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INTRODUCTION 

The Technical Data Sheets in this catalog are arranged in numerical order. Complete specifi-
cations, performance curves and mechanical data are provided on a variety of microwave 
devices. 

For your convenience, the contents of this catalog are listed in the Selection ('wide by fre-
quency range under one of the following headings: 

1) Low-Noise Transistor Amplifiers 
2) Low-Noise TWT Amplifiers 
3) Power Tubes 
4) Power Amplifiers 
5) Solid State Sources 
6) Backward-Wave Oscillators 
7) Replacement BWOs 
8) YIG Filters 

The Selection Guide begins on page 4. 

Customer Service information is provided on page 2; our local Representatives are shown on 
page 3. For additional information on the complete line of W-J products, contact our Repre-
sentative in your area or call Applications Engineering at Watkins-Johnson. 

If you wish to remain on our mailing list for revised editions of this catalog, please fill out the 
attached postage paid card and drop it in the mail. Don't forget to check the box if your 
address has changed. 
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CUSTOMER SERVICE INFORMATION 

Ordering Information—United States 

Purchase orders for W-J products may be placed with 
Applications Engineering or Customer Service at 

the Palo Alto or Scotts Valley locations, or with one of 
the local Representatives listed on the opposite page. 

Quotations 

Customers may obtain quotations on any of W-J's 
products by contacting Applications Engineering or 

Customer Service in Palo Alto or Scotts Valley or 
the local Representative and outlining specific 

requirements. 

Shipping 

Shipments are normally made by means of air 
transportation to the customer's place of business. 

Surface carriers are not generally used, except in cases 
where the shipment is too bulky for delivery by air. 

Premium transportation methods used by W-J ensure 
safe, quick and dependable service. 

Field Returns 

If it is necessary to return a product, contact 
Applications Engineering or Customer Service at 

Palo Alto or Scotts Valley or our local Kepresentative 
and give full details. The warranty form enclosed 

with the product should be completed and included 
in the package. 

Warranties 

Customers are protected by the Product Warranties 
shipped with all W-J products. The warranty period 

is specified on each Product Service Report. 

Service 
W-J maintains an experienced group of Applications 

Engineers at the home office and in the local sales 
offices to assist in answering technical questions about 

our products and their application. The services of 
our engineering and technical staff are also available. 

Ordering Information—Overseas 

Watkins-Johnson International, a subsidiary of W-J, 
operates sales offices in Palo Alto, the United Kingdom 
West Germany and Italy. There are Representatives' 
offices located throughout Europe, the Mediterranean, 

Japan and Canada. The locations of these offices are 
shown on the opposite page. Orders may be placed 

with any sales office or the representative office 
nearest you. 



SALES REPRESENTATIVES 

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 
Telephane: (602) 947.7379 

CALIFORNIA 

L & M Engineering, lnc. 
3242 McKinley Drive 
Santa Clara 95051 
Telephone: (408)243.2891 

L & M Engineering, Inc. 
9911 Inglewood Ave. 
Inglewood 90301 
7elephone: (213)674.6850 

COLORADO 

Bennewitz Assoclates, lnc. 
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, lnc. 
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 01803 
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 

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

Ossmann Instruments, Inc. 
474 Thurston Road 
Rochester 14619 
Telepnone: (716)328-2230 

Ossmann Instruments, Inc. 
1901 Vestal Parkway East 
Vesta1 13850 
Telephone: (607)785.9947 

Ossmann Instruments, Inc. 
P.O. Box 207 
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 Mayrield Road 
Cleveland 44124 
Telephone: (216)442.8080 

S. Sterling Company 
2673 Culver Avenue 
Dayton 45429 
Teiephone:(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.O. Box 998 
Irving 75060 
Telepnone: (214)637.0163 

Kemco, Inc. 
8466 Leawood Bivd. 
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 

EXPORT 

AUSTRALIA 

Racal Electronics Pty, Ltd. 
47 Talavera Road 
North Ryde, N.S.W. 
Telephone: 886444 
Telex: AA20365 
Cable: 

RACALAUST-NORTH RYDE 

BELGIUM 

S. A. Telindus 
38, Rue Stanley 
1180 Brussels 
Telephone: 44.48.26/27 
Telex: 22760 
Cable: I NKOHA-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: (613j725-3354 
TWX: 610-562.1670 

A11an 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 
Cab I e: 

AIRTRADE-COPENHAGEN 

FINLAND 

OY Hedengren AB 
Lauttasaarentie 50 
00200 Helsinki 20 
(P.O. Box 10190 

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

FRANCE 

Bureau de Liaison 
113, Rue de L'Universitg 
75 Paris 7e 
Telephone: 551.99.20 
Telex: 23976 Code 236 BDL 
Cable: 

BUDLIAISON•PARIS 007 

GREECE 

American Technical 
Enterprises 

P.O. Box 156 
Athens K 
Telephone: 819470 
Cable: 

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 Italians, 
S. p. A. 

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

Soma Trading Corporation 
I. P. 0. Box 2447 
Seoul 
Telephone: 73.9336,73.6936 
Cable: 1 N NSAMATRA-SEOUL 

NORWAY 

1. M. Feiring A/S 
Sandakerveien 46b 
Oslo 4 
Telephone: 21 82 12 
Telex: 16435 
Cable: FEIRING•OSLO 

PORTUGAL 

Eltec Electronics, Comercio 
e Industria Limitada 

Avenida Almirante Reis 
No. 30, 2nd Floor 
Lisbon 1 
Telephone: 833677, 845896 
Cable: TRANSISTOR•LISBON 

SWEDEN 

Johan Lagercrantz KB 
Gardsviigen 108 
Box 314 
S-17103 Solna 3 
Telephone: 08/83 07 90 
Telex: 10363 
Cable: LAGCRANTZ-SOLNA 

SWITZERLAND 

Megex ZOrich, GmbH 
8048 ZOrich 
Badenerstrasse 582 
Telephone: (051) 52.78.00 
Telex: 54368 
Cable: 

MEGEXIMPOR'TdURICH 

UNITED KINGDOM 

Watkins-Johnson Internat'I 
Shirley Avenue 
Windsor, Bershire 
Telephone: Windsor 69241 
Telex: 84578 
Cable: WJUKW-WINDSOR 

WEST GERMANY 

Watkins•lohnson Internat'i 
8 MOnchen 2 
Maximiliansplatz 12A 
Telephone: (0811) 29 33 30 
Telex; 528401 
Cable: WJDBM-MUNCHEN 

3333 HILLVIEW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304 • (415)326.8830 • TWX: 910.373.1253 • TELEX: 34.8415 • CABLE: WJPLA 
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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 d6 Noise Figure 
1.0- 2.0 GHz WJ-739 6.0 d6 Noise Figure 
1.0- 2.0 GHz WJ-741 6.0 d6 Noise Figure 

1.0- 4.0 G H z 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- 4.5 GHz WJ-5090-4 7.5 dB Noise Figure 

LOW-NOISE TWT AMPLIFIERS 
Frequency Range Type Number Remarks 
0.5- 1.0 GHz 
0.5- 1.0 GHz 
0.5- 2.0 GHz 

WJ-278 
WJ-404 
WJ-397 

Standard Series 
Gain-Matched 
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- 4.0 GHz WJ-269 Standard Series 
2.0- 4.0 GHz WJ-295 Compact 
2.0- 4.0 GHz WJ-375 Dual-Helix 
2.0- 4.0 GHz WJ-406 Gain-Matched 
2.0- 4.0 GHz WJ-422 High Dynamic Range/ 

Ultra-Low Noise 
2.0- 4.0 GHz WJ-458 Battery-Operable 
2.0- 4.0 GHz 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- 4.5 GHz WJ-281 Standard Series 
2.0- 8.0 GHz WJ-343 Ultra-Wide Band 
2.2- 2.3 GHz WJ-355 Ultra-Low Noise 
2.3- 4.5 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 
1.0- 2.0 GHz WJ-2500 

1,000 Watts Gridded 
1 Watt Power 

2.0- 2.2 GHz 
2.0- 4.0 GHz 
2.2- 2.3 GHz 
2.2- 2.3 GHz 
2.2- 2.3 GHz 
2.2- 2.4 GHz 
2.2- 2.4 GHz 
2.2- 2.4 GHz 
2.5- 3.5 GHz 

WJ-445-1 
WJ-2501 
WJ-395-1 
WJ-448-1 
WJ-448-2 
WJ-274-2 
WJ-274-8 
WJ-398-1 
WJ-368-3 

1 Watt Low Distortion 
1 Watt Power 
100 Watts High Efficiency 
50 Watts High Efficiency 
15/90 Watts High Efficiency 
20 Watts High Efficiency 
10/20 Watts High Efficiency 
20 Watts High Impact 
120/50 Watts Pulsed 

4.0- 8.0 GHz 
4.0- 8.0 GHz 
4.4- 5.8 GHz 
5.0- 8.5 GHz 
5.4- 5.7 GHz 
5.4- 5.9 GHz 
6.0- 8.0 GHz 

WJ-2502 
WJ-3606 
WJ-369-3 
WJ-231-5 
WJ-346 
WJ-228 
WJ-284-5 

1 Watt Power 
3 Watts Low Noise 
120/50 Watts Pulsed 
35 Watts Wideband 
20,000 Watts Power 
12,000 Watts Power 
200 Watts Power 

7.0-11.0 GHz 
7.0-11.0 GHz 
7.0-12.0 GHz 
8.0-12.4 GHz 

WJ-391 
WJ-492-1 
WJ-2503 
WJ-492-2 

5 Watts Power 
3 Watts High Gain 
1 Watt Power 
3 Watts High Gain 

11.5-14.0 GHz WJ-446 
12.0-18.0 GHz WJ-3604 

5 Watts Low Distortion 
3 Watts Low Noise 

POWER AMPLIFIERS 
Frequency Range Type Number Remarks 
1.42-1.6 GHz WJ-4539 
1.435-1.540 GHz WJ-4540A 

20-Watt CW Cavity 
100-Watt CW Cavity 

2.2-2.3 GHz 
2.2-2.3 GHz 
2.2-2.4 GHz 

WJ-4523 
WJ-1171 Series 
WJ-1014-1 

20-Watt CW Cavity 
9 to 24 Watt TWTAs 
20-Watt TWTA 

5.4-5.9 GHz 
5.9-6.45 GHz 

WJ-1051-1 
WJ-1064-4 

45-Watt Pulsed TWTA 
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 WJ-2811 

0.5- 1.0 GHz WJ-571 

0.5- 1.0 GHz WJ-700 
0.5- 1.0 GHz 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 

Osci I I ator 

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

2.4- 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 

Osci I I ator 

12.4-18.0 G H z 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 
1.0- 2.6 GHz 
1.4- 2.5 GHz 
1.4- 2.5 GHz 
1.7- 4.2 GHz 

SE-214A 
SE-214 
SE-219 
SE-219A 
SE-215 

100 mW Unshielded 
30 mW Unshielded 

100 mW Unshielded 
100 mW Unshielded 

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 
3.7- 8.3 GHz SE-211 B 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 
1.0— 2.6 GHz 
1.4— 2.5 GHz 

SE-214A-50 
S E-214-50 
SE-219-50 

100 mW Unshielded 
25 mW Unshielded 

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— 8.3 GHz SE-2118-50 15 mW Unshielded 



REPLACEMENT BWOs (Cont'd) 
Frequency Range Type Number Remarks 

3.7- 8.3 GHz 
4.0- 8.0 GHz 
4.0- 8.0 G H z 

WJ-2019-51 
SE-211 A-50 
WJ-2019-50 

20 mW Magnetically/RFI Shielded 
30 mW Unshielded 
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 
18.0-26.5 GHz 
18.0-26.5 GHz 

SE-218-50 
WJ-2057-50 
WJ-2061-50 

20 mW Unshielded 
20 mW Magnetically/RFI Shielded 
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- 4.0 GHz 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 
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TECHNICAL DATA •September '1965 

The type SE-209 BWO is asingle-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-
ulatedwitheither the grid or amde, 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, packagingproblems 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 

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) 

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 (7.0 GHz) 

Mid-Frequency (9.7 GHz) 

High End (12.4 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; R.F. connector center pin and 
housing to all other Electrodes 

Heater Voltage 
Heater Current 

Cathode Current 
Helix Voltage Range 

Helix Current 
Anode Voltage 

Anode Current 

GHz 7-12.4 

mW 

db 
db/250 MHz 

12-80 

MHz 1 

db 60 
db/MHz 95 
MHz/V 7.5 
MHz/V 0.5 
MHz/V 2 

MHz/V 8.5 

MHz/V 3.9 

MHz/V 1.5 
V -10 

pf 28 

pf 28 

pf 135 
Vdc 
A 0.9 

mA 9 
V 310-2000 

mA 1.5 
V 160 

mA 1 

10 Min 
10 Max 

3 Max 
2.5:1 Max 

2 Max 

45 Min 
85 Min 
10 Max 

1 Max 
4 Max 

-20 Max 

35 Max 

35 Max 

150 Max 
6.3 t 5% 

0.6-1.2 
Min/Max 

12 Max 
250-2100 
Min/Max 

3 Max 
215 Max 

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 

Separation from Passive Magnetic 
Materials, 2 in. Min 

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

OUTLINE DRAWING 
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SCHEMATIC DIAGRAM 

1For 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 

* MARCH 1969 

BACKWARD-WAVE OSCILLATOR 

SE-209A 
The type 5E-209A BWO is asingle-helix, voltage 
tunable oscillator. This permanent -magnet fo-
cusedwideband 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 5E -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- can be grounded regardless of power supply con-
fied, since the tube housing and output connector figuration, 

SPECIFICATIONS 

UNITS 
ABSOLUTE 

RATINGS 
TYPICAL 
VALUES 

Nominal Frequency Band GHz 8.-0 - I2.4 
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 3. 5 
High End (12.4 GHz) MHz/V 1.5 

Grid RF Cutoff Voltage V -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 V 6.3 f 5% 
Heater Current A 0.9 0.6 Min 

1.2 Max 
Cathode Current mA 8 12 1VI<1x 
Helix Voltage Range V 480 - 2000 450 Min 

2100 Max 

Helix Current mA 1.5 3 Max 

Anode Voltage V 150 215 Max 

Anode Current mA 0.5 2 Max 

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



SE-209A OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Weight, 6. 0 lbs Max 
Color Code for 18" Flying Leads 

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

Mounting Position, Any 
RF Output Connector, Type N Female 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation From Passive Magnetic Ma-

terials, 2" Min 
No Forced Air Cooling Required, Below 

+60°  C Ambient 
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1 For safety, Housing shouldbe grounded 
through mounting screws. 

2 50 - 100 V positive collector bias rec-

ommended. Tube will operate with 

collector at helix potential at some-

what reduced performance, 

3 Heater must always be negative with 

respect to cathode. If cathode is to 
be tied to one side of heater when 

using do heater supply, connect cath-

ode to positive (+) side of heater sup-

ply. 
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TECHNICAL DATA 

DECEMBER 1970 

The SE-209A-50 BWO is asingle-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. 

SPECIFICATIONS 

BACKWARD-WAVE 
OSCILLATOR 
SE-209A-50 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz 8 0-12.4 
Power Output into Load with VSWR = 1.25:1  mW  25-50  20 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  2 Max. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away  dB/MHz 95  85 Min. 
Ratio of Signal to Total Spurious Output  dB  60 45 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  3 5 
High End (12.4 GHz)  MHz/V  1 5 

Grid RF Cutoff Voltage  V —10  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater  pF  28 35 Max. 
Capacitance; Grid to all other Electrodes, 

at Power Input Plug  pF  28 35 Max. 
Capacitance; RF Connector Center Pin and Housing 

to all other Electrodes  pF  135  150 Max. 
Heater Voltage  Vdc  6.3 ± 5% 
Heater Current  A  0 9  0.4-1.2 

Min./Max. 
Cathode Current ~ mA  8 12 Max. 
Helix Voltage Range  V 500-2000  450-2100 

Min./Max. 
Helix Current  mA  1 5  3 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  mA  0 5  2 Max. 

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



SE-209A-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 7.75 inches (197 mm) max. 
Weight, 6 lbs. (2.72 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, 
2 in. Min. 
No Forced Air Cooling Required Below-60°CAmbient 
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Notes: 
Ol . For safety, housing should be grounded through 

mounting screws. 

02. 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3. Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (-I-) side of heater supply. 
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TECHNICAL DATA 

~ ~ ~~flflG 
BACKWARD-WAVE 

O S C I L LA T O R 

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. 

September 1965 

ELECTRICAL CHARACTERISTICS, CW 
Units Typical Absolute 

Values Ratings 

Nominal Frequency Band GHz 4-8 
Power Output into a Load with VSWR = 1.25 mW 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 V 6.315% 
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 V 135 215 Max 
Anode Current mA 0.5 2 Max 



MECHANICAL DATA 

Wieght, 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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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 
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 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz 4-8 
Power Output into Load with VSWR - 1.25:1  mW 30-70  30 Min. 
Power Output Variation  dB  5 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 Noise Power 30 MHz Away  dB/MHz 95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  35 20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0 5 
Sensitivity to Grid Voltage MHz/V  3 
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 RF Cutoff Voltage  V —7  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater  pF  30 45 Max. 
Capacitance; Grid to all other Electrodes, 

at Power Input Plug  pF  30 45 Max. 
Capacitance; Helix to all other Electrodes  pF  100  150 Max. 
Heater Voltage  Vdc  6.3 ~- 5% 
Heater Current  A  0 9  0.4-1.2 

Min./Max. 
Cathode Current * mA  9 12 Max. 
Helix Voltage Range  V  310-1825  250-1900 

Min./Max. 
Helix Current  mA  1 5  3 Max. 
Anode Voltage  V  135  215 Max. 
Anode Current  mA  0 5  2 Max. 

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



SE-211A-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 7.75 inches (197 mm) max. 
Weight, 6.5 lbs. (2.95 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, 
2 in. Min. 
No Forced Air Cooling Required Below+60°CAmbient 
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Notes: 

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

0  45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3. Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (~-) side of heater supply. 
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TECHNICAL DATA 

~~~~~f 
BACKWARD -WAVE 

OSCILLATOR 

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 
5E -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 
are simplified, since the tube housing and output 

November 1968 

connector can be grounded regardless of 
supply configuration. 

SPECIFICATIONS 

Nominal Frequency Band 
Power Output into a 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 2nd Harmonic Output 
Ratio of Signal to all Noise Power 30 MHz Away 

Long-term Sensitivity to Heater Voltage 
Sensitivity to Anode Voltage 
Sensitivity to Grid Voltage 
Tuning Curve Slope 

Low End (3.7 GHz) 
Mid-Frequency (6.0 GHz) 
High End (8.3 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 

Heater Voltage 
Heater Current 

Cathode Current 
Helix Voltage Range 

Helix Current 
Anode Voltage 
Anode Current 

* 

Units 

GHz 
mW 
db 
db/250 MHz 

Typical 
Values 

35-100 

MHz 1.5 

db 35 
db/MHz 95 
MHz/V 4 
MHz/V 0.6 
MHz/V 3 

MHz/V 6.4 
MHz/V 2.7 
MHz/`7 1.6 
V -7 

pf 30 

pf 30 
pf 100 
V 
A 0.75 

9 
mA 250-2000 

mA 1.5 
V 150 
mA 0. 1 

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

power 

Absolute 
Ratings 

3.7-8.3 
15 Min 
8 Max 
3 Max 

2.5:1 Max 
3 Max 

20 Min 
85 Min 
7 Max 
1 Max 
5 Max 

-20 Max 

45 Max 

45 Max 
150 Max 

6.315% 
0.4 - 1.2 

Min/Max 
12 Max 

200-2100 
Min/Max 
3.0 Max 
215 Max 
2.0 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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SCHEMATIC DIAGRAM 

FLYING LEADS 

Notes 

R F OUTPUT 

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

Q2  50 - 150 V positive collector bias recom-
mended. Tube will operate with collector 
at helix potential at somewhat reduced 
performance. 

~3 Heater must always be negative with re-
spect to cathode. If cathode is to be tied 
to one side of heater when using do heater 
supply, connect cathode to positive (+) 
side of heater supply. 
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TECHNICAL DATA 
DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
SE-2116-50 

The SE-2116.50 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-211 B-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 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz 3 7-8.3 
Power Output into Load with VSWR = 1.25:1  mW  25-100  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 Noise Power 30 MHz Away  dB/MHz 95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  35 20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  4 
Sensitivity to Anode Voltage  MHz/V  0 6 
Sensitivity to Grid Voltage MHz/V  3 
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 RF Cutoff Voltage  V —7  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater  pF  30 45 Max. 
Capacitance; Grid to all other Electrodes, 

at Power Input Plug  pF  30 45 Max. 
Capacitance; Helix to all other Electrodes  pF  100  150 Max. 
Heater Voltage  Vdc  6.3 ± 5% 
Heater Current  A  0 9  0.4-1.2 

Min./Max. 
Cathode Current * mA  9 12 Max. 
Helix Voltage Range  V 250-2000  200-2100 

Min./Max. 
Helix Current  mA  1 5  3.0 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  mA  0 5  2.0 Max. 

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



SE-2116-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 7.75 inches (197 mm) max. 
Weight, 6.5 lbs. (2.95 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, 
2 in. Min. 
No Forced Air Cooling Required Below x-60°C Ambient 
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Notes: 
Ol . For safety, housing should be grounded through 

mounting screws. 
O2  45-150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

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

POWER OUTPUT 

P
O
W
E
R
 (
m
W
l
 

100 

80 

bo 

20 

0 
3.0 3 X4.0 

TUNING VOLTAGE 

2000 

0 1500 

a 1000 
J 

J 500 
w 
x 

0 
3.0 3•~ 4 0 

50 60 7.0 
FREQUENCY IGHzI 

8.0 s.3 9.0 

50 60 70 
FREQUENCY (GHzI 

8.0 .3 9.0 

DECEMBER 1970 PRINTED IN U.S.A. 



TECHNICAL DATA 

BACKWARD -WAVE 

OSCILLATOR 

December '1967 

The type 5E-214 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 localos-
cillator), frequency diversity transmitters (as 
master oscillator), and other electronic equip-
ment. The 5E-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 xr,a ,, 
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. 

SPECIFICATIONS 

Units Typical Absolute 
Values Ratings 

Nominal Frequency Band GHz 1-2.6 
Power Output into Load VSWR = 1.25 mW 50-350 30 Min 
Power Output Variation db 11 Max 
Fine Grain Variation db/40 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 40 20 Min 
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min 

Long-term Sensitivity to Heater Voltage b4Hz/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 (1.0 GHz) MHz/V 3.8 
Mid-Frequency (1.8 GHz) MHz/V 1.4 
High End (2.6 GHz) MHz/V 0.56 

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 pf 20 25 Max 

Capacitance; Helix to all other Electrodes pf 370 400 Max 

Heater .Voltage V 6.315`% 
Heater Current A 0.85 0. 4-1. 2 

Min/Max 
Cathode Current mA 11 17 Max 
Helix Voltage Range V 190-1500 170-1600 

Min/Max 
Helix Current mA 1.5 4 Max 
Anode Voltage V 95 215 Max 
Anode Current mA 1 1.5 Max 



OUTLINE DRAWING 

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 
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SCHEMATIC DIAGRAM 

FLYING LEADS 

1For 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 1471 

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 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 
output connector can be grounded regardless of 
power supply configuration. 

UNITS TYPICAL ABSOLUTE 
VALUES RATINGS 

Nominal Frequency Band   GHz   1-2.6 
Power Output into Load with VSWR - 1.25:1  mW   50-350   25 Min. 
Power Output Variation   dB   11 Max. 
Fine Grain Variation   dB/50 MHz   3 Max. 
Tube VSWR   2.5:1 Max. 
Frequency Fulling Into 2:1 Load (Any Phase)   MHZ   2   5 I~ax. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away   dB/MHz   95   85 Min. 
Ratio of Signal to 2nd Harmonic Output   dB   40   20 Min. 

Long-term Sensitivity to Heater Voltage   MHz/V   5 
Sensitivity to Anode Voltage   MHz/V   0.2 
Sensitivity to Grid Voltage   MHz/V   5 
Tuning Curve Slope 

Low End (1.0 GHz)   MHz/V   3.8 
Mid-Frequency (1.8 GHz)   MHz/V   1.4 
High End (2.6 GHz)   MHz/V   0.56 

Grid RF Cutoff Voltage   V   —7   —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater   pF   15   35 Max. 
Capacitance; Grid to all other Electrodes, 

at Power Input Plug   pF   20   35 Max. 
Capacitance; Helix to all other Electrodes   pF   370   400 Max. 
Heater Voltage   Vdc   6.3 ±5% 
Heater Current   A 0  85 0  4-1.2 Min./Max. 
Cathode Current"`   mA   11   17 Max. 
Helix Voltage Range . . . . . . . . . . . . . . . . . . . V   190-1500. . . 170-1600 

Min./Max. 
Helix Current   mA   1.5   4 jVlax. 
Anode Voltage   V   95   215 Max. 
Anode Current   mA   1   1.5 Max. 

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



SE-214-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 3 inches (76 mm) 
Width, 3 inches (76 mm) 
Length, 11 inches (279 mm) max. 
Weight, 14.5 lbs. (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. 
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Notes: 
1. For safety, housing should be grounded through 

mounting screws. 
2. 45-150V positive collector bias recommended. 

Tube will operate with collector at helix poten-
tial at somewhat reduced performance. 

3. Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect 
cathode to positive (-F) side of heater supply. 
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BACKWARD-WAVE 
OSCILLATOR 

The type 5E-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. 

x-Asa-ii 

Cathode modulationwith the grid grounded usually reduces 
from both tube housing and the r.f. output terminal, packaging problems are simplified, 
housing and output connector can be grounded regardless of power supply configuration. 

ELECTRICAL CHARACTERISTICS, CW 

TECHNICAL DATA 

~~~~~~n 
September 1968 

FM caused by AM. With all voltages isolated 
since the tube 

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 .7 

Grid r.f. Cutoff Voltage V -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 V 6.315% 
Heater Current A 0. ?2 1.2 Max 
Cathode Current mA 12 17 Max 
Helix Voltage Range V 335-1450 310-1485 

Min/Max 

Helix Current mA 2 4.0 Max 

Anode Voltage V 100 215 Max 

Anode Current mA 0.8 1.5 Max 
*Supersedes 5E-214 A Technical Data Sheet Dated September 1965 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 14.5 Ibs 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, 4 in. Min 

No Forced Air Cooling Required, 
Below +60°C Ambient 
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For safety, housing should be grounded 
through mounting screws. 

50 - 150 V positive collector bias recom-
mended. 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 do heater supply, 
connect cathode to positive (+) side of heater 
supply. 
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TECHNICAL DATA 

DECEMBER 1970 

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. 

SPECIFICATIONS 

BACKWARD-WAVE 
OSCILLATOR 

SE-214A-50 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz  1-2.0 
Power Output into Load with VSWR - 1.25:1  mW  110-450  100 Min. 
Power Output Variation  dB  8 Max. 
Fine Grain Variation  dB/50 MHz  3 Max. 
Tube VSWR  2.5:1 Max. 
Frequency Pulling Into 2:1 Load (Any Phase)  MHz  2  8 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  35  25 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  4 
Sensitivity to Anode Voltage  MHz/V  0 3 
Sensitivity to Grid Voltage MHz/V  1 5 
Tuning Curve Slope 

Low End (1.O.GHz)  MHz/V  1 4 
Mid-Frequency (1.5 GHz)  MHz/V  9 
High End (2.0 GHz)  MHz/V  7 

Grid RF Cutoff Voltage  V —7  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater  pF  15 35 Max. 
Capacitance; Grid to all other Electrodes, 

at Power Input Plug  pF  20 35 Max, 
Capacitance; Helix to all other Electrodes  pF  370  400 Max. 
Heater Voltage  Vdc  6.3 ± 5% 
Heater Current  A  0 85  0.4 —1.2 Max. 
Cathode Current * mA  12  17 Max. 
Helix Voltage Range  V  315-1450  300-1537 

Min./Max. 
Helix Current  mA  2  4.0 Max. 
Anode Voltage  V  100  215 Max. 
Anode Current  mA  0 8  1.5 Max. 

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



SE-214A-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 3 inches (76 mm) 
Width, 3 inches (76 mm) 
Length, 11 inches (279 mm) max. 
Weight, 14.5 lbs. (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 -I-60°C Ambient 
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Notes: 

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

O 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

f~3. Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (-F) side of heater supply. 
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TECHNICAL DATA 

BACKWARD -WAVE 

OSCILLATOR 

September 1968 

The type 5E-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 5E-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 can be grounded regardless of power supply configuration. 

X-758-10 

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 V -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 6.35% 
Heater Current A 0.72 0.6-1.2 

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

Min/Max 
Helix Current mA 2 4 Max 
Anode Voltage V 130 220 Max 
Anode Current mA 0.6 1.5 Max 

*Supersedes 5E-215 Technical Data Sheet Datetl September 1965 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 7.25 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, 4 in. Min 

No Forced Air Cooling Required, 
Below +60°C Ambient 
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For safety, housing should be grounded 
through mounting screws. 

50 - 150 V positive collector bias recom-
mended. 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 do heater supply, 
connect cathode to positive (+) side of heater 
supply. 
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TECHNICAL DATA 

DECEMBER 1970 

The SE-215-50 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 radar receivers (as local 
oscillator), frequency diversity transmitters (as master 
oscillator), and ECM equipment. 
The SE-215-50 features smooth power overthe 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 

BACKWARD-WAVE 
OSCILLATOR 

SE-215-50 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band   GHz   1.7-4.2 
Power Output into Load with VSWR = 1.25:1 mW  40-300  40 Min. 
Power Output Variation  dB  ~ 9 Max. 
Fine Grain Variation  dB/ 100 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 Noise Power 30 MHz Away  dB/MHz B.W.  95  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  MHz/V . . . . . . . .0.25 
Sensitivity to Grid Voltage  MHz/V  3 
Tuning Curve Slope 

Low End (1.7 GHz)  MHz/V  2 7 
Mid-Frequency (3.0 GHz)  MHz/V  1 4 
High End (4.2 GHz)  MHz/V  75 

Grid RF Cutoff Voltage  V —8  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  18 35 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  18 35 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  250  300 Max. 
Heater Voltage  Vdc  6.3 -±- 5% 
Heater Current  A  0 9 0.4-1.2 

Min./Max. 
Cathode Current * mA  8 15 Max. 
Helix Voltage Range  V  235-2030 200-2150 

Min./Max. 
Helix Current   mA  2 4 Max. 
Anode Voltage  V  130  215 Max. 
Anode Current  mA  0 6  1.5 Max. 
* Set cathode current to Final Test Data value furnished with tube. 



SE-215-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 9.6 inches (244 mm) max. 
Weight, 7.25 lbs. (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 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 
4 in. Min. 
No Forced Air Cooling Required Below-60°CAmbient 
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Notes: 
1. For safety, housing should be grounded through 

mounting screws. 
2. 45-150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

3. Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (-F) side of heater supply. 
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BACKWARD -WAVE 
OSCILLATOR 

The type 5E -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-215Afeatures 
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 

x-ass-to 

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. 

TECHNICAL DATA 

~ ~ ~~~gn 
September 1968*

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 V -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 V 6.31 5% 
Heater Current A 0.72 0.4 - 1.2 

Min/Max 
Cathode Current mA 8 15 Max 
Helix Voltage Range V 330-1800 300-2000 

Min/Max 
Helix Current mA 3. 0 Max 
Anode Voltage V 130 215 Max 
Anode Current mA 0.6 1.5 Max 

* Supersedes 5E-215A Technical Data Sheet Dated September 1965 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 7.25 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, 4 in. Min 

No Forced Air Cooling Required, 
Below +60°C Ambient 
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For safety, housing should be grounded 
through mounting screws. 

50 - 150 V positive collector bias recom-
mended. 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 do heater supply, 
connect cathode to positive (+) side of heater 
supply. 
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TECHNICAL DATA 

DECEMBER 1970 

The SE-215A-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 radar receivers (as local 
oscillator), frequency diversity transmitters (as master 
oscillator), and ECM equipment. 
The SE-215A-50 features smooth power overthe 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 

BACKWARD-WAVE 
OSCILLATOR 

SE-215A-50 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band GHz 2-4 
Power Output into Load with VSWR = 1.25:1  mW  100-300  80 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  2  5 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  30 20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  2 
Sensitivity to Anode Voltage  MHz/V  0 25 
Sensitivity to Grid Voltage  MHz/V  3 
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 RF Cutoff Voltage  V —8  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater  pF  18 35 Max. 
Capacitance; Grid to all other Electrodes, 

at Power Input Plug  pF  18 35 Max. 
Capacitance; Helix to all other Electrodes  pF  250  300 Max. 
Heater Voltage  Vdc  6.3 ± 5% 
Heater Current  A  0 72 0 4-1.2 

Min./Max. 
Cathode Current ~ mA  8 15 Max. 
Helix Voltage Range  V  330-1800 300-2000 

Min./Max. 
Helix Current  mA  0 5  3.0 Max. 
Anode Voltage  V  130  215 Max. 
Anode Current  mA  0 6  1.5 Max. 

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



SE-215A-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 9.6 inches (244 mm) max. 
Weight, 7.25 lbs. (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 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 
4 in. Min. 
No Forced Air Cooling Required Below-{-60°CAmbient 
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Notes: 
Ol . For safety, housing should be grounded through 

mounting screws. 

02. 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

~3.1 Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (~-) side of heater supply. 
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TECHNICAL DATA 
BACKWARD -WAVE 

®SCI LL.AT®R 

TECHNICAL DATA •September '1965 

The type 5E-216 BWO is asingle-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 5E-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 

isolated from both tube housing and the r.f. output 

usually reduces FM caused by AM. 

terminal, packaging problems are 

With all voltages 

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 V5WR ;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 V -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 V 6.35% 
Heater Current A 0.9 0.6-1.2 

Min/Max 
Cathode Current mA 7 12 Max 

Helix Voltage Range V 530-1900 500-2000 

Min/Max 

Helix Current mA 2 3 Max 

Anode Voltage V 160 215 Max 

Anode Current mA 1 2 Max 



MECHANICAL DATA 

Weight, 6.0 lbs 
Color Code for 

Heater 
Heater 
Cathode 
Grid 

Anode 
Helix 

C011eCtOT 

Max 
18" Flying Leads 

Black 
Bro~a~n 
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Green 
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Mounting Position, Any 
RF Output Connector, Type UG-419/U 

Waveguide Adapter 

ENVIRONMENTAL DATA 

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

No Forced Air Cooling Required, Below 

+60°C Ambient 
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1For 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 

O S C I L LA T O R 

The type SE 217 BWO is asingle-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- "~~~'~'' ~:-

September 1965 

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 ~° zsa i --~ 
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 
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 V 480-740 440-800 
Min/Max 

Helix Current mA 5 8 Max 

Anode Voltage V 100 215 Max 
Anode Current mA 0.7 2.0 Max 

GHz 5.3-6.0 
mW 
db 
db/100 MHz 

120-160 100 Min 
3 Max 

1.5 Max 
2:1 Max 

MHz 2 5 Max 

db 52 40 Min 
db/MHz 95 85 Min 
MHz/V 1.5 2 Max 
MHz/V 0.5 1 Max 
MHz/V 2.5 5 Max 

MHz/V 3.3 
MHz/V 2.8 
MHz/V 2.3 
V -10 -20 Max 

pf 18 25 Max 

pf 12 20 Max 
~ 

pf 135 160 Max 

V 6.3=5% 
A 1.0 1.2 Max 
mA 14 20 Max 



MECHANICAL DATA ~ OUTLINE DRAWING 

Weight, 6.0 lbs 
Color Code for 

Heater 
Heater 
Cathode 
Grid 
Anode 
Helix 
Collector 

Max 
18" Flying Leads 

Black 
Brown 
Yellow 

Green 

Blue 
Red 

Orange 
Mounting Position, Any 
RF Output Connector, Type N Female 

ENVIRONMENTAL DATA 

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

No Forced Air Cooling Required, Below 
+60°C Ambient 
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1For 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 asingle-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• 
cults. All voltages are isolated from the tube housing 
for easy packaging. 

SPECIFICATIONS 

Nominal Frequency Band  

UNITS 

GHz  

TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

 18-26.5 
Power Output into Load with VSWR — 1.25:1  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  2  6 Max. 
Spurious Oscillation 

Ratio of Signal to Total Spurious Output  dB  50  40 Min. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Min. 

Sensitivity to Heater Voltage  MHz/V  35 
Sensitivity to Anode Voltage  MHz/V  1 0 
Sensitivity to Grid Voltage  MHz/V  10 
Tuning Curve Slope 

Low End (18 MHz)  MHz/V  12.3 
Mid-Frequency (22.5 MHz)  MHz/V  7 
High End (26.5 MHz)  MHz/V  3.5 

Grid RF Cutoff Voltage  V  —10  —20 Max. 
Capacitance; Cathode to al l other Electrodes 

including Heater and Housing  pF  30  50 Max. 
Capacitance; Grid to all other Electrodes 

and Housing  pF  20  50 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  70  120 Max. 
Heater Voltage  V   6.3±5% 
Heater Current  A  0 67  0.4-1.2 
Cathode Current'  mA  6  10 Max. 
Helix Voltage Range  V  530-1800  450-2000 
Helix Current  mA  1 5  2 5 Max. 
Anode Voltage  V  180  250 Max. 
Anode Current  ~mA  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 
MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 5.25 inches (133 mm) 
Weight, 4 lbs. (1.81 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, UG-595/U Flange 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 2 in. Min. 

No Forced Air Cooling Required Below -}-60°C 
Ambient 

OUTLINE DRAWING 

1.875 
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4-40 UNC THREAD 

SCHEMATIC DIAGRAM 

FLYING LEADS 

Notes• 

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

0 50-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

0  Heater must never be positive with respect to 
cathode. 
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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 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz   18-26.5 
Power Output into Load with VSWR — 1.25:1  mW  25-50  20 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  2  6 Max. 
Spurious Oscillation 

Ratio of Signal to Total Spurious Output  dB  50  40 Min. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Min. 

Sensitivity to Heater Voltage  MHz/V  35 
Sensitivity to Anode Voltage  MHz/V 1 0 
Sensitivity to Grid Voltage  MHz/V 10 
Tuning Curve Slope 

Low End (18 MHz)  MHz/V  12.3 
Mid-Frequency (22.5 MHz)  MHz/V  7 
High End (26.5 MHz)  MHz/V  3.5 

Grid RF Cutoff Voltage  V  —10  —25 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  30  50 Max. 
Capacitance; Grid to ail other Electrodes 

and Housing  pF  20  50 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  70  120 Max. 
Heater Voltage  V  6.3±5% 
Heater Current  A  0 67  0.4-1.2 
Cathode Currents  mA  6  10 Max. 
Helix Voltage Range  V  520-1800  400-2050 
Helix Current  mA  1 5  2.5 Max. 
Anode Voltage  V  180  215 Max. 
Anode Current  mA  0 2 1 Max. 

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



SE-218-50 
MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 6.75 inches (171 mm) 
Weight, 6 lbs. (2.72 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, UG-595/U 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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Notes: 

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

O2  45 -150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

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

JANUARY 1969 

The type SE -L 19 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. 

BACKWARD-WAVE OSCILLATOR 
SE-219 

SPECIFICATIONS 
Units Typical Absolute 

Values Ratings 

Frequency Band GHz 1.4 - 2. 5 

Power Output into Load VSWR=1.25 mW 110 - 250 100 Min 

Power Output Variation dB S Max 

Fine Grain Variation dB/50 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 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 V -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 V 6.3+5% 

Heater Current A 0.85 0.4-1.2 
Cathode Current mA 11 17 Max 

Helix Voltage Range V 370-1385 350-1450 
Helix Current mA 1.5 4 Max 

Anode Voltage V 95 215 Max 

Anode Current mA 1 1.5 Max 



MECHANICAL 
CHARACTERISTICS 

OUTLINE DRAWING 

Height, 3 Inches (76 mm) 
Width, 3 Inches (76 mm) 
Length, 11 Inches (279 mm) 
Weight, 14. 5 lbs. (6.58 kg. ) 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 
CHARACTERISTICS 

Separation from Passive Magnetic 
Materials, 4 in. Min 

No Forced Air Cooling Required, 
Below +60°C Ambient 
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50 - 150 V positive collector bias recom-

mended. Tube will operate with collector 
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Heater must always be negative with re-

spect to cathode. If cathode is to be tied 

to one side of heater when using do heater 

supply, connect cathode to positive (+) 

side of heater supply. 
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TECHNICAL DATA 

DECEMBER 1970 

The SE-219-50 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-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 

BACKWARD-WAVE 
OSCILLATOR 

SE-219 -50 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band .   GHz  1.4-2.5 
Power Output into Load with VSWR — 1.25:1  mW  110-350  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 Noise Power 30 MHz Away dB/MHz 95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  d6  40 20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0 2 
Sensitivity to Grid Voltage  MHz/V  5 
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  V —7  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater  pF  15 35 Max. 
Capacitance; Grid to all other Electrodes, 

at Power Input Connector  pF  20 35 Max. 
Capacitance; Helix to all other Electrodes  pF  440  475 Max. 
Heater Voltage  Vdc  6.3 ± 5% 
Heater Current  A  0 85  0.4-1.2 

Min./Max. 
Cathode Current * mA  11  17 Max. 
Helix Voltage Range  V  370-1385  350-1450 

Min./Max. 
Helix Current  mA  1.0  4 Max. 
Anode Voltage  V  95  215 Max. 
Anode Current  mA  1  1.5 Max. 

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



SE-219 -50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 3 inches (76 mm) 
Width, 3 inches (76 mm) 
Length, 11 inches (279 mm) max. 
Weight, 14.5 lbs. (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°CAmbient 
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Notes: 
Ol . For safety, housing should be grounded through 

mounting screws. 

02. 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3 Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (+) side of heater supply. 
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TECHNICAL DATA 
B A C K WAR D- W A V E 

O S C I L L A T O R 

C 
J1. 

TECHNICAL DATA •March '1966 

The type 5E-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 5E-219A 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. 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 
Power Output into Load 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 2nd Harmonic 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 (1.4 GHz) 
Mid-Frequency (1.95 GHz) 

High-End (2.5 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 
Heater Voltage 
Heater Current 

Cathode Current 
Helix Voltage Range 

Helix Current 
Anode Voltage 
Anode Current 

GHz 1.4-2.5 
mW 110-350 
dB 
dB/100 b1Hz 

MHz 2 

dB 40 
dB/MHz 95 
MHz/V 5 
MHz/V 0.2 
MHz/V 5 

MHz/V 1.8 
MHz/V 1.05 
MHz/V 0.7 

V -7 

pF 15 

pF 20 
pF 440 
V 
A 0.85 

mA 11 
V 370-1385 

mA 1.5 
V 95 
mA 1 

100 Min 
8 Max 
3 Max 

2.0:1 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 

Min/Max 
17 Max 

350-1450 
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 +60oC Ambient 

OUTLINE DRAWING 
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at helix potential at somewhat reduced 
performance, 

POWER OUTPUT 

300 

250 

3 
E 200 

o: 

3 150 
o_ 

100 

50 
14 16 1.8 20 22 24 zs 26 

FREQUENCY (GHz) 

TUNING VOLTAGE 

1500 

~, 12so 
J 

~ 1000 
w 
F 750 
J 
0 
~ 500 
x 
J 

= 250 

0  
14 16 18 20 22 24 25 26 

FREQUENCY (GHz) 

SE-219A Printed in U. S. A. 



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 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz    . . . 10.0-15.5 
Power Output into Load with VSWR — 1.25:1 . . . . . . .mW  12-40  10 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. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0.5 
Sensitivity to Grid Voltage  MHz/V  3 
Tuning Curve Slope 

Low End (10.0 GHz)  MHz/V  7 
Mid-Frequency (12.8 GHz)  MHz/V  4 
High End (15.5 GHz)  MHz/V  2 

Grid RF Cutoff Voltage  V  —10  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  25  40 Max. 
Capacitance; Grid to all other Electrodes 

and Housing  pF  25  40 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  150  175 Max. 
Heater Voltage  Vdc   6.3 ±5% 
Heater Current  A  0 95  0.4-1.2 

Min/Max 
Cathode Current  mA  7  10 Max. 
Helix Voltage Range  V  580-2200  550-2250 

Min/Max 
Helix Current  mA  2  3 Max. 
Anode Voltage'`  V  150  215 Max. 
Anode Current  mA  0.7  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 lbs. (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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SCHEMATIC DIAGRAM 

FLYENG LEADS 

For safety, housing should be grounded through 
mounting screws. 

X50-150V positive collector bias recommended. Tube 
will operate with collector at helix potential at some-
what reduced performance. 

OHeater 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 uti lizing 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 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band GHz  . . . 10.0.15.5 
Power Output into Load with VSWR = 1.25:1 mW  2348  20 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. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0.5 
Sensitivity to Grid Voltage  MHz/V  3 
Tuning Curve Slope 

Low End (10.0 GHz)  MHz/V  7 
Mid-Frequency (12.8 GHz)  MHz/V  4 
High End (15.5 GHz)  MHz/V  2 

Grid RF Cutoff Voltage  V  —10  —25 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  25  40 Max. 
Capacitance; Grid to all other Electrodes 

and Housing  pF  25  40 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  150  175 Max. 
Heater Voltage  Vdc   6.3 ±5% 
Heater Current  A  0 9  0.4-1.2 

Min/Max 
Cathode Current * mA  7  10 Max. 
Helix Voltage Range  V  580-2200  550-2250 

Min/Max 
Helix Current ~ 
Anode Voltage  -

~ A  
150  215 Max. 

Anode Current  mA  0.7  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 lbs. (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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For safety, housing should be grounded through 
mounting screws. 

X45-150V 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 do heater supply. connect cath-
ode to positive (~-) side of heater supply. 
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TECHNICAL DATA 

BACKWARD -WAVE 

O S C I L LA T O R 

TECHNICAL DATA •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 
isolated from both tube housing and the r.f. output terminal, packaging problems 

by AM. 
are 

With all voltages 
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 V -7 -20 Max 
Collector Voltage Above Helix (Note 1) V 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 V 6.3=5% 

Heater Current A 0.85 0.6-1.2 
Min/Max 

Cathode Current mA 8 12 Max 
Helix Voltage Range V 400-2040 350-2100 

Min/Max 
Helix Current mA 2 3 Max 
Anode Voltage V 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 

CO11eCtOr Orange 
Mounting Position, Ariy 
RF Output Connector, Type N 

Female on Balun 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic 
Materials, 2 in. Min 

No Forced Air Cooling Required, 
BelOw +6~~C Ambient 
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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 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band GHz 3 5-6.75 
Power Gutput into Load with VSWR — 1.25 :1 mW  50-130  45 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 Noise Power 30 MHz Away  dB/MHz 95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30  20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0 5 
Sensitivity to Grid Voltage  MHz/V  3 
Tuning Curve Slope 

Low End (3.5 GHz)  MHz/V  3 5 
Mid-Frequency (5.1 GHz)  MHz/V  2 5 
High End (6.75 GHz)  MHz/V  1 1 

Grid RF Cutoff Voltage  V —7  —25 Max. 
Collector Voltage Above Helix  V  50-15G  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  Vdc  6.3 ± 5% 
Heater Current  A  0 85  0.4-1.2 

Min./Max. 
Cathode Current * mA  8 12 Max. 
Helix Voltage Range  V  400-2040  350-2100 

Min./Max. 
Helix Current  mA  2 3 Max. 
Anode Voltage  V  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 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 7.75 inches (197 mm) max. 
Weight, 6 lbs. (2.72 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 

EN`JIRONMENTAL 
CHARACTERISTICS 

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

O For safety, housing should be grounded through 

mounting screws. 
O2. 45-150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

r~3 Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect catFi• 
ode to positive (+) side of heater supply. 
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TECHNICAL DATA 

MAY 1969'' 

BACKWARD-WAVE OSCILLATOR 
SE-222 

The SE-222 is asingle-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 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz   26.5-40 
Power Output into Load with VSWR = 1.25:1  mW  10-35  10 Min. 
Power Output Variation  dB   8 Max. 
Fine Grain Variation  dB/500 MHz  3 Max. 
Tube VSWR   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  dB/MHz  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  30 
Sensitivity to Anode Voltage  MHz/V  2 
Sensitivity to Grid Voltage  MHz/V  25 
Tuning Curve Slope 

Low End (26.5 GHz)  MHz/V  20 
Mid-Frequency. (33.25 GHz)  MHz/V  10 
High End (40 GHz)  MHz/V  6 

Grid RF Cutoff Voltage  V  —7  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Grid to all other Electrodes 

and Housing  pF  25  50 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  60  100 Max. 
Heater Voltage  Vdc  6.3±5% 
Heater Current  A  0 65  0.4-1.2 
Cathode Currents  mA  4  5 Max. 
Helix Voltage Range  V  520-1900  500-2100 
Helix Current  mA  1 0 1 5 Max. 
Anode Voltage  V  150  250 Max. 
Anode Current  mA  0 05  0 7 Max. 

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



5E-222 
MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 5.25 inches (133 mm) 
Weight, 3.75 lbs. (1.70 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 
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Notes: 

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

O2  50-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3 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 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band GHz   26.5-40 
Power Output into Load with VSWR — 1.25:1  mW  12-35  10 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  6  18 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  30 
Sensitivity to Anode Voltage  MHz/V 2 
Sensitivity to Grid Voltage  MHz/V 25 
Tuning Curve Slope 

Low End (26.5 GHz)  MHz/V  20 
Mid-Frequency.(33.25 GHz)  MHz/V 10 
High End (40 GHz)  MHz/V 6 

Grid RF Cutoff Voltage  V  —7  —25 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Grid to all other Electrodes 

and Housing  pF  25  50 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  60  100 Max. 
Heater Voltage  Vdc  6.3±5% 
Heater Current  A  0 65  0.4.1.2 
Cathode Current'  mA  4  5 Max. 
Helix Voltage Range  V  520-1900  480-2050 
Helix Current  mA  1 0 1 5 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  ` mA  0 05  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 lbs. (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 -I-60°C 
Ambient 

OUTLINE DRAWING 
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Notes: 

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

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

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

BACKWARD -WAVE 

O S C I L L A T O R 

The type 5E-223 BWO is a bifilar (dual helix), volt-
age tunable oscillator utilizing apermanent-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 ECM receivers, as master oscillators in 
frequency diversity transmitters and in electronic 
test sets. The 5E-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. 

SPECIFICATIONS 
Units 

Nominal Frequency Band   GHz 
Power Output into Load with VSWR - 1  25   mW 
Power Output Variation   dB 
Fine Grain Variation   dB/25 MHz 
Tube VSWR  
Frequency Pulling into 2:1 Load (Any Phase) MHz 5 
Spurious Oscillation 

Ratio of Signal to 2nd Harmonic Output dB 40 
Ratio of Signal to Noise Power 30 MHz Away . dB/MHz 95 

Long-term Sensitivity to Heater Voltage  MHz/V 5 
Sensitivity to Anode Voltage   MHz/V 0.6 
Sensitivity to Grid Voltage  MHz/V 5 
Tuning Curve Slope 

Low End (0.5 GHz)   MHz/V 1.6 
Mid-Frequency (0.75 GHz)   MHz/V 0.9 
High End (1.0 GHz)   MHz/V 0.7 

Grid R. F. Cutoff Voltage   —7 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing   pF 50 
Capacitance; Grid to all other Electrodes 

including Housing   pF 25 
Capacitance; Helix to all other Electrodes pF 250 
Heater Voltage   V 
Heater Current   A 1.4 

Typical 
Values 

0.5-1.0 
60-230 

Cathode Current   mA 11 
Helix Voltage Range   V 170-720 

Helix Current   mA 2 
Anode Voltage   V 100 
Anode Current   mA 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±5% 
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, 
Below +60°C Ambient 

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

z 24-100 V positive collector bias recom-
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at helix potential at somewhat reduced 
performance. 
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TECHNICAL DATA 

a 
JANUARY 1971 

GRIDDED HIGH-GAIN 
TRAVELING-WAVE AMPLIFIER 

WJ -228 

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 ahigh-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. 

By means of ahigh-convergence gridded gun, the 
peak cathode loading can be minimized (2A/cm 2) 
which in turn extends the life of the tube. In addi-
tion, the integral focusing system requires no al ign-
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 5  4 - 5.9 GHz 5  4 - 5.9 GHz 
Power output (peak) 

Average of six points 1   14 kw   12 kw 
Lowest point in band     6 kw 

Gain (at 0.5 w drive) 
Average of six points 1   44.4 dB   43.8 dB 
Lowest point in band   41.2 dB   40.8 dB 

Gain variation (at 0.5 w drive —6 points) ±0.6 dB  ± 1.5 dB 

ELECTRICAL REQUIREMENTS Typical Range 
Cathode voltage  23.0 kV   23.0 ~- 1.0 kV 
Collector depression voltage  11.5 kV   12.0 ±0.5 kV 
Collector current 

Without drive or depression   3.6 A peak 3  0 A peak min. 
With drive, without depression 3  3 A peak 2  9 A peak min. 
With drive and depression 2  6 A peak 2  0 A peak min. 

'~ Supersedes WJ~228 Technical Data Sheet dated August 1967. 

lAt equal increments of 100 MHz 



OUTLINE DRAWING WJ-228 

24" MAX. 

MOUNTING SURFACES 

—2.370" 

I~"~— 8.250~~~ I~ 

3.050~~  
MAX. 

- ~—.720"MAX. 

12.082~~ 

I.OB~~ 
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RF AND MAGNETIC CIRCUIT 
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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. 

COLLECTOR 



WJ-228 
SPECIFICATIONS (Cont'd) 

Body current 
Without drive or depression 0  5 A peak 0  7 A peak max. 
With drive, without depression 0  8 A peak 1  2 A peak max. 
With drive and depression 1  7 A peak 2  3 A peak max. 

Duty cycle 0  024 0  028 max. 
Pulse duration   2 µsec   5 µsec max. 
Grid pulse voltage   450 v peak   420 - 500 v 
Grid bias voltage   —250 v   —250 -a-5 v 
Grid current 0  5 A peak   0.7 A max. 
Grid capacitance (to all else)   35 pF  45 pF max. 
Circuit and anode voltage   Ground  Ground 
Heater voltage   12 V 60 Hz ac   12.5 V max. 
Heater current 2  3 A   2.5 A max. 
Ion pump voltage   +3.0 kv to collector  3  0 ±0.15 kV 
Ion pump current, operating 1  0µA   20 µA max. 

i 
i 

MECHANICAL 
Weight (including ion pump) 
RF connectors 2  
Coolant flow 

  141bs. (6.35 kg) 
  Modified 50-ohm coax 

Depressed  

Non-depressed  

  0.3 gpm of water —
10 psig pressure drop max. 

  0.5 gpm of water —
18 psig pressure drop max. 

ZCoaxial to either "C" band waveguide or type N coax adaptors can be provided if desired 

TYPICAL PERFORMANCE CHARACTERISTICS 
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CONNECTION DIAGRAM WJ-228 
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TECHNICAL DATA 

September 1968 

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

WJ-231-5 

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 WJ-364 commercial am-
plifier. Aseparate power supply, the WJ-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 ahigh-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 

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 adjustment 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 
Frequency 4  4 to 9.0 GHz 
Saturation Gain  34 dB 
Saturation Power Output  38 W 
Small Signal Gain  40 dB 
Efficiency (with collector depression)  26 to 30 
Noise Figure  30 dB 

ELECTRICAL REQUIREMENTS Typical 
Heater Voltage 5  5 V 
Heater Current 0  8 A 
Anode Voltage  4750 V  
Anode Current 0  1 mA  
Helix Voltage  4600 V  
Helix Current  2 mA  
Collector Voltage  2000 V 
Collector Current  60 mA 
Cathode Current  62 mA 

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

Guaranteed 
5.0 to 8.5 GHz 
  30 d6, min. 
  35 W, min. 

  36 dB, min. 
23%, min. 

  35 d6, max. 

Range 
  5.5 ±0.3 V 
  1.0 A, max. 

4750 ± 150 V 
1.0 mA, max. 
4600 ± 150 V 

8 mA, max. 
1800 to 3000 V 
  70 mA, max. 
  70 mA, max. 



WJ-231-5 FIG. 1. TYPICAL PERFORMANCE CHARACTERISTICS 

MECHANICAL 
CHARACTERISTICS 

Height (connectors included) . .3.20 inches (81mm) 
Width   3.20 inches (81 mm) 
Length   12.50 inches (318 mm) 
Weight 4  50 lbs. (2.04 Kg) 
Cooling   Conduction 
Focusing   PPM 
RF Connector   TNC, female 
DC Connections   12 inch flying leads 

ENVIRONMENTAL 
CHARACTERISTICS 

Can be qualified to meet requirements of MILE- 
5400. 
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WJ-231-5 
RF IN RF OUT 

Y 
>1

HEATER ANODE HELIX 

1-
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 

COLLECTOR 

PREFERRED CONNECTION FOR LABORATORY-TYPE POWER SUPPLY CONFIGURATION. 

HEATER 

1

RF I N RF OUT 

Y Y 

ANODE HELIX COLLECTOR 

HEATER 0.6 VOLTS AC AT lA 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 ATYPICAL WATKINS-JOHNSON POWER SUPPLY. 

FIG. 4. SUGGESTED POWER SUPPLY CONNECTION DIAGRAMS 

~ Printed in U. S. A. 



TECHNICAL DATA 
April '1967 

1.0 TO 2.0 GHz LOW-NOISE TRAVELING-WAVE AMPLIFIER 
WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 5.0 

dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• NO ADJUSTMENTS 

NEEDED 

• 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 WJ-
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 99°~o confidence level). 

This proven amplifier is completely self-contained, 

G9~J~~~~ 

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 0 to 2  0 GHz 
Noise Figure, Terminal   4.5 dB 5  0 db, max. 
Gain, Small Signal   30 dB   25 dB, min. 
VSWR, Input and Output   1.5.1 2:1, max. 
Power Output, Saturated   —5 dBm  —10 dBm, min. 

ELECTRICAL REQUIREMENTS Typical Range 1

Primary Voltage   115 V ac   115 -x-10 V ac 
Primary Frequency   60 Hz   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. 



QV~J~~~~ 
MECHANICAL 
CHARACTERISTICS 

Height   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 
Reference Drawing Number 290000 

ENVIRONMENTAL 
CHARACTERISTICSZ

Temperature, Operating 
Vibration 

0.10 Inch, Double Amplitude 
10 g, Single Amplitude 

Shock  

—54°C to +71 °C 

. 5to45Hz 
45 to 500 Hz 
15 g, 11 ms 

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

2. These environmental characteristics meet the respec-
tive requirements of MIL-E-5400, Class 2 Specification. 
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TECHNICAL DATA 
June 1968 

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, 

PERFORMANCE 
Frequency 
Noise Figure, Terminal 4  5 dB  
Gain, Small Signal  30 dB  
VSWR, Input and Output 1  5:1  
Power Output, Saturated  —5 dBm 

• "JUST PLUG IT IN" 

• NOISE FIGURE 5.5 
dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• NO ADJUSTMENTS 
NEEDED 

• 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 -x-71 ° C. 
The environmental characteristics of the WJ-268-2 
meet or exceed the corresponding requirements of 
MIL-E-5400, Class 2 Specification. 

SPECIFICATIONS 
Typical Guaranteed 
1  0 to 2.6 GHz 1  0 to 2.6 GHz 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage   115 V ac 
Primary Frequency  60 Hz  
Primary Power  14 W 

Primary Current   175 mA 
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. 

5.5 dB, max. 
25 dB, min. 

2:1, max. 
  —10 dBm 

Range 
  115 ±10 V ac 

48 to 420 Hz 



WJ-268-2 POWER 
E m 
v 0 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature (Operating)  —54°C to x-71°C 
Vibration 

0.10 Inch, Double Amplitude   5 to 45 Hz 
10 g, Single Amplitude  45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier Length 
(excluding connectors)   12 inches, max. 

Amplifier Height and Width . . .4.75 inches, max. 
Amplifier Weight   17 lbs., 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 within 
these ranges. 

These environmental characteristics meet the respective 
requirements of MIL-E-5400, Class 2 Specification. 
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2.0 TO 4.0 GHz LOW-NOISE TRAVELING-WAVE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

WJ-269 

• "JUST PLUG IT IN" 

• NOISE FIGURE 5.5 
dB MAXIMUM 

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 iii 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°~o confi-
dence level). 

This proven amplifier is completely self-contained, 

SPECIFICATIONS 

PERFORMANCE 

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

ELECTRICAL REQUIREMENTS 
Primary Voltage  

Primary Frequency  
Primary Power  

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
NEEDED 

• 115 VOLT, 48 TO 
420 Hz OPERATION 

• MEETS MIL-E-5400, 
CLASS 2 SPECI FICATION 

adjustment-free, and requires only a ll 5 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-269 meet or exceed 
the corresponding requirements of MIL-E-5400, 
Class 2 Specification. 

Typical Guaranteed 
2.0 to 4.0 GHz 20to40GHz
4.8 dB   5.5 dB, max. 
30 dB  25 dB, min. 
1.5'1 2:1, max. 
— 3 dBm  —10 dBm, min. 

Typical Range' 
115Vac   115±10Vac 

60 Hz   48 to 420 Hz 
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 

ENVIRONMENTAL 
CHARACTERISTICSZ

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 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   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 
Reference Drawing Number 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 the respec-
tive requirements of MIL-E-5400, Class 2 Specification. 
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TECHNICAL DATA 

July 1968 

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

• "JUST PLUG IT IN" 

• NOISE FIGURE 6.0 
dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
NEEDED 

•115 VOLT, 48 TO 
420 Hz OPERATION 

• 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, 

340D-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 -I-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  2.3 to 4.5 GHz 2  3 to 4.5 GHz 
Noise Figure, Terminal   5.3 dB   6.0 dB, max. 
Gain, Small Signal  28 dB   25 dB, min. 
VSWR, Input and Output  1.5:1 2.1, max. 
Power Output, Saturated  —5 dBm   —10 dBm, min. 

ELECTRICAL REQUIREMENTS Typical Range 
Primary Voltage  115 V ac   115 ±10 V ac 
Primary Frequency  60 1-Iz   48 to 420 Hz 
Primary Current  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. 



POWER 

ENVIRONMENTAL 

CHARACTERISTICS2

Temperature (Operating)  —54°C to x-71°C 
Vibration 

0.10 Inch, Double Amplitude   5 to 45 Hz 
10 g, Single Amplitude  45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier Length 
(excluding connectors)   12 inches, max. 

Amplifier Height and Width. . .4.75 inches, max. 
Amplifier Weight   17 lbs., 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. 
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TECHNICAL DATA 
March '1967 

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

WJ-271 

i 

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 (MTBF's 
in excess of 20,000 hours with 99% confidence level). 

This proven amplifier is completely self-contained, 

• "JUST PLUG IT IN" 

• NOISE FIGURE 6.5 
dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
NEEDED 

• 115 VOLT, 48 TO 
420 Hz OPERATION 

• MEETS MIL- E-5400, 
CLASS 2 SPECI FICATION 

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 -F 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 to 8.0 GHz 4 0 to 8  0 GHz 
Noise Figure, Terminal   5.5 dB   6.5 dB, max. 
Gain, Small Signal   30 dB   25 dB, min. 
VSWR, Input and Output  1.51  2:1, max. 
Power Output, Saturated +3  0 dBm —5  0 dBm min. 

ELECTRICAL REQUIREMENTS 

Primary Voltage  
Primary Frequency  
Primary Power   - 25 W 

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

Typical Range 

115Vac   115±10Vac 
60 Hz   48 to 420 Hz 



WJ-271 

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 

Shock   15 g, 11 ms 

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 

12 inches, max. 
4.75 inches, max. 

17 Ibs, max. 

DM9601-3P 

. Type N, jack 
290000 

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

These environmental characteristics meet the respective require-
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 

WJ-271-30 

The WJ-271-30 is a full C-band member ofthe WJ-271 
family of Standard low-noise amplifiers with integral 
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, 

• "JUST PLUG IT IN" 

• NOISE FIGURE 7.0 
dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
NEEDED 

• 115 VOLT, 48 TO 
420 Hz OPERATION 

• MEETS MIL-E-5400, 
CLASS 2 SPECI FICATION 

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 thecorrespond-
ing requirements of MIL-E-5400, Class 2 Specifica-
tion. 

SPECIFICATIONS 

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

Typical Guaranteed 
4.0 to 8.0 GHz 40to80GHz
6.3 dB   7.0 dB, max. 
30 dB   25 dB, min. 
1.5'1  2:1, max. 

+3  0 dBm — 5  0 dBm min. 

ELECTRICAL REQUIREMENTS 
Primary Voltage  
Primary Frequency  
Primary Power  
Primary Current  

Typical Range 

115Vac   115 -±10Vac 

60 Hz   48 to 420 Hz 
14 W 
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 POWER 

ENVIRONMENTAL 
CHARACTERISTICSZ

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 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   4.75 inches (121 mm) max. 
Width   4.75 inches (121 mm) max. 
Length (excluding 

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

Deutsch Receptacle   DM9601.3P 
RF Connections 

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

2. These environmental characteristics meet the respective 
requirements of MIL-E-5400, Class 2 Specification. 
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2.2T02.4GHz 
COMPACT 20-WATT TRAVELING-WAVE TUBE 

FOR SPACE COMMUNICATIONS AND TELEMETRY 

WJ-274-2 

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 30%0. 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) 

and saturation drive (carrier on) conditions, with 
and without aloes-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 Typical Guaranteed 

Frequency   2.2-2.4 GHz 2.2-2.4 GHz 
Power Output, Saturated   22 W   20 W, min. 
Gain, Saturation   35 dB   30 dB, min. 
Efficiency'   33%   30%, min. 

ELECTRICAL RE(~UIREMENTS Typical Range 
Heater Voltage   3.0 V 2.5 to 3.5 V 
Heater Current   0.8 A 0.7 to 1.0 A 
Anode Voltage   1820 V 1820 {-- 100V 
Anode Current   0.4 mA 1.0 mA, max. 
Helix Voltage   1620 V 1620 ~- 100V 
Helix Current   5.6 mA 10.0 mA, max. 
Collector Voltage   1115V 1115 -+- 55V 
Collector Current   46 mA 54 mA, max. 
Cathode Current   52 mA 54 mA, max. 



WJ-274-2 

ENVIRONMENTAL 
CHARACTERISTICS 

Heat Sink Temperature 
Vibration 

a) Sinusoidal 
(2 min/octave) 

b) Random 
(5 min/axis) 

Acceleration (1 min/axis) 
Shock  

MECHANICAL 
CHARACTERISTICS 

—20°C to +85°C 

0.5 inch, double 
amplitude, 5 to 18 
Hz, ±20 g peak, 
18 to 2000 Hz 

0.1 gz/Hz, 20 to 
2000 Hz 
100 g 
75 g,11 ms 

Height 
(excluding connectors) . . 0 9 inches (23 mm) max. 

Width   1 inch (2.5 mm) max. 
Length 9  2 inches (234 mm) max. 
Weight   18 ounces (510 g) 
RF Connectors   OSM, female 
DC Connectors   Flying Leads 
Cooling   Conduction from bottom surface 

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

FIG. 1 
RF ELECTRICAL PERFORMANCE 
CHARACTERISTICS 
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WJ-274-2 

FIG. 3 TYPICAL 
HARMONIC CHARACTERISTICS 
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WJ-274-2 
RF IN RF OUT 

Y 

HEATER 1 ANODE 

~. 
HELIX COLLECTOR 

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 

HEATER 

RF IN 

Y 
RF OUT 

ANODE 
f DELAYED ) 

HELIX 
I DELAYED 1 

COLLECTOR 
1 DELAYED 1 

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. 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 
SPECIFIED 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-274-2. 

June 1967 PRINTED IN U.S.A. 
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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 11.75 W or 22.3 W 
at constant efficiency. 

A number of variations of the WJ-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, Saturated  11.75 W 10 W 22.3 W 20 W 
Gain, Saturation  31 dB 29 dB 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)  1563 1563 ±100 2057 2057 ± 100 
Helix (VDC)  1515 1515 ± 100 1640 1640 ± 100 
Collector (VDC)  951 951 ± 100 1252 1252 ± 100 
Heater (VRMS)  3 5 3.5 ±0.5 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. 
Heater (A)  0 8 0.9 max. 0.8 0.9 max. 
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ENVIRONMENTAL 
CHARACTERISTICS 

Heat Sink Temperature   -20°C to +85°C 
Vibration 

a. Sinusoidal 
(2 min/octave) 0.5 inch double amplitude, 

5 to 18 cps ±20 g, peak, 
18 to 2000 cps 

b. Random 
(5 min/axis) 20.59 cps at 0. 4 g2/cps 

59-126 cps at 9 dB/octave 
126-700 cps at 0. 4 g2/cps 
700-900 cps at -18 dB/octave 
900-2000 cps at 0.09 g2/cps 

Acceleration (1 min/axis)   100 g 
Shock   75 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Tube Length   9.2 inches, max. 
Tube Cross-Section 

(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 
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FREQUENCY: 2300 MHz 

Case 1 

Power Output (W)   11.75 
Drive (dBm)   9.6 
Overall Efficiency (%)   28.4 
Gain (d B)   31.2 

Case 2 

22.3 
9.6 

28.9 
33.9 

FIG. 1 PERFORMANCE CHARACTERISTICS 

Case 3 
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FIG. 2. OUTLINE DRAWING 
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RF IN RF OUT 

HEATER 1 ANODE 

10 W MODE 
HEATER 3.0-4.0 VOLTS AC AT 0.9 A MAXIMUM 
ANODE 1463.1663 VOLTS at 0.5 mA MAXIMUM 
HELIX 1415-1615 AT 10 mA MAXIMUM 
COLLECTOR 851-1051 VOLTS AT 40 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 

HELIX 

1-
COLLECTOR 

20 W MODE 
HEATER 3.0.4.0 VOLTS AC AT 0.9 A MAXIMUM 
ANODE 1957.2157 VOLTS AT 0.5 mA fv~AXIMUM 
HELIX 1540-1740 AT 10 mA MAXIMUM 
COLLECTOR 1152-1352 VOLTS AT 60 mA MAXIMUM 

CIRCUIT FOR MAXIMUM HELIX CURRENT VALUE 
SPECIFIED, THEN SLOWLY INCREASE HELIXVOLT-
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 µSEC IF HELIX CURRENT EXCEEDS 
MAXIMUM VALUE. 

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

HEATER 
ANODE 

(DELAYED) 

HELIX 
(DELAYED) 

COLLECTOR 

(DELAYED) 

10 W MODE 
HEATER 3.0-4.0 VOLTS AC AT 0.9 A MAXIMUM 
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 

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 

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 

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 µSEC IF MAXIMUM VALUE IS 
EXCEEDED. 

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

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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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 
MTBF in excess of 20,000 hours (99°~o confidence 
level), hundreds of these units today are providing 
reliable operation in widespread application through-
out the world. Tie amplifiers' outstanding electrical 
performance and long-term reliability have made 

n 

• NOISE FIGURE 
8.5 dB MAXIMUM 

Gi D 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN MTBF 
20,000+ HOURS 

• NO ADJUSTMENTS 

REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 

^~iN,d~~ ~~7~ 

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 +71°C. The environ-
mental characteristics of both amplifiers meet or ex-
ceedthe corresponding requirements of MIL-E-5400, 
Class 2. 

SPECIFICATIONS 

Performance 
Frequency 

WJ-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  

* This Technical Data Sheet presents up-to-date information 
Bulletin, Volume 5, No. 9; October 1963. 

TYPICAL GUARANTEED 

8.0 to12.OGHz 8.0 to12.OGHz 
7.0 to 11.OGHz 7.0 to 11.OGHz 
7.5 dB   8.5 dB, max. 
30 dB   25 dB, min. 
1.5:1 2:1, max. 
-~ 3 dBm —5  0 dBm 

TYPICAL RANGE' 
115Vac   115±lOVac 
60 Hz   48 to 420 Hz 
25 W 

on the WJ-276 and WJ-276-2, fast described in Technical 
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ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, Operating —54° to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier Length 
(excluding connectors) . 12.0 inches, max. 

Amplifier Height and Width 4.75 inches, max. 
Weight   17 pounds, max. 
Primary Power Connection, 

Deutsch Receptacle   DM9601-3P 
RF Connections 

(50 ohms, nominal)   Type N, jack 
Reference Drawing No.   290000 

I Every amplifier will meet the guaranteed performance specifications 
for any voltage or frequency lying within these ranges. 

zThese environmental characteristics meet or exceed the respective 
requirements of MIL-E-5400, Class 2. 
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0.5 TO 1.0 GHz LOW-NOISE TRAVELING-WAVE AMPLIFIER 
WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 4.5 
dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
NEEDED 

• 115 VOLT, 48 TO 
420 Nz OPERATION 

• MEETS MIL-E-5400, 
CLASS 2 SPECI FICATION 

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 (MTBF's in 
excess of 20,000 hours with 99% confidence level). 

This proven amplifier is completely self-contained, 

aoo-i 

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   0.5 to 1.0 GHz 0 5 to 1  0 GHz 
Noise Figure, Terminal   3.7 d6   4.5 d6, max. 
Gain, Small Signal   30 dB   25 dB, min. 
VSWR, Input and Output   1.5.1   2 1, max. 
Power Output, Saturated   —4dBm  —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 

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

Shock   15 g, 11 ms 

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 

12 inches, max. 
4.75 inches, max. 

17 Ibs, max. 

DM9601-3P 

. Type N, jack 
290000 

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

These environmental characteristics meet or exceed the respective 
requirements of MIL-E-5400, Class 2 Specification. 
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1.0 TO 2.6 GHz LOW-NOISE PERMANENT-MAGNET 
TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 

• NOISE FIGURE 
8.0 dB MAXIMUM 

• PERMANENT-MAGNET 

FOCUSING 

• PROVEN MTBF 
20,000-~ HOURS 

• NO ADJUSTMENTS 
REQUIRED 

• 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-

O u 

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

The tube may be maunted 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 

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

ELECTRICAL REQUIREMENTS 

Primary Voltage  
Primary Frequency  
Primary Power  

Typical Guaranteed 

1.0-2.6 GHz 1  0-2.6 G H z 
6.5 dB 8  0 dB max. 
40 dB   35 dB min. 
1.5:1   2:1 max. 
— 2 dBm   — 7 dBm, min. 

Typical Range' 
115Vac   115±10Vac 
60 Hz   48 to 420 Hz 
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. 
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POWER 

2 

ENVIRONMENTAL 
CHARACTERISTICS Z

Temperature, Operating . —54°C to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height  
Width  
Length (excluding 

connectors)  

4.75 inches (121 mm) max. 
4.75 inches (121 mm) max. 

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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2.0 TO 4.5 GHz LOW-NOISE PERMANENT-MAGNET 
TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 

• NOISE FIGURE 
8.0 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN MTBF 
20,000- HOURS 

• NO ADJUSTMENTS 
REQUIRED 

• 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 apermanent-
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 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 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 

Frequency   2.0-4.5 GHz 
Noise Figure, Terminal   6.0 dB 
Gain, Small Signal   40 dB  
VSWR, Input and Output   1.5'1 
Power Output   —2 dBm 

Guaranteed 
2  0-4.5 GHz 
8  0 dB max. 

