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Chairman: D. K. Adams
WaVeCOm, Inc.

MOuntain View, California

THIN FILM LUMPRD CONSTANT MICROWAVE INTEGRATED FILTER
STRUCTURES, G. D. Alley, L. F. Rago and J. Shill, Bell
Telephone Laboratories, Whippany, New Jersey . . . . . . . . . . . . . . . . . . 2

INTXRDIGITKL CAPACITORS FOR USE IN LUMPRD-ELEMENT
MICROWAVX INTEGRATED CIRCUITS, G. D. Alley, Bell Telephone
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TKS APPLICATION OF DIELECTRIC RESONATORS TO MICROWAVR
INTEGRATED CIRCUITS, P. L. Clar, Motorola Government
Electronics Division, Scottsdale, Arizona 19. . . . . . . . . . . . . . . . . . . . .

DIELECTRIC RESONATORS AS M.ICROSTRIP CIRCUIT ELEM3NTS ,
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I-6 A PARALLEL COUPLED MICROSTRIP FILTER DESIGN PROCEDURE,
11:25 R. A. Dell-Imagine, Hughes Aircraft Company, Ground

SYSterns Group, Fullerton, California . . . . . . . . . . . . . . . . . . . . . . . . . . 29

I-7 A HIGH DIRECTIVITY MICROSTRIP COUPLER TECRNIQUE ,
11:45 A. F. Podell, Adsms-FLwsell Co, , Waltham, Massachusetts 33. . . . . . .

SESSION MAM-11 DIFFRACTION Monday, May 11
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II-2
10:00
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10:15
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10:35

10:50

Chairmem: L. Fels en
Polytechnic Institute of Brooklyn

Farnringdale, New York

TWX DIFFRACTION OF RLECTROMAGNETIC WAVES BY DIELECTRIC
STEFW IN WAVEGUIDES, E. G. Royer, U. S. Air Force Academy,
Colorado, and R. Mittra, University of Illinois, Urbana,
Illinois . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
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SESSION MAM-111 LATE NEWS ITEMS Monday, May 11

SESSION MPM-I MICROWAVR FILTERS AND COUF’LER2 Monday, May 11

Chairman: G. L. Matthaei
University of California at Santa Rarbara

Ssmta Barbara, California

1-1 MICROWAVE APPLICATIONS OF THE BRIDGED T,
2:00 F. S. Coale and T. C. Cisco, Electronic Resources Inc. ,

Los Angeles, California 57. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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View, California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
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A FOUR-CAVITY ELLIPTIC WAVEGUIDE FILTER,
A. E. Williams, COMSAT Laboratories, Clarksburg,
Maryland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
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Chaiman: D. B. Anderson
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II-4
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II-5
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AN 18 GHz DOUBLE-TUNED PARAMETRIC AMPLIFIER,
Y. Kinoshita and M. Maeda, Hitachia Central Research
Laboratory, Kobubun ji, Tokyo, Japau 95. . . . . . . . . . . . . . . . . . . . . . . . . . .

K-BAND , CRYOGENICALLY COOLED, WIDEBAND NONDEGENEBATE
PAWTRIC AMPLIFIER, S. Takahashi, M. No jima, T. Fukuda
and A. Yamada, Tokoyo-Shibaura Electric Co. , Kawasaki,
Japan 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

PARAMETRIC AMPLIFICATION OF MILLIMETER AND SUBMILLIMETER
WAVES! RESTJLTS. POTENTIALS AND LIMITATIONS, J. Edrich,
Nat ional Radio Astronomy Observatory, Green Bank, West
Virginia 104. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

MILLIM22TER-WAVE MODE CONVERSION BY A SOLID-STATE
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A PIN DIODE FOR MM-WAVE DIGITAI MODULATION,
W. O. Schlosser, J. P. Beccone and R. S. Riggs, Bell
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VI



Monday, May 11SESSION MPM-111 MICROWAVE IMAGING

Chairman: J. C. Palais
Arizona State University

Tempe, Arizona

111-1 MICROWAVE HOLOGRAPHY ( INVITED),
3:50 W. Kock, Bendix Research Laboratories, Southfield,

Michigan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

III-2 BINARY, DETOUR PHASE , MICROWAVE HOLOGRAPHY,
4:20 G. Tricoles and E. L. Rope, General Dynamics Electronics

Division, San Diego, California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

III-3 MILLIMETER WAVE IMAGING ,
4:40 B. R. Feingold and B. J. Levin, RCA Advanced Technology

Laboratories, Camden, New Jersey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126

SESSION MTEV PANEL DISCUSSION 7:00 P.M. , Monday, May 11

SESSION TAM-I TLES day, May 12

1-1
9:00

1-2
9:30

I-3
9:50

I-4
10:10

10;30

I-5
10:50

T~ ENGINEER, TECHNOLOGY, AND SOCIETY

Chairman: J. H. Bryant
Omni Spectra

Farming ton, Michigan

COMPUTER-ORIENTED MICROWAVR
PRACTICES

Chairman: A. Wexler
University of Manitoba

Winnepeg, Canada

CURRRNT TRENDS IN AUTOMATED NETWORK DESIGN
OPTIMIZATION (INVITED), J. W. Bandler, McMaster

university, Hamilton, Ontario, Canada
132. . . . . . . . . . . . . . . . . . . . . . . .

