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DOMESTIC

ALABAMA

Gentry Associates, Inc.
Rm. 422, 2109 W. Clinton
Huntsville 35805
Telephone: (205) 534-9771

ARIZONA

Bennewitz Associates, Inc.
4310 N. Brown Avenue
Scottsdale 85251
Telephone: (602) 947-7379

CALIFORNIA

L & M Engineering, Inc.
3242 McKinley Drive
Santa Clara 95051
Telephone: (408) 243-2891

L & M Engineering, Inc.
9911 Inglewood Ave.
Inglewood 90301
Telephone: (213) 674-6850

COLORADO

Bennewitz Associates, Inc.
2801 E. Colfax Ave.
Denver 80206

Telephone: (303) 399-1132

DISTRICT OF COLUMBIA

(Government Agencies Only)
Watkins-Johnson Company
6006 Executive Blvd.
Rockville, Md. 20852
Telephone: (301) 881-3300

Eastern Instrumentation
Incorporated

5410 Indian Head Highway
Suite 309

Washington, D.C. 20021

Telephone: (301) 839-3801

FLORIDA

Gentry Associates, Inc.
550 N. Bumby Avenue
Orlando 32803

Telephone: (305) 841-7740

ILLINOIS

RF Specialists

118 West Higgins Road
Park Ridge 60068
Telephone: (312) 698-2044

INDIANA

RF Specialists

6410 Woodwind Drive
Indianapolis 46217
Telephone: (317) 783-7630

MASSACHUSETTS

Lancer Associates, Inc.
16 Adams Street
Burlington 018

Telephon: (617) 272 6445

MICHIGAN

S. Sterling Company
17500 W. McNichols Road
Detroit 48235

Telephone: (313) 255-1970

MISSOURI

Kemco, Inc. Strother Bldg.
Room 15 6050 Brown Road
St. Louis 63134
Telephone: (314) 524-0820

SALES REPRESENTATIVES

NEW MEXICO

Bennewitz Associates, Inc.
9720 Candelaria, N.E.
Albuquerque 87112
Telepnone: (505) 298-6775

NEW YORK

Eastern Instrumentation
Incorporated

300 Northern Blvd.

Great Neck, L.I. 11021

Telephone: (516) 466-9505

Ossmann Instruments, Inc.

6666 Old Collamer Road
E. Syracuse 13057
Telephone: (315) 437-6666

Ossmann Instruments, Inc.

474 Thurston Road
Rochester 14619
Telephone: (716) 328-2230

Ossmann Instruments, Inc.

1901 Vestal Parkway East
Vestal 13850
Telephone: (607) 785-9947

Ossmann ln;truments, Inc.
0

P.0. Box
Wappinger Falls 12590
Telephone: (914) 297-7777

NORTH CAROLINA

Gentry Associates, Inc.
116 E. O'Neal Ave.
Burlington 27215
Telepnone: (919) 227-2581

OHIO

S. Sterling Company

5827 Maytield Road
Cleveland 44124
Telephone: (216) 442-8080

S. Sterling Company

2673 Culver Avenue
Dayton 45429

Telephone: (513) 298-7573

PENNSYLVANIA

Eastern Instrumentation
Incorporated

613 Cheltenham Avenue

Philadelphia 19126

Telepnone: (215) 927-7777

S. Sterling Company

No. 2 Parkway Center
Pittsburgh 15220
Telepnone: (412) 922-5720

TEXAS

Kemco, Inc.
P.0. box 998
Irving 75060
Telepnone: (214) 637-0163

Kemco, Inc.

8466 Leawood Blvd.
Houston 77072

Telephone: (713) 498-1768

VIRGINIA

Eastern Instrumentation
Incorporated

Ross Bldg., Suite 607

Richmond 23219

Telephone: (703) 644-6622

WASHINGTON

Rush S. Drake Associates
Incorporated

6133 Maynard Ave. South

Seattle 98108

Telephone: (206) 763-2755

3333 HILLVIEW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304

EXPORT

AUSTRALIA

Racal Electronics Pty, Ltd.
47 Talavera Road

North Ryde, N.S.W.
Telephone: 886444
Eelelx: AA20365

able:
RACALAUST-NORTH RYDE

BELGIUM

S. A. Telindus

38, Rue Stanley

1180 Brussels
Telephone: 44.48.26/27
Telex: 22760

Cable: INKOHA-BRUSSELS

CANADA

Allan Crawford Assoc., Ltd.
6427 Northam Drive
Mississauga, Ontario
Telephone: (416) 678-1500
TWX: 610-492-2119

Allan Crawford Assoc., Ltd.
157 St. Charles Street W.
Longueuil, P.Q.

Telephone (514) 670-1212
TWX: 610-422-3875

Allan Crawford Assoc., Ltd.
376 Churchill Avenue
Ottawa, Ontario
Telephone: (613) 725-3354
TWX: 610-562-1670

Allan Crawford Assoc., Ltd.
1820 Pandora Street
Vancouver, B.C.
Telephone: (604) 253-7136
TWX: 610-929-3059

DENMARK

Danavia A/S
Strandgade, 4B
DK-1401 Copenhagen K
Telephone: ASTA 7071
Telex: 5749

Cable:
AIRTRADE-COPENHAGEN

FINLAND

0Y Hedengren AB
Lauttasaarentie 50
00200 Helsinki 20
(P.0. Box 10190

00100 Helsinki 10)
Telephone: 670211
Telex: 121110
Cable: HEDOY-HELSINKI

FRANCE

Bureau de Liaison

113, Rue de L'Université
75 Paris 7€

Telephone: 551.99.20
Telex: 23976 Code 236 BDL

Cable:
BUDLIAISON-PARIS 007

GREECE

American Technical
Enterprises

P.0. Box 156

Athens K

Telephone: 819470

able:
AMERITECHNI-ATHENS

HOLLAND

Koning en Hartman
Electrotechniek N.V.

Koperwerf 30

The Hague

Telephone: 070-678380

Telex: 31528

Cable: INKOHA-THE HAGUE

INDIA

Parco

16-B Connaught Place
New Delhi-1

Telephone: 44557

Cable: OCRAP-NEW DELHI

ISRAEL

STG International Ltd.

52 Nachlat Benyamin Street
Tel-Aviv

Telephone: 53459

Telex: 033-229

Cable: SLOTUGI-TEL-AVIV

ITALY
Watkins-Johnson Italiana,

. p. A

Piazza G. Marconi, 25
00144 Roma-EUR
Telephone: 59 45 54
Cable: WIROM-ROMA

JAPAN

Seki & Company, Ltd.
Chushoku Bldg.

9, 2-chome
Nihonbashi-Koamicho
Chuo-ku, Tokyo
Telephone: 669-4121
Telex: TK4419

Cable: KYOSEKI-TOKYO

Seki & Company, Ltd.
Tokai Bldg.

1-50-1 Kitahorie Kamidori
Nishi-ku, Osaka

KOREA

Sama Trading Corporation
1. P. 0. Box 2447

Seoul

Telephone: 73-9336, 73-6936
Cable: INNSAMATRA-SEQUL

NORWAY

J. M. Feiring A/S
Sandakerveien 46b
Oslo 4

Telephone 21 8212
Telex: 1643

Cable: FEIRING 0SLO

PORTUGAL

Eltec Electronica, Comércio
e Inddstria Limitada

Avenida Almirante Reis

No. 30, 2nd Floor

Lisbon 1

Telephone: 833677, 845896

Cable: TRANSISTOR-LISBON

SWEDEN

Johan Lagercrantz KB
Gardsvagen 10B

Box 314

$-17103 Solna 3
Telephone: 08/83 07 90
Telex: 10363

Cable: LAGCRANTZ-SOLNA

SWITZERLAND

Megex Zarich, GmbH
8048 Zurich
Badenerstrasse 582
Telephone: (051) 52-78-00
Telex: 54368

able:
MEGEXIMPORT-ZURICH

UNITED KINGDOM

Watkins-Johnson Internat’|
Shirley Avenue

Windsor, Bershire
Telephone: Windsor 69241
Telex: 84578

Cable: WJUKW-WINDSOR

WEST GERMANY

Watkins-Johnson Internat’l
8 Munchen 2
Maximiliansplatz 12A
Telephone: (0811) 29 33 30
Telex: 528401

Cable: WIDBM-MUNCHEN

s (415)326-8830 ¢ TWX:910-373-1253 e TELEX: 34-8415 e CABLE: WJPLA

171/2-16-71



SELECTION GUIDE

LOW-NOISE TRANSISTOR AMPLIFIERS

Frequency Range Type Number Remarks

50-500 MHz WJ-5030 3.5 dB Noise Figure
0.5- 1.0 GHz WJ-736 4.0 dB Noise Figure
0.5- 1.0 GHz WJ-738 4.0 dB Noise Figure
0.5- 1.0 GHz WJ-740 4.0 dB Noise Figure
1.0- 2.0 GHz WJ-737 6.0 dB Noise Figure
1.0- 2.0 GHz WJ-739 6.0 dB Noise Figure
1.0- 2.0 GHz WJ-741 6.0 dB Noise Figure
1.0- 4.0 GHz WJ-6007 7.5 dB Noise Figure
2.0- 4.0 GHz WJ-5004-4 7.0 dB Noise Figure
2.0- 4.0 GHz WJ-5096 8.5 dB Noise Figure
2.0- 45 GHz WJ-5090-4 7.5 dB Noise Figure

LOW-NOISE TWT AMPLIFIERS

Frequency Range Type Number Remarks

0.5- 1.0 GHz WJ-278 Standard Series

0.5~ 1.0 GHz WJ-404 Gain-Matched

0.5- 2.0 GHz WJ-397 Ultra-Wide Band

1.0- 2.0 GHz WJ-268 Standard Series

1.0- 2.0 GHz WJ-294 Compact

1.0- 2.0 GHz WJ-374 Dual-Helix

1.0- 2.0 GHz WJ-405 Gain-Matched

1.0- 2.0 GHz WJ-457 Battery-Operable

1.0- 2.6 GHz WJ-268-2 Standard Series

1.0- 2.6 GHz WJ-280 Standard Series

1.0- 4.0 GHz WJ-442 Ultra-Wide Band

1.4- 2.3 GHz WJ-370-3 Gain- and Phase-Matched

2.0- 4.0GHz WJ-269 Standard Series

2.0- 40GHz WJ-295 Compact

2.0- 4.0GHz WJ-375 Dual-Helix

2.0- 4.0GHz WJ-406 Gain-Matched

2.0- 4.0GHz WJ-422 High Dynamic Range/
Ultra-Low Noise

2.0- 4.0GHz WJ-458 Battery-Operable

2.0- 4.0GHz WJ-462 Miniature PPM

2.0- 4.0 GHz WJ-477 100 mW Power

2.0- 4.0 GHz WJ-486 TWT Limiter

2.0- 4.0 GHz WJ-3003 100 mW Power

2.0- 45 GHz WJ-281 Standard Series

2.0- 8.0 GHz WJ-343 Ultra-Wide Band

22— 2.3 GHz WJ-355 Ultra-Low Noise

2.3- 45 GHz WJ-269-1 Standard Series

2.6— 5.2 GHz WJ-381 Compact

2.6- 5.2 GHz WJ-482 High Dynamic Range/

Ultra-Low Noise



LOW-NOISE TWT AMPLIFIERS (Cont’d)

Frequency Range Type Number Remarks
4.0- 8.0 GHz WJ-271 Standard Series
4.0- 8.0 GHz WJ-271-30 Standard Series
4.0- 8.0 GHz WJ-286 Standard Series
4.0- 8.0 GHz WJ-296 Compact
4.0- 8.0 GHz WJ-376 Dual-Helix
4.0- 8.0 GHz WJ-407 Gain-Matched
4,0- 8.0 GHz WJ-423 High Dynamic Range/
Ultra-Low Noise
4.0- 8.0 GHz WJ-459 Battery-Operable
4.0- 8.0 GHz WJ-463 Miniature PPM
4.0- 8.0 GHz WJ-476 100 mW Power
4.0- 8.0 GHz WJ-485 TWT Limiter
4.0- 8.0 GHz WJ-3004 100 mW Power
7.0-11.0 GHz WJ-276-2 Standard Series
7.0-11.0 GHz WJ-396 Ultra-Low Noise
7.0-11.0 GHz WJ-484 TWT Limiter
8.0-12.0 GHz WJ-276 Standard Series
8.0-10.0 GHz WJ-363-3 Standard Series
8.0-12.0 GHz WJ-287 Standard Series
8.0-12.0 GHz WJ-297 Compact
8.0-12.0 GHz WJ-345 Ultra-Low Noise
8.0-12.0 GHz WJ-363 Standard Series
8.0-12.0 GHz WJ-377 Dual-Helix
8.0-12.0 GHz WJ-399 Standard Series
8.0-12.0 GHz WJ-399-2 Standard Series
8.0-12.0 GHz WJ-408 Gain-Matched
8.0-12.0 GHz WJ-424 High Dynamic Range/
Ultra-Low Noise
8.0-12.0 GHz WJ-460 Battery-Operable
8.0-12.0 GHz WJ-464 Miniature PPM
8.0-12.0 GHz WJ-472 100 mW Power
8.0-12.0 GHz WJ-3005 100 mW Power
8.0-18.0 GHz WJ-437 Ultra-Wide Band
8.5- 9.3 GHz WJ-345-7 Ultra-Low Noise
8.5— 9.6 GHz WJ-345-11 Ultra-Low Noise
10.0-12.0 GHz WJ-363-4 Standard Series
12.0-18.0 GHz WJ-307 Standard Series
12.0-18.0 GHz WJ-342 Compact
12.0-18.0 GHz WJ-371 Ultra-Low Noise
12.0-18.0 GHz WJ-425 Ultra-Low Noise
12.0-18.0 GHz WJ-461 Battery-Operable
12.0-18.0 GHz WJ-465 Miniature PPM
12.0-18.0 GHz WJ-3006 100 mW Power
18.0-26.5 GHz WJ-393 Millimeter LNTWA

20.5-40.0 GHz WJ-338 Millimeter LNTWA




POWER TUBES
Frequency Range Type Number

Remarks

1.0- 2.0 GHz WJ-340 1,000 Watts Gridded

1.0- 2.0 GHz WJ-2500 1 Watt Power

2.0- 2.2 GHz WJ-445-1 1 Watt Low Distortion

2.0- 4.0 GHz WJ-2501 1 Watt Power

2.2- 2.3 GHz WJ-395-1 100 Watts High Efficiency

22- 23 GHz WJ-448-1 50 Watts High Efficiency

2.2- 2.3GHz WJ-448-2 15/90 Watts High Efficiency

2.2— 2.4 GHz WJ-274-2 20 Watts High Efficiency

2.2- 2.4 GHz WJ-274-8 10/20 Watts High Efficiency

22— 2.4 GHz WJ-398-1 20 Watts High Impact

2.5- 3.5 GHz WJ-368-3 120/50 Watts Pulsed

4.0- 8.0 GHz WJ-2502 1 Watt Power

4.0- 8.0 GHz WJ-3606 3 Watts Low Noise

44— 58 GHz WJ-369-3 120/50 Watts Pulsed

5.0- 8.5 GHz WJ-231-5 35 Watts Wideband

5.4- 5.7 GHz WJ-346 20,000 Watts Power

5.4— 5.9 GHz WJ-228 12,000 Watts Power

6.0— 8.0 GHz WJ-284-5 200 Watts Power

7.0-11.0 GHz WJ-391 5 Watts Power ‘

7.0-11.0 GHz WJ-492-1 3 Watts High Gain

7.0-12.0 GHz WJ-2503 1 Watt Power

8.0-12.4 GHz WJ-492-2 3 Watts High Gain
11.5-14.0 GHz WJ-446 5 Watts Low Distortion
12.0-18.0 GHz WJ-3604 3 Watts Low Noise

POWER AMPLIFIERS
Frequency Range Type Number

Remarks

1.42-1.6 GHz WJ-4539 20-Watt CW Cavity
1.435-1.540 GHz WJ-4540A 100-Watt CW Cavity
2.2-2.3 GHz WJ-4523 20-Watt CW Cavity
2.2-2.3 GHz WJ-1171 Series 9 to 24 Watt TWTAs
2.2-2.4 GHz WJ-1014-1 20-Watt TWTA
5.4-5.9 GHz WJ-1051-1 45-Watt Pulsed TWTA
5.9-6.45 GHz WJ-1064-4 35-Watt TWTA
7.0-11.0 GHz WJ-1115 3-Watt TWTA
12.4-18.0 GHz WJ-1179 2 Watts with Serrodyne

Capability

SOLID STATE SOURCES
Frequency Range Type Number

Remarks

0.25-0.5 GHz
0.5- 1.0 GHz

0.5- 1.0 GHz
0.5- 1.0 GHz

WJ-2811
WJ-571

WJ-700
WJ-2800

100 mW Varactor-Tuned
Oscillator

10 mW YIG-Tuned Transistor
Oscillator

+5 dBm Harmonic Generator

100 mW Varactor-Tuned
Oscillator



SOLID STATE SOURCES (Cont’'d)

Frequency Range Type Number

Remarks

1.0- 2.0 GHz WJ-569 10 mW YIG-Tuned Transistor
Oscillator

1.0- 2.0 GHz WJ-701 +3 dBm Harmonic Generator

1.0- 2.0 GHz WJ-2803 100 mW Varactor-Tuned
Oscillator

1.0- 2.0 GHz WJ-2803-50 50 mW Varactor-Tuned
Oscillator

1.4- 2.4 GHz WJ-2810 50 mW Varactor-Tuned
Oscillator

1.0-12.4 GHz WJ-5060 4 to 30 mW (unleveled) Local
Oscillator

24— 4.0 GHz WJ-572 2 mW YIG-Tuned Transistor
Oscillator

2.0- 4.0 GHz WJ-702 0 dBm Harmonic Generator

2.0- 4.0 GHz WJ-2804-10 10 mW Varactor-Tuned
Oscillator

2.0- 4.0 GHz WJ-2804-20 20 mW Varactor-Tuned
Oscillator

2.0- 4.0 GHz WJ-2804-40 40 mW Varactor-Tuned
Oscillator

4.0- 8.0 GHz WJ-703 — 25 dBm Harmonic Generator

7.0-12.4 GHz WJ-760 10 mW Avalanche Diode Oscillator

8.0-12.0 GHz WJ-704 — 25 dBm Harmonic Generator

8.0-12.4 GHz WJ-5008 8 mW YIG-Tuned Bulk GaAs
Oscillator

12.4-18.0 GHz WJ-5041 1 mW YIG-Tuned Bulk GaAs

Oscillator

BACKWARD-WAVE OSCILLATORS

Frequency Range Type Number

Remarks

0.5- 1.0 GHz SE-223 30 mW Unshielded

1.0- 2.0 GHz SE-214A 100 mW Unshielded

1.0- 2.6 GHz SE-214 30 mW Unshielded

1.4- 2.5 GHz SE-219 100 mW Unshielded

14- 2.5 GHz SE-219A 100 mW Unshielded

1.7- 4.2 GHz SE-215 30 mW Unshielded

2.0- 4.0 GHz SE-215A 75 mW Unshielded

2.0- 4.0 GHz SE-310 50 mW Compact

2.0- 4.0 GHz WJ-2018 70 mW Magnetically/RFI Shielded
2.0- 4.0 GHz WJ-2024 50 mW Compact

2.0- 4.0 GHz WJ-2040-2 50 mW Magnetically/RFI Shielded
2.0—- 4.0 GHz WJ-2051 30 mW Magnetically/RFI Shielded
2.0- 4.5 GHz WJ-2014 50 mW Unshielded

2.0- 4.5 GHz WJ-2040 50 mW Magnetically/RFI Shielded
2.6— 5.2 GHz SE-310-3 50 mW Compact

2.6— 5.2 GHz WJ-2038 50 mW Magnetically/RFI Shielded
3.5—- 6.75 GHz SE-221 40 mW Unshielded

3.5- 6.75 GHz WJ-2049 40 mW Unshielded

8:7— 8:83 GHz SE-211B 15 mW Unshielded

4.0- 8.0 GHz SE-211A 30 mW Unshielded

4,0- 8.0 GHz SE-304 20 mW Compact

4.0- 8.0 GHz WJ-2015 50 mW Unshielded

4.0- 8.0 GHz WJ-2019 30 mW Magnetically/RFI Shielded
4.0- 8.0 GHz WJ-2025 20 mW Compact

4.0- 8.0 GHz WJ-2030 50 mW Compact



BACKWARD-WAVE OSCILLATORS (Cont’'d)

Frequency Range Type Number

Remarks

4.0- 8.0 GHz WJ-2034 60 mW Magnetically/RFI Shielded
4.0- 8.0 GHz WJ-2047 40 mW Unshielded
4.0- 8.6 GHz WJ-2050 30 mW Magnetically/RFI Shielded
4.5-10.0 GHz WJ-2044 25 mW Magnetically/RFI Shielded
5.3- 6.0 GHz SE-217 100 mW Unshielded
7.0-12.4 GHz SE-209 10 mW Unshielded
7.0-12.4 GHz WJ-2001 25 mW Unshielded
7.0-12.4 GHz WJ-2039-1 40 mW Magnetically/RFI Shielded
7.5-11.0 GHz WJ-2042 30 mW Magnetically/RFI Shielded
8.0-12.4 GHz SE-313 50 mW Compact
8.0-12.4 GHz WJ-2001-1 50 mW Unshielded
8.0-12.4 GHz WJ-2006 50 mW Magnetically/RFI Shielded
8.0-12.4 GHz WJ-2008 100 mW Unshielded
8.0-12.4 GHz WJ-2008-2 80 mW Unshielded
8.0-12.4 GHz WJ-2020 50 mW Magnetically/RFI Shielded
8.0-12.4 GHz WJ-2027 50 mW Compact
8.0-12.4 GHz WJ-2033-1 100 mW Magnetically/RFI Shielded
8.0-12.4 GHz WJ-2039 80 mW Magnetically/RFI Shielded
8.2-12.4 GHz SE-209A 20 mW Unshielded
8.2-12.4 GHz SE-303 20 mW Compact
8.2-12.4 GHz WJ-2026 20 mW Compact
9.5-13.0 GHz WJ-2004 10 mW Magnetically/RFI Shielded
10.0-15.5 GHz SE-220 10 mW Unshielded
12.4-18.0 GHz SE-216 10 mW Unshielded
12.4-18.0 GHz SE-307 20 mW Compact
12.4-18.0 GHz SE-307A 20 mW Compact
12.4-18.0 GHz WJ-2003 40 mW Unshielded
12.4-18.0 GHz WJ-2007 40 mW Magnetically/RFI Shielded
12.4-18.0 GHz WJ-2021 40 mW Magnetically/RFI Shielded
12.4-18.0 GHz WJ-2028 20 mW Compact
12.4-18.0 GHz WJ-2043 40 mW Magnetically/RFI Shielded
12.4-18.0 GHz WJ-2052 20 mW Magnetically/RFI Shielded
12.4-18.0 GHz WJ-2056 40 mW Magnetically/RFI Shielded
14.0-17.0 GHz SE-308 10 mW Compact
14.0-17.0 GHz SE-308A 10 mW Compact
14.0-17.0 GHz WJ-2029 10 mW Compact
18.0-26.5 GHz SE-218 20 mW Unshielded
18.0-26.5 GHz WJ-2022 20 mW Magnetically/RFI Shielded
18.0-26.5 GHz WJ-2057 20 mW Magnetically/RFI Shielded
26.5-40.0 GHz SE-222 10 mW Unshielded
26.5-40.0 GHz WJ-2041 10 mW Magnetically/RFI Shielded
26.5-40.0 GHz WJ-2058 10 mW Magnetically/RFI Shielded

REPLACEMENT BWOs

Frequency Range Type Number Remarks

1.0- 2.0 GHz SE-214A-50 100 mW Unshielded
1.0— 2.6 GHz SE-214-50 25 mW Unshielded
1.4- 2.5 GHz SE-219-50 100 mW Unshielded
1.7- 4.2 GHz SE-215-50 40 mW Unshielded
1.7- 4.2 GHz WJ-2018-51 30 mW Magnetically/RFI Shielded
2.0- 4.0 GHz SE-215A-50 80 mW Unshielded
2.0- 4.0 GHz WJ-2018-50 75 mW Magnetically/RFI Shielded
2.6—- 5.2 GHz WJ-2038-50 50 mW Magnetically/RFI Shielded
3.5- 6.75 GHz SE-221-50 45 mW Unshielded
3.5—- 6.75 GHz WJ-2049-50 40 mW Unshielded
3.7- 8.3GHz SE-211B-50 15 mW Unshielded



REPLACEMENT BWOs (Cont’d)

Frequency Range Type Number

Remarks

3.7- 8.3GHz WJ-2019-51 20 mW Magnetically/RFI Shielded
4.0- 8.0 GHz SE-211A-50 30 mW Unshielded
4.0- 8.0 GHz WJ-2019-50 30 mW Magnetically/RFI Shielded
7.0-12.4 GHz WJ-2001-51 25 mW Unshielded
7.0-12.4 GHz WJ-2020-51 25 mW Magnetically/RFI Shielded
7.0-12.4 GHz WJ-2039-51 40 mW Magnetically/RFI Shielded
8.0-12.4 GHz SE-209A-50 20 mW Unshielded
8.0-12.4 GHz WJ-2001-50 50 mW Unshielded
8.0-12.4 GHz WJ-2020-50 50 mW Magnetically/RFI Shielded
8.0-12.4 GHz WJ-2039-50 80 mW Magnetically/RFI Shielded
10.0-15.5 GHz SE-220-50 20 mW Unshielded
12.4-18.0 GHz WJ-2003-50 40 mW Unshielded
12.4-18.0 GHz WJ-2056-50 50 mW Magnetically/RFI Shielded
12.4-18.0 GHz WJ-2060-50 50 mW Magnetically/RFI Shielded
18.0-26.5 GHz SE-218-50 20 mW Unshielded
18.0-26.5 GHz WJ-2057-50 20 mW Magnetically/RFI Shielded
18.0-26.5 GHz WJ-2061-50 25 mW Magnetically/RFI Shielded
26.5-40.0 GHz SE-222-50 10 mW Unshielded
26.5-40.0 GHz WJ-2058-50 7 mW Magnetically/RFI Shielded
26.5-40.0 GHz WJ-2062-50 10 mW Magnetically/RFI Shielded

YIG FILTERS

Frequency Range

Type Number

Remarks

0.5~ 1.0 GHz WJ-723 Three-Stage

1.0- 2.0 GHz WJ-611 Compact Two-Stage

1.0- 2.0 GHz WJ-615 Compact Four-Stage
1.0- 2.0 GHz WJ-619 Compact Dual Two-Stage
1.0- 2.0 GHz WJ-634 Two-Stage Hybrid

1.0- 2.0 GHz WJ-638 Four-Stage Hybrid

1.0- 2.0 GHz WJ-648 Dual Two-Stage Hybrid
1.0- 2.0 GHz WJ-724 Three-Stage

1.0- 2.3 GHz WJ-627 YIG Magnetometer

1.0- 5.0 GHz WJ-652 Mechanically Tuned
1.0-12.4 GHz WJ-756 Compact Three-Stage
1.0-18.0 GHz WJ-795 Compact Two-Stage

2.0- 4.0 GHz WJ-612 Compact Two-Stage

2.0- 4.0 GHz WJ-616 Comact Four-Stage

2.0- 40GHz WJ-620 Compact Dual Two-Stage
2.0- 4.0 GHz WJ-635 Two-Stage Hybrid

2.0- 4.0 GHz WJ-639 Four-Stage Hybrid

2.0- 4.0 GHz WJ-649 Dual Two-Stage Hybrid
2.0- 4.0 GHz WJ-725 Three-Stage

2.0-12.4 GHz WJ-623 Multi-Octave Compact
4.0- 8.0 GHz WJ-613 Compact Two-Stage

4.0- 8.0 GHz WJ-617 Compact Four-Stage
4.0- 8.0 GHz WJ-621 Compact Dual Two-Stage
4.0- 8.0 GHz WJ-636 Two-Stage Hybrid

4.0- 8.0 GHz WJ-640 Four-Stage Hybrid

4.0- 8.0 GHz WJ-650 Dual Two-Stage Hybrid
4.0- 8.0 GHz WJ-726 Three-Stage



YIG FILTERS (Cont'd)

Frequency Range Type Number Remarks

8.0-12.4 GHz WJ-614 Compact Two-Stage
8.0-12.4 GHz WJ-618 Compact Four-Stage
8.0-12.4 GHz WJ-622 Compact Dual Two-Stage
8.0-12.4 GHz WJ-637 Two-Stage Hybrid
8.0-12.4 GHz WJ-641 Four-Stage Hybrid
8.0-12.4 GHz WJ-651 Dual Two-Stage Hybrid
8.0-12.4 GHz WJ-727 Three-Stage




TECHNICAL DATA

BACKWARD-WAVE
OSCILLATOR

TECHNICAL DATA e September 1965

The type SE-209 BWO is a single-helix, voltage
tunable oscillator. This permanent-magnet-
focused wide band oscillator is well suited for
use as a swept signal source in signal generators,
particularly in view of its high stability. Other
applications include radar receivers (as local
oscillator), frequency diversity transmitters (as
master oscillator), and ECM equipment. The
SE-209 features smooth power over the band, low
cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be mod- z
ulatedwith either the grid or anode, or both. Cathode

modulation with the grid grounded usually reduces FM caused by AM. With all voltages isolated from
both tube housing and the r.f.output terminal, packaging problems are simplified, since the tube housing
and output connector can be grounded regardless of power supply configuration.

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 7-12.4
Power Output into Load with VSWR =1.25:1 mWwW 12-80 10 Min
Power Output Variation db 10 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 1 2 Max
Spurious Oscillation
Ratio of Signal to Total Spurious Output db 60 45 Min
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 7.5 10 Max
Sensitivity to Anode Voltage MHz/V 0.5 1 Max
Sensitivity to Grid Voltage MHz/V 2 4 Max
Tuning Curve Slope
Low End (7.0 GHz) MHz/V 8.5
Mid-Frequency (9.7 GHz) MHz/V 3.9
High End (12.4 GHz) MHz/V 1.5
Grid r.f. Cutoff Voltage A% -10 -20 Max
Capacitance; Cathode to all other Electrodes,
including Heater pf 28 35 Max
Capacitance; Grid to all other Electrodes, at
Power Input Connector pf 28 35 Max
Capacitance; R.F. connector center pin and
housing to all other Electrodes pf 135 150 Max
Heater Voltage Vde 6.3 5%
Heater Current A 0.9 0.6+-1.2
Min/Max
Cathode Current mA 9 12 Max
Helix Voltage Range A% 310-2000 250-2100
Min/Max
Helix Current mA 1.5 3 Max
Anode Voltage A% 160 215 Max
Anode Current mA 1 2 Max



MECHANICAL DATA

Weight 6.0 lbs Max
Color Code for 18" Flying Leads

Heater Black
Heater Brown
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female

ENVIRONMENTAL DATA
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The type SE-209A BWO is a single-helix, voltage
tunable oscillator. This permanent - magnet fo-
cused wideband oscillator is well suited for use as
a swept signal source in signal generators, parti-
cularly in view of its high stability. Other appli-
cations include radar receivers (as local oscilla-
tor), frequency diversity transmitters (as master
oscillator), and ECM equipment. The SE-209A
features smooth power over the band, low cathode
current, and two control electrodes, The control
grid makes possible power cutoff with low negative
grid voltage. Power output can be modulated with
either the grid or anode, or both. With all volt-
ages isolated from both tube housing and the RF
output terminal, packaging problems are simpli-
fied, since the tube housing and output connector

TECHNICAL DATA

* MARCH 1969

BACKWARD-WAVE OSCILLATOR

SE-209A

can be grounded regardless of power supply con-
figuration,

SPECIFICATIONS
ABSOLUTE TYPICAL
UNITS RATINGS VALUES
Nominal Frequency Band GHz 8.0-12.4
Power Output Into Load With VSWR=1,25 mW 25 - 50 20 Min
Power Output Variation dB 6 Max
Fine Grain Variation dB/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling Into 2 : 1 Load
(Any Phase) MHz 1 2 Max
Spurious Oscillation
Ratio of Signal to Total Spurious
Output dB 60 45 Min
Ratio of Signal to Noise Power
30 MHz Away dB/MHz 95 85 Min
Long-Term Sensitivity to Heater Voltage MHz/V 7.5
Sensitivity to Anode Voltage MHz/V 0.5
Sensitivity to Grid Voltage MHz/V 2
Tuning Curve Slope
Low End (8.2 GHz) MHz/V 7.0
Mid-Frequency (10.3 GHz) MHz/V 315
High End (12. 4 GHz) MHz/V 1.5
Grid RF Cutoff Voltage \% -10 -20 Max
Capacitance; Cathode to All Other
Electrodes, Including Heater pF 28 35 Max
Capacitance; Grid to All Other Electrodes
at Power Input Connector pF 28 35 Max
Capacitance; RF Connector Center Pin and
Housing to All Other Electrodes pF 135 150 Max
Heater Voltage A% 6.3 + 5%
Heater Current A 0.9 0.6 Min
1.2 Max
Cathode Current mA 8 12 Max
Helix Voltage Range v 480 - 2000 450 Min
2100 Max
Helix Current mA 1.5 3 Max
Anode Voltage \% 150 215 Max
Anode Current mA 0.5 2 Max

*Supersedes Technical Data Sheet SE-209A Dated September 1965



SE-209A

MECHANICAL
CHARACTERISTICS

Weight, 6.0 lbs Max

Color Code for 18" Flying Leads

Heater
Heater
Cathode
Grid
Anode
Helix

Black
Brown
Yellow
Green
Blue
Red

Collector
Mounting Position, Any

Orange

RF Output Connector, Type N Female

ENVIRONMENTAL
CHARACTERISTICS

Separation From Passive Magnetic
terials, 2" Min

Ma-

No Forced Air Cooling Required, Below

+60° C Ambient
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what reduced performance.

3 Heater must always be negative with
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be tied to one side of heater when
using dc heater supply, connect cath-
ode to positive (+) side of heater sup-
ply.
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The SE-209A-50 BWO is a single-helix, voltage
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include radar receivers (as local
oscillator), frequency diversity transmitters (as master
oscillator), and ECM equipment.

The SE-209A-50 features smooth power over the band,
low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anode, or both. Cathode modu-
lation with the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and out-
put connector can be grounded regardless of power
supply configuration.

TECHNICAL DATA

DECEMBER 1970

BACKWARD-WAVE
OSCILLATOR
SE-209A-50

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS
Nominal Frequency Band .. ......................... GHz .............. 8.0-12.4
Power Output into Load with VSWR = 1.25:1........... MW : sames s samman s 25=50 isusssennsi s 20 Min
Power OQutput Variation . ............ . ... ... ... ... dB .. . . 7 Max
Fine Grain Variation .......... ... ... .. ... ... ....... dB/250MHz . ......... .. ... ... 3 Max
Tube VSO R . 2.5:1 Max
Frequency Pulling Into 2:1 Load (Any Phase) ........... MHz ............. A 2 Max
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away . ....... AB/MHZ ; :cumes ses OB ummes s amues son e 85 Min
Ratio of Signal to Total SpuriousQutput . ...........dB............... 60 csmni b s@ete b ndie 45 Min
Long-term Sensitivity to Heater Voltage ... ............. MHz/V ........... 7.5
Sensitivity to Anode Voltage . ........................ MHz/V ........... 0.5
Sensitivity to GridVoltage . . .......... ... ..l MHz/V ........... 2
Tuning Curve Slope
LowEnd (8.2GHz) ... ... ... MHz/V ........... 7.0
Mid-Frequency (10.3GHz) . ........... ..., MHZ/N :casnss imns 3.5
High End (124 GHz) . ....... ... .. ... ... ... ..... MHz/V ........... 1.5
Grid RF Cutoff Voltage . .......... ... . . o o Vo =10 ............. —25 Max
Capacitance; Cathode to all other Electrodes,
includingHeater .. ....... ... ... . ... pF L 28 : s xmEns SEREHE § 105 35 Max
Capacitance; Grid to all other Electrodes,
atPowerInputPlug .......ccoovivnvenniininsssessPF o an.. 28 35 Max
Capacitance; RF Connector Center Pin and Housing
to all other Electrodes . ........... ... .. ... ....pF .. ... ... .. ... 135 ... i in e 150 Max
HeaterVoltage . ........... ... .. ... . oo NVde 6.3+5%
Heater Current . ... ... .. . . . . . . . A 09 ... ... .. ... ..... 0.4-1.2
Min./Max
Cathode Current * . .. ... ... .. mMA 8 12 Max.
Helix Voltage Range . ........... ... NV 500-2000 ....... 450-2100
Min./Max.
HelixCurrent .. ... ... .. .. . .. ... mMA 15 . ... 3 Max.
Anode Voltage ............ i 150 ... 215 Max
Anode Current .. ........ ... .. MA [ T 2 Max

*Set cathode current to Final Test Data value furnished with tube.



SE-209A-50 OUTLINE DRAWING
MECHANICAL
CHARACTERISTICS
by
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TECHNICAL DATA

o =211

September 1965

BACKWARD-WAVE
OSCILLATOR

The type SE-211A BWO is a bifilar (dual helix), vol-
tage tunable oscillator. The permanent-magnet
focused wide band oscillator is well suited for use
as a swept signal source in signal generators, par-
ticularly in view of its high stability. Other appli-
cations include ECM receivers (as local oscil-
lator), frequency diversity transmitters (as master
oscillator), and other electronic equipment. The
SE-211A features smooth power over the band,
low cathode current, and two control electrodes.
The control grid makes possible power cutoff with
low negative grid voltage. Power output can be
modulated with either the grid or anode, or both.
Cathode modulationwith the grid grounded usually reduces FM caused by AM. With all voltages isolated
from both tube housing and the r.f. output terminal, packaging problems are simplified, since the tube
housing and output connector can be grounded regardless of power supply configuration.

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 4-8
Power Output into a Load with VSWR = 1.25 mWw 30-70 30 Min
Power Output Variation db 6 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 1.5 3 Max
Spurious Oscillation
Ratio of Signal to 2nd Harmonic Output db 35 20 Min
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.5 1 Max
Sensitivity to Grid Voltage MHz/V 3 5 Max
Tuning Curve Slope
Low End (4.0 GHz) MHz/V 5.9
Mid-Frequency (6.0 GHz) MHz/V 2.7
High End (8.0 GHz) MHz/V 2.0
Grid r.f. Cutoff Voltage v -7 -20 Max
Capacitance; Cathode to all other Electrodes,
including Heater pf 30 45 Max
Capacitance; Grid to all other Electrodes, at
Power Input Connector pf 30 45 Max
Capacitance; Helix to all other Electrodes pf 100 150 Max
Heater Voltage \' 6.3%5%
Heater Current A 0.9 0.6-1.2
Min/Max
Cathode Current mA 9 12 Max
Helix Voltage v 310-1825 250-1900
Min/Max
Helix Current mA 1.5 3 Max
Anode Voltage \% 135 215 Max
Anode Current mA 0.5 2 Max



MECHANICAL DATA

Wieght, 6.0 1bs Max

Color Code for 18" Flying Leads

Heater Brown
Heater Black
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N
Female on Balun

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 2 in. Min

No Forced Air Cooling Required,
Below +60°C Ambient
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TECHNICAL DATA

DECEMBER 1970

BACKWARD-WAVE OSCILLATOR
SE-211A-50

The SE-211A-50 BWO is a bifilar (dual-helix), voltage
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include ECM receivers (as local
oscillator), frequency diversity transmitters (as mas-
ter oscillator), and other electronic equipment.

The SE-211A-50 features smooth power over the band,
low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anode, or both. Cathode modu-
lation with the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and out-
put connector can be grounded regardless of power
supply configuration.

SPECIFICATIONS
TYPICAL ABSOLUTE
KNITS VALUES RATINGS
Nominal Frequency Band . .. . :coess: soums s sownnss sun GHZ . :snmss sommmnd 4-8
Power Output into Load with VSWR = 1.25:1........... mW.............. 30-70 ... 30 Min.
Power-Quitput Variation . s s sessss somess s sammss smus 0B isnmmis senasy SeRs D feiBa emses b e 5 Max.
Fine Grain Variation ........... ... ... ..., AB /250 NHZ .o viir o vwimint ossimiwrio: st st 5 s 10l 3 Max.
TOBENVSWR. i s snumssnn 5 comsme sremmas: 3 v s CE@E00 & PEme ey LOTEWs S mEas 1 L oaany g 2.5:1 Max.
Frequency Pulling Into 2:1 Load (Any Phase) ........... | p A B sisins vosammme s mns 3 Max.
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away ........ dB/MHz .......... OB i s s sy 85 Min.
Ratio of Signal to 2nd Harmonic Output . ........... ABlssnes s HusEns ien B! oI F I T s 20 Min.
Long-term Sensitivity to Heater Voltage . . .............. MHZ/N :sewnsieas 5
Sensitivity to Anode Voltage . .. ............... ... MHZ/V :zii 0560095 0.5
Sensitivity to GridVoltage . .. ........ ... . . L. MHz/V ........... 3
Tuning Curve Slope
Low End (4.0:GHZ) w5 cscsmssinasssnsnmnmsss aas MHz/V ........... 5.9
Mid-Frequency (6.0GHz) .. ... ... ... ... .. ..... MHz/V ........... 2.7
High End (8.0 GHZ) «s s sivmms sssnasssinmanssanas MHz/V ........... 2.0
Grid RF Cutoff Voltage .......... ... V oo & SR TE R T, —25 Max.
Capacitance; Cathode to all other Electrodes,
including Heater .. vuciccossssssmasvisanssissans PE e st 5 waraes N Y 45 Max.
Capacitance; Grid to all other Electrodes,
atPowerInputPlug ......... .. ... . ... .. ... ... PE v smgmnsvns sus B0 sommns v gEeES 5 B 45 Max.
Capacitance; Helix to all other Electrodes . ............. DF ooz & rumeaen SR s VOO o wvs s ums Sados 150 Max.
Heater VolYase o woss vo s 96 sev ses 555 5 s 8ea9 e § 95668 VG o5 ma v s s & 5ims a1 w0 rsss s @15y oo 6.3+5%
Heater CUFFENT rtt s ommss A 2B EME 5 SEBEE 5 & vl Bl 5 5k uenie’s BrTEreTs 7 P @ OIS e = n2trcimst 2tagrrans 0.4-1.2
Min./Max
Cathode Current™ . ... ... ... . ... e, WA 5 vumwsssos s ses S 12 Max.
Helix Voltage Range . ...... ... ... .. .. ... Vi o s v 5 310-1825 ........ 250-1900
Min./Max.
HEICCUETEME & v it i 5 i i b oot i o o s o e a0 0 8 mA ... 12D oxs stettonrs pE TS 23 3 Max.
Anode Voltage . ....... ..ottt Vi = = e merwnre 5 135 . veiswe o weepes 215 Max.
Anode Current . ... ... mA ... 0.5 i wupaers s sesans v 2 Max.

*Set cathode current to Final Test Data value furnished with tube.



SE-211A-50

MECHANICAL
CHARACTERISTICS

Height, 2.5 inches (64 mm)

Width, 2.5 inches (64 mm)

Length, 7.75 inches (197 mm) max.
Weight, 6.5 Ibs. (2.95 Kg) max.

Color Code for 18" Flying Leads

OUTLINE DRAWING

0.63
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Heater Black
Heater Brown
Cathode Yellow
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Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female on Balun

ENVIRONMENTAL
CHARACTERISTICS

Separation from Passive Magnetic Materials,
2 in.Min.
No Forced Air Cooling Required Below +60°C Ambient
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mounting screws.
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Tube will operate with collector at helix potential
at somewhat reduced performance.
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cathode. If cathode is to be tied to one side of
heater when using dc heater supply, connect cath-
ode to positive (+) side of heater supply.
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TECHNICAL DATA

srcicwanowae L 21T

OSCILLATOR November 1968 ¥

The type SE -211B BWO is a bifilar (dual helix),
voltage tunable oscillator. This permanent-mag-
net focused wide band oscillator is well suited for
use as a swept signal source in signal generators,
particularly in view of its high stability. Other
applications include ECM receivers (as local os-
cillator), and other electronic equipment. The
SE-211B features smooth power over the band,
low cathode current, and two control electrodes.
The control grid makes possible power cutoff with
low negative grid voltage. Power output can be
modulated with either the grid or anode, or both.
All voltages are isolated from both tube housing

and the RF output terminal. Packaging problems connector can be grounded regardless of power
are simplified, since the tube housing and output supply configuration,
SPECIFICATIONS
Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 3.7-8.3
Power Output into a Load with VSWR = 1.25 mWwW 35-100 15 Min
Power Output Variation db 8 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 1.5 3 Max
Spurious Oscillation
Ratio of Signal to 2nd Harmonic Output db 35 20 Min
Ratio of Signal to all Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 4 7 Max
Sensitivity to Anode Voltage MHz/V 0.6 1 Max
Sensitivity to Grid Voltage MHz/V 3 5 Max
Tuning Curve Slope
Low End (3.7 GHz) MHz/V 6.4
Mid-Frequency (6.0 GHz) MHz/V 2.7
High End (8.3 GHz) MHz/V 1.6
Grid r.f Cutoff Voltage \% -7 -20 Max
Capacitance; Cathode to all other Electrodes,
including Heater pf 30 45 Max
Capacitance; Grid to all other Electrodes, at
Power Input Connector pf 30 45 Max
Capacitance; Helix to all other Electrodes pf 100 150 Max
Heater Voltage v 6.3x5%
Heater Current A 0.75 0.4-1,2
Min/Max
Cathode Current 9 12 Max
Helix Voltage Range mA 250-2000 200-2100
Min/Max
Helix Current mA 1.5 3.0 Max
Anode Voltage v 150 215 Max
Anode Current mA 0.1 2.0 Max

i Supersedes SE-211B Technical Data Sheet dated September 1965.



MECHANICAL DATA

Weight, 6.0 1bs Max
Color Code for 18" Flying Leads

Heater Brown
Heater Black
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N
Female on Balun

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 2 in. Min

No Forced Air Cooling Required,
Below +60°C Ambient
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TECHNICAL DATA

DECEMBER 1970

BACKWARD-WAVE OSCILLATOR
SE-211B-50

The SE-211B-50 BWO is a bifilar (dual-helix), voltage
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include ECM receivers (as local
oscillator), frequency diversity transmitters (as mas-
ter oscillator), and other electronic equipment.

The SE-211B-50 features smooth power over the band,
low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anode, or both. Cathode modu-
lation with the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and out-
put connector can be grounded regardless of power
supply configuration.

SPECIFICATIONS
TYPICAL ABSOLUTE
HNIES VALUES RATINGS
Nominal Frequency Band .. ......................... GHZ ... ciommoin = i 3.7-8.3
Power Output into Load with VSWR =1.25:1........... MWV = 5 semma s sroides 25=000 suessununmsis 15 Min.
Power Qutput Variation ... . cswess suwwssssmavss susmass OBluci s comuns simmsmmnms somama oo mine s 8 Max.
Fine Grain Variation ............. ... .. dB/250MHZ . . .oviwonesssmmsssmsnosins 3 Max.
TUDBNSWR 555 s 2immiars: 5 s 5, 000 55s  28@se 5 senmes S Rnas b Iommss fodams oo Demess s 2.5:1 Max.
Frequency Pulling Into 2:1 Load (Any Phase) ........... MHzZ . ..cnv i iomas 1395 o sromane asmss 8 oo 3 Max.
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away . ....... dB/MHZ « < s cwwmns» OB i swman s s En v 85 Min.
Ratio of Signal to 2nd Harmonic Output . ... ........ B ;s sammmi s BB i st awsismiiie s 20 Min.
Long-term Sensitivity to Heater Voltage . .. ............. MHz/V ........... 4
Sensitivity to Anode Voltage .. ........... ... . ... .. MHz/V ........... 0.6
Sensitivity to GridVoltage . . ... ... ... .. . ... MHZ/V 5z ivmensse 3
Tuning Curve Slope
LowEnd (3.7GHz) ... MHz/V ........... 6.4
Mid-Frequency (6.0 GHZ) .. :«rusvssuuwssssnmmansins MHEZ/V s i camans e 2.7
High End (83 GHz) ......... i MHz/V ........... 1.6
Grid RF Cutoff Voltage .. ...... ... . IV 2 e v TR = O == b xisEESE ST —25 Max.
Capacitance; Cathode to all other Electrodes,
including Heater . ........ ... ... ... . .. ... ...... BF s ws e s s B0 e wriveruarsn st os 45 Max.
Capacitance; Grid to all other Electrodes,
atPowerlnputPlug . ........ ... &) A S, B0 = s Teereas tens 45 Max.
Capacitance; Helix to all other Electrodes . ............. PF iy sw g v s OO wores s wmss saiEs 150 Max.
Heater VOltEZ6 s s swansy roaws s 950 d9 s shEe® & £ 60 5566 VAE nz vrenass SEaan sy fEuEes S5 o Has 526 6.3+=5%
Heater CUTTent. «..es o4 nmns & s ins i i0Rams 558 DMES € 1838 Bisansassaassusaas 0.9 om vawsam smssss 0.4-1.2
Min./Max.
Cathode Current ™ . ... ... ... . . . . . . . . . ... 11 TP —— 5 mree » manen B 12 Max.
Helix Voltage Range ......... . ... i, V! e secrorrs = s 250-2000 ....... 200-2100
Min./Max.
Helix Current ... ... e AT 5 B i s arerrssiers i o 3.0 Max.
Anode Voltage . ... ... .. i N s e Erpenges B0 s covmaspavii sy i 215 Max.
Anode Current . ... ... e mA .............. 0.5 wwpwirnwegwes vws 2.0 Max.

*Set cathode current to Final Test Data value furnished with tube.



SE-211B-50

MECHANICAL
CHARACTERISTICS

OUTLINE DRAWING

Height, 2.5 inches (64 mm)

Width, 2.5 inches (64 mm)

Length, 7.75 inches (197 mm) max.
Weight, 6.5 Ibs. (2.95 Kg) max.

Color Code for 18” Flying Leads

4.00

! MOUNTING HOLES
10-32 UNF THREAD

Heater Black
Heater Brown
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female on Balun

ENVIRONMENTAL
CHARACTERISTICS

Separation from Passive Magnetic Materials,
2 in.Min.
No Forced Air Cooling Required Below +60°C Ambient
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Notes:

@ For safety, housing should be grounded through
mounting screws.
45-150V positive collector bias recommended.
Tube will operate with collector at helix potential
at somewhat reduced performance,

@ Heater must always be negative with respect to
cathode. If cathode is to be tied to one side of
heater when using dc heater supply, connect cath-
ode to positive (4) side of heater supply.

DECEMBER 1970

POWER OUTPUT

100
80 /
Z /
&
= 4
o
[ T8
20
0
3.0 3.74.0 5.0 6.0 7.0 8.083 9.0

TUNING VOLTAGE

FREQUENCY (GHz)

2000 ﬁ
2 0 /
=) /

2
& /
E 1000 /
=)
>
= 500
|
£ 1
0
3.0 374.0 5.0 6.0 7.0 8.083 9.0

FREQUENCY (GHz)

PRINTED IN U.S.A.



TECHNICAL DATA

BACKWARD-WAVE
OSCILLATOR

The type SE-214 BWO is a bifilar (dual helix), vol-
tage tunable oscillator. This permanent-magnet
focused wide band oscillator is well suited for use
as aswept signal source in signal generators, par-
ticularly in view of its high stability. Other ap-
plications include ECM receivers (as localos-
cillator), frequency diversity transmitters (as
master oscillator), and other electronic equip-
ment. The SE-214 features smooth power over
the band, low cathode current, and two control
electrodes. The control grid makes possible power
cutoff with low negative grid voltage. Power output
can be modulated with either the grid or anode,

X758-11

o=211

December 1967

or both. Cathode modulation with the grid grounded usually reduces FM caused by AM. With all voltages
isolated from both tube housing and the r.f. output terminal, packaging problems are simplified, since
the tube housing and output connector can be grounded regardless of power supply configuration.

SPECIFICATIONS
Units

Nominal Frequency Band GHz
Power Output into Load VSWR = 1.25 mw
Power Output Variation db
Fine Grain Variation db/40 MHz
Tube VSWR
Frequency Pulling into 2:1 Load (Any Phase) MHz
Spurious Oscillation

Ratio of Signal to 2nd Harmonic Output db

Ratio of Signal to Noise Power 30 MHz Away db/MHz
Long-term Sensitivity to Heater Voltage MHz/V
Sensitivity to Anode Voltage MHz/V
Sensitivity to Grid Voltage MHz/V
Tuning Curve Slope

Low End (1.0 GHz) MHz/V

Mid-Frequency (1.8 GHz) MHz/V

High End (2.6 GHz) MHz/V
Grid r.f. Cutoff Voltage
Capacitance; Cathode to all other Electrodes,

including Heater pf
Capacitance; Grid to all other Electrodes at

Power pf
Capacitance; Helix to all other Electrodes pf
Heater Voltage A%
Heater Current A
Cathode Current mA
Helix Voltage Range v
Helix Current mA
Anode Voltage v
Anode Current mA

Typical
Values

1-2.6
50-350

40
95

0.2
3.8

1.4
0.56

15

20
370

0.85

1.1
190-1500

1.5
95
1

Absolute
Ratings

30 Min
11 Max
3 Max
2.5:1 Max
5 Max

20 Min
85 Min
10 Max
0.5 Max
10 Max

-20 Max

25 Max

25 Max
400 Max
6.35%
0.4-1.2
Min/Max
17 Max
170-1600
Min/Max
4 Max
215 Max
1.5 Max



MECHANICAL DATA

Weight, 14.5 lbs Max
Color Code for 18" Flying Leads

Heater Black
Heater Brown
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female
on Balun

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 4 in. Min.

No Forced Air Cooling Required,
Below +60°C Ambient

OUTLINE DRAWING
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For safety, housing should be grounded
through mounting screws.

2
50-100 V positive collector bias recom-
mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.
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TECHNICAL DATA

FEBRUARY 1971

BACKWARD-WAVE
OSCILLATOR
SE-214-50

The SE-214-50 BWO is a bifilar (dual-helix), voltage
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include ECM receivers (as local
oscillator), frequency diversity transmitters (as mas-
ter oscillator), and other electronic equipment.

