudes, and at operating
frequencies above 30 megacycles, additional air flow
must be provided. In all cases, tube temperatures are
the criteria which govern air requirements. Surface
temperatures may be measured conveniently with the
aid of temperature-sensitive paints.

Anode-to-Base Air-Flow
Sea Level 10,000 Feet

|
Dis:i:::ion Air-Flow | Pressure Drop Air-Flow | Pressure Drop
(Watts) (CFM) (Inches H,0) (CFM) (Inches H,0)
2000 58.5 0.8 85.5 1.15
2500 85.5 1.6 125 2.3

Base-to-Anode Air-Flow
Sea Level 10,000 Feet

Pl
Dissi:::ion Air-Flow | Pressure Drop | Air-Flow | Pressure Drop
(Watts) (CFM) (Inches H,0) (CFM) (Inches H,0)

2000 35.5 0.25 52 0.35

2500 42 0.5 61.5 0.75

Under the same conditions, a minimum air-flow
rate of 6 CFM directed into the filament-stem structure
between the inner and outer filament terminals is re-
quired to maintain the base seals below 175°C.

Simultaneous removal of all power and air (as in
the case of a power failure) will not ordinarily injure
the tube, but it is not recommended as a standard
operating practice.

Filament Voltage—The filament voltage, as measured
directly at the tube, should be 7.5 volts with maximum

allowable variations due to line fluctuation of from 7.12
to 7.87 volts.

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

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

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

Grid Dissipation—The power dissipated by the grid
of the 3X2500A3 must never exceed 150 watts. Grid
dissipation is the product of d-c grid current and peak
positive grid voltage.

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

In VHF operation, particularly above 75 Mec., the d-c
grid current must not exceed 200 ma. under any con-
ditions of plate loading. With lightly loaded condi-
tions the grid driving power should be reduced so that
the grid current does not exceed one-tenth of the plate
current.

b Indicates change from sheet dated 1-1-61
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8151
3X2500F3

MEDIUM-MU
TRIODE

The Eimac 8251/3X2500F3 is a medium-mu, forced-air cooled, external-anode
power triode intended for amplifier, oscillator, or modulator service. It has a maxi-
mum plate-dissipation rating of 2500 watts and is capable of high output at relatively
low plate voltages. A single 8251/3X2500F3 will deliver a radio-frequency plate
power output of 7500 watts at a plate voltage of 4000 volts.

The tube is equipped with flexible filament and grid leads which simplify sock-
eting and equipment design for industrial and communication frequencies below 30
megacycles.

The approved Federal Communications Commission rating for the 8251/3X2500F3
is 5000 watts of carrier power when used as a plate-modulated amplifier and 1250
watts of carrier power when used as a grid-modulated or linear amplifier.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min. Nom. Max.
Voltage - . - - - - - - - - - 7.5 volts
Current < 4 s ® . 2 e = . s 48 53 amperes ‘
Amplification Factor - - - . s = . . s - 19 26
Direct Interelectrode Capacitances:
Grid-Plate - - - - - - - - - - 168 23.2 uuf
Grid-Filament - - - - - - - - - 29.2 40.2 uuf
Plate-Filament - - - - - - - - - 06 1.2 uuf
Transconductance (lb=2830 ma., Ex=3000 v.) - = - - 2 - 20,000 umhos
Highest Frequency for Maximum Ratings - - - - - - - - - 30 me
MECHANlCAL
Base - 3 - - - - - . - - - - - See outline drawing
Mounting - - - - - - - - - - - - Vertical, base down or up
Maximum Anode Cooler Core and Seal Temperatures - - - - - - - 175° C
Cooling - - - - - - - - - . - - - - - Forced air
Maximum Over-All Dimensions:
Length (Does not include filament connectors) - - - - - - - - - . - - 8.6 inches
Diameter - - . - . - - - - - - - - - - s - - 4.6 inches
Length of Filament Connectors (Approxlmafe) - - - - - - - - - - - - - - 9.5 inches
Net Weight - - - - . S T 7.5 pounds
Shipping Weight (Approximate) - - - - - - - - - - - - - - - - 17 pounds
RADIO-FREQUENCY POWER AMPLIFIER PSR RERRIN raguencles halow ML
OR OSCILLATOR D.C Plate Curremt - - . - . . 25 25 208 amps
. . . D-C Grid Voltage - - - - - —300 —450 —500 volts
Conventional Neutralized Amplifier, N DC Giidl Curronf = . » . . s WS 180 Wa
Class-C FM or Telegraphy (Key-Down Conditions) Peak R-F Grid Input Vol'ago' - - - 580 750 765 volts
MAXIMUM RATINGS Driving Power® - - soo- - - 142 197 136 watts
Grid Dissipation* - - - - - - 68 78 46 watts
gg :t:;: (\;/S;:;:STE : ) ) ) 60:‘; ::ﬁ);( :‘%L:SS Plate Input Power - - - . - 10,000 12,500 12,500 watts
3 = - - - . J Plate Dissipation - - - - - - 2500 2500 2500 watts
PLATE DISSIPATION - - - - 2500 MAX. WATTS Plate Output Power - - - - - . 7500 10,000 10,000 watts
GRID DISSIPATION - - = - 150 MAX. WATTS *Approximate values.
PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATION (Frequ.ncnes below 30 Mc)
D-C Plate Voltage - - - - 4000 4500 5000 volts
AMPLIFIER D-C Plate Current - - - - - - 167 147 1.25 amps
Conventional Neufralized‘Amplifie'r,. g-(c: g::g cv:::::g:‘ T S —415000 —5'042 -—:S:g :;Ifs
Class-C Telephony (Carrier Conditions) Peak R-F Grid Input Vouage' .- - &85 715 760 volts
MAXIMUM RATINGS Driving Power* - - - - - 125 100 115 watts
Grid Dissipation* - - - - - - 43 30 32 watts
D-C PLATE VOLTAGE - ) : - 5500 MAX. VOLTS Plate Input Power - - - - - . 670  &6l5 6250 watts
D-C PLATE CURRENT - - - - 2.0 MAX. AMPS Plate Dissipation - - - - - - 1670 1315 950 watts
PLATE DISSIPATION - - - - 1670 MAX. WATTS Plate Output Power - - - . - . 5000 5300 5300 watts
GRID DISSIPATION . N . . 150 MAX. WATTS *Approximate values.

(Effective 6-30-64) Copyright 1964 by Eitel-McCullough, Inc. ’ Indicates change from sheet dated 12-5-62



— 3X2500F3

AUDIO-FREQUENCY POWER AMPLIFIER
OR MODULATOR

Class-AB or B

MAXIMUM RATINGS

D-C PLATE VOLTAGE - - - - 6000 MAX. YOLTS
D-C PLATE CURRENT - - - - 2.5 MAX. AMPS
PLATE DISSIPATION - - - - 2500 MAX. WATTS

GRID DISSIPATION - - - 150 MAX. WATTS

TYPICAL OPERATION (Sinusoidal wave, two tubes unless noted)

D-C Plate Voltage - - - - - 4000 5000 6000 volts
D-C Grid VYoltage! - - - - —I150 —190 —240 volts
Zero-Signal D-C Plate Curren? - - - 0.6 0.5 0.4 amps
Max-Signal D-C Plate Current - - - 4.0 3.2 3.0 amps
Effective Load, Plate to Plate - - - 2200 3400 44650 ohms
Peak A-F Grid Input Yoltage (per tube)* - 340 360 390 volts
Max-Signal Peak Driving Power® - - - 340 230 225 watts
Max-Signal Nominal Driving Power® - - 170 115 113 watts

Max-Signal Plate Output Power - -
*Approximate values.
!Adjust to give listed zero-signal plate current.

11,000 11,000 13,000 watts

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 EITEL-McCULLOUGH,

INC., FOR INFORMATION AND RECOMMENDATIONS

APPLICATION

Cooling—Forced-air cooling must be provided to
hold the glass-to-metal seals and the anode cooler core
below the maximum rated temperature of 175° C. Al-
though the air requirements stated below are sufficient
to maintain rated tube temperatures under many con-
ditions, air in excess of the amounts shown will usually
result in longer tube life, At ambient temperatures
higher than 20° C and at high altitudes additional air
flow must be provided. In all cases, tube temperatures
are the criteria which govern air requirements. Surface
temperatures may be measured conveniently with the
aid of temperature-sensitive paints.

Anode-to-Base Air-Flow

Sea Level 10,000 Feet

Plate
Dissipation | Air-Flow
(Watts) (CFM)
2000 58.5 0.8 85.5 1.15
2500 85.5 1.6 125 2.3

Pressure Drop
(Inches H z0)

Pressure Drop Air-Flow
(Inches HZO) (CFM)

Base-to-Anode Air-Flow

Sea Level 10,000 Feet

Plate
Dissipation | Air-Flow
(Watts) (CFM)

Pressure Drop Air-Flow Pressure Drop
(Inches HZO) (CFM) (Inches HZO)

2000 35.5 0.25 52 0.35
2500 42 0.5 61.5 0.75

Under the same conditions, a minimum air-flow
rate of 6 CFM directed into the filament-stem structure
betv een the inner and outer filament terminals is re-
quired to maintain the base seals below 175° C.

Simultaneous removal of all power and air (as in
the case of a power failure) will not ordinarily injure
the tube, but it is not recommended as a standard
operating practice.

Filament Voltage—The filament voltage as measured
directly at the tube, should be 7.5 volts with maximum
allowable variations due to line fluctuation of from 7.12
to 7.87 volts. Tube life may be extended by operation
at the lower end of this range.

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

Plate Voltage — The plate-supply voltage for the
X2500F3 should not exceed 6000 volts.

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

Grid Dissipation—The power dissipated by the grid
of the 3X2500F3 must never exceed 150 watts. Grid
dissipation is the product of dc grid current and peak
positive grid voltage.

In equipment in which the plate loading varies widely,
such as oscillators used for radio-frequency heating,
care should be taken to make certain that the grid dis-
sipation does not exceed the maximum rating under
any condition of loading. With lightly loaded condi-
tions the grid driving power should be reduced so that
the grid current does not exceed one-tenth of the plate
current.
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DIMENSION DATA

REF. MIN MAX

A | 4 3/32 4 5/32

B 25/32 27/32

C 3 5/8.

D |6 38 6 5/8

E 55/64 57/64

F 13/16 15716

G 116 13/16

H 7 7 /2

J 13716 15/16

K 3/8 7/16

L | 1 /8

M |7 7 1/2

N || 726 I 9/16

P |7 15716 8 7/16

Q 4 4 1/8

R 2 31732 |3 1732

S | 3/18 | 7/16

T 8 /32 8 19/32

U 8 1¥/16 9 716

ANO| LER
AND TERMINAL

(=)
[=

ALL DIMENSIONS
IN_INCHES

©

GRID LEAD

GRID TERMINAL
197+ 003 DIA.HOLE

FILAMENT LEADS

FILAMENT TERMINALS
.390*005 DIA. HOLES
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8238
3X3000AI

LOW-MU
TRIODE

The Eimac 8238/3X3000A1 is a low-mu forced-air cooled power triode intended
for use as an audio amplifier or modulator. The maximum rated plate dissipation is

3000 watts.

Two 3X3000A1’s in class-ABj audio service will deliverup to 10 kilowatts maxi-
mum-signal plate output power at 6000 plate volts without drawing grid current.
The 3X3000A1 is provided with a low inductance, coaxial filament structure. A
water-cooled version, the 3W5000A1. rated at 5 kW plate dissipation, is also avail=-

able.
GENERAL CHARACTERISTICS
ELECTRICAL
Filament: Thoriated Tungsten Min. Nom Max.
Voltage = = = = = = = = =« = = = « = 7.5 volts
Current- - - - = = = = - =~ - = 49 54 amperes
Amplification Factor - - - - - - - - - 44 5.6
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - = = = = = =~ = - - 17 uufd
Grid-Filament - - - - = = = = = = - = 29 uufd
Plate-Filament- - - - = - - = = = = = 2.5 uufd
Transconductance (I = 1.0 amp., E = 3000.V) - - 11,000 umhos
Maximum Frequency = = = = = = = = = = = - = = 75 Mc

MECHANICAL

Base = = = =~ = - = = = - = =
Mounting Position - - - =~ - - =~ =
Cooling - - - = = = = - =~ - =~

P> Maximum Temperatures:

Grid and Filament Seals -~ - - - =
Anode Cooler Core- -~ - =~ - =~ -
Maximum Diameter - - - = - = =
Maximum Height - - - - - - - -

Net Weight -

Shipping Weight- - - - - - - - -

> 3X3000A1

MADE INUSA.

- =~ See outline drawing

Vertical.

base down or up
- Forced air
- - 175°C
250°C
- 4.16 inches
- 8.59 inches
- 6.25 pounds
16 pounds

AUDIO FREQUENCY POWER AMPLIFIER
OR MODULATOR

Class-AB;

MAXIMUM RATINGS (Per tube)

DC PLATE VOLTAGE 6000 MAX. VOLTS
DC PLATE CURRENT 2.5 MAX, AMPERES
PLATE DISSIPATION 3000 MAX. WATTS
GRID DISSIPATION 50 MAX, WATTS

*Adjust to stated Zero-Signal DC Plate Cur-
rent. Can be expected to vary +15%. Effect=
ive grid-circuit resistance must not exceed
200,000 ohms.

**At maximum signal without negative feed-
back.

(Effective 2-18-63) © Copyright 1952, 1953, 1963 by Eitel=McCullough, Inc. Printed in U.S.A.

TYPICAL OPERATION (Sinusoidal wave. two tubes)

Class AB1
DC Plate Voltage - - - - 4000
DC Grid Voltage (Approx)* -860

Zero-Signal DC Plate Current 500
Max-Signal DC Plate Current 3.00
Effective Load. Plate-to-Plate 2160
Peak AF Grid Input Voltage

(per tube) - - - - - 760
Max-Signal Driving Power - 0
Max-Signal Plate Input

Power - - = = 12,000
Max-Signal Plate Dissipation

(per tube) - - - - = 3000
Max-Signal Plate Output

Power - - = = = 6000
Total Harmonic Distortion** 1.8

5000
-1080
400
2.80
3320

6000 volts
-1300 volts
335 mA
2.65 amps
4560 ohms
1250 volts

0 watts
16.000 watts
3000 watts
10.000 watts

2.1 percent

’ Change from data sheet dated 2=1-52
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APPLICATION

MECHANICAL

Mounting: The 3X3000A1 must be mounted vertically with its base up or down at the convenience of the designer.
The filament connections should be made through spring collets and care must be taken not to impart strain to
the terminals or base assembly.

The tube must be protected from severe shock and vibration during shipment and operation.

Cooling: Sufficient forced air cooling must be provided to maintain seal and anode core temperature at 175°C
or below. Air-flow must be started when filament power is applied and it is advisable to continue air-cooling for
two minutes after all voltages are removed.

The table below lists minimum air-flow requirements to maintain tube temperatures below 175°C with air flow-
ing in both the base-to-anode and anode-to-base directions. This tabulation presumes air at 25° C and sea level.
A separate supply of approximately six cubic feet per minute, directed into the filament structure is also re-
quired to maintain rated filament seal temperatures. This is best accomplished using a small diameter insula-
ting tubing directed into the stem between the filament seals.

MINIMUM COOLING AIR-FLOW REQUIREMENTS
BASE-TO-ANODE FLOW ANODE-TO-BASE FLOW

lf)’iasn;?pation AIR-FLOW PRESSURE DROP AIR-FLOW PRESSURE DROP
(Watts) (CFM) (inches of water) (CFM) (inches of water)

1000 14 0.1 20 0.1

2000 37 0.3 61 0.8

3000 74 1.0 122 3.0

Note:

An extra 425 watts have been added to these plate dissipation figures in preparing this tabulation, to com-
pensate for grid and filament dissipation.

For operation at high altitudes or higher ambient temperatures, these quantities should be increased. In all
cases it is suggested that actual temperatures be measured to insure adequate cooling.

ELECTRICAL

Filament: The rated filament voltage for the 3X3000A1 is 7.5 volts and should not exceed this value by more
than five percent if maximum tube life is to be realized. Reduction of filament voltage to about 7.2 volts will
actually enhance tube life and provision should be made for this adjustment where the lower emission can be
tolerated.

Grid Operation:The grid dissipation rating of the 3X3000A1 is 50 watts. This is the product of the peak positive
grid voltage and average dc grid current. When tubes are used in parallel in amplifier or modulator service,
provision should be made for individual adjustment of bias voltage, in order to match the tubes. In practice,
individual adjustment of drive voltage will not be necessary.

Special Applications: If itis desiredtooperate the 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 recommendations.
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DIMENSIONS IN INCHES

ANODE COOLER —

GRID (NOTE 1) \

FILAMENT

(NOTE 2) ———~—_

-
-

/
i

DIMENSIONAL DATA
REF.| MIN. MAX. NOM.
A | 4.093 | 4.156
B .78l .843
c 3.625
D | .615 .635
E | 1.490 | 1.510
F | 2990 | 3.010
G .812 .937
H | 1.437 | 1.562
J .375 .437
K 4. 4.125
L | 2.968 | 3.03I
M i 1.125
N | 1.187 | 1.437
P | B.156 | 8.593
Q .687 .812

i
©
1

;

NOTE: These dimensions
reflect standard manufact-
uring tolerances. Where
they are to be made the
basis of purchase speci-
fications, they should first
be checked with the factory.

NOTES:

.040 MAX. RUNOUT OF
GRID CONTACT SURFACE
WITH RESPECT TO AXIS
DETERMINED BY ANODE
AND OUTER FILAMENT

CONTACT SURFACE.

.025 MAX. RUNOUT OF
INNER FILAMENT CONTACT
SURFACE WITH RESPECT TO
OUTER FILAMENT CONTACT
SURFACE.
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GRID VOLTAGE—-VOLTS

—200

—400

—600

-800

600

400

200

—1000

—1200

—1400

0

2000

EIMAC 3X3000A1
TYPICAL
CONSTANT CURRENT
CHARACTERISTICS
PLATE CURRENT
— — —— GRID CURRENT

14.0
12.0
10.0

8.0
6.0

4.0

2.0
1.0

.500

.200
100
.050

4000 5000 6000

PLATE VOLTAGE-VOLTS




TENTATIVE DATA

. lmac 3X3000A7

HIGH-MU
POWER TRIODE

The Eimac 3X3000A7 is an external-anode power triode intended to be used as

a zero-bias Class-B amplifier in audio or radio-frequency applications. Operation with
zero grid bias offers circuit simplicity by eliminating the bias supply. In addition, -
grounded-grid operation is attractive since a power gain of over twenty times can be : = |
£ 3

obtained with the 3X3000A7.

» 3X3000A7

MADE INUS.A

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated-Tungsten
Voltage - - - - . - - - - - - = - 1.5 volts
Current - - - - - - - - - . - - - 51 amperes
Amplification Factor - - - - = = « . . - " - 200
Interelectrode Capacitances:
Grid-Filament - - - - - - - - - - - 38 uuf
Grid-Plate - - - - s - 5 = . . 5 - 24 uuf
Plate-Filament - - - - - - - - - - - 0.6 uuf
Frequency for Maximum Ratings - - - - - - - - - - 75 Mc
MECHANICAL
Base - - - - - - - - - - - = - - - - - - - - See outline drawing
Operating Position - - - - - - - - - - - - - - - - Vertical, base up or down
Cooling B i} ) ) R ) _ B B : ) . . - - - - - - - - Forced air

Maximum Operating Temperatures:

Anode Core and Seals - - - - - - - - - - - - - - - - - 175°C
Maximum Dimensions:
Height - - - - - - - - - - - - - - - - - - - 8.6 inches
Diameter - - - - - - - - - - - - - - - - - - = 4.16 inches
Net Weight S 3 . H s - s - = = . ] = - % - H S < - 6.25 pounds
AF AMPLIFIER OR MODULATOR TYPICAL OPERATION, Two Tubes,

Sinusoidal Wave

CLASS-B, GRID-DRIVEN

DC Plate Voltage - - - - - . 4000 volts
MAXIMUM RATINGS (Per Tube) gc (;'f‘do"é"*;lge LT 0642 volts
ero-Sig ate Curren - - - - X amps
PE FLAIE YOLTASE - . i ) - BO0% YOLTS Max-Sig DC Plate Current - - - - - 4.00 amps
DC PLATE CURRENT - - - - B 2.5 AMPS Max-Sig DC Grid Current - - - - - 0.860 amps
PLATE DISSIPATION - - - - - 3 Kw Driving Power - - - - - - - 120 watts
GRID DISSIPATION N . _ R _ 225 WATTS Peak AF Driving Yoltage (per tube) - - - 185 volts
Load Resistance, Plate-to-Plate - - - = 2200 ohms
*Approximate Values Max-Sig Plate Output Power - - - - 11,000 watts

(Effective 5-20-63) @ Copyright 1963 by Eitel-McCullough, Inc.
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RF LINEAR AMPLIFIER
CLASS-B, GROUNDED-GRID

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - - 5000 YOLTS
DC PLATE CURRENT - - - - - 2.5 AMPS
PLATE DISSIPATION - - - - - - 3 KW

GRID DISSIPATION - - - - - - 225 WATTS

*Approximate Value

TYPICAL OPERATION, Single-Tone Conditions

DC Plate VYoltage - - - - - 4000 5000 volts
Zero-Sig DC Plate Current* - - - 032 0.44 amps
Max-Sig DC Plate Current - - - 2.00 1.56 amps
Max-Sig DC Grid Current - - - 042 0.33 amps
Driving Impedance - - - - 50 50 ohms
Resonant Load Impedance - - - 1120 1850 ohms
Max-Sig Driving Power - - - - 360 215 watts
Peak Envelope Plate Output Power - 5500 5500 watts
Power Gain - - - - - - 153 25.6 times

RF LINEAR AMPLIFIER
CARRIER CONDITIONS, GRID-DRIVEN

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - - 5000 VOLTS
DC PLATE CURRENT - - - - - 2.5 AMPS
PLATE DISSIPATION - - - - - 3 KW

GRID DISSIPATION - - - - - 225 WATTS

*Approximate Value
tModulation Crest Conditions

TYPICAL OPERATION

DC Plate Voltage - - - - - - 4000 volts
DC Grid Voltage - - - - - - 0 volts
Zero-Sig DC Plate Current* - - - - 032 amps
DC Plate Current - - - - - - 0.815 amps
DC Grid Current - - - - - - 0.205 amps
Driving Impedancet - . - - - - 220 ohms
Peak Driving Voltaget - - - - - 160 volts
Driving Power - - - - - - - 15 watts
Plate Output Power - - - - - - 1100 watts

NOTE: "TYPICAL OPERATION" data are obtained by calculation from published characteristic curves and con-

firmed by direct tests. No allowance for circuit losses, either input or output, has been made.

APPLICATION

Input Circuit—When the 3X3000A7 is operated as a
grounded-grid rf amplifier, the use of a resonant tank
in the cathode circuit is recommended in order to
obtain greatest linearity and power output. For best
results with a single-ended amplifier it is suggested
that the cathode tank circuit operate at a “Q” of five
or more.

Cooling—The maximum temperature rating for the
anode core and seals of the 3X3000A7 is 175°C. Suf-
ficient forced-air cooling must be provided to keep
the temperature of the anode core and the tempera-
tures of the glass-to-metal seals below 175°C. Tube life
is usually prolonged if these areas are maintained at

temperatures below the maximum rating. Minimum
air flow requirements to maintain anode-core and seal
temperatures below 175°C at sea level with an inlet-air
temperature of 50°C are tabulated for air-flow in the
anode-to-base and base-to-anode directions. At higher
ambient temperatures, frequencies above 30 Mc or at
higher altitude, a greater quantity of air will be re-
quired. It is suggested that temperatures be monitored
in any new installation to insure proper cooling.

In addition, a minimum air flow of 7 c¢fm must be
directed into the filament stem structure, between the
inmer and outer filament conductors. This rate of air
flow provides sufficient stem cooling at ambient temp-
eratures up to 55°C.
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Minimum Cooling Air-Flow Requirements
Anode-To-Base Base-To-Anode
Air-Flow Air Flow
Plate** Pressure Pressure
Dissipation Air Flow Drop (Inches Air Flow Drop (Inches
(Watts) (CFM) of Water (CFM) of Water)
1000 42 0.4 25 0.15
2000 109 2.25 63 0.75
3000 215 7.8 130 2.6

**Since the power dissipated by the filament is about 375 watts and since grid
dissipation can, under some circumstances, represent another 225 watts, allowance
has been made in preparing this tabulation for an additional 600 watts dissipation.

ANODE COOLER —

NOTE 1 U \i

FILAMENT

(NOTE 2) ———~—_
—_— =

: ) *_‘ DIMENSIONS IN INCHES
DIMENSIONAL DATA
REF.| MIN. ;A:—v NOM.
~® ~ A 4093 4156
| B 781 843
{ c 3.625
1) | D 615 635
@ M E 1450 150 |
o F 2990 3.010
~N | G .82 937
H_ 1.437__1.562
J_ 315 437
K4 4125
| L 2968 3.03i
M I 1125
| N 1187 1.437
P 8.156 8593
@ .es7 .si2
[ 1 ﬁg -

NOTES:

I. .040 MAX. RUNOUT OF
GRID CONTACT SURFACE

WITH RESPECT TO AXIS
DETERMINED BY ANODE
AND OUTER FILAMENT

CONTACT SURFACE.

2. .025 MAX. RUNOUT OF
INNER FILAMENT CONTACT
SURFACE WITH RESPECT TO
OUTER FILAMENT CONTACT
SURFACE.
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8239
3X3000F]

LOW-MU
TRIODE

The Eimac 8239/3X3000F1 is a low-mu forced-air cooled power triode intended
for use as an audio amplifier or modulator. The maximum rated plate dissipation is
3000 watts.

Two 3X3000F1’s in class~-AB; audio service will deliverup to 10 kilowatts maxi-
mum-signal plate output power at 6000 plate volts without drawing grid current.

