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When your message means business 

■ A NORTH AMERICAN PHILIPS COMPANY 

Now—reliable RF Transistors from 900 MHz 
down to 1 MHz for Mobile Communications. 

900 MHz MOBILE APPLICATIONS 

Type Power (W) Freq. (MHz) Gain (db) min. VCC (V) Package 

BLU98 
BLV90 
BLV91 
BLU99 
BLV92 
BLV93 
BLV94 

0.5 
1 
2 
4 
4 
8 
15 

900 
900 
900 
900 
900 
900 
900 

9.0 
7.5 
6.5 
7.3 
8.0 
6.0 
6.0 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

SOT-103/E1 
SOT-172 
SOT-172 
SOT-122 
SOT-171 
SOT-171 
SOT-171 

30 to 
900 MHz BASE STATIONS 

Type Power (W) Freq. (MHz) Gain (db) min. VCC (V) Package 

BLW96 
BLV25 
BLV80/28 
BLV33F 
BLV36 
BLU53 
BLV97 
BLV57 

200 
175 
80 
85 
120 
100 
30 
38 

30 
108 
175 
225 
225 
400 
860 
860 

13.5 
10.5 
6.5 

10.5 
10.0 
6.5 
6.5 
6.5 

50 
28 
28 
28 
28 
28 
24 
25 

SOT-121 
SOT-119 
SOT-119 
SOT-119 
SOT-161 
SOT-161 
SOT-171 
SOT-161 

400 to 
512 MHz 

MOBILE APPLICATIONS 

BLU60/12 
BLU45/12 
BLU30/12 
BLU20/12 
BLW82 
BLW81 
BLU99 
BLW80 
BLW79 
BLX65 

60 
45 
30 
20 
30 
10 
5 
4 
2 
2 

470 
470 
470 
470 
470 
470 
470 
470 
470 
470 

4.8 
5.1 
6.0 
6.5 
5.0 
6.0 

10.5 
8.0 
9.0 
6.0 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

SOT-119 
SOT-119 
SOT-119 
SOT-119 
SOT-119 
SOT- 122 
SOT- 122 
SOT- 122 
SOT-122 
TO-39 

175 MHz MOBILE APPLICATIONS 

BLV75/12 
BLV45/12 
BLV30/12 
BLW60C 
BLW31 
BLY89C 
BFQ43 
BFQ42 

75 
45 
30 
45 
28 
25 
4 
2 

175 
175 
175 
175 
175 
175 
175 
175 

7.0 
6.5 
8.2 
5.0 
9.5 
6.0 

12.0 
10.5 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

SOT-119 
SOT-119 
SOT-119 
SOT-120 
SOT-120 
SOT- 120 
TO-39E 
TO-39 

66 to 
870 MHz 

AMPLIFIER MODULES FOR LAND MOBILE 

Type Freq (MHz) P In (MW) P Out (W) VCC Package 

BGY32 
BGY33 
BGY35 
BGY36 
BGY43 
BGY40A 
BGY41A 
BGY40B 
BGY41B 
BGY40A 
BGY41C 
BGY45A 
BGY45B 
BGY46A 
BGY47A 
BGY47B 
BGY47C 
BGY22 
BGY23 

68-88 
80-108 
132-156 
148-174 
148-174 
400-440 
400-440 
440-470 
440-470 
470-512 
470-512 
68-88 
144-175 
400-440 
400-440 
430-470 
460-512 
380-512 
380-480 

100 
100 
150 
150 
150 
100 
150 
100 
150 
100 
150 
150 
150 
30 
45 
45 
45 
50 

2.5 WATTS 

20 
20 
20 
20 
13 
7.5 
13 
7.5 
13 
7.5 
13 
30 
30 
1.5 
2.2 
2.2 
2.2 
2.9 
7 

12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
9.6 
9.6 
9.6 
9.6 

12.5 
12.5 

SOT- 132 
SOT-132 
SOT- 132 
SOT- 132 
SOT-132B 
SOT-132C 
SOT-132C 
SOT-1 32C 
SOT-132C 
SOT-1 32C 
SOT-132C 
SOT-301 -A-03 
SOT-30 1-A-03 
SOT-26NC 
SOT-26NC 
SOT-26NC 
SOT-26NC 
SOT-75A 
SOT-75A 

Amperex. 230 Duffy Avenue. Hicksville, New York, 11802. or phone 516/931-6200. TWX 510/221-1839 



One of the purest signals 
your radios will ever receive. 

The Fluke 6071A Signal Generator 
Leading mobile radio manufacturers 

worldwide have selected the Fluke 
6071A as their preferred synthesized 
signal generator. 
Why? 
As a critical element in RF tests sys¬ 

tems, the 6071A meets their demands 
for receiver testing to 1040 MHz. 

How? 
Its -140 dBm to +13 dBm output 

is strong enough to reach the upper 
limits required for distortion tests, and 
pure and quiet enough to easily make 
multi-order intermodulation, adjacent 

channel rejection, and other off-chan-
nel measurements. Spurious ouput 
levels are on the order of - 90 dBc to 
-100 dBc, while the typical broad¬ 
band noise floor is -150 dBc/Hz. Plus 
the 6071A offers built-in AM, FM, 0M. 
and IEEE-488 compatibility! 

The 6071A is backed by Fluke’s 20 
years of experience in RF technology. 
And it’s available at a price that’s half 
of what you might expect to pay for 
equivalent performance. Only $18,100. 

Picture the 6071A in your RF test 
system. Then to find out how to get it 
there give us a call at 1-800-426-0361 

or contact your local Fluke Sales 
Engineer or Representative. You’ll pre 
fer the 6071A too. Pure and simple. 

IN THE U.S. AND NON¬ 
EUROPEAN COUNTRIES: 

John Fluke Mig. Co., Inc. 
P.O. C9090, M/S250C 
Everett. WA 98206 
(206) 356-5400. Tlx: 152662 

IN EUROPE: 

Fluke (Holland) B.V. 
P.O Box 5053. 5004 EB 
Tilburg, The Netherlands 
(013) 673973, Tlx: 52237 

[fluke] 

Copyright & 1984. John Fluke Mfg Co.. Inc All rights reserved Ad No 6112-6070 For technical data circle number 
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amplify or isolate? 
it does both. 

22 dB gain and 40 dB isolation, 10-2000 MHz... only $179 
Either way, the ZFL-2000 miniature wideband amplifier is an engineer’s problem 
solver. Some examples of solutions offered by the ZFL-2000 are 
• Boosting signal/sweep/synthesizer outputs to 50 mW. 
• Achieving broadband isolation, especially when combining 2 signal generators 

for a two-tone intermodulation measurement 
• Increasing the dynamic range of spectrum analyzers. 
• Driver for power amplifiers, such as Mini-Circuits’ 1 and 2 watt ZHL series. 
• Extending the frequency range of signal generators when using a frequency 
doubler, filter and then amplifying. 

• Creating multiple output ports for one signal generator when amplifying and 
then adding a Mini-Circuits power splitter or divider. 

These unconditionally stable wideband amplifiers are available with SMA connec¬ 
tors and are housed with an internal heat sink in a rugged 1.25 in. sq. by 0.75 in. 
high RFI shielded case. 
Meets MIL-STD 202, these units operate from -55°C to + 100°C. 
One week delivery and a one-year guarantee, of course. 
For complete specifications and performance curves refer to 
the Goldbook, EEM, EBG, or Mini-Circuits catalog 

finding new ways. .. 
setting higher standards 

□□Mini-Circuits 
■ ■ ■ ■ A Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 
P.O. Box 166. Brooklyn. New York 11235 (212) 934-4500 

Domestic and International Telex 125460 International Telex 620156 

ZFL-2000 SPECIFICATIONS 

FREQUENCY 
GAIN 
GAIN FLATNESS 
OUTPUT POWER 
(1 dB compression) 
NOISE FIGURE 
INTERCEPT POINT 
(3rd order) 
VSWR, 50 OHMS 
DC POWER 
volt, current 
HEAT SINK 
OPERATING TEMP 

10-2000 MHz 
20 dB 

±1.5 dB 
+17 dBm 

7.0 dB 

25 dBm 

2:1 
+15 V, 100 mA 

Internal 
-55°Cto +100°C 

C98 REV. A 
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July/August 1984 

Cover 
July/August Cover — This month’s front cover shows a test system 
for automated EMI measurements. A video monitor shows the in¬ 
side of the test chamber where an instrument is being tested. More 
discussion about automated EMI measurements are included in 
the article “Automated EMI Measurements Using A Spectrum 
Analyzer and Desktop Computer.” This cover photo was courtesy 
of the Hewlett-Packard Company. 

Automated EMI Measurements, p. 13. 
Features 

Automatic EMI Measurements Using A Spectrum Analyzer and 
Desktop Computer — Manual methods of measuring elec¬ 
tromagnetic emissions are often time consuming and laborious pro¬ 
cedures. This article describes automating EMI tests and the ap¬ 
proach one manufacturer uses in their recently introduced software 
package. 

24 ESD Diagnostics And Control — Electrostatic Discharge (ESD) 
can cause problems of an intermittent and random nature. This ar¬ 
ticle deals with the subject of using ESD testing as a means to detect 
weaknesses in a product. 

29 Low Transfer Impedance — A Key To Effective Shielding — 
This article gives the basic principles behind good shielding in¬ 
cluding the powerful concept of transfer impedance. 

36 Fiber Optic Connectors Control EMI/RFI — The use of fiber optic 
u  transmission lines is offering more and more advantages to the com¬ 

munication field. This article discusses the advantages of using fiber 
optic schemes in the control of electromagnetic interference (EMI). 

40 EMC-EMI Suppliers Product Matrix — A tabulations of suppliers 
serving the EMC/EMI market. 

re r.f. designers notebook — A Prompting HP-67 Calculates h(e and 
ft from S-Parameters. 

Fiber Optic Connectors, p. 36. 

Departments 
6 Publisher’s Note 

67 Info Card 
63 New Products/Literature 
94 Advertisers Index 
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“Andy:” 
A Mentor for RF Technology Expo 85 

Last month we announced in this col¬ 
umn an event which, according to 

research among you readers, is going to 
meet with your overwhelming favor: the 
first annual RF TECHNOLOGY EXPO, to 
be held January 23, 24, and 25 at the 
Disneyland Hotel in Anaheim, California. 
The only condition you asked to be met 
in order for large numbers of you to come 
was that the technical sessions be at least 
on a plane with the articles in r.f. design 
magazine. 
Now we want to announce the appoint¬ 

ment of a program chairman whose at¬ 
tention to this task ought to assure the 
meeting of that condition. He is Vice-
President of development for A. R.F. Pro¬ 
ducts, Inc., located at the company’s 
R&D Laboratory in Boulder, Colo¬ 
ado. . .Andrzej B. Przedpelski. 

Regular readers of r.f. design will find 
that name a visually familiar one, even if 
they never tried to pronounce it. (For the 
record, make the first name “Andy,” and 
the second “P-shed-pe/-ski.”) Andy has 
contributed some of our most widely read, 
quoted and discussed articles, perhaps 
setting the tone of the “practical design 
tips” approach which has made the mag¬ 
azine so popular with RF engineers 
throughout the world. 

It may come as no surprise that Andrzej 
B. Przedpelski was born in Warsaw, 
Poland. He fled his native land in 
September, 1939, when Russian troops 
invaded, and later went to Polish high 
schools in Bucharest and Tel Aviv. He 
came to the U.S. in 1941, entered M.l.T. 
in 1943, and graduated in 1946, at the 
age of eighteen, with a degree in Chemi¬ 
cal Engineering and extra credits in elec¬ 
trical engineering. After a stint in the 
U.S.A.F. as a radar repairman, he joined 
A. R.F. Products, Inc., and worked as a 
junior EE while attending graduate school 
at Northwestern and DePaul. 
Over the past thirty years Andy has 

been involved with the design of military 
LF, MF, VHF and UHF RF equipment, 
mainly in missileborne MDI instrumenta¬ 
tion, including the instrumentation for the 
Nike-Zeus and Safeguard tests. He has 
had technical articles published in In-
teravia, Electronic Industries, Electronic 
Design, Microwave Journal, and Micro¬ 
waves and R.F., in addition to his articles 
in r.f. design. 
Andy approaches his task as program 

chairman of RF TECHNOLOGY EXPO 85 

Andrzej Przedpelski 

with several innovative ideas. . .such as 
many short papers, rather than fewer long 
ones. The papers will be grouped into 
similar “tracks,” allowing the attendee to 
pursue an interest in depth without run¬ 
ning from room to room. 
Topics to be pursued in the session 

have been partly guided by reader 
response to a mail survey conducted in 
April among readers of r.f. design. The 
survey revealed an extensive interest in 
the basic techniques of RF circuit and 
system design, such as phase-locked 
loops, oscillator design, and filter 
design. . .indicating, perhaps, that some 
RF designers have been pressed into 
service without much background in RF 
work and need some fundamental “catch 
up.” As a correlation, the survey also 
revealed a widespread interest in 
computer-aided design (CAD) for RF 
circuits. 
Among other topics, the subject of low 

noise receivers was the most universally 
interesting to readers. . .an interest prob¬ 
ably connected to a high interest in satel¬ 
lite communications. Test topics also 
ranked high, especially EMI/RFI test, and 
communications/microwave test. Anten¬ 
nas, SAW devices, and digital com¬ 
munications are other subjects that RF 
engineers want to explore. 
Andy is busy right now developing a 

program to give the right kind of 
knowledgeable attention to these sub¬ 
jects. If you can supply a paper that would 
fit into this context, he wants to hear from 
you right away. You can call him at (303) 
443-4844. . .or, use the “call for papers” 
card on the page facing this column. 

In any event, come to the EXPO. We 
all need to know each other. 
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Announcing the first annual 

RF TECHNOLOGY EXPO '85 

Disneyland Hotel, Jan. 23-25, 1985 
Anaheim, California 

“MEETING THE DEMANDS OF AN RF BOOM" 

The demand for RF engineers is at an all-time high and many have 
been pressed into service without really adequate training. Even old 
RF hands are challenged by new demands on existing technology. 

If this describes your situation then attend r.f. design magazine's RF 
TECHNOLOGY EXPO, a three-day event of technical sessions and 
exhibits designed to update both tyros and old hands on today's 
demands. Select from 100 papers, in 25 sessions, hear the latest in 
everything from RF design fundamentals to current techniques in 
low-noise receivers ... see the latest equipment from scores of RF 
companies . . . including Motorola, TRW, Amperex, Fluke, Hewlett-
Packard, Wavetek and many more. 

Due to space restrictions attendance will be limited in the first 
EXPO. Act early. Fill out the application at right and return it today 
with your check. Become one of the charter attendees at the first 
RF TECHNOLOGY EXPO ... the only conference and exhibit design¬ 
ed specifically for you. 

Or, if you wish to present a paper at RF TECH EXPO, use the card 
at right and send it to Program Chairman Andrzej B. Przedpelski, 
\/P Development at ARF Products, Inc. But act immediately. The 
earlier your paper is submitted the beter its chance for accepatance. 

Return to r.f. design, 6530 S. Yosemite St., Englewood, CO 80111 (303) 694-1522 
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Many of today’s complex instrumentation systems 
depend on programmable frequency synthesizers. 
Varian Instrument Division, Palo Alto, is using 
PTS 160 and PTS 200 low noise sources in their 
state-of-the-art-products. 
The reliability record established by these 
synthesizers over the years has been outstanding. 
If you need VHF-UHF Synthesizers for precision 
frequency control in your system or lab, 
follow the leaders, specify PTS with confidence. 

FREQUENCY SYNTHESIZER MODELS 
40 MHz, 160 MHz, 200 MHz, 500 MHz 

INF0/CARD5 
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THE 1984 ANZAC CATALOG 
The largest compendium of RF and microwave components, 
440 pages of Application Notes, Technical Articles, and Product 
Specifications 
■ Amplifiers 
■ Dividers 
■ Hybrids 

■ Mixers 
■ Couplers 
■ Transformers 

■ Switches 
■ Modulators 
■ Subsystems 

Adams 
ANZAC DIVISION 

80 Cambridge Street • Burlington • MA 01830 • (617)273-3333 • TWX 710-332-0258 
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Actual curves for 800 MHz. 



Real product available now. 
Everyone has promised you every¬ 

thing to build 800 MHz cellular systems. 
Power amps. GaAsFETs. Base 

station modules. Etc. 
Most still promise. 800 MHz semi¬ 

conductors are easier said than done. 
The difference is. Motorola tech¬ 

nology has done it. Designed, proto¬ 
typed, tested, packaged, produced and 
delivered a complete lineup of 800 MHz 
devices covering virtually all design 
needs. Today. Now. 
We not only have the devices, specs 

and curves you need for your designs, 
but at least two years lead time over 
any other catchup source in applying 
difficult technologies to this new era 
in communications. 

All you have to do is pick the one 
you want. 

gate bias (you can't do it with a bipolar) 
it furnishes 50 mA IDSS for strong 
signal capability. 

Fine-line, ion-implanted. MRF571-73 
bipolars offer 12 dB gain. 1.5 dB NF at 
a gigahertz and very economical prices. 

.. .and 500 more types. 

Choose from hundreds of power 
and small signal RF transistors and 

hybrid amplifiers for avionics. CATV, 
microwave, land-mobile, instrumen¬ 
tation and military designs from 
Motorola. A line that's constantly 
improving and moving towards real 
solutions in communications semi¬ 
conductors for today's designs. 
Write Motorola Semiconductor 

Products. Inc.. P.O. Box 20912. 
Phoenix. AZ 85036 for a new Selector/ 
Cross-Reference Guide. 

TOTAL RF CAPABILITY 

9 Mobile/base station discretes. 
Fine-line, multiple-cell geometries, 

input matching forbroadband capa¬ 
bility. silicon-nitride. gold-metallization 
and a package developed specifically 
for 800 MHz characterize this Motorola 
competence from 3 to 40 W. 
The Motorola-developed, CQ package 

gets you closer to the die. This tech¬ 
nique cuts lead-to-die distance and 
inductance by 50% and is universally-
applicable over the entire 806-947 
MI Iz range. No need for individual 
narrow-band parts. 
Most are common-base construction 

for higher gain, all are 100% load-
mismatch tested to appropriate VSWR 
specs— a standard Motorola procedure. 
And gain ratings are best in the 

industry. 

LOW POWER DISCRETE 
120 standard parts 
700 special parts 
Commercial. Hi Rei 

I X Si . GaAs 
! = NPN . PNP 
' NF to IdBfe 1 GHz 
-
,. Premium Devices 

H-
7- zr 
6- / 
5 - / '-O 

Í? 
2-
1 -

I I I 
10 50 100 

I in milliamps 

LINEAR MODULES 
60 standard parts 
260 special parts 
Gains to 34 dB 
NFtoödB 

O 

40-

301 

20— 

10 — 

500— 

250— 
AAAr 

150— 
100-

o o o 
o 

o o o o 
O O o o 

O O o o o o 
8 8 

I V I I I 
300 330 450 550 600 1000 
Frequency, (high end) in MHz 

HIGH POWER DISCRETE 
300 standard parts ° 
1200 special parts o

Bipolar . FET 
7.5V to 50 V 
Cher 10 std. pkg. types ° 

Easy, time-saving 2- and 3-stage 
modules. 
They do the same thing as discretes, 

but what an advantage in convenience 
and performance! 
The 7.5 W. MHW808/808A Class C 

family offers 50 fl input/output imped¬ 
ance. all biasing and matching net¬ 
works. reliable, high-quality, thin film 
construction and automatic gain con-
t rol over 35 dB. a "must" in 800 MHz. 
"typical gain ranges from 23 to 25 dB 
with efficiency specing out at 35%. 

Ideal for handhelds, they're stable, 
consistent performers that save count¬ 
less design hours. 
MHW820 modules provide rugged. 

18/20 W Poul for conventional and 
trunking applications. 

o so¬ 

o 

o 

UHF 900 
Frequency in MHz 

lo 
8 o 

30 50 90 175 400 450 900 1000 2000 
Frequency in MHz 

GaAs and silicon versatility. 
We've got both for front ends, mixers 

and oscillators. 
Where sensitivity to weak inputs is 

desired, the MRF966/967 dual-gate. 
1 GHz FET operates at 1.2 dB NF and 
18 dB gain, typical. AGC-able from DC 

MOTOROLA INC. 

TO: Motorola Semiconductor Products Inc.. P.O. Box 20912. Phoenix. AZ 85036 

Please send me more information on 800 MHz devices. 
186RFD070884 

Name 
Title 
Call me: ( 
Company 
Address _ 

State _ ZIP 



AUTOMATIC PEAK POWER 
MEASUREMENTS FINGERTIPS 

MODEL 478 
No other peak power meter 
can give you all this... 
Now you can measure: 

Peak power automatically 
Instantaneous power at any point on a waveform 
From 0.1 to 26.5 GHz 
-30 dBm to +15 dBm 
10 nsec rise and fall times 
Pulse widths from 15 nsec to CW 

Built-in features include: 

World’s most powerful, 
most flexible, 
most accurate Peak Power Meter 
This fully programmable, microprocessor-based instru¬ 
ment automatically selects the optimum time base and 
power range to fully characterize a microwave pulse. 
The instrument self-corrects for linearity and frequency 
response of the power head, enabling measurement 
accuracy to within ±0.3dB. 
The pulse waveform is presented on a calibrated CRT, 
displaying a graph in linear or logarithmic units. Peak and 
instantaneous powers as well as rise/fall times and pulse 
widths are also digitally displayed. 

High-contrast 7"CRT display 
IEEE Bus 
Power head self correction 

An offset feature automatically scales the readout to 
compensate for external gain and loss with 0.01 dB 
resolution. 

POWER HEADS AVAILABLE 

Model 
Number 

Freq. Range 
(GHz) 

Pwr. Range 
(dBm) 

N436 
M438* 

0.75-18 
0.75-26.5 

-30 to +15 
-24 to +15 

Other features include: Keyboard Programmability 
• Manual/Automatic Operation • Optional CIIL Compat¬ 
ibility • Trigger Delay • X-Y Recorder and Video Outputs 
• Digital Averaging 
For complete details, write or call 

‘For delivery fall 1984 

Note: Low frequency limits extendable with moderate decrease in video 

bandwidth. Option 02: 100 MHz; Option 03: 500 MHz; Option 13: 5 MHz 

General 
Microwave 

155 Marine Street. Farmingdale, New York 11735, Tel: (516) 694-3600 
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Automatic EMI Measurements 
Using A Spectrum 

Analyzer And 
Desktop Computer 

The proliferation of electronic devices in our society 
have increased the need to regulate and control 

electromagnetic emissions. EMI measurement 
systems are incorporating greater degrees of 
automation to meet these needs. This article 

describes a computer program which controls an 
automatic EMI measurement system used to make 

EMI tests. 

By Erik Diez and Barry Taylor 
Hewlett-Packard Company 
Santa Rosa, California 95401 

When designing a product, virtually 
every engineer would like to pass 

all applicable EMI limits the first time his 
or her product is tested for compliance. 
Unfortunately, this rarely seems to hap¬ 
pen. Given this fact of life, the best thing 
to do is test a device early and often in 
the design process to help pinpoint prob¬ 
lem areas as soon as possible. This helps 
eliminate or at least minimize costly re¬ 
work and redesign of a product at the end 
of its development cycle. 

Manual methods of measuring electro¬ 
magnetic emissions are often very time 
consuming and laborious procedures. 
Automating an EMI test however, offers 
several advantages which can make the 
procedure more attractive to the user: 
1. The time required to make a test and 

generate hard copy results can be great¬ 
ly reduced. 

2. For long tests, the measurement can 
proceed even if left unattended. 

3. Repeatability of the measurement is 
enhanced because the test is performed 
the same way each time. 
Computer programs which drive auto¬ 

matic EMI measurement systems to per¬ 
form various military and commercial EMI 
measurements have been written by sev¬ 
eral manufacturers. This article describes 
one such program, the Hewlett-Packard 
85864A EMI Measurement Software. 
Written for the HP series 200, Models 226 
and 236 computers, it controls an HP 
8566A/B or 8568A/B Spectrum Analyzer 
and various other peripheral equipment 
such as printers, plotters, RF attenuators, 
and the HP 85650A Quasi-peak Adapter. 
This program is written in BASIC, a lan¬ 
guage designed as a high level interface 
language. Its ability to control instruments 
using real time interrupts, high speed bi¬ 
nary transfers, and I/O register control, 
make it the language of selection for sci¬ 
entific instrument control, as well as re¬ 
search and development. HP Pro-BASIC, 
unlike most basics, allows isolated con¬ 
text capability so that subprogram 
modules can perform functions using 
their own local variable names and yet 
also control global common variables. It 
is highly structured language with such 

.f. design 13 



EMI PROGRAM TOP LEVEL 

********************* **««*««**** ************* 
* (C) Copyright 1984 by Hewlett Packard Co. * 
♦ All rights reserved. * 
********************************************* 

SELECT FUNCTION DESIRED. 

TEST LIB I MEASURE I SETUP I I END 
DATA LIB I HP- IB I I UTILITY I PLOT 

Figure 1. 

commands as SELECT/CASE, LOOP/ 
EXIT IF, REPEAT/UNTIL, IF THEN ELSE. 
There is also a rich graphics command 
set. This program has over 13,000 pro¬ 
gram lines and about 300 contexts. A 
brief overview of the program will be 
followed with some examples of various 
measurements that the system can per¬ 
form. 

Organization of 
the Program 
The program consists of four major 

sections: the Test Library, the Data 
Library, the Measurement section, and 
the Test Setup table. In addition to these 
sections, several convenience features 
are included. One is a plotting routine that 
controls a graphics plotter to obtain hard 
copy results of the measurement data. A 
Utility section contains a routine to com¬ 
pute the impulse bandwidths of the res¬ 
olution bandwidth filters in the spectrum 
analyzer, a time/date setting function, and 
a provision to add the user’s facility/com-
pany name to the display. The transducer 
and limit libraries are used to store anten¬ 
na factor values and commonly used 
emission limits. 
The various sections are structured by 

“levels” which can be accessed by press¬ 
ing one of the ten soft keys on the HP 
series 200 computer. At every level, there 
is a key labeled “RETURN” which allows 
the user to go back to the previous higher 
level. After loading the program, the top 
level menu appears, as shown in Figure 
1. 

The Test Setup Table 
The Test Setup table is the area where 

an EMI measurement can be defined or 
an existing one from the Test Library can 
be modified. To illustrate how the Test 
Setup table works, we will use an FCC 
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XYZ TEST LABORATORY, INC. 

TEST SETUP TABLE PG 1 OF 

LIBRARY FILE: CONDUCTED CLASS A/B 

DISPLAY TITLE 1: FCC 
CONTROL PARAMETERS 

Test Type 
Freq Uncert (%) 
Min Swp Time/Oct (sec) 

NUMBER PAGES NOTES 
NUMBER RANGES 
START FREQUENCY (MHz) 

RNG STOP FREQ (MHz) 

part 15 Subpart J Conducted Emissions 
test as an example. After pressing the 
SETUP key in the top level menu, the dis¬ 
play shown in Figure 2 appears. Here, the 
display title appearing in the upper right 
hand corner of the spectrum analyzer is 
entered. There are two test types avail¬ 
able: Peak (referring to the fact that we 
are using peak detection), which will be 
used here, and Narrowband/Broadband, 
which is often used in Mil Standard tests. 
Frequency uncertainty can be set be¬ 
tween 0.1% and 2.0%. There is a tradeoff 
involved in the selection of frequency 
uncertainty in that better frequency ac¬ 
curacy comes at the expense of in¬ 
creased measurement time. This is 
because the spectrum analyzer must take 
several overlapping sweeps to cover the 
frequency range in order to maintain the 
desired accuracy. For the purpose of this 
program, a frequency range is defined as 
being a region of the frequency band 
under test in which the hardware used to 
make the test remains unchanged. For 
example, a VDE conducted test requires 
using 200 Hz resolution bandwidth filter 
from 10 kHz to 150 kHz and a 9 kHz filter 
from 150 kHz to 30 MHz. This results in 
a test with two ranges. Another example 
is a radiated test that uses several anten¬ 
nas. This requires that we define a range 
for each antenna. The FCC-conducted 
emissions test does not have any hard¬ 
ware changes in the middle of the test, 
therefore it only needs one range to per¬ 
form the measurement. The transducer 
in this test is a Line Impedance Stabiliza¬ 
tion Network (LISN). Since readings are 
taken directly from the LISN by the spec¬ 
trum analyzer without any correction, the 
transducer listed is “NONE.” (For test 
using a transducer such as an antenna, 
which has correction factors that must be 
applied to the data, the correction factors 
would be entered at this point.) 

Pressing the “NEXT PG” softkey takes 

V.2 P15J CONDUCTED 

PEAK 

0 
1 

. 45 

TRANSDUCER 

NONE 

Figure 2. 

us to the next page of the setup table, 
shown in Figure 3. Here the units of 
amplitude and the reference level of the 
display are entered. This is also the page 
where the test limits for the measurement 
can be entered. The FCC conducted test 
has two limits: The Class A limit for com¬ 
mercial and industrial computing prod¬ 
ucts and the Class B limit for computing 
products intended for home use. By 
pressing the “GET LIM” key, we arrive 
at the page where the limit points can be 
entered. If a limit is already stored in the 
limit library, it can be loaded directly into 
the measurement. 

Pressing the “NEXT PG” key once 
again brings us to the last page of the set¬ 
up table (see Figure 4). It is here where 
various spectrum analyzer hardware 
states are set. If an HP 85650A Quasi¬ 
peak Adapter is included in the system, 
its bandwidth is defined here. For tests 
where a preamplifier or external attenu¬ 
ator is used, their values are entered here 
also. For each measurement range de¬ 
fined on page 1, a page just like this must 
be filled out in order to completely char¬ 
acterize the measurement. 

Within a measurement range, the user 
can define several setups. A setup can 
be described as a situation where the 
hardware used to measure a range re¬ 
mains unchanged, but their positions 
change. For example, in a radiated test, 
the EUT is often mounted on a turntable 
which must be rotated in order to find the 
maximum emissions coming from the de¬ 
vice. If we wanted to test a device at 45 
degree intervals, then we would make the 
number of setups equal to eight. Tests re¬ 
quiring that the antenna be raised and 
lowered can also make use of multiple 
setups. Within a setup, the number of 
sweeps can be set to increase the prob¬ 
ability of intercepting transient signals. 

At each setup the user has the option 
of presenting a message, branching to a 
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DISPLAY INFORMATION 

RANGE 1: .45 TO 30 MHz PG 3 OF 3 

AMPLIFIER 

AMPLITUDE INFO 
Units 
Disp Ref Level 

dBuV 
100 

FEST LIMITS 
Number Limits 
Limit 1 
Limit 2 

CLASS A 
CLASS B 

Name NONE 
Gain (dB) O 

INPUT PORT RIGHT 
MSMT STATES 

OP Bandwidth (Hz) 9000 
SA Res Bandw (Hz) 100000 
Video Bandw. (Hz) 100000 
Ref. Level (dBuV) 80 
Int. At ten. (dB) 10 
Ext. At ten. (dB) O 

NO. OF SETUPS 1 
NO. SWEEPS/SETUP 1 
FIRST SETUP 

Msg ,Sub ,Cont inue MESSAGE 
Msgs CONNECT LISN TO RIGHT PORT 

Figure 3. Figure 4. 

user-written subprogram or simply con¬ 
tinuing without performing any action. 
Messages are useful as prompts to re¬ 
mind an operator to connect the proper 
equipment, rotate a turntable, etc. For 
users who want fully automated systems, 
the subprogram branch allows access to 
user-written routines to control pro¬ 
grammable antenna masts, automatic 
turntables, coaxial switches to switch 
antennas, etc. 

