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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 30 to 
900 MHz 

BASE STATIONS 
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-1 03/E1 
SOT-172 
SOT- 172 
SOT-122 
SOT- 171 
SOT-171 
SOT-171 

Type Power (W) Freq. (MHz) Gain (db) mln. 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 

SOT-121 
SOT-119 
SOT-119 
SOT-119 
SOT-161 
SOT-161 
SOT-171 
SOT-161 25 

400 to MOBILE APPLICATIONS 
512 MHz 66 to 

870 MHz 
AMPLIFIER MODULES FOR LAND MOBILE 

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 

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

BGY32 
BGY33 
BGY35 
BGY36 
BGY43 
BGY40A 
BGY41A 
BGY40B 

68-88 
80-108 

132-156 
148-174 
148-174 
400-440 
400-440 
440-470 

100 
100 
150 
150 
150 
100 
150 
100 

20 
20 
20 
20 
13 
7.5 
13 
7.5 

125 
12.5 
12.5 
12.5 
12 5 
12.5 
12.5 
12.5 

SOT-132 
SOT-132 
SOT- 132 
SOT-132 
SOT-132B 
SOT-132C 
SOT-132C 
SOT-1 32C 

BGY41B 
BGY40A 
BGY41C 
BGY45A 
BGY45B 
BGY46A 
BGY47A 
BGY47B 
BGY47C 
BGY22 
BGY23 

440-470 
470-512 
470-512 
68-88 

144-175 
400-440 
400-440 
430-470 
460-512 
380-512 
380-480 

150 
100 
150 
150 
150 
30 
45 
45 
45 
50 

2.5 WATTS 

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 
9.6 
9.6 
9.6 
9.6 

12.5 
12.5 

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

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 

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 Mfg. Co., Inc. 
P.O. C9090, M/S 250C 
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 

Copyright © 1984, John Fluke Mfg. Co., Inc. All rights reserved Ad No. 6TI2-6070 For technical data circle number 

INFO/CARD2 



500 KHz to 1 GHz from $395
hi-rel and industrial 
miniature, flatpack, and low profile 
MODEL FEATURES Freq. (MHz) tConversion Loss (dB) L-R Isolation (dB) 

one octave total lower mid upper Price/Qty. 
LO-RF IF bandedge range bandedge range bandedge 

SRA-1* the world’s standard ... HTRB tested .5-500 DC-500 5.5 typ. 6.5 typ. 50 typ. 45 typ: 35 typ. 11.95 (1-49) 
hi-rel 3 year guarantee 

TFM-2* world's tiniest hi-rel mixer 1-1000 DC-1000 6.0 typ. 7.0 typ. 50 typ. 40 typ. 30 typ. 11.95 (6-49) 
only 4 pins for plug-in/flatpack mouting, 

QRl.l world’s lowest cost industrial 1-500 DC-500 5.5 typ. 6.5 typ. 50 typ. 45 typ. 35 typ. 3.95 (100) 
mixer, only $4.50, metal case 4.50 (10-49) 

SBL-1X industrial grade, rugged 10-1000 5-1000 6.0 typ. 7.0 typ. 50 typ. 40 typ. 30 typ. 11.95 (1-9) 
all-metal construction 

ASK-1 world’s smallest DBM 1-600 DC-600 5.5 typ. 6.0 typ. 50 typ. 35 typ. 30 typ. 5.95(10-49) 
flatpack mounting, plastic case 

LMX-113* rugged flatpack, hermeticitytested 5-1000 DC-1000 6.5 typ. 7.0typ. 50 typ. 40 typ. 35 typ. 14.95 (6-24) 
thermal shocked to MIL-STD-202 

•meets MIL-M-28837/1A performance 
units are not QPL listed 

tLO = +7 dBm 

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 (21 2) 934-4500 

Domestic and International Telex 125460 International Telex 620156 
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September/October 1984 

Cover 
September/October Cover — This issue’s front cover, 
courtesy of Motorola Semiconductor Products Sector, 
shows the circuitry for an RF modem. A two-part series 
discussing designs for various types of RF modems 
begins with this issue. 

<|»(t) = J 2n f(t) dt 

KO = 2n Afpk sin œmt , and 

“m 

KO = Afpk sin œmt = ̂ sin CUmt 

Synthesis of FM Signals, p. 29. 

Features 
12 RF Modems — The first part of this two-part series 
1 A provides an introduction to the subject of RF modems 

and covers designs for single channel units. John 
Hatchett and Bill Howell. 

29 Synthesis of FM Signals — FM signals can be syn-
thesized by controlling phase inside a variable-
frequency phase-locked loop. This eliminates the need 
for a separate FM oscillator while providing un¬ 
precedented FM performance. Marcus da Silva. 

4n Antenna Impedance Matching Using a Sweep Gen-
w erator — This article describes an alternative method 

for matching a transmission line, through a coupling 
circuit, to an antenna requiring an impedance transfor¬ 
mation. Riley H. Puckett. 

49 New Technology — The Snyder Antenna 

r.f. designers notebook — Complex Arithmetic on the 
54 HP-11C. 

Antenna Impedance Matching, p. 40. 

Departments 
6 Publisher’s Note 
9 Letters 

56 New Products/Literature 
69 Info Card 
104 Advertisers Index 
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About That Shortage of 
RF Design Engineers ... 

As an RF engineer, you have an ad¬ 
vantage over most people, when it 

comes to feeling needed. You actually are 
needed. The chances are pretty good 
you’re being tracked right now by some 
headhunting firm, eager to flush you out 
of your present nest and herd you into a 
new one. If you are right out of college, 
your employer might have to pay you a 
starting salary of over $30,000, in order 
to stay competitive with other companies. 
(Forgive us old-timers if we seem shocked 
by that. You’re worth every penny.) 
The shortage of RF engineering talent 

is ironic, in that electronics started with 
radio: the present IEEE was originally 
named IRE ... Institute of Radio 
Engineers. It was the advent of the digital 
computer, of course, that channeled so 
much of electrical engineering training 
down the paths of binary logic and on-off 
switching. The preoccupation with digital 
techniques has been so thorough that 
now a glut has begun to develop . . with 
more digital engineers than there are jobs 
for them. Following the law of supply and 
demand, some of these wind up as RF 
engineers, floundering for fundamentals. 

It is largely because of this situation 
that r.f. design magazine has conceived 
RF TECHNOLOGY EXPO. . a three-day 
conference and exhibit intended ex¬ 
clusively for RF design engineers. It will 
be an annual event, with the first one be¬ 
ing held next January 23-25 at the Dis¬ 
neyland Hotel in Anaheim, California. The 
technical conference will feature 100 
papers, in 25 sessions, organized by Pro¬ 
gram Chairman “Andy” Przedpelski, V.P. 
of Development for ARF Products, Inc. 

While many of the papers will deal with 
fundamentals of RF circuit and systems 

design, for the sake of those who need 
it, many others will follow a separate 
theme, to satisfy another need. . the 
need to push forward the leading edge of 
RF technology. For, just as RF fundamen¬ 
tals have been neglected by engineering 
schools, RF “high technology” has been 
neglected by engineering forums. Where 
some are too digital or too general to be 
useful to the RF engineer, others are too 
microwave. There is certainly enough go¬ 
ing on, in the lower reaches of high-
frequency, to justify an RF TECH¬ 
NOLOGY EXPO. In fact, we think it will 
fill a conspicuous communications gap, 
and do as much as any project in our 
society to help alleviate the shortage of 
RF engineering knowledge. 
Whether we are right depends a lot on 

how you personally respond to the idea. 
If you agree with this analysis of the need, 
you ought to be there. Put it on your 
calendar now, and let us know you’re 
coming. If you’ve been looking for a place 
to present a paper and haven’t been able 
to find one, step forward now to volunteer 
it for RF TECHNOLOGY EXPO (call Andy 
Przedpelski, Program Chairman, at 303-
443-4844.) 
We believe that RF TECHNOLOGY 

EXPO will be a major event in the engi¬ 
neering world, beginning January 23-25, 
1985 . . . and the major event to your own 
RF engineering community. We’re spar¬ 
ing no effort or expense to test that pro¬ 
position. Now all we need is your par¬ 
ticipation. See you in Anaheim. 

Keith Aldrich 
Publisher 
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LOOK AT ALL THE SPACE YOU SAVE 
WITH RT/DUROID 6010. 

INFO/CARD4 

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 601 0 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”. 

I $ ROGERS 
i Rogers Corporation 

Microwave Materials Division 
Box 3000 

¡ Chandler. AZ 85224 
602-961-1382 

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

I Name_ 
I Title_ 
I Company_ 
I Address_ 

■ City _ State_ 
I Zip -
I Telephone_ 

I © 1984 Rogers Corporation 
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INTRODUCING THE "ROYAL" SERIES OF HIGHPASS FILTER 

The organ, of all musical instruments, is considered the "Royal" instrument 

because of its versatility and richness/range of sounds. No other 

instrument can match the multiplicity of organ pipes in their range of 

capabilities. 

Cir-Q-Tel has again hit paydirt (gold) by introducing the low-cost, high-

performance coaxially configured highpass filter models FHC/P, C, B, G, & L 

(Pseudo-Elliptic, Chebishev, Butterworth, Gaussian, and the NEW Levy A-Z) . 

THIS DESIGN HAS UNSURPASSED Q! 

Without sufficient Q*, and enough of it, few filters perform well! 

HIGHPASS 
FILTERS 
High performance in 
a low cost coaxial 
configuration. 

"Versatility" is the standard mode for design at Cir-Q-Tel: 

1. Range: 100>2000 MHz at the time we go to press (->■) Obsolete data! 

2. Power: Up to 200 W CW; see (1+) . 

3. Pseudo-Elliptic up to 15th order, Chebishev to 19th order, 21st- order 

Butterworth, Gaussian to 9th and, above all, the Levy A-Z up to 23 poles. 

4. Passband: >4 GHz and above! WHAT'S NEXT? Give us a call, please. 

At Cir-Q-Tel no filter problem is too great or too small for us to 

consider. We have more engineers per total employment (25%) than any other 

significant filter-producing company. Remember, we have over 30 years 

experience and 10X demonstrated innovative abilities all wrapped up 

in just one of our world class engineer/scientists. 

*Without sufficient Q, designing filters is not a task, it's 

an impossible chore. The device configuration answer we've 

chosen is very nearly ideal! 

Call Dr. Dick Wainwright—his flat passband width at present 

is 40 GHz! 

0.4 

a 2o 

—Capability— 
Pseudo-elliptic n:15 
Chebishev n:19 
Butterworth n:21 
Gaussian n:9 
Levy A-Z n:23 

Range: 100>2000 MHz 
Power: >200W CW 
Passband: >4 GHz 

Superior Products by Design 

10504 Wheatley Street 
Kensington, Maryland 20895 
Telephone: (301)946-1800 

TWX: 710-828-0521 
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lllHttHIHIIIII 
Dear Sir: 

There appears to be a minor typographical error in the article 
‘Negative Feedback Amplifiers” (May/June) 1984, Page 49, 
Equation 4. The input impedance is stated to be: 

Z = V *-in v in Vin 

V,n (1+BA) R,n

whereas it should be inverted to read: 

Zin = Vln = Vln (1+BA) Rin

L Vln

Thank you for an informative article and a fine magazine. 

Joe Catalfamo 
Lockheed Missies and Space Co. 
Dept. 76-60 — Bldg. 579 
Sunnyvale, CA 94086 

Dear Sir: 

“A Prompting HP67 . . . ” [rf designer’s notebook, July/August 
1984] works great even though during transit between Siliconix 
and Englewood we got a couple of different programs! 

Let me offer some corrections/improvements to the existing 
program offered in rf design that should help the reader under¬ 
stand the algorithm. 

drop line remarks/additions/etc. 

048 We have the data in Register 
058 Again, the data is in Register 2 
060 Stupid! We never recall 

Register E! 

change line 

063 From RCL B to RCL 4 (34 04) 
064 From RCL D to RCL 2 (34 02) 
077 From RCL D to RCL 2 (34 02) 
088 From gR-»P to CHS ( 42) 

The ultimate results are the same; now one can "read” the 
program and it (hopefully) makes more sense! 

Sincerely, 
Ed Oxner 
Siliconix Incorporated 
2201 Laurelwood Rd., 
Santa Clara, CA 95054 

CURTIS RFI FILTERS 

IV1V 
JIM 

UL Recognized, 
CSA/VDE > 
Approved RFI l__ 
Filters are 10096 Tested for 
Quality, Spec Compliance. 

Specify Curtis RFI power line filters to meet FCC/VDE 
requirements on conducted noise emission and get the best 
"Noise Traps" you can buy . . . Best because only Curtis 
tests for quality and spec compliance, including insertion 
loss, on a 100% production basis . . . Best because of our 
rigorous component qualification program and thorough 
incoming and on-line inspection procedures . . . Best be¬ 
cause of our computer-controlled 100% safety and per¬ 
formance testing to demanding customer requirements. 

Curtis offers a wide choice of 1, 3, 6, 10 and 20-amp 
models for common and differential mode noise. We 
give you more termination options — wire, quick-connect, 
IEC connectors, PC mount, and screw terminals. Our 
custom design capabilities give you an even wider variety of 
package and terminal styles. 

We're always ready to provide application engineering 
assistance. We can compliance-test your equipment, too, 
in our RFI/EMI test lab. Fast turnaround is assured with 
computer-generated graphics and test reports. 

Come to Curtis for a better "Noise Trap" . . . competitive 
prices . . . and better customer service. 

“ M/o Ri lilrl ^nnfirla. 
A 

CURTIS INDUSTRIES, INC 
r.f. design 

8000 W. Tower Ave., Milwaukee, Wl 53223 
Phone (414) 354-1500, Twx 910-262-3035 
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PHASE COMPENSATED 

VOLTAGE 
CONTROLLED 
ATTENUATORS 

□ phase stable over full attenuation range □ internal linearizer □ internal driver 

DA1CO DESIGN BRIEFS: 
The phase compensated volt¬ 

age controlled attenuator provides a 
linear40dB analog attenuation with 
a maximum VSWR of 1.25 over the 
full range. The phase variation is 
typically less than ± 3° at 200MHz. 
Daico phase compensated VCAs are 
designed and fabricated utilizing in 
house thin-film technology in 
accordance with MIL-STD-883B. 
They are offered in frequency 
ranges through 500MHz and in 
connectorized packages or MIC con¬ 
figurations for P.C. mounting. 

Also offered are 2300 varieties of 
MIC & Connectorized Solid-State 
Switches, RF Relays. Delay Lines & 
Step Attenuators from DC to 6GHz. 

TYPICAL SPECIFICATIONS 
frequency 
phase stability 

attenuation range 
linearity 
insertion loss 
VSWR 
control 
RF power 
DC power 

Impedance 
size 
connectors 
part number 

150-250MHZ 
10° max over 
specified attenuation 
40 dB mln 
±2dB 
4 dB max 
1.25 max 
0 to + 5 volts 
+15 dBm max 
+ 15 volts @ 40 mA 
- 15 volts @ 40 mA 
50 ohms 
1.5 X 2.0 X .6 in 
SMA 
100C1575 

DAICO INDUSTRIES, INC. 
2351 East Del Amo Blvd., Compton, CA 90220 
Telephone 213/631-1143 • TWX 910-346-6741 

©1984 Daico Industries. Inc. mp84430F 
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New 2018/19 
Signal Generator 

options test 
Radar and Avionics 
The Marconi 2018 and 2019 Signal Generators now offer cost effective 
options for demanding applications. For test and maintenance of radar 
systems, the pulse option offers better than 65 dB carrier on/off ratio at 
70 MHz. And the wideband circuits allow fast pulse edges to be handled. 

The 0. 045% DDM performance of the avionics option meets the ILS 
test requirements. For simulating VOR transmissions the AM. circuits are 
d.c. coupled for minimal phase shift. 

Ground support equipment for radar, ILS, VOR and radio 
communications up to 1040 MHz can now be characterised quickly and 
cost effectively with only one signal generator. 

The Avionics and pulse modulation arejust 2 of a series of 4 options 
now available for the Marconi 2018 and 2019 signal generators. All their 
successful features of course are retained; the 50 settings available for 
instant recall, simple keyboard operation, and the ease of maintenance 
and straight forward calibration. All these features and many more, are 
available manually, or automatically with the addition of the GPIB 
interface. 

These Marconi Signal Generators can now be configured for your 
application. They combine outstanding value with superb performance 
and high accuracy. Look atyour options and choose Marconi. 

Write or call for details today. 

U.S.: 100 Stonehurst Ct.. Northvale. N.J. 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: (I) 687-36 25 • W. GERMANY: (089) 845085 • CANADA: 514-341-7630 

marconi 
instruments 
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FIG 3-2 (B) 
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RF Modems — Part I 
Part I provides an introduction to the subject of RF modems 

and covers designs for single channel units. 

By John Hatchett and Bill Howell 
Motorola Semiconductor Products Sector 
Phoenix, AZ 

RF modems provide a means of 
relaying digital data between two 

locations by modulating/demodulating a 
carrier signal. In this sense they are like 
more common modems that interface to 
telephone networks. For telephone line 
modems, however, the carrier signal fre¬ 
quency lies within the audio range (<3 
kHz) while for RF modems the carrier 
signal falls in the RF spectrum and is 
typically transmitted via the airways or a 
broadband coaxial cable similar to that 
used in CATV networks. RF modem car¬ 
rier frequencies to over 400 MHz are 
practical for cable systems and operation 
to over 100 MHz is quite common. RF 
modems offer high data rates and the 
simultaneous use of many channels (one 
per RF carrier employed) and are fre¬ 
quently used in distribution systems and 
CATV networks. 
The maximum data rate and number of 

operating channels required of an RF 
modem varies with the application. In 
some cases a single channel (or a trans-
mit/receive channel pair) is sufficient. In 
other applications a multi-channel 
modem is required. The term “frequency 
agile” is used to describe modems that 
can be programmed to operate on various 
channels or carrier frequencies. In addi¬ 
tion to being a key cost determining fac¬ 
tor, the data rate also establishes band¬ 
width requirements for each RF channel 
and thus sets the maximum number of 
channels possible within a given system 
bandwidth. For example, 6 MHz of sys¬ 
tem bandwidth might be used to accom¬ 

modate approximately 20 to 60 low data 
rate (64 Kbit) channels or two high data 
rate (approximately 1.5 to 2.5 Mbit) 
channels. 

The Basics 
The major functions of a frequency 

agile RF modem and its associated digital 
interface are given in Figure 1 along with 
ICs (also see Inset) useful for their im¬ 
plementation. The digital interface pro¬ 
vides the necessary system control and 
data processing but is normally not con¬ 
sidered as part of the RF modem itself. 
The modem in Figure 1 can be pro¬ 

grammed to operate on one of many RF 
channels via the channel code provided 
to the channel control function. This is ac¬ 
complished by making the channel con¬ 
trol function a phase-locked-loop (PLL) 
RF frequency synthesizer. A synthesizer 
controls both the transmitter’s RF output 
signal frequency and the receiver’s local 
oscillator or mixer injection signal fre¬ 
quency. The local oscillator signal dic¬ 
tates what RF channel the receiver will 
respond to. Depending on the degree of 
transmitter/receiver channel flexibility re¬ 
quired, one or two PLL synthesizers may 
make up the channel control function. 
Also, in some design approaches, the 
data to be transmitted (Tx data) may also 
be applied to the program input of the 
PLL that is controlling the transmit chan¬ 
nel frequency (dashed connection in 
Figure 1). 
Non frequency agile modems are in¬ 

tended for operation on only one RF 
channel (or in some instances perhaps 
two or three channels at the most) and the 
frequency synthesizer channel control 
function is not required. Instead, crystal 
or ceramic resonator controlled oscillators 
are used to set up the operating channel 
frequency. A different resonating ele-
ment/oscillator must be provided if one 
wishes to cause the modem to operate on 
another channel. This can be accom¬ 
plished by physically changing the ap¬ 
propriate circuit elements or by electri¬ 
cally selecting between channel elements 
that are provided in a multiple fashion 
within the modem itself. A single channel 
modem can be produced for less cost 
than a frequency agile modem but this 
cost differential diminishes rapidly as the 
number of operating channels is in¬ 
creased. 

System and Cost 
T rade-offs 
The most important RF modem char¬ 

acteristics to be considered are: 
• Number of channels. 
• Maximum data rate. 
• Channel frequency values/frequency 
range. 

• Paired or independent transmit/ 
receive channel frequencies. 

• Transmit/receive frequency offset 
value. 

All of the above must be traded-off 
against modem cost and suitability for a 
particular application. 
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The number of channels the modem is 
capable of being programmed to operate 
on dictates if a phase-locked-loop (PLL) 
frequency synthesizer must be incor¬ 
porated in the design. No synthesizer is 
needed for single channel operation while 
greater than three channels will normally 
require a synthesized approach. Two and 
three channels units fall into the “gray” 
area. However, even if not required for 
channel generation, a PLL may some¬ 
times still be incorporated as the method 
of generating an FSK modulated carrier 
for transmission. With the advent of 
economical LSI PLL ICs and low cost 
prescaler devices, the use of one or more 
PLLs does not necessarily mean the 
modem will be overly expensive. 
Although system requirements may 

dictate a multi-channel modem, cost 
trade-offs still exsit since the transmitter 
and receiver can be designed so that 
channel control is available to each one 
independently (fully frequency agile) or so 
that the transmitter and receiver are con¬ 
trolled together with a fixed frequency off¬ 
set between their respective channels 
(paired channel operation). For paired 
channel designs, the choice of transmit/ 
receive offset will impact cost. 
The number of operating channels 

alone does not, however, tell the whole 
story. One “X” channel modem may be 
significantly more complicated than 
another “X” channel modem — the ac¬ 
tual frequency values involved and also 
the frequency spread or bandwidth over 
which the modem must perform can be 
of equal or greater importance is setting 
cost. Closely related to these issues is the 
modem’s maximum data rate specifica¬ 
tion. Higher channel data rates require 
greater bandwidth per channel and thus 
a wider total frequency range for a given 
number of channels. It is worth noting 
that, for a given total system bandwidth, 
a small number of high data rate chan¬ 
nels will give greater total data output 
than a large number of lower rate chan¬ 
nels. This is because a portion of the 
system bandwidth must always be de¬ 
voted to guardbands between adjacent 
channels. This portion of bandwidth 
becomes greater, of course, as the num¬ 
ber of channels increases. In addition to 
increased bandwidth requirements per 
channel, higher data rate signals also 
tend to be more difficult and expensive 
to generate and to receive. 
The wider bandwidth requirement im¬ 

posed upon the modem’s receiver by 
higher data rates can affect the choice of 
frequency for the receiver’s IF. Relation¬ 
ships exist between the IF filter’s pass¬ 
band and center frequency that must be 
adhered to. Also, the receiver’s IF value 
and all signal frequencies present at the 
receiver’s input (both desired and un¬ 
desired) set the location and severity of 
receiver spurious responses and the 

DIGITAL INTERFACE FREQUENCY AGILE MODEM 

Figure 1 frequency agile rf modem digital interface system 
DIAGRAM ALONG WITH SEVERAL ICS PERTINENT TO 
IMPLEMENTING THE MAJOR FUNCTIONS 

degree of receiver front end filtering that 
will be necessary for adequate perfor¬ 
mance. 
Although the above trade-offs must be 

dealt with, the application will usually fix 
many of the key items such as maximum 
data rate, channel frequencies, and 
number of channels. This makes it easier 
to “zero in” on the remaining consid¬ 
erations. 

In general, one may summarize as 
follows: 

• Lowest cost units can support data 
rates up to approximately 200 Kbits 
per second. This breakpoint is set by 
the bandwidth limit if available low cost 
FM broadcast receiver IF filters. 

• For lowest cost, receive channel fre¬ 

quencies should be less than approx¬ 
imately 150 MHz and receiver IF value 
less than approximately 30 MHz. 
These breakpoints allow economical 
data receiver ICs such as MC3356 to 
be used. 

• Modem cost can be expected to rise 
as the bandwidth over which the 
modem’s RF channels fall increases. 

• Other things being equal, a lowest to 
highest cost progression can be ex¬ 
pected for single channel, frequency 
agile paired channels and fully fre¬ 
quency agile modems, respectively. 

• A substantial portion of the increased 
cost for wider bandwidth and higher 
frequency can be attributed to the fil¬ 
ters and crystals required rather than 
the semiconductor content. 

FSK TRANSMITTER Tx FREQS: 

Figure 2(a) 

14 September/October 



Figure 2(b) 

As one would expect, cost of the digital 
interface functions is also substantially in¬ 
fluenced by the data rate (Tx data and 
Rx data speeds). Other parameters 
being equal, some of the cost breakpoints 
for these functions can be estimated to 
be at about 10 Kbps (low cost MCUs such 
as the MC6852). Actually, the capability 
level and therefore cost of the digital in¬ 
terface circuitry is frequently dictated by 
system needs other than those of the RF 
modems. It is thus usually best not to in¬ 
clude this cost factor as part of the 
modem’s cost when arriving at modem 
performance/cost trade-offs. 

Modulation Approaches 
RF modem designs can employ any 

one (or variations thereof) of the three 
modulation methods: Amplitude Modula¬ 
tion (AM), Phase Modulation (PM), and 
Frequency Modulation (FM). 
AM receivers or demodulators are sus¬ 

ceptible to errors from impulse noise 
which is prevalent in digital systems. FM 
and PM are rather impulse noise immune 
once the receiver signal is great enough 
to cause IF limiting to occur. Phase 
modulation requires a somewhat complex 
receiver/demodulator to recover the data. 
Being complex, it is not as cost-effective 
as a frequency modulated system. 
Even though FM may require slightly 

wider bandwidths than corresponding AM 
or PM system, it is employed in many ap¬ 
plications because it is more effective 
than AM in combatting noise and inter-

r.f. design 

ference and more cost-effective than a 
corresponding PM system. 
A simple form of frequency modulation 

occurs when the modulating signal is a 
binary serial data stream. The frequency 
of the carrier is made to shift between two 
values, one occurring when the data is 
high and the other when the data is low. 
Such a binary FM system is referred to 
as a frequency-shift-keyed (FSK) system. 

After considering cost, bandwidth re¬ 
quirements, impulse noise susceptibility, 
and the availability of proper transmitter 
and receiver parts, FSK modulation was 
selected for the RF modem designs de¬ 
scribed in the following sections. 

FSK Transmitters 
Four means of generating RF carrier 

signals for FSK transmission are: 

• L/C Oscillator — The simplest but 
typically can be used only when a 
small number of channels are required 
and when the channel bandwidth allo¬ 
cation is great enough to allow the fre¬ 
quency deviation to be a large percen¬ 
tage of the carrier frequency. This 
allows for proper data recovery even 
though the carrier’s center frequency 
is not extremely stable. The single 
channel modems described in Figures 
2 and 3 employ this approach. 

• Ceramic Resonator Stabilized 
Oscillator — Can be used for system 
requiring more frequency stability than 
is possible with the L/C oscillator 
method. A greater limit on the amount 

of frequency deviation than can be 
achieved is also imposed. An exam¬ 
ple of this approach will be presented 
in Part II. 