The 3X3000F1 is provided with ‘‘flying leads’’ for filament and grid connections.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min. Nom. Max.
Voltage - - - - - = = = e e - - 7.5 volts
Current = = = = = = = - - = = 49 54 amperes
Amplification Factor - - - - - - - - 44 5.6
Direct Interelectrode Capacitances (Average)
Grid-Plate = = = = = = = = - - - - 17 uufd
Grid-Filament = = = = = = = = = = = 29 uufd
Plate-Filament- - - - = - - 2.5 uufd
Transconductance (I = 1.0 amp., Eb 3000 V) - = 11,000 umhos
Maximum Frequency -~ = =~ = - = = = = 30 Mc
MECHANICAL
Base - - =~ S T I B B See outline drawing
Mounting POSItlon - = = = = = = = = = = = = = = = = = = Vertical, base down or up
Cooling - = - - = = = = = = = = = = = = = = = = = = = - - - =-Torcedair
P> Maximum Temperatures:
Grid and Filament Seals = = = = = = = = = = =« - - - - 4« - - - - = 175%C
Anode Cooler Core= = = = = = = = = = = = = = = = = = = = = = = 250°C
Maximum Diameter - - = = = = = = = = = = = = =~ = - - - - - - 416 inches
Net Weight - - - - = = = = = = = = = = = = = = = = = - - - - 75 pounds
Shipping Weight- - - = = = = = = = = = = = =« = =« - = - - - - - 17 pounds
AUDIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Sinusoidal wave, two tubes)
OR MODULATOR Class ABjp
Class-AB3
DC Plate Voltage - - =~ - 4000 5000 6000 volts
MAXIMUM RATINGS (Per tube) DC Grid Voltage (Approx)* -860 ~1080  ~1300 volts
Zero-Signal DC Plate Current 500 400 335 mA

DC PLATE VOLTAGE 6000 MAX. VOLTS Max~Signal DC Plate Current 3.00 2.80 2.65 amps
DC PLATE CURRENT 2.5 MAX, AMPERES Effective Load, Plate-to-Plate 2160 3320 4560 ohms
PLATE DISSIPATION 3000 MAX, WATTS Peak AF Grid Input Voltage

GRID DISSIPATION 50 MAX., WATTS (per tube) = - - - = 760 995 1250 volts
Max~-Signal Driving Power - 0 0 0 watts
*Adjust to stated Zero-Signal DC Plate Cur- Max~Signal Plate Input
rent. Can be expected'to vary +15%. Effect- Power - - = = 12,000 14,000 16,000 watts
ive grid-circuit resistance must not exceed Max-Signal Plate Dissipation
200,000 ohms. (per tube) - - - - -~ 3000 3000 3000 watts
Max-Signal Plate Output
**At maximum signal without negative feed- Power - - - = - 6000 8000 10,000 watts
back. Total Harmonic Distortion** 1.8 2.6 2.1 percent

(Effective 2-18-63) © Copyright 1959, 1963 by Eitel-McCullough, Inc. Printed in U.S.A. ’ Change from data sheet dated 10-21-59
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APPLICATION

MECHANICAL

Mounting: The 3X3000F1 must be mounted vertically with its base up or down at the convenience of the designer.
The base is fitted with heavy filament leads to facilitate connections. These leads should be arranged to prevent
mechanical stress on the filament structure. The grid is also fitted with a flying lead.

The tube must be protected from severe shock and vibration during shipment and operation.

Cooling: Sufficient forced air cooling must be provided to maintain seal temperature at 175° C or below. Air-
flow must be started when filament power is applied and it is advisable to continue air-cooling for two minutes
after all voltages are removed.

The table below lists minimum air-flow requirements to maintain tube temperatures below 175° C with air
flowing in both the base-to-anode and anode-to-base directions. This tabulation presumes air at 25° C and sea
level. A separate supply of approximately six cubic feet per minute, directed into the filament structure is also
required to maintain rated filament seal temperatures. This is best accomplished using a small diameter in-
sulating tubing directed into the stem, between the filament seals.

MINIMUM COOLING AIR-FLOW REQUIREMENTS

BASE-TO-ANODE FLOW ANODE-TO-BASE FLOW
IP),liale;Pipation AIR-FLOW PRESSURE DROP AIR-FLOW PRESSURE DROP
(Watts) (CFM) (inches of water) (CFM) (inches of water)

1000 14 0.1 20 0.1

2000 37 0.3 61 0.8

3000 74 1.0 122 3.0

Note:

An extra 425 watts have been added to these plate dissipation figures in preparing this tabulation, to com-
pensate for grid and filament dissipation.

For operation at high altitudes or higher ambient temperatures, these quantities should be increased. In all
cases it is suggested that actual temperatures be measured to insure adequate cooling.

ELECTRICAL

Filament: The rated filament voltage for the 3X3000F1 is 7.5 volts and should not exceed this value by more
than five percent if maximum tube life is to be realized. Reduction of filament voltage to about 7.2 volts will
actually enhance tube life and provision should be made for this adjustment where the lower emission can be
tolerated.

Grid Operation:The grid dissipation rating of the 3X3000F1 is 50 watts. This is the product of the peak positive
grid voltage and average dc grid current. When tubes are used in parallel in amplifier or modulator service,
provision should be made for individual adjustment of bias voltage, in order to match the tubes. In practice,
individual adjustment of drive voltage will not be necessary.

Special Applications:If itis desiredtooperate the 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 recommendations.
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DIMENSIONS IN INCHES

DIMENSIONAL DATA
REF. MIN. MAX. NOM.
A | 4.093 [ 4.156
B— B | .781 | .843
c 3.625
D | 6.375 | 6.625
E | .859 | .890
F| .812 | .937
G | .687 | .812
H| 7. |7.500
J | .Bl2 | .937
K | 375 | .437
L| 1. [1.125
M| 7. |7500
N 1.437 | 1.562
P | 7.937 | 8.437
Q| 4 |a.25
R | 2.968 | 3.03
S | 1.187 |1.437
T |8.156 | 8.593
\ U | 8.937 | 9.437
ANODE COOLER
AND TERMINAL

GRID LEAD

NOTE: These dimensions
reflect standard manufact-
uring tolerances. Where
they are to be made the
basis of purchase speci-
fications, they should first
be checked with the factory.

Qs = GRID TERMINAL
{ $ N - .197+.003 DIA. HOLE

{e=ms
[ )

FILAMENT LEADS

|

—p

—
+

g FILAMENT TERMINALS
.3901.005 DIA. HOLE
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TENTATIVE DATA

8162
3X3000F7

HIGH-MU
POWER TRIODE

The Eimac 8162/3X3000F7 is an external-anode power triode
intended to be used as a zero-bias Class-B amplifier in audio or
radio-frequency applications. Operation with zero grid bias offers
circuit simplicity by eliminating the bias supply. In addition,
grounded-grid operation is attractive since a power gain of over
twenty times can be obtained with the 8162/3X3000F7.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated-Tungsten
Voltage - = = = 745 volts
Current = - = = 51 amperes
Amplification Factor - - - - 200
Interelectrode Capacitances:
Grid-Filament - - - 38 uuf
Grid-Plate - - - - 24 uuf
Plate-Filament - = - 0.6 uuf
Frequency for Maximum Ratings - = 30 Mc
MECHANICAL
Base - - = = - = - See outline drawing
Operating Position - - = - - Vertical, base up or down
Cooling - - = - = - - Forced air
Maximum Operating Temperatures:
Anode Core and Seals - - - - - 150°C
Maximum Dimensions:
Height (Does not include filament connectors) - 8.6 inches
Diameter - - - - - - 4,16 inches
Net Weight - - - - = - = 7.5 pounds
A-F AMPLIFIER OR MODULATOR TYPICAL OPERATION, Two Tubes,
CLASS-B, GRID-DRIVEN Sinusoidal Wave
MAXIMUM RATINGS (Per Tube) D-C Plate Voltage 4000 wvolts
D-C PIATE VOLTAGE 5000 VOLTS D-C Grid Voltage 0 wvolts
D-C PLATE CURRENT 2.5 AMPS Zero-Sig D-C Plate Current* 0.640 amps
PLATE DISSIPATION 3 KW Max-Sig D-C Plate Current 4,00 amps
GRID DISSIPATION 225 WATTS Max-Sig D-C Grid Current 0.860 amps
Driving Power 120 watts
Peak A-F Driving Voltage (per tube) 185 volts
Load Resistance, Plate-to-Plate 2200 ohms
Max-Sig Plate Output Power 11,000 watts

(Effective 5-5-61) Copyright 1961 by Eitel-McCullough, Inc.
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R-F LINEAR AMPLIFIER TYPICAL OPERATION, Single-Tone Conditions
CLASS-B, GROUNDED-GRID

MAXIMUM RATINGS D-C Plate Voltage 4000 5000 wvolts
D-C PLATE VOLTAGE 5000 VOLTS Zero-Sig D-C Plate Current* 0.32 0.44 amps
D-C PLATE CURRENT 2.5 AMPS Max-Sig D-C Plate Current 2.00 1.56 amps
PLATE DISSIPATION 3 KW Max-Sig D-C Grid Current 0.42 0.33 amps
GRID DISSIPATION 225 WATTS Driving Impedance 50 50 ohms
Resonant Load Impedance 1120 1850 ohms
Max-Sig Driving Power 360 215 watts
Peak Envelope Plate Output
Power 5500 5500 watts
Power Gain ' 153 25.6 times
R-F LINEAR AMPLIFIER TYPICAL OPERATION

CARRIER CONDITIONS, GRID-DRIVEN

MAXIMUM RATINGS D-C Plate Voltage 4000 wvolts
D-C PLATE VOLTAGE 5000 VOLTS D-C Grid Voltage 0 wvolts
D-C PLATE CURRENT 2.5 AMPS Zero-Sig D-C Plate Current* 0.32 amps
PLATE DISSIPATION 3 KW D-C Plate Current 0.815 amps
GRID DISSIPATION 225 WATTS D-C Grid Current 0.205 amps
Driving Impedance T 220 ohms
Peak Driving Voltage T 160 wvolts
Driving Power 15 watts
Plate Output Power 1100 watts

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

APPLICATION

INPUT CIRCUIT - When the 3X3000F7 is operated as a grounded-grid r-f amplifier, the use
of a resonant tank in the cathode circuit is recommended in order to obtain greatest linear-
ity and power output. For best results with a single-ended amplifier it is suggested that
the cathode tank circuit operate at a "Q" of five or more.

COOLING - The maximum temperature rating for the anode core and seals of the 3X3000F7
is 1500C. Sufficient forced-air cooling must be provided to keep the temperature of the
anode core and the temperatures of the glass-to-metal seals below 150°C., Tube life is
usually prolongedif these areas are maintained at temperatures below the maximum rating.
Minimum air flow requirements to maintain anode-core and seal temperatures below 150°C
with inlet-air temperatures of 40°C and 55°C are tabulated. A maximum ambient temper-
ature of 40°C will apply to most commercial installations, while the 55°C data is useful
when designing equipment in conformance with MIL-E-5400 Curve A (Class I).

In addition, a minimum air flow of 7 CFM must be directed into the filament stem
structure, between the inner and outer filament conductors. This rate of air flow provides
sufficient stem cooling at ambient temperatures up to 55°C.

*Approximate Values
tModulation Crest Conditions
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SEA LEVEL PRESSURE, ANODE-TO-BASE AIR FLOW
40°C MaxAmbientAir Temp | 55°C MaxAmbient Air Temp.
Plate** Pressure Pressure
Dissipation Air Flow | Drop (Inches | Air Flow Drop (Inches

(Watts) (CFM) of Water) (CFM) of Water)

1000 45 0.43 65 0.65

2000 120 1.6 170 2.5

3000 235 4.0 330 6.0

**Since the power dissipated by the filament is about 375 watts and
since grid dissipation can, under some circumstances, represent an-
other 225 watts, allowance has been made in preparing this tabulation
for an additional 600 watts dissipation.

DIMENSION DATA
REF.| NOM MIN MAX
A 4.093 | 4.156
B .78l . 843
[ 3.625
) 6.375 |6.625
E 859 1890
{(a) F 812 .937
& G 687 a2
() |~ H 7 7.500
J 8l2 | .937
1 i =N K 375 La37
@ L | 1125 |
(%) @ T = M 7 7.500
1 V- N N | | .437 | .562
' P 7 937 | 8.437
Q 4 4.125
e R 2 .968 | 3.03
s | 187 | .437
T 8.156 8.593
U 8.937 | 9.437

GRID TERMINAL
197+ 003DIA.HOLE

FILAMENT LEA!

FILAMENT TERMINALS
390005 DIA. HOLES

ALL DIMENSIONS
IN_INCHES
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TENTATIVE DATA

® B EITEL-McCULLOUGH, INC. 3(X|0,000A3

S AN CARLOS - CALI FORNIA

MEDIUM-MU
POWER TRIODE

The Eimac 3CX10,000A3 is a ceramic and metal power triode in-
tended primarily for use as a power oscillator in industrial-heating
applications. It is also useful as a grounded-grid FM amplifier, as
a conventional plate-modulated amplifier at broadcast frequencies,
or as a linear amplifier.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated-Tungsten
Voltage = - = - 7d volts
Current - - - - 100 amperes
Amplification Factor - = - = 20
Interelectrode Capacitances:
Grid-Filament - - - - - - 60 uuf
Grid-Plate - — - . - - - 40 uuf
Plate-Filament - - - - - - 2.0 uuf
Frequency for Maximum Ratings - - - - - 110 Mc
MECHANICAL
Base = = = - - - - - Coaxial
Recommended Socket = - - - - - Eimac SK-1300
Operating Position - - - - - Vertical, base up or down
Cooling - - - — - - - = Forced air
Maximum Operating Temperatures:
Anode Core - - - - - - - 250°C
Ceramic-to-Metal Seals - - - - - 250°C
Maximum Dimensions:
Height - - - - - - - 8.5 inches
Diameter - = - - - - - 7.0 inches
Net Weight - - - - - - - - 12 pounds
R-F INDUSTRIAL OSCILLATOR TYPICAL OPERATION
CLASS-C
D-C Plate Voltage 6000 7000 volts
MAXIMUM RATINGS D-C Grid Voltage =575 -670 volts
D-C PLATE VOLTAGE 7000 MAX, VOLTS D-C Plate Current 4.0 4,0 amps
D-C PLATE CURRENT 4,0 MAX, AMPS - D-C Grid Current 610 670 ma
PLATE DISSIPATION 10 MAX. KW Plate Input Power 24 28 kw
GRID DISSIPATION 250 MAX, WATTS Plate Output Power 18.9 22.4 kw
R-F POWER AMPLIFIER TYPICAL OPERATION
GROUNDED-GRID, CLASS-C
D-C Plate Voltage 6000 7000 volts
MAXIMUM RATINGS D-C Grid Voltage -535 -625 volts
D-C PLATE VOLTAGE 7000 MAX. VOLTS D-C Plate Current 4.0 4.0 amps
D-C PLATE CURRENT 4.0 MAX, AMPS D-C Grid Current 545 530 ma
PLATE DISSIPATION 10 MAX, KW Driving Power 3700 4100 watts

GRID DISSIPATION 250 MAX, WATTS Plate Output Power 20.5 24,5 kw

(Effective 10-15-60) Copyright 1960 by Eitel-McCullough. Inc.
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R-F POWER AMPLIFIER TYPICAL OPERATION
PLATE-MODULATED, CLASS-C

D-C Plate Voltage 4000 5000 volts
MAXIMUM RATINGS D-C Grid Voltage -480 -600 volts
D-C PLATE VOLTAGE 5500 MAX, VOLTS D-C Plate Current 3.0 3.0 amps
D-C PLATE CURRENT 3.0 MAX., AMPS D-C Grid Current 660 550 ma
PLATE DISSIPATION 6.5 MAX, KW Driving Power 530 515 watts
GRID DISSIPATION 250 MAX., WATTS Plate Output Power 9.7 12.4 kw
R-F LINEAR AMPLIFIER TYPICAL OPERATION
GROUNDED-GRID, CLASS-AB2

D-C Plate Voltage 6000 7000 volts
MAXIMUM RATINGS Zero-Sig Grid Voltage* -270 =325 volts
D-C PIATE VOLTAGE 7000 MAX., VOLTS Max-Sig D-C Plate Current 4.0 4.0 amps
D-C PLATE CURRENT 4,0 MAX, AMPS Max-Sig D-C Grid Current 300 250 ma
PLATE DISSIPATION 10 MAX, KW Driving Power 1900 2050 watts
GRID DISSIPATION 250 MAX, WATTS Plate Output Power 18 20 kw

*Adjust to give 500 milliamperes zero-signal d-c plate current.

APPLICATION

Cooling - The maximum temperature rating for the external surfaces of the 3CX10, 000A3 is
2509C. Sufficient forced-air cooling must be provided to keep the temperature of the
anode core and the temperature of the ceramic-metal seals below 250°C. Tube lifeis usu-
ally prolonged if these areas are maintained at temperatures below this maximum rating.
Minimum air-flow requirements to maintain anode-core and seal temperatures below 225°C
with an inlet-air temperature of 50°C are tabulated below.

Sea Level 10, 000 Feet
Plate** Pressure Pressure
Dissipation | Air Flow | Drop (Inches | Air Flow | Drop (Inches
(Watts) (CFM) of Water) (CFM) of Water)
4 4000 70 0.15 102 0.22
6000 152 0.36 220 0.52
8000 270 0.92 392 1,34
10,000 423 1,93 615 2.80

**Since the power dissipated by the filament is about 750 watts and
since grid dissipation can, under some circumstances, represent an-
other 250 watts, allowance has been made in preparing this tabulation
for an additional 1000 watts dissipation,

Filament Operation - The rated filament voltage for the 3CX10, 000A3 is 7.5 volts. Fila-
ment voltage, as measured at the socket, should be maintained at this value to obtain
maximum tube life. In no case should it be allowed to deviate from the rated value by
more than five percent.

Special Applications - If it is desired to operate this tube under conditions widely differ-
ent from those given here, write to the Application Engineering Department, Eitel-McCul-
lough, Inc., 301 Industrial Way, San Carlos, California, for information and recommen-

dations.
’ Indicates change from sheet dated 8-15-60)
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MEDIUM-MU TRIODE
®

MODULATOR
OSCILLATOR
AMPLIFIER

. | EIMAC

) The Eimac 25T is a medium-mu, power triode having a maximum plate dissipation of 25 watts
and is intended for use as an amplifier, oscillator or modulator. It can be used at its maximum ratings
at frequencies as high as 60 Mc.

Cooling of the 25T is accomplished by radiation from the plate, which operates at a visible
red color at maximum dissipation and by means of air convection around the envelope.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated tungsten
Voltage - - - - - - - - - E - - - 63 volts
Current - - S - - - - - - 3.0 amperes
Amplification Factor (Average) - - - - < . . - . = s . 24
Direct Interelectrode Capacitances (Average)
Gr‘ud-P'lafe - - - - - - - - - - - - 1.5 uuf
Grid-Filament - - s - - - - - - - - - 2.2 yuf 3
Plate-Filament - - - - = o= - = s - .. 0.2 puf :
Transconductance (i, =25 ma., E,=1000v.) - - - - - - - - 2500 ;mhos :
Frequency for Maximum Ratings - - - s @& = = . 5 - - 60 Me. = S
MECHANICA HIE
Base - - - - - - - - - - - - Small 4-pin, RMA type A4.5
Basing (See outline drawing) - - - - e = - - - - RMA type 36 et
Mounting - - - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - Convection and Radiation
Recommended Heat Dissipating Connector:
Plate - - - - - S - - = - - - - - . - - - = - - - HR-I
Maximum Overall Dimensions:
Length - - - - - - - - - - - - - - - - - - - - - 4.38 inches
Diameter - - - - - - - - - - - - - - - - - - - - 1.44 inches
Net Weight - - - - - - - - - - - - - - - - - - - - - - 1.5 ounces
Shipping Weight (Average) - - - - - - - - - - - - - - - - - - - 1.0 pound
TYPICAL OPERATION, CLASS AB
AUDIO FREQUENCY POWER AMPLIFIER Sinusoidal wave, two tubes unless othorwiu specified
AND MODULATOR D-C Plate Voltage - - - - - 750 1000 1250 Volts
D-C Grid Voltage (approx.)* - - - —20 —30 —42 Volts
Class-B Zero-Signal D-C Plate Current - - I43 32 24 Ma.
Max-Signal D-C Plate Current - 27 127 130 Ma.
MAXIMUM RATINGS, PER TUBE Effective Load, Plate-to-Plate - b 12,000 17,000 21,400 Ohms
. .. Peak A-F Grid Input Voltage (per tube 110 120 135 Volts
B-C PLATE: YOLTAGE 2000; MAX: VOLTS Max-Signal Peak Drlving Power - - 55 6.0 68 Watts
MAX-SIGNAL D-C PLATE CURRENT - - 75 MAX. MA. MaxZSignal l:ominal Driving Power % 30 5 4 Wast
approx. R / /i g atts
PLATE DISSIPATION - - - - - - 25 MAX. WATTS Max-Signal Plate Power Output - - 60 85 112 Watts
GRID DISSIPATION - - - - - - 7 MAX. WATTS *Adjust to give stated zero-signal plate current.
TYPICAL OPERATION
PLATE MODULATED RADIO D-C Plate VYoltage - - - - - 1000 1250 1600 Volts
FREQUENCY AMPLIFIER D-C Plate Current - - - - - g & 8 Ma
Class-C Telephony (Carrier conditions, per tube) g-gk%::g ;a!j:?,; :v | T _2;; _2;2 _2;(,, 3&'.”
Pea - rid Input Voltage - - - olts
MAXIMUM RATINGS Driving Power - - - - - - ?.3 33 3.1 wa":
X . . . . . Grid Dissipation - - - - 6 1.5 1.2 atts
D-C/ PLATE VOLTAGE 1600 MAX. VOLTS Plate Power Input - - - - - 60 75 85 Watts
D-C PLATE CURRENT - - - - - 60 MAX. MA. Plate Dissipation - - - - - 13 15 17 Watts
PLATE DISSIPATION - - - - . . 17 MAX. WATTS Plate Power Output - - - - - 47 60 68 Watts
. The above figures show actual measured tube performance and do not
GRID DISSIPATION - - .- . . . 7 MAX. WATTS allow for variations in circuit losses.
RADIO FREQUENCY POWER AMPLIFIER BYE"’:,I‘;';GOVPOEI':QTJON_ T LT
AND OSCILLATOR D-C Plate Current - - - - . 7 & 6 Ma.
Class-C Telegraphy or FM Telephony (Key-down conditions, per tube) ggkg::g Géﬂ::gr; oo T _73 _Tg —IBIg :ﬂ?’
Peak R-F Grid Input Voltage - - 170 195 245 Volts
MAXIMUM RATINGS Driving Power - -0 - 13 2.2 40 Watts
¥ . N . . . ri issipation - - - - - .9 1.3 2.1 Watts
D-C PLATE VOLTAGE 2000 MAX. VOLTS Plate Power Input - - - - - 72 100 125 Watts
D-C PLATE CURRENT - - - - - 75 MAX. MA. Plate Dissipation - - - - - 25 25 25 Watts
PLATE DISSIPATION - - - - - - 25 MAX. WATTS Plate Power Output = . . . . a7 7 100 Watis
: The above figures show actual measured tube performance and do not
GRID DISSIPATION . .- . . . . 7 MAX. WATTS allow for variations in circuit losses.

(Revised 12-15-65) Copyright 1951, 1965 by Varian Associates
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M A C ~ HIGH-MU TRIODE

e ® Division of Varian &
SAN CARLOS - MODULATOR
CALIFORN A ~ OSCILLATOR

AMPLIFIER

The EIMAC 35TG is a high-mu triode having a maximum plate dissipation of 50 watts. It is
intended for use as an amplifier, oscillator or modulator, and can be used at its maximum ratings
at frequencies up to 100 MHz. It is basically the same as the EIMAC 35T except that the grid

terminal is located at the side of the bulb.

The 35TG is cooled by radiation and by free circulation of air around the envelope.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min. Nom. Max.

Voltage - -~ « = - - = = = o = = = = 5.0 volts

Current - - - - - - - - - - - - - - 36 4.2 amps
Amplification Factor - - - - - - - - - - - - . 35 43
Direct Interelectrode Capacitances:

Grid-Plate - - - - - - - - - - - - - 185 2.05 pF

Grid-Filament - - - - - - - - - - - - 200 3.20 pF

Plate-Filament - - = = = = = = = = = QJ0 0.35 pF
Transconductance (I, — 100 mA) e 2850 umhos <
Frequency for Maximum Ratings - - - - - - - - - 100 MHz
MECHANICAL
Base: UX Medium 4-pin. Fits E. F. Johnson Co. 122-124, or National XC-4 or CIR-4 sockets. EET
Basing - - - - - - - - - - - - - - - - - - - - See outline drawing gi
Mounting - - - - - - - - - - - - - - - - - Vertical, base down or up R B
Cooling - - - - - - - - - - - - - - - - - - Convection and radiation
Recommended Heat Dissipating Plate Connector - - - - - - - - - - - - - - - - - . - EIMAC HR-3
Maximum Overall Dimensions:

Length - - - - = - - - - - - <« <« =« =« = - - = = = = = = = = = = = 55 inches

Dijameter - - - - - - - - - - - - - - - - - - - - - - - - - - - - 18 inches
Net weight - - - - = = = = = = 4 = = = - & = & = = - = = = = - - - - 25 ounces
Shipping welght(Average) - - - = = = = = = 4 - - - - - -« - - = - - - - - 125 pounds
AUDIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION
AND MODULATOR DC Plate Voltage - - - - 6001000 1500 2000 volts

DC Grid Voltage (approx.)*® 0 —8 —25 —40 volts

Class AB  (Sinusoidal wave, two tubes unless otherwise Zero-signal DC Plate Current 90 67 45 34 mA
specified ) Max-signal DC Plate Current 300 240 200 167 mA

MAXIMUM RATINGS

Effective Load Plate-to-Plate 4250 7900 16,200 27,500 ohms
Peak AF Input Voltage

DC Plate Voltage - - - - - - - - 2000 volts (per tube) - - - - - 130 240 250 255 volts
DC Plate Current - - - - - - - - 150 mA Peak Driving Power (approx.) 18 14 10 8 watts
Plate Dissipation - - - - - - - - - 50 watts Nominal Driving Power (app.) 9 7 5 4 watts
Grid Dissipation - - - 15 watts Max-signal Plate Power Output 95 140 200 235 watts
RADIO FREQUENCY POWER AMPlIFIER TYPICAL OPERATION
AND OSCILLATOR DC Plate Voltage - - - - - 1000 1500 2000 volts
DC Grid Voltage - - - - - —60 —120 —135 volts
Class-C Telegraphy or FM Telephony DC Plate Current - - - - - 125 125 125 mA
(Key-down conditions, per tube )1 DC Grid Current - - = 5 40 40 45 mA
Peak RF Grid Input Voltqge - - 165 250 285 volts
MAXIMUM RATINGS Driving Power (approx.) - - - 7 9 13 watts
DC Plate Voltage - - - - - - - - 2000 volts Grid Dissipation - - - - - 42 50 6.8 watts
DC Plate Current - - - - - - - - 150 mA Plate Power Input - - - - - 125 188 250 watts
Plate Dissipation - - - - - - - - - 50 watts Plate Dissipation - - - - - 38 47 50 watts
Crid Dissipation - - - - - - - 15 watts Plate Power Output - - - - 87 141 200 watts
PLATE MODULATED RADIO FREQUENCY TYPICAL OPERATION
POWER AMPLIFIER DC Plate Voltage - - - - - 750 1000 1500 volts
DC Grid Voltage - - - - - —100 —125 —150 volts
Class-C Telephony (Carrier conditions, per tube )1 DC Plate Current - - - - - 95 100 90 mA
DC Grid Current - - - - - 40 40 40 mA
MAXIMUM RATINGS Peak RF Driving Voltage (approx.) 210 240 270 volts
oo Driving Power (approx.) - - - 9 10 11 watts
DG Elate Voltage 1600 yolts Plate Dissipation - - - - - 20 25 30 watts
DC Plate Current - - - - - - - - 120 mA Plate Input - = -« - - - - 70 100 135 watts
Plate Dissipation - - - - - - - - - 33 watts Plate Power Output - - - - 50 75 105 watts
Crid Dissipation - - - - - - - - - 15 watts *Adjust for stated zero-signal plate current.

1 The performance figures listed under Typical Operation are for radio frequencies up to the VHF region and are obtained by cal-
culation from the characteristic tube curves and confirmed by direct tests. The driving power given includes power taken by the
tube grid and the bias circuit. The driving power and output power do not allow for losses in the associated resonant circuits.
These losses are not included because they depend principally upon the design and choice of the circuit components.