35 dB min. 
2:1 max. 

—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. 
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ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, Operating . —54°C to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   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 
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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dE into 1.15 max. 

~~~ ~~a~g 
6.0 TO 8.0 GHz, 200 WATT CW, PPM-FOCUSED 

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-
signedfor 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 fora 1% 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, 
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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 ;asec after either the helix or collector 
power supply is turned off. Also recommended is an 
overload current circuit which removes all voltages 
within 100 µsec 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 

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  

VSWR load Cathode Current  

Typical 
5.0 to 9.0 
210 W 
34 d B 
25% 

Typical 
7.0 V 
1.5 A 
6750V 
0.2 mA 
6750 V 
2.8 mA 
4200 V 
197 mA 
200 mA 

Guaranteed 
GHz 6.0 to 8.0 GHz 

200 W, min. ~ 
30 dB, min. 
23%, min. 

Range 
6.5 to 8.5 V 
1.4 to 1.6 A 
6750 ± 400V 
1 mA max. 
6750 ± 150 V 
10.0 mA max. 
4100-4400 V 
210 mA max. 
210 mA max. 



ENVIRONMENTAL 
CHARACTERISTICS 

Heat Sink Temperature . —20° to +60°C 
Vibration   5 to 2000 Hz, 5 g 

rms sinusoidal 
Shock  50 g, 11 ms, half sine 
Altitude   0 to 50,000 feet 
Load VSWR   1.4, max. 

MECHANICAL 
CHARACTERISTICS 

Tube Length  
Tube Cross-section 
(excluding connectors) 

RF Connectors 
DC Connectors 
Weight  
Cooling  

12.5 inches max. 

2.75 x 3.125, max. 
TNC (Female) 
Flying leads 
10 pounds, max. 
Conduction from 
bottom surface 

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

TYPICAL PERFORMANCE 
CHARACTERISTICS 
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FIG. 4. SATURATION GAIN FOR THE WJ-284-5 VERSUS 
FREQUENCY AND AS A FUNCTION OF HELIX VOLTAGE. 
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FIG. 5. HELIX CURRENT VERSUS COLLECTOR VOLTAGE 
FOR THE WJ-284-5 T W T. DATA ARE SHOWN WITH ANO 
WITHOUT RF DRIVE. THE RF POWER OUTPUT REMAINS 
UNCHANGED AS THE COLLECTOR VOLTAGE IS VARIED. 

THE CATHODE CURRENT IS 200 mA. 
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RF IN RF OUT 

HEATER ANODE HELIX COLLECTOR 

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 
COLLECTOR 4100-4400 VOLTS AT 210 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 

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 µSEC IF HELIX CURRENT EXCEEDS MAXIMUM VALUE. 

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

HEATER 

RF IN RF OUT 

Y 

ANODE 
(DELAYED) 

HELIX 
(DELAYED) 

COLLECTOR 
(DELAYED) 

HEATER -.0-8.0 VOLTS AC AT 1.6 A MAXIMUM 

ANODE 6350-7150 VOLTS AT 1 mA MAXIMUM (SUM OF ANODE, HELIX, AND COLLECTOR SUPPLIES) 
HELIX 6600 900 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: 
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 
SPECIFIED AND MUST DISCONNECT ALL VOLTAGES IN LESS THAN 100 µSEC IF MAXIMUM VALUE IS 
EXCEEDED. 

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

July 1967 

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

• LOW-NOISE FIGURE: 
8.0 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• INTEGRAL POWER SUPPLY 

• C-BAND OPERATION 

• LOW-VOLTAGE INPUT 

• 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-

PERFORMANCE 

rrequency  
Noise figure, terminal 

39f10-1 

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 WJ- 286 
meet the corresponding requirements of MIL-E-
5400, Class 2. 

SPECIFICATIONS 

Typical Guaranteed 
4.0 to 8.0 GHz   4.0 to 8.0 GHz 
6  5 dB   8.0 dB, max. 

Gain, Small Signal   38 dB  
VSWR, input and output   1.5:1  
Power output   -}-5.0 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary voltage   115 Vac 
Primary frequency   60 Hz 
Primary power   25W 

35 dB min. 
2:1 max. 

—5 dBm min. 

Range 
  115 ±10 Vac 

  48 to 420 Hz 



LV~~~~~ POWER 

9 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, Operating 
Vibration 

0.10 Inch, Double Amplitude 
10 g, Single Amplitude 

Shock  

MECHANICAL 
CHARACTERISTICS 

—54°C to +71 °C 

5 to 45 Hz 
45 to 500 Hz 
15 g, 11 ms 

Amplifier Length 
(excluding connectors) 12 inches, max. 

Amplifier Height and Width 4.75 inches, max. 
Amplifier Weight   17 lbs., 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 with-
in these ranges. 

These environmental characteristics meet the respective 
requirements of MIL-E-5400, Class 2 Specification. 
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TECHNICAL DATA 
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8.0 to 12.0 GHz LOW-NOISE TRAVELING-WAVE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

WJ-287 

The WJ-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-

• 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 WJ-287 
meet the corresponding requirements of MIL-E-
5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency 8  0 to 12.0 GHz 
Noise figure, terminal  8.5 dB  
Gain, Small Signal  38 dB  
VSWR, input and output 1  5:1  
Power output  -I-5.0 dBm  

ELECTRICAL REQUIREMENTS Typical 
Primary voltage   115 Vac 
Primary frequency  60 Hz 
Primary power  25W 

Guaranteed 
8.0 to 12.0 GHz 

10 dB max. 
35 dB min. 

2:1 max. 
—5 dBm min. 

Range' 
  115 ±10 Vac 

  48 to 420 Hz 



WJ-287 POWER 

ENVIRONMENTAL2
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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 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 
Reference Drawing Number   290000 

'Every tube will meet the guaranteed performance specifica-
tionsfor any primary voltage and frequency lying within these 
ranges. 
fihese 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 

WJ-294 

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 do 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 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
8.0 dB MAXIMUM 

• ADJUSTMENT-FREE 

• PERMANENT-MAGNET 
FOCUSING 

• 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°0
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  
Noise Figure, Terminal  
Gain, Small Signal 
VSWR, Input and Output 
Power Output 

Typical Guaranteed 
1.0 to 2.0 GHz   1.0 to 2.0 GHz 
7.0 dB 8  0 dB, max. 
30 0 dB 25  0 dB, min. 
1.5:1   2:1, max. 
+9  0 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   20 W 



WJ-294 
POWER 

MECHANICAL 
CHARACTERISTICS 

Height 
Width 

3  4 inches (86 mm) max. 
  3.4 inches (86 mm) max. 

Length (excluding 
connectors)  

Weight  
9.5 inches (241 mm) max. 

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°C to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

'Every tube will meet the guaranteed performance specifica-
tions within these ranges. 

zThese environmental characteristics meet or exceed the re-
spective requirements of MIL-E-5400, Class 2 Specification. 
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~~J~~~g 
2.0 TO 4.0 GHz, COMPACT LOW-NOISE February '1967 

PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 
WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
8.5 dB MAXIMUM 

• ADJUSTMENT-FREE 

• 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 do 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 d-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°Jo
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 

Frequency  
Noise Figure, Terminal  
Gain, Smal l Signal 
VSWR, Input and Output 
Power Output  

ELECTRICAL REQUIREMENTS 
Primary Voltage 
Primary Frequency  
Primary Power  

Typical Guaranteed 

2.0 to 4.0 GHz  2.0 to 4.0 GHz 
7.5 dB 8  5 d6, max. 
30 0 dB 25  0 dB, min. 
1.5:1 2.1, max. 
+10.0 dBm   -~7.0 dBm, min. 

Typical Range 
115 Vac  115±10Vac 
60 Hz   48 to 420 Hz 
20 W 



MECHANICAL 
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°C to +71 °C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 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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TECHNICAL DATA 

~~~~~~ 
4.0 TO 8.0 GHz, COMPACT LOW-NOISE 

PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 
WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
9.0 dB MAXIMUM 

• 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 do 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 

February 1967 

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°Jo
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 

Frequency  
Noise Figure, Terminal  
Gain, Small Signal 

Typical Guaranteed 

4.0 to 8.0 GHz  4.0 to 8.0 GHz 
8.0 dB 9'0 dB, max. 
30 0 dB 25  0 dB, min. 

VSWR, Input and Output   1.5:1 2.1, max. 

Power Output   +11..0 dBm   +7.0 dBm, min. 

ELECTRICAL REQUIREMENTS Typical Range 1

Primary Voltage   115 V ac  115 ±10 V ac 

Primary Frequency   60 Hz   48 to 420 Hz 

Primary Power   20 W 



ENVIRONMENTAL 
CHARACTERISTICS 2 

Temperature, Operating . —54°C to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
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 

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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TECHNICAL DATA 

[r 
8.0 TO 12.0 GHz, COMPACT LOW-NOISE 

PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 
WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
10.0 dB MAXIMUM 

• ADJUSTMENT-FREE 

• PERMANENT-MAGNET 
FOCUSING 

• 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 do 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 

February '1967 

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 (99%0
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 

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

ELECTRICAL REQUIREMENTS 
Primary Voltage  
Primary Frequency  
Primary Power  

Typical Guaranteed 
8.0 to 12.0 GHz 8  0 to 12.0 GHz 
9.0 dB 10  0 dB, max. 
30 0 dB 25  0 dB, min. 
1.5:1   2:1, max. 
+10.0 dBm   x-7.0 dBm, min. 

Typical Ranger 

115 Vac  115±10Vac 
60 Hz   48 to 420 Hz 
20 W 



ENVIRONMENTAL 
CHARACTERISTICS 2 

Temperature, Operating . —54°C to +71 °C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
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 

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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TECHNICAL DATA 

BACKWARD-WAVE 

O S C I L LAT O R 

TECHNICAL DATA •August 1965 

The type 5E-303 is asingle-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 localoscil-
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. 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 

Units 

GHz 
mW 
db 
db/250 MHz 

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

Typical 
Values 

8.2-12,4 
25-100 

0.8 
95 
5,5 
0.3 
2 

Absolute 
Ratings 

20 Min 
8 Max 
3 Max 

2,5:1 Max 
1,5 Max 

85 Min 
10 Max 

1,0 Max 
4 Max 

Low End (8,2 GHz) MHz/V 6.5 
Mid-Frequency (10.3 GHz) MHz/V 3.3 
High End (12.4 GHz) MHz/V 1.7 

Grid r,f, Cutoff Voltage V -10 -20 Max 

Capacitance; Cathode to all Other Electrodes 
and Case pf 18 25 Max 

Capacitance; Grid to all Other Electrodes 
and Case pf 18 25 Max 

Capacitance; Helix and Collector to all Other 
Electrodes and Case pf 70 100 Max 

Heater Voltage Vdc 6.315% 
Heater Current A .75 0.4-1,2 

Min/Max 
Cathode Current mA 8 12 Max 
Helix Voltage Range V 485-1850 450-2000 

Min/Max 
Anode Voltage* V 125 200 Max 
Anode Current mA 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 

OUTLINE DRAWING 
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MOUNTING HOLES 
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MS-91233D 

SCHEMATIC DIAGRAM 

FLYING LEADS 

1For 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 

August '1965 

BACKWARD -WAVE 

O S C I L L A T O R 

The type SE -304 BWO is a bifilar (dual -helix) 
voltage tunable oscillator utilizing apermanent-
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 
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 
Units Typical Absolute 

Values Ratings 

Nominal Frequency Band GHz 4.0-8,0 
Power Output into Load with VSWR = 1.25;1 mW 30-70 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 0.6 1,0 
Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min 
Ratio of Signal to 2nd Harmonic Output db 30 20 Min 
Long-term Sensitivity to Heater Voltage at 6 GHz MHz/V 3.5 6 Max 
Sensitivity to Anode Voltage MHz/V 0.5 1,0 Max 
Sensitivity to Grid Voltage MHz/V 3 5 Max 
Tuning Curve Slope 

Low End (4, 0 GHz) MHz/V 6,0 
Mid-Frequency (6,0 GHz) MHz/V 2.5 
High End (8,0 GHz MHz/V 1.7 

Grid r,f, Cutoff Voltage V -7 -20 Max 

Capacitance; Cathode to all other Electrodes, 
inc. Heater pf 18 25 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 90 125 Max 

Heater Voltage Vdc 6,3f5% 
Heater Current A .75 0,4-1,2 

Min/Max 
Cathode Current mA 6 12 Max 
Helix Voltage Range V L80-1710 250-1800 

Min/Max 

Anode Voltage* V 100 200 Max 

Anode Current mA 0.3 2 Max 

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



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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224-100 V positive collector bias recom-
mended. 'I~be will operate with collector 
at helix potential at somewhat reduced 
performance. 
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TECHNICAL DATA 
BACKWARD-WAVE 

O S C I L LAT O R 

TECHNICAL DATA •August '1965 

The type 5E-307 is asingle-helix, voltage tunable 
oscillator utilizing apermanent-magnet focusing 
system, The miniature square pacicage features 
rugged construction and capability to withstand 
severe environmental conditions defined in MIL-
E —5400, Class 2. The size and weight of this 
pacicage are comparable to electrostatically-fo-
cused 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. 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) 141Hz/V 4.4 
High End (18.0 GHz) MHz/V 2. 2 

Grid r,. f. Cutoff Voltage V -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 li0 Max ' 

Heater Voltage Vdc 6.35% 
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, 1.51bs Max 
Color Code for 18" Flying Leads 

Heater Brown 
Heater-~ athode 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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TECHNICAL DATA 

BACKWARD -WAVE 

O S C I L L A T O R 

TECHNICAL DATA •August '1965 

The type SE -307A is asingle-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 
Values 

Absolute 
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 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 6.315% 
Heater Current A 0.75 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 



MECHANICAL DATA 

Weight, 1-1/2 lbs 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 
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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 

U~ 
March '1967 

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

• "JUST PLUG IT IN" 

• NOISE FIGURE 10.0 
dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
NEEDED 

• 115 VOLT, 48 TO 
420 Hz OPERATION 

• MEETS MIL- E-5400, 
CLASS 2 SPECI FICATION 

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 (MTBF's 
in excess of 20,000 hours with 99% confidence level). 

This proven amplifier is completely self-contained, 

PERFORMANCE 

Frequency 

adjustment-free, and requires only a 115 volt ac line-
voltage input (48 to 420 Hz). The completely 
shielded package maybe 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 -F 71 ° C. The environ-
mental characteristics of the WJ-307 meet or exceed 
the corresponding requirements of MIL-E-5400: 
Temperature, Class 2; Vibration, Curve III. 

SPECIFICATIONS 
Typical Guaranteed 
12  0 to 18.0 GHz   12.0 to 18.0 GHz 

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

ELECTRICAL REQUIREMENTS 
Primary Voltage  
Primary Frequency  
Primary Power  

8.5 dB   10.0 dB, max. 
30 dB  25 dB, min. 
1.5:1 2:1, max. 
+3  0 dBm   —5 dBm, min. 

Typical Range 1
115Vac   115±10Vac 
60 Hz   48 to 420 Hz 
25 W 

~E This "Technical Data Sheet presents up-to-date information 
on the WJ-307, first described in Technical Bulletin Vol. 6, 
No. 9; September, 1964. 



u~~~~o~ 
ENVIRONMENTAL 2 
CHARACTERISTICS 

Temperature (Operating) —54°C to +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  
Width  
Length (excluding 

connectors)  
Weight  

4.75 inches (121 mm) max. 
4.75 inches (121 mm) max. 

12 inches (305 mm) max. 
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 III. 
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TECHNICAL DATA 

BACKWARD-WAVE 

O S C I L L A T O R 

TECHNICAL DATA •August '1965 

The type SE -308is asingle-helix, voltage tunable 
oscillator utilizing apermanent-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. 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 

Units 

GHz 
mW 
db 
db/250 MHz 

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

Typical 
Values 

14.0-17.0 
15-30 

0.9 
95 
5 

0.5 
3 

Absolute 
Ratings 

10 Min 
6 Max 
3 Max 

2.5:1 Max 
1.5 Max 

85 Min 
10 Max 

1.5 Max 
6 Max 

Low End (14 GHz) MHz/V 10.5 
Mid-Frequency (15. 5 GHz) MHz/V g, p 
High End (17 GHz) MHz/V 6. 0 

Grid r.f. Cutoff Voltage V -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 Vdc 6.3f5% 
Heater Current A .75 0.4-1.2 

Min/Max 
Cathode Current mA 7 12 Max 
Helix Voltage Range V 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 lb 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 
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TECHNICAL DATA 

BACKWARD -WAVE 

O S C I L L A T O R 

~~~~i~o~ 
TECHNICAL DATA • August '1965 

The type 5E -308A is asingle-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 aild weight of 
this package are comparable to electrostatically-
focused BWOs in this band, but with s u p e r i o r 
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. 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 2.5:1 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 Max 
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 Vdc 6.315% 
Heater Current A .75 0.4-1.2 

Min/Max 
Cathode Current mA 7 12 Max 
Helix Voltage Range V 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 lb 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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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 

TECHNICAL DATA 

BACKWARD -WAVE 

OSCILLATOR 

September '1967 

The SE 310 is 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 swept or 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 

5E-310 delivers smooth power output over the band 

with low operating cathode current. Power canbe 

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 
UNITS TYPICAL 

VALUES 
2.0-4.0 
60 

GHz 
mW 

dB 

dB/250 MHz 

MHz 
dB/MHz 
dB 

MHz/ V 
MHz/ V 
MHz/V 

MHz/ V 
MHz/ V 
MHz/ V 

V 

pF 

pF 

pF 

Vdc 
A 

mA 

V 

V 
mA 
mA 

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

ABSOLUTE 
RATINGS 

- 330 50 Min 

9 Max 
4 Max 

2.5:1 Max 

4 6 
95 85 Min 

30 20 Min 
5 
1 
6 

4.5 

2.5 

i 
-8 

20 

16 

230 

.75 

12. 5 
290-1320 

130 
0. 1 
1.8 

-20 Max 

30 Max 

2 5 Max 

260 Max 
6.3f5% 
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 

Separation from Passive Magnetic 

Materials, 4 in. Min 

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

No Forced Air Cooling Required 
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through mounting screws. 

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

BACKWARD -WAVE 
OSCILLATOR 

The 5E-310-3 is a bifilar (dual) helix, voltage tun-
ableoscillator 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-
tremelylow. The 5E-310-3 delivers smooth power 
output over the band with low operating cathode 
current. Power can be modulated and leveled with either grid or anode 
fated from the housing and RF output connector for maximum flexibility 

SPECIFICATIONS 

~~~~to~~ 
September 1967 

circuit. All voltages are 
in circuit applications. 

iso-

Nominal Frequency Band 
Power Output into Load with VSWR = 1.25:1 
Power Output Variation 
Fine Grain Variation 
Tube VSWR 

Units 

GHz 
mW 
dB 
dB/250 MHz 

Typical 
Values 

2. 6-5.2 
65-230 

Absolute 
Ratings 

50 Min 
8 Max 
3 Max 

2 5:1 Max 
Frequency Pulling Into 2:1 Load (Any Phase) MHz 3 6 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz 95 85 Min 

Ratio of Signal to 2nd Harmonic Output dB 30 20 Min 
Long-term Sensitivity to Heater Voltage at 6 GHz MHz/V 3. 0 --

Sensitivity to Anode Voltage MHz/V 0. 8 

Sensitivity to Grid Voltage MHz/V 8 
Tuning Curve Slope 

Low End (2. 6 GHz) MHz/V 4.2 
Mid-Frequency (3.9 GHz) MHz/V 2 
High End (5.2 GHz) MHz/V 1 --

Grid r. f. Cutoff Voltage V -5 -20 Max 

Capacitance: Cathode to all other Electrodes 
and Housing pF 20 30 Max 

Capacitance: Grid to all other Electrodes 
and Housing pF 20 30 Max 

Capacitance; Helix and Collector to all other 
Electrodes and Housing pF 230 260 Max 

Heater Voltage Vdc -- 6.3f5% 

Heater Current A . 75 0.4-1.2 
Min/Max 

Cathode Current* mA 10 15 Max 

Helix Voltage Range V 365-1830 345-1920 
Min/Max 

Helix Current mA 1.3 3 Max 

Anode Voltage V 110 215 Max 

Anode Current mA 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 NFemale 

ENVIRONMENTAL DATA 
Separation from Passive Magnetic 

Materials, 4 in. Min 

Designed to Meet or Exceed MIL-E- 

5400, Class 2 Environment 

No Forced Air Cooling Required 
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TECHNICAL DATA 

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 

November 1968 *

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 mkt' 60-150 50 Min 
Power Output Variation db 6 Max 
Fine Grain Variation db/250 MHz 3 Max 
Tube VS~~'R 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 V -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 Vdc 6.315% 
Heater Current A 0.75 0.4-1.2 

Min/Max 
Cathode Current mA 8 12 Max 
Helix Voltage Range V 450-1495 425-1600 

Min/Max 

Anode Voltagel V 150 250 Max 
Anode Current mA 0. 1 2 Max 

1 
Set Anode Voltage to Final Test Data value furnished with tube. 

Supersedes 5E-313 Technical Data Sheet dated August 1965. 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 1-1/2 lbs Max 
Color Code for 15" Flying Leads 

lleatcr B1•o~~•n 
Heater Cathode Yellow 
Grid Green 
Anode Bluc 

Helix Red 
Collector Orange 

Mounting Position, any 
RF Output Connector, Type N 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 
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through mounting screws. 

50 - 150 V positive collector bias recom-

mended. Tube will operate with collector 

at helix potential at somewhat reduced 
performance. 
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to one side of heater when using do heater 
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side of heater supply. 
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TECHNICAL DATA 

DECEMBER 1970 *

26.5 TO 40.0 GHz 
LOW-NOISE TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-338 

• "JUST PLUG IT IN" 

• NOISE FIGURE: 

14.5 dB MAXIMUM 

• 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. 

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 
Frequency  
Noise Figure, Terminals   13.5 dB  
Gain, Small Signal  28 dB 
VSWR, Input and Output  1.5:1 2  5:1, max. 
Power Output  10 dBm   5 dBm, min. 

Guaranteed 
  26.5 to 40.0 GHz 

  14.5 dB, max. 
  25 dB, min. 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage  115 V ac 
Primary Frequency  60 Hz 
Primary Power  20 W 

Range 
  115 ±10 V ac 

  48 to 420 Hz 
  30 W, max. 

'Noise figure is as read on a standard HP 3406 Meter utilizing a standard AIL 07096 Heise source. 
'Every tube will meet the guaranteed performance specifications for any voltage lying within these ranges. 

Supersedes WJ-338 Technical Data Sheet dated January 1969. 



WJ-338 POWER 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature Operating   0 to 50°C 
Vibration 

a. 0.01 Inch, Double Amplitude . 
b. 2 g, Single Amplitude  

MECHANICAL 
CHARACTERISTICS 

Height 
Width 
Length (excluding 

connectors) . . . 

5 to 63 Hz 
63 to 500 Hz 

5  08 inches (129 mm) max. 
7.45 inches (189 mm) max. 

. 12.18 inches (309 mm) max. 
Weight   27 pounds (12.2 Kg) max. 
Primary Power Connection, 

Bendix Receptacle   PT07C-8-3P 
RF Connectors 

(WR-42 Waveguide)   UG 599/U flange 
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The WJ-340 is ahigh-power, octave-bandwidth 
traveling-wave-tube designed for operation in L-
band. Of rugged, lightweight construction, the 
WJ-340 uses a brazed helix structure supported on 
beryllia wedges, with ametal-ceramic envelope. 
The gridded, solid beam electron gun operates at a 
perveance of 5 x 10-F . 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 O.Ol,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. 

PERFORMANCE CHARACTERISTICS 
Frequency 
Power output (pulsed) 

SPECIFICATIONS 

1.0 TO 2.0 GHz 
GRIDDED 1-KILOWATT 

TRAVELING-WAVE TUBE 
WJ-340 

Typical Guaranteed 
lOto2.OGHz lOto2.OGHz 
1  2 kW   1.0 kW, min. 

Gain at saturation  33 dB  
Load VSWR  2:1  
Duty Cycle  0.01 

30 dB, min. 
2:1, max. 

  0.01, max. 

ELECTRICAL REQUIREMENTS 
Cathode voltage 5  0 kV  
Beam current  1.8 amps 
Heater voltage 7  5 volts 
Heater current  2.2 amps 
Grid pulse voltage  275 volts 
Grid bias voltage  —200 volts 
Grid current  0.5 amps 
Grid capacitance  50 pF 
Circuit voltage, anode and collector  Ground 

4.7 to 5.2 kV 
17to2.0amps 

  7.0 to 8.0 volts 
20to2.4amps 

  250 to 300 volts 
—200 volts (fixed) 

04to0.6amps 
  40 to 60 pF 

  Ground 
0.1 to 10 µsec 

600 gauss max. 
55 to 65 volts 

75to8.5amps 

Pulse duration  5 µsec  
Magnetic field  525 gauss  
Solenoid voltage  60 volts  
Solenoid current  8.0 amps 

Supersedes WJ340 Technical Bulletin, Volume 8, No. 1; January 1966 



WJ-340 TYPICAL POWER OUTPUT 
AND GAIN CURVES 

MECHANICAL 
CHARACTERISTICS 

Diameter   1.5 inches (38 mm) 
Length   18.25 inches (464 mm) 
Weight   3 lbs. (1.36 Kg) 
RF Connections   TNC, female 
DC Connections   Flying Leads 
Cooling   Forced Air 
Solenoid Length   15 inches 
Solenoid Diameter   4.5 inches 
Solenoid Weight   15 lbs. 

BLOCK DIAGRAM OF TYPICAL 
POWER SUPPLY FOR WJ-340 
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12.0 TO 18.0 GHz COMPACT LOW-NOISE TRAVELING-WAVE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 12 
dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
NEEDED 

• 115 VOLT, 48 TO 
420 Hz OPERATION 

• 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 -F 10 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 

PERFORMANCE 

Frequency 

dB minimum gain with + 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-
formance,wider frequency coverage, and lower power 
drain. 

SPECIFICATIONS 

Typical Guaranteed 
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   25 dB, min. 
VSWR, Input and Output   1.5:1   2:1, max. 
Power Output   +10 dBm   +7 dBm, min. 

ELECTRICAL REQUIREMENTS Typical Range 1

Primary Voltage   115 V ac   115 x-10 V ac 
Primary Frequency   60 Hz   48 to 420 Hz 
Primary Power   20 W 



u~~ ~a~ 
ENVIRONMENTAL 
CHARACTERISTICSZ 

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   15 g, 11 ms 

MECHANICAL 
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  5 pounds (2.95 Kg) max 
Primary Power Connection, 

Deutsch Receptacle DM9601-3P 
RF Connections 

(Waveguide) UG-541 /U Choke Flange 
Reference Drawing Number 290034 

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

2. These environmental characteistics meet or exceed the 
respective requirements of MIL-E-5400 temperature 
Class 2, Vibration Curve III. 
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2.0 to 8.0 GHz LOW-NOISE, TRAVELING-WAVE TUBE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 7.5 dB 

• S —C BANDS RANGE 

• ADJUSTMENT-FREE 
OPERATION 

• PERMANENT MAGNET 
FOCUSING 

• MEETS MIL-E-5400, 
CLASS 2 SPECIFICATION 

The WJ-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 
adjustment-free operation characteristics of Wat-

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-
dation of performance. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency 2  0 - 8.0 GHz   2.0 - 8.0 GHz 
Noise figure, terminal 6  0 d6 7  5 dB max. 
Gain, small signal  28 d6   25 dB 
Gain variation, small signal   ±3 dB 
VSWR, input and output   1.5:1 2  5:1 max. 
Power output  +5 dBm   0 dBm 

ELECTRICAL REQUIREMENTS Typical Range 
Primary voltage   115 V ac   115 ±10 V ac 
Primary frequency  60 Hz   48 to 420 Hz 
Primary power  25 watts 

* SupersedesWJ-343Technical Data Sheet dated November 1967 



ENVIRONMENTAL 
CHARACTERISTICS 

Temperature   —54° to -{-71°C 
Vibration 

a. 0.10 inch, double amplitude. . . .5 to 45 Hz 
b. 5 g, single amplitude   45 to 500 Hz 

Shack   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier length 
(excluding connectors)   12 inches, max. 

Amplifier height and width. . . 4.75 inches, max. 
Weight   18 lbs., max. 
Primary power connection, 

Bendix receptacle   PT07C-8.3P 
RF connections 

(50 ohms nominal)   Type N, jack 

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

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

POWER 

E 12 
m 
v 

o I 
w~ 
~~ a 
~ ~ 6 
~o 
a ~W 
3 
a 0 

GAIN 

40 

35 

30 

25 

20 

NOISE 

to 

5 

S
M

A
L

L
 S

IG
N

A
L 

G
A

IN
-d

B
 

N
O

IS
E

 F
IG

U
R

E
-d

B
 

0 
2.0 40 60 

FREQUENCY-GHz 
80 

OUTLINE DRAWING 

r -LABEL 

RF CONNECTOR 
(21 REO~O 

FUSE 
0.6 AMP 
250 v 

PILOT 
LIGHT 

POWER CONNECTORS 

BENDI% 
PTOTC-B-3P (PLUGI 
MG 3116 E-8- 3515 RI (SOCI 

PIN CONNECTION 

C 
B 
A 

ACLINE(H0~7I105-125 VAC 
  4B-a20 CPS 

SINGLE PHASE 
GROUND 

AC LINE 

LABEL 

POWER CONNECTOR 

(PLUG) MOUNTING HOLE 

I /4 - 20 U N C 28 .38 DP 
(41 PLACES 

LABEL 

Printed in U.S.A. 



TECHNICAL DATA 

9 9 
September 1968 

8 TO 12 GHz, ULTRA LOW-NOISE TRAVELING-WAVE 

AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "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-

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 -i-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  8 to 12 GHz   8 to 12 GHz 
WJ-345-7  8.5 to 9.3 GHz   8.5 to 9.3 GHz 
V`JJ-345-11  8.5 to 9.6 GHz   8.5 to 9.6 GHz 

Noise Figure, Terminal: 
WJ-345  6.0 dB   7.0 dB 
WJ-345-7  5.0 dB   5.5 dB 
WJ-345-11  5.0 dB   6.0 dB 

Gain, Small Signal  30 dB   25 dB, min. 
VSWR, Input and Output  1.5:1   2:1, max. 
Power Output: 

WJ-345  0 dBm   —5 dBm 
WJ-345.7  0 dBm   —3 dBm 
WJ-345-11  —3 dBm   —5 dBm 

ELECTRICAL REQUIREMENTS Typical Range 

Primary Voltage   115 V ac   115 ±10 V ac 

Primary Frequency  60 Hz   48 to 420 Hz 
Primary Power  10 W 



~~~~a~o ~4 ~t 
ENVIRONMENTAL 
CHARACTERISTICS 

Temperature   —55°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  15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier Length 
(excluding connectors)   12 inches, max. 

Amplifier Height and Width . .4.75 inches, max. 
Amplifier Weight  18 lbs., max. 
Primary Power Connection, 

Bendix Plug PT 07C-8.3P 
Bendix Socket PT 07C-8-3S 

Reference Drawing Number  290000 

Every tube will meet the guaranteed performance specifi-
cations for any voltage and frequency within these ranges. 

These environmental characteristics meet or exceed the 
respective requirements of MIL-E-5400, Class 2. 
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The WJ-346 is ahigh-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 ahigh-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/cm2 ), by means of a 
high-convergence gridded gun, extends the life of 
the tube. In addition, the integral focusing system 
requires 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 

PERFORMANCE 
Frequency  
Power output (peak) 

Average of four points   22 kW 
Lowest point in band  

Gain 
Average of six points'   57 dB  

ELECTRICAL REQUIREMENTS TypicaN 
Cathode voltage   26.0 kV  
Collector current 

Without drive  
With drive 

$ody current 
Without drive  
With drive 

Duty cycle 
Pulse duration  
Grid pulse voltage 
Grid bias voltage 
Grid current 
Grid capacitance (to all else)  
Circuit and anode voltage 
Heater voltage  
Heater current  
Ion pump voltage  
Ion pump current, operating  

MECHANICAL CHARACTERISTICS 

Weight (including ion-pump)  
RF connectors2  
Coolant 

Forced air  

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 
Typical Guaranteed 
5.35-5.75 GHz   5.4-5.7 GHz 

20 kW 
  16 kW 

50 dB 

Range 
26.0 ±1.0 kV 

50Apeak 55Apeakmin. 
4  4 A peak   4.0 A peak min. 

l  0 A peak 1  4 A peak max. 
1  6 A peak 2  0 A peak max. 
0  003   .005 max. 
8 µsec   5 µsec max. 

 500 V pea k   400 to 600 V 
 -200 V     -200 ±5 V 

0  8 A peak 1  2 A max. 
35 pF   45 pF max. 

 Ground   Ground 
12V60Hzac   12.5Vmax. 
23A   2.5Amax. 

 +3.0 kV to collector   3.0 ±0.15 kV 
1  0µA   20 µA max. 

18.5 lbs. (8.39 Kg) 
 Modified 50-ohm coax 

  75 CFM 

'At equal increments of 100 MHz 
Coaxial to either "C" band waveguide or type N coax adaptors can be provided if desired 



WJ-346 

POWER OUTPUT 
VS. FREQUENCY 

46 

43 

3 
m 
a 

~ ~ 
a 

0 
w 
0 37 
a 

34 

31 
5 4 5.5 5.6 

FREQUENCY -GHz 
POWER OUTPUT vs FREQUENCY 

5.7 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

65 

60 

55 

50 

25 

20 

-15 

10 

5 
5.4 5 5 5.6 

FREQUENCY -GHz 

57 5.8 

OUTLINE DRAWING 

1.27 

~a.00 

RF INPUT 

2.06 

19.50 

2.31 

1.00-

15.06 

2.37 2.37 

UNPAINTED SURFACE 
FOR MOUNTING 
121 PLACES 

1.625-

1.00 

1.25 

  27.00 

~ RF OUTPUT 

1.25-

COLLECTOR 

i 
3. 
j
00 

 l 

 STENCIL 

8. 
~ "PUMP" 

ION PUMP 

MHV PLUG 

September 1967 



WJ-346 

CONNECTION DIAGRAM 

CATHODE 

12 V HEATER SUPPLY T 
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4.5 TO 6.5 GHz LOW-NOISE PERMANENT-MAGNET 
TRAVELING-WAVE AMPLIFIERS 

WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 5.0 dB 
MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• NO ADJUSTMENTS 
NEEDED 

• MEETS MIL-E-5400, 
CLASS 2 ENVIRONMENT 

The WJ-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 WJ-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-

a 
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-
tionalforces of over 10 g at frequencies up to 500 
Hz and shock in any plane of over 15 g, 11 miIli-
second duration. These environmental character-
istics meet or exceed the corresponding require-
ments of MIL-E-5400, Class 2. 

SPECIFICATIONS 
PERFORMANCE Typical 

Frequency: 
WJ-349  4.5 to 6.5 GHz 
WJ-349-2  4.5 to 5.0 GHz 
WJ-349.3  5.4 to 5.9 GHz 

Noise figure, terminal: 
WJ-349  4.5 dB 5  0 dB 
WJ-349.2, WJ-349-3  4.0 dB   4.5 dB 

Gain, small signal  30 dB   25 dB min. 
VSWR, input and output  1.5:1   2:1 max. 
Power output  —3.0 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary voltage  115 v ac 
Primary frequency  60 Hz  

Guaranteed 

45to6.5GHz 
  4.5 to 5.0 GHz 

54to5.9GHz 

Primary power  14 watts 
Primary current  175 mA 

Supersedes WJ-349, WJ-349.2, WJ-349-3 Technical Bulletin, Volume 8, No. 6; March, 1966 

Range 
  115 ±10 v ac 

48 to 420 Hz 



~e~~~~la I5o N1 
ENVIRONMENTAL 
CHARACTERISTICS 

Temperature  
Vibration 

a. .10 inch, double amplitude 
b. 10 g, single amplitude   . 

Shock  

MECHANICAL 
CHARACTERISTICS 

—54°C to -~71°C 

. . . . 5 to 45 Hz 
45 to 500 Hz 

15 g, 11 ms 

Amplifier length 
(excluding connectors) . . . . 12.0 inches, max. 

Amplifier height and width . . . .4.75 inches, max. 
Weight   17 pounds, max. 
Primary power connection, 

Deutsch receptacle   DM9601-3P 
RF conriections 

(50 ohms, nominal)   Type N, jack 

Outline Drawing No.   290000 

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

These environmental characteristics meet or exceed the 
respective requirements of MIL-E-5400, Class 2. 
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2.2 TO 2.3 GHz LOW-NOISE PERMANENT-MAGNET 
TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 3.7 d6 
MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• NO ADJUSTMENTS 
NEEDED 

• 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 WJ-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 aready-to-operate amplifier. No adjust-
ments are required upon receipt, nor are readjust-
ments required during the amplifier's long life. 

PERFORMANCE 
Frequency 
Noise Figure, Terminal 

3269-1 

g~, 

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 -I-71 ° C. The envir-
onmental characteristics of the WJ-355 meet or 
exceed the corresponding requirements of MIL-E-
5400, Class 2. 

SPECIFICATIONS 

Typical Guaranteed 
22to2.3GHz 22to2.3GHz 
34dB 37dBmax. 

Gain, Small Signal  30 dB  
VSWR, Input and Output 1  5:1  
Power Output  —3.0 dBm  

ELECTRICAL REQUIREMENTS Typical 

Primary Voltage   115 V ac  

Primary Frequency  60 Hz  
Primary Current  170 mA 
Primary Power  14 watts 

25 dB min. 
2:1 max. 

—5.0 dBm 

Range 

115 ±10 V ac 
48 to 420 Hz 

*Supersedes WJ-355 Technical Bulletin, Volume 8, No. 4; January, 1966 
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ENVIRONMENTAL 
CHARACTERISTICS 

Temperature   —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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier Length 
(excluding connectors)   12 inches, max. 

Amplifier Height and Width . . . .4.75 inches, max. 
Weight   17 pounds 
Primary Power Connection, 

Deutsch Receptacle   DM9601-3P 
RF Connectors 

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

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

These environmental characteristics meet or exceed the 
respective requirements of MIL-E-5400, Class 2. 
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8 TO 12 GHz, 20 MILLIWATT LOW-NOISE TRAVELING-WAVE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
8.0 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 SPECI FICATION 

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   8 to 12 GHz 8 to 12 GHz 
Noise Figure, Terminal   7 dB   8 dB, max. 
Gain, Small Signal   35 dB  30 dB, min. 
VSWR, Input and Output   1.5.1    2:1, max. 
Power Output   16 dBm   13 dBm 

ELECTRICAL REQUIREMENTS 
Primary Voltage  
Primary Frequency  
Primary Power  

Typical 
115 V ac 
60 Hz 
20 W 

Range 

115 ±10 V ac 
48 to 420 Hz 



ENVIRONMENTAL 
CHARACTERISTICS 2 

Temperature  
Vibration 

a) 0.10 Inch, Double Amplitude 5 to 30 Hz 
b) 5 g, Single Amplitude . 30 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height  
Width 
Length (excluding 

connectors)  
Weight  
Primary Power Connection, 

Bendix Plug PT 07C-8-3P 
Bendix Socket PT 07C-8-3S 

—55° C to +71 °C 

POWER 
19 

17 

15 

13 

GAIN 

50 

ao 
4.75 inches (121 mm) max. 
4  75 inches (121 mm) max. 

12 inches (305 mm) max. 

30 

zo 

~ 

18 pounds (8.16 Kg) max. 

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. 
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8 TO 10 GHz, 20 MILLIWATT LOW-NOISE TRAVELING-WAVE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
7 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 SPECI FICATION 

With the addition of the WJ-363-3 to its family of 
PM-focused integral power supply amplifiers, 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 -{- 71 ° C. The environ-
mental characteristics of the WJ-363-3 meet or ex-
ceedthe corresponding requirements of MIL-E-5400, 
Class 2. 

SPECIFICATIONS 

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

ELECTRICAL REQUIREMENTS 
Primary Voltage  
Primary Frequency  
Primary Power  

Typical Guaranteed 
8 to 10 GHz 8 to 10 GHz 
6 dB   7 dB, max. 
35 dB  30 dB, min. 
1.5.1    2:1, max. 
16 dBm   13 dBm 

Typical Ranger 
115'Vac   115±10Vac 
60 Hz  48 to 420 Hz 
20 W 



POWER 

18 

ENVIRONMENTAL 
CHARACTERISTICS 2

Temperature   —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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   4.75 inches (121 mm) max. 
Width 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. 
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10 TO 12 GHz, 20 MILLIWATT LOW-I`JOISE TRAVELING-WAVE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
7.5 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 SPECI FICATION 

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 WJ-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 
(99°~o 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. 

SPECIFICATIQNS 

PERFORMANCE Typical Guaranteed 
Frequency   10 to 12 GHz   10 to 12 GHz 
Noise Figure, Terminal   6.5 dB   7.5 dB, max. 
Gain, Small Signal   35 dB   30 dB, min. 
VSWR, Input and Output   1.5.1    2:1, max. 
Power Output   16 dBm   13 dBm 

ELECTRICAL REQUIREMENTS Typical Ranger 
Primary Voltage   115 V ac   115 ±10 V ac 
Primary Frequency   60 Hz  48 to 420 Hz 
Primary Power   20 W 
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ENVIRONMENTAL 
CHARACTERISTICS2

Temperature   —55°C to x-71 °C 
Vibration 

a) 0.10 Inch, Double Amplitude 5 to 30 Hz 
b) 5 g, Single Amplitude . 30 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   4.75 inches (121 mm) max. 
Width 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. 
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2.5 to 3.5 GHz 120/50 WATT (PULSED) February 1968 

GRIDDED DUAL-MODE TRAVELING WAVE TUBE 

The WJ-368-3 is aPPM-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. 

PERFORMANCE 
Frequency 
Power Output (Pulsed) 

Mode A  140 W   120 W, min. 
Mode B  60 W  50 W, min. 

Gain at Rated Output Power 
Mode A  42 dB  40 d6, min. 
Mode B  40 dB   38 dB, min. 

Duty Cycle 
Mode A    15%, max. 
Mode B   40%, max. 

Pulse Length   100 µsec. max. 

ELECTRICAL REQUIREMENTS Typical Range3 or Maximum 
Cathode Voltage 1

Mode A  — 4350 V   —4250 to —4450 V 
Mode B   — 3950 V   — 3850 to —4050 V 

Beam Pulse Current 
Mode A  240 mA  275 mA max. 
Mode B  155 mA   160 mA max. 

Grid Bias Voltage2   —100 V   — 75 to —100 V 
Grid Pulse Voltage2

Mode A  +70 V   -}-40 to +100 V 
Mode B  +40 V   +25 to +80 V 

Grid Pulse Current 
Mode A  35 mA   50 mA max. 
Mode B  20 mA   30 mA max. 

Helix Voltage  Ground   Ground 
Helix Pulse Current 

Mode A  30 mA max.   50 mA max. 
Mode B  10 mA   50 mA max. 

SPECIFICATIONS 
Typical 
25-4.OGHz 

Guaranteed 
2  5.3.5 GHz 



SPECIFICATIONS (Cont'd) 

Collector VoltageT 
Mode A  +3000 V   +2800 to +3300 V 
Mode B  +3000 V   +2400 to +3300 V 

Heater Voltage 5  6 V   5.3 to 5.8 V 
Heater Current   1.2 A   1.4 A max. 

'Relative to ground. 
Relative to cathode. 

'Every tube will meet the guaranteed performance speci-
fications for a voltage and current lying in this range. 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature   —55°C to ~-125°C 
Altitude   0 to 70,000 feet 
Shock  10 g, 11 ms 
Vibration 

a. 0.3 inch, double amplitude 5 to 23 Hz 
b. 0.06 inch, double amplitude .23 to 55 Hz 
c. 6 g  55 to 200 Hz 
d. 3 g  200 to 1500 Hz 

MECHANICAL 
CHARACTERISTICS 

Length   12.75 inches, max. 
Cross Section (excluding 

connectors)   1.25 x 2.0 inches, max. 
Weight   2.2 lbs., max. 
RF Connectors   OSM 
Power Connections   Flying Leads 
Cooling   Heat Sink 
Focusing   PPM 
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1 
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I 
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TECHNICAL DATA 

4.4 to 5.8 GHz 120/50 WATT 
(PULSED) GRIDDED 

DUAL-MODE 
TRAVELING WAVE TUBE 

The WJ-3G9-3 is aPPM-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. 

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 
as a radar transponder transmitter. In addition, 

February 1968 

it has been qualified for severe airborne environ-
mental applications. 

SPECIFICATIONS 
PERFORMANCE Typical Guaranteed 

Frequency 4  2 - 6.2 GHz   4.4 - 5.8 GHz 
Power Output (Pulsed) 

Mode A  140 W   120 W, min. 
Mode B  60 W  50 W, min. 

Gain at Rated Output Power 
Mode A  42 dB   40 dB, min. 
Mode B  40 dB   38 dB, min. 

Duty Cycle 
Mode A    15%, max. 
Mode B   40%, max. 

Pulse Length  100 µsec. max. 

ELECTRICAL REQUIREMENTS Typical Range3 or Maximum 
Cathode Voltage' 

Mode A  — 5450 V   —5350 to —5550 V 
Mode B  — 4950 V   —4850 to —5150 V 

Beam Pulse Current 
Mode A  190 mA   220 mA max. 
Mode B  110 mA   140 mA max. 

Grid Bias Voltage2   —100 V   — 75 to —100 V 
Grid Pulse Voltage2

Mode A  -{-70 V   +60 to +100 V 
Mode B  +40 V   -i-30 to +80 V 

Grid Pulse Current 
Mode A  30 mA   40 mA max. 
Mode B  10 mA   30 mA max. 

Helix Voltage  Ground   Ground 
Helix Pulse Current 

Mode A  30 mA max.   50 mA max. 
Mode B  10 mA   30 mA max. 



~u e~ 
~~ 

e~ 
SPECIFICATIONS (Cont'd) 

Collector Voltage 
Mode A  x-3300 V   +3100 to +3300 V 
Mode B  +3300 V   +2400 to +3300 V 

Heater Voltage 5  6 V   5.3 to 5.8 V 
Heater Current 1  2 A   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°C to -F125°C 
Altitude   0 to 70,000 feet 
Shock  10 g, 11 ms 
Vibration 

a. 0.3 inch, double amplitude  5 to 23 Hz 
b. 0.06 inch, double amplitude . .23 to 55 Hz 
c. 6 g  55 to 200 Hz 
d. 3 g  200 to 1500 Hz 

MECHANICAL 
CHARACTERISTICS 

Length   11.5 inches, max. 
Cross Section (excluding 

connectors)   1.25 x 2.0 inches, max. 
Weight   1.8 lbs., max. 
RF Connectors   OSM 
Power Connections   Flying Leads 
Cooling   Heat Sink 
Focusing   PPM 
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TECHNICAL DATA 

~~~~~o~~ 
February 1968 

1.4 to 2.3 GHz GAIN- AND PHASE-MATCHED 
DUAL TRAVELING-WAVE AMPLIFIERS 

WITH POWER SUPPLY 

• NOISE FIGURE: 

4.5 dB 

• GAIN TRACKING 

±0.5 dB MAX. 

~ PHASE TRACKING 

± 5 °  MAX. 

• SMALL SIGNAL GAIN: 

20 dB MIN. 

• PERMANENT MAGNET 
FOCUSING 

• 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 115± 10 Vac, 55 to 65 Hz, even 
when minor power supply variations (such as reg-

PERFORMANCE 

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 
Typical Guaranteed 

Frequency  1.4 - 2.3 GHz 1  4 - 2.3 GHz 
Noise figure, terminal 4  0 dB   4.5 dB 
Small signal gain  21.5 dB 
Small signal gain variation  1 dB  
VSWR, input and output  1.3:1  
Power output  
Small signal gain tracking between two amplifiers' 
Phase tracking between two amplifiers 

in environment'•Z•  

ELECTRICAL REQUIREMENTS' 

20 dB min. 
3 dB max. 

2:1 max. 
—10 dBm  —13 dBm min. 

.±0.4 dB   ±0.5 dB max. 

±4° +5° max. 

Typical Range 
Primary voltage   115 Vac   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. 

zThis 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~~ 

ENVIRONMENTAL 
CHARACTERISTICS 
Temperature, operating  0°C to 35°C 

MECHANICAL 
CHARACTERISTICS 
Amplifier 

Amplifier length 
(excluding connectors) . . .11.5 inches, max. 

Amplifier diameter 4  5 inches, nominal 
Amplifier weight 17 pounds, max. 

RF connections   Type N, jack 

Power Supply 
Length   12.5 inches 
Width   6.25 inches 
Height (excluding connectors) 4  4 inches 
Weight   11 pounds 
Input power connector. . . . Bendix PT07C-8-3P 
Output connector #1 . . . . Bendix PT07C-16.8S 
Output connector #2 . . . . Bendix PT07C-16-8S 

Interconnection 
Interconnection between tube and power supply 
is via Bendix PT series connector at the power 
supply. A one (1) foot interconnecting cable is 
provided as an integral part of the amplifiers. 

-7 

8 

9 

10 

GAIN 

24 

z  23 a 
c~ 

z 22 
c~ 
N 

J 
J 

~ 20 

21 

NOISE 
4.3 

m 
W 4.2 

LL 4.1 
W 

0 4.0 
z 
39 

~~ 

1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 
FREQUENCY-GHz 

OUTLINE 

DRAWING 

POWER CONNECTIONS 

BEN01% 07C PT-B-3P 
MATES WITH PT OBP-B-iS ISRI 

PIN CONNECTION 

A LINE 105 TO 125V 

B GRD 55 TO 65 N: 

C LINE SINGLE PHASE 

RF CONNECTORS 
TYRE "N" JACK , 
141 RE0~0 

i 

12.5" 

L~

9.00"  l2Y 

12.00" 

PRODUCT LABEL 

MOUNTING MOLES 
I/4-20 UNC 2B .38 DP 
141 PLACES 

MOUNTING HOLES 
8-32 UNC 28 .38 OP 
(41 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 

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-

PERFORMANCE 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
9.0 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS NEEDED 

• 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 5g, 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 III. 

SPECIFICATIONS 

Typical Guaranteed 
Frequency   12.0 to 18.0 GHz   12.0 to 18.0 GHz 
Noise Figure, Terminal   8.0 dB   9.0 dB, max. 
Gain, Small Signai   30 dB   25 d6, min. 
VSWR, Input and Output   1.5:1   2:1, max. 
Power Output, Saturated   +15 dBm   -F 12 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   20 W 



WJ-371 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature (Operating)   —54°C to +71°C 
Vibration 

0.10 Inch Double Amplitude   5 to 30 Hz 
5g, Single Amplitude   30 to 500 Hz 

Shock   15 g, llms 

MECHANICAL 
CHARACTERISTICS 

Height 
Width 

4  75 inches (121 mm) max. 
4  75 inches (121 mm) max. 

Length (excluding 
connectors)  

Weight  
Primary Power Connection, 

Bendix Receptacle   PT07C-8.3P 

RF Connections   OSM Jack 
Reference Drawing Number   290240 

13 inches (330 mm) max. 
18 pounds (8.16 Kg) max. 

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

2These environmental characteristics meet or exceed the re-
spective requirements of MIL-E-5400K (dated 24 May 1968) 

Temperature, Class 2; Vibration, Curve III. 
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TECHNICAL DATA 

• "JUST PLUG IT IN" 

• NEGLIGIBLE PERFORMANCE 

VARIATION DURING 

GAIN ADJUSTMENT 

• NOISE FIGURE 

• POWER OUTPUT 

O dBm MINIMUM 

5.5 dB MAXIMUM 

• PERMANENT-MAGNET 

FOCUSING 

• MEETS MIL-E-5400, 
CLASS 2 SPECIFICATION 

APRIL 1970'1̀  

1.OT02.OGHz 
DUAL-HELIX LOW-NOISE TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ - 374 

The WJ-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 do 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 

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-374 
meet the corresponding requirements of MIL-E-
5400, Class 2 Specification. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   1.0 to 2.0 GHz 
Noise Figure, Terminal 5  0 dB   5.5 dB, max. 
Gain, Small Signal   30 dB   25 dB, min. 
VSWR, Input and Output 1  5:1 2.1, max. 
Power Output, Saturated   -~-1 dBm   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 
AGC Voltage  0 to —20 V do   0 to —30 V do 

*Supersedes WJ-374 Technical Data Sheet dated January 1969. 



WJ - 374 POWER 

ENVIRONMENTAL 
CHARACTERISTICS' 

Temperature, Operating —54° to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 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 Drawing No    290012 

'Every tube will meet the guaranteed performance specifica-
tions for any voltage and frequency within these ranges. 

'These environmental characteristics meet or exceed the re-
spective requirements of MIL-E-5400, Class 2. 
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• "JUST 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 

TECHNICAL DATA 
APRIL 1970 

2.OT04.OGHz 
DUAL-HELIX LOW-NOISE TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-375 

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 do 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 

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 -X71°C. 
The environmental characteristics of the WJ-375 
meet the corresponding requirements of MIL-E-
5400, Class 2 Specification. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency  
Noise Figure, Terminal 5  0 dB 
Gain, Small Signal   30 dB  
VSWR, Input and Output 1  5:1  
Power Output, Saturated   ~-1 dBm  

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage   115 V ac  
Primary Frequency  60 Hz  
Primary Power  25 W 
AGC Voltage  0 to —25 V do   0 to —30 V do 

Guaranteed 
2.0 to 4.OGHz 

5  5 dB, max. 
25 dB, min. 

2:1, max. 
0 dBm, min. 

Range 
115 ±10 V ac 
48 to 420 Hz 

*Supersedes WJ•375 Technical Data Sheet dated January 1969. 



POWER ENVIRONMENTAL 
CHARACTERISTICSZ 

Temperature   —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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 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 Drawing No.   290012 

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

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

APRIL 1970* 

4.0 TO 8.0 G Hz 
DUAL-HELIX LOW-NOISE TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-376 

• "JUST PLUG IT IN" 

• NEGLIGIBLE PERFORMANCE 
VARIATION DURING 
GAIN ADJUSTMENT 

• NOISE FIGURE 
6.5 dB MAXIMUM 

• POWER OUTPUT 
O dBm MINIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• 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 do 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 

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 -X71°C. 
The environmental characteristics of the WJ-376 
rrieet the corresponding requirements of MIL-E-
5400, Class 2 Specification. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   4.0 to 8.0 GHz 
Noise Figure, Terminal  6.0 dB   6.5 dB, max. 
Gain, Small Signal  30 dB   25 d6, min. 
VSWR, Input and Output 1  5:1   2:1, max. 
Power Output, Saturated  +2 dBm   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 
AGC Voltage  0 to —40 V do   0 to —50 V do 

*Supersedes WJ-376 Technical Data Sheet dated January 1969. 



WJ - 376 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature, Operating —54° to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 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 Drawing No.   290012 

'Every tube will meet the guaranteed performance speci-
fications for any primary voltage and frequency within 
these ranges. 
These environmental characteristics meet the respective 
requirements of MILE-5400, Class 2. 
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TECHNICAL DATA 

• "JUST PLUG IT IN" 

• NEGLIGIBLE PERFORMANCE 
VARIATION DURING 
GAIN ADJUSTMENT 

• NOISE FIGURE 

8.0 dB MAXIMUM 

• POWER OUTPUT 
O dBm MINIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• MEETS MIL-E-5400, 
CLASS ~ SPECIFICATION 

APRIL 1970 

8.0 TO 12.0 GHz 
DUAL-HELIX LOW-NOISE TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-377 

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 do 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 

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 
Frequency     8.0 to 12.0 GHz 
Noise Figure, Terminal  7.5 dB   8.0 dB, max. 
Gain, Small Signal   30 dB   25 dB, min. 
VSWR, Input and Output 1  5:1   2:1, max. 
Power Output, Saturated  +2 dBm   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 
AGC Voltage  0 to —50 V do   0 to —60 V do 

*Supersedes WJ-377 Technical Data Sheet dated January 1969. 



WJ-377 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature, Operating —54° to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude . 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 
Width 
Length (excluding 

connectors)  

4  75 inches (121 mm) max. 
4.75 inches (121 mm) max. 

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 Drawing No.   290012 

'Every tube will meet the guaranteed performance speci-
fications for any primary voltage and frequency within 
these ranges. 

'These environmental characteristics meet the respective 
requirements of MIL-E-5400, Class 2. 
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TECHNICAL DATA 

2.6 TO 5.2 GHz, COMPACT 
LOW-NOISE PERMANENT-

MAGNET TRAVELING-WAVE 
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 fora "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-

PERFORMANCE 

Frequency 
Noise Figure, Terminal 
Gain, Small Signal 

V 
March '1967 

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 (99%0
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 
Typical 
2 6 to 5  2 GHz 

VSWR, Input and Output 
Power Output  

ELECTRICAL REQUIREMENTS 
Primary Voltage  
Primary Frequency  
Primary Power  

Guaranteed 
26 to 52 GHz 

8  5 dB   9.5 dB, max. 
30  0 dB 25  0 dB, min. 
1.5:1 2:1, max. 
x-10.0 dBm -i-7  0 dBm, min. 

Typical Range 
115Vac   115±10Vac 
60 Hz   48 to 420 Hz 
20 W 



~~l~~J~i POWER 

ENVIRONMENTAL 

CHARACTERISTICS 

Temperature, Operating —54°C to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude 5 to 45 Hz 
b. 10 g, Single Amplitude 45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier Length 
(excluding connectors) 9.5 inches, max. 

Amplifier Height and Width . 3.4 inches, max. 
Amplifier Weight   6.0 pounds 
Primary Power Connection, 

Deutsch Receptacle  DM9601-3P 
RF Connections 

(50 ohms, nominal)   Type N, jack 
Reference Drawing Number 290003 

Every tube will meet the guaranteed performance specifications 
within these ranges. 

These environmental characteristics meet or exceed the respective 
requirements of MIL-E-5400, Class 2 Specification. 
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TECHNICAL DATA 
July 1969* 

7.0 TO 11.0 GHz, 
5-WATT TRAVELING-WAVE TUBE 

WJ-391 

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 d6 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-

PERFORMANCE 
Frequency 
Saturated Power Output  6 watts 
Small Signal Gain  45 d6  
Small Signal Gain Variation   ±2 dB  
Gross Fine Structure Small Signal Gain Variation +0.2 dB 
AM-PM Conversion (At 5 watts) 4  5°/dB 
Noise Figure  27 d6 

ELECTRICAL REQUIREMENTS 
Heater Voltage  
Anode Voltage  
Helix Voltage 
Collector Voltage 
Cathode Current 
Helix Current 
Heater Current 

• 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 
Typical Guaranteed 
70to11.OGHz 70to11.OGHz 

5 watts, min. 
42 dB, min. 

±3 dB, max. 
+0.5 dB 

  5°/dB, max. 
  30 d6, max. 

TYPICAL RANGE 
6.3 volts  6  0 to 6.6 volts 
-F50 volts   0 to +100 volts 

 3100 volts   2800 to 3200 volts 
1800 volts   1700 to 3200 volts 
30 mA   26 to 33 mA 

 2 mA 0  2 to 3 mA 
1.2 A   1.0 to 1.4 A 

*Supersedes WJ391 Technical Data Sheet Dated April 1969 



WJ-391 

MECHANICAL CHARACTERISTICS 

Cooling   Conduction through baseplate 
Height   1.25 inches (32 mm) max. 
Width   1.85 inches (47 mm) max. 
Length   10.86 inches (276 mm) max. 
Weight   1.5 pounds (680 g) max. 
Connectors   OSM 
Focusing   PPM 

ENVIRONMENTAL CAPABILITY1

Temperature . . . . —54°C to +85°C (baseplate) 
Vibration (120.2000 cycles)   5 Grms 
Shock   20 G 
Altitude   Any 

'Every tube can be qualified to meet requirements of 
MIL-E•5400. 
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TECHNICAL DATA 

e~ 
July 1968 

18.0 TO 26.5 GHz, LOW-NOISE PERMANENT-MAGNET 
TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• 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 

~~J 

specification 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 WJ-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  18.0 to 26.5 GHz   18.0 to 26.5 GHz 
Noise Figure, Terminals   11 dB   13 dB, max. 
Gain, Small Signal  28 dB   25 d6, min. 
VSWR, Input and Output  1.5:1   2:1, max. 
Power Output  5 dBm   0 dBm, min. 

ELECTRICAL REQUIREMENTS Typical Range2
Primary Voltage  115 V ac   115 ±10 V ac 
Primary Frequency  60 Hz   48 to 420 Hz 
Primary Power  5 W   10 W, max. 

*Supersedes WJ-393 Technical Bulletin, Volume 8, No. 14, October, 1966 



POWER 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, Operating   —54°C to -h71°C 
Vibration 

a. 0.10 Inch, Double Amplitude . . .5 to 30 Hz 
b. 5 g, Single Amplitude   30 to 500 Hz 

Shock   15 g, 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 -3406 Noise Figure Meter utilizing a standard ALL 
07053 noise source. 

'Every 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 vVJ-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 

Frequency range 2  2 to 2.3 GHz 2  2 to 2.3 GHz 
Saturation power output  105 watts   100 watts min. 
Saturation gain  36 dB   33 dB min. 
Overall efficiency, including heaters  47 percent   42 percent min. 

ELECTRICAL REQUIREMENTS Typical Range 
Heater Voltage  4.3 volts 4  0 to 5.0 volts 
Heater current  0.9 A   1.0 A max. 
Anode voltage'  3640 volts   3300 to 3800 volts 
Anode current  0.5 mA   1.0 mA max. 
Helix voltage'  2590 volts   2500 to 2800 volts 
Helix current  ~ 13 mA   18 mA max. 
Collector voltage'   1960 volts   1800 to 2300 volts 
Collector current  97 mA   115 mA max. 

'These voltages are referenced to the cathode. Helix is operated at ground potential. 

'Overall efficiency is defined as the RF output power, divided by the total do input, including heater power. 

*Supersedes WJ-395-1 Technical Data Sheet Dated July 1968 
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MECHANICAL 
CHARACTERISTICS 

FIG. 1 
OUTPUT, 
OVERALL 

110 
Tube length  13.5 inches max. 
Tube width  
Tube height, 

excluding connectors  
Tube weight  

1.8 inches max. 

1.6 inches max. 
2.8 pounds max. 
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RF IN RF OUT 

HEATER 1 

>l

ANODE 

i 

~. 
HELIX COLLECTOR 

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 µSEC IF HELIX CURRENT EXCEEDS MAXIMUM VALUE. 

FIG. 5 PREFERRED CONNECTION FOR LABORATORY-TYPE POWER SUPPLY CONFIGURATION FOR WJ-395-1 

RF IN RF OUT 

HEATER 

1 

1

ANODE 

(DELAYED) 

HELIX 
(DELAYED) 

COLLECTOR 

(DELAYED) 

HEATER 3.5 VOLTS AC (TYPICAL) AT 1 A MAXIMUM 
ANODE 1050 
HELIX 630 
COLLECTOR 1960 

VOLTS (TYPICAL) AT 1 mA MAXIMUM 
VOLTS (TYPICAL) AT 18 mA MAXIMUM 
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 
SPECIFIED AND MUST DISCONNECT ALL VOLTAGES IN LESS THAN 100 µSEC IF MAXIMUM VALUE 
IS EXCEEDED. 

FIG. 6 PREFERRED CONNECTION FOR HIGH-DENSITY POWER SUPPLY CONFIGURATION FOR WJ-395-1 

WJ-395-1 

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 

FEBRUARY 1970*

7 TO 11 GHz 
ULTRA LOW-NOISE TWT AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-396 

• "JUST PLUG IT IN" 
• GUARANTEED 6.0 dB 

NOISE FIGURE 

• SMALL SIZE 
3.4 x 3.4 x 10.0 INCHES 

• WEIGHT: 8.5 POUNDS 
• MEETS MIL-E-5400, 

CLASS II 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. 

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 -I-71 ° C. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency  7.0 to 11.0 GHz 
Noise figure, terminal (8.0 to 10.0 GHz)'  5.5 dB 

(7.0 to 8.0 GHz; 10.0 to 12.0 GHz)  6.0 dB 
Gain, small signal  28 dB 
VSWR, input and output  1.5:1 
Power output  —5.0 dBm 

Guaranteed 
7  0 to 11.0 GHz 

60 dB 
65dB

  25 dB min. 
  2:1 max. 

ELECTRICAL REQUIREMENTS Typical Range2
Primary voltage  115 V ac   115 ±10 V ac 
Primary frequency  60 Hz   48 to 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 

ENVIRONMENTAL3
CHARACTERISTICS 

Temperature  
Vibration 

a. .10 inch, double amplitude 
b. 5 g, single amplitude  

Shock 

MECHANICAL 
CHARACTERISTICS 

—54°C to -F71 °C 

  5 to 30 Hz 
30 to 2,000 Hz 

  15 g, 11 ms 

Height   3.4 inches (86 mm) max. 
Width   3.4 inches (86 mm) max. 
Length (excluding 

connectors)   10 inches (254 mm) max. 
Weight   8.5 lbs. (3.86 Kg) max. 

Primary power connection, Bendix . . . . PT-07C-8-3P 
RF connectors (input and output) . . . . Type N Jack 

3. These environmental characteristics meet or exceed the 
respective requirements for MIL-E-5400, Class 2. 
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TECHNICAL DATA 

March 1968 

0.5 TO 2.0 GHz LOW-NOISE, DOUBLE-OCTAVE 
PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 

• NOISE FIGURE 
7 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 SPECI FICATION 

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. 

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 MILT 
E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency 0  5-2.0 GHz 
Noise figure, terminal 6  0 dB  
Gain, small signal   29 dB  
Gain variation, small signal +2 dB 
VSWR, input and output 1  5:1 
Power output   ~-5 dBm  

ELECTRICAL REQUIREMENTS Typical 
Primary voltage   115 V ac  
Primary frequency  60 Hz  
Primary power   6 watts 

Guaranteed 
0.5-2.0 GHz 
7.0 dB max. 

25 dB 

  2.5:1 max. 
0 dBm 

Range 
115 ±10 V ac 
48 to 420 Hz 

  10 watts 



POWER 

10 

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 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier length 
(excluding connectors)   12 inches, max. 

Amplifier height and width . . .4.75 inches, max. 
Weight   17 Ibs, max. 
Primary power connection, 

Bendix receptacle   PT-07C•8.3P 
RF connections 

(50 ohms, nominal)   Type N, jack 

'Every tube will meet the guaranteed performance speci-
fications for any voltage within these ranges. 

'These environmental characteristics meet or exceed the 
respective requirements for MIL-E-5400, Class 2. 
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TECHNICAL DATA 
January 1968 

2.2 TO 2.4 GHz COMPACT 20-WATT TRAVELING-WAVE 
TUBE FOR SATELLITE APPLICATION AND 

HIGH IMPACT SHOCK LEVEL 

WJ-398-1 
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 

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 W1-398-1 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 

Frequency range  2.2-2.4 GHz 

RF power output  22.4 watts 
RF input for saturation  2 dBm . . 
RF gain  41 dB  
Primary power  75 watts  
Overal l efficiency  30%  

ELECTRICAL REQUIREMENTS Typical 
Heater Voltage  6.5 V 
Heater Current  1.0 A 
Anode Voltage  1895 V 
Anode Current  0.1 mA 
Helix Voltage  1492 V 
Helix Current  6.0 mA 
Collector Voltage  1100 V 
Collector Current  52 mA 
Cathode Current  59 mA 

Guaranteed 
  2.2-2.4 GHz 

  20 watts min. 
. . . , . . . . . . . . . . . . . . 8 dBm max. 

35 dB min. 
80 watts max. 

25% 

Range 
  6.0.7.0 V 

0  8-1.2 A 
  1895 ± 100 V 

1  0 mA, max. 
  1492 ± 100 V 
  10.0 mA, max. 
  1100 ±55 V 
  60 mA, max. 
  71 mA, max. 



WJ-398-1 FIG. 1. 
RF PERFORMANCE 
CHARACTERISTICS vs. FREQUENCY 

ENVIRONMENTAL 
CHARACTERISTICS 

Shock   5,000 G average, 0.5 ms duration 
Acceleration   14 G, 5 minutes 
Vibration, complex. .Superimposed 

14 G rms noise (18 sec.) 
5.0 G rms noise (600 sec.) 
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.) 
14 G rms noise (18 sec.) 

Temperature   —10°C to -{-75°C 

MECHANICAL 
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) 
RF Connector   OSM, female 
DC Connections   12 inch flying leads 
RF connector   OSM female 
DC connections   12 inch flying leads 

'Efficiency is defined as the minimum saturation RF output 
power across the band, divided by the total do power input, 
including heater power. 
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WJ-398-1 
FIG. 3. TYPICAL POWER TRANSFER CHARACTERISTICS 

FIG. 4. 
PREFERRED CONNECTION FOR LABORATORY-TYPE POWER SUPPLY CONFIGURATION FOR WJ-398-1. 

HEATER 1 

RF IN RF OUT 

Y 
»~   

ANODE HELIX COLLECTOR 

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 HELIXVOLT-
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 µSEC IF HELIX CURRENT EXCEEDS 
MAXIMUM VALUE. 



WJ-398-1 

FIG. 5. PREFERRED CONNECTION FOR HIGH-DENSITY POWER SUPPLY CONFIGURATION FOR WJ-398-1. 

RF IN RF OUT 

Y Y 
~' 

HEATER ANODE 
I DELAYED 1 

HELIX 
l DELAYED I 

COLLECTOR 
( DELAYED 1 

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 

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 µSEC IF MAXIMUM VALUE IS 
EXCEEDED. 

January 1968 PRINTED IN U.S.A. 



TECHNICAL DATA' 

July '1967 

8 TO 12 GHz, 40 MILLIWATT LOW-NOISE TRAVELING-WAVE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 
10 dB MAXIMUM 

• PERMANENT—MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
REQUIRED 

• 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  8 to 12 GHz  8 to 12 GHz 
Noise Figure, Terminal   9 dB  10 dB, max. 
Gain, Small Signal  35 dB  30 dB, min. 
VSWR, Input and Output 1  5:1 2'1, max. 
Power Output   18 dBm  16 dBm 

ELECTRICAL REQUIREMENTS Typical Range 
Primary Voltage   115 V ac  115 ±10 V ac 
Primary Frequency  60 Hz  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. 

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 mformahon. Specifecations are subject to change without notice. 



POWER 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature   —55°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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier Length 
(excluding connectors) 12 inches, max. 

Amplifier Height and Width 4.75 inches, max. 
Amplifier Weight   18 lbs., 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 specifications for 
any voltage and frequency within these ranges. 

These environmental characteristics meet or exceed the respective 
requirements of MIL-E-5400, Class 2. 
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TECHNICAL DATA 
July '1967*

8 TO 12 GHz, 60 M I LLIWATT 
LOW-NOISE TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 

WJ-399-2 

The WJ-399-2 is a higher output power version of 
the WJ-399 with a typical output power of 80 mW. 
Like its lower-power predecessors, the WJ-399-2 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 10 dB, may be operated in any orientation, in 
stacked arrays, or adjacent to ferromagnetic ma-

• "JUST PLUG IT IN" 

• NOISE FIGURE 
11.0 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS 
REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 SPECIFICATION 

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-399-2 
meet or exceed the corresponding requirements of 
MILE-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency  8 to 12 GHz  
Noise Figure, Terminal   10 dB  
Gain, Small Signal  35 dB  
VSWR, Input and Output 1  5:1 
Power Output   19 dBm  

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage   115 V ac  
Primary Frequency  60 Hz 
Primary Power  20 W 

Guaranteed 
8 to 12 GHz 
11 dB, max. 
30 dB, min. 

2.1, max. 
18 dBm 

Range' 
115 ±10 V ac 

 48 to 420 Hz 

*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 

POWER 

ENVIRONMENTAL 
CHARACTERISTICS' 

Temperature   —55°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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   4.75 inches (121 mm) max. 
Width   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. 
These environmental characteristics meet or exceed the re-
spective requirements of MIL-E•5400, Class 2. 
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TECHNICAL DATA 

l~ 

0.5 to 1.0 GHz LOW-NOISE TWT DUAL August '1967 

AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• MATCHED GAIN: 2.0 dB max. 

• NOISE FIGURE: 8.5 dB max. 

• POWER OUTPUT: + 5 dBm 

• PERMANENT MAGNET FOCUSING 

• ADJUSTMENT FREE OPERATION 

• "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 
Frequency 0  5-1.0 GHz   0.5-1.0 GHz 
Noise figure, terminal 7  0 dB   8.5 dB max. 
Gain, small signal  28 dB   25 dB min. 
Gain, matching  1.0 dB   2.0 dB max. 
Warm-up time   15 minutes max. 
VSWR, input and output 1  5:1   2:1 max. 
Power output  +7 dBm   -{-5 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage   115 Vac 
Primary Frequency  60 Hz 
Primary Power  25 watts 

Range 

  115 ±10 Vac 
  48 to 420 Hz 



~~q 0 Q 
ENVIRONMENTAL 
CHARACTERISTICS 
Temperature, operating  —54°C to +55°C 
Temperature, non-operating  —62°C to x-85°C 
Vibration 

a. 0.10 inch, double amplitude . . . .5 to 45 Hz 
b. 5G, single amplitude 45 to 500 Hz 

Shock  15 G, 11 ms 
Altitude   50,000 feet 
Humidity   95% 

MECHANICAL 
CHARACTERISTICS 
Amplifier length 

(excluding connectors)   10.0 inches, max. 
Amplifier height 4  5 inches, max. 
Amplifier width 5  5 inches, max. 
Weight   14.5 pounds, max. 
Primary power connection, 

Bendix  
RF connections 

(50 ohm, nominal)  
Watkins-Johnson Outline Drawing 

PT-07C•8.3P 

Type N, Jack 
 290058 

Each tube of the dual-amplifier package shall meet the 
performance specifications listed. 

At any frequency within the band, the difference in small 
signal gain between the two channels shall not exceed the 
specified limit. 

The amplifier shall meet all guaranteed parameters within 
the specified time. 

Each tube shall meet the guaranteed performance specifi-
cations within these primary voltage and frequency ranges. 

All performance specifications shall be met over the speci-
fied temperature range. 
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TECHNICAL DATA 

1 to 2 GHz LOW-NOISE TWT DUAL August '1967 

AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• MATCHED GAIN: 2.0 dB max. 

• NOISE FIGURE: 8.5 dB max. 

• POWER OUTPUT: + 7 dBm min. 

• PERMANENT MAGNET FOCUSING 

• ADJUSTMENT FREE OPERATION 

o "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 

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 WJ-405 is well suited for airborne 
military systems applications. 

SPECIFICATIONS 

PERFORMANCE (Each Channel) Typical Guaranteed 
Frequency 1  0-2.0 GHz 1  0-2.0 GHz 
Noise figure, terminal 7  0 dB 8  5 dB max. 
Gain, small signal  30 dB   25 dB min. 
Gain, matching 1  0 dB  2.0 dB max. 
Warm-up time   15 minutes max. 
VSWR, input and output 1  5:1   2:1 max. 
Power output  +9 dBm   -{-7 dBm min. 