COMPUTATION OF SENSITIVITIES FOR OPTIMAL DESIGN OF
MICROWAVE NETWORKS, J. W. Bandler, MeMaster University,
Hamilton, Ontario, Canada, and R. Seviora, University of
Toronto, Ontario, Canada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134

AN APPLICNYION OF RAZOR SEARCH TO SEMI-LUMPED NETWORKS,
B. W. Leake, Raytheon Company, Equipment Division,
Wayland, Massachusetts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

COMPUTER-AIDED DESIGN OPTIMIZATION OF BROADBAND
STRIPLINE Y-CIRCULATORS, S. Okamura and T. Nagai, Toshiba
R & D Center, Tokyo Shibaura Electric, Ltd. , Kawasaki,
Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

Gof f c c Break

EHPOL : AN ANALYSIS PROGRAM FOR TRE ARBITRARILY SHAPED
WAVEGUIDE, R. M. Bulley, Bell Telephone Laboratories Inc. ,
Holmdel, New Jersey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
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I-6 FINITE EGEMXNT SOLUTION OF DIELECTRIC LOADED WAWKJJIDES ,
11:10 P. Silvester and Z. Csendes, McGill University,

Montreal, Canada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150

I-7 A FINITE DIFFERENCE> FIRST-ORDER PERTURBATION METROD
11:30 FOR ATTENUATION IN ARBITRARILY SRAPED WAVEGUIDES , M. J.

Beaubien and A. Wexler, University of Manitoba,
Winnipeg, Canada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
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II-1
9:00

II-2
9:30

II-3
9:50

10:10

II-4
10:35

II-5
10:55

II-6

ST!!SILIZATION

~ai=n: D. B. Leeson
California Microwave

Sunnyvale, California

NOISE PROPERTIES AND STABKIZATION OF GUNN AND AVALANCIIE DIODE

OSCILLATORS AND AM.PLIFIEPS (INVITED), J. R. Ashley, University
of Colorado, Colorado Springs, Colorado, and F. M. Palka,
Sperry Microwave Electronics, Clearwater, Florida . . . . . . . . . . . . . 161

CIRCUIT DESIGN FOR MINIMIZING TIE FM NOISE OF A CW
GUNN OSCILLATOR, A. A. Sweet, Cornell University,
Ithaca, New York and Monsanto Co. , St. Louis ,
Missouri 165. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

FEEDBACK CONTROL ANALYSIS OF MICROWAVX OSCILLATOR
STABILIZATION WITH A TRANSMISSION CAVITY, J. G. Ondria and
T. R. Burlington, Westinghouse Electric Corp. , Aerospace
Division, Bait imore, Maryland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

Caffee Break

HIGRLY STABILIZED RALF-WATT IMPATT OSCILLATOR,
Shigemichi Nagano, Nippon Electric Co. , Ltd., Central
Res earth Laboratories, Kawasaki, Japan 170. . . . . . . . . . . . . . . . . . . . . . . .

CAVITY STABILIZED X-BAND GUN OSCILLATOR,
Y. Ito, H. Komizo and S. Sasagawa, Fujitsu Laboratories
Ltd. , Kawasaki, Japan 174. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

MEASUREMENT OF TRE NOISE IN A LINEAR TWO-PORT DEVICE,
G. A. Deschamps, F. R. Ore and J. J. Sweeny, University
of Illinois, Urbana, Illinois . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199

SESSION TPM MICROWAVE INTEGRATED CIRCUITS - 11 Tuesday, May 12

Chairman: J. C. Cacheris
Motorola Incorporated

Scottsdale, Arizona
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2
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A m CLASS OF MICROSTHp DIRECTIONAL COUpLEm,
F. C. deRonde, Phillips Research Laboratories,
Eindhoven, Netherlands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184

SLOT LINE FILTERS,
E. Mariana and J. P. Agrios, Electronic Components
Laboratory, U. S. Army Electronics Command, Fort MornSouth,
New Jersey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190

RECENT DEVELOPNENTG IN MICROWAVE SLOT LINE MIXERS AND
FREQUENCY MULTIPLIERS, J. K. Hunton and J. S. Takeuchi,
Sylvania Electronic Systems, Mountain View, California . . . . . . ...196

Coffee Break

WIDEBAND X-BAND MICROSTRIP IMAGE REJECTION BALANCED MIXER,
G. P. Kurpis and J. J. Taub, A. I.L. , Division of Cutler-
Hammer, Melville, Long Island, New York . . . . . . . . . . . . . . . . . . . . . ...200

LOW NOISE MICRO STRIP MIXER ON A ?LAS TIC SUBSTRATE,
B. R. Hallf ord, Collins Radio Co. , Dallas, Texas 206. . . . . . . . . . . . . . .