Test and Data Libraries 
A good measurement system should 

be judged on its ability to not only make 
measurements quickly and accurately, 
but also on its ability to help maintain and 
organize the test setups which are de¬ 
fined and the data which is measured by 
the system. In the past, it sufficed to keep 
a lab notebook or journal which was used 
to define the objectives of the measure¬ 
ment, the setup required to make these 
measurements and the raw data which 
would be used in the analysis. Finally, the 
data would be analyzed and the results 
presented, usually graphically, or state¬ 
ments derived from the analysis of the 
measurements. Little has changed ex¬ 
cept the complexity of the measurements. 
The requirements are still the same. The 
same information is required whether the 
measured data comes from manually 
nulling a wheatstone bridge or using a 
complex computer-configured measure¬ 
ment system. 
There will always be the need to be 

able to reconstruct the original test and 
look at the raw data used to formulate the 
analysis. The concept of an electronic lab 
notebook may seem radical when consid¬ 
ering the methods of the past, but in a 
complex computer-based measurement 
system all the same requirements could 
apply. It is still essential to be able to 
reproduce the original measurement con-

r.f. design 

figuration along with the data taken by the 
system. If this cannot be done, the “sci¬ 
entific approach” principles have been 
violated and questions regarding the data 
cannot be answered or the data verified. 
Therfore, any computer-based measure¬ 
ment system should contain the essence 
of the original lab notebook. 
Measurements made on an EMI mea¬ 

surement system can be so complex that 
each one might constitute an entire note¬ 
book of setups, data and analysis. So, we 
might consider each set of measure¬ 
ments as a notebook of information. How 
do we keep track of it all? The concept 
of a library where information is stored in 
an organized manner and categorized by 
type such as (in our scientific case) “test 
setups” and “data” makes sense. There 
may also be other types of libraries re¬ 
quired; for example, to keep track of com¬ 
monly used correction factors or various 
test limits which are used often to define 
a test setup. The idea of various types of 
libraries then makes sense for an organ¬ 
ized system. The one drawback to this is 
that in a complex system, such as an EMI 
test system, before long these libraries 
could become quite large and unwieldy. 
In a short time there could be literally hun¬ 
dreds of files to keep track of and main¬ 
tain. A further partition seems in order to 
address this problem. 
Using the EMI system as an example, 

consider each piece of equipment under 
test (EUT) as a separate measurement 
problem. Certainly each device should be 
tested for its unique requirements, which 
need to be documented. If it was easy to 
establish a complete set up library for 
each EUT and store these libraries in a 
filing system external to the measurement 
system, it would be easy enough to 
categorize the devices tested with a label 
and locate that EUT’s library. These 
libraries could be floppy discs, the com¬ 
mon storage medium today. The total fil¬ 

ing cost would then be reduced to a few 
dollars for a floppy disc. 

This is the approach taken in the EMI 
test system described. To properly use 
this system, a little front end work is re¬ 
quired by the test engineer. He must first 
initialize and assign a disc to the device 
to be tested. Further, he must decide 
which tests are to be performed on the 
device. From a master file (a library of 
common test setups) a Test Library is es¬ 
tablished. Each test to be performed is 
loaded and stored on the device library. 
These test setups can be modified as re¬ 
quired and notes associated with the test 
setup incorporated into the test libary. 
The need for this duplication will become 
clear as we begin to use these test setups 
to make measurements and analyze the 
results. 

After the test library is established for 
the device to be tested, much of the front 
end work is done and the organized test¬ 
ing method is established. Of course, new 
test setups can be added as the testing 
process requires. 
Now we can proceed with the actual 

measurement process. The test desired 
is loaded into the system from the Device 
Library. Measurements are made and 
stored in the data library as desired. 
When it is desired to store the data in the 
data library, there is provision for notes 
to be recorded along with the data. These 
notes are separate from the notes which 
are stored with the test setup and can 
relate to the actual data taken. When data 
is stored in the Data Library, it is cross 
referenced to the test setup, preserving 
the link between the data and the test 
setup. Any changes made to the test set¬ 
up require restoring the test setup. This 
preserves the integrity between previous 
measured data and its associated test 
setup. Whenever data is loaded into the 
system for review or analysis, the test 
setup used to take that data is also load-
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NOW! In one manual— 
all you need to know about 
EMC design and products— 

and it’s 
G**1' 

Compatibility ( EMC) 

If you’re involved in designing for EMC—if you’re 
involved in testing and measuring electromag¬ 
netic interference—you need this manual. For 
the first time, in one place, you’ll find all the data, 
all the formulas, and all the products you need 
to meet your interference control problems! 

Included are charts, tables, graphs, dimensional 
drawings, and technical data ranging from a dis¬ 
cussion of theoretical design requirements to 
how to select a specific shielding material. 

For your free copy, use the Reader Service Card 
or write us directly at Dept. RF-9. 
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/I INSTRUMENT SPECIALTIES COMPANY, INC. 
Delaware Water Gap, PA. 18327 
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This narrow 
strip... 

TEST LIBRARY: EMI MEASUREMENTS 

1. FCC V.2 FART 15J 
1.1 RADIATED CLASS A/B 
1.2 CONDUCTED CLASS A/B 

2. VDE 0371 / 3.68 
2.1 RADIATED LEVEL A/B 
2.2 CONDUCTED LEVEL A/B 

3. MIL-STD 461A / 462 
3. 1 CE-03 20kHz TO 50MHz 
3.2 RE-02 14kHz TO 1GHz 
3.3 RE-02 1GHz TO 10GHz 

Figure 5. 

ed. This insures a correspondence be¬ 
tween data and setup. 
A closer look at the library structure 

reveals a common structure for all types 
of libraries. The Test Library, the Data 
Libraries, the transducer factor and limit 
line libraries all have a common human 
interface, the same keys and format of the 
library index of the library including the 
ability to LOAD, STORE, RESTORE, RE¬ 
NAME & PURGE files. The library index 
which appears on the screen includes 

category headings which allow the files 
to be grouped together as desired (see 
Figure 5). The actual files are listed under 
a heading and are selected via a scroll¬ 
ing arrow. A parallel may be drawn at this 
point between the library index and its 
headings and a card file for a book library. 
The card file contains subject cards such 
as the heading does and the associated 
subject books are located behind this 
card. The associated files are located 
beneath the subject headings. 

When the MEASURE key is pressed on 
the top level, the display shown in Figure 
6 appears. For multi-range measure¬ 
ments, the user can select to measure 
over a single frequency range, some of 
the ranges, or all the ranges defined for 
this test by using the RANGES key. The 
second line of text appearing in the an¬ 
notation box in the upper right hand cor¬ 
ner of the final display can be entered 
here by pressing the TITLE 2 key. 

Often it is desirable to take a final quick 
look at the setup just prior to doing the 
measurement to check if the device under 
test is powered up and operating in the 
proper functional mode, to make sure that 
the spectrum analyzer reference levels 
chosen in the Setup tables are adequate 
for the signal levels being received, and 
check for the presence of overload con¬ 
ditions in the measurement system. The 
preview mode causes the spectrum ana¬ 
lyzer to sweep over the desired range and 
display the uncorrected data on the ana¬ 
lyzer’s CRT for viewing and interpre¬ 
tation. 

Pressing the MEASURE key a second 
time initiates the actual measurement 
process. The basic scheme of the meas¬ 
urement is to have the computer read in 
the trace data from the spectrum analyzer 
at the end of a sweep, initiate the next 
sweep, and process the data from the 
previous sweep while the current sweep 
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Some Questions You 
Should Ask Your EMI/RFI 
Test Equipment Supplier 

How long has your company 
been in the EMI/RFI Testing 
Equipment business? 
The Electro-Mechanics Company has 
been designing and manufacturing 
EMI/RFI Test Accessories for over 25 
years. 
We began with Magnetic Field 

Instruments and Radio Frequency 
Antennas for the military. Since the 
mid-sixties we have been working 
closely with the military and industry 
standard setting groups, and EMCO 
now has one of the broadest lines of 
Test Antennas and EMI/RFI Test Ac¬ 
cessories in the World. 

What exactly is your major 
product line? 
EMCO's primary business is Test 
Antennas for use in Emissions and 
Immunity (Susceptibility) Testing as 
required for MIL Standard, FCC, VDE, 
and CISPR Test Procedures. 

Typical Military Antennas for Radi¬ 
ated Immunity (RS) and Emissions 
(RE) Testing cover the frequency 
ranges from 30 Hz to 18 GHz, and are 
noted in MIL STD 462, Notice 3, Table 
1. EMCO currently manufactúres 
Magnetic Field Loops, the 41" Rod 
Antenna, Parallel Strip Line, both 

Biconicai Anten¬ 
nas. the Conical 
Log Spirals and 
the Double 
Ridged Guide An¬ 
tennas shown on 
this table. 

Antennas which are currently ac¬ 
ceptable for use in FCC Volume II, 
Part 15 Emissions Testing include, 
Adjustable Element Dipole Sets, 
Broadband Biconicai Antennas and 
Broadband Log Periodic Antennas 
EMCO manufactures all of these sep¬ 
arately or can include them as part of 
an FCC “Class A” and “Class B” An¬ 
tenna Test System. 

What differentiates your anten¬ 
nas from your competitors? 
One major difference is Calibration. 
Each Antenna is calibrated using NBS 
Traceable Testing Equipment, on our 
own FCC open field test site. Calibra¬ 
tion data includes Antenna Factor, Nu¬ 
meric Power Gain, and dBi Gain for 
each individual Antenna. For Immunity 
Testing Antennas we include Field 
Strength measurements in Volts Per 
Meter, and Radiation Patterns where 
applicable. 
Another difference is Design and 

Construction. Each Antenna is de¬ 
signed to be durable and long-lasting, 
yet functional in varied applications, 
such as in Anechoic Chambers or 
Outside Test Sites. Antennas and ac¬ 
cessories are machined and con¬ 
structed “in-house” for Optimum 
Quality Control. 

One last differ¬ 
ence and maybe 
the most impor¬ 
tant, is EMCO's 
continual Product 

improvement thru Research and De¬ 
velopment. For example, our Dipole 
and Biconicai Balun design is much 
improved from the old DM-105 and 
military designs . . . and we are con¬ 
tinually researching and redesigning 
to make EMI/RFI Testing simpler and 
more accurate. 

What other Test Equipment and 
Accessories do you offer? 
EMCO adds efficiency to 
EMI Testing with an An¬ 
tenna Positioning Tower 
(1-6 meters) and an Equip¬ 
ment Testing Turntable 
Both are suitable for out¬ 
side or indoor use, come 
with a standard Digital 
Readout Controller and are 
available with IEEE-488 
Bus Option. 

I For Conducted 
I Emissions Testing, 

■i . t I EMCO manufac-
■ j I tures Line Imped¬ 
id- 1 anee Stabiliza¬ 
tion Networks to satisfy FCC and 
VDE requirements. Our unique design 
allows production of as many as 4 
separate lines (three phase) in one 
unit. 

Other Related 
Equipment in¬ 
clude: Signal Re¬ 
jection Networks, 
Acceptance Net¬ 
works. Magnetic 
Field Intensity 
Meters, Magne¬ 
tometers and Helmholtz Coil 
Systems. 

Why should my company buy 
your EMI/RFI Test Equipment? 
The Electro-Mechanics Company is 
more than just another manufacturer. 
We realize that in order to grow and 
help improve EMI/RFI Testing we 
must constantly forge ahead ... not 
live in the past. 
As the FCC moves toward better 

and more Standardized Test Proce¬ 
dures, EMCO is staying close to ANSI 
(American National Standards Insti¬ 
tute), NBS (National Bureau of Stan¬ 
dards) and other standards groups so 
we can keep improving our equip¬ 
ment. Involvement with current and fu¬ 
ture industry needs also helps us plan 
for design of new equipment ... an 
ongoing process at EMCO. 
EMCO is committed to offering 

Technical Assistance, as well as Test 
Accessories, to help solve EMI Testing 
Problems. Part of that Technical Assis¬ 
tance is advice on purchasing only the 
equipment needed, not kits or systems 
with unnecessary items. We can also 
advise on various manufacturers of 
other complimentary test equipment. 

If you have more questions and are looking for Helpful Answers, Call us at (512) 835-4684. 

The Electro-Mechanics Company 
P.O. Box 1546/Austin, Texas 78767/Telex 767187 
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...or this 
narrower 
strip... 

MEASUFv'EMENT 

1. FCC V.2 PART 13J 
1.2 CONDUCTED CLASS A/B 

RANGE CONTROL (measure ranges indicated by *) 
* Al 1 Ranges 
Range Is .45 - 30 MHz 

TITLE 2 ISs PROTOTYPE DEVICE #1 

SELECT FUNCTION DESIRED. 

RETURN 
DATA LIB 

I MEASURE 
I PRE VIEW 

I ANALYSIS 
I 

Figure 6. 

IRANERS I TITLE 2 
I VIEW CRT I 

is occuring. At the end of each sweep, the 
spectrum analyzer sends a service re¬ 
quest to the computer, informing it that 
it can now read in the new data. As each 
set of sweep data is read in by the com¬ 
puter, it is corrected for transducer cor¬ 
rection factor, pre-amplifier gain, and ex¬ 
ternal attenuation, then plotted on the 
CRT of the computer. (For broadband 
measurements such as those found in 
many Mil Standard measurements, the 
data is also corrected for the impulse 

bandwidth.) This gives the operator visual 
feedback of how the test is progressing. 
All measurements are done using the 
peak detector of the spectrum analyzer 
to assure the fastest possible sweep time. 
If the operator wishes to stop the test 
before it is finished, pressing the ABORT 
key cancels the measurement and re¬ 
turns to the previous level, as seen in 
Figure 6. 
When a test is finished, the results are 

displayed on the CRT of the spectrum 

analyzer log frequency format as shown 
in Figure 7. The data shown in this figure 
was taken from an FCC-conducted emis¬ 
sions test. The time required to perform 
this test was about 55 seconds. This is 
a tremendous improvement in measure¬ 
ment speed when compared to manual 
measurement methods. The results can 
then be stored on the data library disc for 
archival purposes and future reference. 
The results of a measurement can 

often raise questions about the nature of 
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RF switches 

10 to 2500 MHz 
from $1995rew1211 (5<J0qty.) 
Now, for your wideband systems design, under —$20.00 
SPST and SPDT pin diode switches that operate over the 
10 to 2500 MHz range with less than 1 dB (typ. ) 
insertion loss at 1000 MHz, 1.5 dB at 2500 MHz. 

No waiting, immediate delivery ... with one year guarantee. 
Call or write for 64-page, catalog or see our catalog in the 
Gold Book, EBG, EEM or Microwaves Product Data Directory. 

SPECIFICATIONS for 
PSW till (SPST) and PSW 1211 (SPOT) 

FREQUENCY RANGE 

INSERTION LOSS 
10-2000 MHz 

2000-2500 MHz 

ISOLATION 
10-500 MHz 

500-1000 MHz 
1000-2000 MHz 
2000-2500 MHz 

SWR 

SWITCHING SPEED 

MAXIMUM RF INPUT 

CONTROL 

OPERATING TEMPERATURE 

STORAGE TEMPERATURE 

10 2500 MHz 

1.7 dB max 
2.7 dB max. 

computer-automated 
performance data 

PRICE (6-24) 
PSW lili 
PSW 1211 

$29.95 
$29.95 

40 dB min. 
30 dB min. 
25 dB min. 
20 dB min. 

1.5 max. (“on" state) 

1 p^ec. (max.) 

4-20 dBm 

4-5 V (5 mA max.) 

-54°C to 4-100°C 

-54°C to 4-100°C 

finding new ways ... 
setting higher standards 

C3 Mini-Circuits 
A Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 
P.O. Box 166. Brooklyn. New York 11235 (21 2) 934-4500 

Domestic and International Telex 125460 International Telex 620156 
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DATA ANALYSIS; 
-> Zoom Local 

Print Peaks 
Tune and Listen 
Quasi -Peak Measurement 
flark trace 

Notes 

DISPLAY OPTIONS; 
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I 

Figure 8. 

i 
I VIEW CRT 

ITITLE 
I PLOT 

the emissions emanating from the equip¬ 
ment under test (EUT). For example, in 
this FCC-conducted emissions test, the 
test engineer may want to know what the 
Quasi-peak levels of emissions are over 
a particular portion of the frequency 
range. He or she may also be interested 
in taking manual control of the spectrum 
analyzer to further analyze a certain 
signal. These kinds of post-measurement 
capabilities can be accessed from the 
program’s analysis level which appears 

on the computer CRT after a measure¬ 
ment has been completed, as seen in 
Figure 8. 

In Figure 7, we observe that the EUT 
fails the Class B limit at the lower end of 
the frequency range. Since the measure¬ 
ment was made using the spectrum ana¬ 
lyzer’s peak detector, there is still a 
chance that the unit will pass the test if 
we can show that the quasi-peak emis¬ 
sion level is below the limit. (For those 
readers unfamiliar with this type of detec¬ 

tion, the quasi-peak circuitry weighs the 
incoming signal on the basis of its repeti¬ 
tion rate. Signals with low repetition rates 
will yield a lower reading on a quasi-peak 
detector than signals with the same peak 
amplitude but a higher repetition rate. CW 
signals have the same amplitude with 
either detector type.) Upon selecting 
quasi-peak analysis, the user places two 
markers on the trace display to indicate 
the region over which the quasi-peak 
measurement is to be made. The spec¬ 
trum analyzer/Quasi-peak Adapter com¬ 
bination then sweeps over this frequen¬ 
cy range and displays the results on the 
same plot as the peak data to allow direct 
comparison. From Figure 7, we can see 
that in this case, the quasi-peak value is 
lower than the peak reading and better 
yet, is below the Class B limit. 
Even if an EUT passes the test (and 

more importantly if it fails), it is often im¬ 
portant to know something more about 
the nature of a particular signal than can 
be gleaned from the peak or quasi-peak 
test alone. For example, if a device we 
are designing fails a particular test, we 
need to know why it is over the limit so 
that corrective action can be taken. The 
source could be a clock on a printed cir¬ 
cuit board, the power supply, a circuit that 
is not shielded properly, etc. By using the 
Zoom/Local mode of operation, the meas¬ 
urement system can provide some in-
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Figure 9. Figure 10. 

sights into the source of the problem. The 
region that was over the limit (with peak 
detection) can be observed in the time do¬ 
main, as shown in Figure 9. There it is ap¬ 
parent that the impulsive signals are 
power line related. Further investigation 
with a small probe or magnetic loop can 
help pinpoint the exact location of the 
problem. This knowledge can in turn, help 
minimize the turnaround time for a rede¬ 
sign of the product, since the designer 
has a very good idea of what area of the 
curcuitry needs to be modified. 

A Mil Standard RE-02 
Measurement 

Besides conducted measurements, the 
other large class of EMI measurements 
are the radiated emissions tests. A typical 
one that we will use as an example here 
is the Mil Standard 461A/462 RE-02 test 
from 14 kHz to 1 GHz. Since this meas¬ 
urement covers such a wide frequency 
range, it is set up as a multi-range meas¬ 
urement as opposed to the single range 
used in the FCC-conducted measure¬ 
ment. As with other Mil Standard tests, 
all measurements are done using peak 
detection only. The quasi-peak adapter is 
not used at all in this test. Another dif¬ 
ference is that the RE-02 test seeks to 
distinguish between narrowband and 
broadband signals since different limits 
apply to each. 
The program begins by performing a 

narrowband measurement of range 1, 
correcting each set of trace data from the 
spectrum analyzer for antenna factor, 
preamplifier gain, and external attenua¬ 
tion (if any). The system then goes back 
to measure the same range again using 
the broadband measurement parameters 
specified in the Setup table. The same 
data correction factors are applied again, 
with the addition of an impulse bandwidth 
correction factor to normalize the broad¬ 
band data to a 1 MHz reference band-

22 

width. Nominal values of impulse band¬ 
width correction factors are provided by 
the program, but they can be updated at 
any time by running a routine in the Utili¬ 
ty section that measures the spectrum 
analyzer’s resolution bandwidth filters 
and stores the newly computer correction 
factors on disc. 
The automatic system proceeds with 

the measurement over each of the five 
ranges, first with the narrowband meas¬ 
urement setup, then with the broadband 
setup. If the narrow and broadband setup 
parameters for a given range happen to 
be identical, the program takes the nar¬ 
rowband data for that range and applies 
the impuse bandwidth correction factor to 
derive the broadband data. This shortens 
the time required to perform the measure¬ 
ment since duplication of spectrum 
analyzer sweeps under identical condi¬ 
tions are avoided. 
The results of the RE-02 test are shown 

in the two plots in Figure 10. The time re¬ 
quired to perform this test, using one set¬ 
up per range, is about 7 minutes, not in¬ 
cluding the time required to change an¬ 
tennas between ranges. Upon finishing 
the test, the user may want to use the 
Zoom/Local capability to determine which 
signals are broadband, then use the Mark 
on those signals, as shown in Figure 11. 
The Print Peaks routine can also be used 
to list signals over a user specified 
amplitude threshold, as shown in Figure 
12. 
The Data Notes section, which is also ac¬ 
cessed at this level, is useful to record 
comments about the data and the signal 
markers. 

Since Mil Standard tests are conducted 
in a screen room, ambient signals are not 
present at the receiving antenna. How¬ 
ever, many commercial radiated meas¬ 
urements are performed in an open field 
test site. This requires that we somehow 
distinguish between signals emanating 
from the EUT and those from nearby 

radio stations, airport radars, or any other 
ambient signal. A common method used 
by EMI test personnel is to tune to a 
suspect signal and listen to it via a 
loudspeaker to determine its nature. The 
Tune and Listen capability of the program 
uses the spectrum analyzer to tune to a 
user-selected signal and the audio output 
of the quasi-peak adapter to provide a 
demodulated output of the signal in ques¬ 
tion. 

Hardcopy Output 
Part of an effective measurement sys¬ 

tem is hardcopy output. Unless the re¬ 
sults can be documented, a computer will 
be needed whenever the results are to be 
viewed. High fidelity plotters are available 
at very reasonable cost. These plotters 
can plot a complete EMI screen in 40-60 
seconds in up to six colors. All the figures 
shown in this article were plotted on a 
HP7470A and are faithful reproductions 
of the high quality vector graphics system 
in the HP8566/68 spectrum analyzer, The 
EMI program has the capability to plot 
any EMI screens or the standard spec¬ 
trum analyzer screen in three formats of 
1,2, or 4 plots per 8V2 x 11 sheet. A pen 
control table lets the user plot annotation, 
graticule, limit lines, and traces in six dif¬ 
ferent pens. 

In addition, graphics printers can be 
used with the system. The HP200 series 
controllers such as GRAPHICS DUMP 
command which dumps its graphics 
screens to a graphics printer. The EMI 
screens can be viewed on the spectrum 
analyzer CRT, or the controller screen 
dumped to a printer or plotted onto stan¬ 
dard paper, or even transparency mate-
ial. 
The EMI measurement system repre¬ 

sents a state-of-the-art application of a 
computer configured instrument. Used 
properly, it is a powerful data gathering 
and analysis tool for frequency domain 
measurements. The data gathered by the 
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...can solve your 
interference 
control problems! 
Are you involved with FCC Class A and/or Class B Computing Devices— 
or any other equipment requiring shielding? Instrument Specialties' new, 
patented* beryllium copper Sticky-Fingers ’ shielding strips can help you 
solve your problems! 

They offer the attenuation you need, of course. And to attach, you need only 
peel off the self-adhesive backing strip and press into place. It’s there to stay! 

What’s more, unlike other shielding strips, Sticky-Fingers will not take a set 
which would reduce performance after you felt it was satisfactory. Sticky-
Fingers can't absorb moisture, are not affected by air, ozone solvents, 
UV light, or radiation. They can’t burn, support combustion, outgas; they 
can’t stretch or tear, flake or break into small conductive particles to short 
out electronics. 

For more information, write today to Dept. RF-7. 

INSTRUMENT SPECIALTIES COMPANY, INC. d 
Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 

Specialists in beryllium copper since 1938 info/card i i 

Figure 11. 

system is in the form of 1000 point integer 
arrays. Routines can be written for further 
analysis of the data. 

Conclusion 
Automated EMI measurement systems 

represent a quantum leap in convenience 
and performance over manual measure¬ 
ment methods. Reliability and repeatabili¬ 
ty of the data is enhanced because the 
computer conducts the test and corrects 

r.f. design 
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3. MIL-STD 461A / 462 
3.6 RE-02 TEST #1 

PEAKS FOUND ABOVE 40dBuV / m 

PEAK # FREQ (MHz) AMFL(dBuV / m) 
1 . 68 42 
2 .75 45 
3 .82 41 
4 1.17 58 
5 1.36 58 
6 1.47 45 
7 42.44 47 
8 44.37 47 

Figure 12. 

the raw data in exactly the same way 
each time. The library structures enable 
test and data storage to be handled in a 
convenient and orderly fashion. The ad¬ 
dition of peripheral devices such as 
printers and plotters allow users to obtain 
clean and legible hard copy outputs of 
measurement results. 
With the proliferation of electronic de¬ 

vices in our society and the increasing 
need to regulate their electromagnetic 
properties, the amount of EMI testing re¬ 

quired by today’s product designers will 
only increase. Because of this, EMI meas¬ 
urement systems will have to incorporate 
greater degrees of automation to meet 
these needs. Ultimately, the ideal solution 
would be one in which the test operator 
powers up the EUT, presses the START 
button on the measuring system and 
walks away, returning a few minutes later 
to find the final results. While there is no 
such system available yet, the day when 
such a beast appears is sure to come. 

23 



ESD Diagnostics and Control 

By Michel Mardiguian and 
Donald R.J. White 
Don White Consultants, Inc. 
Gainesville, Virginia 

Many computers and microproces¬ 
sor-based equipment experience 

malfunctions at their installation site, 
although they were declared “good for 
shipment” by the QC. These environ¬ 
mental problems become rapidly ex¬ 
asperating because of their generally 
intermittent and random nature. Typical¬ 
ly after the first customer calls, a field 

technician inspects the machine, re¬ 
places some parts or cards, readjusts 
some settings which he estimated mar¬ 
ginal and leaves (needless to say, there 
had been no malfunction during the time 
of his presence). He will probably report 
a “NTF” (no trouble found). Of course, 
the problems reoccur with the same un-
expectable rate, correlated to nothing or 

to so many things that a clear explana¬ 
tion seems impossible. The customer 
asks for a higher level of assistance and 
the local field engineer comes to the 
rescue, then the district field engineer, 
etc . . . until someone calls the EMC spe¬ 
cialist. Of this classical scenario, the ESD 
problems are taking a large share, 
especially since the computers have left 

EQUIVALENT ESD VOLTAGE. ASSUMING 1kQ BODY RESISTANCE 

(Between 3 and 3 Amps, the ESO events are mostly human discharges 
From 3 to 10 Amps and above, they are mostly furniture'' discharges ) 

Fig. 1: Example of amplitude probability distribution 
ESD currents in offices having wool or synthetic 
carpeting. 

Fig. 2: Some typical ESD cases for EDP of-
fice/business products. 
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YOUR SINGLE SOURCE 

for Control Diodes. 
Alpha s no compromise solution for switches, limiters, and attenuators. 

Alpha combines the industry’s widest selection of control diodes with a “no compromise” approach to 
configuration flexibility... so that you don’t have to choose between the availability of standard com¬ 
ponents and the advantages of custom design. 

Incorporating silicon chip and beam lead technology (both mesa and planar versions) with packaging 
that includes stripline, microstrip and glass configurations, the Alpha line is ideally suited to a broad 
range of operating requirements. Frequency coverage is from 1 MHz to 94 GHz, with power ranging 
between milliwatts and 4 kW pulse. Applications include military and commercial radios, satellites, 
ECM/phased array radars, and all other microwave applications where power control is needed. 

On the production side, control of the entire fabrication process —from materials to final assembly — 
assures a lot-to-lot reproducibility. And our policy of “Just in Time” delivery allows you to avoid 
unnecessary inventory buildup while meeting all of your production goals. 

All told, it adds up to an unbeatable combination. Because if the device you’re looking for isn’t in the 
catalog, we’ll design it to your specs. Either way, you’ll satisfy your most complex design requirements 
with the confidence that only system solution flexibility can provide. 

So send for our semiconductor catalog today. Or better yet, call our Applications Engineering 
Department at 617-935-5150 and ask for Bill Zettler (Ext. 254) or Akhbar Bhikoo (Ext. 415). They’ll discuss 
the details of your requirements and help you target an optimum solution to your most challenging 
design problems. 

When it comes to control diodes, 
Alpha is your best single source supplier. 

0J Alpha 
Alpha industries. Inc. 20 Sylvan Road, Woburn, MA 01801 • Phone: 617-935-5150 • Twx: 710-393-1236/Telex: 949436 The MÍCfOWaVe People 
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Spectral Amplitude 
Amp/Hz (or Amp/MHz) 

DISCHARGE CURRENT IN TIME DOMAIN DISCHARGE CURRENT IN FREQUENCY DOMAIN 

Typical Values I peak T fi = 1 fz - 1 21 X T 

Personal ESD, con¬ 
trolled environment 
(5000v and 1000Q 
body resistance) 5A 150ns 1ns 2 MHz “ 300 MHz 1.5 Amp/MHz 
ESD from large 
metallic objects, 
uncontrolled en¬ 
vironment (2500V 
and “ 50Q of 

. source impedance) 50A 150ns 10ns 2 MHz “ 30 MHz 15 Amp/MHz 

the well-protected computer room to go 
elsewhere. 

The electrostatic discharge (ESD) 
situation is one developing from tri¬ 
boelectric materials. Basically, these 
insulating materials when rubbed 
against each other transfer electrons 
from one material to the other leaving 
opposite charges thereon. The extent 
is a function of the relative difference 
of the material in the triboelectric 
series, relative humidity, force and 
speed of the rubbing or sweeping 
action. More specifically, a human be¬ 
ing approximates 120 picofarads which 
can be charged up to values approach¬ 
ing 30,000 volts when walking across 
a carpeted floor, especially in the win¬ 
ter or when slithering out of a chair 
having synthetic fiber upholstery. 
When the human or other objects 
(chairs, carts) is brought in contact 
with a grounded metallic surface, an 
ionizing spark develops which is the 
discharge energy of the human capac¬ 
itor. The energy contained in the charge 
is approximately 3 orders of magni¬ 
tude greater than that which will de¬ 
velop an upset condition for typical 
logic families. 

Fig. 3: Typical ESD waveform and spectrum. 

Distance Hpeak Bpeak Volts induced in 1 

cm2 loop 

3 cm 
10 cm 
30 cm 

24 A/m .3 Gauss 
8 A/m .1 Gauss 
2 4 A/m .03 Gauss 

3 volts 
1 volt 

.3 volt 

Fig. 4: Electro Magnetic Field from ESD current sink (assuming current 
concentrated in a uniform path). 

The ESD generation problem can 
be summarized this way (more thorough 
explanations and models are found in 
Ref. 1, 2 & 4): People, or objects (chairs, 
carts, etc.) after having accumulated 
static charge which can reach 10 kVolt 
or more are prone to discharge them¬ 
selves on any grounded, or ground-
coupled, metallic part. 
An example of the probability of oc¬ 

currences of a given level is shown on 
Fig. 1 and Fig. 2 shows some typical 
ESD scenarios. 
Although the ESD voltage is often 

given as a severity criteria, the real 
determinant parameters are the peak 
discharge current and its risetime, 
which are governed by the impedance 
of the discharging body. The ESD risk 
is aggravated by a non-conductive 
floor, a low RH and a high human activ¬ 
ity. 

The ESD Coupling: 
It is important to understand the 

ESD coupling mechanism, (i.e., how 
a discharge pulse on a computer box (the 
cause) ends up as logic errors (the result). 
Some parameters of typical ESD wave¬ 
forms are given in Fig. 3. They are de¬ 
rived from a large amount of existing data 
(Ref. 3), both on personnel and furniture 
discharge. 
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It is obvious that, due to their lower 
resistance, metallic objects deliver 
higher peak ESD current than person¬ 
nel. On the other hand, rise time is 
much shorter (just because the time 
to peak is less) and the voltage build¬ 
up higher with personnel discharges. 
Although sophisticated models can 
be developed to predict the values of 
a radiated E & H fields near the dis¬ 
charge, a simple approach is shown 
on Fig. 4 which consists in consider¬ 
ing the ESD drain path to ground as a 
uniform conductor, which is long com¬ 
pared to the observation point, in that 
case the victim PC card or flat cable. 
A simple derivation of the field over 
the rise time gives the open loop volt¬ 
age induced per cm2 of victim area. 
This crude model gives an approxima¬ 
tion of the ESD induced voltage which 
is generally sufficient for a quick EMC 
prediction. 
One sees that 2 PC traces separated 

by 1 cm, having a 10 cm parallel run 
and located at 30 cm from the ESD 
flow will see a peak transient of 3 volts, 
more than enough to create an errone¬ 
ous bit in most of the logic technolo¬ 
gies. 

The ESD Test As A 
Wideband Stimuli: 
The purpose of this preamble was 

to introduce the concept that, with its 
wide spectral occupancy covering 
several hundred MHz or more (Fig. 3) 
a properly stimulated ESD phenomena 
can excite and reveal much more on 
the weaknesses of a product than its 
simple vulnerability to static discharges. 