ELECTRICAL REQUIREMENTS Typical Range 
Primary Voltage   115 Vac   115 ±10 Vac 
Primary Frequency  60 Hz   48 to 420 Hz 
Primary Power  25 watts 



eq 0 g 
ENVIRONMENTAL 
CHARACTERISTICS 
Temperature, operating  —54°C to -I-55°C 
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 

Shock  15 G, 11 ms 
Altitude   50,000 feet 
Humidity   95 °/D 

MECHANICAL 
CHARACTERISTICS 
Amplifier length 

(excluding connectors)   10.0 inches, max. 
Amplifier height 4.5 inches, max. 
Amplifier width 5  5 inches, max. 
Weight   14.5 pounds, max. 
Primary power connection, 

Bendix  
RF connections 

(50 ohm, nominal)  
Watkins-Johnson Outline Drawing 

PT-07C-8-3 P 

Type N, Jack 
 290058 

Each tube of the dual-amplifier package shall meet the 
performance specifications listed. 

At any frequency within the band, the difference in small 
signal gain between the two channels shall not exceed the 
specified limit. 

The amplifier shall meet all guaranteed parameters within 
the specified time. 

Each tube shall meet the guaranteed performance specifi-
cations within these primary voltage and frequency ranges. 

All performance specifications shall be met over the speci-
fied temperature range. 
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TECHNICAL DATA 

~1~~~Q0~ 
August '1967 

2 to 4 GHz LOW-NOISE TWT DUAL 

AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• MATCHED GAIN: 2.0 dB max. 

• NOISE FIGURE: 8.5 dB max. 

• POWER OUTPUT: -~- 7 dBm min. 

• PERMANENT MAGNET FOCUSING 

• ADJUSTMENT FREE OPERATION 

• "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 aguaranteed maximum gain difference of 2.0 
dB at any frequency within the operating range, 
and over the temperature range of —54° to +55°C. 

PERFORMANCE (Each Channel)1

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 

Typical Guaranteed 
Frequency 2 2  0-4.0 GHz 2  0.4.0 GHz 
Noise figure, terminal 7  5 dB 8  5 dB max. 
Gain, small signal  30 dB   25 dB min. 
Gain, matching 1  0 d6  2.0 dB max. 
Warm-up time3  15 minutes max. 
VSWR, input and output 1  5:1   2:1 max. 
Power output  +10 dBm . . . . .   -P7 dBm min. 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage   115 Vac 
Primary Frequency  60 Hz 
Primary Power  25 watts 

Range4

  115 ±10 Vac 
  48 to 420 Hz 



POWER ~~]~l q~~ 
ENVIRONMENTAL 5 
CHARACTERISTICS 

Temperature, operating  —54°C to +55°C 
Temperature, non-operating  -62°C to -I-85°C 
Vibration 

a. 0.10 inch, double amplitude. . . 5 to 45 Hz 
b. 5G, single amplitude 45 to 500 Hz 

Shock  15 G, 11 ms 
Altitude   50,000 feet 
Humidity   95% 

MECHANICAL 
CHARACTERISTICS 

Height   4.5 inches (114 mm) max. 
Width   5.5 inches (140 mm) max. 
Length (excluding 

connectors)   10 inches (254 mm) max. 
Weight   14.5 pounds (6.58 Kg) max. 
Primary power connection, 

Bendix   PT-07C-8-3P 
RF connections 

(50 ohm, nominal) 
Watkins-Johnson Outline Drawing 

  Type N, Jack 
290058 NOISE 
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1. Each tube of the dual-amplifier package shall meet the 
performance specifications listed. 

2. At any frequency within the band, the difference in 
small signal gain between the two channels shall not 
exceed the specified limit. 

3. The amplifier shall meet all guaranteed parameters 
within the specified time. 

4. Each tube shall meet the guaranteed performance spec-
ifications within these primary voltage and frequency 
ranges. 

5. All performance specifications shall be met over the 
specified temperature range. 
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TECHNICAL DATA 

~~~I~40~ 
4 to 8 GHz LOW-NOISE TWT DUAL 

AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• MATCHED GAIN: 2.0 dB max. 

• NOISE FIGURE: 9.0 dB max. 

• POWER OUTPUT: + 7 dBm 

• PERMANENT MAGNET FOCUSING 

• ADJUSTMENT FREE OPERATION 

• "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 ~-55°C. 
Additional features, which are standard on all W-J 
low-noise amplifiers, include a low noise figure, 
high power output, and small size. 

3~, 

August 1967 

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 
Frequency 4  0-8.0 GHz 4  0-8.0 GHz 
Noise figure, terminal 7  5 dB 9  0 dB max. 
Gain, small signal   29 dB  25 dB min. 
Gain, matching   1.0 dB   2.0 d8 max. 
Warm-up time   15 minutes max. 
VSWR, input and output 1  5:1   2:1 max. 
Power output  +10 dBm   +-7 dBm min. 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage   115 Vac 
Primary Frequency  60 Hz 
Primary Power  25 watts 

Range 

  115 ±10 Vac 
  48 to 420 Hz 



ENVIRONMENTAL 
CHARACTERISTICS 
Temperature, operating  —54°C to x-55°C 
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 

Shock  15 G, 11 ms 
Altitude   50,000 feet 
Humidity   95% 

MECHANICAL 
CHARACTERISTICS 
Amplifier length 

(excluding connectors)  10.0 inches, max. 
Amplifier height 4.5 inches, max. 
Amplifier width 5  5 inches, max. 
Weight   14.5 pounds, max. 
Primary power connection, 

Bendix   PT-07C-8.3P 
RF connections 

(50 ohm, nominal)   Type N, Jack 
Watkins-Johnson Outline Drawing 290058 

Each tube of the dual amplifier package shall meet the 
performance specifications listed. 

At any frequency within the band, the difference in small 
signal gain between the two channels shall not exceed the 
specified limit. 

The amplifier shall meet all guaranteed parameters within 
the specified time. 

Each tube shall meet the guaranteed performance specifi-
cations within these primary voltage and frequency ranges. 

All performance specifications shall be met over the speci-
fied temperature range. 
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TECHNICAL DATA 

~~7~J~000 
8 to 12 GHz LOW-NOISE TWT DUAL August '1967 

AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• MATCHED GAIN: 2.0 dB max. 

• NOISE FIGURE: 9.5 dB max. 

• POWER OUTPUT: -}- 7 dBm min. 

• PERMANENT MAGNET FOCUSING 

• ADJUSTMENT FREE OPERATION 

• "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 aloes noise figure combined with high power 

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) 
Frequency  
Noise figure, terminal  
Gain, small signal  
Gain, matching  
Warm-up time  
VSWR, input and ouput  
Power output  

ELECTRICAL REQUIREMENTS 
Primary Voltage  
Primary Frequency  
Primary Power  

Typical Guaranteed 
8.0-12.0 GHz 8  0-12.0 GHz 
8.5 dB 9  5 dB max. 
30 dB   25 dB min. 
1.0 dB   2.0 dB max. 
  15 minutes max. 
1.5:1   2:1 max. 
-{-10 dBm   -}-7 dBm min. 

Typical Range 
115 Vac   115 ±10 Vac 
60 Hz   48 to 420 Hz 
25 watts 



~~1~~Qo0 
ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, operating   —54°C to -I-55°C 
Temperature, non-operating. . .-62°C to -}-85°C 
Vibration 

a. .10 inch, double amplitude   5 to 45 Hz 
b. 5G, single amplitude 45 to 500 Hz 

Shock  15 G, 11 ms 
Altitude   50,000 feet 
Humidity   95~/O 

MECHANICAL 
CHARACTERISTICS 

Amplifier length 
(excluding connectors)   10.0 inches, max. 

Amplifier height 4.5 inches, max. 
Amplifier width 5.5 inches, max. 
Weight   14.5 pounds, max. 
Primary power connection, 

Bendix   PT-07C-8-3P 
RF connections 

50 ohm, nominal)   Type N, jack 
Watkins-Johnson Outline Drawing   290058 

Each tube of the dual-amplifier package shall meet the 
performance specifications listed. 

At any frequency within the band, the difference in small 
signal gain between the two channels shall not exceed the 
specified limit. 

The amplifier shall meet all guaranteed parameters within 
the specified time. 

Each tube shall meet the guaranteed performance specifi-
cations within these primary voltage and frequency ranges. 

All performance specifications shall be met over the speci-
fied temperature range. 
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TECHNICAL DATA 

APRIL 1970 

2 to 4 GHz LOW-NOISE TWT AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• GUARANTEED +10 dBm 
POWER OUTPUT 

• GUARANTEED 7.5 dB NOISE 
FIGURE ACROSS FULL S-BAND 

• SMALL SIZE: 3x3x10.5 INCHES 

• M SETS M I L-E-5400 
CLASS II 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 lOg, 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 

Frequency   2.0 to 4.0 GHz 
Noise figure, terminal  7.0 dB 
Gain, Small Signal   32 dB  
VSWR, input and output 1  5:1  
Power output  +12 dBm 

ELECTRICAL REQUIREMENTS Typical 

Primary voltage   115 Vac 
Primary Current  120 mA 
Primary frequency  60 Hz   48 to 420 Hz 
Primary power  10 watts 

Guaranteed 

2.0 to 4.0 GHz 
7  5 dB max. 
25 dB min. 

2:1 max. 
  +10 dBm min. 

Range' 
  115 ±10 Vac 

'`Supersedes WJ-422 Technical Data Sheet dated February 1968. 
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is 

ENVIRONMENTAL 
CHARACTERISTICSZ

Temperature   —54° C to -I-71 °C 
Vibration 

a. .10 inch, double amplitude  5 to 45 Hz 
b. 10 g, single amplitude   45 to 500 Hz 

Shock   15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   3inches (76 mm) max. 
Width   3inches (76 mm) max. 
Length (excluding 

connectors   10.5 inches (267mm) max. 
Weight 6  5 pounds (2.95 Kg) max. 
Primary power connection, 

Bendix receptacle   PT07C•8-3p 
RF connections 

(50 ohms, nominal)   Type N, jack 

1. Every tube will meet the guaranteed performance speci-
fications for any primary voltage and frequency within 
these ranges. 

2. These environmental characteristics meet the respec-
tive requirements of MILE-5400, Class 2 Specification. 

~ E 16 
O m 
d -o 

~ '- 14 ~. 
a ~-
~ 0 12 
a 

GAIN 

SM
AL

L 
S 

IG
N

A
LG

A
IN

 -
 d

6 

NOISE 

~[
~l

[.9
~[

e1
1L

'~
iP

:. 

l0 

45 

40 

35 

30 

25 

to 

9 

8 

7 

6 
2.0 2.5 3 0 

FREQUENCY-GHz 

3.5 4.0 

OUTLINE DRAWING 

POWER CONNECTER 
(RECEPTACLEI 

NOM .850 

NOM .930 

360 

RF CONNECTOR 

NOM. 
1.100 

NOM. 1.237 
~.

.650 ~-

PRODUCT LABEL 
(2053451 

2.905 

10.500 

MOUNTING HOLE 
U4-20 UNC 2B 
THD. 500 DP. 
161 PLACES 

3.000—~ 

APRIL 1970 PRINTED IN U.S.A. 



TECHNICAL DATA 

~~1~~~~3 
APRIL 1970 

4 to 8 GHz LOW-NOISE TWT AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• GUARANTEED 7.5 dB NOISE 
FIGURE ACROSS FULL C-BAND 

e GUARANTEED +10 dBm 
POWER OUTPUT 

• SMALL SIZE: 3x3x10.5 INCHES 

• MEETS MIL-E-5400 
CLASS II 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. 

PERFORMANCE 

Frequency 
Noise figure, terminal 
Gain, Small Signal  32 dB   25 d6 min. 
VSWR, input and output 1  5:1   2:1 max. 
Power output  +12 dBm   -}-10 dBm min. 

The VVJ-423 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 lOg, 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 MII~ F-5400. Class 2. 

SPECIFICATIONS 

Typical Guaranteed 

40to8.OGHz   4.0 to 8.0 GHz 

ELECTRICAL REQUIREMENTS 

7  0 dB   7.5 dB max. 

Typical 

Primary voltage   115 Vac 
Primary frequency  60 Hz 
Primary power   10 watts 
Primary current   120 mA 

Range 

  115 ±10 Vac 
 48 to 420 Hz 

`Supersedes WJ-423 Technical Data Sheet dated January 1968. 



ENVIRONMENTAL 
CHARACTERISTICS' 

Temperature   —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   15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   3inches (76 mm) max. 
Width   3inches (76 mm) max. 
Length (excluding 

connectors   10.5 inches (267mm) max. 
Weight 6  5 pounds (2.95 Kg) max. 
Primary power connection, 

Bendix receptacle   PT07C-8.3p 
RF connections 

(50 ohms, nominal)   Type N, jack 

Every tube will meet the guaranteed performance specifi-
cations for any primary voltage and frequency lying within 
these ranges. 

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

APRIL 1970 'k

8 TO 12 GHz 
LOW-NOISE TWT AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-424 

• "JUST PLUG IT IN" 

• GUARANTEED 7.5 dB NOISE 
FIGURE ACROSS FULL X-BAND 

• GUARANTEED +10 dBm 
POWER OUTPUT 

• SMALL SIZE: 3x3x10.5 INCHES 

• M EETS M I L-E-5400 
CLASS II 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. 

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 lOg, 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 

Frequency  8.0 to 12.0 GHz 
Noise figure, terminal 7  0 dB 
Gain, Small Signal  32 dB 
VSWR, input and output 1  5:1 
Power output  13 dBm  

Guaranteed 
8.0 to 12.0 GHz 

7  5 dB max. 
  25 dB min. 

  2:1 max. 
10 dBm min. 

ELECTRICAL REQUIREMENTS Typical 

Primary voltage   115 Vac 
Primary frequency  60 Hz 
Primary current    120 mA 
Primary power  10 watts 

Range' 
  115 ± 10 Vac 

  48 to 420 Hz 

* Supersedes WJ-424 Technical Data Sheet dated January 1969. 



WJ-424 POWER 

ENVIRONMENTAL 
CHARACTERISTICSZ 

Temperature  
Vibration 

a. .10 inch, double amplitude 
b. 10 g, single amplitude 

Shock  

MECHANICAL 
CHARACTERISTICS 

—54° C to -{-71 °C 

 5 to 45 Hz 
  45 to 500 Hz 

15 G, 11 ms 

Height   3inches (76 mm) max. 
Width   3inches (76 mm) max. 
Length (excluding 

connectors   10.5 inches (267mm) max. 
Weight 6  5 pounds (2.95 Kg) max. 
Primary power connection, 

Bendix receptacle   PT07C-8-3p 
RF connections 

(50 ohms, nominal)   Type N, jack 

'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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TECHNICAL DATA 

JANUARY 1970 

12 TO 18 G Hz 
LOW-NOISE TWT AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-425 

• "JUST PLUG IT IN" 

• GUARANTEED 10 dB NOISE 
FIGURE ACROSS FULL Ku-BAND 

• GUARANTEED +10 dBm 
POWER OUTPUT 

• SMALL SIZE: 3 x 3 x 10.5 INCHES 
• MEETS MIL-E-5400 

CLASS II 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-

out degradation of performance. Rugged construction 
of the tube, magnet, and power supply ensures reli-
able operation under vibrational forces of lOg, at fre-
quencies up to 500 Hz.Full specifications are met over 
the operating temperature range of —54° to -F71°C. 
These environmental characteristics of the WJ-425 
meet the corresponding requirements of MIL-E-5400, 
Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   12.0 to 18.0 GHz 
Noise figure, terminal' 9 dB 10 dB max. 
Gain, Small Signal  30 dB  25 d6 min. 
VSWR, input and output   1.5:1 2.1 max. 
Power output  13 dBm  10 dBm min. 

ELECTRICAL REQUIREMENTS Typical 
Primary voltage  115 Vac 
Primary frequency  60 Hz 
Primary current  150 mA 
Primary power  17 watts 

Range2
 115 ±10 Vac 

 48 to 420 Hz 



WJ-425 POWER 

ENVIR0NMENTAL 3
CHARACTERISTICS 

Temperature —54°C to -}-71°C 
Vibration 

a. 0.10 inch, double amplitude 5 to 45 Hz 
b. 10 g, single amplitude 45 to 500 Hz 

Shock 15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 3 inches (76 mm) max. 
Width 3 inches (76 mm) max. 
Length (excluding 

connectors)  10.5 inches (267 mm) max. 
Weight 7 pounds (3.18 kg) max. 
Primary power connection, 

Bendix receptacle  PT07C•8-3p 
RF connections 

(50 ohms, nominal)  Type OSM, Jack 

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 specifi- 
cations for any primary voltage and frequency lying within 
these ranges. 

3. These environmental characteristics meet or exceed the 
respective requirements of MIL-E-54O0K (dated 24 May 
1968), Class 2. 
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TECHNICAL DATA 

DECEMBER 1970 ~` 

8 TO 18 GHz 
LOW-NOISE TRAVELING-WAVE AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-437 

• "JUST PLUG IT IN°' 

• NOISE FIGURE 
9.5 dB MAXIMUM 

• PERMANENT-MAGNET 
FOCUSING 

• NO ADJUSTMENTS 
NEEDED 

• MEETS MIL-E-5400, 
CLASS 2 ENVIRONMENT 

WJ-437, a compact ultra-wide band amplifier, is 
the latest addition to the Watkins-Johnson family 
of PM focused integral power supply traveling 
wave amplifiers. 

Covering all of X-Band and Ku-Band, this ampli-
fier typically exhibits a noise figure below 8.0 dB, 
a saturated power output above +5 dBm, and a 
small signal gain better than 30 dB across the 
band. Clearly, this kind of performance represents 
a significant advance in the state of the art in low 
noise broadband amplifiers.This performance can-
not even be challenged by any of the narrower 
band counterparts in Ku-Band. (Some WJ-437's 
have exhibited noise figures below 8.5 dB across 
the 8-18 GHz band. ) 

PERFORMANCE 

The amplifier is completely self-contained, adjust-
ment free, and requires only a 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 ferromagnetic 
material, without adversely affecting the ampli-
fier's performance. 

With assurance of reliable operation under MIL-E-
5400 (Temperature, Class 2; Vibration, Curve III), 
this new broadband low noise amplifier opens up 
an entirely new area for unique applications as 
well as considerably enhancing prospects for ex-
isting ones. 

SPECIFICATIONS 

Typical 
Frequency  8.0 to 18.0 
Noise Figure, Terminal  8.0 dB  
Gain, Small Signal  30 dB  
VSWR, Input and Output  1.5:1  
Power Output, Saturated  +5 dBm 

Guaranteed 
GHz   8.0 to 18.0 GHz 

9.5 dB, max. 
25 dB, min. 
2.5:1, max. 

  +3 dBm, min. 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage   115 V ac  
Primary Frequency  60 Hz  
Primary Power  5 W 

*Supersedes WJ•437 Technical Data Sheet dated Febr~aru 1969 

Range' 
115 ±10 V ac 
48 to 420 Hz 



WJ-437 
ENVIRONMENTAL 
CHARACTERISTICS2

Temperature (Operating)  
Vibration 

0.10 Inch Double Amplitude 
5 g, Single Amplitude  

Shock 

MECHANICAL 
CHARACTERISTICS 

—54°C to x-71°C 

  5 to 30 Hz 
30 to 500 Hz 

  15 g, 11 ms 

Height   4.75 inches (121 mm) max. 
Width 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   PTO 7C-8-3P 

RF Connections     OSM 

'Every amplifier will meet the guaranteed performance 
specifications for any primary voltage and frequency lying 
within these ranges. 
These environmental characteristics meet or exceed the 
respective requirements of MILE-5400: Temperature, 
Class 2; Vibration, Curve III. 
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TECHNICAL DATA 
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October 1968 

1.0 to 4.0 GHz LOW-NOISE, TRAVELING-WAVE TUBE 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• NOISE FIGURE 7.0 dB 

• L —S BANDS RANGE 

• ADJUSTMENT-FREE 

OPERATION 

• PERMANENT MAGNET 
FOCUSING 

• MEETS MIL-E-5400, 
CLASS 2 SPECIFICATION 

The WJ-442 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 
adjustment-free operation characteristics of Wat-

kips-Johnson's line of octave-band, low-noise am-
plifiers. 
The WJ-442 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 degra-
dation of performance. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   1 0 - 4.0 GHz 
Noise figure, terminal  6 0 dB  7 0 dB max. 
Gain, small signal  28 dB  25 dB 
Gain variation, small signal  ±3 dB 
VSWR, input and output  1 5:1  2 5:1 max. 
Power output  +3 dBm  0 dBm 

ELECTRICAL REQUIREMENTS Typical Range 
Primary voltage  115 V ac  115 ±10 V ac 
Primary frequency  60 Hz  48 to 420 Hz 
Primary power  10 watts 

'Every amplifier will meet 
specifications within these 

the guaranteed performance 
ranges. 



~~~ aa~ 
ENVIRONMENTAL 
CHARACTERISTICS2

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 

Shock   15 g, 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 Connections 

(50 ohms, nominal)   Type N, jack 

'These environmental characteristics meet or exceed the 
respective requirements of MIL-E-5400, Class 2. 
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~t 
May 1968 

2.0 TO 2.2 GHz, 1 WATT TRAVELING-WAVE TUBE 

• OUTPUT POWER 
1 WATT MINIMUM 

• PPM FOCUSING 

• EXTREMELY LOW 
DIFFERENTIAL TIME DELAY 

• EXTREMELY LOW 
FINE-STRUCTURE 
GAIN VARIATION 

• VERY LOW PHASE NOISE 

The WJ-445-1 medium power traveling-wave tube 
provides nearly distortionless power amplification 
of microwave signals in the frequency range of 
2.0 to 2.2 GHz. The differential time delay and 
gain variations are extremely small when operated 
either at saturation or in the small signal region. In 
addition the AM/PM conversion coefficient can be 
reduced to a neglible value by operating down 
from saturation. As an example, AM/PM is typi-
cally less than 0.15°/dB at 17 dBm output, or less 
than 0.03 ° /dB at 10 dBm output. 

The tube has been designed so as to introduce neg-
ligible spurious phase noise into the amplifying 
system. Positive ion drainage is provided effective-
ly by operating the anode above and the collector 
below helix potential. This reduces both the AM 
and PM ion noise to an undetectable level. 

The heater is isolated electrically from the cathode; 

with do power to the filament the only phase noise 
introduced, even very close to the RF carrier is 
due to the inherent noise character of the tube and 
is related to its noise figure. This small residual 
PM is "white" in character, that is it is essentially 
independent of frequency. 

The PPM focusing system uses Alnico-8 magnets 
which make it insensitive to temperature varia-
tions over its operating range. Cooling of the tube 
is by conduction through the baseplate of the cap-
sule. 

Operating efficiency of the WJ-445-1 is improved 
by depressing the collector voltage below the helix 
voltage. 

In addition the WJ-445-1 may also be supplied 
with a very compact integral power supply, result-
ing in a fully integrated TWT amplifier. 

SPECIFICATIONS 

PERFORMANCE CHARACTERISTICS Typical Guaranteed 
Frequency range 2  0 to 2.2 GHz 2  0 to 2.2 GHz 
Saturation power output  2 watts   1 watt, min. 
Saturation gain  31 dB   30 dB, min. 
Small signal gain  36 dB   35 dB, min. 
Gross small signal gain variation  0.2 dB 0  5 dB, max. 
Fine structure small signal gain variation  Less than .05 dB 0  5 dB, max. 
Differential time delay  ±0.1 ns +0.2 ns, max. 
AM-PM conversion (at 1 watt)  3.0°/dB   4.0°/dB, max. 
Noise figure  27 dB   29 d6, max. 

ELECTRICAL REQUIREMENTS Typical Range 
Heater voltage  4.0 volts  
Heater current  0.8 A  
Anode voltage'  +1000 volts 

3.5 to 4.5 volts 
0.9 A max. 

  900 to 1100 volts 



SPECIFICATIONS (Cont'd) Typical Range 
Anode current  Less than 0.1 mA   1 mA, max. 
Helix voltage'  +950 volts   850 to 1050 volts 
Helix current  1.0 mA   3 mA max. 
Collector voltage'  +700 volts   650 to 750 volts 
Collector current  20 mA   25 mA max. 

NOTES: 'These voltages are referenced to the cathode. Collector is operated at ground potential. 

MECHANICAL 
CHARACTERISTICS 

Tube length   13.75 inches, max. 

Tube height, 
excluding connectors   1.75 inch, max. 

Tube width 1  75 inch, max. 
Tube weight 
DC connectors  
RF connectors 
Cooling 

Focusing 

  2.5 lbs., max. 
Solder Terminals 

  OSM (female) 
  Conduction through baseplate 

  PPM 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature   0°C to 65°C (baseplate) 
Vibration (120-2000 cycles)   4 G rms 
Shock   20 G for 5 ms 

Altitude   0 to 12,000 ft. 

RF ELECTRICAL PERFORMANCE 

CHARACTERISTICS 
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April 1968 

11.5 TO 14.0 GHz 5 WATT CW TRAVELING WAVE TUBE 

• OUTPUT POWER 
5 WATTS MINIMUM 

• PPM FOCUSING 

• LOW PHASE AND 
GAIN VARIATION 

The WJ-446 is one of a family of medium-power 
traveling-wave tubes designed by Watkins-Johnson 
Company for microwave amplification with a min-
imum of distortion. 

The use of periodic-permanent-magnet focusing 
and metal-ceramic construction results in long life 
with trouble free operation. Ion drainage is pro-
vided to minimize the effects of aging during the 
life of the tube. The PPM-focusing system is tem-
perature-compensated to make it insensitive to 

temperature variations over the operating range. 
The tube itself is cooled by conduction through the 
baseplate of the capsule. 

The WJ-446 incorporates several special features. 
Operating efficiency, for instance, can be improved 
by depressing the collector voltage below the helix 
voltage. In addition, the tube may be supplied with 
an integral power supply, resulting in a fully inte-
grated TWT amplifier. 

SPECIFICATIONS 

PERFORMANCE CHARACTERISTICS 
Frequency Range  

Saturation Power Output  
Saturation Gain  34 dB 
Small Signal Gain   41 d6  
Small Signal Gain Variation +0.5 dB 

ELECTRICAL REQUIREMENTS 
Heater Voltage 
Heater Current 

Typical Guaranteed 
11.5 to14.OGHz   11.5 to14.OGHz 
6 watts   5 watts, min. 

  32 dB, min. 
39 dB, min. 
+1 dB, max. 

Typical Range 
6  3 volts   6.0 to 6.6 volts 
0  8 A l  0 A max. 

Anode Voltage'  3000 volts 
Anode Current 0  1 mA 
Helix Voltage'  4000 volts 
Helix Current  0.5 mA 

2800 to 3500 volts 
1  0 mA max. 

3800 to 4200 volts 
  3 mA max. 

Collector Voltage'  2200 volts   2000 to 4000 volts 

Collector Current  35 mA   40 mA max. 

Notes: 'All voltages are referenced to the cathode. Helix is operated at ground potential. 



MECHANICAL 
CHARACTERISTICS 

Tube Length   10.5 inches, max. 

Tube Height, excluding connectors, 2.5 inch, max. 

Tube Width   2.5 inch, max. 

Tube Weight   4.0 lbs. max. 

DC Connectors   Flying Leads 

RF Connectors   OSM (female) 

Cooling   Conduction from bottom surface 

Focusing   PPM 

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

TYPICAL POWER 
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TECHNICAL DATA 

2.2 TO 2.3 GHz 
June 1968 

COMPACT, HIGH-EFFICIENCY, 50 WATT TRAVELING-WAVE 
TUBE FOR SPACE COMMUNICATIONS AND TELEMETRY 

WJ-448-1 is a traveling-wave tube designed to meet 
the power amplifier requirements of earth-orbit and 
deep-space missions 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 heat-
er power, above 40%. The metal-ceramic construc-
tion of the WJ-448-1 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-448-1 will deliver 50 watts of output power 
over the frequency range of 2.2 to 2.3 GHz. By 
operating the tube under different sets of voltage 
conditions, saturated output levels from 40 to 60 
watts can be provided while maintaining a fixed 
value of rf drive without significantly affecting 
efficiency. Therefore, it is necessary to change only 
the helix, anode, and collector voltages to obtain 
near optimum performance for any desired power 
level. 

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 

3557-1 

Fig. 3 and Fig. 4 show that the output power at 
saturation is relatively unchanged with a substan-
tial change in drive power. 

A number of variations of the WJ-448-1 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. 
Versions of this tube can be manufactured and 
qualified to different levels of life and reliability 
for space applications. 

SPECIFICATIONS 
PERFORMANCE CHARACTERISTICS Typical Guaranteed 

Frequency range  2.2 to 2.3 GHz   2.2 to 2.3 GHz 
Saturation power output 50 watts   50 watts min. 
Saturation gain  29 dB   27 dB min. 
Overall efficiency, including heaters  43 percent   40 percent, min. 

ELECTRICAL CHARACTERISTICS Typical 
Heater voltage  3.8 volts  
Heater current  0.73 amps  
Anode voltage2  2500 volts 
Anode current  0.44 mA  
Helix voltage2  2280 volts 
Hel ix current  7.0 mA  
Collector voltage2  1530 volts 
Collector current  64.5 mA  

Range 
3.5 to 4.5 volts 
0.9 amps max. 

  2300 to 2700 volts 
1.0 mA max. 

  2150 to 2350 volts 
10 mA max. 

1400 to 1650 volts 
75 mA max. 

NOTES: 
Overall efficiency is defined as the RF output power divided by the total do power input, including heater power. 

2These voltages are referenced to the cathode. Helix is operated at ground potential. 



~~~QQo~fl 
MECHANICAL 
CHARACTERISTICS 

Tube length   12.7 inches max. 
Tube height, excluding 

connectors 1  7 inches max. 
Tube width   1.9 inches max. 
Tube weight   34 cunces max. 
DC connectors   Flying leads 
RF connectors   OSM (Female) 
Cooling   Conduction from bottom surface 
Focusing   PPM 

ENVIRONMENTAL 

CHARACTERISTICS 

Heat Sink Temperature   —20°C to -F85°C 
Vibration 

a. Sinusoida{ 
(2 min/octave). 0.5 inch, double amplitude, 

5 to 18 cycles, ±20 g peak, 
18 to 2000 cycles 

b. Random 
(5 min/axis) . 0.1 gz/cycles, 20 to 2000 cycles 

Acceleration (1 min/axis)   100 g 
Shock   75 g, 11 ms 
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Fig. 2. Outline Drawing. 
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HEATER 

~l

RF IN RF OUT 

Y 

ANODE HELIX COLLECTOR 

Heater 3.5-4.5 volts ac at 0.9 ampere maximum 
Anode 2300-2700 volts at 1 mA maximum 
Helix 2150-2350 at 10 mA maximum 
Collector 1400-1650 volts at 75 mA maximum 

NOTE: 
To ensure that the TWT is operated properly, it is 

HEATER 

suggested that voltages be applied 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 min-
utes 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 slow-
ly 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 µsec if helix 
current exceeds maximum value. 

Fig. 5. Preferred connection for laboratory-type power 
supply configuration for WJ-448-1 

RF IN RF OUT NOTE: 
With this configuration, anode supply cannot cut-

off tube emission. To prevent damage to TWT, volt-
agesmust be applied toTWT in the following sequence: 

~~ 

1. Apply heater voltage slowly to allow filament resis-
tance change as temperature rises. 

l 
ANODE HELIX COLLECTOR 2. Collector, helix, and anode voltages may be ap-

IDELAYEDI IDELAYEDI IDELAYEDI plied simultaneously after heater voltage has been 
on for 2 minutes minimum. 

Heater 3.5.4.5 volts ac at 0.9 ampere maximum 
Anode 0-550 volts at 1 mA maximum 
Helix 500-950 volts at 10 mA maximum 
Collector 1400.1650 volts at 75 mA maximum 

CAUTION 
Helix overcurrent disconnect circuit must be set 

for maximum helix current value specified and must 
disconnect all voltages in leis than 100 µsec if maxi- 
mum value is exceeded. 

Fig. 6. Preferred connection for high-density power 
supply configuration for WJ-448-1. 

Printed in U. S. A. 
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TECHNICAL DATA 
DECEMBER 1969 

2.2 TO 2.3 GHz 
HIGH-EFFICIENCY 

TRAVELING- WAVE TUBE WITH 
~iARIABLE POWER OUTPUT 

WJ-448-2 

WJ-448-2 is ahigh-efficiency TWT designed for use 
in systems where various power output levels may 
be required. High efficiency is maintained at the vari-
ous power levels by operating the tube at saturation; 
the RF drive power remains at a fixed value while the 
three principal do voltages applied to the tube are 
changed, allowing operation over a power output 
range as wide as 8 dB. Varying the power output of 
the system thus becomes a matter of programming 
the power supply voltages applied to the tube. 

WJ-448.2 satisfies the power amplifier requirements 
of earth-orbit and deep-space missions where high 
reliability, small size, maximum overall efficiency and 
long life operation are essential. High performance is 
maintained during and after extreme temperature, vi-
bration, shock and static acceleration. Its unique high-
efficiency, variable-power features make it suitable 
for multi-power level and fixed-output requirements. 

Figure 2 shows typical variable power performance of 
the WJ-448-2. The upper plot shows the overall effi-
ciencythat can be obtained as a function of RF output 
power. The lower plot shows the relationship between 
total do input and RF output power; the diagonal lines 
represent lines of constant overall efficiency. From 
this plot, a systems designer can readily determine 
the input power required for a given output power. 

• 44% EFFICIENCY AT 50-WATT POWER 
LEVEL 

• 15 TO 90 WATTS VARIABLE POWER 
OPERATION 

• SUITABLE FOR AIRBORNE/SPACE 
APPLICATIONS 

• SPACE-QUALIFIED MODEL AVAILABLE 

Maximum efficiency (44%) of the WJ-448-2 occurs at 
the 50-watt level. The efficiency is greater than 40% 
over the range from 30 watts to 65 watts, and is 
greater than 30% over the extended range from 15 
watts to 90 watts. It is important to note that the total 
saturation power range from 10 watts to 90 watts was 
obtained at a fixed RF input drive level of 17.5 dBm. 
Figure 3 shows the typical variations in electrode volt-
ages necessary to achieve the different levels of RF 
output power. 

The power output, gain and efficiency at a particular 
power output level are very nearly constant over the 
specified frequency range, as shown in figure 4 for 
the 50-watt level. The power transfer curves of figures 
5 and 6 show that the output power at saturation is 
relatively unchanged with a substantial change in 
drive power. 

Variations of the WJ-448 family of TWTs are available 
to optimize performance at other frequencies and 
power levels. Each tube can be made to meet environ-
mentalconditions more stringent than those described 
in the specifications. Manufactured under rigid quality 
assurance specifications, one version of this tube has 
been qualified for space applications; WJ-448-2 is 
also suitable for ground, airborne and shipboard 
applications. 



WJ-448-2 

SPECIFICATIONS 

PERFORMANCE CHARACTERISTICS Wide Range 
Frequency Range 2  2-2.3 GHz 
Saturation Power Output   15-90 watts  
Variable Power Output Range 7  8 dB 3  0 dB 
Drive Power for Saturation   17.5 dBm   17.5 dBm 
Saturation gain  
Overall Efficiency, Including Heater2   30 percent  

ELECTRICAL CHARACTERISTICSs,a 
Heater Voltage 3  5-4.5 volts 

Typical
seduced Range Guaranteed)
2  2-2.3 GHz   2.2-2.3 GHz 

Control Anode Voltage   1300-3500 volts 
Blocking Anode Voltage   1450-3650 volts 
Helix Voltage   1900.2600 volts 
Collector Voltage   1000-2300 volts 
Heater Current 0  9 A max. 
Control Anode Current 1  0 mA max. 
Blocking Anode Current 1  0 mA max. 
Helix Current   13 mA max. 
Collector Current   125 mA max. 

30-60 watts   50 watts, min. 

  27 dB, min. 
40 percent   40 percent, min. 

Typicals 
3  5.4.5 volts   3.8 volts 
1800-2800 volts   2500 volts 
1950-2950 volts   2430 volts 
2100.2400 volts   2280 volts 
1300-1750 volts   1530 volts 
09Amax.   0.7A 
1  0 mA max.   0.2 mA 
1  0 mA max.   0.5 mA 
10 mA max.   7.0 mA 
95 mA max.   65 mA 

1. Guaranteed performance is over the frequency range and at the power level shown. 
2. Overall efficiency is defined as the RF output power divided by the total do power input, including heater power. 
3. All voltages referenced to the cathode. Helix is operated at ground potential. Blocking anode is operated at a fixed +150 

volts above helix potential (ground). 
4. The voltage ranges are the extremes required to adjust the tube over the power output range shown. Each power level requires 

a particular set of anode, helix, and collector voltages. 
5. At the 50 watt power level. 

FIG. 1. OUTLINE DRAWING 
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WJ-448-2 FIG. 2. TYPICAL WJ-448-2 VARIABLE POWER 
OUTPUT PERFORMANCE 

ENVIRONMENTAL 
CHARACTERISTICS 

Heat Sink Temperature 
Vibration 

a. Sinusoidal 
(2 min/octave . . . 

b. Random 
(5 min/axis) . . 0.1 

  —20°C to -}-85°C 

. 0.5 inch, double amplitude, 
5 to 18 cycles, ±20 g peak, 

18 to 2000 cycles 

g'/cycles, 20 to 2000 cycles 
Acceleration (lmin/axis)  100 g 
Shock   75 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Tube length   12.7 inches max. 
Tube height, excluding connectors 1.9 inches max. 
Tube width   1.9 inches max. 
Tube weight   36 ounces max. 
DC connectors   Flying leads 
RF connectors   OSM (Jack) 
Cooling   Conduction from bottom surface 
Focusing   PPM 
Color Code for 18" Flying Leads 

Helix   Orange 
Cathode Heater   Yellow 
Heater   Brown 
Control Anode   Green 
Blocking Anode   Blue 
Collector   Red 
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WJ-448-2 

FIG. 5. TYPICAL WJ-448-2 POWER TRANSFER 
CHARACTERISTIC 

PO
W

ER
 O

UT
PU

T 
- 

d 
Bm

 

50 

45 

40 

35 

30 

25 

20 

15 

10 

I 
ii'~ 

~~ 
~~' ~'~ 

11 
~, 
ii 
io 

i% 
i~ 
i 

i 1 

~~~ 
~~~ titi~~i 

~i 

i 

~~ ~ 
~ i 

i 

I

titih~ ~ti/ i 
p ~. 

~ ti~~~ 

/ 

/ 

♦~ 

j 
I~ 

~ 

/ 

i 

-5 0 5 10 15 
RF DRIVE -dBm 

20 25 

FIG. 6. TYPICAL WJ-448-2 POWER TRANSFER 
CHARACTERISTIC (EXPANDED) 

PO
W

ER
 O

U
TP

U
T-

dB
m

 

as 

a7 

ab 

45 

44 

43 

42 

41 

40 

39 

cA~~~ t' 

~i ~ 

/ • 

~~ 

~- 
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WJ-448-2 

FIG. 7. PREFERRED CONNECTION FOR 
LABORATORY-TYPE POWER SUPPLY 
CONFIGURATION FOR WJ-448-2 

HEATER 

Heater 
Blocking Anode   150 volts above helix 

at 1 mA maximum 
Control Anode . . 1300-3500 volts at 1 mA maximum 
Helix   1900-2600 volts at 13 mA maximum 
Collector   1000-2300 volts at 125 mA maximum 

1 

RF IN RF OUT 

1. 

2. 

3. 

4. 

,~ I I 

_ BLOCKING 
ANODE 

~ 

CONTROL 
4NODE HELIX COLLECTOR 

~ J
—~ 

 3.5-4.5 volts at 0.9 ampere maximum 

NOTE: 
To ensure that the TWT is operated properly, it is 

suggested that voltages be applied as follows: 

Slowly apply filament voltage until specified value 
is reached, observing that filament current does 
not exceed maximum value. Allow at least 2 min-
utes for filament voltage to stabilize. 
Slowly apply collector voltage until specified value 
is reached, observing that collector current does 
nat exceed maximum value. 
Set adjustable overcurrent disconnect circuit for 
maximum helix current value specified, then slow-
ly increase helix voltage to specified value. 
Slowly increase anode voltages 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 µsec if helix 
current exceeds maximum value. 

FIG. 8. PREFERRED CONNECTION FOR HIGH-
DENSITY POWER SUPPLY CONFIGURA-
TION FOR WJ-448-2 

RF IN RF OUT 

CONTROL 
ANODE 

+f 

HEATER 
BLOCKING 
ANODE 

HELIX COLLECTOR 

(DELAYED) (DELAYED) (DELAYED) 

 I 

Heater . . . 3.5-4.5 volts ac at 0.9 ampere maximum 
Control Anode . . 1300.3500 volts at 1 mA maximum 
Blocking Anode   150 volts above helix 

at 1 mA maximum 
Helix   1900-2600 volts at 13 mA maximum 
Collector  1000-2300 volts at 125 mA maximum 

NOTE: 
With this configuration, anode supply cannot cut off 

tube emission. To prevent damage to TWT, voltages 
must be applied to TWT in the following sequence: 

1. Apply heater voltage slowly to allow filament re-
sistance change as temperature 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 specified and must dis-
connectall voltages in less than 100 µsec if maximum 
value is exceeded. 





TECHNICAL DATA 

FEBRUARY 1970 

1.0 TO 2.0 GHz, COMPACT LOW-NOISE 
PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 

WITH BATTERY-OPERABLE INTEGRAL POWER SUPPLY 
WJ-457 

• "JUST PLUG IT IN" 

• POWER DRAIN 
3.0 WATTS MAXIMUM 

• NOISE FIGURE 
8.0 dB MAXIMUM 

• SMALL SIZE: 
3.4 x 9.5 INCHES 

• WEIGHT: 6.0 LBS. 

• ADJUSTMENT-FREE 

• PERMANENT-MAGNET 
FOCUSING 

• MORE THAN 20 
SPECIALIZED 
VERSIONS AVAILABLE 

WJ-457 is the L-band member of a new series of 
compact LNTWAs incorporating the Battery Operable, 
Integral Power Supply (BOIPS) feature. The introduc-
tion of BOIPS as a standard option allows W-J's com-
pact amplifiers to be competitive with solid state 
amplifiers, particularly in size and power drain speci-
fications, with the added advantage of production 
experience in all the popular microwave bands. 

The WJ-457 is completely self-contained and adjust-
ment-free, and requires only 20 to 28 V do input for 

PERFORMANCE 
Frequency 
Noise Figure, Terminal 

operation. It may be operated in any orientation. 
Rugged construction of the tube, magnet, and power 
supply assembly ensures 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-457 meet or exceed the cor-
responding requirements of MIL-E-5400, class 2 
specification. 

SPECIFICATIONS 

Typical Guaranteed 
lOto2.OGHz   1.0 to 2.0 GHz 
7  0 dB   8.0 dB, max. 

Gain, Small Signal  30.0 dB  
VSWR, Input and Output 1  5:1  
Power Output  -{-9.0 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage  23 V do  
Primary Power 2  5 W  

25.0 dB, min. 
2:1, max. 

  -I-7.0 dBm, min. 

Range' 
20 to28Vdc 

3 W, max. 
~' Supersedes WJ-457 Technical Data Sheet dated October 1968. 



WJ-457 POWER 

ENVIRONMENTAL 
CHARACTERISTICSZ 
Temperature, Operating   —54°C to -}-71°C 

Vibration 
a. 0.10 Inch, Double Amplitude   5 to 45 Hz 
b. 10 g, Single Amplitude   45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
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 lbs. (2.72 Kg) max. 
Primary Power Connection, 

  1200-094, 1215-094 Erie Feedthrough 
RF Connections 

(50 ohms, nominal)   Type N, Jack 
Reference Drawing Number   290197 

'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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TECHNICAL DATA 

FEBRUARY 1970*

2.0 TO 4.0 GHz, COMPACT LOW-NOISE 
PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 

WITH BATTERY-OPERABLE INTEGRAL POWER SUPPLY 
WJ-458 

• "JUST PLUG IT IN" 

• POWER DRAIN 
3.0 WATTS MAXIMUM 

• NOISE FIGURE 
8.5 dB MAXIMUM 

• SMALL SIZE: 
3.4 x 9.5 INCHES 

• WEIGHT: 6.0 LBS. 

• ADJUSTMENT-FREE 

• PERMANENT-MAGNET 
FOCUSING 

• MORE THAN 20 
SPECIALIZED 
VERSIONS AVAILABLE 

WJ-458 is the S-band member of a new series of 
compact LNTWAs incorporating the Battery Operable, 
Integral Power Supply (BOIPS) feature. The introduc-
tion of BOIPS as a standard option allows W-J's com-
pact amplifiers to be competitive with solid state 
amplifiers, particularly in size and power drain speci-
fications, with the added advantage of production 
experience in all the popular microwave bands. 

The WJ-458 is completely self-contained and adjust-
ment-free, and requires only 20 to 28 V do input for 

operation. It may be operated in any orientation. 
Rugged construction of the tube, magnet, and power 
supply assembly ensures 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-458 meet or exceed the cor-
responding requirements of MIL-E-5400, class 2 
specification. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency 2  0 to 4.0 GHz 
Noise Figure, Terminal  7.5 dB  
Gain, Small Signal  .30.0 dB  
VSWR, Input and Output 1  5:1 
Power Output  +10.0 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage  23 V do 
Primary Power 2  5 W 

*Supersedes WJ-458 Technical Data Sheet dated October 1968. 

Guaranteed 
2.0 to 4.0 GHz 

8.5 dB, max. 
25.0 dB, min. 

2.1, max. 
  -F7.0 dBm, min. 

Range' 
  20 to28Vdc 

  3 W, max. 



WJ-458 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2
Temperature, Operating   —54°C to x-71°C 
Vibration 

a. 0.10 Inch, Double Amplitude   5 to 45 Hz 
b. 10 g, Single Amplitude   45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
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 lbs. (2.72 Kg) max. 

Primary Power Connection, 
Erie Feedthrough   1200-094, ].215-094 

RF Connections 
(50 ohms, nominal)   Type N, Jack 

Reference Drawing Number   290197 

'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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TECHNICAL DATA 

FEBRUARY 1970 

4.0 TO 8.0 GHz, COMPACT LOW-NOISE 
PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 

WITH BATTERY-OPERABLE INTEGRAL POWER SUPPLY 
WJ-459 

• "JUST PLUG IT IN" 
• POWER DRAIN 

3.0 WATTS MAXIMUM 
• NOISE FIGURE 

9.0 dB MAXIMUM 

• SMALL SIZE: 
3.4 x 9.5 INCHES 

• WEIGHT: 6.0 LBS. 
• ADJUSTMENT-FREE 
• PERMANENT-MAGNET 

FOCUSING 

• MORE THAN 20 
SPECIALIZED 
VERSIONS AVAILABLE 

WJ-459 is the C-band member of a new series of 
compact LNTWAs incorporating the Battery Operable, 
Integral Power Supply (BOIPS) feature. The introduc-
tion of BOIPS as a standard option allows W-J's com-
pact amplifiers to be competitive with solid state 
amplifiers, particularly in size and power drain speci-
fications, with the added advantage of production 
experience in all the popular microwave bands. 

The WJ-459 is completely self-contained and adjust-
ment-free, and requires only 20 to 28 V do input for 

operation. It may be operated in any orientation. 
Rugged construction of the tube, magnet, and power 
supply assembly ensures 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 -F71°C. The environmental 
characteristics of the WJ-459 meet or exceed the cor-
responding requirements of MIL-E-5400, class 2 
specification. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency 4  0 to 8.0 GHz 
Noise Figure, Terminal 8  0 dB  
Gain, Small Signal   30.0 dB  
VSWR, Input and Output 1  5:1 
Power Output  - 11.0 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage  23 V do 
Primary Power 2  5 W 

'Supersedes WJ-459 Technical Data Sheet dated October 1968. 

Guaranteed 
4.0 to 8.0 GHz 

9.0 dB, max. 
25.0 dB, min. 

2.1, max. 
  --F7.0 dBm, min. 

Range' 
  20 to 28 V do 

  3 W, max. 



WJ-459 
ENVIRONMENTAL 
CHARACTERISTICSZ 
Temperature, Operating   —54°C to +71°C 
Vibration 

a. 0.10 Inch, Double Amplitude   5 to 45 Hz 
b. 10 g, Single Amplitude   45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
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 lbs. (2.72 Kg) max. 

Primary Power Connection, 
Erie Feedthrough   1200-094, 1215-094 

RF Connections 
(50 ohms, nominal)   Type N, Jack 

Reference Drawing Number   290197 

'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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TECHNICAL DATA 

FEBRUARY 1970 

8.0 TO 12.0 GHz, COMPACT LOW-NOISE 
PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 

WITH BATTERY-OPERABLE INTEGRAL POWER SUPPLY 
WJ-460 

• "JUST PLUG IT IN" 

• POWER DRAIN 
3.0 WATTS MAXIMUM 

• NOISE FIGURE 
10.0 d6 MAXIMUM 

• SMALL SIZE: 
3.4 x 9.5 INCHES 

• WEIGHT: 6.0 LBS. 
• ADJUSTMENT-FREE 

• PERMANENT-MAGNET 
FOCUSING 

• MORE THAN 20 
SPECIALIZED 
VERSIONS AVAILABLE 

WJ-460 is the X-band member of a new series of 
compact LNTWAs incorporating the Battery Operable, 
Integral Power Supply (BOIPS) feature. The introduc-
tion of BOIPS as a standard option allows W-J's com-
pact amplifiers to be competitive with solid state 
amplifiers, particularly in size and power drain speci-
fications, with the added advantage of production 
experience in all the popular microwave bands. 

The WJ-460 is completely self-contained and adjust-
ment-free, and requires only 20 to 28 V do input for 

operation. It may be operated in any orientation. 
Rugged construction of the tube, magnet, and power 
supply assembly ensures 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-460 meet or exceed the cor-
responding requirements of MIL-E-5400, class 2 
specification. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency  8.0 to 12.0 GHz  
Noise Figure, Terminal  9.0 dB  
Gain, Small Signal  30.0 dB  
VSWR, Input and Output 1  5:1  
Power Output  +10.0 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage  23 V do  
Primary Power 2  5 W  

Guaranteed 
8.0 to 12.0 GHz 
10.0 dB, max. 
25.0 dB, min. 

2:1, max. 
  +7.0 dBm, min. 

Range' 
20 to28Vdc 

3 W, max. 
*Supersedes WJ-460 Technical Data Shect dated October 1968. 



WJ-460 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2
Temperature, Operating   —54°C to +71°C 

Vibration 
a. 0.10 Inch, Double Amplitude   5 to 45 Hz 
b. 10 g, Single Amplitude   45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
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 lbs. (2.72 Kg) max. 

Primary Power Connection, 
Erie Feedthrough   1200-094, 1215-094 

RF Connections 
(50 ohms, nominal)   Type N, Jack 

Reference Drawing Number   290197 

'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. 

GAIN 

NOISE 

~ 20 

~ m 15 
Z, 

=10 
as 

~0 5c 
0 

ao 
z 

35 

z 30 

J 25 

~ 20 

N
O

IS
E 

FI
G

U
R

E
-d

6
 1z 

to 

8 

6 

48 
9 10 11 

FREQUENCY - GHz 
12 

OUTLINE DRAWING 

RFCONNECTORS 

FUSE 

POWER CONNECTOR 

PRODUCT LABEL 
1205345) 

2.12 
NOM 

0.998 
NOM ~ 8.65 

0.65 9.50 ~ 

x-0.46 
MOUNTING HOLE 
10-32 UNF-26 0.37DP 
14) PLACES 

FEBRUARY 1970 PRINTED IN U.S.A. 



TECHNICAL DATA 

FEBRUARY 1970 

12.0 TO 18.0 GHz, COMPACT LOW-NOISE 
PERMANENT-MAGNET TRAVELING-WAVE AMPLIFIER 

WITH BATTERY-OPERABLE INTEGRAL POWER SUPPLY 
WJ-461 

• "JUST PLUG IT IN" 

• POWER DRAIN 
3.0 WATTS MAXIMUM 

• NOISE FIGURE 
12.0 dB MAXIMUM 

• SMALL SIZE: 
3.4 x 9.5 INCHES 

• WEIGHT: 6.5 LBS. 
• ADJUSTMENT-FREE 

• PERMANENT-MAGNET 
FOCUSING 

• MORE THAN 20 
SPECIALIZED 
VERSIONS AVAILABLE 

WJ-461 is the Ku-band member of a new series of 
compact LNTWAs incorporating the Battery Operable, 
Integral Power Supply (BOIPS) feature. The introduc-
tion of BOIPS as a standard option allows W-J's com-
pact amplifiers to be competitive with solid state 
amplifiers, particularly in size and power drain speci-
fications, with the added advantage of production 
experience in al l the popular microwave bands. 

The WJ-461 is completely self-contained and adjust-
ment-free, and requires only 20 to 28 V do input for 

operation. It may be operated in any orientation. 
Rugged construction of the tube, magnet, and power 
supply assembly ensures 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-461 meet or exceed the cor-
responding requirements of MIL-E-5400, class 2 
specification. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency   12.0 to 18.0 GHz 
Noise Figure, Terminal   10.0 dB  
Gain, Small Signal  28 dB  
VSWR, Input and Output 1  5:1 

* Supersedes WJ-461 Technical Data Sheet dated October 1968. 

Guaranteed 
12.0 to 18.0 GHz 

12.0 dB, max. 
25 dB, min. 

2.1, max. 
Power Output  -{-10.0 dBm   -F7.0 dBm, min. 

ELECTRICAL REQUIREMENTS Typical 
Primary Voltage  23 V do  
Primary Power 2  5 W  

Range' 
20 to28Vdc 

3 W, max. 



WJ-461 
ENVIRONMENTAL 
CHARACTERISTICS2
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   15 g. 11 ms 

MECHANICAL 
CHARACTERISTICS 
Height  

Width  

Length (excluding 
connectors 

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

9  5 inches (241 mm) max. 
Weight 6.5 lbs.  
Primary Power Connection, 

Erie Feedthrough   1200-094, 1215-094 
RF Connections 

(Waveguide)  

(2.95 Kg) max. 

UG-541/U Choke Flange 
Reference Drawing Number   290196 

' Every tube will meet the guaranteed performance specifica-
tions within these ranges. 

2 These environmental characteristics meet or exceed the re-
spective requirements of MIL-E-5400 temperature Class 2, 
Vibration Curve III. 
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TECHNICAL DATA 

OCTOBER 1969 

2 TO 4 GHz MINIATURE PPM-FOCUSED LOW-NOISE 
TWT AMPLIFIER WITH INTEGRAL POWER SUPPLY 

WJ-462 

• "JUST PLUG IT IN" 

The LVJ-462 is one of a family of periodic-perma-
nent-magnet low-noise TWT amplifiers developed 
byWatkins-Johnson Company to meet the increas-
ing demand for reliable microwave devices. No 
other S-band PPM low-noise TWT amplifier on the 
market today can match the power output/noise 
figure/gain/size combination offered by this am-
plifier. It is completely self-contained, and adjust-
ment-free, operating with only an ac line voltage 
input. 

• GUARANTEED 10.0 dB NOISE 
FIGURE ACROSS FULL S-BAND 

• GUARANTEED +10 dBm 
POWER OUTPUT 

• SMALL SIZE: 2 x 2 x 11 INCHES 

• MEETS MIL-E-5400 
CLASS II ENVIRONMENT 

The WJ-462 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 lOg, at frequencies up to 500 Hz. Full specifica-
tions are met over the operating temperature range 
of —54° to -F71°C. These environmental charac-
teristics o~f the WJ-462 meet the corresponding 
requirements of MIL-E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency  2.0 to 4.0 GHz 
Noise figure, terminal 9  0 dB  
Gain, small signal  45 dB  
VSWR, input and output 1  5:1  
Power output   -}-16 dBm  

ELECTRICAL REQUIREMENTS Typical 
Primary voltage   115 Vac  
Primary frequency  60 Hz  
Primary power  10 watts 

'Supersedes WJ-462 Technical Data Sheet dated November, 1968. 

Guaranteed 
20to4.OGHz 
10.0 dB max. 

40 dB min. 
2:1 max. 

+10 dBm min. 

Range' 
115 ±10 Vac 
48 to 420 Hz 



WJ-462 POWER 
22 

ENVIRONMENTAL 
CHARACTERISTICSZ 

Temperature   —54°C to x-71°C 
Vibration 

a. .10 inch, double amplitude . . . . 5 to 45 Hz 
b. 10 g, single amplitude   45 to 500 Hz 

Shock   15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height (excluding 
connectors)   2 inches (51 mm) max. 

Width   2 inches (51 mm) max. 
Length   11 inches (279 mm) max. 
Weight 3  5 pounds (1.56 Kg) max. 
Primary Power Connection, 

Bendix receptacle   PT 07C-8-3P 
RF Connections (50 ohms, nominal) . . . . OSM, jack 

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

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

November 1968 

4 TO 8 GHz MINIATURE PPM-FOCUSED LOW-NOISE 
TWT AMPLIFIER WITH INTEGRAL POWER SUPPLY 

WJ-463 

• "JUST PLUG IT IN" 

The WJ-463 is one of a family of periodic-perma-
nent-magnet low noise TWT amplifiers developed 
by Watkins -Johnson Company to meet the increas-
ing demand for reliable microwave devices. No 
other C-band PPM low noise TWT amplifier on the 
market today can match the power output/noise 
figure/gain/size combination offered by this am-
plifier. In addition it is completely self-contained 
and adjustment-free, operating with only an ac 
line voltage input. 

• GUARANTEED +10 dBm 
POWER OUTPUT 

• GUARANTEED 10.0 dB NOISE 
FIGURE ACROSS FULL C-BAND 

• SMALL SIZE: 2 x 2 x 11 INCHES 

• MEETS MIL-E-5400 
CLASS II ENVIRONMENT 

The WJ-463 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 lOg, 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-463 meet the corresponding 
requirements of MIL-E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency  4.0 to 8.0 GHz  
Noise figure, terminal  9.0 dB  
Gain, small signal  45 dB  
VSWR, input and output  1.5:1  
Power output  x-15 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary voltage  115 Vac  
Primary frequency  60 Hz 
Primary power  17 watts 

Guaranteed 
4.0 to 8.0 GHz 

10.0 dB max. 
40 dB min. 

2:1 max. 
  +10 dBm min. 

Range' 
  115 ±10 Vac 

  48 to 420 Hz 



WJ-463 

POWER 
ENVIRONMENTAL 
CHARACTERISTICS2

Temperature   —54°C to x-71°C 
Vibration 

a. .10 inch, double amplitude . . . . 5 to 45 Hz 
b. 10 g, single amplitude   45 to 500 Hz 

Shock   15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height (excluding 
connectors)  

Width  
Length  
Weight  
Primary Power Connection, 

Bendix receptacle   PT 07C-8-3P 
RF Connections (50 ohms, nominal) . . . . OSM, jack 

2 inches (51 mm) max. 
2 inches (51 mm) max. 

11 inches (279 mm) max. 
4 pounds (1.81 Kg) max. 

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

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

AUGUST 1970 

8 TO 12 GHz MINIATURE PPM-FOCUSED LOW-NOISE 
TWT AMPLIFIER WITH INTEGRAL POWER SUPPLY 

WJ-464 

• "JUST PLUG IT IN" 

• GUARANTEED 10.0 dB NOISE 
FIGURE ACROSS FULL X-BAND 

The WJ-464 is one of a family of periodic-perma-
nent-magnet low noise TWT amplifiers developed 
by Watkins -Johnson Company to meet the increas-
ing demand for reliable microwave devices. No 
other X-band PPM low-noise TWT amplifier on the 
market today can match the power output/noise 
figure/gain/size combination offered by this am-
plifier. It is completely self-contained, and adjust-
ment-free, operating with only an ac line voltage 
input. 

• GUARANTEED +10 dBm 
POWER OUTPUT 

• SMALL SIZE: 2 x 2 x 11 INCHES 

• MEETS MIL-E-5400 
CLASS II ENVIRONMENT 

The WJ-464 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 lOg, 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-464 meet the corresponding 
requirements of MIL-E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency  8.0 to 12.0 GHz 8  0 to 12.0 GHz 
Noise figure, terminal  9.0 dB  10.0 dB max. 
Gain, small signal  45 dB 40 dB min. 
VSWR, input and output  1.5:1  2:1 max. 
Power output  15 dBm 10 dBm min. 

ELECTRICAL REQUIREMENTS Typical Range' 
Primary voltage  115 Vac 115 ±10 Vac 
Primary frequency  60 Hz 48 to 420 Hz 
Primary power  10 watts 
Primary current   130 mA 

* Supersedes WJ-464 Technical Data Sheet dated September 1969. 



WJ-464 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature —54°C to +71°C 
Vibration 

a. 0.10 inch, double amplitude 5 to 45 Hz 
b. 10 g, single amplitude 45 to 500 Hz 

Shock 15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height (excluding 
connectors) 2 inches (51 mm) max. 

Width 2 inches (51 mm) max. 
Length   11 inches (279 mm) max. 
Weight 3  5 pounds (1.56 kg) max. 
Primary Power Connection, 

Bendix receptacle PT 07-C-8-3P 
RF Connections (50 ohms, nominal) OSM, jack 
Outline Drawing Number  290238 

1. Every tube will meet the guaranteed performance specifi-
cations for any primary voltage and frequency lying within 
these ranges. 

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

OCTOBER 1969 

12 TO 18 GHz MINIATURE PPM-FOCUSED 
LOW-NOISE TWT AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-465 

• "JUST PLUG IT IN" 

• GUARANTEED 12.5 dB NOISE FIGURE 
ACROSS FULL Ku-BAND 

• GUARANTEED +13 dBm 
POWER OUTPUT 

• SMALL SIZE: 3 x 3 x 11 INCHES 

• MEETS MIL-E-5400 
CLASS II ENVIRONMENT 

The WJ-465 is one of a family of periodic-permanent-
magnet low-noise TWT amplifiers developed by Wat-
kins-Johnson Company to meet the increasing demand 
for reliable microwave devices. No other Ku-band PPM 
low-noise TWT amplifier on the market today can 
match the power output/noise figure/gain/size com-
bination offered by this amplifier. It is completely 
self-contained, and adjustment-free, operating with 
only an ac line voltage input. 

The WJ-465 may be mounted in any orientation with-
out degradation of performance. Rugged construction 
of the tube, magnet, and power supply ensures re-
liable operation under vibrational forces of lOg, at 
frequencies up to 500 Hz. Full specifications are met 
over the operating temperature range of —54° to 
-}-71°C. These environmental characteristics of the 
WJ-465 meet the corresponding requirements of MIL-
F 5~i00, Class 2. 

SPECIFICATIONS 

PERFORMANCE TYPICAL 
Frequency   12 to 18 GHz 
Noise figure, terminal   11.5 dB  
Gain, small signal   40 dB  
VSWR, input and output 1  5:1  
Power output (saturation)   14 dBm  

ELECTRICAL REQUIREMENTS TYPICAL 
Primary Voltage   115 Vac  
Primary Frequency   60 Hz 
Primary Power   15 watts 

GUARANTEED 
12 to 18 GHz 
12.5dB max. 

35 dB min. 
2:1 max. 

+ 13 dBm min. 

RANGEI 
115 ±10 Vac 

  48 to 420 Hz 



WJ-465 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature   —54°C to x-71°C 
Vibration 

a. .10 inch, double amplitude . . . . 5 to 45 Hz 
b. 10 g, single amplitude   45 to 500 Hz 

Shock   15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height   3 inches (76 mm) max. 
Width 

(excluding connectors)   3 inches (76 mm) max. 
Length   11 inches (279 mm) max. 
Weight   5 pounds (2.27 Kg) max. 
Primary power connection, 

Bendix receptacle   PT07C-8-3p 
RF Connections (Waveguide) UG 541/U, RG 91/U 

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

2These environmental characteristics meet the respective re-
quirements of MIL-E-5400, Class 2. 
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TECHNICAL DATA 
NOVEMBER 1969 

8 TO 12 GHz 100 MILLIWATT 
LOW-NOISE TWT AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-472 

• "JUST PLUG IT IN" 
• GUARANTEED 100 mW 

POWER OUTPUT 
• MAXIMUM 12 dB NOISE 

FIGURE ACROSS FULL X-BAND 
• SMALL SIZE: 3 x 3 x 10.5 INCHES 

The WJ-472 is one of a family of 100-milliwatt ~ingle-
reversal permanent-magnet TWT amplifiers developed 
by Watkins-Johnson for applications where increased 
dynamic range is desired. 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 volt-
age input. 

The WJ-472 may be mounted in any orientation with-
out degradation of performance. Rugged construction 
of the tube, magnet, and power supply ensures reli-
able operation under vibrational forces of 5g, at fre-
quencies up to 500 Hz. Full specifications are met 
over the operating temperature range of —54° to 
-{-71 °C. These environmental characteristics of the 
WJ-472 meet the corresponding requirements of 
MIL-E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency 
Noise figure, terminal   11 dB 
Gain, Small Signaf  30 dB 
VSWR, input and output 1  5:1 
Power output  21 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary voltage   115 Vac 
Primary frequency  60 Hz 
Primary current  220 mA 
Primary power  20 watts 

Guaranteed 
8  0 to 12.0 GHz 

12 dB max. 
25 dB min. 

2.1 max. 
 20 dBm min. 

Range 
 115 ±10 Vac 

 48 to 420 Hz 



WJ -472 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature —54°C to x-71°C 
Vibration 

a. 0.10 inch, double amplitude 5 to 30 Hz 
b. 5 g, single amplitude 30 to 500 Hz 

Shock 15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 3 inches (76 mm) max. 
Width 3 inches (76 mm) max. 
Length (excluding 

connectors)   10.5 inches (267 mm) max. 
Weight 7 pounds (3.18 kg) max. 
Primary power connection, 

Bendix receptacle  PT07C-8-3p 
RF connections 

(50 ohms, nominal)  Type N, jack 

1. Every tube will meet the guaranteed performance specifi-
cations for any primary voltage and frequency tying within 
these ranges. 

2. These environmental characteristics meet or exceed the 
respective requirements of MIL-E-5400K (dated 24 May 
1968), Class 2. 
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TECHNICAL DATA 

NOVEMBER 1969 

4 TO 8 GHz 100 MILLIWATT 
LOW-NOISE TWT AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ -476 

• "JUST PLUG IT IN" 

• GUARANTEED 100 mW 
POWER OUTPUT 

• MAXIMUM 12 dB NOISE 
FIGURE ACROSS FULL C-BAND 

• SMALL SIZE: 3 x 3 x 10.5 INCHES 

The WJ-476 is one of a family of 100-milliwatt single-
reversal permanent-magnet TWT amplifiers developed 
by Watkins-Johnson for applications where increased 
dynamic range is desired. Featuring a wide dynamic 
range in a rugged and compact configuration, this 
tube produces 100 mW output power with 12 dB noise 
figure. In addition, it is completely self-contained and 
adjustment-free, operating with only an ac line voltage 
input. 

The WJ-476 may be mounted in any orientation with-
out degradation of performance. Rugged construction 
of the tube, magnet, and power supply ensures reli-
able operation under vibrational farces of 5g, at fre-
quencies up to 500 Hz. Full specifications are met 
over the operating temperature range of —54° to 
-}-71°C. These environmental characteristics of the 
WJ-476 meet the corresponding requirements of MIL-
E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency 
Noise figure, terminal   11 dB 
Gain, Small Signal  30 dB 
VSWR, input and output 1  5:1 
Power output  -F21 dBm 

ELECTRICAL REQUIREMENTS Typical 
Primary voltage  115 Vac 
Primary frequency  60 Hz 
Primary current  220 mA 
Primary power  20 watts 

Guaranteed 
40to8.OGHz 

12 dB max. 
25 dB min. 

2.1 max. 
 +20 dBm min. 

Range' 
 115 ±10 Vac 

 48 to 420 Hz 



WJ-476 POWER 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature   —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 15 G, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 3 inches (76 mm) max. 
Width 3 inches (76 mm) max. 
Length (excluding 

connectors)   10.5 inches (267 mm) max. 
Weight 7 pounds (3.18 kg) max. 
Primary power connection, 

Bendix receptacle  PT07C-8-3p 
RF connections 

(50 ohms, nominal)  Type N, jack 

NOTE: 
1. Every tube will meet the guaranteed performance specifi-

cations for any primary voltage and frequency within these 
ranges. 

2. These environmental characteristics meet the respective 
requirements of MIL-E-5400K, dated 24 May 68, class 2. 
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TECHNICAL DATA 

NOVEMBER 1969 

2 TO 4 GHz 100 MILLIWATT 

LOW-NOISE TWT AMPLIFIER 
WITH INTEGRAL POWER SUPPLY 

WJ-477 

• "JUST PLUG IT IN" 

• GUARANTEED 100 mW 
POWER OUTPUT 

• MAXIMUM 12 d6 NOISE 
FIGURE ACROSS FULL S-BAND 

• SMALL SIZE: 3 x 3 x 10.5 INCHES 

The WJ-477 is one of a family of 100-milliwatt single-
reversal permanent-magnet TWT amplifiers developed 
by Watkins-Johnson for applications where increased 
dynamic range is desired. 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 volt-
age input. 

The WJ-477 may be mounted in any orientation with-
out degradation of performance. Rugged construction 
of the tube, magnet, and power supply ensures reli-
able operation under vibrational forces of 5g, at fre-
quencies up to 500 Hz. Full specifications are met 
over the operating temperature range of —54° to 
-►-71°C. These environmental characteristics of the 
WJ-477 meet the corresponding requirements of 
MIL-E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency 2  0 to 4.0 GHz 
Noise figure, Terminal   11 dB 12 dB max. 
Gain, Small Signal  30 d6  25 dB, min. 
VSWR, input and output 1  5:1 2.1 max. 
Power output  -}-21 dBm -{-20 dBm min. 

ELECTRICAL REQUIREMENTS Typical Range 
Primary voltage  115 Vac  115 ±10 Vac 
Primary frequency  60 Hz   48 to 420 Hz 
Primary current  220 mA 
Primary power  20 watts 



WJ -477 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature   —54°C to x-71 °C 
Vibration 

a) 0.10 Inch, Double Amplitude 5 to 30 Hz 
b) 5 g, Single Amplitude 30 to 500 Hz 

Shock  15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height  3 inches (76 mm) max. 
Width  3 inches (76 mm) max. 
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TECHNICAL DATA 

~~ 

2.6 TO 5.2 GHz LOW-NOISE TWT AMPLIFIER 
WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• GUARANTEED x-10 dBm 
POWER OUTPUT 

• GUARANTEED 7.5 dB 
NOISE FIGURE 

• SMALL SIZE: 
3 x 3 x 11.25 INCHES 

• MEETS MIL-E-5400, 
CLASS 2 ENVIRONMENT 

The WJ-482 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 
2.6 to 5.2 GHz 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. 

PERFORMANCE 

Frequency 
Noise Figure, terminal 

~a~ 
September 1968 

The WJ-482 may be mounted in any orientation 
without degradation of performance. Rugged con-
struction of the tube, magnet, and power supply 
ensures reliable operation under vibration forces 
of lOg, 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 ~'VJ-482 meet the corresponding 
requirements of MIL-E-5400, Class 2. 

SPECIFICATIONS 

Typical Guaranteed 

26to5.2GHz   2.6 to 5.2 GHz 

Gain, Small Signal  30 dB  
VSWR, input and output   1.5:1  
Power output  +12 dBm 

ELECTRICAL REQUIREMENTS 

7  0 dB   7.5 dB max. 
25 dB min. 

2:1 max. 
-F10 dBm min. 

Typical 
Primary voltage  115 Vac  
Primary current  150 mA 
Primary frequency  60 Hz   48 to 420 Hz 
Primary power   12 watts 

Range 

115 ±10 Vac 



~~a~~ 
ENVIRONMENTAL 
CHARACTERISTICS2

Temperature, Operating   —54°C to -I-71°C 
Vibration 

a. 0.10 Inch, Double Amplitude. . . 5 to 45 Hz 
b. 10 g, Single Amplitude  45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Amplifier length 
(excluding connectors) . . . . 11 25 inches, max. 

Amplifier height   3 inches, max. 
Amplifier width   3 inches, max. 
Weight   7.5 pounds, max. 
Primary power connection, 

Bendix receptacle   PT07C-8-3p 
RF connections 

(50 ohms, nominal)   Type N, jack 
Reference Drawing Number   290229 

Every tube wil l meet the guaranteed performance specifications for 

any primary voltage and frequency within these ranges. 

These environmental characteristics meet the respective require-

ments of MIL-E-5400, Class 2 Specification. 
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TECHI011CAL DATA 

APRIL 1970 

7 TO 11 GHz PPM-FOCUSED LOW-NOISE 

TWT LIMITER WITH INTEGRAL POWER SUPPLY 

WJ-484 

The WJ-484 is one of a family of periodic-permanent• 
magnet low noise TWT l imiters developed by Watkins-
Johnson Company to meet the increasing demand for 
reliable microwave devices. It is completely self-con-
tained, and adjustment free, operating with only an 
ac line voltage input. 

The WJ-484 may be mounted in any orientation 

PERFORMANCE 
Frequency 

• "JUST PLUG IT IN" 

• GUARANTEED 10.0 dB VARIATION 
IN POWER OUTPUT OVER 35 dB 
POWER INPUT RANGE 

• GUARANTEED +10 dBm 
POWER OUTPUT 

• SMALL SIZE: 2x2x11 INCHES 

• MEETS MIL-E-5400 CLASS I I 
ENVIRONMENT AS SPECIFIED 

without degradation of performance. Rugged con-
struction of the tube, magnet, and power supply 
ensures reliable operation under vibrational forces of 
lOg, at frequencies up to 500 Hz. Full specifications 
are met over the operating temperature range of 
—54° to +71 °C. These environmental characteris-
tics of the WJ-484 meet the corresponding require-
ments of MIL-E-5400, Class 2. 

SPECIFICATIONS 

Typical Guaranteed 
7  0 to 11.0 GHz 

Noise figure, terminal   11.0 dB 12.0 dB max. 
Gain, small signal  40 dB  38 dB min. 
VSWR, input and output 1  5:1  2:1 max. 
Saturation Power Output  -}-15 dBm -F 10 dBm min. 
Power Output Variation/35 dB Input Power 

Range (up to +0 dBm) 9 dB 10 dB 

ELECTRICAL REQUIREMENTS' Typical Range 
Primary voltage  115 Vac  115 ±10 Vac 
Primary frequency  60 Hz  48 to 420 Hz 
Primary power  12 watts 
Primary current  145 mA 

'N'Supersedes WJ-484 Technical Data Sheet dated September 1969. 



WJ-484 POWER 
20 

ENVIRONMENTAL 
CHARACTERISTICSZ 

Temperature —54°C to -I-71°C 
Vibration 

a. 0.10 inch, double amplitude 5 to 45 Hz 
b. 10 g, single amplitude 45 to 500 Hz 

Shock  15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height (excluding 
connectors)  2 inches (51 mm) max. 

Width 2 inches (51 mm) max. 
Length  11 inches (279 mm) max. 
Weight 3  5 pounds (1.56 kg) max. 
Primary power connection, 

Bendix receptacle  PT07C-8-3p 
RF connection (50 ohms, nominal) OSM, jack 
Outline Drawing WJ No. 290238 

NOTE: 
1. Every tube will meet the guaranteed performance specifi-

cations for any primary voltage and frequency within these 
ranges. 

2. These environmental characteristics meet the respective 
requirements of MIL-E-5400K, dated 24 May 68, class 2. 
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TECHNICAL DATA 

NOVEMBER 1969 

4.0 TO 8.0 GHz PPM-FOCUSED 
LOW-NOISE TWT LIMITER 

WITH INTEGRAL POWER SUPPLY 
WJ-485 

• "JUST PLUG IT IN" 
• MAXIMUM 10.0 dB VARIATION IN 

POWER OUTPUT OVER 35 d6 
POWER INPUT RANGE 

• GUARANTEED +12 dBm 
SATURATED POWER OUTPUT 

• SMALL SIZE: 2 x 2 x 11 INCHES 

• DESIGNED TO MEET MIL-E-5400 
CLASS II ENVIRONMENT AS SPECIFIED 

The WJ-485 is one of a family of periodic-permanent-
magnet low noise TWT l imiters developed by Watkins-
Johnson Company to meet the increasing demand for 
reliable microwave devices. It is completely self-con-
tained, and adjustment free, operating with only an 
ac line voltage input. 

The WJ-485 may be mounted in any orientation with-

out degradation of performance. Rugged construction 
of the tube, magnet, and power supply ensures reli-
able operation under vibrational forces of lOg, at 
frequencies up to 500 Hz. Full specifications are met 
over the operating temperature range of —54° to 
-F71°C. These environmental characteristics of the 
WJ-485 meet the corresponding requirements of MIL-
E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   4.0 to 8.0 GHz 
Noise figure, terminal  13.0 dB  15.0 dB max. 
Gain, small signal  40 dB  35 dB min. 
VSWR, input and output  1 5:1  2:1 max. 
Power Output  14 dBm  x-12 dBm min. 
Overdrive Power Output Variation for 

Input Variation of 35 dB  9 dB  10 dB max. 

ELECTRICAL REQUIREMENTS' Typical Range 
Primary Voltage  115 V ac  115 ±10 V ac 
Primary Frequency  60 Hz  48 to 420 Hz 
Primary Power  10 watts 



WJ-485 POWER 
20 

ENVIRONMENTAL 
CHARACTERISTICSZ 

Temperature   —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   15 g, 11 ms 

MECHAMCAL 
CHARACTERISTICS 

Height 
(excluding connectors)  2 inches (51 mm) max. 

Width   2 inches (51 mm) max. 
Length   11 inches (279 mm) max. 
Weight   33/a pounds (1.70 Kg) max. 
Primary power connection, 

Bendix receptacle   PT07C-8-3p 
RF connection (50 ohms, nominal)  OSM, jack 
Outline Drawing No.   WJ-290238 

NOTE: 
'Every tube will meet the guaranteed performance specifica-
tions for any primary voltage and frequency within these 
ranges. 

zThese environmental characteristics meet the respective re-
quirements of MIL-E-5400K, dated 24 May 68, class 2. 
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TECHNICAL DATA 

NOVEMBER 1969 

2 TO 4 GHz PPM-FOCUSED 
LOW-NOISE TWT LIMITER 

WITH INTEGRAL POWER SUPPLY 
WJ-486 

• "JUST PLUG IT IN" 

• MAXIMUM 10.0 dB VARIATION 
IN POWER OUTPUT OVER 35 d6 
POWER INPUT RANGE 

• GUARANTEED +13 dBm 
POWER OUTPUT 

• SMALL SIZE: 2x2x11 INCHES 
• MEETS MIL-E-5400 

CLASS II ENVIRONMENT 

The WJ-486 is one of a family of periodic-permanent-
magnet low noise TWT limiters developed by Watkins-
Johnson Company to meet the increasing demand for 
reliable microwave devices. It is completely self-con-
tained, and adjustment free, operating with only an 
ac line voltage input. 

The WJ-486 may be mounted in any orientation with-

out degradation of performance. Rugged construction 
of the tube, magnet, and power supply ensures reli-
able operation under vibrational forces of lOg, at fre-
quencies up to 500 Hz. Full specifications are met 
over the operating temperature range of —54° to 
+71°C. These environmental characteristics of the 
WJ-486 meet the corresponding requirements of MIL-
E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency    2 to 4 GHz 
Noise figure, terminal   12.0 dB   15 dB max. 
Gain, small signal  43 dB   40 dB min. 
VSWR, input and output   1.5:1   2:1 max. 
Power Output  x-17 dBm   +13 dBm min. 

Overdrive Power Output Variation for 
Input Variation of 35 dB  7 dB   10 dB max. 

ELECTRICAL REQUIREMENTS' Typical Range 
Primary voltage  115 Vac   115 ±10 Vac 
Primary frequency  60 Hz   48 to 420 Hz 
Primary Power  10 watts 



WJ-486 POWER 

ENVIRONMENTAL 
CHARACTERISTICSZ 

Temperature   —54°C to x-71°C 
Vibration 

a. .10 inch, double amplitude   5 to 45 Hz 
b. 10 g, single amplitude   45 to 500 Hz 

Shock   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height (excluding 
connectors)  2 inches (51 mm) max. 

Width 2 inches (51 mm) max. 
Length  11 inches (279 mm) max. 
Weight   3.5 pounds (1.59 Kg) max. 
Primary power connection, 

Bendix receptacle  PT07C-8-3p 
RF connection (50 ohms, nominal) OSM, jack 
Outline Drawing No.   WJ-290238 

NOTE: 
'Every tube will meet the guaranteed performance specifica-
tions for any primary voltage and frequency within these 
ranges. 
fi hese environmental characteristics meet the respective re-
quirements of MIL-E-5400K, dated 24 May 68, class 2. 
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TECHNICAL DATA 

AUGUST 1969 

7 TO 11 GHz MEDIUM-POWER LOW- NOISE 
TRAVELING-WAVE TUBE 

WJ-492-1 

WJ-492-1 is a medium-power low-noise traveling-wave 
tube designed for use in airborne and space applica-
tions. It is particularly suitable for applications where 
gain variation and phase linearity are important (the 
tube provides fine structure gain variation of ±0.5 
dB). A unique feature of the tube is its low cathode 
current density: a W-J innovation in low-noise electron 
gun design allows cathode loading of only 0.8 A/cm2. 
This feature ensures the user of extremely long tube 
I ife. 

The use of Periodic-Permanent-Magnet (PPM) focus-

• OUTPUT POWER 
3 WATTS MINIMUM 

• PPM FOCUSING 

• ESPECIALLY SUITABLE FOR 
AIRBORNE/SPACE APPLICATION 

• EXTREMELY LOW FINE-
STRUCTURE GAIN VARIATION 

ing and metal-ceramic construction results in a com-
pact, lightweight configuration. Alnico-8 magnets are 
used in the PPM-focusing system, making it insensi-
tive to temperature variations over the operating 
range. Cooling of the tube is by conduction through 
the baseplate of the capsule. 

Operating efficiency of the WJ-492-1 can be improved 
by depressing the collector voltage below the helix 
voltage. The tube may also be supplied with an in-
tegral power supply, resulting in a fully integrated 
TWT amplifier. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   7.0 to 11.0 GHz 
Saturated Power Output  4 watts   3 watts, min. 
Small Signal Gain  45 dB   42 d6, min. 
Small Signal Gain Variation +1.5 dB   ±2 dB, max. 
Gross Fine Structure Small Signal Gain Variation +0.2 dB +0.5 dB 
Noise Figure  20 dB   22 d6, max. 

ELECTRICAL REQUIREMENTS Typical 
Heater Voltage 6  3 volts 
Grid Voltages   140 volts 
Helix Voltages  3100 volts  
Collector Voltages   1800 volts  
Cathode Current  26 mA  
Helix Current 

Range 
  6.0 to 6.6 volts 
  120 to 150 volts 

2900 to 3300 volts 
1700 to 1900 volts 

23 to 30 mA 
05mA 02to3mA 

Heater Current  0.4 A 03to0.5A 

NOTE 1. Voltage with respect to cathode. 'Supersedes WJ-492-1 Technical Data Sheet Dated December 1968 
2. Helix is grounded to tube capsule. 



WJ-492-1 RF ELECTRICAL PERFORMANCE 
CHARACTERISTICS 

MECHANICAL CHARACTERISTICS 

Cooling   Conduction through baseplate3
Length   12 inches, max. 
Height 1  90 inch, max. 
Width 1  40 inch, max. 
Weight   2.0 lbs. max. 
Connectors   OSM, Jack 
Focusing   PPM 

ENVIRONMENTAL CAPABILITY 

Temperature   —54°C to 85°C (baseplate) 
Vibration (120-2000 cycles)   5 Grms 
Shock   20 G 
Altitude   Any 

3Air cooling available upon request. 
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TECHNICAL DATA 
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8 TO 12.4 GHz HIGH-GAIN 

MEDIUM-POWER LOW-NOISE 
TRAVELING-WAVE TUBE 

WJ-492-2 

WJ-492-2 is a medium-power low-noise traveling-wave 
tube designed for use in airborne and space applica-
tions. It is particularly suitable for applications where 
high gain and low noise are important. A unique 
feature of the tube is its low cathode current density: 
a W-J innovation in low-noise electron gun design al-
lows cathode loading of only 1.5 A/cm2. This feature 
ensures the user of long tube life. 

The use of Periodic-Permanent-Magnet (PPM) focus-
ing and metal-ceramic construction results in a com-

• SMALL SIGNAL GAIN 
60 dB MINIMUM 

• OUTPUT POWER 
3 WATTS MINIMUM 

• PPM FOCUSING 

• ESPECIALLY SUITABLE FOR 
AIRBORNE/SPACE APPLICATION 

pact, lightweight configuration. Alnico-8 magnets are 
used in the PPM-focusing system, making it insensi-
tive to temperature variations over the operating 
range. Cooling of the tube is by conduction through 
the baseplate of the capsule. 

Operating efficiency of the WJ-492-2 can be improved 
by depressing the collector voltage below the helix 
voltage. The tube may also be supplied with an 
integral power supply, resulting in a fully integrated 
TWT amplifier. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   8.0 to 12.4 GHz 
Saturated Power Output  4 watts   3 watts, min. 
Small Signal Gain  62 dB   60 dB, min. 
Small Signal Gain Variation   ±2.0 dB   ±3.0 dB, max. 
Gross Fine Structure Small Signal Gain Variation +1.0 dB +1.5 d6 
Noise Figure  20 dB   22 d6, max. 

ELECTRICAL REQUIREMENTS Typical 
Heater Voltage 6  3 volts  
Grid Voltage'  —25 volts 
Helix Voltage'  3100 volts 
Collector Voltage'   1800 volts 
Cathode Current  37 mA  
Helix Current 0  5 mA 
Heater Current 0  4 A 

NOTE 1. Voltage with respect to cathode. 
2. Helix is at ground potential. 

Range 
6.0 to 6.6 volts 

  —30 to —20 volts 
  2800 to 3200 volts 
  1700 to 3200 volts 

35 to 40 mA 
  0.2 to 4.0 mA 

0  3 to 0.5 A 



WJ-492-2 RF ELECTRICAL PERFORMANCE 
CHARACTERISTICS 

MECHANICAL CHARACTERISTICS 

Cooling   Conduction through baseplate3
Length   12 inches, max. 
Height 1  90 inch, max. 
Width 1  40 inch, max. 
Weight   2.0 lbs. max. 
Connectors   OSM, Jack 
Focusing   PPM 

ENVIRONMENTAL CAPABILITY 

Temperature   —54°C to 85°C (baseplate) 
Vibration (120-2000 cycles)   5 Grms 
Shock   20 G 
Altitude   Any 
3Air cooling available upon request. 
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TECHNICAL DATA 

YIG -TUNED L- BAND 
TRANSISTOR OSCILLATOR 

The WJ-569 is one of a family of lightweight, 
electronically tuned, transistor oscillators produced 
by Watkins-Johnson Company. YIG tuning pro-
vides excellent linearity over the full octave for 
this solid-state, microwave signal source. The use 
of high "Q" YIG spheres for frequency control en-
sures an extremely clean output Spectrum. 

The WJ-569 is designed for substantial derating 
of power dissipation in the transistor, resulting in 
extremely high reliability. All power input lines are 
isolated by low pass filters to prevent RFI. The RF 
circuit is isolated from the do circuit, thus enabling 
the input voltages to be common to other circuit 
voltages if desired. 

Complex auxiliary electrical circuitry is eliminated 
in the WJ-569. A self-regulating, proportional-
controlled heater, which stabilizes the temperature 
of the YIG sphere, requires only the application of 
unregulated power for operation. The built-in do 
biasing network, which provides over-voltage and 
reverse-polarity protection, requires only one volt-
age to drive the transistor. 

Frequency tuning of the WJ-569 is accomplished 
by changing the current which flows through the 

x-ions-i 

~}) 
September 1968 

tuning coils, producing a magnetic bias for the 
YIG resonator. Since the WJ-569 is magnetically 
shielded, it produces negligible stray magnetic 
fields and remains unaffected by moderate mag-
netic environments. 

YIG-tuned oscillators with wider bandwidth, higher 
outputs, lower power variation, higher sweep rate, 
and different tuning sensitivity can be made to 
order. 

SPECIFICATIONS 
RF PERFORMANCE Typical Guaranteed 

Nominal Frequency Band  1.0 to 2.16 GHz 
Power Output into Load VSWR = 1.25  15 to 30 mW   10 mW, min. 
Power Output Variation (matched load)  3 dB   6 dB, max. 
Fine Grain Variation (matched load)   1.0 dB/50 MHz, 
Spurious Oscillation 

Ratio of Signal to 2nd Harmonic Output  20 dB  
Ratio of Signal to all other Spurious Outputs  60 dB  

Output Impedance  50 ohms 
Sensitivity to Supply Voltage  0.3 MHz/V  
Frequency Drift, —30°C to 65°C  5 MHz  
Pulling Figure, VSWR 1.5:1 at any phase  3 MHz  
Residual FM, Peak to Peak  5 kHz 

TUNING CHARACTERISTICS 
Sweep Rate (Sawtooth)  100 Hz 
Tuning Linearity  ±0.1%  
Hysteresis (maximum)  2 MHz  
Tuning Sensitivity  5.7 MHz/mA 
Tuning Coil Resistance  5 ohm 
Tuning Coil Inductance  23 mH 

*Supersedes WJ-569 Data Sheet dated May, 1968 
'Measured for design verification only 

13 dB, min. 
50 dB, mina 

1 MHz/V, max.' 
10 MHz, max. 
6 MHz, max.' 

±0.3%, max. 
3 MHz, max.' 