BEAM LEAD TUNNEL DIODE AMPLIFIERS ON MICROSTRIP,
J. D. Welch, Lincoln Laboratory, M. 1. T. , Lexington,
Massachusetts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212

A MICROMINIATURE MONOSCAN CONVERTER FOR USE IN TRACKING
ANTENNA SYSTEMS, J. J. Stitt, C. V. Eell and G. I. Tsuda,
Hughes Aircraft ComFany, Ground Sys terns Group, Fullerton,
California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...217

PANEL DISCUSSIONS

SESSION TEV-T THE MICROWAVE ENGINEER AND Tuesday, May 12
TRE COMPUTER

Organizer and
Chairman: D. Varon

Dial Data, Inc.
Newton, Massachusetts

SESSION TEV-11 APPLICATIONS OF MICROWAVE
INTEGRATED CIRCUITS

Organizer and
Chairman: J. B. Horton

Texas Ins truments Inc.
Dallas, Texas

Tuesday, May 12
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SESSION WAM-I GUNN EFFECT DEVICES Wednesday, May 13

I-1
9:00

I-2
9:30

9:5:

10:10

I-4
10:35

1-5
10:55

Chairman: M. E. Hines
Microwave Associates

Burlington, Mass achusetts

PROGRESS IN GUNN DEVICES (INVITED),
Lee A. MacKenzie, Monsanto CO. , St. Louis, Missouri . . . . . . . . . ...223

HIGH POWER GuNN OSCILLATOR DIODES ON TYPE IIA DIAMOND
KEAT SINKS, M. Migitaka, M. Mivazaki and K. Saito, Central
Research Laboratory, Hitachi, Ltd. , Kokubunji, Tokyo,
Japan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224

LINEAR MICROWAVE SOLID STATE TRANSFERRED ELECTRON POWER
AMPLIFIERS WITH A LARGE GAIN BANDWIDTH PRODUCT, B. S .
Perlman and R, E. Marx, R. C.A. Electronic Components,
David Sarnoff Research Center, Princeton, New Jersey . . . . . . . . . . . 22’7

Coffee Break

DIRECT OBSERVATION OF LSA-RELAXATION OSCILLATION IN
BULK GALLIUM AFSENIDE DIODES, R. Spitalnik, Laboratoire
d’Etudes et de Recherches Generales, L.E. P. , Suresnes,
France . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230

PIN DIODE SINGLE-SIDEBAND MODULATOR,
R. V. Garve r, Department of Army, Harry Diamond
Laboratories, Washington, D. C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 235

SESSION WAM-11 GUIDED WAVES AND STRIPLINR Wednesday, May 13

Chairman: P. D. Colemam
University of Illinois

Urbana, Illinois

11-1 GENERAL CONSTRAINTS UPON INHOMOGENEOUS GUIDED WAVE
9:00 STRUCTURES, J. D. Rhodes, University of Leeds, Great

Britain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240

II-2 POSSIBLE m APPLICATION OF H?RIODIC LINEAR .ARPM%YS,
9:20 Liang-Chi Shen, University of Houston, Houston, Texas . . . . . . . . . . 242

II-3 LAuNCHING OF TIE? KSll SUFWACE WAVF MODE BY AN ELECTRIC
9:40 DIPOLE IN A DIELECTFLC ROD, G. L. Yip and T. Au-Yeung,

McGill University, Montreal, Canada . . . . . . . . . . . . . . . . . . . . . . . . . . ..245

II-4 A DUAL-CHANNEL ROTARY JOINT FOR HIGH POWER OPERATION,
10:00 0. M. Woodward, R. C ,A. Missile and Surface Radar

Division, Moorestown, New Jersey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249
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II-5
10:15

10:30

II-6
10:50

II-7
11:10

II-8
11:30

II-9
11:50

PHASE STABLE RIDGED WAVEGUIDE ,
E. Kramer, IBM CorF. , Federal Systems Division,
Gaithersburg, Maryland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 252

Coffee Break

CAPACITANCE M4TRIX DATA FOR SINGLE, DOUBLE AND TRIPLE
. MI CROSTRIP, A. Farrar, General Electric Co. , Syracuse,