The SE-214-50 features smooth power over the band,
low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anade, or both. Cathode modu-
lation with the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and

output connector can be grounded regardless of =
power supply configuration.
UNITS TYPICAL ABSOLUTE
VALUES RATINGS
Nominal FrequencyBand .. ... ... ... ... ... ....... GHZ . ..o s 1-2.6
Power Output into Load with VSWR = 1.25:1.......... MW s snes s nns 50—350 .......... 25 Min.
Power Output Variation ......................... OB = 3 1.9 5.0 7 weBoret A1 5 2 2 2 ittt 1] 9 5 & St 11 Max.
Fine Grain Variation ....... ... ... ... .. ... ....... AB/B0 MHZ ... .0 cs s smvvmms s s mmomus s 3 Max.
TIOBDE VSWR . & 105 i 21 o1 2. o0 1 smpsosstonin 51 o, o, 3. wossanisessmsass o 2 5 31 &1 BUAR 2] 31 &1 51 51 Gutssliarsal i &1 o 51 it selaegzoromios] €1 81 ) 0 2.5:1 Max.
Frequency Fulling Into 2:1 Load (Any Phase) .. ........ MHZ . .......... 21| epretrere 51 7 8 042 @ EOCEIELEOR] 2 5 Nax.
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away .. ...... AB/MHZ . . v se s G5} ceni v 5 5 5 e 85 Min.
Ratio of Signal to 2nd Harmonic Output . . .. ... ... .. dB .. wnmm A0 wrsreen 1 9 22 2 ctnetetnt 4 3 20 Min.
Long-term Sensitivity to Heater Voltage ............. MHz/V . ... .. .. 5
Sensitivity to Anode Voltage . ..................... MHZ/N: ; cunwaa s 0.2
Sensitivity to Grid Voltage . . ......... .. ... ... ...... MHz/V ... ... ... 5
Tuning Curve Slope
Low End (1.OGHz) . ... ... .. ... .. .. ... . ...... MHz/V . ........ 3.8
Mid-Frequency (1.8 GHz) . ... ............... ... MHz/V .. ..., ... 14
High End (2.6 GHz) .......... ... .. ... ......... MHz/V ... ... ... 0.56
Grid RF Cutoff Voltage . ¢ spepavssnmsmpmuas sy ks be Vi e e TR B —7 . —25 Max
Capacitance; Cathode to all other Electrodes,
including Heater . ... ... ... . ... .. .. .. .. ....... PE «sese wmeeas s L8 swape 56 5 & simeta e 4 35 Max.
Capacitance; Grid to ali other Electrodes,
at Power 1iput PIUE . .- coovsiiiiostmimbsisss s pF .. 20 . 35 Max.
Capacitance; Helix to all other Electrodes . ........... BF secpsenpneans 870 o5 n e mrgass s 400 Max
Heater Voltage ..::usicnssonsssicasssnanamsisss VAG & .hihvsmscmssssmanmonsamssn s 6.3 £5%
Heater Current .. ... ... ... . ... .. ... ... ... . ..... T 085..... 0.4—1.2 Min./Max.
Cathode COERE™ .. rxenvsaion s Ranns ot%s i easdnd MA ciionsnnannss L1, i @ oo 0 17 Max.
Helix Voltage Range . ... ... ... . .. ... .. .. ....... V Y orerereeree o 1 190—1500 . ... .. 170—1600
. Min./Max.
Helix Current . .. . . .. . . .. .. .. A 2 S SR 1D s vvwomanass s ws 4 Max.
Anode VOItEAEE . c:ssisvovsanssisapnnnagsasssnsses V' 2eris BBEEERES IS e L B IR R 215 Max.
Anode CUrFent .. .vesresi25s caEedisssssamaEass MA & cissnsasnns 1. 1.5 Max.

*Set cathode current to final test data value furnished with tube.



SE-214-50

OUTLINE DRAWING

MECHANICAL 0.63
CHARACTERISTICS jl
Height, 3 inches (76 mm) 1 H:—_T
Width, 3 inches (76 mm) 3.41 18.00
Length, 11 inches (279 mm) max. | } W
Weight, 14.5 Ibs. (6.58 Kg) max. . — -
Color Code for 18" Flying Leads ‘ |
Heater Black L 4.00 ‘ ‘ _~— MOUNTING HOLES
| |
Heater Brown 11, 06 MAX \ ’
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13.00
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Notes: S 1500
1. For safety, housing should be grounded through )
mounting screws. o /
2. 45—150V positive collector bias recommended. § 1o V
Tube will operate with collector at helix poten- B /
tial at somewhat reduced performance. % 500
3. Heater must always be negative with respect to
cathode. If cathode is to be tied to one side of 0
heater when using dc heater supply, connect 1.0 1.5 2.0 2.526 3.0

cathode to positive (+) side of heater supply.
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TECHNICAL DATA

T p— ob=21004

OSCILLATOR
September 1968 *

The type SE-214A BWO is abifilar (dual helix), vol-
tage tunable oscillator. This permanent-magnet
focused wide band oscillator is well suited for use
as a swept signal source in signal generators, par-
ticularly in view of its high stability. Other appli-
cations include ECM receivers (as local oscil-
lator), frequency diversity transmitters (as master
oscillator), and other electronic equipment. The
SE-214A features smooth power over the band,
low cathode current, and two control electrodes.
The control grid makes possible power cutoff with
low negative grid voltage. Power output can be
modulated with either the grid or anode, or both.
Cathode modulationwith the grid grounded usually reduces FM caused by AM. With all voltages isolated
from both tube housing and the r.f. output terminal, packaging problems are simplified, since the tube
housing and output connector can be grounded regardless of power supply configuration.

X-758-11

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 1-2.0
Power Output into Load VSWR = 1.25 mw 110-450 100 Min
Power Output Variation db 8 Max
Fine Grain Variation db/50MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 2 5 Max
Spurious Oscillation
Ratio of Signal to 2nd Harmonic Output db 35 25 Min
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 4 8 Max
Sensitivity to Anode Voltage MHz/V 0.3 0.7 Max
Sensitivity to Grid Voltage MHz/V 1.5 5 Max
Tuning Curve Slope
Low End (1.0 GHz) MHz/V 1.4
Mid-Frequency (1.5 GHz) MHz/V .9
High End (2.0 GHz) MHz/V T
Grid r.f. Cutoff Voltage \% =7 -20 Max
Capacitance; Cathode to all other Electrodes,
including Heater pf 15 25 Max
Capacitance; Grid to all other Electrodes, at
Power Input Plug pf 20 25 Max
Capacitance; Helix to all other Electrodes pf 370 400 Max.
Heater Voltage \% 6.3%5%
Heater Current A 0.72 1.2 Max
Cathode Current mA 12 17 Max
Helix Voltage Range A% 335-1450 310-1485
Min/Max
Helix Current mA 2 4.0 Max
Anode Voltage A% 100 215 Max
Anode Current mA 0.8 1.5 Max

* Supersedes SE-214 A Technical Data Sheet Dated September 1965



MECHANICAL DATA OUTLINE DRAWING

.63‘}

Weight, 14.5 lbs Max
Color Code for 18" Flying Leads

Heater Brown =
Heater Black T -
Cathode Yellow 1 ’
Grid Green
Anode Blue ! Aé’ %}_
Helix Red |
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@ Heater must always be negative with respect 2 500 -
. . i
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The SE-214A-50 BWO is a bifilar (dual-helix), voltage
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include ECM receivers (as local
oscillator), frequency diversity transmitters (as mas-
ter oscillator), and other electronic equipment.

The SE-214A-50 features smooth power over the band,
low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anode, or both. Cathode modu-
lation with the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and out-
put connector can be grounded regardless of power
supply configuration.

TECHNICAL DATA

DECEMBER 1970

BACKWARD-WAVE
OSCILLATOR
SE-214A-50

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS
Nominal Frequency Band . .......................... CHZ sovv s smmes sun 1-2.0
Power Output into Load with VSWR =1.25:1........... W i = cmscssn s 110-450 .......... 100 Min
Power Output Variation .. ..cocee . csmmws cuwassesvmmns s OBiwvos i cnwmvs smumes suswnss smssss s auss 8 Max
Fine Grain Variation .................. - dB/50MHz ......... ... . . 3 Max
TODEINVSWR oot Saiess 5 Fu O] &) TOREga, sl » ool 57 i 5] TERARE & STl shebaaimi ! seslafisfiofe’ sivalaliaiely 2.5:1 Max
Frequency Pulling Into 2:1 Load (Any Phase) ........... MHz ............. T SS——— 8 Max
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away ........ dB/MHz .......... 95 i £ 0E s s s e s 85 Min
Ratio of Signal to 2nd Harmonic Output .. .......... OB ans f o aeh 5 e DB oo v w s 25 Min
Long-term Sensitivity to Heater Voltage .. .............. MHz/V ........... 4
Sensitivity to Anode Voltage . ....... ... .. ... ... ... MHz/V ........... 0.3
Sensitivity 1o Grid Volfage . . csssssssnsnsissvrninaasins MHZ/V «cmis 5 5amms 1.5
Tuning Curve Slope
Low End (L.OGHZ) ; . : ssassssenmsssssmanss gmmnss MHZ/NV ;oo sns 14
Mid-Frequency (1.5GHz) ........ ... ... ... ... ... MHz/V ........... 9
High |Ehd (2.0 BEZ) s :voves semnpss vsuaesws s wssss MHz/V ........... 7
Grid RF Cutoff VOItAZE . : ::nesssspessssssaessgnemns sV 0ans e s mns & sd oo —7 —25 Max
Capacitance; Cathode to all other Electrodes,
includingHeater . . ........ ... ... ... . ......pF .. L. IS, cremmonrs e e & sl 35 Max
Capacitance; Grid to all other Electrodes,
atPowerlnputPlug . ...... ... ... pF ol 20 ems ST EER § S E U 35 Max
Capacitance; Helix to all othier Electrodes .: cossvussnssaPF ssvsvssnsvasens B70 ¢ isissmmnmsmms 400 Max
Heater Voltage . ... .o oo viiie i e e et NG = e 5 s & s chmms & 3Hs 6.3+5%
Heater Current .. ... 8 R S S e D Y B sessssnnns vsxone 088 cavevinns 0.4—-1.2 Max.
Cathode Current® .. ... ... ... ... . . .. MA M2 coortorn: 5 s5Pats Smgeirs 17 Max.
Helix Voltage Range . ... ... .. ... . e Voo 315-1450........ 300-1537
Min./Max.
Helix Current . ... .o mMA D omrwery A B g 4.0 Max.
AnodeVoltage ........ ..o Vi 100 wru ymmes = 2w 215 Max
Anode Current . . ... MA 0.8 = spwas: raEEE o 1.5 Max

*Set cathode current to Final Test Data value furnished with tube.



SE-214A-50

MECHANICAL
CHARACTERISTICS

Height, 3 inches (76 mm)

Width, 3 inches (76 mm)

Length, 11 inches (279 mm) max.
Weight, 14.5 Ibs. (6.58 Kg) max.

Color Code for 18" Flying Leads

OUTLINE DRAWING

Heater Black
Heater Brown
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female on Balun

ENVIRONMENTAL
CHARACTERISTICS

Separation from Passive Magnetic Materials,
4 in.Min.
No Forced Air Cooling Required Below +60°C Ambient
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Notes:

@ For safety, housing should be grounded through
mounting screws.
45-150V positive collector bias recommended.
Tube will operate with collector at helix potential
at somewhat reduced performance.
Heater must always be negative with respect to
cathode. If cathode is to be tied to one side of
heater when using dc heater supply, connect cath-
ode to positive (+) side of heater supply.
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TECHNICAL DATA

ol-218

September 1968 *

BACKWARD-WAVE
OSCILLATOR

The type SE-215 BWO is a bifilar (dual helix), vol-
tage tunable oscillator. This permanent-magnet
focused wide band oscillator is well suited for use
as a swept signal source in signal generators,par-
ticularly in view of its high stability. Other ap-
plications include radar receivers (as local oscil-
lator), frequency diversity transmitters (as master
oscillator), and ECM equipment. The SE-215
features smooth power over the band, low cathode
current, and two control electrodes. The control
grid makes possible power cutoff with lowneg-
ative grid voltage. Power output can be modulated
with either the grid or anode, or both. Cathode

modulation with the grid grounded usually reduces FM caused by AM. With all voltages isolated from
both tube housing and the r.f. output terminal, packaging problems are simplified, since the tube housing
and output connector canbe grounded regardless of power supply configuration.

ELECTRICAL CHARICTERISTICS, CW

Units Typical Absolute
Values Ratings

Nominal Frequency Band GHz 1.7-4.2
Power Output into a Load with VSWR = 1.25 mw 40-300 30 Min
Power Output Variation db 9 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 2 5 Max
Spurious Oscillation

Ratio of Signal to 2nd Harmonic Output db 30 20 Min

Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 2 8 Max
Sensitivity to Anode Voltage MHz/V 0.25 1 Max
Sensitivity to Grid Voltage MHz/V 3 6 Max
Tuning Curve Slope

Low End (1.7 GHz) MHz/V 2.7

Mid-Frequency (2.95 GHz) MHz/V 1.4

High End (4.2 GHz) MHz/V .75
Grid r.f. Cutoff Voltage A% -8 -20 Max
Capacitance; Cathode to all other Electrodes,

including Heater pf 18 25 Max
Capacitance; Grid to all other Electrodes at

Power Input Plug pf 18 25 Max
Capacitance; Helix to all other Electrodes pf 250 300 Max
Heater Voltage v 6.3=5%
Heater Current A 0.72 0.6-1.2

Min/Max
Cathode Current mA 8 15 Max
Helix Voltage \' 235-2030 200-2150
Min/Max

Helix Current mA 2 4 Max
Anode Voltage A% 130 220 Max
Anode Current mA 0.6 1.5 Max

* S.upersedes SE-215 Technical Data Sheet Dated September 1965



Weight, 7.25 lbs Max

MECHANICAL DATA OUTLINE DRAWING

Color Code for 18" Flying Leads
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TECHNICAL DATA

DECEMBER 1970

BACKWARD-WAVE
OSCILLATOR

The SE-215-50 BWO is a bifilar (dual-helix), voltage SE-215-50
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include radar receivers (as local
oscillator), frequency diversity transmitters (as master
oscillator), and ECM equipment.

The SE-215-50 features smooth power over the band,

low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anode, or both, Cathode modu-
lation with .the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and out-
put connector can be grounded regardless of power
supply configuration.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS
Frequency Band . ........ ... .. .. ... .. .. . .. .. ... GHZ ... .covin v o wgmmns 35 ARES R SN 1.7-4.2
Power Output into Load with VSWR =1.25:1........... MW csss semnns vmms 40=300 - conwes s ens 40 Min.
Power Qutput Variation .. ........................... dB . 9 Max.
Fine Grain Variation .. ....... .. ... .. ... ........... dB/100OMHz .......................... 3 Max.
TUbE VOWR . . 2.5:1 Max.
Frequency Pulling Into 2:1 Load (Any Phase) ........... MHZ ...:c06%050m. 2 s e o ol 5 Max.
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away . ....... dB/MHzB.W. ..... O5 ... 85 Min.
Ratio of Signal to 2nd Harmonic Qutput . ... ........ dB............... 30 ... 20 Min
Long-term Sensitivity to Heater Voltage ... ............. MHz/V ........ ... 2
Sensitivity to Anode Voltage . . ......... ... ... ... ... .. MHz/V .......... .0.25
Sensitivity to Grid Voltage . . .. ....... ... ... .o ... MHz/V ........... 3
Tuning Curve Slope
LowEnd (1.7GHz) ... . i MHz/V ........... 2.7
Mid-Frequency (3.0GHz) ........ ... ... ... ... ... MHz/V ........... 1.4
HighEnd (4.2GHz) ........ .. ... . iiiian... MHz/V ............ 75
Grid RF CUtoff VOItage : csnws s summs s sumns 3 sapns 5 cass V i85 5o sibims soninmms —8 —25 Max.
Capacitance; Cathode to all other Electrodes,
including Heater and Housing .. .................. o] 18. ... ... 35 Max.
Capacitance; Grid to all other Electrodes,
includingHousing . . ........ ... ... ... . .. pF ... . 18 o mas sammns 8 commms 35 Max.
Capacitance; Helix and Collector to all other
Electrodes includingHousing .. ................... pF ..o 250 ... 300 Max.
Heater Voltage . ... ...t NEG & ciotiiin s cammn s s mmmmonn s ki3 885588 6.3+5%
Hezter Current :cenis sengi i i 0ass 3@ 5as s 0@E0E S E@a5 8 - S s B 1 a5 0 RN ¢ 5 - S T p 0.4-1.2
Min./Max
Cathode Current ™ ... ... . . . mA ... 8 15 Max.
Helix Voltage Range .. ........... ... i, Voo 235-2030........ 200-2150
Min./Max.
HeliX CUFIENT : « : smwss semess smesss somss & v w@ls 5 3863 A & cssns sammiasn 2 4 Max.
Anode Voltage ......... ...t Voo 130 ... .ccves s samms 215 Max.
Anode Current . . ... ... mA ........... L..06 .. 1.5 Max.

* Set cathode current to Final Test Data value furnished with tube.



SE-215-50

MECHANICAL
CHARACTERISTICS

Height, 2.5 inches (64 mm)
Width, 2.5 inches (64 mm)
Length, 9.6 inches (244 mm) max.
Weight, 7.25 Ibs. (3.29 Kg) max.

Color Code for 18" Flying Leads

Heater Black
Heater Brown
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female on Balun

ENVIRONMENTAL

OUTLINE DRAWING
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L : Hous ing D 0
} @ L5L7 2.0 2.5 3.0 3.5 4.0 42 4.5
;m% e ” FREQUENCY (GHz)
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Notes: ralk
1. For safety, housing should be grounded through & 2000 ,‘
mounting screws. 3 /
2. 45-150V positive collector bias recommended. w1500 7
Tube will operate with collector at helix potential = 1000 /
at somewhat reduced performance, S i
3. Heater must always be negative with respect to é 500
cathode. If cathode is to be tied to one side of -
heater when using dc heater supply, connect cath- 01.51.7 20 25 3.0 3.5 4.0 42 4.5

ode to positive (4) side of heater supply.
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TECHNICAL DATA

o =21l

BACKWARD-WAVE
OSCILLATOR

The type SE-215A BWO is a bifilar (dual helix),
voltage tunable oscillator. This permanent-magnet
focused wide band oscillator is well suited for use
as a swept signal source in signal generators, par-
ticularly in view of its high stability. Other appli-
cations include radar receivers (as local oscil—
lator), and ECM equipment. The SE-215A features
smooth power over the band, low cathode current,
and two control electrodes. The control grid makes
possible power cutoff with low negative grid voltage.
Power output can be modulated with either the grid
or anode, or both. Cathode modulation with the

grid grounded usually reduces FM caused by AM.

September 1968*

X-758-10

With all voltages isolated from both tube housing and
the r.f. output terminal, packaging problems are simplified, since the tube housing and output connector
can be grounded regardless of power supply configuration.

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 2-4
Power Output into a Load with VSWR = 1.25 mw 100-300 75 Min
Power Output Variation db 6 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 2 5 Max
Spurious Oscillation
Ratio of Signal to 2nd Harmonic Output db 30 25 Min
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 2 8 Max
Sensitivity to Anode Voltage MHz/V 0.25 1 Max
Sensitivity to Grid Voltage MHz/V 3 6 Max
Tuning Curve Slope
Low End (2.0 GHz) MHz/V 2.5
Mid-Frequency (3.0 GHz) MHz/V 1.4
High End (4.0 GHz) MHz/V .85
Grid r.f. Cutoff Voltage \% =8 -20 Max
Capacitance; Cathode to all other Electrodes,
including Heater pf 18 25 Max
Capacitance; Grid to all other Electrodes at
Power Input Plug pf 18 25 Max
Capacitance; Helix to all other Electrodes pf 250 300 Max
Heater \Y 6.3t5%
Heater Current A 0.72 0.4 -1.2
Min/Max
Cathode Current mA 8 15 Max
Helix Voltage Range \% 330-1800 300-2000
Min/Max
Helix Current mA 3.0 Max
Anode Voltage A% 130 215 Max
Anode Current mA 0.6 1.5 Max

* Supersedes SE-215A Technical Data Sheet Dated September 1965



MECHANICAL DATA OUTLINE DRAWING
Weight, 7.25 lbs Max -“]
Color Code for 18" Flying Leads
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1000
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TECHNICAL DATA

DECEMBER 1970

BACKWARD-WAVE
OSCILLATOR

The SE-215A-50 BWO is a bifilar (dual-helix), voltage SE-215A-50
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include radar receivers (as local
oscillator), frequency diversity transmitters (as master
oscillator), and ECM equipment.

The SE-215A-50 features smooth power over the band,
low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anode, or both. Cathcde modu-
lation with the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and out-
put connector can be grounded regardless of power
supply configuration.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS
Frequency Band . . .. ... ... ... ... .. .. . . ... ... . ... GHz . ... e 2-4
Power Output into Load with VSWR =1.25:1........... MW s ¢ comnss samms 100-300 ........... 80 Min.
Power Qutput Variation . ........... ... .. ... ... .... dB .. 7 Max.
Fine Grain Variation . ...c.e:sswsessomsns s smmns s vunas dB/250MHz ........... ... ... 3 Max.
TUDE VOW R o 2.5:1 Max.
Frequency Pulling Into 2:1 Load (Any Phase) ........... MHz ............. 2 5 Max.
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away ........ dB/MHz . ......... OB . s e s 85 Min.
Ratio of Signal to 2nd Harmonic Output . ........... dB ... ... ... 30 20 Min.
Long-term Sensitivity to Heater Voltage .. .............. MHz/V ........... 2
Sensitivity to Anode Voltage . . .......... ... ... L. MHz/V ........... 0.25
Sensitivity t0 Grid Voltage . . s swwvr commus s vmmns s smas MHZ/V x5 s ssmams 3
Tuning Curve Slope
Low End (20GHz) ... MHz/V ........... 2.5
Mid-Frequency (3.0GHz) . ...... ... ...t MHZ/V c5os s sumues 14
HighEnd (4.0GHZz) ........ ... . ... MHz/V ............ 85
Grid RF :Cutoff VORAZE uis s cxmsns s smumas smans s smmas s Vassscomuss sanans 8 sewessnemis cas —25 Max.
Capacitance; Cathode to all other Electrodes,
includingHeater . . ... ... ... .. ... . ... . ... pF . 18 .. 35 Max.
Capacitance; Grid to all other Electrodes,
at POWEr InpUtPIUE : cuss s sowass ssmmms semnus s smss BF ;s suapss cammnys s 18 . ... 35 Max.
Capacitance; Helix to all other Electrodes .............. PF ccssmnss samauns s 250 ismwessampas s 300 Max.
Heater Voltage . . ... . oo NAG . . viioms 5w Bing » 358 mhs Saons omidoms 6.3+5%
Heater Current . ... i Ao 072 . .............. 04-1.2
Min./Max
Cathode Current * . ... ... . . . . . ... A ¢ :unmssommas s 8 tsensiiasng i earnis 15 Max.
Helix Voltage Range ......... ... iiiiinnennan.. Moosssanans samans s 330-1800........ 300-2000
Min./Max.
Helix Current . .. ... mA ... 0.5 ... 3.0 Max.
Anode Voltage . ... ...t e Voo 130 ... 215 Max.
Anode CUTFENE s uess sunmns ssnan; sensen: GRa0s s SR8 MA :ssmassinass s 06 ............... 1.5 Max.

*Set cathode current to Final Test Data value furnished with tube.



SE-215A-50 OUTLINE DRAWING

MECHANICAL

CHARACTERISTICS
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TECHNICAL DATA

BACKWARD -WAVE
OSCILLATOR

ol=216

TECHNICAL DATA e September 1965

The type SE-216 BWO is a single-helix, voltage
tunable oscillator. This permanent-magnet-focused
wide band oscillator is well suited for useas a
swept signal source in signal generators, par-
ticularly in view of its high stability. Other ap-
plications include ECM receivers (as local os-
cillator), frequency diversity transmitters (as
master oscillator), and other electronic equip-
ment. The SE-216 features smooth power over
the band, low cathode current, and two control
electrodes. The control grid makes possible power
cutoff with low negative grid voltage. Power output
can be modulated with either the grid or anode,
or both. Cathode modulation with the grid grounded usually reduces FM caused by AM. With all voltages
isolated from both tube housing and the r.f. output terminal, packaging problems are simplified, since
the tube housing and output connector can be grounded regardless of power supply configuration.

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 12.4-18
Power Output into Load VSWR = 1.25 mw 15-70 10 Min
Power Output Variation db 6 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 3:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 1 2 Max
Spurious Oscillation
Ratio of Signal to Total Spurious Output db 48 40 Min
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.5 1.5 Max
Sensitivity to Grid Voltage MHz/V 3 6 Max
Tuning Curve Slope
Low End (12.4 GHz) MHz/V 8.7
Mid-Frequency (15.2 GHz) MHz/V 4.4
High End (18.0 GHz) MHz/V 2.2
Grid r.f. Cutoff Voltage A% -15 -20 Max
Capacitance; Cathode to all other Electrodes,
including Heater pf 25 40 Max
Capacitance; Grid to all other Electrodes, at
Power Input Connector pf 25 40 Max
Capacitance; Helix to all other Electrodes and
Capsule pf 100 125 Max
Heater Voltage \% 6.3x5%
Heater Current A 0.9 0.6-1.2
Min/Max
Cathode Current mA 7 12 Max
Helix Voltage Range A% 530-1900 500-2000
Min/Max
Helix Current mA 2 3 Max
Anode Voltage A% 160 215 Max

Anode Current mA 1 2 Max



MECHANICAL DATA

Weight, 6.0 1bs Max
Color Code for 18" Flying Leads
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TECHNICAL DATA

=217

BACKWARD -WAVE
OSCILLATOR

The type SE-217 BWO is a single-helix, voltage
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a
swept signal source in signal generators, par-
ticularly in view of its high stability. Other ap-
plications include ECM receivers (as local os-
cillator), frequency diversity transmitters (as
master oscillator), and other electronic equip-
ment. The SE-217 features smooth power over
the band, low cathode current, and two control
electrodes. The control grid makes possible power
cutoff with low negative grid voltage. Power output
can be modulated with either the grid or anode,

September 1965

or both. Cathode modulation with the grid grounded usually reduces FM caused by AM. With all voltages
isolated from both tube housing and the r.f. output terminal, packaging problems are simplified, since
the tube housing and output connector can be grounded regardless of power supply configuration.

ELECTRICAL CHARACTERISTICS, CW

Nominal Frequency Band
Power Output into Load with VSWR = 1.25
Power Output Variation
Fine Grain Variation
Tube VSWR
Frequency Pulling into 2:1 Load (Any Phase)
Spurious Oscillation
Ratio of Signal to Total Spurious Output

Ratio of Signal to Noise Power 30 MHz Away

Long-term Sensitivity to Heater Voltage

Sensitivity to Anode Voltage

Sensitivity to Grid Voltage

Tuning Curve Slope
Low End (5.3 GHz)
Mid-Frequency (5.65 GHz)
High End (6.0 GHz)

Grid r.f. Cutoff Voltage

Capacitance; Cathode to all other Electrodes,
including Heater

Capacitance; Grid to all other Electrodes, at
Power Input Connector

Capacitance; Helix to all other Electrodes and
Housing

Heater Voltage

Heater Current

Cathode Current

Helix Voltage Range

Helix Current
Anode Voltage
Anode Current

Units

GHz

mw

db

db/100 MHz

MHz
db
db/MHz
MHz/V
MHz/V
MHz/V
MHz/V
MHz/V
MHz/V
A%

pf

pf

mA

mA

Typical
Values

5.3-6.0
120-160

52
95
1.5
0.5
2.5

3.3
2.8
2.3
-10
18
12
135
1.0

14
480-740

100
0.7

Absolute
Ratings

100 Min
3 Max
1.5 Max
2:1 Max
5 Max

40 Min
85 Min
2 Max
1 Max
5 Max

-20 Max

25 Max
20 Max

160 Max
6.3=5%
1.2 Max
20 Max
440-800
Min/Max
8 Max
215 Max
2.0 Max



MECHANICAL DATA

Weight, 6.0 lIbs Max
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|1 x |50 it
Slalx cRID 1 ;’ _/—/
2lel5] [ anooe o "
B kS HELIX
COLLECTOR 100
L }: HOUSING
i
oL |

FLYING LEADS

1
For safety, housing should be grounded
through mounting screws.

224—100 V positive collector bias recom-
mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.
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TECHNICAL DATA

MAY 1969 %

BACKWARD-WAVE OSCILLATOR
SE-218

The SE-218 is a single-helix, voltage tunable oscillator
utilizing a permanent magnet focusing system. This
wide-band oscillator is well suited for use as a swept
signal source in highly stable signal generators. Other
applications include local oscillators in frequency di-
versity transmitters and in electronic test sets. The
SE-218 delivers smooth power output over the band
with low operating cathode current. Power output can
be modulated with either the grid or the anode cir-
cuits. All voltages are isolated from the tube housing
for easy packaging.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS

Nominal Frequency Band . . ... .................... GHZ 5 65 s o 0 0 5 61 Do 03 51 oo 18-26.5
Power Output into Load with VSWR = 1.25:1 .. ........ MW & 5 cerm s 2 5 21 2 28550 . . comemms s 20 Min.
Power Output Variation .. .. ...... ... ... ......... AB1 o oo s 4 95 - 28siekeia o 8 2 2 Bedronnde a9 ¢ 6 Max.
Fine: Grain Variation . :: sspassem s ssapasses s 55 AB/2B0 MHZ . . ... scadssss s oma@asss 3 Max.
TEBE NSWRY & & 5 cmmmsss 1 # 1 8 Simumemsns o, o s o a1 woimsiocom smiss o 21 o 656 Wl iseet e 6 51 ¥ & 5 AU wimmisers 51 & & 31 6 STGHei s 2.5:1 Max.
Frequency Pulling into 2:1 Load (Any Phase) . ......... MHAZ! ¢ & saassaes 1 2} Dl i £ £ 5 £ AT & 6 Max
Spurious Oscillation

Ratio of Signal to Total Spurious Output . ........... GBlms =t 2 p ol 08 5O vvie i s e 40 Min.

Ratio of Signal to Noise Power 30 MHz Away .. ...... dB/MHz ........ .2 15 A R — 85 Min.
Sensitivity to Heater Voltage .. .................... MHz/V .......... 35
Sensitivity to Anode Voltage . .. .................... MHz/V . ccionnn. 1.0
Sensitivity to Grid Voltage .. ........ ... ........... MHz/V .......... 10
Tuning Curve Slope

Low End (18 MHz) .. ... ... ... ... ... .. ...... MHZ/N osemesnss 12.3

Mid-Frequency (225 MHz) . .................... MHz/V ... . .... 7

High End (26.5 MHz) .. ... ... .. ... ........... MHz/V .......... 3.5
Grid RF Cutoff Voltage .. s vsssasssssssmmsnsnssd T Ty =10 .5 w55 n6waaes —20 Max.
Capacitance; Cathode to all other Electrodes

including Heater and Housing . .................. PE sossasswvaan 80 5 v svmrgenn s &k s 50 Max
Capacitance; Grid to all other Electrodes

and Housing . ........... .. ... ... ... PP wassees srnens 20 sxsr5p00anE8 s e 50 Max.
Capacitance; Helix and Collector to all other

Electrodes and Housing . .. ..................... PF semssss:esasn 70 sous v wmasvise 120 Max
Heater Voltage .....ceossscasresnomnsiossssmmasss N s o orii s 5 6 R S S S S S 6.3+5%
Heater Current ... ... .. ... . .. ... . .. ... .. ... ... A g o B = e QBT i- 5 5= 1= eviirmimis & & 0.4-1.2
Cathode CUFFERT oo v oo w s mrmmnssas s i nEBBEESE 53 05 A Beasdess vaus O i i s e s wEEEE R A 10 Max.
KHelix Violtage: RanEe . = oowmm s v wm smmm e 5 5 0 o 5 m e & V weuEn 2208 EEEE 530-1800 ........ 450-2000
Helix :CURENt: ..o : s svmesesns s bt RERS 24555 GAREE S WA e ssswnmm 1B . cinvie e 2.5 Max.
Anode Voltage . ... ... .. .. . . . ... Vi v = o e e ot 180w = 1 e & 5 250 Max.
Anode Current . . ... ... ... 11/ (R 0.2 ... ... ... 1 Max.

'Set cathode current to Final Test Data value furnished with tube.
*Supersedes SE-218 Technical Data Sheet dated September 1965.



SE-218 OUTLINE DRAWING
MECHANICAL
CHARACTERISTICS :
——{ 185 =~  ~0.58 —

Height, 2.5 inches (64 mm) — ! T
Width, 2.5 inches (64 mm) T = //
Length, 5.25 inches (133 mm) g ! 15 of
Weight, 4 Ibs. (1.81 Kg) Max. | r e o
Color Code for 18" Flying Leads L

Heater Black L

Heater Brown 0 | | | /~MOUNTING HoLes

Cathode Yellow 5.250 MAX | ‘ 10-32 UNC

Grid Green | j \

Anode Blue L ; !

Helix Red \ _.H

Collector Orange
Mounting Position, Any ‘ -

7

UG-595/U FLANGE

RF Output Connector, UG-595/U Flange

ENVIRONMENTAL 2.50
rsinGlEeleliEs I __—MATE WITH UG-595/U
| 112
Separation from Passive Magnetic Materials, 2 in. Min. 2,50 JS_ @nh %
sl

No Forced Air Cooling Required Below +60°C

Ambient T~ 4-40 UNC THREAD

| —

POWER OUTPUT

80

SCHEMATIC DIAGRAM

60

|| %
J L \/\/\/\/\/\_ . 40 7 i ol D P
Blalel m— | e /
HEESS HELIX
<|S|S|z|= COLLECTOR 20
CEHERE - HOUSING
@) oy
0
FLYING LEADS 18 20 2 24 26 2.5
® FREQUENCY - GHz
TUNING VOLTAGE
2000
Notes: v

g

@ For safety, housing should be grounded through
mounting screws.

50-150V positive collector bias recommended.
Tube will operate with collector at helix potential
at somewhat reduced performance.

/,

./

500

HELIX VOLTAGE - VOLTS

@ Heater must never be positive with respect to
cathode.

8 20 22 24 26 26.5

FREQUENCY - GHz
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TECHNICAL DATA

JANUARY 1971

BACKWARD-WAVE OSCILLATOR
SE-218-50

The type SE-218-50 is a single helix, voltage tunable
oscillator utilizing a permanent magnet focusing sys-
tem. This wide-band oscillator is well suited for use
as a swept signal source in highly stable signal gener-
ators. Other applications include local oscillators in
frequency diversity transmitters and in electronic test
sets. The SE-218-50 delivers smooth power output
over the band with low operating cathode current.
Power output can be modulated with either the grid
or the anode circuits. All voltages are isolated from
the tube housing for easy packaging.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS

FrequencyBand . . .. ... ... ... .. ... ... ... ..... GHZ" arrpa 01210 2 500 Sheremetet o) 1 21 9 5 Beennomens 18-26.5
Power Output into Load with VSWR = 1.25:1 . ........ mW ... 2580 .. ..00cm0nens 20 Min
Power Qutput Variation . . ..sssssms s v s msmmmesa B cronarmnaga = 4 5 535 g ey 7 2 ) 5 i) SRS 8 Max
Fine Grain Variation . .......................... dB/250 MHZ ; oo smmus s st s s s emmmsme 3 Max
THPENVSWR' . i vsnosmsiis 3 2 o aBEREEE 5 § § 5 5 0565 SEHETEE & 5 5 5 5 5 Sarmmrers @maea 5858 & 5 s e 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) ......... MHZ o oomacesssns I I U Ty — 6 Max
Spurious Oscillation

Ratio of Signal to Total Spurious Output .. ......... B . s ssisiion s sna L5 o R 40 Min

Ratio of Signal to Noise Power 30 MHz Away . . ... .. dB/MHz ........ O85! sramey £ 2 5 5.4 mEEs 85 Min
Sensitivity to Heater Voltage . . ... ................ MBEZ v soms 35
Sensitivity to Anode Voltage . . .................... MHz/V .......... 1.0
Sensitivity to Grid Voltage . . .......... ... .. ...... MHz/Y . ccicvsven 10
Tuning Curve Slope

Low End (A8'MHZ) c.onvs snssssavasswissnssssns MBZIN o ss65 00 ms 12.3

Mid-Frequency (225 MHz) . ................... MHz/V .......... 7

High End (26.5 MHZ) +.«:sssscasmsnnnssssesds MHZ/N . - ossaramies 3.5
Grid RF Cutoff Voltage ............ ... ... ....... V zETTe TSR R =L s vz 2w w2 wn s —25 Max
Capacitance; Cathode to all other Electrodes

including Heater and Housing .................. PP =5 =5 sesrereninnm 6 80 .. .5 ¢ pvswnaEsew 50 Max
Capacitance; Grid to all other Electrodes

and HouSING «:wssssssissssspammenmenssss s PF & wanmmmnes 20 ciiiiesimmnsans 50 Max
Capacitance; Helix and Collector to all other

Electrodes and Housing . .. ...... .. ... .. ....... BE zzrnymramenEs TO o s 66 a0 g s e 3 120 Max
Heater Voltage . .:covwmebssssws sommpnasssssss V' 22 ee m s 8 o e 3 0 0 5 [0 sl e 15 6.3+5%
Heater Current . ........ ... . . . .. . . i, 7 T —— QBT ;i 2 ¢ 5 wsmmmmn s 0.4-1.2
Cathode Current! . . .. . ... ... ... .. (g /R 6 s s 0 0 R 10 Max
Helix Voltage Range . ............ . ... .. ... ..... N B3 2 BB E & Bt 520-1800 ........ 400-2050
Helix Current .. .. ... . .. .. . . . . . . . (0772 JPE S 15 . i 2.5 Max.
Anode Voltage . « s wmsmmwn su s b6 smndamemss s s 8 N g i s 2 2 s Bl il 180 ;% el s 215 Max
Anode Current . . .. ... . ... . ... 13- 0.2 ... ... 1 Max

1Set cathode current to Final Test Data value furnished with tube.



SE-218-50 OUTLINE DRAWING

MECHANICAL
CHARACTERISTICS

Height, 2.5 inches (64 mm)
Width, 2.5 inches (64 mm)
Length, 6.75 inches (171 mm) I‘
Weight, 6 Ibs. (2.72 Kg) Max. f
Color Code for 18” Flying Leads l
Heater Black
Heater Brown | 4.00 /—MOUNTING HOLES
Cathode Yellow 6.75 MAX | } 10-32 UNC
Grid Green |

Anode Blue
Helix Red L_M

Collector Orange

——{ 1.875 F (0.580 \f

I
i 18 o
|

Mounting Position, Any ro.zs

‘ l
| [
| |
RF Output Connector, UG-595/U Flange ‘K—4
UG-595/U FLANGE
2.5

ENVIRONMENTAL ’
CHARACTERISTICS T I | MATE WITH UG-5351U
) 1125
Separation from Passive Magnetic Materials, 2 in. Min. 250 1| <¢ °¥ %
i i ired Bel 60°C € 2
NoAF;Lciz:tAlr Cooling Required Below + J e 40 UNC THRERD
SCHEMATIC DIAGRAM POWER OUTPUT
80
—HD
60
A= 11 g
_-@J H VVVV VL . P i e P
| g I A \_\
Olaclae ] o
S5 ol8r HELIX = /
S|E|E]S)|< :m% HOUSING 20
@ OV
FLYING LEADS % 20 2 24 2% 2.5
FREQUENCY - GHz

TUNING VOLTAGE

2000

Notes: /

@ For safety, housing should be grounded through
mounting screws.

\

\

@ 45150V positive collector bias recommended.
Tube will operate with collector at helix potential
at somewhat reduced performance.

_—T

2

HELIX VOLTAGE - VOLTS

@ Heater must always be negative with respect to
cathode. If cathode is to be tied to one side of
heater when using dc heater supply, connect cath- 8 20 2 24 26 2.5
ode to positive (4) side of heater supply. FREIEMT =

JANUARY 1971 PRINTED IN U.S.A.



The type SE-219 BWO is a bifilar (dual helix),
voltage-tunable oscillator. This permanent-mag-
net focused wide band oscillator is well suited for
use as a swept signal source in signal generators,
particularly in view of its high stability. Other
applications include ECM receivers (as local os-
cillator), frequency diversity transmitters (as
master oscillator), and other electronic equip-
ment. The SE-219 features smooth power over
the band, low cathode current, and two control
electrodes. The control grid makes possible
power cutoff with low negative grid voltage. Power
output can be modulated with either the grid or
anode, or both. All voltages are isolated from
housing and RF output connector for maximum
flexibility in circuit applications.

TECHNICAL DATA

SPECIFICATIONS
Units

Frequency Band GHz
Power Output into Load VSWR=1.25 mW
Power Output Variation dB
Fine Grain Variation dB/50 MHz
Tube VSWR
Frequency Pulling into 2:1 Load (Any Phase) MHz
Spurious Oscillation

Ratio of Signal to 2nd Harmonic Output dB

Ratio of Signal to Noise Power 30 MHz Away dB/MHz
Long-Term Sensitivity to Heater Voltage MHz/V
Sensitivity to Anode Voltage MHz/V
Sensitivity to Grid Voltage MHz/V
Tuning Curve Slope

Low-End (1.4 GHz) MHz/V

Mid-Frequency (1.95 GHz) MHz/V

High-End (2.5 GHz) MHz/V
Grid RF Cutoff Voltage \%
Capacitance; Cathode to all other

Electrodes, including Heater pF
Capacitance; Grid to all other

Electrodes at Power Input Connector pF
Capacitance; Helix to all other Electrodes pF
Heater Voltage \Y%
Heater Current A
Cathode Current mA
Helix Voltage Range A%
Helix Current mA
Anode Voltage A%
Anode Current mA

Typical
Values

110 - 250

15

20
440

0.85
11
370-1385
1.5
95
1

JANUARY 1969

BACKWARD-WAVE OSCILLATOR
SE-219

Absolute
Ratings
1.4-2,5
100 Min

8 Max

3 Max
2.5:1 Max
5 Max

20 Min
85 Min
10 Max
0.5 Max
10 Max

-20 Max
25 Max

25 Max
475 Max
6.3+5%

0.4-1.2
17 Max
350-1450
4 Max
215 Max
1.5 Max



MECHANICAL
CHARACTERISTICS

Height, 3 Inches (76 mm)

OUTLINE DRAWING

—
et

Width, 3 Inches (76 mm) 1 —‘
Length, 11 Inches (279 mm) - 18.000
Weight, 14.5 lbs. (6.58 kg.) max. ;
Color Code for 18" Flying Leads %-——«#——«#—
Heater Brown ,
Heater Black 000 | | ‘ /*N(\JOUNZTING HOLES
Cathode Yellow 11.060 ’ ’ Fg =08 P THRED
Grid Green MAX ‘
Anode Blue : ! > ‘"(ﬁ
Helix Red | COXIAL CABLE— 5 oo
Collector Orange ‘
Mounting Position, any v || .
RF Output Connector, Type N Female - I
on Balun O.SGO»J; e 0.190 ‘ml)?
- 1875 —:j N CONNECTOR i
Ll FEMALE
ENVIRONMENTAL ~— 3,000 \%“J
CHARACTERISTICS T -
Separation from Passive Magnetic 3.000 ;
Materials, 4 in. Min ’
No Forced Air Cooling Required, Y 4-40 UNF
Below +60°C Ambient 2B THREAD
SCHEMATIC DIAGRAM POWER OUTPUT
e e
BALUN €0) rr ouTPUT 300
D C RETURN
250 o
Il z ~
2 i . P
S o 7~
5 4 = 150
ol R e -
S|5( [ AnodE -
] HELIX 100
COLLECTOR
L ! HOUS ING
@) @ 50
J) Y 14 16 18 20 22 24 25 26
GO e e FREQUENCY - GHz
SRR TUNING VOLTAGE
@ For safety, housing should be grounded
through mounting screws. 1500
@ 50 - 150 V positive collector bias recom- é’ 1250
mended. Tube will operate with collector > - -
at helix potential at somewhat reduced w ~
performance. 5 750 /
@ Heater must always be negative with re- : 500
spect to cathode. If cathode is to be tied = %0
b &
to one side of heater when using dc heater J
. - 00 1
supply, connect cathode to positive (+) 12 L6 13 20 22 20 25 56

side of heater supply.

JANUARY 1969

FREQUENCY - GHz




TECHNICAL DATA

DECEMBER 1970

BACKWARD-WAVE
OSCILLATOR

The SE-219-50 BWO is a bifilar (dual-helix), voltage SE'219 '50
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include ECM receivers (as local
oscillator), frequency diversity transmitters (as mas-
ter oscillator), and other electronic equipment.

The SE-219-50 features smooth power over the band,
low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anode, or both. Cathode modu-
lation with the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and out-
put connector can be grounded regardless of power
supply configuration.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS
Frequency Band o « « s «s s suwwss sampns smaan s immnd 2 dGHZ 5 s s 55 SR ¥ SR S 1.4-25
Power Output into Load with VSWR = 1.25:1 .. ......... MW .. . s o s 2 110-350 .......... 100 Min.
Power Output Variation .. ............ ... .. ... ...... o ey —— 8 Max.
Fine Grain Variation ......... ... ... ... ... ... ... .... dB/B5OMHz . .....ivnviiiininiiinneean 3 Max.
TUBE VSWR .« ¢ ovwivis s smmse s smams oo mpms s smemss 5@ mss s 55 s & 855 & o8 s e oo 6 5 & mw 6508w 0w Es 2.5:1 Max.
Frequency Pulling Into 2:1 Load (Any Phase) ........... MHz .......cccce.. 2/ . PR 5 Max
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away ........ dB/MHz .......... OB vyeheta0 1 iprarers @ i 85 Min.
Ratio of Signal to 2nd Harmonic Output ............ dB s pwme s anassan Q0 5w e s 20 Min.
Long-term Sensitivity to Heater Voltage . .. ............. MRZ/V s oisammses 5
Sensitivity to Anode Voltage .. ................ .. .. ... MHz/V ... ....... 0.2
Sensitivity to GridVoltage . . .. ........ ... ... oL MHz/V ........... 5
Tuning Curve Slope
LowENd (1.4GHz) ... MHZ/V . c:cmoss55s 1.8
Mid-Frequency (1.95GHz) .......... ... ... ....... MHZ/A 5 cos s e 1.05
High End (2.5 GHZ) :cuomssssmmsssssaissnnnsssss MHz/V ........... 0.7
Grid RF Cutoff Voltage . .......... ... ... ... ... .. ... W e e snoeme -7 ... R dipE s B —25 Max.
Capacitance; Cathode to all other Electrodes,
including Heater .. ...oscisvassvsmsssssnssasnsss BF us.cssevemsneas VB s 0 v atim rgis shamm s 35 Max.
Capacitance; Grid to all other Electrodes,
at Power Input Connector . ....................... D oeee sowTes e p-{ 0 [ 35 Max.
Capacitance; Helix to all other Electrodes .............. PP o w andons QA . - oo s s 475 Max.
Heater VOITAZE « « i vo v v swioiivn baie am wmmn e mms s o o s NEC: = = s e, SRR T P T PR 6.3+5%
Heater Current . ........ ... .. ... Ao 0.85) ; i« smmns = wmEmng 0.4-1.2
2 Min./Max
Cathode CUREEIL - o samems wwmmas p @ sy snme0F 5 @853 MA 5556503 & FRRE LS LY s coimans s wmms 5w 17 Max.
Helix VOItage RANEE .« v oo e . g ———— 8701385 +.c 0 x- 350-1450
Min./Max.
Helix CURIERT ; smwws s shons s smuns s aunmns & aomss & dmpss o ROR 5 s e & oivonsos 3 5 1.0 .o smnas s s 4 Max.
Anode Voltage ........ . e W s eopners e B8 . wasrs s mme s @ 215 Max.
Anode Current .. ... MA e penes b Loossmsmes s wmmsssms 1.5 Max.

*Set cathode current to Final Test Data value furnished with tube.



SE-219-50

MECHANICAL
CHARACTERISTICS

Height, 3 inches (76 mm)

Width, 3 inches (76 mm)

Length, 11 inches (279 mm) max.
Weight, 14.5 Ibs. (6.58 Kg) max.
Color Code for 18" Flying Leads

Heater Black
Heater Brown
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female on Balun

ENVIRONMENTAL
CHARACTERISTICS

Separation from Passive Magnetic Materials,
4 in.Min. _
No Forced Air Cooling Required Below +60°C Ambient

OUTLINE DRAWING

4.00

11.06 MAX;‘

/

Al =3

. ) 18.00

| ! - MOUNTING HOLES
/" 10-2 UNF THREAD

\

Ll Y

COAX IAL 13.00
CABLE \
C 056 = L0-19 4.31 MAX
1.875 | N CONNECTOR i
e 300 FEMALE\:
4-40 UNF-
2B THREAD 2\
815 ‘ 0.718 @ 1.00
) o == \ K
e !
1.00—‘ —
——10.7181=

SCHEMATIC DIAGRAM

—
BALUN €0) RF OUTPUT
—
D C RETURN—s

NGO

HELIX
COLLECTOR

Il

O]

I

L

GRID T
ANODE

CATHODE
HEATER
HEATER

9 Hous ing D .
@) 7

FLYING LEADS

Notes:

@ For safety, housing should be grounded through
mounting screws.
45-150V positive collector bias recommended.
Tube will operate with collector at helix potential
at somewhat reduced performance.
Heater must always be negative with respect to
cathode. If cathode is to be tied to one side of
heater when using dc heater supply, connect cath-
ode to positive (4) side of heater supply.

DECEMBER 1970

POWER OUTPUT
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ol

/7

150

100 ="
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50

1.4 1.6 1.8

2.0 2.2 2.4 25 2.6
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TUNING VOLTAGE
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&» 1250
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/
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TECHNICAL DATA

BACKWARD-WAVE
OS CILLATOR

o=2194

TECHNICAL DATA ¢ March 1966

The type SE-219A BWO is a bifilar (dual helix),
voltage-tunable oscillator. This permanent-mag-
net-focused wide-band oscillator is well suited for
use as a swept signal source in signal generators,
particularly in view of its high stability. Other
applications include ECM receivers (as local
oscillator), frequency diversity transmitters (as
master oscillator), and other electronic equip-
ment. The SE-219A features smooth power over
the band, low cathode current, and two control
electrodes. The control grid makes possible
power cutoff with lownegative grid voltage. Power
output can be modulated with either the grid or

anode, or both. Cathode modulation with the grid grounded usually reduces FM caused by AM. All
voltages are isolated from housing and RF output connector for maximum flexibility in circuit appli-

cations.

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 1.4-2.5
Power Output into Load VSWR=1.25 mWw 110-350 100 Min
Power Output Variation dB 8 Max
Fine Grain Variation dB/100 MHz 3 Max
Tube VSWR 2,0:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 2 5 Max
Spurious Oscillation
Ratio of Signal to 2nd Harmonic Output dB 40 20 Min
Ratio of Signal to Noise Power 30 MHz Away dB/MHz 95 85 Min
Long-Term Sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.2 0.5 Max
Sensitivity to Grid Voltage MHz/V 5 10 Max
Tuning Curve Slope
Low-End (1.4 GHz) MHz/V 1.8
Mid-Frequency (1.95 GHz) MHz/V 1.05
High-End (2.5 GHz) MHz/V 0.7
Grid RF Cutoff Voltage \Y% -7 -20 Max
Capacitance; Cathode to all other
Electrodes, including Heater pF 15 25 Max
Capacitance; Grid to all other
Electrodes at Power Input Connector pF 20 25 Max
Capacitance; Helix to all other Electrodes pF 440 475 Max
Heater Voltage \ 6.3+5%
Heater Current A 0. 85 0.4-1.2
Min/Max
Cathode Current mA 11 17 Max
Helix Voltage Range A% 370-1385 350-1450
Min/Max
Helix Current mA 1.5 4 Max
Anode Voltage \Y% 95 215 Max
Anode Current mA 1 1.5 Max



MECHANICAL DATA

Weight, 14.5 lbs Max
Color Code for 18" Flying Leads

Heater Black
Heater Brown
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female
on Balun

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 4 in. Min

No Forced Aig Cooling Required
Below +60 C Ambient

OUTLINE DRAWING

34 | oo
AL I _Q;i 7‘_3)_
[
|
_ MOUNTING HOLES
| ‘400 ‘ / 10-32 UNF THREAD
11.06 MAX | /

13.00

L /3

b
0.19 ;
056 = S ‘ 4 3| MAX
= 1875 =/ N CONNECTOR i
fe— 300 —a 4'5(;4AL§*~ =
40 UNF- —
28 THREAD —._ At =
T‘ﬁ'*r—'— | Ne—= 1
‘ 0718 @ 100
. —— T = 1
| ‘ ‘
‘ | 100 = L—
Yy ] —— 0718 =

SCHEMATIC DIAGRAM

o

BALUN RF OUTPUT

DC RETURN— l

|
HELIX ‘
COLLECTOR

OO0 %
|

CATHODE
HEATER
HEATER

HOUSING

FLYING LEADS

1For Safety, housing should be grounded
through mounting screws.

