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Miity 

±30 PPM ±1.0 PPM ±0.1 PPM 

MULTIPLE CRYSTAL OSCILLATOR MODELS 

CRYSTAL OSCILLATORS 
Whether your need is a single crystal oscillator or up to twelve 
crystal oscillators in a single package, try one of Miteq’s new 
family of low cost oscillators for your application. 

SINGLE CRYSTAL OSCILLATOR MODELS 

Stability Stability Stability 
(-25 to +75°C) (-25 to +55°C) (-25 to +50°C) 

Oven Control Oven Control 
Specifications Model XT-01 Model XTO-01 Model XTO-02 

Frequency Range 
Power Output 

(minimum) 
DC Power 

- Oscillator 
- Oven (25°C) 

Oven Stability 
Time (maximum) 

Connectors - RF 
- DC 

5.0 to 195 MHz 

+7 dBm 

+ 15V/50 mA 
N/A 

N/A 
SMA Female 
Solder Filter 

Terminal 

5.0 to 195 MHz 

+7 dBm 

+15V/50 mA 
+ 15V/300 mA 

Stabilized 

20 min. (25°C) 
SMA Female 
Solder Filter 

Terminal 

20-125 MHz 

+7 dBm 

+ 15V/50 mA 
+15V/300 mA 

Stabilized 

20 min. (25°C) 
SMA Female 
Solder Filter 

Terminal 

Models Models Model 
XM-6, XM-12 XMO-6, XMO 12 XMI-12 
Plug In Cards Plug In Cards 

Oven Control 
Number of Oscillators XM-6. . 2-6 XMO-6.. 2-6 12 

XM-12. . 6-12 XMO-12. . 6-12 

Frequency Range 
Power Output (minimum) 
Frequency Stability 

DC Power - Oscillator 

- Oven (25°C) 

Connectors - RF 
- DC 

30-150 MHz (15% BW) 
+7 dBm 
±30 PPM 

(-25 to +75°C) 
XM-6. .+15V at 360 mA 
XM-12. . +15V at 660 mA 

N/A 

SMA Female 
Solder Filter 

Terminal 

30-150 MHz (15% BW) 
+7 dBm 
± 1 PPM 

(0 to +55°C) 
XMO-6. . +15V at 360 mA 
XMO-12. . +15V at 660 mA 
XMO-6. .+28V/.3A 

Stabilized 
XMO-12. .+28V/.5A 

Stabilized 
SMA Female 
Solder Filter 

Terminal 

90-125 MHz 
+7 dBm 
±10 PPM 

(-5 to +55°C) 
+15V at 175 mA 

N/A 

SMA Female 
Solder Filter 

Terminal 

MITEQ INC., HAUPPAUGE, NY 11787, (516) 543-8873, TWX 510-226-3781 



The largest selection of “OFF-THE-
POWER SPLITTER 

2-way to 24-way, 0°, 90°, 180°, pin or connector models . . . Mini-Circuits offers a wide variety of 
Power Splitters/Combiners to chose from, with Immediate delivery. But there are always “special’’ needs 
for “special applications” . . .higher isolation,SM A and Type N connectors intermixed, male connectors 

or wider bandwidths. Contact us. We can supply them at your request . . . with rapid turnaround time. 

BASIC CASE STYLES 

mBm ■ ■ 
ssssHsn AAA ♦♦ H 
TWO-WAY 90° 
(1.4—4200 MHz) m 

TWO-WAY 180° 

TWO-WAY 0° 
(2 kHz-4200 MHz) 

THREE-WAY 0 o /AY O° MM _ 
MHz) _ m _ m nSmœsœ * ♦ (0.01 —760 

FOUR-WAY 0° 
(2 kHz-1000 MHz) 

SIX WAY 0° 
(1 —175MHz) 

EIGHT-WAY 0° 
(0.5 -700 MHz) 

SIXTEEN-WAY 0° 
(0.5 — 125 MHz) 

TWENTY-FOUR-WAY 0° 
(0.2- 100MHz) 

uimin mumum miUUl FTTTTTTTTTTT1 
METROPOLITAN NEW YORK 
NORTHERN NEW JERSEY 
WESTCHESTER COUNTY 
Microwave Distributors 
61 Mall Drive 
Commack. NY 11725 
(516) 543-4771 

SO. NEW JERSEY. DELAWARE 
A EASTERN PENNSYLVANIA 

MLC Distributors 
456 Germantown Pike 
Lafayette Hill. PA 19444 
(215) 825-3177 

DISTRIBUTORS—USA 
SO. CALIFORNIA 

Crown Electronics 
11440 Collins Street 
N Hollywood. CA 91601 
(213) 877-3550 

NORTHERN CALIFORNIA 

Pen Stock 
105 Fremont Avenue 
Los Alton. CA 94002 
(415) 948-6533 

VIRGINIA. WASHINGTON D C. 
MARYLAND. WEST VIRGINIA & 
NORTH CAROLINA 
MLC Distributors 
1561 Randall Court 
Woodbridge. VA 22191 
(202) 296-2497 

B43-1/REV C 

4 MICROWAVE JOURNAL 



SHELF” 
COMBINERS 

Over 96 models covering 
2 kHz to 4.2 GHz 

$0.95 
FROM “ • (6_49)

For complete specifications and performance curves, refer to 
1980-81 MicroWaves Product Data Directory 1980-81 EEM 1980-81 Gold Book, Vol. 2 

Model 

See 
notes 
below 

Price 
(Qty) 

Max. 
insert. 
loss-dB 
(Mid¬ 
band) 

Freq, 
range 
(MHz) 

Min. 
isol-dB 
(Mid¬ 
band) Model 

Freq, 
range 
(MHz) 

Min. 
isol-dB 
(Mid¬ 
band) 

Max. 
insert, 
loss-dB 
(Mid¬ 
band) 

See 
notes 
below 

Price 
(Qty) 

2-WAY O 
PSC-2-1 
PSC-2-1W 
PSC-2-2 
PSC-2-1-75 
PSC-2375 
PSC-2-4 
MSC-2-1 
MSC-2-1W 
ZSC-2-1 
ZSC-2-1-75 
ZSC-2-1W 
ZSC-2-2 
ZSC-2375 
ZMSC-2-1 
ZMSC-2-1W 
ZMSC-2-2 
ZFSC-2-1 
ZFSC-2-1-75 
ZFSC-2-1W 
ZFSC-2-2 
ZFSC-2-4 
ZFSC-2-5 
ZFSC-2-6 
ZFSC-2-6-75 
ZAPD-1 
ZAPD-2 
ZAPD-4 

0 1-400 
1-650 
0.002-60 
0 25-300 
55-85 
10-1000 
0 1-450 
2-650 
0.1-400 
0.25-300 
1-650 
0 002-60 
55-85 
0.1-400 
1-650 
0.002-60 
5-500 
0 25-300 
1-750 
10-1000 
0.2-1000 
10-1500 
0002-60 
0 004-60 
500-1000 
1000-2000 
2000-4000 

20 
20 
20 
20 
25 
20 
20 
25 
20 
20 
20 
20 
25 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
19 
19 
19 

0 75 
09 
0 6 
0.75 
0.5 
1.2 
0 75 
0 8 
0 75 
0 75 
0« 
0 6 
0.5 
0 75 
08 
06 
06 
0 75 
08 
1 Ö 
10 
10 
0.6 
0 8 
06 
06 
08 

1 
1 

3 
1.3 
3 
3 
1.3 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
1.5 
6 
6 
6 

$9.95 (6-49) 
$14.95 (6-49) 
$19.95 (6-49) 
$11.95 (6-49) 
$19.95 (6-24) 
$19.95 (6-49) 
$16.95 (5-24) 
$17.95 (5-24) 
$27.95 (4-24) 
$29.95 (4-24) 
$32.95 (4-24) 
$37.95 (4-24) 
$37.95 (4-24) 
$37.95 (4-24) 
$42.95 (4-24) 
$47.95 (4-24) 
$31.95 (4-24) 
$32.95 (4-24) 
$35.95 (4-24) 
$39.95 (4-24) 
$44.95 (4-24) 
$49.95 (4-24) 
$36.95 (4-24) 
$38.95 (4-24) 
$39.95 (1-9) 
$39.95 (1-9) 
$39.95 (1-9) 

■ 2-WAY H 

PSCQ2-1.5 
PSCQ2-3.4 
PSCQ2-6.4 
PSCQ2-7.5 
PSCQ2-10.5 
PSCQ2-13 
PSCQ2-14 
PSCQ2-21.4 
PSCQ2-50 
PSCQ2-90 
PSCQ2-180 
ZSCQ2-50 
ZSCQ2-90 
ZSCQ2-180 
ZMSCQ2-50 
ZMSCQ2-90 
ZMSCQ2-18I» 
ZAPDQ-1 
ZAPDQ-2 
ZAPDQ-4 

1 4-1.7 
3.0-3 8 
5.8-7.0 
7 0-80 
9.0-11.0 
12-14 
12-16 
20-23 
25-50 
55-90 
120-180 
25-50 
55-90 
120-180 
25-50 
55-90 
120-180 
500-1000 
1000-2000 
2000-4200 

25 
25 
25 
25 
20 
25 
25 
25 
20 
20 
15 
20 
20 
15 
20 
20 
15 
20 
18 
20 

0 7+ 
ort 
0 7+ 
0.7+ 
0.7t 
0.7+ 
0.7t 
0.7t 
0.7t 
0.7t 
0.7t 
0.7t 
0.7+ 
0.7t 
0.7t 
0.7t 
0.7t 
09 
09 
0 9 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2.3 
2.3 
2.3 
2.4 
2.4 
2.4 
2.13 
2,13 
2.13 

$12.95 (5-49) 
$16.95 (5-49) 
$12.95 (5-49) 
$12.95 (5-49) 
$12.95 (5-49) 
$12.95 (5-49) 
$16.95 (5-49) 
$12.95 (5-49) 
$19.95 (5-49) 
$19.95 (5-49) 
$19.95 (5-49) 
$39.95 (4-24) 
$39.95 (4-24) 
$39.95 (4-24) 
$49.95 (4-24) 
$49.95 (4-24) 
$49.95 (4-24) 
$59.95 (1-9) 
$59.95 (1-9) 
$59.95 (1-9) 

Bl 2-WAY 1ÖU 
PSCJ-2-1 
PSCJ-2-2 
ZSCJ-2-1 
ZSCJ-2-2 
ZMSCJ-2-1 
ZMSCJ-2-2 
ZFSCJ—2-1 
ZFSCJ-2-3 

1-200 
0.01-20 
1-200 
0.01-20 
1-200 
0 01-20 
1-500 
5-300 

25 
25 
25 
25 
25 
25 
25 
25 

08 
0.5 
08 
05 
0 8 
05 
1.5 
1.5 

3 
3 
4 
4 
5 
5 

$19.95 (5-49) 
$29.95 (5-49) 
$37.95 (4-24) 
$47.95 (4-24) 
$47.95 (4-24) 
$57.95 (4-24) 
$49.95 (4-24) 
$39.95 (4-24) 

1. 75 ohrrs impedance 
t2. Average of coupled outputs less 3 dB 
3. BNC ccnnectors standard. TNC available 
4 SMA connectors only 
5. BNC connectors standard. TNC available. 

SMA & Type N available at S5 additional cost 
6. BNC and TNC connectors (SMA and Type N at S5 additional cost I (BNC not 

available on ZAPD-4) 
Plea: e specify connectors 

7. TNC. SMA & Type N at $5 additional cost. 
Pleaie specify connectors 

2625 East 14th St., Brooklyn, N.Y., 11235 (212) 769-0200 

■■■■■■ 3-WAY 
PSC-3-1 
PSC-3-1W 
PSC-3-1-75 
PSC-3-2 
PSC-3-13 
ZSC-3-1 
ZSC-3-1-75 
ZSC-3-2 
ZSC-3-2-75 
ZMSC-3-1 
ZMSC-3-2 
ZFSC-3-1 
ZFSC-3-1W 
ZFSC-3-13 

1-200 
5-500 
1-200 
0.01-30 
1-200 
1-200 
1-200 
0.01-30 
0.02-20 
1-200 
0.01-30 
1-500 
2-750 
1-200 

25 
15 
25 
25 
35 
25 
25 
25 
25 
25 
25 
20 
20 
35 

0.7 
1.4 
0.7 
0.45 
0.6 
0.7 
0.7 
045 
06 
0.7 
0.45 
0.9 
1.0 
0.6 

1 

3 
1.3 
3 
1.3 
4 
4 
5 
5 
5 

$19.95 (5-49) 
$29.95 (5-49) 
$20.95 (5-49) 
$29.95 (5-49) 
$24.95 (5-49) 
$37.95 (4-24) 
$38.95 (4-24) 
$47.95 (4-24) 
$48.95 (4-24) 
$47.95 (4-24) 
$57.95 (4-24) 
$39.95 (4-24) 
$41.95 (4-24) 
$39.95 (4-24) 

■MHHI 4-WAY 3 II9MIIMMHM 
PSC-4-1 
PSC-4-1-75 
PSC-4-3 
PSC-4A-4 
PSC-4-6 
ZSC-4-1 
ZSC-4-1-75 
ZSC-4.2 
ZSC-4-3 
ZMSC-4-1 
ZMSC-4-2 
ZMSC-4-3 
ZFSC-4-1 
ZFSC-4-1W 
ZFSC-4375 

0.1-200 
1-200 
0.25-250 
10-1000 
001-40 
0.1-200 
1-200 
0 002-20 
0.25-250 
0.1-200 
0.002-20 
0.25-250 
1-1000 
10-500 
50-90 

20 
20 
20 
15 
25 
20 
20 
25 
20 
20 
25 
20 
18 
20 
30 

0.75 
09 
0.75 
1.1 
0.5 
0.75 
0 8 
0.5 
0.75 
0.75 
0 5 
0.75 
1.5 
15 
1.2 

1 

3 
1.3 
3 
3 
4 
4 
4 
8 
8 
1.8 

$28.95 (6-49) 
$24.95 (6-49) 
$23.95 (6-49) 
$49.95 (6-49) 
$29.95 (6-49) 
$46.95 (4-24) 
$46.95 (4-24) 
$69.95 (4-24) 
$43.95 (4-24) 
$56.95 (4-24) 
$79.95 (4-24) 
$53.95 (4-24) 
$89.95 (1-4) 
$74.95 (1-4) 
$89.95 (1-4) 

■ ■■■6-WAY 0 MBk 
PSC-6-1 
ZFSC-6-1 

1-175 
1-175 s 9

$68.95 (1-5) 
$89.95 (1-4) 

■fr 8-WAY 0 M 
PSC-8-1 
PSC-8-1-75 
PSC-8A-4 
PSC-8-6 
ZFSC-8-1 
ZFSC-8-1-75 
ZFSC-8375 
ZFSC-8-4 
ZFSC-8-6 

0.5-175 
0.5-175 
5-500 
0.01-10 
0.5-175 
0.5-175 
50-90 
0.5-700 
001-10 

20 
20 
18 
23 
20 
20 
25 
20 
23 

1.1 
0 6 
18 
1.1 
1.1 
1.0 
1.3 
1.5 
1.1 

1 

10 
1.10 
1.10 
10 
10 

$68.95 (1-5) 
$69.95 (1-5) 
$89.95 (1-5) 
$79.95 (1-5) 
$89.95 (1-4) 
$90.95 (1-4) 
$119.95 (1-4) 
$129.95 (1-4) 
$109.95 (1-4) 

. 16-WAY 0 
ZFSC-16-1 0.5-125 18 16 11 $174.95 (1-4) 

■ 24-v 
ZFSC-24-1 0.2-100 20 2.0 12 $264.95(1-4) 

8. SMA connectors standard. BNC on request 
9. BNC connectors standard. TNC available SMA available at S15 

additional cost 
10. BNC connectors standard TNC available at S10 additional 

cost. SMA at S25 additional cost 
11. BNC connectors standard. TNC available at S20 additional 

cost. SMA available at S45 additional cost 
12. BNC connectors standard. TNC available at S35 additional cost. 

SMA available at S65 additional cost 
13. BNCconnectors (not available tor ZAPDQ-4) TNCavailable (SMA (3MM)and Type N 

on request Add S5 per unit ) 
Please specify connectors 

World's largest manufacturer of Double Balanced Mixers 

O Mini-Circuits 
■ ■ ■ ■ a Division of Scientific Components Corp 

Domestic and International Telex 125460 International Telex 620156 
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narda introduces 
THE FIRST AUTOMATIC 

’OWER DISPLAY 
-50 to +13 dBm 

MICROWAVE MULTIMETER 
Range (dB, /jW, mW) 
Automatic Calibration 

Narda’s new Model 7000A virtually thinks for itself! 
The result?? Systems operators require little experi¬ 
ence to perform complex microwave test functions. 

•miCTiON 

Factor Computation 

/SWR 
Return Loss 0.1 to 35 dB 

typical 
Direct Reading 
zixed Freq, or Band Scan 
Self-Calibrating 
Self-Zeroing 
Autoranging 
3eaking Meter 
Narrowband Coupler 
Directivity of 40dB and 
test port VSWR of 1.1:1 

NSERTION LOSS 
zixed Freq, or Band Scan 
50 dB Dynamic Range 
Autoranging 
Self-Calibrating 
Self-Zeroing 
3eaking Meter 
High Accuracy 

SAIN Í 
53dB Dynamic Range 
(one step) 

zixed Freq, or Band Scan 
Autoranging 
Self-Calibrating 
Self-Zeroing 
3eaking Meter 

DC VOLTMETER 
±200 Volt Range 
Autoranging 
Autopolarity 

SIGNAL GENERATOR 
Approximately zero dBm 
(1mW) out 

funeable over specified band 
DW output 
zrequency is displayed 
continuously 

FEATURES 
■ State-of-the-art microwave measurement accuracy 
■ Self-Calibrating at 52 points automatically 
■ Self-Zeroing before each measurement 
■ Lightweight, portable 
■ Autoranging digital voltmeter 
■ Interchangeable RF heads for telecommunications, 

TACAN, Radar, EW or custom 
■ Self-Contained Signal Source 
■ Inexpensive 

hi O I 
* 500 V L 
10 0 ? 

/.aaos 
MICROWAVE MULTIMETER MODEL 7000A 

FINALLY... an instrument that makes all microwave 
measurements quickly and accurately, 

on the bench or in the field ...INEXPENSIVELY. 
Narda’s Model 7000A Microwave Multi¬ 
meter is more than a measuring device — it’s 
instrumentation plus! This compact, fully-
automatic unit computes and displays 
VSWR, reflection coefficient, return loss, in¬ 
sertion loss, gain and power in gW, mW or 
dBm. And besides the measurement 
capabilities, an autoranging DVM and a tune¬ 
able signal source with zero dBm output are 
provided. Simplicity of operation is provided 
by the multimeter s microprocessor design — 

persons with absolutely no microwave expe¬ 
rience can obtain accurate measurements 
every time because the 700CA instructs them 
every step of the way. If a human error is 
made, Narda’s multimeter not only an¬ 
nounces it, but teds you what to do to correct 
it. If you’d like to trim hundreds of hours from 
your microwave testing and thousands of dol¬ 
lars from your budget, call your local Narda 
representative and ask him to demonstrate 
our new Model 7000A Microwave Multimeter. 

Ivli&lOíMCUseá narda 
THE NARDA MICROWAVE CORPORATION • PLAINVIEW, L.I., NEW YORK 11803 
51 6 - 349 - 9600 . T W X : 51 0 - 2 2 1 - 1 8 6 7 . CABLE: NARDACORP PLAINVIEW NEWYORK 
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Electrical Characteristics (@ 3o°o 

1.8 
2.5 
50 

5.9-6.4 GHz Uplink 

power capability 

’d 
TYP 

(Amps ) 

Features 
• TWTA Replacements 
• High Linear Power Output 
• Internal Voltage Regulation 
• Reverse Voltage Protection 
• Hermetic FET Devices 

NOTES (1) Higher gain options available 
(2) Recommenced supply voltage for best efficiency Vq= + 10Vdc regulated 

at Id (refer fable) 
(3) Alternate supply voltage VQ=+13Vdc with interna, regulation and 

reverse voltage protection also available at reduced efficiency 

Telecommunications 

GaAs FETPower Amplifiers 

YOUR TOTAL MICROWAVE RESOURCE 
Custom designed amplifiers with higher 
power outputs and optimization of band¬ 
width and/or efficiency are available. 
Please call or write for a complete GaAs FET 
Product Data Packet. 

mjji" MICROWAVE SEMICONDUCTOR CORP, 
»'■an affiliate of SIEMENS 

100 School House Road 
Somerset, New Jersey 08873, U.S.A. 
(201)469-3311 TWX (710) 480-4730 TELEX 833473 

X the basic 
^\all solid state 

driver (IPA) 
amplifier for 
Satellite 
Earth Terminals. 

MODEL 
NUMBER 

FREQ 
RANGE 
(GHz) 

SMALL 
Signal 
GAIN 

(dB) 

POWER OUTPUT (dBm) 
@1dB COMPRESSION 

POINT 
VSWR 
IN/OUT 
MAX MINIMUM TYPICAL 

MSC 98703R 
MSC 98713R 
MSC 98723R 

5.9-64 
5.9-64 
5 9-6.4 

40 
45 
49 

30 
33 
36 

31 
34 
37 

1.5/2 0:1 
1.5/20:1 
1.5/20:1 

Coming 
Events 

Sponsor: Armed 
Forces Communica¬ 
tions and Electron¬ 
ics Association. 
Place: Disneyland 

2ND AFCEA 
CONFERENCE 
AND EXPOSITION 
JAN. 7-9, 1981 

Hotel, Anaheim, CA. Program Panels: The 
Role of Satellites for C’l, Information Sys¬ 
tems for the 1980s, Command, Intelligence 
and Communications — Integrating Evolving 
Automation. Contact: Judith H. Shreve, 
Editor, Signal Magazine, 5205 Leesburg 
Pike, Suite 300, Falls Church, VA 22041. 

5THINTER¬ 
NATIONAL 
CONFERENCE 
ON DIGITAL 
SATELLITE 
COMMUNICATIONS 
MARCH 23-26, 1981 

Sponsors: INTEL 
SAT, Telespazio 
S.p.A., IIC, AEI, 
IEEE, Region 8. 
Place: Congress 
Building — Inter¬ 
national Fair, 
Genoa, Italy. 

Topics: Systems engineering, technology 
and operations and services of digital com¬ 
munications via satellite. Contact: Manager, 
Administrative Office, ICDSC-5, Telespazio, 
S.p.A., Corso d'Italia, 43, 00198 Rome, 
ITALY. 

CONFERENCE 
ON LASERS & 
ELECTRO OPTICS 
JUNE 10-12, 1981 

Call for papers. 
Sponsors: Quantum 
Electronics and 
Applications Society 
IEEE, Optical Soci¬ 

ety of America. Place: Washington Hilton, 
Washington, DC. Topics: Electro-optic de¬ 
vices and components, lasers, optical-fiber 
communications, sensors, holographic, mili 
tary, medical and industrial applications, 
etc. Submit a 35-word abstract and 200 to 
500-word summary (2 copies) by Jan. 12, 
1981 (US) and Jan. 1, 1981 (Europe and 
Japan) to: CLEO, c/o Optical Society of 
America, 1816 Jefferson Place, N.W., Wash¬ 
ington, D.C. 10036. Exhibition Informa¬ 
tion: Carole Benoit, CLEO, 28301 S. Ridge-
thorne Court, Rancho Palos Verdes, CA. 
90274. Tel: (213 ) 541-9256. 

Call for Papers. 
Sponsor: IEEE 
MTT-S (held jointly 
with IEEE AP-S on 
June 17-19, 1981). 

1981 IEEE/MTT-S 
INT'L MICROWAVE 
SYMPOSIUM 
JUNE 15-17, 1981 

Place: Bonaventure Hotel, Los Angeles, CA. 
Theme: "Around the World with Micro¬ 
waves," including such topics as CAD and 
measurement techniques, microwave, and 
mm-wave solid-state devices and IC's, etc. 
Submit 35-word abstract and 500 to 1000 
word summary by Jan. 15, 1981 to: Dr. Don 
Parker, TPC 1981 MTT-S Symposium. 
Hughes Aircraft Co., Bldg. 268, M.S. A54, 
Canoga Park, CA 91304. 
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The most significant 
price breakthrough in 
DOUDLC-DAL ANCCD MIXCRS! 

ooo'?c@o ©C 

LO I-50C 

IOO Pieces 
$4.50(10-49) 

1-500 IF DC-500 

Model SBL-1 
metal case, non hermetic seal 

Frequency Range MHz 

14th Street Brooklyn. New York 11235 (212) 769-0200 
International Telex 125460 International Telex 620156 

For demanding industrial 
and commercial applications, 

where low-cost and high-performance 
are critical; model SBL-1 will fill your need. 

2625 East 
Domestic and 

Don't let the low price mislead you. As the world's number 
one manufacturer of double-balanced mixers, Mini Circuits' 

has accumulated extensive experience in high-volume production 
and testing, a key factor in achieving a successful low cost/high per¬ 

formance line of products. 

The tough SBL-1 covers the broad frequency range of 1-500 MHz with 6 dB conversion loss and 
isolation greater than 40 dB. Only well-matched, hot-carrier diodes and ruggedly constructed 
transmission-line transformers are used. Internally, every component is bonded to the header 
for excellent protection against shock, vibration ar.d acceleration. 
Here are some of the steps taken to ensure quality: Every SBL-1 is RF tested two times, every solder 
connection is 100 per cent inspected under a high power microscope, all transformer leads are 
double-wrapped, and all components are rated for more than + 85 C operation. 
Of course, our one-year guarantee applies to these units. 

Wooes largest manufacturer ot Double Balanced Miters 

O Mini-Circuits 
MINI-CIRCUIT* LABORATORY 
A Division of Scientific Components Coro 21 Rev JBL 

1 Conversion Loss. dB Typ Max I 

I One Octave from Band Edge 5.5 7.5 I 

1 Total Range 6.5 8.5 | 

| Isolation dB Typ Min I 

1 Lower Band Edge to tO-RF 50 35 1 

1 One Decade Higher LO-IF 45 30 I 

Mid Range LÓ-PF 45 30 I 

1 LO-IF 40 25 

Upper Band Edge to LO-RF 35 25 I 

1 One Octave Lower LO-I- 30 20 | 

Signal 1 dB Compression Level ♦tdBm 

Impedance All Ports 50 ohms 

I Electronic Attenuation Mm (20mA) 3dB 

_ 

riori c o r»Ki dcarcd ccowirc raon 



7L5 
Baseband Measurements 
20 Hz to 5 MHz 

7L13 
Communications applications 
1 KHz to 1.8 GHz 

7L18 
Microwave applications 
1.5 GHz to 60 GHz 

Our transportable spectrum analyzers are part of the growing family of 
Tektronix 7000-Series Mainframes and Plug-Ins designed to meet all your test 
and measurement applications with high performance, flexibility and 
expandability. 



Laboratory performance 
plus transportability. 
Pektronix Spectrum Analyzers deliver superior performance on the 
jench and in the field from 20 Hz to 60 GHz. 

Cop performance at the 
op of the spectrum: 
T18 (1.5 GHz to 60 GHz) 
ngineers who design or measure state-
f-the-art microwave systems obtain 
upreme accuracy from the 7L18. 
nagine resolving frequencies as close as 
30 Hz. GO dB down, with 30 Hz resolu-
on to 12 GHz and 10 Hz residual fm 
eak-to-peak.. .with full calibration to 60 
1Hz—the highest available, 
fisplavs are clear and bright.. . 

Ind other features like digital storage and 
ligital signal processing are easy to use 
vith the 7L18’s microprocessor-aided 
■ontrols... plus a built-in tracking pre-
¡elector, automatic and hilly calibrated, 
n application after application, you get 
licker-free traces, eren at slow sweep 
.peeds. And vou can compare waveforms 
>r make a long series of measurements 
vith repeatable accuracy’. 
The 7L18 is ideal for testing and evaluat-
ng new microwave systems, including 
3CM, satellite communication systems, 
md microwave links. All this perform-
mce costs under S17 thousand. 

Communications 
measurements without 
the jitters: 7L13 (1 KHz 
to 1.8 GHz) 

Now you can make every' important 
communications measurement accurately 
and conveniently for EMI, FM, TV navi¬ 
gation, avionics, two-way’ and many’ other 
applications. 
The 7L13 features jitter-free displays even 
at 30 Hz resolution with designed-in 10 
Hz fm stability. This provides the ultra-
critical accuracy necessary for design and 
proof-of-performance measurements. 
The 7L13’s top performance costs under 
$13 thousand. 

Put a Tektronix Hacking 
Generator in tandem 
with the 7L13, and you 
can make precise swept 
frequency measure¬ 
ments, too. All para¬ 
meters, including center 
frequency, are read out 
on the crt itself for easy 
referencing. 
Application notes for 
communications en¬ 
gineers are available. 
Just write or call. 

Precision and 
convenience for base¬ 
band measurements 
up to 960 channels: 7L5 
(20 Hz to 5 MHz) 

Sweep your baseband for spurious re¬ 
sponse, leakage, noise, shifts, distortion 
and transient bursts with the certainty of 
10 Hz resolution. 
Comparing baseband channel perform¬ 
ance is easy' because the 7L5 switches 
from a single channel to a 60-channel 
supergroup without retuning. You see all 
channel amplitudes at a glance, side-by-
side. And, vou get frequency accuracy 
that resolves an indnidual channel fre¬ 
quency’ down to 10 Hz. including signals 
at -14Ò dBv. 
A 7L5 Spectrum Analyzer costs under 
$9 thousand. 
With every member of our spectrum 
analyzer family, you receive Tektronix’ 
reliability', quality and service. 
Contact the Tektronix Field Office nearest 
vou for applications assistance, a demon¬ 
stration or pricing information. 
For literature only, call our toll-free 
number: 1-800-547-1512. 
Oregon residents call collect: 644-9051. 
In Europe: Tektronix, Ltd., Box 36, 
St. Peter Port, Guernsey. Channel Islands 

"fektronix 
COMMITTED TO EXCELLENCE 



Go for the Gold Standard in 
Precision Components. 



And you thought we only made 
quality microwave instrumentation. The U.S. 
National Bureau of Standards, the standards 
abs of Japan, West Germany, Great Britain 
and quite a few others know better. 

Wiltron is also a precision compo¬ 
nents house. No one else is better prepared to 
show you how to make microwave measure¬ 
ments simply and accurately and then provide 
/ou with all the precision components and the 
measurement system you need. No one offers 
a comparable group of SWR Autotesters, pre¬ 
cision air lines, terminations, adapters, SWR 
Bridges, open/shorts and RF detectors. 

Precision Air Lines 
When you want better accuracy in 

measuring return losses from OdB to 
55dB, you'll need a Wiltron Air Line. These 
50-ohm Air Lines provide both a standard 
impedance and a time delay for use in Wiltron 
Ripple Averaging and Magnified Reflection 
Measurement Techniques. Series 18 covers 
the 2 to 18 GHz range. The 18A50 offers a 
GPC-7 connector and features an SWR of 
1.002. The 18N50 has an N male or female 
connector and an SWR of 1.006. Series 19 
operates from 2 to 26.5 GHz with an SWR of 
1.006 to 18 GHz and 1.01 to 26.5 GHz. 

SWR Autotesters 
Latest in Wiltron’s family of SWR 

Autotesters is the Series 97. Here in one small 
cackage, we integrate a broadband microwave 
cridge, a precision termination, a detector 
and your choice of test port connectors. Per-
ormance is exceptional with directivity of 40 dB 
and a frequency range of 10 MHz to 18 GHz. 
Several other models with N or WSMA test 
corts offer comparable performance. The 
Mitron family of SWR Bridges is equally accu-
'ate over most of its 10 MHz to 18 GHz range. 

Terminations and Open/Shorts 
Wiltron Terminations provide an 

accurate reference for SWR measurements 
as well as a termination for test instruments 
and devices under test from DC to 26.5 GHz. 
They are available in GPC-7, N and WSMA 
connectors and feature aged termination 
resistors for long-term stability. Maximum SWR 
varies from 1.002 at low frequencies to 1.135 
at 26.5 GHz. Wiltron 22 Series Open/Shortsfor 
the DC to 18 GHz range are offered with a 
choice of connectors. 