• Crystal Oscillator Followed by a Digital 
Counter — The data to be transmitted 
causes the counter to divide the oscil¬ 
lator’s frequency by one of two possi¬ 
ble values when the data is a logic 
“high” and by the other value when 
the data is a logic “low.” The single 
channel modem in Figure 5 uses this 
technique and employs a 4-10/4-11 
dual-modulus prescaler for the counter 
function. This approach can provide a 
very accurate and stable FSK signal. 
However, it also has its limitations 
since the data rate, frequency devia¬ 
tion, counter divide values and the 
oscillator’s frequency are all inter¬ 
related. This results in both upper and 
lower limits on maximum data rates 
and transmitter carrier frequencies 
that can be achieved with practical 
oscillator values. 

• Novel Phase-Locked-Loop (PLL) ap¬ 
proach — Provides a way of achiev¬ 
ing a high degree of flexibility while still 
maintaining frequency stability. Both 
the loop’s VCO and progammable 
counter in the feedback path are 
modified by the data to be transmitted, 
This technique allows frequency mod¬ 
ulation of the loop VCO with non-sym-
metrical binary waveforms and is thus 
capable of processing NRZ data with¬ 
out and baseband encoding. This 
method will also be explored in Part II. 
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Non Frequency 
Agile Modems 
The designation “non frequency agile” 

describes modems that operate on only 
a single RF channel (or a transmit/receive 
channel pair). To cause this type of 
modem to operate on a different RF chan¬ 
nel usually requires physically changing 
certain frequency controlling elements, 
e.g. the crystal(s). However, it is some¬ 
times economical to consider a “single 
channel” design for operation on two or 
poerhaps three channel pairs. This can 
be accomplished by adding the neces¬ 
sary frequency establishing elements for 
each channel to the modem and switch¬ 
ing them in/out as appropriate by: 

• Physically changing the appropriate 
circuit elements that control fre¬ 
quency. 

• Electrically selecting between the fre¬ 
quency establishing circuit elements. 
This requires that all the appropriate 
elements be contained within the 
modem for each operating channel 
and that a means of selection be 
provided. 

At a minimum, either of the above 
methods will require changing to one or 
more new crystals or other resonating 
elements for each additional channel of 
operation. In the case of switching elec¬ 
tronically, switches exhibiting large on/off 
impedance ratios are required. With 
either approach, care must be taken dur¬ 
ing the modem design to use circuit 
techniques that are sufficiently broad¬ 
band to allow operation over the intended 
RF range. This becomes difficult and im¬ 
practical for wide frequency changes. 
However, for two or three channels (or 
transmit/receive channel pairs) that are 
closely spaced, either of the above ap¬ 
proaches should be considered. For a 
greater number of operating channels or 
channels that are widely separated in fre¬ 
quency, a frequency synthesizer design 
approach should be employed. 

Single Channel, 250 
Kbps, CATV 
Modem Pairs 
The terms “upstream” and 

“downstream” are frequently used in 
relation to CATV networks. They are also 
applied to modems used in these net¬ 
works. An “upstream” modem resides at 
a subscriber’s locations and a “down-' 
stream” modem is part of the headend 
equipment. CATV system requirements 
generally dictate that upstream modems 
transmit on frequencies below 30 MHz 
and receive on frequencies greater than 
54 MHz. A typical receive channel fre¬ 
quency will fall in the vicinity of 100 to 120 
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Figure 3(a) SINGLE CHANNEL, 250 KBPS DOWNSTREAM MODEM BLOCK DIAGRAM 

FSK TRANSMITTER 
Tx FREQS: 

FSK RECEIVER 

Figure 5(a) SINGLE CHANNEL, 1.5 MPBS, UPSTREAM MODEM BLOCK DIAGRAM 
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MHz. The downstream modem transmits/ 
receives on the exact opposite frequen¬ 
cies i.e. the receive/transmit frequencies 
of the upstream modem. 
The modem described in Figure 2 can 

be considered an upstream modem and 
the design in Figure 3 a downstream 
modem. Their characteristics are sum¬ 
marized in Table 1. Both modems repre¬ 
sent low cost designs capable of transmit-
ting/receiving up to 250 Kbits per second 
of FSK data. Primarily, each of the 
modems requires only two ICs — the 
MC3356 data receiver and either the 
MC1376 (upstream modem) or the 
MC1648 (downstream modem) for use as 
the FSK transmitter. The LS devices in¬ 
dicated are essentially used for recover¬ 
ing a clock from the received data — a 
feature that can be considered separate 
from the RF modem itself. The upstream 
modem is described as having a transmit 
center frequency of 13.288 MHz and a 
receive center frequency of 100.000 MHz. 
The downstream modem operates on just 
the opposite frequency pair, Both mod¬ 
ems employ 21 .4 MHz for their receiver 
IF. Other frequency choices, within limits 
of the ICs, can also be employed using 
the same design approach. 

Both the upstream and downstream 
modems employ similar sections using 
MC3356 with a discrete 3N201 RF front 
end gain stage tuned to the frequency of 
interest. The IF filters for the receivers 
(MC3356 pins 5, 7) are implemented 
using LC components. One may wish to 
use ceramic or SAW filters for these func¬ 
tions to improve band shaping and sys¬ 
tem signal to noise performance. Both 
receiver local oscillators (MC3356 pins 2, 
3) are crystal controlled and require no 
adjustments. Neither transmitter, how¬ 
ever, is crystal controlled. This is only ac-

IC'S USEFUL IN RF MODEM DESIGN 
Receiver 

• The MC3356 is a wideband FM receiver designed for use in digital data communications equipment. 
It includes an oscillator, mixer, limiting IF amplifier, quadrature detector, squelch, and data shaper com¬ 
parator and is useful for RF inputs to over 150 MHz and IF value to approximately 30 MHz. Its -3 dB 
limiting sensitivity at 100 MHz is 30 pVrms (20 pin DIP). 

• The MC13010 TV parallel sound IF includes a preamplifier, IF amplifier useful to over 80 MHz, 
quadrature AFT (automatic fine tuning) detector, and AGC outputs. The AFT output can be used to drive 
external data shaping circuits to provide the modem's received data output. The 13010 can be used when 
system requirements force the receiver's IF value to exceed the MC3356's capability (18 pin DIP). 

Transmitter 
• The MC1374 RF modulator includes an FM audio modulator, low and high frequency RF oscillators 

and a dual input RF modulator which can also serve as a doubly balanced mixer. The low frequency 
oscillator is useful to over 14 MHz and the high frequency oscillator and mixer to over 100 MHz. 

In a typical RF modem application, the FM modulator and low frequency oscillator are used to form 
an FSK signal which is frequency converted in the mixer by adding/subtracting the two oscillator signals. 
The high frequency oscillator can serve as a VCO with the action of an external varactor diode (14 pin DIP). 

• The MC1376 FM modulator includes the FM audio modulator and low frequency oscillator functions 
of the MC1374 described above (8 pin DIP). 

• The MC1496 balanced modulator-demodulator can also serve as a doubly balanced mixer. Useful 
to over 100 MHz (14 pin DIP, 10 pin metal can). 

• The MC1648 voltage controlled oscillator is a low noise design and includes an output buffer. Its 
frequency is determined by an external tank circuit which includes a varactor diode. The device is useful 
to over 200 MHz (14 pin DIP). 

• The MC12002 double balanced mixer includes an input buffer amplifier and temperature compen¬ 
sated bias regulator. It is useful to over 400 MHz (14 pin DIP). 

Channel Control 
• The MC145145 thru 58 LSI CMOS PLL frequency synthesizer family consists of eight members. 

Each includes a crystal reference oscillator, reference frequency divider, digital phase detector and at 
least one programmable counter as well as other functions. Depending on the device, the reference divider 
is either fully programmable or provides eight preselected values. 

All devices are specified for 15 MHz min. over -40°C to +85°C at 5 V . Higher speeds are possible 
for higher supply voltages (to 10 volts maximum). Five of the devices are configured to control an exter¬ 
nal dual modulus prescaler which can extend their programmable counter capabilities to 1 GHz. The 
other five are intended for use without a prescaler or with a fixed value (single modulus) prescaler. 

Three methods of programming are available: Four data bits combined with three address bits; a clocked, 
serial data stream; or fully parallel (14 or 16 bits). Package sizes range from 16 to 24 pins. 

• Single modulus prescalers: 

• Dual modulus prescalers: 

r.f. design 

Device 
MC3396 
MC12023 
MC12071 
MC 12073 
MC 12074 

Divide Typical Max. 
Values Freq. (MHz) 
20 200 
64 225 
64, 256 300, 950 
64 1100 
256 1100 

Pkg. 
Pins 

8 
8 
14 
8 
8 

Divide Typical Max. Pkg. 
Device Values Freq. (MHz) Pins 
MC3393 15/16 140 8 
MC12009 5/6 500 16 
MC12011 8/9 550 16 
MC12013 10/11 600 16 
MC 1201 5 32/33 225 8 
MC12016 40/41 225 8 
MC12017 64/65 225 8 
MC12018 128/129 520 8 
MC12019 20/21 225 8 
MC12022 128/129 1000 8 
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TABLE 1 
SUMMARY OF CHARACTERISTICS FOR THE 
RF MODEMS DESCRIBED IN FIGURES 2 AND 3 

Type: Single channel General 
Maximum 

Data Rate: 250 Kbits/second (NRZ. other) 
Modulation: FSK 
Frequency 

Deviation: 500 KHz (adjustable) 
Transmitter 

RF Output: 0 to 35 dBmV (adjustable) 
Input/Output 

Impedance: 75 ohms nominal (in band) 
Clock: 250 KHz, synchronized on edges of received data. Positive 

going clock edges give timing for data sampling. 
Receiver IF: 21.4 MHz 

inputg Upstream Modem (Figure 2) 
Power: +5Vk. (,erminal 5)i +12V0C (terminal 16); GND (terminal 4) 
RTS: Low enables, high disables transmitter (terminal 13) 
T Data: Serial data to FSK transmitter (terminal 11) 
R^ Input: Receiver Input (F connector); data high - 100.250 MHz, 

data low = 99.750 MHz 
Outputs 
RF Output: Transmitter output (F connector); data high = 13.538 MHz, 

data low = 13.038 MHz 
DCO: Data carrier detect — High In the presence of a received 

carrier (terminal 2) 
R Data: Received data — Demodulation of received FSK RF input 

signal (terminal 12) 
R CLK: 250 KHz receive clock described above (terminals 6 and 7) 
Inputs Downstream Modem (Figure 3) 
Power: Same as above 
RTS: Now used — transmitter always enabled when power is 

supplied 
T Data: Same as above 
RF Input: Like above except data high = 13.538 MHz, data 

low - 13.038 MHz 
Outputs 
RF Output: Like above except data high = 100.250 MHz, 

data low - 99.750 MHz 
DCD: Same as above 
Rx Data: Same as above 
R CLK: Same as above 

TABLE 2 
SUMMARY OF CHARACTERISTICS FOR THE 

RF MODEM DESCRIBED IN FIGURE 5 

Type: 
Maximum Data Rate: 

Modulation: 

Frequency Deviation: 

Transmitter RF Output: 

Input/Output 
Impedance: 

Receiver Mixer 
Injection: 

Crystal: 

Receiver Spurs: 

Power: 

T Data: 

RTS: 

RF Input: 

RF Output: 

DCD: 

General 
Single channel 

1.5 Kbits/second (NRZ, other) 

FSK 

1.2 MHz 

0 to 35 dBmV (adjustable) 

75 ohms nominal (in band) 

30.0 MHz center, -3 dB BW - 1.5 MHz — Boith set 

by SAW filter (Toshiba SBF0302) 

High side, 132.0 MHz 

Overtone, 132.0 MHz 

Image = 162 MHz, Half IF = 117 and 147 MHz 

Inputs 

+5VX. +12Voc’ GND
Serial data to FSK transmitter 

Ready to send signal — High enables, low disables 

transmitter 

Input for FSK receiver: data high =102.6 MHz, 

data low 3101.4 MHz 

Outputs 
Transmitter output: data high = 13.2 MHz, 

data low = 12.0 MHz 

Data carrier detect — High in the presence of a 
received carrier 

RF input signal 

ceptable when proper shifts in carrier fre¬ 
quency are used in representing the digi¬ 
tal data and when adequate system band¬ 
width and receiver IF bandwidth allow¬ 
ances are made to accommodate the 
potential frequency inaccuracies. In 
general, crystal or ceramic resonator con¬ 
trolled transmitter designs should be 
employed. 
The clock circuitry generates a 250 kHz 

clock from the received data. It is syn¬ 
chronized on transitions of the incoming 
received data as shown by the waveforms 
in Figure 4. An appropriate data sample 
time is established by the clock's positive 
going edges. 

Single Channel, 
1.5 Mbps, Modem 
The 1.5 Mbit RF modem illustrated in 

Figure 5 needs only two ICs and four 
discrete gain stages. The design receives 
and transmits on center frequencies of 
102 MHz (CATV channel A-3) and 12.6 
MHz respectively. Additional perfor¬ 
mance and operation characteristics are 
given in Table 2. 

Both the modem’s receiver and trans¬ 
mitter are crystal controlled by a single 
oscillator located in the MC3356 data 
receiver IC. The FSK transmit signal is 
achieved by dividing this oscillator’s fre¬ 

quency by either ten (Tx data line high) 
or by eleven (Tx data line low). Proper 
division is accomplished by the MC1 201 3 
dual-modulus IC. The same oscillator pro¬ 
vides the injection signal for the receiver’s 
mixer which converts the incoming RF to 
the receiver’s IF passband. The mixer 
and IF functions as well as the limiter, 
FSK demodulator and data shaping cir¬ 
cuits are also contained in the MC3356. 
The receiver 30 MHz IF frequency 

allows the use of a standard SAW filter 
which has reasonably optimum band¬ 
width to support a 1.5 Mbit data rate. 
However, 30 MHz is somewhat higher 
and the filter insertion loss greater than 
desired for the MC3356 and therefore ad¬ 
ditional IF gain is provided external to the 
IC by the MPS651 8 stage (MC3356 pin 5). 
The transmitter’s RF output amplifier 

can be implemented using a discrete 
design as shown in Figure 5b or with a 
broadband hybrid amplifier gain block 
such as the MWA120 which is packaged 
in a three terminal metal can. RF 
transmission is inhibited by taking the 
RTS input line low. This renders both the 
transmitter’s output amplifier and 3N201 
input buffer amplifier inactive. 
Part II to be included in the next issue 
(Nov/Dec 84) will cover multiple chan¬ 
nel (frequency agile) RF modem 
designs. 
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FROM GENERAL MICROWAVE INCLUDE: 

HIGH SPEED 
DIGITALLY 
CONTROLLED 
ATTENUATORS 
HIGH SPEED 
SWITCHES 
POWER 

PHASE 
MODUL/ 
FILTERS 
DIRECTIONAL 1
COUPLERS 
MIXERS 
AMPLIFIERS 
ISOLATORS 

At General Microwave, we have 
designed and built a variety of 
complex MIC Assemblies that 
have successfully satisfied the 
requirements of major military 
programs (RAPPORT III, 
PERSHING II, F-15, F-16, ASPJ, 
ALQ-117, ALQ-119, ALQ-172 
and many others). These super 
components have helped 
system designers meet critical 
INFO/CARD 10 

performance, size/weight and 
reliability requirements. 

For complete details, write or call 
General Microwave Corporation, 
155 Marine Street, Farmingdale, 
N.Y. 11735, Tel: 516-694-3600. 
TWX: 510-224-6406. 
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ne Antenna ai A complete line of kits 
with upper limits to 
18GHz that satisfy FCC, 
VDE, and MIL-STD 461 
specifications, and more. 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. RESR DESCRIPTION MODEL# FREQ. RESR DESCRIPTION 

SAS-200/510 
SAS-200/511 
SAS-200/512 
SAS-200/518 
SAS-200 530 
SAS-200/540 
SAS-200/541 

300-
1000 -
200-
1000-
150 -
20-
20-

1800 MHz 
12000 MHz 
1800 MHz 

18000 MHz 
550 MHz 
300 MHz 
300 MHz 

Log Periodic 
Log Periodic 
Log Periodic 
Log Periodic 
Broadband Dipole 
Biconical 
Bicon'I. Collapsible 

SAS-200/542 
SAS-200 550 
SAS-200/560 
SAS-200 561 

20-
001 -

300 MHz Biconical, Folding 
60 MHz Active Monopole 

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

BCP-200/510 20 Hz- 1 MHz LF Current Probe 
BCP-200 511 100 KHz-100 MHz HF VHF Crnt Probe 
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Available now from your 
source for the finest 
EMI test equipment and 
accessories. 

AH Systems 
9710 Cozycroft Ave 
Chatsworth, CA 91311 
Tel: 818 998-0223 
Telex: 182 640 WKVG 
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How to avoid 
Capitol Punishment. 

Now there's a code of silence 
in Washington. It's called FCC 
Docket 20780. And the Cannon® 

Silence FCC Docket 20780 
with D Series subminiature 

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 
upto37 positions, with a wide range of 
capacitances and cutoff frequencies. 

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 
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Programmable Attenuators 
50P-136 

Single Supply Programmable 
TTL Control Logic 

20-400 MHz 
0-127 dB in 1 dB steps 

$ 450 00 (1-9 qty.) 

50AP-002 
Analog Programmable 

10-500 MHz 
0-30 OB Continuously Variable 

$ 90.00 (1-9 qty.) 

50P-076 
Wideband Programmable 

DC-1000 MHz 
0-127 dB in 1 dB steps 

$ 360 00 (1-9 qty.) 

50AP-008 
PCB Mount 

Analog Programmable 
50-500 MHz 

0-40 OB Continously Variable 
$ 135.00 (1-9 qty.) 

JFW Industries, Inc. 
2719 E. Troy Avenue 

Indianapolis, Indiana 46203 
(317) 783-9875 
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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. 

, —.1.-  FREQUENCY SYNTHESIZER MODELS 
I- T- ) 40 MHz, 160 MHz, 200 MHz, 500 MHz 
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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. 
WeTI 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) 839-591 1 
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What Good Are Good Electricals 
If They Don’t Stay That Way? 

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. 

ííTÍTilfc 
MILACRON 
Electronic Circuit Materials Division 
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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 of800 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. Aline 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 

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

SI . GaAs 
NPN . PNP 

NF to 1 dB i<i 1 GHz 

LINEAR MODULES 
60 standard parts 
260 special parts 
Gains to 34 dB 
NF to 5dB 

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

input matching for broadband capa¬ 
bility. sillcon-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 
MHz 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. 

I 
50 

I In milliamps 

I I I I I I 
300 330 450 550 600 1000 

Frequency’, (high end) in MHz 

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 G input/output imped¬ 
ance. all biasing and matching net¬ 
works. reliable, high-quality, thin film 
construction and automatic gain con¬ 
trol 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 Pout for conventional and 
trunking applications. 

500- HIGH POWER DISCRETE 
aw 300 standard parts ° 

250- o 1200 special parts o
Bipolar. FET 
7.5V to 50 V 

150— o Over 10 std. pkg. types ° 
100- o o o 

UHF 900 
Frequency in MHz 

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. 
186091084 

Name _ 

Title _ 

Call me: ( 

Company 

Address _ 

City _ State ZIP 

I 
■ 
I 
I 
I 
I 



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 FCC/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 
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Synthesis of FM Signals 
Signal generators are widely used to simulate communications 
signals. Use a variable-frequency phase-locked loop instead of a 
synthesis FM oscillator. 

By Marcus da Silva 
Hewlett-Packard Company 
Spokane, Washington 

The evolution in the uses for the RF frequency spectrum has 
so transformed test equipment requirements that the sim¬ 

ple tunable oscillators of a few years ago have become the com-
lex synthesized signal generators of today. Among many other 
applications, signal generators are widely used to simulate com¬ 
munications signals. This requires them to have versatile and 
accurate modulation capabilities and wide frequency range along 
with ever increasing levels of frequency accuracy, stability and 
spectral purity. 

Test equipment manufacturers have turned to frequency syn¬ 
thesis, typically using phase-locked loops, to achieve accuracy 
and stability in their RF signal generators. Phase-locked-loops, 
however, place some limitations on any type of angle modula¬ 
tion (phase or frequency). These limitations are normally over¬ 
come using a separate FM generator, usually a narrow-range 
voltage controlled oscillator (VCO) whose modulated signal is 
translated to the output frequency. 
An alternate approach, used in the HP 8656B Signal 

Generator, synthesizes FM signals by controlling phase inside 
a variable-frequency phase-locked loop. This method eliminates 
the need for a separate FM oscillator while providing 
unprecedented FM performance. The synthesizer remains 
locked while in FM mode, retaining its inherent accuracy and 
stability. 
The HP 8656B uses this scheme in a fractional-N phase-

locked loop1. This implementation provides DC-coupled FM with 
drift rates of less than 10 Hz per hour and an initial offset of less 
than 500 Hz. It also allows AC coupled FM with a lower 3-dB 
frequency of less than one Hertz and a modulation index of 4000. 
Also, the loop bandwidth remains unchanged in FM mode, main¬ 
taining excellent phase noise and stability2. Low-drift DC FM is 
necessary for low-rate digital FM such as the unsquelching 

signals used in mobile radios or signaling codes used in modern 
pocket pagers. It can also be used as a general purpose VCO. 
AC coupled FM is needed in any application where the center 
frequency needs synthesized accuracy. 

This article describes the theory and techniques used in 
implementing such an FM synthesis system. Some phase-locked 
loop basics are included as well as pertinent block diagrams. 

Frequency (FM) and 
Phase (PM) Modulation 
Frequency is the time derivative of phase. The same relation¬ 

ship holds for FM and PM3. For sinusoidal modulation, 

f(t) = Afp,, cos œmt 

where f(t) is the instantaneous frequency deviation and △fpk is 
the peak frequency deviation. 

*(t) = J 2n f(t) dt , 

+(t) = 2n Afpk sin œmt , and 

œm

fit) = △fpk sin a>mt = /îsin œmt 
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where f(t) is the instantaneous phase deviation, and fm is the 
modulation rate. 

Eq. 1 desribes the instantaneous frequency deviation. When 
Eq.1 is integrated, it yields the instantaneous phase deviation 
shown in Eq. 2. the quantity ß is called the modulation index. 
It is equivalent to the peak phase deviation and is measured in 
radians. If instead of a sinusoid the modulating signal is a DC 
level, the frequency is offest by a fixed amount. The phase devia¬ 
tion is then the integral of the frequency deviation and increases 
linearly with time. This point is illustrated by the following 
example: 

Example 
Consider two 10 MHz signals initially in phase. If one of the 

signals is DC frequency modulated with a deviation of 1 kHz, 
it will be a single tone at 10.001 MHz. Their frequency difference 
is 1 kHz as shown in Figure 1a. The phase difference between 
the two signals is a ramp that increases at a rate of 1000 cycles 
per second or 2000 n radian/sec. as shown in Figure 1b. 
From Eq. 2 it follows that for sinusoidal FM with constant peak 

deviation the modulation index, ß increases as the modulation 
frequency decreases. In the case of DC FM, ß becomes infinite. 
These relationships between phase and frequency are crucial 
to the understanding of FM in a phase-locked loop. 

FREQUENCY DOMAIN 
REPRESENTATION 

O 

(fl 

10.000 10.001 

FREQUENCY (MHz) 

Figure 1b. Time-domain representation of phase 
deviation for a 10 MHz signal with kHz DC FM. 
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Figure 2. Basic Phase-locked loop 

FM and in a Phase-Locked Loop 
Fig. 2 shows a simplified block diagram for a phase-locked 

loop. It includes a phase detector (PD), an arbitrary loop filter 
(F(s)), a voltage controlled oscillator (VCO), and a frequency 
divider (l/N). Shown also are inputs for frequency and phase 
modulation of the output signal. 

The general transfer function for such a phase-locked loop 
is given by: 

<|>o(s) = K7Kd F(s) 

*ref (s) S+KvKd F(s) 
N 

where |o(s)/$ref(s) relates the phase of the output signal to the 
phase of the reference signal. Kv is the VCO gain constant (rad¬ 
ian/sec. volt), Kd is the phase detector gain (volt/radian), N is 
the frequency divisor and F(s) is a transfer function that 
represents any circuitry such as filters and amplifiers4. 

The response to the 4M input is given by the transfer function 

4o(s) = KvF(s) 

vp(s) S+KvKd F(s)~ 
N 

which relates phase deviation of the output from its center value 
to the voltage at the 4M input. 

The response to the FM input is 

a>o(s) = S Kv
VF(S) S+KvKd F(s)~ 

N 

which relates deviation from center frequency of the output signal 
to the voltage at the FM output. 
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FM 
INPUT 

Figure 4. System for flat FM in a phase-locked loop. 

The FM response due only to the integrated path is then 

œo(s) = K,Kv F(s) 

“W S+KvKd F(s) ~ 
N 

If the responses to both paths are added, the result is 

coo(s) = S K, + K¡KV F(s) 

Vf(s) S+KvKd F(s) S+KvKd F(s) 
N N 

Let K¡=KvKd/N, and 

F(s) 
wo(s) = Kv S+KvKd n = Kv

VXs) S+KvKd F(s) 
N 

Figure 3. FM and $M response of a phase-locked loop 

For the simple case where F(s)=1 , the response to the |M in¬ 
put is a low-pass function and the response to the FM input is 
a high-pass function as shown in Fig. 3. The quantity KVKD/N 
deterines the loop 3dB bandwidth. It follows that a phase-locked 
loop can be phase modulated at rates that lie inside its loop band¬ 
width, and frequency modulated at rates that lie outside its loop 
bandwidth. These two properties are utilized in the method 
described here for obtaining flat FM response. The FM input 
signal is converted into an equivalent ̂ M input signal via an in¬ 
tegrator. Both the FM and <f>M inputs are then used in Fig. 4. 

The transfer function of the integrator is given by 

Vo(s) = 

V((s) S 

If the resulting gain of the integrator is chosen so that 
Ki=KvKD/N, the resulting FM response is only dependent on Kv 

as shown in Eq. 9. It does not vary with frequency and is com¬ 
pletely independent of the loop filter F(s). This method allows 
the output of the phase-locked loop to be frequency modulated 
at rates that lie both inside and outside the loop bandwidth. 
Mathematically, the response of such a system can be extended 
to an arbitrarily low frequency, even to DC. Real phase-locked 
loops, however, have some limitations. 

Limitations of Phase-Locked Loops 
The ideal system for frequency modulation of a phase-locked 

loop consists of a wide-bandwidth loop with both a phase detec¬ 
tor and an integrator that have infinite range. Realizable systems, 
however, cannot accommodate these requirements in a conven¬ 
tional manner. 

Phase Detector Range 
The peak phase deviation of the output signal is given by /J. 

The greatest phase difference between the two signals at the 
phase detector is 
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Fig. 5 Synthesized-FM System 

△ h" 

The phase detector must operate linearly over a range of ß/N 
if the phase-locked loop is to faithfully reproduce the modula¬ 
tion signal. Double-balanced mixers have a linear phase measur¬ 
ing range of a few tenths of a radian. Digital phase detectors 
have ranges of up to 2n radians. The maximum possible phase 
deviation at the output of a phase-locked loop using a digital 
phase detector is 2n radians. This becomes a problem at low 
modulation rates and high FM deviations. DC FM is impossible 
since it requires an infinite modulation index. 

Integrator Range 
The integrator shown in Fig. 4 is typically implemented with 

op-amp. The output voltage swing is inherently limited by the 
power supply voltages. An ideal integrator’s response to a DC 
input is a ramp that increases without bound. In a real integrator, 
the ramp stops at the op-amp swing limits. 