2 50-150V positive collector bias recom-
mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.
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TECHNICAL DATA

JULY 1967

BACKWARD-WAVE OSCILLATOR
SE-220

The type SE-220 is a single helix, voltage tunable os-
cillator utilizing a permanent magnet focusing system.
This wide-band oscillator is well suited for use as a
swept signal source in highly stable signal generators.
Other applications include local oscillators in fre-
quency diversity transmitters and in electronic test
sets. The SE-220 delivers smooth power output over
the band with low operating cathode current. Power
output can be modulated with either the grid or the
anode circuits. All voltages are isolated from the tube
housing for easy packing.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS
Nominal Frequency Band . .. ... ................... GHZ| o204 79 SEEE e 201 5 2 o sl e 10.0-15.5
Power Output into Load with VSWR = 1.25:1 ... ... ... MW . s s o0 12:40: . . .o v e 10 Min.
Power Output Variation .. ..... ... ... .. .......... Bl 95 n ey n g 122 R EEE1 12012 2 2 FEE 8 Max.
Fine Grain Variation . ... ......... ... ... ......... dB/250 MHZ ¢ 05 ¢ svsneme s fsmnne 3 Max.
TUBBIVSWR ; 5 siomami mi s b 5 msms o 5.5 3 1 sbhm S 68 & 5 A d B, B RE s & 51 = S § 4 g Fmamsisn, £ 5 & 9 5 2.5:1 Max.
Frequency Pulling into 2:1 Load (Any Phase) . ......... MHZ .. oo o s 1aB| et o0 ot 1 a1 61 0 oxnammsing 3 Max.
Ratio of Signal to Noise Power 30 MHz Away . . ... ..... dB/MHz ........ S5l & et ietetet A 4 2 51 2 sl 85 Min.
Long-term Sensitivity to Heater Voltage .. .. .......... MHz/V . ... ... .. b
Sensitivity to Anode Voltage . ..................... MHz/V ... ... ... 0.5
Sensitivity to Grid Voltage . ........cicvsmmessssnss MHz/V . ..c0s04: 3
Tuning Curve Slope
Low End (10.L0GHz) . ..... ... ... . ... ... ...... MHz/V ... .. .. 7
Mid-Frequehey (12.8 GHZ) s us s s s svsammasis s pus MHz/V .. ccee.. s 4
High End (15.5GHz) .. ........ ... ... ... ...... MHz/V .. ... .. .. 2
Grid RF Cutoff Voltage . . ...... .. ... ... ... ....... N e o 2 71 = o 2 vy 2 —10 ............ —20 Max.
Capacitance; Cathode to all other Electrodes
including Heater and Housing . . ................. PF gwrsaszaeamss 28 w177 2 5 SaeE £ 2 40 Max.
Capacitance; Grid to all other Electrodes
and Housing .. ... . . ... ... BF sosiisssaeems 25! grs I 57 2 5 SHEGEE § 40 Max.
Capacitance; Helix and Collector to all other
Electrodes and Housing . . ...... ... ... .. ....... PE s o o 5w e OO a5 1 2 grsemias 175 Max.
Heater Voltage .. uc::sssssnsussssnsrasunss s s VG 5a om 2 5 55 Faae B0 § 5 5§ SRR © g 6.3 -x£5%
Heater Current . . ... . . . . e B o s e s 6 s 099 sismvsssnssmnes 9.4-1.2
Min/Max
Cathode CGUITENT & o vv e o mmemmmo s we mms s 585865 8 MA saascsssmenn 7 a5 AR S A Py 10 Max.
Helix Voltage Range .::u.:iisssssassss sasmnwsssss V cosron s2 e B0 580-2200 . ....... 550-2250
Min/Max
Helix Current . ... ... .. . . MA sisssansesas 2 Ewees 52 0t B RS 3 Max.
Anode Voltage™ ... ... .. ... .. . ... M e w e G 150, wsossscsnsne 215 Max.
Anode Current . . .. .. ... MR o s i O soie 550 1 5 v 0 1.5 Max.

*Set anode voltage to Final Test Data value furnished with tube.



SE-220

MECHANICAL
CHARACTERISTICS

Height, 2.5 inches (64 mm)
Width, 2.5 inches (64mm)
Length, 7.75 inches (197 mm)
Weight, 6.0 Ibs. (2.72 Kg) Max.
Color Code for 18" Flying Leads

Heater Brown
Heater Black
Grid Green
Anode Blue
Helix Red
Collector Orange
Cathode Yellow

Mounting Position, any

RF Output Connector, WR 75 Waveguide Flange

ENVIRONMENTAL
CHARACTERISTICS

Separation from Passive Magnetic Materials 2 in. Min.

No Forced Air Cooling Required Below 60°C Ambient

OUTLINE DRAWING
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OFor safety, housing should be grounded through
mounting screws.

®@s50-150V positive collector bias recommended. Tube
will operate with collector at helix potential at some-
what reduced performance.

(®Heater must never be positive with respect to
cathode.
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TECHNICAL DATA

JANUARY 1971

BACKWARD-WAVE OSCILLATOR
SE-220-50

The type SE-220-50 is a single helix, voltage tunable
oscillator utilizing a permanent magnet focusing sys-
tem. This wide-band oscillator is well suited for use
as a swept signal source in highly stable signal gener-
ators. Other applications include local oscillators in
frequency diversity transmitters and in electronic test
sets. The SE-220-50 delivers smooth power output
over the band with low operating cathode current.
Power output can be modulated with either the grid
or the anode circuits. All voltages are isolated from
the tube housing for easy packaging.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS
Frequeney Band : s s ussass s o oo wg 655 6.5 2 anug@e ia @56 GHZ . - sommssns sagans 53 5 B3 suwsn s 10.0-15.5
Power Output into Load with VSWR = 1.25:1 ... ... ... MW ..invssensms 2348 .. ... .. 20 Min.
Power Output Variation .. ........................ OB sprmrenen o oy oy o s v 5 3 5 8 ERP 8 Max.
Fine Grain Variation ... ... scwsoiosssos ssssmnesss dB/250MHz . .... ... ... .. ... 3 Max.
TUBE VSWR: .. .. . & s s & 5 5 3 w6 8 55 05,505 57 5 5 G508 0G0 56 & &5 & mew e sy 5o peeenedes sl s e 2.5:1 Max.
Frequency Pulling into 2:1 Load (Any Phase) .......... MHZ ..iiceissnas i T T T 3 Max.
Ratio of Signal to Noise Power 30 MHz Away . ......... dB/MHz ........ L Ty I T 85 Min.
Long-term Sensitivity to Heater Voltage . ............. MHz/V ......... 5
Sensitivity to Anode Voltage . ..................... MHz/V ......... 0.5
Sensitivity to Grid Voltage . .. .......... ... .. ... ... MEZIN . . wrarmiss s 3
Tuning Curve Slope
Low End (10.0GHZ) .convevsesvimmmusnssssnpns MHz/V .. .. ..... 7
Mid-Frequency (128 GHz) . ..................... MHZ/Y . casmen . 4
HighEnd (15.5GHz) ............ ... . ... i.. MHZ/NV . vsioam 3 2
Grid RF Cutoff Voltage . ... ... ... .. ... ... ... .... Na et o 1 31 11 o 1] ctedegeets =10 ;s nanes —25 Max.
Capacitance; Cathode to all other Electrodes
including Heater and Housing . .................. BF @ s ¢ 5 4 & e 29 mmsE i E e b B 40 Max.
Capacitance; Grid to all other Electrodes
and Housing ......ccoemonoseisssnnmeesiioss DF cawed:s 295 590 2B & iy o 3 8 A 40 Max.
Capacitance; Helix and Collector to all other
Electrodes and HOUSINEG & « v o« vas o s soammmmmmnss s PE . ngmgees sss5s 150! i s wunsnesrssss 175 Max.
Heater Voltage ........ccoveoosessssssssmsanamass VAC cuawnas sissdy dis R T smssn) ;s 5 T 6.3 +5%
Heater Current . ... ... i . 09 ... ... ....... 0.4-1.2
Mlg 7 hl’\‘/Iax
Cathode Current™ . ..v v v wvvisomnxvsoms amsses 5o hs A ™% et il e £5% T T T 10 Max.
Helix Voltage RanNge ....- sscssansnvwmmemss s vmen W = e s e & A 580-2200 .. ...... 550-2250
Mlg/hzllax
Helix CUrrent . o . . .« o vomwe sws 66 50w asmonee s s omnme mA ....... ... .. 2 s B RS ESE e ax.
Anode Voltage® . . . .ccwwonws s samsmmnnsas s sy wmm IV e 1 e % 1o % e ittt P50 o wvmis 525 85 5506 215 Max.
Anode CUrrent . . .. vusmsos s ssss cmmpaEER s i35 LaRE0 MA 555 = BeoeEmeds 5 (5 7 AR 1.5 Max.

*Set cathode current to Final Test Data value furnished with tube.



SE-220-50

MECHANICAL
CHARACTERISTICS

Height, 2.5 inches (64 mm)
Width, 2.5 inches (64mm)
Length, 7.75 inches (197 mm)
Weight, 6.0 Ibs. (2.72 Kg) Max.
Color Code for 18" Flying Leads
Heater Brown
Heater Black
Grid Green
Anode Blue
Helix Red
Collector Orange
Cathode Yellow

Mounting Position, any
RF Output Connector, WR 75 Waveguide Flange

ENVIRONMENTAL
CHARACTERISTICS

Separation from Passive Magnetic Materials 2 in. Min.

No Forced Air Cooling Required Below 60°C Ambient

OUTLINE DRAWING
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OFor safety, housing should be grounded through
mounting screws.

®45-150v positive collector bias recommended. Tube
will operate with collector at helix potential at some-
what reduced performance.

® Heater must always be negative with respect to
cathode. If cathode is to be tied to one side of
heater when using dc heater supply, connect cath-
ode to positive (4) side of heater supply.
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TECHNICAL DATA

BACKWARD -WAVE
OSCILLATOR

oE=-221

TECHNICAL DATA e September 1965

The type SE-221 BWO is a bifilar (dual helix), vol-
tage tunable oscillator. This permanent-magnet
focused wide band oscillator is well suited for use
as a swept signal source in signal generators, par -
ticularly in view of its high stability. Other ap-
plications include ECM receivers (as local os-
cillator), frequency diversity transmitters (as
master oscillator), and other electronic equip-
ment. The SE-221 features smooth power over
the band,low cathode current, and two control
electrodes. The control grid makes possible power
cutoff with low negative grid voltage. Power output
can be modulated with either the grid or anode,
or both. Cathode modulation with the grid grounded usually reduces FM caused by AM. With all voltages
isolated from both tube housing and the r.f. output terminal, packaging problems are simplified, since
the tube housing and output connector can be grounded regardless of power supply configuration.

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 3.5-6.75
Power Output into a Load with VSWR = 1.25 mw 50-130 40 Min
Power Output Variation db 7 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 1.5 3 Max
Spurious Oscillation
Ratio of Signal to 2nd Harmonic Output db 30 20 Min
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.5 1 Max
Sensitivity to Grid Voltage MHz/V 3 5 Max
Tuning Curve Slope
Low End (3.5 GHz) MHz/V 5.6
Mid-Frequency (5.1 GHz) MHz/V 2.2
High End (6.75 GHz) MHz/V 1.6
Grid r.f. Cutoff Voltage A% -7 -20 Max
Collector Voltage Above Helix (Note 1) A% 50-150 300 Max
Capacitance; Cathode to all other Electrodes,
including Heater pf 30 45 Max
Capacitance; Grid to all other Electrodes, at
Power Input Connector pf 30 45 Max
Capacitance; Helix to all other Electrodes pf 100 150 Max
Heater Voltage A% 6.3=5%
Heater Current A 0.85 0.6-1.2
Min/Max
Cathode Current mA 8 12 Max
Helix Voltage Range A% 400-2040 350-2100
Min/Max
Helix Current mA 2 3 Max
Anode Voltage ' 175 250 Max

Anode Current mA 0.5 2 Max



MECHANICAL DATA

Weight, 6.0 lbs Max
Color Code for 18" Flying Leads

Heater Brown
Heater Black
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N
Female on Balun

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 2 in. Min

No Forced Air Cooling Required,
Below +60°C Ambient

OUTLINE DRAWING
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For safety, housing should be grounded
through mounting screws.

224—100 V positive collector bias recom-
mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.

POWER OUTPUT

HELIX VOLTAGE (VOLTS)

200
150
= NSNS
: ,_/"/ \
« 100
Y \
8 /
50
0
35 40 45 50 55 6.0 65 675
FREQUENCY (GHz)
TUNING VOLTAGE
2100
2000 7
1500 / /
1000 /
500
o)
35 40 45 50 55 60 65 675

FREQUENCY (GHz)




TECHNICAL DATA

DECEMBER 1970

BACKWARD-WAVE OSCILLATOR
SE-221-50

The SE-221-50 BWO is a bifilar (dual-helix), voltage
tunable oscillator. This permanent-magnet focused
wide band oscillator is well suited for use as a swept
signal source in signal generators, particularly in view
of its high stability.

Other applications include ECM receivers (as local
oscillator), frequency diversity transmitters (as mas-
ter oscillator), and other electronic equipment,

The SE-221-50 features smooth power over the band,
low cathode current, and two control electrodes. The
control grid makes possible power cutoff with low
negative grid voltage. Power output can be modulated
with either the grid or anode, or both. Cathode modu-
lation with the grid grounded usually reduces FM
caused by AM. Packaging problems are simplified,
since all voltages are isolated from both tube housing
and the RF output terminal. The tube housing and out-
put connector can be grounded regardless of power
supply configuration.

SPECIFICATIONS
TYPICAL ABSOLUTE
HNITS VALUES RATINGS
Frequency Band . . .. .. ... GHz .............. ................3.5-6.75
Power Output into Load with VSWR = 1.25:1........... mW ... 50-130 ............ 45 Min.
Power Qutput Variation .. ......... ... ... ... ... ..... dB ... 6 Max.
Fine Grain Variation ........... ety oy e e dB/250MHz ......... .. ... 3 Max.
Tiabe NSWR' :.:is s somns s sm6 085 6685 s 806565 SHEDES EEEE S «dimmi n ammme 5 smma o smmars o oo mme oo 2.5:1 Max.
Frequency Pulling Into 2:1 Load (Any Phase) ........... MHz ............. IS5 cus, s vmuwniswmmens 2 3 Max.
Spurious Oscillation
Ratio of Signal to Noise Power 30 MHz Away ........ dB/MHz .......... 95 ... 85 Min.
Ratio of Signal to 2nd Harmonic Output ............ dB ............... B0css s smums s smmes 14 20 Min.
Long-term Sensitivity to Heater Voltage . ... ............ MBHZIN ; : ioses isms 5
Sensitivity to Anode Voltage . . ......... ... . ... .. ... MHz/V ... ... ... 0.5
Sensitivity to GridVoltage . . ........ ... L. MHz/V ........ ... 3
Tuning Curve Slope
Low End (3.5 GHZz) ... ... i MHz/V ........... 3.5
Mid-Frequency (5.1 GHz) . ........ ... ... ... ...... MHz/V ........... 2.5
High End (6.75GHz) . ... ... ... ... .. .. .. ....... MHz/V ... ... .... 1.1
Grid RF Cutoff Voltage . ............. ... ... ... ...... Voo —7 —25 Max.
Collector Voltage Above Helix .. ......... ... .. ........ V i vmens samnis 14a 50-150 ........... 300 Max.
Capacitance; Cathode to all other Electrodes,
including Heater .. ....... ... ... . ... ... ... ... ... pF .. B0 i imwisunns i sdmus 45 Max.
Capacitance; Grid to all other Electrodes,
at Power Input Connector .. ....... ... ... ... ...... pF .. 30 .. 45 Max.
Capacitance; Helix to all other Electrodes .. ............ pF .. 100 .............. 150 Max.
Heater Voltage . ... ... ... . . i Vde .. ..o 6.3+5%
Heater Current .. ... .. .. . A iavassamass smis 0:85 ::.ivme s nmn 0.4-1.2
Min./Max
Cathode Current . .. ... .. . MA cuszenmassssns B oiiinni ihmie s s s 12 Max.
Helix Voltage Range .. .......... ..t Voo 400-2040 ....... 350-2100
. Min./Max.
Helix Current . ... ... .. . A wss s snmms s smus @ i 3B BB EE E B e » 3 Max.
Anode Voltage .. ... . . ... Voo 175 ... ... 215 Max.
Anode Current .. ... .. mA 0.5 . ... ... 2 Max.

*Set cathode current to Final Test Data value furnished with tube.



SE-221-50 OUTLINE DRAWING
MECHANICAL
CHARACTERISTICS 0. 63 7
Height, 2.5 inches (64 mm) 4 *
Width, 2.5 inches (64 mm) e o o
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TECHNICAL DATA

MAY 1969%

BACKWARD-WAVE OSCILLATOR
SE-222

The SE-222 is a single-helix, voltage tunable oscillator
utilizing a permanent magnet focusing system. This
wide-band oscillator is well suited for use as a swept
signal source in highly stable signal generators. Other
applications include local oscillators in frequency di-
versity transmitters and in electronic test sets. The
SE-222 delivers smooth power output over the band
with low operating cathode current. Power output can
be modulated with either the grid or the anode cir-
cuits. All voltages are isolated from the tube housing
for easy packaging.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS

Nominal Frequency Band . . ....................... GHz . ... ... 26.5-40
Power Output into Load with VSWR = 1.25:1 . ......... mW .. 1035 . ...... .. ... 10 Min
Power Output Variation ... ....................... dB ... 8 Max
Fine 'Grain Varialion: : s cuwssa: 55 56 bmpwimssaissnon dB/500 MHz . .... ... ... ... .. 3 Max.
Tube VSR L o 2.5:1 Max.
Frequency Pulling into 2:1 Load (Any Phase) .......... MHz ............ 6 ... 18 Max.
Ratio of Signal to Noise Power 30 MHz Away . ......... AB/MHZ . .oviaas 95 \mniirsss mmEEs 85 Min
Long-term Sensitivity to Heater Voltage .. ............ MHz/V . ... .. .... 30
Sensitivity to Anode Voltage .. ..................... MHZ/N coms 50553 2
Sensitivity to Grid Voltage . . .......... ... ... ...... MHz/V .......... 25
Tuning Curve Slope

LowEnd (26.5GHz) ....... ... .. .. .. ... .. .... MHz/V . ... ... 20

Mid-Frequency (33.25GHz) . .................... MHZ/Y . goses:3503 10

HighEnd (40GHz) ........ ... ... .. .. ... . ...... MHz/V .......... 6
Grid RF Cutoff Voltage .. ....... ... .. ... .. ...... Vo iiaesmsessisss —7 —20 Max
Capacitance; Cathode to all other Electrodes

including Heater and Housing .. ................. pF ... 39 : pmsune s g amn 50 Max.
Capacitance; Grid to all other Electrodes

and Housing . ....... ... . ... .. ... ... pF ... 2B s e e 50 Max
Capacitance; Helix and Collector to all other

Electrodes and Housing . .. ..................... pF ... 60 ... .. 100 Max.
Heater Voltage . ... ... ... . .. . . . . ... ... .. ...... Vde . 6.3+5%
Heater Current ... ... ... ... . .. . . . . . . . .. . ... ... A 065 .ssuwsnaiies mas 0.4-1.2
Cathode Current! . . ... .. . ... .. .. ... mA ... ... 4 5 Max.
Helix Voltage Range .uwwssisssnnssmmssssss aanens V i swauceazsssme 520-1900 .. ... ... 500-2100
Helix Current .. ... .. . . . . . . . . mA ... LO .iisssnmmmunirs 1.5 Max.
Anode Voltage . .::iouwumsssssssnmmmmsss s a3 9ms6s Voo 150 ........... .. 250 Max.
Anode Current . ... ... ... .. mA ... 005 ¢:5: snmmuasssy 0.7 Max.

'Set cathode current to Final Test Data value furnished with tube.
*Supersedes SE-222 Technical Data Sheet dated July 1967.



SE-222

MECHANICAL
CHARACTERISTICS

Height, 2.5 inches (64 mm)
Width, 2.5 inches (64 mm)
Length, 5.25 inches (133 mm)

Weight, 3.75 Ibs. (1.70 Kg) Max.

Color Code for
Heater
Heater
Grid
Anode
Helix
Collector
Cathode

18" Flying Leads
Brown
Black
Green
Blue
Red
Orange
Yellow

Mounting Position, Any
RF Output Connector mates to UG599/U Waveguide

Flange

ENVIRONMENTAL
CHARACTERISTICS

Separation from Passive Magnetic Materials 4 in. Min.

No Forced Air Cooling Required Below +60°C

Ambient

OUTLINE DRAWING
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@ 50-150V positive collector bias recommended.
Tube will operate with collector at helix potential
at somewhat reduced performance.

@ Heater must never be positive with respect to

cathode.
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TECHNICAL DATA

JANUARY 1971

BACKWARD-WAVE OSCILLATOR
SE-222-50

The type SE-222-50 is a single helix, voltage tunable
oscillator utilizing a permanent magnet focusing sys-
tem. This wide-band oscillator is well suited for use
as a swept signal source in highly stable signal gener-
ators. Other applications include local oscillators in
frequency diversity transmitters and in electronic test
sets. The SE-222-50 delivers smooth power output
over the band with low operating cathode current.
Power output can be modulated with either the grid
or the anode circuits. All voltages are isolated from
the tube housing for easy packaging.

SPECIFICATIONS
TYPICAL ABSOLUTE
UNITS VALUES RATINGS

Frequency Band ... ........ .. ... ... ... .. ... .... GHZ srinns c3smmm wommses 35 55 ss0RESE 26.5-40
Power Output into Load with VSWR = 1.25:1 . ......... MW senmsis soss 1235 ............ 10 Min.
Power Qutput Variation' .. ., ..sccwsmesissassssnossss A8 i ssvs 8 peoseE s o8 SEREHE 8 Max.
Fine Grain Variation ........ ... ... ... ... ... ..... dB/250 MHz .. ... ... ... ... .. . ... 3 Max.
TUBE VEWR: . . . v v vmoio o 5 65 606 @ @66 685555 55 65 58 68 5 8 &5 5k 55 ma ke gy s §OQEY0E 6558500 2.5:1 Max.
Frequency Pulling into 2:1 Load (Any Phase) .......... MHz ............ 6 it bm e o 18 Max.
Ratio of Signal to Noise Power 30 MHz Away . ......... dB/MHz ........ 95 ... 85 Min.
Long-term Sensitivity to Heater Voltage . ............. MHZ/V: oo smss 30
Sensitivity to Anode Voltage ... .................... MHz/V .......... 2
Sensitivity to Grid Voltage ... ............ ... ... .... MHz/V .......... 25
Tuning Curve Slope

Low End (26.5 GHZ) ......commmcoccneneemmanne MHz/V . ........ 20

Mid-Frequency.(33.25 GH2) . .+ s cownwsss s ssammmsn MHzZ/V .. .. .6 0as 10

HighEnd 40GHz) ....... ... ... .. . . . ... ...... MHZ/V ; c 50 o vnmma 6
Grid RF Cutoff Voltage . ......... ... ... ... .. .... Vo 1o 12 5 5 [ s ~—7 . camsaamiisone —25 Max.
Capacitance; Cathode to all other Electrodes

including Heater and Housing . .................. PF wiss s sonmus % Lo *.. 50 Max.
Capacitance; Grid to all other Electrodes

and HOUsSIing ... ... covmmnams i sassmsaess 3 I o | P 28 cwuinssvssaREES 50 Max.
Capacitance; Helix and Collector to all other

Electrodes and HOUSING : - s voswvsssssssvnnmunss s PBF womammss smman s 60 .............. 100 Max.
Heater Voltage . ....... ... .. ... i, VAE ow oz v auees & gEaaas e 5 555 amsb 6.3+5%
Heater CUTENt ... .. . ssnoms@asss5ss Sa@msss s R o vwwsas s e @ s 02165 ............... %.31.2
Cathode Current! . . .. ... .. ... .. .. .. ... . ... ..... MA susrems st 126l o2 88505 m o w5 75w ax.
Helix Voltage RaANEE . . : . .uw v wvamnesonsnisvsosss V' eEEaEEE & i R 520-1900 ........ 480-2050
Helix Current ........ I P T mA ... 1 V- — 1.5 Max.
Anode Voltage .. .. ... ... ... ... V' o o = g i 150 i 550 mmwensssas 215 Max.
ANOAE ICUITENE . & ¢ o v wammmm mn s s o smmms e ¢ ess w8 @a TR L seEpemees 009 ¢ cz:52255asmma 0.7 Max.

'Set cathode current to Final Test Data value furnished with tube.



SE-222-50

MECHANICAL
CHARACTERISTICS

Height, 2.5 inches (64 mm)
Width, 2.5 inches (64 mm)
Length, 6.75 inches (171 mm)
Weight, 5 0 Ibs. (2.27 Kg) Max.

Color Code for 18" Flying Leads

Heater Brown
Heater Black
Grid Green
Anode Blue
Helix Red
Collector Orange
Cathode Yellow

Mounting Position, Any

RF Output Connector mates to UG599/U Waveguide
Flange

ENVIRONMENTAL
CHARACTERISTICS

Separation from Passive Magnetic Materials 4 in. Min.

No Forced Air Cooling Required Below +60°C
Ambient

OUTLINE DRAWING

——{ 1875 |~ {o. 580 ~
1.35 N
18.00
A AAY&EL —— ——
i
| 4, ~—MOUNTING HOLES
: » | 10-32 UNF
675 MAX 5
|
,; ,?_/
‘— 0.25
UG - 599/U FLANGE
le—2.50 —=
(l %25 | MATE WITH UG - 5991U
> .o‘\
{~
l |~ 4-40 UNC THREAD

SCHEMATIC DIAGRAM

VVVVVA

HELIX

CATHODE

ANO E‘-

HOUSING

® (OF 44

FLYING LEADS

Notes:

@ For safety, housing should be grounded through
mounting screws.

50-150V positive collector bias recommended.
Tube will operate with collector at helix potential
at somewhat reduced performance.

Heater must always be negative with respect to
cathode. If cathode is to be tied to one side of
heater when using dc heater supply, connect cath-
ode to positive (4) side of heater supply.

JANUARY 1971

POWER OUTPUT
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BACKWARD-WAVE
OSCILLATOR

The type SE-223 BWO is a bifilar (dual helix), volt-
age tunable oscillator utilizing a permanent-magnet
focusing system. This wide band oscillator is well
suited for use as a swept signal source in highly stable
signal generators. Other applications include local

TECHNICAL DATA

ol=213

oscillators in ECM receivers, as master oscillators in Sl

frequency diversity transmitters and in electronic
test sets. The SE-223 delivers smooth power output
over the band with low operating cathode current.
Power output can be modulated with either the grid
or the anode circuits. All voltages are isolated from
the tube housing for easier packaging.

58-11

SPECIFICATIONS
Units

Nominal Frequency Band . . GHz
Power Output into Load with VSWR = 1 25 mW
Power Output Variation s w s dB
Fine Grain Variation dB/25 MHz
Tube VSWR . :
Frequency Pulling into 2 1 Load (Any Phase) MHz
Spurious Oscillation

Ratio of Signal to 2nd Harmonic Output . . dB

Ratio of Signal to Noise Power 30 MHz Away . dB/MHz
Long-term Sensitivity to Heater Voltage . MHz/V
Sensitivity to Anode Voltage MHz/V
Sensitivity to Grid Voltage . MHz/V
Tuning Curve Slope

Low End (0.5 GHz) . . MHz/V

Mid-Frequency (0.75 GHz) MHz/V

High End (1.0 GHz) . MHz/V
Grid R. F. Cutoff Voltage . : ;
Capacitance; Cathode to all other Electrodes

including Heater and Housing . . pF
Capacitance; Grid to all other Electrodes

including Housing . pF
Capacitance; Helix to all other Electrodes : pF
Heater Voltage Vv
Heater Current . A
Cathode Current mA
Helix Voltage Range V
Helix Current mA
Anode Voltage \Y
Anode Current mA

Typical
Values

0.5-1.0
60-230

1.4

11
170-720

100
1

January 1967

Absolute
Ratings

30 Min
10 Max
3 Max
2.5:1 Max
10 Max

20 Min
85 Min

10 Max
2.0 Max
10 Max

—20 Max
60 Max

30 Max
300 Max
6.3+x5%
1.0-1.65
Min/Max

17 Max
150-750
Min/Max

4 Max
215 Max
1.5 Max



MECHANICAL DATA

Weight, 15 Ibs Max
Color Code for 18" Flying Leads

Heater Black
Heater Brown
Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any

RF Output Connector, Type N Female
on Balun

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 4 in. Min

No Forced Air Cooling Required,

OUTLINE DRAWING

13.00

Below +60°C Ambient

) =

401
—O—
400 MOUNTING HOLES
10-32 UNF THREAD
12.06 MAX
COAXIAL CABLE
56 == = 19
-1 875 = N CONNECTOR
300 FEMALE\
4-40 UNF-
2B THREAD
1
368 7. |
=
l 1.00 —l

SCHEMATIC DIAGRAM

POWER OUTPUT

SE-223
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§g; ANODE 50
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—{ : LOLSHE o
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FiVING UEADS FREQUENCY - GHz
'For safety, housing should be grounded TUNING VOLTAGE
through mounting screws. 750
224—-100 V positive collector bias recom- 2 /
mended. Tube will operate with collector 5 .
at helix potential at somewhat reduced . /
performance. w //
g 375
§ 250 4/
= /
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TECHNICAL DATA
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GRIDDED HIGH-GAIN

TRAVELING-WAVE AMPLIFIER

The WJ-228 is a high-power, high-gain C-band
traveling-wave amplifier for pulsed operation. This
tube is of rugged, light-weight construction backed
by production experience gained through the manu-
facture of large quantities of this type. The WJ-228
produces 14 kw power output with 0.5 watt drive.
It employs a high-mu grid which permits modula-
tion of the beam by means of a 50C-volt pulse.

The slow-wave circuit is of the coupled-cavity de-
sign which is all metal-ceramic construction. The
tube is designed to withstand shock and vibration.
A temperature-compensating jacket is employed
over the ferrite ppm magnet stack to eliminate
any appreciable change in characteristics over a
wide range of operating temperatures.

WJ-228

By means of a high-convergence gridded gun, the
peak cathode loading can be minimized (2A/cm?)
which in turn extends the life of the tube. In addi-
tion, the integral focusing system requires no align-
ment and leakage fields are negligible.

The WJ-228 employs an insulated collector for in-
creased efficiency by means of collector depression.
The collector cooling jacket is at ground potential
to eliminate electrical insulation in the coolant
system. Since the WJ-228 may be operated at duty
cycles up to 0.028, average power in excess of
340 watts is available.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . . . . . . . . . . . . ... 54 -~8.96GHZ .. o »' s s e w2 os s 5.4 -5.9 GHz
Power output (peak)
Average of six points! . . . . . . . . . . .. TAW e St g8 G H e € 8 ¢ ¢ @ s 12 kw
Lowest pointin band . . + « =« =« & & = & & = = i W W BT E RS ERE S E S R A & BB s 6 kw
Gain (at 0.5 w drive)
Average of six points* . . . . .. ... L L. AAGdBG s R T e N G EHE EE R TS 3 43.8 dB
Lowest pointimband « « « « = 5 % @« 5 & & 5 AN2AB s 5 6 6 6 v o 5w m m % & & 8 9 B # 5 40.8 dB
Gain variation (at 0.5 w drive —6 points) . . . =06dB . . . . . .. ... ... .. .. .x=15dB
ELECTRICAL REQUIREMENTS Typical Range
Cathodevoltage: . « « « « v = = = & & » & & & 2BOKN < 5 ¢ 2 2 5 s s m e w o w P G 23.0 =1.0 kV
Collector depression voltage. . . . . . . . . . ILEKY . o 6 v o w5 6 8 5 5 5 5 & & 12.0 =0.5 kV
Collector current
Without drive or depression . . . . . . . . . 3.6 Apeak . . . . . ... ... .. 3.0 A peak min.
With drive, without depression . . . . . . . . 3:3Apeak « : v ¢ oov e s owom s s s 2.9 A peak min.
With drive and depression . . . . . . . . .. 26 Apeak . .. ... 2.0 A peak min.

* Supersedes WJ-228 Technical Data Sheet dated August 1967.
1At equal increments of 100 MHz



OUTLINE DRAWING WJ-228

24" MAX.

MOUNTING SURFACES

r2.37o"

25"
MAX.

| i
!

|

- ||——- 8.250" ——={ I" ’
: - '-l.os

- 3.050" 12.082"

MAX.
e 1 f==—o_.720"MAX.

RF AND MAGNETIC CIRCUIT

RF RF
SIGNAL SIGNAL
IN ouT

CATHODE

% COLLECTOR
A

BEAM
SHAPING
ELECTRODE

4

III/:

LLLLLll

4

ANODE

IRON FOCUSING AND
RF CIRCUIT PIECE

PERMANENT MAGNET
NOTE:

THE MAGNETIC CIRCUIT IS INTEGRAL WITH THE RF CIRCUIT.
IT CAN BE SEEN THAT A SECTION OF THE CAVITY WALL ALSO
SERVES AS A FLUX GUIDE FOR THE MAGNETIC FOCUSING
CIRCUIT.



WJ-228

SPECIFICATIONS (Cont'd)

Body current

Without drive or depression . . . . . . . . . 0.5Apeak . . . . ... ... ... 0.7 A peak max.
With drive, without depression . . . . . . . . 0.8Apeak . ... ... .. .... 1.2 A peak max.
With drive and depression . . . . . . . . .. 1.7Apeak . .. . ... ... ... 2.3 A peak max.
DUty eyele . : « & & o « 5 = s @ & % o0 % & Ges 0028 v i o 5 5 5 5 3 % % RS 0.028 max.
Pulse duration . . . . . . . . .. ... ... ZPSEC 5w B WS e s s E o oan 5 psec max.
Grid pulse voltage . . . . . . . . . .. ... A50ivipeak « " oot sh owosm ow o® & @ 420 - 500 v
Grid-biasvoltage .« .« « o & % & » s » = » ¥ & =20V < . v v L s s P R ERE B S —250=5v
Gridourrent . . « v « @ = & & 505 5% & 5 . . O0.5Apeak . . . . . .. .. .. ... .. 0.7 A max.
Grid capacitance (to allelse) . . . . . . . .. BEPF o o s o ¢ 978 8 4 a0 W m @ E e e 45 pF max.
Circuit and anode voltage . . . . . . . . . .. Ground._ o, o 55 & s & 5 & 5 i w wow w o E e w s Ground
Heater voltage . . . . . . . . . . . . . ... 12V60Hzac. . . . . . . ... .. .. 12.5 V max.
Heatercurrent . . . . . . . . . . . . . ... A s 2w 5 Ay N w & e E e 2.5 A max.
lonpumpvoltage . . . . . . . . ... .. .. +3.0kv tocollector . . . . . . .. .. 3.0=0.15kV
lon pump current, operating . . . . . . . .. DO < o 5 5 o ww B o o0 o0 i 6w a 20 pA max.
MECHANICAL
Weight (including ion pump) . . . . . . . . . . . e e e e e 14 Ibs. (6.35 kg)
RF connectors? . . . . . . . . . e Modified 50-ohm coax
Coolant flow
Depressed - « « « w mim o @ B BB kb o » s o mw s E % s H % &g B . . . 0.3 gpm of water —
10 psig pressure drop max.
NoR-epressed: « : = « & wow o = & & s 8 5 % ® 9 & 8 ® & % & ¥ 5 5 5 F 3 5 &8 0.5 gpm of water —

18 psig pressure drop max.

2(.‘,oaxial to either *'C’" band waveguide or type N coax adaptors can be provided if desired

TYPICAL PERFORMANCE CHARACTERISTICS

30

20 o ——

NPl

EFFICIENCY (%)

POWER INPUT AT
SATURATION (dBW)

54

52 Pz —15 dbw

50 N

GAIN (dB)

SMALL-SIGNAL

48

54 55 56 57 58 5.9
FREQUENCY-GHz



CONNECTION DIAGRAM WJ-228
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Watkins-Johnson WJ-231-5 is a versatile, wide-
band traveling-wave tube employing periodic-per-
manent-magnet focusing. Providing a guaranteed
CW power output of 35 watts from 5.0 to 8.5 GHz,
the WJ-231-5 is the basic tube used in the WJ-1015
satellite amplifier and the W]J-364 commercial am-
plifier. A separate power supply, the W]-1024, is
also available for operating the WJ-231-5. This
power supply is available in versions for laboratory
or military environments.

This TWT represents the end product of a series
of developmental and production units fabricated
for a high-reliability space program. Its design em-
ploys many of the techniques and components
proven sucessful in earlier models of Watkins-
Johnson medium-power traveling-wave tubes, e.g.,
stacked metal-ceramic electron-gun assembly, pre-
cision-aligned PPM focusing components, and
beryllia wedge-supported helix structure.

Typical values of overall efficiency, saturation
gain, and saturated power output are shown in the
specifications below. Although the WJ-231-5 is
listed for use between 5.0 and 8.5 GHz, it is capa-
ble of operating over an extended frequency range

TECHNICAL DATA

September 1968 *

5.0 TO 8.5 GHz 35-WATT CW
PPM-FOCUSED TRAVELING-WAVE TUBE

WJ-231-5

from 4.0 to 9.0 GHz. In such application, the tube
can be expected to produce a typical saturated out-
put power of 35 watts and typical saturation gain
of 30 dB. The gain, which is minimum at band
edge, may be improved at one end of the band by
slight adjustiment of anode and helix voltages;
this will result in a gain decrease at the opposite
band edge. By operating the collector depressed, an
overall efficiency of 23% is guaranteed. More than
26% is typical from 4.0 to 9.0 GHz, and, over
narrower frequency ranges, efficiencies exceeding
30% can be achieved.

SPECIFICATIONS
PERFORMANCE CHARACTERISTICS Typical Guaranteed
FYEQUENGY » & « o %o 5 5 o5 65 @ € 8 5 €H0E 58 &0 5 5 00w 44t09.0GHz ......... ... ... ... 5.0 to 8.5 GHz
Saturation GaiN . .« cov vt ssssos s vosnss 34dB . ... 30 dB, min.
Saturation Power Qutput . .. .................. 38W 35 W, min.
Small Signal Gain: . - ..sss6ssosussnsssssssss 40dB ... ... 36 dB, min.
Efficiency (with collector depression) ........... 2B AOBOE . o v v owom o bl i i 0 5w &5 23%, min.
INGISE FIBUNE « t oo w5 5w tm o s i ot o0 i s mom wimim i BOMB .50 585 4 & D@ EE S5 5% & & o084 g 57 35 dB, max.
ELECTRICAL REQUIREMENTS Typical Range
Heater VOlage: v :vsssmsses s sasmes ams s as s BBV cwsmwmes smssmomnessssssssoss 55 £0.3 V
Heater Current . ......... .. .. . .. 0.8 A ... 1.0 A, max.
Anode Voltage . ...... ... ... ... .. ... 4750V . . 4750 £150V
Anode Current . ... ... ... . .. ... 0.1 mA ... . . . 1.0 mA, max.
Helix Voltage . ... ... . . . . . . . . . .. . ... 4600V . .. 4600 +£150V
Helis¢ COrrent. . « o somammm s 5 5 & o o o o o o wsass ZMA . v nzranEE YL BMEEEE O ¢ 5 e 8 mA, max.
Collector Voltage . ... covw v v eesowmanasssansus 2000V . .. 1800 to 3000 V
Collector Current . . ... ... .. ... .. .. ......... 60 MA ... 70 mA, max.
Cathode Current . ... ..... ... ... ... . ........ BB v s o b v e s § E 70 mA, max

*Supersedes WJ-231-5 Technical Bulletin, Volume 8, No. 11; July 1966



WJ-231-5

MECHANICAL
CHARACTERISTICS

Height (connectors included) . . 3.20 inches (81mm)

WHAEH v ovseroneseupeonss 3.20 inches (81 mm)
LERBEN - onmw s canses nons 12.50 inches (318 mm)
WEIBHE .56 50w w5 wamrs = o sae 4.50 Ibs. (2.04 Kg)
COOING g svsv0enwmssssanmeinssss Conduction
FOCUSING, & i vos wn BE@EE £ 5485 5 5 SE e e s 0m e PPM
RFConnector . . . osessssesmssiss TNC, female

DC Connections 12 inch flying leads

ENVIRONMENTAL
CHARACTERISTICS

Can be qualified to meet requirements of MIL-E-
5400.

FIG. 1. TYPICAL PERFORMANCE CHARACTERISTICS
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FIG. 2. OUTLINE DRAWING

LEADS 12" £0.25 LONG

r-—— 7.050" +0. 020" 4’1_7 2.13" ==

El

r 3. 25 MAX.
2.375"
: | ' ' [ l
4 i i — o — Hy 4 ..

— ] e l-1‘50‘3| L 0.25"

1625" —=rf - ~220

S " —— 2.50"

7.625" — et 3. 188" MAX.
10. 625"
12.50" MAX.

OPTIONAL MODEL WITHOUT MOUNTING FLANGES ALSO AVAILABLE.

* DISTANCE BETWEEN MOUNTING HOLES WITH 8-32 UNC (SST INSERTS)
1/4" DP (10) PLACES ON MODELS WITHOUT MOUNTING FLANGES.



WJ-231-5

PHASE SHIFT - DEGREES

7 GHz —
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FIG. 3. TYPICAL PHASE CHARACTERISTICS



WJ-231-5
RF IN RF OUT

L

h
' +
=

- + -

HEATER [$—1 ANODE HELIX COLLECTOR
= K

HEATER 0-6 VOLTS AC AT 1 AMPERE MAXIMUM
ANODE 0-5000 VOLTS AT 1 mA MAXIMUM

HELIX 0-4800 AT 10 mA MAXIMUM

COLLECTOR 1800-2200 VOLTS AT 70 mA MAXIMUM

PREFERRED CONNECTION FOR LABORATORY-TYPE POWER SUPPLY CONFIGURATION.

RF IN RF OUT

Y

T

]__

Y
i —
L

+ -

HEATER |- ANODE HELIX COLLECTOR
Foe

HEATER 0-6 VOLTS AC AT 1A MAXIMUM

ANODE 0-200 VOLTS AT 1 mA MAXIMUM

HELIX 0-3000 VOLTS AT 10 mA MAXIMUM
COLLECTOR 1800-2200 VOLTS AT 70 mA MAXIMUM

NOTE: WITH THIS CONFIGURATION, THE ANODE
SUPPLY CANNOT CUT OFF TUBE EMISSION.

CONNECTION FOR HIGH EFFICIENCY POWER SUPPLY DESIGN AS USED
IN A TYPICAL WATKINS-JOHNSON POWER SUPPLY.

FIG. 4. SUGGESTED POWER SUPPLY CONNECTION DIAGRAMS

Printed in U.S.A.
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1.0 TO 2.0 GHz LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e “"JUST PLUG IT IN”

e NOISE FIGURE 5.0
dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e NO ADJUSTMENTS
NEEDED

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-268 is the L-band member of the Watkins-
Johnson family of Standard low-noise amplifiers
with integral solid-state power supply. When intro-
duced to the microwave industry in 1963, the WdJ-
268’s performance in the 1.0 to 2.0 GHz range was
unparalleled by other devices. Today, this perform-
ance still remains better than or comparable to any
commercially available unit. With hundreds of units
in use throughout the world, the WJ-268 provides
low noise figure (many production amplifiers exhibit
noise figures of less than 4 dB), low cost per-operat-
ing-hour, and high field-proven reliability (MTBF’s
in excess of 20,000 hours with 999, confidence level).

This proven amplifier is completely self-contained,

Wd-268

adjustment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely
shielded package may be operated in any orientation,
in stacked arrays or adjacent to ferromagnetic mate-
rial, without adversely affecting the amplifier’s per-
formance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of 10 g, at frequencies up to 500 Hz.
Full specifications are met over the operating tem-
perature range of —54°C to +71°C. The environ-
mental characteristics of the WJ-268 meet the cor-
responding requirements of MIL-E-5400, Class 2
Specification.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . . . . 1.0 to 2.0 GHz . . 1.0t0 2.0 GHz
Noise Figure, Termina 4.5 dB 5.0 db, max.
Gain, Small Signal 30dB: « = + : & i & = & . 25dB, min.
VSWR, Input and Output . .51 - = - <« + +« « i & i = = 24, max
Power Output, Saturated —5dBm. —10 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range !
Primary Voltage 115V ac. 115 =10V ac
Primary Frequency . 60Hz. 48 to 420 Hz
Primary Power . .25 W

*This Technical Data Sheet presents up-to-date informa-
tion on the WJ-268, first described in Technical Bulletin
Volume 5, No. 2; March, 1963.
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MECHANICAL =7 _—
CHARACTERISTICS =z TN
=R
HeIBhE cw v o va v s mu 4.75 inches (121 mm) max. S 90
Width : s ssnmenssss 4.75 inches (121 mm) max.
Length (excluding
connectors) . ... .. 12 inches (305 mm) max.
Weight . ........... 17 pounds (7.71 Kg) max.
Primary Power Connection, GAIN
Deutsch Receptacle. . . . . DM9601-3P
RF Connections S 3B
(50 ohms,nominal). . . . . TypeN,jack = ‘
Reference Drawing Number . . . . 290000 = T
2w .
ENVIRONMENTAL .
<<
CHARACTERISTICS? : »
Temperature, Operating . . —54°Cto +71°C
Vibration
0.10 Inch, Double Amplitude . . 5to45Hz NOISE
10 g, Smgle Amplntude . . . 45t0500Hz
Shock . . . . . . . . 159,11 ms 5.5
z 5.0
3 4.5
@ 4.0 ——
1. Every amplifier will meet the guaranteed performance =
specifications for any primary voltage and frequency 3.5
within these ranges. 1.0 -~ UElf\.(ZY oH 2.0
2. These environmental characteristics meet the respec- ¢ ’
tive requirements of MIL-E-5400, Class 2 Specification.
OUTLINE DRAWING
"W-J'" IDENTIFICATION LABEL
PILOT LIGHT POWER SWITCH
(DOWN POSITION
I'S OFF) ~_~— PRODUCT LABEL

re

RF CONNECTOR

(2) REQUIRED

FUSE 0.3 AMP 125 V

POWER CONNECTIONS
DEUTSCH DM9601 - 3P MOUNTING HOLE
PIN CONNECTION 1/4 - 20 UNC 2B 0.38 DP
(4) PLACES
1 115 VAC
2 GROUND
3 115 VAC

April 1967

;]“

J 0.70 ,
3,50 -mmbes—— 5.5]
12.00 —————— ==
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WJ-268-2

1.0 TO 2.6 GHz LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

The WJ-268-2 is an extended frequency version of
the Watkins-Johnson family of Standard low-noise
amplifiers with integral solid-state power supply.
When introduced to the microwave industry in
1963, this amplifier’s performance in the 1.0 to
2.6 GHz range was unparalleled by other devices.
Today, this performance still remains better than
or comparable to any commercially available unit.
With hundreds of units in use throughout the
world, the WJ-268-2 provides low noise figure
(many production amplifiers exhibit noise figures
of less than 4 dB), low cost per-operating-hour and
high field-proven reliability (MTBF’s in excess of
20,000 hours with 99% confidence level).

This proven amplifier is completely self-contained,

e “JUST PLUG IT IN”

e NOISE FIGURE 5.5
dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e NO ADJUSTMENTS
NEEDED

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

adjustment-free, and requires only 115 volt ac
line-voltage input (48 to 420 Hz). The completely
shielded package may be operated in any orienta-
tion, in stacked arrays or adjacent to ferromagnet-
ic material, without adversely affecting the ampli-
fier’s performance.

Rugged construction of the tube, magnet, and
power supply assembly assures reliable operation
under vibrational forces of 10 g, at frequencies up
to 500 Hz. Full specifications are met over the
operating temperature range of —54°C to +71°C.
The environmental characteristics of the W]-268-2
meet or exceed the corresponding requirements of
MIL-E-5400, Class 2 Specification.

SPECIFICATIONS

PERFORMANCE

Frequency . ... ... .. .. ...
Noise Figure, Terminal .. ....................
Gain, Small Signal .. ... ... .. ... .. .. .. ... ...
VSWR, Input and Output .....................
Power Output, Saturated .. ...................

ELECTRICAL REQUIREMENTS

Primary Voltage . ........ .. ... ... . . . ... ...,
Primary Frequency . ....... ... .. ... . ... ...
Primary Power . ... .. . .. .. ... .. ... ..
Primary Current . ...... .. . .. .. ...

Typical Guaranteed
1.0to26GHz ................. 1.0 to 2.6 GHz
45dB ... ... .. 5.5 dB, max.
30dB ... 25 dB, min.
1551 o i s s e 2:1, max
—HEBM ....cmnmsc:ss nanomEssss san —10 dBm
Typical Range
115Vac ... 115 £10 V ac
60 Hz . ... . . 48 to 420 Hz

*This Technical Data Sheet presents up-to-date information on the WJ-268-2, first described in Technical Bulletin Volume 5,

No. 6; August, 1963.



WJ-268-2 POWER
E
0
ENVIRONMENTAL g —\\ !
CHARACTERISTICS § -5 -
Q
Temperature (Operating) ... .. —54°C to +71°C a \\
Vibration g
0.10 Inch, Double Amplitude . . . .. 5 to 45 Hz 2 o
10 g, Single Amplitude .. ... ... 45 to 500 Hz &
Shock .. cosspessess saappsesss 15¢g, 11 ms
GAIN
L, 3
MECHANICAL ;
CHARACTERISTICS : —
; 36 / \
Amplifier Length z ~
(excluding connectors) . .. ... 12 inches, max. o
Amplifier Height and Width. . . .4.75 inches, max. 2
Amplifier Weight ... ........... 17 Ibs., max. 3
. . 25
Primary Power Connection,
Deutsch Receptacle .. ........ DM9601-3P
RF Connections ISE
(50 ohms, nominal) . ......... Type N, jack NOIS
Reference Drawing Number . ... .. .. ... 290000 55
? 5.0
é 4.5 //
Every amplifier will meet the guaranteed performance : /
specifications for any primary voltage and frequency within 2 40
these ranges. z
These environmental characteristics meet the respective 35‘-0 1.8 2.6
requirements of MIL-E-5400, Class 2 Specification. FREQUENCY - GHz

OUTLINE DRAWING

PILOT LIGHT

RF CONNECTOR
(2) REQ'D

FUSE 0.3 AMP 125 V

POWER CONNECTIONS
DEUTSCH DM960I-3P

PIN CONNECTION
1 115 VAC

2 GROUND

3 115 VAC

3400-1
June 1968
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TECHNICAL DATA

February 1967

2.0 TO 4.0 GHz LOW-NOISE TRAVELING-WAVE

AMPLIFIER WITH INTEGRAL POWER SUPPLY

The WJ-269 is one of the original members of Wat-
kins-Johnson’s family of Standard low-noise am-
plifiers with integral solid-state power supply. When
introduced to the microwave industry in 1963, the
WJ-269’s performance ifa the 2.0 to 4.0 GHz range
was unparalleled by other devices. Today, this per-
formance still remains better than or comparable to
any commercially available unit. With hundreds of
units in use throughout the world, the WJ-269 pro-
vides low noise figure (many production amplifiers
exhibit noise figures of less than 5 dB), low cost per-
operating-hour and high field-proven reliability
(MTBF’s in excess of 20,000 hours with 99% confi-
dence level).

This proven amplifier is completely self-contained,

WJ-269

e “"JUST PLUG IT IN”

o NOISE FIGURE 5.5
dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

¢ PROVEN RELIABILITY

* NO ADJUSTMENTS
NEEDED

e 115 VOLT, 48 TO
420 Hz OPERATION

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

adjustment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely
shielded package may be operated in any orientation,
in stacked arrays or adjacent to ferromagnetic mate-
rial, without adversely affecting the amplifier’s per-
formance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of 10 g, at frequencies up to 500 Hz.
Full specifications are met over the operating tem-
perature range of —54°C to 471°C. The environ-
mental characteristics of the WJ-269 meet or exceed
the corresponding requirements of MIL-E-5400,
Class 2 Specification.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . . . . 2.0t0 4.0 GHz . . 20t04.0 GHz
Noise Figure, Terminal 4.8 dB 5.5 dB, max.
Gain, Small Signal 30dB. . 25 dB, min.
VSWR, Input and Output . 1.541 ; 2:1, max.
Power Output, Saturated —3dBm. —10 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range'
Primary Voltage 115 V ac. 115 =10 V ac
Primary Frequency 60 Hz . 48 to 420 Hz
Primary Power . 25 W

This Technical Data Sheet presents up-to-date information
on the WJ-269, first described in Technical Bulletin Vol-
ume 5, No. 3; March, 1963.

*



WJ-269 POWER
5
% =] 0/—\‘
o = \
ENVIRONMENTAL gL N
CHARACTERISTICS? £E .
o 7
Temperature (Operating) . . —54°Cto +71°C b3
Vibration -15
0.10 Inch, Double Amplitude . . 5to45Hz
10 g, Single Amplitude . . . 45to 500 Hz
Shock . . . . . . . . . . 159,11 ms
GAIN
o 3
MECHANICAL S
CHARACTERISTICS z
Height ........... 4.75 inches (121 mm) max. ; % 1T
Width ............ 4.75 inches (121 mm) max. g
Length (excluding -
connectors) .. .... 12 inches (305 mm) max. zEé
Weight . ........... 17 pounds (7.71 Kg) max. PO
Primary Power Connection,
Deutsch Receptacle . . . . DM9601-3P
RF Connections
(50 ohms, nominal . . . . . TypeN, jack NOISE
Reference Drawing Number . . . . 290000 575
% 5.0
&
3 45 _—
1. Every amplifier will meet the guaranteed performance & 40
specifications for any voltage and frequency lying with- =
in these ranges. =
2. These environmental characteristics meet the respec- 3'52.0 2.5 3.0 3.5 4.0
tive requirements of MIL-E-5400, Class 2 Specification. FREQUENCY - GHz
OUTLINE DRAWING
"W-J'" IDENTIFICATION LABEL
PILOT LIGHT POWER SWITCH
(DOWN POSITION
IS OFF) __~— PRODUCT LABEL
RF CONNECTOR _ N 450

(2) REQUIRED

B Z’:Z‘SE.L_ Jﬂ !