~~~~g~~J SPECIFICATIONS (Cont'd) 

ELECTRICAL REQUIREMENTS 
'~=0scillator Voltage, negative side ground  15 ±0.2 Vdc 
Oscillator Current  40 mA  60 mA, max. 

=~"~=YIG Heater Power at —30°C, Steady State  1.5 W  2.0 W, max. 
Voltage  20 ±5 Vdc   28 Volts, max. 

^Protective biasing circuit employed to prevent transistor damage from over-voltage or reverse voltages. 
'~"~YIG heater is self-regulating, proportional-controlled, temperature-sensitive resistor. 

MECHANICAL 
CHARACTERISTICS 

Size, excluding RF Connector and solder terminals 
(width x length x height) . .1.45"x 1.45"x 1.45~~ 

Weight, Including 
Magnetic Shielding  . . 9 ounces, max. 

RF Output Connection  OSM Female 
Power Input Solder Terminals, 

with RFI shielding 

TYPICAL ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, operating   —30°C to +65°C 
Temperature, non-operating -65°C to -I-100°C 

OUTLINE DRAWING 
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TECHNICAL DATA 

YIG-TUNED P-BAND 

TRANSISTOR 

The WJ-571 is one of a family of lightweight, 
electronically tuned, transistor oscillators produced 
by Watkins-Johnson Company. YIG tuning pro-
vides excellent linearity over the full octave for 
this solid-state, microwave signal source. The use 
of high "Q" YIG spheres for frequency control en-
sures an extremely clean output spectrum. 

The WJ-571 is designed for substantial derating 
of power dissipation in the transistor, resulting in 
extremely high reliability. All power input lines are 
isolated by low pass filters to prevent RFI. The RF 
circuit is isolated from the do circuit, thus enabling 
the input voltages to be common to other circuit 
voltages if desired. 

Complex auxiliary electrical circuitry is eliminated 
in the WJ-571. A self-regulating, proportional-
controlled heater, which stabilizes the temperature 
of the YIG sphere, requires only the application of 
unregulated power for operation. The built-in do 
biasing network, which provides over-voltage and 
reverse-polarity protection, requires only one volt-
age to drive the transistor. 

Frequency tuning of the WJ-571 is accomplished 
by changing the current which flows through the 

OSCILLATOR 

3550 

~g~t 
May 1968 

tuning coils, producing a magnetic bias for the 
YIG resonator. Since the WJ-571 is magnetically 
shielded, it produces negligible stray magnetic 
fields and remains unaffected by moderate mag-
netic environments. 

YIG-tuned oscillators with wider bandwidth, higher 
outputs, lower power variation, higher sweep rate, 
and different tuning sensitivity can be made to 
order. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Nominal Frequency Band    0.5 to 1.0 GHz 
Power Output into Load VSWR = 1.25  15 to 35 mW   10 mW min. 
Power Output Variation (matched load)  3 dB   6 dB max. 
Fine Grain Variation (matched load)  1.5 db/50 PJIHz max. 
Spurious Oscillation 

Ratio of Signal to 2nd Harmonic Output  20 dB  
Ratio of Signal to all Other Spurious Outputs  60 dB 

Output Impedance  50 Ohms 
Sensitivity to Supply Voltage 0  3 MHz/V 
Frequency Drift, —30°C to 65°C  5 MHz 
Pulling Figure, VSWR 1.5:1 at any phase  5 MHz 
Residual FM, Peak to Peak  5 KHz 

TUNING CHARACTERISTICS 
Sweep Rate (Sawtooth)  100 Hz 
Tuning Linearity  ±0.2% 

13 dB 
  50 d B' 

  1 MHz/V max. 
  12 MHz max. 
  10 MHz max. 

+0.3% max. 
Hysteresis (maximum)  2 MHz   3 MHz max.' 
Tuning Sensitivity  5.5 MHz/mA 
Tuning Coil Resistance  9.5 Ohm 
Tuning Coil Inductance  30 mH 

*Supersedes WJ•571 Data Sheet dated March 1968 
'Measured for design verification only 



~~1~g~fl SPECIFICATIONS (Cont'd) 

ELECTRICAL REQUIREMENTS 
'`Oscillator Voltage, positive side ground 

Oscillator Current  45 mA 
—24 ±0.2 Vdc 

~~ YIG Heater Power at —30°C, Steady State  1.5 W   3 W max. 
YIG Heater Voltage  24 ±4 V do   28 V do max. 

"Protective biasing circuit employed to prevent transistor damage from over-voltage or reverse voltages. 
'~"'°YIG heater is self-regulating, proportional-controlled, temperature-sensitive resistor. 

MECHANICAL 
CHARACTERISTICS 

Size excluding RF Connector and Solder Terminals 

OUTLINE 

WJ IDENTIFICATION 
LABEL 1205579) 

DRAWING 

0. 35 NOM. 

(width x length x height)  1.4" x 1.4" x 1.4" ELECTRICAL CONNECTIONS 
WJPRODUCT 

Weight, including LABEL 

Magnetic Shielding   9 ounces, max. 12053391 

RF Output Connection   OSM Female 

DC Input Connection   Solder Terminals 
with RFI Shielding 1.45 

MAX 
0.725 

0.380 -~ 1.45 ~, 
MAX 

RFCONNECTOR 

0.280 

TYPICAL ENVIRONMENTAL NOM. 

CHARACTERISTICS 1.45 0.560 
MAX NOM. 

Temperature, operating   —30°C to -F65°C I 0.72 ;i; 
Temperature, non-operating  -65°C to ~-100°C 

~~ MOUNTING HOLE 
6-32 UNC 2B 0.38 
DP 14) PLACES 0.567 f 0.375 

TUNING CURVE 

PO
W

ER
 O

U
TP

U
T-

m
W

 

40 

30 

20 

1. 130 

TYPICAL RANGE 

10 '' ' 
0.5 0.6 0.7 0.8 

~. 

FREQUENCY-GHz 

0.9 1.0 

0.750 F NOM. 

Printed in U. S. A. 



YIG-TUNED S-BAND 

TRANSISTOR OSCILLATOR 

The WJ-572 is one of a family of lightweight, 
electronically tuned, transistor oscillators produced 
by Watkins -Johnson Company. YIG tuning pro-
vides excellent linearity over the full octave for 
this solid-state, microwave signal source. The use 
of high "Q" YIG spheres for frequency control en-
sures an extremely clean output spectrum. 

The WJ-572 is designed for substantial derating 
of power dissipation in the transistor, resulting in 
extremely high reliability. All power input lines are 
isolated by low pass filters to prevent RFI. The RF 
circuit is isolated from the do circuit, thus enabling 
the input voltages to be common to other circuit 
voltages if desired. 

Complex auxiliary electrical circuitry is eliminated 
in the WJ-572. A self-regulating, proportional-
controlled heater, which stabilizes the temperature 
of the YIG sphere, requires only the application of 
unregulated power for operation. The built-in do 
biasing network, which provides over-voltage and 
reverse-polarity protection, requires only one volt-
age to drive the transistor. 

Frequency tuning of the WJ-572 is accomplished 
by changing the current which flows through the 
tuning coils, producing a magnetic bias for the 
YIG resonator. Since the WJ-572 is magnetically 

3621-1 

TECHNICAL DATA 
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shielded, it produces negligible stray magnetic 
fields and remains unaffected by moderate mag-
netic environments. 

YIG-tuned oscillators with wider bandwidth, higher 
outputs, lower power variation, higher sweep rate, 
and different tuning sensitivity can be made to 
order. For example, a slightly modified version of 
the WJ-572 capable of delivering a minimum of 
10 mW power over the frequency band extending 
from 2 to 3 GHz is available. 

SPECIFICATIONS 
RF PERFORMANCE Typical Guaranteed 

Nominal Frequency Band   2.0 to 4.0 GHz 
Power Output into Load VSWR — 1.25  3-5 mW   2 mW, min. 
Power Output variation (matched load)  4 dB   6 d6, max. 
Fine Grain Variation (matched load)  1.5 dB/50 MHz 
Spurious Oscillation 

Ratio of Signal to 2nd Harmonic Output  20 dB  
Ratio of Signal to all other Spurious Outputs  60 d6  

Output Impedance  50 ohms 
Sensitivity to Supply Voltage  0.3 MHz/V  
Frequency Drift, —30°C to 65°C  10 MHz  
Pulling Figure, VSWR 1.5:1 at any phase  3 MHz  
Residual FM, Peak to Peak  5 kHz 

TUNING CHARACTERISTICS 
Sweep Rate (Sawtooth)  100 Hz 
Tuning Linearity   ±0.2%  
Hysteresis (maximum)  2 MHz  
Tuning Sensitivity   11.5 MHz/mA 
Tuning Coil Resistance  8 ohm 
Tuning Coil Inductance  40 mH 

'Measured for design verification only. 

10 dB, min. 
50 d6, min.' 

1 MHz/V, max.t 
20 MHz, max. 

6 MHz, max.t 

±0.4%, max. 
3 MHz, max.t 



u~~~g~~ SPECIFICATIONS (Cont'd) 

ELECTRICAL REQUIREMENTS Typical Guaranteed 
'"Oscillator Voltage, negative side ground  15 ±0.2 Vdc 
Oscillator Current  40 mA   60 mA, max. 

"`x`YIG Heater Power at —30°C, Steady State  1.2 W   1.5 W, max. 
Voltage  20 ±5 Vdc   28 Volts, max. 

*Protective biasing circuit employed to prevent transistor damage from over-voltage or reverse voltages. 
**YIG heater is self-regulating, proportional-controlled, temperature-sensitive resistor. 

MECHANICAL 
CHARACTERISTICS 

Size, excluding RF Connector and solder terminals 
(width x length x height) . . . 1.4" x 1.4" x 1.4" 

Weight, Including 
Magnetic Shielding   9.5 ounces, max. 

RF Output Connection     OSM Jack 
Power Input   Solder Terminals, 

with RFI shielding 

TYPICAL ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, operating   —30°C to +65°C 
Temperature, non-operating -65°C to -{-100°C 
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TECHNICAL DATA 

~ TO 2 GHz COMPACT 

TWO-STAGE YIG FILTER 

The WJ-611 is one of a family of compact YIG filters 
incorporating aself-shielding magnetic circuit. Fea-
tures of this electronically tuned YIG filter include 
high reliability, long life, ruggedness, small size, and 
high thermal stability. In addition, the tuning power 
requirement is less than' watt. 

For specific requirements, the WJ-611 can be produced 
to cover any frequency range in the L-band up to 1.2 
octaves. Optional bandwidths are available for specific 
requirements between 8 and 40 MHz. In addition, the 
tuning sensitivity may be changed to 9 MHz/mA with-
out increasing the tuning power requirement. 3411-0 

SPECIFICATIONS 

September 1968 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   1.0 to 2.0 GHz 
Bandwidth (3 d6) (minimum)   20 MHz 
Insertion Loss (maximum) 2  5 dB   3.Od6 
Off Resonance Isolation (minimum)  50 d6   40 d6 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB   1.0 dB 
Passband Spurious (maximum) 1  0 dB   2.0 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)   -I-20 dBm   +10 dBm 
Selectivity (per octave)   12 dB 

TUNING CHARACTERISTICS 

Sensitivity  17 MHz/mA 
Coil Resistance   10 ohms 
Coil Inductance   110 mH 
Time Constant 1  0 ms 
Deviation from Linear  ±2 MHz 
Hysteresis  4 MHz 
Frequency Drift over Temp. Range 0-60°C  .8 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 

Size (excluding connectors)   1.4 x 1.4 x 1.4 inches 
Weight  12 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290050 

HEATER CHARACTERISTICS 
Operating Voltage   22 to 30 Volts 
Operating Current: 

Surge at 0°C   750 mA 
Steady State at 0°C   250 mA 
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TECHNICAL DATA 

u~~~t~ 
2 TO 4 GHz COMPACT 

TWO-STAGE YIG FI LT~R 

The WJ-612, one of a family of electronically tuned 
compact YIG filters produced by Watkins-Johnson 
Company, offers high reliability, long life, ruggedness, 
and high thermal stability in a small package. These 
features are primarily the result of abuilt-in self-shield-
ing magnetic circuit. The tuning power requirement is 
less than 1 watt for this YIG filter. 

The WJ-612 is available with several options. It can be 
produced to cover any frequency range in the S-band 
up to 1.2 octaves. Bandwidths other than specified are 
available between 10 and 50 MHz. The tuning sensi-
tivity may be changed to 9 MHz/mA without increas-
ing the tuning power requirement. 

SPECIFICATIONS 

September 1968 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   2.0 to 4.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 2  5 d6 3  0 dB 
Off Resonance Isolation (minimum)  60 dB   50 d6 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB   1.0 d6 
Passband Spurious (maximum) 0  5 dB   1.0 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   +10 dBm 
Selectivity (per octave)   12 dB 

TUNING CHARACTERISTICS 
Sensitivity     17 MHz/mA 
Coil Resistance   10 ohms 
Coil Inductance   110 mH 
Time Constant   1 ms 
Deviation from Linear +3 MHz 
Hysteresis   10 MHz 
Frequency Drift over Temp. Range 0-60°C 8 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 1  4 x 1.4 x 1.4 inches 
Weight   12 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290050 
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TECHNICAL DATA 

4 TO 8 GHz COMPACT 
TWO-STAGE YIG FILTER 

The WJ-613 is one of a family of electronically tuned, 
compact YIG filters produced by Watkins-Johnson 
Company. Aself-shielding magnetic circuit built into 
the WJ-613 ensures high reliability, long life, rugged-
ness, and high thermal stability in a compact filter. A 
low tuning power requirement (less than 2 watts) is 
also featured in this YIG filter. 

For specific requirements, the WJ-613 can be produced 
to cover any frequency range in the C-band up to 1.2 
octaves. Optional bandwidths are available for specific 
requirements between 10 and 60 MHz. In addition, 
the tuning sensitivity may be changed to 9 MHz/mA 
without izlcreasing the tuning power requirement. 

SPECIFICATIONS 

September 1968 

RF PERFORMANCE Typical Nominal Guaranteed 

Frequency Range   4.0 to 8.0 GHz 
Bandwidth (3 dB) (minimum)   25 MHz 
Insertion Loss (maximum) 2  5 dB   3.0 dB 
Off Resonance Isolation (minimum)   . .60 dB   50 dB 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 0  5 d6 1  0 d6 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)   -I-20 dBm   -}-10 dBm 
Selectivity (per octave)   12 dB 

TUNING CHARACTERISTICS 

Sensitivity   17 MHz/mA 
Coil Resistance   10 ohms 
Coil Inductance   110 mH 
Time Constant   1 ms 
Deviation from Linear  +5 MHz 
Hysteresis     20 MHz 
Frequency Drift over Temp. Range 0-60°C  10 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 

Size (excluding connectors) 1  4 x 1.4 x 1.4 inches 
Weight   12 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290050 
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TECHNICAL DATA 

FEBRUARY 1970 

8 TO 12 GHz COMPACT 
TWO-STAGE YIG FILTER 

WJ-614 

The WJ-614, one of a family of compact YIG filters 
incorporating aself-shielding magnetic circuit, fea-
tureshigh reliability, long life,ruggedness, small size, 
and high thermal stability. The tuning power require-
ment for this electronically tuned YIG filter is less 
than 3.0 watts. The WJ-614 can be produced to cover 
any frequency range in the X-band up to 5 GHz. 
Bandwidths otherthan specified are available between 
15 and 100 MHz. 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range 8  0 to 12.4 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum)  2.0 dB 3  0 dB 
Off Resonance Isolation (minimum)  60 dB   50 dB 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 0  5 dB 1  0 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   -{-10 dBm 
Selectivity (per octave)   12 dB 

TUNING CHARACTERISTICS 
Sensitivity   17 MHz/mA 
Coil Resistance   5.5 ohms 
Coil Inductance   60 mH 
Time Constant   1.0 ms 
Deviation from Linear   ±8 MHz 
Hysteresis   15 MHz 
Frequency Drift over Temperature Range 0-60°C   12 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 1  4 x 1.4 x 1.4 inches (36 x 36 x 36 mm) 
Weight   12 ounces (340 g) 
RF Connectors   SMA Jack 
Outline Drawing No.   290050 

* Supersedes WJ-614 Technical Data Sheet dated September 1968. 
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TECHNICAL DATA 

September 1968 

1 TO 2 GHz COMPACT 
FOUR-STAGE YIG FILTER 

The WJ-615 is one of a family of compact YIG 
filters incorporating aself-shielding magnetic cir-
cuit. Features of this electronically tuned YIG filter 
include high reliability, long life, ruggedness, small 
size, and high thermal stability. In addition, the 
tuning power requirement is less than 1/4 watt. 

For specific requirements, the WJ-615 can be pro-
duced to cover any frequency range in the L-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 50 
MHz. In addition, the tuning sensitivity may be 
changed to 9 MHz/mA without increasing the tun-
ing power requirement. 

RF PERFORMANCE 

3411-8 

SPECIFICATIONS 

Typical Nominal Guaranteed 

Frequency Range   1.0 to 2.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 3  0 dB   6.0 dB 
Off Resonance Isolation (minimum)  80 dB   70 dB 
Off Resonance Spurious (minimum)   50 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 
Passband Spurious (maximum) 
Passband VSWR 
Limiting Level (minimum)  +20 dBm  
Selectivity (per octave)  24 dB 

TUNING CHARACTERISTICS 
Sensitivity   17 MHz/mA 
Coil Resistance   10 ohms 
Coil Inductance   110 mH 
Time Constant  1  0 ms 
Deviation from Linear  +2 MHz 
Hysteresis    4 MHz 
Frequency Drift over Temp. Range 0-60°C  . . . . 8 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 
Size~(excluding connectors)   1.4 x 1.4 x 1.4 inches 
Weight   12 ounces 
RF Connectors   OSM Jack 
Outl ine Drawing No.   290050 

HEATER CHARACTERISTICS 
Operating Voltage   22 to 30 Volts 
Operating Current: 

Surge at 0°C   750 mA 
Steady State at 0°C   250 mA 

TSupersedes WJ-615 Data Sheet dated May 1968 

1  0 d6 
1  0 dB   1.5 dB 
1  5:1   2:1 

+10 dBm 
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TECHNICAL DATA 

September 1968 

2 TO 4 GHz FOUR-STAGE COMPACT YIG FILTER 

The WJ-616, one of a family of electronically tuned 
compact YIG filters produced by Watkins-Johnson 
Company, offers high reliability, long life, ruggedness, 
and high thermal stability in a small package. These 
features are primarily the result of abuilt-in self-shield-
ing magnetic circuit. The tuning power requirement is 
less than 1 watt for this compact YIG filter. 

The WJ-616 is available with several options. It can be 
produced to cover any frequency range in the S-band 
up to 1.2 octaves. Bandwidths other than specified are 
available between 8 and 50 MHz. The tuning sensi-
tivity may be changed to 9 MHz/mA without increas-
ing the tuning power requirement. 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   2.0 to 4.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 3  5 dB   5.0 dB 
Off Resonance Isolation (minimum)  80 dB   70 dB 
Off Resonance Spurious (minimum)   50 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 1  0 dB   1.5 d6 
Passband VSWR (maximum)   1.5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   -F 10 dBm 
Selectivity (per octave)  24 dB 

TUNING CHARACTERISTICS 
Sensitivity   17 MHz/mA 
Coil Resistance   10 ohms 
Coil Inductance   110 mH 
Time Constant 1  0 ms 
Deviation from Linear  ±3 MHz 
Hysteresis   10 MHz 
Frequency Drift over Temp. Range 0-60°C 8 MHz 
Zero Current Frequency  Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 1  4 x 1.4 x 1.4 inches 
Weight   12 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290050 
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TECHNICAL DATA 

IJ 

4 TO 8 GHz COMPACT 
FOUR-STAGE YIG FILTER 

The WJ-617 is one of a family of electronically tuned 
compact YIG filters produced by Watkins-Johnson 
Company. Aself-shielding magnetic circuit built into 
the WJ-617 ensures high reliability, long life, rugged-
ness, and high thermal stability in a compact filter. A 
low tuning power requirement (less than 2 watts) is 
also featured in this YIG filter 

F,or specific requirements, the WJ-617 can be produced 
to cover any frequency range in the C-band up to 1.2 
octaves. Optional bandwidths are available for specific 
requirements between 10 and 50 MHz. In addition, 
the tuning sensitivity may be changed to 9 MHz/mA 
without increasing the tuning power requirement. 

SPECIFICATIONS 

9~~~i~ 
September 1968 

RF PERFORMANCE Typical Nominal Guaranteed 

Frequency Range   4.0 to 8.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 3  5 dB   5.0 dB 
Off Resonance Isolation (minimum)  80 dB   70 dB 
Off Resonance Spurious (minimum)   50 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 1  0 d6   1.5 dB 
Passband VSWR 1  5:1   2.0:1 
Limiting Level (minimum)   -}-20 dBm   -I-10 dBm 
Selectivity (per octave)  24 d6 

TUNING CHARACTERISTICS 
Sensitivity  17 MHz/mA 
Coil Resistance   10 ohms 
Coil Inductance   110 mH 
Time Constant   1.0 ms 
Deviation from Linear   . ±5 MHz 
Hysteresis  20 MHz 
Frequency Drift over Temp. Range 0-60°C  10 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors)   1.4 x 1.4 x 1.4 inches 
Weight   12 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290050 
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TECHNICAL DATA 

FEBRUARY 1970*

8 TO 12 G Hz COMPACT 
FOUR-STAGE YIG FILTER 

WJ-618 

The WJ-618, one of a family of compact YIG filters 
incorporating aself-shielding magnetic circuit, fea-
tures high reliability, long life ruggedness, small size, 
and high thermal stabil ity. The tuning power require-
ment for this electronically tuned YIG filter is less 
than 3.0 watts. The WJ-618 can be produced to cover 
any frequency range in the X-band up to 5 GHz. 
Bandwidths other than specified are available between 
15 and 60 MHz. 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range 8  0 to 12.4 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 3  5 dB   5.0 dB 
Off Resonance Isolation (minimum)  80 dB   70 dB 
Off Resonance Spurious (minimum)   50 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 1  5 d6   2.0 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   +10 dBm 
Selectivity (per octave)  24 dB 

TUNING CHARACTERISTICS 
Sensitivity   17 MHz/mA 
Coil Resistance   5.5 ohms 
Coil Inductance   60 mH 
Time Constant   1.0 ms 
Deviation from Linear   ±8 MHz 
Hysteresis   15 MHz 
Frequency Drift over Temperature Range 0-60°C   12 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 1  4 x 1.4 x 1.4 inches (36 x 36 x 36 mm) 
Weight   12 ounces (340 g) 
RF Connectors   SMA Jack 
Outline Drawing No.   290050 

* Supersedes WJ-618 Technical Data Sheet dated September 1968. 
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TECHNICAL DATA 

September 1968 

1 TO 2 GHz COMPACT 

DUAL-CHANNEL TWO-STAGE YIG FILTER 

The WJ-619 is one of a family of compact YIG 
filters incorporating aself-shielding magnetic cir-
cuit. Features of this electronically tuned YIG filter 
include high reliability, long life, ruggedness, small 
size, and high thermal stability. In addition, the 
tuning power requirement is less than 1/4 watt. 

For specific requirements, the WJ-619 can be pro-
duced to cover any frequency range in the L-band 
up to 1.2 octaves. Optional bandwidths are avail= 
able for specific requirements between 8 and 60 
MHz. In addition, the tuning sensitivity may be 
changed to 9 MHz/mA without increasing the tun-
ing power requirement. 

RF PERFORMANCE (per channel) 
Frequency Range 
Bandwidth (3 dB) (minimum) 
Insertion Loss (maximum) 
Off Resonance Isolation (minimum) 
Off Resonance Spurious (minimum) 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB  
Passband Spurious (maximum) 
Passband VSWR (maximum) 
Limiting Level (minimum) 
Selectivity (per octave) 
Isolation Between Channels (minimum)  
Frequency Tracking Between Channels 

gait-iz 

SPECIFICATIONS 
Typical Guaranteed 

  1.0 to 2.0 GHz 
  20 MHz 
20d6 30dB' 

40 dB 
25 dB 

1.0 dB 
2.0 dB 

2:1 
+10 dBm 

40 d B 
  6 MHz 

Nominal 

 50 dB  

1  0 dB  
1  5:1  

 +20 dBm  
 12 d6 

50 dB  
 4 MHz 

TUNING CHARACTERISTICS 
Sensitivity   17 MHz/mA 
Coil Resistance  10 ohms 
Coil Inductance   110 mH 
Time Constant 1  0 ms 
Deviation from Linear  ±2 MHz 
Hysteresis  4 MHz 
Frequency Drift over Temp. Range 0-60°C  8 MHz 
Zero Current Frequency  Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors)  1.4 x 1.4 x 1.4 inches 
Weight  12 ounces 
RF Connectors   OSM Jack 
Outl ine Drawing No.  290051 

HEATER CHARACTERISTICS 
Operating Voltage  22 to 30 Volts 
Operating Current: 

Surge at 0°C  750 mA 
Steady State at 0°C  250 mA 

'Total of insertion loss of combined channels, passband spurious, and passband ripple not to exceed 8 db at any point of band. 

*Supersedes WJ-619 Data Sheet dated May 1968 
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TECHNICAL DATA 

~u~ ~~ v 

September 1968 

2 TO 4 GHz COMPACT 

DUAL-CHANNEL TWO-STAGE YIG FILTER 

The WJ-620, one of a family of electronically tuned 
compact YIG filters produced by Watkins-Johnson 
Company, offers high reliability, long life, rugged-
ness, small size, and high thermal stability. These 
features are primarily attributed to a built-in self-
shielding magnetic circuit. The tuning power re-
quirement is less than 1 watt for this YIG filter. 

The WJ-620 is available with several options. It 
can be produced to cover any frequency range in 
the S-band up to 1.2 octaves. Bandwidths other 
than specified are available between 10 and 70 
MHz. The tuning sensitivity may be changed to 9 
MHz/mA without increasing the tuning power re-
quirement. 

SPECIFICATIONS 

RF PERFORMANCE (per channel) Typical Nominal Guaranteed 
Frequency Range   2.0 to 4.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 2  0 dB   3.0 dB' 
Off Resonance Isolation (minimum)  60 dB   50 dB 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB   1.0 dB 
Passband Spurious (maximum) 1  0 dB   1.5 dB 
Passband VSWR (maximum) 1  5:1   2:1 
Limiting Level (minimum)   -}-20 dBm   -~10 dBm 
Selectivity (per octave)   12 dB 
Isolation Between Channels  50 dB   40 dB 
Frequency Tracking Between Channels  4 MHz   6 MHz 

TUNING CHARACTERISTICS 
Sensitivity   17 MHz/mA 
Coil Resistance  10 ohms 
Coil Inductance   110 mH 
Time Constant 1  0 ms 
Deviation from Linear +3 MHz 
Hysteresis   10 MHz 
Frequency Drift over Temp. Range 0-60°C  8 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 1  4 x 1.4 x 1.4 inches 
Weight   12 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290051 

'Total of insertion loss of combined channels, passband spurious, and passband ripple not to exceed 8 db at any point of band. 

'kSupersedes WJ-620 Data Sheet dated May 1968 
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TECHNICAL DATA 

September 1968'4̀  

4 TC~ 8 GHz C®NlPACT 

DUAL-CHANNEL TWO-STAGE YIG FILTER 

The WJ-621 is one of a family of electronically 
tuned, compact YIG filters produced by Watkins-
Johnson Company. Aself-shielding magnetic circuit 
built into the WJ-621 results in high reliability, long 
life, ruggedness, small size, and high thermal sta-
bility. Alow tuning power requirement (less than 
4 watts) is also a feature of this YIG filter. 

For specific requirements, the WJ-621 can be pro-
duced to cover any frequency range in the C-band 
up to 1.2 octaves. Optional bandwidths are available 
for specific requirements between 10 and 80 MHz. 
In addition, the tuning sensitivity may be changed 
to 9 MHz/mA without increasing the tuning power 
requirement. iii-ia 

SPECIFICATIONS 

RF PERFORMANCE (per channel) Typical Nominal Guaranteed 

Frequency Range   4.0 to 8.0 GHz 
Bandwidth (3 dB) (minimum)   25 MHz 
Insertion Loss (maximum) 2  0 dB   3.0 dB~ 
Off Resonance Isolation (minimum)  60 dB   50 dB 
Off Resonance Spurious (minimum)     25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 0  5 d8 1  5 dB 
Passband VSWR (maximum) 1  5:1   2:1 
Limiting Level (minimum)  +20 dBm   -I-10 dBm 
Selectivity (per octave)   12 dB 
Isolation Between Channels  50 dB   40 dB 
Frequency Tracking Between Channels  4 MHz   8 MHz 

TUNING CHARACTERISTICS 
Sensitivity    17 MHz/mA 
Coil Resistance   10 ohms 
Coil Inductance   110 mH 
Time Constant   1.0 ms 
Deviation from Linear +5 MHz 
Hysteresis   20 MHz 
Frequency Drift over Temp. Range 0-60°C   10 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors)  1.4 x 1.4 x 1.4 inches 
Weight  ~ 12 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.  290051 

'Total of insertion loss of combined channels, passband spurious, and passband ripple not to exceed 8 db at any point of band. 

*Supersedes WJ-621 Data Sheet dated May 1968 
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TECHNICAL DATA 

FEBRUARY 1970*

8 TO 12.4 GHz COMPACT 
DUAL-CHANNEL TWO-STAGE YIG FILTER 

WJ-622 

The WJ-622, one of a family of compact YIG filters 
which incorporate aself-shielding magnetic circuit, 
features high reliability, long life ruggedness, small 
size and high thermal stability. The tuning power 
requirement for this electronically tuned YIG filter is 
less than 3 watts. The WJ-622 can be produced to 
cover any frequency range in the X-band up to 5 GHz. 
Bandwidths other than specified are available between 
15 and 100 MHz. 

SPECIFICATIONS 

RF PERFORMANCE (per channel) Typical Nominal Guaranteed 
Frequency Range 8  0 to 12.4 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 1  5 dB   3.0 dB~ 
Off Resonance Isolation (minimum)  60 dB   50 dB 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 0  5 dB   1.5 dB 
Passband VSWR (maximum) 1  5:1   2:1 
Limiting Level (minimum)   -I-20 dBm   +10 dBm 
Selectivity (per octave)   12 dB 
Isolation Between Channels   50 dB   40 dB 
Frequency Tracking Error 

Between Channels (maximum)  5 MHz  8 MHz 

TUNING CHARACTERISTICS 
Sensitivity   17 MHz/mA 
Coil Resistance   5.5 ohms 
Coil Inductance   60 mH 
Time Constant   1.0 ms 
Deviation from Linear   ±8 MHz 
Hysteresis   15 MHz 
Frequency Drift over Temperature Range 0.60°C   12 MHz 
Zero Current Frequency   Not Biased 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 1  4 x 1.4 x 1.4 inches (36 x 36 x 36 mm) 
Weight   12 ounces (340 g) 
RF Connectors   SMA Jack 
Outline Drawing No.   290051 

1. Total of insertion loss of combined channels, passband spurious, and passband ripple not to exceed 8 db at any point of band. 
* Supersedes WJ-622 Technical Data Sheet dated September 1968. 
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TECHNICAL DATA 

2.0 to 12.4 GHz 
TWO-STAGE MULTI-OCTAVE 

COMPACT YIG FILTER 
Watkins-Johnson Company has developed amulti-
octave (2.0 to 12.4 GHz) YIG filter which adds a 
wide tuning range capability to the compact filter 
line. The WJ-623 is an electronically tuned YIG 
filter that features high reliability, long life, rugged-
ness, small size, and a low tuning power require-
ment (less than 3 watts). These features are 
primarily attributable to aself-shielded magnetic 
circuit built into the filter structure. 

The WJ-623 is particularly suited for ultra-wide-
band receiving and frequency measuring applica-
tions. For specific requirements, the tuning sensi-
tivity may be changed to 9 MHz/mA without 
increasing the tuning power requirements. In ad-
dition, optional bandwidths are available for speci-
fic requirements between 15 and 80 MHz. 3411-16 ;;; 

SPECIFICATIONS 

RF PERFORMANCE Typical 
Frequency range 1  8.to 12.4 GHz 
Bandwidth (3 dfZ)  
Insertion loss  
Off resonance isolation, min 

Nominal 

October 1968 

Guaranteed 
2  0 to 12.4 GHz 

35 MHz   25 (min) 70 (max) MHz 
<3 dB   4.0 dB (max) 

Directivity  Reciprocal 
Passband ripple and spurious  <2.0 d6   3.0 dB (max) 
VSWR, input and output, max.  <1.5:1   2.0:1 
Limiting level, min.   +10 dBm (2.0 - 12.4 GHz) 

—23 dBm (1.8 - 2.0 GHz) 

  65 dB below 1 GHz 
60 dB, 1-4 GHz 
55 dB, 4-8 GHz 

50 dB, 8-10 GHz 
47 dB, 10.12.4 GHz 

Selectivity  12 dB/octave 
Off resonance spurious—

otherthan 210 mode   50 dB down, min. 
210 mode  >30   20 dB down, min. 

TUNING CHARACTERISTICS 
Tuning current    740 mA, max. 
Coil resistance    5.5 ohms ±10 percent 
Coil inductance    112 millihenries, ±10 percent 
Switching time, max  5ms 
Deviation from linear  0.3 percent   0.5 percent max. 
Temperature drift (0 to 55°C)   Note 1 
Hysteresis    30 MHz max. 

MECHANICAL CHARACTERISTICS 
Size 
Weight  30 ounces 
RF connector  Type N female 
Outline Drawing No.  290056 

°Supersedes WJ-623 Technical Data Sheet dated April 1968. 
NOTE 1—At any frequency within the specified tuning range, temperature drift must not exceed the difference between the 3 

dB bandwidth (in MHz) and 19 MHz. This measurement will be made for design verification only. 

2  0 x 2.0 x 2.0" max. 
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TECHNICAL DATA 

~~J~[~~~ 
YIG MAGNETOMETER 

The WJ-627 magnetometer is a specialized appli-
cation of the YIG tuned microwave transistor oscil-
lators produced by the Watkins-Johnson Company. 
The magnetometer is capable of measuring pulsed 
and continuous wave magnetic fields of complex 
waveforms. The frequency response of the mag-
netometer extends to 100 PnHz. 

A change in magnetic field strength is translated 
directly to a shift of the oscillator frequency. The 
oscillator frequency can then be converted to an 
amplitude modulated signal by a suitable frequen-
cy discriminator. 

Since the WJ-627 itself is magnetically shielded, 
the field to be measured is sampled with an exter-
nal coil. The induced current created by a change 
in magnetic flux through 1:he external sensor coil 
is fed to an internal driving coil which is in close 
proximity to a YIG resonator. The field induced in 
the internal coil modulates the oscillator frequency 
by changing the resonant frequency of the YIG. 
The zero field oscillator frequency is set with a 
biasing magnet. 

At the option of the customer, the external sensor 
coil and a transmission line type microwave dis-
criminator can be supplied to be used in conjunc-
tion with the WJ-627 magnetometer. 

The YIG magnetometer can be adapted to measure 

November 1968 

small magnetic fields of one gauss or less; it may 
also be adapted to measure large magnetic fields 
of several hundred gauss. Typical dynamic range 
is 100:1. 

Built-in tuning coils are provided to sweep the 
•oscillator for power output and frequency linearity 
measurements. The power output variation is small 
enough to allow direct detection with a microwave 
discriminator without amplitude limiting. 

Since the magnetic field modulates a microwave 
frequency source, direct transmission of the infor-
mation through space is possible. 

SPECIFICATIONS 
MAGNETOMETER PERFORMANCE Typical Guaranteed 

Sensitivity range (direct) 0  5 to 50 gauss 
(with 10 dB attenuator) 5  0 to 500 gauss 

Dynamic range  500:1   100:1 
Frequency response  60 Hz to 100 MHz 
Sensitivity range of internal driving coil   3.30 MHz/Ampere 
Temperature Coefficient of biasing magnet, 

0°C to 50°C  0.02%/°C 

RF PERFORMANCE 
Center frequency   1.0 to 2.3 GHz 
Frequency deviation  ± 100 MHz 
Power output   10 mW 

Power variations over ±100 MHz   1 dB 
Frequency drift —30°C to 65°C  5 MHz   10 MHz max. 
Sensitivity to supply voltage   1 MHz/volt 
Pulling figure (1.5:1 VSWR)   5 MHz 
Linearity of frequency deviation   ±0.1% 
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TECHNICAL DATA 

1 to 2 G H z TWO-STAG E 
HYBRID YIG FILTER 

The WJ-634 is one of the two-stage members of a 
family of hybrid YIG-filters developed by Watkins-
Johnson Company. It provides faster switching ca-
pability than the compact filter line, and has lower 
coil resistance and inductance, thereby simplifying 
driver design. 'The WJ-634 also features high tun-
ing rate, low tuning power and high RF perform-
ance. 

For specific requirements, the WJ-634 can be pro-
duced to cover any frequency range in the L-band 
up to 7.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 

~" / 

September 1968 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 

Frequency Range   1.0 to 2.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 3  0 dB   3.5 dB 
Off Resonance Isolation (minimum)  50 dB   40 dB 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 1  0 dB   2.0 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)   -I-20 dBm   +10 dBm 
Selectivity (per octave)   12 dB 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance   2.5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +2 MHz 
Hysteresis     5 MHz 
Frequency Drift over Temp. Range 0-60°C     10 MHz 
Zero Current Frequency  0.95 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors)   2.65 x 3.12 x 2.85 inches 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290096 

HEATER CHARACTERISTICS 
Operating Voltage   22 to 30 Volts 
Operating Current: 

Surge at 0°C   750 mA 
Steady State at 0°C   250 mA 
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TECFINICAL DATA 

MARCH 1969 

2 TO 4 GHz TWO-STAGE 
HYBRID YIG FILTER 

WJ-635 

The WJ-635 is one of the two-stage members of a 
family of hybrid YIG filters developed by Watkins-
Johnson Company. It provides faster switching ca-
pability than the compact filter line, and has lower 
coil resistance and inductance, thereby simplifying 
driver design. The WJ-635 also features high tun-
ing rate, low tuning power and high RF perform-
ance. 

For specific requirements, the WJ-635 can be pro-
duced to cover any frequency range in the S-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 3411-22 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   2.0 to 4.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum)  2.5 dB 3  5 dB 
Off Resonance Isolation (minimum)  60 dB   50 dB 
Off Resonance Spurious (minimum)    25 dB 
Directivity  Reciprocal 
Passband Ripple (maximum)  0.5 dB 1  0 dB 
Passband Spurious (maximum) 0  5 dB   1.5 dB 
Passband VSWR (maximum)  1.5:1   2.0:1 
Limiting Level (minimum)  -}-20 dBm   -~10 dBm 
Selectivity (per octave)  12 dB 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +4 MHz 
Hysteresis   8 MHz 
Zero Current Frequency 1  95 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290096 
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TECHNICAL DATA 

MARCH 1969 

4 TO 8 GHz TWO-STAGE 

HYBRID YIG FILTER 

WJ-636 

The WJ-636 is one of the two-stage members of a 
family of hybrid YIG filters developed by Watkins-
Johnson Company. It provides faster switching ca-
pability than the compact filter line, and has lower 
coil resistance and inductance, thereby simplifying 
driver design. The WJ-636 also features high tun-
ing rate, low tuning. power and high RF perform-
ance. 

For specific requirements, the WJ-636 can be pro-
duced to cover any frequency range in the C-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range 4  0 to 8.0 GHz 
Bandwidth (3 dB) (minimum)   25 MHz 
Insertion Loss (maximum)  2.5 dB   3.0 dB 
Off Resonance Isolation (minimum)  60 dB   50 dB 
Off Resonance Spurious (minimum)    25 dB 
Directivity  Reciprocal 
Passband Ripple (maximum)  0.5 dB 1  0 dB 
Passband Spurious (maximum)  0.5 dB   1.5 dB 
Passband VSWR (maximum)  1.5:1   2.0:1 
Limiting Level (minimum)  -{-20 dBm   +10 dBm 
Selectivity (per octave)  12 dB 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +8 MHz 
Hysteresis  20 MHz 
Zero Current Frequency 3  9 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290096 
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TECHNICAL DATA 

APRIL 1969 

8 TO 12.4 GHz TWO-STAG E 
HYBRID YIG FILTER 

WJ-637 

The WJ-637 is one of the two-stage members of a 
family of hybrid YIG filters developed by Watkins-
Johnson Company. It provides faster switching ca-
pability than the compact filter line, and has lower 
coil resistance and inductance, thereby simplifying 
driver design. The WJ-637 also features high tun-
ing rate, low tuning power and high RF perform-
ance. 

For specific requirements, the WJ-637 can be mod-
ified to cover up to a 5000 MHz frequency range in 
the X-band. Optional bandwidths are available for 
specific requirements between 8 and 40 MHz. 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   8.0 to 12.4 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 2  5 dB   3.0 dB 

Off Resonance Isolation (minimum)  60 dB   50 dB 

Off Resonance Spurious (minimum)   25 dB 
Directivity  Reciprocal 
Passband Ripple (maximum)  0.5 dB 1  0 dB 
Passband Spurious (maximum) 1  0 dB 1  5 dB 
Passband VSWR (maximum)  1.5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   +10 dBm 
Selectivity (per octave)  12 dB 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +12 MHz 
Hysteresis   35 MHz 
Zero Current Frequency 7  9 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors)   2.65 x 3.12 x 2.80 in. 

(67 x 79 x 72 mm) 
Weight   30 ounces (850 g) 
RF Connectors   OSM Jack 
Outline Drawing No.   290096 
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TECHNICAL DATA 

MARCH 1964 

1 TO 2 GHz FOUR-STAGE 
HYBRID YIG FILTER 

WJ-638 
The WJ-638 is one of the four-stage members of a 
family of hybrid YIG filters developed by Watkins-
Johnson Company. It provides faster switching ca-
pability than the compact filter line, and has lower 
coil resistance and inductance, thereby simplifying 
driver design. The WJ-638 also features high tun-
ing rate, low tuning power and high RF perform-
ance. 

For specific requirements, the WJ-638 can be pro-
duced to cover any frequency range in the L-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 3411 25 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   1.0 to 2.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum)  4.5 d6   6.0 dB 
Off Resonance Isolation (minimum)  80 dB   70 dB 
Off Resonance Spurious (minimum)   50 dB 
Directivity  Reciprocal 
Passband Ripple (maximum)  0.5 dB   1.0 dB 
Passband Spurious (maximum) 1  0 dB   2.0 dB 
Passband VSWR (maximum)  1.5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   +10 dBm 
Selectivity (per octave)  24 dB 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +2 MHz 
Hysteresis   5 MHz 
Zero Current Frequency 0  95 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290096 

HEATER CHARACTERISTICS 
Operating Voltage  22 to 30 Volts 
Operating Current: 

Surge at 0°C  750 mA 
Steady State at 0°C  250 mA 
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TECHNICAL DATA 

MARCH 1969 

2 TO 4 GHz FOUR-STAGE 
HYBRID YIG FILTER 

WJ-639 

The WJ-639 is one of the four-stage members of a 
family of hybrid YIG filters developed by Watkins-
Johnson Company. It provides faster switching ca-
pability than the compact filter line, and has lower 
coil resistance and inductance, thereby simplifying 
driver design. The WJ-639 also features high tun-
ing rate, low tuning power and high RF perform-
ance. 

For specific requirements, the WJ-639 can be pro-
duced to cover any frequency range in the S-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 

3411-26 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   2.0 to 4.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum)  3.5 dB   5.0 dB 
Off Resonance Isolation (minimum)  80 dB   70 dB 
Off Resonance Spurious (minimum)   50 dB 
Directivity  Reciprocal 
Passband Ripple (maximum) 0  5 dB   1.0 dB 
Passband Spurious (maximum)  1.0 dB   1.5 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   +10 dBm 
Selectivity (per octave)  24 dB 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +4 MHz 
Hysteresis   8 MHz 
Zero Current Frequency 1  95 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290096 
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TECHNICAL DATA 

MARCH 1969 

4 TO 8 GHz FOUR-STAGE 

HYBRID YIG FILTER 

WJ-640 

The WJ-640 is one of the four-stage members of a 
family of hybrid YIG filters developed by Watkins-
Johnson Company. It provides faster switching ca-
pability than the compact filter line, and has lower 
coil resistance and inductance, thereby simplifying 
driver design. The WJ-640 also features high tun-
ing rate, low tuning power and high RF perform-
ance. 

For specific requirements, the WJ-640 can be pro-
duced to cover any frequency range in the C-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   4.0 to 8.0 GHz 
Bandwidth (3 d6) (minimum)   20 MHz 
Insertion Loss (maximum) 3  5 dB   5.0 dB 
Off Resonance Isolation (minimum)  80 dB   70 dB 
Off Resonance Spurious (minimum)   50 dB 
Directivity  Reciprocal 
Passband Ripple (maximum) 0  5 dB   1.0 dB 
Passband Spurious (maximum) 1  0 dB   1.5 d6 
Passband VSWR (maximum)  1.5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   +10 dBm 
Selectivity (per octave)  24 dB 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +8 MHz 
Hysteresis   20 MHz 
Zero Current Frequency 3  9 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290096 
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TECHNICAL DATA 
APRIL 1969 

8 TO 12.4 GHz FOUR-STAGE 
HYBRID YIG FILTER 

WJ-641 
The WJ-641 is one of the four-stage members of a 
family of hybrid YIG filters developed by Watkins-
Johnson Company. It provides faster switching ca-
pability than the compact filter line, and has lower 
coil resistance and inductance, thereby simplifying 
driver design. The WJ-641 also features high tun-
ing rate, low tuning power and high RF perform-
ance. 

For specific requirements, the WJ-641 can be mod-
ified to cover up to a 5000 MHz frequency range in 
the X-band. Optional bandwidths are. available for 
specific requirements between 8 and 40 MHz. 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   8.0 to 12.4 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum)  3.5 dB   5.0 dB 
Off Resonance Isolation (minimum)  80 dB   70 dB 
Off Resonance Spurious (minimum)   50 d6 
Directivity  Reciprocal 
Passband Ripple (maximum) 0  5 d6   1.0 dB 
Passband Spurious (maximum)  1.0 dB   1.5 dB 
Passband VSWR (maximum)  1.5:1   2.0:1 
Limiting Level (minimum)  -~20 dBm   +10 dBm 
Selectivity (per octave)  24 dB 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +12 MHz 
Hysteresis   35 MHz 
Zero Current Frequency 7  9 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290096 
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TECHNICAL DATA 
MARCH 1969 

1 TO 2 GHz DUAL TWO-STAGE 
HYBRID YIG FILTER 

WJ-648 
The WJ-648 is one of the dual two-stage members 
of a family of hybrid YIG filters developed by Wat-
kins-Johnson Company. It provides faster switch-
ing capability than the compact filter line, and has 
lower coil resistance and inductance, thereby sim-
plifying driver design. The WJ-648 also features 
high tuning rate, low tuning power and high RF 
performance. 

For specific requirements, the WJ-648 can be pro-
duced to cover any frequency range in the L-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 3411-29 

SPECIFICATIONS 

RF PERFORMANCE (per channel) Typical Nominal Guaranteed 
Frequency Range   1.0 to 2.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 3  0 dB   3.5 d6' 
Off Resonance Isolation (minimum)  50 dB   40 dB 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB   1.0 dB 
Passband Spurious (maximum) 1  0 dB   2.0 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)  x-20 dBm   +10 dBm 
Selectivity (per octave)  12 dB 
Isolation Between Channels (minimum)  50 dB   40 d6 
Tracking Error Between Channels (maximum)  4 MHz   6 MHz 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance  12 mH 
Time Constant 0  2 ms 
Deviation from Linear +2 MHz 
Hysteresis   5 MHz 
Zero Current Frequency 0  95 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight  30 ounces 
RF Connectors  OSM Jack 
Outline Drawing No.  290122 

HEATER CHARACTERISTICS 
Operating Voltage   22 to 30 Volts 
Operating Current: 

Surge at 0°C   750 mA 
Steady State at 0°C   250 mA 

'Total of combined channels insertion loss, passband spurious, and passband ripple not to exceed 8 dB at any point in band. 
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TECHNICAL DATA 
MARCH 1969 

2 TO 4 GHz DUAL TWO-STAGE 
HYBRID YIG FILTER 

WJ-649 
The WJ-649 is one of the dual two-stage members 
of a family of hybrid YIG filters developed by Wat-
kins-Johnson Company. It provides faster switch-
ing capability than the compact filter line, and has 
lower coil resistance and inductance, thereby sim-
plifying driver design. The WJ-649 also features 
high tuning rate, low tuning power and high RF 
performance. 

For specific requirements, the WJ-649 can be pro-
duced to cover any frequency range in the S-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 3411-30 

SPECIFICATIONS 

RF PERFORMANCE (per channel) Typical Nominal Guaranteed 
Frequency Range   2.0 to 4.0 GHz 
Bandwidth (3 dB) (minimum)   20 MHz 
Insertion Loss (maximum) 2  5 dB   3.5 dB~ 
Off Resonance Isolation (minimum)  60 dB   50 dB 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB 1  0 dB 
Passband Spurious (maximum) 1  0 dB   1.5 d6 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   +10 dBm 
Selectivity (per octave)  12 dB 
Isolation Between Channels (minimum)   50 dB   40 d6 
Tracking Error Between Channels (maximum)  4 MHz   6 MHz 

TUNING CHARACTERISTICS 
Sensitivity  6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +4 MHz 
Hysteresis   8 MHz 
Zero Current Frequency 1  95 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.  290122 

'Total of combined channels insertion loss, passband spurious, and passband ripple not to exceed 8 dB at any point in band. 
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TECHNICAL DATA 

MARCH 1969 

4 TO 8 GHz DUAL TWO-STAG E 
HYBRID YIG FILTER 

WJ-650 

The WJ-650 is one of the dual two-stage members 
of a family of hybrid YIG filters developed by Wat-
kins-Johnson Company. It provides faster switch-
ingcapability than the compact filter line, and has 
lower coil resistance and inductance, thereby sim-
plifying driver design. The WJ-650 also features 
high tuning rate, low tuning power and high RF 
performance. 

For specific requirements, the WJ-650 can be pro-
duced to cover any frequency range in the C-band 
up to 1.2 octaves. Optional bandwidths are avail-
able for specific requirements between 8 and 40 
MHz. 3411-31 

SPECIFICATIONS 

RF PERFORMANCE (per channel) Typical Nominal Guaranteed 
Frequency Range   4.0 to 8.0 GHz 
Bandwidth (3 dB) (minimum)   25 MHz 
Insertion Loss (maximum)  2.0 dB   3.0 dB' 
Off Resonance Isolation (minimum)  60 dB   50 dB 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 dB   1.0 dB 
Passband Spurious (maximum) 0  5 dB   1.5 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)   -}-20 dBm   +10 dBm 
Selectivity (per octave)  12 dB 
Isolation Between Channels (minimum)  50 dB   40 dB 
Tracking Error Between Channels (maximum)  4 MHz   8 MHz 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coil Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +8 MHz 
Hysteresis   20 MHz 
Zero Current Frequency 3  90 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight  30 ounces 
RF Connectors  OSM Jack 
Outline Drawing No.  290122 

'Total of combined channels insertion loss, passband spurious, and passband ripple not to exceed 8 dB at any point in band. 
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APRIL 1969 

8 TO 12.4 GHz DUAL TWO-STAGE 

HYBRID YIG FILTER 

WJ-651 

The WJ-651 is one of the dual two-stage members 
of a family of hybrid YIG filters developed by Wat-
kins-Johnson Company: It provides faster switch-
ing capability than the compact filter line, and has 
lower coil resistance and inductance, thereby sim-
plifying driver design. The WJ-651 also features 
high tuning rate, low tuning power and high RF 
performance. 

For specific requirements, the WJ-651 can be pro-
duced to cover up to a 5000 MHz frequency range 
in the X-band. Optional bandwidths are available 
for specific requirements between 8 and 40 MHz. 

SPECIFICATIONS 

RF PERFORMANCE (per channel) Typical Nominal Guaranteed 
Frequency Range     8.0 to 12.4 GHz 
Bandwidth (3 d6) (minimum)   20 MHz 
Insertion Loss (maximum) 2  5 dB   3.0 dB' 
Off Resonance Isolation (minimum)  60 dB   50 d6 
Off Resonance Spurious (minimum)   25 dB 
Directivity   Reciprocal 
Passband Ripple (maximum) 0  5 d6 1  0 dB 
Passband Spurious (maximum) 0  5 d6   1.5 dB 
Passband VSWR (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)  +20 dBm   +10 dBm 
Selectivity (per octave)  12 dB 
Isolation Between Channels (minimum)  50 d6   40 dB 
Tracking Error Between Channels (maximum)  5 MHz   8 MHz 

TUNING CHARACTERISTICS 
Sensitivity   6 MHz/mA 
Coil Resistance 2  5 ohms 
Coif Inductance   12 mH 
Time Constant 0  2 ms 
Deviation from Linear +12 MHz 
Hysteresis   35 MHz 
Zero Current Frequency 7  9 GHz 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  65 x 3.12 x 2.80 in. 
Weight   30 ounces 
RF Connectors   OSM Jack 
Outline Drawing No.   290122 

'Total of combined channels insertion loss, passband spurious, and passband ripple not to exceed 8 d8 at any point in band. 
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April 1967 

MECHANICALLY TUNED MINIATURE TWO-STAGE YIG FILTER 

The WJ-652 is the first of a new family of Watkins-
Johnson Company mechanically-tuned microwave 
YIG filters produced in a miniature, lightweight 
configuration to meet rugged environmental require-
ments. Measuring only 3/a -inch cubed, this unit is 
tuned by means of a simple screwdriver adjustment. 
The WJ-652 and other members of this family of 
YIG filters have a tuning range of 500 MHz and are 
available with center frequencies of from 1 to 5 GHz. 

The miniaturized design of the WJ-652 makes it 
particularly suitable for applications where space is 
at a premium. A large number of these filters can 
be physically stacked together to provide front-end 
multi-channel receiver configurations for various 
combinations of fixed frequencies with excellent 
channel isolation. 

J 1'1 

limiter applications, offering either low or high level 
The WJ-652 filter may also be used in fixed-tuned cutoff at —23 dBm or +18dBm, respectively. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Center Frequency   *1.0-5.0 GHz 
Bandwidth at 3 dB  30±5 MHz 
Insertion Loss   2.0 dB, max 3  0 d6, max. 
Limiting: Low Level (1.0-3.3 GHz)   —23 dBm 

High Level (1.0-5.0 GHz)   > + 10 dBm 

Off Resonance Isolation   45 dB, min. 
Off Resonance Spurious  30 dB, min.   25 dB, min. 
Pass Band VSWR   1.5:1 2.0:1 
Selectivity   12 dB/Octave 
Frequency Drift w/Temp. 0 to 50°C   -~-3 MHz, max. 

MECHANICAL CHARACTERISTICS 

Tuning Range   f~ ±250 MHz 
Dimensions   3/a " x 3/a " x 3/a " 
Weight   1 oz. 
RF Connector Type   OSM 

* The mechanical tuning adjustment allows for a tuning 
range of ±255 MHz anywhere over the frequency range. 
Center frequency requirement should be specified when 
unit is ordered. 
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0.5 TO 1.0 GHz YIG -TUNED HARMONIC GENERATOR 

The WJ-700 is one of a new family of solid state, 
electronically- tuned, harmonic generators devel-
oped by Watkins-Johnson Company. This genera-
tor, which is driven by a 100 MHz signal source, 
produces high output power at any one of the 100 
MHz harmonics in P-band. In fact, its power output 
is approximately 5 dB above that of an untuned 
comb generator at comparable frequencies. Fast 
switching makes it ideal for use as a first local 
oscillator in digitally tuned microwave receivers, 
or as afrequency-stable, digitally tuned microwave 
source. 

The output frequency of the WJ-700 is selected by 
changing (in discrete, equally spaced steps) the 
current in the tuning coils, thus producing a mag-
netic bias for the YIG resonators. Stray magnetic 
fields are negligible, and the generator remains 
unaffected by moderate magnetic environments. 
For specific requirements, the WJ-700 may be 
varied to cover offset frequency ranges, alternate 
input drive frequencies, or changes in ambient 
temperatures between —55°C and +80°C. A self-
regulating, proportional controlled heater, requir-
ing only the application of unregulated power for 
operation, stabilizes the temperatures of the YIG 
spheres in the three-stage filter circuit. 

3507 

A special feature of the WJ-700 is its compatibility 
with the WJ-723 three-stage YIG filter. The result-
ingharmonic generator filter chain provides micro-
wave harmonic energy with over 100 dB suppres-
sion of harmonics spaced ±200 MHz or more from 
the tuned harmonic when driven by less than one 
watt of 100 NIHz fundamental signal. 

SPECIFICATIONS 

RF PERFORMANCE Typical 
Frequency range 
Power output, min.   -I-10 dBm  
Output impedance   50 ohms 
Harmonic suppression ±100 MHz  50 dB  
Harmonic suppression, ±200 MHz and above  70 dB  
Input VSWR 2  0:1 

Guaranteed 
05to1.OGHz 

+ 5dBm, Note 2 

35 dB 
50 dB 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature   —20° to -F55°C 

TUNING CHARACTERISTICS 
Sensitivity   14 MHz/mA 
Coil resistance   6 ohms 
Coil inductance   120 mH 
Time Constant  50 µs   100 µs max., Note 1 

*Supersedes WJ-700 Technical Data Sheet Dated December 1967 



goo POWER OUTPUT 
15 

RF INPUT CHARACTERISTICS 
Drive frequency   100 MHz 
Drive power   -~30 dBm max. 

D.C. INPUT CHARACTERISTICS 
Heater voltage   24 ±4 volts 
Heater current: 

Surge at —20°C   750 mA max. 
Steady state at —20°C   150 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions   3.11" x 
Weight  
RF connectors  
Outline drawing number  

2.85" x 3.7" 
35 ounces 

OSM female 
290160 

Notes: 
1. This measurement will be made for design verification only. 
2. Maximum power output variation is 6 dB. 
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September 1968 *

1.0 TO 2.0 GHz YIG -TUNED HARMONIC GENERATOR 

The WJ-701 is one of a new family of solid state, 
electronically-tuned, harmonic generators devel-
oped by Watkins-Johnson Company. This genera-
tor, which is driven by a 100 MHz signal source, 
produces high output power at any one of the 100 
MHz harmonics in L-band. In fact, its power output 
is approximately 5 dB above that of an untuned 
comb generator at comparable frequencies. Fast 
switching makes it ideal for use as a first local 
oscillator in digitally tuned microwave receivers, 
or as afrequency-stable, digitally tuned microwave 
source. 

The output frequency of the WJ-701 is selected by 
changing (in discrete, equally spaced steps) the 
current in the tuning coils, thus producing a mag-
netic bias for the YIG resonators. Stray magnetic 
fields are negligible, and the generator remains 
unaffected by moderate magnetic environments. 
For specific requirements, the WJ-701 may be 
varied to cover offset frequency ranges, alternate 
input drive frequencies, or changes in ambient 
temperatures between —55°C and +80°C. A self-
regulating, proportional controlled heater, requir-
ing only the application of unregulated power for 
operation, stabilizes the temperatures of the YIG 
spheres in the three-stage filter circuit. 

3507-6 

A special feature of the WJ-701 is its compatibility 
with the WJ-724 three-stage YIG filter. The result-
ingharmonic generator filter chain provides micro-
wave harmonic energy with over 100 dB suppres-
sion of harmonics spaced ±200 NIHz or more from 
the tuned harmonic when driven by less than one 
watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

RF PERFORMANCE Typical 
Frequency range 
Power output, min.   +8 dBm 
Output impedance  50 ohms 
Harmonic suppression ±100 MHz  50 dB 
Harmonic suppression, ±200 MHz and above  70 dB  
Input VSWR 2  0:1 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature  

Guaranteed 
lOto2.OGHz 

  +3 dBm, Note 2 

  35 dB 
50 dB 

—20° to +55°C 

TUNING CHARACTERISTICS 
Sensitivity   14 MHz/mA 
Coil resistance   6 ohms 
Coil inductance   120 mH 
Tirne Constant  50 µs   100 µs max., Note 1 

* Supersedes WJ-701 Technical Data Sheet Dated December 1967 
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POWER OUTPUT 
16.0 

RF INPUT CHARACTERISTICS 
Drive frequency   100 MHz 
Drive power   -~30 dBm max. 