Testing immunity to radiated EMI is 
usually a long and complex test which 
requires costly antenna, amplifiers 
and anechoic rooms. Although non¬ 
CW and not modulated, the ESD test 
can discover a lot of the susceptibility 
spots that a classical radiated sus¬ 
ceptibility test would address. 
The strong stimuli of the ESD pulsed 

field will detect: 
• improper PCB layout, wire-wrap or 

cable runs; 
• missing or loose ground connec¬ 

tions; 
• uncontrolled ground-loops and para¬ 

sitic capacitances; 
• improperly terminated cable shields 

and poor connector bonding; 
• shield discontinuities, etc. 
Furthermore, when applied on site at 

the time the computer is installed or after 
mysterious crashes, an ESD test will 
show up: 

• improper grounding at facility level; 

r.f. design 

ESD 

1. By external ESD field illuminating power cord and interconnect cables 
(field-to-cable, CM & DM) 

t 
2. By direct ESD currents sharing interconnect cables as alternate return paths 
(common mode current if exposed wires, or transfer impedance coupled 
voltages if shielded cables) 

Remark: If units X, 2 3 n are from different types or different manufacturers, 
the system will be a$ weak as the lowest ESD fail level. 

Fig. 5: Contribution of external cables to ESD coupling. 

Fig. 6: ESD induced voltages in external flat cable (from report by 
Charlotte Palmgren — 3M). Effect of shield termination on induced voltage 
for 3517 type cable (wrapped shield). 
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• deficient OEMs attached to the unit; 
• poorly shielded I/O cables, or genu¬ 

ine manufacturer’s cables and connec¬ 
tors replaced by “equivalent” items; 

• missing covers, gaskets and/or fin¬ 
gerstocks, etc. 
The recommended routine is the fol¬ 

lowing: 
• virtually make a “zoning” by dividing 

each side of the equipment into approx¬ 
imately 0.1 m2 (30 cm x 30 cm) areas. 
Mark or code each area. 

• determine a clear, indisputable 
“malfunction” status which can be 
recognized without the need for an exter¬ 
nal oscilloscope, data-logger, etc ... (hard 
error, wrong read-out, power down, in¬ 
advertent reset alarm). 

• set an ESD level equal to (or cor¬ 
relatable to) the one used by the Quality 
Assurance of the Manufacturer, if it ex¬ 
ists. (Or by defalut, select 7.5 kV for a 
simulator having about 1KQ of internal 
resistance.) 

• zap every coded area, plus or in¬ 
cluding every switch, key, protruding 
screw, etc., with at least 50 pulses. 

• if the product is mainly plastic, 
stimulate an indirect discharge by zapp¬ 
ing a metal plate at about 4 in” (10 cm) 

from every side. 
• record and map the “pass” and 

“fail” areas. 
• for each failed area, repeat the test 

with lower setting until reaching the 
GO/NOGO level. 
What remains to do is, for each fail 

zone, inspect and critique the hardware 
immediately behind, and the cable 
nearby. 
The input/output cables are privileged 

points of ESD entry because they act as 
efficient pick-up antennas for the ESD 
field radiated outside; then the induced 
common mode current is carried inside 
the unit by the shield leakages, pigtail 
braids, etc., as shown in Fig. 5. A radical 
improvement is generally obtained when 
ordinary or poorly shield I/O cables are 
replaced by solid shields plus metallic 
connector shells, bonded to the main 
frame (Figs. 6 and 7). 

Summary 
Electro static discharge is a very power¬ 

ful test: 
• by its wideband radiated spectrum, 

it addresses quickly, all at once, the 
design and packaging weak points. 

• at development stage, even made on 
an unfinished breadboard prototype, it will 
reveal PCB layout and other design 
mistakes. 

• at customer's site, used as a system 
+ installation checker, it will: 

A) Prior to system turn-key, detect in¬ 
stallation defects (missing grounds, incor¬ 
rect covers bonding, faulty cable shields 
and connectors, etc. . . .). 

B) In case of latent customer problem, 
pin down system or sub-assembly 
degradation. 
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SAME PIN AS GROUND WIRE 
[EX:RS 232 PIN #01 ] 

ESD RUN/FAIL LEVEL: 
1800 VOLTS 

A) External field picked-up by 
stripped section of the cable 

B) ESD current re-radiation 
inside 

C) Common Impedance Coupling 
by ground wire polluted from ESD 

D) Heavy crosstalk in connector 
due to ESD current carried by 
ground pin 

© SHIELD BONDED TO CHASSIS 
VIA A DEDICATED SHORT 
STRAP, USING JACK SCREW 

ESD RUN/FAIL LEVEL: 
4000 VOLTS 

Couplings B), C) & D) reduced. 
Coupling A) remains. 

©-METALLIC CONNECTOR 
SHELL 

- 360° SHIELD CLAMP, PART 
OF CONNECTOR 

ESD RUN/FAIL LEVEL: 
10,000 VOLTS + 

Fig. 7: Influence of shield termination on ESD immunity. 
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Low Transfer Impedance — 
A Key to Effective Shielding 

By Thomas A. Jerse 
Hewlett-Packard Co. 
Santa Rosa, CA 95401 

As the electromagnetic spectrum be¬ 
comes increasingly crowded and the 

specification of synthesizer performance 
becomes more stringent, the design and 
implementation of effective EMI shields 
becomes more essential than ever. This 
article gives the basic principles behind 
good shielding including the powerful 
concept of transfer impedance. In addi¬ 
tion, it shows a system for making mean¬ 
ingful shielding effectiveness measure¬ 
ments right on the design bench. 
The most straight forward way to char¬ 

acterize the performance of a shield is in 
terms of its shielding effectiveness. The 
definition of shielding effectiveness is 
derived from the technique of its meas¬ 
urement. First, the coupling between a 
source and a receiver is measured with¬ 
out the shield in place. Then, a shield is 
installed and the coupling is measured 
again. The ratio of the shielded coupling 
to the unshielded is known as the shield¬ 
ing effectiveness of that shield. It is com¬ 
monly expressed in dB. This definition ap¬ 
plies to the shielding of both electric and 
magnetic fields. 
The shielding effectiveness of a par¬ 

ticular shield depends on many things: 
the shield materials, the shield geometry, 
the type of field, the frequency of the field, 
the distance from both the source and re¬ 
ceiving antennas, the field strength, and 
the form of any discontinuities such as 
seams or holes. Imperfect shielding re¬ 
sults from either penetration directly 
through the shield by the field or from 
coupling through the discontinuities in the 
shield. There are two principal mech¬ 
anisms that attenuate the transmission of 
a propagating field through a conductive 
plate. The first is the absorptive loss in¬ 
troduced by the extremely poor dielectric 
characteristics of a conductor. The skin 
depth (d) of a conductor represents the 
depth at which a field impinging on the 
conductor is attenuated by a factor of 

e-1, or 8.69 dB. The skin depth (d) varies 
with frequency, permeability (p), and con¬ 
ductivity (a) as: 

The absorptive loss (A) experienced by 
a wave travelling through a conductive 
plate of thickness (t) is given by: 

A = 8.69^- [dB] 

Except at very low frequencies, the skin 
depth of metal is quite shallow resulting 

in a large amount of absorptive shielding. 
For example, the skin depth of aluminum 
at 1 MHz is only 83 pm, and so a field 
would be attenuated by 105 dB when 
passing through a 1 mm thick aluminum 
sheet. At higher frequencies the attenua¬ 
tion would be even greater. Every time 
the frequency increases by a factor of 
four, the absorptive loss expressed in dB 
doubles, and so at 4 MHz the 1 mm plate 
of the example would exhibit, in theory, 
210 dB of attenuation. 
A second factor that contributes to 

shielding is the reflection that occurs due 
to the impedance discontinuity between 

Figure 1: A) Surface Current Induced in a Conductive Plate by an Incident 

r.f. design 
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Figure 2: Coaxial Test Fixture for Measuring Transfer Impedance of Gasket 
Material. 

the air and the conductor. Every wave can 
be characterized by an impedance — the 
ratio of its electric to magnetic field. The 
impedance depends on the type of me¬ 
dium containing the wave, the distance 
from the source of the wave, and the type 
of source. For a plane wave in free space, 
the wave impedance is 377 ohms — a 
value that closely describes the far-field 
characteristic of a plane wave in air. On 
the other hand, the characteristic im¬ 
pedance (Zo) of a conductive medium is 
ordinarily quite small. It can be calculated 
from: 

The impedance of aluminum, for in¬ 
stance, at 1 MHz is 4.6 x 10~4 ohms. 
When a wave with an impedance of 377 
ohms encounters a medium with such a 
low impedance, the impedance mismatch 
will reflect a substantial amount of the 
energy back towards the source. The 
energy that does enter the metal will be 
subject to the absorptive losses described 
above as it passes to the other side of the 
shield. Finally, a second reflection will oc¬ 
cur when the wave exits the metal plate. 
Thus the field emerging on the opposite 
side of the shield will have been at¬ 
tenuated by a large mismatch loss. 
The combination of absorptive and re¬ 

flective losses ordinarily results in ample 
shielding against field penetration for all 
but low-frequency magnetic fields. In 
practice, measured values of shielding ef¬ 
fectiveness for a particular configuration 
are almost always far less than the theory 
above would predict. This is due to field 
leakage through the seams, holes, and 
other discontinuities found in the shield. 
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Thus, in most situations, the foremost 
determinant of shielding effectiveness is 
the mechanical design of the shield; that 
is, the way in which any discontinuities 
are handled. 
When a wave strikes a shield, it in¬ 

duces a current on the surface of the 
shield as shown in Figure 1a. One may 
think of the process of shielding by 
visualizing the induced current as gener¬ 
ating a field that opposes the impinging 
field. If the shield is perfect, the induced 
field will precisely cancel the incident 
field. However, any disruption of the cur¬ 
rent flow by a discontinuity will disturb the 
cancelling field and hence reduce the 
shielding effectiveness. As an example, 
consider the arrangement of Figure 1b 
where a rectangular aperture has been 
cut in the shield. The bending of the cur¬ 
rent around the aperture excites a “slot 
antenna” resulting in the re-radiation of 
the incident field to the other side of the 
shield. 

This example represents a worst case 
because the current would like to flow 
across the aperture and hence suffers a 
maximal disruption. If the orientation of 
the incident field were such that current 
was induced along the slot, then the 
shielding would be somewhat better. But, 
to account for any arbitrary field orienta¬ 
tion, the shielding effectiveness of a hole 
or slot is primarily determined by the max¬ 
imum linear dimension of the aperture. 
The actual value of shielding effective¬ 
ness obtained will also depend on the 
thickness of the shield and the distances 
between the shield, the source and re¬ 
ceiver. 
Modeling the effect of a seam can be 

more complicated than a simple slot 
depending on how the seam is joined. In 
the past, particularly in military equip¬ 

ment, the seams were firmly joined with 
an imposing number of fasteners. Here, 
the seam was sometimes modeled as an 
array of slots where the length of each 
slot was taken as the distance between 
fasteners. This was somewhat successful 
because the fasteners exerted sufficient 
pressure to ensure very good electrical 
contact between shield parts in the region 
of the fasteners. However, modern pack¬ 
aging styles have tended to minimize the 
number of fasteners for reasons of 
aesthetics, serviceability, and manufac¬ 
turing costs. This has usually resulted in 
designs characterized by long seams with 
anomalous points of contact and con¬ 
siderably less contact pressure between 
halves of the seams. This situation can 
significantly degrade the shielding effec¬ 
tiveness. It can also reduce the likelihood 
of obtaining repeatable levels of shielding 
because each time the package is 
opened and closed there may be different 
points of contact and different amounts 
of contact pressure. This behavior can 
prove particularly frustrating for the 
design engineer trying experimentally to 
reduce radiated signal levels. A change 
in shielding effectiveness measured after 
making a modification inside a package 
can sometimes be the result of a change 
in the contact qualities of a seam instead 
of the intended modification. 

Transfer Impedance 
Transfer impedance provides a useful 

means of characterizing the quality of 
electrical contact between parts of a 
shield. The idea of transfer impedance 
originated 50 years ago1 as a means of 
quantifying the effectiveness of shielded 
cables. The concept has subsequently 
been extended to include the behavior of 
shield materials and interfaces including 
gaskets2. 

Transfer impedance relates the voltage 
(V) induced inside of a shield as a result 
of a current flowing on the outside of the 
shield. The ratio of the induced voltage 
to the excitation current determines the 
transfer impedance. Transfer impedance 
(Ztr) is normalized by the length of the 
seam (f), and so is given by: 

where the units are ohm/meter. 
One standard method of measuring the 

transfer impedance of EMI gasket mate¬ 
rial3 uses a coaxial test fixture as shown 
in Figure 2. The fixture allows pressurized 
air to be injected into the top chamber, 
enabling accurate, uniform control of the 
pressure exerted on the test sample. The 
coaxial structure makes it easy to deter¬ 
mine the frequency dependence of the 
transfer impedance. 
A simple, lumped model of the transfer 
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impedance at a gasketed joint is shown 
in Figure 3. Due to the capacitance be¬ 
tween parts of the shield, the transfer im¬ 
pedance decreases with frequency. This 
effect can cause the shielding effec¬ 
tiveness to improve with frequency. For 
an engineer visualizing the model of the 
seam as an array of slots, this phenom¬ 
enon can prove confusing since the radia¬ 
tion efficiency of a slot increases with fre¬ 
quency. However, the transfer impe¬ 
dance model easily explains this phenom¬ 
enon. In fact, the measurement of poor 
shielding effectiveness at low frequencies 
can often be a salient indication of mar¬ 
ginal electrical contact between parts of 
the shield. 
Transfer impedance is a valuable con¬ 

cept because it facilitates analytical com¬ 
parison of different shielding materials in 
the same configuration. Previously, 
manufacturers would characterize a par¬ 
ticular material or gasket as giving X dB 
of shielding. This value was fully ap¬ 
plicable only under the precise test con¬ 
ditions that were used in determining the 
value; that is, the same geometry (some¬ 
times even the same shielded room), the 
same contact pressure, the same place¬ 
ment of source and receiving antennas, 
and so on. Thus, designers could not 
clearly compare the effectiveness of 
various materials in real-life applications. 
By contrast, transfer impedance values 
do not depend on the measurement con¬ 
figuration. A designer can select a gasket, 
for example, knowing that its shielding ef¬ 
fectiveness will improve in proportion to 
-20logZtr where Z,r is the transfer im¬ 
pedance normalized to one ohm. 
The transfer impedance of a joint de¬ 

pends on many factors: the materials at 
the interface, the surface area of the con¬ 
tact, the amount of contact pressure, and 
the presence of any corrosion on the sur¬ 
faces. 
The most basic approach to obtaining 

low transfer impedance is to select an in¬ 
terface material with low surface resis¬ 
tance. The selection of material is also 
constrained by process and economic 
considerations. Tin has a particularly low 
surface resistance while still being within 
economic reason. It also has excellent 
corrosion characteristics. (See below.) 
High surface resistance has been the 
downfall of some of the conductive coat¬ 
ings applied to plastics. Their shielding 
to direct field penetration is adequate, but 
it can be difficult to secure an adequate 
transfer impedance at shield joints. 
The transfer impedance across a seam 

can be lowered by increasing the contact 
surface area. This may come at the cost 
of a little more mechanical complexity, 
but the improvement in performance can 
be considerable. As an example, consider 
the seam between two conductive plates 
as shown in Figure 4a. If a “tongue-and-
groove” detail can be included (Figure 

r.f. design 

Figure 3: Lumped Model for Contact 
Impedance at a Shield Joint. 

4b), both the real and imaginary com¬ 
ponents of the transfer impedance will be 
smaller. A certain amount of surface 
roughness is desirable in the contact 
area. If the surface finish is too smooth, 
the number of potential microscopic 
points of contact will be reduced which 
will raise the transfer impedance. 

Merely increasing the surface area will 
often not be sufficient. The transfer im¬ 
pedance can still be excessive due to in¬ 
sufficient contact pressure between the 
parts of the shield. In general, the 
pressure of merely the weight of one 
piece of metal lying on another will give 
inadequate performance. Additional pres¬ 
sure must be provided either by means 
of spring forces or through fasteners. The 
amount of pressure required can be de¬ 
termined from the specifications of the 
materials used in the seam or by ex¬ 
perimental means. Once a minimum 
pressure has been defined, the design 
must guarantee that pressure even under 
the worst-case combination of dimen¬ 
sional tolerances. 
An EMI gasket can be used both as a 

source of spring force and to take up any 
slack due to tolerances. However, keep 
in mind that the transfer impedance of 
most gaskets is a strong function of the 
applied pressure. The pressure provided 
must fall within the gasket manufacturer’s 
recommended range over all possible 
conditions. 
The presence of corrosion on the sur¬ 

faces of a seam can severely degrade the 
transfer impedance of the seam. This or¬ 
dinarily manifests itself as a reliability 
problem because the surface conductivity 
of metal tends to worsen with time, ac¬ 
celerated by exposure to high humidities 
and temperatures. In fact, under extreme 
conditions, a seam made from poorly 

Figure 4: The Design of b) Creates 
More Surface Area for Contact. 

chosen materials can become virtually 
non-conductive resulting in a major 
decrease in shielding effectiveness. Two 
effects are responsible for the degrada¬ 
tion: oxidation and the action of galvan-
tic cells. In either case the resistance to 
corrosion will depend on the materials 
used at the seam interface. Some metals, 
such as tin, are relatively slow to oxidize 
and their oxides also have a low surface 
resistance. Another approach to retarding 
oxidation while maintaining good conduc¬ 
tive properties has often been to plate the 
surfaces with a noble metal such as gold. 
However, plated surfaces should not be 
placed in contact with other types of 
metals. For example, a shield plated with 
gold should not have a gasket covered 
with another material set into its seams. 
The placement of dissimilar metals in in¬ 
timate contact creates a galvantic cell 
with its accompanying corrosion. The 
magnitude of the current produced by the 
cell and hence the severity of the corro¬ 
sion depends on the relative standing of 
the two metals in the electromotive series; 
i.e., the difference in their elec¬ 
tronegativities. A larger difference in 
potential connotes a more serious prob¬ 
lem. A notably bad combination is gold 
and aluminum, which are found at op¬ 
posite ends of the electromotive series. 
The best way to avoid galvantic corrosion 
is to use the same metal on all contact¬ 
ing surfaces. If this is not possible for 
other reasons, one should at least select 
metals which are close together in the 
electromotive series. Whatever the 
metallic system selected, its reliability 
should be verified through high tempera-
ture/humidity testing of the prototype 
shields. 
A problem frequently encountered by 

those designing enclosures for electronic 
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UNDER 
TEST 

Figure 5: System for Testing Shielding Effectiveness 

equipment is the necessity for parallel 
design of the circuitry. The packaging 
engineer is often told to create “some¬ 
thing with good shielding” before the 
electronics to be shielded actually exists. 
At the same time, the engineer does not 
have direct access to a means of testing 
the shielding effectiveness, or of even 
making meaningful relative measure¬ 
ments. The availability of a system for 
making shielding effectiveness measure¬ 
ments right on the design bench greatly 
facilitates the design of optimal shields. 
Figure 5 details the block diagram of a 
high-dynamic range system which has 
been successfully employed in designing 
many shields. One or both of the ampli¬ 
fiers may be omitted depending on the 
dynamic range needed to characterize 
the shield under test. 

Repeatable, high-dynamic range meas¬ 
urements require coaxial cables with ex¬ 
cellent shields. Semi-rigid cables or those 
with multiple braids are preferred. Coax 
with a single shield will often have insuf¬ 
ficient performance. The connectors must 
be well-made; 360-degree shield contact 
at the connector is essential. 
The tracking generator puts out a sig¬ 

nal at the same frequency as the current 
input frequency of the spectrum analyzer. 
The use of a swept-frequency measure¬ 
ment system is highly preferable to a 
system capable of measuring a fixed fre¬ 
quency at a time. This is due to the 
possibility of relatively high-Q resonances 
appearing in the shielding effectiveness. 
In an experimental situation, changes to 
a shield may effect slight shifts in the 
resonant frequencies. If the frequency of 
the fixed signal happens to be near a 
resonance, its level may rise or fall 
dramatically with just a small change in 
the resonant frequency. Designers can 
badly mislead themselves in this manner, 
thinking that they have significantly 
altered the shielding effectiveness in 
some way when in fact the broadband 

shielding characteristics have changed in 
an entirely different direction. 
The two remaining elements in the test 

system are the source and receiving an¬ 
tennas. Inside the shield, a microstrip line 
makes a good source antenna. It simu¬ 
lates the principal radiators found in most 
equipment — the traces found on printed 
circuit boards. Such an antenna is sim¬ 
ple to fabricate. A 50-ohm microstrip line 
forming three-and-a-half sides of a rec¬ 
tangle works well. A 50-ohm load ter¬ 
minates the line, imparting the antenna 
with a smooth frequency response over 
a broad bandwidth. The other end of the 
line is attached to a coaxial connector. 
When mounting the antenna to the shield 
to be tested, the outside of the connec¬ 
tor must be well-grounded to the shield. 
A relatively small receiving antenna (a 

probe) enables the engineer to locate im¬ 
perfections in a shield. However, reduc¬ 
ing the size of an antenna also diminshes 
its sensitivity, requiring a trade-off to be 
made between dynamic range and phy¬ 
sical resolution. A small loop can make 
a good probe. However, the position of 
the coaxial cable connecting the loop to 
the receiver will often affect the measure¬ 
ment. This is primarily due to currents in¬ 
duced in the outside of the coaxial shield. 
These can be lessened by minimizing the 
sensitivity of the loop to electric fields by 
shielding or other techniques. 

In most cases, the test system need not 
be used in a shielded room. Because the 
tracking generator is synchronous with 
the spectrum analyzer, the spectrum 
analyzer will display any extraneous 
signals (e.g., from a local radio station) 
with a distinctive pattern that is different 
from the responses created by signals 
from the tracking generator. Thus, such 
spurious data can be easily identified and 
ignored. 

Repeatability is mandatory in any sys¬ 
tem used for making EMI-related meas¬ 
urements. Without this characteristic, 

meaningful experiments cannot be per¬ 
formed, making constructive progress dif¬ 
ficult. In approaching a system, it is well 
worth the time spent in characterizing its 
repeatability before any measurements 
are taken. One should determine how 
sensitive the measurements are to things 
like the positions of the cables, the posi¬ 
tion of the operators, etc. If repeatable 
measurements cannot be made without 
extraordinary attention to detail, it is 
usually best to expend one’s effort in find¬ 
ing ways to improve the system rather 
than trying to maintain exacting stan¬ 
dards of physical placement. 

Summary 
In summary, in most situations the suc¬ 

cess of an EMI shield design depends on 
the manner in which the discontinuities 
in the shield are handled. The model of 
surface transfer impedance provides a 
good way of conceptualizing the effect of 
the discontinuities and of understanding 
the qualities of a good seam. Finally, op¬ 
timum shields are more likely to be ob¬ 
tained when the shield designer has avail¬ 
able a system for making repeatable, 
broadband shielding effectiveness meas¬ 
urements. 
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Matrix keeps Coaxial Switching 
from turning into a Shell Game 

EXPERIENCE IS IMPORTANT. 
WE HAVE 15 YEARS OF IT 
If you're buying a high frequency 
switching system, it pays to deal with 
a company who really understands the 
business. Matrix does. We've been 
designing state-of-the-art reed relay 
switchers for over 15 years. To the 
toughest electrical and packaging 
specs imaginable. Our customers in¬ 
clude government agencies, defense 
contractors, the TV industry and more. 
So don't get burned by the old shell 
game. Deal with the leader and be 
sure. 

WE BUILD TO YOUR SPECS 
AND MAKE 'EM WORK 

100 MILLION OPERATIONS 
WITH OUR REED RELAYS 
We use hermetically sealed field 
replaceable reed switches with a life 
expectancy of 100,000,000 opera¬ 
tions! And being modular, repairs can 
be made in minutes. That's also why 
our system never becomes obsolete 
regardless of how fast or how big your 
requirement grows. Talk about big 
systems, we're delivering a 4,000 
point switcher to a major government 
agency. 
So whether you're dealing with IF, RF, 
video, pulse, audio or de, there's 
a Matrix switching system to meet 
your precise needs. 

COMPUTER COMPATIBILITY 
Just apply a control input from your 
computer and the system will instantly 
route your signal to as many points as 
needed. Our IEEE interface is compati¬ 
ble with the General Purpose Interface 
Bus, with RS-232 and 16 bit parallel 
interfaces also available. 

NEW PRODUCTS 
We have a lightweight portable system 
which is perfect for test, and service. 
Plus an ULTRA-FAST (microsecond 
range) pin diode coaxial system. 

So don't get caught in the old shell 
game when Matrix has the answers to 
your switching problems. 

Why spend months designing a 
custom switching system when we 
can do it faster and for less money 
using our standard reed relay modules. 
We assume total systems responsibility 
including computer compatibility, con¬ 
trol panel, status indicators, scanning 
functions and power supplies. And we 
can switch any type of cable system -
coax, twinax, triax, common ground, 
floating ground - you name it. 

oooooo oooooo 
oooooo 
oooooo 

MATRIX SYSTEMS CORPORATION 
5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 
(818) 992-6776 • TWX 910-494-4975 
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You probably know Telonic 
Berkeley for our tubular low pass 
and bandpass filters. We've been a 
leading manufacturer of them for 
well over two decades. What you 
may not know is that Telonic 
Berkeley also manufactures an 
advanced and comprehensive line of 
other RE microwave, and test 
instruments and devices: • Direct-
Reading Frequency Dial Tunable filters 

• VSWR Detectors & Rho-Tectors 
• Terminations & Mismatches • Coaxial 
Switches • RF Detectors • Fixed Value 
Coaxial Attenuators • MK9 & MK10 
Quartz Crystal Microbalances 

• QCM Cascade Airborne Particle 
Analyzers • Portable Diesel Exhaust 
Opacity Meters. 

Looking for RE microwave and 
test instrumentation expertise? Look 
no further. Tap the extensive and 

• Subminiature Helical Cavity 
Bandpass Filters • Harmonic 
Suppression Filters «Multiplexers 
• Computer Controllable Tunable 

thought 
innovative capabilities of Telonic 
Berkeley. Call or write today for 
information on our complete 
product line. 

we only made 
Bandpass Filters • Programmable 
Step Attenuators «Subminiature & 
Miniature Rotary Step Attenuators 
• Bench-Type Rotary Step Attenuators 

tubular 

TELONIC BERKELEY INC. 
I 2825 Laguna Canyon Road 

P.O. Box 277 
Laguna Beach. CA 92652 

TLX 18-2720 Domestic 

filters 
TLX 47-20277 Foreign 
Our Toll Free Telephone (800) 854-2436 
(Except CA) 
In California (714) 494-9401 

Ji TGLONIC/BGRKGLCy 
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OINC I HE DIS IÄNCE 

ACRIAN COES 
THE DISTANCE 
IN BROADBAND 
COMMUNI 
CATIONS 
TECHNOLOGY 

BROADBAND CIRCUIT PERFORMANCE 

TÕÕW 

W/ 'Acrian is a world leader 
in high power, high-reliability 
RF and microwave broad¬ 
band power devices. We got 
there by going the dis¬ 
tance-meeting a diversity 
of telecommunications 
needs with a non-stop com¬ 
mitment to engineering and 
manufacturing teamwork, 
no matter how tough the 
challenge, or how basic. 

Take a hard look at the 
0105-100, an internally in¬ 
put-matched balanced NPN 
power transistor, with 100 
watts output for 100-500 
MHz broadband applications. 

Cold thin-film metaliza-
tion and surface passivation 
deliver proven high MTTF, 

\ J he date: February 1, 
f Qj J 1925-Togo. a 10-year 
( old Siberian husky, led 

his team in the desperate 
drive to carry diphtheria anti¬ 

toxin to the children of Nome 
Alaska-going the distance for an 
incredible 340 miles, non-stop, 
in the face of 80 mph winds and 
50-beloic-zero temperatures. 

making the 0105-100 an out¬ 
standing example of the 
Acrian communication 
transistor series. 

Call us for complete 
specifications on the 0105-
100, or any of more than 500 
Acrian products that go the 
distance in communications, 
radar, and avionics. Call or 
Telex: (408) 996-8522 
TWX (910) 358-2172. 

Acrian Inc. 10060 Bubb Road 
Cupertino, California 95014 

POWER WITH A PURPOSE 



Fiber Optic Connectors 
Control EMI/RFI 

By Les Borsuk 
Micro-Fiber Optics Division 
ITT CANNON 
Santa Ana, CA 

The growing use of fiber optic 
technology is providing more and 

more advantages to the design engineer¬ 
ing community. In telecommunications, 
military applications, and in aerospace, 
the lighter weight and higher bandwidth 
have greatly increased performance 
parameters. Fiber optics also has keynote 
advantages in the control of electro¬ 
magnetic interference (EMI) and radio fre¬ 
quency interference (RFI). To fully ap¬ 
preciate these advantages, it will be 
necessary to outline what EMI and RFI 
consist of, and then examine traditional 
connector-intensive methods of control. 
Then it will be practical to examine fiber 
optic connectors, their advantages and 
some applications. 

Radiation and 
Conduction 
A hard wire system’s vulnerability to 

EMI/RFI is well known. RF and electro¬ 
magnetic interference are emitted in two 
ways, radiation and conduction. Radiated 
noise is the most common form of inter¬ 
ference, because virtually any part of a 
circuit (discrete wiring, PC board trace, 
etc.) can act as a broadcast antenna. 
Conducted emission of RF noise most 
often is a problem where it reaches a part 
of the circuit where it can be radiated, or 
where it leaks back into the power or 
signal lines. At high frequencies, where 
the coupling between conductors can 
make a cable look like a dead short, this 
can be a major problem. At this point, it 
can reach any piece of unprotected 
equipment, and may upset the system 
momentarily or even burn out particular 
components. 

Radiated interference can especially be 
a problem in digital electronics. The fast 
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rise and high frequency characteristics 
of digital control signals makes them rich 
sources of harmonics, which complicates 
the problem of controlling EMI. 

Traditional Methods 
of Controlling EMI/RFI 
A designer has several methods of 

dealing with EMI, including case shield¬ 
ing, on-board filtering and multi-layer PC 
boards, to name but a few. Case shielding 
speaks for itself; no EMI control will go 
far without it. Multi-layer PC boards can 
be used to furnish a ground plane very 
close to any possible antenna element, 
thus limiting significant radiation to the 
very highest frequencies. This method, 
however, is an expensive one, and is 
rarely appropriate when redesign of a 
system becomes necessary to over¬ 
balance EMI problems. Conducted radia¬ 
tion can often be dealt with best by pro¬ 
viding a filter network at the output of the 
board or subsystem generating the of¬ 
fending signal. 

Fiber-optics contacts from ITT Cannon 
are interchangeable with size 16 pin and 
socket electrical contacts in MIL-C-38999 
Series III (top) and other military and air¬ 
craft connectors. 

Connector shielding can help control 
radiated or electromagnetic noise. 
Perfectly shielding an electronic system 
at every point will eliminate all radiated 
noise, but it will not affect conducted 
noise at all. Thus shielding alone will be 
sufficient only if you have control over the 
design of every piece of electronics con¬ 
nected with the system. This is rather 
unusual except in the case of some mili¬ 
tary applications where the electronics 
and interconnect are designed together. 
If a perfectly shielded piece of hardware 
is connected to an imperfectly shielded 
one, any RF noise generated in the 
shielded hardware will be conducted to 
the imperfect shielding and radiated out. 
Also, where systems are not self-con¬ 
tained, really well-shielded cable is pro¬ 
hibitively expensive. 

Filtration is another common method 
for controlling conducted emissions. 
Filtering the signal to eliminate unwanted 
RF components will eliminate conducted 
noise, but without a very well-shielded 
design, radiation will still take place. In 
many cases, the signal itself will be the 
source of the interference, rather than the 
harmonics. In addition, the waveform of 
the signal will determine the ease of filtra¬ 
tion, as a sinusoidal wavefrom is far more 
easily dealt with than other complex 
signals. 
The efficiency and cost of each method 

is also strongly influenced by the power 
of the signal and its frequency. The higher 
the frequency, the smaller the escape 
route of the interference. . .and the 
harder it is to shield. At extremely high 
frequencies, the seam of a two piece con¬ 
nector shield may be enough to allow sig¬ 
nificant radiation. The power level of the 
interference is one parameter which will 
determine how far the offending signal 
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Shielded D-Subminiature connector 
closes EMI gaps between shielded cable 
and hardware. 

will travel as well as how far it will be con¬ 
ducted. Filtering a high power signal is 
naturally more expensive. 