- FUSE 0.3 AMP 125V

12.00 —————————== 4.75
POWER CONNECTIONS
'DEUTSCH DM?9601 - 3P MOUNTING HOLE
PIN CONNECTION 1/4 - 20 UNC 2B 0.38 DP
(4) PLACES
1 115 VAC
2 GROUND
3 115 VAC
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TECHNICAL DATA

Wd-268-1

July 1968 ¥

2.3 TO 4.5 GHz LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e “JUST PLUG IT IN”

¢ NOISE FIGURE 6.0
dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY

e NO ADJUSTMENTS
NEEDED

e 115 VOLT, 48 TO
420 Hz OPERATION

e MEETS MIL-E-5400,
CLASS 2 ENVIRONMENT

The WJ-269-1 is one of the original members of
Watkins-Johnson’s family of Standard low-noise
amplifiers with integral solid-state power supply.
When introduced to the microwave industry in
1963, the performance of the WJ-269-1 in the 2.3
to 4.5 GHz range was unparalleled by other de-
vices. Today, this performance still remains better
than any other commercially available unit, and
thousands of units are in use throughout the
world. The WJ-269-1 provides low noise figures
(many production amplifiers exhibit noise figures
of less than 5 dB), low cost per-operating-hour and
high field-proven reliability (MTBF’s in excess of
20,000 hours with 99% confidence level).

This proven amplifier is completely self-contained,

3400-1

adjustment-free and requires only 115 volt ac
line-voltage input (48 to 420 Hz). The completely
shielded package may be operated in any orienta-
tion, in stacked arrays or adjacent to ferromagnet-
ic material, without adversely affecting the ampli-
fier’s performance.

Rugged construction of the tube, magnet, and
power supply assembly assures reliable operation
under vibrational forces of 10 g, at frequencies up
to 500 Hz. Full specifications are met over the
operating temperature range of —54°C to 4+71°C.
The environmental characteristics of the WJ-269-1
meet or exceed the corresponding requirements of
MIL-E-5400, Class 2 Specification.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . ... ... .. .. ... 231W045GHZ ..« cocsvnnvsass 2.3t0 4.5 GHz
Noise Figure, Terminal . ...................... DBAB e =05 5w s 2659 6 6 6H 6.0 dB, max.
Gain, Small Signal . .. ... .. ... .. ... .. ... 28 B i rsnrmisE s R HEE L S EE 25 dB, min.
VSWR, Input and Qutput . ... ................... LeDUL FrETa 25 T2 5 B frarss 5 & 5 5 e s & & 15 2:1, max.
Power Output, Saturated . ..................... =5 dBm .. ... ...t —10 dBm, min.
ELECTRICAL REQUIREMENTS Typical Range
Primaly Voltage ..::rsescsssnsosmsvasmsissane LISV At 555 dHEBs B e 8T NEGEES 3 115 £10 V ac
Primary Frequency ............ . ... (570751 o - T T T 48 to 420 Hz
Prithaty ‘CUFrent . . «s wonmcssis sunsanacss 55 9uEs 170 mA
Primary Power . ... ... ... . . ... 14 W

*This Technical Data Sheet presents up-to-date information on the WJ-269-1 first described in Technical Bulletin Volume 5,

No. 7; August, 1963.



WJ-263-1

ENVIRONMENTAL
CHARACTERISTICS?

Temperature (Operating) . .. .. —54°C to +71°C
Vibration
0.10 Inch, Double Amplitude . . ... 5 to 45 Hz
10 g, Single Amplitude .. ...... 45 to 500 Hz
SHOBK & o 5 5w wie s b arm ot @ & darer s i & 15g, 11 ms

MECHANICAL
CHARACTERISTICS

Amplifier Length

(excluding connectors) . .. ... 12 inches, max.
Amplifier Height and Width. . . .4.75 inches, max.
Amplifier Weight . ............. 17 Ibs., max.
Primary Power Connection,

Deutsch Receptacle ........... DM9601-3P
RF Connections

(50 ohms, nominal) ........... Type N, jack
Reference Drawing Number .. ... ... ... 290000

'Every amplifier will meet the guaranteed performance
specifications for any primary voltage and frequency lying
within these ranges.

2These environmental characteristics meet or exceed the
respective requirements of MIL-E-5400, Class 2 Specifi-
cation.

POWER
E 45
g 0 —
s 5
g N
o
2 -0
E
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GAIN
35
2]
o
§ 30 "
=
s
= 25
g
w
20
NOISE
6.0
5:5
=
& 50
2> 4.5 \-\
) e e ——
g 40
5359
2.3 2.5 3.0 3.5 4.0 4.5
Frequency - GHz

OUTLINE DRAWING

"WJ" IDENTIFICATION LABEL

PILOT LIGHT

IS OFF)

POWER SWITCH
(DOWN POSITION

PRODUCT LABEL

RF CONNECTOR

(2) REQD

FUSE 0.3 AMP 125 V

POWER CONNECTIONS
DEUTSCH DM960I-3P MOUNTING HOLE
PIN CONNECTION 174 -20 UNC 2B 0.38 DP
(4) PLACES
| 115 VAC
2 GROUND
3 115 VAC

WATKINS = JOHNSON COMPANY
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TWX 910-373-1253 PHONE (415) 326-8830
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TECHNICAL DATA

March 1967 ¥

4.0 TO 8.0 GHz LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

The WJ-271 is the C-band member of the Watkins-
Johnson family of Standard low-noise amplifiers with
integral solid-state power supply. When introduced
to the microwave industry in 1963, the WJ-271’s
performance in the 4.0 to 8.0 GHz range was un-
paralleled by other devices. Today, this performance
still remains better than or comparable to any com-
mercially available unit. With hundreds of units in
use throughout the world, the WJ-271 provides low
noise figure (many production amplifiers exhibit
noise figures of less than 6 dB), low cost per-operat-
ing-hour, and high field-proven reliability (MTBEF’s
in excess of 20,000 hours with 999, confidence level).

This proven amplifier is completely self-contained,

WJ-271

e “JUST PLUG IT IN”

e NOISE FIGURE 6.5
dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY

e NO ADJUSTMENTS
NEEDED

e 115 VOLT, 48 TO
420 Hz OPERATION

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

adjustment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely
shielded package may be operated in any orientation,
in stacked arrays or adjacent to ferromagnetic mate-
rial, without adversely affecting the amplifier’s per-
formance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of 10 g, at frequencies up to 500 Hz.
Full specifications are met over the operating tem-
perature range of —54°C to 4+71°C. The environ-
mental characteristics of the WJ-271 meet the cor-
responding requirements of MIL-E-5400, Class 2
Specification.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . . . . 4.0 t0 8.0 GHz . . 4010 8.0 GHz
Noise Figure, Terminal 5.5 dB 6.5 dB, max.
Gain, Small Signal 30dB. A ® B2 R A s . 25dB, min.
VSWR, Input and Output . v ow BB L e e wm v e o= ow o= e o= w281, DNAX
Power Output, Saturated . +3.0dBm. —5.0 dBm min.

ELECTRICAL REQUIREMENTS Typical Range
Primary Voltage 1165 V ac . 11510V ac
Primary Frequency 60 Hz . 48 to 420 Hz
Primary Power . . 25 W

% This Technical Data Sheet presents up-to-date information
on the WJ-271, first described in Technical Bulletin Vol-
ume 6, No. 2; February, 1964.



WJ-271

ENVIRONMENTAL
CHARACTERISTICS

Temperature (Operating) .

Vibration
0.10 Inch, Double Amplitude
10 g, Single Amplitude

Shock

MECHANICAL
CHARACTERISTICS
Amplifier Length
(excluding connectors)
Amplifier Height and Width
Amplifer Weight .
Primary Power Connection,
Deutsch Receptacle
RF Connections
(50 ohms, nominal)
Reference Drawing Number

Every amplifer will meet the guaranteed performance specifications

for any primary voltage and frequency w

These environmental characteristics meet the respective require-

. —54°Cto +71°C

. 5to45Hz
45 to 500 Hz

15 g, 11 ms

12 inches, max.
4.75 inches, max.
17 Ibs, max.

DM9601-3P

Type N, jack
290000

ithin these ranges.

ments of MIL-E-5400, Class 2 Specification.
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TECHNICAL DATA

AUGUST 1970 %

4.0 TO 8.0 GHz LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

The WJ-271-30 is a full C-band member of the WJ-271
family of Standard low-noise amplifiers with integrai
solid-state power supply. When introduced to the
microwave industry in 1963, the WJ-271’s perform-
ance in the 4.0 to 8.0 GHz range was unparalleled
by other devices. Today, this performance still re-
mains better than or comparable to any commercially
available unit. With hundreds of units in use through-
out the world, the WJ-271 family provides low noise
figure (many production amplifiers exhibit noise fig-
ures of less than 6 dB), low cost per-operating-hour,
and high field-proven reliability (MTBF’s in excess of
20,000 hours with 99% confidence level).

This proven amplifier is completely self-contained,

WJ-271-30

e “JUST PLUG IT IN”

¢ NOISE FIGURE 7.0
dB MAXIMUM

e PERMANENT-MAGNET

FOCUSING
¢ PROVEN RELIABILITY

e NO ADUUSTMENTS
NEEDED

e 115 VOLT, 48 TO
420 Hz OPERATION

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

adjustment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely shielded
package may be operated in any orientation, in
stacked arrays or adjacent to ferromagnetic material,
without adversely affecting the amplifier's perform-
ance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of 10 g, at frequencies up to 500 Hz.
Full specifications are met over the operating temper-
ature range of —54°C to +71°C. The environmental
characteristics of the WJ-271-30 meet the correspond-
ing requirements of MIL-E-5400, Class 2 Specifica-
tion.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . . . . 4.0 to 8.0 GHz . . 4010 8.0 GHz
Noise Figure, Termina 6.3 dB 7.0 dB, max.
Gain, Small Signal 30dB . # @ @ 5 . 25dB, min.
VSWR, Input and Output . » = 108 5 & w ¥ 8 & & % &2 8 ®m wu 200 MaAK
Power OQutput, Saturated . +3.0dBm. —5.0 dBm min.
ELECTRICAL REQUIREMENTS Typical Range'
Primary Voltage 115V ac. 115 =10V ac
Primary Frequency 60 Hz . 48 to 420 Hz
Primary Power . 14 W
Primary Current . 175 mA

1. Every amplifer will meet the guaranteed performance specifications for any primary voltage and frequency within these ranges.

*Supersedes WJ-271-30 Technical Data Sheet dated JUNE 1970 .



WJ-271-30 —

E
o
ENVIRONMENTAL ® o
CHARACTERISTICS? 2 .
Temperature (Operating) . . —54°Cto +71°C = o/ L
Vibration z
0.10 Inch, Double Amplitude . . 5to45Hz & "
10 g, Single Amplitude . . . 45to 500 Hz =
Shock . . . . . . . . . . 15g,11 ms E_lo
GAIN
MECHANICAL 40
CHARACTERISTICS %
Height ........... 4.75 inches (121 mm) max. . =
Width s cconvnunas 4.75 inches (121 mm) max. 3 10
Length (excluding 2
connectors) ....... 12 inches (305 mm) max. 5 2
Weight . .................. 17 Ibs. (7.71 Kg) g
Primary Power Connection 20
Deutsch Receptacle . .......... DM9601-3P
RF Connections NOISE
(50 ohms, nominal) ........... Type N, jack
Reference Drawing Number .. ........ 290000 &
e 6.5
|
2. These environmental characteristics meet the respective “g 610
requirements of MIL-E-5400, Class 2 Specification. 2 ==
§ 5.5
&
5.0
4 5 6 7
FREQUENCY - GHz
OUTLINE DRAWING
"WJ" IDENTIFICATION LABEL
PILOT LIGHT POWER SWITCH
(DOWN POSITION
IS OFF) PRODUCT LABEL
RF CONNECTOR 450" 475"
(2) REQ'D J L

FUSE 0.3 AMP250V

e |
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POWER CONNECTIONS
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1 i15 VAC

2 GROUND
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The WJ-274-2 is a medium power traveling-wave
tube developed to meet the requirements of satellite
and deep-space transmitter applications where high
reliability, small size, light weight and maximum
overall efficiency are essential.

This small, periodic-permanent-magnet focused
TWT exhibits an overall efficiency, including heater
power, above 309,. The metal-ceramic construction
of the WJ-274-2 is just one of the design features
used to assure the maximum in reliable, long-life op-
eration. It has the ability to perform during and after
extreme temperature, vibration, shock, and static
acceleration.

The WJ-274-2 will deliver 20 watts of output power
over the frequency range of 2.2 to 2.4 GHz. By op-
erating the tube under different sets of voltage con-
ditions, saturated output levels from 10 to 35 watts
can be provided while maintaining a fixed value of
gain without significantly affecting efficiency. There-
fore, it is necessary to change only the helix, anode,
and collector voltages to obtain an optimum condi-
tion for any desired power level. Efficiency generally
improves with an increased power level for the tube,
enabling the user to cover a range of power require-
ments with one tube.

The power output, gain, and efficiency are very
nearly constant over the specified frequency range,
as shown in Fig. 1. The noise characteristics of the
tube shown in Fig. 3 are for undriven (carrier off)

TECHNICAL DATA

June 1967

2.2 TO 2.4 GHz
COMPACT 20-WATT TRAVELING-WAVE TUBE
FOR SPACE COMMUNICATIONS AND TELEMETRY

WJ-274-2

and saturation drive (carrier on) conditions, with
and without a low-pass filter at the tube’s output.
The power transfer curves of Fig. 4 show that the
output power at saturation is relatively unchanged
with a substantial change in drive power.

A number of variations of the WJ-274-2 are available
which optimize performance at various other fre-
quencies and power levels. The tube can be made to
meet environmental conditions more stringent than
those described in the Specifications. Manufactured
under rigid quality assurance specifications, versions
of this tube have also been qualified for space ap-
plications.

SPECIFICATIONS

PERFORMANCE
Frequency . . . . . .
Power Output, Saturated .
Gain, Saturation
Efficiency' .
ELECTRICAL REQUIREMENTS
Heater Voltage
Heater Current
Anode Voltage
Anode Current
Helix Voltage .
Helix Current .
Collector Voltage
Collector Current
Cathode Current .

Typical Guaranteed
2.2-2.4 GHz . 2.2-2.4 GHz
22W . . . . . 20W, min.
35dB . . . 30dB, min.
3% . . . . . 30%, min.
Typical Range
3.0V s = = = 251085V
0.8A . . . . 07t0o1.0A
1820 V 1820 += 100V
0.4 mA 1.0 mA, max.
1620V 1620 == 100V
5.6 mA 10.0 mA, max.
1115V 1115 = 55V
46 mA 54 mA, max.
52 mA 54 mA, max.



WJ-274-2
ENVIRONMENTAL
CHARACTERISTICS
Heat Sink Temperature . —20°Cto +85°C
Vibration
a) Sinusoidal
(2 min/octave) . . 0.5inch, double
amplitude, 5 to 18
Hz, £20 g peak,
18 to 2000 Hz
b) Random
(5 min/axis) . . . 0.1g*/Hz 20to
2000 Hz
Acceleration (1 min/axis) 100 g
Shoek . ~ « 2 = = = 159,01 ms
MECHANICAL
CHARACTERISTICS
Height
(excluding connectors) . . 0.9 inches (23 mm) max.
ol R 1 inch (25 mm) max.
Length .. ............ 9.2 inches (234 mm) max.
Weight . ... . ... .. ... ... ... 18 ounces (510 g)
REICONNectors . ... cuww o isswmas OSM, female
DC Connectars: . . ... cxowmesoesnme Flying Leads
Cooling .. ....... Conduction from bottom surface

'Efficiency is defined as the minimum RF output power across
the band, divided by the total dc power input, including
heater power.

FIG. 1
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WJ-274-2

FIG. 3 TYPICAL NOISE AND
HARMONIC CHARACTERISTICS
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WJ-274-2

RF IN RF OUT
Y Y
> 1
i N
L2
+ + +
HEATER B ANODE HELIX COLLECTOR
b= = J=

HEATER 2.5-3.5 VOLTS AC AT 1 AMPERE MAXIMUM
ANODE 1720-1920 VOLTS AT 1 mA MAXIMUM
HELIX 1520-1720 AT 10 mA MAXIMUM

COLLECTOR 1060-1170 VOLTS AT 54 mA MAXIMUM

NOTE:
TO ENSURE THAT THE TWT IS OPERATED PROPERLY, IT IS SUGGESTED THAT VOLTAGES BE AP-
PLIED AS FOLLOWS:

1. SLOWLY APPLY FILAMENT VOLTAGE UNTIL SPECIFIED VALUE IS REACHED, OBSERVING THAT FIL-
AMENT CURRENT DOES NOT EXCEED MAXIMUM VALUE. ALLOW AT LEAST 2 MINUTES FOR FILA-
MENT VOLTAGE TO STABILIZE.

2. SLOWLY APPLY COLLECTOR VOLTAGE UNTIL SPECIFIED VALUE IS REACHED, OBSERVING THAT
COLLECTOR CURRENT DOES NOT EXCEED MAXIMUM VALUE.

3. SET ADJUSTABLE OVERCURRENT DISCONNECT CIRCUIT FOR MAXIMUM HELIX CURRENT VALUE
SPECIFIED, THEN SLOWLY INCREASE HELIX VOLTAGE TO SPECIFIED VALUE.

4. SLOWLY INCREASE ANODE VOLTAGE TO SPECIFIED VALUE, OBSERVING THAT CURRENT DOES
NOT EXCEED MAXIMUM VALUE.

HELIX DISCONNECT CIRCUIT SHOULD FUNCTION SUCH THAT ALL VOLTAGES WILL BE DISABLED
WITHIN 100 +SEC IF HELIX CURRENT EXCEEDS MAXIMUM VALUE.

FIG. 5 PREFERRED CONNECTION FOR LABORATORY-TYPE POWER SUPPLY
CONFIGURATION FOR WJ-274-2

RF IN RF OUT

Y Y

[
L

]
—_
+ +
ANODE |- +| HeLx |- COLLECTOR
HEATER I | ( DELAYED) ( DELAYED ) { DELAYED )
=

HEATER 2.5-3.5 VOLTS AC AT 1 AMPERE MAXIMUM.

ANODE 1720-1920 VOLTS AT 1 mA MAXIMUM (SUM OF ANODE, HELIX, AND
COLLECTOR SUPPLIES)

HELIX 1520-1720 VOLTS AT 10 mA MAXIMUM (SUM OF HELIX AND
COLLECTOR SUPPLIES)

COLLECTOR 1060-1170 VOLTS AT 54 mA MAXIMUM

NOTE:
WITH THIS CONFIGURATION, ANODE SUPPLY CANNOT CUTOFF TUBE EMISSION. TO PREVENT DAM-
AGE TO TWT, VOLTAGES MUST BE APPLIED TO TWT IN THE FOLLOWING SEQUENCE:

1 APPEY HSEASTER VOLTAGE SLOWLY TO ALLOW FILAMENT RESISTANCE CHANGE AS TEMPERA-
TURE RISE

2. COLLECTOR, HELIX, AND ANODE VOLTAGES MAY BE APPLIED SIMULTANEOUSLY AFTER HEATER
VOLTAGE HAS BEEN ON FOR 2 MINUTES MINIMU

CAUTION

HELIX OVERCURRENT DISCONNECT CIRCUIT MUST BE SET FOR MAXIMUM HELIX CURRENT VALUE
SSP%()D(icF;[IEEEDD ASJD MUST DISCONNECT ALL VOLTAGES IN LESS THAN 100 «SEC IF MAXIMUM VALUE
| ED.

FIG. 6 PREFERRED CONNECTION FOR HIGH-DENSITY POWER SUPPLY
CONFIGURATION FOR WJ-274-2.

June 1967 PRINTED IN U.S.A.



TECHNICAL DATA

WJ-270-8

January 1968

2.2 TO 2.4 GHz COMPACT VARIABLE POWER
LEVEL TRAVELING-WAVE TUBE FOR SPACE
COMMUNICATIONS AND TELEMETRY

The WJ-274-8 is a medium power traveling-wave
tube developed to meet the requirements of satel-
lite and deep-space transmitter applications where
high reliability, small size, light weight and maxi-
mum overall efficiency are essential.

This small, periodic-permanent-magnet focused
TWT exhibits an overall efficiency, including heater
power, above 24%. The metal-ceramic construction
of the WJ-274-8 is just one of the design features
used to assure the maximum in reliable, long-life
operation. It has the ability to perform during and
after extreme temperature, vibration, shock, and
static acceleration.

The WJ-274-8 will deliver 20 watts of output power
over the frequency range of 2.2 to 2.4 GHz. By op-
erating the tube under different sets of voltage
conditions, saturated output levels from 10 to 35
watts can be provided while maintaining a fixed
value of gain without significantly affecting effi-
ciency. Therefore, it is necessary to change only
the helix, anode, and collector voltages to obtain
an optimum condition for any desired power level.
Efficiency generally improves with an increased
power level for the tube, enabling the user to cover
a range of power requirements with one tube.

The power transfer curves of Fig. 1 show that the
output power at saturation is relatively unchanged

with a substantial change in drive power, and for
constant drive, the tube can give 11.75W or 22.3 W
at constant efficiency.

A number of variations of the W]-274-8 are avail-
able which optimize performance at various other
frequencies and power levels. The tube can be made
to meet environmental conditions more stringent
than those described in the Specifications. Manu-
factured under rigid quality assurance specifica-
tions, versions of this tube have also been qualified
for space applications.

SPECIFICATIONS
10 W MODE 20 W MODE

PERFORMANCE Typical Guaranteed Typical Guaranteed
Frequency .. ... ... . . . ... 2.2-2.4 GHz 2.2-2.4 GHz 2.2-2.4 GHz 2.2-2.4 GHz
Power Output; Satirated : cwcosossssswasisasss 11.75W 10W 22.3 W 20W
Gain, SAtUFAtION = x i 2 15 sk 6s s s b s b mmmn e wm s 31dB 29dB 34 dB 32 dB
Efficiency . ... ... . .. .. ... 28% 24% 28% 24%
ELECTRICAL REQUIREMENTS 10 W MODE 20 W MODE
TWT Voltages Typical Range Typical Range

Anode (VDC) . ... ... ... i 1563 1563 100 2057 2057 =100

EElitVDE) : crne 033t 5ot et i i6k s BEBAL4EE 5 1515 1515 =100 1640 1640 =100

Collector (VDC) .. ... ... ... . . ... 951 951 +100 1252 1252 +100

Heater (VRMS) ... ... ... .. ... ... ........ 3.5 3.5 %05 3.5 3.5 £0.5
TWT Currents

Anode (MA) . . ... ... ... 0.4 0.5 max. 0.4 0.5 max.

Helix (MA) .. .. .. . . . 5.0 10.0 max. 8.0 10.0 max.

Collector (mA) . ... ... .. . 30.8 40.0 max. 46.1 60.0 max.

HeateF (A) + sowm s ss 286 55555 GFBFaas5 505 0.8 0.9 max. 0.8 0.9 max.



ENVIRONMENTAL 45 27.6 W;II
CHARACTERISTICS 44 / | \\
Heat Sink Temperature . ... .. —20°C to +85°C E 431 o L ~
Vibration L ;’ Z I \\
a. Sinusoidal 8 42 22,3 W
(2 min/octave) 0.5 inch double amplitude, g o { \\
5to 18 cps =20 g, peak, ¥ | Case 3
18 to 2000 cps %’ /"7-\ \ C:se 2
b. Random g a0 A—
(5 min/axis) 20-59 cps at 0. 4 g?/cps / [
59-126 cps at 9 dB/octave 39 11.75 W \\ s
126-700 cps at 0. 4 g2/cps | i
700-900 cps at —18 dB/octave 58 TR TN M | R
900-2000 cps at 0.09 g%/cps RF Drive - dBm
Acceleration (1 min/axis) ............. 100 g
SHBBK & 2 s e aessm ¢ a8 s 6w s s s oo 75¢g, 11 ms
FREQUENCY: 2300 MH
MECHANICAL ¢ ?
CHARACTERISTICS Case 1 . i
) goyver (é)Létput OV o s @ 1;.25 232 2;2
Tube Length . e 9.2 inches, max. sl Ef??c)aeh'cy‘(%)' ol 2 o
Tube Cross-Section Gain (dB) ............. 31.2 33.9 34.8
(excluding connectors  0.95 x 1.35 inch, max.
RF Connectors . .............. OSM (Female)
DC Connectors . ............... Flying Leads
Tube Weight . .............. 20 ounces, max.
Cooling . ...... Conduction from bottom surface FIG. 1 PERFORMANCE CHARACTERISTICS
FIG. 2. OUTLINE DRAWING
COLLECTOR
8" FLYING LEADS
ZE‘SEER, HEATER/CATHODE (GRSLEJ:\—J‘;)
:RF INPUT OSM RF QUTPUT OSMZ /
I 1 L b | l_—!'—| I_'Lﬂ 1
! | 0.25"—=]
MOUNTING | | izt';g?o”
g,ol‘f_:gﬂ DIA, L— 4.350" + 0.010" — =i
TYPICAL
- — 6.850" + 0.010" ————==
= 8700'* 0010 ———

9.20"




WJ-270-%

RF IN RF OUT
Y Y
[ 1
| i
/77
+ + +
HEATER [9 ANODE HELIX COLLECTOR
I = I-
10 W MODE 20 W MODE
HEATER 3.0-4.0 VOLTS AC AT 0.9 A MAXIMUM HEATER 3.0-4.0 VOLTS AC AT 0.9 A MAXIMUM
ANODE 1463-1663 VOLTS at 0.5 mA MAXIMUM ANODE 1957-2157 VOLTS AT 0.5 mA MAXIMUM
HELIX 1415-1615 AT 10 mA MAXIMUM HELIX 1540-1740 AT 10 mA MAXIMUM
COLLECTOR 851-1051 VOLTS AT 40 mA MAXIMUM COLLECTOR 1152-1352 VOLTS AT 60 mA MAXIMUM
NOTE:
TO ENSURE THAT THE TWT IS OPERATED PROP- CIRCUIT FOR MAXIMUM HELIX CURRENT VALUE
ERLY, IT IS SUGGESTED THAT VOLTAGES BE AP- SPECIFIED, THEN SLOWLY INCREASE HELIX VOLT-
PLIED AS FOLLOWS: AGE TO SPECIFIED VALUE.

1. SLOWLY APPLY FILAMENT VOLTAGE UNTIL SPEC-
IFIED VALUE IS REACHED, OBSERVING THAT 4. SLOWLY INCREASE ANODE VOLTAGE TO SPECI-
FILAMENT DOES NOT EXCEED MAXIMUM VALUE. FIED VALUE, OBSERVING THAT CURRENT DOES
ALLOW AT LEAST 2 MINUTES FOR FILAMENT NOT EXCEED MAXIMUM VALUE.

VOLTAGE TO STABILIZE.

2. SLOWLY APPLY COLLECTOR VOLTAGE UNTIL HELIX DISCONNECT CIRCUIT SHOULD FUNCTION
SPECIFIED VALUE IS REACHED. SUCH THAT ALL VOLTAGES WILL BE DISABLED
WITHIN 100 uSEC IF HELIX CURRENT EXCEEDS

3. SET ADJUSTABLE OVERCURRENT DISCONNECT  MAXIMUM VALUE.

FIG. 3. PREFERRED CONNECTION FOR LABORATORY-TYPE
POWER SUPPLY CONFIGURATION FOR WJ-274-8.



WJ-270-8

ANODE 1463-1663 VOLTS (sum of Anode, Helix, and
Collector Supplies) at 0.5 mA maximum

HELIX 1415-1615 VOLTS (sum of Helix and Collector
Supplies) at 10 mA maximum

COLLECTOR 851-1051 VOLTS AT 40 mA MAXIMUM

RF IN RF OUT
Y Y
I
> ]
! _
+ +
ANODE = HELIX . COLLECTOR
HEATER I |(pELAYED) (DELAYED) (DELAYED)
=
10 W MODE
HEATER 3.0-4.0 VOLTS AC AT 0.9 A MAXIMUM 20 W MODE

HEATER 3.0-4.0 VOLTS AC AT 0.9 A MAXIMUM
ANODE 1957-2157 VOLTS AT 0.5 mA MAXIMUM
HELIX 1540-1740 AT 10 mA MAXIMUM
COLLECTOR 1152-1352 VOLTS AT 60 mA MAXIMUM

NOTE:

WITH THIS CONFIGURATION, ANODE SUPPLY CAN
NOT CUTOFF TUBE EMISSION. TO PREVENT DAM-
AGE TO TWT, VOLTAGES MUST BE APPLIED TO TWT
IN THE FOLLOWING SEQUENCE:

1. APPLY HEATER VOLTAGE SLOWLY TO ALLOW FIL-
AMENT RESISTANCE CHANGE AS TEMPERATURE

RISES.

2. COLLECTOR, HELIX, AND ANODE VOLTAGES MAY

BE APPLIED SIMULTANEOUSLY AFTER HEATER
VOLTAGE HAS BEEN ON FOR 2 MINUTES MINI-
MUM.

CAUTION

HELIX OVERCURRENT DISCONNECT CIRCUIT MUST
BE SET FOR MAXIMUM HELIX CURRENT VALUE
SPECIFIED AND MUST DISCONNECT ALL VOLTAGES
IN LESS THAN 100 uSEC IF MAXIMUM VALUE IS
EXCEEDED.

FIG. 4. PREFERRED CONNECTION FOR HIGH-DENSITY
POWER SUPPLY CONFIGURATION FOR WJ-274-8.

WATKINS = JOHNSON COMPANY

3333 HILLVIEW AVENUE = STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304

TWX 910-373-1253 PHONE (415) 326-8830
Telex: 348-415

Printed in U.S.A.



TECHNICAL DATA

January 1967 *

X-BAND LOW-NOISE TWT AMPLIFIERS
WITH INTEGRAL POWER SUPPLY

The WJ-276 and WJ-276-2 are the original members
of Watkins-Johnson Company’s X-band family of
low-noise TWT amplifiers with integral power supply
operating from 115 volts a.c. The WJ-276 covers 8.0
to 12.0 GHz and the WJ-276-2 covers 7.0 to 11.0
GHz — otherwise both amplifiers have identical elec-
trical and mechanical characteristics.

The same conservative design and careful processing
techniques responsible for the long life of other
Watkins-Johnson low-noise amplifiers have been ex-
tended to the WJ-276 and WJ-276-2. With a proven
MTBEF in excess of 20,000 hours (999 confidence
level), hundreds of these units today are providing
reliable operation in widespread application through-
out the world. The amplifiers’ outstanding electrical
performance and long-term reliability have made

WJ-216 MWD WJ-216-2

e NOISE FIGURE
8.5 dB MAXIMUM

» PERMANENT-MAGNET
FOCUSING

e PROVEN MTBF
20,000+ HOURS

e NO ADJUSTMENTS
REQUIRED

e MEETS MIL-E-5400,
CLASS 2

them the standard of the industry.

Both these amplifiers are completely self-contained
units. They are adjustment-free and require only an
ac line-voltage input. The completely shielded pack-
age may be operated in any orientation, in stacked
arrays or adjacent to ferromagnetic material without
adversely affecting the amplifiers’ performance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of 10 g, at frequencies up to 500 Hz.
Full specifications are met over the operating tem-
perature range of —54°C to 4+71°C. The environ-
mental characteristics of both amplifiers meet or ex-
ceed the corresponding requirements of MIL-E-5400,
Class 2.

SPECIFICATIONS

Performance

Frequency

WwJ-276 .

WJ-276-2 . ;
Noise Figure, Terminal
Gain, Small Signal .
VSWR, Input and Output
Power Output, Saturated

Electrical Requirements

Primary Voltage .
Primary Frequency .
Primary Power .

TYPICAL

8.0t012.0 GHz
7.0t011.0 GHz

GUARANTEED

8.0t012.0 GHz
7.0to11.0GHz

7.5dB . 8.5 dB, max.
30dB 25 dB, min.
1.5:1 2:1, max.
+ 3 dBm - —5.0 dBm
TYPICAL RANGE'
115V ac 115 £10V ac
60 Hz . 48 to 420 Hz
25 W

* This Technical Data Sheet presents up-io-date information on the WJ-276 and WJ-276-2, first described in Technical

Bulletin, Volume 5, No. 9; October 1963.



W-276 AND WJ-216-2

POWER
ENVIRONMENTAL £
CHARACTERISTICS® L 5
w '\
E3
Temperature, Operating . . —54°to +71°C . ——
Vibration . 3
a. 0.10 Inch, Double Amplitude . 5to45Hz 5
b. 10 g, Single Amplitude. . . 45to500Hz 2 -
Shock . . . . . . . . . . 15g,11 ms w_lo
MECHANICAL GAIN
CHARACTERISTICS "
o
Amplifier Length z 15
(excluding connectors) . . 12.0 inches, max. g
Amplifier Height and Width . 4.75 inches, max. 2 .
Weight . . . 17 pounds, max. G B
Primary Power Connection, 4 g
Deutsch Receptacle . . . . . DM9601-3P g
RF Connections * s
(50 ohms, nominal) . . . . . TypeN,jack
Reference Drawing No. . . . . . . 290000 NOISE
12
@
° 10
.
'Every amplifier will meet the guaranteed performance specifications § i p—
for any voltage or frequency lying within these ranges. P
’These environmental characteristics meet or exceed the respective g °
requirements of MIL-E-5400, Class 2.
WJ- 276 ———48 9 10 I 12
FREQUENCY — GHz
WJ-276-2—=7 8 9 10 I
OUTLINE DRAWING
“WJ" IDENTIFICATION LABEL
PILOT LIGHT POWER SWITCH
(DOWN POSITION
IS OFF) PRODUCT LABEL |
RF CONNECTOR - - 450" 475"
(2) REQ'D m ﬂ J L
’J 070" ‘_TI i ; |
F&so"’l——— 551" ’l‘a,m'——i_
FUSE 0.3 AMP 125 V |
; 2" - 475"

POWER CONNECTIONS
DEUTSCH DM960I-3P

PIN CONNECTION
| 115 VAC

2 GROUND

3 115 VAC

3341
January 1967

MOUNTING HOLE
174 -20 UNC 28 0.38 DP
(4) PLACES

PRINTED IN U.S.A.



TECHNICAL DATA

W27

June 1967

0.5 TO 1.0 GHz LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e “"JUST PLUG IT IN”

e NOISE FIGURE 4.5
dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY

e NO ADUUSTMENTS
NEEDED

e 115 VOLT,48 TO
420 Hz OPERATION

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-278 is the P-band member of the Watkins-
Johnson family of Standard low-noise amplifiers with
integral solid-state power supply. When introduced
to the microwave industry in 1964, the WJ-278’s per-
formance in the 0.5 to 1.0 GHz range was unparal-
leled by other devices. Today, this performance still
remains better than or comparable to any commer-
cially available unit. With hundreds of units in use
throughout the world, the WJ-278 provides low noise
figure ( most production amplifiers exhibit noise
figures of less than 4 dB), low cost per-operating-
hour, and high field-proven reliability (MTBEF’s in
excess of 20,000 hours with 999 confidence level).

This proven amplifier is completely self-contained,

adjustment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely
shielded package may be operated in any orientation,
in stacked arrays or adjacent to ferromagnetic mate-
rial, without adversely affecting the amplifier’s per-
formance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of 10 g, at frequencies up to 500 Hz.
Full specifications are met over the operating tem-
perature range of —54°C to +71°C. The environ-
mental characteristics of the WJ-278 meet or exceed
the corresponding requirements of MIL-E-5400,
Class 2 Specification.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . . . . 0.5t0 1.0 GHz . . 0.5t01.0 GHz
Noise Figure, Termina 3.7 dB 4.5 dB, max.
Gain, Small Signal 30 dB. e . 25 dB, min.
VSWR, Input and Output . 159 & + « & & = ‘= w = = » » 231, max.
Power Output, Saturated —4 dBm . —10 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range
Primary Voltage 115V ac . 115 =10V ac
Primary Frequency 60 Hz . 48 to 420 Hz
Primary Power . 25 W

% Information on this Technical Data Sheet supercedes information
contained in WJ-278 Technical Data Sheet, dated March 1967.



Wuﬂ ZIW POWER
=
&
v -2
5
g -3
2 L
ENVIRONMENTAL E ) // \\
CHARACTERISTICS £ -
Temperature (Operating) . . —54°Cto +71°C o s
Vibration g
0.10 Inch, Double Amplitude . . 5to45Hz 2 6
10 g, Single Amplitude . . . 45to 500 Hz &
Shoek . . . . « « « « + . 159,11 ms
GAIN
34
3
MECHANICAL z 32
/ —
CHARACTERISTICS ; . W ~_
TN
Amplifier Length é
(excluding connectors) . . 12 inches, max. 4 28
Amplifier Height and Width . 4.75 inches, max. g
Amplifer Weight . . . . . . 17 Ibs, max. ? 26
Primary Power Connection,
Deutsch Receptacle . . . . DM9601-3P
RF Connections NOISE
(50 ohms, nominal) . . . . Type N, jack
Reference Drawing Number 290000 5.0
[0e]
s 45
|
Every amplifier will meet the guaranteed performance specifications 5 35 — /-/
for any primary voltage and frequency within these ranges. =
These environmental characteristics meet or exceed the respective 3'00.5 055 060 065 070 Q75 080 085 098¢ 095 10

requirements of MIL-E-5400, Class 2 Specification.

OUTLINE DRAWING

PILOT LIGHT

RF CONNECTOR
(2) REQ'D

FUSE 0.3 AMP 125 V

FREQUENCY — GHz

"WJ" IDENTIFICATION LABEL

POWER SWITCH
(DOWN POSITION
IS OFF) PRODUCT LABEL

g = 450" 475"

AN
ol e L

12"

POWER CONNECTIONS
DEUTSCH DM960I-3P MOUNTING HOLE
i CONNECTION 1/4 -20 UNC 2B 038 DP
(4) PLACES

| 115 VAC

2 GROUND

3 115 VAC

WATKINS — JOHNSON COMPANY

3333 HILLVIEW AVENUE = STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304
TWX 910-373-1253 PHONE (415) 326-8830

Telex: 348-415

Printed in U.S.A.



TECHNICAL DATA

January 1967

1.0 TO 2.6 GHz LOW-NOISE PERMANENT-MAGNET

TRAVELING-WAVE AMPLIFIER

WITH INTEGRAL POWER SUPPLY

e NOISE FIGURE
8.0 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

« PROVEN MTBF
20,000+ HOURS

e NO ADJUSTMENTS
REQUIRED

e MEETS MIL-E-5400,
CLASS 2

The WJ-280 extends the Watkins-Johnson Com-
pany family of low-noise permanent-magnet travel-
ing-wave amplifiers. The WJ-280, with a typical
noise figure of 6.5 dB, has been specially designed for
applications where higher gain and increased power
output are required over a broader frequency band.

Like other amplifiers in Watkins-Johnson Com-
pany’s family of low-noise amplifiers, the WJ-280 in-
corporates an integral power supply, making the unit
completely self-contained, adjustment-free and re-
quiring only an ac line-voltage input. This perma-
nent-magnet focused tube has been designed into a
completely shielded package which enables side-by-

WJ-280

side operation in stacked arrays or next to ferro-
magnetic material without any adverse effect.

The tube may be mounted in any orientation with-
out degradation of performance. Rugged construc-
tion of the tube, magnet, and power supply assembly
assures reliable operation under vibrational forces of
10 g, at frequencies up to 500 Hz. The environmental
characteristics of the WJ-280 meet or exceed the cor-
responding requirements of MIL-E-5400, Class 2.

The same conservative design and careful processing
techniques which have given long life in other Wat-
kins-Johnson low-noise tubes have also been ex-
tended to this amplifier.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency .o 1.0-2.6 GHz . 1.0-2.6 GHz
Noise Figure, Terminal 6.5 dB . 8.0 dB max.
Gain, Small Signal 40 dB 35 dB min.
VSWR, Input and Output . 1.5:1. 2:1 max.
Power Output . — 2dBm — 7 dBm, min.

ELECTRICAL REQUIREMENTS :rypical Range!'
Primary Voltage 115V ac 115 =10 V ac
Primary Frequency 60 Hz . 48 to 420 Hz
Primary Power . 25 W

* This Technical Data Sheet presents up-to-date information on the WJ-280, first described in Technical Bulletin, Vol-

ume 5, No. 11; November 1963.



W[ﬂ Z@ o
=
2
55 O
ENVIRONMENTAL " E? 5 ]
CHARACTERISTICS 55 >~
55 _
Temperature, Operating. . —54°Cto +71°C =° .
Vibration %
a. 0.10 Inch, Double Amplitude . 5to45Hz
b. 10 g, Single Amplitude. . . 45to500Hz
Shock . . + v & «*. . . . 159,11 ms
MECHANICAL GAIN
CHARACTERISTICS = B
Height ........... 4.75 inches (121 mm) max. =
& B <
Width . i« 5 o e s 4.75 inches (121 mm) max. S
Length (excluding = 4 e
connectors) . ... .. 12 inches (305 mm) max. § —
Weight . ........... 17 pounds (7.71 Kg) max. - 30
Primary Power Connection, E
Deutsch Receptacle . . . . . DM9601-3P 220
RF Connections
(50 ohms, nominal) . . . . . TypeN,jack NOISE
Reference Drawing No. . . . . . . 290000
10
w8
S 4
1. Every amplifier will meet the guaranteed performance
specifications for any voltage and frequency lying with- 2
in these ranges. 1.0 1.4 1.8 2.2 2.6
2. These environmental characteristics meet or exceed FREQUENCY - GHz
the respective requirements of MIL-E-5400, Class 2.
OUTLINE DRAWING
"W-J"" IDENTIFICATION LABEL
PILOT LIGHT POWER SWITCH
(DOWN POSITION
1S OFF) A PRODUCT LABEL
RF CONNECTOR ) - 4_t0 4.75 1
(2) REQUIRED ﬂ ﬂ ‘ l
0.70 | ! __‘T
T 3,50 mtee—— 5.51 e 4.01
12.00 —————s=f 4.75

January 1967

POWER CONNECTIONS
DEUTSCH DM9601 - 3P MOUNTING HOLE
PIN CONNECTION 1/4 - 20 UNC 2B 0.38 DP
(4) PLACES
1 115 VAC
2 GROUND
3 115 VAC

PRINTED IN U.S.A.



TECHNICAL DATA

WJ-261

January 1967 *

2.0 TO 4.5 GHz LOW-NOISE PERMANENT-MAGNET
TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e NOISE FIGURE
8.0 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN MTBF
20,000+ HOURS

e NO ADJUSTMENTS
REQUIRED

e MEETS MIL-E-5400,
CLASS 2

The WJ-281 is an extension of Watkins-Johnson
Company’s family of high gain, low-noise traveling-
wave amplifiers. This amplifier has a permanent-
magnet focused TWT with a typical noise figure of
7.0 dB and a typical small signal gain of 40 dB.

Like other units of the Watkins-Johnson Company
family of low-noise amplifiers, the WJ-281 incor-
porates an integral power supply, making the unit
completely self-contained, adjustment-free and re-
quiring only an ac line-voltage input. The perma-
nent-magnet focused TW'T has been designed into
a completely shielded package which enables side-
by-side operation in stacked arrays or placement
n&xt to ferromagnetic material without any adverse
effect.

The WJ-281 covers a frequency range of 2.0 to 4.5
GHz with a minimum small-signal gain of 35 dB.

The saturated power output of the tube is nominally
1 milliwatt with a guaranteed maximum noise figure
of 8.0 dB.

The tube may be mounted in any orientation with-
out degradation of performance. Rugged construc-
tion of the tube, magnet, and power supply assembly
assures reliable operation under vibrational forces of
over 10 g, at frequencies up to 500 Hz. The environ-
mental characteristics of the WJ-281 meet or exceed
the corresponding requirements of MIL-E-5400,
Class 2.

The same conservative design and rigid manufactur-
ing process control which have given long life in other
Watkins-Johnson low-noise tubes have been ex-
tended to this amplifier. Tubes of similar design are
exceeding operating life times of 20,000 hours.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . . . . . 2.0-4.5 GHz . 2.0-4.5 GHz
Noise Figure, Terminal . 6.0 dB . . 8.0 dB max.
Gain, Small Signal . 40 dB 35 dB min.
VSWR, Input and Output . 1511 . . . . 211 max.
Power Output —2 dBm . —7.0 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range'
Primary Voltage 115 V ac 115 =10 V ac
Primary Frequency 60 Hz . 48 to 420 Hz
Primary Power . 25 W

*This Technical Data Sheet presents up-to-date information on the WJ-281, first described in Technical Bulletin, Volume 6,

No. 3; February 1964.



WJ-281

ENVIRONMENTAL
CHARACTERISTICS
Temperature, Operating. . —54°Cto +71°C
Vibration
a. 0.10 Inch, Double Amplitude . 5to45Hz
b. 10 g, Single Amplitude. . . 45to500Hz
Shock . . . . . . . . . . 159,11 ms
MECHANICAL
CHARACTERISTICS
Height ........... 4.75 inches (121 mm) max.
Width ............ 4.75 inches (121 mm) max.
Length (excluding i
connectors) .. .... 12 inches (305 mm) max.
Weight . ........... 17 pounds (7.71 Kg) max.
Primary Power Connection,
Deutsch Receptacle . . . . . DM9601-3P

RF Connections
(50 Ohms, nominal) . . Type N, jack
Reference Drawing No. . . . . . . 290000

1. Every amplifier will meet the guaranteed performance
specifications for any voltage and frequency lying with-
in these ranges.

2. These environmental characteristics meet or exceed
the respective requirements of MIL-E-5400, Class 2.
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6.0 TO 8.0 GHz, 200 WATT CW, PPM-FOCUSED

TECHNICAL DATA

Wo-280-

April 1967

TRAVELING-WAVE TUBE

The WJ-284-5 is a 200 watt CW conduction-cooled
traveling-wave tube developed for use in airborne
and missile applications. Although the tube is de-
signed for 200 watts output power, it can be operated
at power levels as low as 100 watts by means of a
simple adjustment that controls the beam current.
The saturation gain at the lower power output level
is approximately 25 dB.

The WJ-284-5, constructed of metal-ceramic mate-
rials, incorporates design features to assure the max-
imum in reliable, long-life operation. This tube has
been qualified for missile and airborne applications,
and will meet the environmental conditions given on
the Tentative Specification sheet. Outline dimensions
for the WJ-284-5 are illustrated in Figure 1. Al-
though the WJ-284-5 guaranteed frequency range is
from 6.0 to 8.0 GHz, the tube is capable of being op-
erated at greater bandwidths as shown in Figure 2.
Figure 3 illustrates a typical transfer curve for the
tube operating at 6.6 GHz.

To illustrate the effect voltage variations have upon
the performance of the tube, a curve showing sat-
urated power output and saturation gain versus fre-
quency as a function of helix voltage is contained in
Figure 4. Helix voltage is the voltage between the
helix and cathode. Note that the power output is
relatively insensitive to helix voltage whereas satura-
tion gain is affected. For example, over the frequency
range from 6.2 to 7.0 GHz, the saturation gain will
change by 0.8 dB for a 19 change in helix voltage.

Helix current, with and without RF drive, versus col-
lector voltage variation is shown in Figure 5. Note
that at the nominal operating point the helix current
is relatively insensitive to collector voltage variation,

3345

and the RF power output and gain remain un-
changed.

Typical power supply configurations that will satis-
factorily operate the WJ-284-5 are illustrated in Fig-
ures 6 and 7. It is recommended that protection for
the helix of the tube be provided by employing
“crow-bar” circuitry which will ensure voltage decay
within 100 usec after either the helix or collector
power supply is turned off. Also recommended is an
overload current circuit which removes all voltages
within 100 psec when the helix current exceeds 10
mA. The tube should not be operated into a load
with VSWR greater than 1.4, to prevent damage to
the helix which might result from the addition of
incident and returned power.

Other versions of the WJ-284-5 are available at re-
duced power level, with liquid cooling, which meet
less critical environmental specifications.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . . . . . . 5.0 t0 9.0 GHz 6.0 t0 8.0 GHz
Power Output, Saturated . 210 W 200 W, min. %*
Gain, Saturation 34 dB 30 dB, min.
Efficiency ; 25% 23%, min.

ELECTRICAL REQUIREMENTS Typical Range
Heater Voltage 7.0V 6.5t08.5V
Heater Current . 15A 14t016 A
Anode Voltage " 6750V 6750 + 400V
Anode Current 0.2 mA 1 mA max.
Helix Voltage . 6750 V 6750 = 150V
Helix Current . 2.8 mA 10.0 mA max.
Collector Voltage 4200 V 4100-4400 V

% into 1.15 max. Collector Current 197 mA 210 mA max.
VSWR load Cathode Current . 200 mA 210 mA max.



TYPICAL PERFORMANCE
CHARACTERISTICS

Wd-280-3 :

54

A \

ENVIRONMENTAL
CHARACTERISTICS

SATURATED POWER OUTPUT-dBm

Heat Sink Temperature. . . —20°to +60°C 50
Vibration . . . . . . . 5t02000Hz 5g
rms sinusoidal .
Shock. . . . . . . 50g,11 ms, half sine ’
Altitude . . . . . . . . 0to50,000 feet 8
LoadVSWR . . . . . . . . . 14 max
g 36 //—\\
MECHANICAL : Vs \
CHARACTERISTICS z N
Tube Length . . . . . . 12,5 inches max. é // \
Tube Cross-section 5 %
(excluding connectors) . . 2.75 x 3.125, max. / \
RF Connectors . . . . TNC (Female) . o o = o o 66
DC Connectors . . . . Flying leads FREQUENCY — GHz
Weight . . . . . . . 10 pounds, max. FiE
Cooling. . . . . . . Conduction from .
bottom surface
52 ]
£ 50 //
= /
548 Z
£ //
Eae /
§44 //
Efficiency is defined as the minimum RF output power s //
across the band, divided by the total dc power input, 6
-4 -2 o 2 4 6 8 10 12 14 16 18 20

including heater power.

POWER INPUT-dBm
FIG.3.
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FIG.5. HELIX CURRENT VERSUS COLLECTOR VOLTAGE

FOR THE WJ-284-5 TWT. DATA ARE SHOWN WITH AND

WITHOUT RF DRIVE. THE RF POWER OUTPUT REMAINS

UNCHANGED AS THE COLLECTOR VOLTAGE IS VARIED.
THE CATHODE CURRENT IS 200 mA.



RF OUT

L

HEATER

ANODE

HEATER 7.0-8.0 VOLTS AC AT 1.6 A MAXIMUM
ANODE 6350-7150 VOLTS AT 1 mA MAXIMUM
HELIX 6600-6900 VOLTS AT 10 mA MAXIMUM

+ +

HELIX COLLECTOR

IS J-

COLLECTOR 4100-4400 VOLTS AT 210 mA MAXIMUM

RF IN

NOTE:

TO ENSURE THAT THE TWT IS OPERATED PROPERLY, IT IS SUGGESTED THAT VOLTAGES BE AP-
PLIED AS FOLLOWS:

1. SLOWLY APPLY FILAMENT VOLTAGE UNTIL SPECIFIED VALUE IS REACHED, OBSERVING THAT

FILAMENT CURRENT DOES NOT EXCEED MAXIMUM VALUE. ALLOW AT LEAST 2 MINUTES FOR
FILAMENT VOLTAGE TO STABILIZE.

2. SLOWLY APPLY COLLECTOR VOLTAGE UNTIL SPECIFIED VALUE IS REACHED, OBSERVING THAT
COLLECTOR CURRENT DOES NOT EXCEED MAXIMUM VALUE.

3. SET ADJUSTABLE OVERCURRENT DISCONNECT CIRCUIT FOR MAXIMUM HELIX CURRENT VALUE
SPECIFIED, THEN SLOWLY APPLY HELIX VOLTAGE TO SPECIFIED VALUE.

4. SLOWLY APPLY ANODE VOLTAGE TO SPECIFIED VALUE, OBSERVING THAT CURRENT DOES NOT
EXCEED MAXIMUM VALUE.

HELIX DISCONNECT CIRCUIT SHOULD FUNCTION SUCH THAT ALL VOLTAGES WILL BE DISABLED
WITHIN 100 «SEC IF HELIX CURRENT EXCEEDS MAXIMUM VALUE

FIGURE 6. PREFERRED CONNECTION FOR LABORATORY-TYPE POWER SUPPLY CONFIGURATION FOR THE WJ-284-5

RF OUT

Y

HEATER 7.0-8.0 VOLTS AC AT 1.6 A MAXIMUM

I
> ]
; |
+ +
ANODE |- +| mELx |- COLLECTOR
HEATER 9 [lipeLaveD) (DELAYED) (DELAYED)
-

ANODE 6350-7150 VOLTS AT 1 mA MAXIMUM (SUM OF ANODE, HELIX, AND COLLECTOR SUPPLIES)
HELIX 6600-6900 VOLTS AT 10 mA MAXIMUM (SUM OF HELIX AND COLLECTOR SUPPLIES)
COLLECTOR 4100-4400 VOLTS AT 210 mA MAXIMUM

NOTE:

WITH THIS CONFIGURATION, ANODE SUPPLY CANNOT CUT OFF TUBE EMISSION. TO PREVENT DAM-

AGE TO TWT, VOLTAGES MUST BE APPLIED TO TWT IN THE FOLLOWING SEQUENCE:

it AP;IEYRHSEEASTER VOLTAGE SLOWLY TO ALLOW FILAMENT RESISTANCE CHANGE AS TEMPERA-
TU I g

2. COLLECTOR, HELIX, AND ANODE VOLTAGES MAY BE APPLIED SIMULTANEOUSLY AFTER HEATER
VOLTAGE HAS BEEN ON FOR 2 MINUTES MINIMUM.

CAUTION

HELIX OVERCURRENT DISCONNECT CIRCUIT MUST BE SET FOR MAXIMUM HELIX CURRENT VALUE
S;EEIEF[IJEEDD AND MUST DISCONNECT ALL VOLTAGES IN LESS THAN 100 »SEC IF MAXIMUM VALUE IS

FIGURE 7. PREFERRED CONNECTION FOR HIGH-DENSITY POWER SUPPLY CONFIGURATION FOR THE WJ-284-5

WATKINS = JOHNSON COMPANY

3333 HILLVIEW AVENUE ® STANFORD INDUSTRIAL PARK

PALO ALTO. CALIFORNIA 94304
TWX 910-373-1253 PHONE (415) 326-8830
Telex: 348-415
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TECHNICAL DATA

-2

July 1967

4.0 to 8.0 GHz LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

e LOW-NOISE FIGURE:
8.0 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e INTEGRAL POWER SUPPLY
e C-BAND OPERATION
e LOW-VOLTAGE INPUT

e ADJUSTMENT-FREE
PERFORMANCE

The WJ-286 is the C-band member of the Watkins-
Johnson family of high-gain low-noise amplifiers
with integral solid-state power supply. The same
conservative design and rigid manufacturing pro-
cess control which have given long life in other
Watkins-Johnson low-noise tubes have been ex-
tended to this amplifier.