(Revised 6-1-67)

© 1958, 1967 by Varian

Printed in U.S.A.
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e @' 35TG

PLATE DIMENSION DATA
REF| NOM. MIN, MAX.
*A 5 3g 5 3
**B 43, 5 Vg
*C 1813
*D 2.060 2.680
xE 065 o071
F 312
_ G 065 071
© GRID H 312
*) 1370 1.630

"~ MEDIUM 4 PIN
BAYONET BASE

FILAMENT%
FILAMENT )@ ‘NC

NOTES:

. DIMENSIONS IN INCHES.

2. *STANDARD DESIGN TESTS
8 QUALIFICATION TESTS.

3**QUALIFICATION TESTS.
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EIMAC

15TH

MEDIUM-MU TRIODE

MODULATOR
OSCILLATOR

AMPLIFIER

The Eimac 75TH is a medium-mu power triode intended for use as an amplifier, oscillator, or
modulator. It has a maximum plate dissipation rating of 75 watts and a maximum plate voltage rating
of 3000 volts at frequencies up to 40 Mc. Forced-air cooling is not required in properly designed

equipment operating at frequenties below 40 Mec.

The 75TH in Class:C R-F service will deliver up to 225 watts plate power output with 10 watts
driving power. Two 75TH's in Class-B modulator service will deliver up to 300 watts maximum-signal

plate power output with 3 watts driving power.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten
Voltage - - - - - - -
Current - - - = = - -
Amplification Factor (Average) - - s =
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - -
Grid-Filament- - - - - -
Plate-Filament- - - - - -
Transconductance (l,=225 ma., E,=3000 v.) -
Highest Frequency for Maximum Ratings - -

- - 5.0 volts
- - 6.25 amperes
- - - - 20

- - 23 puf
- - 2.7 puf

- - 0-3 ,L’Lf
- - 4150 ;mhos
- - - 40 Mc

MECHANICAL I 1
Base - - . - - - - - - - - Medium 4-pin bayonet !
Basing - - - - - - - - - - See outline drawing
Socket . = - Johnson type No. 122-224, Na'honal +ype No. XC-4 or CIR-4, or equivalent
Mounting Position - - - g 2 = s = - - - - - - - - Vertical, base down or up
Cooling - B ; : ) _ ; B, B . - s . - . 2 - - Convection and radiation
Maximum Temperature of Plate and Grid Seals - - = s ® @ - P E A - 295°%C
Recommended Heat Dissipating Connectors:
Plate - - - - - - . - - ~ = = = s w =« = 5 s u EimacHRS
Grid - - - - - - - - - - - - - - - - - - - - Eimac HR-2
Maximum Overall Dimensions:
Length - - - - - - - - - - - - - - - - - - - 7.25 inches
Diameter - - - . - - - - - - - - - - - - - - - 2.81 inches
Net Weight - - - . - " - = s - - - - - - - - - - - 3 ounces
Shipping Weight (Average) - - - - - - - - - - - - - - - - - 1.5 pounds
RADIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Frequencies up to 40 Mc.)
D-C Plate Voltage - - - - - 1000 1500 2000 volts
AND OSCILLATOR D-C Grid Voltage - - - - -~ —80  —I25  —200 volts
Class-C Telegraphy (Key-down conditions, | tube) B%I’Glafe %urren’ - - - - 215 167 150 ma.
i rid Current (approx ) - - - 35 23 32 ma.
MAXIMUM RATINGS (Frequencies up to 40 Mc.) Peak R-F Grid Inpyt Voltage (approx] 270 280 350 volts
D-C PLATE VOLTAGE - - - 3000 MAX. VOLTS Driving Power (approx.) - - 9 b 10 watts
D-C PLATE CURRENT - - - - - 225 MAX. MA. Plate Power Input - - - - - 215 250 300 watts
PLATE DISSIPATION - - - - - 75 MAX. WATTS Plate Dissipation 2 - - - - 75 75 75 watts
GRID DISSIPATION - - - - - - 16 MAX. WATTS Plate Power Output - - - - 140 175 225 watts
PLATE MODULATED RADIO TYPICAL OPERATION (Frequencies up to 40 Mc.)
D-C Plate Voltage - - - - - 1000 1500 2000 volts
FREQUENCY AMPLIFIER D-C Grid Voltage 5 - - - - —I150 —200 —300 volts
Class-C Telephony (Carrier conditions, per tube) B g gah gurrenf( - - - - 135 115 110 ma.
. rid Current approx) - - - 20 14 15 ma.
MAXIMUM RATINGS (Frequencies up to 40 Mc.) Peak R-F Grid Input Voltage (approx.) 300 330 440 volts
D-C PLATE VOLTAGE - - - - - 2400 MAX. YOLTS Driving Power (approx.) - - - - [ 5 b watts
D-C PLATE CURRENT - - - 180 MAX. MA. Grid Dissipation -~ - - - 3 2 2 watts
Plate Power Input - - - - - 135 175 220 watts
PLATE DISSIPATION - - - - - 50 MAX. WATTS Plate Dissipation R ) ~ R R 50 50 50 watts
GRID DISSIPATION - - - - - - 16 MAX. WATTS Plate Power Output - - - - - 85 125 170 watts
AUDIO FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Sinusoidal wave, two tubes unless otherwise specified)
D-C Plate Yoltage - - - 1000 1500 2000 11
AND MODULATOR D-C Grid Voltage (approx.)! - . - —30  —60 %0 velss
Class-B aeroSannal DCC :Iate ((::urrenf - - 90 67 50 ma.
ax-Signal D- late Current - 350 267 225 ma.
MAXIMUM RATINGS (Per tube) Effective Load, Plate-to-Plate - - 5300 11,400 19,300 ohms
D-C PLATE VOLTAGE - = < & 3000 MAX. YOLTS Peak A-F Grid Input Voltage (per tube) 175 165 175 volts
Max-Signal Driving Power (approx.) - 7 4 3 watts
MAX-SIGNAL D-C PLATE CURRENT - - 225 MAX. MA. uax gnqna: Plate Dissipation (per 1ube) 75 75 75 watts
ax-Signal Plate Power Output - 200 250 300 watts
PLATE DISSIPATION - N N - - 75 MAX. WATTS Total Harmonic Distortion - - - 15 20 2.0 percent
GRID DISSIPATION - - - - - - 16 MAX. WATTS 'Adjust to give stated zero-signal plate current.

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNDER “TYPICAL OPERATION,” POSSIBLY
EXCEEDING MAXIMUM RATINGS, WRITE EIMAC, A DIVISION OF VARIAN ASSOCIATES, FOR INFORMATION AND RECOMMENDATIONS.




75TH

APPLICATION

MECHANICAL

Mounting—The 75TH must be mounted vertically, base
down or up. The plate and grid leads should be flexible.
The tube must be protected from vibration and shock.
Cooling—Heat Dissipating Connectors (Eimac HR-3 and
HR-2) should be used at the plate and grid terminals of
the 75TH. If the free circulation of air around the tube
is restricted, a small fan or centrifugal blower should be
used to provide additional cooling for the plate and
grid seals.

Cooling requirements will be met if the temperature of
the plate and grid seals is not allowed to exceed 225°C.
One method of measuring these temperatures is provided
by the use of “Tempilaq’’, a temperature-sensitive lacquer
available from the Tempil Corporation, New York 11, N.Y.

ELECTRICAL

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

Bias Voltage—Although there is no maximum limit on
the bias voltage which may be used on the 75TH, there
is little advantage in using bias voltages in excess of
those given under “Typical Operation,” except in certain
very specialized applications. Where bias is obtained by
a grid leak, suitable protective means must be provided
to prevent excessive plate dissipation in the event of loss
of excitation.

Plate Voltage—The plate-supply voltage for the 75TH
should not exceed 3000 volts. In most cases there is little
advantage in using plate-supply voltages higher than
those given under ‘“Typical Operation” for the power
output desired.
Grid Dissipation—The power dissipated by the grid of the
75TH must not exceed 16 watts. Grid dissipation may be
calculated from the following expression:
Pg =e(‘mpI(‘
where P, = Grid dissipation,
e.mp=Peak positive grid voltage, and
I.=D-c grid current.
e.mp may be measured by means of a suitable peak
voltmeter connected between filament and grid. In
equipment in which the plate loading varies widely, such
as oscillators used for radio-frequency heating, care
should be taken to make certain that the grid dissipation
does not exceed the maximum rating under any condition
of loading.
Plate Dissipation— The plate of the 75TH operates at a
visibly red temperature at its maximum rated dissipation
of 75 watts. Plate dissipation in excess of the maximum
rating is permissible only for short periods of time, such
as during tuning procedures.

1 For suitable peak v.t.v.m. circuits see, for instance, ''Vacuum Tube
Ratings'', Eimac News, January, 1945. This article is available in reprint
form on request.
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E I LOW-MU TRIODE

M AC

[ 4 fo -
- Division of Varian ®
S A N\ { A R L O &
el | FE A I MODULATOR

OSCILLATOR

' AMPLIFIER

The EIMAC 75TL is a low-mu power triode intended for use as an amplifier, oscillator, or

modulator. It has a maximum plate dissipation rating of 75 watts and a maximum plate voltage
rating of 3000 volts at frequencies up to 40 MHz. Forced-air cooling is not required in properly

designed equipment operating at frequencies below 40 MHz.

The 75TL in Class-C RF service will deliver up to 225 watts plate power output with 8 watts ,/
driving power. Two 75TL’s in Class-B modulator service will deliver up to 350 watts maximum-

signal plate power output with 5 watts driving power.

GENERAL CHARACTERISTICS

ELECTRICAL ~
Filament: Thoriated tungsten
Voltage - - - - - - - - - - - - - - - - - 5.0 volts
Current - - - - - - - - - - - - - - - - - 6.25 amperes
Amplification Factor (Average) - - - - - - - - - - - - 12
Direct Interelectrode Capacitances (Average)
CrdPlate = =~ - - = = = = = =~ = - = = = = 24 pF
Grid-Filament - - - - - - - - - - - - - - - 2.6 pF
Plate-Filament - - - - - - - - - 04 pF
Transconductance (I, = 225 ma., E = 2.500v ) - - - - - - - - 3350 gmbhos 1 'f
Highest Frequency for Maximum Ratmgs - - - - - - - - - - 40 MHz "

MECHANICAL g
Base - - - - - = - - - - - - - - - - - - - Medium 4-pin bayonet '
Basing - - - - - - - - - - See outline drawing
Socket - - - ]ohnson type No 1’)2 224 National type No. XC 4 or CIR-4, or equivalent
Mounting Position - - - - - - - - - - - - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - - - - - - - - - - - - - - Convection and radiation
Maximum Temperature of Plate and Grid Seals - - - - - - - - - - - - _ . - - - - - - - 9295°C
Recommended Heat Dissipating Connectors:
Plate - - - - = = = = = = - - - - - - = - - - - - . - - - - - - EIMAC HR-3
Grid e - o . - 4 2 44 - 4 -2 2444 4 4 = = - - - - - - - EIMAC HR-2
Maximum Overall Dimensions:
Length - - - - - - - - = = = = - = - - - - - - - - - - - - - - - - 725inches
Diameter - - - - - - = - = = - = - - - - - - - - - - - - - - - - - 281 inches
Net Weight - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -3 ounces

Shipping Weight (Average) - -

1.5 pounds

RADIO FREQUENCY POWER AMPLIFIER

Typical Operation Fl(-‘q\ltn[le‘\ up to 40 MHz)

DC Plate Voltage 1000 1500 2000  volts
AND OSCILLATOR DC Grid Voltage - - —150 250 — 300 volts
DC Plate Current - - - - - - 215 167 150 ma.
Class-C Telearaphy ( Key-down conditions, 1 tube) DC Grid Current - - = o= 28 22 21 ma.
Maximum Ratings ( Frequencies up to 40 MHz) Peak RF Grid Input V. nlhf'(‘ ( approx.) 320 355 425  volts
DC Plate Voltage - - - - - - - 3000 volts Driving Power (approx. ) - - - 8 6 8  watts
DC Plate Current - - - - - - - - 225 ma. Plate Power Input - - - - - 215 250 300  watts
Plate Dissipation - - 2 = & 75  watts Plate Dissipation - 75 75 75  watts
Crid Dissipation - - - - - - - - - - - 13 watts Plate Power Output 140 175 225  watts

PLATE MODULATED RAD'O Typical Operation ( Frequencies Hp to 40 MHz)
DC Plate Voltage - - - - 1000 1500 2000 volts
FREQUENCY AMPLIFIER Total Bias Voltage - - - E — 250 — 370 — 500 volts
Fixed Bias Voltage - - — 130 — 260 — 380 volts
Class-C Telephony ( Carrier conditions, per tube) Grid Resistor - - - - - - - 7500 6000 6000  ohms
Maximum Ratings ( Frequencies up to 40 MHz) Bg é)ll ::IEC(:::TL'::‘( l-pp\'_()\ ) : : ll)g 1%2 l;‘(]} ;::
DC Plate Voltage - - - - - = 2400 volts Peak RF Grid Input Voltage (approx.) 410 545 695  volts
. Driving Power (approx.) - s = = 6 10 14  watts
DC Plate Current - - - - - - 180 ma. Grid Dissipation - - - : & = 2 3 4 watts
Slate Dissinati ( oibe Plate Power Input - = = 135 195 260  watts
Plate Dissipation = - = = - = - = = - = 50 watts Plate Dissipation = = = = = = = 50 50 50 watts
Grid Dissipation - - - - - - - - - - - 13 watts Plate Power Output - - - - 85 145 210  watts

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY
CIVEN UNDER “TYPICAL OPERATION,” POSSIBLY EXCEEDING MAXIMUM RATINGS,
DIVISION OF VARIAN FOR INFORMATION AND RECOMMENDATIONS.

DIFFERENT FROM THOSE
WRITE EIMAC

(Revised 4-1-67) (© 1952, 1967 Varian

Printed in U.S.A.
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AUDIO FREQUENCY POWER AMPLIFIER Typical Operation (Sinusoidal wave, two tubes unless otherwi se specified )

DC Plate Voltage - - - - - - - - - _ _ 1500 2000  volts
AND MODULATOR DC Grid Voltage - - - - - =130 — 190 volts
Class—AB, Peak AF CGrid Input Vo]tme (per tul)e) - - - - 2130 190  volts
Ll Zero-Signal DC Plate Current s 2 o= = = 67 50 ma.
Maximum Ratings (Per tube) Max-Signal DC Plate Current - - - - - - 143 130 ma.
ng Power - - s = oo o= o= 0 0 watt
DC Plate Voltage - - - - - - - - - - - 3000 volts Effective Load. Plate-to- P]\t( < - - - - - 10,200 21,200  ohms
Max-Signal DC Plate Current - - .. - - . . 995 oy Max-Signal Plate Power Output - - = = o - 64 110 watts
it D u i ) Max-Signal Plate Dissipation ( per tube) - - - - - T35 75  watts
ate Dissipation = = s = = - - - - - - 75  watts Total Harmonic Distortion - - - oL - 3.0 3.5 per cent

AUDIO FREQUENCY POWER AMPLIFIER Typical Operation (Sinusoidal wave, two tubes unless otherwise specified )
DC Plate Voltage - - - - - - 1000 1500 2000 volts
AND MODULATOR DC Grid Voltage! S - =70 — 130 — 190 volts
Class—AB. ;L ak S\F C]n](;(I:nI];lI]‘ vV r}l‘tu_s (per tuhe) - %(l)g 250 300  volts
o ero-Signa ate Current - - - - 67 50 ma.
M'L\‘m”mDR(:lt}‘,?ftse(\I::Il;'::be )_ . e . . . . 3000 volts Max-Signal DC Plate Current - - - - 359 285 250 ma.
Max-Signal DC Plate Current oo DT Toos ma‘ Max-Signal Avg. Driving Power (approx.) 7 6 5 watts
Plate Dissipation - - - - - - - - - - - _75 et Max-Signal Peak Driving Power - - - 26 23 19 watts
Grid Dissipation = ~ - = = « = - = - - - 13 watt; Effective Load, Plate-to-Plate - - - 5300 11,000 18,000 ohms
- Signal Pl\te Power Output - - - - 200 280 350  watts
1T Adjust to give stated zero-signal plate current. The effective grid-circuit Max-Signal Plate Dissipation (per tuho) - 75 75 75  watts
resistance for each tube must not exceed 250,000 ohms in class-AB,operation Total Harmonic Distortion - - - - 20 4.5 6.0 per cent

APPLICATION

MECHANICAL
Mounting—The 75TL must be mounted vertically, base down or up. The plate and grid leads should be flexible. The tube must
bé protected from vibration and shock.
Cooling—Heat Dissipating Connectors (EIMAC HR-3 and HR-2) should be used at the plate and grid terminals of the 75TL.
If the free circulation of air around the tube is restricted, a small fan or centrifugal blower should be used to provide additional
cooling for the plate and grid seals.

Cooling requirements will be met if the temperature of the plate and grid seals is not allowed to exceed 225°C. One method
of measuring these temperatures is provided by the use of “Tempilaq,” a temperature-sensitive lacquer available from the Tempil
Corporation, New York 11, N.Y.

ELECTRICAL

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

Bias Voltage—Although there is no maximum limit on the bias voltage which may be used on the 75TL, there is little advantage
in using bias voltages in excess of those given under “Typical Operation,” except in certain very specialized applications.
Where bias is obtained by a grid leak, suitable protective means must be provided to prevent excessive plate dissipation in the

event of loss of excitation.
Plate Voltage—The plate-supply voltage for the 75TL should not exceed 3000 volts. In most cases there is little advantage in

using plate-supply voltages higher than those given under “Typical Operation” for the power output desired.
Grid Dissipation—The power dissipated by the grid of the 75TL must not exceed 13 watts. Grid dissipation may be calculated
from the following expression: P, — I
g = €cmplc
where P; = Grid dissipation,
ecmp= Peak positive grid voltage, and
I, = DC grid current.
ecmp May be measured by means of a suitable peak voltmeter connected between filament and grid. In equipment in which
the plate loading varies widely, such as oscillators used for radio-frequency heating, care should be taken to make certain that
the grid dissipation does not exceed the maximum rating under any condition of loading.
Plate Dissipation—The plate of the T5TL operates at a visibly red temperature at its maximum rated dissipation of 75 watts.
Plate dissipation in excess of the maximum rating is permissible only for short periods of time, such as during tuning procedures.
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DRIVING POWER vs. POWER OUTPUT
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M AC

Division of Varian

152TH

MEDIUM-MU TRIODE
MODULATOR
OSCILLATOR

AMPLIFIER

The Eimac 152TH is a medium-mu power triode intended for use as an amplifier,
oscillator, or modulator. It has a maximum plate-dissipation rating of 150 watts and a
maximum plate-voltage rating of 3000 volts at frequencies up to 40 Megacycles.

The 152TH in class-C r-f service will deliver up to 600 watts plate output power
with 27 watts driving power. Two 152TH’s in class-B modulator service will deliver
up to 600 watts maximum-signal plate output power with 8 watts nominal driving

power.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament: Thoriated Tungsten
Voltage - - - E - -
Current - - - - - -
Amplification Factor (Average) - -
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - - -
Grid-Filament - - - - -
Plate-Filament - =
Transconductance (lv=500 ma, Eb—3000 v) -
Highest Frequency for Maximum Ratings - -

MECHANICAL

Base - - - -
Basing - - - -
Socket - - - -
Mounting Position - -
Cooling - - - - - - - -
Maximum Temperature of Plate and Grid Seals -

Johnson type No.

- - 5.0 o0r 10,0 volts
B - 12,5 or 6.25 amperes
- - - 20

- - - 4.8 uufd
- - - 5.7 uufd
- - - 0.4 uufd
- - - 8300 umhos
- - - 40 mc

Special 4-pin
- See outline drawing
124-213 or equivalent
- Vertical, base down or up
- Convection and radiation
225° C

Recommended Heat-Dissipating Connectors:
Plate - - - - - - - - s = - % % = - - - - - - Eimac HR-5
Grid - = - s " - - - - - - - - - - - - - - - Eimac HR-6
Maximum Over-All Dimensions:
Length - - - - - - - @ = = s = = = s - - - - 7.63 inches
Diameter - - - - - - - - - - - - - - - - - - - 2.57 inches
Net Weight - - - - - e e . T 8 ounces
Shipping Weight (Approxlmafe) - - = e o= - - - - - . - - - - - 1.25 pounds
3 TYPICAL OPERATION (Frequencies up to 40 Mc)
RADIO FREQUENCY POWER AMPLIFIER D-C Plate Yoltage - - - - - 1500 2000 3000 volts
OR OSCILLATOR D-C Grid Voltage - - - - - —I125  —200  —300 volts
Class-C Telegraphy (Key-down conditions, one tube) D-C Piate Current - - - - - 335 300 250 ma
P D-C Grid Current* - - - - - 58 75 70 ma
MAXIMUM RATINGS (Frequencies up to 40 Mc.) Peak R-F Grid Voltage - - - - 25 335 410 valts
D-C PLATE VOLTAGE - - - - 3000 MAX. YOLTS Driving Power* - - - - - - 13 20 27 watts
D-C PLATE CURRENT - - - - 450 MAX. MA Plate Input Power - - - - - 500 600 750 watts
PLATE DISSIPATION - - - - 150 MAX. WATTS Plate Dissipation - - - - - 150 150 150 watts
GRID DISSIPATION - - = - 30 MAX. WATTS Plate Output Power - - - - - 350 450 600 watts
3 o TYPICAL OPERATION (Frequencies up to 40 Mc)
PLATE MODULATED RADIO FREQUENCY D-C Plate Yoltage - - - - 1000 1500 2000 2500 volts
AMPLIFIER D-C Grid Voltage - - - - —I50 —200 —300 —350 volts
Class-C Telephony (Carrier conditions, per tube) g:g 2::: g:::::‘ : '- : : zzg 2;: 2§g zgg rmn:
MAXIMUM RATINGS (Frequencies up o 40 Mc.) Peak R-F Grid Voltage - - - 300 330 440 485 volts
D-C PLATE VOLTAGE - - - - 2500 MAX. VOLTS Ousing Powes” u 2 % = = W & 97 Bisn
Grid Dissipation* - - - - 6 4 4 4 watts
D-C PLATE CURRENT . - - - 350 MAX. MA Plate Input Power - - - - 270 350 440 500 watts
PLATE DISSIPATION - - - - 100 MAX. WATTS Plate Dissipation - - - 100 100 100 100 watts
GRID DISSIPATION - - - - 30 MAX. WATTS Plate Output Power - - - - 170 250 340 400 watts
& TYPICAL OPERATION
AUDIO FREQUENCY POWER AMPLlFIER ‘(:’Sicr:uuspc;idalvw?ve two tubes unless otherwise specified) "
1 t. - - - - - 1500 2000 500 volts
OR MODULATOR D-C G?lg Vglf:g:‘ - - - —65 —95 —125 :glfs
Zero-Signal D-C Plate Currenf - - 65 50 40 ma
Class-B Max-Signal D-C Plate Current - - 515 405 340 ma
Effective Load, Plate-to-Plate - - 6000 11,000 17,000 ohms
MAXIMUM RATINGS (per tube) Peak A-F Grid Voltage (per tube) - - 165 175 195 volts
Max-Signal Peak Driving Power* - - 25 17 16 watts
D-C PLATE VOLTAGE - - - - 3000 MAX. YOLTS Max-Signal Nominal Driving Power* - 13 9 8 watts
Max-Signal Plate Input Power - - - 775 810 850 watts
D-C PLATE CURRENT - - - 450 MAX. MA Max-Signal Plate Output Power - - 500 550 600 watts
*Approximate values.
PLATE DISSIPATION - - - - 150 MAX. WATTS 1Adjust to give stated Zero-Signal D-C Plate Current.
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 FOR INFORMATION AND RECOMMENDATIONS.

(Effective 11-25-52) © 1952, 1968 by Varian

Printed in U.S.A.
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APPLICATION

MECHANICAL

Mounting—The 152TH must be mounted vertically,
base down or up. The plate and grid leads should be
flexible, and the tube must be protected from vibra-
tion and shock.

Cooling—Heat Dissipating Connectors (Eimac HR-5
and HR-6 or equivalent) must be used at the plate and
grid terminals of the 152TH. Forced-air cooling is not
required in properly designed equipment operating
at frequencies below 40 Mc. If the free circulation of
air around the tube is restricted, a small fan or centrifu-
gal blower should be used to provide additional cooling.

The temperature of the plate and grid seals must
not be allowed to exceed 225° C. One method of
measuring these temperatures is by the use of
“Tempilaq,” a temperature-sensitive lacquer manu-
factured by the Tempil Corporation, 132-34 West
22nd St., New York 11, N. Y.

ELECTRICAL

Filament Voltage—The filaments of the 152TH may
be operated either at 10.0 volts when connected in
series or at 5.0 volts when connected in parallel (see
basing diagram). For maximum tube life the filament
voltage should be maintained at the rated value.
Variations must not be allowed to exceed 4 5%.

Bias Voltage—When grid-leak bias is used, suitable
protective means must be provided to prevent exces-
sive plate dissipation in the event of loss of excitation,
and the grid-leak resistor should be made adjustable
to facilitate maintaining the bias voltage and plate
current at the desired value from tube to tube.

Grid Dissipation—The power dissipated by the grid
of the 152TH must not exceed 30 watts. Grid dissipa-
tion may be calculated from the following expression.

P.—ecmple

where P.=grid dissipation,
e.mp—=peak positive grid voltage, and

I.=d-c grid current

ecmp may be measured by means of a suitable peak-
reading voltmeter connected between filament and
grid. In equipment in which the plate loading varies
widely, such as oscillators used for radio-frequency
heating, care should be taken to make certain that
the grid dissipation does not exceed the maximum
rating under any condition of loading.

Plate Dissipation—The plates of the 152TH operate
at a visible red color at the maximum rated dissipa-
tion of 150 watts. Plate dissipation in excess of the
maximum rating is permissible only for short periods
of time, such as during tuning procedures.
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DRIVING POWER vs. POWER OUTPUT
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152TL

A MODULATOR
OSCILLATOR
AMPLIFIER

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated tungsten
Voltage . _ _ _ _. _ _ _ _ _ 500rl100 volts
Current _ _ _ _ _ _ _ _ _ _ 1250r6.25 amperes
Amplification Factor (Average) . . _ . _ _ _ 12
Direct Interelectrode Capacitances (Average)
Grid-Plate _ _ _ _ _ _ _ _ _ _ 44 pF
Grid-Filament _ _ _ _ _ _ _ _ _ 4.5 pF
Plate-Filament _ _ _ _ _ _ _ . _ 0.7 pF

Transconductance (i, = 500 ma., E, = 3000V , E.= -85V ) 7150 umhos
MECHANICAL

Base _ _ _ _ _ _ _ _ _ _ _ _ Special 4 pin, No. 5000B
Basing . _ - - _ _ _ _ - - _ _ BMA type 4BC
Maximum Overall Dlmensmns

Length _ _ _ _ _ _ _ _ _ _ _ 7.625 inches

Diameter . _ _ _ _ _ _ _ - _ . 2.563 inches
Net Weight _ _ _ _ _ _ _ _ _ _ - . . 7 ounces
Shipping weight (Average) . _ . _ _ - . . 2.0 pounds U L

AUDIO FREQUENCY POWER AMPLIFIER AND MODULATOR
Class B
ZERO GRID CURRENT TYPICAL OPERATION
OPERATION — 2 TUBES 2 TUBES MAX. RATING

DC Plate Voltage _ _ - - _ 1500 2000 3000 1500 2000 3000 3000 volts
Max.-Signal DC Plate leent per tube® — - — - — — 450 ma.
Plate Dissipation, per tube®* _ _ _ - - — — - — 150 watts
DC Grid Voltage (approx.) . . -105 -160 -260 -105 -160  -260 volts
Peak AF Grid Input Voltage _ . _ 210 320 520 500 620 675 volts
Zero-Signal DC Plate Current _ - 135 100 65 135 100 65 ma.
Max.-Signal DC Plate Current - 286 260 220 570 500 335 ma.
Max.-Signal Driving Power (approx.) . - — — 15 13 3 watts
Effective Load, Plate-to-Plate _ _ _ 5100 10500 24000 5500 9000 20400 ohms
Max.-Signal Plate Power Output . _ 130 220 370 560 700 700 watts

*Averaged over any sinusoidal audio frequency cycle.