D.C. INPUT CHARACTERISTICS 
Heater voltage   24 ±4 volts 
Heater current: 

Surge at —20°C   750 mA max. 
Steady state at —20°C   150 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions   3.11" x 2.85" x 3.7" 
Weight   35 ounces 
RF connectors   OSM female 
Outl ine drawing number   290160 

Notes: 
1. This measurement will be made for design verification only. 
2. Maximum power output variation is 6 dB. 
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2.0 TO 4.0 GHz YIG —TUNED HARMONIC GENERATOR 

The WJ-702 is one of a new family of solid state, 
electronically-tuned, hai~nonic generators devel-
oped by Watkins-Johnson Company. This genera-
tor, which is driven by a 100 MHz signal source, 
produces high output power at any one of the 100 
MHz harmonics in S-band. In fact, its power output 
is approximately 5 dB above that of an untuned 
comb generator at comparable frequencies. Fast 
switching makes it ideal for use as a first local 
oscillator in digitally tuned microwave receivers, 
or as afrequency-stable, digitally tuned microwave 
source. 

The output frequency of the WJ-702 is selected by 
changing (in discrete, equally spaced steps) the 
current in the tuning coils, thus producing a mag-
netic bias for the YIG resonators. Stray magnetic 
fields are negligible, and the generator remains 
unaffected by moderate magnetic environments. 
For specific requirements, the WJ-702 may be 
varied to cover offset frequency ranges, alternate 
input drive frequencies, or changes in ambient 
temperatures between —55°C and +80°C. A self-
regulating, proportional controlled heater, requir-
ing only the application of unregulated power for 
operation, stabilizes the temperatures of the YIG 
spheres in the three-stage filter circuit. 

3~a~-9 

A special feature of the WJ-702 is its compatibility 
with the WJ-725 three-stage YIG filter. The result-
ingharmonic generator filter chain provides micro-
wave harmonic energy with over 100 dB suppres-
sion of harmonics spaced ±200 MHz or more from 
the tuned harmonic when driven by less than one 
watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Frequency range  2  0 to 4.0 GHz 
Power output, min.   +5 dBm   0 dBm, Note 2 
Output impedance   50 ohms 
Harmonic suppression ±100 MHz  50 dB   35 dB 
Harmonic suppression, ±200 MHz and above   70 dB   50 dB 
Input VSWR 2  0:1 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature  —20° to +55°C 

TUNING CHARACTERISTICS 
Sensitivity   14 MHz/mA 
Coil resistance  6 ohms 
Coil inductance   120 mH 
Time Constant   50 µs   100 µs max., Note 1 

* Supersedes WJ-702 Technical Data Sheet Dated December 1967 



~~ 
e~ o~ POWER OUTPUT 

12.0 

RF INPUT CHARACTERISTICS 
Drive frequency   100 MHz 
Drive power   -}-30 dBm max. 

D.C. INPUT CHARACTERISTICS 
Heater voltage   24 ±4 volts 
Heater current: 

Surge at —20°C    750 mA max. 
Steady state at —20°C   150 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions   3.11" x 2.85" x 3.7" 
Weight   35 ounces 
RF connectors   OSM female 
Outline drawing number   290160 

Notes: 
1. This measurement will be made for design verification only. 
2. Maximum power output variation to be 8 d6. 
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November 1968 

4.0 TO 8.0 GHz YIG-TUNED 

The WJ-703 is one of a new family of solid state, 
electronically-tuned, harmonic generators devel-
oped by Watkins-Johnson Company. This genera-
tor, which is driven by a 100-MHz signal source, 
produces output power at any one of the 100-MHz 
harmonics in C-band. In fact, its power output is 
approximately 5 dB above that of an untuned 
comb generator at comparable frequencies. Fast 
switching makes it ideal for use as a first local 
oscillator in digitally tuned microwave receivers, 
or as afrequency-stable, digitally tuned microwave 
source. 

The output frequency of the WJ-703 is selected by 
changing (in discrete, equally spaced steps) the 
current in the tuning coils, thus producing a mag-
netic bias for the YIG resonators. Stray magnetic 
fields are negligible, and the generator remains 
unaffected by moderate magnetic environments. 
For specific requirements, the WJ-703 may be 
varied to cover offset frequency ranges, alternate 
input drive frequencies, or changes in ambient 
temperatures between —55°C and -{-80°C. A self-
regulating, proportional controlled heater, requir-
ing only the application of unregulated power for 
operation, stabilizes the temperatures of the YIG 

HARMONIC GENERATOR 

3507-1 

spheres in the three-stage filter circuit. 

A special feature of the WJ-703 is its compatibility 
with the WJ-726 three-stage YIG filter. The result-
ing harmonic generator filter chain provides micro-
wave harmonic energy with over 100 dB suppres-
sion of harmonics spaced ±200 MHz or more from 
the tuned harmonic when driven by less than one 
watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Frequency range   4.0 to 8.0 GHz 
Power output, min.   —25 dBm, Note 2 
Output impedance  50 ohms 
Harmonic suppression ±200 MHz  45 dB 
Off-resonance harmonic suppression,  70 dB 
Input VSWR  1.5:1 

  35 dB 
  60 dB 

  2.0:1, Note 1 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature   10°C to 55°C 

TUNING CHARACTERISTICS 
Sensitivity  12.5 MHz/mA 
Coil resistance  3 ohms 
Coil inductance  75 mH 
Time Constant 50 µs   100 µs max., Note 1 

Notes: 
1. This measurement will be made for design verifica-

tion only. 
2. Maximum power output variation to be 15 dB. 



RF INPUT CHARACTERISTICS 
Drive frequency   100 MHz 
Drive power   +30 dBm max. 

D.C. INPUT CHARACTERISTICS 
Heater voltage   24 ±4 volts 
Heater current: 

Surge at 10°C  750 mA max. 
Steady state at 10 ° C  150 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions 3  11 x 2.85 x 3.7 inches 
Weight   35 ounces 
RF connectors   OSM jack 
Outl ine drawing number   290160 
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8.0 TO 12.0 GHz YIG-TUNED HARMONIC GENERATOR 

The WJ-704 is one of a new family of solid state, 
electronically-tuned, harmonic generators devel-
oped by Watkins -Johnson Company. This genera-
tor, which is driven by a 100-MHz signal source, 
produces output power at any one of the 100-MHz 
harmonics in X-band. In fact, its power output is 
approximately 5 dB above that of an untuned 
comb generator at comparable frequencies. Fast 
switching makes it ideal for use as a first local 
oscillator in digitally tuned microwave receivers, 
or as afrequency-stable, digitally tuned microwave 
source. 

The output frequency of the WJ-704 is selected by 
changing (in discrete, equally spaced steps) the 
current in the tuning coils, thus producing a mag-
netic bias for the YIG resonators. Stray magnetic 
fields are negligible, and the generator remains 
unaffected by moderate magnetic environments. 
For specific requirements, the WJ-704 may be 
varied to cover offset frequency ranges, alternate 
input drive frequencies, or changes in ambient 
temperatures between —55 ° C and +80 ° C. A self-
regulating, proportional controlled heater, requir-
ing only the application of unregulated power for 
operation, stabilizes the temperatures of the YIG 

3507-8 

spheres in the three-stage filter circuit. 

A special feature of the WJ-704 is its compatibility 
with the WJ-727 three-stage YIG filter. The result-
ing harmonic generator filter chain provides micro-
wave harmonic energy with over 100 dB suppres-
sion of harmonics spaced ±200 NIHz or more from 
the tuned harmonic when driven by less than one 
watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Frequency range     8.0 to 12.0 GHz 
Power output, min.   —25 dBm, Note 2 
Output impedance  50 ohms 
Harmonic suppression ±200 MHz  45 dB 
Off-resonance harmonic suppression,  70 dB 
Input VSWR 1  5:1 

  35 dB 
  60 dB 

  2.0:1, Note 1 

ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature   10°C to 55°C 

TUNING CHARACTERISTICS 
Sensitivity   12.5 MHz/mA 
Coil resistance  3 ohms 
Coil inductance  75 mH 
Time Constant 50 µs   100 µs max., Note 1 

Notes: 
1. This measurement will be made for design verifica-

tion only. 
2. Maximum power output variation to be 15 dB. 



POWER OUTPUT ~~ ~ 0 Q 
RF INPUT CHARACTERISTICS 

Drive frequency   100 MHz 
Drive power   +30 dBm max. 

D.C. INPUT CHARACTERISTICS 
Heater voltage   24 ±4 volts 
Heater current: 

Surge at 10°C   750 mA max. 
Steady state at 10°C   150 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions   3.11" x 2.85" x 3.7" 
Weight   35 ounces 
RF connectors   OSM jack 
Outl ine drawing number   290160 
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TECHNICAL DATA 

0.5 TO 1.0 GHz THREE-STAGE YIG FILTER 
September 1968 

The WJ-723 is one of a new family of YIG filters 
designed for applications requiring electronically-
controlled, fast switching from one frequency to 
another. Featuring high reliability, long life, rugged 
construction, and low insertion loss, this filter can 
be tuned to frequencies several hundred MHz apart 
in less than 100 microseconds. The three-resonator 
circuit provides a high selectivity figure of 18 dB 
per octave. 

Accurate linear tuning of the WJ-723 is accom-
plished by changing the current in the tuning coils, 
thus altering the magnetic field at the YIG resona-
tors. Stray magnetic fields are negligible, and the 
filter remains unaffected by moderate magnetic 
environments. For specific requirements, the WJ-
723 may be varied to cover offset frequency 
ranges, to provide different values of instantaneous 
bandwidth and frequency stability over changes in 
ambient temperatures between —55°C and +80°C. 
A self-regulating, proportionally controlled heater, 
requiring only the application of unregulated power 
for operation, stabilizes the temperature of the YIG 
spheres. This feature minimizes spurious responses 

3507-5 

and bandwidth variation over wide environmental 
temperature ranges. 

A special feature of the WJ-723 is its compatibility 
with the WJ-700 YIG-tuned harmonic generator. 
The resulting harmonic generator filter chain pro-
vides microwave harmonic energy with over 100 
dB suppression of harmonics spaced ±200 MHz 
or more from the tuned harmonic when driven by 
less than one watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Frequency range   0.5 to 1.0 GHz 
Bandwidth, 3 db  20 MHz   Note 1 
Insertion loss  4 dB   Note 2 
Off-Resonance isolation  70 dB   60 dB min. 
Off-Resonance spurious  50 dB   45 dB min. 
Directivity  Reciprocal 
Passband ripple 0  5 dB   Note 2 
Passband spurious  1.0 d6   Note 2 
Passband VSWR  1.5:1   2.0:1 max., Note 3 
Limiting level  -I-20 dBm   >-}-10 dBm 
Selectivity   18 dB/octave 

TUNING CHARACTERISTICS 
Sensitivity   12.5 MHz/mA 
Coil resistance  3 ohms 
Coil inductance  75 mH 
Time constant  50 µs   100 µs max., Note 3 
Frequency deviation 10°C to 50°C  ±2 MHz   Note 1 

1. Bandwidth will be adequate to provide insertion toss below the specified value. The insertion loss measurement includes 
Passband ripple and spurious modes (per Note 2), as well as the effects of temperature changes and non•linearities. 
Equally spaced tuning current steps will be used. The insertion loss will be measured at the worst point within ±5 MHz of 
the linearly calculated frequency corresponding to a particular tuning current. 

2. Maximum combined insertion loss plus ripple and spurious shall not exceed 8 d8 within ±5 MHz of center frequency. 
3. This measurement will be made for design verification only. 



~~~ e~ ~~ SPECIFICATIONS (Cont'd) 

MECHANICAL CHARACTERISTICS 
Dimensions 
Weight    35 ounces 
RF connector   OSM Jack 
Outline drawing number   290161 

3  11 x 2.85 x 3.7 inches 

HEATER CHARACTERISTICS 
Operating voltage   24 ±4 volts 
Operating current: 

Surge at 10°C  750 mA 
Steady state at 10°C  150 mA 
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TECHNICAL DATA 

1.0 TO 2.0 GHz THREE-STAGE YIG FILTER 

The WJ-724 is one of a new family of YIG filters 
designed for applications requiring electronically-
controlled, fast switching from one frequency to 
another. Featuring high reliability, long life, rugged 
construction, and low insertion loss, this filter can 
be tuned to frequencies several hundred MHz apart 
in less than 100 microseconds. The three-resonator 
circuit provides a high selectivity figure of 18 dB 
per octave. 

Accurate linear tuning of the WJ-724 is accom-
plished by changing the current in the .tuning coils, 
thus altering the magnetic field at the YIG resona-
tors. Stray magnetic fields are negligible, and the 
filter remains unaffected by moderate magnetic 
environments. For specific requirements, the WJ-
724 may be varied to cover offset frequency 
ranges, to provide different values of instantaneous 
bandwidth and frequency stability over changes in 
ambient temperatures between —55 ° C and +80 ° C. 
A self-regulating, proportionally controlled heater, 
requiring only the application of unregulated power 
for operation, stabilizes the temperature of the YIG 
spheres. This feature minimizes spurious responses 
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September 1968 

and bandwidth variation over wide environmental 
temperature ranges. 

A special feature of the WJ-724 is its compatibility 
with the WJ-701 YIG-tuned harmonic generator. 
The resulting harmonic generator filter chain pro-
vides microwave harmonic energy with over 100 
dB suppression of harmonics spaced ±200 MHz 
or more from the tuned harmonic when driven by 
less than one watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Frequency range   1.0 to 2.0 GHz 
Bandwidth, 3 db  25 MHz   Note 1 
Insertion loss  3 dB   Note 2 
Off-Resonance isolation  70 dB   60 dB min. 
Off-Resonance spurious  50 dB   45 dB min. 
Directivity  Reciprocal 
Passband ripple  0.5 dB   Note 2 
Passband spurious  1.0 dB   Note 2 
Passband VSWR  1,5:1   2.0:1 max., Note 3 
Limiting level  x-20 dBm   >-I-10 dBm 
Selectivity   18 dB/octave 

TUNING CHARACTERISTICS 
Sensitivity   12.5 MHz/mA 
Coil resistance  3 ohms 
Coil inductance  75 mH 
Time constant  50 µs   100 µs max., Note 3 
Frequency deviation 10°C to 50°C  ±3 MHz   Note 1 

1. Bandwidth will be adequate to provide insertion loss below the specified value. The insertion loss measurement includes 
Passband ripple and spurious modes (per Note 2), as well as the effects of temperature changes and non-linearities. 
Equally spaced tuning current steps will be used. The insertion loss will be measured at the worst point within ±5 MHz of 
the linearly calculated frequency corresponding to a particular tuning current. 

2. Maximum combined insertion loss plus ripple and spurious shall not exceed 6 dB. 
3. This measurement will be made for design verification only. 



~~~q SPECIFICATIONS (Cont'd) 

MECHANICAL CHARACTERISTICS 
Dimensions 3  11 x 2.85 x 3.7 inches 
Weight   35 ounces 
RF connector   OSM Jack 
Outline drawing number   290161 

HEATER CHARACTERISTICS 
Operating voltage   24 ±4 volts 
Operating current: 

Surge at 10°C  750 mA 
Steady state at 10°C  150 mA 
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2.0 TO 4.0 GHz THREE-STAGE YIG FILTER 

September 1968 

The WJ-725 is one of a new family of YIG filters 
designed for applications requiring electronically-
controlled, fast switching from one frequency to 
another. Featuring high reliability, long life, rugged 
construction, and low insertion loss, this filter can 
be tuned to frequencies several hundred MHz apart 
in less than 100 microseconds. The three-resonator 
circuit provides a high selectivity figure of 18 dB 
per octave. 

Accurate linear tuning of the WJ-725 is accom-
plished by changing the current in the tuning coils, 
thus altering the magnetic field at the YIG resona-
tors. Stray magnetic fields are negligible, and the 
filter remains unaffected by moderate magnetic 
environments. For specific requirements, the WJ-
725 may be varied to cover offset frequency 
ranges, to provide different values of instantaneous 
bandwidth and frequency stability over changes in 
ambient temperatures between —55°C and -}-80°C. 
A self-regulating, proportionally controlled heater, 
requiring only the application of unregulated power 
for operation, stabilizes the temperature of the YIG 
spheres. This feature minimizes spurious responses 
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and bandwidth variation over wide environmental 
temperature ranges. 

A special feature of the WJ-725 is its compatibility 
with the WJ-702 YIG-tuned harmonic generator. 
The resulting harmonic generator filter chain pro-
vides microwave harmonic energy with over 100 
dB suppression of harmonics spaced ±200 MHz 
or more from the tuned harmonic when driven by 
less than one watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Frequency range   2.0 to 4.0 GHz 
Bandwidth, 3 db  30 MHz   Note 1 
Insertion loss  3 dB   Note 2 
Off-Resonance isolation  70 dB   60 dB min. 
Off-Resonance spurious  50 dB   45 dB min. 
Directivity   Reciprocal 
Passband ripple  0.5 dB   Note 2 
Passband spurious   1.0 dB   Note 2 
Passband VSWR  1.5:1   2.0:1 max., Note 3 
Limiting level  +20 dBm   >-}-10 dBm 
Selectivity   18 dB/octave 

TUNING CHARACTERISTICS 
Sensitivity   12.5 MHz/mA 
Coil resistance  3 ohms 
Coil inductance  75 mH 
Time constant  50 µs   100 µs max., Note 3 
Frequency deviation 10°C to 50°C  ±4 MHz   Note 1 

1. Bandwidth will be adequate to provide insertion loss below the specified value. The insertion loss measurement includes 
Passband ripple and spurious modes (per Note 2), as well as the effects of temperature changes and non•linearities. 
Equally spaced tuning current steps will be used. The insertion loss will be measured at the worst point within ±5 MHz of 
the linearly calculated frequency corresponding to a particular tuning current. 

2. Maximum combined insertion loss plus ripple and spurious shall not exceed 6 dB. 

3. This measurement will be made for design verification only. 



~~~e`~~g SPECIFICATIONS (Cont'd) 

MECHANICAL CHARACTERISTICS 
Dimensions 3  11 x 2.85 x 3.7 inches 
Weight   35 ounces 
RF connector   OSM Jack 
Outline drawing number   290161 

HEATER CHARACTERISTICS 
Operating voltage   24 ±4 volts 
Operating current: 

Surge at 10°C  750 mA 
Steady state at 10 ° C  150 mA 
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4.0 TO 8.0 GHz THREE-STAGE YIG 

The WJ-726 is one of a new family of YIG filters 
designed for applications requiring electronically-
controlled, fast switching from one frequency to 
another. Featuring high reliability, long life, rugged 
construction, and low insertion loss, this filter can 
be tuned to frequencies several hundred MHz apart 
in less than 100 microseconds. The three-resonator 
circuit provides a high selectivity figure of 18 dB 
per octave. 

Accurate linear tuning of the WJ-726 is accom-
plished by changing the current in the tuning coils, 
thus altering the magnetic field at the YIG resona-
tors. Stray magnetic fields are negligible, and the 
filter remains unaffected by moderate magnetic 
environments. For specific requirements, the WJ-
726 may be varied to cover offset frequency 
ranges, to provide different values of instantaneous 
bandwidth and frequency stability over changes in 
ambient temperatures between —55°C and ~-80°C. 
A self-regulating, proportionally controlled heater, 
requiring only the application of unregulated power 
for operation, stabilizes the temperature of the YIG 
spheres. This feature minimizes spurious responses 

RF PERFORMANCE 

3so7-~ 

FILTER September 1968 

and bandwidth variation over wide environmental 
temperature ranges. 

A special feature of the WJ-726 is its compatibility 
with the WJ-703 YIG-tuned harmonic generator. 
The resulting harmonic generator filter chain pro-
vides microwave harmonic energy with over 100 
dB suppression of harmonics spaced ±200 MHz 
or more from the tuned harmonic when driven by 
less than one watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

Typical Guaranteed 
Frequency range   4.0 to 8.0 GHz 
Bandwidth, 3 db  35 MHz   Note 1 
Insertion loss  3 dB   Note 2 
Off-Resonance isolation  70 d6   60 dB min. 
Off-Resonance spurious  50 dB   45 dB min. 
Directivity  Reciprocal 
Passband ripple  0.5 dB   Note 2 
Passband spurious   1.0 dB   Note 2 
Passband VSWR  1.5:1   2.0:1 max., Note 3 
Limiting level  x-20 dBm   >-i-10 dBm 
Selectivity   18 dB/octave 

TUNING CHARACTERISTICS 
Sensitivity   12.5 MHz/mA 
Coil resistance  3 ohms 
Coil inductance  75 mH 
Time constant  50 µs   100 µs max., Note 3 
Frequency deviation 10°C to 50°C  ±6 MHz   Note 1 

1. Bandwidth will be adequate to provide insertion loss below the specified value. The insertion loss measurement includes 
passband ripple and spurious modes (per Note 2), as well as the effects of temperature changes and non-linearities. 
Equally spaced tuning current steps will be used. The insertion loss will be measured at the worst point within ±5 MHz of 
the linearly calculated frequency corresponding to a particular tuning current. 

2. Maximum combined insertion loss plus ripple and spurious shall not exceed 6 d6. 
3. This measurement will be made for design verification only. 



~l SPECIFICATIONS (Cont'd) 

MECHANICAL CHARACTERISTICS 
Dimensions 3  11 x 2.85 x 3.7 inches 
Weight   35 ounces 
RF connector   OSM Jack 
Outline drawing number   290161 

HEATER CHARACTERISTICS 
Operating voltage   24 ±4 volts 
Operating current: 

Surge at 10°C  750 mA 
Steady state at 10°C  150 mA 
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TECHNICAL DATA 

8.0 TO 12.0 GHz THREE-STAGE YIG FILTER 

The WJ-727 is one of a new family of YIG filters 
designed for applications requiring electronically-
controlled, fast switching from one frequency to 
another. Featuring high reliability, long life, rugged 
construction, and low insertion loss, this filter can 
be tuned to frequencies several hundred MHz apart 
in less than 100 microseconds. The three-resonator 
circuit provides a high selectivity figure of 18 dB 
per octave. 

Accurate linear tuning of the WJ-727 is accom-
plished by changing the current in the tuning coils, 
thus altering the magnetic field at the YIG resona-
tors. Stray magnetic fields are negligible, and the 
filter remains unaffected by moderate magnetic 
environments. For specific requirements, the WJ-
727 may be varied to cover offset frequency 
ranges, to provide different values of instantaneous 
bandwidth and frequency stability over changes in 
ambient temperatures between —55 ° C and -~80 ° C. 
A self-regulating, proportionally controlled heater, 
requiring only the application of unregulated power 
for operation, stabilizes the temperature of the YIG 
spheres. 

RF PERFORMANCE 

3501-2 

~1~~~~~~ 
September 1968 

A special feature of the WJ-727 is its compatibility 
with the WJ-704 YIG-tuned harmonic generator. 
The resulting harmonic generator filter chain pro-
vides microwave harmonic energy with over 100 
dB suppression of harmonics spaced ±200 MHz 
or more from the tuned harmonic when driven by 
less than one watt of 100 MHz fundamental signal. 

SPECIFICATIONS 

Typical Guaranteed 
Frequency range   8.0 to 12.0 GHz 
Bandwidth, 3 db  35 MHz   Note 1 
Insertion loss  3 dB   Note 2 
Off-Resonance isolation  70 dB   60 dB min. 
Off-Resonance spurious  50 dB   45 dB min. 
Directivity  Reciprocal 
Passband ripple  0.5 dB   Note 2 
Passband spurious   1.0 dB   Note 2 
Passband VSWR  1.5:1   2.0:1 max., Note 3 
Limiting level  x-20 dBm   >-{-10 dBm 
Selectivity   18 dB/octave 

TUNING CHARACTERISTICS 
Sensitivity   12.5 MHz/mA 
Coil resistance  3 ohms 
Coil inductance  75 mH 
Time constant  50 µs   100 µs max., Note 3 
Frequency deviation 10°C to 50°C  ±8 MHz   Note 1 

1. Bandwidth will be adequate to provide insertion loss below the specified value. The insertion loss measurement includes 
Passband ripple and spurious modes (per Note 2), as well as the effects of temperature changes and non-linearities. 
Equally spaced tuning current steps will be used. The insertion loss will be measured at the worst point within ±5 MHz of 
the linearly calculated frequency corresponding to a particular tuning current. 

2. Maximum combined insertion loss plus ripple and spurious shall `not exceed 6 dB. 
3. This measurement will be made for design verification only. 



G~ e~ ~~ SPECIFICATIONS (Cont'd) 

MECHANICAL CHARACTERISTICS 
Dimensions 
Weight   35 ounces 
RF connector   OSM Jack 
Outline drawing number   290161 

3  11 x 2.85 x 3.7 inches 

HEATER CHARACTERISTICS 
Operating voltage   24 ±4 volts 
Operating current: 

Surge at 10°C  750 mA 
Steady state at 10°C  150 mA 
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TECHNICAL DATA 

APRIL 1970'« 

0.5 TO 1.0 GHz LOW-NOISE MICROWAVE 
TRANSISTOR AMPLIFIER 

WJ -73 6 

• SMALL SIZE: 1.0 x 1.3 x 2.9 INCHES 

• GUARANTEED 4.0 dB 
NOISE FIGURE 

• GUARANTEED -3 dBm 
POWER OUTPUT 

• MEETS MIL-E-16400 AND MIL-E-5400 
CLASS II ENVIRONMENT 

• NO ADJUSTMENTS REQUIRED 

The WJ-736 is one of a new series of low-noise micr~-
wave transistor amplifiers developed by Watkins-
Johnson Company to complement an existing l ine of 
ultra-low-noise TWAs. Featuring al l sol id state com-
ponents, this miniaturized amplifier offers a guaran-
teed noise figure of 4.0 dB and —3 dBm saturated 
power output. No other P-band amplifier on the mar-
ket can match the power output/noise figure/size 
combination offered by this amplifier. 

Modular construction ensures high reliabil ity under 
adverse operating conditions. Calculated MTBF for 
this amplifier exceeds 250,000 hours. The micro-
stripline circuit configuration employs integrated cir-
cuit biasing and bypass modules for consistently high 
performance. The overall design of the WJ-736 is 
consistent with the general requirements of MIL-E-
16400 and MIL-E-5400, class II. Since the amplifier 
is tested and set for operation prior to shipment, no 
adjustments are necessary by the user. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency 0  5 to 1.0 GHz   0.5 to 1.0 GHz 
Noise Figure (terminal) 3  5 dB 4  0 dB max. 
Gain, Small Signal  28 dB   25 dB min. 
Gain Variation +0.7 dB  +1.0 dB max. 
VSWR, Input and Output 1  5:1   2.0:1 max. 
Power Output, Saturated'  0 dBm   —3 dBm min. 
Impedance, Input and Output  50 ohms   50 ohms 
Intercept Point for Third Order IM   -F7 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage  —15 volts 
Primary Power 0  5 watts 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the general requirements of MIL-E-16400 and MIL-E-5400 Class II. 
1. For 1 dB gain compression. 

=Supersedes WJ-736 Technical Data Sheet dated March 1968. 



WJ -73 6 

MECHANICAL CHARACTERISTICS 
Height   1.0 inches (25 mm) 
Width 1  3 inches (33 mm) 
Length (less connectors) 2  9 inches (74 mm) 
Weight   3 ounces (85 g) 
RF Connectors   OSM jack 
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TECHNICAL DATA 

APRIL 1970 

1.0 TO 2.0 GHz LOW-NOISE MICROWAVE 
TRANSISTOR AMPLIFIER 

WJ-737 

• SMALL SIZE: 1.0 x 1.3 x 2.9 INCHES 
• GUARANTEED 6.0 d6 

NOISE FIGURE 

• GUARANTEED 0 dBm 
POWER OUTPUT 

• MIL-E•5400 AND MIL-E-16400 
CLASS II ENVIRONMENT DESIGN 

• NO ADJUSTMENTS REQUIRED 

The WJ-737 is one of a new series of low-noise micro-
wave transistor amplifiers developed by Watkins-
Johnson Company to complement an existing line of 
ultra-low-noise TWAs. Featuring all solid state com-
ponents, this miniaturized amplifier offers a guaran-
teed noise figure of 6.0 dB and 0 dBm power output.' 
No other L-band amplifier on the market can match 
the power output/noise figure/size combination of-
fered by this amplifier. 

Modular construction ensures high reliability under 
adverse operating conditions. Calculated MTBF for 
this amplifier exceeds 225,000 hours. The micro-
stripline circuit configuration employs integrated cir-
cuitbiasing and bypass modules for consistently high 
performance. The overall design of the WJ-737 is 
consistent with the general requirements of MIL-E-
16400 and MIL-E-5400, class II. Since the amplifier 
is tested and set for operation prior to shipment, no 
adjustments are necessary by the user. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency 1  0 to 2.0 GHz 1  0 to 2.0 GHz 
Noise Figure 5  0 dB   6.0 dB min. 
Gain, Small Signal  28 dB   25 dB min. 
Gain Variation +0.7 dB  +1.0 dB max. 
VSWR, Input and Output 1  5:1   2.0:1 max. 
Power Output'  +6 dBm   0 dBm min. 
Impedance, Input and Output  50 ohms   50 ohms 
Intercept Point for Third Order IM   -}-10 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage 
Primary Power 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the g'bneral requirements of MIL-E-16400 and MIL-E-5400 Class II. 
1. For 1 d8 gain compression. 
•Supersedes WJ-737 Technical Data Sheet dated May 1968. 

 —15 volts 
0  7 watts max. 



WJ -737 

MECHANICAL CHARACTERISTICS 

Height   1 inch (25 mm) 
Width   1.3 inches (33 mm) 
Length (less connectors) 2  9 inches (74 mm) 
Weight   3 ounces (85 g) 
RF Connectors   OSM Jack 
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TECHNICAL DATA 

APRIL 1970* 

0.5 TO 1.0 GHz LOW-NOISE MICROWAVE 
TRANSISTOR AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-738 

The WJ•738 is one of a new series of low-noise micro-
wave transistor amplifiers developed by Watkins-
Johnson Company to complement an existing line of 
ultra-low•noise TWAs. Featuring all solid state com-
ponents, this miniaturized amplifier offers a guaran-
teed noise figure of 4.0 dB and —3 dBm saturated 
power output. No other P-band amplifier (with inte-
gral power supply) on the market can match the power 
output/noise figure/size combination offered by this 
amplifier. Plug it into most 115 volt ac power outlets 
for operation. 

• SMALL SIZE: 1.3 x 2.3 x 2.9 INCHES 
• GUARANTEED 4.0 dB 

NOISE FIGURE 
• GUARANTEED -3 dBm 

POWER OUTPUT 

• MEETS MIL-E-16400 AND MILE-5400 
CLASS II ENVIRONMENT DESIGN 

• "JUST PLUG IT IN" 

Modular construction ensures high reliability under 
adverse operating conditions. Calculated MTBF for 
this amplifier exceeds 200,000 hours. The micro-
stripline circuit configuration employs integrated cir-
cuit biasing and bypass modules for consistently high 
performance. The overall design of the WJ-738 is 
consistent with the general requirements of MIL-E-
16400 and MIL-E-5400, class II. Since the amplifier 
is tested and set for operation prior to shipment, no 
adjustments are necessary by the user. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency 0  5 to 1.0 GHz 0  5 to 1.0 GHz 
Noise Figure (terminal) 3  5 dB 4  0 dB max. 
Gain, Small Signal  28 dB   25 dB min. 
Gain Variation +0.7 dB  +1.0 dB max. 
VSWR, Input and Output 1  5:1   2.0:1 max. 
Power Output'  0 dBm   —3 dBm min. 
Impedance, Input and Output  50 ohms   50 ohms 
Intercept Point ,for Third Order IM   -}-7 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage   115 ±10 volt ac 
Primary Power 2  5 watts max. 
Primary Frequency  48 to 420 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the general requirements of MIL-E-16400 and MIL-E-5400 Class II. 
1. For 1 d6 gain compression. 
'Supersedes WJ-738 Technical Data Sheet dated May 1968. 



WJ-738 

MECHANICAL CHARACTERISTICS 
Height   1.3 inches (33 mm) 

~ Width   2.3 inches (58 mm) 
2  9 inches (74 mm) 
6  0 ounces (170g) 

Length (less connectors) 
Weight 
RF Connectors   OSM Jack 
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1.0 TO 2.0 GHz LOW-NOISE MICROWAVE 
TRANSISTOR AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-739 

The WJ•739 is one of a new series of low-noise micro-
wave transistor amplifiers developed by Watkins-
Johnson Company to complement an existing line 
of ultra-low-noise TWA's. Featuring all solid state 
components, this miniaturized amplifier offers a 
guaranteed noise figure of 6.0 dB and 0 dBm power 
output.' No other L-band amplifier (with integral 
power supply) on the market can match the power 
output/noise figure/size combination offered by this 
amplifier. Plug it into most 115 volt ac power outlets 
for operation. 

• SMALL SIZE: 1.3 x 2.3 x 2.9 INCHES 
• GUARANTEED 6.0 dB 

NOISE FIGURE 

• GUARANTEED 0 dBm 
POWER OUTPUT 

• MIL-E-16400 AND MIL-E-5400 
CLASS II ENVIRONMENT DESIGN 

• "JUST PLUG IT IN" 

Modular construction ensures high reliability under 
adverse operating conditions. Calculated MTBF for 
this amplifier exceeds 200,000 hours. The micro-
stripline circuit configuration employs integrated 
circuit biasing and bypass modules for consistently 
high performance. The overall design of the WJ•739 
is consistent with the general requirements of MIL-E-
16400 and MIL-E-5400, class II. Since the amplifier 
is tested and set for operation prior to shipment, no 
adjustments are necessary by the user. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency 1  0 to 2.0 GHz 1  0 to 2.0 GHz 
Noise Figure 5  0 dB   6.0 d6 min. 
Gain, Small Signal  28 d6   25 d6 min. 
Gain Variation +0.7 d6  +1.0 dB max. 
VSWR, Input and Output 1  5:1   2.0:1 max. 
Power Outputs  +6 dBm   0 dBm min. 
Impedance, Input and Output  50 ohms   50 ohms 
Intercept Point for Third Order IM  +10 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage   115 ±10 volt ac 
Primary Power 2  5 watts max. 
Primary Frequency  48 to 420 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the general requirements of MIL-E-16400 and MIL-E-5400 Class II. 
1. For 1 dB gain compression. 
•Supersedes WJ-739 Technical Data Sheet dated May 1968. 



WJ-739 

MECHANICAL CHARACTERISTICS 
Height 1  3 inches (33 mm) 
Width 2  3 inches (58 mm) 
Length (less connectors) 2  9 inches (74 mm) 
Weight 6  0 ounces (170g) 
RF Connectors   OSM Jack 
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May 1968 

0.5 to 1.0 GHz LOW-NO I SE M ICROWAVE TRANSISTOR 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• GUARANTEED 4.0 dB 
NOISE FIGURE 

• GUARANTEED -3 dBm 
POWER OUTPUT 

I • MEETS MIL-E-16400 AND MIL-E-5400 
CLASS I I ENV I RONMENT 

• DIRECT TWA REPLACEMENT 

The WJ-740 is one of a new series of low-noise 
microwave transistor amplifiers developed by 
Watkins-Johnson Company for TWA replacement. 
Featuring all solid state components, this minia-
turized amplifier offers a guaranteed noise figure 
of 4. 0 dB and -3 dBm saturated power output. 
The power output/noise figure/size combination 
offered by this L-band amplifier is unmatched by 
standard TWAs. Plug it into most 115 volt ac 
power outlets for operation. 

PERFORMANCE 
Frequency 
Noise figure (terminal) 
Gain, small signal 28 dB  25 dB min. 
VSWR, input and output 1 5.1 2 0.1 max. 

3559 -1 

Modular construction ensures high reliability under 
adverse operating conditions. The microstripline 
circuit configuration employs integrated circuit 
biasing and bypass modules for consistently high 
performance. The overall design of the WJ- r 40 
is consistent with the general requirements of 
MIL-E-16400 and MIL-E-5400, class II. Since 
the amplifier is tested and set for operation prior 
to shipment, no adjustments are necessary by the 
user. 

SPECIFICATIONS 

Typical Guaranteed 
0  5-1.OGHz   0.5-1.OGHz 
3  5 dB  4.0 dB max. 

*Power output v dBm 
Impedance, input and output 50 ohms 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary voltage  115 t  10 volt ac 
Primary power 1  5 watts max. 
Primary frequency 48 to 420 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the general requirements of MIL-E-16400 and MIL-E-5400, Class II. 

  -3 dBm min. 
50 ohms 

0 v 

*For 1 dB gain compression. 



~Y ~~q~ MECHANICAL CHARACTERISTIC S 

Length 
Height 3  250 inches 

Width 3  250 inches 

Weight  10 ounces 

RF connectors N jack 
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TECHNICAL DATA 

i 

1 

1.0 to 2.0 GHz LOW-NO ISE M ICROWAVE TRANSISTOR 
AMPLIFIER WITH INTEGRAL POWER SUPPLY 

• "JUST PLUG IT IN" 

• GUARANTEED 6.0 dB 
NOISE FIGURE 

• GUARANTEED 0 dBm 
POWER OUTPUT 

r MEETS MIL-E-16400 AND MIL-E-5400 
CLASS I I ENVIRONMENT 

• DIRECT TWA REPLACEMENT 

The WJ-741 is one of anew series of low-noise 
microwave transistor amplifiers developed by 
Watkins-Johnson Company for TWA replacement. 
Featuring all solid state components, this minia-
turized amplifier offers a guaranteed noisefipure 
of 6. 0 dB and 0 dBm saturated power output. 

The power output/noise figure/size combination 
offered by this L-band amplifier is unmatched by 
standard TWAs. Plug it into most 115 volt ac 
power outlets for operation. 

PERFORMANCE 

Frequency 

Noise figure 

3559 - 2 

May 1968 

Modular construction ensures high reliability under 
adverse operating conditions. The microstripline 
circuit configuration employs integrated circuit 
biasing and bypass modules for consistently high 
performance. The overall design of the WJ-741 
is consistent with the general requirements of 

MIL-E-16400 and MIL-E-5400, class II. Since 

the amplifier is tested and set for operation prior 

to shipment, no adjustments are necessary by the 
user. 

SPECIFICATIONS 

Typical 

lOto2.OGHz 

Guaranteed 
lOto2.OGHz 

5  0 dB   6. 0 dB max. 

Gain, small signal  28 dB  

VSWR, input and output  1 5.1 

*Power output  .. . .+6 dBm 

Impedance, input and output 50 ohms  

PRIMARY ELECTRICAL REQUIREMENTS 

Primary voltage  ,.   115 t 10 volt ac 
Primary power 1  5 watts max. 
Primary frequency 48 to 420 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the general requirements of MIL-E-16400 and MIL-E-5400, Class II. 

*For 1 dB gain compression. 

25 dB min. 
2.0:1 max. 

0 dBm min. 
50 ohms 



Qt MECHANICAL CHARACTERISTICS 

Length 
Height 3  250 inches 

Width 3  250 inches 

Weight  10 ounces 

RF connectors N jack 

1  825 inches (less connectors) 
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OCTOBER 1969 

1 TO 12.4 GHz 
THREE-STAGE MULTI-OCTAVE 

COMPACT YIG FILTER 
WJ-756 

Watkins-Johnson has added athree-stage device to 
its multi-octave compact YIG filter line. This device 
offers increased off-resonance isolation (typically 75 
dB) in a unit covering the 1 to 12.4 GHz frequency 
range. The compact magnetic design of this filter 
ensures high reliability, long life, ruggedness, small 
size, and a low tuning power requirement (less than 
3 watts). 

WJ-756 is particularly suited for ultra-wide bandwidth 
receiving and frequency measuring applications. For 
specific requirements, the tuning sensitivity may be 
changed to 9 MHz/mA without increasing the tuning 
power requirements. In addition, optional bandwidths 
are available for special applications. 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   1.0 to 12.4 GHz 
Bandwidth (3dB) (minimum)   20 MHz 
Insertion Loss (maximum) 
Off Resonance Isolation (minimum)   75 dB   65 dB 
Off Resonance Spurious (minimum) 
Directivity 
Passband Ripple and Spurious (maximum) 
VSWR Input and Output (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)   -i-10 dBm (2-12.4 GHz) 
Selectivity   18 dB/Octave —23 dBm (1-2 GHz) 

TUNING CHARACTERISTICS 
Sensitivity 
Coil Resistance  
Coil Inductance  
Time Constant  
Deviation from Linear (maximum)  
Hysteresis  
Frequency Drift over Temp. Range -F10°C to -I-30°C 

40d6

  Reciprocal 
1  5 dB 

 17 MHz/mA 
5.5 ohms 
112 mH 

5 ms 
±0.25 percent 

30 M Hz 
  15 MHz 

75d6

15 dB 

20dB



WJ-756 

SPECIFICATIONS (Cont'd) 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  0 x 2.0 x 2.0 inches (51 x 51 x 51 mm) 
Weight   30 ounces (850 g) 
RF Connectors   OSM Jack 
Outline Drawing No.   290057 

HEATER CHARACTERISTICS 
Operating Voltage   22 to 28 Volts 
Operating Current: 

Surge at +10°C   750 mA 
Steady State at -F 10 ° C   250 mA 

Nominal 

SELECTIVITY CURVE (TYPICAL) 
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MEASUREMENT DEFINITIONS 

INPUT SIGNAL LEVEL 

A -OFF RESONANCE ISOLATION 
B -OFF RESONANCE SPURIOUS 
C -PASS BAND SPURIOUS 
D - INSERTION LOSS 
E -PASS BAND RIPPLE 
F -3d6 BANDWIDTH 
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TECHNICAL DATA 

7.0 TO 12.4 GHz 

AVALANCHE DIODE OSCILLATOR 

• SMALL SIZE: 1 x1 x1.1 INCHES 

• BURNOUT PROTECTION 

CIRCUIT 

• SOLID STATE RELIABILITY 

• DIRECT D.C. TO R.F. 

CONVERSION 

WJ-760 is one of a new family of solid state 
microwave oscillators featuring direct d.c. to r.f. 
conversion through a single active device. These 
oscillators maybe used as receiver local oscillators, 
laboratory signal sources, low power transmitters, 
doppler radar devices, microwave relays, or in any 
application where small size and high reliability 
are essential. 

A silicon avalanche transit-time diode manufac-
tured by Watkins=Johnson is used as the active 
element in a coaxial resonant circuit to produce 
microwave oscillations. Since the WJ-760 is a fun-
damental mode oscillator, it is inherently free of 
spurious oscillations. 

For high stability, this unit may easily be injection-
locked to an external source. Locking over a 25 
MHz range may be accomplished with only —20 
dB of injected power. The stability and spectral 
properties of the unit under phase-locked opera-
tion are identical to that of the locking signal. 

A transistorized current limiting bias circuit is 
built into the WJ-760 to prevent over-driving of 
the avalanche diode. This enables the user to bias 
the device with a d.c. source of any value from 

3607-3 

~e e~ 
November 1968 

100 to 150 volts without overdriving it. AM and 
FM modulation may be accomplished by biasing 
the unit with a small series resistance below the 
point of current limited operation in the 70-80 
volt range, where the limiter is not functioning and 
the current voltage characteristics of the circuit is 
that of the avalanche diode. 

Forward voltage protection is also featured up to 
150 volts in the event the user inadvertantly inter-
changes the bias leads. The bias circuitry also con-
tains an externally accessible trimmer pot which 
varies the diode bias current while maintaining its 
current limited operation. This enables the user to 
adjust to the desired output power level. 

Other features include mechanical tuning of typi-
cally ± 100 MHz through the use of a cavity per-
turbing screw, a grounded case (only the positive 
bias terminal is hot), and a female output connec-
tor (type OSM) . Output to waveguide can be ob-
tained through the use of a simple waveguide to 
coaxial adaptor. Avalance diode oscillators with 
broader mechanical tuning, electronic tuning, and 
higher output power can be provided on special 
order. 

SPECIFICATIONS 
RF PERFORMANCE Typical Guaranteed 

Center Frequency   7 to 12.4 GHz, Note 1 
Power Output  25 mW  10 mW 
Mechanical Tuning Range  ±100 MHz 
Spurious Oscillations at or greater than ±500 KHz  50 dB  30 dB 
Pulling Factor (1.2 VSWR)  3 parts/1000 
Output Impedance  50 ohms 

ELECTRICAL REQUIREMENTS 
D.C. Input Current, Note 2 
D.C. Input Voltage, Note 2  

  20 mA max. 
  100 V 



0 v 

TEMPERATURE 
Operating Case Temperature  —55°C to 55°C 
Storage Temperature   —70°C to 85°C 

MECHANICAL 
CHARACTERISTICS 
Size   1.1 inch cube 
Weight   4 oz. 
RF Connector    OSM Jack 
D.C. Connector   Solder Lugs 
Outline Drawing No.   295029 

NOTES: 
1. To be specified by customer 

ments of 200 MHz; ie: 7.0, 
12.4 GHz. 

2. This unit is supplied with 
allows operation at any D.C. 
volts. 

as any frequency in incre• 
7.2, 7.4, . . . 12.0, 12.2, 

a current limiter which 
voltage from 100 to 150 
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TECHNICAL DATA 

JULY 1970 ' 

1 TO 18 GHz 
TWO-STAGE MULTI-OCTAVE 

COMPACT YIG FILTER 
WJ-795 

Watkins-Johnson has developed amulti-octave (1 to 
18 GHz) YIG filter that adds a wide tuning range 

~ capability to the compact filter line. WJ-795 is an 
electronically tuned YIG filter that features high reli-
ability, long life, ruggedness, small size, and a low 
tuning power requirement (less than 6 watts). These 
features are primarily attributable to aself-shielded 
magnetic circuit built into the filter structure. 

WJ-795 is particularly suited for ultra-wide band re-
ceiving and frequency measuring applications. For 
specific requirements, the tuning sensitivity may be 
changed to 12 MHz/mA without increasing the tuning 
power requirements. 

SPECIFICATIONS 

RF PERFORMANCE Typical Nominal Guaranteed 
Frequency Range   1.0 to 18.0 GHz 
Bandwidth (3dB) (minimum)  35 MHz  20 MHz 
Insertion Loss (maximum) 4  0 dB   7.5 dB' 
Off Resonance Isolation (minimum)   55 dB   45 d6 
Off Resonance Spurious (minimum) (-210 mode) .25 dB   20 dB 
Directivity   Reciprocal 
Passband Ripple and Spurious (maximum) 1  0 dB 2  0 dB 
VSWR Input and Output (maximum) 1  5:1   2.0:1 
Limiting Level (minimum)   -}-10 dBm 
Selectivity   12 dB/Octave 

TUNING CHARACTERISTICS 
Sensitivity  24 MHz/mA 
Coil Resistance   7 ohms 
Coil Inductance  200 mH 
Time Constant  10 ms 
Deviation from Linear  ±15 MHz 
Hysteresis  45 MHz 
Frequency Drift over Temp. Range +10°C to +30°C   15 MHz 

~ Insertion loss variation shall not exceed 4 d6. 
il•Supersedes WJ-795 Technical Data Sheet dated October 1969. 



WJ-795 

MECHANICAL CHARACTERISTICS 
Size (excluding connectors) 2  0 x 2.0 x 2.2 (51 x 51 x 56 mm) 
Weight   40 ounces (1.13 Kg) 
RF Connectors   OSM Jack 
Outline Drawing No.   295051 

HEATER CHARACTERISTICS 
Operating Voltage   22 to 28 Volts 
Operating Current: 

Surge at +10°C   750 mA 
Steady State at -}-10 ° C   250 mA 

Nominal 

SELECTIVITY CURVE (TYPICAL) 

0 

12 

24 

0 36 
J 

48 

-60 

540 Made 

210 Mode 

-800 -600 -400 -200 
FREQUENCY -MHz 

fa 200 400 

OUTLINE DRAWING 

W-J IDENTIFICATION 
LABEL 1205579) 

IN 

TUNING CURRENT 
CONNECTORS 
ISOLDER TERMINALI 

HEATER CONNECTORS 
(SOLDER TERMINALI 

MOUNTING HOLE 
6-32 UNC 26 0.25 DP 
141 PLACES) 

2.040 
x-1.020 

PRODUCT LABEL 12053401 

RF CONNECTOR 
(21 REQUIRED 

OUT 

0.320-~ 

0.380 
TYP. f 0.855 

1.705 4~-1.705—~

 2.040 

~-1.020'{ 

2.240 

1. 20+ 

MEASUREMENT DEFINITIONS 

INPUT SIGNAL LEVEL 

1 1 

D 

A 

A -OFF RESONANCE ISOLATION 
B -OFF RESONANCE SPURIOUS 
C -PASS BAND SPURIOUS 
D - INSERTION LOSS 
E -PASS BAND RIPPLE 
F - 3 d6 BANDWIDTH 

JULY 1970 PRINTED IN U.S.A. 



TECHNICAL DATA 

March 1967 

2.2 TO 2.4 GHz, SPACE QUALIFIED, 20 WATT MICROWAVE 
AMPLIFIER WITH INTEGRAL SOLID-STATE 

The WJ-1014-1 is a medium power, telemetry, micro-
wave amplifier operating in S-band. It is a fully in-
tegrated package complete with traveling-wave tube, 
all solid-state power supply, RFI filtering, and telem-
etry output circuitry for monitoring the amplifier's 
operation. Originally developed for NASA for use in 
Saturn V vehicles, the WJ-1014-1 is environmentally 
qualified, both electrically and mechanically, for sat-
ellite and deep space probe applications where abso-
lute reliability, small size, lightweight, and maximum 
overall efficiency are essential. 

The amplifier package is designed to accept Wat-
kins-Johnson's WJ-274 series of traveling-wave 
tubes, or other tubes of similar size and performance. 
The integral RF filter components provide high at-
tenuation of spurious and harmonic outputs, but ex-
hibit relatively low insertion loss. Units can be sup-
plied without the band reject/harmonic filter and 
isolator components. In such case, a 15 °~o increase 
in saturated power output can be expected. 

The power output, gain, and efficiency are very 
nearly constant over the frequency range from 2.2 to 
2.4 GHz. The power transfer curves show that the 

PERFORMANCE 

Frequency Range 
Power Output, Saturated  
Efficiency 

Overall Amplifier  
Traveling-Wave Tube  
Power Supply  

Power Output Variation 
dB per 100 MHz  
dB per 10 MHz  

RF Drive for Saturated Output  
Maximum Load VSWR 
Duty Cycle  
Phase Linearity   3° /10 MHz BW 
Harmonic and Spurious Outputs' 

Spurious Coherent   , 70 dB  65 dB 
In-band Spurious   65 dB  60 dB 
2nd and 3rd Harmonic   60 d6 
4th Harmonic   80 dB 

Noise Power Output (2.2-10 GHz)   65 dB/MHz BW 
On-Off Cycling   10,000, min. 

POWER SUPPLY 

output power at saturation is relatively unchanged 
with a substantial change in drive power. Typically, 
output saturation can be realized with only 75 milli-
watts of drive power. The noise characteristics of the 
amplifier are given for undriven and saturation drive 
conditions, with and without the RFI network at the 
tube's output. 

SPECIFICATIONS 

Typical Guaranteed 
2.2 to 2.4 GHz . 2.2 to 2.4 GHz 
18W   16 W, min. 

22%   20%, min. 
33%   30%, min. 
84%   80%, min. 

± 0.2 
±0.05 
75 mW 

. ±0.4 
±0.1 
100 mW, max. 
Infinity, any phase 
CW 
4°/10 MHz BW 

65 d B 
85 d B 
70 dB/MHz BW 



Weight, Power Supply (including 
Weight, TWT 

ELECTRICAL CHARACTERISTICS Typical Range 

Primary Voltage   28 V do   28 ± 4 V do 
Primary Power   85 W 
Telemetry Outputs 

a) Regulator Voltage   0 to 5 V do 
b) High Voltage Status   0 to 5 V do 
c) Helix Current   0 to 5 V do 
d) Cathode Current   0 to 5 V do 

Filament Time Delay   90 to 150 secs. 
Before carrier. 

MECHANICAL CHARACTERISTICS 

Base Plate Dimensions 
Amplifier Height (including baseplate) 

6  6 x 12.8 inches 
5  375 inches 

Weight, Amplifier   191bs. 
4 25 Ibs 
1  125 Ibs. 

RFI filters) 

Connectors 
a) RF Input   TNC 
b) RF Output   Type N 
c) Power and Telemetry   Bendix Pygmy 

PT07H-14-12P 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL NOISE AND HARMONIC CHARACTERISTICS 
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TECHNICAL DATA 
SEPTEMBER 1970 

5.4 TO 5.9 GHz 45-WATT 
PULSED TWT AMPLIFIER 

WJ-1051-1 

i 

i 

• POWER OUTPUT 50 WATTS MIN. 

• GAIN AT RATED POWER 45 dB MIN. 

• PULSE LENGTH STABILITY ±0.1 ~CcSEC 
• PULSE RISE AND FALL TIME 
50 NANOSECONDS 

WJ-1051-1 is a broadband TWT amplifier designed 
for applications where stringent pulse characteristics 
are required. It is particularly suited for sophisticated, 
coherent, frequency-agile communication and naviga-
tion systems. In addition, it may be used either as a 
driver or as the output stage in advanced radar appli-
cations. 
Pulse characteristics provided by the WJ-1051-i in-
clude phase and amplitude stability during the entire 
pulse duration and extremely fast rise and fall times. 
These characteristics are obtained through the use of 

ELECTRICAL PERFORMANCE 

a hi-mu gridded traveling-wave tube (WJ-369) and a 
highly regulated grid modulator. The amplifier con-
tains its own forced air cooling and protective over-
load features. 
WJ-1051-1 can operate either as affixed-pulse-length 
amplifier or as a pulse follower. It may be easily ad-
apted to accommodate W-J TWTs other than WJ-369 
to provide a wide range of allowable power outputs, 
duty cycles, and pulse widths over different frequency 
bands. 

SPECIFICATIONS 

Guaranteed 
Frequency   5.4 to 5.9 GHz 
Power Output   45 watts min. 
Gain at Rated Power   45 dB, min. 
Duty Factor   5% max. 
Phase Shift   10° max., during 30 µsec pulse 
Pulse Length   30 µsec 
Pulse Length Adjustability  +2.0 µsec 
Pulse Length Stability  +0.1 µsec 
Pulse Rise and Fall Time   50 nanoseconds max. 
Pulse Droop 0  1 dB, max. 
Modulator Input Impedance   93 ±10 ohms 
Protective Interlock  TWT grid pulse removed on absence of a 50 Vdc signal 

ELECTRICAL REQUIREMENTS 
Input Voltage  
Modulator Trigger  

Range 
105 to 125 Vac, 47 to 68 Hz (380 Hz to 440 Hz optional) 

60.0 ±10 V positive trigger, 1.0 ±0.5 µsec wide 

ENVIRONMENTAL CHARACTERISTICS 
Temperature   x-50°F to +100°F 
Altitude   Normal ground 
Vibration   .Laboratory environment 
Humidity   Room ambient 

Note 1: For extended performance in full C-band (4 to 8 GHz), power output is 25 watts, gain at rated power is 40 dB, and 
duty factor is 1.5%. 

i 



WJ-1051-1 

MECHANICAL CHARACTERISTICS 

Size 8  75 x 12.25 x 19 inches 
(222 x 311 x 483 mm) 

Weight   50 pounds (22.7 Kg) 

Cooling   No external cooling required 

Connectors . a. Primary power— Terminal block 
b. Trigger input —Type BNC 
c. RF output —Type N 
d. RFinput—TypeN 
e. Bus interrupt —Terminal block 

OUTLINE 
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TECHNICAL DATA 

~~ fl D ~4~Q 
5.9 to 6.45 GHz MEDIUM POWER 

TRAVELING-WAVE AMPLIFIER 

WJ-1064-4 is one of a family of medium power in-
tegrated amplifier packages developed by Watkins-
Johnson Company for satellite communication 
applications. It combines a periodic-permanent-
magnet (PPM) focused traveling-wave tube with 
an all-solid-state regulated power supply. The com-
bination is packaged in a rugged cabinet designed 
for rack or bench mounting. 

Simplicity and reliability have been stressed in the 
design of this amplifier package. Modular con-
struction is used throughout, all internal circuitry 
has been preadjusted, and only two external con-
trols are used: the low- and high-voltage on-off 
switches. The TWT is safeguarded by a number of 
automatic protective circuits, which ensure that 
maximum life is attained. 

The tube is directly coupled to the RF input and 
output connectors and an associated power supply. 
The power supply circuitry provides all the volt-
ages and currents necessary to power the tube. In 
addition, the power supply is capable of generating 

3535 

highly filtered, well-regulated voltages, thus mak-
ing it superior in performance to laboratory sup-
plies many times its size and weight. 

Other members of this family of amplifier pack-
ages <tre currently in production or under develop-
ment. For special applications requiring specifica-
tions different from those listed below, contact 
Applications Engineering for Systems products at 
Watkins -Johnson Company or our representative 
in your area. 

June 1968 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency  5.9 to 6.5 GHz 5  9 to 6.45 GHz 
Saturation power output  38 watts   35 watts 
Saturation gain  40 dB   35 dB min. 
Noise figure  30 d8~   35 dB max. 
Gain slope   0.04 dB/MHz max. 

ELECTRICAL REQUIREMENTS Typical 
Primary voltage  115 Vac  
Primary frequency  60 Hz' 
Primary power  250 watts 

Range2
105-125 Vac 
48 to 63 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Temperature, operating   0°C to 55°C 
Vibration, 3 G, single amplitude   10 to 500 Hz 
Shock, 15 G, 11 ms   3 planes 
Altitude, operating   12,000 feet 

~ To meet the guaranteed performance limits, the amplifier must be terrninated in a load whose VSWR is 1.5:1 maximum. A 
mismatch exceeding 2.5:1 at the output terminal could result in permanent damage to the traveling-wave tube. 

' Every amplifier will meet the guaranteed specifications within these ran€;es. 



V~9 ~flo~q~Q 
MECHANICAL CHARACTERISTICS 

Amplifier width   17 inches, max. 
Amplifier height   7 inches, max. 
Amplifier depth, 

excluding connectors   19 inches, max. 
Weight   40 pounds, max. 
RF connections, 

input and output   Type N Female 
Cooling  Note 3 
Front Panel   Note 4 

' Cooling is by forced air convection provided 
integrally within the amplifier. 

4 Front panel includes: 

a. AC power —dual lighted push button switch 
b. HV —dual lighted push button switch 
c. RF input — Type N Female 
d. RF output — Type N Female 
e. Elapsed time meter —TWT Heater "on" hours 
f. Monitor meter and selector switch to show: 

1. V helix —cathode 
2. V helix —anode 
3. V helix —collector 
4. I helix 
5. I Cathode 

TYPICAL THIRD & FIFTH ORDER 
INTERMODULATION DISTORTION 
AS A FUNCTION OF OUTPUT LEVEL 

(FOR TWO EQUAL SIGNALS 
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TECHNICAL DATA 

OCTOBER 1969 

7 "~O 11 GHz MEDIUM-POWER 
MICROWAVE AMPLIFIER 

WJ-1115 

• INTEGRAL POWER SUPPLY 

• SMALL SIZE 

• HIGH POWER OUTPUT 

• LOW NOISE FIGURE 

• WIDE-BAND OPERATION 

PERFORMANCE 
Frequency 
Saturation Output 
Small Signal Gain 
Gain Variation 

Watkins-Johnson has developed a microwave ampli-
fier with integral power supply for use in airborne 
ECM or data link systems. Designated WJ-1115, this 
amplifier provides 3 watts power output, 45 dB small 
signal gain, and 22 dB max. noise figure in X-band. 

WJ-1:115 weighs less than 6.5 lbs. and comes in a 2.3 
x 3.0 x 16 inches package. In addition, it meets or 
exceeds the environmental requirements of MIL-E-
5400, class II. 

SPECIFICATIOnIS 

Guaranteed 
70to11.OGHz 

4  0 Watts   3.0 Watts min. 
  48.0 dB   45.0 dB min. 

40dB   5.0 dB 
Fine Grain Variation 0  5 dB 1  0 dB 
Noise Figure   19.0 dB   22 dB max. 
Warm up Time   3.0 - 4.0 minutes 

ELECTRICAL CHARACTERISTICS Nominal 
Primary Power 

Voltage   115/200 Vac, 3-phase, WYE connection 
Frequency   400 Hz ±20 Hz 
Voltage Variation +10 volts, line to neutral 
Power   80 watts 

Typical 
70to 12.4 GHz 



WJ-1115 POWER 

MECHANICAL 
CHARACTERISTICS 

Length   16 inches (406 mm) 

Cross-section, excluding 
connectors 2  3 x 3 inches (58 x 76 mm) 

Weight   6.5 pounds (2.95 Kg) 

Power Connection   Cannon, DEM-9p 
RF Connectors   OSM, Jack 
Cooling   Conduction 

ENVIRONMENTAL 
CHARACTERISTICS 

Exceeds the environmental requirements of MIL-E-
5400, class II. 
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TECHNICAL DATA 
SEPTEMBER 1970 

WJ-1165 SERIES 
MICRO-SOURCES 

• ALL SOLID STATE 
• FREQUENCY COVERAGE TO 18 GHz 
• SMALL SIZE AND WEIGHT 
• LOCAL OR REMOTE PROGRAMMING 
• PHASE-LOCK CAPABILITY 
• CW OR FM OPERATION 

Watkins-Johnson has developed a new series of com-
pact, lightweight signal sources covering the 0.5 to 
18 GHz frequency range in six bands. Designed for 
applications where size and weight are primary con-
siderations, the WJ-1165 micro-sources feature all 
solid state construction for trouble-free performance, 
instant RF power of greater than 5 mW (up to 30 mW 
in some bands), low residual FM, excellent linearity 
and high frequency accuracy. 
The micro-sources may be programmed manually to 
any discrete frequency (in 1 MHz increments) in the 
band by means of a thumbwheel switch on the front 
panel. An optional remote BCD control is also avail-
able for discrete frequency selection. The capability 
to internally sweep each micro-source over the entire 

frequency band is also optional. A standard external 
sweep mode is available to accommodate sawtooth 
and triangular waveforms. An optional error voltage 
input for phase locking may be provided where ex-
treme~ frequency accuracies are required. 
Each micro-source in the WJ-1165 series incorporates 
one of a family of electronically tuned transistor or 
bulk GaAs oscillators built by Watkins-Johnson. These 
oscillators utilize high "Q" YIG spheres for frequency 
control, thus ensuring an extremely clean output 
spectrum and providing excellent linearity over the 
entir(~ frequency range. The oscillators are driven by 
extremely well-regulated power supplies that provide 
power with low ripple content for maximum perform-
ance.. 

SPECIFICATIONS 
RF PERFORMANCE WJ-1165-1 WJ-1165-2 WJ-1165.3 WJ-1165-5 WJ-1165.6 

Nominal Frequency Band (GHz)' 0  5-1.0 1.0•?_.0 2.0-4.0 8.0-12.4 12.4-18.0 
Power Output into Load VSWR 1.25:1 Min.   30 mW 30 mW 5 mW 10 mW 8 mW 
Power Output Variation (Matched Load) Max.   6 dB 6 dB 6 dB 6 d6 8 dB 
Spurious Oscillation 

Ratio of Signal to 2nd Harmonic Output   13 d6 
Ratio of Signal to all other Spurious Output   50 dB 

Frequency Drift, 0-50°C, Max.  6MHz 
Pulling Figure, Any Phase  6MHz @ 

1.5:1 VSWR 
Residual FM, Peak to Peak  70 KHz 

13 d6 10 dB 30 dB 30 dB 
50 d6 50 dB 60 d6 60 dB 
6 MHz 10 MHz 20 MHz 30 MHz 
41VIHz@ 6MHz@ 15 MHz@ 20 MHz@ 
1.5:1 VSWR 1.5:1 VSWR 2:1 VSWR 2:1 VSWR 
100 KHz 150 KHz 200 KHz 200 KHz 

TUNING CHARACTERISTICS 
Sweep Rate (Saw Tooth)   100 Hz 100 Hz 100 Hz 100 Hz 100 Hz 
Tuning Linearity do @ 30°C Max. +0.25% ±U.25% ±0.25% ±0.20% ±0.20% 
Frequency Accuracy +0.3% ±0.3% ±0.3% ±0.3% ±0.3% 
Output Impedance  50 ohms 50 ohms 50 ohms 50 ohms 50 ohms 
Incremental Frequency Steps   1 MHz 1 MHz 1 MHz 1 MHz 1 MHz 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage   115 VAC ±10% 60 Hz 
Primary Power  60 watts max. 

1. WJ-1165-4 (4.0-8.0 (GHz) under development. 



WJ-1165 SCHEMATIC DIAGRAM 

MECHANICAL 
CHARACTERISTICS 

Size . . . . 4.0 x 10.75 x 12 inches (102 x 273 x 305 mm) 
Weight . . Approximately 13 lbs. (5.9 kg) 
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HIGH-EFFICIENCY TWT AMPLIFIERS 
FOR DEEP-SPACE &SATELLITE APPLICATIONS 

WJ-1171 SERIES 

• do to RF Efficiency ~ 36 

• Ultra-High Reliability 

• Lightweight 

• Space-Qualified 

The WJ-1171 series of TWT amplifiers was developed 
by Watkins-Johnson to meet the advanced telemetry 
and communication requirements of orbital and deep-
space missions. Designed to survive severe environ-
mental conditions with no degradation of perform-
ance, these rugged TWTAs exhibit long life, high 
efficiency, ultra-high reliability and extremely light 
weight. 
One version of the basic amplifier, the WJ-1171.1, 
was developed specifically for use in the Pioneer F/G 
spacecraft, scheduled for launch in 1973-74. This 
TWTA will provide a minimum 24,000-hour mission 
life with high do to RF efficiency and absolute mini-

mum weight. It also features minimum residual and 
stray magnetic fields. 
Other versions of the basic WJ-1171 are available; 
several are listed on the following pages. These 
TWTAs may be used in applications requiring higher 
or lower RF power, dual-mode operation, or uhregu-
lated do input power operation. A variety of power 
monitor and filter combinations are also available. 
Options for all versions include extended temperature 
ranges, increased vibration and shock levels, mag-
netic cleanliness, telemetry outputs up to 10 V full 
scale, and extended frequency ranges. 

APPLICATIONS NOTES 

In the following tables, the RF power output is speci-
fied into a l:l load. Cold (non operating) output 
VSWR is included to allow calculation of maximum 
power transfer into other than 1:1 loads. Additionally, 
it should be noted that no RF components, such as 
power monitors and filters, are included. An accurate 
estimate of the RF power output available when such 
components are included may be obtained by sub-
tracting from the specified power output 0.3 d6 for 
a power monitor alone, or 0.45 dB for a power moni-
tor/harmonic filter combination. 

The WJ-1171.1 is designed for operation from a 
moderately well-regulated buss. It requires only the 

use of a series dissipative hel ix regulator to achieve 
optimum performance. However, many spacecraft 
power systems employ unregulated busses. A version 
of the WJ-1171, employing a switching pre-regulator, 
is offered for such applications. In deciding which 
amplifier will afford maximum efficiency for a given 
power buss, the following guide-lines are helpful. A 
switching regulator has a fairly constant efficiency of 
approximately 90%. Therefore, if buss excursions of 
10% or greater are to be encountered, a dissipative 
regulator will consume -more power at "high line" 
than a switching regulator. Conversely, if less than 
10% buss excursions are anticipated, a dissipative 
regulator will afford the most overall efficiency. 



WJ-1171 SERIES 

SPECIFICATIONS 

TWTA Model No. -
(Associated TWT) -

PERFORMANCE CAPABILITIES: 

Frequency 
Sat. Power Outputs 

WJ-1171-1 
(1ftIJ-274-10) 

2.2-2.3 GHz 
9 watts 

WJ-1171-2 
(WJ-274-6) 

2.2-2.3 GHz 
24 watts 

WJ-1171-3 
(INJ-274-9) 

2.2-2.3 GHz 
12/24 watts 

WJ-1171-4 
(WJ-274-6) 

2.2-2.3 GHz 
24 watts 

Efficiency Overallz 33.6% 36.8% 30.6%/34.9% 33.4% 
Sat. Gain 33 d6 31 dB 28/31 dB 31 dB 
Output VSWR (Cold) 1.25:1 1.25:1 1.25:1 1.25:1 

ELECTRICAL CHARACTERISTICS: 
Primary Voltage -x-28 vdc ±3% +28 vdc ±3% -{-28 vdc ±3% +24 to 32 vdc 
Primary Power 26 w @ 28 v -3% 65.2 w @ 28 v -3% 39.2/68.7 @ 28v -3% 

26.8 w @ 28v 67.2w @ 28v 40.4/70.7 @ 28 v 72 w @ 24 -32 v 
27.6w @ 28v -F3% 69.1w @ 28v ~-3% 41.6/72.8 @ 28 v +3% primary input 

Telemetry Outputs: 
Cathode and Helix Currents, 
and Collector Temperature 0 to ±3 vdc 0 to ±3 vdc 0 to ±3 vdc 0 to ±3 vdc 

Delay Time Before 100% 
Carrier Power 90 to 150 sec 90 to 150 sec 90 to 150 sec 90 to 150 sec 

MECHANICAL CHARACTERISTICS: 
Baseplate Dimensions 4.44 x 11.00 in. 4.44 x 11.00 in. 4.58 x 12.00 in. 5.40 x 11.00 in. 

(113 x 279 mm) (113 x 279 mm) (123 x 305 mm) (137 x 279 mm) 
Height (excluding connectors) 3 in. (76 mm) 3 in. (76 mm) 3 in. (76 mm) 3 in. (76 mm) 
Weight 3.8 lbs. 4.2 lbs. 4.55 I bs. 5.0 I bs. 

(1.72 Kg) (1.91 Kg) (2.06 Kg) (2.27 Kg) 
Connector Types TNC Or TNC or TNC or TNC or 

RF In and Out 3 mm female 3 mm female 3 mm female 3 mm female 
Power/TLM/CMD Cannon Golden "D" Cannon Golden "D" Cannon Golden "D" Cannon Golden "D" 

1. Power Output is specified into 1:1 load. Output VSWR is included in table to allow calculation in other 
than 1:1 loads. 

2. Efficiency is specified at 28 v -3%. Since the regulators are dissipative (except for WJ-1171.4 which 
is a switching regulator design) power consumption and, therefore, efficiency vary with line voltage. 
See Electrical Characteristics. 

PERFORMANCE CHARACTERISTICS 
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WJ-1171 SERIES 

BLOCK DIAGRAM 
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DIMENSIONS IN INCHES OVERALL 
WEIGHT (Ibs.l MODEL N0. A B C D E F G 

1171-1 4.44 11.00 3.00 5.00 3.75 1.00 1.500 3.8 

1171-2 4.44 12.00 3.00 5.00 3:75 1.00 1.500 4.2 

1I71-3 4.85 12.00 3.00 5.00 3.75 1.00 1.500 4.55 

1171-4 5.40 12 00 3.00 5.00 3.15 1.00 1.500 5.0 
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WJ-1171 SERIES 

ENVIRONMENTAL CAPABILITIES 

1. Operating Temperature Range: 

—25°C to +70°C (baseplate temp.) 

2. Vibration 
.1 
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Random vibration spectrum 

3. Shock 

4. Sustained Acceleration: 

37g for 3 min. as shown 

70° 

CENTRIFUGE ARM 

2000 

5. Operating Pressure: 

All models can operate without damage over an indefinite period at pressures from 2 atmospheres to 10-5 Torr. 
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MICROWAVE RF AMPLIFIER WITH 
SERRODYNE CAPABILITY 

WJ-1179 
Watkins-Johnson has developed atraveling-wave tube 
amplifier for applications such as Doppler return 
simulation and voltage controlled phase or frequency 
shifting. Incorporating integral power, monitoring, 
control and modulation circuitry, this amplifier fea-
turesthe capability for serrodyne operation. A number 
of W-J power tubes may be adapted for use in the ser-
rodyne system, giving users a wide choice of fre-
quency band and RF power output. 
Serrodyne operation denotes the ability of traveling-
wave devices to shift the frequency of an input signal 
(in addition to amplification) by use of the phase 
shift versus circuit (helix to cathode) voltage inherent 
in such devices. Briefly, the operation is as follows: a 
modulating sawtooth voltage of proper amplitude is 
applied to the helix of the TWT. Depending on the 
polarity of the voltage, the output frequency of the 
TWT is shifted up or dawn, with respect to the input 
carrier, by an amount equal to the frequency of the 
sawtooth. 

PERFORMANCE 
Frequency . .  
Power Output, CW  
Small Signal Gain  
Gain Flatness (full band)  
Doppler Frequency Shift  
Voltage Controlled Phase Shift  

ELECTRICAL REQUIREMENTS 
Input Power  
Modulating Sawtooth for Serrodyning 
Phase Shift Control Voltage  

MECHANICAL CHARACTERISTICS 

Provision has been made within this amplifier for 
logic input or switch-controlled optimization of the 
amplitude and do level of the sawtooth voltage in 
order to allow operation over a wide RF range with 
fixed amplitude sawtooth voltage drive. A number of 
options are available which allow logic level or switch 
programming of other amplifier features up to and 
including a fully remote programming capability. 

SPECIFICATIONS 

  X12.4 to 18 GHz 
  2 Watts 
  35 dB 
  ±2.5 dB 
  10 Hz to 25 kHz 
  2~ (360°) minimum 

. . . . 200 v, 3-phase, 400 Hz (optional inputs available) 
  5 volts, peak-to-peak 
  0 to 5 volts 

Height     7 inches (178 mm) 
Width  
Length  
Weight  
Power and RF Connectors  
Cooling  

ENVIRONMENTAL CHARACTERISTICS (Operating) 
Temperature     0 to 55°C 
Altitude     to 10,000 ft. 
Shock     20 g, 11 ms 
Vibration   MIL-STD 167 
RFI     MIL-I-6181 

RELIABILITY   MTBF greater than 3,000 hours per MIL HDBK 217A 

  19 inches (483 mm), rack mount 
  21 inches (533 mm) 
  60 I bs. (27.2 kg) 
  As required 
  Internal Forced Air 

Notes: 1. TWTAs available in octave bands from 2 to 18 GHz. 



WJ -1179 

SCHEMATIC DIAGRAM 
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TECHNICAL DATA •March '1966 

The type WJ-'2001 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 radar receivers (as local 

oscillator), frequency diversity transmitters (as 
master oscillator), and ECM equipment. The 
WJ-2001 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. Packaging problems are 
simplified, since all voltages are isolated from both tube housing and the RF output terminal. 
housing and output connector can be grounded regardless of power supply configuration. 

ELECTRICAL CHARACTERISTICS, CW Units Typical 
Values 

Nominal Frequency Band GHz 7.0-12.4 

Power Output (Load VSWR = 1.25) m~W 35-175 

Power Output Variation dB 

Fine Grain Variation dB/250 MHz 

Tube VSWR 

The tube 

Absolute 
Ratings 

25 Min 
10 Max 

3 Max 

2.5:1 Max 

Frequency pulling into 2:1 Load MHz 1.5 3 Max 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away dB/MHz 95 85 Min 
Ratio of Signal to Second Harmonic Output dB 30 25 Min 

Long-term Sensitivity to Heater Voltage MHz/V 5 10 Max 
Sensitivity to Anode Voltage MHz/V 0.6 1 Max 
Sensitivity to Grid Voltage MHz/V 3 5 Max 

Tuning Curve Slope 

Low~nd (7.0 GHz) MHz/V 9.2 

Mid-Frequency (9. 7 GHz) MHz/V 4. t 

High-End (12.4 GHz) MHz/V 2.7 

Grid RF Cutoff Voltage V -7 -20 Max 

Capacitance; Cathode &Grid to all other 

Electrodes and Case pF 40 50 Max 

Capacitance; Grid to all other Electrodes 

and Case pF 20 25 Max 

Capacitance; Helix and Collector to all other 

Electrodes and Case pF 150 175 Max 

Heater Voltage V 6.3+5°Jo
Heater Current A 0.75 0.4-1.2 

Min/Max 
Cathode Current mA 8 12 Max 

Helix Voltage Range V 330-1495 300-1600 
Min/Max 

Helix Current mA 1.5 3 Max 
Anode Voltage V 160 215 Max 
Anode Current mA 0. 5 2 Max 



MECHANICAL DATA 

Weight, 3.0 lbs 
Color Code for 

Heater 
Heater 
Cathode 
Grid 
Anode 
Helix 
Collector 

Max 
18" Flying Leads 

Black 
Brown 
Yellow 
Green 
Blue 

Red 

Orange 

Mounting Position, Any 

RF Output Connector, Type N Female 

on Balun 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic 

Materials, 2 ine Min 
No Forced Air Cooling Required 

Below +60oC Ambient 
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TECHNICAL DATA 

BACKWARD -WAVE 

O S C I L LA T O R 

The type WJ-2001-1 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 applica-

tions include radar receivers (as local oscillator), 
frequency diversity transmitters (as master oscil-
lator), and ECM equipment. The WJ-2001-1 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. Packaging problems are simplified, since all voltages are 

u O .~ 

September '1965 

isolated from both tube housing and the r.f. output terminal. 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 8-12.4 

Power Output (Load VSWR=1.25) mW 60-175 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 1.5 3 Max 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away db/MHz 95 85 Min 
Ratio of Signal to Second Harmonic Output db 30 25 Min 

Long-term Sensitivity to Heater Voltage MHz/V 5 10 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 (8.0 GHz) MHz/V 7.2 
Mid-Frequency (10.2 GHz) MHz/V 4.6 
High End (12.4 GHz) MHz/V 2.7 

Grid r.f. Cutoff Voltage V -7 -20 Max 

Capacitance; Cathode &Grid to all other Electrodes 
and Case 

pf 40 50 Max 

Capacitance; Grid to all other Electrodes and Case pf 20 25 Max 
Capacitance; Helix and Collector to all other pf 150 175 Max 

Electrodes and Case 
Heater Voltage V 6.3 t 5% 
Heater Current A 0.9 0.6-1.2 

Min/Max 
Cathode Current mA 8 12 Max 
Helix Voltage Range V 450-1495 427-1600 

Min/Max 
Helix Current mA 1.5 3 Max 

Anode Voltage V 160 215 Max 
Anode Current mA 0.5 2 Max 



MECHANICAL DATA 

Weight, 3.0 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 

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 
WJ-2001-50 

The WJ-2001-50 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 radar receivers (as local 
oscillator), frequency diversity transmitters (as master 
oscillator), and ECM equipment. 
TheWJ-2001-50 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 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band   GHz  8-12.4 
Power Output into Load with VSWR = 1.25:1 mW  60-175  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  1 5  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  30 20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0 6 
Sensitivity to Grid Voltage MHz/V  3 
Tuning Curve Slope 

Low End (8.0 GHz)  MHz/V  7 2 
Mid-Frequency (10.2 GHz)  MHz/V  4 6 
High End (12.4 GHz)  MHz/V  2 7 

Grid RF Cutoff Voltage  V —7  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Housing  pF  40 50 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  20 25 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  150  175 Max. 
Heater Voltage  Vdc  6.3 ± 5% 
Heater Current  A  0 9  0.4-1.2 

Min./Max. 
Cathode Current ~ mA  8 12 Max. 
Helix Voltage Range  V  450-1495  427-1600 

Min./Max. 
Helix Current  mA  1 5  3 Max. 
Anode Voltage  V  160  215 Max. 
Anode Current  mA  0 5  2 Max. 

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



WJ-2001-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 6.25 inches (159 mm) max. 
Weight, 6 lbs. (2.72 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, 
2 in. Min. 
No Forced Air Cooling Required Below-60°CAmbient 

0.63 

1.13 

4.00 

6.25 MAX 

18.00 

MOUNTING HOLES 
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Notes: 
1. For safety, housing should be grounded through 

mounting screws. 
2. 45-150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

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

DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 

WJ-2001-51 

The WJ-2001-51 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 radar receivers (as local 
oscillator), frequency diversity transmitters (as master 
oscillator), and ECM equipment. 
The WJ-2001-51 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 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz  7 0-12.4 
Power Output into Load with VSWR = 1.25 :1 mW  35-175  25 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 5  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  30  20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V   5 
Sensitivity to Anode Voltage  MHz/V  0 6 
Sensitivity to Grid Voltage MHz/V  3 
Tuning Curve Slope 

Low End (7.0 GHz)  MHz/V  9 2 
Mid-Frequency (9.7 GHz)  MHz/V  4 8 
High End (12.4 GHz)  MHz/V  2 7 

Grid RF Cutoff Voltage  V —7  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Housing  pF  40  50 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  20 25 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  150  175 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  V 330-1495  300-1600 

Min./Max. 
Helix Current  mA  1 5  3 Max. 
Anode Voltage  V  160  215 Max. 
Anode Current  mA  0 5  2 Max. 

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



WJ-2001-51 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 6.25 inches (159 mm) max. 
Weight, 6 lbs. (2.72 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, 
2 in. Min. 
No Forced Air CoolingRequlred Below+60°CAmbient 

0.63 

1.13 
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Notes: 
Ol . For safety, housing should be grounded through 

mounting screws. 
O2. 45-150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3  Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (-{-) side of heater supply. 
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TECHNICAL DATA 

~~J~~00~ 
BACKWARD -WAVE 

O S C I L L A T O R 

The type WJ-2003 is a single-helixvoltage tunable 
oscillator utilizing apermanent-magnet focusing 
system, Thia wide band oscillator is well suited 
for use as a swept signal source in highly stable 
signal generators. Other applications include 
local oscillators in ECM receivers, as master 
oscillators in frequency diversity transmitters, 
and in electronic test sets. The WJ-2003 delivers 
smooth power output over the band with low opera-
ting cathode current, Power output can be modir 
lated with either the grid or the anode circuits . 
All voltages are isolated from the tribe housing for 
easier packaging, 

SPECIFICATIONS 

December'1966 

Units Typical 
Values 

Absohzte 
Ratings 

Nominal Frequency Band GHz 12.4-18 
Power Output into Load VSWR=1, 25 mW 45-90 40 Min 
Power Output Variation dB 6 Max 
Fine Grain Variation dB/250 MHz 3 Max 
Tube VS~i'R 3: 1 Max 
Frequency Pulling into 2:1 Load (Any Phase) MHz 1 2 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 (12.4 GHz) MHz/V 8.5 
Mid-Frequency (15.2 GHz) MHz/V 5.0 
High End (18.0 GHz) MHz/V 2.3 

Grid r, f. Cutoff Voltage V -8 -20 Max 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing pf 30 40 Max 
Capacitance; Grid to all other Electrodes 

including Housing pf 30 40 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing pf 125 165 Max 
Heater Voltage V 6.3f5`"r 
Heater Current A .75 . 4-1.2 

Min/ Max 
Cathode Current mA 7 12 Max 
Helix Voltage Range V 560-1925 530-2020 

Min/Max 
Helix Current mA 2 3 Max 
Anode Voltage V 100 215 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, Modified 

Type UG-419/U Waveguide 
Adapter 

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

2 
24-100 V positive collector bias recom-
mended. Tube will operate with collector 

at helix potential at somewhat reduced 

performance. 
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TECHNICAL DATA 
DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2003-50 

TheWJ-2003-50 BWO is asingle-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 master 
oscillator), and other electronic equipment. 
The WJ-2003-50 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 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz   12.4-18 
Power Output into Load with VSWR — 1.25:1  mW  45-90  40 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. 

Ratio of Signal to Noise Power 30 MHz Away dB/MHz  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0 5 
Sensitivity to Grid Voltage  MHz/V  3 
Tuning Curve Slope 

Low End (12.4 GHz)  MHz/V  8 5 
Mid-Frequency (15.2 GHz)  MHz/V  5 0 
High End (18.0 GHz)  MHz/V  2 3 

Grid RF Cutoff Voltage  V —8  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  30  40 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  30  40 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  125  165 Max. 
Heater Voltage  _  Vdc  6.3 ± 5% 
Heater Current  A  75  4-1.2 

Min./Max. 
Cathode Current*  mA  7  12 Max. 
Helix Voltage Range  V  560-1925  530-2020 

Min./Max. 
Helix Current  mA  2  3 Max. 
Anode Voltage  V  100  215 Max. 
Anode Current  mA  1  2 Max. 
'~ Set cathode current to Final Test Data value furnished with tube. 



WJ-2003-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64 mm) 
Length, 7 inches (178 mm) Max. 
Weight, 6 lbs. (2.72 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, Modified 
Type UG-419/U Waveguide Adapter 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 
2 in. Min. 
No Forced Air Cooling Required Below+60°CAmbient 
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SCHEMATIC DIAGRAM 

Notes: 
For safety, housing should be grounded through 
mounting screws. 

O 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

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

BACKWARD - W A V E 

O S C I L L A T O R 

The type WJ-2004 BWO is a magnetically shielded 
voltage tunable oscillator. Its miniature square 
package features rugged construction and capabil-
ity to withstand the severe environmental condi-
tions defined in MIL-E-5400, Class 2. Magnetic 
shielding reduces the external magnetic field 
strength to a level that allows normal operation of 
two BWO's side by side or directly on a steel plate. 
The tube's immunity to external ac or do magnetic 
fields, together with minimal stray magnetic field 
makes the WJ-2004 ideal for signal generating and 
sweeping equipment, for use in radar receivers 
(as local oscillator), and in frequency diversity 
transmitters in ECM equipment (as master oscillator). 

3605 

U 0 O 

March 1966 

Fine grain variation of frequency versus volt-
age 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 hous-
ing and RF output connector for maximum flexibility in circuit applications. 

ELECTRICAL CHARACTERISTICS, CW Units Typical Absolute 
Values Ratings 

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 
Sensitivity to Anode Voltage 
Sensitivity to Grid Voltage 
Tuning Curve Slope 

I.ow End (9.5 GHz) 
Mid-Frequency (11.0 GHz) 
High End (13. 0 GHz) 

Grid RF Cutoff Voltage 
Capacitance; Cathode to all other Electrodes, 

including 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 

GHz 9.5-13. 0 
mW 12-30 
dB 
dB/250 MHz 

MHz 1.5 
dB/MHz 95 
dB 25 
MHz/V 5 
MHz/V 1 
MHz/V 2 

MHz/V 13 
MHz/V 9 
MHz/V 6 
V -10 

pF 20 

pF 20 

pF 100 
V do 
A 0.75 

mA 5 
V 310/750 

V 95 
mA 0.3 

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

10 Min 
5 Max 
3 Max 

3:1 Max 
4 Max 

85 Min 
15 Min 
10 Max 

2 Max 
5 Max 

-20 Max 

25 

25 

120 
6.3+5% 

0.4 to 1.2 
Min/Max 

10 
295/800 

Min/Max 
200 Max 
2. 0 Max 



MECHANICAL DATA 

Weight, 3, 0 lbs Max 
Color Code for 18" 

He ate r 
Heater 
Cathode 
Grid 
Anode 
Helix 
Collector 

Mounting Position, 

Flying Leads 
Brown 
Black 
Yellow 
Green 

Blue 

Red 

Orange 

Any 
RF Cnztput Connector, Type TNC 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Male 

Separation from Passive Magnetic Mate-
rials, 0 in, Min 

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

No Forced Air Cooling Required 

OUTLINE DRAWING 
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SCHEMATIC DIAGRAM 

1For 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 
JULY 1967 

BACKWARD-WAVE OSCILLATOR 
WJ-2006 

The WJ-2006 is a shielded, voltage tunable oscillator 
utilizing a bifilar (dual) helix and apermanent-magnet 
focusing system. Unsaturated magnetic shielding 
reduces the magnetic field strength to less than 5 
gauss'/z inch away from any point in the housing. RFI 
shielding and filtering allow the WJ-2006 to meet 
both MIL-I-26600, Class 1, and MIL-I-6181 D. An im-
munity to external ac or do magnetic fields, together 
with minimal stray magnetic fields and low RF radia-
tion, makes the WJ-2006 ideal for signal generating 
and sweeping equipment, for use in radar receivers 
(as local oscillator), in frequency diversity transmit-
ters (as master oscillator), and in ECM equipment. 
Fine grain variation of frequency versus voltage is ex-
tremely low. The WJ-2006 delivers smooth power out-
put over the band with low operating cathode current. 
Power can be modulated and leveled with either grid 
or anode circuits. All voltages are isolated from the 
housing and RF output connector for maximum flexi-
bility incircuit 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  

TYPICAL 
VALUES 

60-175  

ABSOLUTE 
RATINGS 

8.0-12.4 
50 Min. 
6 Max. 
3 Max. 

2.5:1 Max. 
Frequency Pulling into 2:1 Load (Any Phase)  MHz  0.6  1.5 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30  20 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0.6 
Sensitivity to Grid Voltage  MHz/V  3 
Tuning Curve Slope 

Low End ($.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 RF Cutoff Voltage  V  —7  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  36  50 
Capacitance; Grid to all other Electrodes 

including Housing  pF  34  50 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  160  185 
Heater Voltage  Vdc   6.3 ±5% 
Heater Current  A  0 75  0 4-1.2 

Min/Max 
Cathode Current  mA  8  12 Max. 
Hel ix Voltage Range  V  450-1495  425-1600 

Min/Max 
Helix Current  mA  1.3  3 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. 



WJ-2006 

MECHANICAL 
CHARACTERISTICS 

Height, 3 inches (76 mm) 
Width, 3 inches (76 mm) 
Length, 8 inches (203 mm) 

Weight, 6.0 lbs. (2.72 Kg) Max. 

DC Terminal Connections 
A —Anode 
B —Collector 
C —Helix 
D —Grid 
E —Cathode 
F —Heater 
G —Heater 

Mounting Position, Any 

RF Output Connector, Type N Female 
Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 
None Required 

No Forced Air Cooling Required 

RFI Shielded and Filtered to Meet MIL-D-26600 Line I 
or MIL-I-6181D 

OUTLINE DRAWING 
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NOTES: 

For safety, housing should be grounded through 
mounting screws. 

X24-100V positive collector bias recommended. Tube 
will operate with collector at helix potential at some-
what reduced performance. 

OHeater must never be positive with respect to 
cathode. 
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TECHNICAL DATA 

i 

BACKWARD -WAVE 
OSCILLATOR 

The WJ - 2007 is a magnetically and RFI shielded 
voltage tunable oscillator utilizing a single helix 
and permanent magnet focusing system to cover 
the frequency range from 12.4 to 18. 0 GHz. Un-
saturated magnetic shielding reduces the magnetic 
field strength at any point, 1/2 inch from the hous-
ing,to avalue of less than 10 gauss. Interference 

requirements of MIL-STD-461 are met or exceeded 

by integral RFI shielding and filtering. 

The combination of immunity to external ac or do 
magnetic fields, minimal stray generated magnetic 

fields, and extremely low RF radiation, makes the 

WJ-2007 ideal for a number of applications, includ-

ing the following: signal generating and sweeping 
equipment, radar receivers (as local oscillator), 
frequency diversity transmitters, and ECM equip-
ment (as master oscillator). 

The fine grain variation of frequency versus volt -
age is extremely low. The WJ-2007 delivers 

~~ ~ 0 
November 1968 

smooth power output over the bandwith low operat-
ing cathode current. Power can be modulated and 
leveled with either grid or anode circuits. All 
voltages are isolated from the housing for maxi-
mum flexibility in circuit applications. 

SPECIFICATIONS 
TYPICAL ABSOLUTE 

UNITS VALUES RATINGS 

Frequency Band  12.4 - 18. 0 

Power Output Into Load With VSWR = 1.25:1 mW  50 - 110  40 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 

Ratio of Signal to Noise Power 30 MHz Away dB/MHz  95  85 Min. 

Long-Term Sensitivity to Heater Voltage MHz/V  5  

Sensitivity to Anode Voltage  MHz/V  1  

Sensitivity to Grid Voltage  MHz/V  5  

Tuning Curve Slope 
Low End (12.4 GHz)  MHz/V  7 2 

Mid-Frequency (15.2 GHz)  MHz/V  4 2 

High End (18.0 GHz)  MHz/V  2 6 

Grid RF Cutoff Voltage  V  -8  -20 Max. 

Capacitance; Cathode to All Other Electrodes, 

Including Heater and Housing  pF  40  75 Max. 

Capacitance; Grid to All Other Electrodes, 

Including Housing  pF  40  75 Max. 

Capacitance; Helix and Collector to All Other 

Electrodes and Housing  pF  130  170 Max. 

Heater Voltage  V do  6 3 6 3 f 5~~ 

Heater Current  A  0 75 0 4 Min. 
1.2 Max. 

Cathode Current  mA  10  15 Max. 

Helix Voltage Range  V  560 - 1970 500 Min. 
2100 Max. 

Helix Current  mA  1 8 3 Max, 

Anode Voltage*  V  130  215 Max. 

Anode Current  mA  0 1 1 Max. 

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



MECHANICAL DATA OUTLINE DRAWING 

Weight, 6.01bs. 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, Mate With 

UG 419/U Waveguide Flange 

Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation From Passive Magnetic 
Materials, None Required 

No Forced Air Cooling Required 
Below +60° C Ambient 

RFI Shielded and Filtered to Meet 
or Exceed MIL-STD-461 

1.50 
3.00 

3.00 

MOUNTING HOLES 
10-32 UNC 

MATE WITH UG-4191U 

SCHEMATIC DIAGRAM 

FLYING LEADS 

©© 

Notes 

0 

WJ-2007 

For safety, housing should be grounded 

through mounting screws, 

50 - 150 V positive collector bias recom-

mended. 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 do heater supply, 

connect cathode to positive (+) side of heater 

supply, 
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TECHNICAL DATA 

JULY 1969 

BACKWARD-WAVE 
OSCILLATOR 

WJ-2008 

The WJ-2008 is a bifilar (dual) 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 genera• 
tors. Other applications include local oscillators in 
ECM receivers and master oscillators in frequency 
diversity transmitters and electronic test sets. Fine 
grain variation of frequency versus voltage is ex-
tremely low. The WJ-2008 delivers smooth power out-
put over the band with low operating cathode current. 
Power can be modulated and leveled with either grid 
or anode circuits. All voltages are isolated from the 
housing and RF output connector for maximum flexi-
bility in circuit applications. 

SPECIFICATIONS 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz  8.0-12.4 
Power Output into Load with VSWR — 1.25:1  mW  120-225  100 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. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  d6  30  20 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  7 
Sensitivity to Anode Voltage  MHz/V  1 5 
Sensitivity to Grid Voltage  MHz/V 6 
Tuning Curve Slope 

Low End (8.0 GHz)  MHz/V  5 
Mid-Frequency (10.2 GHz)  MHz/V  3 
High End (12.4 GHz)  MHz/V  2 

Grid RF Cutoff Voltage  V  —15  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  55  75 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  55  75 Max. 
Capitance; Helix and Collector to all other 

Electrodes and Housing  pF  220  250 Max. 
Heater Voltage  Vdc   6.3 ±5% 
Heater Current  A  0 7  0.4 to 1.2 

Min./Max. 
Cathode Current'  mA  10  14 Max. 
Helix Voltage Range  V  630-2075  600-2150 

Min./Max. 
Anode Voltage  V  130  215 Max. 
Anode Current  mA  0 1  2 Max. 
Helix Current  mA  2  3 Max. 

'Set cathode current to Final Test Data value furnished with tube. 
*Supersedes WJ-2008 Technical Data Sheet dated November 1967. 



WJ-2008 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64mm) 
Length, 6.25 inches (159 mm) max. 
Weight, 3 lbs. (1.36 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 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 2 in. Min. 

No Forced Air Cooling Required Below -}-60°C 
Ambient 
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Notes: 

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

O2. 50-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

03. Heater must always be negative with respect to 
cathode. One heater lead may be tied to cathode. 
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TECHNICAL DATA 

BACKWARD -WAVE 
OSCILLATOR 

The WJ 2008-2 is a bifilar (dual) 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 applica-
tions include local oscillators in ECM receivers 
and master oscillators in frequency diversity 
transmitters and electronic test sets. Fine grain 
variation of frequency versus voltage is extremely ~'~~`~ 
low. The WJ 2008-2 delivers smooth power out- ~ ""+~ 
put over the band with low operating cathode cur- ~F.~1 

_~ 
rent. Power can be modulated and leveled with 

17533 

either grid or anode circuits. All voltages are 
isolated from the housing and RF output connector for maximum flexibility in circuit applications. 

~~ ~ ~ 0 0~ 
.~ .~ 

November'1967 

SPECIFICATIONS 

Nominal Frequency Band 

UNITS 

GHz 

TYPICAL 
VALUES 

8. 0-12.4 

ABSOLUTE 
RATINGS 

--
Power Output into Load with VSWR = 1.25:1 mW 85-135 80 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 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz B. W. 95 85 Min 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min 
Long-term Sensitivity to Heater Voltage MHz/V 7 --
Sensitivity to Anode Voltage MHz/V 1. 7 
Sensitivity to Grid Voltage MHz/V 7 
Tuning Curve Slope 

Low End (8. 0 GHz) MHz/V 5. 5 

Mid-Frequency (10.2 GHz) MHz/V 3. 5 
High End (12.4 GHz) MHz/V 2 --

Grid r. f. Cutoff Voltage V -15 -20 Max 
Capacitance; Cathode to all other Electrodes 

incl. Heater and Housing pF ~0 55 Max 

Capacitance; Grid to all other Electrodes, 
incl. Housing pF 20 35 Max 

Capacitance; Helix and Collector to all other 
Electrodes and Housing pF 150 175 Max 

Heater Voltage Vdc -- 6.3 t5% 

Heater Current A 0. 7 0.4 to 1.2 
Min/ Max 

Cathode Current* mA 8 12 Max 
Helix Voltage Range V 630-2075 600-2150 

Min/Max 

Anode Voltage V 120 215 Max 

Anode Current mA 0. 05 2 Max 

Helix Current mA 1.2 3 Max 

*Set cathode current to Fir..al Tort Data value furnished with tube 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 3. 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 

Separation from Passive Magnetic 
Materials, 2 in. Min 

No Forced Air Cooling Required, 
Below +60° C Ambient 
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For safety, housing should be grounded 
through mounting screws. 

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

Heater must always be negative with 
respect to cathode. One heater lead 
may be tied to cathode. 
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TECHNICAL DATA 
AUGUST 1967 

BACKWARD-WAVE OSCILLATOR 
WJ-2014 

The WJ-2014 is a 50 mW, 2.0 to 4.5 GHz voltage 
tunable oscillator utilizing a bifilar (dual) helix and 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 appli-
cations include local oscillators in ECM receivers, 
master oscillators in frequency diversity transmitters 
and electronic test sets, Fine grain variation of fre-
quency versus voltage is extremely low. The WJ-2014 
delivers smooth power output over the band with low 
operating cathode current. Power can be modulated 
and leveled with either grid or anode circuits. All volt-
agesare isolated from the hounsing and RF output con-
nector for maximum flexibility in circuit applications. 

SPECIFICATIONS 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz  2 0-4.5 
Power Output into Load with VSWR = 1.25  mW  60-350  50 Min. 
Power Output Variation  dB  9 Max. 
Fine Grain Variation  dB/250 MHz  4 Max. 
Tube VSWR  2.5:1 Max. 
Frequency Pulling into 2:1 Load (Any Phase)  MHz  4  6 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 @ 3 GHz  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  1 
Sensitivity to Grid Voltage  MHz/V  6 
Tuning Curve Slope 

Low End (2.0 GHz)  MHz/V  4.5 
Mid-Frequency (3.25 GHz)  MHz/V  2.0 
High End (4.5 GHz)  MHz/V  0 8 

Grid RF Cutoff Voltage  V  —8  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  20  30 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  16  25 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  230  260 Max. 
Heater Voltage  Vdc   6.3 ±5% 
Heater Current  A  0 75  0.4-1.2 

Min/Max 
Cathode Current'`  mA  12.5  15 Max. 
Helix Voltage  V  290-1750  275-1800 

Min/Max 
Heiix Current  mA  1 8  3 Max. 
Anode Voltage  V  130  215 Max. 
Anode Current  mA  0.1  2 Max. 

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



WJ-2014 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 2.5 inches (64 mm) 
Width, 2.5 inches (64mm) 
Length, 7.75 inches (197 mm) 
Weight, 6.5 lbs. (2.95 Kg) Max. 
Color Code for 18" Flying Leads 

Heater Brown 
Heater Blac4c 
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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DFor safety, housing should be grounded through 
mounting screws. 

050-150V positive collector bias recommended. Tube 
will operate with collector at helix potential at some-
what reduced performance. 

DHeater must always be negative with respect to 
cathode. One heater lead may be tied to cathode. 
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TECHNICAL DATA 

BACKWARD -WAVE aE 

OSCI LLATOR 

~~1~~u~g 
TECHNICAL DATA • March '1967 

The type WJ-2015 BWO is a bifilar (dual helix) volt-
age-tunable oscillator utilizing apermanent-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 ECM receivers, as master oscillators in 
frequency diversity transmitters and in electronic 
test sets. The WJ-2015 delivers smooth power out-
put over the band with low operating cathode cur-
rent. Power output can be modulated with either the 
grid or the anode circuits. All voltages are isolated 
from the tube housing for easier packaging. 

SPECIFICATIONS 

Units Typical 
Values 

Nominal Frequency Band   GHz 4-8 
Power Output into Load with VSWR - 1  25   mW 60-150 60 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 5.4 
Mid-Frequency (6.0 GHz) MHz/V 2.5 
High End (8.0 GHz) MHz/V 1.9 

Grid R F Cutoff Voltage   V —7 —20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing   pF 30 45 Max 
Capacitance; Grid to all other Electrodes 

including Housing   pF 30 45 Max 
Capacitance; Helix to all other Electrodes pF 100 150 Max 
Heater Voltage   Vdc 6.3±5% 
Heater Current   A 0.9 0.6-1.2 

Min/Max 
Cathode Current   mA 8.5 15 Max 
Helix Voltage   V 345-2085 330-2150 

Min/Max 
Helix Current   mA 1.5 3 Max 
Anode Voltage   V 135 215 Max 
Anode Current   mA 0.5 2 Max 

Absolute 
Ratings 



MECHANICAL DATA 

Weight, 6.0 Ibs 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, 4 in. Min 

No Forced Air Cooling Required, 
Below -F60°C Ambient 
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TECHNICAL DATA 

BACKWARD -WAVE 

O S C I L L A T O R 

The WJ-2018 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bi-
filar (dual) helix and apermanent-magnet focus-
ing system. An immunity to external ac or do 
magnetic fields,togetherwith a minimal straymag-
netic field and low RF radiation, makes the WJ -
2018 ideal for signal generating and sweeping 
equipment, for use in radar receivers (as local) 
oscillator), in frequency diversity transmitters 
(as master oscillator), and in ECM equipment. 
Fine grain variation of frequency versus voltage 

is extremely low. The WJ-2018 delivers smooth 
power output over the band with low operating 
cathode current. Power can be modulated and leveled with either grid or anode circuit. All voltages 
are isolated from housing and RF output connector for maximum flexibility in circuit applications. 