Like other units of the Watkins-Johnson Company
family of low-noise amplifiers, the WJ-286 incor-
porates an integral power supply, making the unit
completely self-contained, adjustment-free and re-
quiring only an ac line-voltage input. The perma-

3400-1

nent-magnet focused TWT has been designed into
a completely shielded package which enables side-
by-side operation in stacked arrays or placement
next to ferromagnetic material without any adverse
effect.

The tube may be mounted in any orientation with-
out degradation of performance. Rugged construc-
tion of the tube, magnet, and power supply assem-
bly assures reliable operation under vibrational
forces of over 10 g, at frequencies up to 500 Hz.
The environmental characteristics of the W]- 286
meet the corresponding requirements of MIL-E-
5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FISTUENCY 5015 2 5 4 % 6 5 @EE 6 & 5. 8 5 51 5 o 1w sm o om0 20 309 0 e 4.01080GHZ .. ..omvviisinnuns 4.0 to 8.0 GHz
Noise figure, terminal ... .................... 6.:510B w552 0 pvmsaes 3 5 BE T s 8.0 dB, max.
Gain, Small Signal . ......... ... .. .. .. .. ..., BBAB i isreiassssssssmmsrens s snas 35 dB min
VSWR, input and output . .................... 15521 emrerm 7.2 5 R 6 T 2 0 o o 5 Rt ) 2:1 max.
Power output . ......... ... ... .. .. ... ... +5.0 dBM 4 squeww st gunsmass s —5 dBm min.
ELECTRICAL REQUIREMENTS Typical Range
Primaryvoltage . ............ ... ... ... ..., LIS VAC - i oo rsroammme o w o a8 wpe s & 115 =10 Vac
Primary frequency ................. ... . u.... 00 HZ :vssnuvpwrnssssnnaseanss 48 to 420 Hz

Primary pOWEr . ... .. ... 25W
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ENVIRONMENTAL = —
CHARACTERISTICS 3 g 4
Temperature, Operating . . —54°Cto +71°C E 5
Vibration =
0.10 Inch, Double Amplitude . . 5to45Hz 3 o
10 g, Single Amplitude . . . 45to0500Hz
Shoek . + « &« « « = + + =« 15¢g,11ms
GAIN
MECHANICAL
CHARACTERISTICS @ -
Amplifier Length é e —
(excluding connectors) . . 12 inches, max. 3
Amplifier Height and Width . 4.75 inches, max. g -
Amplifier Weight . . . . . . 17 Ibs., max. 5 55
Primary Power Connection, 2
Deutsch Receptacle. . . . . DM9601-3P %
RF Connections
(50 ohms, nominal). . . . . TypeN,jack
Reference Drawing Number . . . . 290000
NOISE
10
= 8
4 \\ __/
= 6
Every amplifier will meet the guaranteed performance 2
specifications for any primary voltage and frequency with- w
in these ranges. 3 4
These environmental characteristics meet the respective 24 5 5 = =
requirements of MIL-E-5400, Class 2 Specification. CREGUENGY — Giiz
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TECHNICAL DATA

August 1967

8.0 to 12.0 GHz LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

The W]-287 is the X-band member of the Watkins-
Johnson family of high-gain low-noise amplifiers
with integral solid-state power supply. The same
conservative design and rigid manufacturing pro-
cess control which have given long life in other
Watkins-Johnson low-noise tubes have been ex-
tended to this amplifier.

Like other units of the Watkins-Johnson Company
family of low-noise amplifiers, the WJ-287 incor-
porates an integral power supply, making the unit
completely self-contained, adjustment-free and re-
quiring only an ac line-voltage input. The perma-

WJ-287

LOW-NOISE FIGURE:
10.0 dB MAXIMUM

X-BAND OPERATION

PERMANENT-MAGNET
FOCUSING

INTEGRAL POWER SUPPLY
LOW-VOLTAGE INPUT

ADJUSTMENT-FREE
PERFORMANCE

nent-magnet focused TWT has been designed into

a completely shielded package which enables side-
by-side operation in stacked arrays or placement
next to ferromagnetic material without any adverse
effect.

The tube may be mounted in any orientation with-
out degradation of performance. Rugged construc-
tion of the tube, magnet, and power supply assem-
bly assures reliable operation under vibrational
forces of over 10 g, at frequencies up to 500 Hz.
The environmental characteristics of the W]J-287
meet the corresponding requirements of MIL-E-
5400, Class 2.

SPECIFICATIONS

PERFORMANCE

Frequency . ... ... ...
Noise figure, terminal ... ....................
Gain, Small Signal . ........ ... ... ...
VSWR, input and outplt . .....commscis s nauas
PoWer Outpul . .. ccmeecsss s smpmnmn ¢ 5 3 sowngmen

ELECTRICAL REQUIREMENTS

Primaryvoltage . ........ ... ... ... ... .. .. ...
Primary frequency . ......... ... .. .. .. ... ...
Primary POWET . ::ussmess s svesmemes s oo s

Typical Guaranteed
B I20CHZ . vvsms s s 55 5 mra 8.0to 12.0 GHz
2 8D B, 4 ¢ 5w s s s e s o s 10 dB max.
i BOIB <, eiiorswsivesdi e s 16 5B BT E B2 R 35 dB min.
A DEE 5n % 13 15 [R5 R nioners 6 13 rsnsia SURARS 5 (F 1% 1 ¢ 2:1 max.
.4+5.0dBm ... —5 dBm min.

Typical Range'
ALDVES s s nammaa s nanEEE s 115 =10 Vac
OO FZ| 5, o 5 sty § § SEaae@es 5 5 6 48 t0 420 Hz
. .25W



WJ-287

ENVIRONMENTAL?
CHARACTERISTICS
Temperature, operating . . ... —54°C to +71°C
Vibration

a. .10 inch, double amplitude. . . ... 5 to 45 Hz

b. 10 g, single amplitude . ... .. 45 to 500 Hz
Shock .........c. o 15g, 11 ms
MECHANICAL
CHARACTERISTICS
Fe1Bht . s ssusspssnss 4.75 inches (121 mm) max.
Width .. .. 565585854 4.75 inches (121 mm) max.
Length (excluding

connectors) .. ....... 12 inches (305 mm) max.
Weight ........... ... 17 pounds (7.71 Kg) max.
Primary Power Connection,

Deutsch receptacle ............. DM9601-3P
RF Connections (50 ohms, nominal) ... Type N, jack
Reference Drawing Number .. ... ... ... 290000

TEvery tube will meet the guaranteed performance specifica-
tions for any primary voltage and frequency lying within these
ranges.

2These environmental characteristics meet the respective re-
quirements for MIL-E-5400, Class 2.
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TECHNICAL DATA

February 1967

1.0 TO 2.0 GHz, COMPACT LOW-NOISE
PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

The WJ-294 is the L-band member of Watkins-
Johnson’s family of compact traveling-wave ampli-
fiers. Incorporating many of the time-tested features
of its larger predecessors, this amplifier is only 9.5
inches long, 3.4 inches in height and width, and
weighs 6.0 pounds. The amplifier is completely ad-
justment-free and has an integral solid-state power
supply which operates from a 115-volt ac, 48 to 420
Hz source. A 28-volt dc version of the WJ-294 is also
available on special order.

Although guaranteed to produce a noise figure not
exceeding 8.0 dB, a typical WJ-294 production unit
can be expected to yield a much lower noise figure
over the major segment of the 1.0 to 2.0 GHz fre-
quency range. The typical performance noise figure
curve shown represents actual test figures taken from
randomly selected amplifiers. Note that most of the
curve appears below the 7.0 dB line.

The WJ-294 will meet or exceed respective environ-
mental requirements of MIL-E-5400, Class 2 Speci-
fication. Rugged construction of the traveling-wave

WJ-294
¢ “JUST PLUG IT IN”

e NOISE FIGURE
8.0 dB MAXIMUM

e ADUUSTMENT-FREE

e PERMANENT-MAGNET
FOCUSING

e MORE THAN 20 SPECIALIZED
VERSIONS AVAILABLE

tube, permanent magnet, and power supply assembly
assures reliable operation under vibrational forces of
10 g, at frequencies up to 500 Hz. Full specifications
are met over the operating temperature range of
—54°C to +71°C.

The same conservative design and careful processing
techniques responsible for the long life of other
Watkins-Johnson low-noise amplifiers have been ex-
tended to the WJ-294. It can be predicted that they
will yield an MTBF in excess of 18,500 hours (99%
confidence level). The anticipated MTBF is based
on extensive tests performed on this and similar
tubes and power supply components.

More than twenty specialized versions of the WJ-294
are available on special order. These amplifiers offer
a lower noise figure over narrower bandwidths, phase
and gain matching, extended and special frequency
coverages, rigid differential phase and gain perform-
ance, automatic gain control, and inclusion of a
unique blanking circuit to permit pulse times of a
few nanoseconds. Details are available upon request.

SPECIFICATIONS

PERFORMANCE

Frequency .o
Noise Figure, Terminal
Gain, Small Signal .
VSWR, Input and Output .
Power Output .

ELECTRICAL REQUIREMENTS

Primary Voltage
Primary Frequency
Primary Power .

Typical Guaranteed
1.0 to 2.0 GHz 1.0to 2.0 GHz
7.0 dB . 8.0 dB, max.
30.0dB . . 25.0 dB, min.
1.5:1. .. 2:1, max.
+9.0 dBm . . +7.0dBm, min.
Typical Range'
115 V ac 115 £ 10V ac
60 Hz . 4810 420 Hz
20 W



WJ-294

MECHANICAL i
CHARACTERISTICS
Height .. ............. 3.4 inches (86 mm) max.
Width ............... 3.4 inches (86 mm) max.
Length (excluding
connectors) . ....... 9.5 inches (241 mm) max.
Weight .. ........ ... ... 6 pounds (2.72 Kg) max.
Primary Power Connection,
Deutsch Receptacle .. ........... DM9601-3P
RF Connections (50 ohms, nominal) . .. Type N, jack
Reference Drawing Number . ... ........ 290003
ENVIRONMENTAL
CHARACTERISTICS
Temperature, Operating. . —54°Cto +71°C
Vibration
a. 0.10 Inch, Double Amplitude . 5to45Hz
b. 10 g, Single Amplitude. . . 45to500Hz
Shoek = « : s & 8 = &= = w 15§ 17 ms

'Every tube will meet the guaranteed performance specifica-

tions within these ranges.

These environmental characteristics meet or exceed the re-
spective requirements of MIL-E-5400, Class 2 Specification.
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2.0 TO 4.0 GHz, COMPACT LOW-NOISE

TECHNICAL DATA

WJ-29%

February 1967

PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e “"JUST PLUG IT IN”

e NOISE FIGURE
8.5 dB MAXIMUM

e ADUUSTMENT-FREE

e PERMANENT-MAGNET
FOCUSING

¢ MORE THAN 20
SPECIALIZED
VERSIONS AVAILABLE

The WJ-295 is the S-band member of Watkins-
Johnson’s family of compact traveling wave ampli-
fiers. Incorporating many of the time-tested features
of its larger predecessors, this amplifier is only 9.5
inches long, 3.4 inches in height and width, and
weighs 6.0 pounds. The amplifier is completely ad-
justment-free and has an integral solid-state power
supply which operates from a 115-volt ac, 48 to 420
Hz source. A 28-volt dc version of the WJ-295 is also
available on special order.

Although guaranteed to produce a noise figure not
exceeding 8.5 dB, a typical WJ-295 production unit
can be expected to yield a much lower noise figure
over the major segment of the 2.0 to 4.0 GHz fre-
quency range. The typical performance noise figure
curve shown represents actual test figures taken from
randomly selected amplifiers. Note that most of the
curve appears below the 7.5 dB line.

The WJ-295 will meet or exceed respective environ-
mental requirements of MIL-E-5400, Class 2 Speci-
fication. Rugged construction of the traveling-wave

tube, permanent magnet, and power supply assembly
assures reliable operation under vibrational forces of
10 g, at frequencies up to 500 Hz. Full specifications
are met over the operating temperature range of
—54°C to +71°C.

The same conservative design and careful processing
techniques responsible for the long life of other
Watkins-Johnson low-noise amplifiers have been ex-
tended to the WJ-295. It can be predicted that they
will yield an MTBF in excess of 18,500 hours (99%
confidence level). The anticipated MTBF is based
on extensive tests performed on this and similar
tubes and power supply components.

More than twenty specialized versions of the WJ-295
are available on special order. These amplifiers offer
a lower noise figure over narrower bandwidths, phase
and gain matching, extended and special frequency
coverages, rigid differential phase and gain perform-
ance, automatic gain control, and inclusion of a
unique blanking circuit to permit pulse times of a
few nanoseconds. Details are available upon request.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency 9 2.0t0o 4.0 GHz. 2.0t0 4.0 GHz
Noise Figure, Terminal 7.5 dB . 8.5 dB, max.
Gain, Small Signal . 30.0dB. . 25.0 dB, min.
VSWR, Input and Output . 1.5:1 . . . . 2:1, max.
Power Output . +10.0 dBm . +7.0 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range
Primary Voltage 115V ac .115 10V ac
Primary Frequency 60 Hz . 48 t0 420 Hz
Primary Power . 20 W



WJ-295

MECHANICAL
CHARACTERISTICS

Length (excluding
connectors)

Weight
Primary Power Connection,
Deutsch Receptacle

RF Connections
(50 ohms, nominal) .

Reference Drawing Number

ENVIRONMENTAL
CHARACTERISTICS

Temperature, Operating .
Vibration

a. 0.10 Inch, Double Amplitude

b. 10 g, Single Amplitude .
Shock

3.4 inches (86 mm) max.
3.4 inches (86 mm) max.

9.5 inches (241 mm) max.
6 pounds (2.72 Kg) max.

DM9601-3P

Type N, jack
290003

—54°Cto +71°C

5to 45 Hz
45 to 500 Hz

159,11 ms

1. Every tube will meet the guaranteed performance speci-

fications within these ranges.

2. These environmental characteristics meet or exceed
the respective requirements of MIL-E-5400, Class 2

Specification.
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4.0 TO 8.0 GHz, COMPACT LOW-NOISE

TECHNICAL DATA

=246

February 1967

PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e “JUST PLUG IT IN”

e NOISE FIGURE
9.0 dB MAXIMUM

e ADJUSTMENT-FREE

¢ PERMANENT-MAGNET
FOCUSING

¢« MORE THAN 20
SPECIALIZED
VERSIONS AVAILABLE

The WJ-296 is the C-band member of Watkins-
Johnson’s family of compact traveling-wave ampli-
fiers. Incorporating many of the time-tested features
of its larger predecessors, this amplifier is only 9.5
inches long, 3.4 inches in height and width, and
weighs 6.0 pounds. The amplifier is completely ad-
jusment-free and has an integral solid-state power
supply which operates from a 115-volt ac, 48 to 420
Hz source. A 28-volt dc version of the WJ-296 is also
available on special order.

Although guaranteed to produce a noise figure not
exceeding 9.0 dB, a typical WJ-296 production unit
can be expected to yield a much lower noise figure
over the major segment of the 4.0 to 8.0 GHz fre-
quency range. The typical performance noise figure
curve shown represents actual test figures taken from
randomly selected amplifiers. Note that most of the
curve appears below the 8.0 dB line.

The WJ-296 will meet or exceed respective environ-
mental requirements of MIL-E-5400, Class 2 Speci-
fication. Rugged construction of the traveling-wave

tube, permanent magnet, and power supply assembly
assures reliable operation under vibrational forces of
10 g, at frequencies up to 500 Hz. Full specifications
are met over the operating temperature range of
—54°C to +71°C.

The same conservative design and careful processing
techniques responsible for the long life of other
Watkins-Johnson low-noise amplifiers have been ex-
tended to the WJ-296. It can be predicted that they
will yield an MTBF in excess of 18,500 hours (99%
confidence level). The anticipated MTBF is based
on extensive tests performed on this and similar
tubes and power supply components.

More than twenty specialized versions of the WJ-296
are available on special order. These amplifiers offer
a lower noise figure over narrower bandwidths, phase
and gain matching, extended and special frequency
coverages, rigid differential phase and gain perform-
ance, automatic gain control, and inclusion of a
unique blanking circuit to permit pulse times of a
few nanoseconds. Details are available upon request.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . 4.0t08.0GHz. 4.0t0 8.0 GHz
Noise Figure, Terminal 8.0 dB . 9.0 dB, max.
Gain, Small Signal . 30.0dB . . 25.0 dB, min.
VSWR, Input and Output . 1.5:1. i s s 241 maxs
Power Output +11.0 dBm . +7.0 dBm, min.

ELECTRICAL REQUIREMENTS Typical F{ange1
Primary Voltage 115V ac .115 £10Vac
Primary Frequency 60 Hz . 48t0 420 Hz
Primary Power . 20 W



POWER
13
EE 12
< \
ENVIRONMENTAL B 11 ~
CHARACTERISTICS £E
- O 10
Temperature, Operating. . —54°Cto +71°C &
Vibration 9
a. 0.10 Inch, Double Amplitude . 5to45Hz
b. 10 g, Single Amplitude. . . 45to500Hz
Shock e 159,11 ms
GAIN
MECHANICAL .
CHARACTERISTICS 2
Height ............. 3.4 inches (86 mm) max. ; »
Width . ... ccemesse! 3.4 inches (86 mm) max. S 31 —
Length (excluding S 29/ [ —
connectors) ... ... 9.5 inches (241 mm) max. 2
Weight .. ........... 6 pounds (2.72 Kg) max. =
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8.0 TO 12.0 GHz, COMPACT LOW-NOISE

TECHNICAL DATA

WJ-297

February 1967

PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e “JUST PLUG IT IN”

e NOISE FIGURE
10.0 dB MAXIMUM

e ADJUSTMENT-FREE

e PERMANENT-MAGNET
FOCUSING

e MORE THAN 20
SPECIALIZED
VERSIONS AVAILABLE

The WJ-297 is the X-band member of Watkins-
Johnson’s family of compact traveling wave ampli-
fiers. Incorporating many of the time-tested features
of its larger predecessors, this amplifier is only 9.5
inches long, 3.4 inches in height and width, and
weighs 6.0 pounds. The amplifier is completely ad-
justment-free and has an integral solid-state power
supply which operates from a 115-volt ac, 48 to 420
Hz source. A 28-volt dc version of the WJ-297 is also
available on special order.

Although guaranteed to produce a noise figure not
exceeding 10.0 dB, a typical WJ-297 production unit
can be expected to yield a much lower noise figure
over the major segment of the 8.0 to 12.0 GHz fre-
quency range. The typical performance noise figure
curve shown represents actual test figures taken from
randomly selected amplifiers. Note that most of the
curve appears below the 9.0 dB line.

The WJ-297 will meet or exceed respective environ-
mental requirements of MIL-E-5400, Class 2 Speci-
fication. Rugged construction of the traveling-wave

tube, permanent magnet, and power supply assembly
assures reliable operation under vibrational forces of
10 g, at frequencies up to 500 Hz. Full specifications
are met over the operating temperature range of
—54°C to +71°C.

The same conservative design and careful processing
techniques responsible for the long life of other
Watkins-Johnson low-noise amplifiers have been ex-
tended to the WJ-297. It can be predicted that they
will yield an MTBF in excess of 18,500 hours (999
confidence level). The anticipated MTBF is based
on extensive tests performed on this and similar
tubes and power supply components.

More than twenty specialized versions of the WJ-297
are available on special order. These amplifiers offer
a lower noise figure over narrower bandwidths, phase
and gain matching, extended and special frequency
coverages, rigid differential phase and gain perform-
ance, automatic gain control, and inclusion of a
unique blanking circuit to permit pulse times of a
few nanoseconds. Details are available upon request.

SPECIFICATIONS

- PERFORMANCE Typical Guaranteed
Frequency 8.0 to 12.0 GHz . 8.0to 12.0 GHz
Noise Figure, Termmal 9.0dB . .10.0 dB, max.
Gain, Small Signal . 30.0dB . .« « . . . .25.0dB, min.
VSWR, Input and Output . 1541, . . . . . . . . . . . . 21, max.
Power Output . +10.0 dBm . +7.0dBm, min.
ELECTRICAL REQUIREMENTS Typical Range!
Primary Voltage 115 V ac .115+x10Vac
Primary Frequency 60 Hz . 48 to 420 Hz

Primary Power . 20 W
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ENVIRONMENTAL
CHARACTERISTICS 2
Temperature, Operating . —54°Cto +71°C
Vibration
a. 0.10 Inch, Double Amplitude 5to0 45 Hz
b. 10 g, Single Amplitude . 45 to 500 Hz
Shock . . . . . . 15g,11 ms
MECHANICAL
CHARACTERISTICS
Height . . cowms 205055 3.4 inches (86 mm) max.
Width : cosnsasssessi 3.4 inches (86 mm) max.
Length (excluding
connectors) ... ... 9.5 inches (241 mm) max.
Weight . ............ 6 pounds (2.72 Kg) max.
Primary Power Connection,
Deutsch Receptacle DM9601-3P
RF Connections
(50 ohms, nominal) . Type N, jack
Reference Drawing Number 290003

1. Every tube will meet the guaranteed performance speci-
fications within these ranges.

2. These environmental characteristics meet or exceed
the respective requirements of MIL-E-5400, Class 2
Specification.
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The type SE-303 is a single-helix, voltage tunable
oscillator utilizing a permanent-magnet focusing
system. The miniature square package features
rugged construction and capability to withstand
severe environmental conditions defined in MIL-
E-5400, Class 2., The size and weight of this
package are comparable to electrostatically-
focused BWOs in this band, but with superior per-
formance, reliability and reduced power supply
requirements. Thus, it is ideal for space, air-
borne and shipboard applications as a local oscil-
lator in swept or FM receivers, master oscillator
in transmitters and ECM jammers, signal source
in generators, etc., Fine grain variation of fre-
quency vs. voltage is extremely low, Power out-

put and tuning curves are uniform and highly reproducible.

TECHNICAL DATA

BACKWARD-WAVE
OSCILLATOR

o=d0d

TECHNICAL DATA e August 1965

Power can be modulated and leveled with

either grid or anode circuits. All voltages are isolated from the housing and r.f. connector for easier

packaging,

ELECTRICAL CHARACTERISTICS, CW

Nominal Frequency Band
Power Output into Load with VSWR = 1,25:1
Power Output Variation
Fine Grain Variation
Tube VSWR
Frequency Pulling into 2:1 Load (Any Phase)
Ratio of Signal to Noise Power 30 MHz Away
Long-term sensitivity to Heater Voltage
Sensitivity to Anode Voltage
Sensitivity to Grid Voltage
Tuning Curve Slope

Low End (8.2 GHz)

Mid-Frequency (10.3 GHz)

High End (12.4 GHz)
Grid r.f. Cutoff Voltage

Capacitance; Cathode to all Other Electrodes
and Case

Capacitance; Grid to all Other Electrodes
and Case

Capacitance; Helix and Collector to all Other
Electrodes and Case

Heater Voltage

Heater Current

Cathode Current
Helix Voltage Range

Anode Voltage*
Anode Current

Units

GHz

mW

db

db/250 MHz

MHz
db/MHz
MHz/V
MHz/V
MHz/V

MHz/V
MHz/V
MHz/V
v

pf

Typical Absolute
Values Ratings
8.2-12,4

25-100 20 Min

8 Max

3 Max

2,5:1 Max

0.8 1.5 Max

95 85 Min

5.5 10 Max

0.3 1.0 Max

2 4 Max
6.5
3.3
1.7

-10 -20 Max

18 25 Max

18 25 Max

70 100 Max

6.3+5%

75 0.4-1.2

Min/Max

8 12 Max

485-1850 450-2000

Min/Max

126 200 Max

0.3 2 Max



MECHANICAL DATA

Weight, 1.5 lbs Max
Color Code for 18" Flying Leads

Heater Brown
Heater-Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, Any
RF Output Connector, Type N Female

ENVIRONMENTAL DATA

Separation from Passive Magnetic Mate-
rials, 2 in. Min

Designed to Meet or Exceed MIL-E-5400,
Class 2 Environment

No Forced Air Cooling Required
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mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.
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TECHNICAL DATA

BACKWARD-WAVE

August 1965

The type SE -304 BWO is a bifilar (dual -helix)
voltage tunable oscillator utilizing a permanent-
magnet focusing system. The miniature square
package features rugged construction and capa-
bility to withstand severe environmental condi-
tions defined in MIL-E-5400, Class 2. The size
and weight of this package are comparable to
electrostatically-focused BWOs in this band, but
with superior performance, reliability, and re-
duced power supply requirements, Thus, it is
ideal for space, airborne and shipboard applica-
tions as a local oscillator in swept or FM receiv-
ers, master oscillator in transmitters and ECM
jammers, signal source in generators, etc. Fine

OSCILLATOR

olE=-d01

grain variation of frequency vs. voltage is extremely low, Power output and tuning curves are uniform
and highly reproducible. Power can be modulated and leveled with either grid or anode circuits. All
voltages are isolated from the housing for easier packaging.

ELECTRICAL CHARACTERISTICS, CW

Nominal Frequency Band

Power Output into Load with VSWR = 1,25:1
Power Output Variation

Fine Grain Variation

Tube VSWR

Frequency Pulling Into 2:1 Load (Any Phase)
Ratio of Signal to Noise Power 30 MHz Away
Ratio of Signal to 2nd Harmonic Output

Long-term Sensitivity to Heater Voltage at 6 GHz

Sensitivity to Anode Voltage
Sensitivity to Grid Voltage
Tuning Curve Slope
Low End (4.0 GHz)
Mid-Frequency (6.0 GHz)
High End (8.0 GHz
Grid r.f, Cutoff Voltage

Capacitance; Cathode to all other Electrodes,
inc, Heater

Capacitance; Grid to all other Electrodes, at
Power Input Connector

Capacitance; Helix and Collector to all other
Electrodes and Case

Heater Voltage

Heater Current

Cathode Current
Helix Voltage Range

Anode Voltage*
Anode Current

Units

GHz

mW

db

db/250 MHz

MHz
db/MHz
db
MHz/V
MHz/V
MHz/V

MHz/V
MHz/V
MHz/V
v

pf

*Set anode voltage to Final Test Data value furnished with tube.

Typical Absolute
Values Ratings
4,0-8.0
30-70 20 Min
6 Max
3 Max
2.5:1 Max
0.6 1.0
95 85 Min
30 20 Min
3.5 6 Max
0.5 1.0 Max
5 Max
6.0
2,5
1.7
=T -20 Max
18 25 Max
18 25 Max
90 125 Max
6.3+5%
75 0.4-1.2
Min/Max
6 12 Max
280-1710 250-1800
Min/Max
100 200 Max
0.3 2 Max



MECHANICAL DATA

Weight, 1-1/2 lbs Max
Color Code for 18" Flying Leads

Heater Brown
Heater Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, any
RF Output Connector, TNC Female

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 2 in, Min

Designed to Meet or Exceed MIL-E-
5400, Class 2 Environment

No Forced Air Cooling Required

OUTLINE DRAWING
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mended. Tube will operate with collector
at helix potential at somewhat reduced
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TECHNICAL DATA

BACKWARD-WAVE
OSCILLATOR
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TECHNICAL DATA e August 1965

The type SE-307 is a single-helix, voltage tunable
oscillator utilizing a permanent-magnet focusing
system, The miniature square package features
rugged construction and capability to withstand
severe environmental conditions defined in MIL-
E - 5400, Class 2. The size and weight of this
package are comparable to electrostatically-fo-
cused BWOs in this band, but with superior per-
formance, reliability, and reduced power supply
requirements, Thus, itis ideal for space, air-
borne and shipboardapplications as a local oscil -
lator in sweptor FM receivers, master oscillator
in transmitters and ECM jammers, signal source
in generators, etc. Fine grain variation of fre-
quency vs, voltage is extremely low, Power out-

put and tuning curves are uniform and highly reproducible.

Power can be modulated and leveled with

either grid or anode circuits. All voltages are isolated from the housing and r.f. connector for easier

packaging.

ELECTRICAL CHARACTERISTICS. CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 12,4-18.0
Power Output into Load with VSWR = 1,25:1 mW 25-85 20 Min
Power Output Variation db 6 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 1.0 1.5 Max
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.5 1.0 Max
Sensitivity to Grid Voltage MHz/V 3 6 Max
Tuning Curve Slope
Low End (12.4 GHz) MHz/V 8.7
Mid-Frequency (15.2 GHz) MHz/V 4.4
High End (18.0 GHz) MHz/V 2.2
Grid r, f, Cutoff Voltage A% -10 -20 Max
Capacitance; Cathode to all Other Electrodes
including Heater pf 15 20 Max
Capacitance; Grid to all Other Electrodes
at Power Input Connector pf 18 25 Max
Capacitance; Helix and Collector to all Other
Electrodes and Case pf 80 110 Max
Heater Voltage Vde 6.3+5%
Heater Current A 75 0.4-1.2
Min/Max
Cathode Current mA 8 12 Max
Helix Voltage Range v - 570-1980 500-2100
Min/Max
Anode Voltage* v 150 200 Max
Anode Current mA 0.5 2 Max

*Set anode voltage to Final Test Data value furnished with tube.



MECHANICAL DATA

Weight, 1.5 1bs Max
Color Code for 18" Flying Leads

Heater Brown
Heater-Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, any
RF Output Connector, UG-419/U
Waveguide Flange

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 2 in. Min

Designed to Meet or Exceed MIL-E-
5400, Class 2 Environment

No Forced Air Cooling Required

OUTLINE DRAWING
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For safety, housing should be grounded
through mounting screws.

224—100 V positive collector bias recom-
mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.
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TECHNICAL DATA

BACKWARD-WAVE
OSCILLATOR
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TECHNICAL DATA ¢ August 1965

The type SE-307A is a single-helix, voltage tunable
oscillator utilizing a permanent-magnet focusing
system. The miniature square package features
rugged construction and capability to withstand
environmental conditions defined in MIL-E-5400,
Class 2. The size and weight of this package is
comparable to electrostatically-focused BWOs in
this band, but with superior performance, re-
liability and reduced power supply requirements,
Thus, it is ideal for space, airborne and ship-
board applications as a local oscillator in swept
or FM receivers, master oscillator in transmit-
ters and ECM jammers, signal source in genera-
tors, etc., Fine grain variation of frequency vs.

voltage is extremely low. Power output and tuning curves are uniform and highly reproducible. Power
can be modulated and leveled with the anode circuit. All voltages are isolated from the housing and r.f.

connector for easier packaging,

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 12,4-18.0
Power Output into Load with VSWR = 1,25:1 mWw 25-85 20 Min
Power Output Variation db 6 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2,5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 1.0 1.5 Max
Ratio of Signal to Noise Power 30 MHz from Carrier db/MHz 95 85 Min
Long-term sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.5 1.0 Max
Tuning Curve Slope
Low End (12.4 GHz) MHz/V 8.7
Mid-Frequency (15.2 GHz) MHz/V 4.4
High End (18.0 GHz) MHz/V 2.2
Capacitance; Cathode to All Other Electrodes,
including Heater pf 15 20 Max
Capacitance; Helix and Collector to All Other
Electrodes and Case pf 80 110 Max
Heater Voltage Vdc 6.3+5%
Heater Current A 0.75 0.4-1.2 Min/Max
Cathode Current mA 8 12 Max
Helix Voltage Range A% 570-1980 500-2100
Min/Max
Anode Voltage* .V 150 200 Max
Anode Current mA 0.5 2 Max



MECHANICAL DATA

Weight, 1-1/2 1lbs Max
Mounting Position, any
Color Code for 18" Flying Leads

Heater Brown
Heater Cathode Yellow
Anode Blue
Helix Red
Collector Orange

RF Output Connector, UG-419/U
Waveguide Flange

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 2 in. Min

Designed to Meet or Exceed MIL-E-
5400, Class 2 Environment

No Forced Air Cooling Required

OUTLINE DRAWING
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1For safety, housing should be grounded
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224—100 V positive collector bias recom-

mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.
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TECHNICAL DATA
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March 1967*

12 TO 18 GHz LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e “JUST PLUG IT IN”

¢ NOISE FIGURE 10.0
dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY

e NO ADJUSTMENTS
NEEDED

e 115 VOLT, 48 TO
420 Hz OPERATION

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-307 is one of the original members of Wat-
kins-Johnson’s family of Standard low-noise ampli-
fiers with integral solid-state power supply. When
introduced to the microwave industry in 1964, the
WJ-307’s performance in the 12.0 to 18.0 GHz range
was unparalleled by other devices. Today, this per-
formance still remains better than or comparable to
any commercially available unit. With many units in
use throughout the world, the WJ-307 provides low
noise figure (many production amplifiers exhibit
noise figures of less than 9 dB), low cost per-operat-
ing-hour, and high field-proven reliability (MTBEF’s
in excess of 20,000 hours with 999% confidence level).

This proven amplifier is completely self-contained,

adjustment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely
shielded package may be operated in any orientation,
in stacked arrays or adjacent to ferromagnetic mate-
rial, without adversely affecting the amplifier’s per-
formance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of 5 g, at frequencies up to 500 Hz.
Full specifications are met over the operating tem-
perature range of —54°C to +471°C. The environ-
mental characteristics of the WJ-307 meet or exceed
the corresponding requirements of MIL-E-5400:
Temperature, Class 2; Vibration, Curve I11.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . . . . 12.0 to 18.0 GHz . 12.0 to 18.0 GHz
Noise Figure, Terminal 8.5 dB 10.0 dB, max.
Gain, Small Signal 830dB- + : i . i s & . 25dB, min.
VSWR, Input and Output . 150 . . . . . . . . . . . . 21, max
Power Output, Saturated +3.0 dBm . —5 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range!
Primary Voltage 115V ac. . 115*=10Vac
Primary Frequency 60 Hz . 48 to 420 Hz
Primary Power . 25 W

% This Technical Data Sheet presents up-to-date infc_)rmation
on the WJ-307, first described in Technical Bulletin Vol. 6,

No. 9; September, 1964.



W-307

ENVIRONMENTAL

2
CHARACTERISTICS
Temperature (Operating) . . —54°Cto +71°C
Vibration
0.10 Inch Double Amplitude 5 to 30 Hz
5 g, Single Amplitude 30 to 500 Hz
Shock . . . 15 g, 11 ms
MECHANICAL
CHARACTERISTICS
Height < wos s osnss 4.75 inches (121 mm) max.
Width: & « e simiss e v5 4.75 inches (121 mm) max.
Length (excluding
connectors) . ..... 12 inches (305 mm) max.
Weight . ........... 18 pounds (8.16 Kg) max.

Primary Power Connection,

Deutsch Receptacle DM9601-3P
RF Connections Waveguide Flange UG-541/U
Reference Drawing Number 290027

1. Every amplifier will meet the guaranteed performance
specifications for any primary voltage and frequency
lying within these ranges.

2. These environmental charateristics meet or exceed the
respective requirements of MIL-E-5400: Temperature,
Class 2; Vibration, Curve lll.
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TECHNICAL DATA e August 1965

The type SE-308is a single-helix, voltage tunable
oscillator utilizing a permanent-magnet focusing
system. The miniature square package features
rugged construction and capability to withstand
severe environmental conditions defined in MIL-
E-5400, Class 2. The size and weight of this
package are comparable to electrostatically-
focused BWOs in this band, but with superior per-
formance, reliability, and reduced power supply
requirements. Thus, it is ideal for space, air-
borne and shipboardapplications as a local oscil-
lator in sweptor FM receivers, master oscillator
in transmitters and ECM jammers, signal source
in generators, etc, [Fine grain variation of fre-
quency vs, voltage is extremely low, Power out-

put and tuning curves are uniform and highly reproducible.

Power can be modulated and leveled with

either grid or anode circuits. All voltages are isolated from the housing and r. f. connector for easier

packaging.

ELECTRICAL CHARACTERISTICS, CW

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 14.0-17.0
Power Output into Load with VSWR = 1,25:1 mW 15-30 10 Min
Power Output Variation db 6 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 0.9 1.5 Max
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.5 1.5 Max
Sensitivity to Grid Voltage MHz/V 3 6 Max
Tuning Curve Slope
Low End (14 GHz) MHz/V 10.5
Mid-Frequency (15, 5GHz) MHz/V 8.
High End (17 GHz) MHz/V 6.0
Grid r.f. Cutoff Voltage \Y -10 -20 Max
Capacitance; Cathode to all Other Electrodes
including Heater pf 15 20 Max
Capacitance; Grid to all Other Electrodes at
Power Input Connector pf 18 25 Max
Capacitance; Helix and Collector to all Other
Electrodes and Case pf 80 110 Max
Heater Voltage . Vde 6.3+5%
Heater Current A 75 0.4-1.2
Min/Max
Cathode Current mA 7 12 Max
Helix Voltage Range A% 405-760 375-800
Min/Max
Anode Voltage* v 150 200 Max
Anode Current mA 0.5 2 Max

*Set anode voltage to Final Test Data value furnished with tube.



MECHANICAL DATA

Weight, 1 1b Max
Color Code for 18" Flying Leads

Heater Brown
Heater-Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, any
RF Output Connector, UG-419/U
Waveguide Flange

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 2 in, Min

Designed to Meet or Exceed MIL-E -
5400, Class 2 Environment

No Forced Air Cooling Required

OUTLINE DRAWING
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24-100 V positive collector bias recom-
mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.
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BACKWARD-WAVE
OSCILLATOR

oE-d08 A

TECHNICAL DATA e August 1965

The type SE-308A is a single-helix, voltage tun-
able oscillator utilizing a permanent -magnet
focusing system. The miniature square package
features rugged construction and capability to
withstand severe environmental conditions defined
in MIL-E-5400, Class 2. The size and weight of
this package are comparable to electrostatically -
focused BWOs in this band, but with superior
performance, reliability, and reduced power sup-
ply requirements., Thus, it is ideal for space,
airborne and shipboard applications as a local
oscillator in swept or FM receivers, master
oscillator in transmitters and ECM jammers,
signal source in generators, etc. Fine grain var-

iation of frequency vs. voltage is extremely low. Power output and tuning curves are uniform and highly

reproducible., Power can be modulated and leveled with the anode circuit.

from the housing and r. f. connector for easier packaging.

ELECTRICAL CHARACTERISTICS, CW

All voltages are isolated

Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 14,0-17.0
Power Output into Load with VSWR = 1,25:1 mW 15-30 10 Min
Power Output Variation db 6 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 0.9 1.5 Max
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.5 1.5 Mdx
Tuning Curve Slope
Low End (14 GHz) MHz/V 10.5
Mid-Frequency (15.5 GHz) MHz/V 8.0
High End (17 GHz) MHz/V 6.0
Capacitance; Cathode to all Other Electrodes
inc. Heater pf 15 20 Max
Capacitance; Helix and Collector to all Other
Electrodes and Case pf 80 110 Max
Heater Voltage Vde 6.3+5%
Heater Current A 81 3] 0.4-1.2
Min/Max
Cathode Current mA 0 12 Max
Helix Voltage Range \Y% 405-760 375-800
Min/Max
Anode Voltage* Vv 150 200 Max
Anode Current mA 0.5 2 Max

*Set anode voltage to Final Test Data value furnished with tube.



MECHANICAL DATA

Weight, 1 1b Max
Color Code for 18" Flying Leads

Heater Brown
Heater Cathode Yellow
Anode Blue
Helix Red
Collector Orange

Mounting Position, any
RF Output Connector, UG-419/U
Waveguide Flange

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 2 in, Min

Designed to Meet or Exceed MIL-E -
5400, Class II Environment

No Forced Air Cooling Required

OUTLINE DRAWING
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mended. Tube will operate with collector
at helix potential at somewhat reduced
performance.
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TECHNICAL DATA

BACKWARD-WAVE

OSCILLATOR

The SE310is abifilar (dual) helix, voltage tunable
oscillator utilizing a permanent magnet focusing
system. The miniature square package features
rugged construction and capability to withstand
severe environmental conditions defined in MIL-
E-5400, Class 2. The SE-310 is ideal for space,
airborne and shipboard applications as a local
oscillator in sweptor FM receivers, master oscil-
lator in transmitters and ECM jammers, signal
source in signal generators. Fine grain variation
of frequency versus voltage is extremely low. The
SE-310delivers smooth power output over the band
with low operating cathode current. Power canbe

o= 310

September 1967

modulated and leveled with either grid or anode circuits. All voltages are isolated from the housing

and RF output connector for maximum flexibility in circuit applications.

SPECIFICATIONS

Nominal Frequency Band
Power Output into Load with VSWR = 1.25:1
Power Output Variation
Fine Grain Variation
Tube VSWR
Frequency Pulling Into 2:1 Load (Any Phase)
Ratio of Signal to Noise Power 30 MHz Away
Ratio of Signal to 2nd Harmonic Output
Long-term Sensitivity to Heater Voltage at 3 GHz
Sensitivity to Anode Voltage
Sensitivity to Grid Voltage
Tuning Curve Slope
Low End (2.0 GHz)
Mid-Frequency (3.0 GHz)
High End (4.0 GHz)
Grid r.f. Cutoff Voltage
Capacitance: Cathode to all other Electrodes
and Housing
Capacitance: Grid to all other Electrodes

and Housing
Capacitance; Helix and Collector to all other

Electrodes and Housing
Heater Voltage
Heater Current

Cathode Current*
Helix Voltage Range

Anode Voltage
Anode Current
Helix Current

UNITS TYPICAL

VALUES
GHz 2.0-4.0
mWwW 60 - 330
dB

dB/250 MHz

MHz 4
dB/MHz 95
dB 30
MHz/V 5
MHz/V 1
MHz/V 6
MHz/V 4.5
MHz/V 2.5
MHz/V 1
A% -8
pF 20
pF 16
pF 230
Vdc

A .75
mA 12.5
\Y% 290-1320
A" 30
mA 0.1
mA 1.8

* Set Cathode current to Final Test Data value furnished with tube.

ABSOLUTE
RATINGS

0 Min
9 Max
4 Max
1 Max

85 Min
20 Min

-20 Max
30 Max

Max

e
w

260 Max
6.3 = 5%
0.4-1.2
Min/ Max
15 Max
275-1400
Min/ Max

215 Max

2 Max
3 Max



MECHANICAL DATA

Weight, 3-1/2 lbs Max
Color Code for 18" Flying Leads

Heater Brown
Heater Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, any
RF Output Connector, Type N Female

ENVIRONMENTAL DATA

OUTLINE DRAWING
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BACKWARD-WAVE
OSCILLATOR

The SE-310-3 is a bifilar (dual) helix, voltage tun-
able oscillator utilizing a permanentmagnet focus-
ing system. The miniature square package feat-
ures rugged construction and capability to with-
stand severe environmental conditions defined in
MIL-E-5400, Class 2. The SE-310-3 is ideal for
space, airborne and shipboard applications as a
local oscillator in swept or FM receivers, master
oscillator in transmitters and ECM jammers, and
as a signal source in signal generators. Fine
grain variation of frequency versus voltage is ex-
tremely low. The SE-310-3 delivers smooth power
output over the band with low operating cathode

TECHNICAL DATA

o E=310-8

September 1967

A-1077

current. Power can be modulated and leveled with either grid or anode circuit. All voltages are iso-
lated from the housing and RF output connector for maximum flexibility in circuit applications.

SPECIFICATIONS
Units
Nominal Frequency Band GHz
Power Output into Load with VSWR = 1.25:1 mW
Power Output Variation dB
Fine Grain Variation dB/250 MHz
Tube VSWR
Frequency Pulling Into 2:1 Load (Any Phase) MHz
Ratio of Signal to Noise Power 30 MHz Away dB/MHz
Ratio of Signal to 2nd Harmonic Output dB
Long-term Sensitivity to Heater Voltage at 6 GHz MHz/V
Sensitivity to Anode Voltage MHz/V
Sensitivity to Grid Voltage MHz/V
Tuning Curve Slope
Low End (2.6 GHz) MHz/V
Mid-Frequency (3.9 GHz) MHz/V
High End (5.2 GHz) MHz/V
Grid r.f. Cutoff Voltage A%
Capacitance: Cathode to all other Electrodes
and Housing pF
Capacitance: Grid to all other Electrodes
and Housing pF
Capacitance; Helix and Collector to all other
Electrodes and Housing pF
Heater Voltage Vde
Heater Current A
Cathode Current* mA
Helix Voltage Range A%
Helix Current mA
Anode Voltage A%
Anode Current mA

Typical Absolute
Values Ratings
2.6-5.2
65-230 50 Min
8 Max
3 Max
2.5:1 Max
3 6
95 85 Min
30 20 Min
3.0 =
0.8 —
8 =
4.2 --
1 i
-5 -20 Max
20 30 Max
20 30 Max
230 260 Max
- 6.3+5%
.75 0.4-1.2
Min/Max
10 15 Max
365-1830 345-1920
Min/Max
1.3 3 Max
110 215 Max
0.1 2 Max

* Set Cathode current to Final Test Data value furnished with tube.



MECHANICAL DATA

Weight, 3-1/2 lbs Max
Color Code for 18" Flying Leads

Heater Brown
Heater Cathode Yellow
Grid Green
Anode Blue
Helix Red
Collector Orange

Mounting Position, any
RF Output Connector, Type N Female

ENVIRONMENTAL DATA

Separation from Passive Magnetic
Materials, 4 in. Min
Designed to Meet or Exceed MIL-E-
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BACKWARD-WAVE
OSCILLATOR

The type SE-313 BWO is a bifilar (dual helix) volt-
age tunable oscillator utilizing permanent-magnet
focusing. The miniature square package features
rugged construction and capability to withstand
severe environmental conditions. The size and
weight of this package are comparable to electro-
statically - focused BWO's in this band, but with
superior performance, reliability, and reduced
power supply requirements. Thus, it is ideal for
space, airborne, and shipboard applications as a
local oscillator in swept or FM receivers, master
oscillator in transmitters and ECM jammers, sig-
nal source in generators, etc. Fine grain varia-
tionof frequency versus voltage is extremely low.
Power output and tuning curves are uniform and
highly reproducible. Power can be modulated and

TECHNICAL DATA

o t-31d

November 1968 *

3381-1

leveled with either grid or anode circuits. Helix
and collector should be grounded to the housing
for high altitude operation.

SPECIFICATIONS
Units Typical Absolute
Values Ratings
Nominal Frequency Band GHz 8.0-12.4
Power Output into Load with VSWR = 1,25:1 mW 60-150 50 Min
Power Output Variation db 6 Max
Fine Grain Variation db/250 MHz 3 Max
Tube VSWR 2.5:1 Max
Frequency Pulling into 2:1 Load (Any Phase) MHz 0.6 2.0 Max
Ratio of Signal to 2nd Harmonic Output db 30 20 Min
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min
Long-term Sensitivity to Heater Voltage MHz/V 5 10 Max
Sensitivity to Anode Voltage MHz/V 0.6 1.0 Max
Sensitivity to Grid Voltage MHz/V 3 5 Max
Tuning Curve Slope
Low End (8.0 GHz) MHz/V 7.2
Mid-Frequency (10.0 GHz) MHz/V 4.6
High End (12.4 GHz) MHz/V 2.7
Grid r.f. Cutoff Voltage \Y -7 -20 Max
Capacitance; Cathode and Grid to all Other
Electrodes and Case pf 40 50 Max
Capacitance; Helix and Collector to all Other
Electrodes and Case pf 150 175 Max
Heater Voltage Vde 6.3+5%
Heater Current A 0.75 0.4-1.2
Min/Max
Cathode Current mA 8 12 Max
Helix Voltage Range A% 450-1495 425-1600
Min/Max
Anode Voltagel \% 150 250 Max
Anode Current mA 0.1 2 Max

! Set Anode Voltage to Final Test Data value furnished with tube.
*
Supersedes SE-313 Technical Data Sheet dated August 1965.




MECHANICAL DATA OUTLINE DRAWING
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e "JUST PLUG IT IN“

e NOISE FIGURE:
14.5 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

¢ NO ADJUSTMENTS
NEEDED

The WJ-338 is the first of a new family of standard
low-noise TWA’s developed by Watkins-Johnson
Company for use in K,-band. Users can expect long
life and trouble-free performance from this ampli-
fier, which exhibits the same conservative design
and rigid manufacturing process control as other
members of the standard series. Permanent-magnet
focusing allows side-by-side operation in stacked
arrays or next to ferromagnetic material without
adverse effect. The integral power supply, which
requires only an ac line-voltage input, makes the
amplifier a completely self-contained unit.

TECHNICAL DATA

DECEMBER 1970 ¥

26.5 TO 40.0 GHz
LOW-NOISE TRAVELING-WAVE AMPLIFIER

WITH INTEGRAL POWER SUPPLY
WJ-338

The WJ-338 may be mounted in any orientation
without degradation of performance. Rugged con-
struction of the tube, magnet, and power supply
assembly ensures reliable operation under vibra-
tional forces of over 2 g, at frequencies up to 500
Hz. Full specifications are met over the operating
temperature range of 0°C to 50°C.

Other members of the WJ-338 family are also
available with higher gain and/or noise figure over
a narrow frequency band.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FIEQUENCY o v snv s wobasnts 55 AemanEsks 1550 RRpRD s Es 55 900 en L4 8 gass s 26.5 t0 40.0 GHz
Noise Figure, Terminal' . ... ... ... .. .. ....... . 135dB . ... ... 14.5 dB, max.
Gal: Small STENAL .. « = s o 5w wrs o srwdmems © 6 & oo 28HB sis i mnnnssEs s P aBEERET A 25 dB, min.
VSWR, Input and OQutput .. ..... ... ... ... ... ... LBL i v e e e 2.5:1, max.
POWEr OUIPUE - enns ssvEne s sistmaisrs s EARE 10dBm . ... 5 dBm, min.
ELECTRICAL REQUIREMENTS Typical Range?
Primary Voltage .. ... ... .. .. .. .. ... ... ... . ... 115Vac . .............. ... ... 115 £10V ac
Primary Frequency .............. ... ... ... . ... 60Hz ... ... .. ... 48 t0 420 Hz
Primary Power . ... ... ... .. ... . ... .. ... .. ... 20 R 30 W, max.

'Noise figure is as read on a standard HP 340B Meter utilizing a standard AlL 07096 noise source.
2Every tube will meet the guaranteed performance specifications for any voltage lying within these ranges.
*Supersedes WJ-338 Technical Data Sheet dated January 1969.
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TECHNICAL DATA

September 1968 *

SR Ge b gt 10 TO 2.0 GHz
band. Of rugged, lightweight construction, the GRIDDED 1-KILOWATT
WJ-340 uses a brazed helix structure supported on TRAVELING-WAVE TUBE
beryllia wedges, with a metal-ceramic envelope. WJ-340

The gridded, solid beam electron gun operates at a
perveance of 5 x 106, A high-mu grid permits
beam modulation with a 275-volt pulse, with pulse
durations down to less than 100 ns. Beam focusing
is accomplished by means of a solenoid having a
15-inch field of 520 oersteds. The TWT and sole-
noid may be air-cooled as an integral unit, or the
solenoid may be separately water-cooled.

Tube performance can be altered somewhat by
variation of the voltages and currents. Although
the basic WJ-340 is designed for operation at a
duty cycle of 0.01,factory modified versions with
higher duty cycle capability are available on spe-
cial order. These special tubes have slightly modi-
fied collectors which may, or may not, require
water cooling, depending on the specific duty cycle.