RADIO FREQUENCY POWER AMPLIFIER AND OSCILLATOR
Class C *Telegraphy

(Key down conditions without modulation)

TYPICAL_OPERATION — 1 TUBE MAX. RATING
DC Plate Voltage _ _ _ _ _ _ . 1500 2000 3000 3000 volts
DC Plate Current _ _ _ _ _ _ _ 333 300 250 450 ma.
DC Grid Current _ _ _ _ _ _ _ 45 42 40 75 ma.
DC Grid Voltage oo -250 -300 -400 volts
Plate Power Output - - - 350 450 600 watts
Plate Input _ _ _ _ _ _ _ _ _ 500 600 750 watts
Plate Dissipation _ _ - 150 150 150 150 watts
Peak RF Grid Input Voltage (approx ) i 400 455 550 volts
Driving Power (approx.) _ . _ _ _ 16 18 20 watts

*The above figures show actual measured tube performance, and do not allow for variations in circuit losses.

(Revised 4-1-67) (©) 1944, 1967 by Varian Printed in U.S.A.
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DRIVING POWER vs. POWER OUTPUT

The three charts on this page show
the relationship of plate efficiency,
power output and grid driving power
at plate voltages of 1500, 2000 and
3000 volts. These charts show com-
bined grid and bias losses only. The
driving power and power output fig-
ures do not include circuit losses. The
plate dissipation in watts is indicated
by Pp

Points A, B, and C are identical to the
typical Class C operating conditions
shown on the first page under 1500,
2000, and 3000 volts respectively.
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130TL

o EIMAC MEDIUM-MU TRIODE

MODULATOR
OSCILLATOR
AMPLIFIER

The Eimac 750TL is a medium-mu power triode intended for use as an amplifier,
oscillator, or modulator. It has a maximum plate dissipation rating of 750 watts and a
maximum plate voltage rating of 10,000 volts at frequencies up to 40 Mc. The 750TL
is cooled by air-circulation and radiation.

The 750TL in class-C r-f service will deliver up to 3000 watts plate power output
with 125 watts driving power. Two 750TL’s in class-AB: modulator service will de-
liver up to 3500 watts maximum-signal plate power output with 46 watts driving power.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated Tungsten Min.  Nom. Max.
Voltage - - - - - - - - - - - 75 volts
Current - - - - - - - - - 20.0 22.7 amperes
Amplification Factor - - - - - - - . 14.5 16.5
Direct Interelectrode Capacitances:
Grid-Plate - - - - - - - - 5.0 7.0 puf
Grid-Filament - - - - - - - 7.0 10.0 upf
Plate-Filament - - - - - - s 0.9 1.5 upf
Transconductance (l,=250 ma., E,=5000 v.) - - - - - - 3500 pmhos
Frequency for Maximum Ratings - - - - = - - - - - 40 me
MECHANICAL
Base - - - - - - - - - - - - - - Special 4-pin
Connections - - - - - - - - - - - - See outline drawing
Socket - - - - - - - - - Johnson type No. 124-214 or equivalent
Mounting Position - - - - - - - - - - Vertical, base down or up
Cooling - - - - - - - - - - - - Air-circulation and radiation
Recommended Plate and Grid Heat-Dissipating Connectors - - - - - - - = - % = - Eimac HR-8
Maximum Overall Dimensions:
Length - - - - - - - - - - - - - - - - - - - - 17.0 inches
Diameter - - - - - - - - - - - - - - - - - - - - 7.13 inches
Net Weight (Average) - - - - - - - - - - - - - - - - - - - 2.9 pounds
Shipping Weight (Average) - - - - - - - - - - - - . s - - - - 13 pounds
AUDIO_FREQUENCY PowER AMPL'F'ER TYPICAL OPERATION (Two tubes unless otherwise specified)
D-C Plate Voltage - - - - - - 4000 5000 6000 volts
OR MODULATOR D-C Grid Voltage! - - - . - . —230 —30 —3% volts
Class-AB, (Sinusoidal wave) %Aero-SSignaII g~g P:afe gurrenf - - - 250 200 166 ma.
N ax-Signal D-C Plate Current - - - 950 860 834 ma
MAXIMUM RATINGS (Per tube) Effective Load, Plate-to-Plate - - - - 8270 12300 16,300 ohms
D-C PLATE VOLTAGE . =« - - - 10000 MAX. VOLTS Peak A-F Grid Voltage (per tube) - - 490 560 650 volts
' : Max-Signal Driving Power* - - - - 38 28 46 watts
D-C PLATE CURRENT - - - - - - 1000 MAX. MA Max-Signal Plate Power Input - - - - 3800 4300 5000 watts
PLATE DISSIPATION - - - - - - 750 MAX. WATTS Max-Signal Plate Power Output - - - - 2300 2800 3500 watts
GRID DISSIPATION - - - - - - 100 MAX. WATTS 1Adjust to stated zero-signal plate current.
RADIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Frequencies up to 40 Mc.)
D-C Plate Voltage - - - - - 3000 4000 5000 6000 volts
OR OSCILLATOR D-C Grid Voltage - - - - - —350 —450 —550 —700 volts
Class-C Telegraphy or FM Telephony (Key-down conditions, per tube) D-C Plate Current - » - s 713 625 600 625 ma
MAXIMUM RATINGS (Frequencies up to 40 Mc.) D-C Grid Current* = & ®m 3 120 90 90 105 ma
D-C PLATE VOLTAGE - - - - - - 10000 MAX. VOLTs  feak R-F Grid Voltage - - - 805 885 985 100 wolts
N riving Power - - - - - watts
D-C PLATE CURRENT = - - - - - - 1000 MAX. MA Grid Dissipation* - - - - . 55 40 38 50 watts
PLATE DISSIPATION - - - - - - 750 MAX. WATTS Plate Power Input - - - - 2140 2500 3000 3750 watts
GRID DISSIPATION - - - - - - - 100 MAX. WATTS Plate Power Output - - - - 1390 1750 2250 3000 watts
L il TYPICAL OPERATION (Frequencies up to 40 Mc.)
PLATE MODULATED RADIO FREQUENCY D-C Plate Voltage - - - - 3000 4000 5000 6000 volts
AMPLIFIER

D-C Grid Voltage —500 —650 —800 —950 volts

& i it e D-C Plate Current - - - - 415 400 400 415 ma
CLASS-C TELEPHONY (Carrier conditions, per tube) Dics aoe Sdurent - - - - L 0 o0 1o ma
MAXIMUM RATINGS (Frequencies up to 40 Mc.) Peak R-F Grid Voltage = = = 830 985 1150 1330 volts
D-C PLATE VOLTAGE - - - - - - 8000 MAX. VOLTS Driving Power®* . = . . . . 45 50 60 75 watts
D-C PLATE CURRENT - - - - - - 800 MAX. MA Grid Dissipation* - - - - - 15 15 16 20 watts
PLATE DISSIPATION - - - - - - 500 MAX. WATTS Plate Power Input - - - - 1250 1600 2000 2500 watts
GRID DISSIPATION - - - - - - 100 MAX. WATTS Plate Power Output - - - - 750 1100 1500 2000 watts

*Approximate values

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

(Effective 12-15-65) Copyright 1952, 1965 by Varian Associates
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APPLICATION

MECHANICAL

Mounting—The 750TL must be mounted vertically,
base down or up. The plate and grid leads should be
flexible. The tube must be protected from vibration
and shock.
Cooling—Heat Dissipating Connectors (Eimac HR-8
or equivalent) must be used at the plate and grid ter-
minals of the 750TL. Unobstructed circulation of air
around the tube is required in sufficient quantity to
prevent the seal temperatures from exceeding 225° C.
Forced ventilation of compartments or equipment in
which the tube is located is usually desirable. Forced
movement of air across the tube seals and envelope is
always beneficial, though not necessarily required.
Tube temperatures may be measured with the aid
of “Tempilaq”, a temperature-sensitive lacquer manu-
factured by the Tempil Corporation, 132 West 22nd
Street, New York 11, N. Y.

ELECTRICAL

Filament Voltage—For maximum tube life the fila-
ment voltage, as measured directly at the filament pins,
should be the rated value of 7.5 volts. Variations should
be kept within the range of 7.5 to 7.85 volts. All four
socket terminals should be used, placing two in parallel
for each filament connection.

Bias Voltage—Although there is no maximum limit
placed on the bias voltage which may be used with the
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750TL, there is little advantage in using bias voltages
in excess of those given under “Typical Operation”, ex-
cept in certain very specialized applications.

When grid-leak bias is used, suitable protective
means must be provided to prevent excessive plate dis-
sipation in the event of loss of excitation, and the grid-
leak resistor should be made adjustable to facilitate
maintaining the bias voltage and plate current at the
desired value from tube to tube.

Grid Dissipation—Grid dissipation may be calculated
from the following expression:

P: = ecmple
where: P, = Grid dissipation,
e.np = Peak positive grid voltage, and

I. = D-C grid current.
ecmp may be measured by means of a suitable peak
voltmeter connected between filament and grid. In
equipment in which the plate loading varies widely,
such as oscillators used for radio-frequency heating,
care should be taken to make certain that the grid dis-
sipation does not exceed the maximum rating of 100

watts under any conditions of loading.
Plate Dissipation—Under normal operating condi-
tions, the plate dissipation of the 750TL should not be
allowed to exceed the maximum rating. Plate dissipa-
tion in excess of the maximum rating is permissible for
short periods of time, such as during tuning procedures.

~FILAMENT CONNECTED

FILAMENT — | / INTERNALLY TO PIN NO.1

49 4 | -4
FILAMENT CONNECTED
INTERNALLY TO PIN NO 3

BOTTOM VIEW

ALL DIMENSIONS
IN_INCHES
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EI MAC
. ® Division of Varian
MEDIUM-MU

TRIODE

The EIMAC 1500T is a medium-mu power triode intended for use as an
amplifier, oscillator or modulator. It has a maximum plate-dissipation ra-
ting of 1500 watts and a maximum plate voltage rating of 8000 volts at fre-
quencies up to 40 MHz.

The 1500T in Class-C rf service will deliver up to 4500 watts plate
power output with 85 watts driving power. Two 1500T’s in Class-B mod-
ulator service will deliver up to 7000 watts maximum-signal plate output
with 115 watts nominal driving power.

GENERAL CHARACTERISTICS!

ELECTRICAL

Filament: Thoriated Tungsten
Voltage « v v v v vttt it e s e 7.5+:0375 V
Current, at 7.5 voIts . . v v v v v i v i v et 24.0 A
Transconductance (Average):
I = 1758, Epp = G000 VOIS : cuuwwewsanmmer vemms 10,000 pmhos
Amplification Factor (Average): . ... ... ... 0., 24
Direct Interelectrode Capacitances (grounded filament)2
Grid-Plafe ., vaooms sssosuscssaprinsaansianebi s d@nbdansmeiions 7.2 pF
Grid-BITAMENE & « o 5 50 66 561 9 5 6 160 9 5 9518 86 88 st o 9 gon w0 w gig mim o o smm o 9.9 pF
Plate-Filament . s cssisnmssiansavsemuuissusss insasswemoassne 1.5 pF
Frequency of Maximum Rating:
CW o iinmmussnmominsnws sowmuensse v 40 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:

Y 1= 1+ L T 17.000 in; 431.80 mm

DT 1= €= S e 7.125 in; 180.98 mm
NetWeight . . . oo vt il ittt i ii ittt ensnas 36 oz; 1020 gm
Operating Position . . ..o v v v i it ittt Vertical, base up or down
Maximum Operating Temperature:

Plateand Base Seals . « « « s co c oot svosssns sosssannsosessssssnsense 225°C
CooliNg .. oot vn v e toenoosoonsosnsasessssassssse oo Radiatiou and forced air
BASE ..o .iiamass inasasf @ ME0s sBEEHIN MU BB BB RN N oy Special 4-pin
Recommended Socket ... ..o i ittt ittt Johnson 124-214 or equivalent
Recommended Heat-Dissipating Connectors:

PIate . « o o 5 6 € 9 5 6.5 55 5 8 55 46 % 6 686 6§ 814 S8 E 0P e Emanoa sy snsdbsbd&s HR-8

o 1 [ A T T I L e I I YT HR-8

(Effective 5-5-70) by Eimac division of Varian Printed in U.S.A.
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RADIO FREQUENCY POWER AMPLIFIER OR
OSCILLATOR Class C Telegraphy or FM Telephony

TYPICAL OPERATION (Frequencies to 40 MHz)

(Key-Down Con ditions) Plate Voltage . . . . cv v v v v 5000 6000 7000 Vdc
Grid Voltage . ........... -375 -600 -500 Vdc

ABSOLUTE MAXIMUM RATINGS Plate: COrent .« o . cuww g6 wi 1.00 1.00 0.86 Adc
GridCurrent 5 s s s wmnw e s 56 150 165 110 mAdc

DC PLATE VOLTAGE. . . . .. ...... 8000 VOLTS Grid Dissipation1 ......... 59 61 30 W

DC PLATE CURRENT « . . .o oo o v a s 1.25 AMPERE Peak rf Grid Voltage'. . .. . .. 850 1100 885 v

PLATE DISSIPATION  c w5 ¢ s s ssmws & 1500 WATTS Calculated Driving Power 115 160 85 W

GRID DISSIPATION . . . . v v v v v v v us 125 WATTS Plate Input Power . ... ..... 5000 6000 6000 W
Plate Dissipation .. ....... 1500 1500 1500 W
Plate Output Power .. ... ... 3500 4500 4500 W
1. Approximate value.

PLATE MODULATED RADIO FREQUENCY TYPICAL OPERATION (Frequencies to 40 MHz)

POWER AMPLIFIER

GRID DRIVEN Class C Telephony (Carrier Conditions) Plate Voltage . . .. ........ 4000 5000 6000 Vdc
Grid Voltage . ........... -450 -550 -650 Vdc

ABSOLUTE MAXIMUM RATINGS Plate Current . ... ........ 0.75 0.70 0.66 Adc
Grid Current . . ... ....... 85 75 70 mAdc

DC PLATEVOLTAGE ............. 6500 VOLTS Grid Dissipation!. .. .. ... .. 30 26 25 W

DC PLATE CURRENT .. ........... 1.0 AMPERE Peak rf Grid Voltagel. ... ... 860 950 1050 v

PLATE DISSIPATIONT . . . .. ... ..... 1000 WATTS Calculated Driving Powerl. ... 68 67 70 W

GRID DISSIPATIONZ . .. .......... 125 WATTS Plate Input Power . ........ 3000 3500 4000 W
Plate Dissipation . ........ 1000 1000 1000 W

1. Corresponds to 1500 watts at 100% sine-wave modu- Plate Output Power .. ...... 2000 2500 3000 W

lation.

2. Average, with or without modulation. 1. Approximate value.

AUDIO FREQUENCY POWER AMPLIFIER Zero-Signal Plate Current . . . . . 0.50 0.40 0.33 Adc

OR MODULATOR Class B, Grid Driven Max. Signal Plate Current . . . . . 1.88 1.72 1.65 Adc

(Sinusoidal Wave) Peak af Grid Voltage? . ... ... 485 535 570 v
Peak Driving Power3 . . ... ... 190 210 230 w

ABSOLUTE MAXIMUM RATINGS (Per Tube) Max. Signal Plate Dissipation .. 1500 1500 1450 W
Plate Output Power .. ....... 4500 5600 7000 W

DC PLATE VOLTAGE . « s w5 55 5 5 5w 8000 VOLTS Load Resistance

DC PLATECURRENT . . ... ... .... 1.25 AMPERE (plate toplate). . ......... 4150 6150 8200

PLATE DISSIPATION . . .. ... .. ... 1500 WATTS

GRID DISSIPATION .. .. ... ..... 125 WATTS

TYPICAL OPERATION (Two Tubes) 1. Approximate value.
2. Per tube.

Plate Voltage . . .. ......... 4000 5000 6000 Vdc 3. Nominal drive power is one-half peak power.

Grid Voltage 174 . . ... ... ... -95 -145 -190 Vdc 4. Adjust to give stated zero-signal plate current.

NOTE: TYPICAL OPERATION data are obtained by measurement or calculation from published characteristic curves.
Adjustment of the rf grid voltage to obtain the specified plate current at the specified bias, and plate volt-
ages 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 current. The grid current which results when the
desired plate current is obtained is incidental and varies 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

Filament: Currentat 7.5 volts . . . ... ... e

Interelectrode Capacitances 1 (grounded filament con
Grid-Plate . . . ... oo i i i i

Grid-Filament .. ............. e

Plate-Filament . . . . .. v v v v v v v vt -

Min. Max.
B, 220 25.0 A
nection)
................... .. 55 9.0 pF
....... Ce i 1.5 125 pF
R T 2.0 pF

APPLICATION

MECHANICAL

MOUNTING - The 1500T must be mounted verti-
cally, base up or base down. Flexible leads
should be provided between the grid and plate
terminals and the extemal grid and plate circuits.
The tube must be protected from vibration and
shock.

COOLING - Forced-air cooling is required on
the envelope and also in the base of the tube.
Envelope cooling may be accomplished by loca-
ting an 8- or 10-inch fan about one foot from the
tube and directing the air at the middle of the
envelope.

Base cooling requires an air flow of 2% cu.
ft. per min. directed up through the bottom of the
base toward the filament press. The base of the
tube is provided with a 1-inch diameter hole for
this purpose. If a socket is used with a 1-inch
diameter matching hole and the manifold is of the
same diameter, a static pressure of less than 0.1
inch of water is required at the manifold to pro-
vide the 2% cu. ft. per min.

One type of socket provides a % inch diameter
pipe for the air inlet to the base. With this type
of socket a static pressure of 5% inches of water
is required at the pipe to obtain the necessary
2Y% cu. ft. per min. volume.

Suitable electrical interlocks should be pro-
vided to remove the plate and:filament voltages
in the event that the supply of cooling air is
interrupted.

ELECTRICAL

FILAMENT VOLTAGE - The filament voltage,
as measured directly at the filament pins, should
be between 7.125 and 7.875 volts. All four socket
terminals should be used by employing two for

each connection to filament supply. See base
diagram and outline drawing.

BIAS VOLTAGE - There is little advantage in
using bias voltages in excess of those given
under Typical Operation, except in certain very
specialized applications. Where bias is obtained
by a grid bias resistor, suitable protective means
must be provided to prevent excessive plate
dissipation in the event of loss of excitation.
The grid bias resistor should be adjustable to
facilitate maintaining the bias voltage and plate
current at the desired values from tube to tube.

GRID DISSIPATION - The power dissipated by
the grid of the 1500T must not exceed 125 watts.
Grid dissipation may be calculated from the fol-
lowing expression:
Pg = ecmp X IC
where: Pg = Grid dissipation
ecmp= Peak positive grid voltage, and
Ic=dc grid current
ecmp may be measured by means of a suitable
peak voltmeter connected between filament and
grid. In equipment in which the plate loading
varies widely, such as oscillators used for radio-
frequency heating, care should be taken to make
certain that the grid dissipation does not exceed
the maximum rating under any condition of loading.

PLATE DISSIPATION - The plate is a red-
orange color when dissipating 1500 watts. Under
normal operating conditions the power dissipated
by the plate of the 1500T should not be allowed
to exceed the maximum rating. Plate dissipation
in excess of the maximum rating is permissible
for short periods of time, such as during tuning
procedures.
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e 1500T

FILAMENT INTERNALLY
CONNECTED TO PIN 4

J_J_ lqﬁ‘zt ‘ ﬂ

\® — 9 HOLES

DIMENSIONAL DATA

T\%/—nunzm INTERNALLY
o0y 'CONNECTED TO PIN 3

O INCHES MILLIMETERS
I MmN T wmax REF MIN. | MAX | RES
A | 16000] 17000| - - || 40640 | 4380 - -
B | - - | 7125 | - - - - | 18098 | - -
Cc | 15250 | 16250 | - - || 38735 | 41275 | - -
D | 10875 | 11625 | - - || 27623 | 29528 | - -
E | 433 | 483 | - - 10955 | 12225 | - -
E | - -~ 3750 || - - | - - | 9525
G| == | == 1313 - - | - - | 3335
H| --| -- |ooea|l -- | -- 239
J == | 308 | == = = 7653| - -
K | o731l | o763 | - - 1857 | 1938 - -
L 37° 87° | - - 37° gre | - -
M| -- | 4250 | - - — - | o795 - -
N --1-- 1250 || - - | - - 375
P | --1] -- | oes - - | -- 15.88
Q —= | == 1688 || - - | - - | acs8
R| --| --Josa|[] -- | -~ 21.44
§ | == | == | o8m|[ == | == | 2223
T| --] -- [ osr = = - - | 2062
U | o484| - - | - - 230 = = | ==
vV | 0558 | 0568 | - - 4.8 | 1443| - -
W —< | -~ 1125 = < - - | 2858
X | 0453] - - | - - s | == | ==
Y | 0558 | 0568 | - - 1418 | 1443| - -
Z | -- | == | ogor - - | - - [ 2024
AA | 0249 | 0251 | - - 632 | 638 - -
AB [0750DA] - - | - - |[I905DA] - - | - -
AC |0250DA| - - | - - ||635DA] - - | - -
AD | 80° 00° | - - 80° | 100° | - -
NOTES:
L__REE DIMS. ARE_FOR INFO.ONLY &
ARE NOT REQD. FOR INSPECTION
PURPOSES.




MAZC

MODULATOR
OSCILLATOR
AMPLIFIER

The 2000T is a medium-mu, high-vacuum transmitting triode intended for amplifier, oscillator
and modulator service. It has a maximum plate dissipation rating of 2000 watts. Cooling of the 2000T

is accomplished by radiation from the plate, which operates at a visibly red temperature at maximum
dissipation, and by means of forced air circulation around the envelope and at the seals.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament: Thoriated Tungsten
Voltage - - - - - - - - -
Current - - - - - - - - -
Note:
basing diagram).
distribution of filament and R-F charging currents.
Amplification Factor (Average) - - - - -
Direct Interelectrode Capacitances (Average)

Grid-Plate - - - - - - - -
Grid-Filament - - = - - - - -
Plate-Filament - - - - - - - -
Transconductance (i,=1.75 amp., E,=6000 v.) - - -
Frequency for Maximum Ratings - - - - -
MECHANlCAL
Base - - - - - - - - - -
Basing - - - = - B = = - - s -
Mounting - - - - - - . - - - -
Cooling - - - (See "Cooling" under "Application")
Recommended Heat Dissipating Connectors:
Plate = - - - = - - -
Grid - - - - - - - - -
Maximum Overall Dimensions:
Length - - - - - - - -
Diameter - - - - - - - -
Net weight - - - - - - - -

Shipping weight (Average) = - . - - R

Dual connections for each filament lead are provided within the base of the tube (see
Corresponding socket terminals must be connected in parallel to provide proper i

- - - 10.0 volts
- - - 23.5 amperes

- - - - - 23

8.5 ‘”_/Lfd.
12.7 8.
1.7 ppfd.
11,000 /lmhos
40 Mec.

- Special 4-pin, No. 50068
RMA type 4BD
- Vertical, base down or up
- Radiation and forced air

Eimac HR-8
. _ < Eimac HR-8
_ . . . - - - - - - 17.75 inches
. - - . = @ . - z 8.125 inches
. - - - - - - = - - 3.5 pounds
- - - = - s s = = = 13 pounds

AUDIO FREQUENCY POWER AMPLIFIER
AND MODULATOR

Class AB, (Sinusoidal wave, two tubes unless otherwise specified)

MAXIMUM RATINGS

D-C PLATE VOLTAGE - - -

MAX- SIGNAL D- C PLATE CURRENT
PER TUB : & W

PLATE DISSIPATION, PER TUBE - - -

8000 MAX. YOLTS

1.75 MAX. AMPS.
2000 MAX. WATTS

TYPICAL OPERATION—2 TUBES

D-C Plate Voltage - - 4000 5000 6000 7000 Volts

D-C Grid Yoltage (approx. )‘ F —I140 —180 —230 —280 Volts
Zero-Signal D-C Plate Current 400 400 400 300 Ma.
Max-Signal D-C Plate Current - 2.30 2.20 2.60 1.80 Amps

Effective Load, Plate-to-Plate - - 3400 5000 7000 9200 Ohms
Peak A-F Grid Input Yoltage (per tube) 500 520 580 600 VYolts
Max-Signal Peak Driving Power - 300 280 380 350 Watts
Max-Signal Nominal Driving

Power (approx.) - - 150 140 190 175 Watts
Max-Signal Plate Power Oufpuf - - 5200 7000 8000 8600 Watts
*Adjust to give stated zero-signal plate current

RADIO FREQUENCY POWER AMPLIFIER
AND OSCILLATOR

Class-C Telegraphy or FM Telephony (Key-down conditions, per tube)

MAXIMUM RATINGS (Frequencies below 40 Mc.)
D-C PLATE VOLTAGE - = - - - 8000 MAX. YOLTS
D-C PLATE CURRENT - - - - - 1.75 MAX. AMPS.
PLATE DISSIPATION - - 2000 MAX. WATTS

GRID DISSIPATION - - - - - - 150 MAX. WATTS

TYPICAL OPERATION, PER TUBE* (FroquenC|es below 40 Mc.)
D-C Plate Voltage - - - 5000 6000 7000 Volts
D-C Grid VYoltage - - - —350 —500 —400 VYolts

D-C Plate Current - - - - 1.35 1.35 1.15 Amps.
D-C Grid Current - - - 175 165 120 Ma.

Peak R-F Grid Input Vol'agu - - - 840 1000 1060 Volts
Driving Power (approx.) - - - - - 140 160 115 Watts
Grid Dissipation - - - - - 85 82 55 Watts

6750 8000 8000 Watts
Plate Dissipation - - - 2000 2000 2000 Watts
Plate Power Output - - - - 4750 6000 6000 Watts
*The performance figures listed under Typical Operation are for radio
frequencies up to the VHF region and are obtained by calculation from
the characteristic tube curves and confirmed by direct tests. The driving
power given includes power taken by the tube grid and the bias circuit.
The driving power and output power do not allow for losses in the asso
ciated resonant circuits. These losses are not included because they depend
principally upon the design and choice of the circuit components.