Loop Bandwidth 
In a typical signal generator application, the RF signal must 

be modulated at audio rates and relatively high frequency devia¬ 
tions. This requires high phase deviations at the lower modula¬ 
tion rates, the usual way to overcome the deviation limits is to 
build a phase-locked loop with a very narrow bandwidth, allow¬ 
ing most or all of the modulation signal to fall outside of the loop 
bandwidth. 
The tradeoff of a low loop bandwidth is loss of the stability 

provided by a wide band loop. Phase-locked loops reduce phase 
noise at offsets from the carrier that are less than the loop band¬ 
width. Narrowing the loop bandwidth therefore reduces the noise 
improvement properties of the loop. Narrow-band loops are also 
more susceptible to noise and jitter caused by external sources 
such as powerlines and vibration. 

Synthesized FM in a 
Phase-Locked Loop 
The limitations of phase detector range, integrator range, and 

loop bandwidth can all be overcome with the scheme shown in 
Fig. 5. It consists of a system similar to Fig. 4 with the addition 
of a variable-modulus prescaler5, threshold detectors, and 
switchable current sources. 
The threshold detectors are used to sense the instant when 

the integrator output voltage crosses either of two arbitrary 
thresholds. One detector senses when the integrator output is 
above the higher threshold, the other when the integrator is 
below the lower threshold. 

After one of the threshold is crossed, precision timing circuits 
momentarily activate the appropriate current source. This adds 
or removes a precise amount of charge from the integrator 
capacitor, effectively resetting the integrator and maintaining its 
output between two limits. 
The prescaler is composed of a frequency divider with three 

moduli (9, 10, and 11) and some synchronization circuitry. The 
prescaler has three functions. Each time the REMOVE input is 
activated, one cycle is removed from the divider input by the 
prescaler. A current source is then turned on for a precisely con¬ 
trolled time interval. It pumps just enough charge into the 
integrator capacitor to compensate for the one cycle (2n radians) 
removed by the prescaler. When the output of the integrator 
crosses the lower threshold, a cycle is added to the divider in¬ 
put and charge is subtracted from the integrator. The net result 
is that even though the phase detector experiences a step 
change in phase, the integrator step compensates for it. The 
F(s) block contains a sampler so that at the time that each sam¬ 
ple is taken, the effects of pulse removal or addition and those 
of resetting the integrator have all settled, the transients occurred 
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response of an integrator with resistive feedback’. 

between samples. The operation of the system is illustrated by 
the square-wave input example shown in Fig. 6. 
The system oulined above provides DC-coupled FM. A DC 

input voltage will cause the output frequency to be offset by a 
proportional amount. Any offset currents in the integrator cause 
the integrator output voltage to drift, creating a shift in the out¬ 
put frequency. Since zero drift integrators are not available, this 
system will display an offset from center frequency even though 
no voltage is present at the input. The magnitude of this fre¬ 
quency offset can be made much smaller than that of a free-
running VCO which is the usual technique for generation of DC 
FM. This offset is also relatively constant with time, unlike free-
running VCOs. 

AC-Coupled FM 
It is often necessary to frequency modulate a signal while 

keeping its center frequency locked to a stable reference. The 
system shown above has a small frequency offset caused by 
integrator drift. Its center frequency, therefore, is not locked to 
the reference. To accomplish this, it is necessary to move the 
integrator pole away from 0 Hz by adding some DC feedback 
around the integrator. Fig. 7 shows a conventional integrator 
with DC feedback. 
The resetting and pulse removal/addition action makes the 

integrator in Fig. 5 inherently non-linear. Some method is re¬ 
quired to reconstruct linear operation from the circuitry. The 
signal fed back to the integrator input needs to be proportional 
to the instantaneous phase deviation of the VCO output signal. 

r.f. design 

This can be done with the scheme shown in Fig. 8. Resistors 
R1 , R2 and R3 provide feedback from the integrator output. The 
up/down counter keeps track of the total net number of pulses 
that have been deleted or added by the prescaler. The DAC con¬ 
verts the count into an equivalent voltage. Resistor R4 feeds 
that signal back to the integrator output. The resistor network 
is chosen so that the current fed back to the integrator input 
has the same gain through both paths. The Up/Down counter 
and DAC reconstruct a staircase approximation of the instan¬ 
taneous phase deviation, each step corresponding to one cycle 
of phase (2n). Adding the feedback signal obtained from the out¬ 
put of the integrator fills in the space between steps as shown 
in Fig. 9. The overall operation of the system is that of an ideal 
integrator with a resistor in the feedback path that cancels out 
any offset currents in the integrator. 
The amount of phase deviation that can be handled is deter¬ 

mined by the number of bits in the counter and DAC. A 10 bit 
DAC and counter will allow a total phase deviation of ±512 
cycles, or a ß of 1024n. The DAC gain and the resistive divider 
network determine the effective integrator pole location. 

This scheme of counting deviation cycles gives us true syn¬ 
chronized center frequency with no drift while allowing high 
deviations and arbitrary placement of the integrator pole. The 
HP 8656B implementation is capable of a peak phase devia¬ 
tion or ß of 4000 radians and has an integrator pole location of 
0.75 Hz. Disconnecting the counter and resistive feedback allows 
true DC-coupled FM with a center frequency offset that is deter¬ 
mined only by the drift in the integrator. It is insensitive to VCO 
drifts and offsets. 
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technology expo^ 

IF YOU HAVE AN IDEA FOR A 
PAPER, OR SEMINAR, YOU’D 
LIKE TO PRESENT TO A LOT 
OF MOVERS AND SHAKERS IN 
THE RF ENGINEERING FIELD. . . 
WE’VE GOT THE PERFECT 
PLACE FOR YOU TO DO IT! 

technology expœ 
Disneyland Hotel, Anaheim, California 
January 23-25, 1985 
Sponsored by r.f. design magazine 



technology expo_ 

CALL FOR SPEAKERS/ 
SESSION LEADERS 

If you’re like a lot of other RF design engineers, you’ve 
had to keep your best ideas to yourself. . just because 
you couldn’t find a forum of your peers. . .people who 
could use your ideas, to advance the state of the RF art. 
Why? Because the vast majority of today’s electronic con¬ 
ferences are too digital, too general, or too microwave, 
to be much use to RF engineers. RF technology has been 
ignored ... in spite of an RF boom that makes it imperative 
for RF engineers to stay abreast of each other’s work. 

But now you can dust off that idea for a paper. . .or for 
a seminar/session of several papers. . .with the secure 
knowledge that there is a place for it. RF TECHNOLOGY 
EXPO 85. . .the first annual conference and exhibit in¬ 
tended specifically and exclusively for RF design engi¬ 
neers . . . January 23-25 at the Disneyland Hotel, Anaheim, 
California. 

Sponsored by r.f. design magazine, RF TECH EXPO will 
do “live” what the magazine has been doing in print. For 
two and a half days, five large meeting rooms will be buzz¬ 
ing simultaneously, as 100 papers are presented in 25 
sessions. Many of these papers have already been 
selected (by Andy Przedpelski, VP of Development at ARF 
Products, Inc., who is serving as Program Chairman). The 
rest will be selected by the end of October, 1984. That 
leaves you time to act, but makes it clear that the time 
is now. 

Here are some of the general subject areas that might be 
explored, just to spark your thinking. . . 

RF CIRCUIT DESIGN 
RF SYSTEMS DESIGN 
RF COMPUTER AIDED DESIGN 
PHASE LOCKED LOOPS 
OSCILLATORS 
AMPLIFIERS 
RF POWER DEVICES 

ANTENNAS 
CATV 
SAW DEVICES 
TRACKING SYSTEMS 
SIGNAL SOURCES 
JAMMING TECHNIQUES 
SIGNAL ANALYSIS 
EMI/RFI 
SATELLITE COMMUNICATIONS 
LOW NOISE RECEIVERS 
TEST FIXTURING 
DIGITAL COMMUNICATIONS 
EW SYSTEMS 
CELLULAR SYSTEMS 
SIDEBAND SYSTEMS 
RF MICROCIRCUITS 
FILTERS 
NAVIGATION 
RESISTOR NETWORKS 
INSTRUMENTATION 

Use the facing response card to outline your idea for a 
paper, or for a session of four or five papers, before an 
audience of your peers. Mail the card directly to Andy 
Przedpelski, Program Chairman, at ARF Products, Inc., 
in Boulder ... or, if you want to discuss your idea, call him 
at (303) 443-4844. 

YOUR PROPOSAL MUST BE RECEIVED BY 
OCTOBER 15, 1984 

SELECTION OF PAPERS AND SPEAKERS 
TO BE ANNOUNCED BY OCTOBER 31, 1984 

All speakers will be required to submit manuscripts in ad¬ 
vance. Papers will be printed in a bound proceedings 
volume, which will be provided free to speakers following 
the Expo. Speakers will also receive full registration at the 
convention without charge. 



Figure 8. Digital feedback scheme for AC coupled FM. 

Design Limitations and 
Achieved Performance 
The operation of this synthesized-FM system hinges on the 

digital removal or addition of VCO cycles. The phase transients 
caused by these abrupt phase steps must be cancelled by the 
integrator reset currents. If these currents are not accurate, the 
cancellation is not complete and the resulting errors show up 
as sawtooth-shaped phase modulation components on the out¬ 
put signal. These spurious modulation components have a 
repetition rate equal to the integrator reset rate and show up 
on a spectrum analyzer display as unwanted sidebands around 
the carrier. For good spurious cancellation, the resetting cur¬ 
rents must be made to track any phase detector gain variations 
caused by aging, temperature, or component replacements. 
The initial frequency offset and center frequency drift when 

in DC FM mode are determined by offset currents present at 
the input to the integrator. Good offset and drift performance 
requires audio circuitry with minimum offset voltages, currents 
and temperature effects. 
The placement of the integrator pole determines the lower 3dB 

frequency in AC FM mode. The pole location is controlled by 
the ratio of feedback current to instantaneous phase deviation. 
This ratio is determined in two parts. The first is the DC feed¬ 
back path from integrator output to input. The second is the gain 
of the counter/DAC system. There will be a certain amount of 
center frequency jitter if these two paths are not well matched. 
The HP 8656B implementation of the phase reconstruction 

scheme provides spurious cancellation yielding sidebands 
typically better than -60 dBC at offsets greater than 5 kHz and 
-50 dBC of offsets less than 5 kHz. The initial frequency offset 
in DC FM mode is less than 500 Hz, and the center frequency 
drift rate is less than 10 Hz per hour including temperature 
effects. In AC FM the center frequency is synthesized (no offset) 
and the lower 3-dB frequency is less than 1 Hz. The peak fre¬ 
quency deviation is 99 kHz. The maximum modulation modula¬ 
tion index is 4000 in AC FM and unlimited in DC FM mode. 
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DISPLAY UNIT 
• Choice of IF 
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• High Resolution 
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For further information, please call or write to 
Marketing Department, Reaction Instruments, 
1930 Isaac Newton Square, Reston, VA 22090. 
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Antenna Impedance Matching 
Using a Sweep Generator 
A job that used to take all day 
can now be done during lunch. 

By Riley Puckett 
Burr-Brown Corp. 
Tucson, AZ 85713 

Reasons for the Method 

The normal procedure for matching 
a transmission line, through a coupl¬ 

ing circuit, to any antenna which requires 
an impedance transformation is usually 
specified by the manufacturer as follows 
(simplified): 
1. Install an SWR meter between the 

coupler and the transmission line. 
2. Key the transmitter (low power) and 

adjust the coupler matching components 
for the lowest SWR. 
As anyone who has ever tried this 

method can verify, this is easier said than 
done. This is due to the fact that most 
SWR meters require switching between 
forward and reverse power indications 
while making the adjustments. If you have 
started from scratch and everything is in 
left field you may get fwd/rev power 
readings of almost anything. If you have 
a dual reading meter the degree of dif¬ 
ficulty is decreased somewhat, yet the 
task is still less than ideal. 

This method is also complicated due to 
interactions between channels while tun¬ 
ing, if a multi-channel coupler is used. 
Other factors to be considered are in¬ 
terference with other users while tuning 
and some solid state amplifiers become 
unstable at a high SWR further con¬ 
tributing to interference by spurious 
radiation. 
A better way to accomplish this project 

was found using the maximum power 
transfer and voltage divider theorems in 
conjunction with a sweep generator and 
an RF detector. This method was devised 
using a 10 channel coupler which worked 
in the 2 to 3 MHz range. The normal time 
required to match all channels to less 
than 1.2:1 SWR was 8 hrs. After a brief 
familiarity period the tuning could be com¬ 
pleted in about 1 hr., an 8:1 savings in 
time. The time decrease is due to being 
able to see immediately any effects the 
adjustments caused and the direction in 
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Figure One 

which the next adjustment had to be 
made. Accuracy does not suffer because 
the point of exact match can be seen if 
the calibration was made correctly and 
the method is understood. 

Most modern laboratories have net¬ 
work analyzers and the use of this instru¬ 
ment can accomplish the same end re¬ 
sults. However, they are expensive and 
I have never had the luxury of using one 
and it is felt that others out there may be 
in the same situation. 

A Review of the Theory 
A series LC circuit exhibits an im¬ 

pedance of zero at resonance (Fr) if it 
has negligible losses within its com¬ 
ponents. An amplitude vs frequency plot 
for this type circuit is show in figure 1. In 
figure 1A, a voltage detector will see 
Vout = zero at Ff as the sweep generator 
crosses this frequency if Rlne. + R„ rt =0. 

1 loss rao 

If a variable resistor is inserted in place 
of R,„„ + R„„h then the V„„, at F, will in-
crease with an increase in resistance. 
This will allow the detector output voltage 
(Vovt) scale to be calibrated in terms of 
resistance. This resistance will later be 
set to a value equal to the Zo of the 
transmission line, to which the antenna 
will be matched. Note that bandwidth also 
changes due to a decrease in circuit Q 
which is analogous to antenna Q. 
Any antenna will react in the same 

manner. However, there are some restric¬ 
tions. If the connection cannot be made 
directly to the antenna or coupler circuit 
then an electrical half wavelength of low 
loss transmission line (or a multiple) must 
be used to get a true measurement of the 
antenna impedance. More on that later. 
Some deviation from the mathmatical 
model may occur when using a sweep 
generator if sweep width is too large or 
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sweep time is fast. The only area of in¬ 
terest is near Fr. 
An antenna will exhibit an impedance 

which can be analyzed as a series circuit. 
This circuit will consist of a radiation 
resistance (R rad), loss resistance (R,oss), 
inductance (L), and a capacitance (C) as 
shown in figure 1. Capacitive and induc¬ 
tive reactance cancels at Fr leaving only 
Rrad and Rloss . On either side of Fr the im¬ 
pedance changes from resistive (real) to 
complex and cannot be measured in this 
manner. However, it is only the resistive 
component that is of interest. Loss re¬ 
sistance will be included within RL for all 
examples. 

Equipment Setup 
The equipment is set up as shown in 

figure 2. If an RF detector probe is not in¬ 
cluded with your sweep generator one 
can be fabricated or obtained commer¬ 
cially. Some generators may not furnish 
enough drive for this application. If this 
is the case then a broadband amplifier is 
needed. The Burr-Brown 3553 buffer amp 
is good up to 30 MHz, and will furnish 
more than enough drive. A stable fre¬ 
quency marker generator will be helpful 
if it is built into the sweep generator. 
Use the following steps to calibrate the 

equipment: 
1. Disconnect the coupler (or transmis¬ 

sion line or antenna) on the RL side of 
the Ro. Load the output with a carbon re¬ 
sistor which matches the value of Ro 

(which should match the transmission line 
characteristic impedance). 

2. Set the sweep rate and width. A wide 
sweep setting should be used initially. It 
can be decreased later after gaining 
familiarity with the method. Set the mar-
ker(s), their amplitude and the harmonic 
spacing required. 

3. Calibrate the scope scale with the 
retrace at the bottom and the detected 
signal level at mid scale. Midscale can be 
an arbitrary point and is not absolute. This 
point will not be changed after this setup 
since it is your Z reference point for all 
adjustments, DO NOT TOUCH. The 
scope trace is shown, after calibration, in 
figure 1. A value of 50 ohms, for Ro, will 
be used for all examples. However, this 
can be any value but it must match the 
Zo of the transmission line used. 

4. Disconnect the standard resistor and 
connect the coupler (or transmission line 
or antenna) back to the RL side of Ro. 
The trace must now be interpreted. It 

looks complicated. However, after a few 
minutes of adjusting L and C in the 
coupler it becomes very simple. Several 
examples will be given to give insight in¬ 
to the hows and whys of the trace. Note 
that distortion will occur at the point of 
“zero” frequency and also above F. An¬ 
other deviation will occur at the point of 
interest due tqthe response of the detec¬ 
tor probe. For the final steps of adjust-

Theory: Why the aethod works. 

Burr-Brown 
3553 

wideband buffer. 

RF in 

Rin = 50 
Ohms 

Ew = 300 MHz. 
Gain = .92 V/V 
at 30 MHz with 
50 Ohm load. 

15 VDC If JI = 0 then ZL = Re 

and Vout = 1/2 Vin. if Re = Ro. 

ZL = Re ♦ JI [ rectangular ] 
or

ZL = P ¿0 [ polar ] 

Quiescent Current = 

Figure 1a 

r.f. design 

Cc is a luF and 
a .001 uF disc 
in paral lei . 

Rrctan —— 
Re 

phase 

For plotting , operation is 
completed in rectangular form then 
converted to polar form. 

♦/- 80 mfi. Use with heat sink. 

y calibration. 

Figure 2 Equipment Set-up 

Figure 3 
ment it is recommended that the sweep 
rate be set to below 10 Hz and increased 
until a change in any sharp transitions oc¬ 
cur then back off a little. This caused con¬ 
siderable problems in the beginning be¬ 
cause the SWR measurements did not re¬ 

late to the scope trace (shifting occured). 
In the following examples the analysis 

will not be as a series circuit. The trans¬ 
former action of the matching circuits will 
cause Rl to be reflected as being equal 
to Ro when matched. 
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Figure Four 

Figure Five 

42 Figure Six 

Example #1 
Figure 3: This is almost exactly the 

same as the series resonant circuit and 
is the result of holding all parameters con¬ 
stant with the exception of L2. The goal, 
a matched condition, is at 3 MHz and 
Vout = % Vjn . This computer generated 
figure will almost exactly represent the ac¬ 
tual trace on the scope. Again, it is the 
area around Fr which is of interest. 

Figure 4: Here all parameters are held 
constant except which is adjusted to 
show the effect upon parameters near 3 
MHz. 
A study of the two figures reveals that 

C, has the greatest effect upon amplitude 
and L2 changes Fr more than Cv It ap¬ 
pears that C, = load and L2 = tune. What 
could be simpler? A graphic display of the 
two adjustments is now available and a 
SWR meter is unnecessary! 

This process of repeatedly adjusting L 
and C to bring the dip toward the target 
will result in a 1:1 SWR — a perfectly 
matched condition (Ro = RL). 

Note that the tune and load ad¬ 
justments will interact. 

Example #2 
Figure 5 and Figure 6: This display is 

completely different from example #1 in 
that it has a series and a parallel reson¬ 
ance very close together and will reflect 
two values of RL. One will equal RL, the 
other will transform RL to equal Ro when 
the system is matched. The point of in¬ 
terest will be near the peak shown in 
figure 5 and figure 6. The "near” will be 
discussed in the topic of phase. 
The tuning of this type circuit is almost 

the same, i.e. L is tune and C is definite¬ 
ly load. After adjusting L to retune, C will 
have to be increased (load) to lower the 
peak or decreased (unload) to raise the 
peak toward the target of 3 MHz. 

Figure 5 shows the effect of adjusting 
L and figure 6 the effect of adjusting C 
with opposite parameters held constant. 

Phase of the 
Reflected Load 
This section was an afterthought in the 

interest of being thorough. I say this be¬ 
cause, all the antennas with which this 
method was used to match, the SWR was 
always low and acceptable (less than 
1.2:1). The delay in completing this arti¬ 
cle was worth the wait. In circuit 2 the 
phase does effect the SWR. This leads 
back the the "near” mentioned before. 

Note that no physical measurements of 
phase have been made. The phase plot 
was computer generated during the plot¬ 
ting of Voul . The basic formulae used in 
the program are shown in figure 1A. 

Figure 5: For any circuit to be resonant 
the phase angle of ZL must be zero to 
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become a pure resistance. In figure 5 this 
becomes apparent. Notice that the phase 
never reaches zero for L = 5 uH and for 
L = 10 uH there are two solutions, one 
near the peak and the other farther to the 
left. The solution of interest is near the 
peak where the phase crosses zero 
again. This condition is not a true match. 
However, it will yield low SWR due to low 
reactive components. When L= 15 uH 
the amplitude and phase cross a unique 
frequency together. This is the condition 
of a true match. Notice that the amplitude 
is about 25% down the slope from the 
peak at Vz Vip . This is what we want. 
One problem, it is located about 2.3 MHz 
and should be at 3 MHz, the target. 
Therefore, readjustment is necessary to 
obtain the same condition at 3 MHz. From 
this it is concluded that the afterthought 
was worthwhile. 
The plot of phase and amplitude in fig¬ 

ure 7 shows a closely matched line and 
antenna at 3 MHz. The phase plot shows 
zero reactance at that point. For circuit 
1 the reactance will always cross zero at 
the dip regardless of the amount of mis¬ 
match. The off resonance phase will de¬ 
crease in amplitude as detector voltage 
(at the dip) increases toward unity as 
shown in figure 8. 
Some special notes should be given 

here with regard to the exact condition of 
a good matched line to coupler. In all 
cases the amplitude will be at Vi Vout at 
whatever frequency is in question and the 
phase will cross 0 at this point. From the 
figures the frequencies of match are as 
follows: 

Figure 1 — 3.15 MHz 
Figure 3 — 3.0 MHz 
Figure 4 — 3.3 MHz 
Figure 5 — 2.4 MHz 
Figure 6 — 2.9 MHz (C, = 2500 pF.) 
Figure 7 — 2.95 MHz 
Figure 8 — No match 
Figure 9 — 3.0 MHz 
Figure 10 — 6.0 MHz 

CONCLUSIONS: After using this meth¬ 
od for 12 years, with excellent results, 
from 2 MHz to 160 MHz I am convinced 
that anyone can use it. The method does 
not require any specialized equipment 
(none that the normal shop or lab should 
not have) and is very accurate in match¬ 
ing a system. If a sweep generator is not 
available, then an RF signal source can 
be substituted. However, some problems 
may arise in the interpretation of results. 
Radiation resistance measurements may 
be made if Ro is made variable, and 
direct SWR measurements by using an 
RC type SWR bridge with scope output 
taken at Ro. This will give SWR and 
R rad +  Rioss Simultaneously. 

Example #3 
Figure 9, figure 10: Two more cases 

arise when it is desired to look at an an-

Figure Seven 
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APPENDIX 1- Figure 11 
Formulas and Circuits 

ZL = - JX1 + - --

_ i_ 
Xm RL ♦ J<XL-XC2> 

unsre: Xm = 2 x Pi x L2 * F (X3) 
XL = 2 X Pi X LI X F 

J XI * RL ♦ J(XL-XC2) 

V 
(X3) 

Where: Ll= Ll’+ LI” 
XL : 2 X Pi X L X F 

Note: 
LI & LI' are used to simulate a long 
Antenna. ie. Length > 1/4 Wavelength. 
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“Slot Ten” series of variable RF inductors. 
For prototyping, use our 108 piece Experimenters Kit. It puts 

inductance values from 0.7 to 1143 pH at your fingertips, so you’ll 
save hours of hunting around for the right part. 

The savings continue when you go into production because 
no one beats Coilcraft’s low off-the-shelf pricing! 

Our “Slot Ten” coils feature compact 10 mm packaging, easy 
tuning, optional shielding, and one-piece molded construction that 
guarantees low drift. 

To order your “Slot Ten” Experimenters Kit or for complete 
technical details, call us at 312/639-6400. 

Experimenters Kit. Covers range from 0. 7 to 
1143 pH. Includes 54 shielded and 54 unshielded 
coils, alternate core materials, magnetic shielding 
sleeves, tuning tools, and detailed specifications. 
$60 price is applied against your first order. 
Call 312/639-6400 

Dept. D, 1102 Silver Lake Rd., Cary, IL 60013 

tenna through a transmission line. Both 
figures indicate a matched condition and 
the plots are not exact. However, they will 
give a general picture of what happens 
when the load resonant frequency is 
reached. In both cases the generator and 
detector see the same thing as they 
would if connected directly to the anten¬ 
na or the coupler, with one exception, the 
impedance level will be different for the 
Va wave line case as explained below. 
Case #1 , Figure 9: 3 MHz, 1/4 electrical 

wavelength (or odd multiples). This is not 
recommended since any small change in 
R. is reflected as Z,n = Z„21Z. . This L in o L 
case will work if the match is exact. 
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transformers 

3 KHz-800 MHz 
over 50 off-the-shelf models 
from $295

Choose impedance ratios from 1:1 up to 36:1, 
connector or pin versions (plastic or metal case built 
to meet MIL-T-21038 and M1L-T-55831 requirements*). 
Fast risetime and low droop for pulse applications; 
up to 1000 M ohms (insulation resistance) and up to 1000V 
(dielectric withstanding voltage). Available for 
immediate delivery with one-year guarantee. 

Call or write for 64-page catalog or see our catalog in 
EBG, EEM, Gold Book or Microwaves Directory. 
’units are not QPL listed 

now 

comDuter-automoted 

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 

C71 Rev. Orig. 
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Case #2, Figure 10: 6 MHz, Vi elec¬ 
trical wavelength (or any multiple). This 
is the case to always use since at 1/2 elec¬ 
trical wavelength the load is exactly 
reflected to the generator. 

The Computer Program 
Figure 11 shows the formulae used for 

the computer program. The resultant im¬ 

pedance was used (see figure 1 A) to cal¬ 
culate ouptut voltage using the voltage 
divider theorem. The formulae are a form 
of the Cauer expansion for network reali¬ 
zation except in a reverse manner. Mean¬ 
ing that in the program calculations were 
started at the bottom right in each case 
and then worked out toward the begin¬ 
ning. This appeared to be the simplest 
method to follow for this application. 

All special program variables are 
shown in parentheses in figure 11. L, and 
Lp were used to simulate the case of a 
longer than V« wavelength antenna, 
which will not be covered here. 
The plotting and graphics were im¬ 

plemented on an Epson QX10/MX80 sys¬ 
tem using a program utility called Qplot-
ter, which is compiled BASIC called from 
BASIC. 