SPECIFICATIONS
PERFORMANCE CHARACTERISTICS Typical Guaranteed
Frequency .. ... ... .. .. . ... .. ... LORG 20 GHZ . . o v v o wtmimsimsmin & 1.0 to 2.0 GHz
Power output (pulsed) . ............. ... .. .... L2 KW oo vs s 5 o mommsis s 55 § Simame & 6 s 1.0 kW, min.
Gain at saturation s : s v s sssagssrvs s apswws 5585 B3B! 2557595 Baad 055088 S ol 5 p 9 5w 30 dB, min.
Load VSWR . .. ... . . . 2lh more U0 9 5 5 SR £ § O 8 4 5 2:1, max.
Duty Cycle . ..... ... . . ... . .. .. 010N rrewerym 7 7 7 2 e £ F £ 3 & SNENE T & 0.01, max.
ELECTRICAL REQUIREMENTS
Cathode voltage .. ......... ... ... .......... B0 55 5 02 Ee DD 0 o 0 T 5 e B 4.7 to 5.2 kV
BeamiCULEEHE ;. cnmmms a5 54 mumamEs 3 5 & fom s s LB AMPSE o v o s mws 6 55 8 0w s 1.7 to 2.0 amps
Heater voltage ............ . ... .. .. .. ..... L o | - S T 7.0 to 8.0 volts
Heater CUYTENE ..o memm s« 555 5 @06 285 55 5 el ds s 22 8AMPS vwws s s ansmmss s s s s s s ws 2.0 to 2.4 amps
Grid pulse voltage . .......... .. ... .......... 205 VOIS s oo numuii s posabated s 250 to 300 volts
Grid biasvoltage .. ...... ... .. .. ... ... ..... —200wvolts .. ... ... .. ... .... —200 volts (fixed)
Grid current . ... .. ... 0B amMPs cuspvs i dussoaips o5 0.4 to 0.6 amps
Grid capacitance .. ......... ... .. .. ... . .. ... S50PE warese mumn Lo s s Ty S YD S 40 to 60 pF
Circuit voltage, anode and collector . . ........... Groving =« - swagys &5 - @ erEEE-EE 3 5 @ A Ground
Pulse duration ........ ... ... .. ... ... ... ... IIESEE] = rremmmreme @ @ © RO £ T 9 6 @ SR 0.1 to 10 usec
Magnetic field . .......... ... ... .. ... ... . ... B2D BAUSS: .« v v v vmbimis i o8 w e 600 gauss max.
Solenoid voltage . ......... ... ... .. ... .. ... 60 VOIS & & = mowwes o v 5 B 55 to 65 volts
Solenoid current .. ... ... .. BUOAMPS. o e o oo it it o0 05 16wt 7.5 to 8.5 amps

*Supersedes WJ-340 Technical Bulletin, Volume 8, No. 1; January 1966



WJ-340 TYPICAL POWER OUTPUT
AND GAIN CURVES
MECHANICAL
CHARACTERISTICS
2000
Diameter .. ............... 1.5 inches (38 mm) ., 1800
Length . ............... 18.25 inches (464 mm) = POWER OUTPUT AT ONE WATT DRIVE
Weight .. ..o 3 Ibs. (1.36 Kg) = 1600 L
RF Connections . . ................ TNC, female o’ / ——
DC Connections .. ................ Flying Leads 1400/
COOLINE . . vooeowsenitit 53 12 6 Brames 5 5 5 5 6 1 larsr Forced Air -—
Solenoid Length . . ... ............... 15 inches
Solenoid Diameter . ................ 4.5 inches
Solenoid Weight ... .................. 15 Ibs. 38
= 36 //\b—f'\ .
= "\ SATURATED GAIN
=
BLOCK DIAGRAM OF TYPICAL 2 %
POWER SUPPLY FOR WJ-340 “ .
2000
. CATHODE J —
7.5 V HEATER g g - 1800
sUETLY \ < = o / SATURATED POWER OUTPUT
vg(ﬁ?s — w COLLECTOR '<;c 1600 e
Ries VOLTAGE 1 Tuse BoDY e / ~—~——
GRID ~r 1400
BIAS  2.75V PEAK /
VOLTAGE -
5 kv 1000 1200 1400 1600 1800 2000
|1 FREQUENCY - MHz
OUTLINE DRAWING OF WJ-340,
EXCLUDING SOLENOID
RF CONNECTOR,
NG ()
RED CABLE,—
&— 18. 250+ 0. 50 il
5 ) o ¢ ) ) =
VG
L BLACK CABLE, | |
L HEATER-CATHODE, YELLOW —1.500 DIA. RF INPUT—
HEATER, BROWN BODY. BLACK

GRID, GREEN
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12.0 TO 18.0 GHz COMPACT LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

e “UUST PLUG IT IN”

e NOISE FIGURE 12
dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY

e NO ADJUSTMENTS
NEEDED

e 115 VOLT, 48 TO
420 Hz OPERATION

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-342, a compact and wide dynamic range
Ku-band amplifier, is the latest addition to the Wat-
kins-Johnson family of PM-focused integral power
supply traveling-wave amplifiers.

This compact amplifier has a typical noise figure of
10 dB and saturated power output of 410 dBm.
Weighing less than 6.5 pounds, the WJ-342 measures
less than 12 inches long, including waveguide adap-
tors. Typical power drain from a 115-volt ac source
is 20 watts. The WJ-342 offers a guaranteed noise
figure of 12 dB over the 12.0 to 18.0 GHz band at 25

W82

dB minimum gain with 4 7.0 dBm minimum output
power.

Reliable operation is achieved in any orientation.
The environmental characteristics of the WJ-342
meet the requirements of MIL-E-5400 Specification.
Like other members of its family, the WJ-342 is con-
servatively designed for long-life and trouble-free
performance. Various versions of the standard model
are available offering improved narrow-band per-
fiormance, wider frequency coverage, and lower power
rain.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency - 12.0-18.0 GHz . . 12.0-18.0 GHz
Noise Figure, Terminal 9.5 dB 12.0 dB, max.
Gain, Small Signal 28 dB . . « +« . « . . . .25dB,min.
VSWR, Input and Output . 151 . . . . . . . . . . . . .21, max.
Power Output +10 dBm . +7 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range !
Primary Voltage 115V ac. 115 =10 V ac
Primary Frequency . 60 Hz. 48 to 420 Hz
Primary Power . 20 W



POWER
[ =]
o 16
as U
ENVIRONMENTAL <E i
CHARACTERISTICS? 23S —
w10
Temperature (Operating) . . —54°Cto +71°C ;;:_’ )
Vibration 8
a) 0.10Inch, Double Amplitude . . 5to 30Hz
b) 5g, Single Amplitude . . . 30to500Hz
Sheck . « =« « « s s s s = 15¢@,11 ms
MECHANICAL GAIN
CHARACTERISTICS o
Height . ............ 3.4 inches (86 mm) max. = =
Width . ............ 3.4 inches (86 mm) max. 3
Length (excluding § 29
connectors) ... ... 9.5 inches (241 mm) max. 2 -
Weight .. ......... 6.5 pounds (2.95 Kg) max. 428 \
Primary Power Connection, z 5
Deutsch Receptacle . . . . DM9601-3P <
RF Connections
(Waveguide) . . UG-541/U Choke Flange
Reference Drawing Number . . . . 290034
NOISE
o U1
g 10\ 4_’_/'/
1. Every tube will meet the guaranteed performance speci- S 9
fications within these ranges. w
2. These environmental characteistics meet or exceed the é 4
respective requirements of MIL-E-5400 temperature
Class 2, Vibration Curve IlI. 12 13 14 15 16 17 18
FREQUENCY - GHz

OUTLINE DRAWING

WAVEGUIDE ADAPTERS

ESD
=D

r-—————————— 8.65 e

POWER CONNECTOR
(PLUG) MOUNTING HOLE 10 - 32 UNF 2B THREAD

0.37 DEEP (4) PLACES
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2.0 to 8.0 GHz LOW-NOISE, TRAVELING-WAVE TUBE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”
e NOISE FIGURE 7.5 dB
e S-C BANDS RANGE

e ADJUSTMENT-FREE
OPERATION

e PERMANENT MAGNET
FOCUSING

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The W]-343 is one of a series of ultra-wide band
LNTWAs developed by Watkins-Johnson Com-
pany for use in sensitive, ultra-wide-bandwidth
receiver equipments. It offers economy of space,
weight and price over two single-octave amplifiers
covering the same frequency range. It features the
same long-life design, rugged construction and

kins-Johnson’s line of octave-band, low-noise am-
plifiers.

The WJ-343 may be mounted in any orientation
and is built to withstand the shock, vibration, and
temperature specifications of MIL-E-5400, Class 2.
Magnetic shielding allows operation next to similar
units, or to ferromagnetic material, without degre-

adjustment-free operation characteristics of Wat- dation of performance.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FreqUenty ; sosassdss sass 95 55 ae s 665 855 066w 2:0=8.0GHZ zsscansssssssmawnss 2.0-8.0 GHz
Noise figure, terminal ...co:cssconmssasesnssmamnss 0B . ¢ wwsan w5 sa s s s EE 7.5 dB max.
Gain, small signal .. ....... ... . ... . ... . . .. .... 28R s = 5 5 sy % © SRR 5 5 7 S EOE 25dB
Gain variation, small sighal «:cosvssvvsnmsssns ann +3dB
VSWR, input and output . ........... ... ... .. ... 1:55: 555 eroagwes 5 e ETTEEE §5 5 & TETE 2.5:1 max.
PoWer OUIPUE sww s as s mnmes s 5585 5 died o b s w o m o 22 | = 1 1 S 0 dBm
ELECTRICAL REQUIREMENTS Typical Range!
PHEaR VOIAEE wosassu s yoamsaans us RR@sEsas6 20 LABN a6 ms a5 s TEREEEE 5 7 E B RS 115 £10V ac
Primary freqUENtY « « « s s ssssssnss s ssnpaaas s wis B0 HZ 5255 semams s ew womsme s m s an 48 to 420 Hz
Primary power . ... ... .. ... e 25 watts

*Supersedes WJ-343 Technical Data Sheet dated November 1967



W-dld

ENVIRONMENTAL
CHARACTERISTICS?
Temperature . .............. —54° to +71°C
Vibration

a. 0.10 inch, double amplitude. .. .5 to 45 Hz

b. 5g, single amplitude .. ... .. 45 to 500 Hz
SHOEK ... : s s snsmansics nmammans s 15¢g, 11 ms
MECHANICAL
CHARACTERISTICS
Amplifier length

(excluding connectors) .. ... 12 inches, max.
Amplifier height and width. .. .4.75 inches, max.
Weight .. ... ... .. ... ... 18 Ibs., max.
Primary power connection,

Bendix receptacle . ........... PTO7C-8-3P
RF connections

(50 ohms nominal) ........... Type N, jack

Meets guaranteed performance specifications for any volt-
age within these ranges.

2Environmental characteristics meet or exceed respective
requirements for MIL-E-5400, Class 2.

SATURATED
POWER OUTPUT—dBm

POWER

GAIN
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SMALL SIGNAL GAIN-dB

NOISE

NOISE FIGURE—-dB

20 4.0
FREQUENCY-GHz

6.0

80

OUTLINE DRAWING

H il
i | 1
. |
/ POWER CONNECTOR .
—MOUNTING HOLE
/ =200 350 550

> 174 -20 UNC 28 .38 DP
(4) PLACES

RF CONNECTOR
(2) REQ'D
FUSE
b1 Ams (PLUG)
250 v o
070 ~ =
—pPILOT
LIGHT

POWER CONNECTORS
BENDIX

PTO7C-8-3P (PLUG)

MS3II6E-8-3S(SR)(SOC)
IN CONNECTION
C JACLINE(HOT)| 105-125 VAC
B [GROUND _|48-420 CPS
A [AC LINE | SINGLE PHASE
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8 TO 12 GHz, ULTRA LOW-NOISE TRAVELING-WAVE

AMPLIFIER WITH INTEG

"JUST PLUG IT IN”

NOISE FIGURE 7.0 dB
MAXIMUM OVER FULL
FREQUENCY BAND

NOISE FIGURE 5.5 dB
MAXIMUM OVER SELECTED
FREQUENCY RANGES

PROVEN RELIABILITY

MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-345 is the X-band member of a family of
PM-focused amplifiers providing ultra-low-noise
capability in a completely self-contained, adjust-
ment-free package. Its only requirement is a 115
volt AC line voltage input (48 to 420 Hz). Other
versions of this amplifier provide guaranteed noise
figures ranging from 5.5 dB to 7.0 dB depending
on the specified bandwidth. Helix gain control,
anode blanking and other special applications can
be provided on all models.

All versions of this amplifier family may be oper-

RAL POWER SUPPLY

ated in any orientation, in stacked arrays or adja-
cent to ferromagnetic material without degrada-
tion of performance.

Rugged construction of the tube, magnet, and
power supply assembly assures reliable operation
under vibrational forces of 5 g, at frequencies up
to 500 Hz. Full specifications are met over the
operating temperature range of —54° to +71°C.
The environmental characteristics of the WJ-345
family meet or exceed the corresponding require-
ments of MIL-E-5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed

Frequency:

WJ-345 8tol2GHz ...... ... ... ....... 81012 GHz

WJ-345-7 85t093GHz ................. 8.5t09.3 GHz

WJ-345-11 . .......;s6cccissssmmemonssssans 85t096GHz ................ 8.5109.6 GHz
Noise Figure, Terminal:

WI-B48 e mmm s E i BAEEET§ R EEEE 6.0dB .. ... 7.0dB

WJ-345-7 50HUB . .oiccii s hERNEE IR RN EEHEE § 5.5dB

WJ-345-11 . 50dB .. ... 6.0 dB
Gain, Small Signal . ...... .. ... ... .. ... .. .. ... 30dB .. ... 25 dB, min.
VSWR, Input and Qutput .. ... ... ... ... ... .... L5l ., iiiconamumasssss smpamnyyss 2:1, max.
Power Output:

WJ-345 . e OdBm . ... ... —5 dBm

WIB4557 . v vt i mEmaEE £35S RHEERE &4 § OdBm . ... ... —3 dBm

WJ-345-11 . .. —3dBM: . ....c00csai55 5 snmmwas s —5 dBm

ELECTRICAL REQUIREMENTS Typical Range

Primary Voltage ........... . ... . ... 11BNV A€ . . vvwmmc s 55555 mesmEE s 115 +£10V ac
Primary Frequency ............cciiiiiinneennn 60Hz ..... ... .. ... 48 to 420 Hz
Primary Power . ... ... . .. .. . .. .. .. .. ... 10W



POWER
= = /= E  (wi-325)
g g ° +4
I
5 w2
ENVIRONMENTAL ’é o —
CHARACTERISTICS x
g -2
Temperature .. ............ —55°C to +71°C g
Vibration w —4
a. 0.10 Inch, Double Amplitude. . . .5 to 30 Hz &
b. 5g, Single Amplitude . ... ... 30 to 500 Hz 2 6
SROCK . oo 15 g, 11 ms &
GAIN (WJ-345)
S0
>
MECHANICAL ' 40
CHARACTERISTICS =
= |
Amplifier Length 2 20
(excluding connectors) ... ... 12 inches, max. 2
Amplifier Height and Width. .. .4.75 inches, max. 410
Amplifier Weight. . ... .......... 18 Ibs., max. =
Primary Power Connection, (ZIo)
Bendix Plug PT 07C-8-3P
Bendix Socket PT 07C-8-3S NOISE
Reference Drawing Number .......... 290000 g 540
™
R ¢
1
§ 6 —— ]
=
-
Every tube will meet the guaranteed performance specifi- 2
cations for any voltage and frequency within these ranges. S 4
These environmental characteristics meet or exceed the 3
respective requirements of MIL-E-5400, Class 2. 8 9 0 ” 2
FREQUENCY — GHz
OUTLINE DRAWING
"WJ" IDENTIFICATION LABEL
PILOT LIGHT POWER SWITCH
(DOWN POSITION
IS OFF) PRODUCT LABEL
RF CONNECTOR | | _ f i o
(2) REQD [_] ﬂ 4.fo 475 +
J oro" | , :
FUSE 0.3 AMP 125 V 350" #m=— 55 e 401"
L 12“————— 4.75"

POWER CONNECTIONS
BENDIX PT 07C-8-3P

MOUNTING HOLE

PIN CONNECTION 174 -20 UNC 2B 0.38 DP
(4) PLACES
| 115 VAC
2 GROUND
3 115 VAC

Printed in U.S.A.



The W]J-346 is a high-power, high-gain, C-band
traveling-wave amplifier designed for pulsed oper-
ation. It produces 20 kW power with a minimum
of 50 dB gain, and employs a high-mu grid which
permits modulation of the beam by means of a
550-volt pulse.

The slow-wave circuit is of coupled-cavity design,
which includes all metal-ceramic construction. A
temperature-compensating jacket is employed over
the ferrite PPM magnetic stack to eliminate any
appreciable change in characteristics over a wide
range of operating temperatures. Minimization of
peak cathode loading (2A/cm?), by means of a
high-convergence gridded gun,extends the life of
the tube. In addition, the integral focusing system
regiﬂres no alignment and leakage fields are negli-
gible.

The WJ-346 employs a forced air-cooled collector
which may be run at ground potential or insulated
for collector current measurement. The tube is

TECHNICAL DATA

September 1967

GRIDDED HIGH-GAIN C-BAND
TRAVELING-WAVE AMPLIFIER

WJ-346

also equipped with an ion pump which prolongs
tube life during long-term storage and aids in
lengthening overall tube life.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FEFEOUEHEY « s ¢ ¢ 6 5,56 85 850 & 5 » s somm mmims muimmom o oo s 5.35-5.75 GHz . ................ 5.4-5.7 GHz
Power output (peak)

Average of four points .. ..... ... ... ... .. .... 22 KW s s s s 5 s nmmmac s 565 hommmaii:2558 20 kW

Lowest pointinband . ... ... ... ... ... ......... T e n e e e e e e 8 b e e e e 16 kW
Gain

Average of six points' .. ..., ... ... .. ... ... 57dB .. ... 50 dB
ELECTRICAL REQUIREMENTS Typical Range
Cathode voltage . ......... ... ... ... .. 260 kV . ... 26.0 £1.0 kV
Collector current )

Without drive .. ... .. . ... . ... . 5.0Apeak .. ... ... ... ... ..... 5.5 A peak min.

With drive . ... commensiesinsaassissis samenys 44 Apeak .. ... 4.0 A peak min.
Body current

Without drive . ....... ... .. .. ... LOApeak .......:.sss0685:: 1.4 A peak max.

With dRiVE . i ivmwciss s 58 MEsa 6653 i0mEss a8 @a 16 Apeak ................... 2.0 A peak max.
Duty cycle .. ... 0008 .:: iompminseiis aummnEe £5s s .005 max.
Pulse ditation : .owsses ssaommmrasssissss anman BUSEC . oo 5 usec max.
Grid pulse voltage .. ...... ... i OOV peak ... commssssossssmons 400to600 V
Grid bias Voltage . ... . s s smma e s s smas 58 s BaES =200V . ... ..... =200 x5V
Grid current .. ... O8ApPeak .:::ivvvnnmicssssssmnss 1.2 A max
Grid capacitance (toallelse) .................... 35 pF 45 pF max
Circuit and anode voltage .. .................... Ground . . ... .. Ground
Heater voltage . ........ ... ... . . . . .. ... ... .. 12Ve0Hzac ................... 12.5 V max
Heater current .. ... ... . .. ... .. ... . 2 I Y T TR R R T 2.5 A max
lon PUMD VOIABE: « . s s swwmmesoss s momms s s s mmmn = +3.0kV to collector . ............ 3.0 £0.15 kV
lon pump current, operating .. ......... ... ... LO@A sovsssssmssmwmsssss smunmn 20 pA max.

MECHANICAL CHARACTERISTICS

Weight (including ion-pump) . ...................
RF connectors? . . .. . . .. ..

Coolant

Foreed 20", . moivais it haouER 883 UROBES £ 5§ 5

At equal increments of 100 MHz

2Coaxial to either “C’’ band waveguide or type N coax adaptors can be provided if desired



WJ-346

POWER OUTPUT TYPICAL PERFORMANCE
VS. FREQUENCY CHARACTERISTICS
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WJ-346

CONNECTION DIAGRAM

Ia;

3

12 V HEATER SUPPLY =

200 VOLTS

CATHODE
7
/

F——LE -

——e—7T  |ONPUMP

SUPPLY

COLLECTOR

+ ——
- |||L AN

GRID BIAS VOLTAGE rYYY]

GRID PULSE VOLTAGE 550 v PEAK

26 kV

—|IF

|||—<

TUBE BODY

NOTE:
IF A DC HEATER IS INCORPORATED
POLARITY MUST BZ IND!CATED.

RF AND MAGNETIC CIRCUIT

RF SIGNAL IN
CATHODE

RF SIGNAL OUT
COLLECTOR

BEAM SHAPING
ELECTRODE

September 1967

IRON FOCUSING AND

\ PERMANENT MAGNET

RF CIRCUIT PIECE

NOTE:
THE MAGNETIC CIRCUIT IS INTEGRAL WITH THE RF CIRCUIT.
IT CAN BE SEEN THAT A SECTION OF THE CAVITY WALL ALSO
SERVES AS A FLUX GUIDE FOR THE MAGNETIC FOCUSING
CIRCUIT.
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4.5 TO 6.5 GHz LOW-NOISE PERMANENT-MAGNET
TRAVELING-WAVE AMPLIFIERS
WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

¢ NOISE FIGURE 5.0 dB
MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e NO ADJUSTMENTS
NEEDED

e MEETS MIL-E-5400,
CLASS 2 ENVIRONMENT

The W]J-349 series of low-noise traveling-wave am-
plifiers is an extension of the standard family of
Watkins-Johnson TWA’s. The series provides ex-
ceptionally low noise figure through the center
portion of the C-band, including the important
bands of 4.5 to 5.0 GHz and 5.4 to 5.9 GHz. Each
member of the family requires only an ac line-
voltage input for operation and is adjustment-free.

The W]J-349 amplifier package includes a shielded
permanent-magnet that is not adversely affected
by adjacent PM tubes or ferromagnetic material.
Also integral with the package is a factory-set pow-

er supply whose total power consumption from the
115-volt ac source is less than 20 watts. All com-
ponents are regulated or compensated for full spec-
ification performance from —54°C to +71°C.

Installation and operation are simplified by the
rugged construction of each amplifier. When any
of them is mounted in any orientation by its four
threaded mounting holes, it can withstand vibra-
tional forces of over 10 g at frequencies up to 500
Hz and shock in any plane of over 15 g, 11 milli-
second duration. These environmental character-
istics meet or exceed the corresponding require-
ments of MIL-E-5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency:
WI-3AD ... soscsssisnpmunnsssonammmsiss 45t065GHz ................. 4.5 to 6.5 GHz
WUI-B49:2 i s 45t05.0GHz . ................ 4.5 to 5.0 GHz
WJ-349-3 . . 54165:9GHZ ... ve56655 55 50us 5.4 t0 5.9 GHz
Noise figure, terminal:
WIBA9 . .. i inmmenndiis supmesiss sus 45dB ... . 5.0 dB
WJ-349-2, WJ-349-3 . ... ... e 4.0dB ... 4.5 dB
Gain, small signal .. ........ ... ... . .. . ... BOAB .. ;vsimscsisnpsanmassssnuss 25 dB min.
VSWR, input and outpuit . cccvesissoonmmus s vsos 1.5 e 2:1 max.
Power output . ... ... ... —3.0dBm
ELECTRICAL REQUIREMENTS Typical Range
Primary voltage . i i conssssssmsnunmssssnammun s s s l16vac. ... 115 +10v ac
Primary frequency ........... .. . . i, 60 Hz . ... .. 48 to 420 Hz
Primary power . ... ... .. ... e 14 watts
Primary current . ... ... . .. ... 175 mA

*Supersedes WJ-349, WJ-349-2, WJ-349-3 Technical Bulletin, Volume 8, No. 6; March, 1966



WQU g]@g} 2 % o
= = =
§ 59 g o
ENVIRONMENTAL g
CHARACTERISTICS e & \\
§ = o
Temperature . ............. —54°Cto +71°C E -4 \\
Vibration S &
a. .10 inch, double amplitude . ... 5to 45 Hz &
b. 10 g, single amplitude . ... 45 to 500 Hz
SHOCK o wos ssnsrunamysns s ue 15g, 11 ms
GAIN
MECHANICAL g
CHARACTERISTICS = =
© 30
Amplifier length % 28 S
(excluding connectors) . ... 12.0 inches, max. 3 26
Amplifier height and width . ... 4.75 inches, max. & o} \
Weight ................... 17 pounds, max.
Primary power connection,
Deutsch receptacle ........... DM9601-3P
RF connections NOISE
(50 ohms, nominal) .......... Type N, jack
Outline Drawing No. .. ............. 290000 =
é 4.2 ~—
g 38
Every amplifier will meet the guaranteed performance &
specifications for any voltage lying within these ranges. g 3‘% $
These environmental characteristics meet or exceed the %5 =5 5 55 s
respective requirements of MIL-E-5400, Class 2. FREQUENCY — GHz

OUTLINE DRAWING

"WJ" IDENTIFICATION LABEL

PILOT LIGHT POWER SWITCH
(DOWN POSITION

IS OFF) PRODUCT LABEL

RF CONNECTOR
(2) REQ'D

FUSE 0.3 AMP 125 V

POWER CONNECTIONS
DEUTSCH DM960I1-3P MOUNTING HOLE
PIN CONNECTION 174 -20 UNC 28 0.38 DP
(4) PLACES
| 115 VAC
2 GROUND
3 115 VAC

WATKINS = JOHNSON COMPANY
3333 HILLVIEW AVENUE ® STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304
TWX 910-373-1253 PHONE (415) 326-8830
Telex: 348-415 Printed in 1l S A



TECHNICAL DATA

5

July 1968 ¥
2.2 TO 2.3 GHz LOW-NOISE PERMANENT-MAGNET
TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

e NOISE FIGURE 3.7 dB
MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e NO ADJUSTMENTS
NEEDED

e MEETS MIL-E-5400,
CLASS 2 ENVIRONMENT

Designed especially for space communication and
telemetry applications, the WJ-355 exhibits one of
the lowest noise figures of any traveling-wave am-
plifier currently available in a completely pack-
aged unit. Although guaranteed not to exceed 3.7
dB, the W]J-355 typically exhibits less than 3.4 dB
noise figure across the 2.2 to 2.3 GHz spectrum
for which it is designed to operate. This amplifier,
like most Watkins-Johnson low-noise amplifiers,
comes in a single package complete with its own
integral 115 volt ac power supply, which operates
equally well from commercial 60 Hz power or
from 400 Hz power characteristically available in
aircraft.

This is a ready-to-operate amplifier. No adjust-
ments are required upon receipt, nor are readjust-
ments required during the amplifier’s long life.

3269-1

Other low-noise units, similar to the WJ-355, are
attaining MTBF’s in excess of 20,000 hours with a
99 percent confidence level. This long life, which
gives the WJ-355 an extremely low cost per oper-
ating hour, is a result of the advanced design and
careful processing techniques for which the Wat-
kins-Johnson Company is noted.

The amplifier may be mounted in any orientation
without degradation of performance. Rugged con-
struction of the tube, magnet, and power supply
assembly assures reliable operation under vibra-
tional forces of 10 g, at frequencies up to 500 Hz.
Full specifications are met over the operating tem-
perature range of —54°C to 471°C. The envir-
onmental characteristics of the WJ-355 meet or
exceed the corresponding requirements of MIL-E-
5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . ....... . . . ... 221023 GHZ .. .. conmanssusas 2.2 t0 2.3 GHz
Noise Figure, Terminal .........cccomvmcisosonns A ABI ;2 snmpas 1.8 1 & 8 SEAEE 5 £ 5 3 s 3.7 dB max
Gain, Small Signal . ............ ... ... ... ... ..., BOMB: . . o commmminin o v, & & Bt SmEELs £ 58 & @ 25 dB min
VSWR, Input and Qutput . ...................... 1.5:1 oo 2:1 max
Power Output . ....... ... ... . ... . . .. .. . .. . ... =BIOUABM : i ¢ ccmmmas s s sumemwess s —5.0 dBm
ELECTRICAL REQUIREMENTS Typical Range
Prithary Voltage «w...:: vemeesissvononnsvsssos 115 VN Q6 s o o 5 6 e 80550 8 6 o 115 10V ac
Primary Frequency . ........c.ceeeionnccncessss 60Hz ...... ... 48 to 420 Hz
Primary Current . .....c. s iommmmes s en wmmwny 170 mA
Prmary POWEE' ; socmsw 55 s s sooimmm s o ss s aameds 14 watts

*Supersedes WJ-355 Technical Bulletin, Volume 8, No. 4; January, 1966



POWER
[—]
&
0
ENVIRONMENTAL = 2
CHARACTERISTICS &
= -4
&
Temperature .. ........... —54°C to +71°C S -6
Vibration =
a. .10 inch, double amplitude. . . . . 5 to 45 Hz E -8
b. 10 g, single amplitude. . . . .. 45 to 500 Hz il
ShBCK: & o meies 3 = = 5% & e 4 7 59 5 5 15 g, 11 ms
GAIN
MECHANICAL oy
CHARACTERISTICS z
S 32
Amplifier Length % 30
(excluding connectors) ... ... 12 inches, max. =
Amplifier Height and Width. . . .4.75 inches, max. o B
WeEIght. o vs ssswmmm s vy oo @rmume o = s 17 pounds % 2%
Primary Power Connection,
Deutsch Receptacle . .......... DM9601-3P
RF Connectors NOISE
(50 ohms, nominal) ............ Type N jack
Reference Drawing Number .......... 290000
- 4.5
o 4.0
o
=
2 3.5 ~——
Every amplifier will meet the guaranteed performance w
specifications for any voltage lying within these ranges. g 3.0
=
These environmental characteristics meet or exceed the 2.5
respective requirements of MIL-E-5400, Class 2. 2.20 2.22 2.24 2.26 2.28 2.30
FREQUENCY-GHz
OUTLINE DRAWING POWER CONNECTOR —

POWER SWITCH

TYPE N JACK
GREMAR 5267-1 r-wz.oo"——
LABEL
PILOT / /

POWER CONNECTIONS
DEUTSCH DM960I-3P f—550F0" 3.50"
PIN CONNECTION

12.00~

I 115 VAC
2 GROUND
3 115 VAC

— =20 UNC 4 PLACES

WATKINS = JOHNSON COMPANY
3333 HILLVIEW AVENUE = STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304
TWX 910-373-1253 PHONE (415) 326-8830
Telex: 348-415 Printed in U.S.A.
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March 1967

8 TO 12 GHz, 20 MILLIWATT LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

e “JUST PLUG IT IN”

e NOISE FIGURE
8.0 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

¢ PROVEN RELIABILITY

e NO ADJUSTMENTS
REQUIRED

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-363 is one of the original members of Wat-
kins-Johnson’s family of PM-focused integral power
supply amplifiers. Like its lower-power predecessors,
the WJ-363 is completely self-contained, adjust-
ment-free, and requires only a 115-volt ac line-volt-
age input (48 to 420 Hz).

This proven amplifier, with a typical noise figure of
7 dB, may be operated in any orientation, in stacked
arrays, or adjacent to ferromagnetic material with-

out degradation of performance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under
vibrational forces of 5 g, at frequencies up to 500
Hz. Full specifications are met over the operating
temperature range of —54° to +71°C. The envir-
onmental characteristics of the WJ-363 meet or
exceed the corresponding requirements of MIL-E-
5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . . . . 8to12GHz. . . . . . . . . .8to12GHz
Noise Figure, Terminal 7dB . & 5 5.3 = » ¥ s = = s 8dB;max
Gain, Small Signal . 35dB. . s @ o ow omom om wm o0 dB; mins
VSWR, Input and Output . 151 . « v « o o w . . & o= . :2:1, max.
Power Output . 16 dBm 13 dBm
ELECTRICAL REQUIREMENTS Typical Range
Primary Voltage : 115V ac. 115 £10 V ac
Primary Frequency gg \I—/ivz . .48t0 420 Hz

Primary Power .



Wd-dbs

ENVIRONMENTAL
CHARACTERISTICS 2
Temperature. . . . . . —55°Cto +71°C
Vibration
a) 0.10 Inch, Double Amplitude . 5to 30 Hz
b) 5 g, Slngle Amplltude . . 30to500Hz
Shock . « . . « « = = « 15,11 ms
MECHANICAL
CHARACTERISTICS
Height ........... 4.75 inches (121 mm) max.
Width . o595 55 2 swals 4.75 inches (121 mm) max.
Length (excluding
connectors) ...... 12 inches (305 mm) max.
Weight . ........... 18 pounds (8.16 Kg) max.

Primary Power Connection,
Bendix Plug PT 07C-8-3P
Bendix Socket PT 07C-8-3S

Reference Drawing Number . . . . 290121

1. Every tube will meet the guaranteed performance speci-
fications for any voltage and frequency within these
ranges.

2. These environmental characteristics meet or exceed
the respective requirements of MIL-E-5400, Class 2.

OUTLINE DRAWING

"W-J'" IDENTIFICATION LABEL

PILOT LIGHT

I'S OFF)

POWER

—
O

17

15

SATURATED POWER
OUTPUT - dBm

13

GAIN

50

40

30

20

NOISE

SMALL SIGNAL GAIN - dB

NOISE FIGURE - dB

POWER SWITCH
(DOWN POSITION

s PRODUCT LABEL

RF CONNECTOR

v

(2) REQUIRED

n
||

FUSE 0.3 AMP 125 V

March 1967

-—) 0.70 ,
3,50 -sebes—— 5.51
12.00 ——————==f

POWER CONNECTIONS
DEUTSCH DM9601 - 3P MOUNTING HOLE
PIN CONNECTION 1/4 - 20 UNC 2B 0.38 DP
(4) PLACES
1 115 VAC
2 GROUND
3 115 VAC

FREQUENCY - GHz

-

4.75

e

0 n

1" 1)

e 4.01 _il
4.75

PRINTED IN U.S.A.
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Wd-glbd-3

March 1967

8 TO 10 GHz, 20 MILLIWATT LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

e “JUST PLUG IT IN”

e NOISE FIGURE
7 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY

e NO ADJUSTMENTS
REQUIRED

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

With the addition of the WJ-363-3 to its family of
PM-focused integral power supply amglifiers, Wat-
kins-Johnson Company increases the dynamic range
of its X-Band low-noise amplifiers. Like its lower-
power predecessors, the WJ-363-3 is completely self-
contained, adjustment-free, and requires only a 115-
volt ac line voltage input (48 to 420 Hz).

This amplifier, with a typical noise-figure of 6 dB,
may be operated in any orientation, in stacked ar-

rays, or adjacent to ferromagnetic materials without
degradation of performance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of 5 g, at frequencies up to 500 Hz.
Full specifications are met over the operating tem-
perature range of —54° to 471°C. The environ-
mental characteristics of the WJ-363-3 meet or ex-
((:Jeled the corresponding requirements of MIL-E-5400,
ass 2.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency .. 8to 10 GHz . .« . . . . .8to10GHz
Noise Figure, Terminal 6dB . . . . . . . . . . . . 7dB, max.
Gain, Small Signal . 35dB. s s s % o« ow @ «30dB; min.
VSWR, Input and Output . 151 . . . . . . . . . . . L. L2, max.
Power Output 16 dBm . 13 dBm

ELECTRICAL REQUIREMENTS Typical Range!
Primary Voltage 115V ac . .115 £ 10V ac
Primary Frequency 60 Hz . .48t0420 Hz
Primary Power . 20 W



March 1967

2B 0.38 DP

POWER CONNECTIONS
DEUTSCH DM9601 - 3P MOUNTING HOLE
PIN CONNECTION 1/4 - 20 UNC
(4) PLACES
1 115 VAC
2 GROUND
3 115 VAC

W(ﬂ %[E% % o
| | | o |
o~ 18
=
23 16
o
ENVIRONMENTAL 25
CHARACTERISTICS 55
<<
Temperature. . . . . . —54°Cto +71°C o
Vibration
a) 0.10 Inch, Double Amplitude . 5to 30 Hz
b) 5 g, Single Amplitude. . . 30to 500 Hz
Shock . . . . . . . . . . 156g,11ms
GAIN
MECHANICAL 2 o
CHARACTERISTICS =
Height ........... 4.75 inches (121 mm) max. § 4
Width . ........... 4.75 inches (121 mm) max. <
Length (excluding = 3
connectors) . ... .. 12 inches (305 mm) max. =
Weight . ........... 18 pounds (8.16 Kg) max. =R
Primary Power Connection,
Bendix Plug PT 07C-8-3P
Bendix Socket PT 07C-8-3S
Reference Drawing Number . . . . 290121 NOISE
o 8
E 7
=2
1. Every tube will meet the guaranteed performance speci- g
fications for any voltage and frequency within these =
ranges. 58 9 10
2. These environmental characteristics meet or exceed FREQUENCY - GHz
the respective requirements of MIL-E-5400, Class 2.
OUTLINE DRAWING
"W-J'" IDENTIFICATION LABEL
PILOT LIGHT POWER SWITCH
(DOWN POSITION
IS OFF) A PRODUCT LABEL
RF CONNECTOR a _ ? 475
(2) REQUIRED ﬂ [—] 4'{0 l +
-—J o | ! i
USE 8 AP T35y 3,50 bes— 5.51 e 4,01 ]
12.00 ———————s= 4.75

PRINTED IN U.S.A.
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April 1967

10 TO 12 GHz, 20 MILLIWATT LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

e “"JUST PLUG IT IN”

¢ NOISE FIGURE
7.5 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY

e NO ADJUJUSTMENTS
REQUIRED

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

With the addition of the WJ-363-4 to its family of
low-noise amplifiers with integral solid-state power
supplies, Watkins-Johnson Company increases the
dynamic range of its X-Band low-noise amplifiers.
Like its lower-power predecessors, the WdJ-363-4
is completely self-contained, adjustment-free, and
requires only a 115-volt ac line-voltage input (48 to
420 Hz).

The same conservative design and careful process-
ing techniques responsible for the long life of other
Watkins-Johnson low-noise amplifiers have been ex-
tended to the WJ-363-4. It can be predicted that
they will yield an MTBF in excess of 18,500 hours
(999% confidence level). The anticipated MTBF is

based on extensive tests performed on this and simi-
lar tubes and power supply components.

This amplifier, with a typical noise figure of 6.5 dB,
may be operated in any orientation, in stacked ar-
rays, or adjacent to ferromagnetic materials without
degradation of performance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under
vibrational forces of 5 g, at frequencies up to 500
Hz. Full specifications are met over the operating
temperature range of —54° to +71°C. The envir-
onmental characteristics of the WJ-363-4 meet or
exceed the corresponding requirements of MIL-E-
5400, Class 2.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency 5 & 10 to 12 GHz 10to 12 GHz
Noise Figure, Terminal 6.5 dB 7.5 dB, max.
Gain, Small Signal . 35dB - s o om ow o = 8 »30dB, min.
VSWR, Input and Output . 1B © o v o v ow ow ow ow o= o= w w2, max
Power Output 16 dBm 13 dBm

ELECTRICAL REQUIREMENTS Typical Range!
Primary Voltage 115V ac . . 115 £10 V ac
Primary Frequency 60 Hz . .481t0420Hz
Primary Power . 20 W



POWER
e 1
ENVIRONMENTAL S
CHARACTERISTICS 5 ”
Temperature . . . . . . —=55°Cto 4+71°C § 15
Vibration g
a) 0.10 Inch, Double Amplitude . 5to 30 Hz SIERE)
b) 5 g, Smgle Amplltude . . 30to500Hz a
Shock . . . . . . . . . 15g,11ms é“
b
MECHANICAL a9
CHARACTERISTICS GAIN
Height . .......... 4.75 inches (121 mm) max. 50
Width ............ 4.75 inches (121 mm) max. @
Length (excluding ] A
connectors) . ..... 12 inches (305 mm) max. 5 "
Weight . ........... 18 pounds (8.16 Kg) max. =
Primary Power Connection, 8 ”
Bendix Plug PT 07C-8-3P 2
Bendix Socket PT 07C-8-3S z g
Reference Drawing Number . . . . 290121
0
NOISE
8
T
=] —
1. Every tube will meet the guaranteed performance speci- I
fications for any voltage and frequency within these o
ranges. g
2. These environmental characteristics meet or exceed z 3
the respective requirements of MIL-E-5400, Class 2. i
10 10.5 11 11.5 12
FREQUENCY - GHz
OUTLINE DRAWING
"W-J" IDENTIFICATION LABEL
PILOT LIGHT POWER SWITCH
(DOWN POSITION
I'S OFF) ~_~— PRODUCT LABEL
RF CONNECTOR ) - 4.?50
(2) REQUIRED
A A 1 N
,j 070 | _._j
T— 3.50 -sles— 5.51 I‘ 4.01
12. 00 ——————=
POWER CONNECTIONS
DEUTSCH DM9601 - 3P MOUNTING HOLE
PIN CONNECTION 1/4 - 20 UNC 2B 0.38 DP
(4) PLACES
1 115 VAC
2 GROUND
3 115 VAC

April 1967 PRINTED IN U.S.A.




TECHNICAL DATA

Wo-d6-

2.5 to 3.5 GHz 120/50 WATT (PULSED)  roruary 1968
GRIDDED DUAL-MODE TRAVELING WAVE TUBE

The W]-368-3 is a PPM-focused, helix-type, travel-
ing-wave tube designed to operate at 15% duty
cycle with 120 watts output power and 5 mW RF
drive power. It can, however, be used over a wide
range of power levels, pulse lengths, frequencies,
and duty cycles.

The high-mu gridded gun, wide-band helix inter-
action structure, and high average power capability
of the WJ-368-3 allow a variety of applications. It
may, for example, be used as a high-gain driver for
high-power radar transmitters, as a high-gain driver
or transmitter for ECM equipment, or as a radar
transponder transmitter. In addition, it has been
qualified for severe airborne environmental appli-
cations.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed

Frequency .. ...... ... . . ... i 2.5 -40GHZ . cowmas v o s wmemaes s 5 os 2.5-3.5GHz
Power Output (Pulsed) .

Mode A . ... ... . . .. TAO W = = =1 21 wtrereat 51 9 8 & SPEAEtEr & 3 SRR 120 W, min.

MOUEIB e b1 505 5 mmmsess v 5 5 & SBT3 & § 5 mamE @ 3 60 Win = = o regerernt 0 = 3 mereet st 1 8 2 casmepeprnd o 50 W, min.
Gain at Rated Output Power .

Mode A . ... ... A20B e ¢ mpE EEE § T8y S £ 4§ A 40 dB, min.

MOBEIB! v o5 5 5 smimmnass @« 58 BEREE § 5 65 BEHEE 3 AOAB! s b 5 5 B 3 2 2 Bl R & @ 5 e 38 dB, min.
Duty Cycle

NIOEGT AT i 56t mmr s 6 1 3 fo Sty 5, 38 34 10 o W S 50 9 6 B RS 95 8 A R E 8 5 & S ¥ @ s 15%, max.

MOUE Bl cogismsie o 4 5 55 GOEE S 5 & Sl w0 0 09 0 v con essonse Bl s 57 57 5 )i G 50T o o SLFISE 600 5253 i Al B 8 i B 40%, max.
PUlse LENGEN . .o ousmsmsse smsmasssssis ausas s dess0saais sorums s se e senaaess 100 usec. max.

ELECTRICAL REQUIREMENTS Typical Range?® or Maximum

Cathode Voltage!

MOAEI A i s o ® w5 UBOE 525 S 5 RS o ia, o mcsmemses SR ic 1510 . —4250to —4450V

Mode B . ... ... ... . . . . . ... —BISO0V v e v mm s b s —3850to —4050V
Beam Pulse Current

MOAE A g 5% 5 sEEis & 8 5 B hiEB &S @ B o B o QA0 M« .« vossm s s & 5o s @5 s oo 275 mA max.

Mode B . .. .. .. .. .. . 155 MA & i v pmmanns s s smwnsass s ws 160 mA max.
Grid Bias VOItage? ... . . s o o5 st smmma s s bomsn s =2 1OV ovsin s o o srmriserend i & 576 G-aas —75t0 =100V
Grid Pulse Voltage?

MOAE A, ¢ wivie v o6 simsmm s 5 5 oo e e s s mmmw e SETORN . 5 1o ot & s[5 Is et 5 2 [2 [5 |5 +40to +100V

Mode B ... .. ... . .. . . ... S +25to 480V
Grid Pulse Current

Mode A . .. . .. .. SBIMAN 5 21 2 5. cocasow 4 3 & st 8 2 21 3 S SEEE 50 mA max.

Mode B ... ... ... ... ... ... 200MAL :. ;. 5 e 4 9 5] 3 SeiEE 1 3 & SEEEE 30 mA max.
HelixVoltage . .. ....... ... . . ... .. ... ... ..... GroUNd . . wpsmmn s s 8 ssmmmE s 5§ 6w o o ne Ground
Helix Pulse Current

Mode A . ... ... ... 30mA max. .. ... 50 mA max.

Mode B . ... ... .. .. TOMA ; scwema s s 1 65 m@aans s o6 smms s s 50 mA max.



Wb

Collector Voltage?

SPECIFICATIONS (Cont’d)

MOHE A ¢ 515 o 2 srairers 7 2 & & misimies) = 21 51 =1 slameuarGs @ 0 5 & 43000V ... +2800 to +3300 V
Mode B . .ovvirew s s s o vsmmmsssss smpnsessos B0V ... ommw i ¢ 5 5 seEsus « 0 42400 to +3300 V
Heater VOItage ; cowiws ot s mmmim o i 55 samadd 8 48 BLBIV 0 5 5 s e wn 0 51 01 o) ezl 31 2 2 SEAElSTES 5.3t05.8V
Heater Current ... ..... .. ... ... ... ... ...... D2A ... comeessisa@@eEE s s o6 bee@pe s 1.4 A max.

'Relative to ground.
2Relative to cathode.

3Every tube will meet the guaranteed performance speci-
fications for a voltage and current lying in this range.

ENVIRONMENTAL
CHARACTERISTICS
Temperature .. ........... —55°Cto +125°C
AIRITUDE . 250 csis nemsunsesas 0 to 70,000 feet
SHOCK o ww wmm smoatsmum s 4866 s 10g, 11 ms
Vibration
a. 0.3 inch, double amplitude. . . .. 5to023 Hz
b. 0.06 inch, double amplitude. . .23 to 55 Hz
Be B8 & rrmin v o b G HGHETS € 555 55 to 200 Hz
d. 382 ...0c0iiiinnnainnn 200 to 1500 Hz
MECHANICAL
CHARACTERISTICS
LERSEN csommer 55 & 5 5 smmroid 1 4 € 4 12.75 inches, max.
Cross Section (excluding
connectors) . ....... 1.25 x 2.0 inches, max.
WEBIBHE v i s semmumias mmmmess 2.2 lbs., max.
RE Connectors: . .. .coowesoss mmmms s OSM
Power Connections . ............ Flying Leads
€ o e (- R T LT T T s ——— Heat Sink
EOCUSING v oivv o s v oo mmmc s oo s ommnmemnsss PPM

POWER

54
g MODEA|
& =
=2
£ s0
3 ODE B
Y 48 — N\/_ N
3

a6

GAIN
a6
gm—

°?’ 44 Mm ~~
Z
<
o
S 42 /—'
'&;: —TTODE B ™
> 40
&

38

2.4 2.6 2.8 3.0 32 33 3.6

FREQUENCY-GHz

OUTLINE DRAWING

RF OUTPUT RF INPUT
TYPE OSM TYPE OSM
1 5 OB
. - @ (':.\
=% S i
L? 0.623 Y E ooc]
b= GROUND
e 9:804 L:Ag WIRE

GRID, HEATER AND
HEATER CATHODE
LEAD WIRES

COLLECTOR

LEAD WIRE

:Li.

0.159 DIA. CLEARANCE
// HOL! §

SOC. HD. CAP SCREW
(10) PLACES

240

0.875
125

04875 = |=
== 1625

SCHEMATIC DIAGRAM

RFIN RF OUT
Y Y
P 1
‘ T
GRID =
PULSE -
VOLTAGE :3 é- + +
HEATER [ GRID HELIX COLLECTOR
163 1~ I
VOLTAGE MODE A MODE B
HEATER 5.3t05.8 5.3t05.8
GRID BIAS 75 to 100 75 to 100
GRID PULSE 40to 100 25 to 80
HELIX 4250 to 4450 3850 to 4050
COLLECTOR 2800 to 3300 2400 to 3300

Preferred Power Supply Configuration for WJ-368-3

Printed in U.S.A.



TECHNICAL DATA

4.4 to 5.8 GHz 120/50 WATT Wd%%@%]

(PULSED) GRIDDED
DUAL-MODE
TRAVELING-WAVE TUBE

The WJ-369-3 is a PPM-focused, helix type, travel-
ing-wave tube produced by Watkins-Johnson Com-
pany for use over a wide range of power levels,
pulse lengths, frequencies, and duty cycles. It is
designed to operate at 15% duty cycle with 120
watts output power and 5 mW RF drive power.
Various other performance levels can be achieved
by varying the specified voltages and currents. At
low duty, for example, 100 watts output power can
be achieved from 4.0 to 8.0 GHz with greater than
30 dB gain.

February 1968

The high-mu gridded gun, wide-band helix inter-
action structure, and high average power capability
of the WJ-369-3 allow several different applica-
tions. It may, for example, be used as a high-gain
driver for high-power radar transmitters, as a high-
gain driver or transmitter for ECM equipment, or it has been qualified for severe airborne environ-

as a radar transponder transmitter. In addition, mental applications.
SPECIFICATIONS
PERFORMANCE Typical Guaranteed
ErEQUEINGY, s s o [s (s (s 15 iming e is i (e 15 s ot dston o -5 <& 1 -5t 42-B02GHZ ...oniisummmusssisasas 4.4 -58 GHz
Power Output (Pulsed)
Modei A oo vcnepmpnenssssmmmesie s s wmm 140W .. . 120 W, min.
Mode B .. ... ... . . . ... 60W . 50 W, min.
Gain at Rated Output Power
MOAB A & v s svsmmusns ssssmaness sz os s 42dB ... 40 dB, min.
Mode B ... ... ... . . . . .. 40dB . ... ... 38 dB, min.
Duty Cycle
MOBUEE: & 5 5 & e EE S o 5 SSRGS 55 1 (5 AT S0 o oot 15 o 1 Lo St 5 15 Lo poapoL o 13 ) % 30 LS 15%, max.
) 1oTa (= = T I T o 40%, max.
PIOES LBRIBIIE o 3 wawpasspiey prams s s s wwwem o somome w e« o mms = ok ERaEda 813 Hus 100 usec. max.
ELECTRICAL REQUIREMENTS Typical Range? or Maximum
Cathode Voltage!
IO A . i 5 515 e 0 e e i e i it ot i —5450V ... ... —5350 to —5550 V
Mode B ::ouseunssrsruasens sess enauns s —4950V .. ... —4850 to —5150 V
Beam Pulse Current
NMOUE A < s c cvvinsnm s mmes e e s omi mwiom o nnn s BHIOMA sacms isisene@ualodsssdss 220 mA max.
MOdE B ¢ 2 7 aae 247 3 2 SuEE=E 36 e 5 BECEEE A28 11I0mA ... . . 140 mA max.
Grid Bias Voltage? . . .. ...................... e OOV © sxvowasesassnnasass s -75t0 —100V
Grid Pulse Voltage?
Mode A . .. .. +70V +60to +100V
MOAE B 5 oo cicnn & 5 i v v o5 B o i e o1 it +40V . +30to 480V
Grid Pulse Current
Mode A conesoimismpasssserosnaasssssnsn 30mMA .. 40 mA max.
Mode B ... .. ... ... . ... LOTOA cmmum 263 55 nEEE a6 § &5 smasEEs 30 mA max.
HElICVOIAZE . . ¢« o cmmaiss s o v wmummmin o o o s BIOURE, <. : 1+ s sssmees o 8o swsms i 5 s o6 Ground
Helix Pulse Current
ModerAl s s s o ssmmme 11158 nEEE 1 055 5 95506 B30mMA Max. .. ... 50 mA max.

.......................... 30 mA max.



WJ-369-d

Collector Voltage?

SPECIFICATIONS (Cont'd)

MOAEA o s i v 5 5 mmmumms 565 wmmeie &m s s i s +3300V ... 43100 to +3300V
MOBE B & % 25 15 ¢ oraa=mss s 5 s 5 s mae e 5 s 5 & wsva F-B3OOV s 5 mnwmms s s s 42400 to +3300 V
Heater Voltage .. ...... ... . ... ........... BON im0 5 omsmimsims s 10 18 viw m @A 8 E B8 5.31t05.8V
Heater Current . ....... ... ... ... ... ....... Lo s © 5 5 © 60w BRI &  § e E 5 B 1.4 A max.
'Relative to ground.
2Relative to cathode.
3Every tube will meet the guaranteed performance speci-
fications for a voltage and current lying in this range.
ENVIRONMENTAL POWER
CHARACTERISTICS 54
E
Temperature .. ........... —b55°C to +125°C ! e
Altitude . . ................. 0 to 70,000 feet 5 ™ |[MODE A
SHOGK ... c oo st s mamus vs oy o eams 10g, 11 ms 5 0
Vibration & MODE B
a. 0.3 inch, double amplitude. . . .. 5t023 Hz z 48 =
b. 0.06 inch, double amplitude. . .23 to 55 Hz =
G B8 o vommas s vssasmEnE s 55 to 200 Hz 96
Lo [T 200 to 1500 Hz
GAIN
MECHANICAL 48
CHARACTERISTICS ? xE
Length .. ..., 11.5 inches, max. $ [ mooe? —
Cross Section (excluding 2 2
connectors) . ....... 1.25 x 2.0 inches, max. g -
Weight . .. cnvwmmn e s smmnuns 1.8 Ibs., max. 5 L —
RF CONAECTOTS . . . v vomimmim e s o s a o st o s OSM 40 MODE
Power Connections ............. Flying Leads e B8 AT
CoolINE! «ovcmmme sm s s anbwssis s s an s Heat Sink FREQUENCY - GHz
FOCUSIID 1mme w5 % sromarme® &5 & 5 w0 ol s 5 6 PPM
OUTLINE DRAWING SCHEMATIC DIAGRAM
$5.9é‘32‘.’.' xptgbg& Rs{IN RF OUT
Y
R - . T T
var @[] [] @& > l;
f \x\ ; f
~|3|2?F—- 8.719 \E';%":me pGS:_DSE :3 % =
0.159 DIA.CL_EARANCE GRID, HEATER AND VOLTAGE s b 0l
CExGwine. /- PR SBE roR 0 &2 A b HEATER GRID HELIX COLLECTOR
T— 2.40 T+ 1= T=
2.00 _I: | 0“1"1.251
. S = I VOLTAGE MODE A MODE B
<1 J 1 [ | HEATER 5.31t05.8 5.3105.8
0.1875-= (= | GRID BIAS 75 to 100 75 to 100
T GRID PULSE 60 to 100 30 to 80
250 ‘ HELIX 5350 to 5550 4850 to 5150
| 6.750 ‘ COLLECTOR 3100 to 3300 2400 to 3300

M

o

o
1

Preferred Power Supply Configuration for WJ-369-3

PRINTED IN U.S.A.



TECHNICAL DATA

Wd-370-3

February 1968

1.4 to 2.3 GHz GAIN- AND PHASE-MATCHED
DUAL TRAVELING-WAVE AMPLIFIERS
WITH POWER SUPPLY

¢ NOISE FIGURE:
4.5 dB

e GAIN TRACKING
=0.5 dB MAX.

e PHASE TRACKING
=5° MAX.

e SMALL SIGNAL GAIN:
20 dB MIN.

e PERMANENT MAGNET
FOCUSING

e ADJUSTMENT-FREE
PERFORMANCE

WJ-370-3 is one of a new series of gain- and
phase-matched low-noise traveling-wave amplifier
packages developed by Watkins-Johnson Company
for use in mono-pulse tracking receivers. The pack-
age is comprised of a pair of low-noise permanent-
magnet amplifiers, gain- and phase-matched across
the operating frequency range, and a power supply.

Because the amplifiers are operated from a single
helix supply, they will track as specified with a
voltage input of 11510 Vac, 55 to 65 Hz, even
when minor power supply variations (such as reg-

3486

ulation, ripple, and long term drift) and changes
in temperature occur. Gain tracking is guaranteed
to be within 0.5 dB maximum, and phase track-
ing is guaranteed to be within +5° maximum over
the full operating temperature range.