Fiber Optics 
and EMI 

Fiber optics is gaining more and more 
adherents in the area of EMI/RFI control. 
Although fiber optic systems are also sub¬ 
ject to system upset or burnout, fiber op¬ 
tic cables do not act as antennas. Since 
fiber optics transmit information by means 
of a beam of light, there is total immunity 
to almost all forms of RF or electro¬ 
magnetic interference. The only signifi¬ 
cant exception to this situation is nuclear 
electromagnetic pulse (EMP). The pulse 
created by a nuclear explosion can create 
“color spots” in a fiber and interfere with 
the light’s travel path. 
A variety of connectors and contacts 

are currently available to interconnect 
fiber optic subsystems, preventing EMI as 
regards the cable assembly. One of the 
most innovative is a fiber optic contact 
which is a direct replacement for the con¬ 
tacts in the MIL-C-38999 Series I and III 
connectors. The contact gives immunity 
to EMI and RFI without requiring connec¬ 
tor replacement or respecification. It fits 
into a size 16 cavity without modification, 
is moisture sealed to allow the use of 
electrical contacts in the same connec¬ 
tor and features a precision jewel-ferrule 
alignment system which significantly 
reduces radial misalignment (the major 
source of signal loss in fiber optic 
interconnect). 
Another fiber optic connector to exam¬ 

ine is a series of environmental fiber optic 
connectors used in applications as varied 
as seismic exploration and military field 
communications. This series, named 
FOMC, offers a hermaphroditic, scoop¬ 
proof design which permits disassembly 
and field cleaning while protecting 
against fungus, humidity and salt spray, 
as well as a variety of corrosive elements, 
such as hydraulic fluids. Aside from the 
hostile environment resistance, the im¬ 
munity from EMI or especially RF emis¬ 
sion insures data security. Fiber optic 
connectors and systems are proof against 
eavesdropping or other sub-rosa line 
tapping. 

In developing a fiber optic system for 
EMI control, one of the most important 
elements to consider is that not all ven¬ 
dors are as careful as you might wish. 
Your fiber optic system might be used 
with less than perfectly shielded or filtered 
hardware. Fiber optics neither radiate nor 
conduct, but the same might not be said 
of your hardware. Some form of filtration 
might be indicated. 

Applying Fiber Optics 
to EMI/RFI Control 
The United States Navy and the Marine 

Corps have been addressing the prob¬ 
lems of EMI in specific problem areas. On 
board some aircraft carriers, the EMI is 
so bad that, when aircraft is sitting on the 
flight deck, the ailerons operate without 
anyone at the controls. 
As a result, aircraft manufacturer 

McDonnell-Douglas developed aircraft 
that is wired with fiber optics. The major 
aircraft example is the AV8B Harrier II ad¬ 
vanced V/STOL (vertical short takeoff and 
landing) light attack plane. The AV8B 
communications link is 43 feet long total 
in three segments. The system only re¬ 
quires a 125 kbps rate, but the original 
experiments tested a 40Mbps configura¬ 
tion. McDonnell-Douglas developed its 
own test instruments for measuring lab 
and field losses, running extensive tests 
and selecting fiber-optic connectors for 
the sake of quality and durability. Being 
non-electric, the fiber optic cable does not 
react to exterior EMI, and the ailerons 
make no mysterious moves. 
The pilots of the AV8B won’t notice any 

difference with the inclusion of the fiber 
optic system, but a special training course 
was developed for personnel involved in 
the maintenance, installation and assem¬ 
bly. WMe the EMI-proof link is very 
straight-iorward to install, maintenance is 
a more careful consideration. This is due 
to the fact that the fiber optic faces must 
be kept clean while unmating the 
connector. 
Another area where fiber optics plays 

an important role in EMI control is in the 
field of tactical field communications. The 
United States Air Force now uses a field 
radio set which employs a fiber optic 

Tactical field radio uses fiber-optic 
cable/connectors for high bandwidth and 
lightweight mobility. 

r.f. design 

Eight-channel FOMC connector from ITT 
Cannon is field cleanable and is design¬ 
ed for military communications systems. 

cable/connector assembly to remove a 
ground observor from the radio set. It 
would be possible, though difficult, to use 
field wire for this purpose, but fiber op¬ 
tics, being proof against EMI, hold a 
special advantage. Historically, field wire 
had been used to remote the spotter, but 
field wire held too many disadvantages. 
The Air Force specified fiber-optics, not 
only for EMI resistance, but for the fun¬ 
damental advantages of lighter weight 
and higher bandwidth. 
The tactical field radio is one case in 

which the manufacturer had full design 
control from the beginning of the project. 
It provides probably the most secure com¬ 
munications in field support technology. 

Security in an optical cable is almost 
unconditional at this time. Fiber optic 
cables do not radiate at all, and thus can¬ 
not be detected in operation or tapped by 
induction or other non-invasive means. In 
addition, the light weight and high band¬ 
width of fiber optics offers exciting 
possibilities for a new generation of wire-
guided missiles and torpedoes — without 
the limitations imposed by the narrow 
bandwidth of copper wires as presently 
used, the smart part of the missile can 
stay back at the launch site, making the 
weapon smaller, more powerful and more 
intelligent. 

Conclusion 
The use of fiber optics is becoming 

more flexible every year, and it is used 
in a variety of EMI sensitive applications, 
from the military to data communications. 
But it should be pointed out that the 
shielding of existing hardware is essen¬ 
tial to a full program of EMI control. Im¬ 
perfectly shielded hardware will still emit. 
Cases like the tactical field radio, in which 
all hardware was built from the ground 
up, are still the exception, rather than the 
rule. This only points up the necessity to 
consider fiber optic interconnect at the 
beginning of the design process rather 
than making cables and connectors a 
design afterthought. A careful combina¬ 
tion of the right connector elements, 
planned and developed early in the 
design stages of a potentially EMI-
emitting system, will result in a significant 
degree of control in the finished product. 
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STOP EMI 
Before It Stops Your Product 

FCC Parts 15 and 18 severely limit EMI/RFI for most electronic and electric devices. Even 
more stringent standards are enforced in Europe. 
Fair-Rite, the leader in ferrite cores for shielding, can help you solve EMI/RFI problems. 
Appliances, communications radios, EDP equipment, switching power supplies, and 
robots all must be clean to the FCC and other authorities. 

Ferrites provide relatively constant impedances in the high to ultra-high frequency ranges. 
They attenuate noise without creating power losses at DC and low frequencies. Fair-Rite 

beads, sleeves and toroids, now industry standards, are installed simply by sliding one or 
more onto the leads of involved components or on connecting wires. 
Fair-Rite also makes beads-on-leads, available taped and reeled per EIA RS296D, for use with automatic 
insertion equipment. 
A selection of beads is available in our Bead, Balun and Broadband Kit, widely used as a design and engineering tool. 

The new split shield beads, and the toroids shown, are powerful suppressors of radiation from flat ribbon, 
multi-conductor and coaxial cables. Multi-hole shielding plates, designed for use with IC/DIP’s and 
connectors, are now available. 
Our new Cable and Connector EMI Suppressor Kit, containing samples of the parts described above, is a 
unique design tool for the elimination of noise in existing and new devices. 
Both Kits come with an engineering bulletin featuring technical and design data. Either 
is $25 postpaid or with check or M/O; plus shipping if ordered on your P.O. 
or letterhead. 

r,! Let us help solve your EMI problems; 
y call or write for simple, permanent solutions. 

4J FAIR-RITE PRODUCTS CORP. 
Dept. RF74 , Box "J”, Walkill, N.Y. 12589 Phone 914-895-2055. TWX510-249-481 9 

INFO/CARD 16 

SPECIAL 
RFI/EMI 
SHIELDING 

Beryllium copper shielding com¬ 
ponents custom designed for 
special applications which require 
compliance with the new FCC in¬ 
terference regulations. 
From high volume requirements 

using progressive dies to pre-
production and low quantities utiliz¬ 
ing photoetch fabrication, Tech-
Etch can be your source. 

For more than 35 years, the 
Braun Division of Tech-Etch has 
been supplying standard and 
custom designed shielding gaskets 
to companies in this country and 
abroad. Always abreast of latest re¬ 
quirements, Tech-Etch engineers 
can solve your shielding problems. 

Tech-Etch, Inc. 
45 Aldrin Road 
Plymouth, MA 02360 
617-747-0300 

INFO/CARD 17 



Ray Proof takes the 
interference out of EMI with 
UL Listed Power Line Filters 

Ray Proof offers a complete line of UL listed electromagnetic interference(EMI) 
radio frequency power line filters and special purpose filters to suppress 
unwanted conducted signals and electronic noise from entering areas where 
a controlled EMI environment has to be maintained. 
Our UL Series EMI Power Line Filters are designed and manufactured in 

strict accordance with Underwriters Laboratories Inc. Standard for Electro¬ 
magnetic Interference UL 1283. Applications include shielded room test and 
measurement facilities, NMR and special purpose hospital rooms, anechoic 
chambers and TEMPEST facilities. 
Our filter systems in cabinets and extended range filters are designed for 

continuous duty service for shielded rooms, computer rooms, secure commu¬ 
nications, TEMPEST facilities and other high performance EMI suppression 
requirements. 
Also, our Special Purpose EMI Filters include two-wire filters for telephone 

lines, control circuits and compatible intercom lines, fire/smoke detection, fire 
alarm systems and a 9600 baud filter for computer data. 
Specify Keene Ray Proof UL listed EMI Power Line Filters to clean up your 

electromagnetic environments. Contact Ray Proof today. 

KEENE 
CORPORATION 

RAY PROOF DIVISION 
50 KEELER AVENUE, NORWALK, CT 06856 TELEPHONE: (203) 838-4555 TELEX: 965-812 
KEENE INTERNATIONAL LTD. RAY PROOF DIVISION, UNIT 23, MITCHAM INDUSTRIAL ESTATE, 

STREATHAM RD., MITCHAM, SURREY, CR4 2AP, ENGLAND 
C 19M KWM Corporation/Ray Proal D«i*.on TELEPHONE: 01-640-9214 TELEX: (851) 25635 
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IMAGINE! 
Everything you’ll ever want-

or need-in circular 
connector accessories. 

OSCILLATORS 

Glenair has the widest choice 
available in the industry. 

Every feature. Every design 

option. Every application. Glenair, 

the leader in connector accessories 

for over 25 years, has developed 

and tooled thousands of accessory 

designs — from simple wire bundle 

strain reliefs, backshells, dummy 

stowage receptacles and protective 

covers to advanced devices for 

EMI/RFl shielding, and more: 

• MIL C 85049 backshells 

• Shrink boot adapters, w/wo 

EMI/RFl shield termination 

• Extender backshells 

• Pipe thread adapters 

• Shorting cap backshells 

• Non environmental backshells 

w/wo EMI/RFl shield 

termination 

• Cable sealing backshells with 

immersion capability, w/wo 

EMI/RFl shield termination 

• TAG Ring® backshells for shield 

termination 

• Conduit backshells 
• Crimp ring backshells 

• Qwik iy® strain reliefs 

• EMI/RFl G spring backshells 

If you’re having trouble making 

an existing accessory fit your needs, 

Glenair will design and produce a 

solution. Call or write: 

EPSCO designs and manufac¬ 
tures high power cavity oscilla¬ 
tors to customer specification as 
well as for use in our own signal 
sources. Precision-engineered 
for accurate, trouble-free tuning, 
each is capable of long life and 
reliability in even the most de¬ 
manding military environments. 

Featuring: 
• Broad frequency range 
• High stability at all frequencies 
• Wide power output range 
• Pulse width/duty cycle 
variability 

• Silver-plated and rhodium 
finished 

TO MEET YOUR SPECS 
For more information or discus¬ 
sion of your specific needs, give 
us a call today. 

GLENAIR, INC 
« Registered trademark oí Glenair. Inc. 

(microwave] 

1211 Air Way • Glendale, California 91201 2497 • (818) 247 6000 

INFO/CARD 19 

41 1 Providence Highway 
Westwood, MA 02090 

(617) 329-1500. 
TWX:(710) 348-0484. 
INFO/CARD 20 



EMC/EMI Suppliers 
Product Matrix 

Categories 

Absorbers (Broadband, Microwave, RF, Tuned) 
Adhesives/Adhesive Films (Copper-filled, Silver-fillec 

Epoxy, Insulating, Silicone, Specialty) 
Air Filters (Lossy, Shielded) 
Anechoic Materials (Pyramids) 
Cable, Shielded (Shielded, Magnetically Sheilded, H 
Chambers/Shielded Rooms (Anechoic, Environment 

TEM-cells 
Coatings (Antistatic, Anti-EMI, Anti-reflection, Anti-fc 

Conformal, Epoxy, Masking, Metal Spray, Rust Inh 
Thin-film, Water Displacing) 

Contact Strips (Fingers, Cleaning Solvent) 
Elastomers (Absorbive, Conductive, Polyurethane, Í 

Shielding Silicone, Synthetic Rubber) 

* 
0) 
<n 
c 
o 
Q. 
« 
0) 

The following matrix presents a CC 
tabulation of suppliers serving the 
EMC/EMI market. It is intended to -g 
serve as a guide to locating vendors g 
for EMC/EMI products and services. cr 

AC Transformer Corp. 1A 
Ad-Vance Magnetics, Inc. 2A 
AEMC Corporation 3A 
AMP Incorporated 4A 
Abbeon Cal, Inc. 5A 
Ablestik Laboratories 6A 
Acheson Colloids Co. 7A 
Acme Chemicals & Insulation Co. 8A 
Adams-Russell Co., Inc. 
Antenna & Microwave Division 9A 

Advanced Electromagnetics, Inc. 10A 
Aerovox Incorporated 11A 
Agamice 12A 

Allen Avionics, Inc. 226A 
Altoflex 13A 
American Cyanamid 14A 
American Electronic Laboratories 15A 

American HV Test Systems, Inc. 16A 
Amplifier Research 17A 
Amuneal Manufacturing Corp. 18A 
Andrew Corporation 19A 
R.B. Annis Co. 20A 

Applied Controls Co., Inc. 21A 
Aptron Laboratories, Inc. 22A 
Arconium Corporation 23A 
Aremio Products, Inc. 24A 

Equipment Enclosures, Shielded 
Conductive Epoxy (Conductive, Thermally Conductive, Potting & Encapsulating) 

Filters (Custom, EMI, Kits EMI, Crystal) 
Foils (Magnetic Shielding, Shielded Tape, Solder, Wallpaper/Ultra Thin 
Gaskets (Environmental, Rubber, Shielding, Solder) 

J Impulse, Braid) Lubricants (Conductive, General Purpose greaseless non-silicone 
al, Shielded, silicone, Synthetic Rubber) 

Networks (Impedance Stabilization [LISNI, Rejection) 
q Conductive Shielding Materials (Cable Jackets, Conductive Epoxies, Conductive 
bitors Shielding, Filler, Conductive Fiber, Yarn & Fabric, Custom Fabricated, CRT, 

Ferrite Components, Microwave 
Absorbing, Transformer, Paint, Raw Materials, Sheets, Foils, Windows, 

îheet Stock, Wire Mesh) 
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Only Lindgren combines the proven superior performance 
of double-electrically-isolated (DEI) shielding with the 
benefits of modular room construction. Independent tests 
demonstrate that Lindgren’s DEI design gives highest 
shielding efficiency in both low-frequency magnetic and 
high-frequency microwave fields. 

Lindgren offers a complete line of modular enclosures, 
equipment cabinets, and custom RF rooms. Lindgren 
enclosures are offered in virtually all shielding materials , in 
all typical shielding thicknesses, in solid-sheet or screen , 
to cover all shielding requirements. Each enclosure is fully 
assembled at our plant before shipment, tested to verify 
RF integrity, and guaranteed to meet its attenuation 
specifications. 

Patented overlapping pressure joints allow Lindgren 
enclosures to be easily assembled , rearranged, moved , 
expanded , partitioned, and reassembled again and again 
with no need for specially trained personnel. 
To coordinate with your specific environment, Lindgren 

can also provide special interior/exterior finishing ... 
soundproofing ... suspended ceilings ... recessed 
lighting ... raised computer floors. 
A wide range of potions lets you custom-design your 

enclosure with windows, access panels, manual or 
automatic sliding doors, wave guide feedthru, lights. 
RF connectors, fiber-optics, filters for power, signal and 
communication lines, emergency (panic bars) doors, 
permanent in place threshold ramps, and more. 
The diversity of Lindgren enclosures has satisfied the 

needs of more than 5000 customers we’ve served over the 
last 30 years. 

Next time you need a specialized shielded enclosure, 
make sure you get the superior performance of double-
electrically-isolated design plus all the other Lindgren 
advantages. 

Write or call today for full information or 
applications assistance. 

FOR MORE INFORMATION, WRITE 22 
ON READER INQUIRY CARD 

LINDGREN 

1228 Capitol Drive—Addison, IL, 60101 
(312) 628-9100 

INFO/CARD21 



Shielded Ene. 
Services 

ure 

From Design to 
Completion. .. 

Established 1962 

• Consulting 
• Relocation 
• Modification 
• Repairs 
• Assembly 
• Test and 
Certification 

• Resale 

ECS I 
FREE: Booklet on maintenance, modification, repair, 

testing and simplified shielding theory. 
Available upon request. 

electronic construction service 
111 44 WEDDINGTON ST., N. HOLLYWOOD GA 91 601 (21 3] 500-9333 

INFO/CARD22 
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Electromagnetic Compatibility 
Testing from 20 Hz to 18 GHz 

Electro-Metrics CCS-750 computer-controlled system 
provides faster, more comprehensive EMC measure¬ 
ment and offers the flexibility to handle virtually 
any application. The system includes a desk-top 
computer system, a Digital Interface Unit and three 
EMI receivers to cover a frequency range of 20 Hz to 
18 GHz (expandable to 40 GHz!). 
The CCS-750 system displays signal strength vs. 
frequency directly, with automatic correction for 
antenna factors and RF attenuation. And all data can 

CCS-750 Features 

20 Hz to 18 GHz/40 GHz frequency coverage 
Automatic calibration for improved accuracy 
Automatic antenna selection 
Control of all test parameters 
Reduced data tabulation time 
EMI emissions and susceptibility tests 
per ECC/VDE/CISPR and Mil-Std 461/462 
requirements 

be stored for later use. An IEEE-488 Interface Bus 
controls signal sources as well as all other test 
parameters, and facilitates integration with other 
automated equipment. 

Automate your emissions and susceptibility testing 
with Electro-Metrics complete CCS-750 system. Call 
or write today for more information. 

100 Church Street 
Amsterdam, New York 12010 

A PENRIL COMPANY 

Tel.: (518) 843-2600 
TWX: 710-446-4798 

INFO/CARD23 



EMC/EMI Suppliers * 
Product Matrix $ 
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Dale Electronics, Inc. 64A 
Dayton-Granger, Inc. 65A 

Diablo Ind. 66A 
Dielectric Communications, 

Electronautics Division 67A 
Dielectric Sciences, Inc. 68A 
John C. Dolph Company 69A 
Duracote Corporation 70A 
E3 Engineers, Inc. 71A 
EG&G Princeton Applied Research 72A 
Eagle 73A 
Eagle Magnetic Company, Inc. 74A 
Eastern Microwave Corporation 75A 

Eaton Corporation 
Electronic Instrumentation Div. 76A 

The Electro-Mechanics Co. 77A 
Electro-Metrics 78A 
Electro-Modular Systems, Inc. 79A 

Electronic Navigation 
Industries, Inc. 80A 

Electronic Resources Division, 
Whittaker Corporation 81 A 

Elmag Corporation 82A 
Emerson & Cuming 83A 
Engineered Plastics, Inc. 84A 
Engelhard Corporation 85A 
Epoxy Technology, Inc. 86A 
Evaporated Coatings, Inc. 87A 
Fil-Coil Co., Inc. 88A 
Fair-Rite Products Corp. 89A 
Fargo Company 90A 
Filtron Co., Inc. 91 A 

Fischer Custom Communications, 
Inc. 92A 

Fluorocarbon Co., Dilectrix Div. 94A 
Gamma=F Corporation 95A 
Gavitt Wire & Cable Co., Inc. 96A 
General Microwave Corporation 97A 
Genisco Technology Corp. 98A 
Group J Inc. 99A 
Harbor Electronics, Inc. 100A 
Hewlett-Packard Co. 101 A 
Hipotronics, Inc. 103A 

Holaday Industries, Inc. 104A 
Holt Lloyd Corporation 105A 
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EMC/EMI Suppliers ;
Product Matrix § 
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Hopkins Engineering Co. 106A 
ICAR SPA — Industria Condensatori 

Applicazioni Elettroelettroniche 107A 
Inductive Products, Inc. 108A 
Injectorall Electronics 109A 
Instruments for Industry, Inc. 110A 
Instrument Specialties Co., Inc. 111A 
Integra Microwave 112A 
integrated Microwave Corp. 113A 
The Inter-Technical Group, Inc. 114A 
JMK, Inc. 115A 
Joaquin Mfg. Corp. 116A 
K & L Microwave, Inc. 117A 
Kalglo Electronics Co., Inc. 118A 
The Kannard Company, Inc. 119A 

Keene Corp., Advanced Absorber 
Div. 120A 

Keene Ray Proof 121 A 
Key Polymer Corporation 122A 
Kirkhill Rubber Co. 123A 
Kyocera International, Inc. 124A 
LDJ, Inc. 125A 
LDV Electro Science Ind., Inc. 126A 
Lambda Electronics 127A 
Lancer Chemical, Inc. 128A 
Lebow Company 129A 
Lindgren R.F. Enclosures, Inc. 130A 
Lindsay Shielding Int’l. Steel Co. 131A 
Lorch Electronics Co. 132A 
Lu-Sol Products 133A 
MIC Technology Corporation 134A 
Magnetic Shield Division 

Perfection Mica Co. 135A 

Magnetics, Division of Spang 
& Co. 136A 

Maxwell Laboratories, Inc. 137A 
McLean Engineering 225A 
Mercury Wire Products, Inc. 138A 
Mereco Division 
Metachem Resins Corp. 139A 

Merix Chemical Co. 140A 

Merrimac Industries, Inc. 141 A 
Metco, Inc. 142A 

• 

• 

• • 

• 
• • • 

• • • • • 

• 

• 

• 

• • • 

• • 

• 

• 

• 

• • • • • • • • • • • 

• • • • • • 

• • • • • 

• • • • 

• 

• 

• 

• 

• • 
• • 

• • • 

• 
• 

• • • • • 
• 

• • • 

• 
• 

• 

• 

• • • • 

• • 
• • 

• 

46 July/August 



How to avoid 
Capitol Punishment 

Now there's a code of silence 
in Washington. It's called FCC 
Docket 20780. And the Cannon* 
Shielded/Shrouded D Series of 
subminiature connectors helps 
manufacturers meet all its stringent 
EMI/RFI requirements. 

Our shield is crimped to the 
cable to maximize shielding effec¬ 
tiveness and provide a low-
impedance path to the ground. 

The shroud/plastic backshell 
protects the equipment from ESD 
(Electro Static Discharge) and iso¬ 
lates the user from ground poten¬ 
tials. Plastic strain-relief members 
are provided. The center-latched 
version is available in configurations 
of 15, 25 and 37 contacts. 

Cannon's quality D Submini¬ 
ature Transverse Monolith Filter 
connectors reduce EMI/RFI noise. 

The addition of the transverse 
monolith filter expands the overall 
shielding versatility of the D Submini¬ 
ature without adding to the overall 
dimensions of the connectors. These 
Cannon connectors are available in 
upto 37 positions, with a wide range of 
capacitances and cutoff frequencies . 

Silence FCC Docket 20780 
with D Series subminiature 

connectors. 

The Shielded/Shrouded D and 
Transverse Monolith Filter Series 
connectors from ITT Cannon. The 
best way to give FCC Docket 
20780 the silent treatment. 

So call Cannon. You'll get more 
than great connectors. You'll benefit 
from our expanded R&D program — 
Response and Delivery. 

For more information on Trans¬ 
verse Monolith Filter Connectors, 
contact Phoenix Division, 
ITT Cannon, 2801 Air Lane, 
Phoenix, AZ 85034. Telephone: 
(602) 275-4792. Or for more 
information on the D Subminiature 
Shielded/Shrouded D Series, 
contact Commercial Interconnect 
Products, ITT Cannon, a Division 
of ITT Corporation, 10550 Talbert 
Avenue, Fountain Valley, CA 92708. 
Telephone: (714) 964-7400. For the 
local sales office nearest you, call 
toll-free: (800)845-7000. 

CANNON ITT 
The Global Connection 

INFO/CARD24 
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une Antenna Kit 
with everything, 
to go please. 

Antenna kits that meet your specifications of high quality and 
frequency response, and that are also responsive to your demands 
of portability and easy use. A.H. Systems offers nine different kits 
that fill the bill. Each comes in a single, lightweight case. Just one kit 
can contain all the antennas, probes and cables to perform E-Field 
1 KHz-18GHz, H-Field 20Hz-50KHz and conducted 20Hz-100MHz 
testing. Antenna factor calibrations are provided with each antenna 

So order one to go, with everything, or one of our other tantalizing 
specials. 

MODEL # FREQ. RESP. DESCRIPTION MODEL# FREQ. RESP DESCRIPTION 
SAS-200/510 
SAS-200'511 
SAS-200/512 
SAS-200 518 
SAS-200/530 
SAS-200/540 
SAS-200/541 

300- 1800 MHz 
1000- 12000 MHz 
200- 1800 MHz 

1000- 18000 MHz 
150- 550 MHz 
20- 300 MHz 
20- 300 MHz 

Log Periodic 
Log Periodic 
Log Periodic 
Log Periodic 
Broadband Dipole 
Biconical 
Biconl. Collapsible 

SAS-200/542 
SAS-200/550 

SAS-200/560 
SAS-200/561 

BCP-200/510 
BCP-200/511 

300 MHz Biconical. Folding 
60 MHz Active Monopole 

per MIL-STD-461 Loop - Emission 
per MIL-STD-461 Loop • Radiating 

20 Hz - 1 MHz LF Current Probe 
100 KHz- 100 MHz HF/VHF Crnt Probe 

INFO/CARD25 

A complete line of kits 
with upper limits to 
18GHz that satisfy FCC, 
VDE, and MIL-STD 461 
specifications, and more 

Available now from your 
source for the finest 
EMI test equipment and 
accessories. 

A.H. Systems 
9710 Cozycroft Avenue 
Chatsworth, CA 91311 
(213) 998-0223 

AH.^ 
SYSTEMS 
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Remee Products Corp. 183A 
Republic Packaging Corp. 184A 
Research Products Corp. 185A 
Reynolds Ind., Inc. 186A 
Ribbon Cable Co. 187A 
Richey/Western Electronics, Inc. 188A 
Rilsan Corporation 228A 
Rogers Corporation 
Microwave Materials Division 189A 

The Milton Ross Company 190A 
Rutherford Research 191 A 
SAE Power Devices 192A 

Sanders Associates, Inc. 193A 
Saxton Products, Inc. 194A 
Schaffner EMC, Inc. 195A 
Scientific-Atlanta, Inc. 196A 
Seiscor Technologies, Inc. 197A 
Shogyo International Corp. 198A 

Shokai Far East Ltd. 199A 
Shurite Meters, Inc. 200A 
The Simco Co., Inc. 201A 
Sinclair & Rush, Inc. 202A 
Skyway Magnetics 203A 
Sloan Technology Corporation 204A 

Solar Electronics Company 205A 
Soundcoat Company, Inc. 206A 
Southwall Technologies 207A 
Spaulding Fiber Co., Inc. 208A 
3M/Electro-Products Division 209A 
Tafa Incorporated 21 0A 
Tech Comm, Inc. 21 1A 
Tech-Etch, Inc. 21 2A 
Tecknit 21 3A 
Tektronix, Inc. 214A 
Tensor, Inc. 215A 
Test Equipment Corp. 229A 
Transmet Corp. 21 6A 
Trompeter Electronics, Inc. 21 7A 
U.S Microtek Components Corp. 21 8A 
Watkins-Johnson Co., SP Div. 21 9A 
Waveline, Inc. 221A 
Whitmore Wire & Cable Corp. 222A 
World Business Corporation 223A 
The Zipper Tubing Co. 224A 
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Take the 
guess out 

of rfi 
testing 

susceptibility. Then why mix 
and match the tools you’ll use to AR amplifiers give you optimum ized antennas, leveling 

You’ve decided not to 
take chances with rfi ■ high-quality test equipment throughout. 

So we also supply special-

test for it? 
Instead, you can equip your en¬ 

tire test loop with instruments from 
Amplifier Research that have 
been thoroughly tested and work 
well with our high-performance 
broadband rf amplifiers. 
From 1Wto 10kW, 10 kHz to 

1,000 MHz, in 32 standard models, 

power, bandwidth, and versatility 
for your cw, sweep, and pulse 
requirements. Each model pro¬ 
vides instantly available bandwidth 
without bandswitching or tuning, 
is completely immune to load 
mismatch, and won't shut itself 
down when you may need it most 
But a high-quality test presumes 

preamplifiers, field sensor systems, 
fiber-optic telemetry links, TEM 
cells, matching transformers, and 
directional couplers. 
With this full-system approach, 

equipment variables are less likely 
to show up in your test results. 
It’ll pay you to talk with us about 
all your rfi test requirements. 

HmPLIFIBR 
R65BRRCH 

160 School House Road, Souderton, PA 18964-9990 USA 
Phone 215-723-8181 • TWX 510-661-6094 

7977 
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DIGITAL 
ATTENUATORS 

63.5 dB 
30-500 MHz 

7 Bits: 0.5 dB least significant 

internal driver 
TTL or CMOS compatible 

CAPCON LOSSYLINE™ Flexible Filter absorbs and dis 
sipates unwanted or spurious electrical energy such as 
RFI/EMI. harmonics or other "noise." Inexpensive and easy 
to use. LOSSYLINE™ requires no grounding, connectors or 
housing. All types of connectors may be used as required 
•10 MHz to 100 GHz • 10 to 100,000 Volts 
• 100 dB attenuation • - 67° to + 250°C 
• 1 mA to 50 A »O S” Minimum bend radius 

CAPCON^INC. 
147-149 W. 25th Street 
New York. N.Y. 10001 
212-243-6275 

SEND NOW FOR TECHNICAL LITERATURE 

INFO/CARD28 
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Specification 

Part Number 
Control 
D C Power 
Frequency 
Range 
Sections 
Switching Speed 
R.F Power 
Insertion Loss 
VSWR 
Impedance 

TTL CMOS 

DA0295 DA0285 
7 line TTL 7 line CMOS 

•5VDCat50mA »5 to »15 VDC 25 mA 
30 to 500 MHz 

63 5 dB Above Insertion Loss 
0.5. I. 2. 4, 8. 16. 32 dB 
5 Microseconds Nominal 
•13 dBM CW Maximum 

6 dB Maximum 
135 Maximum 

50 Ohms 

GST-MC2 
Shielding Laminates 

Industry Leader in 
Microwave Integrated 
Circuit & Connectorized 
Switches, Step 
Attenuators, Voltage 
Control Attenuators 

When it comes to direct shielding 
of printed circuit boards, Glasteel 
Industrial Laminates will help keep 
you covered with GST-MC2 
shielding laminates. 

Applications include die cut 
forms to reduce RFI in disc drives, 
card cage PC board radiated 
interference, or aesthetic coverings 
for walls to effect shielding to E fields 
of greater than 120 dB at 1 MHz to 70 
dB at 500 MHz 

Feature«: 

Excellent 
fabricating 

qualities 

May be die-cut 
to almost any 

size and shape 

Inquire for your special requirements 

DAICO INDUSTRIES, INC. 

2351 East Del Amo Blvd., Compton. Calif. 90220 
Telephone: (213) 631-1143 • TWX 910-346-6741 
• ) 1980 Daico Industries. Inc mp8408 

Glasteel industrial Laminates 
A DIVISION OF THE ALPHA CORPORATION 

P.O BOX 217 • 1727 BUENA VISTA • DUARTE. CA 91010 
(213) 357-3321 
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ZIP-ON 
SHIELDING 

FOR FCC COMPLIANCE 
Here's the fast, effective, economical way to meet new 
FCC regulations on EMI emissions. Zippertubing comes 
in a wide choice of materials in both the outer protective 
jacket and inner shielding. It zips onto any wire or cable 
(including flat) in existing applications as well as OEM. 
Call or write for details today! 

THEZiPPERTUBiNGco 
P. O Box 61129. Los Angeles. CA 90061 
(213) 321-3901 • TWX 910-346-6713 

INFO/CARD30 

• Radiated Susceptibility Testing 10 kHz - 18 GHz 
• Enclosure Treated with R.F. Anechoic Material 
• Emissions Testing: 20 Hz to 18 GHz 
• Modern Semi-Automatic Swept EMI Receivers 
• Mobile EMI Vans for Remote Site Testing 
• 25 Years of EMI/EMC Experience 
• EMC Consulting; Custom EMI Filter Designs 

Ca// or Write For Capabilities Brochure! 

GENISCO 
TECHNOLOGY corporation 
EMC Engineering Services Division 

18435 Susana Rd.. Rancho Dominguez. CA 90221, (2 13) 537-4750, TWX: 910-346-6773 

INFO/CARD32 

RFI ENCLOSURE 
SPECIALISTS 

’Immediate delivery 
’Excellent for prototyping and production 
’Custom enclosures to your specifications 
’Shielding effectiveness — 60dB @ 3GHz 
*21 standard sizes from 1 x 1 to 5 x 6 od 
*5 standard heights from .750 to 2.12 
’Compliance to MIL SPEC 45208A 

For more information 
279 Skidmore Road, Deer Park, NY 11729 

(516) 667-3933 TWX 510-227-1064 

INFO/CARD31 

LMI shielded rooms. 
Your best 

investment. 