Precision Adapters for Accurate 
Measurements 

Wiltron 50-ohm Series 34 Adapters 
virtually eliminate errors caused by mismatch. 
The adapters are available in GPC-7/N, 
GPC-7/WSMA, N/N and WSMA/WSMA. 
Range is DC to 26.5 GHz. Typical SWR 
ratios are 1.02 to 18 GHz and 1.1 to 26.5 GHz. 
Other Wiltron Calibration Lab Quality 
Components 

Wiltron also offers the industry's 
most extensive line of RF detectors with 
coverage up to 34 GHz. 
So go for the Gold Standard 

Go Wiltron and your microwave 
measurements will be as good as pure gold. 
Remember, Wiltron offers you one source 
shopping for production or development 
measurement systems and cal lab reference 
standards. 

For more information, call or write 
Walt Baxter, Wiltron, 825 East Middlefield 
Road, Mountain View, CA 94043. 
Phone (415) 969-6500. 

WILTRON 



UHF ACOUSTIC OSCILLATORS 
Part I of this Special Report discusses 
high fundamental frequency oscillators 
eliminate the need for multipliers and 
associated filters which introduce size, 
weight, power and cost penalties. The 
paper deals with surface acoustic wave 
oscillators for 100 to 1500 MHz appli¬ 
cations which use delay line or resona¬ 
tor techniques. It also considers high 
overtone bulk acoustic resonators for 
1 to 10 GHz applications. Both of 
these types are compared with multi¬ 
plier designs and their benefits and spe¬ 
cific applications are described. The 
design principals for each of the acous¬ 
tic resonator types are covered. Suit¬ 
able materials for the designs are listed 
together with their characteristics. In 
Part II their short-term stability and 
the effect of temperature on their op¬ 
eration are discussed and aging data is 
provided. Finally, areas requiring fur¬ 
ther research for improving overall 
performance are identified. 

A LOW SIDELOBE 4/6 GHz 
ANTENNA 

Mutual interference and coordination 
problems in the 4/6 GHz satellite com¬ 
munications bands become more severe 
as the number of earth stations as well 
as the number of satellites increases. A 
significant reduction in sidelobe char¬ 
acteristics of earth station, 6 GHz 
transmitting antennas would contri¬ 
bute to an easing of those problems. 
The paper describes an earth station 
antenna design whose sidelobe gain 
performance is far better than the cur¬ 
rently legislated requirements. Major 
contributors to sidelobe levels are dis¬ 
cussed and illustrated and the design 
approach for the low sidelobe model is 
presented. Experimental results for a 
full scale 7.6 meter offset antenna are 
shown. While an aperture efficiency 
penalty is taken by the design, its peak 
sidelobe envelope is 10-15 dB lower 
than present FCC/INTELSAT 
requirements. 

NBS NEAR-FIELD ANTENNA 
MEASUREMENTS 

Recent near-field scanning work at 
NBS is discussed and comparisons with 
far-field measurements are shown. Spe¬ 
cifically, the planar scan of a large mi¬ 
crostrip array for satellite-borne syn¬ 
thetic aperture radars is described. In 
this instance, there was an important 
requirement for far-f ield phase control 
and, in addition, the array was so large 
that a single scan would not suffice to 
measure the entire near-field pattern. 
Secondly, probe-corrected measure¬ 
ments made on a cylinder are com¬ 
pared to measurements derived from 
planar scanning. Finally, a hybrid tech¬ 
nique employing both planar and cy¬ 
lindrical scanning which allows side¬ 
lobes to be measured at large angles off 
boresight is described. 

CLAD LAMINATES FOR MICRO¬ 
WAVE ANTENNAS 

The virtues of two types of PTFE¬ 
based laminates for microwave antenna 
applications are discussed. The article 
considers the need for low anisotropy 
and describes test methods for that 
property. It considers the effects of 
temperature on dielectric constant and 
physical expansion. The fabrication 
characteristics of the laminates and 
recommended processing routines are 
also covered. 

GaAs FET LOAD PULL 
CHARACTERIZATION 

Load pull characterization of GaAs 
FET's under large signal conditions can 
be used to predict performance and 
facilitate circuit design. The procedure 
requires multiple measurements of de¬ 
vice performance under variable load 
conditions and is a fairly tedious and 
time-consuming process. The paper de¬ 
scribes a load pull characterization 
method employing a substitution tech¬ 
nique which considerably simplifies 
the mechanical routine involved in the 
measurements. The system and its ap¬ 
plication are discussed as are the cor¬ 
rection factors which must be consid¬ 
ered in same test set ups. 

workshops 
& Courses 

26TH SPUTTER/PLASMA ETCH 
SCHOOL AND CONFERENCE 

Sponsor: Materials Research Corpora¬ 
tion (MRC) 

Site: La Posada Resort Hotel, 
Scottsdale, AZ 

Date: December 9-11, 1980 
Lecturer: Dr. Eric May, IBM San Jose 

Research Labs. 
Theme: Plasma surface physics, auto¬ 

mated systems for sputtering 
and plasma etching of high 
resolution ICs. 

Contact: Rosemary McPhillips, MRC 
Orangeburg, NY 10962 
Tel: (914) 358-2002 

NEAR-FIELD ANTENNA TESTING 
SHORT COURSE 

Sponsors: Technical University (TU) 
of Denmark, Electromagnet¬ 
ics Institute (El) plus NBS 
(US) and ESA (Europe) 

Site: TU, Lyngby, Denmark 
Date: January 26-30, 1981 
Subject: Near field antenna testing. 
Contact: Dr. J. Appel-Hansen, El 

Bldg. 348, TU, 
DK-2800, Lyngby Denmark 

RELIABILITY ENGINEERING 
SHORT COURSES 

Sponsor: UCLA Extension 
Site: U of California, LA 
Dates: February 9-13, 1981 ; 

March 16-20, 1981 
Lecturer: Dr. Dimitri Kececioglu, P.E. 

U. of Arizona, Aerospace 
& Mechanical Engrg. Dept. 

Fee: S750 
Courses: Reliability Engrg., Testing 

and Maintainability; Engrg, 
Reliability, Probabilistic 
Design 

Contact: Cont. Ed. in Engrg. and 
Math., UCLA Ext. 
Box 24901, LA, CA 90024 
Tel: (213) 825-1047 

SHORT COURSES IN ELECTRIC 
DESIGN & MANUFACTURING 

Sponsor: The Center for Professional 
Advancement (CPA) 

Dates: January 19 - April 2, 1981 
Site: Sheraton Motor Inn, Rt. 18, 

East Brunswick, NJ 
Topics: Digital communications, 

electro-optical systems, etc. 
Fees: S560-710 (courses vary) 
Contact: Rosanne Razzano, Dept. NR. 

CPA, P.O. Box H, East 
Brunswick, NJ 08816 
Tel: (201) 249 1400 



Hookies ol the Year! 

This season W-J introduces nine 
new TO-8 components that cover 
the field from 5-4000 MHz. Take 
a look at these impressive 

statistics and see how W-J’s 
Rookies of the Year can give your 

team its best season yet! 

Nine new SUPERSTARS added to Watkins-Johnson’s 
fall lineup of winning TO-8 amplifier products! 

Name 
Frequency 
Range Outstanding Characteristics 

WJ-A83 

WJ-A83-1 

WJ-A87 

WJ-RA89 

WJ-A19-1 

WJ-A43 

WJ-LA7 

WJ-G30 

WJ-L40 

10-500 MHz 

10-250 MHz 

10-400 MHz 

5-500 MHz 

10-1000 MHz 

100-3200 MHz 

50-500 MHz 

100-2000 MHz 

500-4000 MHz 

30-dB gain, 3 dB NF runs from +5 VDC. An outstanding performer. 

35-dB gain, 2.5 dB NF runs from +5 VDC. The big gainer on the field. 

+17 dBm Poir, but draws only 31 mA at +15 VDC. Runs with power, but 
never loses its cool. 

24-dB gain, +20 dBm Pour Larger new TO-3B package The big playmaker 
with plenty of muscle. 

11-dB gain. 7-dB NF +20 dBm Pout- Unstoppable in the 1000-MHz dash 
11-dB gain. 7-dB NF +7 dBm Pout First round draft choice for high frequency 
applications. 

Limiter amplifier. 12-dB gain, +15 dBm maximum output. Plays both offense 
and defense. 

Voltage controlled attenuator. >40'dB attenuation range, 2 psec switching speed. 
Fastest player on the field. 

Signal Limiter. 3.5-oB insertion loss, limits at 0 dBm. Captain of the specialty team. 

uud WATKINS-JOHNSON 

To obtain the latest statistics on our complete lineup of TO-8 amplifiers, contact the 
Watkins-Johnson Fielet Sales Office in your area or phone Amplifier Applications 
Engineering in Palo Alto California at (415) 493-4141, ext. 2637. 

Watkins-Johnson-U.S A • California, San Jose 438) 262-1411. El Segundo (213) 640-1980 • Georgia, Atlanta 404) 458-9907 • District of Columbia. Gaithersburg. MD (301) 948-
7550 • Massachusetts, Lex ngron (617 861-¡580 • Ohio. Fairborn (513) 426-8303 • Pennsylvan a. Haverford (215) 896-5854 • Texas. Dallas (214 234-5396 • United Kingdom: Ded-
worth Rd Oakley Green. Windsor Berkshire SL4 4LH • Tel Windsor 69241 • Cable WJUKW-WINDSOR • Telex 847578 • Ge-nany Federal Republic of: Manzingerweg 7. 8000 
Muenchen 60 • Tel C89) 836011 • Cable WJDBM-MUENCHEN • Telex 529401 • Italy: Piazza G Marconi 25 00144 Roma-EUR « Tel 59 45 54 • Cable WJROM-I «Telex 612278 



Guest Editorial 

George I. Haddad (S'57, 
M'61, SM'66, F'72) was bom 
in Aindara, Lebanon, on April 
7, 1935. He received the 
B.S.E., M.S.E., and Ph.D. de¬ 
grees in electrical engineering 
in 1956, 1958, and 1963, re¬ 
spectively, from The Univer¬ 
sity of Michigan, Ann Arbor. 

From 1957 to 1958 he was 
associated with the Engineer¬ 
ing Research Institute of 
U. of Mich., where he did re¬ 
search on electromagnetic ac¬ 
celerators. In 1958 he joined 
the Electron Physics Labora¬ 
tory, where he has been en¬ 
gaged in research on masers, 
parametric amplifiers, detec¬ 
tors, electron-beam devices, 
and presently on microwave 
solid-state devices. He acted 
as Director of the Lab from 
1968-75. From 1960-69 he 
served successively as Instruc¬ 
tor, Assistant Professor, and 
Associate Professor in the 
Electrical Engineering Depart¬ 
ment. He is presently a Pro¬ 
fessor and Chairman of the 
Department of Electrical and 
Computer Engineering. 

Dr. Haddad received the 
1970 Curtis ¡V. McGraw Re¬ 
search Award of the American 
Society for Engineering Edu¬ 
cation for outstanding achieve¬ 
ments by an engineering 
teacher. He is a member of 
Eta Kappa Nu, Sigma Xi, Phi 
Kappa Phi, Tau Beta Pi, the 
American Physical Society, 
and the American Society for 
Engineering Education. 
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Causes and Solutions to the Shortage 

Microwave 
Engineers 
GEORGE I. HADDAD 
Department of Electrical & Computer Engineering 
The University of Michigan 
Ann Arbor, Ml 

I am assuming in my remarks here 
that there is definitely a shortage of 
microwave engineers at the present 
time. This is based on discussions I 
have frequently with recruiters, on 
telephone calls I receive daily from 
friends and personnel managers in in¬ 
dustry, and on my own experiences in 
recruiting faculty and training students 
in this field. This shortage of well-
trained microwave people is becoming 
a serious national problem and unless 
some remedies are instituted immedi¬ 
ately to attract students into this field, 
the national defense, our technologi¬ 
cal leadership, and our industrial pro¬ 
duction will suffer immensely. My 
brief remarks here will address some 
of the reasons for the shortage of engi¬ 
neers in general and microwave engi¬ 
neers in particular and will propose 
some remedies for alleviating the 
problem. 

During the late sixties and early 
seventies the reputation of the engi¬ 
neering profession suffered immense¬ 
ly from layoffs in the aerospace indus¬ 
tries, the Vietnam War, environmen¬ 
tal concerns and others. Engineering 
was unjustifiably blamed for many of 
the problems facing society during 
those years. This, of course, led to de¬ 
creased interest by students in engi¬ 
neering and enrollments in engineering 
programs plummeted. During those 
years the support for engineering edu¬ 
cation diminished from all directions 
including research funding from the 
federal government, state funding for 
faculty and facilities, and direct fund¬ 
ing from industry which was never 
substantial anyway. Several excellent 
research groups, particularly in the 
microwave area, which were closely 
tied to the educational programs and 
contributed significantly toward the 
training of students were disbanded 
either due to lack of funding or due to 
the classified research that they were 
carrying out. Well, all that is behind 
us now but that period had a major 
impact on our present capabilities to 
train engineering students in general 
and microwave engineers in particular. 
When the pendulum of engineering en¬ 
rollments started swinging in the other 

direction in the mid-seventies colleges 
and universities were not prepared for 
this and with the major increase that 
has taken place over the last five years 
in engineering enrollments we find our 
resources to be inadequate to accom¬ 
modate such an increase in terms of 
the number of faculty and available 
space, facilities, and equipment. 

Even though enrollments in electri¬ 
cal engineering departments have in¬ 
creased significantly over the last five 
years, few new faculty members have 
been added and few students go into 
the microwave area. As compared to 
the sixties, there is now a great deal of 
competition from other areas such as 
digital electronics, integrated circuits, 
computers and others. Had it not been 
for microwave solid-state devices and 
more recently high-speed GaAs inte¬ 
grated circuits, I doubt very much that 
any universities would now have any 
programs related to microwaves. For¬ 
tunately, however, because these ad¬ 
vances are due to government funding 
of research, a great deal more interest 
is being generated presently at univer¬ 
sities. A few universities have main¬ 
tained excellent programs in this area 
and are still producing a few students. 
These programs must be encouraged 
and supported by all who are con¬ 
cerned with the shortage of talent in 
this field. 

There are certain steps which can 
be taken to increase the pool of talent 
available in the microwave area. This 
will require very close cooperation 
among government agencies (particu¬ 
larly DoD), industry and universities 
and will require additional support 
from government and industry to 
achieve. 

Microwave engineering is a rather 
specialized area and very few, if any, 
colleges and universities offer a spe¬ 
cialty in this field at the undergraduate 
level. This is because the amount of 
time which students spend in a typical 
undergraduate program (four years, 
128 credit hours) is inadequate to al¬ 
low for much specialization, particu¬ 
larly in microwaves. I believe that a 
minimum of one year of additional 
training is required for average stud-

(continued on page 21) 
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PM welcomes Saber Associates. Inc., its new representative for the Southeastern 

„. ,c „wale C A 94086/(408) 734-5780/TWX 910-339-9273 
PACIFIC MEASUREMENTS INC / 488 

3n the production line, on the bench, or 
n the most complex ATE system, no 
ather swept measurement system even 
approaches the total automation of our 
new 1038/N-10. 
PLUG IN TOTAL BUS CONTROL 
Plug the new N-10 Scalar Network Ana¬ 
lyzer into your Pacific Measurements 
1038/D-14 Mainframe. And you turn on 
total bus control. All data and function 
inputs are digital, and can be entered via 
the bus or manually on the front panel. 
Driven via IEEE STD 488 bus by your 
host computer, the 1038/N-10 complete¬ 
ly automates all insertion loss/gain, 
return loss and absolute power meas¬ 
urements. And with your 1018B Power 
Meter, it even automates swept pulse 
power measurements. P.us, all the auto¬ 
matic features are available in the 
manual mode. 
TURN ON THESE ADVANCED 
FEATURES 
• 76 dB dynamic range. ' 16 do to 

- 60dB 
• Over 100 GHz range 
• .02 dB data resolution on A channel 
• .002 dB data resolution on B channel 
• LED’s display memory-corrected 

test data 
• LED’s display offset and scalar 

sensitivity 
• Automat c instrument zeroing 
. No recalibration required when 

changing frequency limits 
• System residuals memorized without 

display adjustments 
• Memory-refreshed CRT display 
AND microprocessor 
Th^ microprocessor-based 1038/N-10 
includes a standard sortware package 
compatible with almost any combina¬ 
tion of sweep generator and computer/ 
calculator. In addition, you can plug our 
1044A response recorder into the 
system to produce memory-corrected 
hard copy test records. There s a lot 
more we could tell you about the ad¬ 
vantages of the 1038/N-10 but there 
simply isn’t room. So for the full story 
call our Ma-ketingManager, Ed Mendel, 
at (408) 734-5780. Or contact your local 
Pacific Measurements representative. 

Model 1038-N10 

CHANNEL A 

NETWORK ANALYZER 

CHANNELS_ 



Ultra Low Noise • Wide Dynamic Range 

Min. Noise Figure Pwr. Out @ 1 dB 
Model Frequency Gain Flatness (dB) Compression Pt. Case/ 
Number (MHz) (dB) (dB) typ. max. (dBm) Connectors* 

W50ETD 0.01 50 50 ± .5 1.3 1.5 0 C/SMA 
W50ETC 0.01 50 20 * .5 4.0 4.5 + 23 C/SMA 
W250G 5 250 43 ±.5 1.3 1.5 +25 B/SMA 
W500E 5-500 30 i .5 1.3 1.4 0 C/SMA 
L60E 50 70 60 1 .5 1.0 1.2 + 10 C/SMA 
L450E 400-500 27 ±.5 1.2 1.4 +5 C/SMA 
W1GE 5-1000 20 ± .5 1.6 1.8 0 C/SMA 
W2GHH2 12 GHz 30 t .5 2.3 2.5 +5 AB/SMA 

Ultra 
Low Noise 
Amplifiers 

Special 
Purpose 

Amplifiers 

Noise Pwr. Out @ 1 dB 
Model Frequency Gam Figure Compression Pt. Case/ 
Number (GHz) (dB) (dB) (dBm) Connectors 

L13GE 1.25-1.35 25 2.2 + 5 C/SMA 
W89DGA 0.47-0.89 25 2.0 + 5 C/SMA 
L215GA 2.15-2.165 11 3.2 -3 C/N 
L215GC 2.15-2.165 29 2.9 + 7 C/N 
W2GH 0.5-2.0 25 3.0 + 10 B/SMA 
P150P 0.08-150 MHz 60 1.5 +30 H/BNC 
W15GB1 0.05-1.5 20 1.8 -3 C/SMA 
W23GA 0.1-2.3 8 9.0 + 20 C/SMA 

Pwr. Out @ 1 dB 
Min. Compression Pt. Noise Typical 

Model Frequency Gain (dBm) Figure Case/ Intercept 
Number (GHz) (dB) typ. min. (dB) Connectors Pt. (dBm) 

Wide 
Dynamic 
Range 
Amplifiers 

P60F 3090MHz 30 +32 +31 5.5 H/BNC +43 
P150H2 0.1-150 MHz 27 + 31.5 +30 6.5 H/BNC +44 
P400C 10-400 MHz 20 +31 +30 7.0 H/BNC +42 
P500N 2-500 MHz 17 +31 +30 8.0 H/BNC +42 
P10GL 0.5-1.0 30 +31 +30 5.0 H/SMA +42 
P1000E 0.05-1.0 GHz 20 +23 + 21 5.0 A/SMA +32 
P24GB 1.4-2.4 16 +20 + 19 8.0 A/SMA +32 
P700S 0.6-0.8 40 +36 + 34 3.5 FS/BNC + 47 

CASE DIMENSIONS: 
(Others Available) 

L (in.) W (in ) H (in ) 

’Standard this model; others may be 
specified. 
VSWR all models: 
2:1 max, 1.5:1 typ. 

C 1 875 1 875 0:465 
A 3 375 1 875 0.465 
H 3 75 2 60 1 95 
AB 3.00 1 875 0.465 
B 2.625 1 875 0.465 
FS 4.5 2.8 1.1 

The devices above are just a sampling of TRONTECH's product line in state of the art low noise and 
medium power amplifiers. Our amplifiers are designed so that parameters such as gain, bandwidth, 
output power, noise figure, form factor, etc., can be tailored to your specifications. Our products also 
include: limiting amps, GaAs FETs, filters, detectors, etc. 

Your response to our products has forced us to move to larger quarters, Thanks! 

63 Shark River Rd., Neptune, N.J. 07753 
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MICROWAVE ABSORBERS—ANECHOIC CHAMBERS—EMI/RFI SHIELDING —MICROWAVE DIELECTRICS 

EMERSON&CUMING DEWEY AND ALMY CHEMICAL DIVISION W.R. GRACE & CO. 

Electrically Conductive 
Pressure Sensitive Tape 
ECCOSHIELD® PST is a series of elec¬ 
trically conductive pressure-sensitive 
tapes useful in RF shielding and many 
other electrical and electronic applica¬ 
tions. Aluminum foil is used as the tape 
backing. When applied to a metal surface, 
electrical contact is made to the metal 
from the adhesive side and into the 
backing. Thus, electrical continuity is 
made through the tape. ECCOSHIELD PST 
is available in two types, namely 
ECCOSHIELD PST-P and PST-C. 

ECCOSHIELD PST-P is tape with a unique 
perforated design. The center third of the 
tape's width is solid metal foil, i.e. non¬ 
perforated. The outer third on each side of 
the center is perforated in such a way that 
uncoated metal integral with the backing 
appears on the adhesive side. ECCO¬ 
SHIELD PST-P is particularly useful in 
sealing gaps in shielded enclosures, cabi¬ 
nets and devices. 

ECCOSHIELD PST-C uses a conductive 
pressure-sensitive adhesive. Conductivity 
is supplied by metal particles embedded in 
the adhesive in such a way that when the 
tape is applied to a metal surface, the 
particles contact both the metal surface 
and the foil backing. Although ECCO¬ 
SHIELD PST-C can be used for sealing 
seams in shielded rooms, cabinets, etc., it 
is well adapted to wrapping components, 
coax or the flanges of waveguide. Insertion 
loss values for all products are approxi¬ 
mately the same. For most applications, 
one half inch (1.3 cm) overlap is sufficient. 
More overlap gives more adhesion and 
slightly improved insertion loss. 
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E&C Shielded Anechoic Chamber 
for Testing Automotive Emissions 

This large microwave anechoic chamber is 
being used by Nissan Motor Co., Ltd. for 
study of rf noise pollution by automotive 
systems. The chamber was erected near 
Yokohama by Emerson & Cuming Japan 
K.K. It is sufficiently large to accept an 
automobile with all systems operating. 
Exterrel rf noise is excluded from the in¬ 
terior of the chamber by metallic shielding, 
and the energy-absorbing pyramids that 
line the walls reduce to essentially zero all 
reflections of signals generated inside the 

chamber. In the resulting rf-quiet environ 
ment, sensitive and precise studies can be 
made of the rf noise emission of ignition 
alternators, regulators, seat-belt interlocks 
radios, tape decks, switches, and warning 
systems. Japanese pollution-control stan 
dards are much more demanding thar 
those in the U.S., and the Nissan chambei 
permits measurements of automotive ri 
emissions to frequencies as low as 7C 
MHz. 

Thin, Flexible Absorber Suits Many Environments 

ECCOSORB AN is a series of thin (1/4" to 
4-1/2") microwave absorbers available in 
many variants to suit many environments. 
Available as flat sheets or custom blankets, 
it is easily cut. contoured, and bonded to 
radomes, antennas, and other structures. 
In general, the material reduces radar 
reflectivity to -17 db or better over the S, 
C. A, B. and X radar bands. 

ECCOSORB AN — the basic material — is 
not weatherproof and should be used only 
indoors. 

ECCOSORB AN-W is sealed in impervious 
neoprene-coated fabric for resistance to 

‘uel and weather The fabric is self¬ 
extinguishing and complies with MIL-C-
20696. 

ECCOSORB AN-P relies on use of a closed¬ 
cell foam for environmental resistance, and 
is not coated. It is especially thin (7/16" to 
1-3/16") and lightweight. 

ECCOSORB ANP-ML offers the same per¬ 
formance as ECCOSORB AN-P. In addition, 
it has an electrically conductive surface on 
the back. This means it can be applied to 
either a conducting or non-conducting 
surface, and the reduction in microwave 
reflectivity will be the same. 
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E&C Research 
Contract Fuels 
Energy Search 

In his message on energy, President 
Carter has emphasized exploitation of 
the Country’s abundant coal and 
shale resources to lessen depend¬ 
ence on imported oil. 

E&C has made a modest contribution 
to this goal by completing shipment 
of a load of simulated coal to the 
Marshall Space Flight Center of the 
National Aeronautics and Space 
Administration. 

The simulated coal is not intended to 
keep NASA hearths warm this winter. 
Instead, it is being used by NASA 
scientists in a unique radar experi¬ 
ment. 

The Marshall Space Flight Center is 
supporting the Department of Energy 
by finding ways to make coal extrac¬ 
tion more efficient. Specifically, it is 
developing a radar which can scan the 
coal seam in a mine and determine 
the thickness of the seam on a 
continuous basis. This information, 
fed to a mining machine enables the 
machine to cut away only coal and 
avoid cutting into the shale behind the 
coal. The advantages are reduced 
contamination of the coal, reduced 
risk of sparks or of weakening the 
supporting walls of the mine shaft. 

Because coal is a natural absorber, 
the system must be able to detect a 
very weak back-wall signal. It is de¬ 
sirable to have a standard material 
with similar dielectric properties to 
coal to calibrate the radar detector. 

Numerous tests have shown these 
dielectric properties to be: K = 3.8 
and tan d = 0.08, at 3 GHz, for real 
coal taken from the Bruceton Mine in 
Pennsylvania. 

Based on these tests, E&C fabricated 
and tested a number of blocks of sim¬ 
ulated coal of various thicknesses, 
with dielectric constants and loss tan¬ 
gent close to the real values. These 
will help Marshall Flight Center con¬ 
tinue the experimental program which 
may one day lead to the unusual sight 
of radar in a coal mine. 

Use the enclosed reply card if you 
would like to know more about E&C’s 
microwave materials research and 
measurement capabilities and services. 

Thin Ferrite Absorber 
For 50MHz to 15GHz 

ECCOSORB NZ is a series of thin absorbing 
materials for use in the frequency range 
from below 5C MHz to above 10 GHz. 
ECCOSORB NZ-2 is broadbanded; other 
NZs are relatively narrow-band, for the 
lower end of the frequency range. 

All ECOSORB NZ materials are sintered 
ferrites available as square tiles approxi¬ 
mately 2.36"x2.36". Tiles can be bonded to 
flat or moderately curved conductive 
surfaces. Usage is approximately 26 tiles 
per square foot. The tiles are excellent for 
use in high-temperature, high power, 
outdoor ano space environments. Ecco-
sorb NZ-31 (50 MHz to 3 GHz) can be used 
to reduce ground plane reflections in 
chambers used for evaluation of computer 
systems. 
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Microwaves in Medicine, 
Maybe E&C Can Help 

Microwaves are definitely useful in de¬ 
tecting cancerous tumors, medical re¬ 
searchers have found. 

The technique is based on the in¬ 
creased body radiation at the site of a 
malignancy. Although natural body 
microwave emissions are much less in¬ 
tense than body heat, today's radio¬ 
meters are sensitive enough to do the 
job. 

Microwaves may also be used to treat 
cancers. Physicians naturally are reluc¬ 
tant to use human patients in this in¬ 
vestigation, but the prospect is encour¬ 
aging enough that E&C’s Microwave 
Products Division occasionally is asked 
to produce dielectric material “models” 
which simulate parts of the human 
body in their response to electromag¬ 
netic radiation. We welcome inquiries in 
this field. 

High Dielectric Constant 
Stock with 
Improved Isotropy 
Isotropy, as applied to dielectric con¬ 
stant, is the state of having the same 
dielectric constant in all directions. 
Materials which are not isotropic 
(anisotropic) may present serious 
application problems, especially 
where dielectric constant control is 
critical. 
The achievement of isotropy in resins 
loaded with powders to raise the di¬ 
electric constant is a difficult manu¬ 
facturing problem involving many 
factors such as mix proportions, 
shape and size of loading particles, 
and mixing techniques. After many 
years of effort, Emerson & Cuming is 
pleased to report substantial progress 
with this problem. The resulting prod¬ 
uct is STYCAST® HiHiK, which is 
offered as rod, bar, and sheet stock 
with a dielectric constant range of 3.5 
to 23. 
STYCAST HiHiK is used for machined 
parts of various kinds — matching 
transformers, tapered transitions, di¬ 
electric spacers, etc. It is used to 
shrink the size of antennas and other 
radiating devices, and in radome fab¬ 
rication. It is readily machined with 
carbide tools or by grinding. 
The color of STYCAST HiHiK varies 
from off-white at low dielectric con¬ 
stants to brown at the high end of the 
range. The specific gravity also in¬ 
creases from 2 to 3 as the dielectric 
constant increases. Temperature 
range of use is from -50 °C to 
+ 150 °C. Thermal expansion coeffi¬ 
cient is well matched to that of alumi¬ 
num and brass. 
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SALES OFFICES 
UNITED STATES TELEPHONE 
Gardena. CALIFORNIA 90248 (213)321-6650 
Winter Park. FLORIDA 32789 (305) 647-2602 
Northbrook, ILLINOIS 60062 (312) 272-6700 
Silver Spring. MD 20902 (301)949-2777 
Canton, MA 02021 (617)828 3300 
Richardson. TEXAS 75081 (214) 235-7394 

AND OTHER CITIES 

CANADA 
Burlington. ONTARIO L7R3Y2 (416)632-9494 
Ottawa, ONTARIO K1V 9A1 (613) 523-3277 
Montreal. QUEBEC H9G 1P7 (514)620-0172 

EUROPE 
Westerlo. BELGIUM (014)58.55.21 
London. ENGLAND 01 922 6692(4 
Scunthorpe. ENGLAND 072463281/3 
Paris, FRANCE (1) 366-59-86 
Cologne, GERMANY (0221)58 20 37 
Milan, ITALY 02-548 35 25 

JAPAN 
Kuriyama. JAPAN 01237-2-3432 
Yokohama. JAPAN 045-681-6677 

EMERSON & CUMING 
Dewey and Almy Chemical Division 

y \N. R. Grace & Co. 
Canton Massachusetts 02021 USA 

Telephone (617) 828-3300 
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nts with a B.S. degree to be able to 
:ontribute in this field. Most of the 
nicrowave companies, however, gen¬ 
ially are not willing (there are excep-
ions) to invest in the training of fresh 
J.S. graduates and usually look for 
ind hire "experienced" people. This, 
lowever, does not help in increasing 
he pool of available talent. Universi-
ies on the other hand can train stud-
mts in this field but only if (1) the 
tudents go on to graduate school and 
vork toward at least an M.S. or higher 
fegree and (2) there are faculty mem-
)ers at the particular school who are 
ictively involved in research and teach-
ng in this field and have adequate lab-
jratory facilities and equipment to be 
ible to provide the proper training. 

I therefore feel that industry, gov-
•rnment agencies and universities 
should work closely to achieve the 
ibove objectives if there is truly an in-
:erest in increasing the pool of avail-
ible talent. 

Industry can contribute toward this 
n many ways. Some of these are cited 
□elow: 

» Industry must be willing to invest 
in the training of B.S. graduates. 
This can be done by providing any 
of the following: 

On-the-job training and continuing 
education. Industry should not ex¬ 
pect a B.S. graduate to start contri¬ 
buting the first day on the job. 

Subsidizing students to obtain ad¬ 
vanced degrees. This can be aone, 
for example, by hiring new B.S. 
graduates and sending them to a 
university for one year to obtain an 
M.S. degree in microwave engineer¬ 
ing. Bell Laboratories, for example, 
does this in their so-called One-
Year-On-Campus (OYOC) Program. 
Even though some students may 
not necessarily return to the spon¬ 
soring company, if enough compa¬ 
nies did this, all of them would 
benefit in the long run. 

Donating fellowships funds to uni¬ 
versities with active programs in 
microwaves and stipulating that 
such funds be used to attract grad¬ 
uate students into the microwave 
area. At this time a fellowship of 
$10,000/year would be adequate 
and very helpful in attracting a 
graduate student into the field. 

• Industry must get more involved 
with universities on a regular and 
long-term basis and must communi¬ 
cate with undergraduate students. 
This can be achieved by doing any 
of the following: 

Sponsoring long-range research 
grants at universities and with fac¬ 
ulty members who are actively in¬ 
volved in the field. 