New York and A. T. Adams, Syracuse University, Syracuse,
New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25’7

TRANSIENT ANALYSIS OF LOSSLESS , COUPLED TRANSMISSION
LINES IN A NONHOMOGEIiPZOUSDIELECTRIC MEDIUM, F. Y. Chang,
IBM components Division, HopeWell Junction, New York . . . . . . . . . 262

A NEW METHOD FOR TFRZANALYSIS OF THE DISPERSION CHARACTER-
ISTICS OF M.TCROSTRIP LINES, R. Mittra and T. Itoh,
University of Illinois, Urbana, Illinois . . . . . . . . . . . . . . . . . . . . . 268

APPLICATION OF FERRITE TO ELECTROMAGNETIC WAVE ABSORBER
AWE ITS CHARACTERISTICS , Y. Naito and K. Suetake, Tokyo

Institute of Technology, Tokyo, Japan . . . . . . . . . . . . . . . . . . . . . . . . 273

SESSION WPM-I AVALANCHE DIODES Wednesday, May 13

1-1
2:00

I-2
2:30

I-3
2:50

3:10

I-4

3:35

Chairmam: R. D. Hall
Dean Hall Associates
Los Altos, California

GSAS I~ATT DIODES, OSCILLATORS ANr AMPLIFIERS (INVITED),

L. D. Armstrong, Microstate Electronics, Raytheon,
Murray Hill, New Jersey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 279

A ONR WATT CW, 20% EFFICIENT X-BAND AVALANCKE DIODE
AMPLIFIER, D. M. Snider, Lincoln Laboratory, M. 1. T. ,
Lexington, Massachusetts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

RF CURRENT AND VOLTAGE WAVEFORM MEASUREN’ENT OF AN
OSCILLATING AVALANCHE DIODE, W. T. Chen and 1?. Scifo,
General Telephone and Electronics Laboratories, Inc. ,
Bays fde, New York . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289

Coffee Break

HIGH EFFICIENCY SOLID STATE MICROWAVE AMPLIFIER USING
TFWPATT DIODES, R. J. Hess and D. A. Floyd, Hughes
Aircraft Company, Ground Systems Group, Fullerton,
California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
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I-5

3:55

I-6
4:15

I-7
4:35

MULTI-EPITAXIAL AVALANCRE DIODES AT X AND ~ BANDS,
M. M. Blouke, N. J. Tolar, H. M. Leedy and D. D.
Khande lwal, Texas Instruments, Components Group,
Dallas, Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295

A CIRCUIT DESIGN FOR NM-WAVE IMPATT OSCILLATORS,
N. D. Kenyon, Bell Telephone Laboratories, Inc. ,
Murray Hill, Iiew Jersey... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 300

A NRW MICROSTRIP ISOLATOR AND ITS APPLICATION TO
DISTRIBUTED DIODE AMPLIFICATION, M. E. Hines, Microwave
Associates, Inc. , Burlington, Mass achus etts . . . . . . . . . . . . . . . . . . 304

SESSION WPM-11 MICROWAVE ACOUSTICS I Wednesday, May 13

11-1
2:00

II-2
2:30

II-3
2:50

II-4
3:10

Chairman: T. M. Reeder
Stanford University

Stanford, California

MICROWAVE SURFACE WAVE DELAY LINES AS PRACTICAL PROCESSING
COMPONENTS (INVITED), D. B. Armstrong and H. Skeie,
Litton Industries, San Carlos, California . . . . . . . . . . . . . . . . . . . . 309

L-BAND ACOUSTIC SURFACE-WAVE TAPPED DEL4Y LINE,
H. M. Gerard, R. D. Weglein and E. D. Wolf, Hughes
Research Laboratories, Malibu, California 311. . . . . . . . . . . . . . . . . . . .

THE EFFECT OF BEAM STEERING ON TID3 DESIGN OF MICROWAVX
ACOUSTIC SURFACE WAVE DEVICES, A. J. Slobodnik and
E. D. Conway, Air Force Cambridge Research Laboratories,
Bedford, Mass achus et ts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314

SIDE LOBE SUPPRESSION IN SURFACE WAVE ACOUSTIC DISPERSIVE
DELAY LINES, W. L. Bongianni and J. H. Dickermau,
Autonetics Division, N~rth Americsm Rockwell Corp. ,
Anaheim, Califonia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319

SESSION WPM-111 LATE NEWS ITEMS Wednesday, May 13

SYMPOSIUM BANQUET 7:00 - 10:00 P. M., May 13

Master of Ceremonies: Robert Kraus z Banquet Speaker: Harold 1. Ewen

SESSION TRAM-I FERRITE AND DIODE PHASE Thursday, May 14
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