Other versions of this package are available for
specific applications, and still others are under de-
velopment. Performance specifications, electrical
requirements, environmental characteristics, and
mechanical characteristics for these packages may
be varied to meet specific requirements.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . . ... ... ... ... .. 14-23GHz ..o 1.4-23GHz
Noise figure, terminal .. .. ..................... 40dB . ... 4.5 dB
Small signal gain .. ........ ... .. ... .. .. . .. ... 215dB .. ... ... 20 dB min.
Small signal gain variation . .................... 1dB ... 3 dB max.
VSWR, input and output .. ........ ... ... ........ DS8L i s csnnsmas v5 55 bnmmand i v s mmomm 2:1 max.
Poweroutput . ....... ... ... . . ... —10dBm ....... ... ... —13 dBm min.
Small signal gain tracking between two amplifiers!. ... £04 dB ... ... .. ... ... ... ... +0.5 dB max.

Phase tracking between two amplifiers

in environment™, . ... o vvscsses s mamnmesis sy o +5° max.
ELECTRICAL REQUIREMENTS! Typical Range
Primary voltage . .. ... ... .. ... . . ... 115Vac .. ... ... .. .. ... ... 105 - 125 Vac
Primary frequency . ... ... .. ... ... ... 60 Hz .. .. .. 55 .65 Hz

Primary power . . ... .. ... 60 watts

NOTES:

These specifications are for a matched pair, both operat-
ing from one WJ-1072 power supply.

IThis specification applies for all conditions listed under
“Environmental Characteristics’ for any 100 hour operat-
ing period within the warranty period (1000 hours) when

the amplifiers are operated as follows: A coaxial line
stretcher or equivalent phase shifter having a minimum
range of 90°C at 2.3 GHz must be placed in series with
one amplifier and used to phase match the two amplifiers
within £1° at one frequency within the operating band at
the beginning of the 100 hour period.



POWER
| = | = -6
o /—\\!'\
%g -7 \‘\
ENVIRONMENTAL Z? \
CHARACTERISTICS g5 ® N
Temperature, operating .......... 0°C to 35°C = % 9
£°
(%2]
-10
MECHANICAL GAIN
CHARACTERISTICS @
Amplifier ; M
Amplifier length =
(excluding connectors) .. .11.5 inches, max. s 23
Amplifier diameter. . ... .. 4.5 inches, nominal ; e —
Amplifier weight. . ......... 17 pounds, max. = 22/
RF connections . . .............. Type N, jack Q
w21
Power Supply = 2
Length . .................... 12.5 inches e
WA : v mpmgs 5 5 55 RmEwsS S5 4 6.25 inches
Height (excluding connectors). . . .. 4.4 inches NOISE
Weight . ..................... 11 pounds 4.3
Input power connector. . . .Bendix PT0O7C-8-3P o
Output connector #1....Bendix PT07C-16-8S T a2
Output connector #2. .. .Bendix PT07C-16-8S =
241
Interconnection "
Interconnection between tube and power supply 240 \¥
is via Bendix PT series connector at the power S
supply. A one (1) foot interconnecting cable is 3.9
provided as an integral part of the amplifiers. 1.4 1.5 L6 17 L8 1.9 20 21 22 23
FREQUENCY-GHz
i [——3"—— -———4.5"—-1
OUTLINE ?4:;?::.»‘:-‘32‘&“5 T, ‘ ‘
DRAWING @ ‘ m ] i T EZ‘.:“.:{é:ggﬁ%ﬁm
3.50"
. I 12.00"

POWER CONNECTIONS

MATES WITH PT 06P-8-3S (SR)

BENDIX O7C PT-8-3P

b
PIN

CONNECTION

A
B
C

LINE
GRD
LINE

105 TO 125V
55 TO 65 Hz
SINGLE PHASE

6.25"

|
|

N

| PRODUCT LABEL
= 125" L—

MOUNTING HOLES
8-32 UNC 2B .38 DP
(4) PLACES

Printed in U.S.A.



TECHNICAL DATA

NOVEMBER 1969

12 TO 18 GHz

LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

WJ-371 is one of a family of PM-focused amplifiers
developed by Watkins-Johnson for applications where
wide dynamic range is required. The amplifier features
the lowest guaranteed noise figure of any Ku-band
unit plus a saturated power output of +12 dBm mini-
mum, making it the amplifier with the widest dynamic
range of any presently available commercial unit.
Narrowband applications of 1 to 2 GHz can be pro-
vided with guaranteed noise figures approximately 1
dB less than the wideband version.

This proven amplifier is completely self-contained,
adjustment-free, and requires only a 115 volt ac line-

WJ-371

e "JUST PLUG IT IN”

* NOISE FIGURE
9.0 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY
e NO ADJUSTMENTS NEEDED

e 115 VOLT, 48 TO
420 Hz OPERATION

voltage input (48 to 420 Hz). The completely shielded
package may be operated in any orientation, in stack-
ed arrays or adjacent to ferromagnetic material, with-
out adversely affecting the amplifier's performance.

Rugged construction of the tube, magnet, and power
supply assembly assures reliable operation under vi-
brational forces of g, at frequencies up to 500 Hz.
Full specifications are met over the operating temper-
ature range of —54°C to +71°C. The environmental
characteristics of the WJ-371 meet or exceed the cor-
responding requirements of MIL-E-5400: Tempera-
ture, Class 2; Vibration, Curve lll.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . .. ... ... . ... 120t0 180GHz . . ........... 12.0 to 18.0 GHz
Noise Figure, Terminal ... ... .. ... .......... 80dB ... ... .. 9.0 dB, max.
Gain, Small Signal . . ....... ... ... ... ... ... B0AB . . . s hwmvmn sy s mme i ¢ s 25 dB, min.
VSWR, Input and Output- - oo v oo 0B v v v v 1.5:) i v Sy s mwmmms 8 8 3 5 55 mmmmes 2:1, max.
Power Output, Saturated .. .. ................. +15dBm .......... ... +12 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range!
Primary Voltage .......... ... . ... ... ..... Jd15Vac . oo s 115 +10V ac
Primary Frequency ............ . ... ........ (510 5 P | N 48 to 420 Hz
Primary Power . ....... ... ... . .. ... . ... ... 20w



WJ-371 POWER
&
.20
ENVIRONMENTAL =
CHARACTERISTICS? 3 .
S 16
Temperature (Operating) ... ... —54°C to +71°C '§ / ~_
. s o 14
Vibration 2
0.10 Inch Double Amplitude . . ... ... 5 to 30 Hz g 1
5g, Single Amplitude .. ... ... .. 30 to 500 Hz :_Z(’
SHOEK & . v vsvapuameds vos euEE s : 15g, 11ms <
MECHANICAL GAIN
CHARACTERISTICS g
=)
Height .. ... ........ 4.75 inches (121 mm) max. 3 [
Width .. ............ 4.75 inches (121 mm) max. e
Length (excluding o %
connectors) ........ 13 inches (330 mm) max. g
Weight .. ......... ... 18 pounds (8.16 Kg) max. & 2%
Primary Power Connection,
Bendix Receptacle . ............. PTO7C-8-3P NOISE
RF Connections . . .................. OSM Jack
Reference Drawing Number .. .......... 290240 - =
& i
'Every amplifier will meet the guaranteed performance speci- ; 6
fications for any primary voltage and frequency lying within =
these ranges. vy
2These environmental characteristics meet or exceed the re- =
spective requirements of MIL-E-5400K (dated 24 May 1968) 2
: Temperature, Class 2; Vibration, Curve Ill. 12 13 14 15 16 17 18
FREQUENCY - GHz
OUTLINE DRAWING
W-J IDENT PRODUCT LABEL
PILOT
LIGHT POWER SWITCH
(DOWN POSITION / { /
IS OFF)
RF CONNECTOR
R REGLIRER { £ - - - 4.50 NOM. 4.75
1. 11 NOM. o
__
| B f A | ;
I‘ 7| il
FUSE ‘ — MOUNTING HOLE
0.6 AMP 51 | 1-20 UNC 28 4. 01—
125V NoM, 0 ' i 0.50DP (4) PLACES
0.70-= 13.00 -4, 75—

POWER CONNECTORS

BEND IX:
PT 07C-8-3P (RECP)
MS 3116 E-8-3S (SR) (PLUG)

N CONNECTION
AC (HOT) | 105-125 VAC

GROUND 48-420 Hz
AC SINGLE PHASE

i

|| Ofl —

NOVEMBER 1969



TECHNICAL DATA

APRIL 1970%*

1.0 TO 2.0 GHz

DUAL-HELIX LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

"dJUST PLUG IT IN”

NEGLIGIBLE PERFORMANCE
VARIATION DURING
GAIN ADJUSTMENT

NOISE FIGURE
5.5 dB MAXIMUM

POWER OUTPUT
O dBm MINIMUM

PERMANENT-MAGNET
FOCUSING

MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The W]-374 is one of a new series of dual-helix
LNTWAs developed by Watkins-Johnson for use in
systems where small signal gain may be adjusted
without significant loss in power output or increase
in noise figure. Application of a negative dc voltage
allows reduction of gain from 25 to 0 dB while
power output and noise figure remain relatively
constant. In addition, the gain curve is extremely
flat under reduced gain conditions.

The WJ-374 is completely self-contained, adjust-
ment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely

WJ-374

shielded package may be operated in any orienta-
tion, in stacked arrays or adjacent to ferromagnetic
material, without adversely affecting the amplifier’s
performance.

Rugged construction of the tube, magnet, and
power supply assembly assures reliable operation
under vibrational forces of 10 g, at frequencies up
to 500 Hz. Full specifications are met over the
operating temperature range of —54°C to 4+71°C.
The environmental characteristics of the WJ-374
meet the corresponding requirements of MIL-E-
5400, Class 2 Specification.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FreqUENCY . . o oot e 1.0 to 2.0 GHz
Noise Figure, Terminal . .. ....... ... .......... 50dB . ..:s:s559nsmmasivsss ans 5.5 dB, max.
Gain, Small Signal . ....... .. .. .. ... . 30dB .. ... 25 dB, min.
VSWR, Input and Output . ...................... 1551 o oicvnmummuesssas wmpmmmessnnn 2:1, max.
Power Output, Saturated . ........ ... ... ........ +1dBm ... 0 dBm, min.
ELECTRICAL REQUIREMENTS Typical Range!’
Primary Voltage . ......... .. ... .. ... ... ...... l115Vac ..................... 115 £10 V ac
Primary Frequency . ... .............. ... BOHZ ... .cowisssspsmmmessssss 48 to 420 Hz
Primary Power .. ... ... ... .. .. 25W
AGC Voltage . .::c:sssonmmmuissisenonmpeassssss Oto—20Vdc ................. Oto—30Vdc

*Supersedes WJ-374 Technical Data Sheet dated January 1969.



2.000

WJ-374 POWER
3
o« — | FULL
=k b GAIN
ENVIRONMENTAL =%
2
CHARACTERISTICS 22
o (o
_ 23 AT 20 dB
Temperature, Operating —54° to +71°C b 3 GAIN
Vibration ) 2 REDUCTION
a. 0.10 Inch, Double Amplitude . 5to 45 Hz
b. 10 g, Single Amplitude . 45 to 500 Hz GAIN
Shock . . . . . 159,11 ms
35
FULL
o N GAIN
25
MECHANICAL =
<
CHARACTERISTICS S
= 15 GAIN
Height .. ......... 4.75 inches (121 mm) max. s 10 RgE'NG
Width » cumsmms s s 4.75 inches (121 mm) max. =
Length (excluding =
connectors) . ..... 12 inches (305 mm) max. g
Weight ............ 17 pounds (7.71 Kg) max. -5
Primary Power Connection,
Deutsch Receptacle DM9601-3P NOISE
RF Connections
(50 ohms, nominal) Type N, jack @ 7.5 W
AGC Connector .. .............. Type TNC, Jack v 7.0 GAIN
(FW} R
Reference Drawing No. .. .............. 290012 £ s SERUCTION
(&)
= 6.0
2 55
s 5 FULL
- 5.0 \\_// GAIN
N 10 1.5 2.0
'Every tube will meet the guaranteed performance specifica-
tions for any voltage and frequency within these ranges. FREQUENCY - GHz
NOTE: THE AGC CURVES
ZThesg enviror]mental characteristics meet or exceed the re- AT REDUCED GAIN LEVELS
spective requirements of MIL-E-5400, Class 2. ARE TYPICAL CURVES.
OUTLINE DRAWING
T "WJ'" |DENT RF CONNECTORS
PILOT i / e PRODUCT INPUT: TYPE N-JACK
LIGHT (DOWN POSITION (205345) OUTPUT: TYPE N-JACK
RF CONNECTOR 'S OFF) I POWER CONNECTORS
(2) REQ'D . k. NOM. DEUTSCH
\ b L ] n n B O oNT02-35(PLUG)
wse B i & ¢ 2 & [PIN___ CONNECTION
.3 AMP T T\ “l“ T f ] 1[l/5+10 VAC [ 4o son 1
zsov—j nom, | POWER CONNECTOR J\——W\OUNHNG HOLE L J 2[GROUND ¢\t prasE
(RECEPTACLE) | |}=—3.500—=~——5.510 114 =20 UNC.3B 4.010 3 [1/510 VAC

12. 000

.50DP 4.750

0.700

AGC
CONNECTOR

APRIL 1970

(4) PLACES AGC CONNECTOR

TYPE: TNC JACK

PRINTED IN U.S.



TECHNICAL DATA

APRIL 1970

2.0 TO 4.0 GHz

DUAL-HELIX LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

e NEGLIGIBLE PERFORMANCE
VARIATION DURING
GAIN ADJUSTMENT

e NOISE FIGURE
5.5 dB MAXIMUM

e POWER OUTPUT
O dBm MINIMUM

e PERMANENT-MAGNET
FOCUSING

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-375 is one of a new series of dual-helix
LNTWAs developed by Watkins-Johnson for use in
systems where small signal gain may be adjusted
without significant loss in power output or increase
in noise figure. Application of a negative dc voltage
allows reduction of gain from 25 to 0 dB while
power output and noise figure remain relatively
constant. In addition, the gain curve is extremely
flat under reduced gain conditions.

The WJ-375 is completely self-contained, adjust-
ment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely

WJ-375

shielded package may be operated in any orienta-
tion, in stacked arrays or adjacent to ferromagnetic
material, without adversely affecting the amplifier’s
performance.

Rugged construction of the tube, magnet, and
power supply assembly assures reliable operation
under vibrational forces of 10 g, at frequencies up
to 500 Hz. Full specifications are met over the
operating temperature range of —54°C to +71°C.
The environmental characteristics of the W]J-375
meet the corresponding requirements of MIL-E-
5400, Class 2 Specification.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FrEGQUENEY . s« o mms s v 5 mssm 4 265 65855 SRMBGEE 108 ¥ 556555 53 b@EBOE S 865860 PRSI 8 3 2.0t0 4.0 GHz
Noise Figure, Terminal ... ...... ... ... ........ 50dB ... ... 5.5 dB, max
Gain, Small Signal . ......... .. ... . ... . ... ... 30dB .. ... 25 dB, min
VSWR, Input and Output ... ................... 1.5:1 2:1, max
Power Output, Saturated . . .................... +1dBm ....... ... . 0 dBm, min
ELECTRICAL REQUIREMENTS Typical Range!
Primary Voltage ..:::::isaonsnsssssssosmusesa LBV EC wesrssssovmmmasszss s 115 10 V ac
Primary Frequency ................ .. .. ...... 60HZ cvsssssisnppemanssss s an 48 to 420 Hz
Primary Power . ...... . .. ... . .. .. ... .. 25 W
AGC Voltage . ....... ... Oto—25Vdc ............... ... 0to—30Vdc

*Supersedes WJ-375 Technical Data Sheet dated January 1969.

*



ENVIRONMENTAL POWER
==
5 s GAIN
Temperature . .............. —54°C to +71°C =
Vibration =& q AT 20 dB
a. .10 inch, double amplitude . . . ... 5 to 45 Hz 23 [— GAIN
b. 10 g, single amplitude .. ... .. 45 to 500 Hz g -2 REDUCTION
SHOCK . v vvedvwonsssmsssnansisss 15g, 11 ms
GAIN
35
N — FULL
g A GAIN
MECHANICAL =z & N
CHARACTERISTICS S
= B
% GAIN
Height . . ..vams 5+ 4.75 inches (121 mm) max. a 10 DURING
Width . .......... 4.75 inches (121 mm) max. 2 5 AGC
Length (excluding -
connectors) . ..... 12 inches (305 mm) max. 0 I )
Weight ............ 17 pounds (7.71 Kg) max. -5
Primary Power Connection,
Deutsch Receptacle . . . . . DM9601-3P NOISE
RF Connections 1.5 AT 20 dB
(50 ohms, nominal) . . . . . TypeN,jack S 70 GAIN
AGC Connector . .. ............. Type TNC, Jack L. REDUCTION
Reference Drawing No. . .............. 290012 e
2 60
& 55 -l
o UL
= 50 == GAIN
45
'Every tube will meet the guaranteed performance specifica- 2 3 4
tions for any primary voltage and frequency within these _
ranges. FREQUENCY - GHz
NOTE: THE AGC CURVES
IThese environmental characteristics meet the respective re- AT REDUCED GAIN LEVELS
quirements of MIL-E-5400, Class 2. ARE TYPICAL CURVES.
OUTLINE DRAWING
"WJ'" | DENT RF CONNECTORS
PILOT LABEL POWER PRODUCT INPUT: TYPE N-JACK
LIGHT (205343) SWITCH LABEL OUTPUT: TYPE N-JACK
(DOWN POSITION (205345)
RF CONNECTOR Sl T POWER CONNECTORS

) REQ'D 4 DEUTSCH
| i : NOM. DM9601-3P(RECP)

®) w@ - 4.
L [T Jnom 110 % | 4.500 DM9702-3S (PLUG)
FU SE it 5;- "T‘

T

m l % [PIN___ CONNECTION
-3 AMP ‘ R x W50 VAC | oo o0 o
i \ont | POWER CONNECTOR \ JE— L J GrounD | -0t
/ (RECEPTACLE) | =3, 500—~fe——5. 510 4.010 1/5+10 VAC

2.000

. 1/4 - 20 UNC 2B
4.750
LAGC

12. 000 .50DP
CONNECTOR

W RO |

AGC CONNECTOR
TYPE: TNC JACK

0.700 (4) PLACES

APRIL 1970 PRINTED IN U.S.A.



TECHNICAL DATA

APRIL 1970 *

4.0 TO 8.0 GHz

DUAL-HELIX LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

e NEGLIGIBLE PERFORMANCE
VARIATION DURING
GAIN ADJUSTMENT

e NOISE FIGURE
6.5 dB MAXIMUM

e POWER OUTPUT
O dBm MINIMUM

e PERMANENT-MAGNET
FOCUSING

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-376 is one of a new series of dual-helix
LNTWAs developed by Watkins-Johnson for use in
systems where small signal gain may be adjusted
without significant loss in power output or increase
in noise figure. Application of a negative dc voltage
allows reduction of gain from 25 to 0 dB while
power output and noise figure remain relatively
constant. In addition, the gain curve is extremely
flat under reduced gain conditions.

The WJ-376 is completely self-contained, adjust-
ment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely

WJ-376

shielded package may be operated in any orienta-
tion, in stacked arrays or adjacent to ferromagnetic
material, without adversely affecting the amplifier’s
performance.

Rugged construction of the tube, magnet, and
power supply assembly assures reliable operation
under vibrational forces of 10 g, at frequencies up
to 500 Hz. Full specifications are met over the
operating temperature range of —54°C to +71°C.
The environmental characteristics of the W]J-376
meet the corresponding requirements of MIL-E-
5400, Class 2 Specification.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FUEQUETOY w6 555 s s RBGaHs 52554555 BEEHEEEEEE AR i URBHBEREE 0 s 5 o mnmw v 4.0 t0 8.0 GHz
Noise Figure, Terminal . ....... ... ... ... ...... 6:0. 0B sererormm sim m s 5 5 EaroEs B RS Y E 6.5 dB, max.
Gain, Small Signal . ........ .. ... ... ... .. ... 0B 5 5% sepmea e s B s s s 25 dB, min.
VSWR, Input and OGtput < ccnssasissessnmpansss 1 2:1, max.
Power Output, Saturated . ....... ... ... ... .... 2 [ABIM 1 renwemnzorss = 2 2 15 & & (ot & 5 8 0 dBm min.
ELECTRICAL REQUIREMENTS Typical Range!
Primary Voltage . ...... ... ... .. .. ......... TSV AC . s smmmmmis s sesems 115 £10 V ac
Primary FrEQUENneY . wemmus v e s s s smmampes s s 3658 0O HZ 15155« s s s 5 5 5 6 e s 48 to 420 Hz
Primary Power . .......... ... .. . ... .. ..., 25 W
AGC Voltage .:.::vpemmmessssnsmampwansssssis 04040V EC .. .o v s s nmmmws s 553 0to—50Vdc

* Supersedes WJ-376 Technical Data Sheet dated January 1969.



WJ-376 POWER
3 e
ENVIRONMENTAL = o
CHARACTERISTICS? §§ 1
Temperature, Operating . . —54°to +71°C @% ;
Vibration ) e S
a. 0.10 Inch, Double Amplitude . 5 to 45 Hz 23 11 — Al 20dp
b. 10g, Single Amplitude. . . 45 to 500 Hz & B .
Shook . . » % % = = & » d
oc 159,11 ms GAIN
35
MECHANICAL A . — T
CHARACTERISTICS z 4
: 25 .
Height . ... ... .... 4.75 inches (121 mm) max. = ]
Width . ... ....... 4.75 inches (121 mm) max. ="
Length (excluding ER = cam
connectors) . ..... 12 inches (305 mm) max. > 10 DURING
Weight ............ 17 pounds (7.71 Kg) max. = AGC
Primary Power Connection, = .
Deutsch Receptacle . . . . . DM9601-3P 0 ——] J
RF Connections %
(50 ohms, nominal) . . . . . TypeN,jack NOISE
AGC Connector . ............... Type TNC, Jack
Reference DrawingNo. .. .............. 290012 _ 80 AT 20 dB
= S GAIN
' REDUCTION
w70
1E.very tube will meet the guaranteed performance speci- 43 65
fications for any primary voltage and frequency within = ’
these ranges. A 6.0 B FULL
ey oI e BAGE Gl mect e respectie i B == =l
5 6 7 8
FREQUENCY - GHz
NOTE: THE AGC CURVES
AT REDUCED GAIN LEVELS
ARE TYPICAL CURVES.

OUTLINE DRAWING

"WJ" IDENT RF CONNECTORS
PILOT (LZ/BE%B) POWER PRODUCT INPUT: TYPE N-JACK
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TECHNICAL DATA

APRIL 1970 *

8.0 TO 12.0 GHz

DUAL-HELIX LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

e NEGLIGIBLE PERFORMANCE
VARIATION DURING
GAIN ADJUSTMENT

e NOISE FIGURE
8.0 dB MAXIMUM

e POWER OUTPUT
O dBm MINIMUM

e PERMANENT-MAGNET
FOCUSING

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-377 is one of a new series of dual-helix
LNTWAs developed by Watkins-Johnson for use in
systems where small signal gain may be adjusted
without significant loss in power output or increase
in noise figure. Application of a negative dc voltage
allows reduction of gain from 25 to 0 dB while
power output and noise figure remain relatively
constant. In addition, the gain curve is extremely
flat under reduced gain conditions.

The WJ-377 is completely self-contained, adjust-
ment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely

WJ-377

shielded package may be operated in any orienta-
tion, in stacked arrays or adjacent to ferromagnetic
material, without adversely affecting the amplifier’s
performance.

Rugged construction of the tube, magnet, and
power supply assembly assures reliable operation
under vibrational forces of 10 g, at frequencies up
to 500 Hz. Full specifications are met over the
operating temperature range of —54°C to +71°C.
The environmental characteristics of the WJ-377
meet the corresponding requirements of MIL-E-
5400, Class 2 Specification.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FRECHBNCY % v v 25 65 93 8 & Suiaeia s & & o w bt i o o iosios s e oo o 1550 £ 6 8o 0 B Bk SRS RHE 2 8 55 65 ¢l 8.0 to 12.0 GHz
Noise Figure, Terminal . .. ........ ... ... ...... BB . v vr v s vmsmosnnsswnss s 8.0 dB, max.
Gain, Small Signal ... s::sssvavessassssssnnes 30dB .. ... 25 dB, min.

VSWR, Input and Output . ..................... 15 compammszosssppneaesy 1 ns s 2:1, max.

Power Output, Saturated . ... ....... .. ... ... ... +2dBm .. ... 0 dBm min.
ELECTRICAL REQUIREMENTS Typical Range!’

Prifiary VOIEEE .o v v v ommimmion v s 5 e w5 m s LISV B woissnssupmesssstdses 115 £10 Viac

Primary Frequency . .:sssmewm ss::3 sansmsssssss 60Hz ......... ... ... 48 to 420 Hz

Primary Power .. ...... .. ... .. 25W

AGC Voltage . ....... ... .. .. . Oto—50Vdc .................. 0 to —60 V dc

*Supersedes WJ-377 Technical Data Sheet dated January 1969.



WJ-377
ENVIRONMENTAL
CHARACTERISTICS?
Temperature, Operating —54°to +71°C
Vibration )
a. 0.10 Inch, Double Amplitude . 5to45Hz
b. 10 g, Smgle Amphtude 45 to 500 Hz
Shock 159,11 ms
MECHANICAL
CHARACTERISTICS
Height : : visvwn s s 4.75 inches (121 mm) max.
Width ........... 4.75 inches (121 mm) max.
Length (excluding
connectors) ...... 12 inches (305 mm) max.
Weight .. .......... 17 pounds (7.71 Kg) max.
Primary Power Connection,
Deutsch Receptacle . DM9601-3P
RF Connections
(50 ohms, nominal) Type N, jack
AGC Connector . . .............. Type TNC, Jack
Reference DrawingNo. .. .............. 290012

'Every tube will meet the guaranteed performance speci-
fications for any primary voltage and frequency within
these ranges.

2These environmental characteristics meet the respective
requirements of MIL-E-5400, Class 2.
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2.6 TO 5.2 GHz, COMPACT
LOW-NOISE PERMANENT-
MAGNET TRAVELING-WAVE

TECHNICAL DATA

W36

March 1967

AMPLIFIER WITH INTEGRAL POWER SUPPLY

“JUST PLUG IT IN”

NOISE FIGURE 9.5 dB MAXIMUM

ADJUSTMENT FREE

PERMANENT-MAGNET FOCUSING

SPECIALIZED VERSIONS
AVAILABLE

The WJ-381 is one of the Watkins-Johnson family
of compact traveling-wave amplifiers designed to fill
the increasing requirements for a “straddle-band”
amplifier covering portions of S and C bands in a
single device. Incorporating many of the time-tested
features of its larger predecessors, this amplifier is
only 9.5 inches long, 3.4 inches in height and width,
and weighs 6.0 pounds. The amplifier is completely
adjustment-free and has an integral solid-state
power supply which operates from a 115-volt ac, 48
to 420 Hz source.

Although guaranteed to produce a noise figure not
exceeding 9.5 dB, a typical WJ-381 production unit
can be expected to yield a much lower noise figure
over the major segment of the 2.6 to 5.2 GHz fre-
quency range. The typical performance noise figure
curve shown represents actual test figures taken from
randomly selected amplifiers. Note that most of the
curve appears below 8.5 dB.

The WJ-381 will meet or exceed environmental re-
quirements of MIL-E-5400, Class 2 Specification.
Rugged construction of the traveling-wave tube, per-

manent magnet, and power supply assembly assures
reliable operation under vibrational forces of 10 g, at
frequencies up to 500 Hz. Full specifications are met
over the operating temperature range of —54°C to
+71°C.

The same conservative design and careful processing
techniques responsible for the long life of other Wat-
kins-Johnson low-noise amplifiers have been ex-
tended to the WJ-381. It can be predicted that they
will yield an MTBF in excess of 18,500 hours (999
confidence level). The anticipated MTBF is based
on extensive tests performed on this and similar
tubes and power supply components.

Several specialized versions of the WJ-381 are avail-
able on special order. These amplifiers offer a lower
noise figure over narrower bandwidths, phase and
gain matching, extended and special frequency cov-
erages, rigid differential phase and gain performance,
automatic gain control, and inclusion of a unique
blanking circuit to permit pulse times of a few nano-
seconds. Details are available upon request.

SPECIFICATIONS

PERFORMANCE Typical Guaranteed
Frequency . . . . . 2.61to 5.2 GHz. . 2.6 t0 5.2 GHz
Noise Figure, Terminal . 8.5 dB 9.5 dB, max.
Gain, Small Signal . 30.0dB e e 25.0 dB, min.
VSWR, Input and Output . 1841 . . . . . . . . . . . . 21, max
Power Output +10.0 dBm . +7.0 dBm, min.

ELECTRICAL REQUIREMENTS Typical Range
Primary Voltage 115V ac. 115 £10V ac
Primary Frequency 60 Hz . 48 to 420 Hz
Primary Power . 20 W



W41 -

12
ENVIRONMENTAL E5
CHARACTERISTICS 5 | ~—_
: 2 10 \
Temperature, Operating . . —54°Cto +71°C e5 L~ -
Vibration & ° <
a. 0.10 Inch, Double Amplitude . 5to45Hz
b. 10 g, Single Amplitude . . 45to 500 Hz y
Shock . . . . . . . . . . 15g,11ms
GAIN
MECHANICAL
CHARACTERISTICS .
Amplifier Length = B2
(excluding connectors) . . 9.5 inches, max. 3 // \\
Amplifier Height and Width. . 3.4 inches, max. $ o~ e
Amplifier Weight. . . . . . . 6.0 pounds &
Primary Power Connection, 3 =
Deutsch Receptacle. . . . . DM9601-3P 3 e
RF Connections
(50 ohms, nominal). . . . . TypeN,jack
Reference Drawing Number . . . . 290003
NOISE
10
g 9
Every tube will meet the guaranteed performance specifications é /
within these ranges. 2 8 e — e
These environmental characteristics meet or exceed the respective g o
requirements of MIL-E-5400, Class 2 Specification. 2
?2.60 32 3.64 4.16 4.68 5.20

FREQUENCY - GHz

OUTLINE DRAWING
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TECHNICAL DATA

July 1969*

7.0 TO 1.0 GHz,

5-WATT TRAVELING-WAVE TUBE

The WJ-391 is a medium-power traveling-wave tube
for use in the 7.0 to 11.0 GHz frequency range. This
tube provides 5 watts power output and 42 dB small
signal gain. A unique feature of the WJ-391 is its very
low fine structure gain variation, making it especially
suitable for applications where gain variation and
phase linearity are important. The use of periodic-
permanent-magnet focusing and metal-ceramic con-
struction results in a compact, lighweight tube that is
especially suitable for use in airborne and space ap-
plications.

This traveling-wave tube is one of a family of space
and missile qualified medium-power tubes, all of
which use similar construction techniques. The com-

- WJ-391

OUTPUT POWER
5 WATTS MINIMUM

PPM FOCUSING

ESPECIALLY SUITABLE FOR
AIRBORNE /SPACE APPLICATION

EXTREMELY LOW FINE-
STRUCTURE GAIN VARIATION

pact, all metal-ceramic assembly provides a unit that
can easily withstand the shock, vibration and tem-

perature extremes that are encountered in missile
launchings.

The PPM focusing system uses Alnico-8 magnets
which make it insensitive to temperature variations
over its operating range. Cooling of the tube is by
conduction through the baseplate of the capsule.
Operating efficiency of the WJ-391 can be improved
by depressing the collector voltage below the helix
voltage.

In addition the WJ-391 may also be supplied with an

integral power supply, resulting in a fully integrated
TWT amplifier.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FrEGUEIGY « o o o5 5 3 2 3 8 mwiaim o < o 5 mmcmimmon x 2 oo mmin 7010 11L0GHZ . . coswis s o smmwe 7.0t0 11.0 GHz
Saturated Power Output ... .................. Gwatts . ..... ... ... ... ..., 5 watts, min.
Small Sighal Gain wu s sarnmetsisvasanmassos 45 B mw s 555 b 5w 008 B e 1 3 42 dB, min
Small Signal Gain Variation .. ................. H2 B v 71 5 52 @ s 1 #1 9) e +3 dB, max
Gross Fine Structure Small Signal Gain Variation .. ... £0.2dB .. ...... ... ... ... ... ......... +0.5 dB
AM-PM Conversion (At 5watts) .. .............. 452 /AdB v i v s s wmes vy v s me e s 5°/dB, max.
Noise Figure .. ... ... ... . . . .. . . 27 A8 smues S0 MNENEY 555 SEEEER 30 dB, max.
ELECTRICAL REQUIREMENTS TYPICAL RANGE
Heater Voltage . .... s ssisnsssassssnssnwass 6.3 VOIS & svsrsmrns 5o 5 = soversetiot i, 1 41 & 6.0 to 6.6 volts
Anode Voltage . .......... ... ... EBO VOIS : vvsmwisssssmnennss 0 to 4100 volts
Helix Voltage .........cc:s0s25sss0sa@u%35s 3100 volts . ............... 2800 to 3200 volts
Collector Voltage . .. ... ... . ... . .. .. .. .... 1800 VOIS ... v v 555 wwm as o 1700 to 3200 volts
Cathode Current .. .....:::coussisssssasssss el e e 26 to 33 mA
Helix Current . .sv s is wsninssmas s ponss aas ¢33 2N TeeaLE R B S R B 5 5 AR 0.2to 3 mA
Heater Current . ... ... . . . . . .. . . .. ... ... ... L2UA e SEe e DR B SR B 5 5 E ¢ S 1.0to 14 A

*Supersedes WJ-391 Technical Data Sheet Dated April 1969



WJ-391 RF ELECTRICAL PERFORMANCE
CHARACTERISTICS
MECHANICAL CHARACTERISTICS 0
Cooling ........ Conduction through baseplate gg
HeIght - x5 s s wwmig s 1.25 inches (32 mm) max. =¥ -
Width ............ 1.85 inches (47 mm) max. ES
Length ......... 10.86 inches (276 mm) max. 53
Weight ............. 1.5 pounds (680 g) max. 5 4
CoNNECOrS. v vw i b4 5o amse s s e 5 o epe e OSM
FOCUSINE «suwnw snamummnssss osawssss PPM
£ %5
ENVIRONMENTAL CAPABILITY: =
<
Temperature .... —54°C to +85°C (baseplate) =
Vibration (120-2000 cycles) .......... 5 Grms 2 "
BHEEI v 1. » 5. oo 4 5 BHEAESS &5 K0 08 20 G 2
AltIUdE: . conimmmos s onummmensas a5naes Any =35
o 40
=
=
8 3%
=
'Every tube can be qualified to meet requirements of 2
MIL-E-5400. 2 30L : % 1
FREQUENCY - GHz
OUTLINE DRAWING
10. 86
2.25—]
l~—12.00 2.00 2.00 2.00 2.00—=| =—0.43 =135~
0.55 — |=—0.25
2 - - DIA.
~— @ ! L. f '
@ INPUT OUTPUT l — 1_{55 | o 1'{191. L
) G c%d T’J L 1
/ 6.29 2. 00— ~—0.61
0.172 DIA THRU OSM FEMALE
(12) PLACES (2) PLACES
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18.0 TO 26.5 GHz, LOW-NOISE PERMANENT-MAGNET
TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

e NOISE FIGURE 13 dB
MAXIMUM

¢ PERMANENT-MAGNET
FOCUSING

¢ NO ADJUSTMENTS
NEEDED

The WJ-393 extends the Watkins-Johnson family
of low-noise integral power supply permanent-
magnet focused traveling-wave amplifiers into the
millimeter wavelength region. This K-band ampli-
fier offers a guaranteed maximum noise figure of
13 dB over the 18.0 to 26.5 GHz frequency range,
but typically can be expected to yield a noise figure
of less than 11 dB over much of the range. Satur-
ated power output is 0 dBm minimum, and small
signal gain is 25 dB minimum.

The WJ-393 amplifier package includes a shielded
permanent magnet that is not adversely affected
by adjacent PM tubes or ferromagnetic material.
Also integral with the package is a factory-set
power supply whose total power consumption from
the 115-volt ac source is typically 5 watts. All
components are regulated or compensated for full

3346

specitication performance over the specified tem-
perature range.

The same conservative design and careful process- - ——
ing techniques which are responsible for long life
in other Watkins-Johnson low-noise amplifiers,
have been extended to this amplifier. Similar am-
plifiers of this type have attained MTBF’s in excess
of 15,000 hours (99% confidence level). This
low-cost-per-operating-hour performance is charac-
teristic of the WJ-393 and all other amplifiers in
this rugged family.

Installation and operation of the WJ-393 are sim-
plified by rugged construction. When mounted in
any orientation by the four threaded mounting
holes, the W]J-393 can withstand vibrational forces
of over 5 g at frequencies up to 500 Hz, and shock
in any plane of over 15 g, 11 millisecond duration.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . ... ... . . . ... 1801626 5GHz .. ......c..n. 18.0 to 26.5 GHz
Noise Figure, Terminal' . . ...................... 11 AB seprrm 7 2 5 v 9 murews 0 05 & ST 13 dB, max.
Gain, Small Signal . ... ... ... .. ... ... .. ... . ..... ZOIE: = crorurrere: = 5 5 5 o S 5 6 5 ) se 25 dB, min.
VSWR, Input and Output . ...................... .55l e 3 5 0 7 EYETETEE 2 G P T R TR R R G 2:1, max.
Power Output : «:sssnvinssesssvsansnsssmsanss DB cw 55 5580 s asasme 9% srmaw e s s 0 dBm, min.
ELECTRICAL REQUIREMENTS Typical Range?
Primary Voltage . ....... ... ... ... .. ... ....... ILSVIEAE ve5es sowas 5556 Ganass 115 £10 V ac
Primary Frequency . ........... . ... ... .o ... EONHZ o = = 7 & & srerererm 2. 5 5 5 B SEEE - 48 to 420 Hz
Primary Power . ... ... ... ... . .. .. .. ... . ... ... B W 2 e o v 7 R R R G S 10 W, max.

*Supersedes WJ-393 Technical Bulletin, Volume 8, No. 14, October, 1966



Wd-dd3

ENVIRONMENTAL
CHARACTERISTICS
Temperature, Operating ... .. —54°C to +71°C
Vibration
a. 0.10 Inch, Double Amplitude .. .5 to 30 Hz
b. 5 g, Single Amplitude . ... .. 30 to 500 Hz
Shock . ..... ... .. L. 15g, 11 ms
MECHANICAL

CHARACTERISTICS

Amplifier Length

(excluding connectors) . .... 12 inches, max.
Amplifier Cross Section . ... .. 4.75 inches, max.
Amplifier Weight . .......... 18 pounds, max.
Primary Power Connection

Bendix receptacle ........... PT-07C-8-3P
RF Connectors

(WR-42 Waveguide) . ..... UG-595/U flange

Noise Figure is as read on a standard Hewlett-Packard
~Model 340B Noise Figure Meter utilizing a standard AIL
07053 noise source.

2Every amplifier will meet the guaranteed performance
specifications for any voltage lying within these ranges.
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TECHNICAL DATA

2.2 TO 2.3 GHz September 1968 ¥
COMPACT, HIGH-EFFICIENCY, 100 WATT TRAVELING-WAVE

TUBE FOR SPACE COMMUNICATIONS AND TELEMETRY

The WJ-395-1 traveling-wave tube is designed to
meet the power amplifier requirements of earth
orbit and deep-space missions where high reliabil-
ity, small size, light weight and maximum overall
efficiency are essential.

This small, periodic-permanent-magnet focused
TWT exhibits an overall efficiency, including heat-
er power, above 44%. The metal-ceramic construc-
tion of the WJ-395-1 is just one of the design
features used to assure the maximum in reliable,
long-life operation. It has the ability to perform
during and after extreme temperature, vibration,
shock, and static acceleration.

The WJ-395-1 will deliver 100 watts of output
power over the frequency range of 2.2 to 2.3 GHz.
By operating the tube under different sets of volt-
age conditions, saturated output levels from 60 to
120 watts can be provided while maintaining a
fixed value of rf drive without significantly affect-
ing efficiency. This is shown in Fig. 4. Therefore,
it is necessary to change only the helix, anode,
and collector voltages to obtain near optimum per-
formance for any desired power level.

The power output, gain, and overall efficiency are
very nearly constant over the guaranteed frequen-
cy range as shown in Fig. 1. Fig. 3 shows the rf
performance characteristics as a function of helix
voltage for various values of beam current. Note

3819

that beam efficiency, not overall efficiency, is
plotted in the lower curve. The points for maxi-
mum beam efficiency also correspond to maxi-
mum overall efficiency. These maximum efficiency
points are indicated on the middle curve.

A number of variations of the W]J-395-1 are avail-
able which optimize performance at various other
frequencies and power levels. The tube can be
made to meet environmental conditions more strin-
gent than those described in the Specifications.
Manufactured under rigid quality assurance speci-
fications, versions of this tube have also been
qualified for space applications.

SPECIFICATIONS
PERFORMANCE CHARACTERISTICS Typical Guaranteed
FIEQUENCTY MANEE! .« v o v s vvsmniiwwim s o 5 iimisinsd s 453 22%023GHZ ::: s v stmmmas s nnns 2.2102.3 GHz
Saturation power output .. ...... ... ... ... 105 watts . ........ ... ... ...... 100 watts min.
Saturation gain . ........ ... . ... . . . BOAB! ..o e x e BEGEEEES R EES 33 dB min.
Overall efficiency, including heater? .. .......... 47 percent . ... ... 42 percent min.
ELECTRICAL REQUIREMENTS Typical Range
Heater Voltage . .......... .. .. .. . . . ... .. ..... 24,3 YOMS ... o o B S S £ 5§ YRR 4.0 to 5.0 volts
Heater current . ... ..... ... ... ... ... ... ... . ... 0.9 A .. .. . 1.0 A max.
Anode voltage' . ........ ... ... ... ... . ... ... 3640 VOIS wnsrssssensussas 3300 to 3800 volts
Anode current . ... ... 05mA ...... TS 1.0 mA max.
Flelix voltagel .. .osnisssninsgsidtssinansshns 2590 volts . ... ... . ..... .. 2500 to 2800 volts
Helix eurrent . ........... 5t B B T TTETE 7 5 5 B 5 e 8 1 1 - 18 mA max.
Collector voltage! .. ...... ... ... ... ... ... ..... 1960 volts . . .............. 1800 to 2300 volts
Collector current . ......... ... iiiinnnnn 97 mA ... 115 mA max.

These voltages are referenced to the cathode. Helix is operated at ground potential.
2Qverall efficiency is defined as the RF output power, divided by the total dc input, including heater power.

* Supersedes WJ-395-1 Technical Data Sheet Dated July 1968
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MECHANICAL

FIG. 1 — SATURATION POWER
OUTPUT, GAIN, AND
OVERALL EFFICIENCY.

CHARACTERISTICS o
Tube length .. ............. 13.5 inches max. S
Tube width . ................ 1.8 inches max. £ b= =
Tube height, 2o 10 xH - 25321\8/60\/
excluding connectors . ...... 1.6 inches max. SE s e
Tube weight .. ............. 2.8 pounds max. 3° 0 |
DC connectors . ................ Flying leads
RF connectors . .............. OSM (Female)
Cooling .. ... .. Conduction from bottom surface N
FOCUSING © « vt oee e e e PPM g 0
ENVIRONMENTAL E% 49.0 //‘ ‘\
CHARACTERISTICS SE o <
Heat Sink Temperature .. ... .. —20°C to +85°C § 4.0
Vibration B
a. Sinusoidal '
(2 min/octave) ........ 0.5 inch, double
amplitude, 5to 18
Hz, £20 g peak, 38
18 to 2000 Hz _
b. Random S ¥
(5 min/axis) ......... 0.1 g2/Hz, 20 to T2 3
2000 Hz 22
Acceleration (1 min/axis) . . . .. 100 g - =
ShOCK : s smmmussassemmunn s 758,11 ms 34
2.1 2.2
FREQUENCY - GHz
FIG. 2 — OUTLINE
DRAWING ot
12.85
1.04 :
7.60 t
-~ a5 —_"l i DIA C'8ORE (1) PLCS
025 j=—={ 160 f |
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™ |

142 1.80

3 S v

LEADWIRES —~_| \ ( R. F CONNECTOR =—COLLECTOR LEADWIRE
/ OSM JACK (2) PLCS
I
2.20 I :
MAX. 18 L6l MA
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| _FREQ. = 2.3 GHz = 12;; mA
0

WJ-395-1

FIG. 4 — OVERALL EFFICIENCY AND TOTAL
DC INPUT POWER AS A FUNCTION OF
SATURATED POWER OUTPUT
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u e
SATURATION GAIN AND BEAM EFFICIENCY 32 7 il
o
FOR VARIATION IN ELECTRODE VOLTAGES
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50 275
i
< 48 250 A 50 %
- /——\ / //
>
z = — v 225
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= 20 7 /
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|
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SATURATED POWER OUTPUT - WATTS
125 4
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SATURATED POWER OUTPUT - WATTS

Note: These curves represent constant RF input drive
power and programmed anode, helix and collector volt-
ages.



RF OUT

1
] |
i |
/77
+ + +
HEATER [ ANODE HELIX COLLECTOR
- & J-
HEATER 3.5-4.5 VOLTS AC AT 1 AMPERE MAXIMUM
ANODE 3300-3800 VOLTS AT 1 mA MAXIMUM
HELIX 2500-2800 VOLTS AT 18 mA MAXIMUM

COLLECTOR  1800-2300 VOLTS AT 115 mA MAXIMUM

NOTE:
TO ENSURE THAT THE TWT IS OPERATED PROPERLY, IT IS SUGGESTED THAT VOLTAGES BE AP-
PLIED AS FOLLOWS:

1. SLOWLY APPLY FILAMENT VOLTAGE UNTIL SPECIFIED VALUE IS REACHED, OBSERVING THAT FIL-
AMENT CURRENT DOES NOT EXCEED MAXIMUM VALUE. ALLOW AT LEAST 2 MINUTES FOR FILA-
MENT VOLTAGE TO STABILIZE.

2. SLOWLY APPLY COLLECTOR VOLTAGE UNTIL SPECIFIED VALUE IS REACHED, OBSERVING THAT
COLLECTOR CURRENT DOES NOT EXCEED MAXIMUM VALUE.

3. SET ADJUSTABLE OVERCURRENT DISCONNECT CIRCUIT FOR MAXIMUM  HELIX CURRENT VALUE
SPECIFIED, THEN SLOWLY APPLY HELIX VOLTAGE TO SPECIFIED VALUE.

4, SLOWLY APPLY ANODE VOLTAGE TO SPECIFIED VALUE, OBSERVING THAT CURRENT DOES NOT
EXCEED MAXIMUM VALUE.

HELIX DISCONNECT CIRCUIT SHOULD FUNCTION SUCH THAT ALL VOLTAGES WILL BE DISABLED
WITHIN 100 «SEC IF HELIX CURRENT EXCEEDS MAXIMUM VALUE.

FIG. 5 PREFERRED CONNECTION FOR LABORATORY-TYPE POWER SUPPLY CONFIGURATION FOR WJ-395-1

RF IN RF OUT

|
L
+ +
: ANODE |- +| weux |- COLLECTOR
HEATER 9  |(pELAYED) (DELAYED) (DELAYED)
=
HEATER 3.5 VOLTS AC (TYPICAL) AT 1 A MAXIMUM
ANODE 1050 VOLTS (FYPICAL) AT 1 mA MAXIMUM
HELIX 630 VOLTS (TYPICAL) AT 18 mA MAXIMUM

COLLECTOR 1960 VOLTS (TYPICAL) AT 115 mA MAXIMUM

NOTE:
WITH THIS CONFIGURATION, ANODE SUPPLY CANNOT CUTOFF TUBE EMISSION. TO PREVENT DAM-
AGE TO TWT, VOLTAGES MUST BE APPLIED TO TWT IN THE FOLLOWING SEQUENCE:

1. APPLY HEATER VOLTAGE SLOWLY TO ALLOW FILAMENT RESISTANCE CHANGE AS TEMPERA-
TURE RISES.

2. COLLECTOR, HELIX, AND ANODE VOLTAGES MAY BE APPLIED SIMULTANEOUSLY AFTER HEATER
VOLTAGE HAS BEEN ON FOR 2 MINUTES MINIMUM.

CAUTION

HELIX OVERCURRENT DISCONNECT CIRCUIT MUST BE SET FOR MAXIMUM HELIX CURRENT VALUE
SSPECI(F::IED AND MUST DISCONNECT ALL VOLTAGES IN LESS THAN 100 «SEC IF MAXIMUM VALUE
IS EXCEEDED.

FIG. 6 PREFERRED CONNECTION FOR HIGH-DENSITY POWER SUPPLY CONFIGURATION FOR WJ-395-1

WATKINS = JOHNSON COMPANY
3333 HILLVIEW AVENUE ® STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304
TWX 910-373-1253 PHONE (415) 326-8830
WJ-395-1 Telex: 348-415 Printed in U.S.A.



TECHNICAL DATA

FEBRUARY 1970*

7TO 1M GHz

ULTRA LOW-NOISE TWT AMPLIFIER

e "JUST PLUG IT IN”

* GUARANTEED 6.0 dB
NOISE FIGURE

* SMALL SIZE
3.4x3.4x10.0 INCHES

 WEIGHT: 8.5 POUNDS

 MEETS MIL-E-5400,
CLASS Il ENVIRONMENT

WJ-396 is the first of a new series of small, light-
weight, ultra-low-noise traveling-wave amplifiers de-
veloped by Watkins-Johnson Company. Designed and
built for long life with optimum performance, this
amplifier is expected to attain an MTBF similar to
that exhibited by certain of W-J's LNTWAs (over
15,000 hours at 99% confidence level). For special
applications, the guaranteed noise figure can be
lowered over the selected portions of the band.

WITH INTEGRAL POWER SUPPLY

WJ-396

Rugged construction allows the WJ-396 to withstand
vibrational forces of over 5 g at frequencies up to
500 Hz, and over 15 g of shock in any plane for 11
millisecond duration. Shielded permanent-magnet
focusing is unaffected by adjacent PM tubes or ferro-
magnetic material. An integral power supply con-
sumes less than 10 watts of power from the 115-volt
ac source. All components are regulated or compen-
sated for full specification performance from —54°C
to +71°C.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FrEQUENCY s s s v s v s mmmaissss nomunmiisisnims 7010 11.OGHZ ; . onsewssissnus 7.0to 11.0 GHz
Noise figure, terminal (8.0 to 10.0 GHz)' . ... ... .. 5.5dB .. .. .. 6.0 dB
(7.0t0 8.0 GHz; 10.0t0 12.0GHz) ........... 6.0dB ... ... 6.5 dB
Gain, small signal . ......... .. ... .. ....... ..28dB L 25 dB min
VSWR, input and output . ... ................... LB:1 o ot i s e o 2:1 max.

Power output ......... ... ... ... ... ... ... .. —5.0 dBm
ELECTRICAL REQUIREMENTS Typical Range?=
Primaryvoltage .. ....... ... ... ... ... ... ... 115Vac ... 115 =10V ac
Primary frequency ........... ... .......... 60Hz ........ ... ... 48 t0 420 Hz

Primary power .. ...... ... ... 10 watts

1. Noise figure is as read on an HP Noise Figure Meter model 340 B, using HP Noise Sources model H 347 A and model X 347 A.
2. Every tube will meet the guaranteed performance specifications for any primary voltage and frequency lying within these ranges.

% Supersedes WJ-396 Technical Data Sheet dated March 1968.



WJ-396

POWER

e 0
$
ENVIRONMENTAL?> gs ,
CHARACTERISTICS 25 5 .
S e
g —~
Temperature . ............... ~BA°Cto +-71°C 2
Vibration
a. .10 inch, double amplitude . ... .. 5 to 30 Hz
b. 5 g, single amplitude . ... ... 30 to 2,000 Hz
Shock . ... . ... ... 15g, 11 ms
MECHANICAL GAIN
CHARACTERISTICS
Height . .............. 3.4 inches (86 mm) max. S
Width .. .............. 3.4 inches (86 mm) max. 7
Length (excluding 3 2
connectors) ........ 10 inches (254 mm) max. ]
Weight . ............... 8.5 Ibs. (3.86 Kg) max. 2%
§ 24
Primary power connection, Bendix . ... PT-07C-8-3P
RF connectors (input and output) . ... Type N Jack
3. These environmental characteristics meet or exceed the NOISE
respective requirements for MIL-E-5400, Class 2.
5.8
? 5.6
5.4 S
& 52
£ 5.0
4'87.0 8.0 9.0 10.0 11.0
FREQUENCY - GHz
OUTLINE DRAWING
RF CONNECTOR /PRODUCT LABEL (205345) T
FUSE
SIZE -
LABEL - 3.4
(200331)
E}F % ' '
!— 9.15 —[ == 0.45 NOM. L-—z. 17~—] %ngmuwf 2:0LE
THD. 0.37 DP
0. 65— 10.00 (4) PLACES

POWER CONNECTORS

BENDIX:
PT-07C-8-3P (PLUG)
MS 3116£-8-3S(SR)(SOC)
IN CONNECTION
C |AC (HOT) [11510 VAC
B | GROUND | 48-420 CPS
A |AC SINGLE PHASE

sl

FEBRUARY 1970

PRINTED IN U.S.A.



TECHNICAL DATA

W37

March 1968

0.5 TO 2.0 GHz LOW-NOISE, DOUBLE-OCTAVE
PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e NOISE FIGURE
7 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

¢ PROVEN RELIABILITY

e NO ADJUSTMENTS
REQUIRED

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-397 is the first of another new series of
low-noise traveling-wave amplifiers developed by
Watkins-Johnson Company. Featuring an ultra-
low noise figure (7.0 dB max.) across the P- and
L-band frequency spectrum, this double-octave
amplifier is ideal for use in sensitive, ultra-wide
bandwidth receiver equipment applications. A
guaranteed power output of 0 dBm adds to the
overall capability of this amplifier.