Plate Power Input - - -

PLATE MODULATED RADIO FREQUENCY
AMPLIFIER

Class-C Telephony (Carrier conditions, per tube)

MAXIMUM RATINGS (Frequencies below 40 Mc.)

D-C PLATE YOLTAGE - - - - - 6000 MAX. YOLTS

D-C PLATE CURRENT - - - - - 1.4 MAX. AMPS.

PLATE DISSIPATION - - - - - - 1350 MAX. WATTS

GRID DISSIPATION - - - - - - 150 MAX. WATTS

(Effective 10-15-50) Copyright, 1950 by Eitel-McCullough, Inc.

TYPICAL OPERATION, PER TUBE* (Frequencms below 40 Mc.)

D-C Plate VYoltage - - - 4000 5000 6000 Volts
D-C Plate Current - 1.25 1.20 1.13 Amps.
Total Bias Voltage - —4600 —700 —800 Volts
Fixed Bias Voltage - —300 —330 —375 Volts
Grid Resistor - - 1500 2000 2500 Ohms
D-C Grid Current - 200 185 170 Ma.

Ve e

Peak R-F Grid Input Voltage (approx.) 1140 1240 1320 Volts
Driving Power (approx.) - - 228 230 225 Watts
Grid Dissipation 108 100 88 Watts
Plate Power Input

R - 5000 6000 6750 Watts
Plate Dissipation - - 1350 1350 1350 Watts
Plate Power Output - - - - 3650 4650 5400 Watts
*The performance figures listed under Typical Operation are for radio
frequencies up to the YHF region and are obtained by calculation from
the characteristic tube curves and confirmed by direct tests. The driving
power given includes power taken by the tube grid and the bias circuit.
The driving power and output power do not allow for losses in the asso-
ciated resonant circuits. These losses are not included because they depend
principally upon the design and choice of the circuit components.

2000T

MEDIUM-MU TRIODE
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APPLICATION

MECHANICAL

Mounting—The 2000T must be mounted vertically, base
up or base down. Flexible connecting straps should be
provided between the grid and plate terminals and the
external grid and plate circuits. The tube must be pro-
tected from severe vibration and shock.
Cooling—Forced-air cooling is required on the envelope
and also in the base of the tube. Envelope cooling may
be accomplished by locating an ordinary 8- or 10-inch fan
about one foot from the tube and directing the air at
the middle of the envelope.

Base cooling requires an air flow of 2% cu. ft. per min.
directed up through the bottom of the base toward the
filament press. The base of the tube is provided with a
1-inch diameter hole for this purpose. If a socket is used
with a 1-inch diameter matching hole and the manifold
is of the same diameter, a static pressure of less than
0.1 inch of water is required at the manifold to provide
the 2% cu. ft. per min.

One type of socket provides a % inch diameter pipe
for the air inlet to the base. With this type of socket a
static pressure of 5% inches of water is required at the
pipe to obtain the necessary 2% cu. ft. per min. volume.

Suitable electrical interlocks should be provided to
remove the plate and filament voltages in the event that
the supply of cooling air is interrupted.

ELECTRICAL

Filament Voltage—For maximum tube life the filament
voltage, as measured directly at the filament pins, should
be the rated value of 10 volts. Unavoidable variations in
filament voltage must be kept within the range from 9.5
to 10.5 volts. All four socket terminals should be used,
putting two in parallel for each filament connection.

Bias Voltage—Although there is no maximum limit on
the bias voltage which may be used on the 2000T there is

little advantage in using bias voltages in excess of those
given under “Typical Operation,” except in certain very
specilaized applications. Where bias is obtained by a grid
leak, suitable protective means must be provided to pre-
vent excessive plate dissipation in the event of loss of
excitation.

Plate Voltage—The plate supply voltage for the 2000T
should not exceed 8000 volts. In most cases there is little
advantage in using plate-supply voltages higher than
those given under “Typical Operation” for the power
output desired.

Grid Dissipation—The power dissipated by the grid of the
2000T must not exceed 150 watts. Grid dissipation may
be calculated from the following expression:

Py=ecmpl,

where P.=Grid dissipation,
e.mp=Peak positive grid voltage, and
I.=D-c grid current.

e.mp may be measured by means of a suitable peak volt-
meter connected between filament and grid. In equip-
ment in which the plate loading varies widely, such as
oscillators used for radio-frequency heating, care should
be taken to make certain that the grid dissipation does
not exceed the maximum rating under any condition of
loading.
Plate Dissipation—Under normal operating conditions,
the power dissipated by the plate of the 2000T should
not be allowed to exceed 2000 watts. Plate dissipation in
excess of the maximum rating is permissible for short
periods of time, such as during tuning procedures.
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6696A

WATER COOLED
MEDIUM-MU
POWER TRIODE

EI MAC

The Eimac 6696A is a water cooled ceramic-metal triode designed for
industrial heating service. It is recommended also for use in broadcast and
communications amplifiers.

Low-loss ceramic and metal construction permits operation at full
ratings at frequencies up to 40 Mc. Useful power output can be obtained at
frequencies up to 80 Mc at reduced plate voltage.

The 6696A anode is capable of dissipating 60 kilowatts at a moderate
rate of water flow. A forced-air cooled version of this tube, type 6697A, and
a vapor cooled version, type 7480, are also available.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament: Thoriated-Tungsten Min. Nom. Max.
Voltage - = = = = = = = = = = = = = = = = - - - - 13 volts
CUffeRt = = = > = = =m0 = == @ = = == = = =« 190 220 amperes
Starting Current - - - - - - - - - - - - - - - - - - 800 amperes
Amplification Factor = = = = = = = = = = = = - - - - 20

Direct Interelectrode Capacitances

Grid-Plate = = - = = = = = = = = = = = = = - = - - 47 57 pf

Grid-Filament - = = = = = = = = = = = - - - - - - 65 85 pf

Plate-Filament - = = = = = = = = = = « = =« = = = - 2.0 3.2 pf
Frequency for Maximum Ratings - - - - - - - - - - - - 40 Mc
MECHANICAL N
Base - - - - - - - - - . - - - .- e .- e e e e e Coaxial
Operating Position - - - - - - - - - - - - - - - - - - - Vertical, base up
Cooling - - - = - - -4 - -4 - 4 - - - - - - - - - -Water and forced air
Maximum Seal Temperature - - - - - - - - - - - - - - - - - - - . 200°C
Maximum Outlet Water Temperature - - - - - - - - - - - - - - - - - . 70°
Maximum Height - - - - - - - - - - - - - - - - - - - - - 194inches
Maximum Diameter - - - - - - - - - - - - - - - - - - - - - 472inches
Net Weight- - - - - - - - - - - - - - .+« <+« - - - - - - - 17 pounds

RADIO-FREQUENCY POWER AMPLIFIER

OR OSCILLATOR TYPICAL OPERATION

DC Plate Voltage - - - - - 10 15 kV
C‘i;;%g'jﬁ’ig’:giﬁg,fﬁ{‘ Telephony DC Grid Voltage - - - - -—1200 —1600 volts
MAXIMUM RATINGS Peak RF Grid Voltage - - - - 1900 2100 volts
DC PLATE VOLTAGE - - - - 16.0 KV DC Plate Current - - - - - 10.0 7.0 amps
DC GRID VOLTAGE - - - - - —3200 VOLTS DC Grid Current - _ - _ - 810 300 mA
82 CP-‘,LéT[BECCL:JUR';EE\H'T T ;éﬁmgg Resonant Load Impedance - - - 440 970 ohms
GRID DISSIPATION - - - - - 1000 WATTS Driving Power, approx. - - - 1500 600 watts
PLATE DISSIPATION - - - - - 60 KW Plate Output Power, approx. - - 72 80 kW

(Effective 10-15-64) @ 1968 by Varian Printed in U.S.A.
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PLATE-MODULATED RADIO-FREQUENCY
POWER AMPLIFIER
Class-C Telephony (Carrier conditions)

TYPICAL OPERATION
DC Plate Voltage - - - - - - 9.5 kV

MAXIMUM RATINGS DC Grid Voltage - - - - - - 1600 volts
DC PLATE VOLTAGE - - - - 10.0 KV Peak RF Grid Voltage - - - - - 2300 volts
DC GRID VOLTAGE - - - - - —3200 VOLTS DC Plate Current - - - - - - 8.4 amps
DC PLATE CURRENT - - - - 8.5 AMPS DC Grid Current - - - - - - 900 mA
DC GRID CURRENT - - - - . 2.0 AMPS Resonant Load Impedance - - - - 510 ohms
GRID DISSIPATION - - - - - 1000 WATTS Driving Power, approx. - - - - 2.0 kW
PLATE DISSIPATION - - - - - 40 KW Plate Qutput Power, approx. - - - 60 kW
AUDIO-FREQUENCY AMPLIFIER TYPICAL OPERATION (Two Tubes).
OR MODULATOR DC Plate Voltage - - - - - 10 12 kV
Class-AB DC Grid Voltage - - - - - —450 —600 volts
Peak AF Driving Voltage (per tube) - 875 1060 volts
Zero-Sig DC Plate Current - - - 3.0 2.0 amps
MAXIMUM RATINGS (Per Tube) Max-Sig DC Plate Current - - - 17.4 20.0 amps
DC PLATE VOLTAGE - - - - 16.0 KV Load Resistance, Plate-to-Plate - - 1170 1230 ohms
DC PLATE CURRENT - - - - 11.0 AMPS Max-Sig Driving Power, approx.- - 550 600 watts
PLATE DISSIPATION - - - - - 60 KW Max-Sig Plate Output Power, approx. 110 152 kW

RADIO-FREQUENCY AM LINEAR AMPLIFIER

Class-AB (Carrier conditions)

MAXIMUM RATINGS

DC PLATE VOLTAGE - = - - 16.0 KV
DC PLATE CURRENT - - - - 9.0 AMPS
PLATE DISSIPATION - - - - - 60 KW

TYPICAL OPERATION (AM Carrier conditions except
where noted).

DC Plate Voltage - - - - - 12 12 kV

DC Grid Voltage - - - - - —550 —550 volts
Peak RF Grid Voltage - - - - 510 640 volts
DC Plate Current - - - - - 4.3 6.8 amps
DC Grid Current - - - - - 0 0 amps
Resonant Load Impedance - - - 780 500 ohms
Driving Power, approx.* - - - 450 1500 watts
Plate Output Power, approx. - - 18 28 kW

*At modulation crest.

RADIO-FREQUENCY LINEAR AMPLIFIER
Class-AB, Single-Sideband Suppressed-Carrier Service

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - 16.0 KV
DC PLATE CURRENT - - - - 11.0 AMPS
PLATE DISSIPATION - - - - - 60 KW

TYPICAL OPERATION (Peak-envelope or modulation-crest
conditions in cathode-drive circuit).

DC Plate Voltage - - - - - 12 12 kV
DC Cathode Voltage - - - - 600 600 volts
Peak RF Driving Voltage - - - 830 1020 volts
DC Plate Current - - - - - 5.2 9.8 amps
DC Grid Current, approx. - s 3 60 200 mA
Resonant Load Impedance - - - 880 700 ohms
Driving Power, approx. - - - 3.5 8.2 kW
Plate Power Output, approx. - - 43 83 kW

for circuit losses has been made.

NOTE: “TYPICAL OPERATION" data are obtained by calculation from published characteristic curves. No allowance




6696A ——

APPLICATION

MECHANICAL

Mounting—

The 6696A should be mounted vertically anode down
in the waterjacket (Machlett type F-17393 or equiv-
alent). Filament and grid connections are made through
clamp rings or spring-finger contacts to the O.D. of
the sturdy copper terminals of the tube. Satisfactory
anode contact can be made to the water jacket.

Anode Cooling—

Minimum cooling requirements are given in the
accompanying table, where the pressure drop is meas-
ured at the jacket fittings. The water supply line must
be connected to the inlet fitting of the water jacket.

MINIMUM ANODE COOLING REQUIREMENTS

Plate Water Flow Pressure
Dissipation Rate Drop
kw gpm psi
20 5.7 1.3
30 8.0 2.1
40 112 3.3
50 14.5 5.0
60 18.0 7.9

Base Cooling—

Forced-air cooling of the ceramic base and seals may
be required, depending on ambient conditions and
operating frequency. Air flow rate and direction should
be determined to limit envelope temperatures to 200°C
maximum and to maintain uniform temperature dis-
tribution around the seals. Spot temperatures are con-
veniently measured with Tempilaq (spray type) or
equivalent. Often a flow of about 100 cfm, directed
axially downward towards the tube, is sufficient.

ELECTRICAL

Filament Operation—

The rated filament voltage, as measured at the tube
terminals, should be maintained within +5% to assure
long life and good performance within the rated power
capability of the tube. To accommodate special require-
ments, the filament voltage may be centered near either
of these extremes, e.g. at plus 5 percent for exception-
ally high emission at a sacrifice of life, or at minus 5
percent for exceptionally long life where perhaps only
half the full emission capability is required.

Grid Dissipation—

Grid dissipation should be limited to 1,000 watts
maximum. Grid dissipation may be calculated approxi-
mately as the product of peak positive grid voltage
and dc grid current.

In many r-f amplifier applications where it is im-
practical to measure the positive grid voltage, the dc
grid current rating serves as a satisfactory guide. The
maximum dc grid current rating under normal full

load conditions is 2 amperes. In most cases, however,
high power output and good efficiency can be realized
with grid current less than one ampere. By limiting
the grid current in this manner there is obviously more
latitude for grid current excursions resulting from
changes in loading.

High Frequency Operation—

The maximum ratings listed apply at frequencies up
to 40 Mc. Useful output can be obtained at higher fre-
quencies if the plate voltage and plate input power
are reduced accordingly. For operation up to 60 Mc
these parameters should be reduced to 75% of the
listed dc plate voltage rating; for operation up to 80
Mc they should be reduced to 50% .

Aging—

The manner of operating most high power tubes differs
in at least some respects from conditions under which
the tubes are tested, therefore, some aging is almost
always required to condition a new tube to its new
environment. In basic terms, the different operating
conditions are manifest as different distributions of
heat and voltage gradients. Satisfactory aging is most
easily achieved by gradual application of voltages, e.g.
first filament voltage, then partial plate voltage, and
drive, working up to the final values. If continuous or
stepped plate voltage control is not used, sufficient load
should be connected before snapping on full voltage to
limit transients to about 120% of the dc voltage.

Tube Protection—

Since the possibility of fault overloads due to occa-
sional tube or circuit instabilities is ever present, good
engineering practice holds that suitable protective cir-
cuitry and devices be included in the equipment. In
addition to the standard overcurrent relays, some series
resistance should be placed in the output of the power
supply to limit surge currents. In cases where no filter
is used, the resistors may be placed in each rectifier
lead to reduce the power loss during normal operation.
In certain applications, furthermore, it is helpful to
attach sphere gaps or rings to the tube terminals to
divert any excessive transient voltages from the enve-
lope and seals.

The use of an electronic fault diverter, or “crowbar”
is probably the best way to insure high performance
reliability and freedom from gassing or catastrophic
failures. The crowbar system consists of circuitry to
sense incipient fault currents and trigger the crowbar
device, which is connected to short the power supply
energy to ground, preferably within about 10 micro-
seconds. The crowbar device, which is usually an igni-
tron, hydrogen thyratron, or spark gap, diverts most of
the fault energy from the protected tube until the relay
and circuit breakers open.

Special Applications—

If it is desired to operate this tube under conditions
widely different from those given herein. write to
Power Grid Tube Marketing, Eimac, Division of
Varian, 301 Industrial Way, San Carlos, California.
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EI MAC

6697A

FORCED-AIR COOLED
MEDIUM-MU
POWER TRIODE

The Eimac 6697A is a forced-air cooled ceramic-metal triode designed
for AM broadcast and communications amplifiers and for industrial heating
service.

Low-loss ceramic and metal construction permits operation at full
ratings at frequencies up to 40 Mc. Useful power output can be obtained at
frequencies up to 80 Mc at reduced plate voltage.

The 6697A anode is capable of dissipating 35 kilowatts. A water cooled
version of this tube, type 6696A, and a vapor cooled version, type 7480, are
also available.

GENERAL CHARACTERISTICS

ELECTRICAL

Filament: Thoriated-Tungsten Min. Nom. Max.
Voltage - = = = = = = = = = = = = = = = = - - - - 13 volts
Current = = = = = = = = = = = = = = = = = = = - - 190 220 amperes
Starting Current - - - - - - - - - - - = - - - - - - 800 amperes
Amplification Factor - = - - = = = = = = = = = = - - 20

Direct Interelectrode Capacitances

Grid-Plate - = = = = = = = = = = = = = = - - - - - 47 57 pf
Grid-Filament = = = = = = = = = = = = = - - - - - 65 85 pf
Plate-Filament = = = = = = = = = = = = = - - - - - 2.0 3.2 pf
Frequency for Maximum Ratings - - - = - - = - - - - - 40 Mc
MECHANICAL
Base - - - - - - - - - - - - - - - - - - - -

Operating Position - - - - - - -« - - - - - - - - - -

- - - Coaxial

- Vertical, base up

Cooling B - - - Forced Air
Maximum Seal Temperature - - - - - - - - - - - - - - = - - - - 200°C
Maximum Incoming Air Temperature - - - - - - - - - - - - = - - - - 50°C
Maximum Height - - - - - - - - - - - - - - - - - - - - 19.9inches
Maximum Diameter - - - - - - - - - - - - - - - - - - - - 528inches
Net Weight - - - - - - -« - - - - - - - - - - - - - - - A43pounds
RADIO-FREQUENCY POWER AMPLIFIER
OR OSCILLATOR TYPICAL OPERATION
Class-C Telegraphy or FM Telephony DC Plate Voltage - - - - 10 15 kV
(Key-down conditions) DC Grid Voltage - - - - —1200 —1600 volts
MAXIMUM RATINGS Peak RF Grid Voltage - - - 1900 2100 volts
DC PLATE VOLTAGE - - - - 16.0 KV DC Plate Current - - - - 10.0 7.0 amps
DC GRID VOLTAGE - - - - - —3200 VOLTS DC Grid Current - - - . 810 300mA
DC PLATE CURRENT -0 T 11 AMPS Resonant Load Impedance - - 440 970 ohms
DC GRID CURRENT - - - - - 2.0 AMPS 50
GRID DISSIPATION - - - - - 1000 WATTS Driving Power, approx. - - 1500 600 watts
PLATE DISSIPATION - - - - - 35 KW Plate Output Power, approx. - 72 80 kW

(Effective 10-15-64) ¢ 1968 by Varian

Printed in U.S.A.
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PLATE-MODULATED RADIO-FREQUENCY
POWER AMPLIFIER

Class-C Telephony (Carrier conditions)

TYPICAL OPERATION
DC Plate Voltage - - - - - - 9.5kV

MAXIMUM RATINGS DC Grid Voltage - - - - - -  —1600volts
DC PLATE VOLTAGE - - - - 10.0 KV Peak RF Grid Voltage - - - - - 2300 volts
DC GRID VOLTAGE - - - - - —3200VOLTS DC Plate Current - - - - - - 8.4 amps
DC PLATE CURRENT - - - - 8.5 AMPS DC Grid Current - - - - - - 900 mA
DC GRID CURRENT - - - - - 2.0 AMPS Resonant Load Impedance - - - - 510 ohms
GRID DISSIPATION - - - - - 1000 WATTS Driving Power, approx. - - - - 2.0 kW
PLATE DISSIPATION - - - - - 23 KW Plate Output Power, approx. - - - 60 kW
AUDIO-FREQUENCY AMPLIFIER TYPICAL OPERATION (Two Tubes).
OR MODULATOR DC Plate Voltage - - - - - - 10 kV
Class-AB DC Grid Voltage - - - - - - —450 volts
Peak AF Driving Voltage (per tube)- - 875 volts
Zero-Sig DC Plate Current - - - - 3.0 amps
MAXIMUM RATINGS (Per Tube) Max-Sig DC Flate Current - - - - 17.4 amps
DC PLATE VOLTAGE - - - - 16.0 KV Load Resistance, Plate-to-Plate - - - 1170 ohms
DC PLATE CURRENT - - - - 11.0 AMPS Max-Sig Driving Power, app - - - 550 watts
PLATE DISSIPATION - - - - - 35 KW Max-Sig Plate Output Power approx.- - 110 kW

RADIO-FREQUENCY AM LINEAR AMPLIFIER

Class-AB (Carrier conditions)

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - 16.0 KV
DC PLATE CURRENT - - - - 9.0 AMPS
PLATE DISSIPATION - - - - - 35 KW

TYPICAL OPERATION (AM Carrier conditions except
where noted).

DC Plate Voltage - - - - - - 12 kv

DC Grid Voltage - - - - - - —550 volts
Peak RF Grid Voltage - - - - - 510 volis
DC Plate Current - - - - - - 4.3 amps
DC Grid Current - - - - - - 0 amps
Resonant Load Impedance - - - - 780 ohms
Driving Power, approx.* - - - - 450 watts

Plate Output Power, approx. - - - 18 kW
*At modulation crest.

RADIO-FREQUENCY LINEAR AMPLIFIER
Class-AB, Single-Sideband Suppressed-Carrier Service

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - 16.0 KV
DC PLATE CURRENT - - - - 11.0 AMPS
PLATE DISSIPATION - - - - - 35 KW

TYPICAL OPERATION (Peak-envelope or modulation-crest
conditions in cathode-drive circuit).

DC Plate Voltage - - - - - - 12 kV

DC Cathode Voltage - - - - - 600 volts
Peak RF Driving Voltage - - - - 830 volts
DC Plate Current - - - - - - 5.2 amps

DC Grid Current, approx. - - - 60 mA

Resonant Load Impedance - - - - 880 ohms
Driving Power, approx. - - - - 3.5 kw
Plate Power Output, approx. - - - 43 kW

for circuit losses has been made.

NOTE: “TYPICAL OPERATION" data are obtained by calculation from published characteristic curves. No allowance




6697A —_—

APPLICATION

MECHANICAL

Mounting—

The 6697A should be mounted vertically anode down
in the air distributor (Machlett type F-17759 or equiv-
alent). Filament and grid connections are made through
clamp rings or spring-finger contacts to the O.D. of
the sturdy copper terminals of the tube. Anode contact
can be made to the top ring of the air distributor.

Anode Cooling—

Minimum cooling requirements are given in the
accompanying table, based on a maximum incoming
air temperature of 50°C at sea level.

MINIMUM ANODE COOLING REQUIREMENTS
Plate Air Flow Pressure
Dissipation Rate Drop
kw cfm inches water
10 240 0.2
20 700 1.5
30 1350 5.0
35 1700 8.0

Base Cooling—

Forced-air cooling of the ceramic base and seals may
be required, depending on ambient conditions and
operating frequency. Air flow rate and direction should
be determined to limit envelope temperatures to 200°C
maximum and to maintain uniform temperature dis-
tribution around the seals. Spot temperatures are con-
veniently measured with Tempilaq (spray type) or
equivalent. Often the anode air supply can be deflected
to cool the envelope and seals.

ELECTRICAL

Filament Operation—

The rated filament voltage, as measured at the tube
terminals, should be maintained within +5% to assure
long life and good performance within the rated power
capability of the tube. To accommodate special require-
ments, the filament voltage may be centered near either
of these extremes, e.g. at plus 5 percent for exception-
ally high emission at a sacrifice of life, or at minus 5
percent for exceptionally long life where perhaps only
half the full emission capability is required.

Grid Dissipation—

Grid dissipation should be limited to 1,000 watts
maximum. Grid dissipation may be calculated approxi-
mately as the product of peak positive grid voltage
and dc grid current.

In many r-f amplifier applications where it is im-
practical to measure the positive grid voltage, the dc
grid current rating serves as a satisfactory guide. The
maximum dc grid current rating under normal full

load conditions is 2 amperes. In most cases, however,
high power output and good efficiency can be realized
with grid current less than one ampere. By limiting
the grid current in this manner there is obviously more
latitude for grid current excursions resulting from
changes in loading.

High Frequency Operation—

The maximum ratings listed apply at frequencies up
to 40 Mc. Useful output can be obtained at higher fre-
quencies if the plate voltage and plate input power
are reduced accordingly. For operation up to 60 Mc
these parameters should be reduced to 75% of the
listed dc plate voltage rating; for operation up to 80
Mc they should be reduced to 50%.

Aging—

The manner of operating most high power tubes differs
in at least some respects from conditions under which
the tubes are tested, therefore, some aging is almost
always required to condition a new tube to its new
environment. In basic terms, the different operating
conditions are manifest as different distributions of
heat and voltage gradients. Satisfactory aging is most
casily achieved by gradual application of voltages, e.g.
first filament voltage, then partial plate voltage, and
drive, working up to the final values. If continuous or
stepped plate voltage control is not used, sufficient load
should be connected before snapping on full voltage to
limit transients to about 120% of the dc voltage.

Tube Protection—

Since the possibility of fault overloads due to occa-
sional tube or circuit instabilities is ever present, good
engineering practice holds that suitable protective cir-
cuitry and devices be included in the equipment. In
addition to the standard overcurrent relays, some series
resistance should be placed in the output of the power
supply to limit surge currents. In cases where no filter
is used, the resistors may be placed in each rectifier
lead to reduce the power loss during normal operation.
In certain applications, furthermore, it is helpful to
attach sphere gaps or rings to the tube terminals to
divert any excessive transient voltages from the enve-
lope and seals.

The use of an electronic fault diverter, or “crowbar”
is probably the best way to insure high performance
reliability and freedom from gassing or catastrophic
failures. The crowbar system consists of circuitry to
sense incipient fault currents and trigger the crowbar
device, which is connected to short the power supply
energy to ground, preferably within about 10 micro-
seconds. The crowbar device, which is usually an igni-
tron, hydrogen thyratron, or spark gap, diverts most of
the fault energy from the protected tube until the relay
and circuit breakers open.

Special Applications—

If it is desired to operate this tube under condi-
tions widely different from those given herein, write
to Power Grid Tube Marketing, Eimac, Division of
Varian, 301 Industrial Way, San Carlos, California.
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HIGH-MU UHF
TRIODE

The Eimac 7211 is a ceramic-and-metal planar triode designed for use
as a power amplifier, oscillator, or frequency multiplier in applications re-
quiring greater power output than can be realized from the 7289/3CX100A5.
Although similar in appearance, the Eimac 7211 incorporates a significantly
improved and enlarged cathode which increases the power input capability
to a maximum of 190 watts at frequencies to 2500 mc.

Exacting dimensional tolerances inherent in the manufacturing proc-
esses provide the Eimac 7211 with the maximum mechanical uniformity.
Critical electrical testing results in increased reliability and a minimum
variation in electrical characteristics.