5 REM *******♦♦♦*** APPENDIX 1 ******************** 
10 GOSUB 10000 
25 INPUT "name of store file":N$ 
28 N«="b: "+N$+" ” + 
30 F»="b: blank " + "" : RC=0 
35 CALL QSTART:CALL DHOME 
40 CALL QRETRV (RC, F$) 
50 REM X=100: Y=70:V=50:W=30:L=5 
60 REM CALL CCURSOR (X,Y) : CALL QAXIS(V.W.L) 
70 IN!=1OOO 
100 Cl ! =6. 8E-1 1 
101 C2!=2E-10 
103 LI! =.000001 
104 L2!=. 000009 
105 RS!=50:RL!=0 
106 PI! =2*3 .141 5927# 
108 F9!=2.5E+06 
110 A9!=1/PI ! :B9!=A9! *(1/C1 !):C9 !=A9 ! *(1/C2! ) : D9 !=PI !*L1 ! :H9 !=PI !*L2 ! 
120 E9!=l/F9! : XI !=B9 !*E9 1 :X2!=C9!*E9 1 : XL !=D9 !*F9 ! : X3 ! = XL !-X2 ! :XM!=H9!*F9 ! :R9 !=RL 

130 GOSUB 300 
140 R9 !=G9 ! :X3 ! = (JB ! + (-1 /XM ! ) ) 
150 GOSUB 300 
165 R2 !=G9 !+RS ! :X2 !=JB !-X 1 ! : RI !=G9 ! : XI !=JB 1-XI ' 
166 GOSUB 400 
170 Y=INT (70+P9 !*300) 
174 X = INT (100+ (F9! /1E+06) *50) 
180 CALL QPOINT(X.Y) 
182 Y=INT (220+ (3*W9 !*57. 2958) ) 
184 REM CALL QPOINT(X.Y) 
185 CH»=INKEYi: IF CH»<>"" THEN GOTO 200 
187 IF F9!=4E+06 THEN RL !=RL !+5: GOTO 108 
190 F9 1=F9 !+IN ! : GOTO 120 
200 CALL OSTORE (RC, N$) :N0=0: ST=O: CALL OPRINT (NO, ST) 
205 CALL OEND 
207 LPRINT N$; Cl ! ;C2 ! : LI ! ; L2 ! 
210 END 

300 T9!=R9!-''2+X3!~2:G9!=R9!/T9! :JB !=-X3 !/T9 ! .-RETURN 
400 Al !=R1 !*R2!+X1 !*X2! : AB !=R2 !*2+X2 !̂2: G9 !=A1 !/AS ! : JB! = (R1 !*X2!-X1 !*R2 !)/AS 1
500 P9 1=SDR (G9 !~2+JB !' 2) :W9 !=ATN (JB !/G9 1) 
510 RETURN 
600 LPRINT USING "####.###"; P9 ! ; 
610 LPRINT USING "####.###"; Y; 
620 LPRINT USING "########.#"; F9 • 
630 RETURN 

10000 POKE 1,9: POKE 2, &HBB: 0=&HBB00: 0SYSTEM=Q+3: QSTART=Q+6 
1O010 0END=0+9: 0CLEAR=0+15: QST0RE=Q+18: 0RETRV=Q+21 : QPRINT=Q+24: 0STRING=Q+27 
10Q20 QPAT=Q+30: Q0VER=Q+33: QZ00M=0+36: QPAN=0+39: QTRI ANG=0+42: QH0ME=Q+45 
10030 0CURS0R=D+48: QM0VE=Q+51 : QCHAR=O+54 : 0DRAW=0+57 : QAX 15=0+60: 0ARC=0+63 
1OO4O OL INE=0+66:0PGRAM=0+69: OD I AM=Q + 72: QC I RCLE=0 + 75 : 0WHERE = 0+78 : OT I ME=0+8 1 
10050 QDATE=0+84 :OPOINT=0+87 : QUAD 1=0+90:0UAD2=Q+93:0UAD3=Q+96 
10O6O 0UAD4=Q+99: 0RECT=0+102: 0PRINV=Q+105: 00RGl=Q+108: Q0RG2=Q+l 1 1 : Q0RG3=0+l 14 
10070 D0RG4=0+117 
10072 DEFINT A-P,R-Z 
10075 RETURN 
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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 /xsec. 
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. 
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OUR COMPANY IS KNOWN BY THE PEOPLE IT KEEPS 

E-SYSTEMS, INC., ECI DIVISION, ST. PETERSBURG, FLORIDA 

Our company is "KNOWN BY THE PEOPLE WE KEEP." We have designed our work environment and 
personnel programs to enhance the professional engineer's talents. Our Fortune 500 financial ranking, 
employee stock ownership, and benefit program contribute to our "people success." 

RF ENGINEERS: BSEE with 4-10 years' RF design experience. 30 MHZ to 2GC. 
TRANSMITTER DESIGN ENGINEERS: BSEE with experience in VHF, UHF, or microwave frequencies: 
1 watt to 1 kilowatt output power. 

RELIABILITY ENGINEERS: BSEE with experience in generating and implementing programs per MIL-
STD 756. 
COMPONENT ENGINEERS: BSEE with experience in components engineering including part selection, 
specification generation, and part failure/problem resolution. 
ANTENNA/MICROWAVE ENGINEERS: BSEE with experience in design/development of military anten¬ 
nas and microwave circuits to assume technical management responsibilities. 
EMI-TEMPEST ENGINEERS: BSEE with EMI-TEMPEST experience in military defense electronics 
environment. 

QUALITY ENGINEERS: BSEE with Quality Assurance/Control experience in military defense electronics 
environment. 
SYSTEMS ENGINEERS: MSEE or BSEE with at least 5 years' experience in communications system design 
addressing advanced systems development and system analysis. Experience should include one or 
more of the following: System requirements definition, trade-off studies, subsystem hardware/soft-
ware specifications development, and system integration and test. 
SOFTWARE DESIGNERS — ADA — PACKET SWITCHING: ECI has new contracts for sophisticated 
packet switching systems for the Department of Defense. Be among the first to work on OPERA¬ 
TIONAL ADA-based systems, using the most advanced packet protocols from satellite systems, 
and packet radio systems. Requires BSCS or BSEE and five years' experience in real-time embed¬ 
ded computer systems, utilizing assembly and higher order languages. Significant hardware¬ 
software interfacing experience, and the ability to perform analysis, design, and 
implementation of data communications systems. 

If you are looking for a people oriented company with a strong financial future submit your resume to: 
Mr. T.B. Harris, Director of Employee Relations, E-Systems, Inc., ECI Division, Dept. RF, P.O. Box 12248, St. 
Petersburg, Florida 33733. 

E-SYSTEMS 
The problem solvers. 

An Equal Opportunity Employer, M/F, V, H. 
U.S. Citizenship Required. 
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The Snyder Antenna 
The Snyder Antenna is a new form of antenna with greater 

tolerance to operating frequency shifts. 

By Richard D. Snyder 
Snyder Antenna Corporation 
Costa Mesa, CA 92627 

When in tune with the frequency of the 
RF energy it must process, and in bal¬ 
ance with the system it serves, an anten¬ 
na functions as a resistive, predictable 
load. Expressed as radiation resistance, 
the antenna load in a circuit continues to 
appear much like a fixed resistor so long 
as all the factors which affect its function 
remain the same. The two factors that 
most affect the circuit value of the anten¬ 
na are: Operating frequency shifts, and 
the introduction of conductive or ground¬ 
ed objects into its immediate environ¬ 
ment. Operating frequency shifts ask the 
antenna to operate at non-resonance. 
Nearby, interfering objects cause the 
antenna to change its natural, resonant 
response. 

Non-resonant operation alters the an¬ 
tenna as a circuit component — the 

greater the shift from resonance, the 
greater the change in character. The 
change is from resistance toward reac¬ 
tance. When the applied frequency is 
higher than antenna resonance, the an¬ 
tenna appears as a combination of re¬ 
sistance and inductive reactance. When 
the applied frequency is lower than 
resonance, the antenna looks more like 
a combination of resistance and capac¬ 
itive reactance. Resulting mismatches 

between the antenna and the system it 
serves are expressed in terms of im¬ 
pedance shift at the antenna input. 
To illustrate a simple example of im¬ 

pedance shift all one need do is mount 
a half wave dipole at various levels above 
earth. The radiation resistance of the 
antenna, the main component of impe¬ 
dance seen by the system, rises steeply 
from under 30 ohms at 1/10 wavelength 
above earth to over 90 ohms between 'A 
and Vz wavelength, and then falls to 
around 72 ohms when the height is 
stabilized at 1/z wavelength above earth. 
In terms of circuit and system function, 
the results of such changes are obvious. 
Add to this the effects of reactance intru¬ 
sion, and the results are even more dra¬ 
matic. 

Nothing can be done to correct the 
height-above-earth and other extra¬ 
system induced changes in antenna 
characteristics except to isolate the 
antenna. When using conventional anten¬ 
nas, whose tolerance to operating fre¬ 
quency shifts is extremely narrow, only 
limited options for correction exist. 
Hence, a logical first step in an attempt 
to stabilize the antenna as a circuit com¬ 
ponent would be to provide a new form 
of antenna with greater tolerance to op¬ 
erating frequency shifts. Working with this 
as a starting advantage, the designer can 
find new opportunities in communication 
system design. 

The Synder Antenna 
The Snyder design, which has been 

proven in transceiving and receiving an¬ 
tennas, produces antennas that are far 
less sensitive to shifts in operating fre¬ 
quency than are conventional units. The 
range of frequency response is from 5 to 
6 times as wide as in ordinary, fundamen¬ 
tal antennas. The most easily derived 
reading of antenna response is the Stand¬ 
ing Wave Ratio plot. Increases of SWR 
in a ‘clean’ antenna system that occur as 
frequency is varied represent the anten¬ 
na’s intolerance of applied frequency. 
Figure 1 shows two SWR plots. The 
dashed line is the typical response of a 
conventional dipole; the solid line plot is 
typical of the response of a Snyder anten¬ 
na. The frequency excursion is plus or 
minus 10 percent. 

The dashed line plot shows the usual 
plus or minus 2 percent frequency shift 
tolerance as the conventional antenna 
presents a 2:1 SWR. The Snyder anten¬ 
na tolerates a shift of plus or minus 10 
percent before it presents the 2:1 SWR. 
The acceptance of such shifts, whether 
due to operating frequency or externally 
induced effects, enables this form of an¬ 
tenna to remain a more constant value 
circuit component as compared to narrow 
response antennas. 
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Efficiency versus frequency chart 

The left side of the chart represents 
center frequency, or resonance, for any 
fundamental dipole or monopole. The top 
of the vertical coordinate is 100 percent 
efficiency. Readings across the chart re¬ 
flect the change in efficiency through a 

frequency shift of plus or minus 8 percent 
(conventional antenna SWR = 9:1). At this 
extreme, the conventional antenna loses 
64 percent of its ability to effectively pro¬ 
cess signals. In the receiving mode the 
rejected 64 percent of applied RF energy 
is simply lost; in the transmitting mode it 
is reflected back to the transmitter. 

Figure 2 

The two conductor elements appear to 
form a simple folded dipole with single 
conductor extensions. Further examina¬ 
tion shows that the elements' two conduc¬ 
tors are cross connected across the sec¬ 
ondary of a trifilar transformer (balun). In 
this unique arrangement, the two-con¬ 
ductor portions of the elements become 
opposing stubs whose function cancels 
build up of reactance, allowing the anten¬ 
na to appear much like a pure resistance 
over a relatively broad frequency range. 
The effect of maintaining the antenna’s 

radiation resistance at a relatively con¬ 
stant level has two important ramifica¬ 
tions. First, as a circuit component, its 
characteristics remain acceptable with 

operating frequency shifts and external¬ 
ly induced resonance changes. Second, 
antenna efficiency remains high despite 
changes in either operation or environ¬ 
ment. 
The balun in the Snyder design is con¬ 

ventional in all regards except the way it 
is used. It may therefore be wound to ac¬ 
commodate a variety of feedline and sys¬ 
tem impedances. Its size is controlled by 
power handling requirements. Receive-
only antennas, as in those for FM radios, 
use bead cores about .200” long. Trans¬ 
mitting antenna toroidal cores for powers 
up to 5 KW are 2” in diamter. As in con¬ 
ventional baluns, core configurations are 
not important; rods or toroids may be 
used. 

Antenna Efficiency 
Completely aside from the considera¬ 

tion of the antenna as a circuit compo¬ 
nent, it must also be looked upon as a 
free-standing system segment. Theoreti¬ 
cally, the antenna is 100 percent efficient 

when operated at resonance and the 
SWR in the antenna system is 1:1 . As the 
antenna is shifted from resonance, effi¬ 
ciency drops. Chart shows how efficien¬ 
cy changes with shift from resonance. 

Inside The 
Snyder Antenna 
A Snyder dipole looks very much like 

a conventional dipole. Its elements are 
one quarter wavelength long, and they 
may be installed in all the usual configura¬ 
tions: flat top, inverted “V,” flat “V,” loop, 
or whatever. The resemblance stops 
there. Electrically, the Snyder elements 
are made of two conductors in place of 
the conventional one. Figure 2 is a 
diagram of the design. 

Mechanical Construction 
As in any antenna, Snyder elements 

may be made from any suitable conduc¬ 
tors, insulated or not. By far, the most 
convenient arrangement of the two-con-
ductor portions of the elements is in coax¬ 
ial relationship. This has led to the mis¬ 
taken view that this design is related to 
older coaxial antenna designs like the 
“double bazooka” that aroused some 
controversy decades ago. An examina¬ 
tion of the electrical diagram disproves 
this, and performance differences are 
vast. 

Using The Snyder Antenna 
In its simplest form, the dipole and the 

monopole, the Snyder design merely pro¬ 
duces a new form of antenna that direct¬ 
ly replaces conventional types whose 
center frequencies are the same. Using 
them is simpler because resonance shifts 
are not nearly as critical as in ordinary 
antennas. They are cut to basic quarter¬ 
wavelengths or multiples to suit frequen¬ 
cy band requirements, they possess fun¬ 
damental harmonic characteristics, and 
provide conventional radiation resistance 
values. Off-shoot designs, such as sim¬ 
ple and complex beams, multi-antenna 
and multi-band arrays, as well as others, 
can use Snyder antennas as elements in 
much the same way ordinary elements 
are used. 

Present development of the Snyder 
antenna has carried the design to the 
range of frequency response previously 
described. Commercial models are most¬ 
ly for transceiver and receiver use in the 
range of requencies from 1 to 150 MHz. 
Most are used in communication systems 
in the Western Hemisphere; the remain¬ 
der are used in Europe and Asia. Only a 
small amount of experimentation has 
been conducted in antenna arrays, but 
the subject is worthy of general dis¬ 
cussion. 
The vast majority of array designs have 

three popular requirements. They are: 
directivity, power gain and front-to-back 
ratio. It is not always overlooked, but a 
fourth dimension is just as important — 
that of bandwidth. The reason bandwidth 
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Figure 3 

Figure 3 is a photograph of a 7 MHz 
Snyder dipole with elements coiled; it 
shows how conventional this design ap¬ 
pears in physical form. When extended, 
the elements span 66 feet, with the two-

conductor portions occupying about 45 
feet of that length. The two-conductor por¬ 
tions are .180” in diameter, the size be¬ 
ing dictated by power rating (5 KW) and 
the weight of the span they must support. 

must be included is simple — if band¬ 
width is very narrow, the antenna is 
susceptible to resonance and operating 
frequency shifts which result in higher 
SWRs. As SWRs rise, directivity, power 
gain and front-to-back ratios degrade. 
Resonance shifts and non-resonant op¬ 
eration are not solely responsible for in¬ 
creased SWRs in array designs. Element 
lengths, element diameters and spacings 
between elements all change the inter¬ 
relationships between driven and para¬ 
sitic antenna components, individually 

and collectively, to increase reactance, 
diminish the values of desired character¬ 
istics and to elevate SWR. The use of 
elements with greater tolerance to fre¬ 
quency and resonance shifts will not 
erase all the fundamental problems in ar¬ 
ray designs, but can give the designer a 
basic component for new designs with far 
more forgiving characteristics than those 
available before. 
Whether used in arrays or in their sim¬ 

ple forms, the Snyder antenna designs 
are fundamental. Frequency limits are 

therefore closely matched to Hertzian 
dipoles and Marconi monopoles, and ap¬ 
plication ground rules are quite similar. 
Costs of Snyder dipoles and monopoles, 
in reasonable quantities, are only mar¬ 
ginally higher than conventional units, the 
extra cost being in the use of a second 
conductor in each element. Arrays, on the 
other hand, particularly those designed 
for broad response and/or signal gain, 
can cost less because of the reduced re¬ 
quirement for the number of elements 
and size of the antenna structure. 

Electrically, the balun is an integral part 
of the Snyder design and is therefore in¬ 
tegral to its mechanical structure. 

Product Availability 
Snyder Antenna Corporation, the ex¬ 

clusive patent licensee, presently manu¬ 
factures dipoles for a limited frequency 
range. Transceiver antennas are avail¬ 
able for frequencies from 1.8 MHz to 31 
MHz, and receive-only antennas to 150 
MHz. These are wire antennas whose 
two-conductor sections are arranged in 
coaxial configuration, and they are ‘rug¬ 
gedized’ for use in environments that 
might range from mild to extreme. Com¬ 
panies that may want to use the Snyder 
design for other antenna configurations 
and designs should contact the company 
in Costa Mesa, California. 

ATC CAPACITORS ARE 
^A phone call away. ATCs RUGGED 

GMRIEHICAP* 
» © 100 A&B PCLLErS. AND LEADED DEVICES 

o I pF Io 1000 pF 10 500 high powe',or m 'Crostrip and strip line 

17*i R 
+ 90 ?30 PpKt^ 4X hl9her than ATC 100 at micro*ave frequencies. 1 pF to 100 pF to 500 WVDC. TC. 

1 PF ,0 22°0 pF to 3600 WVDC. TC. + M ± 30 PPIvrc equiPmenf-

50 wVDC Cka9in9 denSi,y’ S,able hi9h K chiP capacitors for bypass, coupling. 510 pF to 0.1 MF to 

111 MICROCAPS™ 
up to 50 GhI ' oVpF t?i800 pF f°F US® at microwave frequencies 

_ ATC caPaci,°rs are available with laser marking 

fORMfíDtlEUVBfí, CALL <516)271-9600 

bib 271-9600« twx 510-226-6993.telex 221201 
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Matrix Makes Switching 
as Easy as “OFF” or “ON” 

MATRIX MAKES 
SWITCHING A SNAP 
Whether you’re switching VHF, HF, IF, 
video, audio or DC, Matrix Systems 
makes it a snap. That’s because we 
can tailor a system to your exact 
needs using Reed, CMOS, or Pin 
Diode relays. The chart tells the story. 

It pays to deal with a company like 
Matrix who really understands the 
switching business. We’ve been 
designing and delivering state-of-the-
art systems for over 15 years to 
defense contractors, government 
agencies, the TV industry, ATE 
manufacturers - and more. Built to the 
toughest electrical and packaging 
specs imaginable. 

BUILT TO YOUR SPECS 
Don’t spend months designing a 
custom switching system when we 
can do it faster and for far less 
money. We assume total system 
responsibility, including computer 
compatibility, control panel, status 
indicators, scanning functions and 
power supplies. We can switch any 
type of cable system: coax, twinax, 
triax, common ground, floating ground 
or twisted pair. And because our 
systems are modular, repairs can be 
made in minutes. 

MATRIX COVERS THE 
WHOLE FREQUENCY 
SPECTRUM 

BALANCED AUDIO 
◄- ► 
CMOS RELAYS 

BALANCED AUDIO 
◄- ► 
REED RELAYS 

VIDEO 
4- ► 
CMOS COAX RELAYS 

VIDEO, IF, HF 
◄- ► 
COAX & TWINAX REED RELAYS 

IF, HF, VHF 

COAX PIN DIODE RELAYS 

0 FREQUENCY 300 MHz 

COMPUTER 
COMPATIBILITY 
Just apply a control input from your 
computer and the system will instantly 
route your signal to as many points 
as needed. 16 bit parallel interface is 
standard, and we also offer IEEE-488 
and RS232, all with status feedback. 

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

LEAVE THE SWITCHING 
TO US 
Don’t make switching a chore. Make it 
a snap. Matrix has the answers to 
your switching problems, no matter 
how tough they may be. 

oooooo oooooo 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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Beo = Fon ± “B" KHz MAX. 
- ► 
(STOPBAND BOUNDARY) 

ULTIMATE 
ATTENUATION 
MEASURED 

SPURIOUS 
ATTENUATION 
MEASURED 

ULTIMATE 
ATTENUATION 
SPECIFIED 

B6 = Fon * “A” KHz MIN-

(PASSBAND *1 
BOUNDARY) 

I I RIPPLE(d) 

— A FOn + A + B 
NOMINAL/SPECIFIED 
CENTER FREQUENCY 

SPURIOUS 
ATTENUATION 
SPECIFIED 

(a) ABSOLUTE ATTENUATION REFERENCE: SIGNAL LEVEL WITH SOURCE MATCHED TO LOAD. 
(b) RELATIVE ATTENUATION REFERENCE: MINIMUM VALUE OF LOSS IN PASSBAND OR PEAK OF TRANSMISSION 
(c) FLAT LOSS: POWER OUT AT PEAK OF TRANSMISSION DIVIDED BY POWER AVAILABLE 
(d) MEASURED FROM PEAK TO VALLEY 

A designer’s guide to monolithic crystal filters. 
Description. Monolithic crystal filters are today’s choice 
for crystal filter applications — used everywhere from 
mobile radios to medical monitors to satellite communi-

How to specify. To ensure getting the right filter 
to meet your needs, make sure to specify the nominal 
center frequency (Fon), bandwidth and attentuation 

cations equipment. 
Their unique construction replaces many 

of the components and interconnections 
found in discrete filters, resulting in in¬ 
creased reliability, smaller packages 
and significantly lower costs. 

In their simplest form, monolithic 
crystal filters consist of two, thin-
film electrode pairs deposited on 
the faces of a quartz wafer to 
form input/output resonators. 

(both passband and stopband), package specs and any 

Acoustical coupling between the 
electrode pairs creates a two-pole bandpass filter 

special requirements. 
The above illustration shows various mono¬ 

lithic crystal filter response parameters. Note 
the advantage of using single-sided boundaries 
for specifying bandwidths. 

Who to specify. Stick with the leader. 
Piezo Technology is the largest U.S. 
supplier of standard and custom mono¬ 
lithic crystal filters. 
Choose from over 100 standard 
models from 10.7 to 180 MHz, in two to 

ten-pole configurations. Or take advantage 
response. These “two-pole” filters are housed in 

single miniature (Type “F”) or 
ultraminiature (Type “A”) 
holders. 
Four to ten-pole filters 

are available in miniature/ 
ultraminiature, upright and 

flatpack designs, as well as in 
tandem sets — which are particularly suited for high-

of our unlimited custom capabilities. 
A designer’s guide, free. Send for our PTI monolithic 

filter specification form. This handy, easy-to-completc 
checklist makes sure you don’t miss a thing when specify¬ 
ing either standard or custom filters. 

For more information and a copy of the PTI specifica¬ 
tion form, contact your local PTI representative. Or 
write to the address below. 

volume production applications. 
Tandem monolithic construction connects, in cascade, 

two-pole monolithic filter sections using modern net¬ 
work theory. This combines the simplicity and size ad¬ 
vantages of monolithic filters with added mode suppres¬ 
sion and ultimate attenuation. 

P.O. Box 7859, Orlando, Florida 32854 
INFO/CARD27 (305) 298-2000 TWX: 810-850-4136 
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Complex Arithmetic on the HP-1 1C 

The program herein described performs addition, subtrac¬ 
tion, multiplication, division, and reciprocation on complex 

numbers in either rectangular or polar form. Numbers are entered 
in the standard HP format; that is, imaginary part or polar angle 
first, then real part or magnitude next. Both numbers must be in 
the same form. If the numbers are rectangular in format, flag 0 
must be cleared (CLFO). If the numbers are in polar format, flag 

0 must be set (STFO) before calling the desired function. Answers 
come out in the same form (polar or rectangular) in which they 
were entered. 

All five letter labels are used and labels 0 through 4. Storage 
registers 0 to 5, which are associated with the Z function, are oc¬ 
cupied, but only 1 and 3 are actually used. 

Step Command 
1 *LBL A 
2 FO? 

3 GSB 0 

4 CLR REG 
5 Z+ 
6 RI 
7 RI 
8 Z+ 
9 RCL Z 
10 CL REG 
11 FO? 

12 -P 
13 RTN 
14 *LBL B 
15 FO? 
16 GSB 0 
17 CL REG 
18 Z-
19 RI 
20 RI 
21 Z+ 
22 RCL Z 
23 CL REG 
24 FO? 
25 -P 
26 RTN 
27 *LBL C 
28 FO? 

Comment 
Addition 
rect. or polar for¬ 
mat? 
if polar format, go 
to subroutine 

rect. or polar for¬ 
mat? 

subtraction 

multiplication 

29 GTO 1 

30 GSB 3 

31 *LBL 1 

32 x it y 
33 RI 
34 X 
35 RI 
36 + 
37 Rt 
38 FO? 
39 RTN 
40 —R 
41 RTN 
42 *LBL D 
43 FO? 
44 GTO 2 

45 GBS 3 

46 *LBL2 
47 x it y 
48 RI 
49 4-
50 RI 
51 X it y 
52 
53 Rt 
54 F0? 
55 RTN 
56 —R 

if polar, go to LBL 
1 
go to — P routine 
for two numbers 
multiplication for 
polar numbers 

rect. or polar? 

division 
rect. or polar? 
if polar go to label 
2 
go to — P routine 
for two numbers 

rect. or polar? 

57 RTN 
58 *LBL E 
59 F0? 
60 GTO 4 
61 -P 
62 *LBL 4 
63 1/x 
64 X it y 
65 CHS 
66 X it y 
67 F0? 
68 RTN 
69 —R 
70 RTN 
71 *LBL 0 

72 —R 
73 RI 
74 RI 
75 —R 
76 RI 
77 RI 
78 RTN 
79 *LBL 3 

80 -P 
81 RI 
82 RI 
83 ~P 
84 RI 
85 RI 
86 RTN 

reciprocation 
rect. or polar? 

rect. or polar? 

converts two polar 
numbers to rect. 

—P for two rect. 
numbers 
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Clean 
sweep 
toi GHz. 
50 watts minimum is a lot of rf 
power throughout a bandwidth of 
1 to 1000 MHz. But that's what our 
new Model 50W1000 delivers for 
all your broadband test needs. 
As your hunger for power plus 

bandwidth grows, this year and 
next, our all-solid-state “W” series 

of 100-kHz-to-1000-MHz linear 
amplifiers should become more and 
more important in your plans. Today 
you may need only 1 watt (the little 
portable on the top of the pile), or 5, 
or 10—all with that fantastic band¬ 
width instantly available without 
tuning or bandswitching—the kind 

of bandwidth that lets you sweep 
clean through with no pausing for 
adjustment. 
And next year? 
But chances are good that next 
year you’ll be moving up into higher-
power work in the same bandwidth. 
Then you’ll be glad you have a 50W, 
the only rf power amplifier in its 
power-to-bandwidth class. At that 
point, your smaller “W” series 
amplifiers can be freed for lower-
power work around your lab. 
What you can’t see in the 

performance curves shown below 
is the unconditional stability of 
all Amplifier Research amplifiers 
—immunity to even the worst¬ 
case load mismatch or shorted 
or open cable with no fear of 
damage or system shutdown. 
The “W” series is part of a 

complete line of amplifiers 
offering rf power up to 10,000 
watts cw, for such diverse 
applications as plasma/fusion 
research, NMR, RFI susceptibility 
testing, and a host of other test 
situations that demand the very 
finest in broadband rf power. 
Send for our free booklet, 

“Your guide to broadband 
power amplifiers.” 
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MOS FET POWER 
From INTECH 

iiMHiNiiiprioKlIhiiinita 
Cellular-Radio Test System 
The new HP 8957S cellular-radio test 

system from Hewlett-Packard Company 
combines existing HP transceiver test in¬ 
struments with the new HP 8958A cel¬ 
lular-radio interface and channel 
simulator. 

In the HP 8958A’s flexible operating 
mode, a user can simulate cell-site opera¬ 
tion, verify signaling protocol and perform 
highly complex and sophisticated tests by 
using an external controller to generate 
and analyze data message content. 