3498

The WJ-397 has the same long-life design, rugged
construction, and adjustment-free operation char-
acteristics of Watkins-Johnson’s other octave-
band, low-noise amplifiers. Magnetic shielding
allows operation next to similar units or to ferro-
magnetic materials without degradation of perfor-
mance. The amplifier may be mounted in any
orientation, and is built to withstand the shock,
vibration, and temperature specifications of MIL-
E-5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FrEQUENGY v« v+ v 6 mmsiin 5im 4 o 5 5w i s 5 5 5 58 @ 0520GHz .................... 0.5-2.0 GHz
Noise figure, terminal . .....:cocpeossccssnmne BLONAB] ool o o e SRS ¢ 4 9 & S5 7.0 dB max
Gain, small signal .. ... ... ... .. .. .. ... ... 29dB . i smms e s s e 25 dB

Gain variation, small signal .. ................. +2 dB
VSWR; input and output .......covcssssssnnns 1BG). . oo s o o 5 8 S A S s E 2.5:1 max
Power oUtpll . covwicv s mommmmins s smamand s Lo (¢ | =1 j ) P Ao A 0 dBm
ELECTRICAL REQUIREMENTS Typical Range
Primary VOlage .....s:ssomsnesssss smmmoinn 115 N @8 mesm s s s mmnmmes 606 115 £10 'V ac
Primary TreqUenEY . :::cvwonew s ssnsmuaomss s OO HZ oo im0 o Bl o 15 8 5 sl 48 to 420 Hz
Primary pOWEr . . ...ttt BWathS. ..ot 10 watts



WL\H % @ W o
=
10
£
s S
ENVIRONMENTAL £= \
CHARACTERISTICS gg 6 \\
Temperature . .............. —54° to +71°C v g 4 ~J
Vibration e
a. 0.10 inch, double amplitude . .. 5 to 45 Hz 7
b. 5g, single amplitude . ... ... 45 to 500 Hz
Shock . ...... .. ... ... .. 15g, 11 ms
GAIN
MECHANICAL _
CHARACTERISTICS ;
Amplifier length < 3l
(excluding connectors) . ... .. 12 inches, max. <
Amplifier height and width . .. 4.75 inches, max. =z 30 \—
Weight ...................... 17 Ibs, max. n % / —
Primary power connection, 3’
Bendix receptacle .......... PT-07C-8-3P = 28 N
RF connections
(50 ohms, nominal) .......... Type N, jack
NOISE
7
E 6 \ —
oz
3 5
'Every tube will meet the guaranteed performance speci- E 4
fications for any voltage within these ranges. % 3
These environmental characteristics meet or exceed the 0.5 1.0 L5 2.0 2.5
respective requirements for MIL-E-5400, Class 2. ‘
FREQUENCY - GHz

OUTLINE DRAWING

LABEL (201203) /7 LABEL (201204) LABEL (20132)
/
f T
RF CONNECTOR ‘
(2) REQ'D ‘ |
L — . - . . . 4.50"
TN | ] NO‘M 4.75 +
NoM
NLL A T \E"‘ i & ' £ &
hitl o Y Hit H 0 hH
FUSE Iy 2 ‘ !
0.6 AMP / MOUNTING HOLE
250V - 4-20 UNC 28038 DP
2000 (@ PLACES 3.500—=] A | 3 i
/ pior 0.70" 12" 75—
LIGHT

Printed in U.S.A.



2.2 TO 2.4 GHz COMPACT

TECHNICAL DATA

January 1968

20-WATT TRAVELING-WAVE

TUBE FOR SATELLITE APPLICATION AND

The WJ-398-1 is a medium power traveling-wave
tube developed to meet the requirements of satel-
lite and deep-space transmitter applications where
high reliability, small size, light weight and maxi-
mum overall efficiency are essential.

This small, periodic-permanent-magnet focused
TWT exhibits an overall efficiency, including heater
power, above 25%. The metal-ceramic construction
of the WJ-398-1 is just one of the design features
used to assure the maximum in reliable, long-life
operation. It has the ability to perform during and
after extreme temperature, vibration, static accel-
eration, and high impact shock levels, to 5,000 G,
for 0.5 ms duration (such as may be experienced
in a planetary hard-landing vehicle).

The WJ-398-1 will deliver 20 watts of output power
over the frequency range of 2.2 to 2.4 GHz. By op-
erating the tube under different sets of voltage
conditions, saturated output levels from 10 to 25
watts can be provided while maintaining a fixed
value of gain without significantly affecting effi-
ciency. Therefore, it is necessary to change only
the helix, anode, and collector voltages to obtain
an optimum condition for any desired power level.

Efficiency generally improves with an increased
power level for the tube, enabling the user to cover

HIGH IMPACT SHOCK LEVEL

WJ-398-1

o

a range of power requirements with one tube.

The power output, gain, and efficiency are very
nearly constant over the specified frequency range,
as shown in Fig. 1. The power transfer curves of
Fig. 3 show that the output power at saturation is
relatively unchanged with a substantial change in
drive power.

A number of variations of the WJ-398-1 are avail-
able which optimize performance at various other
frequencies and power levels. The tube can be made
to meet environmental conditions more stringent
than those described in the Specifications; for ex-
ample, engineering models have been tested to
shock levels as high as 9500 G for 0.7 ms duration.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
FrequenCy range . ... ........ccvovmiinniernnnenen 2224GHz ... . ... ... ... .. ... 2.2-2.4 GHz
RF power output . . ... ... .. Q20 WatS ¢ : s nuvmsssrse pranay 20 watts min.
RF input for saturation .. ....... ... ... ... ... .... 2 dBm ... 8 dBm max.
RF gain . ... ... . . . 41 dB ... e 35 dB min.
Primary powel . . .. ... cameiiisssnnsamassess ommn 75watts . ... .. 80 watts max.
Overall efficiency ... ... .. . . . . . ... BO% oo R BEEE SR B EEREE 25%
ELECTRICAL REQUIREMENTS Typical Range
Heater Voltage ... ... .. ... .. . . .. ... ... ... BB N . mmm i r e e memE E A §EE b 6.0-7.0V
Heater Current .. ... ... .. . . . . .. ... 1.OA .. 0.8-1.2 A
Anode Voltage . .. ... ... . . .. 1895V .........cnvmasiesssnsms 1895 +£100 V
Anode Current . ... ... . ... O.1mA .. .. . 1.0 mA, max.
Helix Voltage . .. ... .. . .. . ... ... 1492V . . 1492 =100 V
Helix Current . ... . ... . . .. . . GO MA oo n s s asEs R 550 10.0 mA, max.
Collector Voltage . .. ... .. ... .. .. . ... . .. .. .. ... .. 1100V .. .. 1100 =55V
Collector Current . ... ... ... . . . . . . . . .. ... 52 mMA .. 60 mA, max.

Cathode Current

71 mA, max.



FIG. 1.
WJ-398-1 RF PERFORMANCE
CHARACTERISTICS vs. FREQUENCY
ENVIRONMENTAL W g
CHARACTERISTICS =
Shock . ...... 5,000 G average, 0.5 ms duration = 20
Acceleration . .............. 14 G, 5 minutes =
Vibration, complex. . Superimposed S
14 G rms noise (18 sec.) =
5.0 G rms noise (600 sec.) S
2.0 G rms sine 15-40 Hz
(600 sec.)
9.0 G rms sine 40-250 Hz
(600 sec.)
4.5 G rms sine 250-2000 Hz
(600 sec.) m 8
14 G rms noise (18 sec.) "
Temperature .. ............ —10°Cto +75°C =R,
(&) |
E 4 /
MECHANICAL 2
CHARACTERISTICS
Height (including connectors) . . . . 2 inches (51 mm)
Width .. ... ... ... 2.5 inches (64 mm)
Length .. ... ... ... ... .. 11 inches (279 mm)
Weight ... ... ... ... ... .. . 3.5 pounds (1.59 Kg) %g 31
RF Connector .. ................. OSM, female g%
DC Connections . ........... 12 inch flying leads g‘% 30
RF connector . ................. OSM female =
DC connections . ......... 12 inch flying leads =2 &
of
e o . . Ex 2
'Efficiency is defined as the minimum saturation RF output HE %90 2.95 2,30 2.35 2.40
the band, divided by the total d input, : 3
Mchmling heater poset, e poRst RS FREQUENCY - GHz

FIG. 2. OUTLINE DRAWING

FLYING LEADS COLLECTOR

HEATER, HEATER / CATHODE,
ANODE;, HELIX RF OUTPUT OSM

RF INPUT OSM

2.00"
; olg] e A
i 1 I
!

1 i 1.000"4—-’ =500 " | |
2,750 "' —= 2.000 " =1.

+'m0“
4.500 " 2.500"-_003

6.250 "

8.000 "

10. 000 "

T

11.m0II +.m0“
-.005 "

January 1968



FIG. 3. TYPICAL POWER TRANSFER CHARACTERISTICS

WJ-398-1

45

40 /

POWER OUTPUT - dBm

35

30
5 0

POWER INPUT - dBm

+5 +10

FIG. 4.

PREFERRED CONNECTION FOR LABORATORY-TYPE POWER SUPPLY CONFIGURATION FOR WJ-398-1.

RF OUT

>l

Lt

+

HEATER [? ANODE

L_

+ +

HELIX COLLECTOR

I |-

HEATER 6.0-7.0 VOLTS AC AT 1.0 AMPERE MAX.
ANODE 1795-1995 VOLTS AT 1.0 mA MAXIMUM
HELIX 1392-1592 VOLTS AT 10 mA MAXIMUM
COLLECTOR 1045-1155 VOLTS AT 60 mA MAXIMUM

NOTE:

TO ENSURE THAT THE TWT IS OPERATED PROP-

ERLY, IT IS SUGGESTED THAT VOLTAGES BE AP-

PLIED AS FOLLOWS:

1. SLOWLY APPLY FILAMENT VOLTAGE UNTIL SPEC-
IFIED VALUE IS REACHED, OBSERVING THAT
FILAMENT DOES NOT EXCEED MAXIMUM VALUE.
ALLOW AT LEAST 2 MINUTES FOR FILAMENT
VOLTAGE TO STABILIZE.

2. SLOWLY APPLY COLLECTOR VOLTAGE UNTIL
SPECIFIED VALUE IS REACHED.

3. SET ADJUSTABLE OVERCURRENT DISCONNECT

CIRCUIT FOR MAXIMUM HELIX CURRENT VALUE
SPECIFIED, THEN SLOWLY INCREASE HELIX VOLT-
AGE TO SPECIFIED VALUE.

4. SLOWLY INCREASE ANODE VOLTAGE TO SPECI-
FIED VALUE, OBSERVING THAT CURRENT DOES
NOT EXCEED MAXIMUM VALUE.

HELIX DISCONNECT CIRCUIT SHOULD FUNCTION
SUCH THAT ALL VOLTAGES WILL BE DISABLED
WITHIN 100 wSEC IF HELIX CURRENT -EXCEEDS
MAXIMUM VALUE.



WJ-398-1

FIG. 5. PREFERRED CONNECTION FOR HIGH-DENSITY POWER SUPPLY CONFIGURATION FOR WJ-398-1.

RF OUT

LJ

HEATER  |o ANODE |

+

( DELAYED )

HELIX — COLLECTOR
( DELAYED ) ( DELAYED )

| =

HEATER 6.0-7.0 VOLTS AC AT 1.0 AMPERE MAX.
ANODE 1795-1995 VOLTS AT 1.0 mA MAXIMUM
(sum of Anode, Helix, and Collector Supplies)
HELIX 1392-1592 VOLTS AT 10 mA MAXIMUM (sum

of Helix and Collector Supplies)
COLLECTOR 1045-1155 VOLTS AT 60 mA MAXIMUM

NOTE:

WITH THIS CONFIGURATION, ANODE SUPPLY CAN
NOT CUTOFF TUBE EMISSION. TO PREVENT DAM-
AGE TO TWT, VOLTAGES MUST BE APPLIED TO TWT
IN THE FOLLOWING SEQUENCE:

1. APPLY HEATER VOLTAGE SLOWLY TO ALLOW FIL-
AMENT RESISTANCE CHANGE AS TEMPERATURE
RISES.

2. COLLECTOR, HELIX, AND ANODE VOLTAGES MAY
BE APPLIED SIMULTANEOUSLY AFTER HEATER

January 1968

VOLTAGE HAS BEEN ON FOR 2 MINUTES MINI-
MUM.

CAUTION
HELIX OVERCURRENT DISCONNECT CIRCUIT MUST
BE SET FOR MAXIMUM HELIX CURRENT VALUE
SPECIFIED AND MUST DISCONNECT ALL VOLTAGES
IN LESS THAN 100 uSEC IF MAXIMUM VALUE IS
EXCEEDED.

PRINTED IN U.S.A.



TECHNICAL DATA

W J-398

July 1967

8 TO 12 GHz, 40 MILLIWATT LOW-NOISE TRAVELING-WAVE
AMPLIFIER WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN“

e NOISE FIGURE
10 dB MAXIMUM

e PERMANENT-MAGNET
FOCUSING

e PROVEN RELIABILITY

e NO ADJUSTMENTS
REQUIRED

e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION

The WJ-399 is one of the original members of
Watkins-Johnson’s family of PM-focused integral
power supply amplifiers. Like its lower-power pre-
decessors, the WJ-399 is completely self-contained,
adjustment-free, and requires only a 115-volt ac
line-voltage input (48 to 420 Hz).

This proven amplifier, with a typical noise figure
of 9 dB, may be operated in any orientation, in
stacked arrays, or adjacent to ferromagnetic ma-

terial without degradation of performance.

Rugged construction of the tube, magnet, and
power supply assembly assures reliable operation
under vibrational forces of 5 g, at frequencies up
to 500 Hz. Full specifications are met over the op-
erating temperature range of —54° to +71°C. The
environmental characteristics of the WJ-399 meet
or exceed the corresponding requirements of MIL-
E-5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency .. ... ... . . ... 8to12GHz ............... ... .... 8 to 12 GHz
Noise Figure, Terminal . ..................... G HB s :sssmmmacsis s auEEE £ 888558 10 dB, max.
Gain, Small Signal .. ....... ... ... ... ... .... 35dB .. ... 30 dB, min.
VSWR, Input and OQutput . ...................... 1Dk :icomasirisnmmaitissamnanmm 2:1, max.
Power Qutput ........ ... ... .. ... . ... .... 18dBm . ... ... . 16 dBm
ELECTRICAL REQUIREMENTS Typical Range
Primary Voltage . ...... ... ... .. ... ... ...... LISV ag ....cecwvissimamasssss 115 £10 V ac
Primary Frequency .......... .. ..... .. ....... 60Hz ... ... . 48 to 420 Hz

Primary Power

*This Technical Data Sheet presents up-to-date information on the WJ-399
first described in Technical Bulletin, Volume 8, No. 13; September 1966.

This is but one of many products of advanced design developed and produced at Watkins-Johnson Company. Variations are readily available. Discussion of any proposed
use is invited. Please contact Applications Engineering or our representative in your area for further information. Specifications are subject to change without notice.



POWER
20
ENVIRONMENTAL 3
CHARACTERISTICS 85
Temperature . —55°C to +71°C 5 3 '
Vibration a8 |,
a) 0.10 Inch, Double Amplitude . 5to 30 Hz e
b) 5 g, Single Amplitude . 30 to 500 Hz 2
Shoek . . . &+ o « & 159,11 ms
MECHANICAL
CHARACTERISTICS GAIN
Amplifier Length 50
(excluding connectors) 12 inches, max. S
Amplifier Height and Width 4.75 inches, max. § 40
Amplifier Weight 18 Ibs., max. 2 pr——"
Primary Power Connection, § .
Bendix Plug PT 07C-8-3P 2 2
Bendix Socket PT 07C-8-3S =
Reference Drawing Number 290121 °
NOISE
10
Every tube will meet the guaranteed performance specifications for -
any voltage and frequency within these ranges. A
These environmental characteristics meet or exceed the respective § 8
requirements of MIL-E-5400, Class 2. -
5 7
68 9 10 I 12
FREQUENCY-GHz

OUTLINE DRAWING

TYPE N JACK
GREMAR 5267-1 /
PILOT

POWER CONNECTOR
POWER SWITCH

fea— 2,00 " o=t

b
e
b

POWER CONNECTORS
BENDIX:

PT O7C-8-3P (PLUG)
PT 07C-8-3S (SOCKET)

4 ~20 UNC 4 PLACES

Rl

N CONNECTION

IS I0VAC | 49-420 cPs

[Aa]
B [GROUND
CTii52 10 VG | SINGLE PHASE

WATKINS ®= JOHNSON COMPANY
3333 HILLVIEW AVENUE ® STANFORD INDUSTRIAL PARK
PALO ALTO, CALIFORNIA 94304
TWX 910-373-1253 PHONE (415) 326-8830
Telex: 348-415



TECHNICAL DATA

July 1967 %
8 TO12 GHz, 60 MILLIWATT
LOW-NOISE TRAVELING-WAVE AMPLIFIER
WITH INTEGRAL POWER SUPPLY
WJ-399-2
® "JUST PLUG IT IN”
e NOISE FIGURE
11.0 dB MAXIMUM
®© PERMANENT-MAGNET
FOCUSING
¢ PROVEN RELIABILITY
® NO ADJUSTMENTS
REQUIRED
e MEETS MIL-E-5400,
CLASS 2 SPECIFICATION
The WJ-399-2 is a higher output power version of terial without degradation of performance.
the WJ-399 with a typical output power of 80 mW. Rugged construction of the tube, magnet, and
Like its lower-power predecessors, the WJ-399-2 is power supply assembly assures reliable operation
completely self-contained, adjustment-free, and under vibrational forces of 5 g, at frequencies up
requires only a 115-volt ac line-voltage input (48 to to 500 Hz. Full specifications are met over the op-
420 Hz). erating temperature range of —54° to +71°C. The
This proven amplifier, with a typical noise figure environmental characteristics of the WJ-399-2
of 10 dB, may be operated in any orientation, in meet or exceed the corresponding requirements of
stacked arrays, or adjacent to ferromagnetic ma- MIL-E-5400, Class 2.
SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency .. .. . .. . . 8to12GHz . ......... ... ... .. .... 8 to 12 GHz
Noise Figure, Terminal . ........ ... .. ... ... ... 10dB . ... ... 11 dB, max.
Gain,; SMall SIENAl .. .ovww it i mmes s i aRaES 35dB ... 30 dB, min.
VSWR, Input and Output . ..... .. P 1Bl . e s n s s wmmmidE E e B8R 2:1, max
Power Output . ......... ... ... ... ... ... .... 19dBm . ... ... 18 dBm
ELECTRICAL REQUIREMENTS Typical Range’
Primary Voltage .......... ... .. ... . . .. ... .... 115Vac . ... 115 10 V ac
Primary Frequency . .......... ... .. ... .. ...... 60Hz ... ... ... .. ... 48 to 420 Hz
Primary Power . ... .. .. . . . . . ... 20 W

*This Technical Data Sheet presents up-to-date information on the WJ-399
first described in Technical Bulletin, Volume 8, No. 13; September 1966.



WJ-399-2

ENVIRONMENTAL
CHARACTERISTICS®
Temperature . —55°C to +71°C
Vibration
a) 0.10 Inch, Double Amplitude 5to 30 Hz
b) 5 g, Single Amplitude . 30 to 500 Hz
Sheck . - « & s & = 15g,11 ms
MECHANICAL
CHARACTERISTICS
HEIEET o o056 1 01 smonins 4.75 inches (121 mm) max.
WIdEH .o v s o on mmmmos 4.75 inches (121 mm) max.
Length (excluding
connectors) . ........ 12 inches (305 mm) max.
Weight .. ............ 18 pounds (8.16 Kg) max.
Primary Power Connection,
Bendix Plug .................. PT 07C-8-3P
Bendix Socket . ................ PT 07C-8-3S
Reference Drawing Number .. ... ....... 290121

'Every tube will meet the guaranteed performance specifica-
tions for any voltage and frequency within these ranges.
2These environmental characteristics meet or exceed the re-
spective requirements of MIL-E-5400, Class 2.
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0.5 1t01.0 GHz LOW-NOISE TWT DUAL

TECHNICAL DATA

WJ-004

August 1967

AMPLIFIER WITH INTEGRAL POWER SUPPLY

e MATCHED GAIN: 2.0 dB max.

e NOISE FIGURE: 8.5 dB max.

¢ POWER OUTPUT: + 5 dBm
e PERMANENT MAGNET FOCUSING

e ADUUSTMENT FREE OPERATION

e "JUST PLUG IT IN“

The WJ-404 is the P-band member of Watkins-
Johnson’s newest family of low-noise dual ampli-
fiers with PM focusing and integral power supply.
A low noise figure combined with high power out-
put and small size are standard features of this
amplifier. Its outstanding feature is gain matching
between channels to provide a guaranteed maxi-
mum gain difference of 2.0 dB at any frequency
within the operating range, and over the tempera-

ture range of —54°C to +55°C.

The WJ-404 is well suited for airborne military
systems applications. Rugged construction of the
tube, magnet, and power supply ensures reliable
operation under vibrational forces of 5g at frequen-
cies up to 500 Hz. Performance is unaffected by
operation in stacked arrays or adjacent to ferro-
magnetic materials.

SPECIFICATIONS

PERFORMANCE (Each Channel) Typical Guaranteed
FrEQUENEY «ocnsvnds nita i FRRsEres MR s 8Es 5 e 05-1.0GHz ..................... 0.5-1.0 GHz
Noise figure, terminal . ........................ OB ;s snnmassrsrdimemsssss EEE 8.5 dB max.
Gain, small signal .......... ... .. ... ... ... . ... 28dB . ... 25 dB min.
GAIN, MATCAING « v w5 5mr o0 51w 50506 i 508 i 5 5 G W @ OB o maa s 2 6 B R & & & & iR E AL 2.0 dB max.
Warm-UpP TG <. vos s s o imai ves 28850 @8 5 A K R EE 2085 508 8% 5 5 56 a0 v s e 85 e e 15 minutes max.
VSWR, input and output . ............ ... ... ... 1B . v v st B SRS e 2:1 max.
Power GUEPUE . o . uos s e oo s oo oo s mom o o iwie o5 FZ OB & a.mrm 62 52 3 8 HOERES £ & ¢ S 6T +5 dBm

ELECTRICAL REQUIREMENTS Typical Range
Primhary VOIAEE: . . cueesis simanasEs 2508 sas s s s LIDNVEC: : 455 e napes v oo penaas s 3 &5 115 £10 Vac
Primary FreqUencty . wwsw».svosmme e sonssnsseds BOHZ ... . .50 25089 25885 S ¢ & 3 48 to 420 Hz
Primary Power . ........ccoiiiiervrencrnnnsos 25 watts
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ENVIRONMENTAL 58 S SRR &
s5 7 T —
CHARACTERISTICS ES - ey
Temperature, operating . . . . . . —54°C to 4+55°C R
Temperature, non-operating . . . —62°C to +85°C 8
Vibration 5
a. 0.10 inch, double amplitude. .. .5 to 45 Hz
b. 5G, single amplitude. . ... ... 45 to 500 Hz
5170 o1 . O S TP 15 G, 11 ms
AlEITHAE! 6555 05 24 B@EE 58 56 & 66 50,000 feet
Humidity ............ ... .. ........ 95% GAIN
® 30 \
MECHANICAL & 59 ////’—'_“\\ N
!
CHARACTERISTICS 2 | X
< 3
Amplifier length : V7 N
(excluding connectors). . . .. 10.0 inches, max. r
Amplifier height. ... ......... 4.5 inches, max. §’
Amplifier width . . ... ..... ... 5.5 inches, max. R
Weight . ................ 14.5 pounds, max.
Primary power connection,
BENAiX: . : v ammmems s 3 mmnmbisg s PT-07C-8-3P
RF connections
(50 ohm, nominal) ........... Type N, Jack NOISE
Watkins-Johnson Outline Drawing. . . . . .. 290058
7.0
Each tube of the dual-amplifier package shall meet the
performance specifications listed. @
"I’ 6.5
At any frequency within the band, the difference in small W N\ \ /
signal gain between the two channels shall not exceed the 3 60 \\ ~ 7 —
specified limit. - ~ = —— e
The amplifier shall meet all guaranteed parameters within 2 55 .. —
the specified time. z ~N—————
Each tube shall meet the guaranteed performance specifi- 5.0 = T
cations within these primary voltage and frequency ranges. 0.50 0.625 0.75 0.875 .
All performance specifications shall be met over the speci- PRSI
fied temperature range. —— CHANNEL A
——-CHANNEL B
OUTLINE DRAWING
“wy" IDENT LABEL—
\\ = O e 499 PRODUCT LABEL
fgese //
n\ B
@8 &— g
M 48 £ - 450
3.45 C'J
: 4 C ’J
@) 1.55
i i dt i i | L5 L
e 350 1.00 ; I 2.20 =—=— 350
0.45 DEEP (4) PLCS.
5.50 10.00
POWER CONNECTOR PLUG RF__CONNECTORS POWER CONNECTORS
INPUT: TYPE N-JACK BENDIX (J5)
(JI a J3) PT O7C -8-3P (PLUG)
OUTPUT: TYPE N-JACK MS3II6E -8-3S (SR) (SOC)
iz & d4) PN CONNECTION
C|AC(HOT) |II5%10 VAC
B |GROUND 48 —-420H,
AJAC SINGLE PHASE

Printed in U.S.A.




1to 2 GHz LOW-NOISE TWT DUAL

TECHNICAL DATA

Wi-10%

August 1967

AMPLIFIER WITH INTEGRAL POWER SUPPLY

e MATCHED GAIN: 2.0 dB max.

¢ NOISE FIGURE: 8.5 dB max.

e POWER OUTPUT: + 7 dBm min.

e PERMANENT MAGNET FOCUSING
e ADUUSTMENT FREE OPERATION

e "JUST PLUG IT IN”

The WJ-405 is the L-band member of Watkins-
Johnson’s newest family of low-noise dual ampli-
fiers with PM focusing and integral power supply.
Its outstanding feature is gain matching between
channels to provide a guaranteed maximum gain
difference of 2.0 dB at any frequency within the
operating range, and over the temperature range
of —54°C to +55°C. Standard features include a
low noise figure combined with high power output

412

and small size.

Performance of the WJ-405 is unaffected by op-
eration in stacked arrays or adjacent to ferromag-
netic materials. Rugged construction of the tube,
magnet, and power supply ensures reliable opera-
tion under vibrational forces of 5g at frequencies
up to 500 Hz. The W]J-405 is well suited for airborne
military systems applications.

SPECIFICATIONS
PERFORMANCE (Each Channel) Typical Guaranteed
Frequency .. .. ...t 1.0-20GHz ........... ... ... ... 1.0-2.0 GHz
Noise figure, terminal ... ... ... ... ... ... ... ... 7.0dB ... 8.5 dB max.
Gain, small signal . .... i cocvesissssamensisss 30dB .. ... 25 dB min.
Gain, matching . ... ... ... ... 1.0dB. ... ... ... ... 2.0 dB max.

Warm-Up tiMe . oo s issommmsssssommmesssas

VSWR, input and output . .................... = 2:1 max.
Power output <. :::ssemomssisssnmomesiass ne H£9dBM ;. cwsse s mrmem s +7 dBm min.
ELECTRICAL REQUIREMENTS Typical Range
Primary Voltage . ........ ... ... ... .. . ... .. ... 115Vac .. ... ... ... ... 115 +£10 Vac
Primary Frequency ........ ... ... .. . .. 60Hz .. ... ... ... 48 t0 420 Hz

Primary Power ... ... ... . . . . . .. 25 watts
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ENVIRONMENTAL B /,, -~
[+ 4 e,
CHARACTERISTICS T \
Temperature, operating . . . . . . —54°C to +55°C " g e
Temperature, non-operating . . . —62°C to +85°C )
Vibration . 7
a. 0.10 inch, double amplitude. .. .5 to 45 Hz
b. 5G, single amplitude. . ... ... 45 to 500 Hz
Shock . ... . ... ... ... 15 G, 11 ms
Altitude . ... ... ... ... L. 50,000 feet
Humidity :vesvavesssmommmsrss somnmms 95% GAIN
32
] —
? A // :ﬁ\
MECHANICAL z 3 < N~
CHARACTERISTICS - . / N
e z 7/ Y
Amplifier length = v \\
(excluding connectors). . . .. 10.0 inches, max. 4 29 N\
Amplifier height. .. ..... ... .. 4.5 inches, max. g \
Amplifier width . ... ...... ... 5.5 inches, max. Y
Weight . ............. ... 14.5 pounds, max.
Primary power connection,
Bendix ........... ... ... ... PT-07C-8-3P
RF connections
(50 ohm, nominal) ........... Type N, Jack NOISE
Watkins-Johnson Outline Drawing. . . .. .. 290058 .
Each tube of the dual-amplifier package shall meet the
performance specifications listed. 3 8
1
At any frequency within the band, the difference in small & J
signal gain between the two channels shall not exceed the 3 7 —=
specified limit. o = -
L(.;IJ —T — e — e
The amplifier shall meet all guaranteed parameters within 5] g
the specified time. =
Each tube shall meet the guaranteed performance specifi- 5._0 15
cations within these primary voltage and frequency ranges. FREQUENCY - GHz
All performance specifications shall be met over the speci-
fied temperature range. CHANNEL A
———-CHANNEL B
OUTLINE DRAWING
"wy" IDENT LABEL
N\ ol S T
o r P
FUSE— 1 E
M n 345 ﬂf @— T 450
A5 2.25
. G i o i | c L
e %] e J
0.45 DEEP (4) PLCS
10.00
POWER CONNECTOR PLUG RF__CONNECTORS POWER CONNECTORS
INPUT: TYPE N-JACK BENDIX (J5)
(JI_& J3) PT 07C -8-3P (PLUG)
OUTPUT:(BZPE N jacK MS3116E -8-35 (SR) (SOC)
PIN CONNECTION
C|AC ( HOT) [II5%10 VAC
B |GROUND 48 —420 H,
[a]Ac SINGLE PHASE |

Printed in U.S.A.



TECHNICAL DATA

Wd-L06

August 1967

2 to 4 GHz LOW-NOISE TWT DUAL
AMPLIFIER WITH INTEGRAL POWER SUPPLY

e MATCHED GAIN: 2.0 dB max.

e NOISE FIGURE: 8.5 dB max.

e POWER OUTPUT: + 7 dBm min.

e PERMANENT MAGNET FOCUSING

e ADJUSTMENT FREE OPERATION

e "JUST PLUG IT IN”

The WJ-406 is the S-band member of Watkins-
Johnson’s newest family of low-noise dual ampli-
fiers with PM focusing and integral power supply.
It combines the standard features (low noise fig-
ure/high power output/small size) of all W-]J low-
noise amplifiers with a special feature of this
family: gain matching between channels to pro-
vide a guaranteed maximum gain difference of 2.0
dB at any frequency within the operating range,
and over the temperature range of —54° to +55°C.

Rugged construction of the tube, magnet, and
power supply ensures reliable operation under vi-
brational forces of 5g at frequencies up to 500 Hz.
In addition to these features, performance is un-
affected by operation in stacked arrays or adjacent
to ferromagnetic materials, making the WJ-406
well suited for airborne military systems applica-
tions.

SPECIFICATIONS
PERFORMANCE (Each Channel)1 Typical Guaranteed
FrOqQUENCYZ. . . o o ottt 2040GHZ ..., 2.0-4.0 GHz
Noise figure, terminal . ........ ... ... ... . .... TBDTB. .. oo st d s s s st ablBERED 5o ¢ 8.5 dB max.
Gain, small signal .. .......... ... ... ... .. ..... 30dB . ... 25 dB min.
Gain, MALCHITIZE « v v s o wimim e vnim oo o n o min oin a0 ot L:0dB. . . o ve vvnmb o i 2.0 dB max.
Warm-up ST 5 5 0 2 W § 0 5 5 TR 5 9 g rmm s i . & S 1 15 minutes max.
VSWR, input-and output «....:sss0vesusssssusus 108 sompans vinsssmmesn s 8smswas s 2:1 max.
Power output .......... . ... . L FLOEBM . ..o e o i b b +7 dBm min.
ELECTRICAL REQUIREMENTS Typical Range4
Primary Voltage .. .......... ... ... .. .. ...... TIBVAC v v v o viwrm i i im0 m e 115 +10 Vac
Primary Frequency . ....... ...t iiiiiininnnnn 60Hz ... ... . 48 t0 420 Hz
Primary POWEY .smmemesss sssabmmsns ooy s e s s 25 watts
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ENVIRONMENTAL E u -
CHARACTERISTICS 3 / N
Temperature, operating . . .. .. —54°C to +55°C 0 B
Temperature, non-operating . . . —62°C to +85°C < h
Vibration S
a. 0.10 inch, double amplitude. .. 5 to 45 Hz <
b. 5G, single amplitude. . ... ... 45 to 500 Hz =
Shock ... 15 G, 11 ms 5 8
AIEEIEE: . o4 4 votsmbuiinn s s s s bmmme 50,000 feet
Humidity ........ ... .. .. ... .. ..... 95% GAIN
2
’ - — :\
MECHANICAL s | 77 T
CHARACTERISTICS = 31/, <~
<<
Height .......... .. 4.5 inches (114 mm) max. e / \\‘
Width ............ 5.5 inches (140 mm) max. g 30 VN
Length (excluding &
connectors) ... ... 10 inches (254 mm) max. =
Weight .......... 14.5 pounds (6.58 Kg) max. z
Primary power connection, 28
Bendix .......... ... .. .. ... PT-07C-8-3P
RF connections
(50 ohm, nominal) ........... Type N, Jack
Watkins-Johnson Outline Drawing. . ... .. 290058 NOISE
9
1. Each tube of the dual-amplifier package shall meet the
performance specifications listed. S 8
2. At any frequency within the band, the difference in &
small ysignal gain between the two channels shall not é \\ /'f”‘—
exceed the specified limit. = 7 I R (L
3. The amplifier shall meet all guaranteed parameters L‘-}—’J
within the specified time. S 6
4. Each tube shall meet the guaranteed performance spec-
ifications within these primary voltage and frequency 5
ranges. 2.0 2.5 3.0 3.5 4.0
5. All performance specifications shall be met over the FREQUENCY - GHz
specified temperature range. CHANNEL A s
CHANNEL B === =
OUTLINE DRAWING
W - J IDENT LABEL
N\ RF CONNECTORS 4% PRODUCT LABEL
FUSES12E (&) REQUIRED =
LABEL Q el
FUSE— E N
N Ja 3 45 E C}J Td. 50
= T 2.25
@\ 1.55 uﬁ "
T i 1 HH H
RN
MOUNTING HOLE— 3.50—= =100 0.75+  |2.20-—3.50
1/4 - 20 UNC 2B
0.45 DP (4) PLACES 5.50 10. 00

POWER CONNECTOR PLUG

August 1967
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4 to 8 GHz LOW-NOISE TWT DUAL

TECHNICAL DATA

WJ-107

August 1967

AMPLIFIER WITH INTEGRAL POWER SUPPLY

¢ MATCHED GAIN: 2.0 dB max.

e NOISE FIGURE: 9.0 dB max.

e POWER OUTPUT: + 7 dBm

¢ PERMANENT MAGNET FOCUSING

e ADUUSTMENT FREE OPERATION

e “JUST PLUG IT IN”

The WJ-407, C-band member of Watkins-Johnson’s
newest family of low-noise dual amplifiers with
PM focusing and integral power supply, features
gain matching between channels to provide a
guaranteed maximum gain difference of 2.0 dB at
any frequency within the operating range, and
over the temperature range of —54°C to 455°C.
Additional features, which are standard on all W-]J
low-noise amplifiers, include a low noise figure,
high power output, and small size.

Performance of the WJ-407 is unaffected by op-
eration in stacked arrays or adjacent to ferromag-
netic materials. Reliable operation under vibra-
tional forces of 5g at frequencies up to 500 Hz is
ensured by rugged construction of tube, magnet,
and power supply. These operational features
make the WJ-407 particularly suitable for airborne
military systems applications.

SPECIFICATIONS
PERFORMANCE (Each Channel) Typical Guaranteed
FIEGUENEY 2 xosmad ¢ 35 & s 5 0 5 5ot Soaioat i s of & 51t ot o1 4i0BOCHZ . ;v mmams iesns mmassss 4.0-8.0 GHz
Noise figure, terminal .. ....................... 7.5dB ... 9.0 dB max.
Gain, small signal : . cawee s vas samassse sammnan 29 armmms ¢ 18 s 5 ¢ 1§ s s - 25 dB min.
Gain, MatChing . . soommsm s s oommmus s s o os - OB . .. . .o e e s o s 265 ¢ 2 2.0 dB max.
Warm=p HIME . ¢ covssoses s 8§55 G50 05 5 88 SEEa RS 8 € 5 5o mme s 5 8 5 0 Bsmms £ 55 6 & wene 45 8 15 minutes max.
VSWR, input and outpul . . . « ¢ s saswm s s oo mamaas s s P 2:1 max.
POWEF OUIDUL : sumwws s s wsmmues ¢ 56 sosmass s =10 OB 562 s mmmme e i mnmwwe +7 dBm min.
ELECTRICAL REQUIREMENTS Typical Range
Prittiaty Voltage .ssmess vovmesnie i anmmnng s L 115 10 Vac
Primary Frequency ........... ... uuin... 60Hz ... ... ... 48 t0 420 Hz

PHMarY POWEE . suwessss ssmmssss s 455 ms6S s s s 25 watts
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CHARACTERISTICS 23 ¢ RS
Temperature, operating . . . . .. —54°C to +55°C g o
Temperature, non-operating . . . —62°C to +85°C .
Vibration '
a. 0.10 inch, double amplitude. .. 5 to 45 Hz
b. 5G, single amplitude........ 45 to 500 Hz
SHOGK| & wos awadss i 3B uaEEs s 5s 15 G, 11 ms
AIBRIDE . .o vmmines smsswmigs s ne 50,000 feet
Hummidity . oo come s s vremums sss vy gmes 95% GAIN
30
e
MECHANICAL -
CHARACTERISTICS L R M =
A 9 - §§§‘
Amplifier length _ g °
(excluding connectors). . . .. 10.0 inches, max. I
Amplifier height. .. .......... 4.5 inches, max. 2
Amplifier width . ............ 5.5 inches, max. &,
Weight . .......... ... ... 14.5 pounds, max.
Primary power connection,
BendiX wewme s s s msmmny s os o mme PT-07C-8-3P
RF connections
(50 ohm, nominal) ........... Type N, Jack
Watkins-Johnson Outline Drawing. . ... .. 290058 NOISE
Each tube of the dual-amplifier package shall meet the 9
performance specifications listed.
@
At any frequency within the band, the difference in small ki 8 S —=
signal gain between the two channels shall not exceed the & \\\§\ I
specified limit. 3 7 —— e
The amplifier shall meet all guaranteed parameters within w
the specified time. S é
Each tube shall meet the guaranteed performance specifi- 5
cations within these primary voltage and frequency ranges. 4 5 6 7 8
All performance specifications shall be met over the speci- FREQUENGY. ~/GHz
fied temperature range.
—— CHANNEL A
——-CHANNEL B
OUTLINE DRAWING
“Wuy" IDENT LABEL
N\ bl S s [ —
LABEL /
FUSE—] I
iy 4.50
® — !
2.25
o 0 i
TG e - 220~ J
0.45 DEEP(4) PLCS
10.00
POWER CONNCTOR PLUG RF__CONNECTORS POWER CONNECTORS
INPUT: TYPE N-JACK BENDIX (J5)
(JI & J3) PT O07C -8-3P (PLUG)
OUTPUT: TYPE N-JACK MS 31I6E -8-3S (SR) (SOC)
e '8 %) PN CONNECTION
C|AC ( HOT) |I115%I0 VAC
B [GROUND | 48 -420H,
A|AC SINGLE PHASE

Printed in U.S.A.



8 to 12 GHz LOW-NOISE TWT DUAL

TECHNICAL DATA

WJ-408

August 1967

AMPLIFIER WITH INTEGRAL POWER SUPPLY

e MATCHED GAIN: 2.0 dB max.

¢ NOISE FIGURE: 9.5 dB max.

e POWER OUTPUT: + 7 dBm min.

e PERMANENT MAGNET FOCUSING

e ADJUSTMENT FREE OPERATION
e "JUST PLUG IT IN“

The X-band member of Watkins-Johnson’s newest
family of low-noise dual amplifiers with PM
focusing and integral power supply is designated
WJ-408. Its outstanding feature is gain matching
between channels to provide a guaranteed maxi-
mum difference of 2.0 dB at any frequency within
the operating range and over the temperature
range of -54°C to +55°C. Standard features in-
clude a low noise figure combined with high power

3412

output and small size.

The WJ-408 is well suited for airborne military
systems applications. Rugged consruction of the
tube, magnet, and power supply ensures reliable
operation under vibrational forces of 5g at fre-
quencies up to 500 Hz. Performance is unaffected
by operation in stacked arrays or adjacent to ferro-
magnetic materials.

SPECIFICATIONS

PERFORMANCE (Each Channel) Typical Guaranteed
Frequency .. ... .. .. ... 80-120GHz ... ....... ... ..... .. 8.0-12.0 GHz
Noise figure, terminal . ..................... 85dB ... ... 9.5 dB max.
Gain, small signal . ....... ... ... ... ... ... .. 30dB . ... 25 dB min.
Gain, matching . ... ... . ... . ... 1.0dB . ... .. ... 2.0 dB max.
Warm-up time . . ... e 15 minutes max.
VSWR, input and ouput . . ... ... .. ... . ... .. 0 -3 2:1 max.
Power output . ....... ... ... i +10dBm ... +7 dBm min.

ELECTRICAL REQUIREMENTS Typical Range
Primary Voltage . ........ ... ... ... .. ...... 115Vac . ... ... . 115 £10 Vac
Primary Frequency . ............covveinnn. 60Hz ... ... .. 48 t0o 420 Hz
Primary POWEr .. .is::ssssuuwnssssmssswisss 25 watts
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RF__CONNECTORS
INPUT: TYPE N-JACK
(Jr 8 J3)
OUTPUT: TYPE N-JACK
(J2 8 J4)

POWER CONNECTOR PLUG

§ =
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o -
2z
ENVIRONMENTAL S5 o -
CHARACTERISTICS ie . X
=
Temperature, operating . . . .. —b54°C to +55°C €
Temperature, non-operating. . .—62°C to +85°C 7
Vibration
a. .10 inch, double amplitude. . . .. 5 to 45 Hz
b. 5G, single amplitude. . ... ... 45 to 500 Hz
Shock . ... ... ... ... 15 G, 11 ms GAIN
Altitude .. ............ ... ... .. 50,000 feet
Humidity . ..... ... . 95% 31
[+e]
ECHANICAL ) — ===
o
MEC NIC : Rt ==
CHARACTERISTICS 2 2o
7]
Amplifier length 4 28
(excluding connectors). . . .. 10.0 inches, max. g
Amplifier height. .. .......... 4.5 inches, max. Y
Amplifier width. . ............ 5.5 inches, max.
Weight . ................ 14.5 pounds, max.
Primary power connection,
Bendi® :sssemsissssmmansis PT-07C-8-3P NOISE
RF connections
50 ohm, nominal) ............ Type N, jack -
Watkins-Johnson Outline Drawing ... ... 290058
@
5 9
Each tube of the dual-amplifier package shall meet the w . 1 —
performance specifications listed. é 8 e —— = '::_,-:/
At any frequency within the band, the difference in small :
signal gain between the two channels shall not exceed the g 7
specified limit. =
The amplifier shall meet all guaranteed parameters within 6
the specified time. 8.0 o 10.0 n.o 12.0
Each tube shall meet the guaranteed performance specifi- FREQUENCY - GHz
cations within these primary voltage and frequency ranges.
All performance specifications shall be met over the speci- —— CHANNEL A
fied temperature range. — — — CHANNEL B
OUTLINE DRAWING
“Wu" IDENT LABEL
RF CONNECTORS 455
(4) REQUIRED /PRODUCT LABEL

r
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=
f—
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L L
r=— 2.20 =t=—— 350 J

POWER CONNECTORS
BENDIX  (J5)

PT 07C -8-3P (PLUG)
MS31I6E -8-35S (SR) (SOC)
PIN CONNECTION

CJAC (HOT) [115%10 VAC
B [GROUND | 48 -420H,
A[AC | SINGLE PHASE




TECHNICAL DATA

WJ-422

APRIL 1970 ¥

2 to 4 GHz LOW-NOISE TWT AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

e GUARANTEED +10 dBm
POWER OUTPUT

e GUARANTEED 7.5 dB NOISE
FIGURE ACROSS FULL S-BAND

e SMALL SIZE: 3x3x10.5 INCHES

e MEETS MIL-E-5400
CLASS Il ENVIRONMENT

The WJ-422 is one of a family of single-reversal
permanent-magnet TWT amplifiers developed by
Watkins-Johnson Company to meet the increasing
demand for reliable microwave devices. No other
S-band low-noise TWT amplifier on the market
today can match the power output/noise figure/
size combination offered by this amplifier. It is
completely self-contained, and adjustment-free,
operating with only an ac line voltage input.

The WJ-422 may be mounted in any orientation
without degradation of performance. Rugged con-
struction of the tube, magnet, and power supply
ensures reliable operation under vibrational forces
of 10g, at frequencies up to 500 Hz. Full specifica-
tions are met over the operating temperature range
of —54° to +71°C. These environmental charac-
teristics of the WJ-422 meet the corresponding
requirements of MIL-E-5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . ... ... ... . ... . 20t040GHz .............. .. 2.0 to 4.0 GHz
Noise figure, terminal . ... ... ... ... .. .. ... . ... 7.0dB ... 7.5 dB max.
Gain, Sthall Sigthal « sovnbssss nuvseiseies aapr 32dB . ... 25 dB min.
VSWR, input and output .. ......... .. ... . ... ... 1511 . i.iv.cammosisssnnnamassscmp 2:1 max.
Power output . ...... ... ... ... ... ... ... ... +12dBm........ ... .. ... +10 dBm min.
ELECTRICAL REQUIREMENTS Typical Range!'
POmary VoRage: : weew s ss s ssppemasszsssumesssss LIS VAC & v oo pwmsogsss mmoma s a5 s 115 =10 Vac
Primary Current. . .. ... 120 mA
Primary frequency . .......... ... ... ... ....... 60 Hz ... ... ... ... 48 to 420 Hz

Primary power ...... ... ... . .. .. ... . . . ... ...

*Supersedes WJ-422 Technical Data Sheet dated February 1968.
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Weight . ........... 6.5 pounds (2.95 Kg) max.
Primary power connection,
Bendix receptacle ............ PTO7C-8-3p
RF connections NOISE
(50 ohms, nominal) .. ......... Type N, jack 10
& 9
=
= 8
1. Every tube will meet the guaranteed performance speci- kit
Iir::::éopasn;cé;any primary voltage ang frequency w?thin é 7 P—] __________//
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RF CONNECTOR = 260 e G THD. 500 DP. 2.375
.650 10. 500 (6) PLACES
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4 to 8 GHz LOW-NOISE TWT AMPLIFIER
WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

e GUARANTEED 7.5 dB NOISE
FIGURE ACROSS FULL C-BAND

o GUARANTEED +10 dBm
POWER OUTPUT

e SMALL SIZE: 3x3x10.5 INCHES

e MEETS MIL-E-5400
CLASS Il ENVIRONMENT

The WJ-423 is one of a family of single-reversal
permanent-magnet TWT amplifiers developed by
Watkins-Johnson Company to meet the increasing
demand for reliable microwave devices. Featuring
a wide dynamic range in a rugged and compact
configuration, this tube produces 20 mW output
power with 6.5 dB noise figure over half of the C-
band frequency range. In addition, it is completely
self-contained and adjustment-free. operating with
only an ac line voltage input.

The WJ-423 may be mounted in any orientation
without degradation ot performance. Rugged con-
struction of the tube, magnet. and power supply
ensures reliable operation under vibrational forces
of 10g. at frequencies up to 500 Hz. Full specifica-
tions are met over the operating temperature range
of —54° to +71°C. These environmental charac-
teristics of the WJ-423 meet the corresponding
requirements of MIL-E-5400. Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . . ... .. . ... 40t080GHz ... ... ... . .. .. 4.0 to 8.0 GHz
Noise figure, terminal . ... ....... .. ... . ... ... Z0 OB « w5 w3 w0 0w @ s A F D g 7.5 dB max
Gain, Small Signal . ... ... ... . ... BL2UEBI pi p's 58 11 BE BEES B e G e e 25 dB min
VSWR, input and output . ...... .. .. .. ... ... .... 99 e o s 2 0 R 00 B B SRS B s o = & 2L 2:1 max.
Power output . ....... . ... .. ... o £2 870 1 21 ¢ | P P +10 dBm min.
ELECTRICAL REQUIREMENTS Typical Range
Primary voltage . . vvp sl asvssnwnnss sz smmesss 115 VEE wowmugnsssnypomsessss ks 115 +10 Vac
Primary frequenty . . ... :.cosssscasssenansnehss BOHZ pasviser tisneRoreta st s HOD 48 to 420 Hz
Primary power . . ... ... .. ... 10 watts
PHMANY CUFTERT 5 s swpws s 3 18 prmmmssss s s 5 6 & 3 120 mA

*Supersedes WJ-423 Technical Data Sheet dated January 1968.
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MECHANICAL g ©
CHARACTERISTICS = 3
5 L L —
Height .. ............. 3inches (76 mm) max. B e
Width .. ............. 3 inches (76 mm) max. =
Length (excluding RS
connectors ... ... 10.5 inches (267mm) max.
Weight . ........... 6.5 pounds (2.95 Kg) max.
Primary power connection, NOISE
Bendix receptacle ............ PTO7C-8-3p
RF connections e
(50 ohms, nominal) .. ......... Type N, jack g
2
Every tube will meet the guaranteed performance specifi- % 7 o ]
cations for any prima itage and frequency lyi ithi = ) —
tr?elsoenrarsgei.y s . g iR : — ]
These environmental characteristics meet the respective . ’ ° i .
requirements for MIL-E-5400, Class 2. FREQUENCY-GHz
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NOM.930—~  f~— ]
N re B
J | N ‘
Pt At & ]
NOM. ;.237 | ' ’ ' '
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.650 10. 500 (6) PLACES
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8 TO 12 GHz
LOW-NOISE TWT AMPLIFIER

WITH INTEGRAL POWER SUPPLY

e "JUST PLUG IT IN”

e GUARANTEED 7.5 dB NOISE
FIGURE ACROSS FULL X-BAND

¢ GUARANTEED +10 dBm
POWER OUTPUT

e SMALL SIZE: 3x3x10.5 INCHES

e MEETS MIL-E-5400
CLASS Il ENVIRONMENT

The WJ-424 is the first of a family of single-
reversal permanent-magnet TWT amplifiers devel-
oped by Watkins-Johnson Company to meet the
increasing demand for reliable microwave devices.
No other X-band low-noise TWT amplifier on the
market today can match the power output/noise
figure/size combination offered by this amplifier.
It is completely self-contained, and adjustment-
free, operating with only an ac line voltage input.

WJ-424

The WJ-424 may be mounted in any orientation
without degradation of performance. Rugged con-
struction of the tube, magnet, and power supply
ensures reliable operation under vibrational forces
of 10g, at frequencies up to 500 Hz. Full specifica-
tions are met over the operating temperature range
of —54° to +71°C. These environmental charac-
teristics of the WJ-424 meet the corresponding
requirements of MIL-E-5400, Class 2.

SPECIFICATIONS
PERFORMANCE Typical Guaranteed
Frequency . ... BN 12Z0GHZ « o v wvesvsnsaws 8.0to 12.0 GHz
Noise figure, terminal ... ... ... ... ... ....... ZiOWEB . s sssnasssenmnnnss dones s 7.5 dB max.
Gain, Small Signal . ....... ... .. ... ... ... ... S2[0B mmasrr = wowrem 3o m e b h § R 5 25 dB min.
VSWR, input and output . ..o vvwvnsnnsssssnss hBH: s s erEr RS e s HEEE 525 8 & & Gkl 2:1 max.
Power outpul ., .:sevesnssis s v 8rnasssss ssnaa L3 EABM s me s ab e 6w s wmnmsss s 10 dBm min.
ELECTRICAL REQUIREMENTS Typical Range!
Primary voltage :::sswivamnssssssnmpssnsss 95 959 5 'NVaG s suaE s et v BoTEE s L Es 115 +£10 Vac
Primary frequentcy : s wawsmsss s suans BEEEw T DRA 60 HZ 22773 % 5 % weems & & 5 b e 48 to 420 Hz
Primary current .. ... .. . ... 120 mA
Primary POWEr :.:ssssssssssssnasosmssiiss nil 10 watts

*Supersedes WJ-424 Technical Data Sheet dated January 1969.
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Primary power connection,
Bendix receptacle ............ PTO7C-8-3p
RF connections
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12 TO 18 GHz
LOW-NOISE TWT AMPLIFIER

WITH INTEGRAL POWER SUPPLY

e “JUST PLUG IT IN”

e GUARANTEED 10 dB NOISE
FIGURE ACROSS FULL Ku-BAND

e GUARANTEED +10 dBm
POWER OUTPUT

e SMALL SIZE: 3x3x10.5 INCHES

e MEETS MIL-E-5400
CLASS Il ENVIRONMENT

The WJ-425 is one of a family of single-reversal per-
manent-magnet TWT amplifiers developed by Watkins-
Johnson to meet the increasing demand for reliable
microwave devices. No other Ku-band low-noise TWT
amplifier on the market today can match the power
output/noise figure/size combination offered by this
amplifier. It is completely self-contained, and adjust-
ment-free, operating with only an ac line voltage input.

The WJ-425 may be mounted in any orientation with-

WJ-425

out degradation of performance. Rugged construction
of the tube, magnet, and power supply ensures reli-
able operation under vibrational forces of 10g, at fre-
quencies up to 500 Hz.Full specifications are met over
the operating tem