Hiring faculty members as consult¬ 
ants and getting them involved in 
real-world problems. This, by the 
way, also helps to keep some ex¬ 
cellent faculty members at univer¬ 
sities to train the students. 
Providing universities with equip¬ 
ment and facilities to help them 
establish experimental laboratories. 
Establishing endowed chairs at uni¬ 
versities to help them attract top 
talent to their faculties in this field. 
Having technical personnel visit uni¬ 
versities on a regular basis and give 
lectures to students on the challeng¬ 
ing problems and exciting oppor¬ 
tunities in the microwave field. 

As to government agencies, particu¬ 
larly DoD ones, I must admit that they 
have certainly done much better than 
industry in this regard. Were it not for 
research support from these agencies, 
there would be no programs at univer¬ 
sities in microwaves. Look what hap¬ 
pened to instructional programs in 
microwave tubes when research fund¬ 
ing from DoD dried up. They disap¬ 

peared, and now it is extremely diffi¬ 
cult and costly to turn them on again. 
I hope we have learned a good lesson 
from this. Government agencies, in 
general, have been providing long-range 
research support and this is essential 
to the survival and improvement of 
the few programs that exist at univer¬ 
ties. Government agencies have also 
been encouraging university-industry 
cooperation and joint programs and 
this is a step in the right direction. It 
is hoped that this type of support will 
be continued and expanded as it is es¬ 
sential to instructional programs. One 
area where the federal government can 
help immensely is to provide tax in 
centives to companies to support re 
search at universities and donate equip 
ment to them. 

In closing, I believe that microwave 
engineering is very essential to oui 
communications, radar, defense anc 
other systems and we cannot afford tc 
be second to anyone in this field, h 
behooves us to make certain that the 
pool of available talent is sufficient tc 
meet the need. With close coopera¬ 
tion among universities, industry anc 
government agencies, we can meet thi: 
challenge. With proper support anc 
programs from industry and govern 
ment agencies, I feel the universities 
will respond effectively. S3 

Miniature (OSM) 
Terminations 

Low VSWR and broadband operation allow 
these fixed coaxial loads to be used in both test 

measurement and in system applications. At very 
competitive prices, they offer the highest 

quality available. 

Just part of the comprehensive line 
of precision microwave components 
in the full-line Omni Spectra 
Microwave Component Catalog. 

■ DC to 26.5 GHz 
■ Temperature Range: 

-54°Cto +125°C 
■ Average Power: 0.5 watts 
■ MIL-E-5400 and MIL-E-16400 

Environmental Requirements 

Available for Immediate Delivery 

Microwave Component Division 
Omni Spectra, Inc. 
21 Continental Boulevard 
Merrimack, New Hampshire 03054 
(603) 424-4111 TWX 710 366-0674 
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SpecialReport_____ 

uhf 
Acoustic 
Oscillators 
ROGER D. COLVIN 
Rome Air Development Center, Electromagnetic Sciences Division 
RADC/EEA, Hanscom AFB, MA 

Surface Acoustic Wave ISAW) oscillators are practical from 100 MHz to 1500 MHz and can be in the form of a delay Une or resonator. High 
overtone bulk acoustic resonators on non-piezoelectric substrates operate from 1 GHz to 10 GHz with a Q better than quartz. The two SAW 
approaches and the high overtone bulk resonator are compared with each other and with a multiplied 5 MHz standard crystal oscillator for UHF 
and microwave applications. UHF acoustic oscillators give size, weight, cost and power reductions. 

INTRODUCTION 

The motivation for a high fun¬ 
damental frequency oscillator is 
the elimination of multipliers and 
associated filters. These multipli¬ 
ers and filters cause an unneces¬ 
sary penalty in size, weight, pow-

Invited paper presented at the Society of 
Photo-Optical Instrumentation Engineers' 
(SPIE's) 24th Annual Technical Symposium, 
Seminar 2, July 28-August 1, 1980, San 
Diego, CA. 

er and cost. A recent application 
at 840 MHz dramatically demon¬ 
strated this. Compared to the 
previous system based on a multi¬ 
plied 21 MHz crystal oscillator, 
there was an Î1:1 decrease in 
size, a 6:1 decrease in power dis¬ 
sipation, and a substantial in¬ 
crease in output power. 1,2 An¬ 
other example shows a 3 to 1 
cost advantage in production for 
an oscillator at 1030 MHz using a 

SAW delay line at 515 MHz and a 
crystal at 172 MHz. 3

A surface acoustic wave is 
launched by an interdigital trans¬ 
ducer (IDT). The frequency is 
proportional to finger spacing 
and is limited only by photolith¬ 
ography capabilities for making 
the IDT. SAW oscillators are 
practical with fundamental fre¬ 
quencies from 100 MHz to 1500 
MHz. 

Another promising technology 
is oscillators made from high 

Editor's Note: Part II of this Special Report will appear in a subsequent issue. Such aspects 
of UHF acoustic oscillators as temperature effects, aging, such considerations as fast warm 
up, acceleration and vibration and some concluding remarks will be presented. 

Fig. 1 Left- -Photograph of five typical SAW delay lines that could be adapted for use in an oscJIator. 
Right—Schematic diagram of SAW delay line used as an oscillator. 
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Avantek transistors are built 
to take it. 

Field-proven reliability from 
America’s microwave 
specialists. 
Avantek GaAs FET and bipolar 
transistors have earned a solid 
reputation for performance 
and reliability through 
extensive use in military com¬ 
munications, radar and ECM 
equipment, marine radar and 
:ommunications equipment, 
and aboard orbiting space¬ 
rraft . 

Built-in quality and 100% 
testing. 
Every Avantek transistor, 
-egardless of price, frequency 
ange or package type features 
’old metalization to insure 
naximum reliability and 
specially designed gate struc-
ures to provide optimum low 
aoise or high power perfor-

AVANTEK TRANSISTOR SELECTION CHART 
PART NO. MAX. NF OPT TYP. G @ NF TEST FREQ. 

BIPOLAR SMALL SIGNAL LOW NOISE TRANSISTORS 
UP TO 500MHz 

VHP 

AT0017A 
AT-0017 

1.2dB 
1.5dB 

25dB 
25dB 

60MHz 
60MHz 

UHF 
AT-0045 
AT-0025A 
AT-0025 

1.5dB 
2.0dB 
2.5dB 

13dB 
12dB 
1ldB 

500MHz 
500MHz 
500MHz 

BIPOLAR SMALL SIGNAL LOW NOISE TRANSISTORS 
UP TO 4 GHz (70 mil pkg) 

AT-4680 
AT-4690 
AT-4641 
AT-4642 
AT-2645A 
AT-2645 

2.8dB 
3.0dB 
3.5dB 
4.0dB 
3.0dB 
3.5dB 

8 8dB 
9.5dB 
7.5dB 
7dB 
11dB 
11dB 

4.0GHz 
4.0GHz 
4.0GHz 
4.0GHz 
2.0GHz 
2.0GHz 

BIPOLAR SMALL SIGNAL LOW NOISE TRANSISTORS 
UP TO 4 GHz (100 mil pkg) 

AT-4880 
AT-4890 
AT-4841 
AT-4842 
AT-1845A 
AT-1845 
AT-1825 

2.8dB 
3.0dB 
3.5dB 
4.0dB 
2.2dB 
2.5dB 
3.0dB 

8.8dB 
9.5dB 
7.5dB 
7dB 
14dB 
14dB 
13dB 

4.0GHz 
4.0GHz 
4.0GHz 
4.0GHz 
1.0GHz 
1.0GHz 
1.0GHz 

GaAs FETS UP TO 12GHz 
AT-8110 

Chip AT-8111 1 3dB (TYP) 12dB 4GHz 

AT-8060 
Chip AT-8061 

2.8dB (TYP) 
2.5dB(TYP) 

8dB 
9oB 

12GHz 
12GHz 

POWER-BIPOLAR UP TO 4 GHa 

PART NO. 
TYP. 

Po( 1dB) 
TYP. G @ P 
(- WB) 

TYP. 
P, (SAT) TEST FREQ. 

AT-7510 27.5dB 9.5dB 29dBm 4GHz 

PART NO. P.( WB) TYP|S¡,|* G max TEST FREQ. 

AT-3850 + 20dBm 4.0 9dB 3GHz 

manee. And every device is 
100% tested for RF and DC 
performance, hermetically 
sealed and 100% leak tested. 
For applications that require 
it we offer "R” series high-
reliability screening based 
on MIL-STD methods and 
conditions. 

Impressive inventory and 
quick turn-around. 
Tb insure rapid shipment in 
volume, we maintain an in¬ 
ventory in excess of 4.5 million 
finished transistor chips and 
packaged transistors. So 
whether your application calls 
for proven high-reliability or 
prime commercial grade bi¬ 
polarer GaAs FET microwave 
transistors, Avantek is 
the right choice. Contact us 
today: Avantek, Inc., 3175 
Bowers Avenue, Santa Clara, 
California 95051, phone 
(408) 727-0700. 

Avantek 
© 1980 Avantek, Inc 

Avantek is a registered trademark of Avantek. Inc 
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(from page 22) OSCILLATORS 

Fig. 2 Left—Photograph of three typical two-port SAW resonators. 
Right—Schematic diagram of SAW two-port resonator used as an oscillator. 

overtone bulk acoustic waves. 
Present devices use a zinc oxide 
interdigital transducer on non¬ 
piezoelectric single crystals allow¬ 
ing a much higher Q than quartz. 
These devices produce useful 
resonances in the range 1 GHz to 
10 GHz. Any resonance may be 
used from an available comb of 
resonances which may cover an 
octave or more. This is attractive 
for frequency hopping. SAW os¬ 
cillators can also produce a comb 
of frequencies by using a delay 
line with thinned or broadband 
transducers. 

JTIDS (class III), SEEK TALK, 
SINCGARS, and other TDMA 
systems. However, these are lab¬ 
oratory prototypes, and no one 
oscillator has met all the require¬ 
ments simultaneously. This is a 
relatively new technology with 
major improvements being made 
almost daily. A second approach 
to ultra-stability involves the hy¬ 
brid combination of acoustic os¬ 
cillator with a rubidium or cesium 
source. Rubidium and cesium os¬ 
cillators are phase locked to a 5 

MHz crystal to achieve short-term 
stability. If this crystal were re¬ 
placed with a SAW or high over¬ 
tone bulk resonator operating at 
or near the atomic frequency 
there would be a 3.5 watt power 
saving and 1.6 pound weight sav¬ 
ing in a typical case.4 More im¬ 
portant, however, would be the 
benefit of a higher output fre¬ 
quency. Instead of getting 5 MHz, 
the output would be at the UHF 
resonator frequency (a factor of 
100 to 1000 higher) thus elimi-

TABLEI 

APPLICATIONS 

The first applications of these 
oscillators have been in systems 
that do not require ultra-stability 
with changes in temperature. A 
prime example is the local oscil¬ 
lator of a radar. The stability re¬ 
quirement is only pulse to pulse 
and not for hours or days. Thus a 
relatively temperature-sensitive 
oscillator is acceptable. Other ex¬ 
amples are missile and rocket sys¬ 
tems, and data links that are ex¬ 
pendable or have a short useful 
life. The new generation of giga¬ 
bit logic using GaAs and Joseph¬ 
son Junctions will need clocks at 
microwave frequencies. The 
above representative examples 
demonstrate the utility of oscil¬ 
lators that do not require ultra¬ 
stability. In addition, they are in¬ 
herently low cost due to mono¬ 
lithic construction, do not suffer 
phase noise degradation due to 
multiplier chains, and have inher¬ 
ently better vibration sensitivity. 5,6

Ultra-stable UHF acoustic os¬ 
cillators have been fabricated 
that meet the requirements of 
future military systems. These in¬ 
clude but are not limited to GPS, 

Device Material Q[_ Fo Fo-Ql*10 13 Temperature Coefficient 
(GHz) of Delay (PPM/°C) 

(13) H.O.B.1 Spinel (111) 

(13) H.O.B. YAG (100) 

(13) H.O.B. Diamond (111) 

(13) H.O.B. Sapphire 

(13,14) H.O.B. LiTaOj 

(13,15) H.O.B. LiTaO, 

(16) Conventional bulk 
quartz 

(17) SAW2 resonator 

(18) SAW resonator 

14926 2.1311 3.18 

7899 3.4439 2.72 

2697 2.5885 .70 

6454 7.6623 4.94 

« 104 3.00 3.00 

10‘ 0.100 1.00 

48,000 0.160 0.77 

5 10,000 0.300 0.15 0.30 

Measured Calculated 

32.07 28 

37.78 41 

7.40 8 

33.19 34 

Longitudinal » 46 

shear 0 

0 

0 

0 

(2) SAW resonator 

(18) SAW delay line 

(19) SAW delay line 

(20) SAW delay line 

6000 1.43 0.86 

2000 0.300 0.06 

2973 0.401 0.12 

2000 1.400 0.28 

0 

0 

0 

0 

1) H.O.B. — High Overtone Bulk 
2) All SAW devices are on quartz 

Table I — Device Q is a function of frequency and material. A good figure of merit is the 
product Q times frequency (Q*F). First order Temperature Coefficient of Delay is also 
given. 
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Around the world 
with Hughes TWTA’s 

There are a lot of Hughes TWTA’s operating in a lot 
of places around the globe. We have put over 3,000 
of them into the field since 1969 and some have 
logged over 40,000 hours of continuous operation. 

This kind of longevity doesn’t just happen. It’s the 
result of excellent design and top quality. And expert 
service. Whenever you need it. Hughes provides the 
expertise, the repair and even a "loaner’ 
TWTA for you to use while we re getting 
yours back in shape. 

If we were intending to rest on our 

laurels and fade into the sunset, all of this would be 
of little value to you. But we have no such plans. 
Hugties has been a major factor in the TWTA 
busiress for a long time. And we intend to be in it 
for a long time to come. 

For all your present and future TWTA’s...Use 
Hughes. For more information write Hughes Aircraft 

i Company, Electron Dynamics Division, 
¡ Instrumentation Amplifier Products, 

3100 West Lomita Blvd., Torrance, 
Ca. 90509. Or call (213) 517-6000. 

I-

; HUGHES 
HUGHES AIRCRAFT COMPANY 
ELECTRON DYNAMICS DIVISION 

Where innovation in TWTA techn ology is a tradition 
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(from page 24) OSCILLATORS 

HIGH ORDER RESONATOR 
TOP ELECTRODE 1700 A CrAI 

3.8p (3 GHz) 

2Un 

PIEZOELECTRIC 
DRIVING FILM 

DRIVING 
VOLTAGE 

SAPPIRE (a) 
RUBY (a) 
SPINEL 

PIEZOELECTRICALLY INERT 
SUBSTRATE DRIVEN ACOUSTICALLY 
BY ZnO FILM 

500 A Si 0 
4500 A ZnO 

ELECTRODES FORM A PARALLEL 
PLATE CAPACITOR WITH ZnO 

AS THE DIELECTRIC 

1400 A Cr Au (III) BOTTOM 
— ELECTRODE V|_ ~ 11.3 X 105 cm/sec 

f25 - 2.89 GHz 

f2A - 3.00 GHz 

f,7 - 3.11 GHz 

Af - 110 MHz 

Fig. 3 Left—Photograph of a typical high overtone bulk acoustic resonator resting on a person's fingertip. Nearly all of the visible metal is 
bonding pads. The active area is too small to see. (Photo courtesy Westinghouse R&D Center.) 
Right-Schematic diagram of a high overtone bulk acoustic resonator. With one transducer on top, it is a one-port resonator. With the 
addition of a transducer on the bottom, it becomes a two-port resonator. The data in this paper is for a two-port resonator (Ref. 13). 

nating the need for external mul¬ 
tipliers and filters. 

BASIC PRINCIPLES 

The delay line oscillator as 
shown in Figure 1 consists of an 
amplifier, phase shifter and SAW 
delay line. The conditions for os¬ 
cillation are ADLP = 1 (IH-1), 
and T 0DL + öp = 2 7T m 
(Il I-2), where A, DL and P are 
the gams, and öa, ^dl, and Op 
are the phases of the amplifier, 
delay line and phase shifter re¬ 
spectively, and m is an integer. 
The phase condition (HI-2) deter¬ 
mines the frequencies of oscilla¬ 
tion while the frequency response 
of the delay line, using (IH-1), 
suppresses oscillation at all but 
one of the possible oscillation 
frequencies. The spacing between 
possible adjacent oscillation fre¬ 
quencies is 1 It, where t is the to¬ 
tal loop delay (typically the de¬ 
lay line contributes more than 99 
percent of the total delay). The 
phase shifter is sometimes needed 
because of the inability to speci¬ 
fy the insertion phase of the de¬ 
lay line.7

Conversely, a comb spectrum 
(many simultaneously available 
frequencies) may be desired. This 
phenomenon occurs when the 
curvature of the delay line pass¬ 
band is inverted relative to the 
normal (convex) form, and also 
intimately involves the non-lin¬ 
earity of the saturated amplifier. 8 

The stability of this overmoded 
oscillator with temperature is as 
good as the temperature coeffi-

LONGITUDINAL WAVE LOSS PER WAVELENGTH VS. FREQUENCY 
FOR SELECTED MATERIALS (ROOM TEMPERATURE) 

Fig. 4 4-Longitudinal acoustic wave loss per wavelength versus frequency for selected 
materials at room temperature (Ref. 13). 
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nign speed 

ferrite 
switches 

Since 1968 we have made hundreds of Latching Microwave Switches 
at frequencies between 1 and 95 GHz. 

The switches shown were specially designed for a military fighter aircraft 
and produced in substantial quantities to the following specifications: 

Frequency Range: 
RF Power: 

Configuration: 

Insertion Loss: 
VSWR: 

Isolation: 
Operating Temperature Range: 

Switching Time: 
Switching Time: 

Trigger Requirements: 

Bite Circuitry: 

Weight: 

8.6 -9.6 GHz 
200W peak, 20W avg. 
Single junction latching circulator 
with self-contained electronic driver 
circuitry 
0.3 dB max. 0.15 dB typical 
1.25:1 max. 
20 dB min 
-40 to +60° C 
1 microsecond max. 
20 KHz Min. (40,000 operations per second) 
2 fine twisted pair feeding typical TTL 
line receiver 
2 line twisted pair output fed by typical 
TTL line driver 
320 grams max. 

Want to know more? Call or write us. 

Electromagnetic 
Sciences, 

125 Technology Park/Atlanta Inc. 
Norcross. Ga. 30092 

Tel: 404448-5770 TWX 810-766-1599 

CANADA OAT RON CANADA. LTD.. Toronto. Tel. 416-233 2930 
FRANCE DATRON Vincennes. Tel. 808 02 60 
GERMANY MICROSCAN GmbH. Ismaning b Muenchen. Tel 089 96163 
INDIA HIRMAl INTERNATIONAL New Delhi.Tel 694089 
ISRA:L MICROWAVE & ELECTRONICS. LTD . Tel Aviv Tel |03| 50981 50982 
ITALY: TELECTRON SpA. Roma. Tel. 5917785 
JAPAN NEW METALS AND CHEMICALS CORP Ltd Tokyo Tel 201 6585 
SWEDEN AJGERS ELEKTRONIK AB.. Sundbyberg. Tel. 08 985475 
THE NETHERLANDS OATRON B V. Kortenhoel Tel 35-60834 
UK LT LONDON ELECTRONICS. London England. Tel 01 527-5641 

soon 



UIHY GAMßLC ON PCAFOAMANCC? 
Go with a winner. 
RF communication is only as good as the antenna that 
receives your signal, so why gamble? Go with a proven 

antenna. In our 37 years we've gained a well-earned 
reputation for producing a wide range of reliable 
high performance airborne antennas: stubs, horns, 
blades, spirals, you name it and you'll find it in 
our new 80 page antenna catalog. Contact f 

your local Transco rep for your copy. And if 
you want to talk about unique requirements, 
call us. 

TRANSCO PRODUCTS, INC. 
4241 Glencoe Ave. 
Venice, Californio 90291 U.S.A. 

FOR EMPLOVMENT OPPORTUNITIES IN RF ENGINEERING, CRU CHARLIE TRLBOT. 
RN EQUAL OPPORTUNITV EMPLOVER M/F. 

Tel: (213)822 0800 Telex 65-2448 TWX 910-343-6469 
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dent of delay (TCD) of the delay 
ine. If more stability is desired, 
he oscillator can be injection 
ocked to a more stable oscillator. 
This combined device is called a 
node locked SAW oscillator 
MLSO).9-10
The surface wave resonator 

uased oscillator is conceptually 
i simpler device. The loop gain 
and loop phase conditions (1 11-1 
md 111-2) must still be met, but 
:he resonator has only one very 
narrow passband. Thus there is 
nnly one possible oscillation fre¬ 
quency. The resonator may be 
/¡ewed as a resonant cavity with 
standing acoustic waves which are 
lapped into with the SAW inter-
jigital transducers (IDT). Figure2 
shows one type of two-port. 
There are two other basic config-
jrations: 1 ) two-port, with input 
and output IDT's outside the cav-
ty; 2) one-port, with a single 
DT used as a resonant imped¬ 
ance. 11 In addition, there are sev-
aral other possible configura-
lions. 12 However, the configura-
lion in Figure 2 is the most prom¬ 
sing since it requires no external 
circuitry (i.e. bridges or other 
Dalancing circuits) and has a low 
nsertion loss. Either the resona-
:or or delay line oscillator can be 
/oltage tuned over a limited 
'ange.7

The high overtone bulk reso-
lator shown in Figure 3 is funda¬ 
mentally different from conven-
lional 5 MHz quartz resonators. 
First, the electrodes are interdigi¬ 
tal rather than a continuous film, 
and second, onlv the area under 
the transducer is active (a very 
small area) rather than the whole 
surface. Thus mounting can be 
more rugged and simplified. Fin¬ 
ally, the configuration shown 
uses a piezoelectric transducer 
material (ZnO) allowing the sub¬ 
strate to be a non-piezoelectric 
with less propagation loss and 
nigher device Q. The interdigital 
electrodes described here should 
not be confused with the inter¬ 
digital transducers of a SAW de¬ 
vice. Here the electrodes form a 
parallel plate capacitor with ZnO 
as the dielectric. The frequency 
response of the transducer is de¬ 
termined by its overall thickness, 
and the electrodes are interdigi¬ 

tated only to aid impedance 
matching. The resonator may be 
either a one-port, as shown in 
Figure 3, or a two-port made by 
adding an identical transducer on 
the opposing surface. All the data 
in this paper is for a two-port 
configuration. Figure 4 shows the 
acoustic loss vs frequency for sev¬ 
eral candidate materials. Note 
SiO2 is quartz, AI 2O3 is sapphire, 
and MgAI 2O4 is spinel. 13 Per¬ 
formance of these materials is 
listed in Table I and explained in 
the next section in the context of 
short term stability. Analogous 
to the conventional 5 MHz reso¬ 
nator, many overtone resonances 
are available. In Figure 3 the reso¬ 
nances are spaced by 110 MHz. 
This is a practical upper limit 
with spacings down to 5 MHz be¬ 
ing more typical. The ZnO trans¬ 
ducer has a broad frequency re¬ 
sponse; the example in Ref. 13 
shows usable resonances over 
nearly an octave, 6 to 10 GHz, 
with a Q of 4500. Q's greater 
than 5000 are typical and have 

been fabricated to 20,000 for the 
frequency range of 1 to 10 GHz. 

SHORT TERM STABILITY 

The most direct comparison 
of acoustic devices used for oscil¬ 
lators can be obtained by exam¬ 
ining Figure 5 which shows equiv 
aient circuit Q as a function of 
frequency. For attenuation, a = 
1.09 F2 (in nepers per centime¬ 
ter, F in GHz) has been used for 
ST,X Quartz. For physical size o 
the devices, length is expressed ir 
microseconds, and velocity is 
0.3159 X 106 cm/sec. For a dela\ 
line, the equivalent value of Q is 
related to the group delay, Tn, 
through Q = 7r f rg. (IV-1 ). For 
the unloaded resonator, 

sinh (2av r) 

;+^_’ 
tanh (av t) 

(IV-2 

where t is the effective delay be¬ 
tween grating reference planes 

Fig. 5 Comparison of circuit Q values of bulk resonators, SAW resonators, and SAW delay 
lines vs frequency. The dots are experimental values. (Ref. 22) 



Around 
the 
Circuit 

PERSONNEL 
Henry Pessah was appoint¬ 
ed Manager of Engineering 
for Cablewave Systems, 
Inc., where he will direct 

product design. . .At the Solid State Microwave Division 
of Varian Associates, Jack Keyes was named Assistant 
General Manager. . .Promotions at California Eastern 
Laboratories Inc. include Marvin E. Groll from East 
Coast Sales Mgr. to V.P., Sales and Russell E. Mills, from 
Sales Engineer to Eastern Regional Sales Manager. . .EEV 
Canada Ltd. appointed David Clissold as Deputy General 
Mgr. and Bob Parkes as Sales Mgr. Western Region. . . 
Magnum Microwave Corp, appointed William D. Heichel 
as Director of Advanced Development. . .Trevor Lam¬ 
bert joined Adams Russell Co. as V.P. of Corporate De¬ 
velopment, a new post. . Richard F. Huelskamp was 
named AN/MLQ-34 (TACJAM) Program Manager at the 
Western Div. of Sylvania Systems Group. . .Sanders Asso¬ 
ciates, Inc.-Microwave Div. announced the appointment 
of Robert J. Quagan as Mgr. of New Products and Ad¬ 
vanced Technical Planning. 

CONTRACTS 
Alpha Industries, Inc., 
Millimeter Div., began de¬ 
livery of prototypes under 
a S750K contract from the 

Sperry Div. of Sperry Corp, for initial development of 
mm-wave missile seeker components. . .California Micro¬ 
wave, Inc. received a S3.1M contract from AT&T Long 
Lines Dept, for some 1,000 CA42 transmitting amplifier 
systems. . .US Naval Air Systems Command granted an 
additional S2.2M contract to Sanders Associates - Micro¬ 
wave Div. for the third production lot of mini ECM de¬ 
vices, called Primed Oscillator Expandable Transponders 
(POET). . .Anaren Microwave, Inc. received a contract 
for over $6M from Racal-Decca Defense Systems (Radar) 
Ltd. for advanced ESM receivers to be used by the Dan¬ 
ish Naval Materiel Command. . Acrian, Inc. received a 
S2.5M order from ITT Avionics Div. for transistors to be 
used in ground TACAN equipment manufactured for the 
Federal Aviation Administration. 

The Board of Directors of 

INDUSTRY NEWS IEEE approved an increase 
in basic membership dues 
to $43, to $12 for US re¬ 

gional assessment, to $12 for students and to $22 for 
students transferring to higher grade membership. New 
fees become effective with 1981 dues billing. . .Omniyig, 
Inc. moved its operations into 8000-sq. ft. in a new 
building at 3350 Scott Blvd, in Santa Clara, CA and has 
acquired three acres at International Business Park, San 
Jose, CA where a 30,000-sq. ft. building is planned for 
future expansion. . .Sawtek, Inc. and Rockwell Interna¬ 
tional have announced an agreement for Sawtek to ac¬ 
quire most of the assets of Rockwell's surface acoustic 
wave (SAW) business now located in Newport Beach, CA. 

Sawtek will move its acquisition to its Orlando, FL base. 
. . .With the acquisition of Tellite Corp., Electronized 
Chemicals Co. (a div. of High Voltage Engineering Corp.), 
has broadened the selection of its low-loss clad laminate 
and dielectric sheet line. ECC now offers both Tellite®' 
and Polyguide® product lines manufactured at Tellite's 
Whippany, NJ plant. . .The Narda Microwave Corp, an¬ 
nounced that it filed a registration statement on Sept. 
22, 1980 with the SEC for a proposed offering of 325K 
shares of common stock to be sold by Narda. . M/A-
COM's acquisition of Valtec Corp., was consummated 
following approval of the transaction by stockholders of 
both companies. . .MA/COM has also announced agree¬ 
ments in principal with both Microwave Power Devices 
of Hauppauge, NY and Power Hybrids, Inc. of Torrance, 
CA under which each would become an operating sub¬ 
sidiary of MA/COM. . .California Microwave, Inc. Co. 
(CMIC) completed the acquisition of Satellite Transmis¬ 
sion Systems, Inc. (STS). CMIC purchased 800K out¬ 
standing STS shares for an initial payment of $2.3M 
($1.7M cash and 44.2K shares) to acquire STS. . Tracor, 
Inc. and MBAssociates (MBA) jointly announced the 
completion of the merger of MBA into a wholly owned 
subsidiary of Tracor, on Sept. 3, 1980. Tracor will issue 
.3125 of one share of Tracor common stock for each of 
MBA's 1.2M shares, outstanding. . .Sperry Corp, has 
signed a letter of intent to purchase RCA's Avionics Sys¬ 
tems Div. Sperry plans to continue business at RCA's 
Van Nuys office with the existing work force. . .A new 
strategic business unit of GTE Lenkurt, for fiber optic 
communications systems, has been formed. Arthur R. 
Kraemer was appointed V.P.-General Mgr. of the GTE 
Lenkurt Fiber Optics Div. The new operation will be lo¬ 
cated first at GTE Lenkurt's present San Carlos head¬ 
quarters, but will relocate to its own 65,000-sq. ft. plant 
in Mountain View, CA. 

FINANCIAL NEWS 
Avantek, Inc. reported op¬ 
erating results for the third 
quarter ended Sept. 6, 
1980 of net sales of 

$13.7M, net income of $1,8M or earnings per share of 
43¿. This compares with 1979 quarterly net sales of 
$9.6M, net income of $1.0M, or earnings per share of 
28¿. . .For the nine months ended August 3, 1980, Mi¬ 
crodyne Corp, reported net sales of $17.15M net income 
of S2.48M or 90¿ per share. This compares with 1979 
nine-month net sales of $12M, net income of $1.7M or 
76¿ per share. . Aydin Corp, announced net sales of 
$22.2M, net income of $1.49M or 65¿ per share for the 
period ended March 29, 1980. This compares with first 
quarter 1979 results of net sales of $13.5M, net income 
of $863K or 38¿ per share. . .For the year ended June 
30, 1980, California Microwave, Inc. reported sales of 
$38M, net income of $158K or 8¿ per share. During the 
comparable four quarters of 1979, sales were $40M, net 
income was $2.3M or $1.17 per share. . .For its fiscal 
year ended June 30, 1980, Radiation Systems, Inc. re¬ 
ported sales of $7.65M, net earnings of 836K or $1.06 
per share. For 1979, results were sales of $5.65M, net 
earnings of 666K or 88é per share. . .Sanders Associates, 
Inc. reported year-end results for the period ended July 
25, 1980 of net sales of $281.1M, net income of $18.5M 
or $2.65 per share. For 1979, net sales were $164M, net 
income was $15.3M or $2.44 per share. . .Scientific-
Atlanta, Inc. and its subsidiaries reported year-end re¬ 
sults for the period ended June 30, 1980 of net sales of 
$192.0M, net earnings of $12.7M or $1.31 per share. 
This compares with 1979 fiscal net sales of $129.76M, 
net earnings of $7.59M or 89¿ per share.?£ 
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F/Microwave products for telecommunications, defense 
ectronics, laboratory instrumentation and test—frequencies from 
■ss than 1 MHz up to 8.4 GHz—power outputs from less than 1 watt up to 
sveral kilowatts—all solid state—that's the world of MPD. It’s a world 
lat's getting wider every day. with a constantly growing spectrum of 
ommercial, industrial and military applications: 

ooking for the 
jorid leader in 
¡olid state 
17/ Microwave 

u’ve found it! 

pace Satellite Amplifiers 
Class A linear or Class C 
1500 to 2300 MHz 
“Space-Qualified" transmitters 

atellite Ground Stations 
GaAs FET power amplifiers, up to 8.4 GHz 
1 and 5 MHz distribution amplifiers, up to 26 outputs 
FM carrier baseband video distribution amplifiers 
IF amplifiers, 70, 700 and 1100 MHz 

arrestrisl Microwave Amplifiers 
Microwave LOS, 100 watts 
High power troposcatter, L-band, 1000 watts 
Microwave and UHF radio relay. 1000 watts 

roadcast 
UHF/VHF color TV transmitters, up to 1.5 KW peak synch 
Airborne TV visual/sound power amplifiers 
FCC type-accepted driver amplifiers 
UHF TV nternal 3-tone amplifiers 

vionics 
FAA and MIL TACAN transmitter systems— power 
amplifiers, modulators, synthesizers, power supplies 
L-band digital transmitters ( JTIDS) 
Data link transmitters 
Up/down converters 
Airborne pulse amplifiers 

Missile Systems 
• Command/destruct transmitters 
• Guided weapon data link amplifiers 
• Military drone transmitters 

Radar Amplifiers 
• L-band transmitters 
• S-band pulse drivers for 3-D radar 
• Shipboard drivers for AN/SPS-48 radars 

Electronic Warfare 
• Communication jammers 
• Class A linear power amplifiers 
• Linear AB wideband jammers 
• Jamming simulators 

Military Communications Amplifiers 
• Long-pulse data links 
• Communication command links 
• UHF transceiver amplifiers/modulators 
• MIL RF power boosters (ECCM) 

Laboratory Instrumentation/Test 
• Class A linear amplifiers 
• RFI/EMI test amplifiers 
• Power meter calibration systems 
• Commercial and MIL power supplies— 
high efficiency, compact packaging, up to 6000 watts 

• DC-DC converters 

7J MICROWAVE POWER DEVICES, INC. 
330 Oser Avenue, Hauppauge, N.Y. 11787 • Tel. 516-231-1400 • TIVX 510-227-6239 



performance convenience 

want 

HP’s 8565A Microwave Spectrum Analyzer 
gives you both. 