COM 1000: 100W. Av. Power 
1.6-30 MHz with PS 248 Dual 
Switching AC Power Supply. 

Introducing the next generation 
of unconditionally stable POWER 
MOS FET Linear Amplifiers from 
Intech. 
Combining the low order distor¬ 
tion of Class "A" with the high 
efficiency of "AB" & "C" 
Designs, they can withstand 
severe load mismatch conditions 
without spurious oscillation or 
failure. 
They are capable of high speed 
on-off switching and are Frequen¬ 
cy Agile over their 1.6-30 MHz 
range. 
They are ideal for: RFI/EMI 
Testing, H.F. Transmitters, Linear 
Accelerators, N.M.R. CATSCAN, 
plasma equipment and 
diathermy. 
Power levels — 500 W, 1 Kw and 
up. 

Please contact Ted Stevenson at 
408-727-0500 to discuss your 
State-of-the-ART amplifier re¬ 
quirements or write him at: 

iH intech 
282 Brokaw Rd. 
Santa Clara, CA 95050 

Total circuit responses are analyzed, 
including nodal voltages and transfer 
functions. High-resolution graphics for 
rectilinear, polar, and Smith chart plots 
permit windowing, zooming, and plotting 
of multiple responses. Axes can be log 
or linear. Elements can be tuned and the 
response immediately viewed. 

Large circuits can be conveniently an¬ 
alyzed with SUGAR’S S-parameter edit-
tor, which permits reducing circuit ele¬ 
ments. The editor works from test results 
stored in a data file or data entered man¬ 
ually. 
Any circuit element can be optimized 

within a user-specified frequency range, 
using SUGAR’S fast-converging gradient 
search. Multiple frequency bands, with in¬ 
dividually specified error factors and 
desired results, allow flexibility in op¬ 
timization over a wide bandwidth. 
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The system’s transceiver-test in¬ 
struments — the HP 8656B signal gen¬ 
erator, HP 8901 B modulation analyzer 
and HP 8903A audio analyzer — perform 
fast, accurate RF-channel measurements 
including sensitivity, transmit power, 
distortion, frequency response, hum and 
noise. 
The price of the HP 8958A cellular-

radio interface is $10,000. Delivery is 
estimated at 13 weeks ARO. The HP 
8957S cellular-radio test system is 
available with many different configura¬ 
tions to match specific needs, and is 
priced accordingly. Prices and delivery 
are available at local HP sales office. 
Hewlett-Packard Company, Palo Alto, 
CA 94304, INFO/CARD #176. 

Microwave Design 
Analysis Program 

Written by microwave engineers, 
SUGAR is an interactive program ex¬ 
pressly structured to help the RF micro¬ 
wave designer analyze circuit designs 
rapidly, effectively, and with essentially no 
pre-learning or reference to a manual. 
SUGAR accepts all circuit topologies, 

with easy circuit definition via a fill-in-the-
boxes screen display. Frequency points 
for analysis and output requests are also 
qujckly defined following screen prompts. 

Host equipment required for SUGAR is 
a Hewlett-Packard Series 200 Computer: 
either an HP 9836S, or an HP9816S (op¬ 
tional expanded keyboard recommended) 
with HP 9121 D Disc Memory or equiva¬ 
lent; together with an HP 2225A Graphics 
Printer or equivalent. 
The SUGAR software is furnished on 

three floppy (51/4 inch) or microfloppy (31/4 
inch) diskettes. A user manual is includ¬ 
ed. The price is $3,900, with immediate 
delivery. An over-the-telephone service 
for in-depth user support is available. 
Systems for Automatic Test, Sun¬ 
nyvale, CA 94089, INFO/CARD #175. 

Surface Mount Inductors 
A new series of surface mount induc¬ 

tors has been introduced by West-Cap 
Arizona, a subsidiary of SFE Technolo¬ 
gies. 

Priced under $1.00, in quantities of 
25,000, the SMI-200 series inductor 
features surfaces capable of vacuum 
pickup and handling by robotized pick-
and-place machines. They are available 
in bulk pack or tape and reel — with an 
orientation to accommodate board place¬ 
ment. 
The two package sizes of .21 5 and .400 

square inch have a maximum height of 
.250 inches, and accommodate a wide 
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range of inductor values from a few 
microhenries to several hundred micro¬ 
henries. The inductor is capable of with¬ 
standing solder reflow and detergent 
washes. Operating temperature range is 
-40°C to +70°C. The units are capable of 
enduring a humidity level of 80% RH at 
85°C for 250 hours. They are rated to 
withstand thermal shocks between -40°C 
and -70°C for 20 cycles. 
West-Cap Arizona should be contacted 

for information on available sizes for both 
power and RF applications. Custom de¬ 
signs are available on request. SFE 
Technologies, San Fernando Electric 
Division, West-Cap AZ, please circle 
INFO/CARD #174. 

New Personal Computer 
IBM introduced a new top-of-the-line 

Personal Computer with significant per¬ 
formance improvements. 
The IBM Personal Computer AT uses 

advanced technology, including the high¬ 
speed Intel 80286 microprocessor, a 
high-capacity diskette drive and expand¬ 
ed fixed-disk drive options. 
The new personal computer delivers 

almost five times the user memory and 
more than twice the information storage 
capacity previously available on IBM PCs. 
And, in most cases, system performance 

is two to three times faster. 
The system is compatible with most ex¬ 

isting IBM Personal Computer hardware 
and software. Starting at $3,995, the Per¬ 
sonal Computer AT is available im¬ 
mediately at more than 1,500 Authorized 
IBM Personal Computer Dealers and 
through IBM’s Product Centers and 
branch sales offices nationwide. 
The Personal Computer AT can be 

used as a powerful single-user system or 
shared by up to three users. And because 
of its performance and storage capabil¬ 
ities, the new system is ideal for use with 
the new IBM PC Network that enables 
customers to easily link IBM PCs to share 
programs, information and peripheral 
devices. 

The IBM Personal Computer AT comes 
in two easily expanded models: 

• A $3,995 model that includes 
256,000 characters of user memory and 
a new 1.2-million character high-capacity 
diskette drive; and 

• A $5,795 model that includes 
512,000 characters of user memory, the 
1. 2-million character diskette drive, and 
a new 20-million character fixed-disk 
drive. 

Both models have an 84-key keyboard 
and eight expansion slots for additional 
features, devices and memory. Both also 

can be expanded with options to more 
than 3 million characters of user memory 
and up to 41 .2 million characters of disk 
storage. A 12-month warranty is standard. 
IBM also announced version 3.0 of its 

widely used Personal Computer Disk Op¬ 
erating System. This version has added 
function to support the new Personal 
Computer AT hardware and is compati¬ 
ble with all IBM PCs. 
The IBM PC XENIX operating system, 

also announced for the Personal Com¬ 
puter AT, enables two additional ter¬ 
minals to share the computer’s process¬ 
ing power. In either a multi- or single-user 
environment, IBM PC XENIX allows more 
than one task to be handled at a time. For 
example, a program can be compiled 
while another is being edited. 
IMB also introduced new software de¬ 

velopment, text formatting and program¬ 
ming aids for use with XENIX and other 
programs. They include a professional 
“debug” facility and an application 
display management system. 

Several application programs also were 
announced, including: 

• IBM PC DisplayWrite Medical Sup¬ 
port, used with the popular DisplayWrite 
2 text processor to provide spelling 
assistance for frequently used medical 
terms; and 

• IBM PC Office Correspondence Re¬ 
trieval System, which enables users to 
retrieve documents by searching for in¬ 
dividual words or phrases. 
An IBM Personal Computer AT Tech¬ 

nical Reference Manual, which details 
functional specifications, is available 
immediately. 
The company also announced that IBM 

Credit Card applications are being ac¬ 
cepted for use in connection with IBM PC-
related purchases at Authorized IBM Per-

You Demand Precision ... 
We Build It! 
High precision ovenized crystal oscillators for use in counters, 
synthesizers and communications systems. 

• Up to 1x10 l0/24 hr. aging 
• Single side band phase noise (BW-lHz) at 1 KHz-160dB 
• Frequencies from 1 to 120 MHz 
• MIL-SPEC, JANTX Radiation-hardened capability 
• ± 5x10 10 from 0 to 50C 
• MIL-SPEC temperature ranges 
• Fast warm-up options available 
• Various mechanical configurations 

Call or write with your oscillator requirements! 

Austron INC. 
P.O. Box 14766 • Austin, Texas 78761 • (512) 251-2313 • TWX 910-874-1356 

r.f. design INFO/CARD 29 57 



sonal Computer Dealers. Previously, the 
card was available for use in IBM Product 
Centers. Entry Systems Division, Boca 
Raton, FL 33432. INFO/CARD #99. 

Multilayer Ceramic 
Capacitor Chip 

Johanson Dielectrics, Inc. is producing 
what the company refers to as the “small¬ 
est multilayer ceramic capacitor in the 
world.” Measuring .040” in length, .030” 
in width and .030” in thickness, the space 
saving capacitor chip is ideally suited for 
microminiature hybrid circuit applications. 
Designated the RO9 size, it is available 
in three families of dielectrics, covering 
a broad range of capacitance values. 

• 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 

Call or Write For Capabilities Brochure! 

GENISCO 
TECHNOLOGY CORPORATION 
EMC Engineering Services Division 

18435 Susana Rd., Rancho Dominguez, CA 90221 , (213) 537-4750, TWX: 910-346-6773 
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NPO/COG — min. cap = 0.5 pf; max. 
cap = 100 pf. 
BX/X7R — min. cap = 100 pf; max. 

cap = 2200 pf. 
Z5U/Y5V — min. cap = 1000 pf; max. 

cap = .015 uf. 

For a power resistor that 
stays non-X up to vhf, 
there’s only one choice. 
The Carborundum® Type 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-

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

tors—including high-power, water-

The Carborundum Company 
Electric Products Division 
P.O. Box 339 

tently absorb surges of over 10X rated 
power for several seconds and come 
back for more with very little △ R. 
Forced-air-cooled, water-cooled or 

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

Niagara Falls, New York 14302 

CARBORUNDUM 
A Sohio Company 
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Prices range from $0.773 to $2.40 at 
the 1,000 quantity level with delivery be¬ 
ing from stock to 10 weeks typical. Jo¬ 
hanson Dielectrics Inc., Burbank, CA 
91505, INFO/CARD #173. 

VHF/UHF Receiver 
Interad Ltd., an electronics R&D firm 

in Gaithersburgh, Maryland announces 
the availability of a frequency synthesized 
VHF/UHF receiver which tunes over the 
frequency range of 20-1000 MHz. The re¬ 
ceiver is supplied in a leather case for 

convenient portable operation. The 7520 
receiver incorporates state-of-the-art 
technology and has the following major 
features: 

• Frequency Range — 20-1000 MHz 
• Frequency Resolution — 10 Hz 
• Demodulation — AM, FM, CW/SB 

Bii\Ö 
THRUUNE 
WATTMETER 
O.45 23OO MHz 
0.1-10,000 watts 

Whether you own or order a 
Quick-Change TNC Connectors and 
Plug-in Elements (e.g. 1, 2.5, 5 or 25W 
800-950MHz) customize it for cellular 
radio service. 

Available From Stock 

BIRD Electronic Corporation / 
30303 Aurora Rd. Cleveland (Solon), Ohio 44139 ' 
216-248-1200 TLX 706898 Bird Elec UD 
WEST : Ojai, CA 805-646-7255 As/c for model 43 Bulletin 
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CERAMIC CHIP CAPACITORS 
Miniature multilayer capacitor chips with High-Q 
characteristics for applications in the microwave frequen¬ 
cy range. Available in two of the most popular standard 
chip sizes, the capacitance range is from 0.1 pf to 1,000 
pf. The Q-factor is greater than 10,000 at a frequency 
of 1 MHZ. Designed and manufactured to meet or ex¬ 
ceed the requirements of MIL-C-55681 -B. 

HIGH VOLTAGE BROADBAND 
RF FET 

High dynamic range RF FET now available up to 50V 
BVDGO, for use with 24 & 32V supplies, and where 
higher drain voltage improves dynamic range. The 
CP664 (30V), CP665 (40V), and CP666 (50V) have 
third order intermodulation intercept >+40 dBM, and 
50 Ohm VSWR <1.5 to 1 over 0.5 to 50 MHz range. 

HIGH VOLTAGE RF FET 

JOHANSON ATO e 1 ••••••• 
2220 SCREENLAND DRIVE, BURBANK, CALIFORNIA 91505 

(818)848-4465 TWX 910-498-2735 

5T TELEDYNE 
CRYSTALONICS 
147 Sherman Street, Cambridge, MA 02140 
Tel: (617) 491-1670 • TWX 710-320-1196 
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EIMAC cavities cover 54 to 
at power levels to 30 kW 

970 MHz 

-our design or yours 
Varian EIMAC has complete cav¬ 
ity design and production capa¬ 
bility. We make sure that tube 
and cavity are compatible. If it 
isn’t an off-the-shelf-item, we 
have the designers and engi¬ 
neers for any specific job. 

EIMAC has expertise in all disci¬ 
plines including pulse, CW, FM, 
and TV. We match tube, power, 

bandwidth and operating mode 
to achieve optimum perform¬ 
ance. 

More information on EIMAC 
cavities and tubes is available in 
our Cavity Capability brochure 
from Varian EIMAC. Or for 
prompt consideration of your 
special design requirements, 
contact Product Manager, Var-

ian EIMAC, or the nearest Varian 
Electron Device Group sales of¬ 
fice. Call or write today. 

EIMAC Cavity 
Matching 

EIMAC Tube 
Tuning Range 

(MHz) Power Output 

CV-2200 
CV-2220 
CV-2225 
CV-2240 
CV-2250 
CV-2400 
CV-2800 
CV-2810 

4CX20,0O0A 
3CX1500A7 
4CX3500A 

3CX10,000U7 
3CX10,000U7 

8874 
3CX400U7 
3CX400U7 

86-108 
86-108 
86-108 
54-88 
170-227 
420-450 
850-970 
910-970 

30 kW 
1.5 kW 
5 kW 
10kWt 
10 kWt 

300/1250 W* 
225 W 
190 W 

Electron Device Group 
Varian EIMAC 
301 Industrial Way 
San Carlos, California 94070 
415592-1221 

Varian A.G. 
Steinhauserstrasse 
CH-6300 Zug, Switzerland 
Tel: (042) 23 25 75 
Telex: 868-841 

* pulsed power 
tpeak sync, or 2.5 kW combined in translator service varían 
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oes it better. 

our search is over. Before you write 
jur specifications or begin searching 
>r a supplier, contact Watkins-Johnson 
ompany — we may have already 
esigned and produced it. Remember, 
□body does it better, or in as many 

different ways. Call or write 
Applications Engineering, 3333 Hillview 
Avenue, Palo Alto, California 94304. 
Telephone (415) 493-4141, or check 
with our nearest field sales office listed 
below. _ 

UjJ WATKINS-JOHNSON 

kins Johnson- U S A • California San Jose |408l 2621411 Orange |714| 6341811 • Florida. Fort Wallon Beach |904| 8634191 • Georgia. Allanta |4O4| 058-9907 • Illinois. Palatine |312| 991-0291 

laryland Gaithersburg 1301 1 948 7550 • Massachusetts. Lexington |6I7| 861 1580 • Texas. Dallas |214| 2345396 • United Kingdom Oedworth Rd . Oakley Green Windsor Berkshire SL4 4LH • Tel |07535| 

41 . Cable WJUKW WINDSOR • Telex 847578 • Germany Federal Republic ol Keferloher Strasse 90 8000 Muenchen 40 • Tel: |089| 3597 038 • Cable WJDBM MUENCHEN • Telex: 509401 Oeulschherrenstrasse 

5300 Bonn 2 • Tel: 1228! 33 20 91 • Telex |886| 9522 • Cable WJ8N BONN • Italy: Piazza G Marconi 25 00144 Roma EUR • Tel: 592 45 54 or 591 25 15 • Cable: WJ ROM I • Telex: 612278 



• IF Bandwidths — 3 selectable (2.5 
KHz to 5 MHz) 

• Spectrum Display Unit — 3 MHz 
Sweep Width, 10 KHz Resolution 

• RF Preselector — Optional Tracking 
4 Pole Preselector of 5-10% Bandwidth 

• Portable — In a 21” X 13” X 7” Brief¬ 
case 

• Weight — Total Including Case, 45 
lbs. Interad Ltd., Gaithersburg, MD 
20879, INFO/CARD #172. 

Custom Housings and Chassis 
In-house software development for 

CNC-programming assures competitive 

prices with quick turnaround on both 
large and small runs. Close tolerance 
specificatioons are met. Advanced 
Machining Techniques, Inc., Port 
Washington, NY 11050, please circle 
INFO/CARD #171. 

Broadband Doubler Covers 
20-1500 MHz Output 
Anzac Division of Adams-Russell Com¬ 

pany introduces a multioctave frequency 
doubler. The FM-105 has an input range 
of 10-750 MHz producing an output of 
20-1500 MHz with converntion loss of 
typically 10 dB. (Harmonic products are 

Franklin 
didn't need 
Modpak 
But modern electronics involves more than a key, a string, 
and a kite. 

typically 30 dB down). The doubler is built 
in a .600 x .385 x .400 relay header. 
The FM-105 is $35.00 in small quan¬ 

tities, and delivery is from stock. Anzac 
Division of Adams-Russell, Burlington, 
MA 01803, INFO/CARD #170. 

Power Dividers 
Typical specifications from Merrimac 

Industries’ Hi-Rel Power Dividers provide: 
isolation (20 dB typ.); insertion loss (1.0 
dB typ.); frequency range (700 to 1250 
MHz); VSWR (input) (1 .3 typ. ; 1.5 max.), 
Zin/Zout (50 ohm nom.); power level (+30 
dBm typ.); amplitude balance (+0.25 dB 
typ.); test in accordance with MIL-STD-
202; hermetically sealed to 1 part x 10- 10 

ATM cc/sec; temperature -65 to +125°C 
operating; vibration 50g Sine; MTBF 
300,000 hrs. min. Wired in accordance 
with MIL-S-45743; Q.C. system per MIL-
Q-9858; inspection system per MIL-I-
4208. 

Your vulnerable RF circuit needs the 
protection only Modpak can give: a 
sturdy, RFl-shielded enclosure, user-
designed with a choice of four inter¬ 
changeable connectors and more than 
30 standard off-the-shelf sizes or cus¬ 
tom-fabricated in virtually any size. 
Top and bottom covers are easily re¬ 
moved for access to both sides of your 
PC board. All this at an affordable low 
price! 

Modpak 

Find out why 
you need Modpak, 
send for our 
complete catalog. 

80 

Adams H Russell 
MODPAK DIVISION 

Cambridge St., Burlington, MA 01803 
(617) 273-3330 

The 5-way power dividers are in stock 
for immediate delivery. Merrrimac In¬ 
dustries, Inc., West Caldwell, NJ 
07007, INFO/CARD #169. 

Coaxial Protector 
Protector units are now available for 

use in antenna systems, microproces¬ 
sors, CAT scanners, local area networks 
and CATV installations. Other protection 
types may be used to prevent EMP 
damage. 
Each offers a fast response, high en¬ 

ergy handling capability and a connector 
body that has very low insertion loss and 
VSWR. A wide range of voltages and con¬ 
nector types may be inserted directly in¬ 
to a coaxial cable system. 

Coaxial protection is a product of Re¬ 
liable Electric. Since 1909, Reliable has 
designed and manufactured protection 
devices for the telecommunications in-

INFO/CARD36 
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dustry. Reliable Electric/Utitlity Prod¬ 
ucts, Franklin Park, IL 60131, please 
circle INFO/CARD #168. 

put VSWR is 1.25/1 maximum. Isolation 
between outputs is 25 dB minimum. 

Price and delivery depend upon ap¬ 
plication. Sage Laboratories, Inc., 
Natick, MA, 01760, INFO/CARD #167. 

13-Way Power Divider 
Sage Laboratories, Inc. now offers a 

13-way power divider (Model FP3266) 
that will mate directly to a multi-element 
antenna thru precisely positioned out¬ 
puts. Typical performance from 725 to 
1275 MHz is 14 dB maximum insertion 
loss and 0.6 dB maximum insertion loss 
unbalance from the input to any output. 

Input VSWR is 1.5/1 maximum and out¬ 

DMM With Frequency Counter 
The model DM-7010, a new DMM from 

A.W. Sperry Instrumental, Inc. boasts 9 
functions on 33 ranges with basic DC ac¬ 
curacy of 0.05% of reading. Some of the 
DM-7010’s features are: 41/a digits with 
a maximum display of 19999, AC and DC 
current functions, resistance and conduc-

ENGINEERING 

Technology! 
GENERAL INSTRUMENT’S Ad¬ 

vanced Development Engineer¬ 
ing Group has several immediate 
openings due to ongoing success 
and expansion within our Research 
& Development Section. 

• ELECTRONIC DESIGN 
ENGINEERS 

Will work on research projects deal¬ 
ing with all forms of communica¬ 
tions to include encoded video and 
audio systems for transmission 
through satellite broadcast and 
cable systems. Position requires 
BSEE with 2 to 6 years’ relevant ex¬ 
perience in analog (Video, Audio, RF) 
and digital communications circuit 
design. Experience with CATV, MDS, 
satellite and/or direct broadband 
transmissions desirable. 

GENERAL INSTRUMENT’S Jerrold 
Division, world famous for the 
design, development and manufac¬ 
ture of Cable TV equipment and sys¬ 
tems, has the following positions 
available: 

• MANAGER OF 
DISTRIBUTION 
ENGINEERING 

To qualify for this management posi¬ 
tion, you must have experience in 
most of the skill areas listed in the 
position below, have the ability to 
manage the engineers described 

and have a proven track record in 
controlling resources to run multiple 
projects on schedule. 

• RF DESIGN 
ENGINEERS 

DISTRIBUTION—Our design engi¬ 
neers must be knowledgeable in 
very low distortion amplifiers, not 
only Cascode push-pull but feed for¬ 
ward as well. They must know the 
RF factors of transversal filter de¬ 
sign, diplexers, microstrip layout, 
couplers, Bode equalization filters, 
automatic slope and gain control, 
etc. They must also have at least two 
years of experience in the RF to Digi¬ 
tal interface for A to D and D to A 
convertors. 

All positions are available at our 
suburban Philadelphia divisional 
headquarters. We offer very com¬ 
petitive salaries commensurate with 
experience, a full range of bene¬ 
fits (including paid relocation) and 
an exciting living and working 
environment. 

Send your resume with salary his-
tory/requirements and position de¬ 
sired to: Jack Newby, Dept. RFD-08J, 
JERROLD DIVISION, GENERAL 
INSTRUMENT CORPORATION, 2200 
Byberry Road, Hatbora, PA 19040. An 
Equal Opportunity Employer, M/F/H/V. 

IF YOU HAVEN‘T 
READ THIS AD 
YOU PROBABLY 
DON‘T KNOW 
ABOUT THE 
MOST 
EFFICIENT • 
HIGH ANGLE 
OMNI¬ 
DIRECTIONAL 
ANTENNA 
EVER 
DEVELOPED. 

There are 280.000 channels in the: HF 
spectrum of 2 to 30 MHz. . .and the 
Henderson collapsible helical 
monopole antenna makes them 
available to you for clear “long haul’’ 
communications at any time of night 
or day. The Henderson antenna 
actually changes its resonant length 
to any wavelength within the 2-30 
MHz band without the use of a base 
tuner/coupldr. . .providing gam of at 
least two power doubles ÄilBXc, 
Certified for command control by the 
USAF and USN. . .suitable for 
portable, tactical, shipboard, andjust 
plain communications. . .O.A. 
length 30’. . .installed in 30 minutes. 

Write Al Henderson 
for further details or circle 
jnfo/card number below 

SIGNATURE 
ANTENNA 
SYSTEMS 

r.f. design INFO/CARD 37 

Jerrold Divison 

GENERAL 
INSTRUMENT 

591 Maple Street 
Livermore, California 94550 
Phone: (415) 447-7397 
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tance capability, diode and continuity 
tests, frequency counter up to 200 KHz, 

overload protection on all ranges, safety 
designed input jacks and a built-in tilt 
stand. 
The DM-7010 ranges are: DC Volts: 

200mV/2V/20V/200V/1000V; AC Volts: 
200mV/2V/20V/200V/750V; AC/DC cur¬ 
rent: 200mA/2mA/20mA/2A/1 0A; Resist¬ 
ance: 200Q/2KQ/20KQ/2MQ/20MQ; Con¬ 
ductance: 200nS; Diode Check & Audi¬ 
ble Continuity Check; Frequency 
Counter: 20 KHz/200 KHz. 
A number of useful accessories are 

also available for the DM-7010. They are: 
Model C-36 carrying case, Model SJA-
870 AC current jaw adaptor, Model 

64 

No matter how you look at it, Sawtek offers you the highest performance in 
surface acoustic wave (SAW) filters and resonators. Sawtek’s wideband 70 MHz IF 
filters for TVRO applications are available in bandwidths from 10 MHz to more 
than 36 MHz. The superior rejection and group-delay performance of these filters 
compliment even the finest receivers. Moreover, you can avoid costly assembly 
and tuning time and maintain signal quality in your IF for years under the most 
demanding field conditions without adjustment. 

Sawtek’s resonators provide that same reliability with quartz stability for your 
local oscillators at fundamental frequencies up to 1000 MHz. Many standard fre¬ 
quencies including 668, 674, and 680 MHz are in production at competitive prices. 

Quality and performance have made Sawtek the leading manufacturer of VSB 
filters for the CATV industry and, if what you need is not among our hundreds of 
standard products, we can provide technical assistance and rapid response to 
new design and production requirements. You can rely on us for the engineering 
support you need. 

When your system demands the advantages of 
SAW Technology. .. Demand SAWTEK. 

^SAWTEK 
J INCORPORATED 

P.O. BOX 18000, ORLANDO. FL 32860, (305) 886-8860 
TELEX 529118 TWX 810-862-0835 
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SAW devices 
with 

mass appeal. 
Now you can enjoy all the 

benefits of acoustic wave tech¬ 
nology at the lowest possible 
price, thanks to the mass produc¬ 
tion capabilities of Signal Tech¬ 
nology Ltd., our sister company 
in Swindon, England. Their fully 
automated production facility 
includes 100% computer testing 
and special assembly equipment 
that can produce up to 2,000 
finished devices per hour (that’s 
one device every two seconds). 

Available from Andersen 

These devices are distrib¬ 
uted in the U.S. and Canada by 
Andersen Laboratories. We have 
SAW devices for all international 
broadcasting standards at 
common IF frequencies, as well 
as low band VHF filters. Many 
devices are available from stock. 
Just call Don Lowcavage at 
(203)242-0761. 

@ ANDERSEN 
LABORATORIES 
Andersen Laboratories. Inc. 1280 Blue Hills Avenue. 
Bloomfield. CT 06002. Telephone (203) 242-0761/ 
TWX 710-425-2390. 
Andersen SAWproducts are available in the United 
Kingdom and Europe through our sister company. 
Signal Technology Ltd., Swindon, Wiltshire, UK. 

INFO/CARD42 
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JOHNSON 
JOHNSON 
JOHNSON 
JOHNSON 
JOHNSON 
JOHNSON 
JOHNSON 
jgmsBn 

HVP-860 high voltage probe, Model HFE-
840 transistor/diode test adaptor. A.W. 
Sperry Instruments Inc., Hauppauge, 
NY 11788, INFO/CARD #165. 