GENERAL CHARACTERISTICS

Electrical
Cathode: Oxide-coated, Unipotential Min. Nom. Max.
Heating time - - - - - - - 60 seconds
Heater:
Voltage - - - - - - - - - - 6.3 volts
Current - - - - - - - - - - 12 1.4 amperes
Amplification Factor - - - - - - - 80
Direct Interelectrode Capacitances Min. Max.
Grid-Cathode - - - - - - -« -+ - 4 - -4 -4 4 - - - - - - 70 9.0 uuf
Grid-Plate - - - - - - - - - - - - 4 4 4 - - = - - - 21 2.4 yuf
Plate-Cathode - - - - - - - - - - - - - - - - - - - - 0.06 uuf
Frequency for Maximum Ratings T L S 2500 mc
Mechanical
Terminals - - = -« -« - < -« 4 + -« = « = '« - - - Graduated Cylindrical Surfaces
Maximum Operating Temperatures:
Ceramic-to-metal Seals - - - - - - - - - - - - - - - - - - - - 250°C
Anode Core T T S T 250°C
Operating Position - - - - 4 e e - e e e e e e - = = = - = = - Any
Cooling - - - - - - - - -« - - - .« - - - - - - - Conduction and Forced Air
Maximum Overall Dimensions:
Length - - = 4 e - 4 e 4 -4 4 4 e« = = = = = = - - - 2701inches
Diameter - - = = = = = = « - - -« = = = - - - - - - - 1.264inches
Net Weight - - - - - =« =« =« - - - - - - - - - - - - - - 2.5 ounces
Shipping Weight - - - - - - - - - - - - - - - - - - - - - 7.0 ounces
Radio Frequency Power Amplifier Power Amplifier
or Oscillator TYPICAL OPERATION Grounded-Grid
b 7 ot
MAXIMUM RATING (Per Tube) (Per Tube) (key-down conditions)
DC PLATE VOLTAGE - - - - 1000 VOLTS MAX. 500 Mc 2500 Mc
DC CATHODE CURRENT - - - 0.190 AMP. MAX. R R V
DC GRID VOLTAGE - - - - —150VOLTS max, ~ DC PLATE VOLTAGE - P e
DC GRID CURRENT - - - - 0.045 AMP. MAX. DC GRID VOLTAGE (approx.) - —30 —20 Volts
INSTANTANEOUS PEAK POSITIVE o 40 M
GRID VOLTAGE - - - -  30VOLTS MAX.  DC PLATE CURRENT 140 140 Ma.
INSTANTANEOUS PEAK NEGATIVE DC GRID CURRENT (approx.) - 40 15 Ma.
GRID VOLTAGE - - - - —400 VOLTS MAX. .
PLATE DISSIPATION - - - - 100 WATTS MAX,  DRIVING POWER (approx.) - - g e
GRID DISSIPATION - - - - 2 WATTS MAX. USEFUL OUTPUT POWER - - 65 25 Watts

(Effective 9-1-64) Copyright 1964 by Eitel-McCullough, Inc.
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PLATE MODULATED RADIO FREQUENCY
AMPLIFIER OR OSCILLATOR

MAXIMUM RATINGS (Per Tube)

TYPICAL OPERATION (Per Tube)
500 Mc, Grounded-Grid, Carrier Conditions.

DC PLATE VOLTAGE - - - - 600 VOLTS MAX. DC PLATE VOLTAGE - - - - - 600 Volts

DC CATHODE CURRENT - - - 0.140 AMP. MAX.

DC GRID VOLTAGE - - - - —150VOLTS MAX. DC GRID VOLTAGE (approx.) - - - —20 Volts

DC GRID CURRENT - - - - 0.050 AMP. MAX. .

INSTANTANEOUS PEAK POSITIVE DE PLAJE CURBENT - - - - - 106Millizmp.
GRID VOLTAGE - - - -  30VOLTS MAX. ) .

INSTANTANEOUS PEAK NEGATIVE DC GRID CURRENT (approx.) - - 35 Milliamp.
GRID VOLTAGE - - - - —400VOLTS MAX. DRIVING POWER B o . - 8 Watts

PLATE DISSIPATION - - - - 70 WATTS MAX. () e

GRID DISSIPATION - - - - 2 WATTS MAX. USEFUL CARRIER POWER OUTPUT - - 25 Watts

APPLICATION

MECHANICAL
Mounting —

The 7211 may be operated in any position. It
should be firmly held in place by spring-finger
collets bearing on the terminal surfaces. In use
the tube should seat against the underside of
the anode-terminal flange which is on the plane
of reference for longitudinal dimensions. In ap-
plications involving severe shock and vibration,
the tube may be clamped in place by applying a
suitable clamping device to the anode-terminal
flange. It is recommended that no other portion
of the tube be subjected to clamping forces.

Connections —

The terminals are in the form of concentric
cylincers of graduated diameters conveniently
used with coaxial tuning devices. Spring-fingered
collets should be used to make contact with the
anode, grid, cathode and heater terminals. Ade-
quate contact area and spring pressure should
be provided to minimize heating and to prevent
erratic circuit performance at the higher
frequencies. Non-contacting or intermittently-
contacting collet fingers will cause troublesome
circuit behavior, especially at very-high and
ultra-high frequencies. Electrode contact surf-
aces should be kept clean and free of oxide
coatings.

Cooling —

Sufficient cooling air must be provided for the
anode and body seals to maintain operating
temperatures below the rated maximum value
of 250° C.

At sea level, with an inlet air temperature of
20°C (68°F), 12.5 cubic feet per minute of air
flow is required to cool the anode at 100 watts
plate dissipation when the air cowling as illus-
trated is used. Operation at higher altitudes or
with higher inlet temperatures requires in-
creased volumes of flow to obtain equivalent
cooling. When using the anode cowling as illus-
trated here, it is necessary to provide additional
facilities for seal cooling.

It should be borne in mind that operating

temperature is the sole criterion of cooling ef-
tiveness, regardless of the coolant type, flow
rate or coolant temperature. One method of
measuring the surface temperatures is the use
of temperature sensitive lacquer, such as
“Tempilaq.”

ELECTRICAL
Heater Operation —

The rated heater voltage for the 7211 is 6.3
volts. The heater voltage for the 7211 should be
maintained within plus or minus 5% of its in-
tended value to minimize variations in circuit
performance and to obtain maximum tube life.

At frequencies above approximately 1000 meg-
acycles, transit time effects begin to influence
cathode temperature. The amount of driving
power diverted to heating the cathode by back-
bombardment will depend upon the frequency,
the plate current, driving power, and duty factor.
If the conditions of operation result in appreci-
able cathode back-heating, it may be necessary
to start dynamic tube operation at normal heater
voltage followed by areduction of heater voltage
to a lower value.

Cathode Operation —

The oxide-coated unipotential cathode in this
tube must be protected against excessively high
emission currents. For all types of operation the
maximum rated dc current is 190 milliamperes.

It isrecommended that the rated heater voltage
be applied for a minimum of 60 seconds before
other operating voltages are applied.

Control Grid Operation —

Grid dissipation must not exceed the rated
maximum 2.0 watts grid dissipation power. In
pulse applications the instantaneous peak grid-
to-cathode voltage must be limited to —250 to
—750 volts.

Special Applications —

If it is desired to operate this tube under condi-
tions widely different from those given here write
to Power Grid Tube Marketing, Eitel-McCullough,
Inc., 301 Industrial Way, San Carlos, California,
for information and recommendations.
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MEASURE ANODE SHANK TEMPERATURE ON THIS SURFACE.
2. DO NOT CLAMP OR LOCATE ON THIS SURFACE.

3. HOLE PROVIDED FOR TUBE EXTRACTOR THROUGH TOP FIN ONLY.
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NOTE 3

NOTES | 8 2

REF. SURFACE

@

—|—ANODE
CONTACT

NOTES:

i

1. The total indicated runout of the anode contact surface and

the grid contact surface with respect to the cathode contact

surface shall not exceed .020.

R

. The total indicated runout of the heater contact surface with

respect to the cathode contact surface shall not exceed .012.
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RECOMMENDED COWLING

B SURFACE —
q . FORCED-AIR COOLING
® OF _ANODE
Y
GRID
CONTACT DIMENSIONAL DATA
SURFACE
REF.| MIN. MAX. NOM.
* — HEATER CONTACT SURFACE A | 1.8I5 | 1.875
CATHODE CONTACT SURFACE 8 1.534
c 1.475
D | 1.289 | 1.329
E .100
F .970 1.010
[ 462 417
H .040
I .125 . 185
J 766 826
K D28 .046
L | 1.234 | 1.264
M 1.180 1.195
N | 1.025 | 1035
P 772 792
Q 086
R .655 .665
S .545
T 213 223
u 318 325
z 650 | .8%0
AA 035
aB | .105 145
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EI MAC

® Division of Varian

The Eimac 7480 is a vapor cooled ceramic-metal triode designed for
AM broadcast and communications amplifiers and for industrial heating
service.

Low-loss ceramic and metal construction permits operation at full
ratings at frequencies up to 40 MHz. Useful power output can be obtained
at frequencies up to 80 MHz at reduced plate voltage.

The 7480 anode is capable of dissipating 80 kilowatts continuously,
and higher power during intermittent operation or momentary overloads. A
water cooled version of this tube, type 6696A, and a forced-air cooled
version, type 6697A, are also available.

CHARACTERISTICS

ELECTRICAL
Filament: Thoriated-Tungsten Min. Nom. Max.

Voltage : « s s w5 s s s a5 & 5. @ @ 4 5 = & 13 \Y

Current . . . . . . . . ¢« v v v ... 190 220 A
Amplification Factor . . . P om e s omow 20
Direct Interelectrode Capacnances

Grid-Plate . . . . . . . . . .. .. ... 50 60 pF

Grid-Filament : « s s s o & & s s & ® & » @ @ 65 85 pF

Plate-Filament . . . v o o om o s owmom o 240 3.2 pF
Frequency for Maximum Ratlngs e s e ow o s e e 40 MHz
MECHANICAL
Recommended Terminal Connectors Small Filament. . . . . . . . . . . . . . . .. Eimac SK-1610

Large Filament . . . . . . . . . . . . o . .. Eimac SK-1611
Grid . . . . . . e e e e e e e e e e e e Eimac SK-1612

OperatingPosition= s s s 5 s+ s s & § 3 & 8 % 5 9 ® § & & € & § & & ® § & © © Vertical, base up
Cooling . . 6ttt 4 4 4 e e e 4 4 e e e e e e e e e e w . Vaporization of water
Maximum Seal Temperature. e e e e e e e e e e e e e e e e e 200°C
Recommended Boiler . . . . . . . . . . . . o 00000 0. Elmac BR 400 Senes or equivalent
MaximumHeight: « « ¢ « 56 ¢ s w5 % ¢+ w56 s S €6 5 s 6@ i s sws oo ¢ 0= 20100
Maximum Diameter . . . . . . v & i i e e e e e e e e e e e e e e e e e e e e e e e e . T20n
Net Weight . . . . . . o o 0 v i i e e e e e e e e e e e e e e e e e e e e e e e e 50 Ibs
(R);:DloOS-EIIQLES#g:CY POWER AMPLIFIER TYPICAL OPERATION

-C Telegra or FM Telephon DC Plate Voltage - - - - - 10 15 kv
Cla(?(seg/:—;ow?\ cgrljc)!liﬁons) Faany DC Grid Voltage - - - - -—1200 —1600 volts
MAXIMUM RATINGS Peak RF Grid Voltage - - - - 1900 2100 volts
DC PLATE VOLTAGE - - - - 16.0 KV DC Plate Current - - - - - 10.0 7.0 amps
DC GRID VOLTAGE - - - - - —3200 VOLTS DC Grid Current - - - - - 810 300 mA
BE ELI{}I;EC%%%EE\]{T_ - 2](]) ﬁm;g Re.so.nant Load Impedance - - : ]ggg Z;/')g ohTs
GRID DISSIPATION - - - _ _ 1000 WATTS Driving Power, approx. - - watts
PLATE DISSIPATION - - - - - 80 KW Plate Output Power, approx. - - 72 80 kW

(Effective 11-1-68) © 1964, 1968 by Varian Printed in U.S.A.
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PLATE-MODULATED RADIO-FREQUENCY
POWER AMPLIFIER

Class-C Telephony (Carrier conditions)

TYPICAL OPERATION
DC Plate Voltage - - - - - - 9.5kVv

MAXIMUM RATINGS DC Grid Voltage - - - - - - —1600volts
DC PLATE VOLTAGE - - - - 10.0 KV Peak RF Grid Voltage - - - - - 2300 volts
DC GRID VOLTAGE - - - - - —3200 VOLTS DC Plate Current - - - - - - 8.4 amps
DC PLATE CURRENT - - - - 8.5 AMPS DC Grid Current - - - - - - 900 mA
DC GRID CURRENT - - - - - 2.0 AMPS Resonant Load Impedance - - - - 510 ohms
GRID DISSIPATION - - - - - 1000 WATTS Driving Power, approx. - - - - 2.0 kW
PLATE DISSIPATION - - - - - 53 KW Plate Output Power, approx. - - - 60 kW
AUDIO-FREQUENCY AMPLIFIER TYPICAL OPERATION (Two Tubes).
OR MODULATOR DC Plate Voltage - - - - - 10 12 kV
DC Grid Voltage - - - - - —450 —600 volts
Class-AB Peak AF Driving Voltage (per tube) - 875 1060 volts
Zero-Sig DC Plate Current - - - 3.0 2.0 amps
MAXIMUM RATINGS (Per Tube) Max-Sig DC Plate Current - - - 17.4 20.0 amps
DC PLATE VOLTAGE - - - - 16.0 KV Load Resistance, Plate-to-Plate - - 1170 1230 ohms
DC PLATE CURRENT - - - - 11.0 AMPS Max-Sig Driving Power, approx.- - 550 600 watts
PLATE DISSIPATION - - - - - 80 KW Max-Sig Plate Output Power, approx. 110 152 kW

RADIO-FREQUENCY AM LINEAR AMPLIFIER

Class-AB (Carrier conditions)

MAXIMUM RATINGS

DC PLATE VOLTAGE - - - - 16.0 KV
DC PLATE CURRENT - - - - 9.0 AMPS
PLATE DISSIPATION - - - - - 80 KW

TYPICAL OPERATION (AM Carrier conditions except
where noted).

DC Plate Voltage - - - - - 12 12 kV

DC Grid Voltage - - - - - —550 —550volts
Peak RF Grid Voltage - - - - 510 640 volts
DC Plate Current - - - - - 4.3 6.8 amps
DC Grid Current - - - - - 0 0 amps
Resonant Load Impedance - - - 780 500 ohms
Driving Power, approx.* - - - 450 1500 watts
Plate Output Power, approx. - - 18 28 kW

*At modulation crest.

RADIO-FREQUENCY LINEAR AMPLIFIER
Class-AB, Single-Sideband Suppressed-Carrier Service

MAXIMUM RATINGS

DC PLATE VOLTAGE e 16.0 KV
DC PLATE CURRENT - - - - 11.0 AMPS
PLATE DISSIPATION - - - - - 80 KW

TYPICAL OPERATION (Peak-envelope or modulation-crest
conditions in cathode-drive circuit).

DC Plate Voltage - - - - - 12 12 kV

DC Cathode Voltage - - - - 600 600 volts
Peak RF Driving Voltage - - - 830 1020 volts
DC Plate Current - - = - - 5.2 9.8 amps
DC Grid Current, approx. - - - 60 200 mA
Resonant Load Impedance - - - 880 700 ohms
Driving Power, approx. - - - 3.5 8.2 kW
Plate Power Output, approx. - - 43 83 kW

for circuit losses has been made.

NOTE: “TYPICAL OPERATION" data are obtained by calculation from published characteristic curves. No allowance
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APPLICATION

MECHANICAL

Mounting

The 7480 should be mounted vertically anode down in
the boiler (Eimac type BR-400 or equivalent). Filament and
grid connections are made through clamp rings or spring-
finger contacts to the O.D. of the sturdy copper terminals
of the tube. Satisfactory anode contact can be made to the
boiler.

Anode Cooling

Efficient cooling is accomplished by vaporization of
water in the boiler and transport of the vapor to a condenser
at a temperature of about 100°C. The boiler, which is at
anode potential, is isolated electrically from the rest of the
system by sections of insulating pipe in the vapor and con-
densate return lines. The control box connected across the
boiler on the ground side of the insulating tubes, displays
the water level in the boiler, actuates warning or interlock
circuits if the level is too low, and permits overflow if the
level is too high. A reservoir is usually associated with the
control box, either integral or remote, to replenish the sys-
tem with distilled water as required.

Application information and typical system layout draw-
ings are available from EIMAC. All accessory components
and special hardware is available from Eimac except con-
densers, for which commercial sources exist.

Base Cooling

Forced-air cooling of the ceramic base and seals may be
required, depending on ambient conditions and operating
frequency. Air flow rate and direction should be determined
to limit envelope temperatures to 200°C maximum and to
maintain uniform temperature distribution around the seals.
Spot temperatures are conveniently measured with Tempilaq
(spray type) or equivalent. Often a flow of about 100 cfm,
directed axially downward towards the tube, is sufficient.

ELECTRICAL

Filament Operation

The rated filament voltage, as measured at the tube ter-
minals, should be maintained within + 5% to assure long
file and good performance within the rated power capability
of the tube. To accommodate special requirements, the fila-
ment voltage may be centered near either of these extremes,
e.g. at plus 5 percent for exceptionally high emission at a
sacrifice of life, or at minus 5 percent for exceptionally
long life where perhaps only half the full emission capabil-
ity is required.

Grid Dissipation

Grid dissipation should be limited to 1,000 watts maxi-
mum. Grid dissipation may be calculated approximately as
the product of peak positive grid voltage and dc grid cur-
rent.

In many r-f amplifier applications where it is impractical
to measure the positive grid voltage, the dc grid current ra-
ting serves as a satisfactory guide. The maximum dc grid
current rating under normal full load conditions in 2 am-
peres. In most cases, however, high power output and good
efficiency can be realized with grid current less than one
ampere. By limiting the grid current in this manner there is
obviously more latitude for grid current excursions resulting
from changes in loading.

High Frequency Operation

The maximum ratings listed apply at frequencies up to
40 MHz. Useful output can be obtained at higher frequen-
cies of the plate voltage and plate input power are reduced
accordingly. For operation up to 60 MHz these parameters
should be reduced to 75% of the listed dc plate voltage
rating; for operation up to 80 MHz they should be reduced
to 50%.

Aging

The manner of operating most high power tubes differs
in at least some respects from conditions under which the
tubes are tested, therefore, some aging is almost always
required to condition a new tube to its new environment. In
basic terms, the different operating conditions are manifest
as different distributions of heat and voltage gradients.
Satisfactory aging is most easily achieved by gradual ap-
plication of voltages, e.g. first filament voltage, then par-
tial plate voltage, and drive, working up to the final values.
If continuous or stepped plate voltage control is not used,
sufficient load should be connected before snapping on full
voltage to limit transients to about 120% of the dc voltage.

Tube Protection

Since the possibility of fault overloads due to occasion-
al tube or circuit instabilities is ever present, good engi-
neering practice holds that suitable protective circuitry and
devices be included in the equipment. In addition to the
standard overcurrent relays, some series resistance should
be placed in the output of the power supply to limit surge
currents. In cases where no filter is used, the resistors may
be placed in each rectifier lead to reduce the power loss
during normal operation. In certain applications, further-
more, it is helpful to attach sphere gaps or rings to the
tube terminals to divert any excessive transient voltages
from the envelope and seals.

. .

The use of an electronic fault diverter, or “‘crowbar’’ is
probably the best way to insure high performance reliability
and freedom from gassing or catastrophic failures. The
crowbar system consists of circuitry to sense incipient
fault currents and trigger the crowbar device, which is
connected to short the power supply energy to ground, pre-
ferably within about 10 microseconds. The crowbar device,
which is usually an ignitron, hydrogen thyratron, or spark
gap, diverts most of the fault energy from the protected
tube until the relay and circuit breakers open.

Special Applications

If it is desired to operate this tube under conditions
widely different from those given herin, write to EIMAC,
Division of Varian, 301 Industrial Way, San Carlos, Califor-
nia 94070.
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PRELIMINARY DATA

TECHNICAL DATA 8892

PLANAR TRIODE

The 8892 is a compact, rugged ceramic/metal planar triode intended for
CW use or as a plate- or grid-pulsed oscillator or amplifier. It features high
power output, high plate efficiency and excellent frequency stability under
severe environmental conditions. The construction of the 8892 readily

lends itself to cavity circuit operation resulting in an extremely compact [i
rf source. The 8892 is capable of providing in excess of 1 kW peak power ""'"*L‘“
at 6 GHz. —ji m
GENERAL CHARACTERISTICS' RE-3
ELECTRICAL
Cathode: Oxide Coated, Unipotential
Heater: Voltage . v s v ssssmams ssnaumsssmanms 6.3 (£5%) V
Current, at 6.3 volts . . . v v v v vt it e v n 0.65 A
Cathode Heating Time .. cssssvusssns 60 sec.
Transconductance (AvVerage) ... .. oo s sos 5055 o0 30 mmhos
Amplification Factor (Average) . . . v ¢ v v v v v v v v v v 60
Direct Interelectrode Capacitance, without heater voltage
GEIA-CHHOAE 1y it o o s eh e imiatiss a9 le o i ot 0 e g4 kst s 81 481 i i S ot o s 6 5 8 B0 5.00 pF
GEIA=PIGEE] w0 15 15 10 00 8 11 o1 ey e oot 5 (58 0 60 90 B o) Soodormion 0 (8 660 8 [ 80 83 &1 ) [or oSl 0 o (8 58 % (0 3 1.60 pF
Plate-Cathode (maximumdi. . « o o666 @@ es omemmne 666606 o@ @ smeans s s e 0.06 pF
Plate Dissipation (a2« « s s s nosmmmns s n e s g umemssyns s 50 W
Grid Dissipation (Maximum) & ws s & o 5 s 6 6 6@ e o m s &8 8 5 &5 Ees 6 @66 s 1.5 W

1. The data presents the nominal design objectives for this product and the characteristics and specifications of
this type are subject to change. The device is now under development and is made available for experimental
purposes only. For the most recent information concerning the status of this development, please contact your
nearest Varian Electron Tube and Device Field Office or the Product Manager, Eimac Division of Varian, Salt
Lake City, Utah.

2. With forced air cooling or appropriate conduction and/or convection cooling.

MECHANICAL
Maximum Overall Dimensions:

Ltgth o cmammain oo o soanamsmme s ss oemsesssyne sy ssess 1.059 in; 26.90 mm

Diamelor o w s 56 6 @ & 5 % 56 @ RS® &6 § 8 6§ TS E QB e 8 8 e 0.758 in; 19.3 mm
NetWelght . o < vvvvmmoovinosstnaas s daamaEG #5808 TS w06 0.250z; 7.0 gm
Operatite POSIHBN. « s s s v n v s vommesn uolem s w s mmeme oo n s o nmee®s 66880808 Any
Maximum Operating Temperature:

Coramic/Metal SEAIE. » o » v v ww wise o o o oo o sd Bs 58 5§ B GBS 250°C
Eooliie « 5 o v ame v b e o w0 mm o e e e B SRR R K Conduction and Forced Air
(Effective 9-1-70) © by Varian Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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RF OSCILLATOR
Class C, Pulsed

ABSOLUTE MAXIMUM RATINGS:

DCPLATEVOLTAGE . ............ 2.0 kvdc
PEAK PLATEVOLTAGE . . ... .. .. ... 2.5 kv
DCPLATECURRENT ¢ c wmw s s soomw 5 100 mAdc

DCGRID CURRENT . .. ........... 30 mAdc
PEAK PLATE CURRENT
PEAK GRID CURRENT

DCGRID VOLTAGE . .+ v vt oo ev e -100 vdc
PULSE DURATIONT . . . ... ... ... .. 3.0 us
DUTY FACTOR! . .. .. ... . .. .0025
PEAK HEATER-CATHODE VOLTAGEZ ... 50 V
FREQUENCY ©+ v to e ee e e 6.0 GHz

1. For applications requiring longer pulse duration
and/or higher duty factor, please consult the
Product Manager, EIMAC-Division of Varian, Salt
Lake City, Utah.

2. The heater is electrically isolated from the cathode.

APPLICATION

The cathode and grid flanges should not be al-
tered in any way such as by machining or filing,
since final seal could be damaged. Maximum
torque applied to flanges during installation
should not exceed 15 inch pounds.

For optimum rf performance, the anode line
should make good rf contact on the anode area
indicated in the outline drawing.

ONimidy

Soldered connections may be made to the
anode stud, grid or cathode flanges, and heater
contacts where adequate heat sinking and good
soldering practices are followed to minimize the
heat applied to the tube and the thermal grad-
ient across the metal to ceramic brazed areas.

Cathode\

DIMENSIONAL DATA

o INCHES MILLIMETERS
MN | MAX | REF MN__| MAX | REF
A 0122 |oi128 | —— |[310 | 325 ——
C |o0325 |0335 | —— |[826 | 851 | —=
G [0.120 [0430 | —— |[ 305 |3.30 [ -—-
H [0.025 [0031 | —— |[ 064 | 0.79 | ——

_‘<>—- J [o1e7 |o.177 424 | 4.50
K 10.025 [0.031 | —— |[ 0.64 | 0.79 | ——
L [0.70 [0.185 | -- 2432 | 470 | --
@ M (0170 |0.190 | —- 432 | 483 | —-
N |0047 0053 | -- 19 | 1.35 | --
CP P |0.535 | 0565 | -- 1359 | 1435 | —
@ r; R [0/85 025 | —— 470 | 546 -
| s 0598 0608 | —- 515 | 1544 | --
.74 7 -- X 9.25 -
— 11 2 T [0.748 [ 0758 1900 [ 192
see note 2— ||

Grid | — | Wil =~ | —— |0.100 - —— | 254
I ! X | 0.250 | 0.260 | —— 635 | 660 | --
y [ — [o00e0] —— |[ —= | 051 | —=

Heater
(see note 3)

Note:

1.

o

Ref. Dims. are for info.
only & are not req'd.
for inspection purposes.
. For optimum rf perfor-
mance the Anode line
should make rf contact
at this voint on the
Anode Cup.

. Heater is electrically

isolated from cathode.



The 8893 is a compact, rugged ceramic/metal planar triode intended for

CW use or as a plate- or grid-pulsed oscillator or amplifier. It features high
power output, high plate efficiency and excellent frequency stability under
severe environmental conditions. The construction of the 8893 readily
lends itself to cavity circuit operation resulting in an extremely compact

if source. _,_,.Jéf@%..

GENERAL CHARACTERISTICS1 ———
-'T‘?'M
ELECTRICAL
Cathode: Oxide Coated, Unipotential
BHeater: Voltage + v s n oo sevsnamssss s sanes 6.3 (£5%) V
Current, at 6:3 volts s : wessms 6 5 o o5 s w5 1.3 A
Cathode Heating Time .............. 60 sec.
Transconductance (Average) « « v v v v v v v v v v v v oo o 30 mmhos
Amplification Factor (Average) « v e oo v v v e e v 60
Direct Interelectrode Capacitance, without heater voltage
GridiCathode s ow s aan v s o e o on m S w5 5@ S 86 GEEEE 658 68§ 5 e e e E 8.00 pF
o 2 A PR O T P g 2.35 pF
Plate-Cathode (maximuffi) s s s s swsssrassns ursnsnans g s sr amows e s 0.10 pF
Plate Dissipation (Maximum)2 . . v v v o v vttt e v e an s snnosasnnssssns 100 W
Grid Diss1pation, (MaKiMiM) « » sw e swime s o s 8 5 0 sesrore o s & o s s som aese s o 1.5 W

. The data presents the design objectives for this product and the characteristics and specifications of this type are

subject to change. The device is now under development and is made available for experimental purposes only. For
the most recent information concerning the status of this development, please contact your nearest Varian Electron
Tube and Device Field Office or the Product Manager, Eimac Division of Varian, Salt Lake City, Utah.