Here's a combination of fully-
calibrated performance, with wide 
dynamic range from 10 MHz to 
22 GHz (extendable to 40 GHz), 
plus operating features that make it 
extremely easy to use. 

Frequency response is within ± 1.2 
dB to 1.8 GHz, and from ±1.7 dB 
at 4 GHz to ±4.5 dB at 22 GHz. 
These figures include all input 
circuitry effects as well as frequency 
band gain variations. Internal dis¬ 
tortion products are 70 dB down 
from 10 MHz to 18 GHz: 60 dB. 
18 to 22 GHz. 

Resolution bandwidths from 1 kHz 

to 3 MHz are provided, with 100 Hz 
optionally available. The resolution 
filters are all synchronously tuned to 
prevent ringing. For frequencies 
from 1.7 to 22 GHz, an internal pre¬ 
selector provides more than 60 dB 
rejection: permitting measurements 
of distortion products as small as 
1(X) dB down. 

As for convenience, the 8565A 
makes most measurements using just 
three controls: tuning frequency, 
frequency span and amplitude refer¬ 
ence level. 
Resolution, video filtering and sweep 
time are automatically set to the 

45903D r^l HEWLETT 
PACKARD 

proper values. Bright LED's in the 
CRT bezel give you all pertinent 
operating conditions right there with 
the trace being viewed. And a scope 
camera records these data along 
with the CRT trace. 

The 8565A Spectrum Analyzer 
gives you the capability you need 
and the convenience you'll fast 
appreciate. Domestic U.S. price is 
S19,400(add $8(X) for 1(X) Hz resolu¬ 
tion). Find out more by calling your 
nearby HP field office, or write 
1507 Page Mill Road, Palo Alto, 
CA 94304. 

Domestic US prices only. 
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REVIEWED 

-Field 
ents at NBS 

So 
Antenn 

C. F. STUBENRAUCH and A. C. NEWELL 
Electromagnetic Fields Division 
National Bureau of Standards 

Boulder, CO 

NTRODUCTION 

This paper discusses three 
measurements recently complet¬ 
ed at National Bureau of Stand¬ 
ards (NBS) using near-field tech¬ 
niques. The first was a planar scan 
of a prototype microstrip array of 
a type used in satellite-borne syn¬ 
thetic aperture radars. Of special 
interest in this measurement was 
the requirement for far-field 
phase. In addition, the array was 
jo large that the entire near-field 
oattern could not be measured 
with a single scan. Comparisons 
to far-field measurements per¬ 
formed at New Mexico State U., 
Physical Science Laboratory 
(PSL) will also be presented. 1,2

The second topic consists of 
ecent results obtained with 

probe corrected measurements 
made on a cylinder. Here com¬ 
parisons to measurements made 
using planar scanning will be pre¬ 
sented. Some results illustrating 
the importance of probe correc¬ 
tion will be given. 

The final section describes a 
hybrid technique which employs 
both planar and cylindrical scan¬ 
ning to allow sidelobes to be 
measured to greater angles off 
boresight than permitted by eith¬ 
er planar or cylindrical scanning 
above. Essentially this technique 
determines the main beam and 
first few sidelobes with a planar 
scan and the far sidelobes with a 
cylindrical scan in which the axis 
of the scan cylinder is approxi¬ 
mately coincident with the bore¬ 
sight of the antenna. 

Fig. 1 Rear view of antenna showing 3-axis rotator mount with antenna partially rotated 
in 0. 

PLANAR SCAN OF A MICROSTRIP 
ARRAY ANTENNA 

Planar-near field scanning is 
the primary antenna measure¬ 
ment tool employed at NBS. It is 
the technique of choice for pat¬ 
tern measurements of high-gain, 
narrow-beam antennas. It is also 
useful for gain measurements of 
antennas whose Rayleigh distance 
(2 X aperture2/wavelength) is too 
great to permit the use of an ex¬ 
trapolation technique. 

The measurement of a large 
miciostrip phased array for space 
borne synthetic aperture radar 
(SAR) applications presented 
some unique problems and also 
provided a comparison between 
far-tield patterns obtained with 
conventional techniquesand 
those calculated from near-field 
data. 3,4 In addition to the com¬ 
parison between patterns, it was 
desired to determine the effects 
of mechanical deformation of the 
airay. 

Of particular importance for 
the ultimate application was the 
determination of the far-field 
phase pattern over the -8 dB 
beamwidth of the main lobe. Thi; 
type of measurement is essential¬ 
ly impossible using conventional 
far-field techniques. Thus, one of 
the goals was to evaluate the feas¬ 
ibility of using near-field tech¬ 
niques for far-field phase deter¬ 
minations. 

The comparison was per¬ 
formed on an array of four engi-
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The tar-field pattern calculated 
from this data is shown in Figure 
7, along with the results of the 
planar scan. 

This same data has also been 
processed without probe correc¬ 
tion, i.e., it is assumed the probe 
measured the field at a point. 
These results are shown in Figure 8. 

Fig. 7 Comparison of far-field patterns 
obtained from planar and cylindrical 
scans for X-band constrained lens 
antenna. 

Fig. 8 Comparison of far-field patterns 
obtained from a cylindrical scan of 
an X-band constrained lens antenna 
and calculated both with and with¬ 
out probe correction. 

HYBRID PLANAR - CYLINDRICAL 
SCANNING 

One of the limitations of pla¬ 
nar scanning was certain applica¬ 
tions is that reliable far-field pat¬ 
terns are obtained only over an 
angular region defined by the 

edges of the aperture and the scan 
plane as shown in Figure 9. This 
implies that very large scan planes 
are required to determine far-
field patterns over regions ap¬ 
proaching a hemisphere. 

MEASUREMENT 

TRUNCATION OF MEASUREMENT AREA 

Fig. 9 Schematic relationship between scan 
length and maximum angle to which 
far-field patterns can be accurately 
determined. 

In order to extend the region 
over which valid far-fields may be 
determined, it was proposed to 
perform a cylindrical scan of the 
antenna oriented with its bore¬ 
sight direction coincident with 
the cylindrical scan axis in order 
to determine the radiation pat¬ 
tern in the far-sidelobe region, 
and to measure the pattern in the 
main beam and first few sidelobes 
using planar near-field techniques. 
Pattern information may thus be 
obtained in all directions except 
for a conical region centered on 
the cylindrical scan axis and lying 
in the rear hemisphere of the an¬ 
tenna. Figure 10 illustrates the 

Fig. 10 Hybrid planar-cylindrical scanning. 
Main beam region is determined 
from a planar scan. Sidelobes are 
determined from a cylindrical scan. 
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scan surfaces for this hybrid 
technique. 

The success of this system de¬ 
pends on whether the scan cylin¬ 
der surrounding the antenna can 
be truncated in the direction of 
the main beam of the test anten¬ 
na. In order to study the feasibil¬ 
ity of such a technique, cylindri¬ 
cal scans were made on a 16 
wavelength diameter reflector an¬ 
tenna oriented with the boresight 
axis parallel to the scan axis. 
Tests were made using several 
types of probes, including open 
ended waveguides, small standard 
gain horns and a horn whose axis 
was tilted with respect to the 
normal to the scan axis. 

The coordinate systems for the 
far-fields obtained from the two 
cylindrical scans are revealed as 
in corresponding points on the 
reflector rim and corresponding 
cuts in the two systems. For ex¬ 
ample, the elevation component, 
azimuth cut for A>0 obtained 
from the cylindrical main beam 
(CMB) scan corresponds to the 
azimuth component in the plane 
A = 90° with E>0 obtained from 
the cylindrical sidelobe (CSL) 
scan. 

Comparisons of amplitude 
contour plots obtained with CMB 
and CSL scans indicate that 
agreement is very good over com¬ 
mon regions of validity. Thus it is 
seen that it is indeed feasible to 
obtain more complete patterns 
using the hybrid planar cylindri¬ 
cal near-field scanning technique. 

CONCLUSION 

Recent near field scanning 
work at NBS has been discussed. 
Planar scanning still remains a 
primary tool for pattern measure¬ 
ment. Cylindrical scanning is use¬ 
ful in many applications where 
planar cannot be used. Results 
presented show that the hybrid 
planar/cylindrical scanning prom¬ 
ises to be suitable for measure¬ 
ments where more complete pat¬ 
terns are needed. 

ACKNOWLEDGMENT 

The work reported in this pa¬ 
per* is the result of effort on the 
part of many people at National 

(continued on page 42) 
MICROWAVE JOURNAL 



PRECISION CABLE 
ASSEMBLIES TO 18 GHz 

Available in Type N, TNC & SMA 
Semi Rigid or Flexible 

2EA CAPTIVATED SMA 
2 HOLE JACK 

085 SEMI RIGID CABLE 

ALSO AVAILABLE IN 047, 070 & 141 CABLE TYPES 

SEMI RIGID TYPES FLEXIBLE TYPES 

UNITEO MICROWAVE PRODUCTS INC. 
1815 W 205 ST. TORRANCE CA 90501 

213 320 1244 
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WHAT'S PRECIOUS 
IN YOUR FAMILY 

IS PRECIOUS IN OURS. 
Gold, silver, and platinum. Precious 
metals that have been in our family 
for years... the Sage family of coax¬ 
ial electromechanical switches. We 
often use precious metals in key 
areas of switch construction in order 
to add an extra measure of quality 
and reliability. It’s one of the reasons 
Sage switches perform so well for so 
long under demanding work loads. 
Precious metals are only part of the 
difference. Time-proven design is an¬ 
other. Our switches are designed 
and built to extremely tight electrical 
and mechanical tolerances. Flawless 

fabrication makes possible flawless 
operation from DC through 20 GHz. 
Besides excellent RF and mechanical 
characteristics, our switches' modu¬ 
lar design makes them versatile; 
parts are stocked as components or 
in partially assembled form, enab¬ 
ling us to respond quickly to your 
needs. We have custom engineering 
capability, too, if your requirements 
call for a special configuration. For 
information on hundreds of switches 
call or write: Sage Laboratories, Inc., 
3 Huron Drive, Natick, MA 01760. 
(617) 653-0844. 
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When you’re 
uantity quads, 

Alpha. 

Alpha's advanced assembly tech¬ 
niques produce low cost, reliable 
Schottky diode quads. Ideal for dou¬ 
ble balanced mixers, phase detec¬ 
tors and modulators up to 2 GHz 
where small device size and low cost 
are important. They're exceptionally 
well matched because the diodes 
are in monolithic array with close 
spacing. 

Mounted on a single substrate 

Alpha offers these quads m 0.100-
inch diameter packages with 0.100-
inch long leads for efficient circuit in¬ 
stallation. And an Alpha plus - the 
storage and operating température 
range is -55°C to ‘+125°^ But in 
these quads, price with perform¬ 
ance is the big news. 

Call or send for information. 
Alpha Industries, Inc., Semicon¬ 
ductor Division, 20 Sylvan Road, 

with resin encapsulation, these ring quads feature low Woburn, MA 01801. (617) 935-5150, TWX 710-
tjrn-on voltage and low parasitic capacitance. 393-1236, Telex: 949436. 

Electrical Characteristics (25°C) 

Test Condition Minimum Maximum Unit 

Total Capacitance (Ct> Vr =0Vdc — 1.0 pF 
Total Resistance (Rf) If = 5.0 mA de — 15.0 ohms 
Forward Voltage Drop (Vf) If = 5.0 mA de — 400' mVdc 
Forward Voltage Unbalance (AVf) If = 5.0 mA de — 20' mVdc 

01 Alpha 
The Alpha Advantage. 
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MITEQ 
NEW COST EFFECTIVE DESIGNS 
TIMELY DELIVERY. 

* • C and X Band Downconverters 
• C and Ku Band Upconverters 
• Frequency Translators to permit use of existing C Band receiving equip¬ 
ment for new X Band applications 

• Frequency Translators for upconverting existing C Band transmitters 
for Ku Band applications 

• Loop Test Translators for C, X and Ku Band applications 

Functional specifications include: 
Conversion Loss (maximum).... 

Amplitude Response. 

Frequency Stability. 

Level Control. 

Intermodulation Distortion. 

Input/Output Isolation. 

12 dB without options, 
15 dB with options 
± .25 dB maximum over any 
40 MHz band, ± 1 dB maximum 
over 500 MHz 
1 X 10 6/day. 5 X 10 '/month, 
1 X10 7/day optional, phase locked 
to station, 5 MHz reference optional 
30 dB continuous standard, 60 dB 
optional 
With two inband signals each at 
— 13 dBm, the third order inter¬ 
modulation products are less than 
-50 dBc 
60 dB maximum 

Miteq Test Translators for satellite communications feature minimum amplitude and delay distortion, 
along with a low intermodulation distortion and a high frequency stability. Options include internal 
and external LO selection, internal and external reference selection, input filtering, an input PIN 
attenuator, input/output amplifiers, a waveguide input/output and a synthesized LO to 5 MHz 
reference. 

Input Output L° 
Frequency Frequency 1 ' Frequency 

Model (GHz) (GHz) In Out (GHz) 

DN-8011 5.925-6.425 3.7-42 23 23 2.225 
UP-6-12 5.925-6.425 11.7-12.2 23 20 5.775 
UP-6-14 5.925-6.425 14.0-14.5 23 20 8.075 

UP-8011 3.7-4 2 5 925-6 425 23 23 2.225 
UP-4-12 3.7-42 117-122 23 20 8.0 
UP-4-14 3.7-4 2 14.0-14.5 23 20 10.3 

DN-12-4 11.7-12.2 3.7-42 20 23 8.0 
UP-12-14 11.7-12.2 14.0-14.5 20 20 2.3 
DN-12-6 11.7-12.2 5.9-64 20 23 5.775 

DN-14-4 14.0-14.5 3.7-4 2 20 23 10.3 
DN-14-6 14.0-14.5 5.925-6.4 20 23 8.075 
DN-14-12 14.0-14.5 11.7-12.2 20 20 2.3 
DN-14-10 14.0-14 5 10.95-11.20 20 20 3.05 
DN-14-11 14.0-14.5 11.45-11.70 20 20 2.55 

DN-10-4 10.95-11.20 3.70-3.95 20 23 7.25 
DN-11-4 11.45-11.70 3.95-4.20 20 23 7.50 

(10.95-11.20) _ 7 ._ „ (7.25) 
DN-4245 (1145-11.70) 3.7-42 20 23 (7 50) 
DN-10-4WB 10.95-11.70 3.45-4.20 20 23 7.5 
DN-10-4H0 10.95-11.70 4.20-3.45 20 23 15 15 

MITEQ INC. 100 RICEFIELD LANE/ HAUPPAUGE, N.Y. 11787, (516) 543-8873,TWX: 510-226-3781 
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UPDATE 
ELIMINATE NON-RECURRING ENGINEERING COSTS, ASSURE 

featuring solid state reliability, low phase noise, status monitors, summary alarm. ICSC compatibility, low intermodulation 
distortion, no spectral inversion and dual conversion with mechanically tunable or frequency agile phase lock oscillator. 

UPCONVERTERS DOWNCONVERTERS 

Type-
TunabHity— 

Frequency Sense-
Tuningfíange-
Input Characteristics: 

Frequency— 

Input Level — 
Input Impedance -
Return Loss — 

Output Characteristics: 
Frequency — 

Bandwidth — 
Impedance — 
Return Loss — 
Level -

Transfer Characteristics: 
Noise Figure -

Gain — 
Image Rejection — 
Level Stability — 

Frequency Response -

Group Delay — 
(±18 MHz) 

Intermodulation 
Distortion -
(third order) 

AM/PM Conversion — 

Gain Slope — 
Spurious Outputs — 
Gain Adjustment — 

UP-8201 UP-8205 
Dual conversion Dual conversion 
Second local Second local 
oscillator only oscillator only 

No inversion No inversion 
500 MHz 500 MHz 

50-90 MHz 50-90 MHz 
100-180 MHz optional 100-180 MHz optional 

-20 dBm -20 dBm 
75 ohms 75 ohms 
26 dB minimum 26 dB minimum 

5.925-6.425 GHz 14.0-14.5 GHz 

40 MHz, 80 MHz optional 40 MHz. 80 MHz optional 
50 ohms 50 ohms 
23 dB 20 dB 
-5 dBm, up to+30 —5 dBm, up to-|-2O 
dBm with optional dBm with optional 
output amplifiers output amplifiers 

12 dB typical 12 dB typical 

15 dB nominal 15 dB nominal 
80 dB minimum 80 dB minimum 
±.25 dB at ± 25 dB at 

constant temperature constant temperature 
±.5dB0-50°C ±.5dB0-50°C 
± 1 dB with ± 1 dB with 

optional amplifier optional amplifier 
40 MHz at .5 dB 40 MHz at .5 dB 
36 MHz at 4 dB 36 MHz at .4 dB 
20 MHz at 2 dB 20 MHz at .2 dB 
Less than .03 ns/MHz Less than .03 ns/MHz 
linear linear 

Less than .01 ns/ Less than .01 ns/ 
MHz2 parabolic MHz2 parabolic 

Less than 1 ns peak- Less than 1 ns peak-
to-peak ripple to-peak ripple 

At -20 dBm output At -20 dBm output 

50 dBc 50 dBc 
<1°/dBto-5dBm <1°/dB to-5dBm 

<02 dB/MHz maximum <.02 dB/MHz maximum 
-90 dBm in band -90 dBm in band 
±3 dB nominal con- ±3 dB nominal con¬ 

tinuously variable tinuously variable 

DN-8001 DN-8012 
Dual conversion Dual conversion 
First local First local 
oscillator only oscillator only 

No inversion No inversion 
500 MHz 250-1000 MHz 

3.7-4.2GHZ 10.95-11.2 GHz 
11.45-11.7 GHz 
10.95-11.7 GHz 
11.70-12.2 GHz 

-20 dBm -20 dBm 
50 ohms 50 ohms 
23 dB minimum 20 dB minimum 

50-90 MHz 1100-180 50-90 MHz 1100-180 
MHz optional) MHz optional) 

40 MHz, 80 MHz optional 40 MHz. 80 MHz optional 
75 ohms 75 ohms 
26 dB 26 dB 
+ 10 dBm nominal. -r- 10 dBm nominal. 
+ 20 dBm optional -+- 20 dBm optional 

10 dB typical, 12 dB maximum, 10 dB typical. 12 dB maximum, 
as low as 1.5 dB as low as 4 dB 
with optional with optional 
amplifier amplifier 

30 dB 30 dB 
80 dB minimum 80 dB minimum 
± 25 dB at ±.25 dB at 

constant temperature constant temperature 
± 5dBC-50 C zt .5 dB 0-50 °C 
±1 dB with ±1 dB with 

optional amplifier optional amplifier 
40 MHz at .5 dB 40 MHz at .5 dB 
36 MHz at .4 dB 36 MHz at 4 dB 
20 MHz at .2 dB 20 MHz at .2 dB 
Less than .03 ns/MHz Less than .03 ns/MHz 
linear linear 

Less than .01 ns/ Less than .01 ns/ 
MHz2 parabolic MHz2 parabolic 

Less than 1 ns peak- Less than 1 ns peak-
to-peak ripple to-peak ripple 

With two -40 dBm With two -40 dBm 
input signals input signals 
60 dBc 60 dBc 
.1°/dBto+5dBm .1 /dB to 1 5 dBm 
output output 

<.02 dB/MHz maximum <.02 dB/MHz maximum 
-65 dBc -65 dBc 
optional optional 



Meet the 
Cost-Effective 
Microwave 
Surveillance Receiver 

n 

M5R-90 - MICROWAVE RECEIVER 

o»r 

MSR-903-l-2-7-(10S-l) — ($39,000) 
.03-18 GHz with multi-band display 

Offering: 
* Performance 
* Price 
* Reliability 

With these features: 

• 30 MHz to 18 GHz — expandable to 40 GHz 
• 20 dB noise figure — 4-8 dB with preamps 
• Removable-remotable (to 200 feet) RF Tuner 
• IF bandwidths — 100 kHz to 20 MHz 
• Accessory Frequency Synthesizer — Computer Control 
• Choice of IF outputs 
• Automatic Search with auto-stop and store 
• Multi-band CRT display 
• Field proven — over 400 in use 
• 18 user-selected options and accessories 

Why not call to discuss your needs and to arrange a demonstration? 
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Baltimore, Maryland 21209 
Telephone: 301/823-6227 
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Clad Laminates of 
PTFE Composites for 
Microwave Antennas 

G. R. TRAUT 
Lurie Research & Development Center 
Rogers Corporation, Rogers, CT 

Copper-clad or specially backed laminates based on composites of PTFE fluorocarbon polymer with nonwoven glass fiber or with high 
dielectric constant ceramic fillers offer combinations of properties valuable for microwave antennas. Uniformity of dielectric constant, iso¬ 
tropy, thermal coefficients, stability, low loss tangent, and thickness uniformity are important to the designer. Those building antennas are 
concerned with such characteristics as chemical resistance, low moisture absorption, strain relief, formability, machineability, and bondability. 
Conversion techniques to optimize component performance are discussed. It is important to have convenient test methods for dielectric con¬ 
stant that allow dose control of the base material by the producer or dose monitoring of dielectric constant so that antenna pattern artwork 
:an be adjusted. A rigid non-destructive test method is summarized. The situation for producers of microwave printed circuit antennas should 
mprove with laminators working for doser control of critical properties in existing products as well as development of new products better 
¡ble to meet the demands for antenna applications. 

INTRODUCTION TABLE 1 

Valuable combinations of 
properties for microwave anten¬ 
nas are available in two types of 
poly (tetrafluorethylene), PTFE-
based laminates with metal foil or 
plate cladding. Efficient reinforce¬ 
ment with random glass microfi¬ 
bers provides low dielectric con¬ 
stant and low loss in one type. 
The other is ceramic filled for 
high dielectric constant. Impor¬ 
tant characteristics are considered 
under two categories: 

Design and Engineering 
— Uniformity of dielectric 

constant 

Fig. 1 Schematic for cutting dielectric con¬ 
stant specimens at various orienta¬ 
tions from heavy thickness panel. 

X-BAND DIELECTRIC CONSTANT VERSUS MAJOR AXIS 
ORIENTATION OF ELECTRIC FIELD IN RT/DUROID 6010 

Specimen 

Identification 

Dielectric Constant 

X direction Y direction Z direction 

A 

B 

c 

10.64 

10.80 

10.60 

10.69 

10.67 

10.74 

10.61 

10.24 

10.34 

Average 10.68 10.70 10.40 

— Isotropy of dielectric constant 
— Thermal effects on electricals 
— Coefficient of thermal 

expansion 
— Uniformity of thickness 
— Stability to environment 

Fabrication 
— Chemical resistance 
— Strain relief on etch 
— Machinability 
— Formability 
— Bondability 

The critical property of dielec¬ 
tric constant can be monitored 
by use of an empirically calibrat¬ 
ed test fixture on a small area 
that is etched foil free. 

With materials available, print¬ 
ed circuit antenna techniques 
should extend to some interest¬ 
ing new applications. 

DESIGN AND ENGINEERING 
CHARACTERISTICS 

Uniformity of Dielectric Constant 
Dielectric constant uniformity 

is easily the materials property 
most critical to determining the 
performance levels that can be 
specified for most antennas. 

The ±.02 dielectric currently 
supplied as standard in random 
glass microfiber-PTFE laminates 
is often adequate. Pattern com¬ 
pensation for very critical de¬ 
signs becomes practical with the 
Quick Test fixture to be dis¬ 
cussed later. 



Isotropy of Dielectric Constant 
Isotropy of dielectric media is 

preferred for workable design 
computations. Anisotropy in 
composites is increased by the 
following: 

• Difference between fiber and 
polymer matrix 

• Degree of fiber orientation 
• High volume fraction of fiber 

• Fiber diameter and length 
• Variation of fiber through the 

thickness 
• Orientation of non-spherical 

fillers 
• Uneven of layered filler distri¬ 

bution through laminate 
thickness 

The stripline resonator test 
method described in ASTM 

Fig. 2 Typical curves showing temperature effect on dielectric constant, er of random 
glass-PTFE laminate. 
Solid line is 2.33 e. material, dashed line is 2.20. 

-200 -100 0 100 200 300 400 

Fig. 3 Typical curves showing temperature effect on 1/Q of a 20 ohm ZQ stripline resonator 

Fig. 4 Typical curve showing temperature effect on dielectric constant, er of ceramic-PTFE 
laminate, 10.5 er material. 

Fig. 5 Typical curve showing temperature effect on 1/Q of a 20 ohm Zo stripline resonator 
in ceramic-PTFE laminate, 10.5 er material. 

D-3380, "Standard Method of 
Test for Permittivity (Dielectric 
Constant) and Dissipation Factor 
of Plastic Based Microwave Sub 
strates," gives a value mostly 
based on a Z (thickness) direction 
E field. It is useful for measuring 
the degree of anisotropy when a 
heavy thickness panel can be cut 
into test specimen pairs as shown 
in Figure 1 

The data in Table 1 shows a 
high degree of isotropy for RT/ 
duroid 6010 microwave circuit 
laminate based on ceramic filled 
PTFE. 

The uniform and low concen¬ 
tration of reinforcing glass micro¬ 
fibers in XY planes in RT/duroid 
5870 laminate result in low ani¬ 
sotropy as illustrated by Table 2. 
The X,Y/Z isotropy index of 
1.04 is significantly lower than 
the 1.09 index cited for woven 
glass-PTFE laminates of similar 
fiber content. Fine fiber size with 
uniform loading account for this. 

Thermal Effects on Electrical 
Properties 

Thermal expansion of polymer 
lowers the dielectric constant of 
PTFE composites. PTFE, a crys¬ 
talline polymer, shows a slight 
step change in density in the 
19°C region due to a crystalline 
lattice rearrangement and a large 
change at the 327°C crystalline 
melt. The amorphous phase 
shows a glass-to-rubber transition 
at about 130°C that appears as a 
gradual change in the thermal 
expansion coefficient. 

Measurement of thermal ef¬ 
fects on dielectric properties at 
microwave frequencies are ob¬ 
served in a 10 GHz, two-node 
stripline resonator assembly from 
two cards of the material. The 
resonator is capacitively coupled 
to probe lines and that region of 
the assembly is clamped between 
heated blocks. The remaining 
area is between water-cooled 
blocks. Resonant frequency and 
Q of the assembly is determined 
at a series of temperature settings. 
See Figures 2, 3, 4 and 5. 

Both types of laminate show 
little change in lossiness over the 
temperature range. The dielectric 
constant changes are reversible 
and reflect the known PTFE 
transitions. 
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DIELECTRIC CONSTANT VERSUS MAJOR AXIS IN RT/DUROID 5870 
NONWOVEN FIBER PTFE COMPOSITE 

Test Method Dielectric Constant 

X 
direction 

Y 
direction 

z 
direction 

1 MHz fluid displacement cell 
ASTM D1531 2.428 2.430 2.330 

10 GHz stripline resonator 
ASTM D3380 2.452 2.432 2.347 

—■ ■■ ■ 

Antenna designers must antici-
)ate the temperatures to be en¬ 
countered by a unit in normal 
¡ervice. 
Coefficient of Thermal Expansion 

In addition to the effect on 
dielectric constant, thermal ex¬ 
pansion can have undesirable 
mechanical effects. Both the ran-
iom fiber-PTFE and the ceramic-
3TFE composites possess low 
:hermal expansion in the plane 
of the sheet as can be seen in 
Table 3. Design out problems 
A/ith mismatch to metal supports 
ire solved by bonding circuit 
poards, by use of thick metal 
clad laminates or by solder reflow 
:o a support. 

The relatively large Z (thick¬ 
ness) direction expansivity poses 
other mechanical problems. As¬ 
semblies with rivets or screws can 
oosen after heat induced stress 
and creep. Spring-loaded screws 
or the like, allow expansion with 
minimal change in stress level. 
Thickness Uniformity 
The laminator must continu¬ 

ously monitor panel thickness 
jniformity since excessive varia-
ion is early warning of produc-
ion problems. Extra close toler¬ 
ances are available where this is 
mportant for a design. 

STABILITY TO ENVIRONMENT 

In selecting materials for an 
antenna, the designer must be 
concerned with such environmen-
:al factors as heat aging, UV, hu¬ 
midity cycling, vibration, thermal 
chock, air friction, and even kong-
;erm ocean submersion. 

PTFE possesses a high melt 
ooint (327°C) and even melted 
'etains its shape. Thermal degra¬ 
dation begins to be rapid at about 
440°C. Prolonged service at tem¬ 

peratures up to about 260°C or 
in sunlight has little detectable 
effect, even without added 
stabilizers. 

The polymer's low moisture 
permeability, low surface energy 
and the embedment of individual 
fibers of limited length or filler 
particles in the polymer matrix 
prevents the wicking mechanism 
for failure in weathering or cy¬ 
cling humidity. 

The low modulus and good ex¬ 
tensibility of both composite 
types resist damage by mechani¬ 
cal or thermal shock. 

TABLE 3 

FABRICATION CHARACTERISTICS 

Chemical Resistance 
The continuous PTFE matrix 

of the composites resists solvents 
and reagents. The ceramic filler 
or the glass microfiber are insol¬ 
uble in organic solvents. The pen 
etration of strong inorganic sol¬ 
vents is limited by the small size 
of fiber or filler particles isolated 
in the PTFE matrix. 

Processing these composites 
should raise no concern about se¬ 
lection of special materials for 
cleaning, photo resist removal, 
etching or plating. Contamination 

Where a corrosion-resistant 
plating such as gold is desired, the 
preferred procedure is to photo 
mask, plate gold, remove the 
mask, and etch away the exposed 
copper foil to avoid exposure of 
the copper-PTFE bond to plating 
solution. 

Strain Relief 
The heat used in lamination of 

foil clad PTFE composites results 
in annealing of copper foil to high 
ductility Unmr mately, cooling 
leads to a strained condition be¬ 
tween foil and substrate. The foil/ 
substrate thickness ratio deter¬ 
mines the degree of strain borne 
by the substrate. Strain relief 
when foil is removed by etching 
leads to a dimension change. 

It has been found that com¬ 
paratively low fiber concentra¬ 
tions in random composites large¬ 
ly control the X, Y thermal ex¬ 
pansivities to about the same de¬ 
gree as woven fiber-PTFE com¬ 
posites with more fiber. 

The strain relief problem for 
antenna patterns requiring tight 

dimensional control can be re¬ 
solved in one of three ways. 

• Determine the X and Y strain 
reliefs for the given pattern 
density, substrate thickness 
and foil thickness, allowing 
time for viscoelastic response 
of the composite after etching. 

• Use a double mask and etch 
procedure to permit most 
strain relief to occur before the 
second exact final pattern 
mask is used. 

• Work with laminate clad on 
the ground plane side with 
thick metal. 