Self-Contained, Transportable 
HF Antenna System 
A self-contained, transportable log 

periodic HF antenna system was an¬ 
nounced by Telex/Hy-Gain. The system, 
Model 5025, consists of the antenna, 
rotator, 60 foot (18.3 m) telescoping 
tower, generator, as well as installation 
tools and hardware, all stowed on one 

tandem axle trailer. The compact design 
permits all modes of transportation from 
towing with a pickup truck to airlifting on 
a C-130 aircraft. 
The antenna covers the frequency 

range of 4-30 MHz and has a gain of 9 
dBi from 4 to 6 MHz, and 12 dBi from 6 
to 30 MHz. The electric antenna rotator 
can be controlled from the base of the 
tower or remotely with a two-wire remote 
control unit which is provided. The remote 
control features a digital display of the 
antenna azimuth in 10 degree incre¬ 
ments. 
Maximum use of color coding, captive 

JOHN! ON 
ON 

Johnson 
delivers 
variable 

.U»«'0*’ 

.N»«* t

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. 

Premier Microwave Corporation’s extensive facility is 
available to design, manufacture and test the most modern, 
sophisticated microwave components and sub-systems. 
Qualified personnel are invited to send resume and salary requirement to 
Director of Personnel, Premier Microwave Corp., 33 New Broad Street, 
Port Chester, N.Y. 10573. 

X JOHNSON 
i— -7 ® Components Division 
E F JOHNSON COMPANY WASECA MINN 56093 
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MW® fa ̂formation ar send your specifications to: 
PREMIER MICROWAVE CORR 
a subsidiary of Comtech, Inc. 
33 New Broad St., Pori Chester, NY 10573. (914) 939-8900 
Designers and manufacturers of Rotary Joints, Ferrite Devices, 
Front Ends, Antennas and other microwave system components. 
Automated-computerized antenna test pattern facility available. 
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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 

hardware, and modular construction 
makes the 5025 the fastest erectable 
rotating tower/antenna system in its class. 
The system can be assembled and erect¬ 
ed by as few as two individuals’ however, 
a team of four can complete this task in 
less than two hours. The self-contained 
5 kW generator set provides all power 
necessary for erection and operation of 
the antenna. A hydraulic tilt-up trolley pro¬ 
vides positive control during erection. Ac¬ 
cording to Hy-Gain, this exclusive feature 
yields a high level of safety and eliminates 
the complexity and hazards associated 
with the manual erection of towers. 
The company stated that the 5025 is a 

truly transportable HF antenna system 
with the same efficiencies and features 
previously available only in fixed station 
systems. Telex Communications, Inc., 
Hy-Gain CIM Department, Lincoln, NE 
68505, INFO/CARD #164. 

The Telonic Berkeley Model 8300 pro¬ 
grammable attenuators are available in 
three different ranges of attenuation: 
Model 8360 — 0-1 1 dB in 1 dB steps; 
Model 8367 —P 0-70 dB in 10 dB steps; 
and Model 8368 — 0-110 dB in 10 dB 
steps. 
Each attenuator is composed of either 

three or four attenuation sections in 
series, with each section consisting of a 
precise thickf lim microstrip attenuator, a 
0 dB line, and a switched conductor pair. 
The conductors and 0 dB line comprise 
a TEM mode transmission line which 
maintains a constant impedance during 
switching. 

For Your RF Product Needs Contact: 

American 
MICROWAVE CORP . 

6835 Olney-Laytonsville Road 
Gaithersburg, Maryland 20879 

(301)948-6800 

Microwave Chip 
Resistive Devices 

KDI Electronics, Inc. has announced 
the availability of Microwave Chip Re¬ 
sistive Devices utilizing sputtered Tan¬ 
talum Film Technology. An outstanding 
feature of this device is the method of ad¬ 
justment. All values, for either attenu¬ 
ators, terminations or resistors are cali¬ 
brated by an anodizing process. This 
electronic calibration technique creates 
a glass passivation layer over the un¬ 
disturbed metal film and accounts for the 
excellent stability characteristics by pro¬ 
viding hermetic type protection from 
harsh environments. These devices are 
manufactured using both alumina and 
beryllium oxide substrate materials. The 
high performance features include power 
capabilities to 200 watts CW and 8 KW 
peak. High frequency performance ex¬ 
tends to 26.5 GHz and chip sizes range 
down to .040;; x .020”. KDI Electronics, 
Inc., Whippany, NJ, INFO/CARD #163. 

Programmable Attenuators 
Telonic Berkeley Inc. has introduced a 

new series of programmable attenuators 
designed for precise controlling of signal 
attenuation in remote or automatic test 
systems. 

The attenuator sections can be select¬ 
ed in any order desired to provide 
changes in attenuation from 0 dB to the 
maximum value, with the smallest change 
being the minimum selectable value. 
Each section is controlled by a latching 
relay with self-contained solenoid drive 
circuitry. Switching time is less than 
20ms. Switching can be accomplished 
with either a mechanical switch closure 
to ground or a TTL-level signal. Com¬ 
mand lines are pulled up to 5 volts. 
The frequency range of the Model 8300 

programmable attenuators is 0-4 GHz; 
impedance is 50 ohms; and RF power 
handling ability is 3 watts average, 200 
watts peak. The attenuators are equipped 
with type SMA RF connectors per MIL-C-
39012. 

Model 8300 programmable attenuators 
are priced from $582, with 6-8 weeks 
delivery ARO. Telonic Berkeley Inc., 
Laguna Beach, CA 92652, please cir¬ 
cle INFO/CARD #160. 

Universal Bandpass Filter 
Adjustable Range: 

Time delay >14:1 
Bandwidth >10:1 
f0 adjustable over ±10% 
A unique Cir-Q-Tel design, an ad¬ 

justable capacitor that ranges from 
1 > 20n pf, has been incorporated into 
this array of 2-pole adjustable-bandwidth 
filters. These devices: 

• are available for any f0 from 1 > 6 
GHz 

• provide bandwidths (3 dB) continual¬ 
ly adjustable from 0.1% > 1%. 

• have Td (f0), adjustable, from 
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70 > 500 nsec, (tyuical for 3-GHz model). 
Other models display similar perform¬ 
ance. 

• have a response shape that ranges 
from Pseudo-Butterworth to Gaussian 
over much of BW (3 dB) range. 

At Cir-Q-Tel no filter design problem is 
too great or too small for us to consider. 
We have more engineers per total em¬ 
ployment (25%) than any other significant 
filter-producing company. 
Remember, we have over 30 years ex¬ 

perience and 10X demonstrated innova¬ 
tive abilities all wrapped up in just one of 
our world class engineer/scientists. Cir-
Q-Tel Inc., Kensington, MO 20895, 
please circle INFO/CARD #159. 

Microwave Crystal Source 
The model M4000 series source is a 

highly reliable, compact microwave oscil¬ 
lator, designed for military applications, 
operating over -54°C to +85°C. 

Unit is produced at any set frequency 
in the range of 500 MHz to 3.0 GHz at out¬ 
put power levels up to 100 mw. 
Output signal is extremely clean with 

harmonics, subharmonics and spurious 
down -60 dBc. 

Unit offers low phase noise with a basic 
oscillator level of -135 dBc/Hz at 1 KHz 
removed. 

Operation is from a standard +15 or 

— RF ENGINEERS — 
— RF TECHNICIANS — 

M/A-COM PHI IS A WORLD 
LEADER IN DEVELOPMENT 
AND MANUFACTURING OF 
HIGH POWER BIPOLAR, FET 
SEMICONDUCTORS, AND R.F. 
AMPLIFIERS. WE ARE 
PRESENTLY SEEKING AG¬ 
GRESSIVE, SELF—STARTING 
INDIVIDUALS WITH TRAN¬ 
SISTOR AND R.F. DESIGN 
BACKGROUNDS FOR OPEN¬ 
INGS IN THE APPLICATIONS 
AND CATV ENGINEERING 
GROUPS. IF YOU WOULD LIKE 
TO BE A PART OF OUR FAST¬ 
GROWING PROFESSIONAL 
TEAM PLEASE SEND YOUR 
RESUME IN CONFIDENCE TO: 

KATHY SHORKEY 

M/A-COM PHI, INC 
1742 CRENSHAW BLVD. 
TORRANCE, CALIFORNIA 90501 
(213) 320-6160 

»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 Vf G Hz. 
• Captivation (Center): 61b. 
min. Axial force. * 

Flanged SMA 
Plugs & Jacks 

with 500 

Write for details and specs. 

APPLIED ENGINEERING PRODUCTS 
1475 Whalley Ave., P.O. Box A-D, Amity Station, New Haven, CT 06525 
(203) 387-5282 TWX 71 0 465 1173 
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EPSCO 

PULSED SIGNAL 
SOURCE 

For component testing, ECM, 
plasma research. For radar, 
Tacan, DME, or other simulation. 
For any application requiring a 
high power pulsed source, we 
offer the versatile PH40KB. 
The PH40KB features contin¬ 

uously variable power output, 
pulse repetition frequency, and 
pulse width. 

Stability is excellent, as are 
rise and fall time characteristics. 

Cavity oscillator plug-in heads 
make possible a range of fre¬ 
quency from 150 to 6100 MHz. 
And higher output frequency can 
be achieved by the use of plug-in 
magnetron heads. 
TO MEET YOUR SPECS 
For more information on the 
PH40KB, a review of your spe¬ 
cifications for different source 
characteristics, or information on 
any of Epsco’s numerous high 
power microwave products, give 
us a call today. 

(microwave j 

411 Providence Highway 
Westwood, MA 02090 

(617) 329-1500. 
TWX: (710) 348-0484. 
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ACRIAN COES^ 
THE DISTANCE 
IN BROADBAND 
COMMUNI 
CATIONS 
TECHNOLOGY 

BROADBAND CIRCUIT PERFORMANCE 

MOW 

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. 

Gold thin-film metaliza-
tion and surface passivation 
deliver proven high MTTF, 
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—s J he date: February 1, 
f (J J 1925-Togo, a 10-year-
( old Siberian husky, led 
v— his team in the desperate 

drive to carry diphtheria anti¬ 
toxin to the children of Nome 
A laska-going the distance for an 
incredible 340 miles, non-stop, 
in the face of 80 mph winds and 
50-below-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)338-2172. 

Acrian Inc. 10060 Bubb Road 
Cupertino, California 95014 

JIISÇRIAN 
POWER WITH A PURPOSE 



L-Band transistors 
1200-1400MHz 
55 watts, 6.5 dB gain. 
(Now available in production quantities) 

Double your power output, 
cut circuit complexity 50%. 

Get twice the power in a single package, 
and cut circuit complexity by 50%, with 
our latest L- Band transistor, the MR A1214-
55H*— immediately available in the 
quantities you require through your local 
TRW distributor. This new microamp is 
a state -of- the - art dev ice that i ncorporates 
special features pioneered by TRW such 
as PtSi—Ti-W-Au metallization and 
diffused silicon ballast resistors. It’s the 
latest NPN silicon power microwave 
transistor for both military and industrial 
service in radar systems, ECM systems 
and other L- Band systems and its 100 
unit U.S. price is in the $200 range. 
Our new L-Band transistor provides a 
minimum of 55 watts output power at 
28V collector potential—double the 
power output of other devices. In a 
pulsed mode (lOOps modest duty) as 
much as 100 watts output power is 
available. And efficiency is 50%. 

You can enormously simplify hybrid 
combining by using far fewer parts and 
ancillary components.You can cut circuit 
complexity in half to achieve a specific 

power. The new MRA1214isatremendous 
technological advancement— the kind 
you’d expect from a company like TRW 
that’s dedicated to advancing the state-
of-the-art in RF Devices. 
The MRA1214 is only the first of a 
whole new generation of RF Devices 
we’ll be announcing during the next year. 
Keep your eye on TRW RF Devices. 

For information and data sheets on the 
MRA1214-55H, contact your local 
TRW/ECG Field Sales Office or RF 
Devices Division, TRW Electronics Group, 
14520 Aviation Blvd., Lawndale, 
California 90260, phone 213.536.0888. 
© TRW Inc 1984 TRf 4103 "U.S Patent 3713006 (TRWI 

Frequency (MHz) 
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ANNOUNCING 
THE END Of 
THE GaAS CHISIS. 

Feel like you’re waiting 
in line every time you order 
gallium arsenide devices? 

Maybe it’s bad enough 
when they’re standard 
products you’re after. 
And just plain intoler¬ 

able when you need something 
made to your specs. Th™SÍED GUNN D'°DES

Woll Lovo’c vol; of standard for signal generation up to 24 
VVvll, llvICo Ivllvl. Available to your exact specifications. 
_ . ? h v £ Feature low noise and power 
Announcing a full line of to5oomw. 

high performance gallium 
arsenide diodes for C Band to milli¬ 
meter applications, made the way 
you need them, available when you 
need them. 

And they’re all from Fre- 5^ . 
quency Sources. So you know 

PLATED HEATSINK 
GUNN CHIPS 
The ideal “chip form” Gunns 
for hybrid circuits. Feature 

power up to 500mW 
and 6% efficiency. 
Wide band 
widths up to 
18 GHz. 

HIGH Q TUNING 

Q (up to 
lowest series 

of any tuning varac¬ 
tor in the industry. Made to your 

specs in voltages from 15 to 60 volts. RF 
through millimeter tuning. 

they’ve been measured, tested, 
retested and optimized in some 

MULTIPLIER AND PARAMP VARACTORS 
Extremely sensitive for paramps, extraordinarily efficient for 
multipliers. Available in a wide range of hermetic packages to 
match your exact application — from S Band through millimeter. 

of the most advanced microwave 
circuits anywhere. 
We have a sales and engineering sup¬ 

port staff eager to help you find exactly 
the right gallium arsenide diode solution 
for your special problem. Why not call 
today? 

FREQUENCY 
SOURCES 
SEMICONiDUCTDRiJiyiSIOrJ 
A SUBSIDIARY OF LORAL CORPORATION 

16 Maple Road 
Chelmsford, MA 01824 
(617) 256-8101 
TWX (710) 343-0404 
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LMI filters 
will solve your power 
_and signal line 

s! 

For shielded rooms 
* data processing/ 
communications 
centers • hospitals 
• ground support 
facilities 

Lectroline" power 
line filters meet MIL 
FI5733E and interface 
with UL and NEC 
approved equipment. 

Wall mounted 
Lectroline power 
line filter panels. 
Floor mounted 
Lectroline high 

PSD-15A Electrostatic 
Discharge Simulator 

current power line filter panels. 
Power factor correction networks, 
for filters with capacities of 20 to 200 mfd. 

Communications and 
control line filters. 
Lectroline signal line 
filter panels. 
Custom filters to your 
specs to comply with MIL 
STD 461/2/3, FCC, VDE 
and other regs. 

Common-mode filters. 
UL 1283 approval 
pending. 
LectroMagnetics has the 
filtering solution for you. 
Write or call for catalog 
F 300. 

LectroMagnetics, Inc. 
6056 West Jefferson Blvd. 
Los Angeles, CA 90016 ■ (213) 870 9383 

Toll Free (800) 325 9814 

Nationwide representatives 

LectroMagnetics, Inc. 
INFO/CARD48 

Check your electronic equipment's ability to withstand elec¬ 
trostatic discharge from human or other objects. Standard 
discharge simulation circuit is 150 pF and 150 ohms. Other 
values are optional. Our PSD-15A is fully portable and 
comes in a compact transport case. Safe to operate, with 
adjustable voltage control and measuring of the charging 
voltage. Ergonomic, with light-weight, hand-held gun. DC or 
pulsed discharge circuits. ESD pulses can be triggered 
either as single or .1 ,1,10 or 100 impulses per second. 
If you are concerned about your equipment's susceptability 
against electrostatic discharge, our PSD-15A testing unit 
will provide the answers you need. 

ÄMEÄn 
HV TEST SYSTEMS, INC. 

Telephone (301 ) 826-8651 Telex 86223 
Central Garrett Industrial Park, Accident, MD 21520 
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PIEZO’s Finite Filter. 
Our H-bar filters fill the gap between 
conventional crystal filters and SAW devices. 

TYPICAL PERFORMANCE (Actual Test Data) 

Center Freq.: 100 MHz 
3dB BW. 300 KHz 
60 dB BW: 750 KHz 
Insertion Loss: 7 dB 
Ripple: .75 dB 
Impedance: 50 ohms 

Center Freq.: 70 MHz 
3 dB BW: 100 KHz 
60 dB BW: 900 KHz 
Insertion Loss: 7 dB 
Ripple: .75 dB 
Impedance: 50 ohms 

□ Moderate loss, 7 dB typical 
□ Shaqi selectivity 
□ No tuning or matching required 
□ Bandwidth from 50 to 

500 KHz 
□ Less than 1 dB ripple 

PIEZO’s new series of filters uti¬ 
lizing hi-frequency bulk acoustic 
resonators (H-bars) provide an at¬ 
tractive alternative network for sys¬ 
tem designers. 
PIEZO H-bar filters can now be 

ordered with traditional crystal filter 
response characteristics designed to 
simply plug into your circuit. The 
H-bar filter eliminates the need to 
design a circuit to match existing de¬ 
vices for high frequency IF filter ap¬ 
plications. 

□ SC cut crystals for high power 
applications 

□ High stopband attenuation 
greater than 60 dB typical 

□ Center frequencies from 40 to 
150 MHz 

The costs associated with changes 
to circuit design, or tooling charges 
for SAW devices are often elimi¬ 
nated by ordering the proper PIEZO 
H-bar filter. 
PIEZO Filters is an affiliate of 

PIEZO Crystal Company, a leader 
in the production of piezoelectric 
crystals since 1936. To discuss your 
applications call your nearby PIEZO 
representative, or write to PIEZO 
FILTERS, P.O. Box 619, Carlisle, 
PA 17013. Telephone (717) 249-
2151. 

PIEZO 
FILTERS 
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+24 VDC supply and unit is packaged in 
a lightweight 4.38” x 1.75” x 1.05” high 
case. Techtrol Cyclonetics, Inc., New 
Cumberland, PA 17070, please circle 
INFO/CARD #158. 
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THE 
MISSING 
LINK 
If high rel crystals and filters 
are the weak links in your 
space, military, and com¬ 
mercial systems, you’ve been 
missing out on SCP. 

Our ruggedized (Swept 
Quartz; high G’s; shock; and 
h.f. vibration to 3000 Hz) 
problem solvers tough it out 
for you. 

Monolithics, time delays, and 
matched filter sets (smallest 
in the industry) from 1-200 
MHz. Quality and Inspection 
to MIL-I-45208. 

When you need high rel and 
tight specs in small pack¬ 
ages, call us. 

We’re the missing link you’re 
looking for. 

Never the weak one. 

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

121 Water St., Box 249. Mineral Point, Wl 53565 
Phone 608-987-3363. Telex 467581 

Microwave GaAs FET 
Harris Microwave Semiconductor, a 

subsidiary of Harris Corporation, an¬ 
nounced the availability of a new pack¬ 
aged GaAs FET, the HMF-0314, which 
features excellent gain and dynamic 
range characteristics for applications be¬ 
tween 2 and 14 GHz. 
Housed in a 70 mil square hermetic 

stripline package, the half-micron 
HMF-0314 provides maximum gain of 14 
dB at 8 GHz (12 dB minimum guaranteed) 
and 10 dB typical at 12 GHz. Under 
power tuning and bias conditions, the 
HMF-0134 offers +18.5 dBm linear 
power. 
Low noise performance of 0.9 dB typi¬ 

cal at 4 GHz, 1.3 dB at 8 GHz and 2.3 dB 
at 12 GHz is achieved with a bias of 4 
volts drain-to-source, and an lDS of 20 
percent of the saturated drain current. 
The data sheet for the HMF-0314 in¬ 

cludes characteristic S-parameters for 
high gain as well as for low noise bias 
conditions. 

Priced at $23.75 (U.S.) each in 100 
piece quantities, the HMF-0314 is avail¬ 
able from stock. Harris Microwave 
Semiconductor, Milpitas, CA 95035, 
please circle INFO/CARD #162. 

FiberOptic Interface Modems 
An expanded series of fiberoptic 

RS-232-C modems are now available 
from Advanced FiberOptics Corp. 
AFI-232 modems are among the most 
versatile units of their kind. For example, 
all modems provide full-duplex asyn¬ 
chronous communication at rates in ex¬ 
cess of 56 Kbaud, and half-duplex opera¬ 
tion with handshaking capability. The 
units are configurable for either host sup¬ 
plied or external power, and have fea¬ 
tures not found in other units costs more. 
The units are DTE (Data Terminal Equip¬ 
ment) and DCE (Data Communications 
Equipment) compatible. 

There are four models, two with SMA 
connectors and two with Optimate con¬ 
nectors; two are for short distance ap¬ 
plications with plastic cable up to 100 
meters long and two are for long distance 
with glass fiber up to several kilometers. 
AFC also provides cable termination serv¬ 
ice and termination kits. External power 
supply is also available. Prices for these 
modems start at $149.00. AFC, Tempe, 
AZ 85281, INFO/CARD #161. 

Attenuator Chip Kit 
A new Designers’ Attenuator Chip Kit 

from EMC Technology, Inc. permits fast, 
convenient and accurate fine tuning of at¬ 
tenuation values for microwave circuits. 
The kit is comprised of 50 different EMC 
TSO-300 style attenuator chips, with five 
chips each of 10 different dB values rang¬ 
ing from 1 to 10. It is ideal for adjusting 
signal strengths in multiple channels as 
well as for many prototyping applications. 
A company spokesman explained the 

main advantage of the new kit is the 
design flexibility and convenience it offers 
microwave engineers. By having a large 
quantity of attenuators on hand with dif¬ 
ferent values, the engineer can readily ex¬ 
periment with various levels without pur¬ 
chasing individual attenuators or groups. 

Attenuators in the kit are .050 sq., 
screen printed on Al2o3 substrates, and 
are available either pre-tinned or without 
tinning for wire bonding applications. In 
addition, unattached leads are also pro¬ 
vided in the kits for bonding or soldering. 
Complete attenuator chip kits cost 

$200, and are offered from stock. EMC 
Technology, Inc., Cherry Hill, NJ 
08034, INFO/CARD #124. 

Micro-Miniature Reed Relay 
Standex Electronics has introduced 

one of the smallest reed relays in the in¬ 
dustry, the Series SG Micro-Miniature. 
The relay occupies only .16 sq. in. of PC 
board space and is ideal for high-density 
packaging requirements. 
The relay is available in Form 1A and 

Form 2A configurations. Options include 
electrostatic shielding and co-axial elec¬ 
trostatic shielding with termination at both 
ends of the relay. Magnetic shielding is 
also available. 
The SG Series can use any one of 

several Standard Standex Reed switches, 
including the GHG560 reed switch which 
features an amalgam contact material de¬ 
signed specifically for ATE applications 
requiring long life with low and stable con¬ 
tact resistance. 

Pricing for SG relay in a Form 1 A, with 
5 volt version is $1.05 at 1K. 
Standex Electronics Reed Relays are 

manufactured using advanced highly 
automated manufacturing techniques 
and unparalleled quality control methods 
resulting in highly competitive prices. The 
products are internationally known for 
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HIGH DYNAMIC RANGE 

RF AMPLIFIERS 

4 y a 
Janel offers a wide variety of high dynamic 
range RF Amplifiers. 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. 

Modal 

PF811 
PF749-1 
PF804 
PF7410C 
PF797A 

Frequency 

0.1 -32 MHz 
146-174 
215-320 
406-512 
800-960 

Gain 

17.5dB 
16.5 
27 
16.5 
19.5 

N.F. 
4 5dB 
4.0 
4.0 
4.5 
5.0 

3rd I P. 
+ 42dBm 
+ 35 
+ 35 
+ 35 
+ 35 

In addition to RF Amplifiers, Janel manufactures a wide range of stan¬ 
dard Power Dividers 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) 757-1 134. 

JANEL LABORATORIES 

CONSULTING, 
DESIGN, 

and FABRICATION 

* EM SENSORS 

Current Probes 

Antennas 

FCC & CISPR LISNs 

* NANOSECOND TRANSIENT 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 
(2131 5454617 
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In stock. Beryllium copper shielding gaskets in configurations 
designed to suit a wide variety of shielding and 
installation requirements. 
• Reverse bend contacts with cylindrical radii 
• Reverse bend contacts with spherical radii 
• Cylindrical radiused contacts 
• Spherical radiused contacts 
• Double sided contacts 
• Twisted contact strips 
• Twisted finger strips 
• “Clip on” strips 
• Strip gaskets 

Tech-Etch, Inc. 
IWiVll KIVU 45 Aldrin Road 

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 the latest requirements, 

Tech-Etch can solve your shielding problems. 

Braun Division 2360
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EMI PROBLEMS? 
Let Eagle Magnetic solve your 
magnetic shielding problems! 

SOLUTIONS TO YOUR 
RFI/PACKAGING 
PROBLEMS X 
— 420 standard configurations off — 

the shelf 
— Rapid delivery — 

— Complete line of gasketing — 
& mounting bars 

— Interchangeable connectors — 
SMA, BNC, TNC & N 

— Coaxial assessories: attenuators, — 
filters & adapters 

— Capable of performing all — 
secondary operations to our standard 

enclosures from your specs 
— Complete customization to your — 
specifications from enclosure size 

to hole placement 

279 Skidmore Road, Deer Park, NY 11729 
(516) 667-3933 TWX 510-227-1064 
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For more information write or call: 
P.O. Box 24283 • Indianapolis, Ind. 46224 
Phone (317) 297-1030 
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CONNOR-WINFIELD OSCILLATORS 

SHORT-ORDER SPECIALISTS 
But we can cook up a 
big batch, too! 
Connor-Winfield is ready to serve. Whether the oscillators you need are in 
stock or custom designed or whether you need 1 or 10,000, our special of 
the day—everyday—is meeting your needs with the right combination of 
quality and low cost. Are you ready to order? Call or write us today for more 
information. 