2. With forced air cooling or appropriate conduction and/or convection cooling.
MECHANICAL
Maximum Overall Dimensions:
o R e S T IS PSS SO 1.074 in; 27.30 mm
Diatieten £ 5 o ki iEitirne: & C it L R 0.758 in; 19.30 mm
NetWelght csssuisssnss e e e s basanb s sRe R LUmEE®E €55 0.35 0z; 10.0 gm
Opetating Posifion veecssonsosos s smesenessecomssbdsdssbnessssss Any
Maximum Operating Temperature:
Ceranic/Metal SEAlS o « s o o 1 o s o s 578 5 © 6 o s o s & & 8 81 8 56 @ o as s 0 m & sieiameies 250°C
Cooling s e s s s osmmnen m & &5 & 8o 6 S A S SR e Forced Air
(Effective 6-1-70) © by Varian Printed in U.S.A.

EIMAC division of varian / 301 industrial way./ san carlos / california 94070
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RF OSCILLATOR
Class C, Pulsed

ABSOLUTE MAXIMUM RATINGS

DC PLATE VOLTAGE & v v vt v v een s 2.0 kVdc
PEAK PLATE VOLTAGE .. v v v v e v e e 3.5 kv
DC PLATE CURRENT ...t vv v ienne.. 150 mAdc
DC GRID CURRENT . v v vt i v i v v e 45 mAdc
PEAK PLATECURRENT & v v v v v e nnn 5.0 a
PEAK GRID CURRENT . .o v ve v e e v et 1.5 a

DC GRID VOLTAGE v vt v v v v ve e e v -100 Vdc
PULSE DURATIONT . . oo v et ae 6.0 ps
DUTY FACTORT. « v i i et v it e i i e e .004

PEAK HEATER-CATHODE VOLTAGE2 .... 50 V
FREQUENCY & v vt it et e e e eeenes 4.0 GHz

1. For applications requiring longer pulse duration
and/or higher duty factor, please consult the
Product Manager, EIMAC-Division of Varian, Salt
Lake City, Utah.

2. The heater is electrically isolated from the cathode.

REPRESENTITIVE OPERATION (Grid-Pulsed Oscillator)

Frequency

Duty Factor
Pulse Width

Peak Plate Voltage
Peak Plate Current

Heater Voltage
Heater Current

................

GHz

6.3 V

1.3 A

maximum

30 microseconds
maximum

1.5 kv

maximum

1 kw, minimum

APPLICATION

The cathode and grid flanges should not be al-
tered in any way such as by machining or filing,
since final seal could be damaged. Maximum
torque to flanges during installation
should not exceed 15 inch pounds.

applied

For optimum tf performance, the anode line should
make good rf contact on the anode area indicated
in the outline drawing.

DIMENSIONAL DATA
oM INCHES MILLIMETERS
[ MN MAX REF MIN_ | MAX REF.
A 0247 0253 | - - 627 | 643 - -
c 0/20 | 0160 | - - 305 406 - -
D | 0o70| 0090 - - || 78| 229] - -
G | o[ o192 | - - 462 488 | - -
H 0025| 0031 [ - - 064 079 - -
J 0I70 | 0180 - 432 457 | - -
K 0025] 003l 064 079 - -
L 0170 | 0180 432 457 - -
M [ oo | oo | - - 432 483] - -
N | 0047[ 0053 | - - 119 135] - -
P 0635 | 0665 [ - - 16.13 1689 - -
0.186 0214 472 544 ==
S | 0698 | ovo8 [ - - 773 | 1798 - -
T | o7a8| o7s8 [ - - 1900 1925 - -
Vv - - [ o040 - - - - lio2]] ==
w | - - - - | oo - - - - 254
X | 0545] o570 | - - 1384 | 1448| - -
Y - - [ooceo]| - - - - o5 | - -

For further details on cooling or other aspects
of tube operation, refer to the ‘‘Application Notes
for Planar Triodes’ bulletin which can be ob-
tained on request.

Plate ~

__—-see note 2

10-32UNF-24 / |
Grid — ‘/*“*’ I@ !
U L ¢ @i oy
Cathode — J G " D)
L & 9, @7
STE
—®
——

Heater

(see note 3)

Notes: 1.Ref Dims. are for
info. only and are
not reqd for insp.
purposes.

.For optimum rf per-
formance the Anode
line should make rf
contact at this
point on the Anode
Cup.

.Heater is electrically
isolated from cath-
ode.

n

w



PRELIMINARY DATA

89N

[
( ’® TECHNICAL DATA

PLANAR TRIODE

The 8911 (formerly X2153) is a compact, rugged ceramic/metal planar
triode intended for CW plate- or grid-pulsed oscillator, amplifier, or fre-
quency multiplier use. It features high power output, high plate dissipation
and excellent frequency stability under severe environmental conditions.
The construction of the 8911 readily lends itself to cavity circuit operation
resulting in an extremely compact rf source. The 8911 is capable of pro-
viding in excess of 1 kw peak power at 6 GHz.

GENERAL CHARACTERISTICS'

ELECTRICAL Actual Size
Cathode: Oxide Coated, Unipotential
Heater: Voltage . « « « o« e s o v vcmcnoecanmnnssa 6.3+5% V
Current, at 6.3 Volts ; s wwmavisss s ss s 0.65 A
Cathode Heating Time . .............. 60 sec.
Transconductance (AVErage) « s vs swwwss swowss oo 30 mmhos
Amplification Factor (Average) . . ... .. ..o oo vvv v 60
Direct Interelectrode Capacitance, without heater voltage
Goid=CathiodB, s wraimiz 6 @ 8 9 6 6w G s i & 5 8 8 shee b 5 S 5 8 5 0 86 5.00 pF
Grd-PIAtE o s vmmmssasos smmmoms s 5566 P ens 5668y e sss s ms 1.50 pF
Plate-Cathode (MaXiMUm). « v v v v v vt i e e et e e e et e e e e e e e ene e e e 0.06 pF
Plate Dissipation (Maximum)2. . o v v v v v v vt v oo vt o v oo s et s o noannnnnos 50 W
Grid Dissipation (Maximum) s samsme 6 s o6 6 06 s @666 6 86886 60606 66 5 & 1.5 W

1. The data presents the nominal design objectives for this product and the characteristics and specifications of
this type are subject to change. The device is now under development and is made available for experimental
purposes only. For the most recent information concerning the status of this development, please contact your
nearest Varian Electron Tube and Device Field Office or the Product Manager, Eimac Division of Varian, Salt
Lake City, Utah.

2. With forced air cooling or appropriate conduction and/or convection cooling.

MECHANICAL
Maximum Overall Dimensions: 4

L@ o 5 s o smmmnsns o wmes o ommsms i E e 0w 0 S OABEES &K B 0 8 0.943 in; 23.95 mm

DUIIIETEE & 51 5 5. 55 sges o1 o14s 1s im0 w5 o o0 o1 i son ossmsimi 6o, i is ot wi i som i s o ok P R 55 0 53 51 51,1 o0 0.758 in; 19.25 mm
NetWelght « v « v s snsnuinssonssnsabmssmmrsraemys s we s smns 0.250z; 7.0 gm
Operating Position : savs s savsvsasasms s emns sRvee ra g s s s gsenwaemsssee Any
Maximum Operating Temperature:

Ceramie/Metal SEAlS: o v wm o w o s i mis s i w m o sione eoedls @5 @0 & & @ BRE & & 565§ 250°C
C kg «m s o @ 55 vm v wimp o GRS R E RS SRR T B Conduction and Forced Air
(Effective 2-1-71) © by Varian Printed in U.S.A.

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



891

RF OSCILLATOR
Class C, Pulsed

ABSOLUTE MAXIMUM RATINGS:

DCPLATEVOLTAGE . ... ......... 2.0 kvdc
PEAK PLATE VOLTAGE . . . ... ...... 3.0 kv
DCPLATECURRENT . ............ 100 mAdc
DC GRID CURRENT . . .. .......... 30 mAdc
PEAK PLATE CURRENT . .. ... ...... 3.0 a
PEAK GRID CURRENT . . . . ... ...... 1.2 a

DCGRID VOLTAGE . . . ..o oo vt .., 4100 Vdc
PULSE DURATIONT . .. .. ... ... ... 3.0 us
DUTY FACTORT . ... . L, .0025
PEAK HEATER-CATHODE VOLTAGE?Z . . . +50 v
FREQUENGY & :p w@ss5 3 % v s 8 &8 mm 6.0 GHz

1. For applications requiring longer pulse duration
and/or higher duty factor, please consult the
Product Manager, EIMAC-Division of Varian, Salt
Lake City, Utah.

2. The heater is electrically isolated from the cathode.

APPLICATION

The cathode and grid flanges should not be al-
tered in any way such as by machining or filing,
since final seal could be damaged. Maximum
torque applied to flanges during installation
should not exceed 15 inch pounds.

For optimum rtf performance, the anode line
should make good rf contact on the anode area
indicated in the outline drawing.

see note 2
Grid

Heater

(see note 3)

Soldered connections may be made to the
anode stud, grid or cathode flanges, and heater
contacts where adequate heat sinking and good
soldering practices are followed to minimize the
heat applied to the tube and the thermal grad-
ient across the metal to ceramic brazed areas.
For operating information refer to EIMAC bulle-
tin #15, “Operating Instructions for Planar
Triodes’’.

DIMENSIONAL DATA
DIM. INCHES MILLIMETERS

MIN. MAX. REF. MIN. MAX. REF.
A | 0122 0.128 -- 3.10 3.25 - -
B 0.200 | 0.210 - - 5.08 5.33 -
C 0.120 | 0.130 -- 3.05 3.30 - -
H | 0.025 | 0.03I - - 0.64 0.79 - =
J 0.167 | 0.177 - - 4.24 4.50 - -
K 0.025 | 0.03I -- 0.64 0.79 - -
L 0.170 0.185 - - 4.32 4.70 - -
M | 0170 0.190 -- 4.32 4.83 - -
N | 0.047 | 0.053 -- 1.19 1.35 - -
P | 0.535 | 0.565 -- 13.59 14.35 - -
R | 0.185 0.215 - - 4.70 5.46 - -
S | 0.748 0.758 -- 19.00 | 19.30 = =
T | 0598 0.608 -- 1519 | 15.44 - -
\ - 0.020 -- - - 0.51 - -
w B -= 0.100 - - - 2.54
X 0.250 | 0.260 -- 6.35 6.60 =
Z - - - - 0.030 = = - = 0.76

Notes:

1.

Ref. dims. are for info.
only & are not required
for insv. ourvoses.

2. For optimum rf perfor-

mance the Anode Line
should contact the Andde
Cup at this point.

. Heater is electrically

isclated from Cathode.



PRELIMINARY DATA

8912

TECHNICAL DATA

PLANAR TRIODE

The 8912 (formerly X2154) is a compact, rugged ceramic/metal planar
triode intended for CW plate- or grid-pulsed oscillator, amplifier, or fre-
quency multiplier use. It features high power output, high plate dissipation
and excellent frequency stability under severe environmental conditions.
The construction of the 8912 readily lends itself to cavity circuit operation
resulting in an extremely compact rf source. The 8912 is capable of pro-
viding in excess of 1 kw peak power at 6 GHz.

GENERAL CHARACTERISTICS'

ELECTRICAL

Actual Size
Cathode: Oxide Coated, Unipotential
Heater: VOllage « v svs swswmspsnavssamnysnws 6.3:5% V
Current; at 653 vOlS s wmawssom o as vwws 0.65 A
Cathode Heating Time . ........... ... 60 sec.
Transconductante (AVErage) ««»s sowanws swmos s 30 mmhos
Amplification Factor (Average) . ... ..o v vvvnvnnn 85
Direct Interelectrode Capacitance, without heater voltage
Grid-Cathodes wewimn &5 0 5 5 6@ ErEiaE 66 & 8 56 85 6EE 6 66 8 8 88 5 0 e i e e 5.00 pF
RO N e (o s T R o 8 o s e I 6 i B B 1.50 pF
Plate-Cathode (Maximum). « « « o6 & we s 56 5 55 ss wems 65 886 66 ass 8 s e o s 0.06 pF
Plate Dissipation (magimum)2. . « o o o v s o s o s mosonoeeesoeenoansiosas 50 W
Grid Dissipation (Maximmm) «.:«sses o6 n e s 5 5aesnb ase sy s swwasous s 1.5 W

1. The data presents the nominal design objectives for this product and the characteristics and specifications of
this type are subject to change. The device is now under development and is made available for experimental
purposes only. For the most recent information concerning the status of this development, please contact your
nearest Varian Electron Tube and Device Field Office or the Product Manager, Eimac Division of Varian, Salt
Lake City, Utah.

2. With forced air cooling or appropriate conduction and/or convection cooling.

MECHANICAL
Maximum Overall Dimensions:

Lenpth «cassvssumnasaamoswnmps nosssenpuasssesss smss 1.013 in; 25.73 mm

THBIIEIET x w o & 5 wum s i (o o o o o 5ok B 6 06 50 o 610 0 W50 6 8 06 90 810t 0.608 in; 15.44 mm
NetWelght c s ssvvvnwmsrssussssmmarsnwme s swmennemmsse i 0.250z; 7.0 gm
Operating Position. . s s s s v s v verovnsssnosssnssssessessosnnsscnoeons Any
Maximum Operating Temperature:

Ceramic/Metal 5ealS . .. . cccnciissas isEns s s 0 EE o6 S E SN 1 0HES 530 8Eg s 250°C
(077 1 V- Conduction and Forced Air
(Effective 2-1-71) © by Varian Printed in U.S.A.

EIMAC division of varian / 301 industrial way / san carlos / california 94070
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RF OSCILLATOR
Class C, Pulsed

ABSOLUTE MAXIMUM RATINGS:

DC PLATEVOLTAGE + « « « v v v v v v v n 2.0 kvdc

PEAK PLATE VOLTAGE . . . .. ... .... 2.5 kv

DC PLATE CURRENT #w « s s s a5 o5 s 3 5 100 mAdc

DC GRID CURRENT  + « + v v v v v e e v 30 mAdc

PEAK PLATE CURRENT .. ... .. 3.0 a at .0025 DUTY
1.5 a at .01 DUTY

PEAK GRID CURRENT .. ..... 1.2 a at .0025 DUTY

0.7 a at .01 DUTY

DC GRID VOLTAGE + + + « v v e o v e -100 vdc
PULSE DURATIONT . . ... ......... 3.0 us
DUTY FACTORT . .. .. ... .. ...... .01
PEAK HEATER-CATHODE VOLTAGE2 ... +50 v
FREQUENCY .« v o ee oo 6.0 GHz

1. For applications requiring longer pulse duration

and/or higher duty factor, please consult the
Product Manager, EIMAC-Division of Varian, Salt
Lake City, Utah.

2. The heater is electrically isolated from the cathode.

APPLICATION

The cathode and grid flanges should not be al-
tered in any way such as by machining or filing,
since final seal could be damaged. Maximum
torque applied to flanges during installation
should not exceed 15 inch pounds.

For optimum rf performance, the anode line
should make good rf contact on the anode area
indicated in the outline drawing.

¢
=] i
s T T 10

Soldered connections may be made to the
anode stud, grid or cathode flanges, and heater
contacts where adequate heat sinking and good
soldering practices are followed to minimize the
heat applied to the tube and the thermal grad-
ient across the metal to ceramic brazed areas.
For operating information refer to EIMAC bulle-
tin #15, ‘““Operating Instructions for Planar
Triodes” .

DIMENSIONAL DATA
DIM. INCHES MILLIMETERS

MIN. MAX. REF. MIN. MAX. REF.
A | 0.245 | 0.260 - = 6.22 6.60 --
C | 0240 | 0.255 - - 6.10 6.48 - -
G | 0120 | 0.155 - - 3.05 3.93 ==
H | 0.025 | 0.03I - 0.64 0.79 ==
J [ 0167 | O.I77 - - 4.24 4.50 - -
K [ 0025 | 0.03I -- 0.64 0.79 --
L [ 0170 | 0.185 - - 4.32 4.70 - -
M | 0.170 [ 0.190 -- 4.32 483 - -
N | 0.047 | 0.053 - = 1.19 1.35 - -
P | 0.535 | 0.565 - - 13.59 | 14.35 --
R | 0.I185 | 0.215 -- 4.70 5.46 - -
T | 0.598 | 0.608 -- 15.19 1544 - -
w - - - - 0.100 -- - - 2.54
Note;

1.

Ref. Dims. are for info.
only and are not req'd.
for inspection purposes.

/—"'\



tetrodes - pentodes »

Look in the general section for---

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

® Your nearest Eimac Field Engineer, who stands ready to
give you immediate engineering assistance, information
on deliveries and prices, or provide other information not
found in the catalog.

® Eimac tube type numbering system.
Tube Replacement Chart.
® Prices on Eimac products.

IMPORTANT EIMAC “EXTRAS”

Appllcatlﬂn Englneerlllg. The Eimac Application Engineering Department is available at
all times for consultation. New tube operating techniques are continually being explored, tested
and proved by Eimac engineers, whose combined knowledge and experience are at your service.
Additional contributions by this Eimac department are its Application Bulletins, a service which
you receive without obligation.

Fleld Ellgllleerlllg. Serving as an extension of the Application Engineering Department out-
side the Eimac plant, Eimac Field Engineers cover the United States, operating out of offices in
major cities. They will help you personally with experimental work, problems of technique, etc.
Engineers from Eitel-McCullough, Inc. are available, too, for field consultation throughout the
country. As Eimac tubes are world renowned, the same services extend to various countries over-
seas through the Eimac Export Department.

Sapojuad- $apoJ)a)



® EITEL-McCULLOUGH, INC. P

S A N B R UNO - C A LI F ORNIA

The Eimac 4-65A is a small radiation-cooled transmitting tetrode having a
maximum plate-dissipation rating of 65 watts. The plate operates at a red color at
maximum dissipation. Short, heavy leads and low interelectrode capacitances con-
tribute to stable efficient operation at high frequencies.

Although it is capable of withstanding high plate voltages, the internal
geometry of the 4-65A is such that it will deliver relatively high power ouput at a
low plate voltage.

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

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated tungsten

Yoltage - - - - - - - - - 6.0 volts

Current - - - - - - - - - 3.5 amperes
Grid-Screen Amplification Factor (Average) - - - - 5
Direct Interelectrode Capacitances (Average)

Grid-Plate - - - - - - - - 008 puf

Input - - - - - - - & = 8.0 puuf

Output - - - - 2.1 puf
Transconductance (Ib = 125 ma., Eb == 500 v., Ec, —250v.) - 4000 pmhos
Frequency for Maximum Ratings - - - - - 150 Mc.
MECHANICAL { National HX-29 Socket
Base - - - - - - - - - - - 5- pln—F|tsl Johnson 122-101 Socket
Mounting - - - - - - - - - - - = - Vertical, base down or up
Cooling - - - - - - - - - - - - - - Convection and Radiation
Recommended Heat Dissipating Connector - - - - - - - - - Eimac HR-6
Maximum Over-all Dimensions

Length : . 3 - - - - = s - - - - - 4.38 inches

Diameter - - - - - - - - - - - - - - 2.38 inches
Net Weight - - - - - - - - - - - - - - - 3 ounces
Shipping Weight - - - = - - - - - - - - - - 1.5 pounds

» RADIO-FREQUENCY POWER AMPLIFIER
AND OSCILLATOR TYPICAL OPERATION
Class-C Telegraphy or FM Telephony D-C Plate Voltage 600 1000 1500 2000 3000 volts
D-C Screen Voltage 250 250 250 250 250 volts

MAXIMUM RATINGS (Key-down conditions, per tube) D-C Grid Voltage —75 —80 —85 —90 —100 volts

150 150 150 140 115 ma
40 40 40 40 22 ma
18 17 18 11 10 ma

volts

3.1 3.0 3.2 2.1 1.7 watts
10 10 10 10 5.5 watts

90 150 225 280 345 watts

45 55 60 65 65 watts

45 95 165 215 280 watts

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

3000 MAX. VOLTS g—g %cqgel& Current*
400 MAX. YOLTS =C; (Grid Current*
500 MAX. VOLTS  bemkns pogrrs Yoltage
150 MAX. MA gfrienpbissipffior;*

W R
63 MAX. WATTS  Hote pover ooy

10 MAX. WATTS Plate Power Output
5 MAX. WATTS *Approximate values.

D-C Plate Current -

L T I T T T T B A
~
o
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w
o
o
—
bl
o
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D-C Grid Current*
2500 MAX. YOLTS Screen Dissipation*
400 MAX. YOLTS Peak A-F Screen Voltcge,

—500 MAX. VOLTS  peas R0r oo ge”

120 MAX. MA Blri‘ingp Powell'* ;
45 MAX. WATTS  pigic Dissipation

10 MAX. WATTS Plate Power Output
5 MAX. WATTS *Approximate values.

» PLATE-MODULATED RADIO-FREQUENCY Rl Rl
AMPLIFIER D-C Plate Voltage - - - 600 1000 1500 2000 2500 volts
D-C Screen Voltage - - - 250 250 250 250 250 volts
Class-C Telephony (Carrier conditions unless otherwise specified, 1 tube) D-C Grid Voltage - - -—120 —125 —125 —130 —135 volts
D-C Plate Current - - - 120 120 120 120 110 ma
MAXIMUM RATINGS D-C Screen Current* - - - 40 40 40 40 25 ma

ma
10 10 10 10 6.3 watts

250 250 250 250 250 volts
215 220 220 225 215 volts
3.2 3.5 3.5 3.6 2.6 watts
watts
27 30 40 45 45  watts
45 90 140 195 230 watts

D-C PLATE VOLTAGE
D-C SCREEN VOLTAGE
D-C GRID VOLTAGE
D-C PLATE CURRENT
PLATE DISSIPATION
SCREEN DISSIPATION
GRID DISSIPATION
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(Effective 5-14-54) Copyright 1954 by Eitel-McCullough, Inc. » Indicates change from sheet dated 1-30-53




Note: Typical operation data are based on conditions of adjusting the r-f 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 little variation in power output between

tubes even though there may be some variation in grid ond screen currents. Where grid bias is obtained principally by means of a grid

resistor, to control plate current it is necessary to make the resistor adjustable.

» AUDIO-FREQUENCY POWER AMPLIFIER
AND MODULATOR

MAXIMUM RATINGS (PER TUBE)

D-C PLATE VOLTAGE - - - - - -
D-C SCREEN VOLTAGE - - - - = .
MAX-SIGNAL D-C PLATE CURRENT, PER TUBE -
PLATE DISSIPATION, PER TUBE - - - -
SCREEN DISSIPATION, PER TUBE - - - -

TYPICAL OPERATION

Class—AB‘ (Sinusoidal wave, two tubes unless otherwise specified)

TYPICAL OPERATION

Class-AB, (Sinusoidal wave, two

- 3000 MAX.
- 600 MAX.
- 150 MAX.
- 65 MAX.
- 10 MAX.

YOLTS
YOLTS

MA

WATTS

WATTS

tubes unless ctherwise specificd)

IF IT IS DESIRED TO OPERATE THIS TUBE UNDER CONDITIONS WIDELY DIFFERENT FROM THOSE GIVEN UNC R “TYPICA
TIONS,” POSSIBLY EXCEEDING MAXIMUM RATINGS, WRITE EITEL-McCULLQUGH, INC., FOR INFORMATION AND ?ECOMMENDATIOMN®

D-C Plate Voltage - - - - - 1000 1500 1750 volts D-C Plate Voltage - - - 600 1000 1500 1800 volts
D-C Screen Voltage - - - - - 500 500 500 volts D-C Screen Voltage - - - 250 250 250 250 volts
D-C Grid Voltage' ' = - - - —100 —110 —115 volts D-C Grid Voltage** - - - —40 —40 —45 —50  volts
Zero-Signal D-C Plate Current - - - 60 60 40 ma Zero-Signal D-C Plate Current - 60 &0 60 50 ma
Max-Signal D-C Plate Current - - - 170 180 170 ma Max-Signal D-C Piate Current - 300 300 250 220 ma
Max-Signal D-C Screen Current® - - 30 20 23 ma Max-Signal D-C Screen Current* - 30 60 40 30 ma
Max-Signal D-C Grid Current - - - [+] 0 0 Effective Plate-to-Plate Load - 3600 6800 14,000 20,000 ohms
Effective Plate-to-Plate Load - - - 9000 15,000 20,000 ohms Peck A-F Grid Voltage (per tube) - 120 105 100 30 volts
Peak A-F Grid Voltage (per tube) - - 85 85 90 volts Max-Signal Peak Driving Power® - 7.4 6.0 3.8 2 watts
Max-Signal Piate Power Input - - - 170 270 300 watts Max-Signal Nominal Driving Power* 3.7 3.0 1.9 12 watts
Max-Signal Plate Power Output - - 80 145 175 watts Max-Signal Piate Power !nput - 180 ico 375 395  waiis
* Approximate value. Max-Signal Piate Power Output - 90 170 250 270 watts
'Adjust to stated zero-signal D-C Plate Current. * Approximate values.
The effective grid circuit resistance for each tube must not exceed 250,000 ohms. **Adjust to stated Zero-5ignal D-C Piate Current.
» RADIO-FKEQUENCY LINEAR POWER AMPLIFIER ... . cocarion
SINGLE SIDE BAND SUPPRESSED CARRIER .
Class-AB; (Yoice wave only, per tube)
Class-B (One tube) D-C Plate Voltage - - - - - - 1500 2000
MAXIMUM RATINGS D-C Screen Voltage - - - - 300 400 i
D-C PLATE VOLTAGE - - - - - - - 3000 MAX. VOLTS D-C Grid Voltage* - - - - -  —535 —80 —105 ts
D-C SCREEN VOLTAGE - - - - - - - 600 MAX. VOLTS Zero-Signal D-C Plate Current - - - 35 25 20 ma
PLATE DISSIPATION - - - - - - - 65 MAX. WATTS Max-Signal D-C Plate Current - - - 200 270 230 ma
SCREEN DISSIPATION - = = = = = 10 MAX. WATTS Max-Signal D-C Screen Current** - - 45 65 5 ma
GRID DISSIPATION - - - - - - - 5 MAX. WATTS Max-Signal Peak R-F Grid Voltage - - 150 190 165  veits
Max-Signal D-C Grid Current** - - - 15 20 a ]
*Adjust to stated Zero-Signal Plate Current. Max-Signal Driving Power** - - s ® 23 b1 13 ks
**Approximate values. Max-Signal Piatza Power Input - - - 00 540 575 ats
***Due to fh? l?tern;’i’:tentMnoﬂgre olf Bc?ice, ?_vero ;e fhissizcr::icir}i; Max-Signal Plate Dissipation*** - - - 193 190 225 waotts
icsm}soldg:eo?eyste?susinagn o sinewave s-léi:glo slga.rce, arreongegu;nts Average: Plate Dissipation -~ - ¢o 185 hs
must be made to lower the duty. Max-Signal Useful Power Quiput - - - 150 300 wat!s
OPERA-
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APPLICATION

MECHANICAL

Mounting—The 4-65A must be mounted vertically, base
up or base down. The socket must provide clearance for
the glass tip-off which extends from the center of the
base. A flexible connecting strap should be provided
between the plate terminal and the external plate cir-
cuit, and the Eimac HR-6 cooler (or equivalent) used on
the tube plate lead. The socket must not apply lateral
pressure against the base pins. The tube must be pro-
tected from severe vibration and shock.