COEFFICIENTS OF THERMAL EXPANSION OF PTFE COMPOSITES 

Composite RT/duroid 5880 
Random glass-
PTFE 

RT/duroid 5870 
Random glass-
PTFE 

Woven glass-
PTFE 

RT/duroid 6010 
Ceramic-PTFE 

Diel, constant 2.20 ± .02 2.33 ± .02 2.55 ± .04 10.5 ± .25 

CTE, m/m/K 
-70 to 10 C 
10 to 25 C 
25 to 75 C 
75 to 150 C 

150 to 250 C 

X Y Z 
85 83 112 
72 109 449 
21 51 261 
20 33 269 
24 42 504 

X Y Z 
32 59 67 
23 61 435 
19 47 218 
11 31 273 
10 28 470 

X Y Z 
66 35 135 
16 18 378 
19 14 217 
26 41 285 
28 61 461 

X Y Z 
19 21 24 
54 53 73 
20 20 14 
16 18 13 
15 16 26 



Machinability 
The iandom glass-PTFE com¬ 

posites machine easily with low 
tool wear since the fibers are 
softer than steel, of fine diame-

Fig. 6 A Wraparound^M missile waistband 
antenna built by Haigh-Farr, Inc. 
from random fiber-PTFE laminate. 

ter and in low concentration. Ex¬ 
cess wear is avoided by keeping 
tool speeds down and feed rate 
up to cut a chip rather than 
scrape. Frictional heating can 
soften the composite enough to 
promote its sliding over the tool 
edge resulting in edge rounding. 

Even tnough the ceramic-PT F E 
composite is soft and cuts readily, 
carbide tools are needed because 
of the filler hardness. 

Both types of composites are 
readily machined by lathe turn¬ 
ing, drilling, milling and sawing. 
Good edges are easily obtained 
by shear, by punch and die and 
even by a sharp-edged model 
maker's knife. 

Formability 
The ceramic filled and random 

fiber reinforced composites both 
offer a high degree of formability 
where curved printed circuit an¬ 
tennas are required. The random 
fiber composite has an advantage 
over woven or continuous fila¬ 
ment composites. Discontinuous 
fiber in a comparatively soft 
polymer matrix accommodates 
such bending with stress relaxa¬ 
tion accelerated by heat while 
the board is held in the formed 
shape. The dead soft annealed 
condition of copper foil on the 
laminates minimizes the likeli¬ 
hood of cracks or breaks in a 
pattern. 

A critical telemetry antenna in 
a formed shape is shown in Fig¬ 
ure 6. The advantage of formabil¬ 

ity is combined with consistency, 
accurate electrical properties, sta¬ 
bility under environmental ex¬ 
tremes of temperature, shock and 
vibration; and resistance to expo¬ 
sure to solvents, fuels, salt spray 
and even prolonged sea water 
submersion. 

The ceramic-PTFE laminates 
are even more formable. With 
proper heat forming fixtures, 
compound surfaces should also 
be feasible. 

Bondability 
Protective covers for antennas 

or cover panels for stripline divid¬ 
er networks are preferably bond¬ 
ed rather than clamped or riveted 
to keep performance variations 
minimal. Such bonded assemblies 
have been discussed before. 1

A few thermoplastic polymer 
film types combine the electrical 
properties, melting point and ad¬ 
hesion to PTFE acceptable for a 
bonded circuit. A broader range 
of adhesive materials may be used 
by preparing the PTFE laminate 
surface with a commercially 
available Na etch treatment. 

Alternately, direct bond by 

combined with flow restraint af¬ 
forded by fiber or filler makes it 
feasible without the expected 
distortion. 

In one case distortion-free di¬ 
rect-bonded assemblies may be 
produced with two RT/duroid 
6010 ceramic-PTFE laminate 
printed circuit boards that are 2 
inches square, .050 inch thick 
with copper foil pattern over 
about 3% of the area. The assem¬ 
bly between plates with locating 
pins, foil enveloped to exclude 
air, is clamped at 100-140 psi, 
heated to 380° to 390°C for 
about 15 minutes and cooled 
while clamped. 

I n another case a 42 x 6 x 0.093 
inch microstrip pattern on RT/ 
duroid 5870 random fiber-PTFE 
laminate for a waistband teleme¬ 
try antenna is bonded in curved 
shape with a .031 inch cover pan¬ 
el. The boards are clamped 
around a steel ring by a thin steel 
band hydraulically tensioned to 
provide a 50 psi normal stress. 
The assembly is oven heated for a 
1-hour soak at 388°C in a nitro¬ 
gen purged atmosphere to accom¬ 
plish the direct bond. 

Fig. 7(a) Typical Quick Test fixture for Fig. 7(b) Quick Test fixture and specimen 
X-band non-destructive testing clamped in vise, 
of microwave circuit boards for 
dielectric constant. 

fusing the exposed PTFE lami¬ 
nate surfaces above 327°C with 
mild clamping pressure. Direct 
bonded antenna assemblies can 
withstand air friction heating to 
extremes where adhesive systems 
would fail. Problems created by 
dielectric constant differences 
between adhesive and substrate, 
especially with ceramic filled 
PTFE laminates are avoided. The 
extremely high melt viscosity of 
the PTFE (above 1 billion poise) 

A QUICK TEST METHOD FOR 
DIELECTRIC CONSTANT 

A semi-destructive method for 
monitoring dielectric constant 2 

requires only a small panel area 
etched free of copper on the pan¬ 
el to be measured. In process in¬ 
spection for sorting or for selec¬ 
tion of adjusted artwork patterns 
and detailed surveys of dielectric 
constant variation within a panel 
are possible. 
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TABLE 4 

CALIBRATION DATA FOR A TYPICAL "QUICK TEST” FIXTURE 

Specimen Thickness 
mm 
T 

Dielectric 
constant 
K 

Resonant Frequency in GHz 

observed 
F 

predicted 
F 

A 
B 
c 
D 

3.153 
1.551 
0.775 
0.354 

2.2372 
2.2372 
2.2372 
2.2372 

9.387 
9.735 
10.053 
10.313 

9.392 
9.744 
10.047 
10.315 

E 
F 
G 
H 

3.132 
1.549 
0.766 
0.370 

2.3578 
2.3578 
2.3578 
2.3578 

9.257 
9.582 
9.851 
10.054 

9.237 
9.574 
9.853 
10.052 

1 
J 
K 
L 

3.139 
1.532 
0.776 
0.370 

2.4891 
2.4891 
2.4891 
2.4891 

9.041 
9.407 
9.610 
9.803 

9.065 
9.397 
9.624 
9.802 

M 
N 
O 
P 

3.151 
1.539 
0.780 
0.377 

2.5953 
2.5953 
2.5953 
2.5953 

8.935 
9.242 
9.447 
9.614 

8.925 
9.251 
9.437 
9.615 

Polynomial from regression analysis: 

F-2 = -.019480 + .0055769T + .032089/T -0099282/T2

+ ( .023723 - .0047265T - 029210/T + 0087782/T2 )K 

+ (-.0046290 + .0010714T + 0064858/T - ,0019125/T2 )K2 (1) 

The fixture (Figure 7) consists 
if a one-wavelength (2 node), X-
aand stripline resonator element 
imbedded in the center of a di-
ilectric card fastened to a metal 
□lock and fitted with coaxial 
□robes that capacitively couple 
through the card to the resonator 
element. The resonator clamped 
against a laminate with ground 
alane backing has a resonant fre¬ 
quency that is a function of the 
dielectric constant and dielectric 
thickness of the specimen. 

Before such a Quid; Test fix¬ 
ture can be useful in comparing 
dielectric constants of unknowns, 
it must be calibrated against a 
series of known specimens cover¬ 
ing the range of dielectric thick¬ 
nesses and dielectric values to be 
encountered in service. The ex¬ 
ample of Table 4 shows actual T, 
K and F data used to derive the 
coefficients of the 12 term poly¬ 
nomial of equation 1 by curvilin¬ 
ear regression analysis. 

NEW DIRECTIONS FOR MICRO-
WAVE PRINTED CIRCUIT 
ANTENNAS 

New circuit board materials 
and fabrication techniques will 
lead to some interesting exten¬ 

sions of printed circuit tech¬ 
niques into antenna applications. 
A few come to mind. 

• Size Reduction — High dielec¬ 
tric constant laminates that re¬ 
semble random fiber-PTFE 
laminates permit reduced an¬ 
tenna size for a given perform¬ 
ance, important on vehicles 
crowded with new systems. 
Printed circuit techniques be¬ 
come feasible for some lower 
frequency applications. 

• Higher Temperature Capability 
— Direct bonded antenna as 
semblies will allow greater air 
speeds in missiles. 

• Non-Planar Printed Circuit 
Patterns — Development of 
random fiber-PTFE compo¬ 
sites in compound curves such 
as ogive or hemisphere shapes 
could also lead to use of print¬ 
ed circuit techniques for radi¬ 
ating patterns on radomes. 
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ADDINGTON 
BROADBAND 
ISOLATORS 

The following Addington 
broadband isolators are 
currently in production. 

Model 101104192 101104193 

Frequency 7-17 8-18 
Isolation 15 15 
Insertion 
Loss 8 .8 
VSWR 1.5 1.4 
Connector SMA SMA 

Both devices are ruggedized for 
military airborne applications. 

Please send us your broadband 
requirements for either com¬ 
mercial or military requirements. 

For further information, contact 
Eaton Corporation, Communi¬ 
cations Products Division, 
Addington Microwave Com¬ 
ponents, 785 Palomar Avenue, 
Sunnyvale, CA 94086. 
Telephone (408) 738-4940. 

Advanced 
Electronics 

CIRCLE 31 ON READER SERVICE CARD 

Jnwamhar — TORO 



actual size 

Replaces cavity oscillators, Gunn oscil-
with same or better stability lators 

For further ¡formation contact 
Tom Parkinson. 

Frequency in range of: 2-12 GHz 
Mechanical tuning bandwidths: to 10% 
High efficiency: to 30% 

Frequency Sources, Inc. 
3140 Alfred Street 
Santa Clara, CA 95050 
(408) 727-8500 TWX: 910-338-0163 

Applications: 
• radars 
• missiles 
• phased arrays 
• R.P.V.’s 
• ECM & ESM 
• communications 

FHEQUENCY SOURCES, IIVC. 
-West Division 

Mini 
Size 
D.R.O.S 
(dielectric resonator 

oscillator) 

Maximum 
Performance 

Better Products For Communications 
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A LOW SIDELOBE 
EARTH STATION ANTENNA 
FOR THE 4/6 GHz BAND 

B. H. BURDINE 
Communication Products Technology Center 
GTE Laboratories Incorporated 
Waltham, MA 

E. J. WILKINSON 
GTE International Systems Corporation 
Waltham, MA 

NTRODUCTION 

Domestic and international 
communications satellites now in 
arbit operate in the frequency 
oands of 4 GHz (downlink) and 
5 GHz (uplink). Because all of 
these systems share the same allo¬ 
cated spectrum in each band with 
terrestrial microwave links, prob-
ems of frequency coordination 
in the face of potential mutual 
interference can become most 
>evere. Locations near large met-
'opolitan areas are particularly 
diff cult to coordinate, and many 
users of private stations have been 
forced to utilize very remote sites 
or provide artificial shielding 
(e.g., deep pits) to assure accept-
abe performance. The number 
of domestic earth stations in the 
United States is increasing rapid-
,y and while most of these will 
oe receive-only installations, they 
should be capable of good qual-
ty interference-free reception, 
and the new transmit stations 
must not interfere with those al-
ready built or authorized. 

Satellites in the future may be 
expected to be spaced even closer 
:ogether than today. When adja¬ 
cent satellite interference is com-
Dineo with terrestrial microwave 
nterference, it is quite likely that 
these future satcom systems will 
oe limited as much by interfer¬ 
ence noise as they are presently 
imited by thermal noise. 1
This paper describes a new 

eartn station antenna design 
which for a small sacrifice in 
eperture efficiency produces side¬ 

lobe gain performance (G) vastly 
superior to the present day cri 
teria of G = 32 - 25 log 0. Recent 
measurements on a full-scale, 7.6 
meter antenna of this type have 
shown that in the mandatory 6 
GHz transmit band where micro¬ 
wave coordination is most diffi¬ 
cult, the 32 - 25 log 0 sidelobe cri¬ 
teria can be improved upon by 
10 to 15 dB. Out to the first 5° 
or so from the main beam, where 
adjacent satellite interference is 
the major problem, the 25 log 0 
fall off can be improved to 50 
log 0. 

DESIGN 

Present day high aperture effi¬ 
ciency earth station antennas are 
limited in their ability to produce 
low sidelobes primarily due to 
scattering from aperture blocking 
obstacles such as the subreflector 
and its support spars, and by the 
near-uniform illumination re¬ 
quired to achieve high aperture 
efficiency. By backing off slight¬ 
ly on the uniform illumination, 
that is, by introducing a sharp 
taper at the edge of the main dish, 
conventional shaped Cassegrain 
antennas can just meet the FCC/ 
INTELSAT mandatory sidelobe 
envelope provided they take ad¬ 
vantage of certain exceptions that 
are permitted. 

These exceptions permit a peak 
sidelobe to exceed the required 
value of G = 32 - 25 log 0 (where 
0 is in degrees and sidelobe gain 
G is in dBi) by as much as 6 dB, 
provided that the peak sidelobe 

in question falls below the re¬ 
quired value when averaged with 
adjacent peaks on either side of ¡1 
(or if that doesn't work, with the 
two adjacent peaks on either side 
of it). This is the FCC recommen¬ 
dation. 2 INTELSAT allows 10% 
of the sidelobe peaks to exceed 
the 32 - 25 log 0 criteria. 3

Figure 1 shows a generalized 
sketch of the major contributors 
to sidelobe levels in various angu¬ 
lar regions surrounding an anten¬ 
na. In the near-in region, that is 
within 10° of the main beam, the 
principal contributors are scatter¬ 
ing due to aperture blockage and 
the choice of edge taper for the 
main reflector. To eliminate aper¬ 
ture blockage the offset configu¬ 
ration of Figure 2 was used. Rays 
travelling between feed, subre¬ 
flector, and main reflector are 
free from blockage of any kind. 
The illumination taper, controller 
by choice of feed beamwidth, 
was set at about - 15 dB for the 
4 GHz receive band and -20 dB 
for the 6 GHz transmit band. In 
addition, only about 90% of the 
main reflector was illuminated 
on a geometric ray basis in order 
to further reduce spillover. Actu¬ 
ally, there is considerable energy 
in this ''unilluminated'' ring due 
to the finite diameter of the sub¬ 
reflector in wavelengths. 

The far out sidelobes, that is, 
sidelobes greater than 10° beyonc 
the main beam, have two addi¬ 
tional contributors. These are 
spillover of feed radiation past 
the subreflector, and spillover of 
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OPTIONAL 
SHIELDING 
PIT OR FENCE 

UNBLOCKED APERTURE 
ENERGY DISTRIBUTION 
TAPER SETS NOMINAL 
LEVEL OF SIDELOBES 

FEED ENERGY 
SPILLING OVER 
SUBREFLECTOR 

BLOCKED ENERGY 
SCATTERED FROV 
SUBREFLECTOR 
SUPPORT SPARS 

$ BLOCKED ENERGY 
SCATTERED FROM 
SUBREFLECTOR 

ENERGY SCATTERED 
FROM NON PERFECT 
SURFACE 
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ENERGY SPILLING 
OVER MAIN _ 
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Fig. 1 Antenna sidelobe contributors. 

subreflector radiation past the 
main reflector. These are most 
important when considering ter¬ 
restrial interference. Figure 1 
shows one method that has been 
used in the past to eliminate such 
contributions, namely, pit or 
fence shielding. 

Since pit shielding mainly re¬ 
duces the effects of reflector 
spillover, it follows that one does 
not actually have to surround the 
entire antenna with absorber. 4 

Reasonably equivalent results 

Fig. 2 Low sidelobe offset reflector 
antenna. 

should be obtained if absorbing 
panels are attached to the rims of 
the reflectors themselves. For the 
main reflector this could be done 
regardless of whether an offset 
design was used or not. For the 
subreflector, however, an absorb¬ 
ing shield would greatly increase 
the near-in sidelobes for a conven¬ 
tional antenna due to the increase 
in aperture blockage. For the off¬ 
set design of Figure 2, there is no 
such penalty. Note also that an 
attached shield absorbs spillover 
both above and below the subre¬ 
flector, which is an improvement 
over the pit arrangement shown 
in Figure 1 

The main reflector illumina¬ 
tion for a conventional prime fo¬ 
cus offset antenna is not rota¬ 
tionally symmetric. As such, fair¬ 
ly high cross polarization lobes 
appear in the plane normal to the 
offset plane. The peak off-axis 
cross polarization level depends 
upon the F/D ratio of the main 
reflector and the offset angle of 
the center ray,5 but typically 
might fall only 20 dB or so below 
the main beam co-polarization 
level. With a dual reflector offset 
antenna, the geometry and curva¬ 
ture of the subreflector can be 
varied such as to produce a rota¬ 
tionally symmetric main reflector 
illumination as well as a relatively 

large effective F/D ratio.6
A second way of viewing the 

special geometry used to mini¬ 
mize off-axis cross polarization 
is to consider the subreflector 
and main reflector as a two mir 
ror beam waveguide system. It 
can be shown that for certain 
mirror curvatures and orienta¬ 
tions the cross polarization fields 
generated by each mirror can be 
made to cancel. 7 The finite diam¬ 
eter of the mirrors and the spac¬ 
ing between them prevents exact 
cancellation, but a significant 
amount of cancellation can be 
achieved in a practical situation. 

On-axis cross polarization level 
is limited by the feed and by the 
cross polarization characteristics 
of the antenna at the other end 
of the link. The total system on-
axis cross polarization level can 
usually be adjusted to an ex¬ 
tremely low value via an adjust¬ 
able differential phase shifter pro¬ 
vided in the feed. Worst case 
cross polarization peaks for the 
offset feed alone when swept con¬ 
tinuously over each band were 
about -40 dB relative to the co¬ 
polarization peaks, with an aver¬ 
age approaching -50 dB. 

A Gregorian optics system was 
chosen over a Cassegrain for the 
following reasons. First, if the 
two systems are compared on the 
basis of a given feed horn, equal 
subreflector diameters, and equal 
spacing from feed horn to subre¬ 
flector, then the Gregorian sys¬ 
tem will have a somewhat larger 
main reflector included angle. 
This means less main reflector 
spillover because of the lower 
subreflector pattern gain. Second, 
feed spillover past the upper edge 
of the Gregorian subreflector 
falls along the beam axis where it 
has little effect on the large side¬ 
lobes generated by the aperture 
illumination itself. Spillover past 
the lower edge occurs far off axis 
and essentially governs the side¬ 
lobe level in this region. For a 
Cassegrain system the spillover 
regions are reversed with respect 
to the top and bottom of the sub¬ 
reflector. Thus, for the Gregorian 
system a subreflector absorbing 
shield can be extended as far as 
desired past the lower edge of the 
subreflector without danger of 
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12 miles or 200: 
TECOM autotrackers cover the range 
’ortable and Fixed Site L and S Band Telemetry Autotracking Antenna Systems 

'ECOM Industries o'fers a complete 
amily of turnkey monopulse hacking 
intenna systems. These range from 
righ gain (long range) dual axis to 
ghtweight. portable low gain (close-
n) single axis systems. TECOM offers 
arious size monopulse tracking 
mtennas and single and dual axis 
redestals, with adequate gain to cover 
our range. These tracking systems 
re designed to provide Polarization 
diversity Reception, if desired. 
Here, briefly, are the two systems 

hown — examples from opposite 
mds of the range. 
Left, Type 204306 system tracks RE 

mergy in the L and S bands (1435 to 
540, and 2200 to 2300MHz) out to 
!00 miles with a high gain 10 foot dish. 

positioned by ar EL/AZ pedestal. 
Single channel monopulse feed with 
comparator and scan converters 
yields EL and AZ/sum/difference 
target data for RHCP and LHCP 
polarizatons. 

At right, Type 204406 "Single Axis 
Telemetry Tracking System” (SATTS) 
is a ight weight, portable L and S 
Band (1435 to 2300MHz) system, 
designed for mobile (van mounted), 
fixed, or shipboard applications. The 
antenna/rotator assembly includ ng 
radome weighs only 60 pounds, is 
24 inches high, and can be installed 
within thirty minutes. 

The "SATTS” has an 80 degree 
elevation beamwidth, which negates 
the need for elevation axis tracking — 

suostantially reducing system cost 
and enhancing reliability and main¬ 
tainability. The controller directs the 
system from single channel mono¬ 
pulse sum/difference data. 

Call your TECOM Tech Rep 

IE COM 
> INDUSTRIES INC. 
An equal opportunity employer M/F 

21526 Osborne Street, 
Canoga Park, Calif. 91304 
(213)341-4010 TLX 69-8476 
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introducing aperture blockage. 
The shield could even be extend¬ 
ed to connect the lower edge of 
the subreflector to the feed horn, 
thus completely absorbing far-out 
feed spillover sidelobes. Third, 
the feed is located closer to the 
bottom edge of the main reflec¬ 
tor for the Gregorian system, 
thus resulting in a lower main re¬ 
flector and a more compact an¬ 
tenna overall. 

One particular difficulty with 
any dual band design that must 
be allowed for in the selection of 
a feed horn is the shift in feed 
phase center with frequency. 
Without the masking effect of 
aperture blockage the resulting 
defocusing effect is more notice¬ 
able in an offset design. Wide an¬ 
gle feeds generally have less phase 
center shift with frequency than 
narrow angle feeds. However, the 
effective focal length is also 
smaller if a wide angle feed is 
used, and generally speaking, the 
higher the effective focal length 
the less the effect of a feed phase 
center shift. Thus, the two effects 
are somewhat self-cancelling. If a 
high magnification factor and a 
short prime focal length are used 
to achieve a high effective focal 
length, then as stated previously, 
the main reflector spillover will 
be reduced somewhat by virtue 

TABLE I 

OFFSET REFLECTOR PERFORMANCE PREDICTIONS 

EFFICIENCY FACTOR 

Illumination (taper, phase) 
Spillover (sub) 
Spillover (main) 
Cross Polarization 
Surface Tolerance (.025" rms) 
Blockage 
Feed (with diplexer) 
SWR 
Dissipative 

Total: 

Efficiency 
Gain (D = 7.6 m) 

4 GHz 

-1.48 dB 
- .24 
- .03 
- .03 
- .05 

0 

- .07 
- .20 

-2.10 

62% 
48.0 dB 

6 GHz 

-2.22 dB 
- .09 
- .01 
- .02 
- .11 

0 

- .04 
- .10 

-2.59 

55% 
51.0 dB 

NOISE CONTRIBUTOR 

Main Beam @ 10° Elevation 
Sub Spillover 
Main Spillover 
Surface Tolerance 
Feed 

Tant @ 10° 

Tant @ 30° 

TEMPERATURE 

15° K 
16° 
1° 
1° 

12°_ 

45° K 

35° K 

of the lower subreflector pattern 
gain. This means a relatively large 
feed horn such as was used here. 
The larger feed horn also has su¬ 
perior feed patterns and lower 
off-axis cross polarization peaks 
relative to a smaller one, and its 
narrower beamwidth results in 
the subreflector spillover occur¬ 

ring closer to the main beam 
where it has less effect on the 
overall pattern envelope. The 
longer horn length also brings the 
feed ports out directly at the 
equipment hub, thus avoiding the 
necessity of having to add a sec¬ 
tion of lossy waveguide. 

Fig. 3 Expanded elevation plane — 61 75 MHz. 

40 

45 

OdBi 
50 

55 

0 IN DEGREES 

Fig. 4 Expanded elevation plane — 3950 MHz. 
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the final design. The sidelobe per¬ 
formance predictions are shown 
in Figures 3 and 4. 

EXPERIMENTAL RESULTS 

A full scale 7.6 meter offset 
antenna was built and tested. 
Figures 3 and 4 show the meas¬ 
ured transmit and receive band 
expanded elevation cuts. The first 
sidelobe is seen to be about -39 
dB for transmit and -33 dB down 
for receive. These levels may be 
compared to a - 16 dB first side¬ 
lobe level typical for a conven¬ 
tional shaped Cassegrain antenna. 

When compared to theoretical 
predictions, the patterns are seen 
to exhibit a somewhat random 
departure about the expected val¬ 
ues. This is particularly true for 
the transmit band. Some of this 
variation may be due to a slight 
misalignment of the subreflector 
which was not optimized experi¬ 
mentally. However, the most like¬ 
ly explanation is that it is due to 
the presence of sidelobes generat¬ 
ed by surface errors. Plotted in 
Figures 3 and 4 are dotted lines 
representing the calculated mean 
gains for sidelobes generated by 
an rms surface tolerance of .014” 
and a correlation interval of 40”. 
The .014” rms was obtained by 
combining final alignment data, 
structural deflection calculations 
for the antenna on its test mount, 
and panel manufacturing errors. 
The 40” corresponds roughly to 
the minimum separation between 
panels. The level for these surface 
error generated sidelobes is seen 
to be relatively high for the trans¬ 
mit band. It is important to note 
here that very low tolerances 
must be achieved or the low side¬ 
lobes inherent in the design will 
be masked out. 

Radiation patterns were meas¬ 
ured for the transmit and receive 
bands in both the elevation and 
azimuth planes. Undoubtedly, 
range reflections caused some 
perturbations in these patterns, 
particularly around the back of 
the antenna where the main beam 
faced a parking lot and building 
while the true backlobe faced the 
transmitting source with a gain 
level approximately 70 dB below 
the main beam. The elevation 
plane patterns, therefore, may be 
somewhat more accurate far out 

Fig. 5 Measured gain for 7.6 meter offset antenna. 

than the azimuth plane patterns, 
since the beam was pointed up¬ 
ward away from possible reflec¬ 
tions for this case. However, the 
azimuth patterns are also consid¬ 
ered to be reasonably accurate, 
except possibly for the extreme 
backlobes. 

Clearly, the transmit band pat¬ 
terns have the best sidelobe per¬ 
formance. This was expected 
since the aperture illumination 
taper was greatest at this frequen¬ 
cy. Aperture efficiency was, of 
course, lower in the transmit 
band as can be seen in Figure 5. 
The sidelobe envelopes approxi¬ 
mate a 50 log 0 rather than a 25 
log 0 fall-off in the near-in region 
out to 5°. The fall-off rate is at 
least 40 log 0 out to 16°. The 
peak sidelobe envelope is at least 
10 dB and quite often 15 dB or 
more below the FCC/INTELSAT 
criteria for all values of 0. Again, 
it should be noted that this is the 
actual peak envelope performance 
without the sidelobe averaging or 
10% exceptions allowed by FCC/ 
INTELSAT. 

The receive band performance 
is also considerably better than 
the FCC/INTELSAT criteria even 
on a peak basis, but the lower 
aperture illumination taper has 
clearly deteriorated the perform¬ 
ance relative to the transmit case. 
The receive aperture efficiency is 
higher, being about 62% vs about 
55% for transmit. 

Although the transmit band is, 
in general, the more difficult 

band to coordinate and consti¬ 
tutes the only mandatory INTEL¬ 
SAT sidelobe requirement,3 it is 
felt that an even greater trade-off 
of aperture efficiency for low 
sidelobe performance further. It 
should also be noted that while 
more taper in the receive band 
will reduce the aperture efficien¬ 
cy, it will also improve the noise 
temperature slightly due to re¬ 
duced spillover energy absorption 
in the subreflector shield. Thus, 
for low noise temperature sys¬ 
tems, the G/T loss may not be 
that serious. 

Fig. 6 Measured cross polarization levels for 
7.6 meter offset antenna — 6175 MHz. 

7.6 meter offset antenna — 3950 MHz 



Measured cross polarization 
data for the transmit and receive 
bands is shown in Figures 6 and 7 
in the form of contour maps 
about the beam axis. Figure 7 
shows the classic diagram to be 
expected for an offset system, 
with two lobes appearing along 
the azimuth axis normal to the 
plane of the offset. The peaks 
(-34 dB) are very low due to the 
special offset geometry employed 
and the low cross polarization 
level of the feed. The transmit 
band cross polarization contours 
of Figure 6 show an even lower 
worst case value (-38 dB), but it 
is an on-axis peak. This could be 
due to the offset antenna, but it 
could also be due to the bore¬ 
sight antenna, which in this case 
was a simple 6' prime focus dish 
with a hook feed. 

Fig. 8 Measured SWR vs frequency-transmit 
band. 

-ORTHO PORT (FEED ONLY) 

Fig. 9 Measured SWR vs frequency-receive 
band. 

Finally, the measured return 
loss (SWR) of the antenna is 
shown in Figures 8 and 9. Note 
that the SWR of the feed when 
installed in the antenna (Figure 
9) is exactly the same as when 
measured out of the antenna. Ab¬ 
sent is the ripple normally super¬ 
imposed on the feed's SWR char¬ 
acteristic due to echo from a con¬ 
ventional subreflector. 

The corrugated horn feed and 
diplexer was developed specially 
for use with the offset antenna 
when working US domsat satel¬ 

lites. It is a dual linearly polarized 
feed with adjustable polarization. 
It is capable of independent po¬ 
larization oreintation for each 
band for Faraday rotation com¬ 
pensation, and permits adjust¬ 
ment to match the satellite and 
earth station antenna axial ratios 
for highest possible on-axis polar¬ 
ization isolation. 

The elevation axis platform ro¬ 
tates along an azimuth track on 
friction pads. Jack screw drives 
are used for both axes, with spac¬ 
ers used to center the elevation 
jack screw range about the nomi¬ 
nal look angle of the satellites of 
interest. The present range of 
elevation angle adjustment is 10° 
to 60°. Any azimuth sector can 
be covered, but relocation of the 
azimuth screw jack drive is re¬ 
quired each time a 10° sector is 
traversed. The antenna is of all 
aluminum construction with 
stainless steel hardware. The ab¬ 
sorbing shields are supported by 
simple extensions of the back-up 
structure and are of a layered 
foam construction protected by a 
thin plastic cover. The foam is a 
closed cell type that does not ab¬ 
sorb water, but all edges are coat¬ 
ed with an epoxy paint for added 
protection. Any absorber panel 
can be easily replaced without in¬ 
terrupting operations in the event 
of severe environmental damage. 

Figure 10 shows the final 
wheel and track configuration. 

Fig. 10 Low sidelobe antenna — final 
configuration. 

SUMMARY 

A full-scale, 7.6 meter satellite 
earth station antenna employing 
offset geometry and absorbing 
shields has been built and tested. 
The peak sidelobe envelope in 
the critical 6 GHz transmit band 
is 10-1 5 dB lower than present 
FCC/INTELSAT requirements 
over the full range of aspect an¬ 
gles. First sidelobes are approxi¬ 

mately -30 dB in the receive 
band and -35 to -40 dB in the 
transmit band. Worst case off-axis 
cross-polarized peaks are more 
than 30 dB below the co-polar-
ized peak in both bands. The 
penalty in aperture efficiency to 
achieve this performance is only 
about .75 dB when compared 
with the most efficient conven¬ 
tional antennas. Dual-polarized 
feed ports, transmitters, and re¬ 
ceivers are all located at ground 
level within a short distance of 
each other for all antenna point¬ 
ing angles. 
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Height 

_ STANDARD designs 

Model No. 

0.7 
0.6 
0.7 
0.7 
0.6 
0.8 

0.5 
0.5 
0.5 
0.4 
0.5 
0.5 
0.5 
0.7 

16 
16 
16 
16 
17 
16 

2.0 
4.0 
5.2 
8.0 
9.0 
10.4 

0.5 
0.5 
0.4 
0.4 
0.25 
0.5 
0.3 
0.4 
0.4 
0.5 
1.0 

4.2 
4.5 
8.2 
10.0 

2.75 
1.63 
1.25 
1.00 
0.95 
1.00 
0.63 
0.51 

1.00 
0.75 
0.75 
0.75 
0.75 
0.63 
0.51 
0.51 

1.225 
1.6 
2.3 
2.3 
4.2 
6.5 
6.4 
11.0 

T-0S23T-2 
T-1S23T-7 
T-1S13T-2 
T-2S03T-2 
T-3S13T-9A 
T-4S33T-1 
T-5S03T-3A 
T-7S43T-6 
T-8S43T-1A 
T-12S43T-8 
T-18S33T-7 

T-1S63T-18 
T-2S63T-6 
T-2S63T-44 
T-4S63T-10 
T-4S63T-13 
T-5S63T 
T-8S63T-18 

1.0 -
2.0 -
2.6-
4.0 -
4.5 -
5.2 -

1.7 -
2.0-
3.7 -
4.4 -

Frequency 
(GHz) 

.95 -
1.2-
1.9 -
2.2-
3.7 -
4.4 -
5.9-
7.0 -

Insertion Loss 
(dB maxj_ 

8.0 - 16.0 
10.0 - 20.0. 