CONNOR-WINFIELD CORPORATION 

West Chicago. IL 60185 USA 

Phone:1-312-231-5270 
TWX No 910-230-3231 

Cable: CONWINWCGO 

ECLDIP Models: ECLA, ECLB 
Frequency: 8MHz— 200MHz, ± 01% 

9 frequency Supply: ._ 52Vdc ±5% or 4.5Vdc±5% 
Output: 10K ECLor 100K ECL 
Package: All metal, hermetically sealed 

DIP SINEWAVE Models: DPS1 DPS2 
V Frequency: 1KHz—75KHz 100Hz -100KHz 

Tolerance: ±01%. THD s5% ± 01%,THDs5% 
Supply: 5Vdc±10% 8Vdc—15Vdc 
Package: All metal, hermetically sealed 

TTI CLOCKS Models: S10C S10D S10E 
"aht Tolerance Frequency: 31KHz—25MHz 

Tolerance: ±001% ± 0025% ± 005% 
Temp. Range: 0°— 50°C 0° -70°C 25°— 75°C 
Package: All metal, hermetically sealed 14 pin DIP 

TTI CLOCKS Models: S14R8 S15R8 
Stock Frequencies Tolerance: ±W5% ±01% 

, A,rr., Supply: + 5Vdc ± 10%. 60mAmax 
Frequencies: 1.2.4,5.6.8.10.12.16.20.24,40.70MHz 
Package: All metal, hermetically sealed 14 pin DIP 
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Now, HP packs more value 
into its economical RF spectrum 

analyzers with digital 
display and rugged portability. 

levels specified under MIL-T-28800 C 
Type III, Class 3. Style C performance tests. 
A choice of RF plug-ins covers 

. your applications. 
k Notable performance specifications of 
» the 8557A and 8558B plug-ins include 
W 70 dB dynamic measurement range, 
5 1 kHzto3 MHz variable resolution, 

full range frequency response of 
1 dB and 70 dB IF substitution amplitude 

Measuring RF signals? HP’s economy RF spectrum 
analyzers now give you even more value for your 
money. We've added digital display, versatile data 
I/O and rugged portability to the excellent 
performance and operating simplicity of these 
popular spectrum analyzers. The new HP 853A 
digital display spectrum analyzer mainframe with 
the H P 8557A ( 10 kHz-350 M Hz) or 8558B ( 100 
kHz-1500 MHz) spectrum analyzer plug-in 
combines accurate performance and simple 
three-knob operation to meet a wide range of RF 
measurement applications. 
Digital display adds clarity and 
convenience. 
The HP 853A provides two independent 480-by 
800-point resolution traces for flexibility in 
storing trace data and monitoring signal changes. 
You get a crisp, flicker-free, easy-to-read display. 
And the microprocessor-managed display system 
includes maximum hold for storing peak signal 
values, digital averaging over successive sweeps to 
reduce noise effects, and trace normalization to 
help detect signal changes in a crowded spectrum. 
Rugged portability lets you take it 
almost anywhere. 
The 853A is designed for transportable use in 
rigorous environments. Weighing less than 48 lbs., 
the analyzers can be taken outdoors for field test 
use, or easily moved around lab and production sites. 
The 853A comes with a tilt-bail handle, rubber 
bumpers, and a drip-proof front panel cover. What's 
more, the HP 853A with plug-in installed is type-
tested to meet shock, vibration and driptest 
5301201 

accuracy of ± 1 dB. Basic measurements require 
only a three-knob sequence: TUNE to a signal 
and read frequency from the LED display, narrow 
the FREQUENCY SPAN for closer analysis and 
adjust REFERENCE LEVEL to read amplitude 
directly. Resolution and sweep speed are auto¬ 
matically adjusted. 

U.S.A, list prices for the plug-ins are: HP 8557A 
(350 MHz) $6,520; HP 8558B (1500 MHz) $7,925. 
The new 853A display mainframe is listed at $5,550? 

For a permanent 
record or com¬ 
parison of many 
displays, the 
853A push¬ 

button controls 
can directly 

operate an HP-1B 
plotter for hard copy data 

। recording. Or connect the 
853A to a computer (like 

the HP-85) via HP-IB and get 
trace I/O as well as operator prompts 

on the CRT. 

To add portability and digital display con¬ 
venience to your RF spectrum analysis applications, 
call your nearest HP sales office and ask for 
“Instruments? For the same simplicity and per¬ 
formance in microwave applications, ask about 
HP’s economical microwave plug-in for the 853A. 
For more information about these instruments, 
write Hewlett-Packard, 1820 Embarcadero Rd, 
Palo Alto, CA 94303. •U.S.A, list prices only 
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flat pack 
mixers 

(+7 dBm LO) 

high reliability across a wide spectrum of 
industries. Standex Electronics, Cincin¬ 
nati, OH 45209, INFO/CARD #157. 

RFI Conductive Coating 
MS-485 (black) conductive coating acts 

as an effective shield against a broad 
range of RFI/EMI. When applied in a typi¬ 
cal 2-mil coating it becomes functional 
within minutes and dries in approximately 
15 minutes. The coating provided at¬ 
tenuation of 78 dB at 1 MHz and 44 dB 
at 1000 MHz with a surface resistivity of 
approximately 0.5 ohm/square at 2-mil 
thickness. MS-485 is recommended for 
use on plastics and metals. It is available 

Subminiature Teflon 
Coax Cable 
The increasing interest in high speed 

data communications has led TFC to ex¬ 
pand its participation in this growing 
market. 

5 to 1000 MHz 
only $1495 (6-24) 

IN STOCK. .. IMMEDIATE DELIVERY 

• pin-for-pin replacement 
of competitive models 

• MIL-M-28837/1 A performance* 
• extra-rugged construction 

• hermetically-sealed 

• every unit thermal shock tested, 
5 cycles, -54°Cto +100°C 

• low conversion loss, 6.2dB 

• hi isolation, 40dB 

• 1 year guarantee 
‘units are not QPL listed 

LMX-1 13 SPECIFICATIONS 

FREQUENCY RANGE, (MHz) 
LO. RF 5-1000 
IF DC-1000 

CONVERSION LOSS. dB 
one octave from band edge 
total range 
ISOLA TION. dB 

5-50 MHz LO-RF 
LO-IF 

50-500 MHz LO-RF 
LO-IF 

500-1000 MHz LO-RF 
LO-IF 

TYP MAX 
62 70 
7.0 80 
TYP MIN 
50 45 
45 40 
40 30 
35 25 
30 20 
25 17 

SIGNAL 1dB Compression Level OdBm min 

finding new ways ... 
setting higher standards 

O Mini-Circuits 
A Division of Scientific Components Corporation 

Worlds largest manufacturer of Double Balanced Mixers 

2625E. 14th St. B'klyn, N.Y. 11235(212)769-0200 
INFO/CARD60 C913REVORIG 

in 16 oz. aerosol cans and is removable 
by using MS-114 Conformal Stripper. 
Miller-Stephenson Chemical Co., Dan¬ 
bury, CT 06810, INFO/CARD #156. 

Times subminiature teflon coax cables 
are used for transmission lines to transmit 
computer data at high speeds and at the 
same time are miniaturized to operate in 
confined areas. These cables generally 
have a propagation velocity of 80% or 
greater and the resulting lower time delay 
allows the transmission of data at higher 
speeds. These smaller coaxes with dia¬ 
meters ranging from .055” to .100” have 
a lower capacitance than cables many 
times their size. 
Times subminiature teflon coax cables 

BNQ TNC 
TWIN-AX 

for your chassis designs, 

ready when you are! 
Custom connectors to meet the specs and space limitations of your 
OEM chassis design in just weeks! Ava stocks 
complete line of BNC, TNC, TWIN-AX, F and UHF 
connectors. Including isolated BNC and TNC 
connectors and adaptors. Custom cable as¬ 
semblies also available. Designed to meet 
your quality standards at a cost within your 
budget. Make contact now! . , 

Ava Electronics Corp. 
A-103_ 4000 Bridge Street, Drexel Hill, PA 19026 215-284-2500 y 
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.Who gives you dependability 
in noise figure measurements? 

HÇ of course. 
The HP 8970A Noise Figure Meter has a proven 

performance record— proven accuracy, proven 
flexibility, proven dependability. All for $10,300. 

Dependable equipment 
Our latest warranty report data on the HP 8970A 

reveals a mean time before failure of 18,300 hours, 
the equivalent of nine years of trouble-free service. 
This outstanding record is the direct result of our 
extensive reliability engineering program for de-rating 
components, stress testing, and bug-free software. 

With a choice of three noise sources— the HP 34 6A 
($1500) for mismatch-sensitive devices, the HP 346B 
($1400) for general purpose measurements to 18 GHz, 
and the HP 346C ($1900) for measurements to 
26.5 GHz—you can measure mixers, amplifiers, 
down-converters, or complete systems from 10 MHz 
to 26.5 GHz. 

Dependable measurements 
When you assemble an HP noise figure system, you 

can depend on your results. Tabular lists of NBS-
traceable excess noise ratio values are furnished on 
each noise source. And the sources have low SWR, 
resulting in low mismatch uncertainty. HP’s conserva¬ 
tive specifications assure that our numbers and 
your numbers will agree with those of your customers. 

Dependable support 
Nobody gives you more technical support than 

HP—applications literature, seminars, and worldwide 
engineering assistance. For more information about 
the dependable HP 8970A, call your local HP sales 
office listed in the telephone directory white pages. 
Or write Hewlett-Packard, 1820 Embarcadero Road, 
Palo Alto, CA 94303. 
U.S prices "systems' 
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1 Watt 

amplifiers 
are specially designed for electronic data 
processing applications. Shedding tech¬ 
niques such as served wires and alumi¬ 
num polyester wraps are often used. A 
drain is generally provided to facilitate ter¬ 
mination of the shield. The center con¬ 
ductor and drain wire can be terminated 
by wire wrap techniques or by soldering. 
Impedance levels of 90 and 100 ohms are 
common in order to match digital circuitry 
requirements. Times Fiber Communi¬ 
cations, Inc., Wallingford, CT 06492, 
please circle INFO/CARD #155. 

Oscillator 
KLQ100 oscillators originated as an in¬ 

terim ovenized design with high stability 
over extreme temperatures. It was de¬ 
signed with flexibility in that it may be sup¬ 
plied at frequencies as high as 100 MHz 
merely by chanqing the crystal frequen¬ 
cy and the RF utput board. The output 

0.7 to 4.2 GHz 
only $895 

IN STOCK. . IMMEDIATE DELIVERY 

• 30 dB gain, flat ±1 dB 

• unconditionally stable 

• can be connected to any load 
without damage or oscillation 

• overvoltage protection 

• one-year guarantee 

ZHL-42 SPECIFICATIONS 

may be TTL, Sine, or C-MOS compatible. 
For its size, 2” x 2” x 4”, this unit is very 

stable from -40 degress C to +75 degrees 
C. Depending on available power, the 
temperature/frequency stability may be 
held to a few parts in 10E-9 over this 
range. The typical short term stability is 
a few parts in 10E-1 1 while the aging rate 
may be as low as 5E-10/day. 
The oven is proportionally controlled 

with the crystal temperature held to within 
0.01 degrees C. The phase noise is held 
to less than -1 60 dBc at 1000 Hz from the 
carrier. It weighs approximately 11 
ounces. 
The KLQ100 is available in both military 

and commercial versions with the price 
ranging from $440 to $600 each for quan¬ 
tities of five each, depending on applica¬ 
tion requirements. K&L Microwave, Inc. 
Salisbury, MD 21801, please circle 
INFO/CARD #154. 

Multiple Output Crystal 
Controlled Oscillator/Multiplier 

This multiple output crystal controlled 
oscillator/mulltiplier chain utilizes TRAK’s 
thick-film construction techniques for high 
performance and high reliability. As with 
most supercomponents, this oscillator is 
custom designed with regards to frequen¬ 
cy and power output levels. Frequency is 
customer specified between 500 and 
1400 MHz. Frequency set accuracy is 
±10 ppm; frequency stability is ±30 ppm 
max.; frequency pulling is ±10 KHz max. 

A52U UHF RF SWEEP AMPLIFIER 

FREQUENCY 0.7 to 4 2 GHz 

GAIN 30 dB Min. 

GAIN FLATNESS + 1.0 dB 

POWER OUT 
@ 1 dB compr * 29 dBm Min 

VSWRIN/OUT 2.5:1 Max. 

NOISE FIGURE 10.0 dB 

SUPPLY e 15V @690 mA 

THIRD-ORDER INTERCEPT 38 dBm Mm 

SECOND-ORDER INTERCEPT 48 dBm Mm 

SIZE 7" x 3'4" x 2Vk"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 

[=□ 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 

Similar in appearance to the A62 RF Sweep 
Amplifier pictured, the A52U RF Sweep Amplifier 
has a frequency range of 1-9OO MHz. Flatness 
is ±.5 dB. Gain is 30 dB nominal. Input VSWR 
is 1.5:1 max with typical VSWR of 1.2:1. Available 
in 50 or 75 ohm impedance, the unit is an 
excellent general purpose lab amplifier 
amplifying signals for receivers, frequency 
counters, spectrum analyzers, oscilloscopes, 
markers and detectors. It is rugged enough 
for mobile applications. Line filtering and 
double shielding prevent ambient and power 
line interference. 

Wide Band Engineering Co., Inc. 
P.O. 8OX2J652 163« East University Or. Phoenix, AZ S5036 Ph. (602) 254 1570 
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This narrow 
strip... 

for VSWR up to 3:1 , all phase angles; fre¬ 
quency pushing is ±10 KHz/volt max.; 
isolation (any 2 ports) is 20 dB min.; 
phase noise is -106 dBc/Hz at 10 KHz 
from carrier; switching logic is TTL com¬ 
patible and switching time is 1.5 ps max. 
The operating voltages are +15 VDC at 
150 mA, nominal and +5 VDC at 100 mA, 
nominal. The operating temperature 
range is -54°C to +95°C. Size is 4.12 x 
3.0 x .65 inches. RF connectors are SMA 
female. DC connectors are filter solder 
terminals. TRAK Microwave Corpora¬ 
tion, Tampa, FL 33614, please circle 
INFO/CARD #153. 

Low Loss Semi-Rigid 
Coaxial Cable 
A lightweight semi-rigid coaxial cable 

with a polyethylene foam dielectric has 
been introduced by the MicroDelay Divi¬ 
sion of Uniform Tubes, Inc., Collegeville, 
Pennsylvania. 
The cable is a joint development of Uni¬ 

form Tubes and Huber + Suhner, 
Herisau, Switzerland. It was designed for 
use in delay lines up to 210 feet, and for 
antenna lines being used to transmit from 
remote sites. 
The cable, which is 0.250” (6.35mm) 

in outside diameter, has a lightweight 
aluminum outer conductor and a foamed, 
rather than solid, polyethylene dielectric 

with a copper wire inner conductor. The 
foamed polyethylene dielectric provides 
lower loss than solid PTFE materials. 
Nominal attenuation at 10 GHz is 0.25 dB 
per foot. 
The cable can accommodate Suhner 

type N connectors which are available 
from Uniform Tubes, or can be furnished 
as a complete assembly. The foamed 
polyethylene cable is marketed through¬ 
out Europe by Huber + Suhner. Uniform 
Tubes, Inc., Collegeville, PA 19426, 
please circle INFO/CARD #152. 

The automatic coaxial terminators al¬ 
low the line to be terminated automatical¬ 
ly with self-contained resistance load 
when the output plug or jack is dis¬ 
connected. 

While these components perform like 
standard connectors, a simple actuation 
sequence ensures a positive uninter¬ 
rupted circuit during the manual connect 
or disconnect of the output connector. 
The 362-10007 automatic coaxial ter¬ 

minator has a coaxial terminator has a 
coaxial line input with crimp-crimp cable 
affixment, a BNC output connector, and 
a 93 ohm load which goes on line when 
the output is disconnected. 
The 362-10008 functions as an adapter 

with a BNC line-input jack and a BNC out¬ 
put plus which performs the automatic 
termination to a 93 ohm load when dis¬ 
connected. 
The circuit insertion switch, Amphenol 

r.f. design 

Connect, Disconnect 
Without Signal Break 
A series of compact components for 

use on signal transmission lines where an 
open circuit cannot be tolerated is now 
available from Amphenol Products. 
The series includes automatic coaxial 

terminators and an automatic circuit in¬ 
sertion switch. 
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part number 362-1006, allows the user to 
bridge, tap or insert an equipment unit on 
line by manually connecting to the switch 
with no interruption to the system. No 
power is needed for switch operation. 

Both the terminators and the circuit in¬ 
sertion switch features a simple but 
unique all-mechanical make-before-break 
switch actuation sequence to provide 
positive, power-free, automatic switching. 
Numerous connector configurations 

and resistance loads are available for the 
switch and terminators. Amphenol Prod¬ 
ucts world headquarters. Oak Brook, 
IL 60521, INFO/CARD #151. 

Phase Compensated Voltage 
Controlled Attenuators 
A new line of phase compensated 

voltage controlled attenuators is now 
available from Daico Industries, Inc. 
These devices provide linear analog at¬ 
tenuation with flat phase variation of less 
than ±3° over full attenuation range. 
Key paramaters of P/N 100C1575 in¬ 

clude: frequency 150-250 MHz; attenua¬ 
tion range 40 dB minimum; linearity ±2 
dB; insertion loss 4 dB maximum; VSWR 
1.25/1 maximum; control 0 to +5 VDC; RF 
power +15 dBm; DC power ±15 at 40 mA; 

- ^aM-INNOVATIVE IDEAS FROM MERRIMAC 
WIDE BAND, ULTRALINEAR 

_ FREQUENCY DISCRIMINATOR 

impedance 50 ohms; size 1.5” x 2.0” x 
0.6”; and SMA connectors. Daico In¬ 
dustries, Inc., Compton, CA 90220, 
please circle INFO/CARD #150. 

Two New Synthesized 
Signal Generators 
Two new synthesized signal gen¬ 

erators, the HP 8642A (100 kHz to 
1,057.5 MHz) and HP 8642B (100 kHz to 
2.115 GHz), have been introduced by 
Hewlett-Packard Company. With ex¬ 
tremely low noise characteristics, high ac¬ 
curacy, wide output-power range and 
broad modulation capabilities, these new 
generators are suitable for the most 
stringent receiver tests. HP-IB program¬ 
mability and high reliability also make 
them ideal for system applications. 

Specifications: 
Center Frequency*(fc>: 
instantaneous Operating 
Bandwidth: 

input impedance: 
VSWR 
RF input Level: 
Linearity: 
Output Level: 
Output Slope: 

Frequency Offset: 

Temperature: 
Size: 
Connections: 
weight: 

160 MHz 

up to one octave 
son 
1.5:1 Max. 
+ 7 to +10 dBm 
± 5% over one octave 
3mV/MHz into 500nioad 
Positive Standard: 
(Negative on request) 
External fc adjustment 
available on request 
-55 to + 85°C 
0.5"x1.0"x1.5" nominal 
Pins 

Models Available at Center Frequencies of 30, 60 and 70 MHz 
THE SIGNAL PROCESSING SPECIALISTS 

M Merrimac— 
INDUSTRIES, INC.-

P O BOX 986, 41 FAIRFIELD PLACE. WEST CALDWELL, N.J. 07007-0986 USA 
201-575-1300«TWX 710-754-4314«CABLE: MERRIMAC W CALDWELL NJ 
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The HP 8642A is $21 ,000 and the HP 
8642B is $28,000. Delivery is approx¬ 
imately 20 weeks for the HP 8642A and 
30 weeks for the HP 8642A ARO. Hew¬ 
lett-Packard Company, Palo Alto, CA 
94304, INFO/CARD #149. 

DC to 18 GHz Miniature 
High Frequency Attenuators 
Alan Industries, Inc. now offers two 

series of precision 50 ohm miniature at¬ 
tenuators with a frequency range of DC 
to 18 GHz and an attenuation range from 
1 to 40 dB. The MP Series, per MIL¬ 
A-39330 has a 2 watt power average 
while the MHP Series is rated at 5 watts. 
Other electrical specifications are the 
same for either series. VSWR is 1.15:1 
from DC to 4 GHz; 1.20:1 from 4 to 8 



...or this 
narrower 
strip... 

GHz; 1.25:1 from 8 to 12 Ghz and 1.35:1 
from 12 to 18 GHz. Accuracy is ±0.3 dB 
from 1 to 6 dB and ±0.5 dB from 7 to 40 
dB. 

Both series are available in two sizes. 
Connectors are SMA stainless steel per 
MIL-C-39012. Prices are $50 for the MP 
Series and $65 for the MHP Series. Alan 
Industries, Inc., Columbus, IN, 47202, 
please circle INFO/CARD #147. 

RF Power Amplifier 
RF Gain Ltd. expands its amplifier line 

into low-band, mid-band, and 800 MHz. 
The new frequency ranges are 35-50 
MHz, 66-88 MHz, and 806-890 MHz in ad¬ 

dition to its present ranges of 136-174 
MHz and 420-475 MHz. Amplifiers are 
also available in these frequency bands 
in a 100% duty cycle repeater configura¬ 

tion for 19” rack mount. Richardson 
Electronics, Ltd., Franklin Park, IL 
60131, INFO/CARD #146. 

Automatic Spectrum Analyzer 
The Electronic Instrumentation Division 

of Eaton Corporation (EID), long recog¬ 
nized as the leader in high performance 
spectrum analysis, introduced the Model 
787 programmable spectrum analyzer. A 
number of advanced features take this 
technically superior unit beyond the 
state-of-the-art. 
The AILTECH 787 is a fully-pro-

grammable instrument capable of per¬ 
forming microwave measurements over 
the broadest frequency range in the in¬ 
dustry — 1 kHz to 26.5 GHz with internal 
mixing. With external mixers, this fre¬ 
quency range is extended beyond 200 
GHz. Eaton Corp., Electronic In¬ 
strumentation Division, Ronkonkoma, 
NY, INFO/CARD #148. 

Multi-Output Oscillator 
TRAK is now offering a digitally con¬ 

trolled multi-output oscillator. This oscil¬ 
lator is an example of our ability to pro¬ 
vide highly sophisticated components or 
supercomponents. The oscillator gener¬ 
ates 3 different fixed frequencies under 

control of a 3 bit digital word. Frequen¬ 
cies are in the C to Ku band region. Six 
outputs are provided so the user can have 
a choice of various frequencies and out¬ 
put power levels. The higher output 
power level is approximately +10 dBm; 
frequency accuracy is ±.005%; har¬ 
monics are -20 dBc for 2nd and 3rd har¬ 
monics of the selected output frequency; 
input power is +15 VDC at 250 mA and 
+5 VDC at 65 mA. The operating 
temperature range is -54°C to +85°C. 
Dimensions of the components are 8.5” 
X 3.0” X .98”. RF connectors are field 
replaceable type SMA female. TRAK 
Microwave Corporation, Tampa, FL 
33614, INFO/CARD #145. 

Mode-Free TNC Connectors 
To 18 GHz 

Solitron/Microwave, a division of 
Solitron Devices, Inc., Port Salerno, 

r.f. design 85 



Florida, has announced an advanced 
mode-free design which extends the TNC 
connector/adapter frequency range up to 
18 GHz. The company was the first in the 
industry to introduce the original TNC 
connector and subsequently a precision 
TNC version. 

When you need output power of 
30 dBm and up. When you need 
frequency upwards of 2 GHz. 
When you need very high effi¬ 
ciency. That’s when you need to 
call EPSCO. 
Our high power amplifiers fea¬ 

ture solid state design flexibility 
and modular construction. So 
when your need is for a combi¬ 
nation of performance levels to 
satisfy critical EW or telecommu¬ 
nications requirements, we can 
meet your specifications with 
minimum turn-around time. 
SOME TYPICAL 
EXAMPLES 
• 3.5 Watt power output, 9.6-10.3 
GHz, 18 dB gain, and greater 
than 10% efficiency. 

• 5 Watt power output, 2.7-3.0 
GHz, 28 dB gain, and greater 
than 20% efficiency. 

• 10 Watt power output, 5.9-6.4 
GHz, 41 dB gain, and greater 
than 16% efficiency. 
For more information and 

discussion of your high power 
amplifier needs, and how 
EPSCO can fill them, give us 
a call today. 

The new mode-free design inter-mates 
with standard TNC types which meet or 
exceed MIL-C-39012, as well as assem¬ 
blies specified in MIL-C-87104 and MIL¬ 
T-81490 requirements. 

Solitron/Microwave’s mode-free TNC 
type features extremely low VSWR and 
meets all EW and ECM requirements. 
The following mode-free model types are 
now available from the company 6 weeks 
ARO: 
SF4599-6003, SF4596-6003 and 

SF4598-6003 (In-line adapters); 
SF1 108-6004, SF1 109-6005, SF1 125-

6005 and SF1 124-6003 (between line 
adapters); SF8040-6010 and SF8040-
6009 (50 ohm terminations). Soli-
tron/Microwave Connector Division, 
Port Salerno, FL, 33902, please circle 
INFO/CARD #144. 

Suspended Substrate 
Stripline Diplexers 
The low pass and highpass filters used 

in these diplexers are synthesized in ex¬ 
act singly terminated minimum suscep¬ 
tance configurations and realized in 
suspended substrate using computer aid¬ 
ed synthesis and design techniques de¬ 
veloped at Teledyne Microwave. The filter 
circuits are printed on 10 mil thick dielec¬ 
tric substrate and housed in a machined 
aluminum body. The printed circuits are 
easily reproducible requiring only minor 
tuning to compensate for the differences 
due to machining and etching tolerances. 

Sprague-Goodman. 
Nobody Offers 

a Droader Selection 
of Triminer Capacitors. 
When ir comes ro high-quolily trimmer ca¬ 
pacitors, nobody comes close to Sprague-
Goodman. 
We have the world's largest selection of 

models, styles and dielectrics: sub-miniature 
gloss, quartz and sapphire Pistoncops® 
plastic Filmtrims® or Ceramic singlert— 

411 Providence Highway 
Westwood, MA 02090 

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

need standard or custom products, you con 
count on Sprogue-Goodman. The first and 
last name in trimmer capacitors. 

Spraguo-Goodman I- -
J Electronics, Inc. L. — 
MN* jBk <An affihore of rhe Sprague Elearic Company) 

134 Fulton Avenue, 
, Garden Gry Pork. NY 11040 
'S- 516-746-13Ô5 
• - W’ TLX 14-4533 

air dielectric, multi-turn 
and miniature LC tuners oi 
Stob-L® metal ized In-, 
ductors. 
So whether you sap 
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Typical electrical performance in room 
ambient conditions is: 
Crossover accuracy: ±.5°/o 
Passband insertion loss: 1 dB 
Crossover insertion loss: 4.5 dB 
VSWR: 1.8:1 Teledyne Microwave, 

Mountain View, CA 94043, please cir¬ 
cle INFO/CARD #143. 

RF/MW Counter 
Systron Donner’s new 6000 automatic 

microwave/millimeter counters offer fre¬ 
quency coverage to 110 GHz and 60 dBs 
of dynamic range, with a guaranteed sen¬ 
sitivity of-30 dBm. The two new 12 digit 
display models offer optional amplitude 
measurement for simultaneous display of 
frequency and power. The same display 
provides direct English readouts of the 
calibration and diagnostic prompts. 

Systron Donner’s Instrument Division 
(SDID) also claims very high AM/FM 
tolerance, standard IEEE-488 interface, 

and an optional CIIL command package 
for U.S.A.F.“MATE” applications. “The 
match package is the key,” says Project 
Designer Manager, Tom Springer. “We 
were able to implement three indepen¬ 
dent memories for each band. In this way 
such elaborate calculations such as .001 
Hz resolution can be obtained even at 
26.5 Ghz.” Push button control of last 
reading and previous measurement are 
among the other standard features. 
Model 6020 coves 10 Hz to 18 GHz for 

$5,500 while the 6030 covers 10 Hz to 
26.5 GHz for $6,000, additional frequen¬ 
cy extension modules are extra. Delivery 
on both units is 90 days ARO. Systron 
Donner, Instrument Division, Concord, 
CA 94518, INFO/CARD #142. 

Two Cavity Amplifiers For Low-
And High-Band VHF TV Service 
Two new cavity amplifiers designed for 

simple and reliable application in high-
power VHF television transmitters were 
introduced by Varian EIMAC. 
The EIMAC CV-2242 and CV-2252 

cavity amplifiers are rated for 15 kW peak-
of-sync in video service for low- and high-
band VHF-TV (USA Channels 2-6 and 7-
13). 
These cavities use the new EIMAC 

3CX1 2,00007 focus triode. With its high 
gain, the new triode allows 15 and 25 kW 

television transmitters to be designed with 
all solid state drive. Varian EIMAC, San 
Carlos, CA 94070, INFO/CARD #141. 