Clamp-together Shielded Rooms 
• Prefab, modular, demountable. 
• Excellent RE attenuation. 

Plus these LMI benefits 
• Complete turnkey facilities by 

nationally known EMI 
engineers. 

• Specifications design and 
engineering services. 

• Registered professional 
engineers; licensed contractors. 

• After-sale service; long-term 
upgrading. 

• Ask for catalog LDC-500. 

• Unequalled structure rigidity 
and electrical circuit integrity. 

• Easy to assemble and relocate. 

All-welded Shielded Rooms 
• Super RF attenuation. 
• Supplied for NSA 65-5 and other 
secure specs where I00 to 120 db 
shielding is required from I.O to 
I0 KHz. to I0 GHz and higher. 

• Meet storage and vault needs. 
• Ask for catalog LSR-1000. 

RF Shielded Anechoic Chambers 

To discuss your needs call or 
write Fred Nichols. 
LectroMagnetics. Inc. 
6056 West Jefferson Blvd. 
Los Angeles. CA 900I6 
(213) 870-93X3 

LMI LectroMagnetics, Inc. 
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Automatic MIL-STD and 
Commercial EMI Measurements 

COMPLETE 
MIL-STD 461A/B TESTING 

The new HP 85864A EMI Software gives HP 8566A/B 
and 8568A/B spectrum analyzer based systems com¬ 
plete, automatic MIL-STD measurement capability to 
22 GHz and above. 

COMMERCIAL TEST CAPABILITY 
Adding the HP 85650A Quasi-Peak Adapter to the HP 
8566A/B or HP 8568A/B spectrum analyzers provides 
quasi-peak detection for FCC and VDE measurements. 

DIAGNOSTIC TESTING 
The new HP 85864A EMI Software not only performs 
MIL-STD and commercial compliance tests, but also 
permits the rapid analysis of emissions with diagnostic 
features such as: 
• "TUNE & LISTEN" for easy identification of ambi¬ 

ent signals. 
• "ZOOM LOCAL" to select and evaluate emissions. 
• "PRE-VIEW" to confirm test set-up. 

The HP 85864A EMI Software is priced at $3020 
(U.S.A, list price only). 

For more information about HP's automatic EMI measurement solutions, call your local HP sales office listed in the White 
Pages. Or write to the following address: Hewlett-Packard, Dept. 5222, 1424 Fountain Grove Parkway, Santa Rosa, CA 95401. 

HEWLETT 
PACKARD 5301401 A 
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LOOK AT ALL THE SPACE YOU SAVE 
WITH RT/DUROID 6010. 

INFO/CARD35 

The large, empty space on the 
left is brought to you by RT/duroid® 
6010—the new soft substrate 
from Rogers that can shrink a cir¬ 
cuit by 30%. And let you design 
in higher quality and reliability 
to boot. 

MAKE CIRCUITS 30% 
SMALLER. AND 

INFINITELY BETTER. 
RT/duroid 6010 has a dielectric 
constant as high as many ceramic 
substrates—yet it’s soft, durable 
and easy to work with. It lets you 
position components much more 
compactly, without resorting to 
touchy ceramics. And compo¬ 
nents—with their interconnecting 
traces—can be etched on a sin¬ 
gle board, virtually eliminating 
wirebonding. That means faster 
assembly. Superior reliability. And 
cost savings, across the board. 

SHED UNWANTED 
INCHES, FAST. 

On RT/duroid 6010, one board 
can do the work of several. Or an 
oversize board can shrink to fit an 
undersize space. And you’ll get all 
the 6010 you need, quickly and 
cost-efficiently. That’s a promise 
from Rogers. 
SEND FOR A FREE SAMPLE. 

Just mail the coupon, or call 602-
961-1382. We'll have you design¬ 
ing on RT/duroid 6010 faster than 
you can say, “Think small’’. 

$ ROGERS 
Rogers Corporation 
Microwave Materials Division 
Box 3000 
Chandler. AZ 85224 
602-96 1-1 382 

Please send a free sample of space¬ 
saving RT/duroid 6010 to: 

Name_ 
Title_ 
Company_ 
Address_ 

City_ State_ 
Zip -
Telephone_ 

© 1984 Rogers Corporation 
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A Prompting HP-67 Calculates hfe and fT
From S-Parameters 
By Ed Oxner 
Siliconix Inc. 

Here’s a program especially suited for 
users of the Hewlett Packard HP-67 

programmable calculator that prompts 
the user to enter data (And you thought 
only the HP-41 could prompt)! 

This program calculates fT — the gain¬ 
bandwidth product — of transistors using 
S-parameter data available from network 
analyzers which are generally offered in 
power coordinates (dB and phase). Simul¬ 
taneous with offering both h(e and fT the 
program stores S-parameter data in rec¬ 
tangular coordinates in Registers 0 

through 7 for easy access should the user 
wish to use the S-parameters in subse¬ 
quent programs. 
Should the user wish to input S-

parameters already in rectangular coor¬ 
dinates, simply omit the four ‘f GSB D’ 
commands (lines 8, 22, 46 & 56) and the 
final subroutine beginning on line 93 (f 
LBL D). 
To run the program first enter the fre¬ 

quency at which the S-parameters were 
measured by keying A. the calculator 
prompts by reading 22.00, which means 

you enter S22 magnitude data (dB) by 
means of the ENTER key and the angle 
by keying the R/S. After following the 
prompts the first readout will be h)e fol¬ 
lowed by fT. Access to the rectangular 
coordinates of the S-parameters is avail¬ 
able at the conclusion of the program by 
recalling (RCL) any Register, 0 through 7. 

0 M11 
1 A11 
2 M21 
3 A21 

4 M12 
5 A12 
6 M22 
7 A22 

Step Instructions 
Input 

Data/Unit Keys 
Output 

Data/Units 

1 Load Program 0.00 

2 Input Frequency of Measured S-param. MHz A 22.0 

3 Input Magnitude of S22 dB t MAG22 

4 Input Angle of S22 degrees R/S 11.00 

5 Input Magnitude of S,, dB t MAG 11 

6 Input Angle of Su degrees R/S 12.00 

7 Input Magnitude of S,2 dB t MAG 12 

8 Input Angle of S,2 degrees R/S 21.00 

9 Input Magnitude of S21 dB t MAG21 

10 Input Angle of S21 degrees R/S hfe 

Ít 

All S-parameters in rectangular 
coordinates (Magnitude & Angle) 
are stored in Registers 0 thru 7 

S REGIST. 
M11 0 
A11 1 
M21 2 
A21 3 
M12 4 
A12 5 
M22 6 
A22 7 

Data stored in these Registers 
are available for subsequently 
loaded programs 
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USER 
INSTRUCTIONS 

hle & fT R = 0 thru 7 
Asks for S-parameters (dB/phase) 

Step Key Entry Key Code 

01 f LBL A 
Freq (MHz) 

31 25 11 

02 STO A 33 11 
03 2 02 
04 2 

Prompts for S22 
02 

05 R/S 
Input S22

84 

06 STO 7 33 07 
h X y 

M22 = x; A22 =  y 

35 52 

08 f GSB D 31 22 14 
09 STO 6 33 06 
010 f P — R 31 72 
011 1 01 
012 + 61 
013 gR-P 

Polar storage 
of 

(1 + S22) 

32 72 

014 STO 8 33 08 
015 h r; 35 53 
016 STO 9 33 09 
017 1 01 
018 1 

Prompts for A11 
01 

019 R/S 
Input A„ 

84 

020 STO 1 33 01 
021 h X y 

Mn = x; A,, = y 
35 52 

022 f GSB D 31 22 14 
023 STO 0 33 00 
024 f P - R 31 72 
025 1 01 
026 h x y 35 52 
027 - 51 
028 h x y 35 52 
029 CHS 42 
030 h x £ y 35 52 
031 gR-P 32 72 
032 STOX8 

(1 S„) (1 + S22) 
33 71 08 

033 h Ri 35 53 

Step Key Entry Key Code Step Key Entry Key Code 

034 STO + 9 33 61 09 Prompts for A12 
035 ROL 9 34 09 043 R/S 84 
036 RCL 8 34 08 Input A,2
037 f P-R 31 72 044 STO 5 33 05 
038 STO 8 33 08 045 h x ^y 35 52 
039 h Ri 35 53 M12 = x; A12 = y 
040 STO 9 33 09 046 f GSB D 31 22 14 
041 1 01 047 STO 4 33 04 
042 2 02 048 STO B 33 12 

INNOVATIVE IDEAS FROM MERRIMAC 

2-18 GHz DIRECTIONAL COUPLER 

Specifications: 
Frequency:. 
Coupling (nominal):. 
Directivity: :. 
Frequency Sensitivity .... 
insertion loss:. 
VSWR (in /Out):. 
Reverse Power:. 
Size (nominal):. 
Connectors:. 
Weight:. 
Operating Temperature: . 
Price:. 
*20dB model available soon 

———— 

2-18 GHZ 
10 dB ±0.8 dB 
15 dB min. @18 GHZ;17dBTyp. 
±0.5 dB 
1.5 dB max. 
1.5:1 max. 
2 watts 
1.53" X 0.75" X 0.375" 
SMA all ports 
1 oz. nominal 
-40 to +100°C 
$345 Qty 1-9 

For specifications on all our Directional Couplersand other 
IF and Microwave Components, send for our Catalogs. 

THE SIGNAL PROCESSING SPECIALISTS 

r.f. design 
M Merrimac-
INDUSTRIES. INCORPORATED 

PO BOX 986.41 FAIRFIELD PLACE WEST CALDWELL NJ 070070986 
201-575-1300 • TWX 710-734-4314 • TELEX 6853128 
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Step Key Entry Key Code Step Key Entry Key Code 

049 h RI 35 53 M21 = x; A21 = y 
050 STO C 33 13 056 f GSB D 31 22 14 
051 2 02 057 STO 2 33 02 
052 1 01 058 STO D 33 14 

Prompts for A21 059 h Ri 35 53 
053 R/S 

Input A21

84 STO E 

A21 

33 15 

054 STO 3 33 03 061 RCL C 34 13 
055 h X y 35 52 A12 

Step Key Entry Key Code 

58 

NOW an automatic 
microwave power meter 
with SPEED, accuracy 

and sensitivity 

Take a good look at the New 
6960 Power Meter from Marconi. 

With the 6910 sensor specially 
calibrated for CAL factor and 
linearity, it provides unrivalled ac¬ 
curacy, speed and sensitivity of 
operation. Comprehensive built-in 
features enable even the most 
complex measurements to be 
rapidly made manually or on 
the bus. 

It has full auto range, auto 
calibration and a unique auto zero 
circuit providing ease of operation 
and virtually eliminating zero carry¬ 
over errors, all this with full GPIB. 
Complete instrument settings 

can be stored in the 6960’s non¬ 
volatile memory and recalled at the 
press of a button. The g P gives 
many benefits such as dB relative, 
dBm or watts and control of resolu¬ 
tion and response time. 
The 6960's sophistication 

doesn’t costa fortune.. .it's actually 
less expensive than those old style 
Power Meters that create as many 
problems as they solve. 

6960 METER 
• 0.5% Accuracy 
• User Selectable Speed 

to 25 ms 
• Unique Averaging Circuit 
• Sensor Linearity Correction 
• dB Relative Offset Facility 
• Auto Duty Cycle Correction 
6910 SENSOR 
• 10 MHz to 20 GHz 
• - 30 to + 20 dBm 
• VSWR 1.18 from 2 to 12.4 GHz 

1.28 from 12.4 to 18 GHz 
(other sensors to -70 dBm) 

Get 20% more performance for 
10% less than the old leader! 

• Call for a demo today! 
• Write for full brochure. 

marconi 
instruments 
U.S.: 100 Stonehurst Ct.. Northvale. NJ 07647 
(201) 767-7250 (East) • (714) 895-7182 (West) 

U.K.: Longacres. St. Albans. Herts AL4 OJN 
Country Code 44 (0727) 59292. TELEX 23350 

FRANCE: (1) 687-36 25 
W GERMANY: (089) 845085 
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062 + 

A21 + A12

61 

063 RCL B 

M,2 

34 12 

064 RCL D 
M21 

34 14 

065 X 

M!2 x M21 

71 

066 f P — R 31 72 
067 STO + 8 

(S12) (S21) + 
33 61 08 

068 h RI 

(1 -S„)(1 +S22) 

35 53 

069 STO + 9 33 61 09 
070 RCL 9 34 09 
071 RCL 8 34 08 
072 gR-P 32 72 
073 STO 8 33 08 
074 h RI 35 53 
075 STO 9 33 09 
076 RCL B 34 12 
077 RCL D 34 14 
078 2 02 
079 CHS 42 

-2 
080 X 71 
081 RCL 8 

Denominator 
34 08 

082 -r 81 

083 h x y 35 52 
084 RCL 9 34 09 

085 - 51 
086 h x y 35 52 
087 f P >R 31 72 
088 g R > P 32 72 
089 f-x- 31 84 

090 RCL A 34 11 
091 X 

hfe x Freq. 

71 

092 h RTN 
fT readout 

35 22 

093 f LBL D 31 25 14 
094 2 02 
095 0 00 
096 -r 81 
097 g 10« 32 53 
098 h RTN 

Returns Rect. 
coordinates 

35 22 

099 R/S 84 
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Get your hands on 
the Racal-Dana 
catalog 

• GPIB instruments • RF and AC voltmeters 
• Electronic counters • Logic Analyzers 
• DMM’s • Function, pulse and RF signal 
generators • Switching systems — you’ll 
find them all, and more, in the new 1984/85 
Racal-Dana catalog. 
Have it at your fingertips! 

and put 
this resource file 
to work for you. 

r;- ;—.- ; 
I I want to get my hands on 
I a Racal-Dana catalog. 

RACAL-DANA 
RACAL-DANA INSTRUMENTS, INC. 
4 Goodyear Street, Irvine, California 92714 

JR A C A L 

Name_ 
Company-
Address— 
City_ 
Telephone 

M.S. 

State _ Zip 

If you want it sooner, call (714) 859-8999. 
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What Good Are Good Electricals 
If They Don’t Stay That Way? 

INSULATION RESISTANCE 
35"C, 95% R.H. 

Milacron 
M7FR 
Log Avg 

Milacron 
ECM-1 HB 
Log Avg . 

FR-4 
Log Avg. 

Milacron all-glass laminates. 
Electricals that are reliable... 

over the long run. 
As a designer, you know that one of the most 

important functions of a PWB laminate is to provide 
good insulation resistance. So you want to be sure you 
specify a laminate that performs well in this crucial area. 
That's where Milacron laminates excel. 

As illustrated in the test results above, Milacron 
laminates maintain stable insulation resistance over 
time, even in conditions of high temperature and humid¬ 
ity. More stable than the FR-4. 

That’s right — over the several weeks of the test 
period, the FR-4 lost a considerable amount of its 
insulation resistance, while Milacron laminates remained 
steady throughout the test period. 

Take them into the harsh environments of high 
temperature, high humidity, and high voltage (50V or 
more), and Milacron laminates give you an added 
advantage: they provide 10 times more resistance to 
conductive anodic filaments (CAF) than typical FR-4 
laminates! 

Our conclusion: Milacron laminates — single- and 
double-sided — perform exceptionally well in these 
difficult environmental applications. 

And that’s not all. Take a look — over high and low 
frequencies — at our stable dielectric constant and dis¬ 
sipation factor. Our excellent dimensional stability and 
processing performance. And our cost-effectiveness: 
one customer, for example, reports a 25% savings in 
cleaning and touch-up costs, due to the superior solder¬ 
ability of Milacron laminate. Milacron laminates save 
you money, both upfront and in use. 

Milacron laminates. The reliable choice. 
But don’t take our word for it. Contact the 

Cincinnati Milacron Marketing Company, P.O. Box 246, 
Blanchester, Ohio 45107 for samples that best fit your 
applications. Or call toll-free 1-800-221-7084; in Ohio 
call 513-783-2464. 

©ÖIM©Olf®!]ÄiTÜ 
MILACRON 
Electronic Circuit Materials Division 
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The new Model 5155A 
synthesizer is ideal wherever a 
very pure, high-frequency signal 
source is needed at a reasonable 
price in the laboratory and in 
production for communications or 
radar. 

Its wide range —100 KHz to 
1 GHz —allows frequency to be set 
precisely in 0.1 Hz steps. And 
switching time is as fast as 1 ^sec. 
Optional conversational GPIB 
interface is ideal for ATE systems. 
(BCD is provided to realize full 
switching speed.) 

The 5155A also ensures 

transient-free switching because 
frequency shifts of less than 100 
KHz are phase-continuous. Due to 
our patented Direct Digital 
Synthesis, no switching transient 
can interfere with phase-coherent 
or frequency-agile radars, 
frequency-hopping communi¬ 
cations systems, or cellular 
telephones. 

Phase noise is exceptionally low, 
particularly close to the carriers 
where low phase noise is most 
important for signal multiplication 
or closely spaced communication 
channel testing. Typical perfor¬ 

mance is: - 100 dBc/Hz at 10 Hz 
offset (500 MHz), and - 90 dBc/Hz 
at 1 Hz offset. 

Priced at less than $15,000, the 
Model 5155A cost thousands less 
than you'd have to pay for this 
high-level performance elsewhere, 
So get more details before you 
spend too much and get too little 
for your money. 

Call or write Wavetek San 
Diego, Inc. , 9045 Balboa Ave. , 
P.O. Box 85265, San Diego, CA 
92138. Tel: (619) 279-2200; 
TWX 910-335-2007. 

Wavetek 
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Finally. 
Telemetry products that 
aren't hand-me-downs. 
Repco designs RF Links products 
specifically for monitor and data 
transmission applications. 

‘ Most RF Links products available to the 
Telemetry market were modifications of two-

way radios. Then they were adapted as 
telemetry products, possibly with some conces¬ 
sions in quality and compromises in function. 

Repco thinks you deserve better 
We design products exclusively for your data 

transmission and monitoring needs. We offer 
design and engineering services. And, we have 
a dealer network to support your RF needs in 
over 700 locations throughout 
North America. 

These days, with the cost of 
\ wireline data transmission 

rapidly escalating, a lot of 
people are turning to wireless for 
a wide range of applications. 

We'll send you our free Applica¬ 
tions Manual. It’ll give you the speci¬ 
fics on the kinds of products avail¬ 

able and show you how RF Links and 
low cost modems will work for you. 

For further information call or write; Bob Lowell, 
Repco Incorporated, 2421 North Orange Blossom 
Trail, Orlando, Florida 32804, (305) 843-8484 
TELEX 56-6536 
Repco. The one resource you can depend upon for 
telemetry products that were designed to be 
telemetry products. 

Distributed in Canada by Repco Radio Canada, 
Ltd 1750 Plummer St , Unit 20 Pickering, Ontario 
Canada L1W3L7, (416) 839-5911 
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CONSULTING, 
DESIGN, 

and FABRICATION 

* EM SENSORS 

Current Probes 

Antennas 

FCC & CISPR LISNs 

♦ NANOSECOND TR ANSIENT SUPPRESSORS 

Coaxial Lines 

Power Lines 

Telephone Circuits 

I/O Semiconductor Circuits 

Fischer Custom Communications, Inc. 
P O. Box 581 Dept. J 

Manhattan Beach, Ca 90266 
(213) 545 4617 

GIGATRIM 
VARIABLE CAPACITORS 
For Fine Tuning Circuits 

• Capacitance 
Ranges: 
.3-12 pF 

to .8-8 pF 

INFO/CARD39 

• Qualified to 
MIL-C-14409D 

• Qs to 
>5000 
@250 MHz 

• Sapphire 
Dielectric 

Actual Size 

• Zero TC 

Electronic Accuracy Through Mechanical Precision 

Manufacturing Corporation 
400 Rockaway Valley Road, Boonton, New Jersey 07005 

201-334-2676 -TWX 710-987-8367 

INFO/CARD40 

Dedicated to Quality. 
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100 Watt Transistor 
Thomson Semiconductor announced 

availability of the TCC 0105-100, an 
operationally-balanced 100 watt transistor 
with internal inductive-capacitance (LC) 
matching networks, operating in the 100 
to 500 MHz frequency range, with 7.5 dB 
gain at 28 volts, under CW conditions. 
TCC 0105-100 is designed for extremely 
wideband amplifier applications in UHF 

military and industrial communications. It 
directly replaces the Acrian 0105-100. It 
is available in a balanced package or 
flangeless ceramic package. Balanced 
prices start at $165 for 1-24 pieces, 
$161.20 for 25-99 pieces, $141 .85 for 100 
pieces, with delivery between six to eight 
weeks. Thomson Semiconductor, RF 
Marketing Group, Montgomery, PA 
18936, INFO/CARD #135. 

Programmable 4x4 
Matrix Switch 
The Wavetek RF & Microwaves Com¬ 

ponents Business Unit, located in Beech 
Grove, Ind., are introducing a unique new 
Programmable 4x4 Matrix Switch which 
has a frequency range of DC-1000 MHz 
at an impedance of 50 ohms. Specifica¬ 
tions of the programmable 4x4 matrix 
switch includes and insertion loss < 2.0 

64 

depend 
QO Precision desí 

fest chambers for accurate 
and broadband EMC testing 

IFI's precision design and 
construction allows accurate 
E-Field generation within ± 1 db. 
Each cell is equipped with a 
hinged access door that provides 
clearance for insertion of test 
objects, and transition panels for 
easy cable entry. 
Larger cells can be supplied with 
integral E-Field Sensors, for 
direct readout in volts per meter. 

Model CC-1N—This test cell, with an 
operating range of DC to 800 MHz, 
offers an efficient means of obtaining 
broadband E-Field measurements in a 
compact, bench top application. 

Model BC-100—This portable cell, 
specifically designed for medical and 
biological testing, provides a means of 
generating extremely high E-Fields up to 
1GHz. 

Model CC-103—The TEM Cell that has 
set industry standards, permits fully 
controlled testing at high E-Field levels 
with a moderate amount of input power. 

Applications 
• EMC/Susceptibility Testing 
• Calibration of Field Intensity Meters 
• Research & Development Applications 
• Testing & Calibration of Power Density 
Probes 

Benefits 
• Cost Effective Alternative to a Full Size 
Screen Room 

• Portable Shielded Enclosure for Lab 
Testing 

• Protection from Hazardous Radiation 
During High E-Field Tests 

• Useful for both Susceptibility and 
Emissions Measurements 

"Also Depend on IFI for Broadband 
Amplifiers, E-Field Sensors and 
EMC Test Equipment" 

INSTRUMENTS 
FOR INDUSTRY, INC 
151 Toledo Street 
Farmingdale, N.V. 11735 
(516) 694-1414 

dB at 1000 MHz and a VSWR of < 1.5:1 
at 1000 MHz. The isolation on this model 
is > 30 dB at 1000 MHz. Configuration of 
the Programmable includes four inputs 
and four outputs. Any input may be con¬ 
nected to any output individually. All 
unused ports are 50 ohm terminated. The 
operating voltage is a standard 12 volt but 
is also available in 5, 6, 9, 18 and 26 volts. 
Power handling is 1 watt CW with a 
switching speed of < 6 MSEC at an 
operating temperature range of -55°C to 
+71 °C. Dimensions of the case (ex¬ 
cluding connectors) are L = 3 in., W = 2.5 
in., H = 1.0 in., with a weight of 5 oz. The 
connectors for this unit are SMA Female 
for RF in/out and solder terminals for con¬ 
trol. Price: $695.00. Delivery: 8 weeks 
ARO. Wavetek Indiana, Inc., RF and 
Microwave Components, Beech Grove, 
Indiana 46107, INFO/CARD #134. 

RFI Shielded Packages 
The Modpak system of shielded 

packaging has specially designed RF 
connectors that typically provide VSWR 
of 1.2 or less up to 1.5 GHz when a 50-
microstrip p.c. board is installed in the 
case. Twenty-seven standard packages 
are available from stock for shipment in 
less than 24 hours. Using 13 standard ex¬ 
trusions, custom models can be supplied 
to customer specifications in three weeks. 
Fabricated models can be made from 
customer drawings of sketches in four 
weeks. The Modpak mounting clip and 
connector locking system permit p.c. 
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boards to be positioned and retained 
quickly. Direct access to circuits and 
choice of connectors are other important 
features. Adams-Russell, Modpak Divi¬ 
sion, Burlington, MA, please circle 
INFO/CARD #133. 

Professional Microphone 
Crown International’s new 12 SP model 

microphone offers studio quality in 
recording, sound reinforcement, broad¬ 
casting and electronic news gathering for 
the experienced professional. The 12 SP 
is phanton powered by a supply providing 
18 to 48 volts. It features a transformer 
balanced, low-impedance output avail¬ 
able at an integral 3-pin connector; wide, 
smooth frequency response with high-
frequency emphasis for brilliance; low 
noise and high overload level (150 dB-
SPL); a hemispherical pickup pattern; 
high sensitivity and excellent reach for 
clear pickup of distant sounds. A wind¬ 
screen is included for outdoor or closeup 
use. In operation, the ruggedly con¬ 
structed 12 SP can be placed on a sur¬ 
face such as a floor, table, or lectern; 
used as a hand-held microphone; or af¬ 
fixed to a surface near a sound source 
such as the underside of a raised grand 
piano lid. Suggested retail price is 
$249.00. Crown International, Elkhart, 
IN 46517, INFO/CARD #132. 

TC MLC Capacitors 
A new series of temperature compen¬ 

sating MLC capacitors has been intro¬ 
duced by the San Fernando Electric Divi¬ 
sion of SFE Technologies. These 
negative temperature compensation 
characteristics are available in N080 and 
N150. The company believes that these 
units are some of the first negative TC 
MLC products on the market. Providing 
high volumetric efficiency, packaging is 
available in chip form and as axial or 
radial leaded devices. All specifications, 
including environmental, electrical and 
packaging, are identical to the standard 
San Fernando Electric Division NPO 
series of MLCs, with the exception of the 
temperature coefficient N080/N150. 
Superior performance over film type 
capacitors is achieved due to greater 
stability and tighter tolerances. The 
negative TC MLC units can effectively 
withstand hostile environments created 
by high production soldering methods 
without degradation or changes in value. 
Chip capacitors and axial or radial leaded 
devices, including a 2 pin DIP configura¬ 
tion, are available in bulk or tape-and-reel 
for automatic assembly. Evaluation 
samples in chips and 2 pin DIP configura¬ 
tions are available upon request. SFE 

r.f. design 

Technologies, San Fernando Electric 
Division, San Fernando, CA, 
INFO/CARD #131. 

BNC Bulkhead Connectors 
Marshall Electronics Inc. is introducing 

a new series of BNC bulkhead connec¬ 
tors for computer, data and video installa¬ 
tions. The connectors have been de¬ 

signed to meet the latest requirements of 
the commercial market which includes 
ease of installation, adaptability to dif¬ 
ferent panel materials, cost effective 
design and mil-type performance. The 
connectors are available in female to 
female and direct cable to female. Isola¬ 
tion “D” washers are available for each 
type when it is necessary to isolate the 
connectors from metal panel installations. 

McCoy Reliability .... 
is out of this World 

McCoy Electronics offers the broadest line of quality custom fre¬ 
quency control products in the industry. 
A variety of crystal enclosures including; solder seal, cold weld, 

glass and resistance weld are available. Low frequency crystals range 
from 1 KHz to 1 MHz. High frequency crystals range from 1 MHz to 
250 MHz. Filters including bandpass, notch, single side band, mono¬ 
lithic and conventional range from 1 KHz to 200 MHz. Oscillators 
range from 1 Hz to 400 MHz and are available in clock, TCXO, VCXO, 
oven and combinations thereof. 
When reliability, quality, and performance are essential in frequency 

control products McCoy can be counted upon to perform Write or call 
for additional information or catalog 
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New 
TX Microwave/CRT 
Transistors for 
MIL-S-19500 applications 

Choose from 11 TRW RF devices 
processed to the equivalent of JANTX, 
with full documentation available? 

When the RF performance level you want 
isn’t readily available on the MIL-S-19500 
Qualified Products List (QPL), try the TRW 
list of Standard REL Processed Devices. 
You’ll find 11 microwave linear and CRT 
Z-Axis drivers REL processed to an integ¬ 
rity level equivalent to JANTX—and we 

supply all the documents you need for mili¬ 
tary use qualification. This means large 
savings to you because you eliminate masses 
of expensive drawings and possibly months 
of testing. All you do is fill out a one-page 
form— and we can even help you with that! 
It’s that simple to get these parts qualified. 

TRW STANDARD REL PROCESSED DEVICES 

STANDARD STANDARD REL 
PART EQUIVALENT 
NUMBER PART NUMBER DESCRIPTION 

LT1001A TX1033 3 OGHz TO 39 Low Noise 

LT1814 TX1814 High Voltage CRT Z Axis Driver GP 14 Stud 

LT1839 TX1839 High Voltage CRT Z Axis Driver TO 39 

TRW52501 TX52501 1 5W 2GH; GP 14 Common Emitter. Isolated Stud 
TRW52502 1X52502 3 OW 2GHz GP 14 Common Emitter, Isolated Stud 

TRW52601 TX52601 1 5W 2GHz HLP 8 Common Emitter, Grounded Flange 

TRW52602 TX52602 3 OW 2GHz HLP 8 Common Emitter, Gounded Flange 

TRW53501 TX53501 0.8W 3GHz GP 14 Common Emitter, Isolated Stud 

TRW53601 TX53601 1 6W 3GHz HLP 8 Common Emitter, Gounded Flange 

TRW54501 TX54501 0 5W 4GH1 GP 14 Common Emitter. Isolated Stud 

TRW54601 TX54601 0 5W 4GHz HLP 8 Common Emitter, Grounded Flange 

You’ll recognize TRW Standard REL Pro¬ 
cessed Devices by the "TX" prefix to their 
part numbers. And in small quantities (1-24) 
their U. S. price is in the $50 to $80 range. 

The list of TRW TX devices includes two 
CRT drivers for ultra-high resolution 
featuring gain bandwidth of 1.2GHz and 
130V breakdown and eight MIL-packaged 
microwave linear parts in studded or flanged 
versions with common emitter configurations 
offering fT to 4G Hz and powers to 3W. 
These units are processed according to 
MIL-S- 19500 JANTX level and come with 
a Certificate of Compliance. Standard 
part pricing and off-the-shelf delivery through 
authorized TRW distributors. 

For application note, which explains how 
easy it is to use and qualify these parts, 
contact RF Devices Division, TRW 
Electronic Components Group, 14520 
Aviation Blvd., Lawndale, California 90260, 
phone 213.536.0888. 

♦Available now through your local TRW 
distributor. 

©TRW Inc. 1984-TRF 4102 
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Varactor Tuning Diodes 

Our Reader Service Card 
brings you more information 
about products, companies, 
and services advertised in 
the pages of 

Be sure to use this valuable 
free service to help you 
make better informed 
management decisions. 

Crystalonics offers the broadest line of varactor 
tuning diodes in the industry with capacitance from 
6.8pf to l,320pf & Q as high as 600. High Q JAN/ 
JANTX 1N5139 series, very high Q JAN/JANTX 
1N5461 series, & high capacitance (330pf to l,320pf) 
VA521 series highlight the line. All manufactured 
with Crystalonics' passivated ultra-high reliability 
processing. Send for our free catalog. 

^TELEDYNE 
CRYSTALONICS 
147 Sherman St. Cambridge, MA 02140 
Tel. (617) 491-1670 • TWX: 710-320-1196 
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Cable Assemblies 

CERAMIC CAPACITOR CHIPS 

Featuring a single layer dielectric construction with 
associated low series inductance, this family of capacitor 
chips are ideal for applications ranging from DC to 
microwave frequencies. 
Available in capacitance ranges from 0.25 pf to 15,000pf 
voltage ratings to 15KV, their high dielectric strength 
makes them resistant to damage from static discharge. 
Precious metal terminations are compatible with epoxy, 
solder or wire bonding assembly techniques. 

JOHANSON 
0D ELECTRO 

Molex makes more than 20 different types of planar cable on 
four separate center spacings for a wide range of circuit 

configurations ... from our standard .156" single-conductor 
flat cable to our latest .050" foil shielded cable with stranded 
tinned signal wires, with wire options for 18 to 30 AWG. 

Molex also offers you the added service of custom assemblies, 
using Molex's own compatible interconnection devices, to 

create a total IDT® system that meets all your exact 
specifications and lowers your total applied costs. 

molex 

2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505 
(213)848-4465 TWX 910-489-2735 
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Molex Incorporated, 2222 Wellington Ct., Lisle, IL 60532 
Phone: (312) 969-4550 
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"AFTER ALL YOU WERE ONLY 
GUARANTEED FOR !O YEARS." 