5.9 - 13.0 
7.6 - 18.0 

8.0 - 12.4 
12.4 - 18.0 
18.0 - 26.5 

Isolation 

Model No. (dB

Height 

1.20 
1.25 
1.25 
1.00 
0.75 
0.75 
0.75 
0.85 
0.78 
0.68 
0.68 

Size 
Width 

1.20 

• Stripline Tab Drop-Ins 

Height 

1.70 
1.70 
1.06 
1.13 
0.81 
0.76 

2.75 
1.63 
1.25 
1.06 
1.13 
1.06 
0.75 
0.68 

18 
17 
17 
17 
17 
17 
17 
17 

Model No. 

T7S83tT 
T-2S73T-4 
T-3S73T-2 
T-4S73T-2 
T-5S73T-1 

Thickness 

0.88 
0.75 
0.70 
0.76 
0.76 
0.76 
0.40 
0.56 

T-7S83T-20 __ 
- ^ÇpULARN ARROW BAND 

VSWR 
(max.) 

1.25:1 
1.35:1 
1.30:1 
1.35:1 
1.10:1 
1.35:1 
1.10:1 
1.10:1 
1.35:1 
1.30:1 
1.50:1 

VSWR 
Jmax 

1.50:1 
1.40:1 
1.40:1 
1.40:1 
1.35:1 
1.50:1 

Size 
Width 

1.63 
1.56 
1.00 
0.95 
0.63 
0.63 

Insertion Loss VSWR u «inh» Width 
(dB max.)_(maxJ 

1.30:1 
1.35:1 
1.35:1 
1.35:1 
1.35:1 
1.35:1 
1.35:1 
1.35:1 

Both circulators and isJato s^ connectors. __ 
isolator ver^ns AJem^ Loss

R S Cy Model No. (dB"'",)- (dBjnaxl_ 

f—O\/KlC IUIIÍ^ROWAVE »WMultithrow • Mult\pleX.e veos TELEDYNE 
1290 Terra Bella Ave . Mt re CIRCLE 34 ON READER SERVICE CARD 

Thickness 

I076 
1.10 
0.76 
0.76 
0.80 
0.62 

Isolation 
(dB min.) 

20i 
17 
20 
20 
25 
17 
26 
28 
17 
18 
16 

Thickness 

0.75 
0.70 
0.75 
0.62 
0.50 
0.50 
0.69 
0.60 
0.70 
0.56 
0.53 

These units are 
Frequency 

(GHz) 



Systron-Donner Advanced 
Systron-Donner’s 
setting the standards for: 
•Yig-tuned devices 
• Voltage-tuned oscillators 
•Mechanical and voltage-tuned oscillators 

Yig-tuned oscillators are available in transistor and Gunn-
diode types. 

Specifications are given for typical standard models. In most 
cases, standard units with higher (100 mW) or lower (10 mW) 
power are also available. 

MODEL: 
Frequency 
Range 
(GHz) 

Power 
Output. 

Mm. (mW) 

Power 
Variation 

vs. 
Frequency 

Spurious Signals: 
Residual FM, 
1 Hz—30 kHz 

Frequency Stability: 

Harmonic Non-Harmonie 
Min Mm 

Vs 
Temperature 

Vs 
Power Supply 

Vs Load 
Variation Hysteresis 

SDYX-3038 
SDYX-3034 
SDYX-3034-114 
SDYX-3036 
SDYX-3036-125 
SDYX-3039-107 
SDYX-3000 
SDYX-3001 
SDYX-3001-111 
SDYX-3003 
SDYX-3004 

0 5-1.0 
1 0—2.0 
0 5-2 
2 0-4.0 
1 0—4.0 
2 0—6.0 
3 0-12.4 
12.4—18.0 
8 0—18.0 
13.0—26.5 
26.5—40.0 

20 
20 
20 
20 
20 
10 
25 
25 
10 
10 
5 

5 dB p-p 
5 dB p p 
6 dB p-p 
5 db p-p 
7 dB p-p 
7 dB p-p 
6 dB p-p 
6 dB p-p 
8 dB p-p 
6 dB p-p 
8 dB p-p 

12dBc 60 dBc 
15dBc 60 dBc 
12 dBc 60 dBc 
15 dBc 60 dBc 
15 dBc 60 dBc 
15 dBc 60 dBc 
30dBc 60dBc 
30 dBc 60 dBc 
30 dBc 60 dBc 
20 dBc 60 dBc 
20 dBc 60 dBc 

10 kHz p-p 
10 kHz p-p 
10 kHz p-p 
10 kHz p-p 
10 kHz p-p 
10 kHz p-p 
10 kHz p-p 
10 kHz p-p 
10 kHz p-p 
10 kHz p-p 
10 kHz p-p 

0.03%/°C 
0.03%/°C 
0.03%/°C 
0.03%/°C 
0.03%/°C 
0.03%/°C 
0.01%/°C 
0.01 %/°c 
0.01 %/’C 
0.01 %/°c 
0.01%/ °C 

1 MHz/V 
1 MHz/V 
1 MHz/V 
1 MHz/V 
1 MHz/V 
1 MHz/V 
10 MHz/V 
10 MHz/V 
10 MHz/V 
10 MHz/V 
20 MHz/V 

500 kHz 
500 kHz 
1 MHz 
500 kHz 
500 kHz 
6 MHz 
10 MHz 
10 MHz 
10 MHz 
10 MHz 
20 MHz 

2 MHz 
2 MHz 
4 MHz 
4 MHz 
6 MHz 
7 MHz 
10 MHz 
15 MHz 
25 MHz 
35 MHz 
100 MHz 

YIG DRIVERS 
Any Systron-Donner YIG device may be ordered with a matched 
YIG driver to provide accurate voltage/frequency conversion 
and to facilitate installation of theYIG device in a system.Two 
types of drivers are available: a standard version and a high-
stability version. Both types operate with input power of ±15 V 

(±20 or ±12 V available with some frequencies on special 
order), control voltage of 0 to 10 V, and minimum input imped¬ 
ance of 10ko. Units meeting either commercial or military en¬ 
vironmental requirements may be provided. Options available 
with 12-bit digital tuning. 

VOLTAGE-TUNED OSCILLATORS 

n (& 20 mW leveled 2i internal Detector 

MODEL: 
Frequency Power, Min. (mW): Spurious Signals: Residual FM: Amplitude Control: 
Range (MHz): 

Leveled Power vs. 
Frequency Unleveled Power vs. 

Frequency 
Harmonie 
Min. 

Non-Harmonie 
Min. 

in 1 Hz-30 
kHz Band Full Output Down 40 dB 

SDVX-2011 
SDVX-2012 
SDVX-2013 
SDVX-2108 
SDVX-2110 
SDVX-2111 
SDVX-2112 
SDVX-2000 
SDVX-2001 
SDVX-2002 
SDVX-2003 

470-1030 
940-2060 
1240-2060 
0 1-32 
8-112 
25-305 
90-510 
235-515 
470-1030 
940-2060 
1340-2460 

20 
20 
20 
20 
20 
20 
20 

<4 dB 
< 4 dB 
4 dB 

±0.3 dB' 
±0.1 dB' 
±0.2 dB' 
±0.2 dB!

30 
30 
25 
25 
30 
30 
30 
50 
50 
50 
50 

4 dB 
4 dB 
4 dB 
4 dB 

■ 4 dB 
■ 4 dB 
4 dB 

■ 4 dB 
4 dB 

■ 4 dB 
4 dB 

20 dBc 
20 dBc 
20 dBc 
20 dBc1
30 dBc1
30 dBc1
30 dBc' 
20 dBc 
20 dBc 
20 dBc 
20 dBc 

60 dBc 
60 dBc 
60 dBc 
50 dBc 
60 dBc 
60 dBc 
60 dBc 
60 dBc 
60 dBc 
60 dBc 
60 dBc 

2 kHz p-p 
4 kHz p-p 
4 kHz p-p 
4 kHz p-p 
2.5 kHz p-p 
1.5 kHz p-p 
1.5 kHz p-p 
1 kHz p-p 
2 kHz p-p 
4 kHz p-p 
4 kHz p-p 

— 5 V @ 30 mA 
-0.6 V @ 0 mA 
— 0.6 V @ 0 mA 
— 5 V @ 15 mA 
-5 V @ 15 mA 
— 15 V 15 mA 
-5 V @ 15 mA 

0 V @ 0 mA 
+ 5 V @ 30 mA 
+ 5 V @ 30 mA 
0 V @ 0 mA 
0 V @ 0 mA 
0 V @ 0 mA 
0 V @ 0 mA 

MECHANICAL AND VOLTAGE-TUNED OSCILLATORS 

Note 1 : Current is steady state. Surge current will be 70% higher. 

MODEL: 

Mechanical 
Tuning Frequency 
Range (GHz): 

Voltage Tuning 
Bandwidth (MHz) 

Power Output 
(mW) 

Power vs. 
Frequency (dB) 

Spurious Signals: 
Voltage Tuning 
Range (volts) 

DC Power 
(VDC) 
See Note 1 2nd Harmonie Non-Harmonie 

SDYX-2015-105 
SDVX-2016-110 
SDVX-2016-114 
SDVX-2016-107 
SDVX-2016-108 
SDVX-2017-106 
SDVX-2017-107 
SDVX-2017-112 
SDVX-2017-120 

5.925-6.425 
7.25-7.75 
7.9-84 
8.5-9.1 
9.0-9.6 
10.7-11.2 
11.2-11.7 
12.7-13.2 
14.0-14.5 

120 
120 
120 
120 
120 
100 
100 
100 
100 

50 
50 
50 
50 
50 
30 
30 
30 
30 

1 
1 
1 
1 
1 
1 
1 
1 
1 

30 dBc 
30 dBc 
30 dBc 
30 dBc 
30 dBc 
20 dBc 
20 dBc 
20 dBc 
20 dBc 

70 dBc 
70 dBc 
70 dBc 
70 dBc 
70 dBc 
70 dBc 
70 dBc 
70 dBc 
70 dBc 

2-25 
2-25 
2-25 
2-25 
2-25 
2-30 
2-30 
2-30 
2-30 

+15 @ 500 mA 
+ 15 @ 500 mA 
+15 @ 500 mA 
+ 15 @ 500 mA 
+ 15 @ 500 mA 
+15 @ 600 mA 
+15 @ 600 mA 
+ 15 @ 600 mA 
+15 @ 600 mA 
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YIG-TUNED FILTERS 
Systron-Donner SDYF-4000 Series reciprocal bandpass filters 
are available in one, two, three, four, and dual-two stage 
versions in single bands and multi-octave versions from 0.5 to 
40 GHz. These filters are ideal for use in receiver systems, 
frequency synthesizers, or test sets for preselection, signal 
sorting, or any other application in which a tunable filters 

must pass a desired signal or band of signals with minima! 
attenuation and reject undesired out-of-band signals. 

SDYF-4000 Series filters may be ordered individually, with a 
YIG driver, as part of a tracking filter/oscillator/driver assem¬ 
bly meeting specific system applications. 

MODEL: 

Frequency 
Range 
(GHz) 

Bandwidth 
(MHz. Min.) 

Insertion 
Loss 
(dB. Max.) 

O. R. 1. 
(dB, 
Min.) 

O.R.S. 
(dB. 
Min.) 

PB Ripple 
& Spurious 
(dB. Max.) 

Linearity 
(MHz. 
Nom.) 

Hysteresis 
(MHz, 
Norn.) 

B
A
N
D
P
A
S
S
 

SDYF-4021 
® SDYF-4022 
» SDYF-4023 
(Ö SDYF-4024 
ó SDYF-4025 
¿ SDYF-4026 

SDYF-4027 

„ SDYF-4028 
ct SDYF-4029 
- SDYF-4030 
¿ SDYF-4031 
S SDYF-4032 
£ SDYF-4033 
H SDYF-4034 

SDYF-4035 
ct SDYF-4036 
- SDYF-4037 
. SDYF-4038 
□ SDYF-4039 
£ SDYF-4040 

SDYF-4041 

&=■ SDYF-4042 
SDYF-4043 

¿ g SDYF-4044 
SDYF-4045 
SDYF-4046 

Õ«' SDYF-4047 
SDYF-4048 

, <u SDYF-4000 
•Eg SDYF-4000-102 
= 0 SDYF-4000-113 
O SDYF-4000-114 

0.5—1 
1-2 
2-4 
4-8 
8—12.4 
12.4—18 
18—26.5 

0.5-1 
1-2 
2-4 
4-8 
8—12.4 
12.4—18 
18—26.5 

0.5—1 
1-2 
2-4 
4-8 
8-12.4 
12.4-18 
18—26.5 

0.5-1 
1-2 
2-4 
4-8 
8-12.4 
12.4-18 
18—26.5 

1.8—18 
1 8-26.5 
2-18 
2-12 

12 
20 
20 
25 
30 
30 
35 

12 
18 
20 
25 
25 
30 
35 

10 
15 
15 
20 
20 
25 
30 

12 
20 
20 
25 
25 
25 
30 

20 
15 
30 
30 

6.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.0 

6.0 
5.0 
4.0 
4.0 
4.0 
4.0 
5.0 

8.0 
6.0 
5.0 
5.0 
5.0 
5.0 
5.5 

6.0 
3.0 
3.0 
3.0 
3.0 
3.0 
4.0 

5.0 
8.5 
3.0 
3.0 

40 
40 
50 
50 
50 
40 
40 

70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 
70 
70 
70 

40 
40 
50 
50 
50 
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A New Load Pull 
Measurement Technique 

Eases GaAs Characterization 
DAVID ZEMACK 
Microwave Semiconductor Corp. * 
Somerset, NJ 

INTRODUCTION 
Designers of microwave active 

devices are constantly lacking de¬ 
vice characterization data when 
large signal operation is encoun¬ 
tered. Without such data, one 
must rely on experience and on 
the bench trial and error experi¬ 
ments to extract performance. 
Results obtained in this manner 
tend to be less reliable and even 
unusable when specifications get 
tougher. The load pull measure¬ 
ment technique is a systematic 
experiment that can serve as a 
characterization routine. 

Large signal characterization 
of active devices at microwave 
frequencies is needed generally 
whenever output power and effi¬ 
ciency are key design goals. Load 
pull characterization can be used 
to predict performance and en¬ 
able circuit design. Practical usage 
of this method is increasing. It 
was first used by Belohoubek et 
al 1 in 1969 to solve interstage 
matching problems. In 1972, a 
1-2 GHz, 10 W linear amplifier 
was reported.2 In 1974, automat¬ 
ic capacity for contour mapping 
was developed in RCA.3

Load pull characterization has 
been used in wideband GaAs F ET 
amplifier design. Methods pro¬ 
posed by Takayama4 and others 
were used to design wideband in¬ 
ternal matched amplifiers. 

The following are a few exam¬ 
ples of load pull uses: 
• Synthetic load lines (for maxi¬ 

mum power, efficiency, phase, 
etc.)__ 

• Author on sabbatical leave from Rafael, 
Israel. 

• Performance trade-off 

• Frequency equalizing 

• Sensitivity to load changes 
(power, intermodulation, dis¬ 
sipation, etc.) 

• Alternate network solutions 

• Interstage matching 

This paper introduces a load 
pull measurement technique, per¬ 
formed by a substitution method. 

This method uses a two-section 
load. A fixed section is duplicat¬ 
ed to enable impedance measure¬ 
ments. A variable section is used 
to control performance. This 
method provides capability and 
simplicity lacking in many other 
methods. It can be used at very 
high power levels, and under 
pulsed conditions. Used to char¬ 
acterize a 1 W X-band GaAs FET 
it proved to be accurate up to 12 

Fig. 1 (a) Power efficiency gradient; (b) Wideband load determination; 
(c) Double maxima; Id) Load sensitive device. 



UHz using available manual 
equipment. 

PRINCIPLE OF LOAD PULL 
CHARACTERIZATION 

Load pull characterization is 
basically a multiple experiment 
conducted on a single device. The 
device performance is recorded 
under variable load conditions. 
Load pull is performed at a single 
frequency. The load is changed, 
performance observed, and loci 
of impedances for a constant pa¬ 
rameter (power, efficiency) are 
recorded. These loci form closed 
contours much like elevation 
lines. At the top, a single value 
optimum impedance is found. 
For wideband characterization, 
the band can be divided and load 
pull measurements can be taken 
at discrete frequencies within the 
band. Since impedance loci form 
closed contours, it is sufficient to 
record a limited number of repre¬ 
sentative points to map a given 
contour. 

Loads for optimum power, ef¬ 
ficiency, intermodulation and 
other parameters are not identi¬ 
cal. Contours around those opti¬ 
mum points will point out gradi¬ 
ent lines and sensitivities. Typical 
contours obtained via load pull 
mapping are shown in Figure 1. 
Each impedance contour repre¬ 
sents a different power output 
level, with a maximum power 
output occurring within the inner 
contour. If power output con¬ 
tours are superimposed on effi¬ 
ciency contours, as in Figure 1a, 
then trade-offs between power 
and efficiency can be made intel¬ 
ligently. Power contours taken at 
different frequencies give the 

mapping in Figure 1b, which aids 
the design for optimum frequen¬ 
cy performance. A constant pow¬ 
er output load can be derived, re¬ 
sulting in a constant gain and im¬ 
pedance realizability. Double 
maxima as shown in Figure 1c 
can occur from uncontrolled har¬ 
monic loading. A typical load¬ 
sensitive device will have the kind 
of contours shown in Figure 1d. 
It should be kept in mind that 
the assumption of device charac¬ 
terization by its terminating im¬ 
pedances is not universally valid. 
The effect of impedance load at 
harmonics, reference plane errors 
and the tendency to oscillate 
tend to obscure mapping data. 

LOAD PULL SUBSTITUTION 
METHOD 

The method developed to 
characterize power FET's uses a 
substitution technique. The load 
in this method is formed by two 
sections, one fixed section, the 
other variable. The fixed portion 
is connected between the device 
and a double pole, single throw 
symmetrical RF relay. This sec¬ 
tion is duplicated at the other 
pole of the relay, shown in Fig¬ 
ure 2. The variable section is con¬ 
nected between the relay and the 
terminating power meter. When 
this port is connected to the de¬ 
vice, the load can be changed to 
attain desirable performance. 
Switching the relay to the dupli¬ 
cated arm allows for impedance 
measurement at a reference plane 
equivalent to the device output 
connection. Measurements con¬ 
ducted, point by point, using a 
network analyzer or a slotted line 
are straightforward. 
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In a practical application, the 
desired evaluation bandwidth is 
covered by four equally separated 
frequency points and power and 
efficiency recorded for three 
power contours at each frequen¬ 
cy. With eight points for each im¬ 
pedance contour, the total num¬ 
ber of impedance data points is 
96. Before use of this method, 
the conventional approach re¬ 
quired tuning the device, then 
disassembling the circuit and 
measuring impedances at each 
frequency. By this old process 
one would obtain a single data 
point at a time, requiring at least 
one for each frequency. Contour 
plotting was impractically diffi¬ 
cult, so one tried to tune to as 
near an optimum as possible. 

The impedance range covered 
by the variable portion of the 
load is limited by circuit dissipa¬ 
tion. Losses of 1 dB permit con¬ 
tours having load SWR of up to 
about 9:1. In general, load circuit 
covering a SWR range of V is pos¬ 
sible if circuit losses (in dB) 
satisfy: 

V+1 
L^ 10 '°9 y-f 

Relay symmetry affects accu¬ 
racy of load duplication at the 
substituting arm. An HP8761A 
relay was tested for symmetry 
using an automatic network ana¬ 
lyzer. Results for SH and S21 are 
shown in Table 1. 

The error caused by the small 
asymmetry of the relay could be 
calculated directly using two sets 
of S parameters for the two relay 
positions. 

The reflection coefficient de¬ 
fined at the relay port, T, 'should 
be differentiated to find the 
measurement uncertainty. 

s2r r2
r‘ =S11 + i-s22r2

r2 — Variable load reflection 
coefficient 

Sij — Relay S parameters 

c 2r 2 
Ö2I 1 2

as21 --- as22
(1_S22 F 2) 

(continued on page 66) 

MICROWAVE JOURNAL 
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measure pulse modulated signals 
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Ü Plus, since it also measures 
time varying CW signals, the techs 
in the EW repair shop can use it 
together with a delaying pulse 
generator to automatically measure 
VCO post tuning drift. They love it. 
It not only counts the output 
frequency of VCO’s, but does it at 

any point in time. 
ii It's sure easy 

to operate a 451. Just 
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the counter input. The 
signal’s frequency

immediately appears on 
a bright 7 digit LED display with 

resolution to 10 kHz. I can measure 
pulse widths as narrow as 100 
nanoseconds. There’s no minimum 
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/from page 64) NEW LOAD PULL 

Fig. 3 Partial fixed matching. 

Using the small reflection 
approximation: 

lúri=|AsHi+2ir2i iAs21 i+ir2i2|AsM i 

From Table 1, the largest devi¬ 
ations between the relay S pa¬ 
rameters are: 

|ASh|— |AS 22 |=0.007 and 

|AS 21 1^0.0037. 

For |T21=0.7 the worst case 
uncertainty would be ±0.016. 
Assuming that the fixed portion 
of the network is identically du¬ 
plicated, this should be the ex¬ 
pected measurement error. Re 
petitive operation of the relay 
was found to give reproducible 
performance, within the toler¬ 
ances described. 

For power FET's, load imped¬ 
ances lower than 5 ohms are sel-
domly encountered. To obtain 
low impedance loading contours 
limited by circuit losses, partial 
matching at the fixed portion of 
the load should be considered. 
Using a quarter-wave section of 
transmission line having charac¬ 
teristic impedance Zo, mapping 
is possible between Vmax and 
Vmjn (maximum and minimum 
SWR circles) according to: 

TABLE 1 

SYMMETRICAL RELAY PORTS MEASUREMENTS 

S11 S21 

MHz dB ANG dB ANG 

5000 - 30.9 105 -0.06 - 30 
6000 -27.3 - 82 -0.22 -107 
7000 -26.7 120 0.19 175 
8000 -30.6 - 82 -0.05 95 
9000 -30.5 76 0.22 18 
10000 -28.0 - 13 -0.20 - 60 
11000 -30.6 4 0.49 -137 

_ S11_ S21_ 

MHz dB ANG dB ANG 

5000 “32.8 102 -0.06 - 29 
6000 -30.7 - 81 -0.19 -106 
7000 -27.5 130 -1.18 176 
8000 -33.8 - 65 -0.06 96 
9000 -32.4 89 -0.16 19 
10000 -28.3 - 7 -0.26 - 59 
11000 -30.7 - 21 -0.56 -136 

Fig. 4 Set up for load pull measurements. 

This is depicted in Figure 3. 
The variable section is limited to 
a SWR of 5. Using a 25-ohm 
quarterwave line at the fixed sec¬ 
tion, local contour mapping with¬ 
in the shaded circle is possible. 

Using the obtained impedance 
data to design a circuit can be 
completed by measuring the real¬ 
ized load impedance. Keeping the 

same procedure for reference 
plane calibration and associated 
transition will result in reduction 
of realization errors. 

Mapping of power contours on 
a Smith chart for the MSC 88104 
was carried out using the set up 
described in Figure 4 and pre 
sented in Figure 6. The tuner 
used for the variable section was 
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3 single stub tuner composed of a 
Xlarda Model 3753B phase shifter 
jnd a shorted stub tuner. Total 
circuit losses in the 4 - 8 GHz 
band were 1.2 dB (SWR of 7:1 ). 

The device mounting and sub¬ 
stitution section are described in 
= igure 5. By placing a connector 
at the device symmetrical refer¬ 
ence plane and using a network 
snalyzer it was possible to ensure 
:he 7:1 SWR coverage. By chang-
ng the variable load and alterna-
:ively connecting the two sym-
netrical ports to the analyzer, 
substitution errors were meas-
jred. The results were in agree¬ 
ment with those calculated. 

CONCLUSIONS 

This load pull substitution 
measurement technique offers a 
oractical way to obtain the need¬ 
ed insight to operate active de-
/ices under large microwave sig-
lal conditions. When used to 
sharacterize a GaAs F ET for the 
1 to 8 GHz band, it was found to 
:>e accurate within ±5%. 

This accuracy could be im-
oroved and extended in frequen¬ 
cy by using computer-aided error 
correction methods. Using the 
semi-automatic network analyzer 

Fig. 5 Device and substitution section. 

(Reference 6) it would simplify 
the sophistication needed to cali¬ 
brate and store tuner data (Ref¬ 
erence 3). This method is amen¬ 
able to further refinements for 
improved load impedance evalua¬ 
tions. Used for oscillator design, 
power and frequency contours 
were recorded to enable high 
power wideband tuning (Refer¬ 
ence 7). Harmonic tuning suggest¬ 
ed in Reference 8 would be more 
effectively practiced, using a di¬ 
plexer at the tuning port. Very 
importantly, pulsed operation of 
device that seem impossible using 
the method described in Refer¬ 
ence 4 can be evaluated. With the 
separating switch, CW measure¬ 
ment of impedances does not in¬ 
terfere with high power pulsed 
operation of the active device (in¬ 
cluding single port devices). The 
suggested method could be used 
at the input of a device as welF as 
the output, however, input im¬ 
pedance measurements described 
in Reference 9 could be more 
straightforward. 

Availability of load pull data 
enables optimum design to ex¬ 
ploit device properties. In the 
case of the GaAs F ET measured, 
it suggests a very high usable op¬ 
eration bandwidth. 
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Transition from Metal to 
Dielectric Waveguide 

JOHANNES A. G. MALHERBE 
Dept, of Electrical Engineering, Stellenbosch U. 
Stellenbosch, South Africa 

TRANG N. TRINH, RAJ MITTRA 
Dept, of Electrical Engineering & Coordinated Science Lab. 
U. of Illinois, Urbana, IL 

A transition from metal waveguide 
to a dielectric waveguide is de¬ 
scribed. An important aspect of 
the transition is that no dimen¬ 
sions are critical, making manu¬ 
facture inexpensive. 

INTRODUCTION 

The literature at present is not¬ 
ably short of detailed informa¬ 
tion on the manufacture and per¬ 
formance of transition from a 
metal to a dielectric waveguide. 
Such a transition has been devel¬ 
oped and tested and is described. 
The development work was done 
in the X-band because of the 
greatly improved ease of manu¬ 
facture of components, and then 
scaled and tested in the E-band. 
It was decided to standardize the 
dielectric waveguide (nominally 

Fig. 1 (a) Dielectric taper, (b) Inside di¬ 
mensions of the X-band horn in mm 
and (c) Assembly of the transition. 

0.9 X 0.4” for X-band and 0.122 
X 0.61" for E-band). 

The transition consists of two 
regions, that can be identified as 
follows: firstly, there is a transi¬ 
tion from air-filled to dielectric-
filled waveguide (subsequently 
called the "taper") and secondly 
the mechanism whereby the wave 
is launched from the metal¬ 
boundary dielectric waveguide to 
the air-boundary dielectric guide 
(the "horn"). 

THE TAPER 

The transition from air-filled 
to dielectric waveguide was ex¬ 
amined first. Figure 1(a) shows 
the structure of a taper which is 
wedge-shaped in both the E- and 
H-planes. Two tapers fitted back-
to-back, with a zero length of 
guide between them, was fitted 
inside the standard X-band guide. 
The return loss for this "double 
transition" was found to be in 
excess of 18 dB over the band 
8-12 GHz. The insertion loss due 
to the two transitions (this is dis¬ 
sipation loss only, in view of the 
high return loss) is shown as the 
solid curve in Figure 3(b). This 
performance was considered 
satisfactory. 

LAUNCHING HORN 

The transition from metal- to 
dielectric-waveguide is achieved 
by means of the launching horn 
shown in Figure 1(b), for X-band. 
A variety of horn designs were 
tested and, while it was found 
that the horn length is not criti¬ 
cal, it is necessary for the horn to 
have a wide flare. The assembly 
of the transition is shown in Fig¬ 
ure 1 (c). 

Figure 2 shows the forward 
transmission coefficient of two 
horns connected with lengths of 
"plexiglas" (er = 2.6, tanS = 
57 X 10-4 ) dielectric guide, of 

length 250, 360 and 700 mm re¬ 
spectively. In the case of the 700 
mm long guide, the insertion loss 
increases linearly with frequency. 
For the guides of lengths 250 and 
360 mm, however, the loss is con 
stant to about 10 GHz, and then 

Fig. 2 Insertion loss vs. frequency for 
various lengths of line. Linelengths 
shown in mm. 

Fig. 3 Loss per unit length for dielectric 
guide (a), calculated: — o— ; 
measured: xx & ••. (b): measured 
loss in the dielectric tapers -; 
calculated transition loss: -- . 

Nnvemhor _ 1QQn 



Fig. 4 Return Loss and SWR response for X-band transition with two types of dielectric 
taper: - both E and H Tapers; - H Taper only. 

increases linearly with frequency. 
In the latter part, the correlation 
between the three guides is good. 
It is thought that at frequencies 
below 10 GHz on the shorter 
lines, the horns become coupled, 
causing the observed deviation. 
From this information, it is sug¬ 
gested that the horn coupling can 
be avoided if the length of the 
dielectric guide is more than 
about 20 wavelengths at the op¬ 
erating frequency. 

The information in the curves 

section, as compared to a theo¬ 
retical value. 1 Figure 3(b) shows 
the resultant difference between 
the total measured loss and the 
loss for the guide only, and com¬ 
pares this to the measured loss in 
the two transition tapers. 

The return loss for the com¬ 
pleted transition is shown in Fig¬ 
ure 4 for two cases. The solid line 
curve was obtained with the tran¬ 
sition shown in Figure 1(a) while 
the dotted curve was obtained 
with a simplified transition, being 

tapered in the H-plane of the di¬ 
electric guide only. Both cases 
give acceptable and very similar 
performances. This result is of 
importance, as when applied to 
an E-band dielectric guide, it be¬ 
comes very difficult to manufac¬ 
ture an E-plane taper because of 
the small size. 

MILLIMETER-WAVE EXPERIMENTS 

The horn previously described 
for use at X-band, was scaled for 
use in the E-band (80-85 GHz). 
The dimensions of the horn are 
shown in Figure 5(a), and is 
shown assembled in Figure 5(b). 

Figures 6 and 7 show curves of 
frequency vs insertion loss and 
return loss respectively, for a di¬ 
electric waveguide constructed 
of Teflon (er = 2.057, tanS = 
6 X 10 4 ). Using the same assump¬ 
tion as in launching horn section, 
for loss, a theoretical loss curve is 
obtained for the dielectric guide, 
as shown in Figure 6. This would 
put the loss due to the transitions 
at less than 0.5 dB per transition, 
although clearly, this is a maxi¬ 
mum value occurring only at a 
number of frequencies. 

The return loss is in close 
agreement with that found for 
the X-band case where an H-plane 
taper only is used. 

was used to calculate the loss per 
unit line length, total loss in the 
guided section of the 700 mm 
long guide and thus the loss due 
to each transition. Figure 3(a) 
shows the loss per unit length of 
the straight dielectric waveguide 

Fig. 5 Inside dimensions of the E band 
launching horn in mm (a), and 
(b) the assembled transition. 

Fig. 6 Insertion Loss vs. frequency for the E-band transition and 86mm long Teflon guide 
- Total insertion Loss; - •- Calculated loss for the dielectric only. 

Fig. 7 Return Loss for E-band waveguide to dielectric transition. 
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When your RF network 
measurement needs are large, 

but your budget isn’t. 

■) 9 u Q »UUO 

□ 
-

□UUU DCEC 

8754A Network Analyzer and 8502A 
Transmission/Reflection Test Set CRT trace 
has been stored in companion 8750A Storage 
Noi mal.zer 

Opuonai 

HP^ 1300 MHz 
Network Analyzer. 
It brings speed and 
convenience to 
RF measurements 
for only $12,400. 

The HP 8754A consists of: 
4-1300 MHz swept source 
with +10 dBm leveled 
output, calibrated sweeps 
and crystal markers. 
Three channel receiver 
to measure any two trans-
m ission/refleet ion param¬ 
eters simultaneously with 
>80 dB dynamic range. 