~~~~Ofl~ 
June '1967 

SPECIFICATIONS 
UNITS TYPICAL 

VALUES 
ABSOLUTE 

RATINGS 

Nominal Frequency Band GHz 2. 0-4.0 
Power Output into Load with VSWR = 1.25:1 mW 90-360 70 Min 
Power Output Variation dB 8 Max 
Fine Grain Variation dB/100 MHz 3 Max 
Tube VSWR 2. 5:1 Max 
Frequency Pulling Into 2:1 Load (Any Phase) MHz 4 8 Max 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz B. W. 95 85 Min 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min 
Long-term Sensitivity to Heater Voltage MHz/V 5 
Sensitivity to Anode Voltage MHz/V 0.4 
Sensitivity to Grid Voltage MHz/V 2 
Tuning Curve Slope 

Low End (2.0 GHz) MHz/V 3 
Mid-Frequency (3.0 GHz) MHz/V 1. 7 
High End (4.0 GHz) MHz/V 1 

Grid RF Cutoff Voltage V -7 -20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing pF 55 75 Max 
Capacitance; Grid to all other Electrodes, 

including Housing pF 55 75 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing pF 245 275 Max 
Heater Voltage Vdc 6. 3 6. 3 t 5~c 
Heater Current A 0.75 0. 4- 1.2 

Min/Max 
Cathode Current mA 11 15 Max 
Helix Voltage Range V 375-1735 308-2000 

Min /Max 

Helix Current mA 1. 5 3 Max 

Anode Voltage * V 150 215 Max 

Anode Current mA 0. 1 2 Max 

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



MECHANICAL DATA 
Weight, 9.71bs. 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-
rials, None Required 

No Forced Air Cooling Required Below 
+60o C Ambient 

RFI Shielded and Filtered 

OUTLINE DRAWING 
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through mounting screws. 

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

DECEMBER 1970 

BACKWARD-WAVE 
OSCILLATOR 
WJ-2018-50 

The WJ-2018-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix) and apermanent-magnet focusing system. 
An immunity to external ac or do magnetic fields, to-
getherwith aminimal stray magnetic field and low RF 
radiation, makes the WJ-2018-50 ideal for signal 
generating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. 
The WJ-2018-50 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or anode 
circuits. All voltages are isolated from housing and RF 
output connector for maximum flexibility in circuit 
applications. 

SPECIFICATIONS 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band GHz   2.0-4.0 
Power Output into Load with VSWR = 1.25:1 mW  90-36v^  75 Min. 
Power Output Variation  dB  8 Max. 
Fine Grain Variation  dB/150 MHz 3 Max. 
Tube VSWR  2.5:1 Max. 
Frequency Pulling Into 2:1 Load (Any Phase)  MHz  4 8 Max. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away  dB /MHz B.W.  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30  20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0 4 
Sensitivity to Grid Voltage  MHz/V  4 
Tuning Curve Slope 

Low End (2.0 GHz)  MHz/V  2 5 
Mid-Frequency (3.0 GHz)  MHz/V  1 7 
High End (4.0 GHz)  MHz/V  1 

Grid RF Cutoff Voltage  V —7  —25 Msx. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  55  75 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  55  75 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  245  275 Max. 
Heater Voltage  Vdc  6 3 6 3 ± 5% 
Heater Current  A  0 75  0 4-1.2 

Min./Max. 
Cathode Current " mA  11  15 Max. 
Helix Voltage Range  V  375-1735  308-2000 

Min./Max. 
Helix Current  mA  1 5  3 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  mA  0 1  2 Max. 
~~ Set cathode current to Final Test Data value furnished with tube. 



WJ-2018-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 9 inches (229 mm) max. 
Weight, 11.3 lbs. (5.13 Kg) max. 

Color Code for 18" Flying Leads 
Heater Black 
Heater Brown 
Cathode Yel low 
Grid Green 
Anode Blue 
Helix Red 
Collector Orange 

Mounting Position, Any 

RF Output Connector, Type N Female on Balun 

ENVIRONMENTAL 
CHARACTERISTICS 

Magnetically Shielded 
Separation from Passive Magnetic Materials, 
None Required 
No Forced Air Cooling Required Below-}-60°CAmbient 
RFI Shielded and Filtered 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT 141 PLACES 

N -CONNECTOR FEMALE 
518-24 NEF - 2A THREAD 

4-40 UNF - 26 THREAD 
141 PLACES 
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Notes: 

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

~2  45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

~3  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 

DECEMBER 1970 

The WJ-2018-51 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix) and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet MIL-
I.6181 D. 

An immunity to external ac or do magnetic fields, to-
gether with a minimal stray magnetic field and low RF 
radiation, makes the WJ•2018.51 ideal for signal gen-
erating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 

The WJ-2018-51 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or 

BACKWARD-WAVE 
OSCILLATOR 
WJ-2018-51 

anode circuits. All voltages are isolated from housing 
and RF output connector for maximum flexibility in 
circuit applications. 

SPECIFICATIONS 

Frequency Band  
Power Output into Load with VSWR — 1.25:1  
Power Output Variation  
Fine Grain Variation  
Tube VSWR  

UNITS 

GHz 
mW 
d6 
dB/100 MHz  

TYPICAL 
VALUES 

90-360  

ABSOLUTE 
RATINGS 

1 7-4.2 
30 Min. 
10 Max. 
3 Max. 

2.5:1 Max. 
Frequency Pulling Into 2:1 Load (Any Phase)  MHz  4 8 Max. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away  d6 /MHz B.W.  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30  20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  5 
Sensitivity to Anode Voltage  MHz/V  0 4 
Sensitivity to Grid Voltage  MHz/V  2 
Tuning Curve Slope 

Low End (1.7 GHz)  MHz/V  4 9 
Mid-Frequency (3.0 GHz)  MHz/V  1 7 
High End (4.2 GHz)  MHz/V  0 7 

Grid RF Cutoff Voltage  V —7  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  55  75 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  55  75 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  245  275 Max. 
Heater Voltage  Vdc  6 3 6.3 ± 5% 
Heater Current  A  0 75  0 4-1.2 

Min./Max. 
Cathode Current * mA  11  15 Max. 
Helix Voltage Range  V  270-1950  257-2200 

Min./Max. 
Helix Current  mA  1 5  3 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  mA  0 1  2 Max. 
* Set cathode current to Final Test Data value furnished with tube. 



WJ-2018-51 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 9 inches (229 mm) max. 
Weight,11.3 lbs. (5.13 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 

Magnetically Shielded 
Separation from Passive Magnetic Materials, 
None Required 
No Forced Air Cooling Required Below+60°CAmbient 
RFI Shielded and Filtered 
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Notes: 
Ol. For safety, housing should be grounded through 

mounting screws. 

O2. 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

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

BACKWARD - WAV E 

O S C I L LAT O R 

The WJ-2019 is a shielded, voltage tunable oscil-
lator utilizing a bifilar (dual) helix and a perma-
nent-magnet focusing system. Unsaturated mag-
netic shielding reduces the magnetic field strength 
to less than 15 gauss 1-inch from any point of the 
housing. RFI shielding and filtering allow the 
WJ-2019 to meet MIL-I-6181D. An immunity to 
external ac or do magnetic fields together with a 
minimal stray magnetic field and low RF radiation, 
makes the WJ-2019 ideal for signal generating 
and sweeping equipment, for use in radar receiv-
ers (as local oscillator), in frequency diversity 
transmitters (as master oscillator) and in ECM 
equipment. Fine grain variation of frequency versus voltage is extremely low. The WJ-2019 delivers 
smooth power output over the band with low operating cathode current. Power can be modulated and 
leveled with either grid or anode circuits. All voltages are isolated from housing and RF output con-
nector for maximum flexibility in circuit applications. 

v t~ 
September 1968 

SPECIFICATIONS 

Nominal Frequency Band 
Power Output into Load with VSWR = 1.25:1 

UNITS 

GHz 
mW 

TYPICAL 
VALUES 
4. 0-8.0 

50-120 

ABSOLUTE 
RATINGS 

30 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 3 Max 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz B. W. 95 85 Min 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min 
Long-term Sensitivity to Heater Voltage MHz/V 3 
Sensitivity to Anode Voltage MHz/V 0.9 
Sensitivity to Grid Voltage MHz/V 7 
Tuning Curve Slope 

Low End (4. 0 GHz) MHz/V 6 
Mid-Frequency (6. 0 GHz) MHz/V 3 
High End (8.0 GHz) MHz/V 1.5 

Grid RF Cutoff Voltage V -11 -20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing pF 55 70 Max 
Capacitance; Grid to all other Electrodes, 

including Housing pF 55 70 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing pF 210 250 Max 
Heater Voltage Vdc 6.3 6.3f 5°l0 
Heater Current A 0.75 0.4-1.2 

Min/Max 
Cathode Current mA 9 13 Max 
Helix Voltage Range V 302-1805 280-1900 

Min/Max 
Helix Current mA 1.2 3 Max 
Anode Voltage 1 V 120 215 Max 
Anode Current mA 0. 1 2 Max 
1 Set anode voltage to Final Test Data value furnished with tube. 

'~` Supersedes WJ-2019 Technical Data Sheet Dated June 1967 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 7.51bs. 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Materials. 
None Required 

No Forced Air Cooling Required Below 
+60°  C Ambient 

RFI Shielded and Filtered to Meet 
MIL-I-6181D 

0.500" RAD. 

MOUNTING HOLES 
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INSERT (41 PLACES 
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For safety, housing should be grounded 
through mounting screws. 

50 - 150 V positive collector bias recom-
mended. 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 do heater supply, 
connect cathode to positive (+) side of heater 
supply. 
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TECHNICAL DATA i 

The WJ-2019-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix) and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet MIL-
I.6181 D. 

An immunity to external ac or do magnetic fields, to-
gether with a minimal stray magnetic field and low RF 
radiation, makes the WJ-2019-50 ideal for signal gen-
erating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 

The WJ-2019-50 delivers smooth power output over anode circuits. All voltages are isolated from housing 
the band with low operating cathode current. Power and RF output connector for maximum flexibility in 
can be modulated and leveled with either grid or circuit applications. 

SPECIFICATIONS 

DECEMBER 1970 

BACKWARD-WAVE 
OSCILLATOR 
WJ-2019-50 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz  4.0-8.0 
Power Output into Load with VSWR = 1.25:1 mW  50-120  30 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  3 Max. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away  dB /MHz B.W.  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30 20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  3 
Sensitivity to Anode Voltage  MHz/V  0 9 
Sensitivity to Grid Voltage MHz/V  7 
Tuning Curve Slope 

Low End (4.0 GHz)  MHz/V  6 
Mid-Frequency (6.0 GHz)  MHz/V  3 
High End (8.0 GHz)  MHz/V  1 5 

Grid RF Cutoff Voltage  V  —11  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  55  70 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  55  70 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  210  250 Max. 
Heater Voltage  Vdc  6 3 6 3 ± 5% 
Heater Current  A  0 75  0 4-1.2 

Min./Max. 
Cathode Current * mA  9 13 Max. 
Helix Voltage Range  V  302-1805  280-1900 

Min./Max. 
Helix Current  mA  1 2  3 Max. 
Anode Voltage  V  120  215 Max. 
Anode Current  mA  0 1  2 Max. 

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



WJ-2019-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 8 inches (203 mm) max. 
Weight, 8 lbs. (3.63 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 

Magnetically Shielded 
Separation from Passive Magnetic Materials, 
None Required 
No Forced Air Cooling Required Below-F60°CAmbient 
RFI Shielded and Filtered 
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Notes: 

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

02  45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 

at somewhat reduced performance. 

03  Heater must always be negative with respect to 

cathode. If cathode is tp be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (-}-) side of heater supply. 
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TECHNICAL DATA 

DECEMBER 1970 

BACKWARD-WAVE 
OSCILLATOR 

WJ-2019-51 
The WJ-2019-51 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix) and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet MIL-
T-6181 D. 

An immunity to external ac or do magnetic fields, to-
gether with a minimal stray magnetic field and low RF 
radiation, makes the WJ-2019-51 ideal for signal gen-
erating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 

The WJ-2019-51 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or 

anode circuits. All voltages are isolated from housing 
and RF output connector for maximum flexibility in 
circuit applications. 

SPECIFICATIONS 
TYPICAL ABSOLUTE 

UNITS VALUES RATINGS 

Frequency Band  GHz   .3.7-8.3 
Power Output into Load with VSWR — 1.25:1 mW  50-120  ~ 20 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  3 Max. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away  dB /MHz B.W.  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30 20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  3 
Sensitivity to Anode Voltage  MHz/V  0 9 
Sensitivity to Grid Voltage  MHz/V  7 
Tuning Curve Slope 

Low End (3.7 GHz)  MHz/V  8 
Mid-Frequency (6.0 GHz)  MHz/V  3 
High End (8.3 GHz)  MHz/V  0 9 

Grid RF Cutoff Voltage  V  —11  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  55 70 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  55 70 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  210  250 Max. 
Heater Voltage  Vdc  6 3 6 3 ± 5% 
Heater Current  A  0 75  0.4-1.2 

Min./Max. 
Cathode Current * mA  9 13 Max. 
Helix Voltage Range  V  265-2050 243-2150 

Min./Max. 
Helix Current  mA  1 2  3 Max. 
Anode Voltage  V  120  215 Max. 
Anode Current  mA  0 1  2 Max. 

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



i WJ-2019-51 OUTLINE DRAWING 

I 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 8 inches (204 mm) max. 
Weight, 8 lbs. (3.63 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 

Magnetically Shielded 
Separation from Passive Magnetic Materials, 
None Required 
No Forced Air Cooling Required Below+60°CAmbient 
RFI Shielded and Filtered 
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Notes: 
For safety, housing should be grounded through 

mounting screws. 

O 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 

at somewhat reduced performance. 

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

BACKWARD - W A V E 

O S C I LLA T O R 

The type WJ-2020 is a magnetically shielded and 
RFI shielded voltage tunable oscillator utilizing a 
bifilar helix. Unsaturated magnetic shielding re-
duces the magnetic field strength to less than 5 
gauss 1/ 2 -inch away from any point of the capsule. 
RFI shielding and filtering enables this tube to 
meet MIL-I-6181D. Its immunity to external ac 
or do magnetic fields, together with minimal stray 
magnetic field and low RF radiation, makes the 
WJ-2020 ideal for signal generating and sweeping 
equipment, for use in radar receivers (as local os-
cillator), in frequency diversity transmitters (as 
master oscillator), and in ECM equipment. Fine 3340 

grain variation of frequency versus voltage is extremely low. Power output and tuning curves are uni-
form and highly reproducible. Power can be modulated and leveled with either grid or anode circuts. All 
voltages are isolated from housing and RF output connector for maximum flexibility in circuit applications. 

V 

July '1966 

ELECTRICAL CHARACTERISTICS, CW 

UNITS TYPICAL ABSOLUTE 
VALUES RATINGS 

Nominal Frequency Band   GHz 8.0-12.4 
Power Output into Load with VSWR = 1  25.1   mW 60-175 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 1.5 3 Max. 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz B.W. 95 85 Min. 
Ratio of Signal to 2nd Harmonic Output d6 30 20 Min. 
Long-term Sensitivity to Heater Voltage MHz/V 3 10 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 (8.0 GHz)   MHz/V 7.2 
Mid-Frequency (10.2 GHz)   MHz/V 4.6 
High End (12.4 GHz)   MHz/V 2.7 

Grid r.f. Cutoff Voltage   V —7 —20 Max. 
Capacitance; Grid to all other Electrodes, 

incl. Heater and Housing   pf 45 55 Max. 
Capacitance; Gride to all other Electrodes, 

incl. Housing   pf 45 55 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing   pf 230 250 Max. 
Heater Voltage   Vdc 6.3 6.3 ±5% 
Heater Current   A 0.75 0.4 to 1.2 

Min./Max. 
Cathode Current   mA 8 12 Max. 
Helix Voltage Range   V 450-1495 425-1600 

Min./Max. 
Anode Voltage''   V 150 215 Max. 
Anode Current   mA 0.5 2 Max. 

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



OUTLINE DRAWING 

MECHANICAL DATA 

Weight, 6 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-
rials, None Required 

No Forced Air Cooling Required Below 
-{-60°C Ambient 

RFI Shielded and Filtered to Meet 
MIL-I-6181D 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT (a) PLACES 

N-CONNECTOR 
FEMALE 
5/8"-24 NEF-2A 
THREAD 

4-40 UNF-2R 
THREAD 
(a) PLACES 

SCHEMATIC DIAGRAM 
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For safety, housing should be grounded 
through mounting screws. 

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

3 Heater must never be positive with re-
spect to cathode. 
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TECHNICAL DATA 

i 

The WJ-2020-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix) and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet MIL-
I-6181 D. 

An immunity to external ac or do magnetic fields, to-
gether with a minimal stray magnetic field and low RF 
radiation, makes the WJ-2020-50 ideal for signal gen-
erating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 

The WJ-2020-50 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or 
anode circuits. All voltages are isolated from housing 
and RF output connector for maximum flexibility in 
circuit applications. 

SPECIFICATIONS 

JANUARY 1971 

BACKWARD-WAVE 
OSCILLATOR 
WJ-2020-50 

Nominal Frequency Band  
Power Output into Load with VSWR = 1.25:1  
Power Output Variation  
Fine Grain Variation  
Tube VSWR  

UNITS 

GHz 
mW  
dB  
dB/250 MHz  

TYPICAL 
VALUES 

60-175  

ABSOLUTE 
RATINGS 

 8.0-12.4 
50 Min. 
6 Max. 
3 Max. 

2.5:1 Max. 
Frequency Pulling Into 2:1 Load (Any Phase)  MHz  1 5  3 Max. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away  dB /MHz B.W.  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30  20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  3 
Sensitivity to Anode Voltage  MHz/V  0 6 
Sensitivity to Grid Voltage  MHz/V  3 
Tuning Curve Slope 

Low End (7.0 GHz)  MHz/V  7 2 
Mid-Frequency (9.7 GHz)  MHz/V  4 6 
High End (12.4 GHz)  MHz/V  2 7 

Grid RF Cutoff Voltage  V —7  —20 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  45 55 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  45 55 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  230  250 Max. 
Heater Voltage  Vdc  6 3  6.3 ± 5% 
Heater Current  A  0 75  0 4 to 1.2 

Min./Max. 
Cathode Current'`  mA  8 12 Max. 
Helix Voltage Range  V  450-1495  425-1600 

Min.~Max. 
Helix Current  mA  2.5 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  mA  0 5  2 Max. 

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

i 



WJ-2020-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 8 inches (204 mm) max. 
Weight, 9.5 lbs. (4.31 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 

Magnetically Shielded 
Separation from Passive Magnetic Materials, 
None Required 
No Forced Air Cooling Required Below-}-60°CAmbient 
RFI Shielded and Filtered 
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Notes: 
1. For safety, housing should be grounded through 

mounting screws. 
2. 45-150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

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

DECEMBER 1970 

The WJ-2020-51 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix) and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet 
MIL-I.6181D. 
An immunity to external ac or do magnetic fields, to-
getherwith aminimal stray magnetic field and low RF 
radiation, makes the WJ-2020-51 ideal for signal 
generating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 
The WJ-2020-51 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or anode 
circuits. All voltages are isolated from housing and RF 
output connector for maximum flexibility in circuit 
applications. 

SPECIFICATIONS 

BACKWARD-WAVE 
OSCILLATOR 
WJ-2020-51 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz  7 0-12.4 
Power Output into Load with VSWR - 1.25:1 mW  30-175  25 Min. 
Power Output Variation  dB  8 Max. 
Fine Grain Variation  dB/250 MHz  3 Max. 
Tube VSWR  2.5:1 Max. 
Frequency Pul ling Into 2:1 Load (Any Phase)  MHz  1 5  3 Max. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away  dB/MHz B.W.  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30  20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  3 
Sensitivity to Anode Voltage  MHz/V  0 6 
Sensitivity to Grid Voltage  MHz/V  3 
Tuning Curve Slope 

Low End (7.0 GHz)  MHz/V  8 3 
Mid-Frequency (9.7 GHz)  MHz/V  4 2 
High End (12.4 GHz)  MHz/V  2 7 

Grid RF Cutoff Voltage  V —7  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  45  55 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  45  55 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  230  250 Max. 
Heater Voltage  Vdc  6 3  6.3 ± 5% 
Heater Current  A  0 75  0.4-1.2 

Min./Max. 
Cathode Current ~`  mA  8  12 Max. 
Helix Voltage Range  V  330-1495  313-1600 

Min./Max. 
Helix Current  mA  2.5 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  mA  0 5  2 Max. 

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



WJ-2020-51 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 8 inches (204 mm) max. 
Weight, 9.5 lbs. (4.31 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 
Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 
Separation from Passive Magnetic Materials, 
None Required 
No Forced Air Cooling Required Below-I-60°CAmbient 
RFI Shielded and Filtered to Meet MIL-I-6181D 
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Notes: 
1. For safety, housing should be grounded through 

mounting screws. 
2. 45-150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

3. Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (~-) side of heater supply. 
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TECHNICAL DATA 
AUGUST 1969 ~ 

The WJ-2021 is a miniature magnetically and RFI 
shielded, voltage tunable oscillator, utilizing a single 
helix and permanent magnet focusing system to cover 
the frequency range from 12.4 to 18.0 GHz. Inter-
ference requirements of MIL-STD-461 are met or ex-
ceeded by the integral RFI shielding and filtering. 

The combination of immunity to external ac or do 
magnetic fields, minimal stray generated magnetic 
fields and very low RF radiation make the WJ-2021 
ideal for a number of applications, including the fol-
lowing: signal generating and sweeping equipment, 
radar receivers (as local oscillator), frequency diver-
sity transmitters and ECM equipment (as master 
oscillator.). 

The fine grain variation of frequency versus voltage is 
extemely low. The WJ-2021 delivers smooth power 
output over the band with low operating cathode cur-
rent. Power can be modulated and leveled with either 
grid or anode circuits. All voltages are isolated from 
the housing for maximum flexibility in circuit applica-
tions. 

BACKWARD-WAVE 
OSCILLATOR 

WJ-2021 

SPECIFICATIONS 
UNITS 

TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz   12.4 - 18.0 
Power Output into Load with VSWR — 1.25:1  mW  50 - 100  40 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  15 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz BW  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  15 
Sensitivity to Anode Voltage  MHz/V  2 
Sensitivity to Grid Voltage  MHz/V  8 
Tuning Curve Slope 

Low End (12.4 GHz)  MHz/V  7.5 
Mid-Frequency (15.2 GHz)  MHz/V  4.4 
High End (18.0 GHz)  MHz/V  2.2 

Grid RF Cutoff Voltage  V  —10  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pf  50  90 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pf  40  80 Max. 
Capitance; Helix and Collector to all other 

Electrodes and Housing  pf  130  170 Max. 
Heater Voltage  V do  6.3  6 3 ±5% 
Heater Current  A  0 75  0.4 to 1.2 

Cathode Current'  mA  10.0  15 Max. 
Helix Voltage Range  V  570 - 1930  500 - 2100 

Min./Max. 
Helix Current  ~mA  1.8  3 Max. 
Anode Voltage  V  130  215 Max. 
Anode Current  mA  0.1  1 Max. 

'Set cathode current to Final Test Data value furnished with tube. 
*Supersedes WJ-2021 Technical Data Sheet dated April 1969. 



WJ-2021 
OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height  
Width  
Length  
Weight  

Color Code for 18" 
Heater 
Heater 
Cathode 
Grid 
Anode 
Helix 
Collector 

3 inches (76 mm) 
3 inches (76 mm) 

8 inches (203 mm) 
6 pounds (2.72 Kg) 

Flying Leads 
Black 
Brown 
Yellow 
Green 
Blue 
Red 
Orange 

max. 
max. 
max. 
max, 

Mounting Position, Any 

RF Output Connector, Mate with UG 419/U 

Separation from Passive Magnetic Materials, None 
Required 

ENVIRONMENTAL 
CHARACTERISTICS 

Magnetically Shielded 
No Forced Air Cooling Required Below -}-60°C 

Ambient 

RFI Shielded and Filtered to Meet or Exceed 
MIL-STD-461 
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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 do supply, connect cathode 
to positive (+) side of heater supply. 
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TECHNICAL DATA 
APRIL 1969* 

The WJ-2022 is a magnetically shielded and RFI 
shielded, voltage tunable oscillator, utilizing a 

single helix and a permanent -magnet focusing 

system. Unsaturated magnetic shielding reduces 

the magnetic field strength to less than 10 gauss, 
1/2 inch from any point of the housing. RFI 
shielding and filtering allow the WJ-2022 to meet 
levels of MIL-I-6181D. An immunity to external 
ac or do magnetic fields, together with minimal 

stray magnetic fields and low RF radiation, makes 
the WJ-2022 ideal for signal generating and sweep-

ing equipment, for use in radar receivers (as local 

oscillator), infrequency diversity transmitters (as 

master oscillator), and in ECM equipment. Fine 
grain variation of frequency versus voltage is 
extremely low. The WJ - 2022 delivers smooth 
power output over the band with low operating 
cathode current. Power can be modulated and 
leveled with either grid or anode circuits. All 

BACKWARD-WAVE OSCILLATOR 

WJ-2022 

voltages are isolated from the housing for max-
imum flexibility in circuit applications. 

Nominal Frequency Band 

SPECIFICATIONS 

UNITS 

GHz 

TYPICAL 

VALUES 

ABSOLUTF. 

RATINGS 

18.0 - 26.5 

Power Output into Load VSWR = 1.25 mW 22 - 70 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 2 6 Max. 

Spurious Oscillation 
Ratio of Signal to Total Spurious Output dB 50 40 Min. 

Ratio of Signal to Noise Power 30 MHz Away d$~MHz 90 80 Min. 

Sensitivity to Heater Voltage MHz/V 35 

Sensitivity to Anode Voltage MHz/V 1 

Sensitivity to Grid Voltage MHz/V 10 

Tuning Curve Slope 
Low End (18 MHz) MHz/ V 12 

Mid-Frequency (22.5 MHz) MHz/V 6. 5 

High End (26.5 MHz) MHz/V 4 

Grid r. f. Cutoff Voltage V -10 -20 Max. 

Capacitance; Cathode to all other Electrodes, 
including Heater and Housing pf 35 50 Max. 

Capacitance; Grid to all other Electrodes, 
including Heater and Housing pf 35 50 Max. 

Capacitance; Helix &Collector to all other 
Electrodes including Heater and Housing pf 90 130 Max. 

Heater Voltage V 6.3 t 5% 

Heater Current A 0.67 0.4-1.2 

Cathode Currentl mA 6 10 Max. 

Helix Voltage Range V 530-1820 450-2000 

Helix Current mA 1.5 3 Max. 

Anode Voltage V 115 250 Max. 

Anode Current mA 0.2 1 Max. 

i. Set Cathode Current to Final Test Data furnished with tube. 
* Supersedes WJ-2022 Technical Data Sheet dated February 1968. 

i 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 6.5 lbs. Max. 
Color Code for 18" Flying Leads 

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

Mounting Position, Any 
RF Output Connector, UG-595/U Flange 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-
rials, None Required 

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

RFI Shielded and Filtered to Meet 
Levels of MIL-I-6181D 
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For safety, housing should be grounded 
through mounting screws, 

50-150 V positive collector bias recom-
mended. Abe will operate with collector 
at helix potential at somewhat reduced 
performance, 

Heater must always be negative with 
respect to cathode. One heater lead 
may be tied to cathode. 
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TECHNICAL DATA 
BACKWARD - WAV E 

O S C I L L A T O R 

TECHNICAL DATA • January '1967 

The WJ-2024 is a miniature square packaged volt-
age-tunable oscillator utilizing a bifilar (dual-helix) 
slow-wave structure and a permanent magnet focus-
ing system. The size and weight of this package make 
it suitable for high density packaging in airborne, 
shipboard and plug-in sweeper applications. It is 
used as a local oscillator in swept or FM receivers, 
master oscillator in transmitters and ECM jammers, 
signal source in generators and spectrum analyzers. 
Frequency versus voltage curves are monotonic, 
making the tubes ideal for linearizing. Power output 
can be modulated with either grid or anode circuits. 
All voltages are isolated from the housing for easier 
packaging. 

SPECIFICATIONS 

Units Typical 
Values 

Nominal Frequency Band GHz 2-4 
Power Output into Load with VSWR - 1  25  mW 60-250 50 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 2 5 Max 
Spurious Oscillation 

Ratio of Signal to 2nd Harmonic Output dB 25 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 (2.0 GHz) MHz/V 3.2 
Mid-Frequency (3.0 GHz)   MHz/V 2.3 
High End (4.0 GHz) MHz/V 1.2 

Grid R. F. Cutoff Voltage . V -8 -20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing   pF 18 25 Max 
Capacitance; Grid to all other Electrodes 

including Housing   pF 18 25 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing   pF 150 200 Max 
Heater Voltage   V 6.3±5% 
Heater Current   A 0.8 0.4-1.2 

Min/Max 
Cathode Current   mA 8 15 Max 
Helix Voltage Range   V 290-1290 270-1350 

Min/Max 
Helix Current mA 2 3 Max 
Anode Voltage   V 130 215 Max 
Anode Current   mA 0.6 1.5 Max 

Absolute 
Ratings 



i MECHANICAL DATA OUTLINE DRAWING 

Weight, 7.25 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, 4 in. Min 

No Forced Air Cooling Required 
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For safety, housing should be grounded 
through mounting screws. 

2 24-100 V positive collector bias recom-
mended. Tube will operate with collector 
at helix potential at somewhat reduced 
performance. 

m 

POWER OUTPUT 

P
O

W
E

R
 

- 
M

W
 

250 

200 

150 

100 

50 

0 
20 2.5 3 0 3 5 

FREQUENCY -GHz 

TUNING VOLTAGE 

H
E

L
IX

 
V

O
L

T
A

G
E

 
- 

V
O

L
T

S
 

1600 

1200 

600 

aoo 

0 
2.0 25 30 35 

FREQUENCY - GHz 

40 

ao 

WJ-2024 

W ATKINS — JOHNSON COMPANY 

3333 HILLVIEW AVENUE ~ STANFORD INDUSTRIAL PARK 

PALO ALTO, CALIFORNIA 94304 

TWX 9'10-373-'1253 PHONE (415) 326-8830 

Telex: 348-415 

Printed in U.S.A. 



TECHNICAL DATA 
BACKWARD -WAVE 

O S C I L L A T O R 

Q 
TECHNICAL DATA • January '1967 

The WJ-2025 is a miniature square packaged volt-
age-tunable oscillator utilizing a bifilar (dual-helix) 
slow-wave structure and a permanent magnet focus-
ing system. The size and weight of this package make 

it suitable for high density packaging in airborne, 
shipboard and plug-in sweeper applications. It is 
used as a local oscillator in swept or FM receivers, 
master oscillator in transmitters and ECM jammers, 
signal source in generators and spectrum analyzers. 
Frequency versus voltage curves are monotonic, 
making the tubes ideal for linearizing. Power output 
can be modulated with either grid or anode circuits. 
All voltages are isolated from the housing for easier 
packaging. 

J 3f9 

SPECIFICATIONS 

Nominal Frequency Band  
Power Output into Load with VSWR - 1  25.1 
Power Output Variation 
Fine Grain Variation  
Tube VSWR  

Units 

GHz 
mW 

 dB 
dB/250 MHz 

Typical 
Values 

4.0-8.0 
30-70 

Absolute 
Ratings 

20 Min 
6 Max 
3 Max 

2.5:1 Max 
Frequency Pulling into 2:1 Load (Any Phase) MHz 0.6 1.0 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz 95 85 Min 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min 
Long-term Sensitivity to Heater Voltage at 6 GHz MHz/V 3.5 6 Max 
Sensitivity to Anode Voltage MHz/V 0.5 1.0 Max 
Sensitivity to Grid Voltage . MHz/V 3 5 Max 
Tuning Curve Slope 

Low End (4.0 GHz) MHz/V 6.0 
Mid-Frequency (6.0 GHz) MHz/V 2.5 
High End (8.0 GHz) MHz/V 1.7 

Grid R. F. Cutoff Voltage V -7 -20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing . pF 18 25 Max 
Capacitance; Grid to all other Electrodes 

including Housing pF 18 25 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing pF 90 125 Max 
Heater Voltage  Vdc 6.3±5% 
Heater Current  A 0.75 0.4-1.2 

Min/Max 
Cathode Current  mA 8.5 15 Max 
Helix Voltage Range  V 280-1710 250-1800 

Min Max 
Helix Current mA 2 3 Max 

Anode Voltage  V 100 200 Max 
Anode Current  mA 0.3 2 Max 

i 



MECHANICAL DATA OUTLINE DRAWING 

Weight, li/z Ibs 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, 2 in. Max 

No Forced Air Cooling Required 
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' For safety, housing should be grounded 
through mounting screws. 

z24-100 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 

September 1968 

The WJ-2026 is a miniature square packaged volt-
age-tunable oscillator utilizing a monofilar (single-
helix) slow-wave structure and a permanent magnet 
focusing system. The size and weight of this package 
make it suitable for high density packaging in air-
borne, shipboard and plug-in sweeper applications. 
It is used as a local oscillator in swept or FM receiv-
ers, master oscillator iri transmitters and ECM jam-
mers, signal source in generators and spectrum 
analyzers. Frequency versus voltage curves are mon-
otonic, making the tubes ideal for linearizing. Power 
output can be modulated with either grid or anode 
circuits. All voltages are isolated from the housing for 
easier packaging. 

X-758-9 

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 
Long-term Sensitivity to Heater Voltage . 
Sensitivity to Anode Voltage  

Units 

GHz 
mW 

 dB 
dB/250 MHz 

MHz 
dB/MHz 
MHz/V 
MHz/V 

Typical 
Values 

8.2-12.4 
25-100 

0.8 
95 
5.5 
0.3 

Absolute 
Ratings 

20 Min 
8 Max 
3 Max 

2.5:1 Max 
1.5 Max 
85 Min 

Sensitivity to Grid Voltage MHz/V 2 
Tuning Curve Slope 

Low End (8.2 GHz)  MHz/V 6.5 
Mid-Frequency (10.3 GHz)  MHz/V 3.3 
High End (12.4 GHz)  MHz/V 1.7 

Grid R. F. Cutoff Voltage  V —10 —20 Max 
Capacitance; Cathode to all other Electrodes 

Including Heater and Housing  pF 18 25 Max 
Capacitance; Grid to all other Electrodes 

Including Housing  pF 18 25 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF 70 100 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  V 485-1850 450-2000 
Helix Current mA 2 3 Max 
Anode Voltage  V 125 200 Max 
Anode Current  mA 0.3 2 Max 

* Supersedes WJ-2026 Technical Data Sheet Dated January 1967 



MECHANICAL DATA OUTLINE DRAWING 
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Weight, 1.5 Ibs 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 

No Forced Air Cooling Required Below 
-F60°C Ambient 
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2 24-100 V positive collector bias recom-
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TECHNICAL DATA 

BACKWARD -WAVE 
OSCILLATOR 

September 1968 

The WJ-2027 is a miniature square packaged volt-
age-tunable oscillator utilizing a bifilar (dual-helix) 
slow-wave structure and a permanent magnet focus-
ingsystem. The size and weight of this package make 
it suitable for high density packaging in airborne, 
shipboard and plug-in sweeper applications. It is 
used as a local oscillator in swept or FM receivers, 
master oscillator in transmitters and ECM jammers, 
signal source in generators and spectrum analyzers. 
Frequency versus voltage curves are monotonic, 
making the tubes ideal for linearizing. Power output 
can be modulated with either grid or anode circuits. 
All voltages are isolated from the housing for easier 
packaging. 3381-1 

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 2nd Harmonic Output 
Ratio of Signal to Noise Power 30 MHz Away 

Units 

GHz 
mW 

 dB 
dB/250 MHz 

MHz 
dB 
d6/MHz 

Typical 
Values 

8.0-12.4 
60-175 

0.6 
30 
95 

Absolute 
Ratings 

50 Min 
6 Max 
3 Max 

2.5:1 Max 
1.5 Max 
20 Min 
85 Min 

Long-term Sensitivity to Heater Voltage . . MHz/V 5 
Sensitivity to Anode Voltage MHz/V 0.6 
Sensitivity to Grid Voltage MHz/V 3 
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  V —7 —20 Max 
Capacitance; Cathode to all other Electrodes, 

and Housing  pF 30 45 Max 
Capacitance; Cathode and Grid to all other 

Electrodes and Housing  pF 40 50 Max 
Capacitance; Helix to all other Electrodes 

and Housing  pF 150 175 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  V 450-1495 425-1600 

Min Max 
Helix Current mA 2 3 Max 
Anode Voltage  V 150 200 Max 
Anode Current  mA 0.5 2 Max 

* Supersedes WJ-2027 Technical Data Sheet Datetl January 1967 



MECHANICAL DATA 

Weight, 11/z Ibs Max 

Color Code for 18" Flying Leads 
Heater Brown 
Heater Cathode Yellow 
Grid Green 
Anode Blue 
Helix Red 
Collector Orange 

Mountin Position, an g Y 
RF Output Connector, Type N Female 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic 
Materials, 2 in. Min 

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

O S C I L LAT O R 

The WJ-2028 is a miniature square packaged volt-
age-tunable oscillator utilizing a monofilar (single-
helix) slow-wave structure and a permanent magnet 
focusing system. The size and weight of this package 
make it suitable for high density packaging in air-
borne, shipboard and plug-in sweeper applications. 
It is used as a local oscillator in swept or FM receiv-
ers, master oscillator in transmitters and ECM jam-
mers, signal source in generators and spectrum 
analyzers. Frequency versus voltage curves are mon-
otonic, making the tubes ideal for linearizing. Power 
output can be modulated with either grid or anode 
circuits. All voltages are isolated from the housing for 
easier packaging. 

i 58-6 

SPECIFICATIONS 

Units 

TECHNICAL DATA 

L'9~J~~o~o~ 

Typical 
Values 

December 1967 

Absolute 
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   V —10 —20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing   pF 15 20 Max 
Capacitance; Grid to all other Electrodes 

including Housing   pF 18 25 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   V 570-1980 500-2100 