Don't you wish every crystal manufac¬ 
turer had a guarantee like ICM? At in¬ 
ternational we guarantee every crystal 
forever when used in the equipment 
for which it was designed. 

Our computer database contains cor¬ 
relation information on over 15,000 dif¬ 
ferent types of crystals No other crystal 
manufacturer offers this valuable ser¬ 
vice. 
When you think of crystals, channel ele¬ 

ments, or oscillators, call ICM first. 
When it comes to frequency control, we 
want to be your ONE SOURCE. 

International Crystal Mfg. Co., Inc. 
10 N. Lee. P.O. Box 26330, 

Oklahoma City, OK 73126-0330 
(405) 236-3741 
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The CH-292WL is a female to female type 
which mounts in a .510 inch hole with a 
maximum panel thickness .250 inches. 
Insulation material is teflon and contacts 
are gold. The CH-492WL is a female to 
female type, mounts in a .510 inch hole 
with a maximum panel thickness of .270 
inches. Insulation material is deiron and 
contacts are nickel. The CH-902 is a twist-
on cable type one end and a BNC female 
on the other. The connector does not re¬ 
quire crimping or soldering and can easily 
be installed in the field simply by twisting 
the connector on to the cable. The con¬ 
nector is designed to eliminate a male 
BNC connector on one end and allows in¬ 
stallation in tight spaces. The CH-902 
mounts in a .625 inch hole. Insulation 
material is deiron and contacts are nickel. 
Connectors are available for immediate 
delivery. 100 pc. prices are as follows: 
CH-292WL, $2.48. CH-494WL, $2.29. 
CH-902, $2.97. Marshall Electronics, 
Inc., Culver City, CA 90203, please cir¬ 
cle INFO/CARD #130. 

For a power resistor that 
stays non-X up to vhf, 
there’s only one choice. 
The Carborundum® Tÿpe SP. Only 
Carborundum has a ceramic power re¬ 
sistor that behaves like a pure resis¬ 
tance rather than an inductor and/or 
capacitor. It operates from low audio 
frequencies up into the vhf range. 
Each unit is a solid body of resistive 
material. No windings, no film. Ideal 
for frequency-sensitive rf applications 
like feedback loops. 
And it gives you extremely high 

power density, with great surge¬ 
handling capability because it's solid. 
Our Type 234SP, for example, is 

about the size of a 2-watt carbon comp, 
but dissipates a full 10 watts in 40°C 
ambient air. Moreover, it can consis¬ 
tently absorb surges of overlOX rated 
power for several seconds and come 
back for more with very little △ R. 
Forced-air-cooled, water-cooled or 

immersed in oil, it will handle even 
greater power overloads. 
Other Carborundum Tÿpe SP resis¬ 

tors—including high-power, water-
cooled configurations—are rated from 
2.5 to 1000 watts. For further details, 
call or write E. B. (Woody) Hausler at 
(716) 278-2143. 

The Carborundum Company 
Electric Products Division 
P.O. Box 339 
Niagara Falls, New York 14302 

CARBORUNDUM 
A Sohio Company 
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Flame-Retardant 
Polypropylene Capacitors 
The new KP8OS flame-retardant 

capacitors available from STK Elec¬ 
tronics, Inc., are completely encapsulated 
in molded valox with epoxy end seals to 
prevent moisture penetration. These axial 
lead capacitors offer very low dissipation 
factors, high insulation resistance, excep¬ 
tional capacitance stability and low dielec¬ 
tric absorption. Each unit is 100% leak 
tested to assure moisture resistance, 
making STK KP8OS Series capacitors 
suitable for wash systems, wave solder¬ 
ing and applications in humid environ¬ 
ments. Because each is of uniform con¬ 
figuration, the encapsulated polypropy¬ 
lene capacitors are also ideally suited for 
automated assembly operations. Capaci¬ 
tance ranges from 100 pf up to 0.5 MFD. 
Standard or nonstandard capacitors are 
available with tolerances of ±0.5%, ±1%, 
±2%, ±2.5% or ±5% for operating temp¬ 
eratures from -40°C to +105°C. Accurate 
control of film foil lengths, compact win¬ 
ding and thorough post-curing make the 
STK KP8OS Series one of the most com¬ 
pact polypropylene capacitors available. 
Suitable for a wide variety of telecom¬ 
munications and data communications 
applications and precision timing circuits, 
the STK KP8OS Series capacitors are in¬ 
terchangeable with other manufacturers’ 
polystyrene and polypropylene 
capacitors. STK Electronics Inc., 
Cazenovia, NY 13035, INFO/CARD 
#129. 

Field-Installable Single 
Channel Fiber Optic Connector 

In response to the increasing demand 
for low-loss single channel fiber optic con¬ 
nectors, a new field-installable fiber op¬ 
tic connector product line has been in¬ 
troduced by Automatic Connector, Inc. 
The connector is designed with a 
longitudinal hole precisely along the axis 
of the conical plug body. The diameter of 
the hole is 3 to 5 microns larger than the 
diameter of the fiber being terminated. 
The connectors achieve less than 1.0 dB 
coupling loss and are totally field-
installable. They feature an epoxy/polish 
type of termination. The cable strength 
fibers are captured by the ferrule and 
crimped to the body using standard hex 
M22520 dies. Application of the shrink 
tubing completes the termination pro¬ 
cedure and ensures positive cable reten¬ 
tion. Two connector styles are available; 
both styles have threaded coupling. The 
plug connectors are mated using an 
adapter that contains a biconical sleeve. 
This alignment sleeve is precisely mold¬ 
ed and has an internal conical configura¬ 
tion which matches the external taper of 
the molded plug. The separation and ax¬ 
ial alignment of the fiber ends are held 
to demanding tolerance in order to 

r.f. design 

achieve superior coupling loss 
characteristics. Three cable to cable 
mounting adapters are available. One 
adapter style is totally interchangeable 
with the type manufactured by AT&T; 
another style is “D” hole mounted so as 
to minimize the overall size. A source/de-
tector receptacle is also available. A 
unique conical sleeve alignment is used 
to provide precise fiber to device align¬ 
ment. The source/detector is contained 
in one half of the conical sleeve; the cable 
connector mates with the other half of the 
sleeve. The precision tapers in the sleeve 
and the mating plug provide accurate 
positioning while preventing damage to 
the fiber or the device. Typical pricing for 
production quantities: $6.50 for connec¬ 
tors; $14.00 for adapters. Availability 
12-14 weeks. Automatic Connector, 
Inc., Commack, NY 11725, please cir¬ 
cle INFO/CARD #128. 

Wideband Current Amplifier 
MEL TEC, Division of EPSCO Incor¬ 

porated, announced the release of its 
Wideband Current Amplifier, Model 
EH0002. Manufactured using Hybrid 
Microelectronics Technology, the 
EH0002 is available in an 8-lead TO-99 
hermetically sealed package. The 
EH0002 provides operational amplifier 
output buffering and increased load cur¬ 
rent capability up to 400mA (pulse) for 

high current and cable drivers. Typical 
quiescent supply current is ±6mA and 
current gain is typically 40A per mA. The 
EH0002 may be used in feedback loops 
without added system compensation, has 
low output impedance of typically 10 
ohms or less, and a typical rise time less 
than 7 nanoseconds. The EH0002 is 
available in 0° to 70°C and -55° to 
+125°C operational temperature ranges. 
Availability of the EH0002H is stock to six 

POWER 
AMPLIFIERS 

EPSCO'S family of GaAs FET 
power amplifiers features low 
distortion and high efficiency for 
telecommunications and other 
applications. 
Computer-aided design flex¬ 
ibility and modular construc¬ 
tion provide quick turnaround 
and a broad range of customer-
specified characteristics, includ¬ 
ing these available options: 
• Gain 
• Output power to 10 watts 
• Wide operating temperature 
range 

• Output monitor 
• Custom packaging if required 
• Broad supply voltage range 

TO MEET YOUR SPECS 
For more information and 
discussion of your high power 
amplifier needs, give us a call 
today. 

microwave I 

41 1 Providence Highway 
Westwood, MA 02090 

(617) 329-1500. 
TWX:(710) 348-0484. 
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1 Watt 

amplifiers 

0.7 to 4.2 GHz 
only $895 

IN STOCK.. .IMMEDIATE DELIVERY 

weeks. Price in quantities of 100 is $14.00 
each. MEL TEC, Division of EPSCO In¬ 
corporated, Westwood, MA 02090, 
INFO/CARD #127. 

Sweep Generator Offers 
10 MHz to 40 GHz Sweep 
The new WILTRON 6669A Program¬ 

mable Sweep Generator provides an in¬ 
ternally levelled 10 MHz to 40 GHz sweep 
from a single coaxial connector. With an 
output power of greater than +6 dBm to 
26.5 GHz and 0 dBm on up to 40 GHz, 
this lightweight (< 34 pounds) sweep 
generator sets new standards for reliabili¬ 
ty and ease-of-use in microwave 
measurements. The 6669A is fully 
IEEE-488 (GPIB) programmable, has a 
frequency accuracy of ±20 MHz, and at¬ 
tenuates spurious signals to greater than 
40 dBc below 2 GHz and 60 dBc above 
2 GHz. The remarkable sweep and out¬ 
put power performance of the 6669A is 
made possible through the development 

• 30 dB gain, flat ï 1 dB 

• unconditionally stable 

• can be connected to any load 
without damage or oscillation 

• overvoltage protection 

• one-year guarantee 

ZHL-42 SPECIFICATIONS 

FREQUENCY 0 7 to 4.2 GHz 
GAIN 30 dB Mm. 
GAIN FLATNESS 11.0 dB 
POWER OUT 
@ 1 dB compr * 29 dBm Min. 

VSWRIN OUT 2.5:1 Max 
NOISE FIGURE 10 0 dB 
SUPPLY +15V @ 690 mA 
THIRD-ORDER INTERCEPT 38 dBm Mm 
SECOND ORDER INTERCEPT 48 dBm Mm. 
SIZE 7'x3%"x2'/8"h 

Call or write for 64-page 
RF Designers Guide or refer to EEM. 
EBG. Gold Book. Microwaves & RF Directories 

finding new ways ... 
setting higher standards 

r~| Mini-Circuits 
A Division of Scientific Components Corporation 

World s largest manufacturer of Double Balanced Mixers 
P0 Box 166. B klyn. N.Y. 11235 (212) 934-4500 

C95-3REV ORIG 
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of a 10 MHz to 40 GHz PIN switch, a 2 
GHz to 40 GHz leveling coupler, and a 
2.92 mm connector that offers glitch-free 
performance to 46 GHz. The engineering 
breakthrough that made the K Connec¬ 
tor™ possible also spawned develop¬ 
ment of several other 40 GHz com¬ 
ponents (also available from WILTRON). 
They include 0.118-inch OD semirigid 
coaxial cable; in-line, male and female K 
connectors for use with the cable; and, 
for adapting to the user’s device, 
microstrip-to-K male and female 
sparkplug-launcher connectors and 
microstrip-to-K male and female flange¬ 
mount-launcher connectors. In addition to 
the 6669A, WILTRON offers three other 
40 GHz models: 6662A, 6663A, and 
6668A. The 6663A offers the same per¬ 
formance as the 6669A, only from 2 GHz 
to 40 GHz. The 6668A and 6662A offer 
the similar performance from 10 MHz to 
40 GHz and from 2 GHz to 40 GHz repec-
tively using two output connectors: a 
WSMA coaxial output to 26.5 GHz and a 
UG-599/U waveguide output from 26.5 to 
40 GHz. Delivery: 90 days. WILTRON 
Company, Mountain View, CA 
94042-7290, INFO/CARD #126. 

High Power Silicon 
Microwave MMICs 

Avantek Inc. has released three new 
MODAMP™ silicon microwave monlithic 
integrated circuits with greater output 

power than previous releases in this 
series. Designated the MSA-0420, 
MSA-0435 and MSA-0470, these versions 
offer typical output powers of +19, +13 
and +13 dBm respectively at 1 dB gain 
compression with exceptional gain 
flatness of ±0.25 dB from 0.05-2.0 GHz 
and associated minimum gain of 8.5 dB 
typically. Each unit features typical noise 
figure of 6 dB, and a maximum usable fre¬ 
quency of 3.0 GHz. The MSA-0420 is 
housed in the Avantek 200 Mil Stripline 
package, the MSA-0435 in the standard 
micro-X package and the MSA-0470 in 
the industry standard 70 mil stripline 
package. All versions use nitride self-
alignment, ion-implantation for precise 
control of doping and nitride passivation 
for high reliability and are hermetically 
sealed with an inert atmostphere. The 
-0420 and -0470 models have gold 
plated leads. Available from stock, 
domestic U.S. prices range from $7.15 
and up in 100 piece quantities. These 
MODAMP™ silicon MMICs will be 
available through Avantek’s network of 
stocking distributors and factory authoriz¬ 
ed representatives. Avantek Semicon¬ 
ductor Sales, Santa Clara, CA 95051, 
INFO/CARD #125. 

Directional Couplers 
A new series of bi-directional couplers 

for monitoring incident and reflected 
power or to sample directional power flow 
for measurement, test and alignment pur¬ 
poses has been announced by Alan In¬ 
dustries, Inc. These precision devices, 
designated the DC Series, have three ex¬ 
ternal SMA female connector ports and 
a fourth port which is terminated internal¬ 
ly. The fourth port will withstand open or 
short conditions occurring on the main 
arm at 5 watts input. Coupling values (dB) 
and frequency range (MHz) for the three 
models in the series are: 10 dB, 10-1000 
MHz; 15 dB, 5-1000 MHz and 20 dB, 
10-1000 MHz. Coupling tolerance for the 
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10 dB model is ±0.5 dB and ±1.0 dB for 
the other models. All have a 50 Ohm im¬ 
pedance. Size including the two hole 
mounting flange is: L=2.000”; W=1 .000” 
and H=0.560”. Prices for the DC Series 
range from $95 to $1 15 and all models 
are available for immediate delivery. Alan 
Industries, Inc., Columbus, Indiana, 
47202, please circle INFO/CARD #124. 

Connectors and Adapters 
Gilbert Engineering announces its line 

of SMA, Type N and TNC connectors and 
adapters (between-series and in-series). 
These products are designed and 
manufactured to meet the performance 
specifications of MIL-C-39012, MIL-
C-83517 and MIL-A-55339. Gilbert 
Engineering has qualified Microwave 
Engineers on staff to assist with your ap¬ 
plication requirements, and provide 
precise electrical data. Gilbert Engineer¬ 
ing Company, Inc., Glendale, Arizona 
85301, INFO/CARD #123. 

Surge Network 
KeyTek Instrument Corp, has introduc¬ 

ed a new Surge Network, the P21, to 
simulate lightning and switching tran¬ 
sients in telecommunications equipment, 
as required by international standard 
CCITT Rec. K.17. Surge Network P21, 
when used with a KeyTek 711 Series 

Mainframe, produces the 10 x 700 ps 
voltage impulses to 6kV as required by 
CCITT. In addition, the new network pro¬ 
duces a higher speed, 0.5 x 700 ps im¬ 
pulse. The desired wave is selected via 
a front panel, high voltage switch. The 
CCITT-specified output damping 
resistances of 0, 2.5, and 25 ohms are in¬ 
cluded internally, and are also selectable 
from the unit front panel. Complete 
systems for testing to CCITT Rec. K.17 
are available from about $18,000.00. Ad¬ 
ditional Surge Networks are available for 
the same 71 1 Mainframe, for testing to 
various other national and international 
standards, including IEEE Std. 587-1980. 
Standard options are available for com¬ 
plete surge voltage and surge current 
monitoring using remote differential, high-
voltage probes. KeyTek Instrument 
Corp., Burlington, MA 01803, IN¬ 
FO/CARD #122. 

AD-VANCE SHIELDING: 
THE “NICKEL’S” WORTH 

Foil Magnetic Fields with AD-MU 
Foil...Cut & Apply in Minutes 

Solves many magnetic shielding problems for designers, experimenters, production 
people and relatively small production runs. No waiting; can save days or weeks of 
valuable time. Eliminates designing, tooling and manufacturing costs for prefabricated 
shields. 

Use a single formula (ask us) to determine thick¬ 
ness or number of layers. Or just use practical 
trial and error. 

Especially good also for hard-to-get-at 
places and to make assemblies more 
compact by placing magnetically 
reacting components closer 
together without perfor¬ 
mance degradation. 

Ask for NEW 84-PAGE 
Time-Saving Reference 
Manual/Catalog. Gives 

tlWBSi Major Guidelines 
for Magnetic Shielding 

“** Design/ Procurement 

AD-VANCE MAGNETICS, INC. 
625 MONROE ST. ROCHESTER, IND. 46975 

(219) 223-3158 TWX 810-290-0294 
NOW—4 Decades of Magnetic Shielding Leadership 

TRAVEL 
LIGHT 
Whetheryou’re designing 
backyard handsets or 
communicating worlds 
away, our hi rel crystals 
and filters help your 
product travel light. Our 
ruggedized units (Swept 
Quartz; high G’s; shock; 
and h.f. vibration to 3000 
Hz) are not only tough 
travellers; they're also 
valuable spacesavers. We 
currently make the 
industry’s smallest 
matched filter sets. We’ll 
make you any 2-pole 
crystal or filter from 10-20 
MHz in an HC45 package. 
Higher frequencies? 
Believe 1/10" diameter by 
1/4" high. 

When you need precise, 
durable monolithics, time 
delays, or matched sets 
(quality and inspection to 
MIL-I-45208) give us a call. 
Orsend us yourspecs. 
For now and light-years to 
come, we’ve got your 
ticket to travel light. 

Sokol 
Crystal Products, Inc. 
' Where the Impossible Becomes the Ordinary. ' ' 

121 Water St. 
Mineral Point, Wl 53565 
Phone 608-987-3363 
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metelics 
STATE-OF-THE-ART 
MICROWAVE DIODES 

SCHOTTKY 

VERY LOW 
CAPACITY 

RING QUAD 

Ceramic Capacitors 
A new line of CLA Series parallel plate 

single layer ceramic capacitors for 
microwave equipment applications is now 
available from Murata Erie North 
America, Inc. These new CLA Series 
parallel plate single layer capacitors with 
their simple electrode construction and 
ceramic dielectric are designed for opera¬ 
tion over 20 GHz while providing ultra 
reliable performance and dielectric 
strength under high temperature and 
moisture conditions. A 50 micro-inch 
minimum gold plated electrode provides 
superior adhesion for die binding (eutec¬ 
tic) and thermo compression binding (wire 
and ribbon). In addition, multi-plate 
designes (binary segmented capacitance 
values on one chip) provide a variety of 
capacitance values for fine tuning, by 
connecting single or multiple plate com¬ 
binations in parallel. Murata Erie North 
America, Inc., SE, Marietta, GA 30067, 
INFO/CARD #121. 

Microwave Counter 
Marconi Instruments announces a new 

Microwave Frequency Counter, Model 
2440. With a frequency range of 10 Hz 
to 20 GHz and a resolution of 0.1 Hz, the 
2440 is ideal for production testing and 
maintenance work on all types of com¬ 
munications equipment. The instrument 

is supplied complete with integral GPIB 
facility, and can acquire and indicate fre¬ 
quency in a fast 200msec, reducing test 
time in ATE systems. The display rate can 
be set independently of resolution, so that 
optimum measurements of 1 Hz resolu¬ 
tion in 1 sec can be achieved. In its rack 
mount form, Model 2440 occupies only 
half a rack width and 31/2 inches of rack 
height. The microwave channel covers 
600 MHz-20 GHz, with high sensitivity 
between -25 and -15 dBm, dependent on 
frequency range, To reduce repair costs, 
the overload damage level has been rais¬ 
ed to +27 dBm at all frequencies. The 
wide tolerance to FM and AM allows 
direct measurements on microwave radio 
links. This counter features automatic 
amplitude discrimination, so that only the 
largest signal is displayed, and all others 
ignored. An added benefit in 
maintenance application is the unit’s 
small size and weight. This 

CTODIAG =O5'n PF
RD5ma =18-8Q

AVAILABLE IN 
3 BARRIERS 
• LOW (V F1 ».28V) 
• MED (VFi » .45 V) 
• HI (VF1 ».54V) 

ALSO AVAILABLE IN 
EPOXY OR HERMETIC 
PACKAGES 

Write or call for information 

SHORT 
WAYS 

to simplify 

Ava 
provides 

a variety of "F" 
connectors for OEM 

chassis or printed circuit 
applications. You can select 

any connector configuration which fits 
the space limitations of your PC board and 

chassis design. Ease of installation reduces your 
assembly costs. Direct interface between PC board and 

chassis lowers RE loss and V5WR. Our "F" connectors are engi-

METELICS CORPORATION 
1031 East Duane, Suite #D 
Sunnyvale, CA 94086 
Telephone: (408) 737-8181 
TWX: 910-339-9537 

neered to meet todays' stringent demands limiting 
RFI under new FCC regulations. Ava connectors 
are available in all the most wanted standards 
and our custom designs are as unlimited as 
your imagination. Take the shortest distance 
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X A-101 

Ava Electronics Corp. 
4000 Bridge Street, Drexel Hill, PA 19026 (21 5) 284-2500 y 
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microprocessor controlled instrument ac¬ 
cepts the keyboard entry of offset fre¬ 
quencies to 0.1 Hz resolution to simplify 
measurement of frequency drift or error. 
Servicing is enhanced with self-check and 
internal diagnostics. Model 2440 is pric¬ 
ed at $5920, including integral GPIB and 
oven stabilized reference oscillator, and 
is available in 60-90 days. Marconi In¬ 
struments, Northvale, NJ 07647, 
INFO/CARD #120. 

Multiple Channel Crystal Source 
Model MM309 is designed to operate 

over any 7% bandwidth in the frequency 
range of 350 MHz to 500 MHz. The unit 
provides up to 7 BCD selectable channels 
holding a stability of ±.005% over a 
temperature range of -55°C to +85°C. 
The oscillators deliver a minimum of 10 
mW into 50 Ohms with harmonics and 
sub-harmonics of -26 dBc. The package 

size is 3.88” x 2.25” x 1.1” and the unit 
is designed to be customized for most 
military environmental requirements. 
Oscillator gating for fast turn-on and turn¬ 
off can also be provided. Techtrol 
Cyclonetics, Inc., New Cumberland, PA 
17070, INFO/CARD #119. 

Glass Precision 
Trimmer Capacitors 

Voltronics Corporation is now in pro¬ 
duction of its “H” line of high range glass 
embedded band precision trimmer 
capacitors. The capacitance is nearly 
double the standard maximum ranges. 
Typically, in a horizontal P.C. unit where 
MIL-C-1 4409D offers 16 pF in .734” 
length (21.9 pF/in) and Voltronics’ stan¬ 
dard SP offers 20 pF in .44” length (45 
pF/in), the new HSP34 offers 34 pF in 
.44” length (77 pF/in). This line is the 
result of Voltronics’ development of a new 

JOHNSON 
JOHNSON 
JOHNSON 
JOHNSON 
JOHNSON 
JOHNSON 

JOHIUSOI 
JOHgSOI 

HI-POWER RF 
AMPLIFIERS, TRANSMITTERS. 

POWER GENERATORS 
10-10,000 WATTS! — 2-500 MHz Frequency Range! 

HENRY RADIO 
HAS THE PRODUCT YOU NEED. 

(If we don't have It, we'll make it.) 

APPLICATIONS: 

NMR, Nuclear Magnetic Resonance 
PLASMA Generation 
MEDICAL Applictions 
NUCLEAR Magnetic Imaging 
COMMUNICATIONS Applications 

The new, dynamic 

O HENRY RADIO 
2050 S. Bundy Drive, Los Angeles, CA 90025 
TOLL FREE 1-800-421-6631 * In California call (213) 820 1234 

Johnson 
delivers 
variable 

capacitors 
when you want 

them. 
Air variable, ceramic or teflon 
dielectric, no matter what variable 
capacitor type you need. Johnson can 
meet your specifications— for both 
design and delivery. 

Our engineering and manufacturing 
staffs produce innovative, cost-
effective products. Our national 
network of 250 distributors helps 
with your prototypes. 

Write for your free catalog or call 
1-507-835-6307. Telex: 290470. 
TWX: 910-565-2161. 

JOHNSON 
® Components Division 

E F JOHNSON COMPANY WASECA MINN S60S3 
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WIDEBAND RF 

PRODUCTS 

Select wideband power dividers, 
directional couplers, impedance 
transformers from our stock. 

Check these items : 

• DIRECTIONAL COUPLERS 
10-1000MHz 
11dB, 19dB ±0.5dB 

coupling 
20dB minimum directivity 
1.5dB maximum loss 
Type N, SMA, BNC, TNC 

connectors 

• POWER DIVIDERS 
10 1000MHz 
2 way, 4-way splits 
30dB mimimum isolation 
0.6dB maximum loss (over 

split loss) 
Type BNC, N, SMA 

connectors 

• 50-75 OHM IMPEDANCE 
TRANSFORMERS 
2-200MHZ 
0.3dB maximum loss 
1.3:1 Max VSWR 
Type BNC. N, SMA 

connectors 

Standard models available from 
Distributor Stock 

and unique technique for making uniform 
thinner walls of the inner glass tube. 
Ranges of up to 250 pF are offered in 20 
different standard units. All have 
Voltronics’ non-rotating piston design 
which provides linear tubing with no 
reversals. All are “O” ring sealed to 
withstand 40 p.s.i. pressure tests. Extend¬ 
ed plastic or metal shafts are available as 
are insulated bushings and different leads 
or pins. Many of these capacitors can be 
made as non-magnetic parts for NMR and 
magnetometer applications. Voltronics 
Corporation, East Hanover, NJ 07936, 
INFO/CARD #118. 

Microwave Dielectric 
Duplexers and Filters 

Miniaturized microwave dielectric 
duplexers are now available from the 
Electronic Components Division of 
Panasonic Industrial Company. 
Designated as Series "EZE-H,” the 
duplexers are intended for applications in 
the 800 MHz band. These include land 
mobile radio telephone systems, 
microwave communication radar and 
telemetry, corresponding test and 
measurement equipment. Designed 
around a ceramic coaxial resonator, the 
duplexers offer low insertion loss (1.3 to 
2.5 dB); small size and light weight; ex¬ 
cellent temperature stability; and high 

resistance to shock and vibration, per 
MIL-STD-202. Other specifications in¬ 
clude: center frequency 835 to 880 MHz; 
20-MHz bandwidth; VSWR of 1.5; at¬ 
tenuation around 25 dB at f0±35 MHz; 
CW power rating of 10 W; and 50-ohm 
nominal impedance. Units meeting 
custom specifications can be ordered. 
Deliveries are 12-14 weeks. In production 
quantities, prices range between $40 and 
$60, depending on the duplexer type. 
Panasonic, Secaucus, NJ 07094, 
INFO/CARD #117. 

40 Meter Hy-Gain Antenna 
Telex/Hy-Gain introduced a new 40-

meter antenna series named 
DISCOVERER. The company stated the 
antennas were developed for high perfor¬ 
mance operation on 40 meters, because 
declining sunspot activity is impacting the 
efficiency of the 10-20 meter bands. The 
new series consists of several configura¬ 
tions. The Discoverer 7-1 is a 45-foot 

AMPLIFIERS, 5MHz-1 GHz 
MIL-STD-883B Screening 

Shipped From Stock 

AYUIN 
VECTOR o.v 

Cascaded 
Assemblies 

Competitively Priced 

For Your RF Product Needs Contact: 

iÍMERICAN 
MICROWAVE CORP . 

6835 Olney-Laytonsville Road 
Gaithersburg, Maryland 20879 

(301)948-6800 

Series 
Freq 
Range 
(MHz) 

Typ. 
Gain 
(dB) 

Noise 
Figure 
Range 
(dBm) 

^^wer 
Output 
Range 
(dBm) 

VSWR Input 
Power Package 

Style In Out 
Vdc Ima 

GA 
Single-
Stage 

kHz-400 13 4.5-6.0 5-15 2.0 2.0 + 15 
typ. 

17-70 
(range) 

TO- 12 

MHT 
Single-or 

Multi-Stage 
5-1 000 14 2.5-7.0 -2 to 

+23 
2.0 2.0 + 15 

typ. 
10-105 
(range) 

TO-8 

GHT 
Single-or 

Multi-Stage 
5-400 13 4.0-7 .0 5-15 2.0 2.0 + 15 

typ. 
17-70 
(range) 

TO-8 

MHD 
Multi-
Stage 

1-500 21 2.5-6.5 5-20 1.6 
(typ) 

1.6 
(typ) 

+ 15 
typ. 

50-115 
(range) 

4-pin 
DIP 

Aydin /A Vector 
P.O. Box 328, Newtown, PA 18940 • TEL 215-968-4271 TWX 510-667-2320 
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(13.7m) rotatable dipole which can be 
added to many existing beam antenna in¬ 
stallations. The dipole can be tuned to 
either 30 or 40 meters. Another version 
is the Discoverer 7-2, a two-element beam 
with a wind load of only 6 square feet 
(.56m2) and requiring only a 25-foot 
(7.6m) turning radius. In addition to high 
forward gain and front-to-back ratio, the 
Discoverer 7-2 maintains a broadband 
width in excess of 190 kHz below 2:1 
SWR. The Discoverer 7-2 can be further 
enhanced with the addition of a Director 
Kit, thereby creating a three-element 
beam. This almost doubles the front-to-
back ratio and forward gain which almost 
doubles the E.R.P. over the two-element 
version. All this fits on a boom of only 35 
feet (10.7m). The relatively compact ar¬ 
ray does not require a heavy-duty tower, 
but can be safely installed on a less ex¬ 
pensive medium-duty tower such as the 
Hy-Gain HG52SS. The manufacturer 
states that a low voltage feedpoint 
eliminates insulator failure and assures 
that the antenna can be safely handle 
twice the new legal power limit. SWR is 
1.5:1 or less at resonance. The rugged, 
maintenance-free antenna is easily 
assembled from taper swaged aluminum 
tubing, preformed stainless steel com¬ 
pression clamps and hardware. The sug¬ 
gested list price for the Discoverer 7-1 is 

$195.00. The Discoverer 7-2 and the 
Director Kit are listed at $435.00 and 
$272.00 respectively. Telex Com¬ 
munications, Inc., Minneapolis, MN 
55420, please circle INFO/CARD #116. 

Isolation Amplifier 
The Anzac Division of Adams-Russell 

Company announces a new high perfor¬ 
mance 20-500 MHz Isolation Amplifier. 
Model AM-157 provides 12.5 dB gain over 
its full frequency range. Superior perfor¬ 
mance characteristics exhibited by the 
AM-157 include an extremely flat typical 
third order intercept point of +42 dBm, 
high reverse isolation of 35 dB (typical), 
low VSWR of 1.2:1 , low noise figure per¬ 
formance of 2.5 dB and a high 1 dB com-

Quiet as a mouse 

because IPC current monitors read 
fast-pulsed currents (nsec-millisec) in 
physical isolation from the beam or 
conductor, eliminating ground loops 
and interference noise. 

Thirteen in-stock models. BNC 
standard. Sensitivities: 1V/A to .01V/A. 
Specials on request. 

For further information write 
or call: Ion Physics Company, 
EC. Box 416, Burlington, Mass. 
01803. Tel. 617-272-2800. 

MM ION PHYSICS 
pPlj] COMPANY 
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HP’s Small Wonders 
Now! Measure peak 
power conveniently. 

HP’s direct-reading peak power meters eliminate 
computation errors commonly made with "average" 
power/duty cycle. HP’s 8900C (analog) and HP8900D 
(digital) meters use the HP84811A detachable 
power sensor and can also measure peak power 
of irregular pulses. 

• 100 MHz to 18 GHz 
• 0 to +20 dBm (1 to 100 mw) 
• DIRECT reading, Igs to CW, 100 Hz to 100 kHz 
• COMPARE mode measures down to 100 ns pulses 
• UP to 60 dB correction for external signal couplers 

Prices: HP8900C.S1950; HP8900D.S2450; 
HP84811A, $750. For more information, call your 
nearby HP sales office. Or write Hewlett-Packard 
Co., 1820 Embarcadero Road, Palo Alto, CA 94303. 

0401 206C Domestic U.S. prices only. 

HEWLETT 
PACKARD 
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pression point of +24 dBm. Further, these 
amplifiers are hermetically sealed, 
screenable to MIL-STD-883B and operate 
over the full MIL Spec temperature range 
of -55°C to +85°C. Prices start at $1 10.00 
each in 1-5 quantities and delivery is 
stock. Anzac Division of Adams-
Russell, Burlington, MA 01803, 
INFO/CARD #115. 

versatility in voltage, capacitance and 
size. Spectrum Control, Inc., Erie, PA, 
INFO/CARD #140. 