□ CRT display for rectilinear 
and polar plots with resolu¬ 
tion 0.25 dB and 2.5°/major 
division. 

Just add the appropriate 
test set and you can make 
thorough and accurate 
measurements quickly 
and easily. Such as: 

Transmission Magnitude 
and Phase. 

Measure loss, gain and phase 
shift using the 11850 Power 
Splitter ($675). Completely 
identify filter passbands and 
skirt characteristics without 
misleading harmonic or 
spurious responses. 

Measure and display 
impedance in polar form, 
with crystal markers to give 
precise frequency data. Test 
sets are available for both 
50 and 75 ii systems. 

45907B 

Simultaneous 
Transmission and 
Reflection. 

Use the 8502 Test Set ($2250) and see 
the trade offs between transmission 
gain/loss and input match in a single 
setup. For two-port characteristics of 
networks, including transistors, an 
S-parameter test set is available. 

Storage/Normaliz.er 
increases 
the 8754A’s capabilities. 
Add the 8750A and you can automatically 
remove system frequency response varia¬ 
tions also make comparison measure¬ 
ments easily. Digital storage permits 
flicker-free displays even for measure¬ 
ments requiring slow sweep rates. 

A call to your nearby HP 
field sales office is all you 
have to do to get more infor¬ 
mation or write 1507 Page 
Mill Road. Palo Alto, 
CA 94304. 
Domestic US prices only. 

ta HEWLETT PACKARD 



HPAs by ITALTEL: 
the way for optimizing your via satellite 
communication networks.... 

Shelter mountable 

Specially featured safety devices 
Extra-compact assembling 

Frequency range: 5.925 up to 6.425 GHz 
Output powers: 1.5 up to 3.35 kW 

Full solid-state beam regulator 
Output power circulator 
Solid state or TWT driver 
Arc detector and crowbar protection 

...by adopting our high-quality 

^ITALTEL 
SOCIETA' ITALIANATELECOMUNICAZIONI 

Klystron amplifier AR 38. 

20149 Milan (Italy) 12, Piazzale Zavattari - phone (+392) 4388.1 

(from page 72) DIELECTRIC 

CONCLUSION 

A metal- to dielectric-wave¬ 
guide transition has been de¬ 
scribed. The transition was first 
modelled at X-band and the 
scaled dimensions applied to the 
E-band. Losses of less than 0.5 dB 
per transition can be obtained, 
while none of the parameters are 
critical. A very good return loss 
has been observed. 
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Scalar Analyzer Plug-in 
Automates 

Swept Measurements 
PACIFIC MEASUREMENTS, INC. 

Sunnyvale, CA 

The Pacific Measurements, Inc. 
Model 1038/N-10 plug in together 
with their Model 1038/D-14 main¬ 
frame completely automates swept 
measurements of insertion loss, gain, 
return loss and absolute power. The 
microprocessor-based 1038/N-10 func¬ 
tions are fully controllable by either 
IEEE-STD-488 Bus commands, front 
panel key pad, or individual function 
controls. 

In conjunction with an appropriate 
sweeper and standard TMI detectors, 
measurements from 1 MHz to 26.5 
GHz are accommodated. Waveguide 
detectors together with PM I cable 
adapters extend the range to over 100 
GHz. With an input power range of 
+ 16 to -60 dBm, a full 76 dB of dy¬ 
namic range is provided. 

When used with a frequency-propor 
tional-to-voltage sweep, the 2000-point 
memory stores calibration data for the 
entire sweep range and permits the dis¬ 
played frequency end points to be 
chosen arbitrarily without recalibra¬ 
tion. Horizontal centering and adjust¬ 
ment of the display width to full 
screen size for the full sweep range or 
a portion of that range is automatic for 
sweepers with voltage ranges between 
- 10 and +20 V. An auto-zero feature 
compensates for low-level drift during 
retrace times. 

Display sensitivities range from 0.1 
to 10 dB/div. for both channels; an 
additional 0.05 dB/div. scale is avail¬ 
able for the B channel. Resolution is 
0.002 dB for the B channel and 0.02 

Model 1038/N-10 Plug-in. 

dB for the A channel. Offsets from 
+40 to -60 dB in 0.1 dB increments 
may be set into both channels and the 
reference line may be set at any major 
horizontal graticule line. Frequency 
markers are displayed as upward spikes 
in the display. A downward spike cur-

1038/N-10 with 1038/D-14 Mainframe. 

sor in the display identifies the point 
for which data is displayed on the LEC 
readouts for both channels. Cursor 
position may be controlled via the Bus 
or by front panel controls. 

A 10 mW ± 1.5% calibration signal 
is available at the front panel. Harmon 
ics in the signal are 50 dB below the 
fundamental and the source impedanci 
is 50 ohms. Overall instrument accu¬ 
racy is shown in the table. 

The PMI balanced detectors for use 
with the 1038/N-10 are flat within 
± 0.5 dB to 18 GHz, ± 1 dB to 26.5 
GHz. The detectors are temperature 
compensated and calibration data is 
provided with each for absolute power 
measurements. 

A 16-key digital pad is provided for 
selecting channels and functions and 
two special function keys are available 
for user-defined functions. A front 
panel flashing light feature indicates 
the status of every key pad entry rou¬ 
tine until it is completed. 

The 1038/N-10's standard software 
package includes application programs 
for all common sweep generators and 
calculators. 

Circle 113 on Reader Service Card 

TABLE 1 

KEY SPECIFICATIONS 

Input Power +16 to —60 dBm 

Display Sensitivity 

A Channel 0.1,0.2, 0.5, 1.0, 2.0, 3.0, 5.0, 10.0 dB/div. 

B Channel Same as A plus 0.05 dB/div. scale 

Reference Offset +40 to -60 dB in 0.1 dB increments 

Calibration Signal 1 mW ± 1.5% @ 50 S2 

Accuracy ± 0.1 dB/10 dB; 0.3 dB max @ -40 dBm 

± 0.4 dB max. @ -50 dBm, + 1.0 dB max. 

@ 60 dBm and ± 0.5 dB @ +16 dBm 

Horizontal memory 2000 points/channel 



INDUSTRIES, INC. 

PHONE |812|-372-8869 
P.O. BOX 1203 
COLUMBUS. INDIANA 

47201 

ATTENUATORS: 

'Rotary 
•Programmable 
*Cam Actuated 
•Toggle Switch 
•Push Button 
•Rocker Switch 
’Fixed 

PRECISION LOADS 
RETURN LOSS BRIDGES 
POWER DIVIDERS 
RESISTIVE DIVIDERS 
RF FUSES 
DETECTORS 
FEED THRU TERMINATIONS 

Write or call 
for comprehensive CATALOG 79-10 

CIRCLE 39 ON READER SERVICE CARD 

HOW TO SUPPLY YOUR BUSINESS WITH 
TECHNICAL TALENT THROUGH 

GOVERNMENT FUNDING and mora.... 

CETA For Your Butin»» will tell you how to : 
properly acquire and run effective CETA programs : 
amounting to as much as $250,000. 
Al»o. WE WILL SHOW YOU HOW your businew ï 
SHOULD: 

a GENERATE RENEWABLE CONTRACTS AVERAGING 1 
»100,000 IN 30 DAYS 

a ESTABLISH OR INCREASE CONSISTENT CASH Í 
ELOW 

: 
a INCREASE PROFIT FROM SALES (50 ■ 80%) 

a OPEN NEW MARKETS FOR PRODUCTS 

AND BENEFIT BY: 

a REIMBURSEMENT FOR OVERHEAD EXPENSES Í 

a OPENING OR INCREASING BANK UNES OFCREDIT Î 

a ADDING NEW PROFIT CENTER 

a ACCRUING NEW TAX ADVANTAGES 

a INCREASING QUALIFIED TECHNICAL TALENT 

To begin, you must be decisive and act immediately!!! 

Send your $95.00 (TAX DEDUCTABLE) investment by S 
check or money order and receive this New Six-Sectioned Z 
detailed, step-by-step Publication. Guaranteed and PROVEN • 
TO WORK!!! : 

J & G INDUSTRIES, INC. P.O. Box 2069 
Columbia, Maryland 21045 
Allow 10 days for delivery 5 

Product Feature---

Surface Mode 
Circulators 
and Isolators 

AERTECH INDUSTRIES-
Sunnyvale, CA 

Microwave circulators and isolators 
are generally available with insertion 
loss as low as .10 dB across a 10-20% 
bandwidth. As the passband is in¬ 
creased, however, the insertion loss in¬ 
creases and other electrical perform¬ 
ance tends to degrade. Circulators and 
isolators of conventional design are 
limited to 66-75% bandwidth due to 
the frequency sensitivity of the ferrite 
junction, low field loss at the low end 

Fig. 1 SMI 6018 insertion loss and isolation. 

of the passband, and higher moding at 
the high end of the passband. While 
there are isolators available which per¬ 
form over 100% bandwidth, these de-

Aertech Industries recently an¬ 
nounced a new line of microwave 
“Surface Mode™ Circulators and Iso¬ 
lators." These are available in discrete 

frequency bands over the 2-20 GHz 
range and feature a unique design 
which reduces the low field loss and 
inhibits higher order moding. 

PERFORMANCE 

Figures 1 and 2 illustrate the char¬ 
acteristics of a 6-18 GHz circulator 
employing the Surface Mode™ design. 
This performance holds over a temper¬ 
ature range of -20° to +65°C. Some 
degradation occurs if the range is ex¬ 
panded to -55°C to +105°C. Mech¬ 
anically, this device is 0.88" x 1.01 " 
X 0.62" thick exclusive of connectors 
and it weighs 2 oz. Figure 3 illustrates 
the performance of a 2-6 GHz model 
which measures 1.58" x 1.61" x 0.73" 
thick and weighs 6.0 oz. In addition to 
the 2-6 GHz and 6-18 GHz bands, oth¬ 
er models are available to cover the 
8-20 GHz range. 

Fig. 3 SMI 2060 characteristics. 

Because of their broadband charac¬ 
teristics, low insertion loss and small 
size. Surface Mode™ circulators and 
isolators are ideally suited to electronic 
warfare equipment as well as the instru¬ 
ment applications. 
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Microwave 
Products 

instrumentation 
SWEEP GENERATOR COVERS 
10 MHz - 2 GHz 
Model 610D sweep generator produces 20 
mW over the 10 MHz to 2 GHz frequency 
ange. Using an internal closed-loop leveling 
circuit, instrument holds variations in out-
aut power to less than ± 0.3 dB across the 
full band. A front-panel slope control com-
aensates for test-circuit cable losses and 
maintains a flat output at the test point. 
Heterodyne circuit sweeps continuously 
¡cross the full band at rates varying from 
10 ms to 100 s per sweep. For ATE appli¬ 
cations, option available which can be pro 
jrammed for use on IEEE 488 bus with 
10,000-point resolution. Also features 
aroadband F, to F ; sweep, a ÚF narrow 
aand sweep, 3 CW frequencies, variable 
¡nd crystal-controlled harmonic markers, 
’rice: Mainframe — S1985, (610D) plug in 
6109D) — $5250, GPIB programmability 
aption 16 — $1100. Del: 60 days. Wiltron 
3o., Mountain View, CA. Walt Baxter, 
415) 969-6500. Circle 120. 

METER SPANS VIDEO UHF NOISE GENERATOR 

A broadband, solid state noise generator. 
Model 7618, covers the 1 1 8 GHz frequen¬ 
cy range with SWR of 1.2 max., from 1-
12.4 GHz, 1.3 Max., from 12.4 18 GHz. 
Guaranteed excess noise ration ( EN R) flat¬ 
ness of better than ± 1 dB; maximum ENR 
is 15.9 dB. Accuracy of the model is assured 
by 100% calibration with NBS-approved 
noise calibration system. ENR uncertainty 
is worst case — not root sum of squares 
(RSS). Instrument requires 28 V at < 20 
ma, and it can also be operated from a 
"stand alone", regulated power supply. 
Noise output connector is SMA female; 
power input connector is BNC female. 
Eaton Corp., Electronic Instrumentation 
Div., City of Industry, CA. William Pastori, 
(213)965 4911. Circle 118 

Model LN-70 logarithmic amplifier provides 
70 dB dynamic range measurements and is 
designed to operate with conventional 
sweep generators, displays and detectors 
covering from video to high microwave fre¬ 
quencies. Full dynamic range of model is 
+20 to 50 dBm. Offset control on front 
panel enables measurement of gain or loss 
to 0.1 dB resolution. Measurements pre¬ 
sented on digital readout; powering is from 
115/230 Vac, 50/60 Hz, with a power con¬ 
sumption of less than 15 W. Price: $595. 
Texscan Corporation, Indianapolis, IN. 
Raleigh B. Stelle, (317) 357-8781. 

Circle 116. 

FREQUENCY EXTENDER PUSHES 
RANGE TO 50 MHz - 1.25 GHz 

Model 2373 is a frequency extender which 
pushes 110 MHz spectrum analyzer fre¬ 
quency sweepwidths from 20 Hz per divi¬ 
sion to the full 50 MHz to 1.25 GHz. Cou¬ 
pled with the spectrum analyzer, this ex¬ 
tender forms a measuring system over the 
30 Hz to 1250 MHz frequency range, with 
an ability to measure narrow spectra to 5 
Hz resolution. Price: $19,500. Avail: 30 
days. Marconi Instruments Div., Marconi 
Electronics Inc., Northvale, NJ. 
(201)767-7250. Cirde119 

(continued on page 78) 

ENGINEERS 

Join our Team in Boulder, Colorado 
Ball Aerospace Systems, a division of the Ball Corporation, 
is seeking professionals who want a challenging 
opportunity with a leading manufacturer of highly technical 
aerospace instrumentation systems We are located in 
Boulder, Colorado just 20 miles northwest of Denver. 
Due to our continuous and rapid growth, we need qualified 
professionals interested in furthering their career with an 
industry leader We offer opportunities in the following 
engineering disciplines: 

ANTENNA 
RF CIRCUITS 
RF SYSTEMS 
MICROWAVE INTEGRATED CIRCUITS 

We offer an excellent salary and benefits package including 
medical, dental, life insurance, stock purchase plan, credit 
union. 100% tuition reimbursement and 4 WEEKS 
VACATION after one year. 
Qualified candidates please forward letter or resume to: 

MM* AEROSPACE SYSTEMS DIVISION 
OJíctíí« Employee Relations Dept 

P O. Box 1062 
Boulder. CO 80306 
(303)441-4111 
An Equal Opportunity Employer M/F 

e 

11.61/- 176.2 

1.13 

U S Patent 4.042.887 Call now or write 

You need 

1.16 
1.16 

1.24 
1. 16 

15 
13 

5.000 
50.000 
100.000 
150.00Q 
200.00C 
250.00C 
300.00G 
350.000 
400.00C 
450.000 
500.000 

11.93/ 
11.89/ 
11.87/ 
11.85/ 
11.85/ 
11.88/ 
11.94/ 
12.02/ 
12.10/ 
12.19/ 

1.20 
1.05 
1.05 
1.07 
1.08 
1.10 
1.10 

152.2 
137.7 
123.3 
108.8 
94.5 
79.6 
64.3 
48.6 
31.6 

INPUT 
VSWR 

REVERSE 
ISOL. 

OUTPUT 
VSWR 

FORWARD 
GAIN / PHASE 

FREQ. 
MHz 

-46.66 
-40.53 
-35.87 
-32.78 
-30.53 
-28.83 
-27.42 
-26.22 
-25.15 
-24.19 
-23.28 

Q bit Corporation 311 Pacific Ave Palm Bay. Florida 32905 
(305)727-1838 TWX (510) 959 6257 

QBH-104 15Vdc 

Compare 
these specs 

If you need 
high dynamic range, 
low VSWR... 

ri the new 
7 QBH 104 



We’ve made 
a great 
change in 
RT/duroid 
materials 
for you 
±.02 
Now it’s easier to get 
electrically predictable 
results time after time 
with RT/duroids 5870 
and 5880 because the 
tolerance on dielectric 
constant has been cut 
in half. 

You can specify ± .02 at no ad¬ 
ditional cost. With ± .02 you get: 

■ Greater directivity in narrow 
frequency band couplers. 

■ Uniform, predictable phase 
velocity in phased array 
antenna divider networks. 

■ The same in dual path phase 
comparison devices. 

■ Closer frequency response 
curve tolerances in stripline 
filters. 

MIL P 13949E calls for ± .04 
tolerance. Our new process 
controls make us tighter than 
that: ± .02 tolerance on the 
dielectric constant of RT/duroid 
material 5870 (2.33) and of 
RT/duroid material 5880 (2.20). 

If you want to be tight with your 
tolerances and get high yield, 
less testing adjustment, and less 
rework, you have no other 
choice than RT/duroids. 

Circuit Systems Division 
Rogers Corporation 
Chandler, Arizona 85224 
(602) 963-4584 
EUROPE: Mektron NV. Gent, Belgium 
JAPAN: New Metals and Chemicals Corp.. Ltd., Tokyo 

ROGERS 
Circle 43 for Immediate Need 
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FREQUENCY DOUBLER 
EXTENDS SIGNAL GENERATOR 
OUTPUT FROM 1280-2560 MHz 

Use of the HP11721A frequency doubler 
extends signal generator output frequency 
from 1280 2560 MHz. CW and FM-modu-
lated signals will reproduce little distortion 
and with fairly predictable conversion loss. 
At drive levels greater than +10 dBm, for 
instance, conversion loss is less than 15 dB. 
Software routines for programmable appli¬ 
cations also available. Price: $285. Del: 
4 wks. Hewlett-Packard Co., Palo Alto, CA. 
(415) 857-1501. Circle 117 

ATTENUATION MEASUREMENT 
SYSTEM EXCEEDS 100 dB 

Model VM-4A is a microprocessor-con-
trolled dual channel receiver which makes 
rapid, single-step insertion-loss measure¬ 
ments in excess of 100 dB from 0.01-18 
GHz. Resolutions of 0.1,0.01, or 0.001 dB 
and all other functions are controlled either 
through its front panel or the IEEE-488 in¬ 
terface bus. Instrument can also be used to 
calibrate output attenuator of signal gener¬ 
ators with typical sensitivity better than 
- 100 dBm to 15 GHz and -90 dBm from 
15-18 GHz. Typical measurements can be 
made by model at a rate of 5 frequencies 
per second, depending upon dynamic range 
and resolution. Parallel IF substitution im¬ 
proves accuracy; dual set of binary step at¬ 
tenuators improves stability of internal ref¬ 
erence. Two microprocessors are used to 
operate local oscillator phase locked loop 
system and to provide adaptive signal fil¬ 
tering, along with system control and data 
functions. Weinschel Engineering, Gaithers¬ 
burg, MD. Julian D. Parker, 
(301)948-3434. Circle 149. 

Hardware 
MINI-TORQUE WRENCH FOR 
CONNECTORS 

A miniature, lightweight torque wrench, 
Part No. 2098-0299-54, assures proper cou¬ 
pling for connector series. Size: 4’/2" L, 
supplied with 2 interchangeable heads. Tor¬ 
que is preset at 8 in. lb. Price: $89 per 
unit. Del: stock to 4 wks. Omni Spectra, 
Inc., Microwave Connector Div., Waltham, 
MA. Ernest J. DeVita, (617) 890-4750. 

Circle 148. 

(con tinued on page 79) 

ERRATUM 

In the Contract News Report by Eliot 
D. Cohen (Microwave Journal, Novem¬ 
ber, 1980, p. 38) the description of 
S-band power bipolar transistor devel¬ 
opment should have read as follows: 

S-BAND POWER BIPOLAR 
TRANSISTOR DEVELOPMENT 

Microwave Semiconductor Corpo¬ 
ration (Contract No. N00173-78-C-
0019) is continuing work on the de¬ 
velopment of high power 3.1-3.5 GHz 
transistors. Recently, a new run of 
large single cell devices yielded power 
outputs of up to 9.25 watts peak (50 
microsecond pulses, 10% duty factor) 
with 6.7 dB gain and a collector effi¬ 
ciency of 30% at 3.5 GHz. This repre¬ 
sents a power output of 1.75 watt over 
cell design goal and a substantial im¬ 
provement in collector efficiency com¬ 
pared to previous device runs. Eight of 
these cells have been combined to pro¬ 
duce a single device amplifier with ap¬ 
proximately 60 watts of peak power 
output across the 3.1 -3.5 GHz band. 
Gain and collector efficiency are ap¬ 
proximately 5.5 dB and 30%, respec¬ 
tively, for the multi-cell device. The 
devices use ion implanted bases and 
diffused emitters. 

Successful candidate will have 2-5 
years experience. A BSEE is re¬ 
quired and an MSEE preferred. 
Cartwright Engineering offers excel¬ 
lent working conditions, wages and 
benefit programs. 

Please send resume to: 
Jim Manson 
Director of Engineering 

RF/ ANALOG 
DESIGNER 

CARTWRIGHT ENGINEERING, 
INC. 
251 East Palais Road 
Anaheim, California 92805 

Challenging opportunity for profes¬ 
sional growth in the development 
of radar equipment with a dynamic 
small company. 

RF experience to 3 GHz. Familiar¬ 
ity with microstrip, stripline and 
computer aided design techniques 
desirable. 
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Devices 
MAGNETRON COVERS 94-96 GHz; 
EMPLOYS Sm-Co MAGNET 

A lightweight, M-band fixed frequency 
pulse magnetron, Model MG5200, operates 
in the 94-96 GHz frequency range. This 
tube has an expected life of over 750 hrs. 
and samarium cobalt magnet structure re¬ 
duces weight to only 1.8 kg (3 lbs., 15 oz). 
Unit operates at short pulse lengths down 
to 4 ns with a pulse duration of 50 ns. 
Anode voltage (peak) is 13 kV; anode cur¬ 
rent (peak) is 7.0 A output power is 3 kW; 
and duty cycle lasts 0.0002 s. S.ze: 152.5 
mm X 108 mm x 76.5 mm, maximum (6" 
X W  x 3"). EEV Inc., Elmsford, NY. 
T. Soldano, (914) 592-6050. Circle 121. 

SILICON BIPOLAR TRANSISTOR 
FOR 4.3 GHz BAND 
Model HXTR-4101 is a NPN silicon bipolar 
transistor for fixed frequency oscillator ap¬ 
plications. Device output is guaranteed to 
be 19 dBm minimum and typically is 20 
dBm at 4.3 GHz frequency band. At higher 
frequencies, output is typically 17 dBm at 
6 GHz and 12 dBm at 8 GHz; unit usable 
to 10 GHz. Collector-base voitage is 15 V; 
collector current is 30 mA. Device employs 
ion implantation techniques and Ti/Pt/Au 
metallization in it's manufacture. Chip pro¬ 
vided with dielectric scratch protection 
over its active area. Comes in rugged, metal/ 
ceramic hermetic package, and meets MIL-
S-19500 environmental requirements and 
Ml L-STD-750/883 test requirements. Price: 
S39, 1-9 qty.; S28.50 for 100-249 pieces 
(US). Del: from stock. Hewlett-Packard 
Co., Palo Alto, CA. (415) 856-1501. 

Circle 122. 

MONOLITHIC UHF 
PREAMPLIFIER 
A monolithic, general purpose ultra-high 
frequency preamplifier, SL 955, operates 
from de to 1 GHz. Intermodulation refer¬ 
ence for the model has been set at 40 dB, 
which permits it to handle strong signals 
without interference from adjacent com¬ 
munications channels. Defined gain of the 
device has been set at 22 dB. Unit operates 
from a single 5 V power source and dissi¬ 
pates only 30-70 mW in operation. Its sig¬ 
nal handling characteristics make it suited 
to UHF circuitry and CATV applications. 
Available in 8-PIN DIP configuration. 
Price: $2 for 10,000 qty.; $8.95, 100 qty. 
Plessey Semiconductors, Irvine, CA. 
Dennis Chant, (714) 540-9979. 

Circle 123. 

Materials 
LOW LOSS CLAD LAMINATES 
Di-Clad 870 and 880 are low loss micro 
wave laminates composed of Teflon® and 
woven fiber glass. Matei ials feature dissipa¬ 
tion factor of 0.0015, max. Features dielec¬ 
tric constant of ± 0.02, with uniform per¬ 
formance. Size: 16" Lx 36" W. Weight: 
1 oz. rolled cu is stand, cladding, optional 
are 1/2 and 2 oz. cladding. Keene Corpora¬ 
tion, Chase-Foster Laminates Div., Bear, 
DE. Frank Yoerg, (302) 834-2100. 

Circle 126. 

RFI CONDUCTIVE CAULKING 
COMPOUNDS & SEALERS 
ECCOSHIELD® VY and VY-C are single 
component electrically conductive formu¬ 
lations designed for RF sh elding applica¬ 
tions. Properly caulked structure will ex¬ 
hibit insertion loss in excess of 100 dB. 
Material has volume resistivity of about 
0.001 ohm-cm. Dens ty for ECCOSHIELD 
VY is 4.9 gr/cc; for ECCOSHIELD VY-C, 
1.4 gr/cc. Emerson & Cuming, Canton, 
MA. Jeanne B. O'Brien. 
(617) 828-3300. Circle 125 

(continued on page 80, 

3 — 10 Position Latching Switches 
These smalt, multi-position switches have 1,000,000 cycle 

reliability (each position). A hard-copy print-out of the 
first 100,000 cycles can be supplied. Each position has a 
50-ohm termination. It can be ordered 3, 4, 5, 6, 7. 8, 9, or 10 
position. Options available: Supression diodes, power recepta¬ 
cle, internal TTL drivers compatible with DC or 115 volts AC 
actuation. 

SPECIFICATIONS: 
Operating frequency 
V.S.W.R. (maximum) 
Insert on loss (max.) 
Isolation (minimum) 
Actuating voltage 
Actuating current 
Impedance 
Switching time 
R.F. power 
Operating mode 

dc-3 GHz 
1.2:1 
0.2 dB 
80 dB 

3-8 GHz 
1.3..1 
0.3 dB 
70 dB 

8-12 4 GHz 
1.4:1 
0.4 OB 
60 dB 

12.4-18 GHz 
1.5:1 
0.5 dB 
60 dB 

24-30 Vdc (28 Vdc nominal) 
60 milliamps maximum at 28 Vdc and 72 F 
50 ohms 
20 ms maximum 
average 50 watts 
latching with self de-energizing circuitry, suppression diodes, reset control 
terminal, indicating circuitry. TTL driver and 50 ohrr terminaron of each 
unenergized output, (also available in low-level logic). 

UZ guarantees all it’s single pole, multiposition and transfer 
switches; (1) Will show less than 1/200 Ohm resistance change 
after 100,000 cycles, and (2) Will show no intermittents 
in 1,000,000 cycles. 

UZ Inc. SEND FOR NEW CATALOG 

A Dynatech Company 9522 West Jefferson Blvd. 
Culver City, CA 90230 (213) 839-7503 TWX: 910-340-7058 

CIRCLE 46 ON READER SERVICE CARD 



(from page 79) NEW PRODUCTS 

ALUMINA THIN FILM CIRCUIT 
SUBSTRATES 
A line of thin film metallized substrates 
made of highly polished alumina, Minimum 
Inclusion Polish and Process (MIPP) sub¬ 
strates, offer 1 microinch surface finishes 
and high density circuit patterns with ex¬ 
cellent definition. These materials come in 
chrome/gold or moly/gold with line toler¬ 
ance of ± .001" ± 1/10, and chrome/cop-
per/gold or chrome/copper with line toler¬ 
ances of ± .003" ± 3/10; other substrates 
available are chrome/copper/nickel/gold 
and tantalum nitride in combination with 
other metallizations. Size: 1" x 1", 1" x 
2", 2" x 2". ’A" x %", %" x 1" with .010", 
.015", .025", and .005" thickness available. 
The .005" thick materials are suited for 
complex subsystem packages. All substrates 
lack burrs or protrusions which cause pre¬ 
mature breakdowns of thin film capacitor 
dielectric materials. Price: for 1" x 1" x 
.025" substrate, metallized with chrome/ 
gold on all sides and edges, S19.50 in 100 
qty. Tekwave, Inc., New Hyde Park, NY. 
(516) 328-0100. Circle 127. 

CIRCULAR CONTACTS SUPPRESS 
STATIC BUILD-UP 
A series of circular contacts have been de¬ 
signed to suppress static build-up due to 
delayed grounding. New configuration is a 
soft compressible knitted metal and rubber 
combination mounted on a metal or rubber 
washer. Metal washers have a clearance hole 
for application with a fastener; the rubber 
washers have pressure-sensitive backing. 
Both are designed to maintain full and resil¬ 
ient contact pressure over long periods of 
compression. Size: 0.625" O.D. with .25" 
thickness and a -6 clearance hole; and 
0.875" O.D. with .187" thickness of adhe¬ 
sive-backed rubber. Metex Corporation, 
Electronic Products Div., Edison, NJ. John 
Severinsen, (201) 287-0800. Circle 124. 

Antennas 

ANTENNA SYSTEMS COVER 
18.36 19.04 GHz BAND 

A line of microwave antenna systems spans 
the 18.36-19.04 GHz range fixed point-to-
point band. These high performance shield¬ 
ed parabolic antennas range from 2 to 4 ft. 
in diameter, and come with a full line of 
rectangular waveguide components. Anten¬ 
nas are center-fed and have continuous po¬ 
larization orientation. Both the 2 and 4 ft. 
models conform to Part 94 requirements 
and Standards A and B of the FCC code. 
A TEGLAR™ radome and vertical tilt 
mount come as standard equipment. White 
or aviation orange color. Andrew Corpora¬ 
tion, Orland Park, IL. (312) 349-3300. 

Circle 114. 

12 FT, 3.66 M ANTENNA 

A 3.66 meter, 12 ft. antenna operates over 
the 3.7-4.2 GHz band and 11.7-12.2 GHz 
frequency range. Gain for model is 41 dB @ 
4 GHz and 51 dB @ 12 GHz. SWR maxi¬ 
mum is 1.25; beamwidth degrees at mid¬ 
band are (-3 dB) 1.4° at 4 GHz; 0.48° at 
-12 GHz. Temperature wind load plus ice¬ 
survival is - 60° to 125°F (- 51 ° to +52 C) 
at 100 mph (160 km/hr) with 1.0" radial 
ice or 125 mphr (201 km/hr) with no ice. 
Reflector is constructed of high precision 
fiberglass; back-up structure is aluminum; 
mount is steel, and feed is copper. Employs 
a mount type with elevation over azimuth 
orientation capability of 360“ on a central 
axis, with 10 • 65° elevation adjustment. 
Weight: 500 lbs. Del: 30 days, installation 
time: 2 men/2 hrs. Microdyne Corpora¬ 
tion, Ocala, FL. (904) 687-4633. 

Circle 115. 

Components 
PIN PACKAGED, DIGITAL 
ATTENUATOR 
DAP-1024 is a digital attenuator which pro 
vides 4 bits of attenuation with attenuation 
values of 3, 6, 12 and 24 dB for the 935 
1260 MHz band. Component offers a max 
imum insertion loss of 3 dB, SWR of 1.5 
maximum and a switching capability of 
500 ns, maximum. Accuracy of the unit is 
± 0.5 dB from 0 24 dB, and ± 1 dB from 
25 42 dB. Temperature stability ranges 
from 54°C to + 82°C is 0.5 dB maximum 
from 0 24 dB and 0.7 dB maximum from 
25-42 dB. RF to control isolation for the 
model is 60 dB minimum; RF power is 
+20 dBm maximum,and input power is 
± 1 V at ± 10 ma per bit. Size: for 24 pin, 
hermetically sealed header package: 1.4" x 
0.810" x 0.375". Price: S300 per unit 
Engelmann Microwave Co., Montville, NJ. 
Carl Schraufnagl, (201) 334-5700. 

Circle 135. 