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

In intermittent-service applications where the “on
time does not exceed a total of five minutes in any ten
minute period, plate seal temperatures as high as 250°C
are permissible, When the ambient temperature does not
exceed 30°C it will not ordinarily be necessary to provide
forced cooling of the bulb and plate seal to hold the
temperature below this maximum at frequencies 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
directly at the filament pins, should be between 5.7 volts
and 6.3 volts.

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

Grid Dissipation—Grid dissipation for the 4-65A should
not be allowed to exceed five watts. Grid dissipation may
be calculated from the following expression:
Pg=ecmplc
where Pg= Grid dissipation,
ecmp = Peak positive grid voltage, and
lc=D-c grid current.

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

Screen Voltage—The D-C screen voltage for the 4-65A
should not exceed 400 volts except in the case of class-
AB audio operation and Single Side Band R-F amplifier
operation where it should not exceed 600 volts.

Screen Dissipation—The power dissipated by the screen of
the 4-65A must not exceed 10 watts. Screen dissipation
is likely to rise to excessive values when the plate volt-

age, bias voltage or plate load is removed with filament
and screen voltages applied. Suitable protective means
must be provided to limit screen dissipation to 10 watts
in the event of circuit failure. .

Plate Voltage—The plate-supply voltage for the 4-65A
should not exceed 3,000 voits. Above 50 Mc. it is advis-
able 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 conditions,
the plate dissipation of the 4-65A should not be allowed
to exceed 65 watts in unmodulated applications.

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

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

OPERATION

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

Where shielding is adequate, the feedback at fre-
quencies above 110 Mc. is due principally to screen-lead-
inductance effects, and it becomes necessary to introduce
in-phase voltage from the plate circuit into the grid cir-
cuit. This can be done by adding capacitance between
plate and grid external to the tube. Ordinarily, a small
metal tab approximately 34" square and located adjacent
to the envelope opposite the wlate will suffice for neutral-
ization. Means should be provided for adjusting the

*For suitable peak V.T.V.M. circuits see, for instance, Vacuum Tube
Ratings,”” Eimac News, January 1945. This article is available in
reprint form on request.
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spacing between the neutralizing capacitor plate and the
envelope. An alternate neutralization scheme for use
above 110 Mc is illustrated in the diagram on page 4.
In this circuit, feedback is eliminated by series-tuning
the screen to ground with a small capacitor. The socket
screen terminals should be strapped together as shown
on the diagram, by the shortest possible lead, and the
lead from the mid point of this screen strap to the capaci-
tor, C, and from the capacitor to ground should be made
as short as possible.

Driving power and power output under maximum out-
put and plate voltage conditions are shown below. The
power output shown is the actual plate power delivered
by the tube; the power delivered to the load will depend
upon the efficiency of the plate tank and output coupling
system. The driving power is likewise the driving power
required by the tube (includes bias loss). The driver out-
put power should exceed the driving power requirements
by a sufficient margin to allow for coupling-circuit losses.
The use of silver-plated linear tank-circuit elements is
recommended for all frequencies above 75 Mc.

300 e 15
EIMAC 4-65A TYPICAL PERFORMANCE
L CLASS-C TELEGRAPHY
PLATE VOLTAGE — 1500 VOLTS
200 10

POWER |QUTPUT /

A

100 ><

[

POWER OUTPUT-WATTS

DRIVING POWER - WATTS

9 50 00 150 200 250 300
FREQUENCY — MEGACYCLES

Class-C AM Telephony—The R-F‘ circuit considerations
discussed above under Class-C FM or Telegraphy also
apply to amplitude-modulated operation of the 4-65A.
When the 4-65A is used as a class-C high-level-modulated

s00n RFC

=Ec +Ess

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

640,000

Cluufd) = , approx.
e 7 ime) TP
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amplifier, both the plate and screen should be modulated.
Modulation voltage for the screen is easily obtained by
supplying the screen voltage via a series dropping resistor
from the unmodulated plate supply, or by the use of an
audio-frequency reactor in the positive screen-supply
lead, or from a separate winding on the modulation trans-
former. When screen modulation is obtained by either
the series-resistor or the audio-reactor methods, the
audio-frequency variations in screen current which result
from the variations in plate voltage as the plate is
modulated automatically give the required screen modu-
lation. 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 maxi-
mum 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 fre-
quencies, 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.
Class-AB, and Class-AB, Audio—Two 4-65As may be used
in a push-pull circuit to give relatively high audio outnut
power at low distortion. Maximum ratings and typical
operating conditions for class-AB,; and class-AB, audio
operation are given in the tabulated data.

Screen voltage should be obtained from a source hav-
ing reasonably good regulation, to prevent 'variations in
screen voltage from zero-signal to maximum-signal condi-
tions. The use of voltage regulator tubes in a standard
circuit 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 resistance 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
driver amplifier must be capable of supplying the peak
driving power without distortion. The driver stage should,
therefore, be capable of providing an undistorted average
output equal to half the peak driving power requirement.
A small amount of additional driver output should be
provided to allow for losses in the coupling transformer.

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

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.

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

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

KEYING THE TETRODE AMPLIFIER

xciTATIon

Tetrode Keying Circuit

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

One easy method of keying is to remove the excitation
and screen grid voltage simultaneously, while leaving the
plate voltage still applied to the amplifier stage. This
method also has an advantage in that the final tube can
be made to draw a safe amount of current key-up posi-
tion, maintaining a steadier drain on the power supply
while keying. This tends to minimize “blinking lights”
on weak AC supply lines when using moderate power.
By properly choosing the values of L, C, and R, in the
circuit, perfectly clean-cut highest speed hand keying
can easily be obtained that is entirely devoid of clicks.

The keying circuit is shown in the diagram and V, is
the driver tube, which may be any one of the small
tetrodes such as an 807, 2E26, 6146, 6L.6 or 6AG7, used
either as a frequency multiplier or a straight-through
amplifier. This tube should furnish about five watts of

4-65A

output power which allows ample driving power for
one 4-65A, including circuit losses. Capacitance coupling
is shown in the diagram, but this, of course, could just
as well be link coupling.

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

When the key is up there is no excitation to the 4-65A,
and consequently no grid leak bias. At the same time, the
screen voltage has also been removed so that very little
current is drawn by the plate. With plate voltages up to
2000 volts, the amount of current drawn is not sufficient
to heat the plate beyond its rated plate dissipation and a
fixed bias is not required. However, with plate voltages
over 2000 volts, a small fixed bias supply is needed to

keep the plate dissipation within the rated limit. An
ordinary 2215 volt C battery in the control grid circuit

will furnish sufficient bias to completely cut the plate
current off at 3000 volts, while some lower value of bias
can be used to permit a safe amount of current to flow
in key-up position, presenting a more constant load to
the power supply.

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

The keying relay must be insulated to withstand the
driver plate voltage. Key clicks may be completely elim-
inated by the proper selection of L,, R, and C, in series
with and across the relay. In many applications values of
500 ohms for R, and 0.25 ufd for C, have been found
entirely satisfactory. Choke L, is best selected by trial
and usually is on the order of 5 henries. A satisfactory
choke for this purpose can be made by using any small
power-supply choke, capable of handling the combined
current of the final screen grid and the driver stage,
and adjusting the air gap to give the proper inductance.
This may be checked by listening for clean keying on the
“make” side of the signal or by observation in a ’scope.

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

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

Complete shielding is easily achieved by mounting the
socket of the tube flush with the deck of the chassis as
shown in the sketch on page 7.

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

DIFFERENT SCREEN VOLTAGES

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

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

For instance, if the characteristic curves are shown at
a screen voltage of 250 volts and it is desired to deter-
mine conditions at 500 screen volts, all voltage scales
should be multiplied by the same factor that is applied
to the screen voltage (in this case—2). The 1000 volt
plate voltage point now becomes 2000 volts, the 50 volt
grid voltage point, 100 volts, etc.

The current lines then all assume new values in ac-
cordance with the 3/2 power law. Since the voltage was
increased by a factor of 2, the current lines will all be
increased in value by a factor of 23/2 or 2.8. Then all the
current values should be multiplied by the factor 2.8.
The 100 ma. line becomes a 280 ma. line, etc.

Likewise, if the screen voltage given on the charac-
teristic curve is higher than the conditions desired, the
voltages should all be reduced by the same factor that
is used to obtain the desired screen voltage. Correspond-
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ingly, the current values will all be reduced by an amount
equal to the 3/2 power of this factor.

For convenience the 3/2 power of commonly used
factors is given below:

Voltage Factor 25 5 75 1.0 125 150 175
Corresponding
Current Factor .125 .35 .65 1.0 1.4 184 23

Voltage Factor 20 225 25 275 3.0
Corresponding
Current Factor 2.8 3.4 40 46 52

SINGLE SIDE BAND
SUPPRESSED CARRIER OPERATION

The 4-65A may be operated as a class B linear a;npli-
fier in SSSC operation and peak power outputs of over
300 watts per tube may be readily obtained. This is
made possible by the intermittent nature of the voice.
If steady audio sine wave modulation is used, the single
side band will be continuous and the stage will operate
as a C-W class-B amplifier. With voice modulation the
average power will run on the order of 1/5th of this con-
tinuous power.

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

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

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

SSSC TUNING PROCEDURE

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

\/



mate speech conditions would be to modulate the oscilla-
tor with a low frequency.

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

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

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

4-65A

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

If the reduced duty cycle method is used, the following
tuning procedure may be followed:

1. Cut the audio output to zero.

2. Apply 120 volts of bias to the 4-65A control grid.

3. Apply the operating plate voltage followed by the
operating screen voltage.

4. Reduce bias voltage to obtain 50 watts of stand-by
plate dissipation.

5. Increase audio gain, checking the oscilloscope pat-
tern for linearity as in the case of the exciter, and adjust
for optimum antenna coupling.

6. Re-adjust exciter unit for single side band operation.

7. Disconnect test signal and connect microphone.

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

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

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

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

Typical operational data are given for SSSC in the
first part of this data sheet.

HR-6 HEAT DISSIPATING
CONNECTOR
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QUTPUT

+250 v 6V,3.5A. FROM =90V +3000 V.
20 MA. DRIVER 1S MA
21 WATTS

Typical radio-frequency power amplifier circuit, Class-C
telegraphy, 345 watts input.

4-65A

COMPONENTS FOR TYPICAL CIRCUITS

Lp1-Cp1— Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.200".

Lp2-Cp2— Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.200".

Lp3-Cp3— Tank circuit appropriate for operating frequency;
@ =12. Capacitor plate spacing=.375".

Lg1-Cg1— Tuned circuit appropriate for operating frequency.

Lg2-Cg2— Tuned circuit appropriate for operating frequency.

C1— .002 -ufd. 500V Mica

C2—.002 -ufd. 5000V Mica

C3—.001 -ufd. 2500V Mica

C4—.1 -ufd. 1000V paper

Cs—.1 -ufd. 600 V paper

Ce— 16 -pfd. 450V Electrolytic

C7— 10 -ufd. 160V Electrolytic

R1—53,000 ohms 200 watt—60,000 ohm adjustable

R2—250,000 ohms | watt

R3— 5,000 ohms 5 watt

R4— 25,000 ohms 2 watts

Rs— 26,500 ohms 200 watts—30,000 ohm adjustable

R¢— 2,500 ohms 5 watts

R7— 750 ohms 5 watts

RFC1— 2.5 mhy. 125 ma. R-F choke

RFC2— | mhy. 500 ma. R-F choke

T1— 150 watt modulation transformer; ratio primary to second-

ary impedance approx. I:I.l Pri. impedance 15,000 ohms,
sec. impedance 16,700 ohms.

T2—5 watt driver transformer impedance ratio primary to 1/2
secondary |.5:1.

T3—300 watt modulation transformer; impedance ratio pri. to
sec. approx. 2.4:1; Pri. impedance =20,000 ohms, sec. im-
pedance =8,333 ohms.

ouTPUT

4-65A

1l
I

SHIELD

|
|
|
!
]
I
|
|
|
|
I
[
|
|
L.

4-65A

4-65A J

T L

o
(o) o] L +1s00v +500 v +2000v FROM
) o o} = IBOMA [4MA (53 MA DRIVER
6v,354 -5y -8sv 6v,7a MAX MAX MAX 26 WATTS

ouTPuT

Les
Ce3
It ) RFC2

4-65A

LT

SHIELD

I
|
T
|
|
I
|
I
I
|
L

9 S« I J

9 o] L
o) =
6V, 7a -65v. FROM -35v 6v,7a +250 V +2000 v
DRIVER 85 MA 526 MA
52 WATTS MAX

Typical high-level-modulated R-F amplifier, 240 watts plate
input. Modulator requires zero driving power.
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Typical high-level-modulated R-F amplifier circuit, with
modulator and driver stages, 480 watts plate input.
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4-250R

(5D22)
RADIAL-BEAM
EITEL-McCULLOUGH, INC.
EhE EEELEN - CELl NGB POWER.TETRODE
MODULATOR

OSCILLATOR
AMPLIFIER

The Eimac 4-250A is a compact, ruggedly constructed power tetrode having a maximum plate
dissipation rating of 250 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 4-250A is cooled by radiation from the plate and by circulation of forced-air through the
base and around the envelope.

GENERAL CHARACTERISTICS

ELECTRICAL
Filament: Thoriated tungsten
Voltage - - - - - - - - - - - - - 5.0 volts
Current - - - - - - - - - - - - 14.5 amperes
Grid-Screen Amplification Factor (Average) - - - . - - - - - 5.1
Direct Interelectrode Capacitances (Average)
Grid-Plate - - - - B = - - - - - - - 0.12 ppuf
Input = - S = e s - - s - - - - 12.7 ppf
Output - - - - - - - - - - - - - 45 ppf
Transconductance (ly=100 ma., E,=2500V., E..=500V.) - - - - - 4000 pmhos
Frequency for Maximum Ratings - - - - - - - - - - - 110 Mec.
MECHANICAL
Base - - - - - -

s s = s % < - 5-pin metal shell
Recommended Socket - - - - - - - E. F Johnson Co. socket No. 122-275,
National Co. No. HX-100, or equivalent.

Basing - - - - - - - s - - - - - - - See drawing

Mounting Position - s - - - - - - - - Vertical, base down or up =

Cooling - - - - - - . “ - - - - Radiation and forced air

Recommended Heat Dissipating Plate Connector - - - - - - - Eimac HR-6

Maximum Temperature of Base and Plate Seals % Base Seals ; B 3 o - N N - ' ) o - 200° C.
Plate Seal - - - - - - - - - - - - - 170° C.

Maximum Over-all Dimensions - - - _3 Length T B - ° ° - - - N N N N 6.38 inches
Diameter . - - - - - - - - - - - - 3.56 inches

Net Weight - - - - - - - - - - - - - - - - - - - - - - 8.0 ounces

Shipping Weight - - - - - - -

- - - - - PR - - - - - 2.0 pounds

Note: Typical operation data are based on conditions of adjusting the r-f 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 little variation in power output 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, to control
plate current it is necessary to make the resistor adjustable.

RADIO-FREQUENCY POWER AMPLIFIER TYPICAL OPERATION (Frequencies below 110 Mc.)

D-C Plate Voltage - - - - - 2500 3000 4000 volts
AND OSCILLATOR . D-C Screen Voltage - - - - - 500 500 500 volts
Class-C FM or Telegraphy (Key-down conditions, | tube) D-C Grid Voltage . - . .. 150 —180 —225 volts
MAXIMUM RATINGS D-C Plate Current - - - - - 300 345 312 ma
D-C PLATE VOLTAGE' - . . 4000 MAX. VOLTS PEGidn Condl = 2 s = 2 W B & m

D-C Grid Current - - - - - 9 10 9 ma
D-C SCREEN VOLTAGE - - - 600 MAX. VOLTS Screen Dissipation - - - - - 30 30 225 watts
D-C GRID VOLTAGE - - - - —500 MAX. YOLTS Grid Dissipation - - - - - 03 0.8  0.46 watts
D-C PLATE CURRENT - - . . 350 MAX. MA Peak R-F Grid Input Voltage (approx.) - 220 265 303 volts

Driving Power (approx.)? - - - - 1.70 2.6 2.46 watts
PLATE DISSIBATION - . ) . 250 MAX, WATTS Plate Power Input - - - . . 750 1035 (250 watts
SCREEN DISSIPATION - - - 35 MAX. WATTS Plate Dissipation - - - - - - 175 235 250 watts
GRID DISSIPATION - - - - 10 MAX. WATTS Plate Power Output - - - - . 575 800 1000 watts
PLATE-MODULATED RADIO-FREQUENCY TYPICAL OPERATION (Frequencies below 110 Mc.)

D-C Plate Yoltage - - - - - - - 2500 3000 volts
él:f:CL:I::Eghony D-C Screen Voltage - - - - - - 400 400 volts
(Carrier conditions unless otherwise specified, | tube) g_g ﬁ:z \::ol:::::' oD T _ix _i;g ‘::;fs
MAXIMUM RATINGS D-C Screen Current - e e e e 30 30 ma

1 D-C Grid Current - - - - . - - 9 9 ma
D-C PLATE VOLTAGE : B . 3200 MAX. VOLTS Peak A-F Screen VYoltage (100% modulation) - 350 350 volts
D-C SCREEN YOLTAGE - - g 600 MAX. VOLTS Screen Dissipation - - - - - - - 12 12 watts
D-C GRID YOLTAGE - - - = —500 MAX. YOLTS Grid Dissipation = = S - 3 s s 1.8 2.7 watts
D-C PLATE CURRENT - z = S 275 MAX. MA Peak R-F Grid Input Yoltage (approx.) - - 255 365 volts

Driving Power (approx.) - - - - - 2.2 3.2 watts
PLATE DISSIPATION - - - - 165 MAX. WATTS Plate, PoWar INPHE = = = o = = 500 475 watts
SCREEN DISSIPATION - - - 35 MAX. WATTS Plate Dissipation - - - - - . - 125 165 watts
GRID DISSIPATION - s - = 10 MAX. WATTS Plate Power Output s = < s s 378 510 watte

(Effecrive 7-15-55) Copyright 1952 by Eitel-McCullough, Inc. ‘g\bove 110 Mc. the maximum plate voltage rating depends upon frequency.
' ee page four.

*Driving power increases above 40 Mc. See paqe four.



e 4-250A

(5D22)

AUDIO-FREQUENCY POWER AMPLIFIER

AND MODULATOR—CLASS AB

MAXIMUM RATINGS (PER TUBE)
D-C PLATE VOLTAGE - - - . - -
D-C SCREEN VOLTAGE - - . - -
MAX-SIGNAL D-C PLATE CURRENT - - -

PLATE DISSIPATION - - - = = -
SCREEN DISSIPATION - - - s =
GRID DISSIPATION - - = 5 - %

TYPICAL OPERATION CLASS AB,
(Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate VYoltage - - - 1500 2000 2500 3000 volts
D-C Screen Voltage - - - 600 600 600 600 volts
D-C Grid Yoltage 1.2 - - - —95 —I104 —I10 —IIé volts
Zero-Signal D-C Plate Current - 120 110 120 120 ma
Max-Signal D-C Plate Current - 400 405 430 417 ma
Zero-Signal D-C Screen Current - —04 —03 —03 —02 ma
Max-Signal D-C Screen Current - 23 22 13 105 ma
Effective Load, Plate-to-Plate - 6250 9170 11,400 15,000 ohms

Peak A-F Grid Input Voltage

(per tube) - - - 64 88 90 93 volts
Driving Power - - - - 0 0 0 0 watts
Max-Signal Plate Dissipation

(per tube) - - - - 145 175 225 250 watts
Max-Signal Plate Power Output - 310 460 625 750 watts
Total Harmonic Distortion - - 4 2.5 2 2.5 per cent

1Adjust for stated zero-signal plate current.
2The effective grid-circuit resistance must not exceed 250,000 ohms.

& @ 2 = = - - 4000 MAX. YOLTS
- - = = = - - 600 MAX. YOLTS
- - - - - - - 350 MAX. MA

- 250 MAX. WATTS
35 MAX. WATTS
10 MAX. WATTS

TYPICAL OPERATION CLASS AB,
(Sinusoidal wave, two tubes unless otherwise specified)

D-C Plate Voltage - - 1500 2000 2500 3000 volts
D-C Screen Voltage - - 300 300 300 300 volts

Zero-Signal D-C Plate Current - 100 120 120 125 ma

D-C Grid Voltage?! - - —48 —48 —5I —53 volts
Max-Signal D-C Plate Current 485 510 500 473 ma
Zero-Signal D-C Screen Current 0 0 0 0 ma

34 26 23 ma

-Signal D-C Screen Current 33
Mo Siana Tate-to-Plz 5400 8000 10,900 16,000 ohms

Effective Load, Plate-to-Plate
Peak A-F Grid Input Voltage

(per tube) - - - 9% 99 100 99 volts
Max-Signal Avg. Driving Power

(approx.) - - - - 2.1 23 2.2 1.9 watts
Max-Signal Peak Driving Power - 4.7 5.5 4.8 4.6 watts
Max-Signal Plate Dissipation

(per tube) - - - - 150 185 205 190 watts
Max-Signal Plate Power Output - 428 650 840 1040 watts
Total Harmonic Distortion - - 3 4 4 4.5 per cent

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 EITEL-McCULLOUGH, INC., FOR INFORMATION AND RECOMMENDATIONS.

APPLICATION

Mechanical

Mounting—The 4-250A 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 between 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.
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4-250A 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 4-250A. At frequencies above 30Me,
cooling air in the amount of five cubic feet per minute through
the base of the tube is required. This quantity is obtained when
the pressure drop across the base of the tube is equal to 0.20
inch of water column. At frequencies below 30Mc the volume
may be reduced to two cubic feet per minute. At this reduced
air flow, the pressure drop is equal to 0.10 inch of water
column. Base-cooling air should be applied simultaneously
with filament power. The temperature of the plate seal, as
measured on the top of the plate cap, should not exceed 170°C
in continuous-service applications.

A relatively slow movement of air past the tube is sufficient
to prevent a plate seal temperature in excess of the maximum
rating at frequencies below 30 Mc. At frequencies above 30
Mc., radio-frequency losses in the leads and envelope contribute
to seal and envelope heating and special attention should be
given to bulb and plate seal 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 Mec. (The Eimac SK-400 Air-System Socket provides a
convenient method of mounting and cooling the 4-250A at VHF,
should the user desire to use it. Full information is available on
the SK-400 Air-System Socket data sheet, or it will be sent
from the factory on request.)

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 provide forced cooling of the bulb
and plate seal to hold the temperature below this maximum at
frequencies below 30 Mc., provided that a heat-radiating plate
connector is used, and the tube is so located that normal circu-
lation of air past the envelope is not impeded. The five cubic
feet per minute base-cooling requirement must be observed
in intermittent service.

Electrical

Filament Voltage—For maximum tube life the filament voltage,
as measured directly at the base pins, should be the rated value
of 5.0 volts. Variations should be held within the range of 4.75
to 5.25 volts.

’ Indicates change from sheet dated 8-24-53.
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Bias Voltage—D-c bias voltage for the 4-250A 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.

Grid Dissipation—Grid dissipation for the 4-250A should not be
allowed to exceed ten watts. Grid dissipation may be calculated
from the following expression:
Pe=ecmple
where P, =Grid dissipation
ecmp=Peak positive grid voltage, and
lc.=D-C grid current.

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

Screen Voltage —The d-c screen voltage for the 4-250A should
not exceed 600 volts.

Screen Dissipation—The power dissipated by the screen of the
4-250A must not exceed 35 watts. Screen dissipation is likely to
rise to excessive values when the plate voltage, bias voltage or
plate load is removed with filament and screen voltages applied.
Suitable protective means must be provided to limit screen
dissipation to 35 watts in the event of circuit failure.

Plate Voltage —The plate-supply voltage for the 4-250A should
not exceed 4000 volts for frequencies below 110 Mc. Above 110
Mc., the maximum permissible plate voltage is less than 4000
volt, as shown by the graph on page four.

Plate Dissipation —Under normal operating conditions, the plate
dissipation of the 4-250A should not be allowed to exceed 250
watts in unmodulated applications.

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

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

Operation

Class-C FM or Telegraphy —The 4-250A may be operated as a
class-C amplifier, FM or telegraphy, without neutralization up to
30 Mc. 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
and to which suitable connectors may be attached to ground the
tube base shell, provides an effective isolating shield between
grid and plate circuits. In single-ended circuits, plate, grid, fila-
ment and screen by-pass capacitors should be returned 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 inter-
connect the screens and filaments of the two tubes. Care should
be taken to prevent leakage of radio-frequency energy to leads
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Screen-tuning neutralization circuit for use above 45 Mc.
C — Approximately 100y ufd. per section, maximum.

entering the amplifier in order to minimize grid-plate coupling
between these leads external to the amplifier.

At frequencies from 30 Mc. to 45 Mc. ordinary neutralization
systems may be used.

Where shielding is adequate, the feed-back at frequencies
above 45 Mc. is due principally to screen-lead-inductance
effects, and it becomes necessary to introduce in-phase voltage
from the plate circuit into the grid circuit. This can be done by
adding capacitance between plate and grid external to the tube.
Ordinarily, a small metal tab approximately ¥-inch square con-
nected to the grid terminal and located adjacent to the envelope
opposite the plate will suffice for neutralization. Means should
be provided for adjusting the spacing between the neutralizing
capacitor plate and 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 terminals should be strapped
together, as shown on the diagram, 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 poss-

ible.

Driving power and power output under maximum output and
plate voltage conditions are shown on page 4. The power output
shown is the actual plate power delivered by the tube; the
power delivered to the load will depend upon the efficiency of
the plate tank and output coupling system. The driving power is
likewise the driving power required by the tube (includes bias
loss). The driver output power should exceed the driving power
requirement by a sufficient margin to allow for coupling-circuit
losses. The use of silver-plated linear tank-circuit elements is
recommended for all frequencies above 10 Mc.

Class-C AM Telephony —The r-f circuit considerations discussed
above under Class-C FM or Telegraphy also apply to amplitude-
modulated operation of the 4-250A. When the 4-250A is used
as a class-C plate-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 modu-
lation transformer, by supplying the screen voltage via a series
dropping resistor from the unmodulated 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 varia-
tions 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 or 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 plate-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 modula-
tion frequency equal to at least twice the grid-leak resistance.

Class-AB, and Class-AB, Audio —Two 4-250A's may be used in
a push-pull circuit to give relatively high audio output power at
low distortion. Maximum ratings and typical operating conditions
for class-AB, and class-AB. audio operation are given in the
tabulated data.

Screen voltage should be obtained from a source having
reasonably good regulation to prevent variations in screen volt-
age from zero-signal to maximum-signal conditions. The use of
voltage regulator tubes in a standard circuit should provide ade-
quate 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
resistance should not exceed 250,000 ohms.

3 For suitable peak v.t.v.m. circuits see, for instance, ''Vacuum Tube
Ratings,"' Eimac News, January, 1945, This article is available in reprint
form on request.
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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 driver amplifier must be
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