EMI Absorber 
Chromerics Shielding Technology an¬ 

nounces the availability of CHO-SORB™ 
EMI absorbers. CHO-SORBs reduce 
radiated EMI for compliance with FCC 

Connector Pin Filters 
and Capacitors 

EMI/RFI filters and capacitors for con¬ 
nector pins are most effective in sup¬ 
pressing high frequency interference in 
the 30 MHz to 10 GHz range. A unique, 
proprietary technology results in either a 
multi-layer or imbedded inner electrode 

ceramic construction that is impervious 
to moisture and contamination. These 
true monolithic structures have dimen¬ 
sional constancy and excellent reliability 
and feature a light weight with high 
mechanical and dielectric strength. These 
tubular products have complete design 

and VDE emission limits, while reducing 
susceptibility to ESD. Unlike cable 
shields, CHO-SORBS do not require 
grounding and will not affect the data 
being transmitted as filters or filter pin 
connectors often do. This development in 
EMI absorbers is made of a sleeve of 
specially formulated ceramic material pro¬ 
viding a minimum of 8 dB of EMI attenua¬ 
tion on data and power cables in the 
15-500 MHz frequency range. CHO-
SORBs are available in two standard 
sizes, one for cables up to ’A” in 
diameter, and one for cable diameters up 
to V2”. Additional attenuation can be ob¬ 

tained by passing the cables through the 
CHO-SORB twice, or by adding a second 
absorber. Chomerics Shielding 
Technology, Inc., Woburn, MA 01888, 
INFO/CARD #139. 

EMI/RFI Shields For D 
Subminiature Connectors 

Eldon Group America has announced 
a new line of plated steel shields for D 
subminiature connectors that provide ef¬ 
fective EMI/RFI shielding and high 
mechanical strength at low cost. Top and 
side entry versions are available to fit all 
sizes from 9 to 50 pins. The two-piece 
shields are fast and easy to assemble, 
and can be opened for field service 
without disturbing the cable braid. The 
cable braid is terminated by crimping to 
provide mechanical strain relief and con¬ 
tinuous, unbroken shielding without 
solder or pigtails. Air operated tooling is 

available for production, and hand tool¬ 
ing is available for prototypes and field 
service. Custom ferrule diameters can be 
supplied to precisely match the user’s 
cable diameter. Decorative molded plas-

HYBRID SOURCES PICOSECOND 
PULSE LABS IMPULSE 

GENERATORS 

Model VSC & VSU 
• 1-750 MHz 
• 35 mA @ +15-32V 
• 2.22" X 1.3" X 0.5" 

Model USC & USU 
• 750 MHz ■ 4 GHz 
• 150 mA @ + 15-32V 
• 2 22" X 1.3" X 0.8” 

Stability: 
VSC & USC: +.0005% +10 C to +45 C 
VSU & USU: ± 003% -25 C to +85 C 

RF Power Output: +1 0 dbm min. Harmonics: > -50 dbc 

Delivery: 45-60 days 

Wi manco 
MANUFACTURERS OF MICROWAVE PRODUCTS 

1 9529 Business Center Drive. Northridge. CA 91 324 
(818) 993-1662 
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Model 
& Option 
3500A 
1500B, 2 
1500B, 1 
1500B, 3 

Amplitude 
& Duration 
4V, 60ps 
20V, 260ps 
40V, 400ps 
40V, Ins 

Spectrum 
Amplitude 
54 dB(jV/MHz 
80 dB^V/MHz 
90 dBMV/MHz 
98 dB^V/MHz 

Useful 
Spectrum 
10 GHz 
2.3 GHz 
1.5 GHz 
600 MHz 

Model 1500B, opt. 1 0 to 1000 MHz 
Other products include: 

Broadband Coaxial Components 
For details contact: Jim Andrews (303) 443-1249 
PICOSECOND PULSE LABS, P.O. BOX 44, 

BOULDER, COLORADO 80306, USA 

FRANCE 
GERMANY: 
ENGLAND: 

JAPAN: 

ARMEXEL 
ORIEL Gmbh 
ORIEL SCIENTIFIC 

HI-TECHNOLOGY 
TRADING 

Nantes 
Darmstadt 
Kingston-Upon-
Thames 
Tokyo 

(40) 89.31.12 
06151/82076 
01-549-4525 

(03) 871-2141 
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tic Shells in black are available from stock, 
and can be supplied in custom colors. 
Delivery is stock to two weeks for stan¬ 
dard products, six weeks for custom pro¬ 
ducts. Price of a top entry 25 pin shield, 
part number DTK 25, is $1.10 each in 
1000 quantities. Eldon Group America 
Inc., Elmsford, NY 10523, please circle 
INFO/CARD #137. 

Six-Way Power 
Dividers/Combiners 
Engelmann Division has introduced 

two new six-way Power Dividers/Com¬ 
biners. The PSK-612 operates between 
1 MHz and 100 MHz and features an 
Amplitude Balance of ±0.1 dB with a 
Phase Balance of ±2° maximum. Inser¬ 
tion loss is held to 0.6 dB maximum. Isola¬ 
tion of 30 dB minimum and VSWR is 1.3:1 
maximum. The PSK-613 operates be¬ 

available from Amplifier Research is an 
Elgal chamber designed to test the 
screening capability of shielding and 
other materials when exposed to high-
intensity RF fields. Amplifier Research, 
Souderton, PA 18964-9990, 
INFO/CARD #113. 

HF/MF Receiver 
Marconi Instruments announces the 

Eddystone Radio’s 1650 Receiver, which 
provides the professional user with an 
equipment which is sophisticated, simple 
to operate and reasonably priced. Its 
many operational features, made possi¬ 
ble by a built-in microcomputer, can be 

tough flatpack 

power 
splitters 

tween 10 MHz and 500 MHz with an 
Amplitude Balance of ±0.3 dB and Phase 
Balance of ±5° maximum. Isolation is at 
least 24 dB, VSWR is no greater than 
1.4:1 and the Insertion Loss is 1.7 dB 
maximum. These products are available 
with either SMA, TNC, and BNC connec¬ 
tors. KDI Electronics, Inc., Whippany, 
NJ 07981, INFO/CARD #114. 

EMP Simulation and 
RFI Materials Testing 
Two new product lines for EMP simula¬ 

tion and RFI materials testing have been 
added by Amplifier Research, Souderton, 
PA. The new products are the result of 
a recent sales agreement between 
Amplifier Research and Elgal Electronics, 
an arm of the Israeli ministry of Defense. 
The agreement makes Amplifier Re¬ 
search exclusive USA distributor of Elgal 
products. Elgal simulators are unique 
because they are designed for EMP-
testing of compact electronic equipment 
such as radios, telephones, portions of 
larger systems, and equipment often car¬ 
ried by personnel. These test items are 
much smaller than the units usually 
associated with EMP testing with large 
$2-4 million systems, units such as air¬ 
craft, tanks, and similar large military 
equipment. Because of smaller test-item 
size, voltage generation requirements are 
lower, as is the cost of Elgal equipment 
relative to that of the larger systems. Also 

r.f. design 

called up by a single keying action. It 
covers the frequency range 10 kHz to 30 
MHz in synthesized, 5 kHz steps, and is 
suitable for AMSSB and CW operation, 
though other modes can also be accom¬ 
modated. On each receiver, seven dif¬ 
ferent bandwidths can be made available, 
of which one can be for marine use. The 
store can handle up to 100 frequencies 
and their associated control settings in 
numbered channels. These settings can 
be made without interrupting reception. 
Stored channels can be scanned or two 
adjacent channels can be set at adjust¬ 
able rates. Remote control is possible, 
and the store can be programmed by 
sources such as bar-code readers or 
mimic receiver control units. Model 1650 
priced at $6,500. Available within 45 days. 
Marconi Instruments, Northvale, NJ 
07647, INFO/CARD #112. 

Microwave Chips 
for Military Market 
AVX Corporation has entered the 

microwave chip market with a new line of 
single-layer ceramic (SLC) and multilayer 
ceramic (MLC) capacitor chips suited to 
military and telecommunications applica¬ 
tions. The two types of capacitors — the 
SLC Pathguard™ and the various MLC 
chips — are designed for the demanding 
military environments experienced in RF 
microwave circuitry. “AVX has long been 
the world leader in military MLCs, with a 
commitment to excellence in supporting 
defense programs. The current market 
entry underscores their dedication to pro¬ 
viding the highest quality SLCs for these 
markets as well,” said John Tinkler, pro¬ 
duct manager for the new chips. “The 
new products have applications in low-
noise amplifiers, GaAs FET amplifiers, 
voltage-controlled oscillators, and other 

10 to 500 MHz 
only $1595 (5-24) 

INSTOCK. . IMMEDIATE DELIVERY 

• rugged construction 
larger diam. leads, 25 mils, 
stronger glass seals, extra fill, 
hermetic to MIL-Standard 202 

• MIL- P-23971 performance* 

• low insertion loss 0.6 dB 

• hi isolation, 25 dB 

• one-year guarantee 
'Units are not OPL listed 

LPS-109 SPECIFICATIONS 

FREQUENCY RANGE. (MHz) 10 500 

INSERTION LOSS, dB 
(above 3 dB) 

10-250 MHz 0.6 
250 500 MHz 0.8 

ISOLATION. dB 25 dB 

AMPLITUDE UNBAL 0 3 dB 

PHASE UNBAL 2° 

IMPEDANCE 50 ohms 

Call or write for 64 page 
RF Designers Guide or refer to EEM, 
EBG, Gold Book, Microwaves & RF Directories. 

finding new ways... 

setting higher standards 

£□ Mini-Circuits 
A Division of Scientific Components Corporation 

World s largest manufacturer of Double Balanced Mixers 

P0 Box 166. Bklyn. N.Y. 11235 (212) 934-4500 
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2-way 90° 

splitters 

1.4 to 450 MHz 
from S1295 (5-49) 

IN STOCK. . .IMMEDIATE DELIVERY 

• over 50 models available 

• octave and narrow-band designs 

• quadrature performance 
tightly controlled 

• hermetically sealed 

• MIL-P-23971 performance* 
• one-year guarantee 

‘Units are not QPL listed 

2-WAY 90° SPECIFICATIONS 

• isolation 22 dB typ. 

• avg. insertion loss 0.4 dB typ. 

• 90° phase deviation <2 deg. typ 

• amplitude unbalance ■ 1.2 dB typ 

Freq. Range Price 
MODEL_ MHz_ $Ea. 

PSCQ 2-1.5 1.4 -1.7 12.95 
PSCQ-2-3.4 3.0 -3.8 16.95 
PSCQ-2-6 4 5.8 -7.0 12.95 
PSCQ-2-7.5 7.0 -8.0 12 95 
PSCQ-2-10.5 9.0-11.0 12.95 
PSCQ-2-13 12-14 12.95 
PSCQ2-14 12-16 16.95 
PSCQ-2-21 4 20-23 12.95 
PSCQ-2-50 25-50 19.95 
PSCQ-2-70 40-70 19.95 
PSCQ-2-90 55-90 19.95 
PSCQ 2-120 80-120 19.95 
PSCQ-2 180 120-180 1995 
PSCQ-2-250 150-250 19 95 
PSCQ-2-400 250-400 19 95 
PSCQ-2-450 350-450 19 95 

Call or write for 64-page 
RF Designers Guide or refer- to EEM. 
EBG, Gold Book, Microwaves & RF Directories 

finding new ways... 

setting higher standards 

C3 Mini-Circuits 
A Division of Scientific Components Corporation 

World s largest manufacturer of Double Balanced Mixers 

P0. Box 166, B klyn, N.Y. 11235 (212) 934-4500 

electronic warfare/electronic counter¬ 
measures devices and components.” 
The Pathguard SLC chip uses sputtered 
electrodes with gold metallizations and a 
leach-proof intermediate layer. The 
dielectric is fine-grained high-density 
ceramic with a choice of NPO, PO9O, 
X7R, or X7V temperature characteristics. 
Depending on the SLC capacitance re¬ 
quired, varying Pathguard sizes are 
available, ranging from nominal measure¬ 
ments of 0.015” X 0.015” X 0.006” to 
0.090” X 0.090” X 0.010”. Capacitance 
ranges from 0.5 pF to 2700 pF, with 
tolerances of ±0.1 pF to ±20 percent. The 
working voltage rating is a minimum of 
50WVdc. Delivery time on the Pathguard 
chips ranges from four to six weeks. The 
new MLC chips use a fine grained, high 
density porcelain dielectric impervious to 
moisture, with heavy internal palladium 
electrodes. End terminations may be 
palladium/silver, an intermediate barrier 
layer with Sn62, or pure gold over an in¬ 
termediate barrier layer. NPO and PO9O 
temperature configuartions are available. 
Capacitance ranges from 0.3 pF to 
WOOpF, and the chips come in several 
sizes. Tolerance is ±0.1 pF to ±20 per¬ 
cent. Operating temperatures range from 
-55°C to +125°C. Delivery time on the 
microwave MLC chips is eight to ten 
weeks. The Pathguard and the new MLC 
are the first major microwave chips of 
their type offered by AVX to the military 
and telecommunications markets, and 
are expected to be widely used in these 
demanding applications. AVX Corpora¬ 
tion, Myrtle Beach, SC 29577, 
INFO/CARD #111. 

Low Temperature Sealant 
for RF and MW Packages 
Kyocera International Inc. introduces a 

new low temperature sealant (LTS) 
designed specifically for RF and 
microwave packages. This sealant is sup¬ 
plied precoated to ceramic lids and 
eliminates the need to handle separate 
preforms. The material, NCO-125RF, can 
be sealed in 15 minutes using a clamp at 
175°C and has a shelf life of one year 
when stored at 0°C. Cup-shaped stan-

NCO-150, NCO-150S, NCO-200 and 
NCO-200S. These are used in hybrid 
packages, chip carriers and other IC 
packages. Kyocera International, Inc., 
Substrates Division, San Diego, CA 
92123, INFO/CARD #109. 

Small Encoder 
Communications Specialists of 

Orange, California recently announced 
what is now the industry’s smallest 
CTCSS encoder. The SS-32HB measure 
only .5 X 1.0 X .15 inches and will fit into 
any portable requiring send only CTCSS. 

The unit may be programmed to any of 
the 32 standard sub-audible tone frequen¬ 
cies by bridging solder pads on the board. 
Price is $29.95. Communications 
Specialists, Inc., Orange, CA 92665, 
INFO/CARD #110. 

DC to 1 GHz Toggle 
Switch Attenuator 
The TX Series of miniature toggle 

switch attenuators has been introduced 
by Alan Industries, Inc. These precision 
products have 100,000 life cycle silver 
contact switches for long life and reliabili¬ 
ty. Their size and light weight are ideal 
for panel mounting or in-line applications. 
Three TX attenuation ranges are avail¬ 
able; 0-42 dB, 0-82.5 dB and 0-102 dB. 
The physical size of the 0-42 dB model 
is 1.062” X 1.062” X 4.249” while the 
higher attenuation models measure 
1.062” X 1.062” X 6.249”. All operate 
over the full frequency range of DC to 1 
GHz. VSWR is 1.2 at DC-500 MHz and 
1.4 at 500 MHz to 1 GHz. Impedance is 
50 Ohms and power average is 1 watt. 
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BNC, N, SMA or TNG connectors may be 
selected. The TX Series is priced from 
$200 to $245. Alan Industries, Inc., Col¬ 
umbus, Indiana 47202, please circle 
INFO/CARD #108. 

Amplifier Modules 
A new series of low noise and linear 

amplifier modules has just been intro¬ 
duced by WI-COMM Electronics Inc. 
These wideband amplifiers cover the 
MF/HF marine, VHF/UHF mobile and cel¬ 
lular radio bands. They can be used to im¬ 
prove the system sensitivity at sites with 
low ambient noise level, are suitable for 
intermodulation and noise figure test set 
ups or can be purchased together with a 
WI-COMM power divider to make up own 
receiver multicoupler. The noise figure 
ranges from a low of 3.5 dB for low noise 
units to 7 dB for feedforward amplifiers. 
The output is typically 60 dBm. The 
modules are supllied with BNC female 
connectors and a DC terminal for power¬ 
ing from a 12.5VDC or 28 VDC source. 
WI-COMM Electronics Inc., Ottawa, On¬ 
tario KIG 3H8, INFO/CARD #107. 

Log Amplifier 
The model CLA3-200/50A log amplifier 

and the CLA series of log amplifiers in¬ 
corporate a discrete hybrid technique to 
provide a low priced, small packaged 

amplifier. Input dynamic range is select¬ 
able at the factory from 30 to 80 dB. The 
CLA series covers the frequency range 
from 30 MHz to 1.2 GHz. Log Tech, Inc., 
Newbury Park, CA 91320, please circle 
INFO/CARD #105. 

Waveguide Switch 
Model 1176, single pole, double throw, 

WR-22 latching type switch is one of a 
series of catalog MILSTAR waveguide 
components spanning 43.4 to 45.6 GHz. 
Because of the low VSWR (1.2:1 max¬ 
imum all thru ports, 1.2:1 maximum dur¬ 
ing switching) the lightweight rugged swit¬ 
ches continually operate while switching 
without removal of RF power. Normally 
the RF power has to be removed while 
switching, because of the danger of 
signal reflections causing damage or 
burnout to the power source. This unique 

»THE FIELD 
REPLACEABLE 
CONNECTION 
FOR HERMETICALLY SEALED NIC’S 
• 16 quality models for 
sealed, modular MIC use. 
• In 2 or 4 hole mounts • Any 
quantity, any size run. 
• Accepts leads from .011 to 
.021”. • Designs available 
for special bead sizes. 
• Freq Range: DC to 18GHz/18 
to 24GHz. • VSWR (Max): 
1.05 + .005 fGHz/1.05 + 
.OlOfGHz. • Insert ion Loss 
(Max): ,03dB x VfGHz. 

highest figure-of-merit 

phase 
detectors 

Ito 100 MHz 
onlySlS95

IN STOCK. . .IMMEDIATE DELIVERY 

• highest figure-of-merit, 129: 
(DC output, mV/RF power, dBm) 
1000 mV typ. output, with +7 dBm 
input at L,R ports 

• very low DC offset only 0.2 mV typ. 
• hermetically sealed 
to MIL-STD 202 

• MIL-M-28837 performance* 
• miniature size, 
only 0.2x0.5x0.25 in. 

• one-year guarantee 
‘Units are not QPL listed 

MPD-1 SPECIFICATIONS 

FREQUENCYRANGE 
L and R ports 
Output ports 

SCALE FACTOR 
IMPEDANCE 

L and R ports 
I port 

L AND R SIGNAL LEVELS 
ISOLATION. L-R 
MAXIMUM DC OUTPUT, mV 
DC OUTPUT POLARITY 
DC OUTPUT OFFSET 

1-100 MHz 
DC-60 MHz 

8 mV/Degree 

50 ohms 
500 ohms 

+7 dBm 

40 dB min. 

1000 mV typ. 

Negative 

0.2 mV typ. 

Flanged SMA 
Plugs & Jacks 

with 5OQ 

• Captivation (Center): 6lb. 
min. Axial force. ** 

Write tor details and specs. 

APPLIED ENGINEERING PRODUCTS 
1475 Whalley Ave., P.O. Box A D, Amity Station, New Haven, CT 06525 
(203) 387-5282 TWX 710 465 1173 

Call or write for 64-page 
RF Designers Guide, or see guide in EEM, 
EBG, Gold Book or Microwaves Directory 
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low 
„ distortion 

mixers 
hl level (+17 dBm LO) 

5 to 1000 MHz 
only $31 95 (524) 

INSTOCK. .. IMMEDIATE DELIVERY 

• micro-miniature, pc area only 
0.5x0.23 inches 

• RF input up to + 14dBm 
• guaranteed 2 tone, 3rd order 
intermod 55 dB down 
at each RF tone OdBm 

• flat-pack or plug-in mounting 
• low conversion loss, 6.2dB 
• hi isolation, 40 dB 
• MIL-M-28837/1A performance* 
• one year guarantee 

‘Units are not QPL listed 

feature is not normally found in off-the-
shelf catalog units. Insertion loss is 0.2 
dB maximum and isolation is 25 dB mini¬ 
mum. The switch handles up to 350 watts 
CW. For low insertion loss the housing is 
made of precision machined copper and 
the switching element is mounted on ball 
bearings ensuring rapid reliable switch¬ 
ing action and long life. Driver voltage is 
28 VDC and acutating current is 2.5 amps 
maximum. Switching time is 50ms max¬ 
imum with an operating temperature of 
0°C to +65°C. Availability is stock to 20 
weeks. Waveline Inc., West Caldwell, 
NJ 07006, INFO/CARD #104. 

X-Band Synthesized 
Signal Generator 

Polarad’s new model 308 Synthesized 
Signal Generator has been developed for 
radar, satellite and microwave link test 
and measurement applications. Dedi¬ 
cated for operation from 7 to 12.4 GHz 
with 1 kHz resolution, >85 dBc phase 
noise, >45 dBc harmonics, >60 dBc 
spurious, built-in AM/FM modulation fac¬ 
ilities and continuous, uninterrupted cal¬ 
ibrated solid state output level control 
from +10 to -127 dBm makes the 308 
ideal for intermodulation, sensitivity and 
other receiver measurements. Built-in 
high speed pulse capability with <10 
nsec, transition times and >80 dB on/off 

ratio enhances radar systems measure¬ 
ments. Sweepable too! Enables quick 
broadband characterization of systems 
and components. All this and more con¬ 
trolled conveniently by the front panel or 
IEEE-488 bus. Polorad Electronics, 
Lake Success, NY 11042, please circle 
INFO/CARD #103. 

Switching Matrix Provides 
Semiconductor Testing 
The new HP 4085M switching matrix 

from Hewlett-Packard Company is a ded¬ 
icated subsystem created for use with the 
HP 4145A semiconductor-parameter 
analyzer. Designed to minimize noise and 
current leakage, this new switching 
matrix can make high-sensitivity 
measurements of 1 picoampere and 1 
millivolt at each of up to 48 pins of a DUT 
(device under test) in wafer or packaged 

EMI PROBLEMS? 
Let Eagle Magnetic CURE your 
magnetic shielding problems! 

TFM-2H SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
LO, RF 5-1000 
IF DC-1000 
CONVERSION LOSS, dB TYP. MAX 
One octave from band edge 6.2 7.0 
Total range 7.0 10.0 
ISOLATION, dB TYP MIN 
Low Range LO-RF 50 45 

LO-IF 45 40 
Mid Range LO-RF 

LO-IF 
Upper Range LO-RF 

LO-IF 

40 30 
35 25 
30 20 
25 17 

SIGNAL 1 dB Compression level +14 dBm min 
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EPSCO 
form. This high-sensitivity measurement 
capability is critical in the semiconductor 
industry, especially in high-density VLSI 
products. The HP 4085M switching matrix 
is $34,109, with eight weeks estimated 
delivery ARO. The HP 4145A semicon-
ductor-paramter analyzer is $17,500, and 
delivery is aproximately nine weeks ARO. 
Hewlett-Packard Company, Palo Alto, 
CA 94393, INFO/CARD #101. 

Rackmount 1 GHz Oscilloscope 
Tektronix, Inc.’s Instruments Group an¬ 

nounced a rackmount version of its 
popular 7104 1-GHz real-time oscillo¬ 
scope. Designated the R7103, this com¬ 
pact new unit offers the high-performance 
capabilities of the 7104 into application 
areas that place a premium on instru¬ 
ments rack space. The R7103 is a seven¬ 
inch-high rackmount version of the 7104. 

The only performance difference is three, 
rather than four, plug-in compartments. 
Delayed sweep capability is provided with 
the Tektronix 7B92A Dual Time Base, 
and full Electro Magnetic Compatibility 
capability (an option on the 7104) is stan¬ 
dard. The R7103 is priced at $22,250 
(without plug-ins). Product availability is 
September, 1984. Tektronix, Inc., 
Beaverton, Oregon 97077, please cir¬ 
cle INFO/CARD #102. 

Mobile Amplifier/Charger 
Trilectic Inc. announces an additional 

model of its third generation of Mobile 
Amplifier/Charger (MAC III) for use with 
the ICOM Portable Radios. The MAC III 
mounts in a vehicle and provides ICOM 
Portable with the capabilities of a mobile 
and the convenience of a portable with 
a self-contained package which includes 

250W 
CW SIGNAL 
SOURCE 

1-500 MHz RF Switch 

Model A64 is an ultra wide band PIN diode 
solid state switch for transfering both low and 
high level signals with negligible distortion, 
high isolation, and minimum loss. 

• 1-900 MHz 
RF Instruments 

• RF Amplifier 
• RF Comparator 

Available 

• Impedance Transformer 
• Impedance Bridges 
• Precision Termination 
• Rf Analyzer 

50 or 75 ohms 

The EP250C is a versatile, 
self-contained, CW generator. 
One of many EPSCO high 
power signal sources, both CW 
(as high as 500W) and pulsed 
(as high as 100KW). For years, 
these quality instruments have 
been performing reliably in such 
applications as Metrology, EMC, 
Medical Research, Plasma 
Research, Component Testing, 
and Simulation. 

The EP250C features: 
• 50-2000 MHz tuning range 
• Solid State mainframe 
• Wide range power adjustment 
• Digital readout forward and 
reflected power 

• Plug-in RF heads 
• Frequency stability 
• Remote control option 

TO MEET YOUR SPECS 
For more information and 
discussion of your high power 
amplifier needs, give us a call 
today. 

Wide Band Engineering Co., Inc. 
P.O. Box 21652 1838 East University Drive 

Phoenix. Arizona 85036 Phone (602) 254-1 570 

INFO/CARD 81 

411 Providence Highway 
Westwood, MA 02090 

(617) 329-1500. 
TWX:(710) 348-0484. 
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frequency 
doublers 

+1 to +15 dBm input 

only $21 95 <5-24) 
AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 

• micro-miniature, 0.5 x 0.23 in. 
pc board area 

• flat pack or plug-in mounting 
• high rejection of 
odd order harmonics, 40 dB 

• low conversion loss, 13 dB 
• hermetically sealed 
• ruggedly constructed 
MIL-M-28837 performance* 
*Units are not QPL listed 

a 5 watt audio amplifier w/speaker, an 
automatic fast/trickle battery charger and 
a RF power amplifier. The ICOM MAC III 
model comes with either a 45 watt VHF 
or 20 watt UHF RF power amplifier. A 
charger model is also available. Trilec-
tric Incorporated, Las Vegas, NV 
89109, INFO/CARD #100. 

Low EMI/RFI AC Power Source 
The Behlman KB Series AC power 

source is designed to help the RF 
engineer contend with EMI/RFI problems 
from the AC power source. This is possi¬ 
ble by the use of advanced linear power 
amplifier designs which inherently do not 
generate EMI/RFI. The KB Series meets 
a variety of RF applications requiring 

power sources are designed for 19” rack 
mounts, have tight line and load regula¬ 
tion, and generate virtually no EMI and 
RFI emmissions. Behlman Engineering 
Corp., Carpinteria, CA 93013, 
INFO/CARD #99. 

1% Tolerance Thick 
Film Chip Resistor 

Dale Electronics has expanded the 
usefulness of its Series CRC Thick Film 
Chip Resistors by adding a 1% tolerance 
for precision applications. The Series 
CRC is available in the internationally 
standardized size of .126” x .063” [3.20 
x 1.60] and is compatible with automatic 
placement equipment. Rated at 1/8 watt 
(70°C) the CRC is available in a 
resistance range from 10Q to 2.2 
megohms in tolerances of 1%, 2%, and 
5% with a TC of ±200 PPM/°C. The new 
1% model is available with a TC of 100 
PPM/°C from 20Q to 300Q. In addition, 

SK-2 SPECIFICATIONS 

FREQUENCY RANGE. (MHz) 
INPUT 1-500 
OUTPUT 2-1000 
CONVERSION LOSS. dB TYP. 
1-100MHZ 13 

100-300 MHz 13.5 
300-500 MHz 14.0 
Spurious Harmonie Output, dB TYP. 
2-200 MHz F1 -40 

F3 -50 
200-600 MHz F1 -25 

F3 -40 
600-1000 MHz F1 -20 

F3 -30 

MAX. 
15 
15.5 
165 
MIN. 
-30 
-40 
-20 
-30 
-15 
-25 

a zero ohm jumper (0.05Q max) is also 
available. Series CRC chip resistors are 
provided with wraparound terminations 
and can be flow soldered. Dale Elec¬ 
tronics, Inc., Norfolk, NE 68701, 
INFO/CARD #98. 

For complete specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM 
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stand-alone or computer controlled AC 
power. Each model features a microcom¬ 
puter control and measurement system 
that provides independent verification of 
operating output voltage, frequencies, 
currents and phase relationships, rather 
than just programmed values. On com¬ 
mand the measurements are reported on 
a front panel flourescent display and/or 
a variety of host interfaces such as IEEE 
488, RS232 and others. Programming is 
accomplished by the front panel keyboard 
or a host computer. Power configurations 
range from 100VA to 54KVA with less 
than 1% total harmonic distortion in 
single and multi-phase models. Frequen¬ 
cy configurations range from 45 to 10,000 
Hz with .01 % accuracy. All KB Series AC 

“I have one leg, 
but that doesn't stop 
me from being a 
ski instructor. ” 

President's Committee on 
Employment of the Handicapped 

Washington, D.C. 20210 

"Mg handicap kept me 
from sharing sports 
ici th mg children 

so we share music." 
President's Committee on 

Employment of the Handicapped 
Washington, D.C. 20210 
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New Literature 

Product and Capabilities Catalog 
Rantec Anechoic/EMI Systems division of Emerson Electric 

Co., has announced the availability of a new 28-page product 
catalog that includes facilities and capabilities information on 
RF Anechoic and EMI/RFI shielded enclosure systems. 
Capabilities depicted include Anechoic chamber, shielded 
rooms, modular RF/EMI structures for high security data pro¬ 
cessing rooms and controlled testing environments. Products 
include a complete line of Anechoic chamber absorbant material 
and accessories that include microwave absorbers, telescop¬ 
ing fire sprinkler assemblies, RF shielded doors, penetrations 
for piping, cabling, waveguides, waveguide vents, shielded 
downlight fixtures and fire-retardant RF absorbing material. 
Rantec Anechoic/EMI Systems, Canoga Park, CA 91304, 
Please circle INFO/CARD #97. 

Filter Connectors Suppress EMI/RFI Emissions 
A four-page folder from Souriau Inc. describes the company’s 

new line of D*J D-subminiature filter connectors. They are 
designed to suppress spurious radiated and/or conducted 
EMI/RFI emissions. The D*J line is derived from MIL-C-24308 
and is interchangeable and intermateable with all connectors 
based on this specification. The brochure presents performance 
curves for Pi- and C-type filter networks, electrical characteristics, 
attenuation levels over the range 0.3 MHz to 1 GHz plus full 
ordering information. Souriau Inc., Valencia, CA 91355, please 
circle INFO/CARD #96. 

Custom EMI Filters Data Sheet 
Captor Corporation has published a new data sheet — Bulletin 

2843 — detailing ten customer-designed EMI filters which are 
typical of those recently produced by the firm. Each filter is 
shown and described as to application, dimensions and circuitry. 
Captor’s capability to produce and test such complex filter de¬ 
signs is also covered. Captor Corporation, Tipp City, OH 
45371, INFO/CARD #95. 

Shielding Effectiveness Test Report 
Existing and prospective users of shielded cable assemblies 

and interconnect systems will be very interested in an 8-page 
report on shielding effectiveness being offered for the first time 
by Cable Systems & Assembly Co., Inc. (CSA). Entitled “Test 
Report On Shielding Effectiveness/Shielded Cable" the docu¬ 
mented report cites the test objective as measuring shielding 
effectiveness of braided cable and copper foil applied from braid 
to the backshell of a connector assembly. Included in the report 
are Test Procedures, Results, and Conclusions supported by 
a test diagram and five (5) sets of curves indicating 25-30 dB 
of shielding effectiveness between the frequencies of 20-200 
MHz. Cable Systems & Assembly Co., Inc., Everett, MA 
02149, INFO/CARD #94. 

Microwave Signal Generators Data Sheet 
A new 6-page data sheet describes the Wavetek Model 950 

Micro Source series of low-cost microwave signal generators 
covering the 1 to 18 GHz range. This data sheet also provides 

r.f. design 

Check our expanded line of temperature 
compensated crystal oscillators. It includes both 
military and commercial models in frequently 
specified styles — with stock frequencies available 
fast! Here’s a quick look at our lineup, including the 
new hermetically sealed TCXO-30 and TCXO-32 
now in production. 