Min/Max 
Helix Current mA 2 3 Max 

Anode Voltage   V 150 200 Max 
Anode Current   mA 0.5 2 Max 

* This Data Sheet supersedes Data Sheet W-J 2028 dated January 1967 



MECHANICAL DATA 

Weight, 1.5 Ibs 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 

No Forced Air Cooling Required 
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TECHNICAL DATA 
BACKWARD-WAVE 
O S C I L L A T O R 

~~~~~o~~ 
TECHNICAL DATA •January '1967 

The WJ-2029 is a miniature square packaged volt-
age-tunable oscillator utilizing a monofilar (single-
helix) slow-wave structure and a permanent magnet 
focusing system. The size and weight of this package 
make it suitable for high density packaging in air-
borne, shipboard and plug-in sweeper applications. 
It is used as a local oscillator in swept or FM receiv-
ers, master oscillator in transmitters and ECM jam-
mers, signal source in generators and spectrum 
analyzers. Frequency versus voltage curves are mon-
otonic, making the tubes ideal for linearizing. Power 
output can be modulated with either grid or anode 
circuits. All voltages are isolated from the housing for 
easier packaging. 

SPECIFICATIONS 

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 15-30 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 Max 
Sensitivity to Grid Voltage  MHz/V 3 6 Max 
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 

Grid R. F. Cutoff Voltage   V —10 —20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing   pF 15 20 Max 

Capacitance; Grid to all other Electrodes 
including Housing   pF 18 25 Max 

Capacitance; Helix and Collector to all other 
Electrodes and Housing pF 80 110 Max 

Heater Voltage   Vdc 6.3±5% 
Heater Current   A 0.75 0.4-1.2 

Min/Max 

Cathode Current   mA' 7 12 Max 

Helix Voltage Range   V 405-760 375-800 
Min/Max 

Helix Current mA 2 3 Max 

Anode Voltage   V 150 200 Max 
Anode Current   mA 0.5 2 Max 



MECHANICAL DATA OUTLINE DRAWING 
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Weight, 1 Ib 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 

No Forced Air Cooling Required 
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TECHNICAL DATA 
BACKWARD -WAVE 

O S C I L L A T O R 

The WJ-2030 is a miniature square packaged volt-
age-tunable oscillator utilizing a bifilar (dual-helix) 
slow-wave structure and a permanent magnet focus-
ing system. The size and weight of this package make 
it suitable for high density packaging in airborne, 
shipboard and plug-in sweeper applications. It is 
used as a local oscillator in swept or FM receivers, 
master oscillator in transmitters and ECM jammers, 
signal source in generators and spectrum analyzers. 
Frequency versus voltage curves are monotonic, 
making the tubes ideal for linearizing. Power output 
can be modulated with either grid or anode circuits. 
All voltages are isolated from the housing for easier 
packaging. 

SPECIFICATIONS 

Units 

v 

TECHNICAL DATA • January '1967 

Typical 
Values 

Nominal Frequency Band   GHz 4.0-8.0 
Power Output into Load with VSWR - 1  25.1   mW 60-150 
Power Output Variation   dB 
Fine Grain Variation   dB/250 MHz 
Tube VSWR  
Frequency Pulling into 2:1 Load (Any Phase) MHz 0.6 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz 95 
Ratio of Signal to 2nd Harmonic Output dB 30 
Long-term Sensitivity to Heater Voltage at 6 GHz MHz/V 3.5 
Sensitivity to Anode Voltage   MHz/V 0.5 
Sensitivity to Grid Voltage . MHz/V 3 
Tuning Curve Slope 

Low End (4.0 GHz) MHz/V 5.4 
Mid-Frequency (6.0 GHz)   MHz/V 2.5 
High End (8.0 GHz) MHz/V 1.9 

Grid R. F. Cutoff Voltage   V —7 —20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing   pF 18 25 Max 
Capacitance; Grid to all other Electrodes 

Including Housing   pF 18 25 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing pF 90 125 Max 
Heater Voltage   Vdc 6.3±5% 
Heater Current   A 0.75 0.4-1.2 

Min/Max 
Cathode Current   mA 8.5 15 Max 
Helix Voltage Range   V 345-2085 330-2150 
Helix Current mA 2 3 Max 
Anode Voltage   V 100 200 Max 
Anode Current   mA 0.3 2 Max 

Absolute 
Ratings 

50 Min 
6 Max 
3 Max 

2.5:1 Max 
2.0 

85 Min 
20 Min 
6 Max 

1.0 Max 
5 Max 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 1~/z Ibs 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, 2 in. Max 

No Forced Air Cooling Required 
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TECHNICAL DATA 

BACKWARD-WAVE 

O S C I L L A T O R 

Tlie WJ-2033-1 has a minimum power output of 

100 milliwatts and is a shielded, voltagetunable 
oscillator utilizing a bifilar (dual) helix and a 

permanent-magnet focusing system. Unsatura-

ted magnetic shielding reduces the magnetic field 

strength to less than 5 gauss 1/2-inch from any 

point of the housing. RFI shielding and filtering 

allow the WJ-2033-1 to meet MIL-I-6181D. An 

immunity to external ac or do magnetic fields, 
together with minimal stray magnetic fields and 
low RF radiation, makes the WJ-2033-1 ideal 
for signal generating and sweeping equipment, 
for use in radar receivers (as local oscillator}, 

in frequency diversity transmitters (as master oscillator), and in ECM equipment. Fine grain vari-

ation of frequency versus voltage is extremely low. The WJ-2033-1 delivers smooth power output 

over the band with low operating cathode current. Power can be modulated and leveled with either 

grid or anode circuits. All voltages are isolated from housing and RF output connector for maximum 

~~1~1~ ~V~~J~( 
July '1967 

flexibility in circuit applications. 
SPECIFICATIONS 

UNITS 

Nominal Frequency Band GHz 
Power Output Into Load with VSV6'R = 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 B. W. 
Ratio of Signal to 2nd Harmonic Output dB 
Long-term Sensitivity to Heater Voltage MHz/V 
Sensitivity to Anode Voltage MHz/V 

TYPICAL 
VALUES 

8. 0-12.4 
125-200 

1 
95 
30 

7 
1.5 

ABSOLUTE 
RATI;dGS 

100 Min 
6 Max 
3 Max 

2.5:1 Max 
3 Max 

85 Min 
20 Min 

Sensitivity to Grid Voltage MHz/V 6 
Tuning Curve Slope 

Low End (8.0 GHz) MHz/V 5 
Mid-Frequency (10.2 GHz) MHz/V 3 
High End (12.4 GHz) MHz/V 2 

Grid RF Cutoff Voltage V -15 -20 Max 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing pF 55 75 Max 
Capacitance; Grid to all other Electrodes, 

including Housing pF 55 75 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing pF 220 250 Max 
Heater Voltage Vdc 6. 3 6.3 t  5 % 
Heater Current A 0. 7 0.4 to 1.2 

Min/ Max 
Cathode Current mA 8 12 Max 
Helix Voltage Range V 630-2075 600-2150 

Min/ Max 

Helix Current mA 1. 3 3 Max 

Anode Voltage* V 130 215 Max 

Anode Current mA 0. 05 2 Max 

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



MECHANICAL DATA OUTLINE DRAWING 

s'l'eight. G lbs. Max. 

Color Cude for 18" I''lying Leads 
heater Blacic 
Heater Brown 
Cathode Yellow 
Grid Green 
Anode Blue 
I{elix Red 
Collector Orange 

Mounting Position. Any 
RF Chitput Connector. Type N Female 

Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-
rials. None Required 

No Forced Air Cooling Required Below 

+60°  C Ambient 

RFI Shielded and Filtered to Meet 
MIL-T-6181 D 

1.2s" ~ 

a^ 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT 141 PLACES 

N-CONNECTOR 
FEMALE 
S/S"-24 NEF-2A 
THREAD 

4-40 UNF-28 
THREAD 
(41 PLACES 

SCHEMATIC DIAGRAM 
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"For safety. housing should be grounded 
through mounting screws. 

~50-150V positive collector bias recom-
mended. Tutee will operate with collector 
at helix potential at somewhat reduced 

performance. 

"Heater must never be positive with re-
spect to cathode. 
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TECHNICAL DATA 

BACKWARD-WAVE 

OSCILLATOR 

The WJ-2034 is a voltage tunable oscillator 
utilizing a bifilar helix. Unsaturated magnetic 
shielding reduces the external magnetic fields 
strength to less than 5 gauss 1/2-inch from any 
point of the housing. RFI shielding and filtering 
allows the WJ-2034 to meet MIL-I-6181D. An 
immunity to external ac or do magnetic fields, 
together with minimal stray magnetic fields and 
low RF radiation, makes the WJ-2034 ideal for 
signal generating and sweeping equipment, for 
use in radar receivers (as local oscillator), in 
frequency diversity transmitters (as master 
oscillator, and in ECM equipment. Fine grain 
variation of frequency versus 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 housing and RF output connector for maximum flexibility in circuit appli-
cations. 

~~l~~o~Q 
May 1967 

SPECIFICATIONS 

Nominal Frequency Band 
Power Output into Load with VSWR = 1.25:1 

UNITS 

GHz 
mW 

TYPICAL 
VALUES 

4. 0-8.0 
65-170 

ABSOLUTE 
RATINGS 

60 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 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz B. W. 95 85 Min 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min 
Long-term Sensitivity to Heater Voltage MHz/V 5 --
Sensitivity to Anode Voltage MHz/V 5 
Sensitivity to Grid Voltage MHz/V 3 
Tuning Curve Slope 

Low End (4.0 GHz) MHz/V 6 
Mid-Frequency (6. 0 GHz) MHz/V 2. 5 
High End (8.0 GHz) MHz/V 1 --

Grid r. f. Cutoff Voltage V -13 -20 Max 
Capacitance; Cathode to all other Electrodes, 

Incl. Heater and Housing pf 60 80 Max 
Capacitance; Grid to all other Electrodes, 

Incl. Housing pf 50 70 Max 
Capacitance; Helix and Collector to ail other 

Electrodes and Housing pf 230 260 Max 
Heater Voltage Vdc 6.3 6. 3 f 5°1r 
Heater Current A 0.72 0.4 to 1.2 

Min /Max 
Cathode Current mA 9.5 15 Max 
Helix Voltage Range V 350-2100 325-2200 

Min /Max 
Anode Voltage * V 125 215 Max 
Anode Current mA 0.05 2 Max 
Helix Current mA 1.2 3 Max 
* Set anode voltage to Final Test Data value furnished with tube. 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 6.51bs. 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-

rials, None Required 
No Forced Air Cooling Required Below 

+60o C Ambient 
~tFI Shielded and Filtered to Meet 

MIL-I-6181D 

a" 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT 141 PLACES 

N-CONNECTOR 
FEMALE 
S/B"-24 NEF-2A 
THREAD 

4-40 UNF-2B 
THREAD 
(41 PLACES 
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performance. 
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spect to cathode. 
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TECHNICAL DATA 

BACKWARD-WAVE 
OSCILLATOR 

The WJ-2038 is a magnetically shielded andRFI 
shielded voltage tunable oscillator utilizing a bi-
filar (dual) helix and a permanent magnet focus-
ing system. Minimal stray magnetic field, low 
RF radiation, and an immunity to external ac or do 
magnetic fields make the WJ-2038 ideal for use 
in signal generating and sweeping equipment. The 
WJ-2038 is alsowell suited for use in radar receiv-
ers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM 
equipment. Fine grain variation of frequency 
versus voltage is extremely low. The WJ-2038 ''°° 
delivers smooth power output over the band with 
low operating cathode current. Power can be modulated and leveled with either grid or anode cir-
cuits. All voltages are isolated from housing and RF output connector for maximum flexibility incir-

~~ e~ ~o 
December '1967 

cuit applications. 
SPECIFICATIONS 

Units 
Typical 
Values 

Absolute 
Ratings 

Nominal Frequency Band GHz 2. 6-5.2 
Power Output into Load with VSWR = 1.25:1 mW 65-230 50 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 3 8 Max 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz B. W. 95 85 Min 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min 
Long-Term Sensitivity to Heater Voltage @ 4 GHz MHz/V 3 --
Sensitivity to Anode Voltage @ 4 GHz MHz/V 0. 5 
Sensitivity to Grid Voltage @ 4 GHz MHz/V 10 
Tuning Curve Slope 

Low End (2. 6 GHz) MHz/V 3.2 
Mid-Frequency (3. 9 GHz) MHz/V 2 
High End (5.2 GHz) MHz/V 1 --

Grid r. f. Cutoff Voltage V -10 -20 Max 
Capacitance; Cathode to all other Electrodes, 

incl. Heater and Housing pF 55 75 Max 
Capacitance; Grid to all other Electrodes 

incl. Housing pF 55 75 Max 

Capacitance; Helix and Collector to all other 
Electrodes and Housing pF 245 290 Max 

Heater Voltage Vdc 6.3 6.315% 

Heater Current A 0.75 0. 4 to 1.2 
Min/Max 

Cathode Currents mA 10 15 Max 
Helix Voltage Range V 365-1830 345-1920 

Min/Max 

Helix Current mA 1. 3 3 Max 

Anode Voltage V 110 215 Max 

Anode Current mA 0. 1 2 Max 

Set Cathode Current to Final Test Data value furnished with tube. 
*Revision of Technical Data Sheet issued in September 1967. 



MECHANICAL DATA 

Weight, 9.71bs. 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-
rials, None Required 

No Forced Air cooling Required Below 
+60oC Ambient 

RFI Shielded and Filtered 

OUTLINE DRAWING 

a.00 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT (4) PLACES 

N-CONNECTOR 
FEMALE 
5/8"-24 NEF-2A 
THREAD 
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(4) PLACES 
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TECHNICAL DATA 
NOVEMBER 1970 

BACKWARD-WAVE 

OSCILLATOR 
WJ-2038-50 

The WJ-2038-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix) and apermanent-magnet focusing system. 
An immunity to external ac or do magnetic fields, to-
getherwith aminimal stray magnetic field and low RF 
radiation, makes the WJ-2038-50 ideal for signal 
generating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. 
The WJ-2038-50 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or anode 
circuits. All voltages are isolated from housing and RF 
output connector for maximum flexibility in circuit 
applications. 

SPECIFICATIONS 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz  2 6-5.2 
Power Output into Load with VSWR - 1.25:1  mW  65-230 50 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  3  8 Max. 
Spurious Oscillation 

Ratio of Signal to Noise Power 30 MHz Away  dB/MHz B. W.  95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30 20 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  3 
Sensitivity to Anode Voltage  MHz/V  0 5 
Sensitivity to Grid Voltage  MHz/V  10 
Tuning Curve Slope 

Low End (2.6 GHz)  MHz/V  3 2 
Mid-Frequency (3.9 GHz)  MHz/V  2 
High End (5.2 GHz)  MHz/V  1 

Grid RF Cutoff Voltage  V  —10  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  55  75 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing  pF  55  75 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  245  290 Max. 
Heater Voltage  Vdc  6 3  6.3 ± 5% 
Heater Current  A  0 75  0 4 to 1.2 

Min./Max. 
Cathode Current==  mA  10 15 Max. 
Helix Voltage Range  V  365-1830 345-1920 

Min./Max. 
Helix Current  mA  1 3  3 Max. 
Anode Voltage  V  ~ 110  215 Max. 
Anode Current  mA  0 1  2 Max. 
= Set cathode current to Final Test Data value furnished with tube. 



WJ-2038-50 OUTLINE DRAWING 

i 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 9 inches (229 mm) max. 
Weight,11.3 lbs. (5.13 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 

Magnetically Shielded 
Separation from Passive Magnetic Materials, 
None Required 
No Forced Air Cooling Required Below+60°C Ambient 
RFI Shielded and Filtered 
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Notes: 

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

O 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3. Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (+) side of heater supply. 
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TECHNICAL DATA 

BACKWARD -WAVE 

OSCI LLATOR 

The WJ-2039 is a voltage tunable oscillator with 
a bifilar helix. An immunity to external ac or 
do magnetic fields, plus minimal stray magnetic 
fields and low RF radiation, makes the WJ-2039 
ideal for use in signal generating and sweeping 
equipment, for use in radar receivers (as local 
oscillator), in frequency diversity transmitters 
(as master oscillator), and in ECM equipment. 
Unsaturated magnetic shielding reduces the exter-
nal magnetic field strength to less than 5 gauss 
1/2 -inch from any point of the housing. RFI shiel-
ding and filtering allows the VVJ-2039 to meet the 
specifications of MIL I -6181D. Fine grain varia-
tion of frequency versus voltage is extremely low. Power output and tuning curves are uniform anal 
highly reproducible. Power can be modulated and leveled with either grid or anode circuits. All vol-
tages are isolated from housing and RF outputconnectorfnr maximum flexibility in circuit applications. 

May 1967 

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 
Sensitivity to Anode Voltage 

UNITS 

GHz 
mW 
dB 
dB/250 MHz 
-- 
MHz 
dB/MHz B. W. 
dB 
MHz/V 
MHz/V 

TYPICAL 
VALUES 
8. 0-12.4 
85 - 135 

-- 
1 

95 
30 

7 
1.7 

ABSOLUTE 
RATINGS 

80 Min 
6 Max 
3 Max 

2.5:1 Max 
3 Max 

85 Min 
20 Min 

Sensitivity to Grid Voltage MHz/V 7 
Tuning Curve Slope 

Low End (8. 0 GHz) MHz/V 5 
Mid-Frequency (10.2 GHz) MHz/V 3 
High End (12.4 GHz) MHz/V 2 --

Grid r. f. Cutoff Voltage V -15 -20 Max 
Capacitance; Cathode to all other Electrodes, 

incl. Heater and Housing pf 55 75 Max 
Capacitance; Grid to all other Electrodes, 

Incl. Housing pf 55 75 Max 
Capacitance; Helix and Collector to all other 

Electrodes and Housing pf 220 250 Max 
Heater Voltage Vdc -- 6.3 f 5 °10 
Heater Current A 0. 7 0.4 to 1.2 

Min/Max 
Cathode Current mA 8 12 Max 
Helix Voltage Range V 630-2075 600-2150 

Min/ Max 
Anode Voltage * V 120 215 Max 
Anode Current mA 0.05 2 Max 
Helix Current mA 1.2 3 Max 
* Set anode voltage to Final Test Data value furnished with tube. 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 61bs. 
Color Code for 

Heater 
Heater 
Cathode 
Grid 
Anode 
Helix 
Collector 

Max, 
18" Flying Leads 

Black 

Brown 
Yellow 
Green 
Blue 
Red 
Orange 

Mounting Position, Any 
RF Output Connector, Type N Female 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-
rials, None Required 

No Forced Air Cooling Required Below 
+60o C Ambient 

RFI Shielded and Filtered to Meet 
MIL-I-6181D 

a" 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT (41 PLACES 

~N-CONNECTOR 
FEMALE 
S/B"-24 NEF-2A 
THREAD 

4-40 UNF-2B 
THREAD 
(41 PLACES 
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through mounting screws. 

250-150 V positive collector bias recom-
mended. Elbe will operate with collector 
at helix potential at somewhat reduced 
performance. 

3Heater must never be positive with respect 
to cathode 
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TECHNICAL DATA 
SEPTEMBER 1967 

BACKWARD-WAVE OSCILLATOR 
WJ-2039-1 

The WJ-2039-1 is a 7.0 to 12.4 GHz wide band, mag-
netic and RFI shielded, voltage tunable oscillator uti-
lizing a bifilar (dual) helix and apermanent-magnet 
focusing system. Unsaturated magnetic shielding re-
ducesthe magnetic field strength to less than 5 gauss 
1/z inch away from any point in the housing. RFI shield-
ing and filtering allow the WJ-2039-1 to meet MIL-I-
6181D. Minimal stray magnetic field, low RF radia-
tion, and an immunity to external ac or do magnetic 
fields make the WJ-2039-1 ideal for use in signal 
generating and sweeping equipment. The WJ-2039-1 
is also well suited for use in radar receivers (as local 
oscillator), in frequency diversity transmitters (as 
master oscillator), and in ECM equipment. Fine grain 
variation of frequency versus voltage is extremely low. 
The WJ-2039-1 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or 
anode circuit. All voltages are isolated from the hous-
ing and RF output connector for maximum flexibility 
in circuit applications. 

SPECIFICATIONS 
UNITS 

TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz  7.0-12.4 
Power Output into Load with VSWR — 1.25:1 . . . . . . . .mW  60-125  40 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  3 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz B. W. . . . . 95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30  20 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  7 
Sensitivity to Anode Voltage  MHz/V  1 7 
Sensitivity to Grid Voltage  MHz/V  7 
Tuning Curve Slope 

Low End (7.0 GHz)  MHz/V  7 
Mid-Frequency (9.7 GHz)  MHz/V  3.5 
High End (12.4 GHz)  MHz/V  2 

Grid RF Cutoff Voltage  V  —15  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  55  75 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  55  75 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  220  250 Max. 
Heater Voltage  Vdc  6 3  6.3 ±5% 
Heater Current  A  0 75  0.4-1.2 

Min/Max 
Cathode Current ~`  mA  8  12 Max. 
Helix Voltage Range  V  455-2065  430-2150 

Min/Max 
Helix Current  mA  1.2  3 Max. 
Anode Voltage  V  120  215 Max. 
Anode Current  mA  0 1  2 Max. 

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



WJ-2039-1 
MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 8 inches (203 mm) 
Weight, 6 lbs. (2.72 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 
Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 
None Required 

No Forced Air Cooling Required Below 
+60°C Ambient 

RFI Shielded and Filtered to Meet MIL-I-6181D 

OUTLINE DRAWING 

o. so 

o. 80 

1.22 

is o0 

4.00 

0.50 RAD. 

1.875 I~ 1.062 

1.00 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT 141 PLACES 

N -CONNECTOR FEMA 
518-24 NEF - 2A THREE 

4-40 UNF - 26 THREAC 
141 PLACES 

o. n8 
1. oD 

SCHEMATIC DIAGRAM 

~~ 
—~~ 

D C RETURN 

BALUN Q RF OUTPUT 

0 

U 

as 
xx 

GRID 

U 

ANODE 
HELIX 

COLLECTOR 

RFI FILTER 
BLOCK 

HOUSING 

OO 
FLYING LEADS 

3 3

OFor safety, housing should be grounded through 
mounting screws. 

050-150V 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. One heater lead may be tied to cathode. 
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TECHNICAL DATA I 

DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2039-50 

The WJ-2039.50 is a 7.0 to 12.4 GHz wide band, 
magnetic and RFI shielded, voltage tunable oscillator 
utilizing a bifilar (dual) helix and apermanent-magnet 
focusing system. Unsaturated magnetic shielding re-
duces the magnetic field strength along the outside 
of the housing. RFI shielding and filtering allow the 
WJ-2039-50 to meet MIL-I.6181D. Minimal stray 
magnetic field, low RF radiation, and an immunity 
to external ac or do magnetic fields make the 
WJ-2039-50 ideal for use in signal generating and 
sweeping equipment. The WJ-2039-50 is also well 
suited for use in radar receivers (as local oscillator), 
in frequency diversity transmitters (as master oscil-
lator), and in ECM equipment. Fine grain variation 
of frequency versus voltage is extremely low. The 
WJ-2039-50 delivers smooth power output over the 
band with low operating cathode current. Power can 
be modulated and leveled with either grid or anode 
circuit. All voltages are isolated from the housing 
and RF output connector for maximum flexibility in 
circuit applications. 

SPECIFICAT{ONS 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz  8.0.12.4 
Power Output into Load with VSWR — 1.25:1 . . . . .mW  60-125  80 Min. 
Power Output Variation  d6  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  3 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz B. W. 95  85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB  30  20 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  7 
Sensitivity to Anode Voltage  MHz/V  1 7 
Sensitivity to Grid Voltage  MHz/V  7 
Tuning Curve Slope 

Low End (8.0 GHz)  MHz/V  5.7 
Mid-Frequency (10.2 GHz)  MHz/V  4.1 
High End (12.4 GHz)  MHz/V  2,4 

Grid RF Cutoff Voltage  V  —15  —25 Max. 
Capacitance; Cathode •to all other Electrodes 

including Heater and Housing  pF  55  75 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  55  75 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing  pF  220  250 Max. 
Heater Voltage  Vdc  6 3  6.3 ±5% 
Heater Current  A  0 75  0.4-1.2 

Min/Max 
Cathode Current'`  mA  8  12 Max. 
Helix Voltage Range  V  620-2065 600-2150 

Min/Max 
Helix Current  mA  1.2  3 Max. 
Anode Voltage  V  120  215 Max. 
Anode Current  mA  0.1  2 Max. 

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



WJ-2039-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 8 inches (203 mm) 
Weight, 9.5 lbs. (4.31 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 
Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 
None Required 

No Forced Air Cooling Required Below 
+60°C Ambient 

RFI Shielded and Filtered to Meet MIL-I-6181D 
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O For safety, housing should be grounded through 
mounting screws. 

O 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3  Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (+) side of heater supply. 
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TECHNICAL DATA 

DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2039-51 

The WJ-2039-51 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix} and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet MIL-
T-6181 D. 

An immunity to external ac or do magnetic fields, to-
gether with a minimal stray magnetic field and low RF 
radiation, makes the WJ-2039-51 ideal for signal gen-
erating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 

The WJ-2039-51 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or 

anode circuits. All voltages are isolated from housing 
and RF output connector for maximum flexibility in 
circuit applications. 

SPECIFICATIONS TYPICAL ABSOLUTE 
UNITS VALUES RATINGS 

I 
YSet cathode current to Final Test Data value furnished with tube. 

- 1.25:1 . .7-8 GHz mW 60.125 40 Min. 
8-12.4 GHz mW 70 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 1 3 Max. 
Ratio of Signal to Noise Power 30 MHz Away - dB/MHz B. W. . . . . 95 85 Min. 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min. 
Long-term Sensitivity to Heater Voltage MHz/V 7 
Sensitivity to Anode Voltage MHz/V 1.7 
Sensitivity to Grid Voltage MHz/V 7 

' Tuning Curve Slope 
Low End (7.0 GHz) MHz/V 7 
Mid-Frequency (9.7 GHz) MHz/V 3 5 
High End (12.4 GHz) MHz/V 2 

Grid RF Cutoff Voltage V —15 —25 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing pF 55 75 Max. 
Capacitance; Grid to all other Electrodes 

including Housing pF 55 75 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Housing pF 220 250 Max. 
Heater Voltage Vdc 6 3 6.3 ±5% 
Heater Current A 0 75 0.4-1.2 

Min/Max 
Cathode Current'` mA 8 12 Max. 
Helix Voltage Range V 455-2065 430-2150 

Min/Max 
Helix Current mA 1.2 3 Max. 
Anode Voltage V 120 215 Max. 
Anode Current mA 0 1 2 Max. 

I 
YSet cathode current to Final Test Data value furnished with tube. 



WJ-2039-51 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 8 inches (203 mm) 
Weight, 9.5 lbs. (4.31 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 
Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, 
None Required 

No Forced Air Cooling Required Below 
-I-60°C Ambient 

RFI Shielded and Filtered 
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O' For safety, housing should be grounded through 
mounting screws. 

045 150V positive collector bias recommended. Tube 
will operate with collector at helix potential at some-
what reduced performance. 

QQ Heater must always be negative with respect to 

cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (+) side of heater supply. 
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TECHNICAL DATA 

BACKWARD -WAVE 
OSCILLATOR 

The WJ-2040 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a 
bifilar (dual) helix anda permanent-magnetfocus-
ing system, Minimal stray magnetic field, low 

RF radiation, and an immunity to external ac or 
do magnetic fields make the WJ-2040 ideal for 

use in signal generating and sweeping equipment, 
The WJ-2040 is also well suited for use in radar 
receivers (as local oscillator), in frequency diver-
sity transmitters (as master oscillator), and in 
ECM equipment. Fine grain variation of frequency 
versus voltage is extremely low. The WJ-2040 
delivers smooth power output over the band with 

low operating cathode current, Power can be modulated 

~~~ 0 0 
January 1968'k

and leveled with either grid or anode circuit. 
All voltages are isolated from housing and RF output connector for maximum flexibility in circuit app-
lications, 

SPECIFICATIONS 

Nominal Frequency Band 
Power Output into Load with VSWR = 1, 25:1 

UNITS 

GHz 
mW 

TYPICAL 
VALUES 
2. 0-4, 5 
60 - 350 

ABSOLUTE 

RATINGS 

50 Min, 
Po~~~er Output Variation 
Fine Grain Variation 
Tube VSWR 
Frequency Pulling into 2:1 Load (Any Phase) 

dB 

dB/250 MHz 

MHz 4 

9 Max, 
4 Max, 

2, 5:1 Max, 
10 Max, 

Ratio of Signal to Noise Power 30 MHz Away dB/ MH z B, W, 95 85 Min, 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min, 
Long-Term Sensitivity to Heater Voltage at 3,25 GHz MHz/ V 5 
Sensitivity to Anode Voltage MHz/ V 1 
Sensitivity to Grid Voltage MHz/ V 6 
Tuning Curve Slope 

Low End (2, 0 GHz) MHz/V 3, 5 
Mid-Frequency (3, 25 GHz) MHz/ V 1, 6 
High End (4, 5 GHz) MHz/V 1 

Grid RF Cutoff Voltage at 3, 25 GHz V -10 -20 Max, 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing 
pF 55 75 Max, 

Capacitance; Grid to all other Electrodes, 
including Housing 

pF 55 75 NIax, 

Capacitance; Helix and Collector to all other pF 245 300 Max, 
Electrodes and Housing 

Heater Voltage Vdc 6, 3 6,31 
Heater Current A 0, 75 0, 4-1, 2 

1 
Cathode Current mA 12, 5 

Min/Max 
15 Max, 

Helix Voltage Range V 290-1750 275-1800 
Min/Max 

Helix Current 1, 8 3 Max. 
Anode Voltage V 130 215 Max, 
Anode Current mA 0, 1 2 flax, 

1 Set Cathode Current to Final Test Data value furnished with tube, 
* This is a revised version of Technical Data Sheet issued September 1967. 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 9.71bs. 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-

rials, None Required 
No Forced Air Cooling Required Below 

+60°C Ambient 
RFI Shielded and Filtered 
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QQ For safety, housing should be grounded 

through mounting screws. 

0 50-150V positive collector bias recom-
mended. 'hlbe will operate with collec-
tor at helix potential at somewhat re-

duced performance. 

Q3 Heater must always be negative with 
respect to cathode. One heater lead 
may be tied to cathode. 
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TECHNICAL DATA 

BACKWARD -WAVE 
OSCILLATOR 

February 1968 

'he ~~l'J-2040-2 is a magnetically shielded and 
tFI shielded voltage tunable oscillator utilizing 

bifilar (dual) helix and apermanent-magnet 
ocusing system: Minimal stray magnetic field, 
ow RF radiation, and an immunity to external ac 
r do magnetic fields make the WJ-2040-2 ideal 
or use in signal generating and sweeping equip-
~ent. The WJ-2040-2 is also well suited for use 
n radar receivers (as local oscillator), in fre-
uency diversity transmitters (as master oscilla-
or), and in ECM equipment. Fine grainvariation 
f frequency versus voltage is extremely low. 
'he WJ-2040-2 delivers smooth power output over 
he band with low operating cathode current. Power can be modulated 
.node circuit. All voltages are isolated from housing and RF output connector for maximum flexibility 
n circuit applications. 

SPECIFICATIONS 

and leveled with either grid or 

UNITS 
TI'PICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band GHz 2. 0 - 4. 0 

Power Output into Load with VSWR = 1.25:1 mW 60-330 50 Min. 
Power Output Variation dB 8 Max. 
Fine Grain Variation dB/250 MHz 4 Max. 
Tube VSWR 2.5:1 Max. 
Frequency Pulling into 2:1 Load (Any Phase) MHz 4 6 Max. 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz B. W. 95 85 Min. 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min. 
Long-term Sensitivity to Heater Voltage at 3GHz MHz/V 5 
Sensitivity to Anode Voltage MHz/V 1 
Sensitivity to Grid Voltage MHz/V 6 
Tuning Curve Slope 

Low End (2. 0 GHz) MHz/V 3. 5 
Mid-Frequency (3. 0 GHz) MHz/V 1. 6 
High End (4.0 GHz) MHz/V 1 

Grid r. f. Cutoff Voltage V -8 -20 Max. 
Capacitance; Cathode to all other Electrodes 

incl. Heater and Housing pf 55 75 Max. 
Capacitance; Grid to all other Electrodes, 

incl. Housing pf 55 75 Max. 

Capacitance; Helix and Collector to all other 
Electrodes and Housing pf 245 300 Max. 

Heater Voltage Vdc 6.3 6.3 f5% 

Heater Current A 0.75 0.4 to 1.2 
Min. /Max. 

Cathode Current mA 12.5 15 Max. 
Helix Voltage Range V 290-1320 275-1400 

Min. /Max. 
Helix Current 1. 8 3 Max. 

Anode Voltage V 130 215 Max. 

Anode Current mA 0. 1 2 Max. 

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



MECHANICAL DATA OUTLINE DRAWING 

Weight, 9.71bs. Max. 
Color Code for 

Heater 
Heater 
Cathode 
Grid 
Anode 
Helix 
Collector 

18" Flying Leads 
Black 

Brown 

Yellow 
Green 
Blue 
Red 
Orange 

Mounting Position, Any 
RF Output Connector, Type N Female 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Mate-

rials, None Required 
No Forced Air Cooling Required Below 

+60°C Ambient 
RFI Shielded and Filtered 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT (4) PLACES 

-N-CONNECTOR 
FEMALE 
5/8"-24 NEF-2A 
THREAD 

4-40 UNF-28 
THREAD 
(41 PLACES 

SCHEMATIC DIAGRAM 

FLYING LEADS 

Notes: 

For safety, housing should be grounded 

through mounting screws. 

~0-150V positive collector bias recom-
mended. 'hlbe will operate with collec-
tor at helix potential at somewhat re-

duced performance. 

~I-Ieater must always be negative with 
respect to cathode. One heater lead 
may be tied to cathode. 
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TECHNICAL DATA 
APRIL 1969 

BACKWARD-WAVE OSCILLATOR 

WJ-2041 

The WJ-2041 is a magnetically shielded and RFI 
shielded, voltage tunable oscillator, utilizing a 
single helix and a permanent -magnet focusing 
system. Unsaturated magnetic shielding reduces 
the magnetic field strength to less than 10 gauss, 
1/2 inch from any point of the housing. RFI 
shielding and filtering allow the WJ-2041 to meet 

levels of MIL-I-6181D. An immunity to external 

ac or do magnetic fields, together with minimal 

stray magnetic fields and low RF radiation, makes 
theWJ-2041 ideal for signal generating and sweep-
ing equipment, for use in radar receivers (as local 
oscillator), in frequency diversity transmitters (as 
master oscillator), and in ECM equipment. Fine 

~.wAao w.~E asG,uarow 
as 

'a~ ar: Wrro<, . ~aa ~.. ~.~. 

grain variation of frequency versus voltage is 
extremely low. the WJ -2041 delivers smooth leveled with either grid or anode circuits. All 
power output over the band with low operating voltages are isolated from the housing for maximum 
cathode current. Power can be modulated and flexibility in circuit applications. 

SPECIFICATIONS TYPICAL ABsoLUTE 
UNITS VALUES RATINGS 

Nominal Frequency Band GHz 26.5 - 40. 0 
Power Output into Load with VSWR = 1.25:1 mW 12 - 35 10 Min. 
Power Output Variation dB 8 Max. 
Fine Grain Variation dB/500 MHz 3 Max. 
Tube VSWR 2.5:1 Max. 
Frequency Pulling into 2:1 Load (Any Phase) MHz 6 10 Max. 
Ratio of Signal to Noise Power 30 MHz Qway dB/MHz 95 85 Max. 
Long-term Sensitivity to Heater Voltage MHz/V 30 
Sensitivity to Anode Voltage MHz/V 2 

Sensitivity to Grid Voltage MHz/V 25 
Tuning Curve Slope 

Low End (26.5 GHz) MHz/V 20 
Mid-Frequency (33.25 GHz) MHz/V 10 
High End (40 GHz) MHz/V 6 

Grid RF Cutoff Voltage V -7 -20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing pf 35 50 Max. 

Capacitance; Grid to all other Electrodes 
and Housing pf 25 50 Max. 

Capacitance; Helix and Collector to all other 
Electrodes and Housing pf 60 100 Max. 

Heater Voltage Vdc 6.3 t 5% 
Heater Current 1 A . 65 0. 4-1.2 
Cathode Current mA 4 5 Max. 
Helix Voltage Range V 520-1940 500-2100 
Helix Current mA 1. 0 1. 5 Max. 
Anode Voltage V 150 250 Max. 
Anode Current mA .05 .5 Max. 

1. Set Cathode Current to Final Test Data value furnished with tube. 
'~ Supersedes WJ-2041 Technical Data Sheet dated February 1968. 



MECHANICAL DATA OUTLINE DRAWING 

Weight, 6.51bs. Max. 
Color Code for 18" Flying Leads 

Heater Brown 

Heater Black (neg) 

Grid Green 

Anode Blue 
Helix Red 
Collector Orange 
Cathode Yellow 

Mounting Position, any 

RF Output Connector mates to 

UG599/U Waveguide Flange 

Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic 
Materials -None Required 
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Below +60°  C Ambient 

RFI Shielded and Filtered to Meet 

Levels of MIL-I-6181D 
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For safety, housing should be grounded 
through mounting screws. 

50-150 V positive collector bias recom-
mended, Abe will operate with collector 
at helix potential at somewhat reduced 
performance. 

Heater must always be negative with 
respect to cathode, One heater lead 
may be tied to cathode. 
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TECHNICAL DATA 

BACKWARD -WAVE 
OSCILLATOR 

he WJ - 2042 is a magnetically and RFI shielded 
~ltage tunable oscillator utilizing a single helix 
Zd permanent magnet focusing system to cover 
ie frequency range from 12, 4 to 18. 0 GHz, Un- 
lturated magnetic shielding reduces the magnetic 
eld strength at any point, 1/2 inch from the hous-
~g, to a value of less than 10 gauss. Interference 
~quirements of MIL-STD-461 are met or exceeded 
,~ integral RFI shielding and filtering. 

he combination of immunity to external ac or do 
Magnetic fields, minimal stray generated magnetic 
elds, and extremely low RF radiation, makes the 
'J-2042 ideal for a number of applications, includ-
ig the following: signal generating and sweeping 
~uipment, radar receiver (as local oscillator), 
•equency diversity transmitters, and ECM equip-
~ent (as master oscillator). 

he fine grain variation of frequency versus voltage 

extremely low. . The WJ - 2042 delivers smooth 

September 1968 

power output over the band with low operating cath-
ode current. Power can be modulated and leveled 
with either grid or anode circuits. All voltages 
are isolated from the housing for maximum flexi-
bility in circuit applications, 

SPECIFICATIONS 
TYPICAL 

UNITS 

Frequency Band   GHz  

VALUES 
ABSOLUTE 
RATINGS 

7,5 - 11.0 
Power Output Into Load With VSWR = 1.25:1 mW  35 - 85  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 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz  95  85 Min. 
Long-Term Sensitivity to Heater Voltage MHz/V  5 - -
Sensitivity to Anode Voltage  MHz/V  1  
Sensitivity to Grid Voltage  MHz/V  3  
Tuning Curve Slope 

Low End (7. 5 GHz)  MHz/V  13. 5  
Mid-Frequency (9.25 GHz)  MHz/V  8 4 
High End (11, 0 GHz)  MHz/V  5 5 

Grid RF Cutoff Voltage  V  -10  -20 Max. 

Capacitance; Cathode to All Other Electrodes, 

Including Heater and Housing  pF  36 50 

Capacitance; Grid to All Other Electrodes, 
Including Housing .~ . pF  34  50 

Capacitance; Helix and Collector to All Other 
Electrodes and Housing  pF  160  185 

Heater Voltage  V do  6 3 t 5% 

Heater Current  A  0 75 0 4 Min. 
1.2 Max. 

Cathode Current*  mA  10  12 Max. 
Helix Voltage Range  V  285 - 720  250 Min. 

.800 Max. 

Helix Current  mA 1, 8 3 Max. 
Anode Voltage  V  130  215 Max. 
Anode Current  mA  0 1 1 Max. 

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



MECHANICAL DATA OUTLINE DRAWING 

Weight, 4.01bs. Max. 
Color Code for 18" 

Heater 
Heater 
Cathode 
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Anode 
Helix 
Collector 

Mounting Position, 

Flying Leads 
Black 
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Green 
Blue 
Red 
Orange 

Any 
RF Output Connector, Type N Female 

Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation From Passive Magnetic 
Materials, None Required 

No Forced Air Cooling Required 

Below +60° C Ambient 

RFI Shielded and Filtered to Meet 
or Exceed MIL-STD-461 

5.00 
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Notes 

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

50 - 150 V positive collector bias recom-
mended. 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 do heater supply, 
connect cathode to positive (+) side of heater 
supply. 
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TECHNICAL DATA 
SEPTEMBER 1969 

BACKWARD-WAVE OSCILLATOR 
WJ-2043 

I 

The WJ-2043 is a magnetically and RFI shielded 
voltage tunable oscillator utilizing a single helix and 
permanent magnet focusing system to cover the fre-
quency range from 12.4 to 18.0 GHz. Interference re-
quirements of MIL-STD-461 are met or exceeded by 
integral RFI shielding and filtering. 

The combination of immunity to external ac or do 
magnetic fields, minimal stray generated magnetic 
fields and very low RF radiation, makes the WJ-2043 
ideal for a number of applications, including the fol-
lowing: signal generating and sweeping equipment, 
radar receivers (as local oscillator), in frequency di-
versity transmitters and ECM equipment (as master 
oscillator). 

The fine grain variation of frequency versus voltage 
is extremely low. The WJ•2043 delivers smooth power 
output over the band with low operating cathode cur- 
rent. Power can be modulated and leveled with either 
grid or anode circuits. All voltages are isolated from 
the housing for maximum flexibility in circuit applica-
tions. 

SPECIFICATIONS 
TYPICAL ABSOLUTE 

UNITS VALUES RATINGS 
Frequency Band  GHz  12.4-18.0 
Power Output into Load with VSWR — 1.25:1  mW  50-100 40 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   15 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz BW  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  15 
Sensitivity to Anode Voltage  MHz/V  2 
Sensitivity to Grid Voltage  MHz/V  8 
Tuning Curve Slope 

Low End (12.4 GHz)  MHz/V  7.5 
Mid-Frequency (15.2 GHz)  MHz/V  4.4 
High End (18.0 GHz)  MHz/V  2.2 

Grid RF Cutoff Voltage  V  —10 —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  50   90 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  40   80 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing  pF  130. . . .  170 Max. 
Heater Voltage  V do  6.3  6.3 ±5% 
Heater Current  A 0 75  0.4 to 1.2 

Min./Max. 
Cathode Current'  mA  10.0 15 Max. 
Helix Voltage Range  V 570.1930 500.2100 

Min./Max. 
Helix Current  mA  1.8 3 Max. 
Anode Voltage V 130. . . .  215 Max. 
Anode Current  mA  0.1 1 Max. 

'Set cathode current to Final Test Data value furnished with tube. 
*Supersedes WJ-2043 Technical Data Sheet dated June 1968. 



WJ-2043 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 
Height   4 inches (102 mm) max. 
Width   4 inches (102 mm) max. 
Length   8 inches (203 mm) max. 
Weight 5  5 pounds (2.49 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, Coaxial Type APC-7 
Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, None 
Required 

No Forced Air Cooling Required Below —60°C 
Ambient 

RFI Shielded and Filtered 
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Notes: 

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

2 50-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

s Heater must always be negative with respect to 
cathode. One heater lead may be tied to cathode. 
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TECHNICAL DATA 

BACKWARD -WAVE 
O S C I LLATO R 

The WJ - 2044 is a magnetically and RFI shielded 
voltage tunable oscillator utilizing a single helix 
and permanent magnet focusing system to cover 
the frequency range from 4. 5 to 10.0 GHz. Un-
saturated magnetic shielding reduces the magnetic 
field strength at any point, 1/2 inch from the hous-
ing, to a value of less than 10 gauss. Interference 
requirements of MIL-STD-461 are met or exceeded 
by integral RFI shielding and filtering. 

The combination of immunity to external ac or do 
magnetic fields, minimal stray generated magnetic 

fields, and extremely low RF radiation, makes the 
WJ-2044 ideal for a number of applications, includ-

ing the following: signal generating and sweeping 
equipment, radar receivers (as local oscillator), 
frequency diversity transmitters, and ECM equip-

ment (as master oscillator). 

The fine grain variation of frequency versus volt-
age is extremely low. The WJ-2044 delivers a 

3616-1 

November 1968 

smooth power output over the band with low operat-
ing cathode current. Power can be modulated and 
leveled with either grid or anode circuits. All 
voltages are isolated from the housing for maxi-
mum flexibility in circuit applications. 

SPECIFICATIONS 
TYPICAL ABSOLUTE 

UNITS VALUES RATINGS 

Frequency Band  GHz  4. 5 - 10. 0 
Power Output Into Load With VSWR = 1.25:1 mW  30 - 120  25 Min. 
Power Output Variation  dB  8 Max. 
Fine Grain Variation  dB/250 MHz  4 Max. 
Tube VSWR  2.5 : 1 Max. 
Frequency Pulling Into 2 : 1 Load (Any Phase) MHz  1 2 

Ratio of Signal to Noise Power 30 MHz Away dB/MHz  95  85 Min. 
Long-Term Sensitivity to Heater Voltage MHz/V  5  
Sensitivity to Anode Voltage  MHz/V  1  

Sensitivity to Grid Voltage  MHz/V  5  

Tuning Curve Slope 
Low End (4. 5 GHz)  MHz/V  8 0 
Mid-Frequency (7.25 GHz)  MHz/V  3 5 
High End (10. 0 GHz)  MHz/V  2 0 

Grid RF Cutoff Voltage  V  -8  -20 Max. 

Capacitance; Cathode to All Other Electrodes, 
Including Heater and Housing  pF  55  75 hlax. 

Capacitance; Grid to All Other Electrodes, 
Including Housing  pF  55  75 Max. 

Capacitance; Helix and Collector to All Other 
Electrodes and Housing  pF  190  250 Max. 

Heater Voltage  Vdc  6 3 6 3f5°/~ 

Heater Current  A  0 75 0 4 Min. 
1.2 Max. 

Cathode Current  mA  10  15 Max. 
Helix Voltage Range  V  288 - 1970 250 Min. 

2000 Max. 

Helix Current  mA  1 8 3 Max. 

Anode Voltage*  V  130  215 Max. 

Anode Current  mA  G 1 1 Max. 

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



MECHANICAL DATA OUTLINE DRAWING 

Weight, 6.01bs. 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation From Passive Magnetic 
Materials, None Required 

No Forced Air Cooling Required 
Below +60° C Ambient 

RFI Shielded and Filtered to Meet 
or Exceed MIL-STD-461 
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SCHEMATIC DIAGRAM 

FLYING LEADS 

Notes: 

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

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

Q3 Heater must always be negative with respect 
to cathode. If cathode is to be tied to one 
aide of heater when using do heater supply, 
connect cathode to positive (+) side of heater 
supply. 
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TECHNICAL DATA 

BACKWARD -WAVE 
OSCILLATOR 

The type WJ-2047 is a bifilar (dual-helix), voltage 

tunable oscillator utilizing permanent magnet fo-
cusing, 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 ECM receivers, master oscil-
lators in frequency diversity transmitters, and 
electronic test sets. The WJ-2047 delivers smooth 
power output over the band with low operating cath-
ode current. Power output can be modulated with 
either the grid or the anode circuits. All voltages 

are isolated from the tube housing for maximum 
flexibility in circuit applications. x-gas 3 

SPECIFICATIONS 

UNITS 

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  

Long-Term Sensitivity to Heater Voltage MHz/V  
Sensitivity to Anode Voltage   MHz/V  
Sensitivity to Grid Voltage   MHz/V  

Tuning Curve Slope 

~~ ~ 0 Q~ 
November 1968 

TYPICAL 

VALUES 
ABSOLUTE 

RATINGS 

4 0 - 8, 0 
60 - 125  40 Min. 

6 Max. 

2, 5 
3 Max, 

: 1 Max, 
1  
95  85 Min. 
5  
1 
5  

Low End (4. 0 GHz)   MHz/V  7 5 

Mid-Frequency (6, 0 GHz)   MHz/V  3 7 

High End (8. 0 GHz)   MHz/V  2 3 

Grid RF Cutoff Voltage   V   -8   -20 Max. 
Capacitance; Cathode to All Other Electrodes, 

Including Heater and Housing   pF   22   50 Max. 

Capacitance; Grid to All Other Electrodes, 
Including Housing   pF   20   50 Max. 

Capacitance; Helix and Collector to All Other 

Electrodes and Housing   pF   230   300 Max, 

Heater Voltage   V do 6. 3 6, 3 f 5% 

Heater Current   A  0 75 0  4 Min. 
1.2 Max. 

Cathode Current   mA   10   15 Max, 
Helix Voltage Range  V   290 - 1430  270 Min, 

1500 Max. 

Helix Current  mA  1 8 3 Max. 

Anode Voltage*  V  130  215 Max. 

Anode Current  mA  0 1 1 Max, 

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



MECHANICAL DATA OUTLINE DRAWING 

Weight, 6.01bs. 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 

Separation From Passive Magnetic 
Materials, 2 in. Min. 

No Forced Air Cooling Required 
Below +60o C Ambient 
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SCHEMATIC DIAGRAM 

WJ-2047 

FLYING LEADS 

Notes 

For safety, housing should be grounded 

through mounting screws. 

50 - 150 V positive collector bias recom-
mended. 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 do heater supply, 

connect cathode to positive (+) side of heater 

supply. 
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TECHNICAL DATA 

JUNE 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2049 

The WJ-2049 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual) helix and a permanent magnet focusing system. 
Minimal stray magnetic field, low RF radiation, and 
an immunity to external ac or do magnetic fields 
make the WJ-2049 ideal for use in signal generating 
and sweeping equipment. The WJ-2049 is also well 
suited for use in radar receivers (as local oscillator), 
in frequency diversity transmitters (as master oscil-
lator), and in ECM equipment. Fine grain variation of 
frequency versus voltage is extremely low. The WJ-
2049 delivers smooth power output over the band 
with low operating cathode current. Power can be 
modulated and leveled with either grid or anode cir-
cuits. All voltages are isolated from housing and RF 
output connector for maximum flexibility in circuit 
applications. 

SPECIFICATIONS 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band  GHz 3.5-6.75 
Power Output into Load with VSWR — 1.25:1  mW 50-120 40 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. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz B. W. 95 85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB 30 20 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V 3 
Sensitivity to Anode Voltage  MHz/V 0.9 
Sensitivity to Grid Voltage  MHz/V 7 
Tuning Curve Slope 

Low End (3.500 GHz)  MHz V 4.7 
Mid-Frequency (5.125 GHz)  MHz%V 2.2 
High End (6.750 GHz)  MHz/V 1.1 

Grid RF Cutoff Voltage  V —11 —20 Max. 
Capacitance; Cathode to all other Electrodes, 

including heater and housing  pF 55 70 Max. 
Capacitance; Grid to all other Electrodes; 

including Housing  pF 55 70 Max. 
Capacitance; Helix and collector to all other 

Electrodes and Housing  pF 210 250 Max. 
Heater Voltage  Vdc 6.3 6.3 ±5% 
Heater Current  A 0.75 0.4-1.2 

Min./Max. 
Cathode Current  mA 9 13 Max. 
Helix Voltage Range  V 380-2050 

Min./Max. 
Helix Current  mA 1.2 3 Max. 
Anode Voltage`  V 120 215 Max. 
Anode Current  mA 0.1 2 Max. 
•Set anode voltage to Final Test Data value furnished with tube. 



MECHANICAL 
CHARACTERISTICS 

Weight, 9.7 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 
Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials. 
None Required 

No Forced Air Cooling Required Below 
+60°C Ambient 

RFI Shielded and Filtered to Meet MIL-I-6181D 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT 141 PLACES 

N -CONNECTOR 
FEMALE 
518"-24 NEF - 2A 
THREAD 

4-40 UNF - 2B 
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(41 PLACES 
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Notes: 

Ol. For safety, housing should be grounded through mount-
ing screws. 

O2. 50.150 V positive collector bias recommended. Tube will 
operate with collector at helix potential at somewhat re-
duced performance. 

O3. Heater must always be negative with respect to cathode. 
Positive heater lead may be tied to cathode. 
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TECHNICAL DATA 
DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2049-50 

The WJ-2049-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual) helix and a permanent magnet focusing system. 
Minimal stray magnetic field, low RF radiation, and 
an immunity to external ac or do magnetic fields 
make the WJ-2049-50 ideal for use in signal generat-
ingand sweeping equipment. The WJ-2049-50 is also 
well suited for use in radar receivers (as local oscil-
lator), in frequency diversity transmitters (as master 
oscillator), and in ECM equipment. Fine grain varia-
tion of frequency versus voltage is extremely low. The 
WJ-2049-50 delivers smooth power output over the 
band with low operating cathode current. Power can 
be modulated and leveled with either grid or anode 
circuits. All voltages are isolated from housing and 
RF output connector for maximum flexibility in circuit 
applications. 

~-~' 
SPECIFICATIONS 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz 3.5-6.75 
Power Output into Load with VSWR — 1.25:1  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. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz B. W. 95 85 Min. 
Ratio of Signal to 2nd Harmonic Output  dB 30 20 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V 5 
Sensitivity to Anode Voltage  MHz/V 0.5 
Sensitivity to Grid Voltage  MHz/V 3 
Tuning Curve Slope 

Low End (3.500 GHz)  MHz/V 3.5 
Mid-Frequency (5.125 GHz)  MHz/V 2.5 
High End (6.750 GHz)  MHz/V 1.1 

Grid RF Cutoff Voltage  V — 7 —2 5 Max. 
Capacitance; Cathode to all other Electrodes, 

including heater and housing  pF 30 45 Max. 
Capacitance; Grid to all other Electrodes; 

including Housing  pF 30 45 Max. 
Capacitance; Helix and collector to all other 

Electrodes and Housing  pF 100 150 Max. 
Heater Voltage  Vdc 6.3 ±5% 
Heater Current  A 0.85 0.4-1.2 

Min./Max. 
Cathode Current* mA 8 12 Max. 
Helix Voltage Range  V 400-2040 350-2100 

Min./Max. 
Helix Current  mA 2 3 Max. 
Anode Voltage  V 175 215 Max. 
Anode Current  mA 0.5 2.0 Max. 

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



WJ-2049-50 
MECHANICAL 
CHARACTERISTICS 

Height   4 inches (102 mm) 
Width   4 inches (102 mm) 
Length   9 inches (229 mm) 
Weight   11.3 pounds (5.13 Kg) Max. 
Color Code for 18" Flying Leads 

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

Mounting Position, Any 

RF Output Connector, Type N Female 

Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, None 
Required 

No Forced Air Cooling Required Below -{-60°C 
Ambient 

RFI Shielded and Filtered 

OUTLINE DRAWING 
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INSERT 141 PLACES 

o. n8 

1. oo y 

N -CONNECTOR 
FEMALE 
5l8"-24 NEF - 2A 
THREAD 

4-40 UNF - 26 
THREAD 
141 PLACES 

0.718 
1. o0 

SCHEMATIC DIAGRAM 

 31-
-~~-

D C RETURN

BAWN t  OO RF OUTPUT 

GRID 

J ' ~ ~ 
ANODE 

NELIX 
COLLECTOR 

RFI FILTER 
BLOCK 

Hous INGOO 

OO 
LYING LEADS 

Notes: 

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

0  45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3 Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect catFi-
ode to positive (+) side of heater supply. 
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TECHNICAL DATA 

BACKWARD -WAVE 

OSCILLATOR 

The WJ-2050 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a 
bifilar (dual) helix and apermanent-magnet focus-
ing system.• Minimal stray magnetic field, low 
RF radiation, and an immunity to external ac or 
do magnetic fields make the WJ-2050 ideal for 
use in signal generating and sweeping equipment. 
The WJ - 2050 is also well suited for use in radar 
receivers (as local oscillator), in frequencydiver-
sity transmitters (as master oscillator), and in 
ECM equipment. Fine grain variation of frequency 
versus voltage is extremely low. The WJ-2050 
delivers smooth power output over the band with 
low operating cathode current. Power can be 
modulated and leveled with either grid or anode 

~~u~,T'~% ~ ~i 
APRIL 1969 

circuit. All voltages are isolated from housing 
and RF output connector for maximum flexibility 
in circuit applications. 

SPECIFICATIONS 
UNITS 

TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band GHz 4. 0 - 8.0 
Power Output into Load with VSWR = 1.25:1 mW 40 - 100 30 Min. 
Power Output Variation dB 8 Max. 

Fire Grain Variation dB/200 MHz 3 Max. 
Tube VSWR 2. 5 : 1 Max. 
Frequency Pulling into 2 : 1 Load (Any Phase) MHz 2 4 Max. 
Ratio of Signal to Noise Power 30 MHz Away dB/MHz BW 95 85 Min. 
Ratio of Signal to 2nd Harmonic Output dB 30 20 Min. 
Long-term Sensitivity to Heater Voltage MHz/V 3 
Sensitivity to Anode Voltage MHz/V 0. 9 
Sensitivity to Grid Voltage MHz/V 7 

Tuning Curve Slope 
Low End (4.0 GHz) MHz/V 6 

Mid-Frequency (6.0 GHz) MHz/V 3 

High End (8. 0 GHz) MHz/V 1. 5 
Grid RF Cutoff Voltage V -11 -20 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing pF 55 70 Max. 
Capacitance; Grid to all other Electrodes, 

including Housing pF 55 70 Max. 
Capacitance; Helix and Collector to all other 

Electrodes and Housing pF 210 250 Max. 
Heater Voltage V do 6. 3 6. 3 f5~1~ 
Heater Current A 0.75 0.4 - 1.2 

Min. /Max. 
Cathode Current mA 6 10 Max. 
Helix Voltage Range V 302 - 1805 275 - 1900 

Min. /Max. 
Helix Current mA 1.2 3 Max. 
Anode Voltage* V 110 215 Max. 
Anode Current mA 0. 1 2 Max. 

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



MECHANICAL DATA OUTLINE DRAWING 

Weight, 9.51bs. 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Materials, 
None Required 

No Forced Air Cooling Required Below 
+60° C Ambient 

RFI Shielded and Filtered 

MOUNTING NOLES 
10-32 UNF THREADED 
INSERT (4) PLACES 

N-CONNECTOR 
FEMALE 
5/8-24 NEF-24 
THREAD 

4-40 UNC-28 
THREAD 
14) PLACES 

SCHEMATIC DIAGRAM 

Notes: 

0 

O 

O 

For safety, housing should be grounded 

through mounting screws. 

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

Heater must always be negative with re-
spect to cathode. If cathode is to be tied 

to one side of heater when using do heater 

supply, connect cathode to positive (+) 

side of heater supply. 
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TECHNICAL DATA 

BACKWARD -WAVE 
OSCILLATOR 

The WJ - 2051 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a 
bifilar (dual) helix and apermanent-magnet focus-
ing system. Minimal stray magnetic field, low 
RF radiation, and an immunity to external ac or 
do magnetic fields make the WJ-2051 ideal for 
use in signal generating and sweeping equipment. 
The WJ-2051 is also well suited for use in radar 
receivers (as local oscillator), in frequency diver-

sity transmitters (as master oscillator), and in 
ECM equipment. Fine grain variation of frequency 
versus voltage is extremely low. The WJ-2051 
delivers smooth power output over the band with 
low operating cathode current. Power can be 
modulated and leveled with either grid or anode 

L~~~s 0 gf 
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circuit. All voltages are isolated from housing 
and' RF output connector for maximum flexibility 
in circuit applications. 

SPECIFICATIONS 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Nominal Frequency Band GHz 2, 0 - 4, 0 

Power Output into Load with VSWR = 1.25:1 mW 40 - 100 30 Min. 

Power Output Variation dB 8 Max. 

Fine Grain Variation dB/100 MHz 3 Max. 

Tube VSWR 2. 5 : 1 Max. 

Frequency Pulling into 2 : 1 Load (Any Phase) MHz 3 6 Max. 

Ratio of Signal to Noise Power 30 MHz Away dB/MHz BW 95 85 Min, 

Ratio of Signal to 2nd Harmonic Output dB 30 20 Min. 

Long-term Sensitivity to Heater Voltage MHz/V 5 

Sensitivity to Anode Voltage MHz/V 1. 0 

Sensitivity to Grid Voltage MHz/V 6 

Tuning Curve Slope 
Low End (2.0 GHz) MHz/V 3.5 

Mid-Frequency (3.0 GHz) MHz/V 2.2 
High End (4. 0 GHz) MHz/V 1, 3 

Grid RF Cutoff Voltage V -7 -20 Max. 

Capacitance; Cathode to all other Electrodes, 
including Heater and Housing pF 55 75 Max. 

Capacitance; Grid to all other Electrodes, 
including Housing pF 55 75 Max. 

Capacitance; Helix and Collector to all other 
Electrodes and Housing pF 245 275 Max. 

Heater Voltage V do 6.3 6. 3 t5~'J~ 

Heater Current A 0.75 0.4 - 1.2 
Min. /Max. 

Cathode Current mA 8 10 Max. 

Helix Voltage Range V 285 - 1310 250 - 1500 
Min. /Max. 

Helix Current mA 1.5 3 Max. 

Anode Voltage* V 110 215 Max. 

Anode Current mA 0. 1 2 Max. 

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



MECHANICAL DATA OUTLINE DRAWING 

D.BD 

Weight, 11.01bs. 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 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation from Passive Magnetic Materials, 
None Required 

No Forced Air Cooling Required Below 
+60° C Ambient 

RFI Shielded and Filtered 
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MOUNTING HOLES 
10-32 UNF THREADED 
INSERT (41 PLACES 
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5/8-24 NEF-2A 
THREAD 

4-40 UNIC-28 
THREAD 
14) PLACES 

SCHEMATIC DIAGRAM 

Notes 
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FLYING LEADS 

For safety, housing should be grounded 

through mounting screws. 

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

performance. 

Heater must always be negative with re-
spect to cathode. If cathode is to be tied 
to one side of heater when using do heater 
supply, connect cathode to positive (+) 

side of heater supply. 
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TECHNICAL DATA 

BACKWARD-WAVE 
OSCILLATOR 

,he WJ - 2052 is a magnetically and RFI shielded 
-oltage tunable oscillator utilizing a single helix 
nd permanent magnet focusing system to cover 
he frequency range from 12.4 to 18.0 GHz. Un-
saturated magnetic shielding reduces the magnetic 

field strength at any point, 1/2 inch from the hous-
ng, to a value of less than 10 gauss. Interference 
•equirements of MIL-STD-461 are met or exceeded 
~y integral RFI shielding and filtering. 

'he combination of immunity to external ac or do 
Magnetic fields, minimal stray generated magnetic 
fields, and extremely low RF radiation, makes the 
VJ-2 052 ideal for a number of applications, includ-
ng the following: signal generating and sweeping 
quipment, radar receivers (as local oscillator), 
requency diversity transmitters, and ECM equip-
ment (as master oscillator). 

The fine grain variation of frequency versus volt-
rge is extremely low. The WJ-2052 delivers 
month power output over the band with low oper-

November 1968 

ating cathode current and low electrode voltages. 
Power .can be modulated and leveled with either 
grid or anode circuits, All voltages are isolated 
from the housing for maximum flexibility in cir-
cuit applications. 

SPECIFICATIONS 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz  12.4 - 18.0 

Power Output Into Load With VSWR = 1.25:1 mW  40 - 100  20 Min. 
Power Output Variation  dB  8 Max. 

Fine Grain Variation  dB/500 MHz  3 Max. 

Tube VSWR  2.5 : 1 Max. 

Frequency Pulling Into 2 : 1 Load (Any Phase) MHz  1 

Ratio of Signal to Noise Power 30 MHz Away dB/MHz  95  85 Max. 

Long-Term Sensitivity to Heater Voltage MHz/V  5 

Sensitivity to Anode Voltage  MHz/V  3 5 

Sensitivity to Grid Voltage  MHz/V  4 4 

Tuning Curve Slope 
Low End (12, 4 GHz) MHz/V  10. 0  

Mid-Frequency (15.2 GHz)  MHz/V  5 9 
High End (18, 0 GHz)  MHz/V  3 5 

Grid RF Cutoff Voltage  V  -10  -20 Max. 

Capacitance; Cathode to All Other Electrodes 
Including Heater and Housing  pF  40  75 Max. 

Capacitance; Grid to All Other Electrodes 
and Housing  pF  40  75 Max. 

Capacitance; Helix and Collector to All Other 
Electrodes and Housing  pF  130  170 Max. 

Heater Voltage  V do  6 3 f 5% 

Heater Current  A  0 67 0 4 Min. 
1,2 Max. 

Cathode Current*  mA  10 -  15 Max. 

Helix Voltage Range  V  418 - 1417  350 Min. 
1500 Max. 

Helix Current  mA  1 8 3 Max. 

Anode Voltage  V  130  215 Max, 

Anode Current  mA 0. 1 1 Max, 

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



MECHANICAL DATA OUTLINE DRAWING 

Weight, 6.51bs. 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, Mate With 

UG 419/U Waveguide Flange 
Magnetically Shielded 

ENVIRONMENTAL DATA 

Separation From Passive Magnetic 

Materials, None Required 
No Forced Air Cooling Required 

Below +60° C Ambient 
RFI Shielded and Filtered to Meet 

or Exceed MIL-STD-461 

4.00 

1.19 

2.00 
4.00 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT 141 PLACES 

1.88 1.06 I~-

0.05 RADIUS 

4.00 
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WAVEGU I DE FLANGE 
MATE W ITH UG419/U 

8.25 

SCHEMATIC DIAGRAM 

FLYING LEADS 

Notes 

O1 For safety, housing should be grounded 

through mounting screws. 

50 - 150 V positive collector bias recom-

mended. 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 do heater supply, 

connect cathode to positive (+) side of heater 
supply, 
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TECHNICAL DATA 
APRIL 1969 

i 

The WJ-2056 is a magnetically and RFI shielded, volt-
age tunable oscillator, utilizing a single helix and per-
manent magnet focusing system to cover the fre-
quency range from 12.4 to 18.0 GHz. Interference 
requirements of MIL-STD-461 are met or exceeded by 

j the integral RFI shielding and filtering. 

The combination of immunity to external ac or do 
magnetic fields, minimal stray generated magnetic 
fields and very low RF radiation make the WJ-2056 
ideal for a number of applications, including the fol-
lowing: signal generating and sweeping equipment, 
radar receivers (as local oscillator), frequency diver-
sity transmitters and ECM equipment (as master 
oscillator.). 

The fine grain variation of frequency versus voltage is 
extremely low. The WJ-2056 delivers smooth power 
output over the band with low operating cathode cur-
rent. Power can be modulated and leveled with either 
grid or anode circuits. All voltages are isolated from 
the housing for maximum flexibility in circuit applica-
tions. SPECIFICATIONS 

BACKWARD-WAVE 
OSCILLATOR 

WJ-2056 

TYPICAL ABSOLUTE 
UNITS VALUES RATINGS 

Frequency Band  GHz   12.4 - 18.0 
Power Output into Load with VSWR = 1.25:1  mW  50 - 100   40 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   15 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz BW  95   85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  15 
Sensitivity to Anode Voltage  MHz/V  2 
Sensitivity to Grid Voltage  MHz/V  8 
Tuning Curve Slope 

Low End (12.4 GHz)  MHz/V  7.5 
Mid-Frequency (15.2 GHz)  MHz/V  4.4 
High End (18.0 GHz)  MHz/V  2.2 

Grid RF Cutoff Voltage  V  —10   —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing   pF  50   90 Max. 
Capacitance; Grid to all other Electrodes 

including Housing   pF  40   80 Max. 
Capitance; Helix and Collector to all other 

Electrodes and Housing   pF   130   170 Max. 
Heater Voltage  V do  6.3 6  3 ±5% 
Heater Current  A 0  75   0.4 to 1.2 

Min./Max. 
Cathode Current  mA  10.0   15 Max. 
Helix Voltage Range  V  570 - 1930   500 - 2100 

Min./Max. 
Helix Current  mA  1.8   3 Max. 
Anode Voltage  V  130   215 Max. 
Anode Current  mA 0  1   1 Max. 

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



WJ-2056 

MECHANICAL 
CHARACTERISTICS 

Weight, 9 lbs. Max. 

Color Code for 18" 
Heater 
Heater 
Cathode 
Grid 
Anode 
Helix 
Collector 

Flying Leads 
Black 
Brown 
Yellow 
Green 
Blue 
Red 
Orange 

Mounting Position, Any 

RF Output Connector, Mate with UG 419/U 

Separation from Passive Magnetic Materials, None 
Required 

ENVIRONMENTAL 
CHARACTERISTICS 

Magnetically Shielded 

No Forced Air Cooling Required Below -}-60°C 
Ambient 

RFI Shielded and Filtered to Meet or Exceed 
M I L-STD-461 

OUTLINE DRAWING 

20.0 POWER LEADS 

a. o0 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT (4) PLACES WAVEGU I DE FLA 
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SCHEMATIC DIAGRAM 
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Notes: 

OFor safety, housing should be grounded through 
mounting screws. 

O2
. 50.150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

OHeater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do supply, connect cathode 
to positive (+) side of heater supply. 
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TECHNICAL DATA 

DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2056-50 

The WJ-2056-50 is a magnetically and RFI shielded, 
voltage-tunable oscillator, utilizing a single helix and 
permanent-magnet focusing system to cover the fre-
quency range from 12.4 to 18.0 GHz. Interference 
requirements of MIL-STD-461 are met or exceeded by 
the integral RFI shielding and filtering. 
The combination of immunity to external ac or do 
magnetic fields, minimal stray generated magnetic 
fields and very low RF radiation make the WJ-2056-50 
ideal for a number of applications, including the fol-
lowing: signal generating and sweeping equipment, 
radar receivers (as local oscillator), frequency diver-
sity transmitters and ECM equipment (as master 
osci I lator). 
The fine grain variation of frequency versus voltage is 
extremely low. The WJ-2056-50 delivers smooth power 
output over the band with low operating cathode cur-
rent. Power can be modulated and leveled with either 
grid or anode circuits. All voltages are isolated from 
the housing for maximum flexibility in circuit applica-
tions. 

SPECIFICATIONS 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz   12.4 - 18.0 
Power Output into Load with VSWR = 1.25:1  mW  50 - 100  50 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  15 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz BW  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  15 
Sensitivity to Anode Voltage  MHz/V  2 
Sensitivity to Grid Voltage  MHz/V  8 
Tuning Curve Slope 

Low End (12.4 GHz)  MHz/V  7.5 
Mid-Frequency (15.2 GHz)  MHz/V  4.4 
High End (18.0 GHz)  MHz/V  2.2 

Grid RF Cutoff Voltage  V  —10  —25 Max. 
Capacitance; Cathode to al.l other Electrodes 

including Heater and Housing  pF  50  90 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  40  80 Max. 
Capitance; Helix and Collector to all other 

Electrodes and Housing  pF  130  170 Max. 
Heater Voltage  V do  6.3  6 3 ±5% 
Heater Current  A  0 75  0 4 to 1.2 

Min./Max. 
Cathode Current"  mA  10.0  15 Max. 
Helix Voltage Range  V ~ 570 - 1930  500 - 2100 

Min./Max. 
Helix Current  mA  1 8  3 Max. 
Anode Voltage  V  130  215 Max. 
Anode Current  mA  0 1  1 Max. 

•Set cathode current to Finai Test Data value furnished with tube. 



WJ-2056-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height   4 inches (102 mm) 
Width   4 inches (102 mm) 
Length   8 inches (203 mm) 
Weight   9 pounds (4.08 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, Mate with UG 419/U 

Separation from Passive Magnetic Materials, None 
Required 

ENVIRONMENTAL 
CHARACTERISTICS 

Magnetically Shielded 

No Forced-Air Cooling Required Below -I-60°C 
Ambient 

RFI Shielded and Filtered 
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Notes: 

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

0 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3. Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do supply, connect cathode 
to positive (+) side of heater supply. 
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TECHNICAL DATA 

APRIL 1969 

The WJ-2057 is a magnetically shielded and RFI 
shielded, voltage tunable oscillator, utilizing a single 
helix and apermanent-magnet focusing system. Un-
saturated magnetic shielding reduces the magnetic 
field strength to less than 10 gauss, 1/z inch from any 
point of the housing. RFI shielding and filtering allow 
the WJ-2057 to meet levels of MIL-I-6181 D. An im-
munity to external ac or do magnetic fields, together 
with minimal stray magnetic fields and low RF radia-
tion, makes the WJ-2057 ideal for signal generating 
and sweeping equipment, for use in radar receivers 
(as local oscillator), in frequency diversity transmit-
ters (as master oscillator), and in ECM equipment. 
Fine grain variation of frequency versus voltage is ex-
tremely low. The WJ-2057 delivers smooth power out• 
put over the band with low operating cathode current. 
Power can be modulated and leveled with either grid 
or anode circuits. All voltages are isolated from the 
housing for maximum flexibility in circuit applications. 

SPECIFICATIONS 

BACKWARD-WAVE 
OSCILLATOR 

WJ-2057 

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 or Signal to Noise Power 30 MHz away  

Sensitivity to Heater Voltage  
Sensitivity to Anode Voltage  
Sensitivity to Grid Voltage  
Tuning Curve Slope 

UNITS 

GHz  
mW  
dB  
dB/250 MHz 

MHz  

dB  
dB/MHz  
MHz/V  
MHz/V  
MHz/V  

TYPICAL 
VALUES 

22 - 70  

2  

50  
90  
35 
1 
10 

ABSOLUTE 
RATINGS 

 18.0 - 26.5 
20 Min. 
6 Max. 
3 Max. 

2.5:1 Max. 
6 Max. 

40 Min. 
80 Min. 

Low End (18 MHz)  MHz/V  12 
Mid-Frequency (22.5 MHz)  MHz/V  6.5 
High End (26.5 MHz)  MHz/V  4 

Grid r.f. Cutoff Voltage  V  —10  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Grid to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capitance; Helix and Collector to all other Electrodes 

including Heater and Housing  pF  90  130 Max. 
Heater Voltage  V  6.3 ±5% 
Heater Current  A  0 67  0 4 - 1.2 

Min./Max. 
Cathode Current'`  mA  6  10 Max. 
Helix Voltage Range  V  530 - 1820  450 - 2000 

Min./Max. 
Helix Current  mA  1.5  3 Max. 
Anode Voltage  V  115  250 Max. 
Anode Current  mA  0.2  1 Max. 

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



WJ-2057 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Weight, 6.5 lbs. Max. 

Color Code for 18" Flying Leads 
Heater Black (neg) 
Heater Brown 
Cathode Yellow 
Grid Green 
Anode Blue 
Helix Red 
Collector Orange 

Mounting Position, Any 

RF Output Connector, UG-595/U Flange 

Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, None 
Required 

No Forced Air Cooling Required Below -}-60°C 
Ambient 

RFI Shielded and Filtered to Meet Levels of 
MIL-I-6181D 
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Notes: 

O1. For safety, housing should be grounded through 
mounting screws. 

O2
. 50.150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3. Heater must always be negative with respect to 
cathode One heater lead may be tied to cathode. 
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TECHNICAL DATA 

DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2057-50 

The WJ-2057-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a single 
helix and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet MIL-
I-6181 D. 

An immunity to external ac or do magnetic fields, to-
getherwith aminimal stray magnetic field and low RF 
radiation, makes the WJ-2057.50 ideal for signal gen-
erating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 

The WJ-2057-50 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or 

anode circuits. All voltages are isolated from housing 
and RF output connector for maximum flexibility in 
circuit applications. 

SPECIFICATIONS 

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)  
Spurious Oscillation 

Ratio of Signal to Total Spurious Output  
Ratio or Signal to Noise Power 30 MHz away  

Sensitivity to Heater Voltage  
Sensitivity to Anode Voltage  
Sensitivity to Grid Voltage  
Tuning Curve Slope 

UNITS 

 GHz  
mW  
dB  
dB/250 MHz 

MHz  

d6  
d6/MHz  
MHz/V  
MHz/V  
MHz/V  

TYPICAL ABSOLUTE 
VALUES RATINGS 

  18.0 - 26.5 
22 - 70   20 Min. 

8 Max. 
3 Max. 

2.5:1 Max. 
2   6 Max. 

50   40 Min. 
90   80 Min. 
35 
1 
10 

Low End (18 MHz)  MHz/V  12 
Mid-Frequency (22.5 MHz)  MHz/V  6.5 
High End (26.5 MHz)  MHz/V  4 

Grid r.f. Cutoff Voltage  V  —10  —25 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Grid to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capitance; Helix and Collector to all other Electrodes 

including Heater and Housing  pF  90  130 Max. 
Heater Voltage  V  6.3 ±5% 
Heater Current  A  0.67  0 4 - 1.2 

Min./Max. 
Cathode Current"`  mA  6  10 Max. 
Helix Voltage Range  V  520-1800  480-2050 

Min./Max. 
Helix Current  mA  1.5  3 Max. 
Anode Voltage  V  115  215 Max. 
Anode Current  mA  0.2  1 Max. 

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



WJ-2057-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height , 4 inches (102 mm) 
Width ,4 inches (102 mm) 
Length , 8 inches (204 mm) 
Weight ,8.0 lbs. (3.63 Kg) Max. 
Color Code for 18" Flying Leads 

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

Mounting Position, Any 

RF Output Connector, UG•595/U Flange 

Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, None 
Required 

No Forced Air Cooling Required Below -I-60°C 
Ambient 

RFf Shielded and Filtered 

18. 0 POWER LEADS 

a. 00 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT 141 PLACES 

2. 130 
WAVEGUIDEFLANGE 
MATE WITH UG - 595 
4-40 UNC 141 PLACES 

SCHEMATIC DIAGRAM 

Notes: 

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

O 45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

Q3 Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect cath-
ode to positive (+) side of heater supply. 
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TECHNICAL DATA 

APRIL 1969 

The WJ-2058 is a magnetically shielded and RFI 
shielded, voltage tunable oscillator, utilizing a single 
helix and apermanent-magnet focusing system. Un-
saturated magnetic shielding reduces the magnetic 
field strength to less than 10 gauss, lh inch from any 
point of the housing. RFI shielding and filtering allow 
the WJ-2058 to meet levels of MIL-I-6181 D. An im-
munity to external ac or do magnetic fields, together 
with minimal stray magnetic fields and low RF radia-
tion, makes the WJ-2058 ideal for signal generating 
and sweeping equipment, for use in radar receivers 
(as local oscillator), in frequency diversity transmit-
ters (as master oscillator), and in ECM equipment. 
Fine grain variation of frequency versus voltage is ex-
tremely low. The WJ-2058 delivers smooth power out-
put over the band with low operating cathode current. 
Power can be modulated and leveled with either grid 
or anode circuits. All voltages are isolated from the 
housing for maximum flexibility in circuit applications. 

SPECIFICATIONS 

BACKWARD-WAVE 
OSCILLATOR 

WJ-2058 

Nominal Frequency Band  

UNITS 

GHz  

TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

 26.5 - 40.0 
Power Output into Load with VSWR = 1.25:1  mW  12.35  10 Min. 
Power Output Variation  dB  8 Max. 
Fine Grain Variation  dB/500 MHz  3 Max. 
Tube VSWR  2.5:1 Max. 
Frequency Pulling into 2:1 Load (Any Phase)  MHz  6  10 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Max. 
Long-term Sensitivity to Heater Voltage  MHz/V  30 
Sensitivity to Anode Voltage  MHz jV  2 
Sensitivity to Grid Voltage  MHz/V  25 
Tuning Curve Slope 

Low End (26.5 GHz)  MHz/V  20 
Mid-Frequency (33.25 GHz)  MHz/V  10 
High End (40 GHz)  MHz/V  6 

Grid RF Cutoff Voltage  V  —7  —20 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  25  50 Max. 
Capitance; Helix and Collector to all other 

Electrodes and Housing  pF  60  100 Max. 
Heater Voltage  V do   6.3 ±5% 
Heater Current  A  .65  0.4 to 1.2 

Min./Max. 
Cathode Current'"  mA  4  5 Max. 
Helix Voltage Range  V  520-1940  500-2100 

Min./Max. 
Helix Current  mA  1.0  1.5 Max. 
Anode Voltage  V  150  250 Max. 
Anode Current  mA  .05  .5 Max. 

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

I J 



r WJ-2058 
MECHANICAL 
CHARACTERISTICS 

Weight, 6.5 lbs. Max. 

Color Code for 18" Flying Leads 
Heater Brown 
Heater Black (neg) 
Grid Green 
Anode Blue 
Helix Red 
Collector Orange 
Cathode Yellow 

Mounting Position, Any 

RF Output Connector mates to UG599/U Waveguide 
Flange 

Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, None 
Required 

No Forced Air Cooling Required Below -}-60°C 
Ambient 

RFI Shielded and Filtered to Meet Levels of 
MIL-I-6181D 

OUTLINE DRAWING 

4.00 

20.0 POWER LEADS 

l.00~ 

a. o0 

.-1.00 MOUNTING HOLES 
10-32 UNFTHREADED 
INSERT 141 PLACES 

—~{ 2.130 
WAVEGUIDE 
MATE WITH 
4-40 U NC 141 

SCHEMATIC DIAGRAM 

FLYING LEADS 

Notes: 

OFor safety, housing should be grounded through 
mounting screws. 

O50.150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

OHeater must always be negative with respect to 
cathode One heater lead may be tied to cathode. 
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TECHNICAL DATA 

DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2058-50 

i 

The 1NJ-2058-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a bifilar 
(dual helix) and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing, RFI 
shielding and filtering enables this tube to meet MIL-
T-6181 D. 

An immunity to external ac or do magnetic fields, to-
gether with a minimal stray magnetic field and low RF 
radiation, makes the WJ-2058-50 ideal for signal gen-
erating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 

The WJ-2058.50 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or 

anode circuits. All voltages are isolated from housing 
and RF output connector for maximum flexibility in 
circuit applications. 

SPECIFICATIONS 
UNITS 

Frequency Band   GHz  

TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

 26,5 - 40.0 
Power Output into Load with VSWR — 1.25:1  mW  12-35  7 Min. 
Power Output Variation  d6  8 Max. 
Fine Grain Variation  dB/500 MHz  3 Max. 
Tube VSWR  2.5:1 Max. 
Frequency Pulling into 2:1 Load (Any Phase)  MHz  6  10 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Max. 
Long-term Sensitivity to Heater Voltage  MHz/V  30 
Sensitivity to Anode Voltage  MHz/V  2 
Sensitivity to Grid Voltage  MHz/V  25 
Tuning Curve Slope 

Low End (26.5 GHz)  MHz/V  20 
Mid-Frequency (33.25 GHz)  MHz/V  10 
High End (40 GHz)  MHz/V  6 

Grid RF Cutoff Voltage  V  —7  —25 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  25  50 Max. 
Capitance; Helix and Collector to all other 

Electrodes and Housing  pF  60  100 Max. 
Heater Voltage  V do   6.3 ±5% 
Heater Current  A  .65  0.4 to 1.2 

Min./Max. 
Cathode Current=`  mA  4  5 Max. 
Helix Voltage Range  V  520-1940  480-2050 

Min./Max. 
Helix Current  mA  1.0  1.5 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  mA  .05  .5 Max. 

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



WJ-2058-50 
MECHANICAL 
CHARACTERISTICS 

Height   4 inches (102 mm) 
Width   4 inches (102 mm) 
Length   8 inches (204 mm) 
Weight 8  0 lbs. (3.63 Kg) Max. 
Color Code for 18" Flying Leads 

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

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

Flange 
Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, None 
Required 

No Forced Air Cooling Required Below -}-60°C 
Ambient 

RFI Shielded and Filtered 

OUTLINE DRAWING 

18.0 POWER LEADS 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT (41 PLACES 

—►{ 2.130 
WAVEGU I DE Fl 
MATE WITH U( 
4-40 U NC I41 P 

SCHEMATIC DIAGRAM 
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Notes: 

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

02  45-150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

O3 Heater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do heater supply, connect catFi-
ode to positive (+) side of heater supply. 
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TECHNICAL DATA 

DECEMBER 1970 

The WJ-2060-50 is a magnetically and RFI shielded, 
voltage-tunable oscillator, utilizing a single helix and 
permanent-magnet focusing system to cover the fre-
quency range from 12.4 to 18.0 GHz. Interference 
requirements of MIL-STD-461 are met or exceeded by 
the integral RFI shielding and filtering. 

The combination of immunity to external ac or do 
magnetic fields, minimal stray generated magnetic 
fields and very low RF radiation make the WJ-2060-50 
ideal for a number of applications, including the fol-
lowing: signal generating and sweeping equipment, 
radar receivers (as local oscillator), frequency diver-
sity transmitters and ECM equipment (as master 
oscillator). 