UHF AND INTEGRATED 
DUAL ISO-FILTER 
Model 103600027 is a UHF dual iso filter 
which employs current integration tech¬ 
niques. Filter covers the 494-554 MHz fre¬ 
quency range with an insertion loss of 1.3 
dB maximum. Rejection at 614 MHz and 
438 MHz is greater than 40 dB, and both 
input and output SWR remain below 1.3 
for all load conditions. Both single and 
dual iso-filters span bandwidths as wide as 
70% from 500 MHz to 18 GHz, and con¬ 
sist of a sharp cut off comb-line filter and 
two high performance ferrite isoaltors inte¬ 
grated on a common ground. Phase linear¬ 
ity and loss variation options also available. 
Price $1.395. Del: 8-12 wks. ARO. Eaton 
Corp., Addington Microwave Components, 
Sunnyvale, CA. Jim Wilson, 
(408)738-4940. Circle 130. 

triangle 
microwave 

incorporated 
11 GREAT MEADOW LANE, EAST HANOVER , NJ 07936 • (201) 884-1423 

Analog and Digital Diode Attenuators 
• 0.118.0 GHz 
• Very low phase shift over the attenuation range 
• Flat attenuation vs. frequency characteristics 
• Speed to 50 nanosec (from any value of attenuation 

to any other value) 
• Attenuation to 120 dB 
Analog and Digital Diode Phase Shifters 
• 0.1-18.0 GHz 
• Very low amplitude ripple over the phase range. 
• Flat phase vs. frequency characteristics 
• Speed to 20 nanosec 
• Phase shift to 450° 

• TWX: 710-986-8202 CIRCLE 47 ON READER SERVICE CARD 

Analog and Digital 
ATTENUATORS and PHASE SHIFTERS 



2850 3150 MHz BAND 
A high speed diode limiter, Model LT 1026, 
operates in the narrow frequency band, 
2850-3150 MHz. Unit has an insertion loss 
of 0.50 dB maximum and SWR of 1.25 
maximum. Isolation is 45 dB minimum and 
power capability is 60 kW peak; 10 W-aver-
age and flat leakage is 40 mW maximum. 
Model has 0.10 ergs spike leakage and turn¬ 
on-time of 6 ns, maximum; recovery-time 
of 20 ns, maximum. Available with SMA 
type female connectors. Size: 2.5" x 1.25" 
X 0.38". Triangle Microwave, Inc., East 
Hanover, NJ. James Beard, 
(201) 884-1423. Circle 138. 

SMA SWEEP RIGHT ANGLE 
ASSEMBLIES 

A line of SMA sweep right angle assemblies 
include plug/plug (Part No. 795976) and 
plug/jack (Part No. 705979-001) units. 
Typical SWR is 1.2:1 to 18 GHz. Compo¬ 
nents use CT. 141-50 semi rigid cable for 
the right angle bend; SMA plugs use cable 
center as the center contact. Come com¬ 
pletely gold plated. Optional assemb.y 
combinations include: plug/receptical; 
jack/receptical; and jack/printed circuit. 
Cablewave Systems, Inc., North Haven, CT. 
Steven Raucci, Jr., (203) 239-3311. 

Circle 132. 

TERMINATION INSENSITIVE 
MIXER FOR .5 .8 GHz BAND 

A Termination Insensitive Mixer (TIM) 
covers the .5 .8 GHz range and operates 
with 0 dBm LO drive. This biasable mixer, 
MD 165, provides 9 dB typical conversion 
loss with a 0 dBm LO drive. Model also fea¬ 
tures 1 dB compression point of 2 dBm 
and 3rd order intercept of +7 dBm. TIM 
offers flat conversion loss regardless of sum 
frequency match, and predictable 3rd order 
intermodulation performance even into 
high IF mismatch. Price: $575, flatpack 
version; $650, SMA connectorized version. 
Avail: from stock Anzac Division, Adams 
Russell, Burlington, MA. (617) 273-3333. 

Circle 128. 

1500 MHz TV BANDPASS FILTER 

Type 3710 is a bandpass filter suited for 
L-band TV channels #1-#15 (channel #1 
spans 1429 to 1435 MHz and channel #15 
spans 1513 to 1519 MHz). Unit has isola¬ 
tion of 30 dB ± 10 MHz and typical loss of 
1.5 dB with typical SWR of 1.5 (15 dB re¬ 
turn loss). Fittings are type N, 50 ohms. 
Price: S650. Del: 4 wks. Microwave Filter 
Co., Inc., East Syracuse, NY. Emily Bo¬ 
stick, 1-800-448-1666 (toll-free) or 
(315) 437-3953. Circle 139. 

COAXIAL TERMINATION 
OFFERS 25W 

Model 9525 is a 25 W coaxial termination 
which operates from de to 8 GHz and dis¬ 
sipates 25 W average power. SWR for unit 
is 1.1 max. at 1.0 GHz; 1.25 max. at 4 GHz 
and 1.35 max. at 8 GHz. Size: 1.75" L, 
connector is SMA male. Price: S85, small 
qty. Del: from stock. Arra, Inc., Bay 
Shore, NY. Mike Geraci, (516) 231-8400. 

Circle 133. 

2 18 GHz”BAND ” 
A standard line of compact filters using 
press-in SMA connectors or 50 PIN feed 
throughs with dimensions: 2.0" x 1.0" x 
.563"; 1.8" x .53" x .30" and 1.3" x .5" 
x .30". Components offer rejections of 40 
65 dB, insertion loss of .7-1.5 dB and band 
widths of up to 1 GHz depending upon the 
number of sections used. Units all are rug¬ 
ged and built to conform to MIL E 5400 
Class II. Options include alternate connec 
tor locations and/or group-delay compen¬ 
sation. Omniyig, Inc., Santa Clara, CA. 
(408)988 0843. Circle 137. 

NON GROUNDED RF 
FEEDTHROUGH 
An insulated panel mount consisting of ny 
Ion washers for isolating the connector 
body from the mounting board comes fab 
ricated to fit in a .250" D hole in a panel 
with a .031" minimum thickness. Compo 
nents is a non-grounded RF feedthrough. 
RF Components Div., Sealectro Corpora¬ 
tion, Mamaroneck, NY. (914) 698-5600. 

Circle 141. 

SMA ATTENUATORS SPAN 
3.0 GHz BAND 
A series of 50-ohm, coaxial SMA atténua 
tors, AT-53/SMA, are available in T9 dB 
in 1 dB steps and 10-20 dB in 2 dB steps 
Attenuation accuracy for the models are 
0.5 dB from de to 2.5 GHz, and 1 dB from 
2.5-3.0 GHz. Components have SWR is less 
than 1.35 at 3 GHz, averaging 1.2 over the 
band. Models can dissipate 0.25 W, CW or 
250 W, peak power. Design utilizes gold-
plated connectors and high reliability MIL 
resistors in silver-plated housing. Size: 0.4" 
D. x 1.5" L. Del: stock to 30 days ARO. 
Price: $15, each FOB. Elcom Systems, 
Inc., Boca Raton, FL. Leonard Pollachek, 
(305) 994-1774. Circle 129. 

(continued on page 82) 
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Mixers W í 
Triangle Microwave’s Mixers are built in 
several styles in order to satisfy varied 
requirements. All models are designed to 
provide best possible conversion effi¬ 
ciency and noise figure. In order to 
achieve high efficiency, the diodes are 
very carefully matched to minimize 
reflected loss. Only diodes having lowest 
residual noise are used in the mixers. 
The 3dB hybrid circuits are designed for 
optimum amplitude balance, phase bal¬ 
ance, and VSWR over their respective 
frequency bands. Most models are avail¬ 
able with a D.C. bias option. 

90° and 180° 3dB Hybrids 
and Directional Couplers 
Triangle Microwave’s Miniature Hybrids 
and Couplers cover the frequency range 
of 0.2 GHz to 18.0 GHz in 3 dB, 6dB, 
lOdB, 20dB and 30dB coupling values. 
All models feature high isolation and low 
VSWR and are conservatively rated to 
ensure the most reliable service and per¬ 
formance under severe environmental 
conditions. These components are built 
to airborne specification MIL-E-5400. 
They will operate over the temperature 
range from -55°C to +100°C up to an 
altitude of 100,000 ft. The nominal RF im¬ 
pedance of all hybrids and couplers is 500. 

Power Divider/Combiners 
Triangle Microwave’s Stripline In-Phase 
Power Dividers are available in 2-way, 
3-way, 4-way and 8-way configurations, 
covering 0.5 to 18.0 GHz. 

PIN Diode Switches 
Triangle Microwave’s Switches are built 
in SPST to SPMT configurations, and 
can be supplied with or without drivers. 
Units cover selected narrow frequency 
bands as well as multioctave bands up to 
22.0 GHz. 

AND 

... and other components for your system 

New! 

54 page Catalog now 
available. Call, write or 
circle reader service 
number. 
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120° ANALOG PHASE SHIFTER 
Model PQ 117 is an analog, multi octave 
120° phase shifter which operates over the 
100-500 MHz frequency band. Unit has an 
insertion loss of 3.5 dB, maximum, ampli¬ 
tude ripple of ±0.5 dB. maximum and SWR 
of 1.6, maximum. RF input power for 
model is 1 W CW, maximum and bias volt¬ 
age is +4 to +20 V de. Phase shifter has a 
-54° to +85°C temperature range and 
comes with SMA female connectors. Size: 
16 3/4" X 4 3/8" X 3/8". Triangle Micro¬ 
wave, Inc., East Hanover, NJ. 
(201)884-1423. Circle 147. 

WR-229 SAT-COM SWITCHES 
COVER 3.7-4.2 GHz BAND 

A line of ultra-low noise satellite communi¬ 
cation waveguide switches, WR-229, cover 
the 3.7 to 4.2 GHz frequency range. Typi¬ 
cal performance of the units is 1.04 SWR; 
0.01 dB insertion loss; and 90 dB isolation. 
Switches may be used in earth stations for 
low noise amplifier and HPA systems and 
for numerous worldwide satellite commu¬ 
nications systems. Logus Manufacturing 
Corp., Deer Park, NJ. (516) 242-5970. 

Circle 136. 

TIM SLAYS THE 
MISMATCH MONSTER! 
Now you need worry no more about this loath¬ 
some creature that has caused designers so 
much grief. 

TIM, Anzac’s Termination-Insensitive Mixer, 
performs flawlessly in the presence of really hor¬ 
rendous mismatch situations. In fact, his third 
order IM ratio, conversion loss, and harmonic 
products are virtually impervious to mismatch. 

Send for our complete data package. 
TIM. The Termination-Insensitive Mixer. When 

you need protection from lurking mismatches. 

Adams Russell 
ANZAC DIVISION 

©198U, Adams-Russell 
80 Cambridge Street Burlington MA 01803 (617) 273-3333 TWX 710-332-0258 

TUNABLE BANDPASS FILTER 
COVERS 6.5-7.2 GHz BAND 

A tunable bandpass filter, =201975, uses 
remote tuning by a digital command over 
the 6.5-7.2 GHz band. Unit can operate re¬ 
mote to the command center and responds 
to TTL and BCD logic inputs. Accuracy of 
±15 MHz is maintained from either direc¬ 
tion and 1 ,000 positions of calibration are 
offered. At 3 dBBw, range is 17-19 MHz; at 
30 dBBw, range is 32-39 MHz; and at 60 
dBBw, range is 64-70 MHz. Insertion loss 
for model is 3 dB maximum and SWR is 
1.5 at fo. Filter has power requirements of 
+15 Vdc, - 15 Vdc or 5 Vdc. A type N fe¬ 
male connector is available and unit can be 
rack mounted. Price: S6.400 for 1. Del: 
12-14 wks. ARO. Coleman Microwave Co., 
Edinburg, VA. (703) 984-8848. Circle 134 

HIGH-EFFICIENCY SERIES OF 
TWT's 

A line of high-efficiency traveling wave 
tubes with power supply (VPW-2859) are 
designed for digital and analog communica¬ 
tion systems. These components extend 
from C to Ku-band — VTJ-2677E5 (5.9-7.1 
GHz); VTH-2678B3 (7.1 8.5 GHz); and 
VTX-2679B2 (10.7-14.5 GHz). All TWT's 
are of double-depressed collector design, 
have low AM/PM conversion, and low 3rd-
order intermodulation products. Minumum 
saturated power output is 20 W , with effi¬ 
ciency at saturation typically greater than 
32%. Weight: of TWT's, 2 lbs, achieved via 
use of permanent magnet focussing stack 
constructed of Samarium-cobalt magnets. 
Varian Associates, Electron Device Group, 
Palo Alto, CA. (415) 493-4000. Circle 140 

BOOSTING ACOUSTIC WAVES 
DELAY LINES 

A series of multireflection boosting acous¬ 
tic wave (BAW) delay lines combines focus¬ 
ing of acoustic waves and boosting of se¬ 
lected echoes to achieve delays of up to 
100 ps (at 1 GHz) in a 10 cm long package 
and delays of up to 10 ps (at 1.4 GHz) in a 
TO8 case. These delays are 2 to 3 times 
longer than conventional BAW delay lines 
with similar insertion loss. Thomson-CSF 
Components Corp., Special Products Div., 
Clifton, NJ. (201) 779-1004. Circle 131. 

CIRCLE 48 ON READER SERVICE CARD (continued on page 84) 
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Microwave Professionals 
■Component Design 

■Product Line Management 
Teledyne Microwave, located on the Son Francisco Peninsula, is a major 
supplier of microwave components and subsystems to the military and 
commercial communications markets. 

We are presently seeking candidates for two key Product Line Manage¬ 
ment positions in our Ferrite Components and Filter/Multiplexer product 
lines. Applicants should have a BSEE plus five years progressively respons¬ 
ible design and management experience in either of the above areas. 

Design engineering positions are also available in Ferrites. Filters and 
Voltage Controlled Oscilldtors. Candidates for these positions should 
have a BSEE plus two or more years related experience 

Interested individuals are invited to submit their resume including salary 
history to Professional Employment Department, Teledyne Microwave. 
1290 Terra Bella Avenue. Mountain View, CA 94043 or call collect (415) 
968-2211. 

^TELEDYNE MICROWAVE 

The Laboratory of Nuclear Studies at Cornell University has an 
opening for a 

PHYSICIST / 

ELECTRICAL ENGINEER 
RESEARCH ASSOCIATE 

to participate in MICROWAVE SUPERCONDUCTIVITY R/D 
directed at application to High Energy Electron Accelerators. 

Ph.D. in Physics or Engineering required. Some experience in low 
temperature and microwave work highly desirable but not necessary. 
Two-year initial appointment with long term possibilities. Salary 
commensurate with experience. Apply by letter to: 

M. TIGNER 
Wilson Laboratory, Cornell University 
Ithaca, New York 14853 U.S.A. 

Cornell is an Equal Opportunity Employer. 

Put your career in 

at ITT Avionics in Nutley, 
New Jersey where you 
could be involved in 
sophisticated systems such as: 
■ Strategic/Tactcal ECM Systems 
■ Electro-optical Countermeasures 
■ Tactical Navigation 
■ Computerized VORTAC System 
■ C3 Communicatiion-Navigation-
Identification 

We have a ground floor opportunity in RF 
Engineering for an individual with at least 10 
years experience in RF/M crowave Integrated 
Circuit Design, working in frequencies 
through 20 GHz. 
Your qualifications should include BS in EE or 
Physics and an extensive background in solid 
state component design. You shoula be a 
well rounded technical specialist with proven 
management skills as you will assume a key 
technical and management role in proposal 
development and project management. 
We offer ar excellent starling salary and com¬ 
prehensive benefits including denta' insurance, 
100% tuition paid in advance . . . and a 
relocation package which includes settling-in 
assistance. 
Please forward resume, including current 
compensation, to Professional Employment, 
ITT Avionics Division, 390 Washington 
Avenue, Nut'ey, New Jersey 07110. 

ITT AVIONICS DIVISION 
An Equal Opportunity Employer, M/F 
U.S. Citizenship required. 



State-of-the-art 
breakthrough in 
solid state Class A 
linear amplifiers 

— _ 

Series LWA. 
with more than 

70 standard models; frequencies 
from 1 MHz to 8.4 GHz 

We've done it again! Just a few years ago. we 
developed the industry's first standard line of 
solid state Class A linear wideband amplifiers with 
output powers up to the never-before-achieved 
level of 4 watts. Then, we expanded the line up to 
20 watts. And now, 33 additional new models 
including 120-watt saturated ratings in three 
frequency ranges: 2-100,100-500 and 225-400MHz; 
plus 120 and 200-watt ratings in the 500-1000MHz 
range. The complete Series includes more than 70 
models spanning frequencies from 1 MHz to 8.4GHz. 

Available as amplifier units for systems 
applications or as self-contained lab instruments. 

All standard models feature low noise figure, 
wide dynamic range, decade/octave bandwidths, 
3+ reversal protection, and our exclusive 
replaceable power module design for fast, simple 
Held service. A new feature is protection 
against open/short circuits or high VSWR, accom¬ 
plished via automatic electronic turndown circuitry. 

Series LWA is designed for such applications 
as ECM, radar, sweeper amplifiers, telemetry, 
microwave links, satellite ground stations—wherever 
linearity, low intermodulation and minimum 
harmonic distortion are essential requirements. 

Now, more than ever before, it your need is a 
state-of-the-art solid state power amplifier, then 
you need MPD to satisfy your need. 

MICROWAVE POWER DEVICES, INC. 
330 Oser Avenue, Hauppauge, N.Y.Jel.: 516 231 1400 • TWX 510 22'6239 
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(from page 82) NEW PRODUCTS 

POWER RESISTOR AND TERMINATION SERIES 
The HDA series of power resistors and terminations offer re¬ 
sistance values ranging from 25-200 ohms and power ratings 
from 10-250 W CW. Units cover the dc-1 GHz and to dc-4 GHz 
frequency range and maximum SWR is 1.3 to 1.4, depending 
on model. Configurations are offered with single or dual leads 
and with or without the flange for heat sinking. Hybrid Design 
Associates, Inc., Chandler, AZ. David Perling, (602) 96109614. 

Circle 156. 

HIGH PERFORMANCE SWITCHES 
The N-series of high speed, (rise and fall times of < 20 ns) ab 
sorptive, SPST switch-driver assemblies covers the 0.5-18 GHz 
frequency range. Isolation is greater than 80 dB; insertion loss 
is 1.5 dB, SWR is 1.5. Units have an RF power rating of 1 W 
average, and the control logic is TTL compatible. Size: 1.25" 
X 2" X 0.5", with SMA connectors. Del: 90 days Hyletronics 
Corp., Littleton, MA. (617) 486-8911. Circle 145. 

WR 137 SATELLITE COMMUNICATION 
SWITCHES 
A series of WR-137 satellite communication switches meet 
critical requirements of various European domestic satellite 
programsand national security systems. Performance specifi 
cations include: 0.025 dB insertion loss; 90 dB isolation, min¬ 
imum, and 10 kW CW, maximum power handling capability. 
Logus Manufacturing Corp., Deer Park, NY. (516) 242-5970. 

Circle 146. 

COAXIAL RF FUSES 
Models FL-50, FL-75 are coaxial RF fuses designed for use in 
the de to 1500 MHz frequency range. Units contain subminia¬ 
ture fuse elements rated at 1 /16 A or 1/8 A, in either 50 or 75 
ohm structures. Components have insertion loss of less than 
2.3 dB; and a typical SWR of 1.3, 1.7, maximum, over the 
band. BNC or TNC connectors are furnished. Price: S10.60 
(BNC option), FOB. Del: stock to 30 days ARO Elcom Sys¬ 
tems, Inc., Boca Raton, FL. Leonard Pollachek, 
(305) 994-1774. Circle 144. 

RUGGED HIGHPASS FILTER LINE 

A line of rugged highpass filters, THP, cover the 100 MHz to 
1500 MHz frequency range. Filters are available in 3 to 7 sec 
tions, and are 0.1 dB ripple lumped element Tchebyscheff de¬ 
signs. Insertion loss is typically 0.5 to 1.0 dB with passband 
roll-off dependent upon required cutoff frequency and number 
of sections. Filter housings are fabricated from a single block, 
designed for production machining. Telonic Berkeley, Laguna 
Beach, CA. Adam Reed (714) 494-9401. Circle 142. & 
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Send 
for the 
super¬ 
market 
buying 
guide. 

Our catalog provides a single source for 
your microwave component needs. And 
most of the more than 10,000 precision 
items we make are kept in stock for im¬ 
mediate delivery. No searching suppliers 
for the particular part you need, no 
tedious delays while you await shipment. 
Before it slips your mind, send for our 
latest catalog. You’ll be thankful later on. 

MICROLAB/FXR. 
the supermarket 
of microwave 
components 

® 
Ten Microlab Rd., Livingston, N.J. 07039 

Telephone (201) 992-7700 

New \ nJ Literature 

BULLETIN ON PARABOLIC 
ANTENNA WIND FORCES AND 
LOADS 
Bulletin 1015F provides information for 
the system designer on the physical and 
windload characteristics of parabolic micro¬ 
wave antennas. Literature contains calcula¬ 
tions and data required to determine anten¬ 
na wind loading. Also includes graphs de¬ 
picting windload coefficients, table of an¬ 
tenna weights and center of gravity loca¬ 
tions with and without ice loading. Andrew 
Corporation, Orland Park, IL. 
(312) 349-3300. Circle 101. 

CATALOG ON SMA IC 
LAUNCHERS 
An 8-page catalog, No. 203A, gives product 
information on a line of hermetically sealed 
SMA microwave IC launchers. Brochure in¬ 
cludes launcher descriptions, electrical, en¬ 
vironmental, and mechanical specifications 
and outline drawings. Sliding contact and 
high temperature (250°C) versions are in¬ 
cluded. Cablewave Systems, Inc., North 
Haven, CT. Steve Raucci Jr., 
(203)239-3311. Circle 102. 

IF/R F COMPONENT CATALOG 
A 16-page I F/R F component catalog pro¬ 
vides quick reference tables of key specifi¬ 
cations and engineering design aids which 
delineate MIC and connectorized versions 
of solid state switches, programmable step 
attenuators and voltage controlled attenua¬ 
tors as well as connectorized models of 
high-power switches, coaxial relays and 
phase shifters. Booklet includes frequency, 
switching speed, isolation, insertion loss, 
RF power, SWR, de power, control logic 
and termination specifications. Definitions, 
performance notes, quality assurance test¬ 
ing parameters, interface suggestions, and a 
spurious response nomograph are also pro¬ 
vided. Daico Industries, Inc., Compton, CA. 
(213) 631-1143. Circle 103. 

ATTENUATOR AND 
TERMINATION CATALOG 
Catalog 811 is a 32-page listing of product 
information on a line of coaxial attenuators 
and terminations, minimum loss pads, mul¬ 
ticouplers, double balanced mixers, and RF 
fuses. Elcom Systems, Inc., Boca Raton, 
FL. (305) 994 1774. Circle 104. 

NOISE SOURCE CATALOG 
A line of noise products, including solid 
state noise sources to 40 GHz, diode chips, 
and programmable noise instruments are 
covered. Basic broadband types, high out¬ 
put level modules, and precision thermal 
noise standards are also shown. Micronetics, 
Inc., Norwood, NJ. (201) 767-1320. 

Circle 105. 

TELEMETRY RECEIVER 
BROCHURE 
A 21-page pamphlet on Model 1200-MR 
details the features of this microprocessor 

controlled telemetry receiver. This two-
color brochure discusses its applications 
and provides a general description, block 
diagramsand specifications. Detailed speci¬ 
fications for individual RF tuners, first and 
second IF filters and other receiver compo¬ 
nents are also provided. Microdyne Corpo¬ 
ration, Rockville, MD. (301) 762-8500. 

Circle 106. 

SCHOTTKY BARRIER MIXER 
BROCHURE 
Brochure B-4211B describes low, medium 
and high barrier Schottky barrier mixer 
lines designed for optimum performance at 
various LO drive levels. Literature provides 
specifications and performance characteris¬ 
tics for the diodes. Microwave Associates, 
Burlington, MA. (617) 272-3000. 

Circle 107. 

TECHNICAL BULLETIN ON 
MINI HYBRID AND 
DIRECTIONAL COUPLERS 
A series of directional and miniature 90° 
hybrid couplers for applications from 2.6 
to 17 GHz are described in a technical bul¬ 
letin. Literature covers product specifica¬ 
tions (electrical and mechanical) for the 
small, lightweight (0.5 oz., typical) strip¬ 
line components. Omni Spectra, Inc., 
Microwave Component Div., Merrimack, 
NH. (603) 424-4111. Circle 108. 

RF CONNECTOR CATALOG 
A 60-page RF connector catalog (CX-9) 
gives complete electrical and mechanical 
specifications of a line of Conhex ’ submin¬ 
iature RF connectors. Literature catalogs 
MIL-C-39012, series SMB and SMC, 50-
ohm slide and 75-ohm Conhex connectors. 
Sealectro Corporation, RF Components 
Div., Mamaroneck, NY. (914) 698-5600. 

Circle 109. 

CHIP INDUCTOR SERIES 
APPLICATION NOTE 
A two-color application note describes 
"Series C" chip inductors. This 6-page pam¬ 
phlet describes the fabrication and mount¬ 
ing and termination of the inductors. It dis¬ 
cusses their mutual coupling, shock and ac¬ 
celeration and power handling characteris¬ 
tics and ground plan proximity effects. 
Supplementary data sheets provide full 
electrical and mechanical specifications. 
Hull Corporation, Thinco Division, Hat¬ 
boro, PA. (215) 675-5000. Circle 110. 

DATA SHEETS ON GaAs FETs 
GaAs FET models VSF-9320 and VSF-
9330 are featured in two data sheets. Each 
device is a 0.5 pm gate low noise device for 
C through Ku band applications and each 
will handle in excess of 500 mW. The VSF-
9320 offers lower noise figure and higher 
gain than the VSF-9330. Complete specifi¬ 
cations are provided by the data sheets. 
Varian Associates, Solid State Microwave 
Div., Santa Clara, CA. (408) 988-1331. 

Circle 111. 
CIRCLE 59 ON READER SERVICE CARD 
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Revised 

Power GaAs FETs 
s 

erica 

MSC 88000 SERIES 

Features 

bank 

Metall 
Electrical Characteristics (@ 25°o 

the highest power 
commercially a\ 
and made in A 

Jroad ba noli near Gain 
nwest Thermal Resistan 

YOUR TOTAL MICROWAVE RESOURCE 
The MSC series of GaAs FETs are designed 
for linear power amplifiers and for oscilla¬ 
tor applications from 2-14 GHz. Higher fre¬ 
quency state-of-the-art devices are also 
available. Please call or write for a com¬ 
plete GaAs FET Product Data Packet, and 
the MSC 24-Page Product Guide. 

■ MICROWAVE SEMICONDUCTOR INC. 
■ an affiliate of SIEMENS 

100 School House Road 
Somerset, New Jersey 08873, U.S.A. 
(2011469-3311 TWX (710) 480-4730 TELEX 833473 

NOTE ( 1 ) Power Outout at the 1 dB Gain Compression point is defined as 
the point where further increases in input power cause the out¬ 
put power to decrease 1 dB from the linear portion of the curve 

Packaging 
ion 

NOTE (2) Thermal Resistance determined by Intra-Red Scanning ot Hot-
Spot Channel Temperature at rated RE operating conditions 
Reterence MSC Applicdtion Note TE-212 

MODEL 
NUMBER 

TEST 
FREQ 
(MHz) 

POUT^ 
TYP 
(W) 

POUT^ 
MIN 
(W) 

Pin 

(mW) 

Vds 
NOM 
(V) 

Idss 
NOM 
(mA) 

0cc(2) 
TYP 

(°C/W) 

PACKAGE 
TYPE 

C-BAND SERIES 
MSC 88000 
MSC 88001 
MSC 88002 
MSC 88004 
MSC 88012 

6000 
6000 
6000 
6000 
6000 

0 060 
0 200 
0.400 
1 000 

3700 

0.050 
0.175 
0.350 
0.800 
3 500 

8 
40 
90 
200 
800 

8 
8 
9 
9 

10 

90 
150 
300 
700 

2000 

45 
35 
25 
20 
7 

FLIP-CHIP HERMETIC 
FLIP-CHIP HERMETIC 
FLIP-CHIP HERMETIC 
FLIP-CHIP HERMETIC 
FLIP-CHIP HERMETIC 

X-BAND SERIES 
MSC 88100 
MSC 88101 
MSC 88102 
MSC 88104 

12000 
12000 
12000 
12000 

0 060 
0 200 
0 400 
1.000 

0.050 
0.175 
0.350 
0800 

16 
56 
125 
280 

8 
8 
9 
9 

90 
150 
300 
700 

45 
35 
25 
20 

FLIP-CHIP CARRIER 
FLIP-CHIP CARRIER 
FLIP-CHIP CARRIER 
FLIP-CHIP CARRIER 

Ku-BAND SERIES 
MSC 88199 
MSC 88200 
MSC 88201 
MSC 88202 
MSC 88204 

15000 
15000 
15000 
15000 
15000 

0030 
0.110 
0.250 
0450 
0900 

0025 
0.100 
0.200 
0400 
0.800 

6 
25 
70 
140 
316 

8 
8 
8 
9 
9 

70 
120 
160 
325 
675 

40 
35 
29 
23 
15 

FLIP-CHIP CARRIER 
FLIP-CHIP CARRIER 
FLIP-CHIP CARRIER 
FLIP-CHIP CARRIER 
FLIP-CHIP CARRIER 
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h linear oùtpu 

1 dB Very flat gain response 
BNC Std; SMA, TNC, N available 

ZHL-2-8 

1.92” (ZHL-A Models) 
2.22” (ZHL Models) 

3.75" X 2.60” X 
4.75” X 2.60" X 

Connectors 
Compact.. 

Self-contained heat sink 
One-week delivery 

iodei multi-octave (see table) 
up to,30 dBm (1 W) 

• Gain ... available from 16 dB to 27 dB 

Now Available 

1W AMPLIFIERS 
$199 0.05-1200MHz 

If your application requires up tc 1 watt for intermodulation 
testing of components . broadband isolation ... flat gain 
over a wide bandwidth . or much higher output from your 
frequency synthesizer or signal/sweep generator ... 
MiniCircuits' ZHL power amplifiers will meet your needs, at 
surprisingly low prices. Five models are available, offering a 
selection of bandwidth and gain. 

Using an ultra-linear Class A design, the ZHL is 
unconditionally stable and can be connected to any load 
impedance without amplifier damage or oscillation. The ZHL 
is housed in a rugged 1/a inch thick aluminum case, with a 
self-contained hefty heat sink. BNC connectors are supplied; 
however, SMA, TNC and Type N connectors are also available. 
Of course, our one-year guarantee applies to each amplifier. 

So from the table below, select the ZHL model for your 
particular application now . we ll ship within one week! ZHL-1A 

Total safe input power >20 dBm. operating temperature 0° C to -60° C. storage temperature 55e C to >100° C. 50 ohm impedance, input and output VSWR 2.1 max 
**28 5 dBm from 1000-1200 MMz 
For-detailed specs and curves, refer to 1980/81 MicroWaves Product Data Directory, Gold Book, or EEM 

MODEL FREQ. GAIN 
GAIN 

FLATNESS 
MAX. POWER 
OUTPUT dBm 

NOISE 
FIGURE 

INTERCEPT 
POINT DC POWER PRICE 

NO. MHz dB dB 1-dB COMPRESSION dB 3rd ORDER dBm VOLTAGE CURRENT $ EA. QTY. 

ZHL-32A 
ZHL-3A 
ZHL-1A 
ZHL-2 
ZHL-2-8 
ZHL-2-12 

0.05-130 
0.4-150 
2-500 
10-1000 
10-1000 
10-1200 

25 Min. 
24 M-n. 
16 M-n. 
15 Min. 
27 Min. 
24 Mm 

±1.0 Max. 
±1.0 Max. 
±1.0 Max. 
± 1.0Max. 
±1.0 Max. 
±1.0 Max. 

+29 Min. 
+29.5 Min. 
+28 Min. 
+29 Min. 
+29 Min. 
+29 Min.* 

10 Typ. 

11 Typ. 
11 Typ. 
18 Typ. 
10 Typ. 
10 Typ 

+38 Typ. 
+38 Typ. 
+38 Typ. 
+38 Typ. 
+38 Typ. 
+38 Typ. 

+24V 
+24V 
+24V 
+24V 
+24V 
+24V 

0.6A 
0.6A 
0.6A 
0.6A 

0.65A 
0.75A 

199.00 (1-9) 
199.00 (1-9) 
199.00 (1-9) 
349.00 (1-9) 
449.00 (1-9) 
524.00 (1-9) 

World s largest manufacturer of Double Balanced Mixers 

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 LZJ Mini-Circuits 
Domestic and International Telex 125460 International Telex 620156 

MINI-CIRCUITS LABORATORY 
A Division of Scientific Components Corp C46 REV F 
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