Model No. TCXO-22 TCXO-24 TCXO-26 TCX0-30 TCXO-32 

Freq. Range 3 MHz to 15 MHz 

Stock Freq. 4, 5, 10 MHz 

Stability 
vs Temp. 
(PPM°C) 

±1. ±5 

(Oto +55°C) 

±1 
(Oto 
+ 70°C) 

±3 
(-40° to 
+85°C) 

±1 
(-40° to 
+85"C) 

Case Style Epoxy Metal with Hermetic Seal 

Contact Dale today for complete price and delivery 
information, plus assistance with custom models. 

Phone 602-967-7874 



A quartz 
resonator 
for UHF 

oscillators 
has 

surfaced... 

Introducing the surface acoustic wave (SAW) reso¬ 
nator. This fundamental-mode UHF resonator is 
manufactured with semiconductor processing tech¬ 
niques using quartz as a substrate. The high-Q reso¬ 
nance of the SAW resonator arises from phased 
reflections across the surface of the device — similar 
mathematically to the resonance of a laser. The 
quartz SAW resonator makes an excellent frequency 
control device for UHF oscillators from 300 to over 
1000 MHz. SAW resonators are used in RF applica¬ 
tions from precision instrumentation to high-volume 
consumer electronics. 

For more information on the characteristics and ap¬ 
plications of the quartz SAW resonator please 
contact: 

RFMonolithlcs, Inc. 
4441 Sigma Road 
Dallas, Texas 75234 
(214) 233-2903 
TWX: 910-860-5474 

complete specifications and some measured performance 
curves for each of the four models. It also describes numerous 
applications for these small, stand-alone instruments. Examples 
of applications include Mixer Testing, Electromagnetic Environ¬ 
ment Simulation, Receiver Sensitivity Testing and Basic 
Microwave Measurements. The Model 950 Series includes the 
following four models: 952 (1-4 GHz), 954 (3.7-7.6 GHz), 955 
(7.5-12.4 GHz) and 957 (12-18 GHz). Each small source 
generates a tunable low noise CW signal with square wave AM, 
FM and sweep —either internally or from an external signal. 
Typical power exceeds +13 dBm for the 952 and +10 dBm over 
most of the band for each of the other three models. RF output 
power is adjustable over a 25 dB or greater range, and external 
leveling is provided through standard lab components. Price: 
950 $5500, 954 $4600, 955 $4600, 957 $4950, Delivery: 30-60 
days. Wavetek, San Diego, CA 92123, INFO/CARD #92. 

Hermetically Sealed Temperature Probes 
Design Catalog 
Midwest Components, Inc. new TUFF SENSOR™ Catalog 

outlines standard probes available, as well as the technical in¬ 
formation necessary for designing a probe to fit your own needs. 
Encapsulated in plastic, these sensors are hermetically sealed 
to protect against moisture and harsh environments. An easy-
to-read table outlines the available plastics and their 
characteristics. The sensing element may be an NTC or PTC 
thermistor for a resistance vs. temperature change or a ther¬ 
mal switch for single set-point sensing. Midwest Components, 
Inc., Muskegon, Ml 49443, INFO/CARD #93. 

Ham Catalog 
A new amateur radio products catalog has been issued by 

Telex/Hy-Gain. The 24-page color catalog gives detailed speci¬ 
fications, SWR curves and ordering information for antennas, 
towers, rotators, as well as headsets and microphones. Where 
applicable, metric information is also given. Telex Communica¬ 
tions, Inc., Minneapolis, MN 55420, INFO/CARD #91. 

Cable/Wire Rope & Fittings Catalog 
Bergen Cable Technologies, Inc. is now offering a new 

20-page, full-line catalog. The catalog introduction contains 
useful information on cable construction, materials and applica¬ 
tions, as well as assembly design parameters. The balance of 
the catalog is divided into six sections covering: miniature 
stainless steel cable and assemblies; Mil Spec cable and 
assemblies; commercial cable/strand; Mil Spec terminals; com¬ 
mercial fittings; push/pull controls. As required, each section pro¬ 
vides product descriptions, photographs or illustrations, 
engineering drawings and charts. General chart information in¬ 
cludes part numbers, construction, diameter, material and break¬ 
ing strength. Bergen Cable Technologies, Inc., Lodi, NJ 
07644, INFO/CARD #90. 

5 MHz OCXO Brochure 
Thomson’s C.E.P.E. Division announces new high stability (0.2 

ppm) over -40 to +70°C OCXO’s in a 1 cubic inch package. 
Brochure describing three basic models: PMTU-515A for 2 x 
10-8 maximum stability over 0 to 50°C; PMTU-515B for 8 x 10-8 

maximum stability over -20°C to +70°C; PMTU-515C for 2 x 
10-7 maximum stability over -40°C to +70°C. Thomson Com¬ 
ponents Corp. C.E.P.E. Division, Rutherford, NJ 07070, 
please circle INFO/CARD #88. 
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Full Line Catalog 
Tucker Electronics Company announces the availability of its 

annual Full Line catalog. This comprehensive guide contains 
over 250 pages of descriptions, specifications and prices on 
more than 4,000 new and expertly reconditioned electronic test 
instruments. All equipment listed in this catalog is for sale, and 
most items are also available for short-term rental. These recon¬ 
ditioned instruments were manufactured by such major equip¬ 
ment suppliers as: Hewlett-Packard, Tektronix, General Radio, 
Narda Microwave, Fluke and Weinschel. For new instruments, 
Tucker Electronics represents Beckman, Keithley, Leader, EM-
CO and Soltec. In addition to equipment sales and rentals, 
Tucker also has extensive repair and calibration facilities. These 
laboratory operations are described in this new catalog, show¬ 
ing their capabilities, service charges and instructions on ob¬ 
taining R & C estimates. Tucker Electronics Company, 
Garland, TX 75046, INFO/CARD #89. 

“Advanced Lithium Battery Technology” Booklet 
Altus Corporation has made available a free booklet illustrating 

the advanced technology of their Lithium Thionyl Chloride bat¬ 
teries in applications ranging from flashlights to microprocessors 
and missiles. Comparisons are given on various lithium batteries, 
as well as standard carbon/zinc, alkaline and mercury cells, in 
commercial, military and electronic markets. In addition to photo¬ 
graphs, charts and graphs, the publication provides detailed in¬ 
formation on such features as cell-construction, the high open¬ 
circuit voltage of 3.6 VDC, 10 year-plus shelf life, safety and abili¬ 
ty to operate in harsh environments that make Altus’ lithium 
power cells the highest energy density batteries commercially 
available. Data is also given on Altus’ unique design alternatives 
in flat-profile, cylindrical, or custom-built models that meet the 
most stringent requirements of all four military services. Altus 
lithium batteries are found in commercial applications such as 
medical, memory backup, industrial controls, communications, 
aviation, and military projects from lasers to missiles — anywhere 
where safe, dependable, and portable, high-current energy out¬ 
put is required. Altus Corporation, San Jose, CA 95112, 
please circle INFO/CARD #87. 

Group Delay Measurement Application Note 
This 9-page Application Note describes how to simply and 

economically measure the group delay in the transmit and re¬ 
ceive chains of the Intelsat V traffic terminals. This measure¬ 
ment system is unique because it does not require any up- or 
down-converters. Although specifically written for the Intelsat 
V application, the measurement techniques described in this Ap¬ 
plication Note can be easily employed for precision group delay 
(time delay) measurements of other types of active and passive 
RF and microwave devices. RANTEC Division, Emerson Elec¬ 
tric Co., Calabasas, CA 91302, INFO/CARD #86. 

Delay Line Catalog 
The availability of its comprehensive, new 24-page catalog of 

precision-quality delay lines, catalog Number 710, has been an¬ 
nounced by Bel Fuse, Inc. A major reference source for the 
design engineer, the new 2-color catalog contains the most com¬ 
plete and current delay line data in the industry. In addition to 
drawings and detailed specifications for the firm's Digital Delay 
Modules and SIP Delay Lines, the new catalog contains several 
other sections which will be useful to the specifying engineer. 
Bel Fuse, Inc., Jersey City, NJ 07302, INFO/CARD #85. 

PRECISION CRYSTAL 
OSCILLATORS 

SERIES 8000 
STANDARD FREQUENCY 5.0 MHz 
AGING RATE _ MODEL ER8001 1 x 10- 9/day 

MODEL ER8003 1 x 10- 1°/day 
MODEL ER8005 5 x 10- 11/day 

PHASE NOISE _ SSB 1 Hz BW at 10 Hz offset 
MODEL ER8001 ... 124 db 
MODEL ER8003 ... 135 db 

INPUT VOLTAGE _12 VDC ± 10% STANDARD 
OUTPUT _ SINE-WAVE 1VRMS INTO 50 

ohm LOAD 
SIZE _ MODEL ER8001 and 

MODEL ER8003 
2” x 2” X 4” H 
MODEL ER8005 
2.25” x 2.25” x 4.25” H 

OPTIONS _ MANY OPTIONS ARE AVAIL¬ 
ABLE TO INTERFACE WITH 
YOUR REQUIREMENTS 

ELECTRONIC RESEARCH COMPANY SERIES 8000 
PRECISION OVENIZED CRYSTAL OSCILLATORS 
ARE THE ULTIMATE CHOICE WHERE PROVEN 
RELIABILITY AND FREQUENCY STABILITY IS RE¬ 
QUIRED. THESE OSCILLATORS ARE IDEAL FOR 
APPLICATIONS WHERE A PRECISION TIME BASE 
IS TO BE MULTIPLIED OR SYNTHESIZED RE¬ 
QUIRING A LOW PHASE NOISE SOURCE. ALL 
ELECTRONIC RESEARCH COMPANY’S OSCIL¬ 
LATORS UTILIZE QUARTZ CRYSTALS MANUFAC¬ 
TURED BY ERC FOR MAXIMUM CONTROL ON 
ALL PARAMETERS TO INSURE PERFORMANCE 
SPECIFICATIONS. IF YOUR APPLICATION RE¬ 
QUIRES SUPERIOR OSCILLATOR PERFORMANCE 
CALL US OR WRITE FOR OUR COMPLIMENTARY 
CATALOGUE. 

For information and prices, send your specifications to: 

FREQUENCY CONTROL PRODUCTS 
electronic research company 

7618 Wedd, Overland Park, Kansas 66204 
TWX:(910) 749-6477 
Telephone: (913) 631-6700 

INFO/CARD 77 



' For remote 
reading of HOLADAY 

ISOTROPIC BROADBAND 
FIELD STRENGTH METERS 

HOLADAY INDUSTRIES, INC. 
General Offices 
14825 Martin Drive 
Eden Prairie, MN 55344 
Telephone: (612) 934-4920 
Telex: 29-0922 

INFO/CARD 78 

HIGH PERFORMANCE 

POWER DIVIDERS 

♦ 
Janel offers a wide variety of standard power 
dividers. The chart below shows a sampling of 
what's available. All feature high guaranteed 
performance and yet are competitively priced. 
Many models are available from stock. 

Model 

PD7724 
PD7725 
PD7726 
PD7852 
PD7905 
PD7848 

Outputs Frequency_ Isolation VSWR 

2 

8 
12 

8 

20-51 2MHz 
20-512 
20-512 
2-512 
2-50 
800-960 

25dB 
25 
25 
25 
30 
25 

1.35 
1.35 
1.35 
1.5 
1.2 
1.35 

In addition to Power Dividers, Janel manufactures a wide range of 
standard Amplifiers and other rf components. Custom designs can be 
provided for unusual applications. For detailed information, call or 
write Janel Laboratories, Inc., 33890 Eastgate Circle, Corvallis, OR 
97333. Telephone (503) 757-1134. 

JANEL LABORATORIES 
INFO/CARD 79 

Flexible Connector Brochure 
A new four-page brochure highlights Air-O-Tronics FLEXCON 

flexible test connectors for continuity, signal and voltage testing 
of telecommunications, computer, aviation and military equip¬ 
ment. With induction soldered joints, these durable NASA-
approved connectors are reusable for up to 50 bends, and are 
suitable for testing in even the tightest spaces without damag¬ 
ing pins. Three hook-up options are illustrated: permanent hook¬ 
up by capturing the wire down the barrel; in side, capturing the 
wire with a set screw in the barrel to permit stacking; or in the 
barrel itself through an interchangeable connector on a banana 
plug that allows the user to change sizes quickly and easily. 
Diagrams illustrating both pin and socket type flexible connec¬ 
tors are supplemented by specifications and current pricing in¬ 
formation on 14 standard pin and socket models. Air-O-Tronics, 
a division of The Trush Group, Cazenovia, N.Y. 13035, please 
circle INFO/CARD #83. 

Square-Cut Connectors Catalog 
A new 25-page illustrated catalog detailing Amphenol 

SQUARE-CUTTm SMA, BNC and TNC coaxial connectors is 
now available from Amphenol Products. Detailed in the catalog 
is the full line of SMA, BNC and TNC connectors, cable plugs 
and jacks and mating receptacles. Amphenol Products, Oak 
Brook, IL 60521, INFO/CARD #84. 

Supplies Catalog 
The Supply Division of CAD CAM, Inc., distributor and man¬ 

ufacturer of supplies for computer-aided design, announces its 
1984 Computer Graphics Supplies Catalog/Guide. This 32-page, 
full-color catalog presents detailed descriptions of a full range 
of supply items, which includes: computer supplies, plotter sup¬ 
plies and plotter media, including genuine electrographic media 
from Versatec. The CAD CAM Catalog/Guide explains perform¬ 
ance data, features/benefits, product characteristics and care 
and handling information for all products listed. The CAD CAM 
Supply Division will ship same-day from Regional Supply Centers 
located strategically throughout the United States. CAD CAM, 
Inc., Dayton, OH 45439, INFO/CARD #81. 

Technical Brochure 
Magnecraft’s new article “Compatibility of Electro-Mechanical 

Relays with Electronic Circuits” describes the problems that the 
circuit designer must be concerned with in applying electro¬ 
mechanical relays with electronic circuits. Compatibility must 
address both the electrically controlled input and the effects of 
the output to the circuits which are controlled by the relay. Ef¬ 
fects of “back emf” and RFI generator, speed of operation, con¬ 
tact switching including “bounce" and “contact noise,” are 
described to help the circuit designer show how they may af¬ 
fect his circuit performance and make both the relay and elec¬ 
tronic compatible. Magnecraft Electric Company, Chicago, IL 
60630, INFO/CARD #82. 

Technical House Journal 
Number 104 of the technical house journal “News from Rohde 

& Schwartz” presents the following new developments: VHF-
UHF Doppler Direction Finder PA 055 handling RF signals in 
the range from 20 to 1000 MHz and delivering the bearing in¬ 
formation in digital and analog form in an exceptionally short 
time; Radiocode Test Set SCUD for selective-calling and data 
transmission devices; Scanner UVZ, a universal test point selec-
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tor; and TV-channel Antennas HF 305 to 312. Also new are the 
Active VHF-UHF Receiving Dipoles HE 202 and HE 302 with 
optimized gain, the Oscilloscopes BOP and BOL for laboratory, 
service and production, and the VHF-UHF Coaxial Dipole HK 
014 for shipboard environments. Other contributions describe 
the adaptation of subassemblies of the Tornado avionics to 
DATE (PUGB) stations, the software development for radio-
monitoring/radiolocation systems, and the new models for Signal 
Generator SMS 2 and Process Controller PUC, which now of¬ 
fer even more measuring comfort. The test hint presents a 
method for the fast Q measurement of RF capacitors and the 
application note deals with the measurement of amplitude and 
group-delay responses of VTR machines. Rohde & Schwarz 
GmbH & Co., KG. Pressestelle. Muhldorfstr. 15 Postfach 
801469, D-8000 Munchen 80, INFO/CARD #80. 

Amplifiers Literature 
New literature detailing Varian Associates line of low- and 

medium-power traveling wave tube amplifiers (LPA/MPA) is 
available from the company’s Microwave Equipment Division. 
Designed specifically for application in ground transmitters of 
commercial satellite communications systems, these power 
amplifiers operate between 5.925 and 6.425 GHz. The four-page 
brochures describe the modular, easily maintained amplifiers, 
specifically: Model VZC-6962D6, a 125 watt LPA; Model 
VZC-6965D8, a 400 watt MPA; VZC-6965E4, a 600 watt MPA, 
and VZ-6965E6, a 700 watt MPA. General features: electrical, 
mechanical, and environmental specifications, block diagrams, 
and outline drawings are provided for each amplifier. Varian 
Microwave Equipment Division, Santa Clara, CA 95050, 
Please circle INFO/CARD #79. 

Low EMI/RFI UPS Brochure 
A new brochure from Behlman Engineering describes the 

benefits of ultra low EMI/RFI Uninterruptible Power Systems 
(UPS). The brochure details the use of linear designs which vir¬ 
tually eliminates EMI/RFI noise and acts as a complete line con¬ 
dition. Behlman Engineering is the only manufacturer using 
linear technology in UPSs which are well suited for RF applica¬ 
tions. A complete price list and battery guide accompanies the 
brochure Behlman Engineering Corporation, Carpinteria, CA 
93013, INFO/CARD #78. 

Catalog/Engineering Manual 
Ad-Vance Magnetics’ new Procurement Catalog/Engineering 

Manual No. 90 offers to all magnetic shielding users the major 
useful technical guideline data needed to design or choose the 
optimum magnetic shielding solution for a given application. The 
three Engineering Sections include 30 pages of technical/ 
engineering article reprints written by Ad-Vance Magnetics’ 
engineering staff to help fill the gap between many users and 
the EMC Specialists. Also, there are technical articles on Basic 
Relations Between E and H Vectors for a Plane Wave, and 
Enhanced Skin Effect. For additional help to those with magnetic 
shielding problems, 13 pages are devoted to 25 case histories 
of solutions to such problems. For recent engineering graduates, 
there is an informative article on The Need For Magnetic 
Shielding. Other useful data includes the principal Electrical and 
Magnetic Units, various tables, graphs and trigraphs, two 
Engineering Reports on Sheilding Effectiveness, and IV2 pages 
of Helmholtz coil testing. Ad-Vance Magnetics, Inc., 
Rochester, IN 46975, INFO/CARD #77. □ 
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MICROWAVE 
FREQUENCY 
CONTROL 
Low Phase Noise. CINOX offers a complete line of 
TO-5 and other coldweld crystals for microwave 
applications. 

Available frequencies range up to 250 MHz. 
Frequency tolerances as tight as ±.0005% at 
operating temperature, with stabilities of ±.0005% 
from -10°C to + 6O°C, or±.OOO1% from 73°C to 
77°C, are available. Typical crystal aging is within 
±.0001% per year under normal ambient conditions. 

CINOX is the industry leader in low phase noise 
crystals, currently supplying crystals for applications 
requiring -170 dbc @ IKHz. When aerospace and 
defense engineers need performance under the 
stress of high shock and vibration, CINOX is the 
preferred source. 

Call today to discuss your precise application with 
a crystal sales engineer. Or, write for a copy of our 
complete, up-to-date product catalog. 

• OCXO’s 
• TCXO’s 
• VCXO’s 
• PRECISION CRYSTALS 
• CHANNELCRYSTALS 

CINOX CORPORATION 
4914 GRAY RD., CINCINNATI, OH 45232 
PHONE 513/542-5555 TWX 810-461-2749 
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GROWTH POSITIONS: 
$25-65,000 +. 

30+ years National coverage. Ground/ 
mobile/aircraft communications related 
equipment. Design, Devel. Quality/Re-
liability, Test, Mfg. All Fees Paid. Long-
berry Employment, 930 Main Place, 
P.O Box 471, Niles, Ohio 44446. (216) 
652-5871. 

•* MAKE SURE YOU KNOW 
; ABOUT EVERY POSITION 
• USA's largest personnel system for engineers 
• We can help you in every city every state 
• New Positions daily Confidential and no fees 

: Engineers 
252 lilhim. N.w York 121I0«««» 

RF CIRCUIT DESIGNER 
Our advanced technology group is 
looking for an RF Circuit Desinger ex¬ 
perienced with 800 MHz RF practices, 
including synthesizers, microstrip 
techniques and the requirements of 
cellular and trunked radio. Work with 
us in creative, high-tech surroundings 
and enjoy all that Southern California 
has to offer. 
For immedicate consideration please 
call or send your resume to: Brent 
Jaybus, President, Xentel Corporation, 
3001 North San Fernanco Boulevard, 
Burbank, California 91510. Telephone 
818/843-2000. 

RF/MICROWAVE 
ENGINEERS 

Representing companies (in New England and National¬ 
ly) with hundreds of opportunities for RF and Microwave 
Engineers means we are the one contact necessary for 
that right position, whether it be a new challenge or career 
advancement 

ENTRY TO 3 YRS. EXP 22-35K 
MID LEVEL 30-45K 
SENIOR AND MANAGEMENT40-70K 
Professional, confidential, free resume preparation ser¬ 
vice. Client companies assume all interviewing, employ¬ 
ment and relocation costs. 

Nationwide 
Business Service 
PERSONNEL CONSULTANTS 

ESTABLISHED 1937 
145 STATE STREET, 

SPRINGFIELD, MASSACHUSETTS 01103 

EMÇIEMP ENGINEERS 
GENERAL DYNAMICS CONVAIR DIVISION, an acknowledged leader in 
defense and aerospace systems, offers you professionalism and career 
enhancement in a stimulating environment. We are expanding our team of 
talented engineers to accommodate the needs of our exciting, high technology 
programs in ground, air and sea launched missiles; vehicles for launch, orbital 
insertion and station keeping; aircraft subsystems; energy development. 

If you'd like to be a team member and work with some of the most creative 
engineers in the industry, consider the following career opportunities that will 
launch you into a promising future. 

EMC ENGINEERS 
Design of systems to meet military EMC standards. Requires experience in 
applying shielding, grounding, bonding and filtering techniques and knowledge of 
available hardware, materials, surface finites, corrosion control, gaskets, etc. 
Experience with system compatibility, TEMPEST HERO, lightning static 
discharge and EM vulnerability is highly desirable. 

NUCLEAR HARDENING/EMP/TREE ENGINEERS 
Design, analysis and documentation (HADD) of nuclear hardened weapon 
systems in support of vendor specifications. Translate free field EMP 
environments to avionics component design requirements, pin injection voltages 
as a function of cable configuration, component surface currents, resultant 
internal fields and effects on circuits. Document circuit analysis to determine 
upset/burnout design margins required. Requires knowleage of component and 
circuit level effects due to neutron and gamma irradiation. 
We provide one of the best benefit packages in the industry. In addition to 
the San Diego environment, we offer competitive salaries, a stock savings 
investment plan, company paid insurances, retirement plan, tuition 
reimbursement, liberal relocation allowances including temporary company 
funded housing and exceptional recreational facilities. 
Please send your resume to: Division Vice President — Research & Engineering, 
GENERAL DYNAMICS CONVAIR DIVISION, P.O. Box 85357, MZ 11-1342-1598 
San Diego, CA 92138. An Equal Opportunity Employer/U.S. Citizenship Required/ 
Principals Only. 

ELECTRONIC ENGINEER (R.F.) 

— Michigan-
Fast growing CATV manufacturing 
company is seeking an individual to as¬ 
sume responsibilities for design and 
application engineering. This position 
requires BSEE and experience with R.F. 
circuits. Salary commensurate with ex¬ 
perience. Send resume to: 
Ron DeVries 
C&D Electronics 
P.O. Box 177 
Gennison, Ml 49428 
(616) 669-2440 

R.F. PRODUCT 
DEVELOPMENT 
ENGINEER 
Leading manufacturer of hearing 
and speech instruments has an im¬ 
mediate need for an engineer with 
expertise in narrow and wide band 
FM transmission and reception. 
Duties include development of 
new miniaturized battery powered 
radios to complement existing pro¬ 
duct line. Three to five years ex¬ 
perience is desired in related RF 
areas. Audio and acoustic know¬ 
ledge will be desirable for this ex¬ 
citing opportunity to work with 
state-of-the-art sophisticated pro¬ 
ducts and equipment. 
Excellent benefits including 
medical, dental, life insurance and 
investment plan. Send resume to 
our Personnel Department at: 

))))IIIPhonicEar 
250 Camino Alto, Mill Valley, CA 94941 
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Engineers 
U 3M, our commitment to research is perhaps best 
epresented by the fact that we manufacture over 50,000 
iroducts. In addition, we want 25% of our annual sales 
o come from products that have been introduced within 
he past five years. This demonstrates a major 
iommitment to new product development through 
inovation. 

nteractive Systems/3M, located in Ann Arbor, Michigan 
ias been a supplier of broadband network hardware 
ince 1972. A key to the continued leadership position of 
M in this arena is the strength of its RF design, digital 
iesign and software engineering groups. As a member 
f one of these groups you will have the opportunity to 
/ork on state-of-the-art data communication products. 

you have the background and interest in this unique 
ichnology, one of the following positions may be the 
hance for excellence you have been looking for: 

RF Engineers: 
1SEE with 2 years or BSEE/CE with 5 years experience 
i modulation systems, communication theory and RF 
ircuit design. Will have responsibility for improving 
xisting products, engineering additions to these 
roducts and design of new RF modems. Position will 
ffer the opportunity to work with state-of-the-art 
lodulation techniques, digital transversal filtering, 
urface acoustic wave devices and the latest in 
smiconductor technology. 

digital Engineers: 
SEE/CE/CS with 3 to 5 years experience in the design 
i digital hardware. The position will offer the opportunity 
> work with programmable logic arrays, state machines, 
licroprogrammable hardware and design of gate arrays 
nd semi custom logic. 

toftware Engineers: 
SEE/CS with a minimum of 3 years experience in the 
2sign and implementation of software for data 
jmmunication systems. Will be responsible for the 
îvelopment of modular real-time software under multi-
sking executives for local area networks using 
immunication protocols of ISO, DOD and IEEE, 

terested persons should send their resumes in 
>mplete confidence to Linda Sachs. 

teractive Systems/3M 
)20 Varsity Drive 
nn Arbor, Michigan 48104 

i Equal Opportunity Employer M/F/H/V 

Manufacturer of RF products for TV broadcast, CATV 
and satellite TVRO needs EE's to design new products 
Experience in RF/microwave circuit design required 

Based in Burlington, Iowa and recognized as an 
industry leader for 30 years, Winegard Company 
develops new products at its engineering and research 
division located in a scenic Colorado mountain 
community within commuting distance of Denver 

Our medium-sized, stable, independent company 
offers multiple benefits for its professional employees 

Phone or send resume to Jim Kluge, Winegard 
R&D Lab, P.O. Box 940, Evergreen, CO 80439. 

(303) 674-5576 

WINEGARD^ 

Explore Advanced 
Medical Technology 
RF Design Engineer 
Nuclear Magnetic Resonance (NMR) may be the 
most exciting medical technology GE is explor¬ 
ing. Your RF design expertise could be the key to 
changing the direction of future medical 
technology. 

Working over a frequency range of 5-200 MHz, you 
would design the RF coil probes for NMR imaging 
systems. BS/MSEE or advanced science degree 
required, with 2-3 years design experience for 
scientific instruments. Full understanding of field 
and wave theory essential. 
Join GE NMR in our new advanced facility in 
Fremont, California, across San Francisco Bay from 
Silicon Valley. 

Send your resume, including salary history or 
phone (415) 490-8310 (collect) to Mr. R. Watkins, 
Manager, Employee Relations, GE NMR 
Instruments, 255 Fourier Ave., Fremont, CA 94539. 

r.f. design 

3M 
The future 
is working 
at General Electric. 

An equal opportunity employer m/f. 
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Beam Me Up . 
... it’s time to go 

Design Engineers 

RF Receiver 

RF Amplifier 

Component 

VLSI 

VHSIC 

to 50K 

to 50K 

to 56K 

to 60K 

to 60K 

to 55K 

Spacecraft X 
Communication 

Digital Circuitry 

ATE 

Analogue Circuitry 

Fire Control 

to 62K 

to 55K 

to 52K 

to 50K 

to 50K 

A.I. Development to 60K Electronic Packaging to 45K 

T.T andC. to 65K Aerodynamics to 50K 

Spacecraft Controls 
(3-axis) to 65K 

Systems Engineers 
Microwave to 57K 

Inertial Navigation to 55K 

RF (Radar) to 60K 

RF (Communications) to 55K 

Software V + V to 52K 

Software Development to 55K 

Signal Processing to 58K 

Spacecraft Integration to 65K 

Avionics to 53K 

GNC to 60K 

EW to 64 K 

Computer Networking to 58K 

Data Reduction to45K 

Director: 
Systems Engineering to 95K 
Simulation Development to 65K 

Phased Array Radar to 70K 

System Analysts 

Millimeter Wave to 58K 

Microwave to 62K 

Inertial Navigation to 70K 

Directed Energy 
Weapons to 65K 

C3I to 65K 

Signal Intelligence to 65K 

Image Processing to 60K 

Communications to 65K 

BMD to 70K 

EMI to 60K 

R & D Director to 85K 

Weapons to 70K 

E/O Sensor to 58K 

l/R Sensor to 58K 

Ops Research to 62K 

Computer Systems to 65K 

Experience the benefit of independent 3rd-party vocational 
consultation as you define the values which will target your 
next professional assignment. 
Take advantage of the most comprehensive review of market 
options available within your professional discipline Build a 
career strategy based on an in-depth analysis of your personal, 
geographical and professional aspirations. 

Call or write today to 
schedule a confidential 
conversation regarding 
your professional options 
314-241-2832 
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Sokol Crystal Products, Inc. 75 
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Zippertubing Co. 53 

Correction 
In the May/June 1984 issue of r.f. design we in¬ 
advertently referred to the advertisement of Piezo 
Technology, Inc. on page 90 as Piezo Systems 
in our advertiser index. This has lead to some 
confusion to customers since it might have refer¬ 
red to Piezo Systems which is an affiliate of Piezo 
Crystal Company. We apologize for this error on 
our part. 

Suite 333 / 408 Olive Street ! St. Louis. Missouri 63102 



4 WAYS TO BETTER AND FASTER 
EMI MEASUREMENTS 

Portable or Programmable Test Receivers 
for interference measurements in accordance 

with CISPR, MIL, VDE, VG and FCC specifications. 

PORTABLE test receivers, ESH2 
and ESV, feature automatic 
preselection and a digital 
frequency display with 100 Hz or 
1 kHz resolution, respectively. 
Synthesized local oscillators pro¬ 
vide crystal controlled frequency 
accuracy and stability. Built-in 
automatic amplitude calibration 
insures highly accurate selective 
voltmeter measurements. With 
Polarad antennas, read-out is 
directly in dBpV/meter. 

PROGRAMMABLE test receivers, 
ESH3 and ESVP, are ideal for 
measurement and demodulation 
of AM, FSK, SSB, pulse-modulated 
and FM signals as well as 
interfering sinewave and pulse 
signals. Applications include 
spectrum monitoring, field 
strength as well as EMC and EMI 
measurements. IEEE-488 BUS 
compatibility make them useful 
in automatic test systems, in 
laboratories, production test 
departments, service facilities 
and EMC/EMI ranges. 

A full line of accessories including 
antennas, probes and LISN’s are 
available. 

NOW Buy or Rent. 
For rental information 
contact U.S.I.R. 

United States 
Instrument Rentals, Inc. 

IK 
800-227-6884 

In CA 415-572-6600 

A U.S. Leasing Company 

polarad [p© 
Polarad Electronics, Inc. 5 Delaware Dr., Lake Success, N.Y. 11042 Tei 516-328-1100 twx 510-223-0414 
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The Earth from 22,300 miles in space. (Photo: Courtesy of NASA) 

Clarke's proposed 
3-satellite system. FINDING NEW WAYS 

In 1945, Arthur C. Clarke—a British mathematician, wire¬ 
less operator and creative science fiction writer found a 
better way to beam communications signals around the 
world. He theorized that an artificial satellite, carried by a 
rocket to an orbit 22,300 miles above the earth's equator 
and traveling at 6879 mph (the speed at which the earth 
rotates on its axis), would appear motionless to an ob¬ 
server on earth. From that height, Clarke reasoned, a radio 
relay station could cover one-third of the earth's surface; 
three such satellites, placed in geosynchronous orbit 
around the equator could provide worldwide communica¬ 
tions. In 20 years, advances in electronics, miniaturization 
and rocketry made Clarke's dream a reality and gave the 
world improved communications capability. 

Likewise, in 1969, Mini-Circuits made its total commitment to 
serve the emerging communications market ... by replacing 
expensive, custom RF signal-processing components with 
low-cost, catalog units with unparalleled reliability. 

Our dream, like Clarke’s, has come true. Over 1,000 catalog 
items available with such Mini-Circuits innovations as our ex¬ 
clusive HTRB burn-in testing, the world’s only 3-year guaran¬ 
teed mixers, computer-automated performance data (CAPD) 
to eliminate design guesswork ... just to name a few. 

Mini-Circuits’ products have become the industry stan¬ 
dard. We are actively dedicated to the pursuit of further 
improvements in product cost/performance, quality and 
reliability for more effective worldwide communications. 

finding new ways ... 
setting higher standards 
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