The fine grain variation of frequency versus voltage is 
extremely low. The WJ-2060-50 delivers smooth power 
output over the band with low operating cathode cur-
ent. Power can be modulated and leveled with either 
grid or anode circuits. All voltages are isolated from 
the housing for maximum flexibility in circuit applica-
tions. 

SPECIFICATIONS 

BACKWARD-WAVE 
OSCILLATOR 
WJ-2060-50 

UNITS 
TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band  GHz   12.4 - 18.0 
Power Output into Load with VSWR - 1.25:1  mW  50 - 100  50 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  15 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz BW  95  85 Min. 
Long-term Sensitivity to Heater Voltage  MHz/V  15 
Sensitivity to Anode Voltage  MHz/V  2 
Sensitivity to Grid Voltage  MHz/V  8 
Tuning Curve Slope 

Low End (12.4 GHz)  MHz/V  7.5 
Mid-Frequency (15.2 GHz)  MHz/V  4 4 
High End (18.0 GHz)  MHz/V  2 2 

Grid RF Cutoff Voltage  V  —10  —25 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  50  90 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  40  80 Max. 
Capitance; Helix and Collector to all other 

Electrodes and Housing  pF  130  170 Max. 
Heater Voltage  V do  6.3  6 3 ±5% 
Heater Current  A  0 75  0.4 to 1.2 

Min./Max. 
Cathode Currents  mA  10.0  15 Max. 
Helix Voltage Range  V  570 - 1930  500 - 2100 

Min./Max. 
Helix Current  mA  1 8  3 Max. 
Anode Voltage  V  130  215 Max. 
Anode Current  mA  0 1  1 Max. 

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



WJ-2060-50 

MECHANICAL 
CHARACTERISTICS 

Height   4 inches (102 mm) 
Width   4 inches (102 mm) 
Length   8 inches (203 mm) 
Weight   9 pounds (4.08 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, Mate with UG 419/U 

Separation from Passive Magnetic Materials, None 
Required 

ENVIRONMENTAL 
CHARACTERISTICS 

Magnetically Shielded 

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

RFI Shielded and Filtered to Meet or Exceed 
M I L-STD-461 

OUTLINE DRAWING 
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WAVEGU I DE FLANGE 
MATE WITH UG - 419U 
6-32 UNC - 26 (41 PLACES 

MOUNTING HOLES 
10-32 UNF THREADED 
INSERT 141 PLACES 

SCHEMATIC DIAGRAM 

FLYING LEADS 

Notes: 

OFor safety, housing should be grounded through 
mounting screws. 

O2. 45~150V positive collector bias recommended. 
Tube will operate with collector at helix potential 
at somewhat reduced performance. 

OHeater must always be negative with respect to 
cathode. If cathode is to be tied to one side of 
heater when using do supply, connect cathode 
to positive (-F) side of heater supply. 
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TECHNICAL DATA 
DECEMBER 1970 

The WJ-2061-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing asingle-
helixand apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet 
MIL-I-6181 D. 
An immunity to external ac or do magnetic fields, to-
gether with a minimal stray magnetic field and low RF 
radiation, makes the WJ-2061-50 ideal for signal 
generating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 
The WJ-2061-50 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or anode 
circuits. All voltages are isolated from housing and RF 
output connector for maximum flexibility in circuit 
applications. 

SPECIFICATIONS 

BACKWARD-WAVE 
OSCILLATOR 
WJ-2061-50 

UNITS TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

Frequency Band GHz  18.0-26.5 
Power Output into Load with VSWR — 1.25  mW  22-70  25 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  2  6 Max. 
Spurious Oscillation 

Ratio of Signal to Total Spurious Output  dB  50  40 Min. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  90  80 Min. 

Long-term Sensitivity to Heater Voltage  MHz/V  35 
Sensitivity to Anode Voltage  MHz/V  1 
Sensitivity to Grid Voltage  MHz/V  10 
Tuning Curve Slope 

Low End (18 MHz)  MHz/V  12 
Mid-Frequency (22.5 MHz)  MHz/V  6 5 
High End (26.5 MHz)  MHz/V  4 

Grid RF Cutoff Voltage  V  —10  —25 Max. 
Capacitance; Cathode to all other Electrodes, 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Grid to all other Electrodes, 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Helix and Collector to all other 

Electrodes including Heater and Housing  pF  90  130 Max. 
Heater Voltage  Vdc  6.3 ± 5% 
Heater Current  A  0 67  0.4-1.2 

Min./Max. 
Cathode Current'  mA  6  10 Max. 
Helix Voltage Range  V  560-1950  480-2050 

Min./Max. 
Helix Current  mA  1 5  3 Max. 
Anode Voltage  V  115  215 Max. 
Anode Current  mA  0 2  1 Max. 
" Set cathode current to Final Test Data value furnished with tube. 



WJ-2061-50 OUTLINE DRAWING 

MECHANICAL 
CHARACTERISTICS 

Height, 4 inches (102 mm) 
Width, 4 inches (102 mm) 
Length, 8 inches (204 mm) max. 
Weight, 8 lbs. (3.63 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, UG-595/U Flange 

Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 
Separation from Passive Magnetic Materials, 
None Required 
No Forced Air Cooling Required Below-I-60°CAmbient 
RFI Shielded and Filtered to Meet MIL-I-6181D 
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13rSIDES 
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SCHEMATIC DIAGRAM 

FLYING LEADS 

Notes: 
1. For safety, housing should be grounded through 

mounting screws, 
2. 45-150V positive collector bias recommended. 

Tube will operate with collector at helix potential 
at somewhat reduced performance. 

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

DECEMBER 1970 

BACKWARD-WAVE OSCILLATOR 
WJ-2062-50 

The WJ-2062-50 is a magnetically shielded and RFI 
shielded voltage tunable oscillator utilizing a single 
helix and apermanent-magnet focusing system. 
Unsaturated magnetic shielding reduces the magnetic 
field strength along the outside of the housing. RFI 
shielding and filtering enables this tube to meet MIL-
I-6181 D. 

An immunity to external ac or do magnetic fields, to-
gether with a minimal stray magnetic field and low RF 
radiation, makes the WJ-2062-50 ideal for signal gen-
erating and sweeping equipment, for use in radar 
receivers (as local oscillator), in frequency diversity 
transmitters (as master oscillator), and in ECM equip-
ment. Fine grain variation of frequency versus voltage 
is extremely low. Power output and tuning curves are 
uniform and highly reproducible. 

The WJ-2062-50 delivers smooth power output over 
the band with low operating cathode current. Power 
can be modulated and leveled with either grid or 

anode circuits. All voltages are isolated from housing 
and RF output connector for maximum flexibility in 
circuit applications. 

SPECIFICATIONS 

Frequency Band  

UNITS 

GHz  

TYPICAL 
VALUES 

ABSOLUTE 
RATINGS 

 26.5 - 40.0 
Power Output into Load with -VSWR — 1.25:1  mW  12-35  10 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  6  10 Max. 
Ratio of Signal to Noise Power 30 MHz Away  dB/MHz  95  85 Max. 
Long-term Sensitivity to Heater Voltage  MHz/V  30 
Sensitivity to Anode Voltage  MHz/V  2 
Sensitivity to Grid Voltage  MHz/V  25 
Tuning Curve Slope 

Low End (26.5 GHz)  MHz/V  20 
Mid-Frequency (33.25 GHz)  MHz/V  10 
High End (40 GHz)  MHz/V  6 

Grid RF Cutoff Voltage  V  —7  —25 Max. 
Capacitance; Cathode to all other Electrodes 

including Heater and Housing  pF  35  50 Max. 
Capacitance; Grid to all other Electrodes 

including Housing  pF  25  50 Max. 
Capitance; Helix and Collector to all other 

Electrodes and Housing  pF  60  100 Max. 
Heater Voltage  V do   6.3 ±5% 
Heater Current  A  .65  0.4 to 1.2 

Min./Max. 
Cathode Current"`  mA  4  5 Max. 
Helix Voltage Range  V  520-1940  480-2050 

Min./Max. 
Helix Current  mA  1.0  1.5 Max. 
Anode Voltage  V  150  215 Max. 
Anode Current  mA  .05  .5 Max. 

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



WJ-2062-50 
MECHANICAL 
CHARACTERISTICS 

Height   4 inches (102 mm) 
Width   4 inches (102 mm) 
Length   8 inches (204 mm) 
Weight 8  0 lbs. (3.63 Kg_) Max. 
Color Code for 18" Flying Leads 

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

Mounting Position, Any 

RF Output Connector mates to UG599/U Waveguide 
Flange 

Magnetically Shielded 

ENVIRONMENTAL 
CHARACTERISTICS 

Separation from Passive Magnetic Materials, None 
Required 

No Forced Air Cooling Required Below -}-60°C 
Ambient 

RFI Shielded and Filtered 

OUTLINE DRAWING 
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Notes: 

Ol For safety, housing should be grounded through 
mounting screws. 
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1 TO 2 GHz 1-WATT 
TRAVELING-WAVE TUBE 

WJ-2500 

WJ-2500 is the 1 to 2 GHz unit in a series of medium-
power traveling-wave tubes developed by Watkins-
Johnson for commercial application. It is intended for 
new or replacement use in one-watt amplifiers for 
laboratory work and driver applications. 
This PPM-focused TWT offers the same performance 

• OUTPUT POWER 
1 WATT MINIMUM 

• SMALL SIGNAL GAIN 
30 dB MINIMUM 

• PPM FOCUSING 

and high reliability found in all W-J power tubes. All 
voltages are isolated from housing and connectors for 
maximum flexibility in power supply configurations. 
The normal cooling requirement is 5 cfm over the 
collector heat exchanger; heat sink cooling can be 
provided upon special request. 

SPECIFICATIONS 

PERFORMANCE TYPICAL 
Frequency   0.95 to 2.1 GHz 
Saturated Power Output   1.25 to 2.50 watts  
Small Signal Gain   33 to 40 dB 
Total Gain Variation   7 dB  
Noise Figure   25 dB  

ELECTRICAL REQUIREMENTS 
Heater Voltage 
Heater Current 

TYPICAL 
6  3 volts 

GUARANTEED 
  1to2GHz 

1 watt min. 
  30 dB min. 

11 dB 
30 dB max. 

RANGE 
6  2 to 6.4 volts 

0  7 A   0.4 to 1.2 A 
Cathode Voltage  Ov 
Cathode Current   22 mA  
Anode Voltage   350 volts  
Helix Voltage   825 volts  
Helix Current 1  0 mA  
Grid Voltage   0 volts  
Collector Voltage   825 volts  
Collector Current   21 mA  

*Supersedes WJ•2500.3 Technical Data Sheet dated July 1969. 

30 mA max. 
300 to 550 volts 
700 to 900 volts 

3 mA max. 
—0 to —70 volts 
700 to 900 volts 

30 mA max. 



WJ-2500 RF ELECTRICAL PERFORMANCE 
CHARACTERISTICS 

MECHANICAL 
CHARACTERISTICS 

Height 2  6 inches (66 mm) max. 
Width 2  30 inches (58 mm) max. 
Length   13.0 inches (330 mm) max. 
Weight   3.5 pounds (1.59 Kg) max. 
DC Connectors   Flying Leads 
RF Connectors   Type "TNC" Female 
Cooling   Air Cooled 
Focusing   ppM 
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2 TO 4 GHz 1-WATT 
TRAVELING-WAVE TUBE 

WJ- 2501 

WJ-2501 is the 2 to 4 GHz unit in a series of medium-
power traveling-wave tubes developed by Watkins-
Johnson for commercial application. It is intended for 
new or replacement use in one-watt amplifiers for 
laboratory work and driver applications. This PPM-fo 
cused TWT offers the same performance and high 
reliability found in all W-J power tubes. 

OUTPUT POWER 
1 WATT MINIMUM 

SMALL SIGNAL GAIN 
30 dB MINIMUM 

• PPM FOCUSING 

All voltages are isolated from housing and connectors 
for maximum flexibility in power supply configurat 
ions. The normal cooling requirement is 5 cfm over 
the collector heat exchanger; heat sink cooling can 
be provided upon special request. 

SPECIFICATIONS 

PERFORMANCE TYPICAL GUARANTEED 
Frequency 1  9 to 4.1 GHz   2 to 4 GHz 
Saturated Power Output 1  25 to 2.50 watts   1 watt min. 
Small Signal Gain   33 to 40 dB   30 dB min.. 
Total Gain Variation   7 dB   11 dB 
Noise Figure   25 dB   30 dB max. 

ELECTRICAL REQUIREMENTS 
Heater Voltage 
Heater Current 
Cathode Voltage 
Cathode Current 
Anode Voltage  
Helix Voltage  
Helix Current 
Grid Voltage  

TYPICAL RANGE 
6  3 volts 6  2 to 6.4 volts 
0  7 A   0.4 to 1.2 A 
Ov 
20 mA   30 mA max. 
375 volts   300 to 550 volts 
950 volts  850 to 1050 volts 
1  0 mA   3 mA max. 
—0 volts   —0 to —70 volts 

Collector Voltage   950 volts  850 to 1050 volts 
Collector Current   20 mA  30 mA max. 

*Supersedes WJ•25013 Technical Data Sheet dated April 1970• 



WJ 2501 R F ELECTRICAL PERFORMANCE 
CHARACTERISTICS 

MECHANICAL 
CHARACTERISTICS 
Height 2  6 inches (66 mm) max. 
Width 2  30 inches (58 mm) max. 
Length   13.0 inches (330 mm) max. 
Weight   3.5 pounds (1.59 Kg) max. 
DC Connectors   Flying Leads 
RF Connectors   Type "TNC" Female 
Cooling   Air Cooled 
Focusing   ppM 
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4 TO 8 GHz 1-WATT 
TRAVELING-WAVE TUBE 

WJ-2502 

WJ-2502 is the 4 to 8 GHz unit in a series of medium-
power traveling-wave tubes developed by Watkins-
Johnson for commercial application. It is intended for 
new or replacement use in one-watt amplifiers for 
laboratory work and driver applications. 

PERFORMANCE 
Frequency 
Saturated Power Output 1  25 to 2.50 watts 
Small Signal Gain   33 to 40 dB 
otal Gain Variation   8 dB 

Noise Figure   25 dB 

• OUTPUT POWER 
1 WATT MINIMUM 

• SMALL SIGNAL GAIN 
30 dB MINIMUM 

• PPM FOCUSING 

This PPM-focused TWT offers the same performance 
and high reliability found in all W-J power tubes. All 
voltages are isolated from housing and connectors for 
maximum flexibility in power supply configurations. 

SPECIFICATIONS 

Typical Guaranteed 
39to8.1 GHz   4to8GHz 

  1 watt min. 
  30 dB min. 

  11 dB 
  30 d6 max. 

ELECTRICAL REQUIREMENTS Typical Range 
Heater Voltage  6  3 volts 6  2 to 6.4 volts 
Heater Current 0  7 A   0.4 to 1.2 A 
Cathode Voltage  Ov 
Cathode Current   17 mA   20 mA max. 
Anode Voltage  700 volts   500 to 1000 volts 
Helix Voltage   2200 volts   1900 to 2400 volts 
Helix Current 1  0 mA  3 mA max. 
Grid Voltage   0 volts   —0 to —70 volts 
Collector Voltage  2200 volts   1900 to 2400 volts 
Collector Current  16 mA   20 mA max. 

*Supersedes WJ-2502.3 Technical Data Sheet dated June 1970. 

i t 



WJ 2502 

MECHANICAL 
CHARACTERISTICS 

Height 2  6 inches (66 mm) max. 
Width 2  30 inches (58 mm) max. 
Length   13.0 inches (330 mm) max. 
Weight   3.5 pounds (1.59 Kg) max. 
DC Connectors   Flying Leads 
RF Connectors   Type "TNC" Female 
Cooling   10 cfm, Air Cooled 
Focusing   PPM 

SCHEMATIC DIAGRAM 
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7 TO 12.4 GHz 1-WATT 
TRAVELING-WAVE TUBE 

WJ-2503 

WJ-2503 is the 7 to 12.4 GHz unit in a series of me-
dium power travel ing-wave tubes developed by 
Watkins-Johnson for commercial applications. It is 
intended for new or replacement use in one-watt 
amplifiers for laboratory work or driver applications. 

• OUTPUT POWER 
1 WATT MINIMUM 

• SMALL SIGNAL GAIN 
30 dB MINIMUM 

• PPM FOCUSING 

This PPM-focused TWT offers the same performance 
and high reliability found in all W-J power tubes. All 
voltages are isolated from housing and connectors for 
maximum flexibility in power supply configurations. 

SPECIFICATIONS 

PERFdRMANCE TYPICAL 
Frequency 
Saturated Power Output 
Small Signal Gain   35to 41 dB  
Total Gain Variation   4 dB  
Noise Figure  25 d6 

GUARANTEED 
6  9 to 12.5 GHz   7.0 to 12.4 GHz 
1  15 to 2.5 watts   1 watt min. 

30 dB min. 
6 dB 

  30 dB max. 

ELECTRICAL REQUIREMENTS TYPICAL RANGE 
Heater Voltage 6  3 volts 6  2 to 6.4 volts 
Heater Current 0  7 A   0.4 to 1.2 A 
Cathode Voltage   Ov 
Cathode Current   15 mA   20 mA max. 
Anode Voltage  650 volts   500 to 1000 volts 
Helix Voltage  2500 volts  2200 to 2700 volts 
Helix Current 1  0 mA   3 mA max. 
Grid Voltage   . . 0 volts   —0 to —70 volts 
Collector Voltage  2500 volts  2200 to 2700 volts 
Collector Current   13.5 mA   20 mA max. 

*Supersedes WJ•2503-3 Technical Data Sheet dated June 1970 



WJ-2503 

MECHANICAL 
CHARACTERISTICS 

Height 2  6 inches (66 mm) max. 
Width 2  30 inches (58 mm) max. 
Length   13.0 inches (330 mm) max. 
Weight   3.5 pounds (1.59 Kg) max. 
DC Connectors   Flying Leads 
RF Connectors   Type "TNC" Female 
Cooling  10 cfm, Air Cooled 
Focusing   PPM 

SCHEMATIC DIAGRAM 
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0.5 TO 1.0 GHz VOLTAGE-TUNED 
SOLID STATE OSCILLATOR 

WJ-2800 

WJ-2800 is a voltage-tuned transistor oscillator de-
signed to provide fundamental microwave power over 
the 0.5 to 1.0 GHz range. Varactor tuning ensures a 
high tuning input impedance characteristic for the 
device. Since it is a fundamental oscillator, no in-
band harmonics are exhibited. 

OUTPUT CHARACTERISTICS 
Frequency Range 
Power Output (50~ load)  125 mW 
Power Output (1.5:1 load VSWR)  125 mW  
Frequency Pulling (1.25:1 load VSWR)  ±0.5% 
Frequency Pulling (1.5:1 load VSWR)  ±1% 

Residual FM (peak)  1 kHz  
Harmonic Rejections  30 d6  
Non-Harmonic Spurious Rejection2  
Frequency Pushing (supply variations)  ±1% per volt  
Operating Temperature Range (heat sink temperature) .  
Frequency Drift with Temperature  100 ppm/°C  

• VOLTAGE-TUNABLE 
OVER FULL OCTAVE 

• SUPERIOR PULLING 
CHARACTERISTICS 

• NO IN-BAND HARMONICS 
• LOW OUT-OF-BAND HARMONICS 
• MONOTONIC TUNING CURVE 

WJ-2800 is capable of supplying considerably more 
than its rated output power in some applications. Its 
tuning voltage vs. frequency curve is approximately 
exponential and monotonic, allowing easy lineariza-
tion. The device is well suited for applications where 
small size, low input requirements and high reliability 
are essential. 

SPECIFICATIONS 
Typical Guaranteed 
0  47 to 1.03 GHz 0  5 to 1.0 GHz 

  100 mW min. 
100 mW min. 

  ±1% max. 
  ±2% max. 

5 kHz max. 
15 dB min. 
60 dB min. 

±2% per volt max. 
0 to 55°C 

300 ppm/°C max. 

INPUT REQUIREMENTS 
Transistor Supply Voltage   -}-24 V do at 200 mA max. 
Tuning Voltage at 0.5 GHz   x-1.5 V do min. at —3 mA max. 
Tuning Voltage at 1.0 GHz   -{-60 V do max. at 1 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions   1.2 x 1.4 x 2.5 inches (30 x 36 x 64 mm) max. 
Weight   6 oz. (170 g) max. 
Connector, RF   miniature coaxial jack 
Connectors, do   solder lugs 

NOTES: 
'The WJ-2800 is a fundamental oscillator and has no in•band harmonics. 
2Measured on a spectrum analyzer with approximately 60 dB dynamic range. Only signals greater than 10 kHz from the main 
signal are specified. 
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WJ-2803 is a voltage-tuned transistor oscillator de-
signed to provide fundamental microwave power over 
the 1 to 2 GHz range. Varactor tuning ensures a 
high tuning input impedance characteristic for the 
device. Two transistors in a push-pull configuration 
provide superior out-of-band harmonics rejection. 
Since the device is a fundamental oscillator, no in-
band harmonics are exhibited. 

OUTPUT CHARACTERISTICS 
Frequency Range 
Power Output (50~ load) 
Power Output (1.5:1 load VSWR)  
Frequency Pulling (1.25:1 load VSWR)  
Frequency Pulling (1.5:1 load VSWR)  
Residual FM (peak) 
Harmonic Rejection 
Non-Harmonic Spurious Rejection2
Frequency Pushing (supply variations) 

1 TO 2 GHz VOLTAGE-TUNED 
SOLID STATE OSCILLATOR 

WJ-2803 
• VOLTAGE-TUNABLE 

OVER FULL OCTAVE 

• SUPERIOR PULLING 
CHARACTERISTICS 

• NO IN-BAND HARMONICS 
• LOW OUT-OF-BAND HARMONICS 

. MONOTONIC TUNING CURVE 

WJ-2803 is capable of supplying considerably more 
than its rated output power in some applications. Its 
tuning voltage vs. frequency curve is approximately 
exponential and monotonic, allowing easy lineariza-
tion. The device is well suited for applications where 
small size, low input requirements and high reliability 
are essential. 

SPECIFICATIONS 

Typical Guaranteed 
0  97 to 2.03 GHz 1  0 to 2.0 GHz 

 150 mW   100 mW min. 
150 mW   100 mW min. 
±0.5%   ±1% max. 
±1%   ±2% max. 

 1 kHz  5 kHz max. 
 30 dB   20 dB min. 

  60 d6 min. 
 ±1%per volt +2% per volt max. 

Operating Temperature Range (heat sink temperature)   0 to 55°C 
Frequency Drift with Temperature  100 ppm/°C   300 ppm/°C max. 

INPUT REQUIREMENTS 
Transistor Supply Voltage   +15 V do at 250 mA max. 
Tuning Voltage at 1.0 GHz   -}-1.5 V do min, at —3 mA max. 
Tuning Voltage at 2.0 GHz   -F60 V do max. at 1 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions   1.2 x 1.4 x 2.5 inches (30 x 36 x 64 mm) max. 
Weight   6 oz. (170 g) max. 
Connector, RF   miniature coaxial jack 
Connectors, do   solder lugs 

NOTES: 
'The WJ-2803 is a fundamental oscillator and has no in-band harmonics. 
Measured on a spectrum analyzer with approximately 60 dB dynamic range. Only signals greater than 10 kHz from the main 
signal are specified. 

'Supersedes WJ-2803 Technical Data Sheet dated November 1968. 
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WJ-2804-10 is a voltage-tuned transistor oscillator 
designed to provide fundamental microwave power 
over the 2 to 4 GHz range. Varactor tuning ensures 
a high tuning input impedance characteristic for the 
device. Two transistors in a push-pull configuration 
provide superior out-of-band harmonics rejection. 
Since the device is a fundamental oscillator, no in-
band harmonics are exhibited. 

2 TO 4 GHz VOLTAGE-TUNED 
SOLID STATE OSCILLATOR 

WJ-2804-10 

• VOLTAGE-TUNABLE 
OVER FULL OCTAVE 

• SUPERIOR PULLING 
CHARACTERISTICS 

. NO IN-BAND HARMONICS 
• LOW OUT-OF-BAND HARMONICS 
• MONOTONIC TUNING CURVE 

WJ-2804-10 is capable of supplying considerably mo-
re than its rated output power in some applications. 
Its tuning voltage vs. frequency curve is approximately 
exponential and monotonic, allowing easy lineariza-
tion. The device is well suited for applications where 
small size, low input requirements and high reliability 
are essential. 

SPECIFICATIONS 

OUTPUT CHARACTERISTICS Typical Guaranteed 
Frequency Range  1.95 to 4.05 GHz 2  0 to 4.0 GHz 
Power Output (50~ load)  20 mW   10 mW min. 
Power Output (1.25:1 load VSWR)  20 mW   10 mW min. 
Frequency Pulling (1.25:1 load VSWR)  ±1% +2% max. 
Residual FM (peak)  1 kHz   10 kHz max. 
Harmonic Rejections  30 dB   20 dB min. 
Non-Harmonic Spurious RejectionZ   60 dB min. 
Frequency Pushing (supply variations)  ±1% per volt   ±2% per volt max. 
Operating Temperature Range (heat sink temperature) . . .   0 to 55°C 
Frequency Drift with Temperature +100 ppm/°C +300 ppm/°C max. 
INPUT REQUIREMENTS 
Transistor Supply Voltage   +15 V do at 200 mA max. 
Tuning Voltage at 2.0 GHz   -}-1.5 V do min. at —3 mA max. 
Tuning Voltage at 4.0 GHz   -I-60 V do max. at 1 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions   1.2 x 1.4 x 2.5 inches (30 x 36 x 64 mm) max. 
Weight   6 oz. (170 g) max. 
Connector, RF   miniature coaxial jack 

Connectors, do   solder lugs 

NOTES: 
'The WJ-2804-10 is a fundamental oscillator and has no in•band harmonics. 
'Measured on a spectrum analyzer with approximately 60 d6 dynamic range. 
signal are specified. 

Only signals greater than 10 kHz from the main 
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i 

i 

Frequency Pushing (supply variations) 
Operating Temperature Range (heat sink 
Frequency Drift with Temperature 

WJ•2804-20 is a voltage-tuned transistor oscillator 
designed to provide fundamental microwave power 
over the 2 to 4 GHz range. Varactor tuning ensures 
a high tuning input impedance characteristic for the 
device. Two transistors in a push-pull configuration 
provide superior out-of-band harmonics rejection. 
Since the device is a fundamental oscillator, no in-
band harmonics are exhibited. 

2 TO 4 GHz VOLTAGE-TUNED 
SOLID STATE OSCILLATOR 

WJ-2804-20 
• VOLTAGE-TUNABLE 

OVER FULL OCTAVE 

• SUPERIOR PULLING 
CHARACTERISTICS 

• NO IN-BAND HARMONICS 

• LOW OUT-OF-BAND HARMONICS 
• MONOTONIC TUNING CURVE 

WJ-2804-20is capable of supplying considerably mo-
re than its rated output power in some applications. 
Its tuning voltage vs. frequency curve is approximately 
exponential and monotonic, allowing easy lineariza-
tion. The device is well suited for applications where 
small size, low input requirements and high reliability 
are essential. 

SPECIFICATIONS 

OUTPUT CHARACTERISTICS Typical Guaranteed 
Frequency Range  1.95 to 4.05 GHz 2  0 to 4.0 GHz 
Power Output (50~~ load)  25 mW   20 mW min. 
Power Output (1.25:1 load VSWR)  25 mW 20 mW min. 
Frequency Pul l ing (1.25:1 load VSWR)  ±1% +2% max. 
Residual FM (peak)  1 kHz   10 kHz max. 
Harmonic Rejections  30 dB   20 dB min. 
Non-Harmonic Spurious Rejections    60 d6 min. 

 ± 1 % per volt   ±2% per volt max. 
temperature) . . .   0 to 55°C 

  ±100 ppm/°C  ±300 ppm/°C max. 

INPUT REQUIREMENTS 
Transistor Supply Voltage   +15 V do at 200 mA max. 
Tuning Voltage at 2.0 GHz   +1.5 V do min. at —3 mA max. 
Tuning Voltage at 4.0 GHz   +60 V do max. at 1 mA max. 

MECHANICAL CHARACTERISTICS 

Dimensions  1.2 x 1.4 x 2.5 inches (30 x 36 x 64 mm) max. 
Weight  6 oz. (170 g) max. 
Connector, RF   miniature coaxial jack 
Connectors, do   solder lugs 

NOTES: 
'The WJ 2804-20is a fundamental oscillator and has no in-band harmonics. 
'Measured on a spectrum analyzer with approximately 60 d6 dynamic range. Only signals 
signal are specified. 
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WJ-2804-40 is a voltage-tuned transistor oscillator 
designed to provide fundamental microwave power 
over the 2 to 4 GHz range. Varactor tuning ensures 
a high tuning input impedance characteristic for the 
device. Two transistors in a push-pull configuration 
provide superior out-of-band harmonics rejection. 
Since the device is a fundamental oscillator, no in• 
band harmonics are exhibited. 

2 TO 4 GHz VOLTAGE-TUNED 
SOLID STATE OSCILLATOR 

WJ-2804-40 

• VOLTAGE-TUNABLE 
OVER FULL OCTAVE 

• SUPERIOR PULLING 
CHARACTERISTICS 

• NO IN-BAND HARMONICS 
. LOW OUT-OF-BAND HARMONICS 
• MONOTONIC TUNING CURVE 

WJ-2804-40 is capable of supplying considerably mo-
re than its rated output power in some applications. 
Its tuning voltage vs. frequency curve is approximately 
exponential and monotonic, allowing easy lineariza-
tion. The device is well suited for applications where 
small size, low input requirements and high reliability 
are essential. 

SPECIFICATIONS 

OUTPUT CHARACTERISTICS Typical Guaranteed 
Frequency Range  1.95 to 4.05 GHz 2  0 to 4.0 GHz 
Power Output (50it load)  50 mW 40 mW min. 
Power Output (1.25:1 load VSWR)  50 mW 40 mW min. 
Frequency Pulling (1.25:1 load VSWR)  ±1% +2% max. 
Residual FM (peak)  1 kHz   10 kHz max. 
Harmonic Rejection'  30 dB   20 d6 min. 
Non-Harmonic Spurious Rejections   60 dB min. 
Frequency Pushing (supply variations)  ±1% per volt   ±2% per volt max. 
Operating Temperature Range (heat sink temperature)   0 to 55°C 
Frequency Drift with Temperature + 100 ppm/°C  ±300 ppm/°C max. 
INPUT REQUIREMENTS 
Transistor Supply Voltage   -{-15 V do at 200 mA max. 
Tuning Voltage at 2.0 GHz   -~1.5 V do min. at —3 mA max. 
Tuning Voltage at 4.0 GHz   -F60 V do max. at 1 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions 
Weight 

1  2 x 1.4 x 2.5 inches (30 x 36 x 64 mm) max. 
  6 oz. (170 g) max. 

Connector, RF   miniature coaxial jack 
Connectors, do   solder lugs 

NOTES: 
'The WJ•2804-40 is a fundamental oscillator and has no in-band harmonics. 
'Measured on a spectrum analyzer with approximately 60 dB dynamic range. Only signals greater than 10 kHz from the main 
signal are specified. 
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1.4 TO 2.4 GHz VOLTAGE-TUNED 
SOLID STATE OSCILLATOR 

WJ-2810 

• VOLTAGE-TUNABLE 
OVER FULL RANGE 

• SUPERIOR PULLING 
CHARACTERISTICS 

• NO IN-BAND HARMONICS 

• LOW OUT-OF-BAND HARMONICS 

• MONOTONIC TUNING CURVE 

WJ-2810 is a voltage-tuned transistor oscillator de-
signed to provide fundamental microwave power over 
the 1.4 to 2.4 GHz range. Varactor tuning ensures a 
high tuning input impedance characteristic for the 
device. Since it is a fundamental oscillator, no in-band 
harmonics are exhibited. 

WJ-2810 is capable of supplying considerably more 
than its rated output power in some applications. Its 
tuning voltage vs. frequency curve is approximately 
exponential and monotonic, allowing easy lineariza-
tion. The device is well suited for applications where 
small size, low input requirements and high reliability 
are essential. 

SPECIFICATIONS 
OUTPUT CHARACTERISTICS Typical Guaranteed 

Frequency Range  1.38 to 2.42 GHz   1.4 to 2.4 GHz 
Power Output (50~ load)  60 mW  50mW min. 
Power Output (1.5:1 load VSWR)   . .60 mW   50mW min. 
Frequency Pulling (1.25:1 load VSWR)  ±0.5%   ±l% max. 
Frequency Pulling (1.5:1 load VSWR)  ±1%   ±2% max. 
Residual FM (peak)  1 kHz  10 kHz max. 
Harmonic Rejection'  30 dB   20 dB min. 
Non-Harmonic Spurious Rejectionz   60 dB min. 
Frequency Pushing (supply variations)   ±1% per volt +2% per volt max. 
Operating Temperature Range (heat sink temperature)  0 to 55°C 
Frequency Drift with Temperature   100 ppm/°C   300 ppm/°C max. 

INPUT REQUIREMENTS 
Transistor Supply Voltage   +15 V do at 250 mA max. 
Tuning Voltage at 1.0 GHz   -I-1.5 V do min. at —3 mA max. 
Tuning Voltage at 2.0 GHz   +60 V do max. at 1 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions 1  2 x 1.4 x 2.5 inches (30 x 36 x 64 mm) max. 
Weight   6 oz. (170 g) max. 
Connector, RF   miniature coaxial jack 
Connectors, do   solder lugs 

1. The WJ-2810 is a fundamental oscillator and has no in-band harmonics. 
2. Measured on a spectrum analyzer with approximately 60 d6 dynamic range. Only signals greater than 10 kHz from the main signal are specified. 
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0.25 TO 0.5 GHz VOLTAGE-TUNED 
SOLID STATE OSCILLATOR 

WJ-2811 

WJ-2811 is a voltage-tuned transistor oscillator de-
signed to provide fundamental microwave power over 
the 0.25 to 0.5 GHz range. Varactor tuning ensures a 
high tuning input impedance characteristic for the 
device. Since it is a fundamental oscillator, no in-
band harmonics are exhibited. 

• VOLTAGE-TUNABLE 
OVER FULL OCTAVE 

• SUPERIOR PULLING 
CHARACTERISTICS 

• NO IN-BAND HARMONICS 

• LOW OUT-OF-BAND HARMONICS 

• MONOTONIC TUNING CURVE 

WJ-2811 is capable of supplying. considerably more 
than its rated output power in some applications. Its 
tuning voltage vs. frequency curve is approximately 
exponential and monotonic, allowing easy lineariza-
tion. The device is well suited for applications where 
small size, low input requirements and high reliability 
are essential. 

SPECIFICATIONS 

OUTPUT CHARACTERISTICS 
Frequency Range  
Power Output (50~ load)  
Power Output (1.5:1 load VSWR) 
Frequency Pulling (1.25:1 load VSWR)  
Frequency Pulling (1.5:1 load VSWR)  
Residual FM (peak) 
Harmonic Rejection' 
Non-Harmonic Spurious Rejection2  
Frequency Pushing (supply variations) 

Typical Guaranteed 
0.23 to 0.53 GHz 0  25 to 0.5 GHz 
125 mW   100 mW min. 

 125 mW   100 mW min. 
±0.5%   ±l% max. 
± 1 %   ±2% max. 

 1 kHz   5 kHz max. 
 30 d6   15 dB min. 

  60 dB min. 
 ±1% per volt   ±2% per volt max. 

Operating Temperature Range (heat sink temperature) . . .   0 to 55°C 
Frequency Drift with Temperature  100 ppm/°C   300 ppm/°C max. 

INPUT REQUIREMENTS 
Transistor Supply Voltage   x-24 V do at 200 mA max. 
Tuning Voltage at 0.25 GHz   x-1.5 V do min. at —3 mA max. 
Tuning Voltage at 0.5 GHz   -}-60 V do max. at 1 mA max. 

MECHANICAL CHARACTERISTICS 
Dimensions   1.2 x 1.4 x 2.5 inches (30 x 36 x 64 mm) max. 
Weight   6 oz. (170 g) max. 
Connector, RF   miniature coaxial jack 
Connectors, do   solder lugs 

NOTES: 
'The WJ-2811 is a fundamental oscillator and has no in-band harmonics. 
2Measured on a spectrum analyzer with approximately 60 d6 dynamic range. Only signals greater than 10 kHz from the main 
signal are specified. 
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TECHNICAL DATA 

AUGUST 1969 

2 TO 4 GHz, 100 MILLIWATT LOW-NOISE 
TRAVELING-WAVE AMPLIFIER WITH 

INTEGRAL POWER SUPPLY 
WJ-3003 

I d 

I 'I 

• POWER OUTPUT 100 mW MINIMUM 

• NOISE FIGURE 10 dB MAXIMUM 

• "JUST PLUG IT IN" 
• PROVEN RELIABILITY 
• NO ADJUSTMENTS REQUIRED 

• MEETS M 11,-E-5400, 
CLASS 2 SPECIFICATION 

WJ-3003 is an S-band amplifier that provides 100 
mW power output for applications where increased 
dynamic range is desired. The amplifier is completely 
self-contained, adjustment-free, and requires only a 
115-volt ac line voltage input (48 to 420 Hz). In addi-
tion, it may be operated in any orientation, in stacked 
arrays, 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 temper-
ature range of —54° to -i-71°C. The environmental 
characteristics of the WJ-3003 meet or exceed the 
corresponding requirements of MIL-E•5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   2 to 4 GHz 
Noise figure, terminal  9 dB   10 d6, max. 
Gain, small signal   35 dB   30 dB, min. 
VSWR, input and output  1.5:1   2:1, max. 
Power Output  21 dBm   20 dBm 

ELECTRICAL REQUIREMENTS Typical Rangel 
Primary voltage  115 V ac   115 ±10 V ac 
Primary frequency  60 Hz   48 to 420 Hz 
Primary power  20 W 



WJ-3003 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature  
Vibration 

a) 0.10 Inch, Double Amplitude 
b) 5 g, Single Amplitude  

Shock 

—54°C to -{-71 °C 

MECHANICAL 
CHARACTERISTICS 

  5 to 30 Hz 
30 to 500 Hz 

  15 g, 11 ms 

Height 4  75 inches (121 mm) max. 

Width   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 Receptacle 

PT 07C•8-3P 
RF Connectors   Type N, Jack 
Reference Drawing Number   290029 

1. Every tube will meet the guaranteed performance specifi-
cations for any voltage and frequency within these ranges. 

2. These environmental characteristics meet or exceed the 
respective requirements of MIL-E-5400K (dated 24 May 
1968), Class 2. 
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4 TO 8 GHz, 100 MILLIWATT LOW-NOISE 
TRAVELING-WAVE AMPLIFIER WITH 

INTEGRAL POWER SUPPLY 
WJ-3004 

• POWER OUTPUT 100 mW MINIMUM 
• NOISE FIGURE 10 dB MAXIMUM 

• "JUST PLUG IT IN" 
• PROVEN RELIABILITY 
• NO ADJUSTMENTS REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 SPECIFICATION 

WJ-3004 is a C-band amplifier that provides 100 mW 
power ouput for applications where increased dynam-
ic range is desired. The amplifier is completely self-
contained, adjustment-free, and requires on►y a 115-
volt ac line voltage input (48 to 420 Hz). In addition, 
it 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 rel iable operation under vi-
brational forces of 5 g, at frequencies up to 500 Hz. 
Full specifications are met over the operating temper-
ature range of —54° to ~-71°C. The environmental 
characteristics of the WJ-3004 meet or exceed the 
corresponding requirements of MIL-E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   4 to 8 GHz 

Noise figure, terminal  9 dB  10 dB, max. 
Gain, small signal  35 dB  30 dB, min. 
VSWR, input and output  1.5:1  2:1, max. 
Power Output  21 dBm  20 dBm 

ELECTRICAL REQUIREMENTS Typical Range' 

Primary voltage  115 V ac  115 ±10 V ac 
Primary frequency  60 Hz  48 to 420 Hz 
Primary power  20 W 



WJ-3004 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature   —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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 4  75 inches (121 mm) max. 
Width   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 Receptacle 

PT 07C-8-3P 
RF Connectors   Type N, Jack 
Reference Drawing Number   290029 

1. Every tube will meet the guaranteed performance specifi-
cations for any voltage and frequency within these ranges. 

2. These environmental characteristics meet or exceed the 
respective requirements of MIL-E-5400K (dated 24 May 
1968), Class 2. 
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8 TO 12 GHz, 100 MILLIWATT LOW-NOISE 
TRAVELING-WAVE AMPLIFIER WITH 

INTEGRAL POWER SUPPLY 
WJ-3005 

• POWER OUTPUT 100 mW MINIMUM 

• NOISE FIGURE 10 dB MAXIMUM 

• "JUST PLUG IT IN" 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 SPECIFICATION 

WJ-3005 is an X-band amplifier that provides 100 
mW power output for applications where increased 
dynamic range is desired. The amplifier is completely 
self-contained, adjustment-free, and requires only a 
115-volt ac line voltage input (48 to 420 Hz). In addi-
tion, it may be operated in any orientation, in stacked 
arrays, 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 temper-
ature range of —54° to +71°C. The environmental 
characteristics of the WJ-3005 meet or exceed the 
corresponding requirements of MIL-E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE 
Frequency  

Typical Guaranteed 
  8 to 12 GHz 

Noise figure, terminal  9 dB   10 dB, max. 
Gain, small signal  35 dB   30 dB, min. 
VSWR, input and output  1.5:1   2:1, max. 
Power Output  21 dBm   20 dBm 

ELECTRICAL REQUIREMENTS Typical Range' 
I ~ Primary voltage  115 V ac   115 ±10 V ac 

Primary frequency  60 Hz   48 to 420 Hz 
Primary power  20 W 

°Supersedes WJ-3005 Data Sheet dated August 1970 



WJ-3005 POWER 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature   —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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 4  75 inches (121 mm) max. 
Width   4.75 inches (121 mm) max. 
Length (excluding 

connectors)   13 inches (330 mm) max. 
Weight   20 pounds (9.06 Kg) max. 
Primary Power Connection   Bendix Receptacle 

PT 07C-8-3P 
RF Connectors   Type N, Jack 
Reference Drawing Number   290299 

1. Every tube will meet the guaranteed performance specifi-
cations for any voltage and frequency within these ranges. 

2. These environmental characteristics meet or exceed the 
respective requirements of MIL-E-5400K (dated 24 May 
1968), Class 2. 
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TECHNICAL DATA 

DECEMBER 1970 

12 TO 18 GHz, 100 MILLIWATT LOW-NOISE 

TRAVELING-WAVE AMPLIFIER WITH 
INTEGRAL POWER SUPPLY 

WJ-3006 

WJ-3006 is a Ku-band amplifier that provides 100 
mW power output for applications where increased 
dynamic range is desired. The amplifier is completely 
self-contained, adjustment-free, and requires only a 
115-volt ac line voltage input (48 to 420 Hz). In addi-
tion, it may be operated in any orientation, in stacked 
arrays, or adjacent to ferromagnetic materials without 
degradation of performance. 

• POWER OUTPUT 100 mW MINIMUM 

• NOISE FIGURE 13 dB MAXIMUM 

• "JUST PLUG IT IN" 

• PROVEN RELIABILITY 

• NO ADJUSTMENTS REQUIRED 

• MEETS MIL-E-5400, 
CLASS 2 SPECIFICATION 

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 temper-
ature range of —54° to +71°C. The environmental 
characteristics of the WJ-3006 meet or exceed the 
corresponding requirements of MIL-E-5400, Class 2. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   12 to 18 GHz 
Noise figure, terminal  12 dB  13 dB, max. 
Gain, small signal  35 dB  30 dB, min. 
VSWR, input and output  1.5:1  2:1, max. 
Power Output  21 dBm  20 dBm 

ELECTRICAL REQUIREMENTS Typical Range' 
Primary voltage  115 V ac  115 ±10 V ac 
Primary frequency  60 Hz  48 to 420 Hz 
Primary power  20 W 

*Supersedes N/J-3006 Technical Data Sheet dated November 1969. 



WJ-3006 

ENVIRONMENTAL 
CHARACTERISTICS2

Temperature   —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   15 g, 11 ms 

MECHANICAL 
CHARACTERISTICS 

Height 4  75 inches (121 mm) max. 

Width   4.75 inches (121 mm) max. 
Length (excluding 

connectors)   13 inches (330 mm) max. 

Weight   18 pounds (8.16 Kg) max. 

Primary Power Connection   Bendix Receptacle 
PT 07C-8-3P 

RF Connectors   Type OSM, Jack 

Reference Drawing Number   290240 

1. Every tube will meet the guaranteed performance specifi-
cations for any voltage and frequency within these ranges. 

2. These environmental characteristics meet or exceed the 
respective requirements of MIL-E•5400K (dated 24 May 
1968), Class 2. 
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TECHNICAL DATA 

APRIL 1970 

12.0 TO 18 GHz 
MEDIUM-POWER LOW-NOISE 

TRAVELING-WAVE TUBE 
WJ-3604 

i 

i 

• OUTPUT POWER 
3 WATTS MINIMUM 

• PPM FOCUSING 

• ESPECIALLY SUITABLE FOR 
AIRBORNE/SPACE APPLICATION 

• LOW FINE-STRUCTURE 
GAIN VARIATION 

WJ-3604 is a medium-power low-noise traveling-wave 
tube designed for use in airborne and space applica-
tions. It is particularly suitable for applications where 
gain variation and phase linearity are important (the 
tube provides fine structure gain variation of ±0.75 d6 
across Ku-band). The helix may be isolated from 
ground for serrodyne operation. 

The use of Periodic-Permanent-Magnet (PPM) focus-
ing and metal-ceramic construction results in a com-
pact, lightweight configuration. Alnico-8 magnets are 

used in the PPM-focusing system, making it insensi-
tive to temperature variations over the operating 
range. Cooling of the tube is by conduction through 
the baseplate of the capsule. 

Operating efficiency of the WJ-3604 can be improved 
by depressing the collector voltage below the helix 
voltage. The tube may also be supplied with an in-
tegral power supply, resulting in a fully integrated 
TWT amplifier. 

SPECIFICATIONS 

PERFORMANCE Typical Guaranteed 
Frequency   12.0 to 18.0 GHz 
Saturated Power Output  4 watts   3 watts, min. 
Small Signal Gain  38 dB   37 d6, min. 
Small Signal Gain Variation   ±1.5 dB   ±2.5 dB, max. 
Gross Fine Structure Small Signal Gain Variation   ±0.2 dB +0.75 dB 
Noise Figure  26 dB   28 dB, max. 

ELECTRICAL REQUIREMENTS Typical 
Heater Voltage   6.0 volts 
Grid Voltage'   —120 volts  
Helix Voltage2  3000 volts  
Collector Voltage'   1600 volts  
Cathode Current   26 mA 
Helix Current   2.0 mA  
Heater Current  0.5 A 

1. Voltage with respect to cathode. 
2. Helix is grounded to tube capsule. 

Range 
  5.0 to 7.0 volts 

—110 to —130 volts 
2800 to 3200 volts 
1500 to 1800 volts 

  24 to 32 mA 
4 mA max. 

  0.4 to 0.6 A 

i 



WJ-3604 POWER 

MECHANICAL CHARACTERISTICS 

Cooling   Conduction through baseplate3
Height (excluding 

connectors)   1.85 inches (47 mm) max. 
Width 1  40 inches (36 mm) max. 
Length   9.00 inches (229 mm) max. 
Weight 2  0 lbs. (910 g) max. 
Connectors   OSM, Jack 
Focusing   PPM 

ENVIRONMENTAL CHARACTERISTICS 

Temperature   0°C to 75°C (baseplate) 
Vibration (120-2000 cycles)   5 Grms 
Shock   20 G 
Altitude   Any 
3. Air cooling available upon request. 
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TECHNICAL DATA 

JULY 1970 

4 TO 8 GHz MEDIUM-POWER LOW-NOISE 
TRAVELING-WAVE TUBE 

WJ-3606 

• OUTPUT POWER 
3 WATTS MINIMUM 

• PPM FOCUSING 
• ESPECIALLY SUITABLE FOR 

AIRBORNE/SPACE APPLICATION 

• EXTREMELY LOW FINE-
STRUCTURE GAIN VARIATION 

WJ-3606 is a medium-power low•noise traveling-wave 
tube designed for use in airborne and space applica-
tions. It is particularly suitable for applications where 
gain variation and phase linearity are important (the 
tube provides fine structure gain variation of ±0.5 
dB). A unique feature of the tube is its low cathode 
current density: a W-J innovation in low-noise electron 
gun design allows cathode loading of only 1.0 A/cm'. 
This feature ensures the user of extremely long tube 
life. 

The use of Periodic-Permanent•Magnet (PPM) focus-

ing and metal-ceramic construction results in a com-
pact, lightweight configuration. Alnico-8 magnets are 
used in the PPM-focusing system, making it insensi-
tive to temperature variation over the operating 
range. Cooling of the tube is by conduction through 
the baseplate of the capsule. 

Operating efficiency of the WJ•3606 can be improved 
by depressing the collector voltage below the helix 
voltage. The tube may also be supplied with an in-
tegral power supply, resulting in a fully integrated 
TWT amplifier. 

SPECIFICATIONS 
PERFORMANCE Typical 

Frequency 
Saturated Power Output  5 watts 
Small Signal Gain  42 dB 
Small Signal Gain Variation   ±2.5 d6 
Gross Fine Structure Small Signal Gain Variation   ±0.2 dB 
Noise Figure  20 dB  

Guaranteed 
40to8.0 GHz 

  3 watts, min. 
  40 dB, min. 

+3 dB, max. 
+0.5 dB 

22 dB, max. 

ELECTRICAL REQUIREMENTS Typical Range 
Heater Voltage 6  3 volts   6.0 to 6.6 volts 
Grid Voltage'  —20 volts   —18 to —22 volts 
Helix Voltage'  2800 volts   2600 to 3000 volts 
Collector Voltage'   1500 volts   1400 to 1800 volts 
Cathode Current  35 mA   30 to 40 mA 
Helix Current   1.0 mA   0.2 to 3 mA 
Heater Current  0.4 A   0.3 to 0.5 A 

NOTE 1. Voltage with respect to cathode. 
2. Helix is grounded to tube capsule. 



WJ-3606 
SPECIFICATIONS (Cont'd) 
MECHANICAL CHARACTERISTICS 

Cooling   Conduction through baseplate3
Length  14.0 inches, (356 mm) max. 
Height 
(excluding connectors). . . 1.25 inch, (32 mm) max. 
Width 1  625 inch,(43 mm)max. 
Weight   2.5 lbs., 1.13 kg) max. 
Connectors   OSM, Jack 
Focusing   PPM 

ENVIRONMENTAL CAPABILITY 
Temperature   —54°C to 85°C (baseplate) 
Vibration (120-2000 cycles)   5 Grms 
Shock   20 G 
Altitude   Any 

3Air cooling available upon request. 
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TECHNICAL DATA 
MARCH 1970 

2200 TO 2300 MHz 20-WATT 
CW CAVITY AMPLIFIER 

WJ-4523 

i 

The WJ•4523 cavity amplifier is a compact modular 
amplifier readily adaptable to airborne or ground 
support telemetry and communications systems. It is 
an optimum combination of the tube configuration 
with the associated rf circuit. Maximum efficiency 
and rf output from a very small package are outstand-
ing features offered by this amplifier. Tuning can be 
accomplished with a minimum of test equipment. 

SPECIFICATIONS 

ELECTRICAL 
Tuning Range   2200 to 2300 MHz 
Tube Type   Type A-0897 P/N 126066 
Power Supply Requirements: 

Anode Voltage   800 V 
Anode Current   125 mA 
Heater Voltage   6.0 V 
Heater Current   1.0 A 

Operating Characteristics: 
Power Input (Nominal)   2.0 W 
Power Output, Minimum   22 W 
Modulation   CW/FM 
Bandwidth, 3 dB points   5 MHz 
Frequency Stability   20 PPM/°C 
Load Impedance   50 Ohms Nominal 
Load VSWR 1  5:1 Any Constant Phase 

MECHANICAL 
Connectors   Type OSM 
Cooling   Conduction to Heat Sink 
Maximum Overall Dimensions 1  25 x 1.25 x 4.38 inches (32 x 32 x 111 mm.) 
Net Weight   1.6 lbs. (725 g) 

ENVIRONMENTAL 
Mounting Surface Temperature   —40° to +85°C 
Vibration   lOg, 5-500 cycles, 15 minutes in 3 mutually perpendicular planes 
Shock   15g for 11 milliseconds in 3 mutually perpendicular planes 
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TECHNICAL DATA 
MAY 1969 

1420 TO 1600 MHz 
CAVITY AMPLIFIER 

WJ-4539 

WJ-4539 is a miniaturized, 20-watt cavity amplifier 
incorporating a ceramic-metal planar triode. It is 
intended for use in aerospace telemetry transmitters 
and special aerospace transmitters. 

A recommended DC-CC converter for use with this 
amplifier is WJ-4590. 

SPECIFICATIONS 
PERFORMANCE 
Frequency,' continuously tunable   1420-1600 MHz 
Rf powerz output (with 2 watts drive) 

at 1420-1435 MHz   15 watts, CW 
at 1435-1535 MHz   20 watts, CW 
at 1535-1600 MHz   15 watts, CW 

Input Signals   All standard FM telemetry signal formats, per TRIG 106-66 
Bandwidth, Minimum, 3 dB points   10 MHz 
Gain, Minimum, 1435.1535 MHz   10 dB 
Load Impedance, nominal   50 ohms 
VSWR, Maximum, 

for full rated output   1.5:1 
without damage   3:1 

Efficiency,2 Overall, Minimum   25% 
Phase jitter, Maximum, between input and output   5° peak 
Power Supply Requirements3

Anode Voltage   600 Volts 
Current   125 mA 

Heater Voltage   6.0 Volts 
Current   1.0 Amperes 

Harmonic Suppression (2nd, 3rd and 4th of 1435-1535 MHz)   60 dB 
Warm-up Time   3 Minutes 

i. Also available with similar performance characteristics for other frequencies in the 900-2500 MHz range. 
2. Under worst combination of specified environmental conditions. Output and efficiency are higher under optimum conditions. 

See curves for typical output and efficiency with other drive levels. 
3. A separate DC-DC converter package, WJ-4590, operating from 28 +8/-4 Vdc, is available from Watkins-Johnson. Power 

supplies for operation from other primary sources are available on special order. 



WJ-4539 

MECHANICAL 
CHARACTERISTICS 

Size, Overall 
(including protrusions)   4" x 21/z" x llh" 

Weight   1.1 pounds 
Mounting   To Heat Sink (not included) 
Tuning Controls   Three (all on same surface) 
Cooling   Conduction to Heat Sink 

at —54°C to +95°C 
Connectors: rf input   OSM 

rf ouput   OSM 
Power . . Deutsch #DM 5300-3P-643 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, heat sink, 
for continuous operation . . . —54°C to x-95°C 

Altitude   Any 
Vibration   20g, 20-2000 cps, 3 major axes 
Other   Per MIL-E-5400 

FIG. 1 TYPICAL DATA FOR EFFICIENCY, 
POWER OUTPUT AND GAIN OF 
WJ-4539 OPERATING AT 1485 MHz 
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TECHNICAL DATA 
MAY 1969 

1435-1540 MHz 
CAVITY AMPLIFIER 

WJ-4540A 

WJ-4540A is a grounded-grid cavity amplifier incorpo-
rating a stable-anode planar triode. Recommended 
for use in missile and aircraft telemetry transmitters, 
its small size, light weight and sturdy construction 
make it ideal for airborne systems. 

SPECIFICATIONS 

ELECTRICAL 
Frequency, tunable     1435-1540 MHz 
Power Output, Minimum, with 10 W drive   100 Watts 

with 5 W drive   75 Watts 
with 3 W drive   65 Watts 

Bandwidth, Minimum (3 dB), with 10 W drive   15 MHz 
VSWR, Maximum, for full rated output 1  5:1 
Efficiency, overall, minimum (at 100W)   30% 
Harmonic suppression (2nd, 3rd & 4th)   60 dB 
Warm-up Time   2 Minutes 
Power Supply Requirements: Anode:   1200 V @ 250 mA 

Heater:   5.5 V @ 1.2 A 

MECHANICAL 
Size, overall (including connectors)   2.5 x 3.5 x 3.75 Inches 
Weight   2.25 Pounds 
Cooling   Conduction to Heat Sink (not included) 

Connectors: RF Input and Output 
High Voltage 

  OSM Female 
  Special (Mating connector included) 

ENVIRONMENT 
Temperature, heat sink, continuous operation   —54°C to -{-95°C 
Altitude   Any 
Vibration, sinusoidal   20g, 20-2000 Hz 
Other   Per MIL-E•5400 

Recommended power supply (DC-DC converter) is WJ-4541. AC supplies also available. 





TECHNICAL DATA 

FEBRUARY 1970#

2.0 TO 4.0 GHz 
LOW-NOISE MICROWAVE TRANSISTOR AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-5004-4 
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The WJ-5004-4 is one of a new series, of low-noise 
microwave transistor amplifiers developed by Watkins-
Johnson Company to complement an existing line of 
ultra-low-noise TWAs. Featuring all solid state com-
ponents, this miniaturized amplifier offers a guaran-
teed noise figure of 7.0 dB and -F5 dBm power 
output.' This high-performance S-band amplifier (with 
integral power supply) offers a power output/noise 
figure/size combination that is intended to satisfy 
most design requirements. Plug it into 115 volt ac 

PERFORMANCE 
Frequency 
Noise Figure  6.0 dB  
Gain, Small Signal  27 dB  
VSWR, Input and Output  1.7:1  
Power Output'  +7 dBm  
Impedance, Input and Output  50 ohms  
Intercept Point for 3rd Order IM  -F15 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage  115 ±10 volt ac 
Primary Power 3  0 watts max. 
Primary Frequency  48 to 420 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the respective requirements of MIL-E-16400 F, including Amendment 4 dated 15 May 

• SMALL SIZE: 1.3 x 2.3 x 2.9 INCHES 
• GUARANTEED 7.0 dB 

NOISE FIGURE 
• GUARANTEED +5 dBm 

POWER OUTPUT 

• MEETS MIL-E-16400 AND MIL-E-5400 
CLASS II ENVIRONMENT 

• "JUST PLUG IT IN" 

power outlets for operation. 

Modular construction ensures high reliability under 
adverse operating conditions. The microstripline cir-
cuit configuration employs integrated circuit biasing 
and bypass modules for consistently high perform-
ance. The overall design of the WJ-5004-4 is con-
sistent with the general requirements of MIL-E-16400 
and MIL-E-5400, class II. Since the amplifier is tested 
and set for operation prior to shipment, no adjust-
ments are necessary by the user. 

SPECIFICATIONS 

1968, and MIL-E-5400K, class 2. 

'For 1 dB gain compression. 
•Supersedes WJ-5004.4 Technical Data Sheet dated October 1969. 

Typical Guaranteed 
20to4.OGHz 20to4.OGHz 

7.0 dB max. 
25 dB min. 
2.0:1 max. 

-I-S dBm min. 
50 ohms 



WJ-5004-4 POWER 

MECHANICAL 
CHARACTERISTICS 

Height 
Width 

2  3 inches (58 mm) 
1.3 inches (33 mm) 

Length   2.9 inches (74 mm) (less connectors) 
Weight 6  0 ounces (170 g) 
RF Connectors  OSM Jack 
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TECHNICAL DATA 
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YIG-TUNED BULK GaAs OSCILLATOR 
WJ-5008 

WJ-5008 is one of a family of lightweight, electronical-
ly tuned solid state oscillators produced by Watkins-
Johnson Company. YIG tuning provides excellent lin-
earity over the full microwave band for this microwave 
signal source. The use of high "Q" YIG spheres for 
frequency control ensures an extremely clean output 
spectrum. 

The do bias terminal for this oscillator is isolated by 
low pass filters to prevent RFI. The RF circuit is iso-
lated from the do circuit, thus enabling the input volt-
ages to be common to other circuit voltages if desired. 

Frequency tuning of the WJ-5008 is accomplished by 
changing the current which flows through the tuning 
coils, producing a magnetic bias for the YIG resonator. 
Since the WJ-5008 is magnetically self-shielding, it 
produces negligible stray magnetic fields and remains 
unaffected by moderate magnetic environments. 

YIG-tuned oscillators with wider bandwidth, higher 
outputs, lower power variation, higher sweep rate, 
and different tuning sensitivity can be made to order. 

SPECIFICATIOI\IS 

RF PERFORMANCE Typical Guaranteed 
Nominal Frequency Band   8 to 12.4 GHz 
Power Output into Load VSWR -1.25:1 (50 ohm) 10 mW   8 mW min.. 
Power Output Variation (matched load)   5 dB 
Spurious Oscillation 

Ratio of Signal to 2nd Harmonic Output   35 dB 
Ratio of Signal to all other Spurious Outputs 

in the Nominal Frequency Band   60 dB 

Sensitivity to Supply Voltage  G2 MHz/100 mV 
Frequency Drift, 10° to 50°C  . . 20 MHz 
Pulling Figure, VSWR 2:1 at any phase   20 MHz 
Residual FM, Peak to Peak   10 KHz 

TUNING CHARACTERISTICS 
Sweep Rate (Sawtooth)   100 Hz 
Tuning Linearity   -~0.1% 

Hysteresis   10 MHz 
Tuning Sensitivity   16 MHz/mA 
Tuning Coil Resistance   5 Ohm 
Tuning Coil Inductance   110 mH 

•Supersedes WJ-5008 Technical Data Sheet dated January 1970. 



WJ-5008 SPECIFICATIONS (Cont'd) 

ELECTRICAL REQUIREMENTS 

`Oscillator Bias Voltage, (typical)   10 Vdc 
Oscillator Current (typical)   500 mA 

*Positive side ground. 

MECHANICAL 
CHARACTERISTICS 

Size excluding RF Connector and Solder Terminals 
(width x length x height)   2 x 2 x 2.2 inches 

(51 x 51 x 56 mm) 
Weight, including 

Magnetic Shielding   34 ounces (952 g) max. 

RF Output Connection   SMA Jack 

tDC Input Connections   Solder Terminals 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, operating   10° to 50°C 
Temperature, non-operating ~-55°C to +85°C 

tGaAs Oscillator Solder Terminal connections have RFI 
shielding. 
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50 TO 500 MHz 
LOW-NOISE VHF/UHF 

TRANSISTOR AMPLIFIER 
WJ-5030 

• SMALL SIZE: 
1.0 x 1.3 x 2.9 INCHES 

• GUARANTEED 3.5 dB 
NOISE FIGURE 

• GUARANTEED -3 dBm 
POWER OUTPUT* 

• MIL-E-16400 AND MIL-E-5400 
CLASS II ENVIRONMENT DESIGN 

• NO ADJUSTMENTS REQUIRED 

The WJ-5030 is one of a new series of low-noise 
VHF/UHF transistor amplifiers developed by Watkins-
Johnson Company to complement an existing line of 
ultra-low-noise microwave amplifiers. Featuring all 
solid state components, this miniaturized amplifier 
offers a guaranteed noise figure of 3.5 dB and —3 
dBm power output over a full decade frequency band. 

This high-performance amplifier offers a power out-
put/noise figure/size combination that is intended to 
satisfy most design requirements. 

Modular construction ensures high reliablility under 
adverse operating conditions. The microstripline cir-
cuit configuration employs integrated circuit biasing 
and bypass modules for consistently high perform-
ance. The overall design of the WJ-5030 is consistent 
with the general requirements of MIL-E-16400 and 
MIL-E-5400, class II. Since the amplifier is tested and 
set for operation prior to shipment, no adjustments 
are necessary by the user. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency  50 to 500 MHz  
Noise Figure 2  3 dB 
Gain, Small Signal  35 dB 
Gain Variation +0.7 dB 
VSWR, Input and Output 2  0:1/1.5:1 
Power Output  ~-ldBm  
Impedance, Input and Output  50 ohms  
Intercept Point for 3rd Order IM  +5 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage  -{-15 V do 
Primary Power  1 watt max. 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the respective requirements of MIL-E-16400 F, including Amendment 4 dated 15 May 1968, 
and MIL-E-5400K, class 2. 

•For 1 d8 gain compression. 

Guaranteed 
50 to 500 MHz 

3  5 dB max. 
  32 dB min. 

+1.0 dB max. 
2  5:1 /2.0:1 max. 

—3 dBm min. 
50 ohms 



WJ-5030 POWER 
4 

MECHANICAL 
CHARACTERISTICS 

Height   1.0 inch (25 mm) 
Width 1  3 inches (33 mm) 
Length 2.9 inches (74 mm) (less connectors) 
Weight   3.0 ounces (85 g) 
RF Connectors   OSM Jack 
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YIG-TUNED BULK GaAs 
OSCILLATOR 

WJ-5041 

i 

i 

WJ-5041 is one of a family of lightweight, electron-
ically tuned solid state oscillators produced by 
Watkins-Johnson Company. YIG tuning provides ex-
cellent linearity over the full microwave band for this 
microwave signal source. The use of high "Q" YIG 
spheres for frequency control ensures an extremely 
clean output spectrum. 

The do bias terminal for this oscillator is isolated by 
low pass filters to prevent RFI. The RF circuit is iso-
lated from the do circuit, thus enabling the input 
valtages to be common to other circuit voltages if 
desired. 

Frequency tuning of the WJ-5041 is accomplished by 
changing the current which flows through the tuning 
coils, producing a magnetic bias for the YIG resonator. 
Since the WJ-5041 is magnetically self-shielding, it 
produces negligible stray magnetic fields and remains 
unaffected by moderate magnetic environments. 

.. 

YIG-tuned oscillators with wider bandwidth, higher 
ouputs, lower power variation, higher sweep rate, and 
different tuning sensitivity can be made to order. 

SPECIFICATIONS 

RF PERFORMANCE Typical Guaranteed 
Nominal Frequency Band   12.4 to 18 GHz 
Power Output into Load VSWR — 1.2:1  3 mW  1 mW min. 
Power Output Variation (matched load)  5 dB 
Spurious Oscillation 

Ratio of Signal to 2nd Harmonic Output  35 dB 
Ratio of Signal to all Other Spurious Outputs 

in the Nominal Frequency Band  60 d6 
Output Impedance  50 Ohms 
Sensitivity to Supply Voltage   <2 MHz/100 mV 
Frequency Drift, 10° to 50°C  30 MHz 
Pulling Figure, VSWR 2:1 at any phase  20 MHz 
Residual FM, Peak to Peak  10 kHz 

TUNING CHARACTERISTICS 
Sweep Rate (Sawtooth)  100 Hz 
Tuning Linearity, do at 30'C +0.3% 
Hysteresis, do at 30°C  40 MHz 
Tuning Sensitivity   17 MHz/mA 
Tuning Coil Resistance   5 Ohms 
Tuning Coil Inductance  110 mH 
•Supersedes WJ-5041 Technical Data Sheet dated December 1969. 



WJ-5041 
SPECIFICATIONS (Cont'd) 

ELECTRICAL REQUIREMENTS 

`Oscillator Bias Voltage, (typical)   4.0 Vdc 
Oscillator Current (typical)   500 mA 

•Negative side ground 

MECHANICAL 
CHARACTERISTICS 

Size excluding RF Connector and Solder Terminals 
(width x length x height)   2 x 2 x 2.2 inches 

Weight, including (51 x 51 x 56 mm) 
Magnetic Shielding   34 ounces (952 g) max. 

RF Output Connection   SMA Jack 

tDC Input Connections   Solder Terminals 

ENVIRONMENTAL 
CHARACTERISTICS 

Temperature, operating  10° to 50°C 
Temperature, non-operating —55°C to +85°C 

tGaAs Oscillator Solder Terminal connections have RFI 
shielding. 
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2.OT04.5GHz 
LOW-NOISE MICROWAVE TRANSISTOR AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-5090-4 

The WJ-5090-4 is one of a new series of low-noise 
microwave transistor ampl ifiers developed by 
Watkins-Johnson Company to complement an exist-
ing line of ultra -low-noise TWAs. Featuring all solid 
state components, this miniaturized amplifier offers 
a guaranteed noise figure of 7.5 dB and +5 dBm 
power output.l This high-performance S-band am-
plifier (with integral power supply) offers a power 
output/noise figure/size combination that is in-
tended to satisfy most design requirements. Plug 
it into 115 volt ac power outlets for operation. 

• SMALL SIZE: 1.3 x 2.3 x 2.9 INCHES 

• GUARANTEED 7.5 dB 
NOISE FIGURE 

• GUARANTEED +5 dBm 
POWER OUTPUT 

• DESIGNED TO MIL-E-16400 AND 
MIL-E-5400 CLASS II ENVIRONMENT 

• "JUST PLUG IT IN" 

Modular construction ensures high reliability under 
adverse operating conditions. The microstripline cir-
cuit configuration employs integrated circuit biasing 
and bypass modules for consistently high perform-
ance. The overall design of the WJ-5090-4 is con-
sistent with the general requirements of MIL-E-
16400 and MIL-E-5400, class II. Since the amplifier 
is tested and set for operation prior to shipment, 
no adjustments are necessary by the user. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency 
Noise Figure 6  5 dB 

Guaranteed 
20to4.5GHz 

Gain, Small Signal   25 dB  
VSWR, Input and Output 1  7: 1 
Power Output (For 1 dB gain compression.)   + 7 dBm  
Impedance, Input and Output  50 ohms  
Intercept Point for 3rd Order IM   + 17 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage  115 ~- 10 volt ac 
Primary Power 3  0 watts max. 
Primary Frequency   48 to 420 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the respective requirements of MIL-E-16400 F, including Amendment 4 dated 15 May 
1968, and MIL-E-5400 K, class 2. 

7  5 dB max. 
23 dB min. 
2  0: 1 max. 

+5 dBm min. 
50 ohms 



WJ-5090-4 POWER 

10 
MECHANICAL 
CHARACTERISTICS 

Height 2  3 inches (58 mm ) 
Width 1  3 inches (33 mm) 
Length . . . . 2.9 inches (74 mm) (less connectors) 
Weight   6.0 ounces (170 g) 
RF Connectors   OSM Jack 
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2.OT04.OGHz 
LOW-NOISE MICROWAVE TRANSISTOR AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ-5096 

The WJ-5096 is one of a new series of low -noise 
microwave transistor amplifiers developed by 
Watkins-Johnson Company to complement an exist-
ing line of ultra -low-noise TWAs. Featuring all solid 
state components, this miniaturized amplifier offers 
a guaranteed noise figure of 8.5 dB and +5 dBm 
power output.' This high-performance S-band am-
plifier (with integral power supply) offers a power 
output/noise figure/size combination that is in-
tended to satisfy most design requirements. Plug 
it into 115 volt ac power outlets for operation. 

PERFORMANCE 
Frequency 
Noise Figure 

• SMALL SIZE: 1.3 x 2.3 x 2.9 INCHES 

• GUARANTEED 8.5 dB 
NOISE FIGURE 

• GUARANTEED +5 dBm 
POWER OUTPUT 

• MEETS MIL-E-16400 AND MIL-E-5400 
CLASS II ENVIRONMENT 

• "JUST PLUG IT IN" 

Modular construction ensures high reliability under 
adverse operating conditions. The microstripline cir-
cuit configuration employs integrated circuit biasing 
and bypass modules for consistently high perform-
ance. The overall design of the WJ-5096 is con-
sistent with the general requirements of MIL -E-
16400 and MIL-E-5400, class II. Since the amplifier 
is tested and set for operation prior to shipment, 
no adjustments are necessary by the user. 

SPECIFICATIONS 

Typical Guaranteed 
20to4.OGHz 20to4.OGHz 
80dB 85dBmax. 

Gain, Small Signal   27 dB  25 dB min. 
VSWR, Input and Output 1  7:1 2  5:1 max. 
Power Output'  +7 dBm   +5 dBm min. 
Impedance, Input and Output  50 ohms   50 ohms 
Gain Flatness 1  0 dB 
Reverse Isolation   50 dB 
Intercept Point for 3rd Order IM   + 12 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage 
Primary Power 

115 ± 10 volt ac 
3  0 watts max. 

Primary Frequency   48 to 420 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the respective requirements of MIL-E-16400 F, 
1968, and MIL -E-5400K, class 2. 

1For 1 d6 gain compression. 

including Amendment 4 dated 15 May 



WJ-5096 POWER 

MECHANICAL 
CHARACTERISTICS 

Height 2  3 inches (58 mm) 
Width 1  3 inches (33 mm) 
Length . . . . 2.9 inches (74 mm) (less connectors) 
Weight   6.0 ounces (170 g) 
RF Connectors   OSM Jack 
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1.OT04.OGHz 
LOW-NOISE MICROWAVE TRANSISTOR AMPLIFIER 

WITH INTEGRAL POWER SUPPLY 
WJ -6007 

The WJ-6007 is one of a new series of low-noise 
microwave transistor amplifiers developed by 
Watkins-Johnson Company to complement an exist-
ing line of ultra -low-noise TWAs. Featuring all solid 
state components, this miniaturized amplifier offers 
a guaranteed noise figure of 7.5 dB and +5 dBm 
power output.l This high-performance double-octave 
amplifier (with integral power supply) offers a 
power output/noise figure/size combination that is 
intended to satisfy most design requirements. Plug 
it into 115 volt ac power outlets for operation. 

• SMALL SIZE: 1.3 x 2.3 x 2.9 INCHES 

• GUARANTEED 7.5 dB 
NOISE FIGURE 

• GUARANTEED +5 dBm 
POWER OUTPUT 

• DESIGNED TO MIL-E-16400 AND 
MIL-E-5400 CLASS II ENVIRONMENT 

• "JUST PLUG IT IN" 

Modular construction ensures high reliability under 
adverse operating conditions. The microstripline cir-
cuit configuration employs integrated circuit biasing 
and bypass modules for consistently high perform-
ance. The overall design of the WJ-6007 is con-
sistent with the general requirements of MIL-E-
16400 and MIL-E-5400, class II. Since the amplifier 
is tested and set for operation prior to shipment, 
no adjustments are necessary by the user. 

SPECIFICATIONS 

PERFORMANCE Typical 
Frequency 
Noise Figure 6  0 dB 
Gain, Small Signal   28 dB 
VSWR, Input and Output 1  7: 1 
Power Output (For 1 dB gain compression.)   +7 dBm  

Impedance, Input and Output   50 ohms  
Intercept Point for 3rd Order IM   + 17 dBm 

PRIMARY ELECTRICAL REQUIREMENTS 
Primary Voltage  115 ~- 10 volt ac 
Primary Power 3  0 watts max. 
Primary Frequency   48 to 420 Hz 

ENVIRONMENTAL CHARACTERISTICS 
Designed to meet the respective requirements of MIL-E-16400 F, including Amendment 4 dated 15 May 
1968, and MIL-E-5400K, class 2. 

Guaranteed 
lOto4.OGHz 

7  5 dB max. 
25 dB min. 
2  0:1 max. 

+5 dBm min. 
50 ohms 

i 



WJ - 6007 POWER 

MECHANICAL 
CHARACTERISTICS 

Height 2  3 inches (58 mm ) 
Width 1  3 inches (33 mm ) 
Length . . . . 2.9 inches (74 mm) (less connectors) 
Weight   6.0 ounces (170 g) 
RF Connectors   OSM Jack 
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