Op Amp 
APEX introduces the PA51 M high cur¬ 

rent Power Op Amp designed for cost 
sensitive applications, requiring up to 10 
amps drive to resistive, capacitive or in¬ 
ductive loads. The class C output stage 
configured with monolithic darlington 
transistors, ensures a very rugged device 
while holding quiescent power dissapa-
tion to a bare minimum. In typical applica¬ 
tions they power motors, actuators, coils 
or heaters. 
The PA51 M is suitable for dual supplies 

up to +40V over the full military 
temperature range. The amplifier features 
a monolithic bipolar input stage and in¬ 
ternal compensation for use at all gain 
settings. These hybrid integrated circuits 
utilize thick film conductors, ceramic 
capacitors and silicon semiconductors to 
maximize reliability, minimize size and 
give top performance. Ultrasonically 
bonded aluminum wires provide reliable 
interconnections at all operating tem¬ 
peratures. The 8 pin TO-3 package is 
hermetically sealed and isolated to allow 
mounting without use of thermally expen¬ 
sive washers. 

Screening procedures are in full com-



IQF-2-70) or in a TO-8 package (Model 
IQT-2-70). 
RF and LO input characteristics in¬ 

clude: frequency (10 to 500 MHz, 10% 
BW); impedance (nominal 50 ohms); 
VSWR (maximum 1.5:1); RF power level 
(0 dBm nominal); LO power level (+10 
dBm nominal). 

-40V 

1.4 to 450 MHz 
from $1295 (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 

pliance with the new revision C of MIL-
STD-883. An added feature is complete 
testing of all min/max specified para¬ 
meters at -55° and +125°C rather than 
simply testing offsets at temperature. The 
process control required to maintain pro¬ 
duction yields with more stringent testing 
further enhanced reliability of the product. 
Price and delivery for a quantity of 100 
is $78.50 and 14-16 weeks. The part does 
have a second source. To aid the design 
task, a non-screened version is available 
from stock to facilitate quick performance 
evaluations. APEX Microtechnology 
Corp., Tucson, AZ 85714, please circle 
INFO/CARD #140. 

I & Q Network 
Merrimac Industries has announced a 

new l&Q Network either Flat Pack (Model 

e 
Output characteristics include: video 

bandwidth (DC up to 5 MHz); output load 
(nominal 50 ohms); phase range (0-360°); 
conversion loss, 10 dB typ., 12 dB max. 
(RF to IF, to IF2). 
Output accuracy include: phase bal¬ 

ance (IF, to IF2), 90 + 5°max; amplitude 
balance (IF, to IF2), 1.0 dB max. Mer¬ 
rimac Industries, Inc., West Caldwell, 
NJ 07007, INFO/CARD #139. 

High Power, Low Cost Coupler 
A new, ultra-miniature, hybrid caseless 

coupler, capable of handing up to 400 
watts of power, is available from Anaren 

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 
PSCQ-2-14 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 
PSCO 2-90 55-90 19.95 
PSCO 2-120 80-120 19.95 
PSCQ-2-180 120-180 19.95 
PSCO-2-250 150-250 19.95 
PSCQ-2-400 250-400 19.95 
PSCO-2-45O 350-450 19.95 

Call or write for 64 page 
RF Designers Guide or refer- to EE M, 
EBG, Gold Book, Microwaves & RF Directories 
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SPIRADEL 
THE MOST COMPACT 
HIGHEST TIME DELAY 
TO RISE TIME RATIO 
DISTRIBUTED DELAY I 

CUSTOM-BUILT 
PASSIVE 

L-C FILTERS 
20 HERTZ TO 500 MEGAHERTZ 

Delay Range 5 Nanoseconds to 6 Microseconds 

VIDEO DELAY LINES 
Complete line of passive switchable and strap¬ 
pable Variable Delay Lines. Also Rack Mount¬ 
able. Finest specifications, lowest pricing, 
delivery from stock. Request Video Catalog. 

VARIABLE DELAYS FOR RADIO PAGERS 

Series "HF” "HR” &"VHR” 
HIGHEST TRfsEPTIMEY RATIO EVER 
BUILT IN A LUMPED CONSTANT LINE! 

DELAY RANGE .25 to 500 MICROSECONDS 

"LC DIP” DUAL-IN-LINE 14 PIN 
TAPPED LUMPED CONSTANT LINE 
Available in delays up to 1000 Nanoseconds 

CATALOG ON REQUEST IHUB 

"STATE OF THE ART" 
Delay Equalization Specialists. 
Mfrs, of Constant Delay Filters. 

Complete Line of VIDEO FILTERS & 
NETWORKS. Request ourVideo Catalog. 

COMPLETE LINE OF L0WPASS. 
HIGHPASS. BANDPASS & NOTCH 

FILTERS IN BUTTERWORTH. 
TCHEBYCHEFF & ELLIPTIC DESIGN 

WIDE RANGE OF SUB MINIATURE 
L0WPASS. HIGHPASS 
AND BANDPASS 
FILTERS FROM 
5 MHz to 500 MHz 

PHONE/WRITE FOR 
COMPLETE CATALOG 

fUTBUMMICMinU® 
SEE US AT THE 

WESCON SHOW -BOOTH 3638 
ALLEN AVIONICS, INC. 
224 EAST 2nd STREET 
MINEOLA, N.Y. 11501 
Phone: 516-248 8080 
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ALLEN AVIONICS, INC. 
224 E. 2nd St., Mineola, NY 11SO1 

Phone:516-248-8080 
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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. /I 
Delaware Water Gap, PA. 18327 
Phone: 717-424-8510 • TWX: 510-671-4526 
Specialists in beryllium copper since 1938 (NFO/CARD 74

Microwave, Inc., E. Syracuse, NY This 
high power, low cost coupler is available 
in frequency bands for military aircraft 
radios, direct broadcast satellite applica¬ 
tions and solid state television transmit¬ 
ters. It may also be integrated with many 
other systems and components including: 

• inexpensive power dividers and 
combiners 

• low cost, high power balanced ampli¬ 
fiers 

• matrix amplifiers 
• switching networks 
• antenna feed networks 

The 3 dB 90° coupler is a reciprocal 
four port stripline network manufactured 
using a stable, teflon-glass substrate, and 
is laminated under heat and pressure us¬ 
ing a low-loss, dielectric material. This 
packaging system ensures high reliabili¬ 

r.f. design 

97-542 
.250" wid 

97-541 
380" wide 

97-521 
512” wide 

97-515 
760” wide Pat. No. 3504095 

ty, especially under severe environmen¬ 
tal conditions. 
Model 1Z0364-3 covers the 440-880 

MHz frequency band, handles 400 watts 
CW, is only 0.54 cu. in. in volume, and 
weighs 0.67 ounces. The case material 
is aluminum with silver plated copper 
solder tabs. Priced at $92 in quantities of 
16-31, delivery is from 6 to 8 weeks. A 
variety of models are available. Anaren 
Microwave, Inc., E. Syracuse, NY 
13057, INFO/CARD #138. 

Conductive Caulk 
CONAP introduces a new conductive 

caulking compound. DP-8469 is a one 
component silver filled black paste that 
will provide excellent electrical conduc¬ 
tivity and low volume resistivity for R.F. 
shielding and grounding applications. Its 
pliability, after curing, makes the material 
suitable for shielding metal joints and 
seams that are subject to vibration, warp¬ 
ing and/or temperature induced expan¬ 
sion or contraction of the substrate to 
which it is applied. 
CONAP DP-8469 is available in 6 oz. 

flexible metal tubes, 1 lb. and 1.5 lb. 
caulking cartridges, and in bulk quan¬ 
tities: quart, gallon, and 5-gallon con¬ 
tainers. 
CONAP is a materials systems special¬ 

ist supplying industry with epoxy and 

polyurethane potting and encapsulating 
compounds, conformal coatings, adhe¬ 
sives, sealants, and tooling resins for the 
aerospace, aircraft, computer, defense, 
electrical/electronics, biomedical, 
automotive and related markets. CONAP, 
Inc., Olean, NY 14760, please circle 
INFO/CARD #137. 

Spectrum Analyzer 
Wavetek Scientific Inc., of Rockleigh, 

NJ has announced the introduction of 
their Model 5809A, a basic DC to 100 kHz 
single channel spectrum analyzer with a 
3.5 kHz real time rate, memory for four 
data traces, non-volatile storage for three 
front panel setups, zoom analysis, and a 
CRT for viewing displays of instantaneous 
or averaged amplitude vs. time or fre¬ 

quency. The U.S. list price for the basic 
analyzer is $8,400. Wavetek Scientific, 
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GtewS EMC testing services 
from Instrument Specialties— 
the company that knows shielding 

inside and out! 
If you’re involved with keeping RFI/EMI in or out, 
you already know about Instrument Specialties. 
You’ve probably used our beryllium copper 
shielding strips ... received our engineering help 
.. .even used our new line of ESD devices. 

And now—the superb EMC testing facilities we 
use to assure performance of our products is 
available to you for the first time. You now can 
access the sophisticated equipment you don’t 
have— but must have—to secure the test results 
you need! 

State-of-the-art computer-controlled emission 
and susceptibility measurements from 10 kHz to 1 
GHz ... RF gasket evaluation ... FCC/VDE/CISPR 
and MIL-STD-461 A/B Tests ... networks for power 
line conducted RF emission tests ... semi-anechoic 
shielded enclosure ... confirming open field test 
site... computer-produced hard copy readout of 
test results— all are yours at Instrument 
Specialties. 

Following testing, you’ll leave our facility with the 
precise documentation you need. In the event you 
need help to meet required interference specifica¬ 
tions, we can supply that as well. All this, from one 
qualified source! 

For more information, rates, and schedule avail¬ 
ability, phone us and ask for EMC Customer 
Service. Or, write us at Dept. RFD-10. 

INSTRUMENT SPECIALTIES COMPANY, INC. 
Delaware Water Gap, PA. 18327 
Phone:717-424-8510 • TWX: 510-671-4526 
Specialists in beryllium copper since 1938 
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Inc., Rockleigh, NJ 07647, please cir¬ 
cle INFO/CARD #136. 

Subminiature Rotary 
Selector Switch 

Spectrol's new Model 97 rotary selec¬ 
tor switch combines a screwdriver-adjust 
and flatted-shaft feature in a s/16-inch 
diameter TO-5 package. It is available 
with stops or continuous rotation with up 
to seven active positions. 

This space-saving switch mounts 
directly on PC boards and permits design 
versatility. It can be used for logic switch¬ 
ing, test-point switching, standardizing 
PCBs, selecting operational voltages, and 
it can eliminate the need for jumpers and 
connectors. Spectrol Electronics, City 
of Industry, CA 91749, please circle 
INFO/CARD #135. 

Compact Remotely Controlled 
HF Antenna System 
A new HF antenna system, designed 

to overcome many of the space and in¬ 
terference problems of conventional 
systems, has been introduced by JASCO 
International. 
The JASCO HF8-H antenna system 

has been developed as a compact unit for 
embassy, police, transport services and 
military applications. Present HF com¬ 
munications generally require four fre¬ 
quencies divided over day and night time 
periods, necessitating the use of either 
four separate antennas or one broadband 
antenna. Either option has the disadvan¬ 
tage of equipment occupying too much 
space and in both cases there is usually 
an interference problem. 
These shortcomings have now been 

overcome by JASCO with one small an¬ 
tenna that requires even less space than 
a dedicated antenna. The HF8-H is very 
selective in terms of the frequency to 
which it will respond, thus eliminating 
interference. 
The JASCO antenna system covers the 

frequency range of 2-30 MHz with a max¬ 
imum power input of 1kW continuous 
wave (CW) and 2kW peak emited power 
(PEP)-single side band (SSB). 
A remotely controlled antenna tuning 

miniature 

wideband 
amplifiers 

10 to 2000 MHz 
only $179 

INSTOCK. . .IMMEDIATE DELIVERY 

• 22 dB gain, flat ±1.5 dB 
• 40 dB isolation 
• meets MIL-STD-202 

• operates from -55°to + 100°C 
• boost signal/sweep generator 
output to 50 mW 

• achieve broadband isolation 
• use as amplifier driver 
• SMA connectors 
• rugged 1.25 in., sq. x 0.75 in. 
RFI-shielded case 

• one-year guarantee 

RIGID 
SPECS’ 
ASSURE 
QUAUTY& 
PERFORMAHCE 
International Crystals are 
manufactured to meet rigid 
specifications in a plant where 
temperature and dust control are 

important factors. 
Every crystal is subject to tests 

that assure the customer the very 
best product available. All 

ZFL-2000 SPECIFICATIONS 

FREQUENCY 10-2000 MHz 
GAIN 20 dB 
GAIN FLATNESS ±1.5 dB 
OUTPUTPOWER 

IdBcompr. +17 dBm 
NOISE FIGURE 7.0 dB 
INTERCEPT POINT, 

3rd order 25 dBm 
VSWR. 50 OHMS 2:1 
DC POWER +15V, 100 mA 

International Crystals are 

INTERNATIONAL CRYSTAL MFG. CO., INC. 
10 North Lee, P.O Box 26330, Oklahoma City, 
Oklahoma 73126, 405/236-3741 

guaranteed for the life of the 
crystal, subject to certain 
restrictions under warranty. 
ICM manufactures high quality 

precision crystals for land mobile, 
military, aerospace and the 
broadcast industry. 

Call or write for 64-page 
RF Designers Guide or refer to EEM , 
EBG, Gold Book. Microwaves & RF Directories 
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lasting performance. 
Features: 
Repairable, uncrowded circuit 
board with low thermal rise, long 
lasting performance and low 
production cost 
Low VSWR all ports 
Wide IF bandwidth 
Good gain stability 
Insensitive to power supply 
voltage variations 
Modularized for various commu¬ 
nication bands 
Optional dual IF outputs (as shown 
in photo) 

unit is situated at the mast base, It is pre¬ 
programmed via the central console, with 
up to 100 different channels available. 
Once programming is complete, any 
channel can be selected manually at the 
control console. The tuner wil auto¬ 
matically set itself to the pre-programmed 
position. 
A voltage standing wave ratio (VSWR) 

of 1:1 is easily achieved by the high Q 
matching circuitry. This provides a high 
degree of selectivity both on transmit and 
receive, thereby significantly reducing the 
possibility of out of band spurious signals 
on transmit. It also provides a large de¬ 
gree of attenuation to out of band signals 
on receive which can cause intermodula¬ 
tion interference. 

Selectivity is a very attractive feature 
if the antenna is to be used in an elec¬ 
trically noisy environment, particularly in 
close proximity to other radio systems or 
on a city rooftop site. 
As a JASCO International spokesman 

points out, most automatic tuning sys¬ 
tems are based on a principle of auto¬ 
matic selection of a point of minimum 
standing wave ratio (SWR). 

“With the many different combinations 
of matching component settings which 
could achieve minimum SWR,” he says, 
“very often the automatically selected 
setting is highly inefficient in terms of in¬ 
sertion loss — even though return loss 
(SWR) is low. 

“This is not the case with the HF8-H,” 
he maintains. “The JASCO system uses 
a pre-programmed matching configura¬ 
tion which ensures maximum efficiency.” 
The HF8-H antenna is supplied with 

either a 6m or 12m freestanding galvan¬ 
ized steel mast for rooftop mounting. A 
guyed mast is supplied if no solid foun¬ 
dation is available. 
The matching unit is enclosed in a steel 

fabricated, epoxy coated, splashproof 
housing and the telescopic anodised 
aluminim antenna elements are sup¬ 
ported in a rugged fiberglass mounting 
head. JASCO International (Pty) Ltd., 
Bramley 2018, South Africa, please cir¬ 
cle INFO/CARD #134. 

A CHOICE! 

Typical performance: 
RF&LO 

Model Frequency (GHz) 
FMA 3610-1 0.6-1. 1 
FMA 3610-2 1.0-1. 7 
FMA 3610-3 1. 7-2.7 
FMA 3610-4 4.4-5.0 

Flexible metal-core conduit 
systems with a wide selection 
of EMC shielding properties. 

IF Passband 
RF- IF gain 
Noise Figure 
LO Power 
VSWR 
Power 

60-80 MHz 
20 dB 
7 dB 
6 mw 
1.5/1 
+ 28 V (s 60 ma 
( + 20 V optional) 

Sage also offers a 70 MHz up-
converter in the same package with 
0 dBm output at 4.4-5.0 GHz. 
70 MHz units can also be used at 

40, 50 and 60 MHz IF’s. 
Call or write for our complete 

product catalog and price list. 
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U LABORATO RIES. INC 

3 Huron Drive • Natick, MA 01760-1382 
(617) 653-0844 • TWX: (710) 346-0390 
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Glenair offers flexible con¬ 
duit systems for mechanical 
protection of wiring and 
for electromagnetic com¬ 
patibility applications. 

Unique shielding of flexible 
metal core conduit meets virtu 
ally any EMI /RFl suppression 
requirement, from H and E field 
shielding to TEMPEST, EMP and 
Lightning. 
New Series 75 System. 

Glenair’s new Series 75 metal 
core conduit system offers un 
surpassed mechanical integrity 

and compatibility. Supplied 
unjacketed or with a Neoprene 
jacket for complete waterproofing 
and environmental sealing. Other 
jacketing materials available. 
Conduit construction qualified to 
MIL C 13909. 
In-house capabilities and 
facilities. 

Glenair has over 25 years 
experience producing solutions to 
special electrical interconnection 
problems. If you’re looking for a 
cost-effective answer to a conduit 
problem, call or write: 

GLENAIR, INC. 
1211 Air Way • Glendale, California 91201 2497 • (818) 2476000 

INFO/CARD 79 
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Flatpack Amplifier 
Q-bit Corporation has available two 

new flatpack amplifiers featuring Power 
Feedback™ Technology for the highest 
reverse isolation available in the industry. 
The QBH-21 4 operates from 50 to 200 

MHz, 14.5 dB gain. The unit is a high dy¬ 
namic range amplifier with +37 dBm 3rd 
Order Intercepts and +25 dBm minimum 
output compression. Pricing is $145, 1-9 
pcs. 
The QBH-21 5 flatpack amplifier oper¬ 

ates from 10 to 500 MHz with a minimum 
compression of +26 dBm, typical +27 
mid-band, 12.3 dB gain, and greater than 
36 dBm third order intercepts. The VSWR 
is less than 1.5:1 over the entire band and 
reverse isolation is greater than 24 dB. 
Pricing is $150, 1-9 pcs. 

Delivery would be stock to 10 weeks 
ARO. Q-bit Corporation, Palm Bay, FL 
32905, INFO/CARD #133. 

Frequency Synthesizers 
Comtech Model CRL 6570 and CRL 

7277 are first of a line of high perfor¬ 
mance frequency synthesizers for both 
military and commercial OEM and end 
users. These frequency synthesizers of¬ 
fer the lowest phase noise available in the 
industry with frequency agility across the 
full tuning range, operation with external 
or internal standard, and built-in perfor¬ 

mance monitors. They are specifically 
designed to provide a high degree of 
phase stability under extreme en¬ 
vironmental conditions making them 
ideally suited for multiple PSK modulation 
applications as well as for low noise FM 
systems. 
The first units introduced in this line 

tune across the bands from 6.55 to 7.05 
GHz (CRL-6570) and from 7.20 to 7.70 
GHz (CRL-7277) in 1 KHz steps. Frequen¬ 
cy entry is via BCD codes. Options on 
these synthesizers include step-size in 
decade increment from 10 Hz to 1 MHz 
and an RS232 or IEEE488 interface bus. 
Models CRL 6570 and CRL 7277 are 

housed in shock-mounted compact 9” x 
4.5” x 7” modularized assembly. Com¬ 
tech Microwave Corp., Hauppauge, NY 
11788, INFO/CARD #119. 

High-Speed Broadbans 
Modems 

Link Telecommunications, Inc. an¬ 
nounced the first in its family of high per¬ 
formance Radio Frequency Modem prod¬ 
ucts called the 5000 Series. 
The Model 5010 is a crystal controlled, 

high-speed modem designed to operate 
over a broadband dual cable system. The 
5010 provides high-performance digital 
communications for distributed com¬ 
puting and peripheral vendors, LAN sup-

wideband 

spst, spdf 

10 to 2500 MHz 
only $2995 (6-24) 

INSTOCK. . IMMEDIATE DELIVERY 

HI-POWER RF 

• rugged construction; 
pin-diode chips 
on thick-film substrate 

• only 5v control signal for 1 p. sec 
switching 

• 50 ohm matched in “open" state, 
SPST only 

• low insertion loss, <2 dB typ. 
• high isolation, >30 dB typ. 
• hermetically-sealed to meet 
MIL-STD-202 

• one-year guarantee 

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 

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

SPECIFICATIONS FOR 
PSW-1 111 (SPST) and PSW-1 21 1 (SPDT) 

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 

INFO/CARD 80 

10-2500 MHz 

1.7 dB max. 
2 7 dB max 

40 dB min. 
30 dB min. 
25 dB min. 
22 dB mm 

1.5 max. ("on" state) 

1 M sec. (max.) 

+20 dBm 

+5 V(5 mA max.) 

OPERATING TEMPERA TURE -54°C to +100°C 
STORAGE TEMPERA TURE 54°C to +100°C 

PRICE (6-24) 
PSW 1111 $29.95 
PSW1211 $29.95 

Call or write for free 64-pg. catalog 
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M 
POWER 

EPSCO 
SOLID STATE 
AMPLIFIERS 
PULSED AND 
CW SIGNAL 
SOURCES 

Say you have a specific high 
power need. A 10 Watt GaAs 
FET amplifier, a 100 KW pulsed 
signal source, a 500 Watt CW 
source, or a 40 KW cavity oscilla¬ 
tor perhaps. 
Or maybe you have to develop 

a high power microwave system 
or subsystem. 
Whatever your high power 

need might be, EPSCO is your 
“first call” microwave resource. 
TO MEET YOUR SPECS 
In amplifiers, EPSCO design 
flexibility and modular construc¬ 
tion give you the broadest possi¬ 
ble combinations of output power, 
gain, frequency, and efficiency. 

In sources, both pulsed 
and continuous, our tuneable 
plug-in oscillator heads provide 
frequency range coverage from 
10 to 6100 MHz. And higher out¬ 
put frequency can be achieved 
by the use of plug-in magne¬ 
tron heads. 

For more information on 
EPSCO’s numerous high power 
products, give us a call today. 

pliers, OEMs, systems integrators of in¬ 
dustrial monitoring and process control 
systems, energy management and secur¬ 
ity systems, medical imaging equipment 
vendors and cable CATV companies, to 
name just a few. 
Among the features of the Model 501 0 

are high-speed data rates (up to 2 Mbps, 
selected at time of purchase), low error 
rates (better than 1 bit in 1012), and per¬ 
formance reliability. “In fact,” notes Kay 
Fairweather, LTI’s Director of Product 
Marketing for its 5000 Series, “by using 
a crystal oscillator, we’ve avoided the 
problems associated with frequency drift 
found in other RF modems. Another 
measure taken to ensure reliability and 
predictable RF performance is the anti¬ 
jam mechanism. A further indication of 
high reliability is a predicted mean time 
between failure (MTBF) of more than 
200,000 hours.” 

Provided as a standard feature of the 
5010 Modem is the early generation of a 
collission detection signal for more effi¬ 
cient bus utilization in contention en¬ 
vironments. Availability of the 5010 
Modem is planned for November 1. Pric¬ 
ing for the 5010 in quantities of 100 is 
$495 per unit, with discounts available for 
larger quantities. 

Additional members of the 5000 Series 
planned for introduction later this year in¬ 
clude mid-split fixed frequency modems 

and frequency-agile modems for dual and 
mid-split cables. Link Telecommunica¬ 
tions, Inc., Westborough, MA 01581, 
please circle INFO/CARD #120. 

Transient Suppressors 
General Semiconductor’s new family of 

power transient suppressors is specifical¬ 
ly designed to protect 120Vac equipment 
to meet the AC power line surge stan¬ 
dards of IEEE STD 587, Categories A and 
B. The IEEE 587 is a standard describ¬ 
ing the transient environment in low 
voltage AC power circuits (less than 600 
volts). The OEM will especially appreciate 
the design because it is intended to be 
“hard wired” into the equipment between 
the power switch and power supply in¬ 
stead of being plugged into the front-end 
line cord. The series is designed for the 
heavy-duty transient protection of main¬ 
frame computers, sensitive instrumenta¬ 
tion, industrial controls, telecommunica¬ 
tions, automatic test equipment, motor 
controls, and audio-video equipment. 
The new 587B series meets and ex¬ 

ceeds the complete IEEE 587 standard 
(Categories A and B) and allows the 
equipment manufacturer to use lower 
voltage components in his designs. It 
employs the time-tested solid-state 
TransZorb® technology designs which 
guarantee that line-to-neutral voltages will 
not exceed 350 volts under worst-case 

(microwow) 

41 1 Providence Highway 
Westwood, MA 02090 

(617) 329-1500. 
TWX:(710) 348-0484. 
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LOWEST PRICED, HIGHEST QUALITY ATTENUATORS- BNC $11.00,SMA$14.00i 9ea 
AND TERMI NATIONS - BNC $ 5.60 totA, SM A $ 5.6Oio t a,MIL.HI~REL.NETWORKS 

Model 
Number (2) 

Impedance Frequency 
Ohms(Power W) Range 

AT 50(31 

25W) 
50 ( 25W) 

DC 1 5GHz 
DC 15GHz 
DC 15GHz 
DC 3 0GHz 
DC4 2GHz 
DC 1 5GHz(750MHz»t4 OO 

CD- 51 014 2GHz 
Resistive Impedance Transformers Minimum Lot* Pad» 

DC 1 5GMz 
DC 10GHz 

UNIT PRICE (4) EFFECTIVE 4-15-M 

50 ( 5W) 
50 ( 5W) 

50 ( 5W) 
50 (2W) 

93 ( 25W) 

DC 4 2GHz 
DC 42GHz 
DC 25GHz 
DC 4 2GHz 
DC 2 0GHz 
DC 2 5GHz 
DC 2 5GHz 

Mismatched Terminations 1 05 1 to 3 1 Open Circuit. Short Circuit 
MT-51 50 DC-3 0GHZ 
MT 75 75 DC 1 0GHz 
Feed thru Terminations shunt resistor 

DC 10GHz 
DC 500MHz 
DC 150MHz 

Directional Coupler. 30 dB 
25O-5OOMHZ 

RDorCC 1OOO tOOO(tOOOPF) OC 1 5GHz 

CA 50 (N to SMA) 50 
Inductive Decouplers senes inductor 

DC 4 2GH 

LD R15 
LD6R8 6 8uH 

DC 500MHz 
DC55MHZ 

DC-1 5GH 
DC 1 5GHz 

Reactive Multicouple output ports 
1 5 125MHz 
1 S-125MHZ 

RC 2-30 
RC 3 30 
RC-B 30 

DC 2 0GHz 
DC 500MHz 
DC 500MH 

DBM 1000 
DBM 500PC 

5 1000MHz 
2 5OOMHZ 

DC 1 5 GHz 
DC 1 5 GHz 

p. 
Alcorn SYSTEMS INC. 305-994-1774 

4032 CLINT MOORE ROAD. BOCA RATON, FL 33431 
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conditions. The series also offers sub¬ 
nanosecond response time, short circuit 
failure mode, and no voltage overshoot. 
In total, this means the OEM can use 400 
volt solid-state components and be safe, 
even after multiple transients. 
Case operating and storage temper¬ 

ature is 0°C to +85°C and current leakage 
at the 120Vac operating voltage is a very 
low 1.0 mA, line-to-neutral, and 0.5 mA, 
neutral-to-ground. Models are available 
with oeprating currents of 5 amps 
(587B051), 15 amps (587B151) and 20 
amps (587B201). 

Delivery is from stock to 6 weeks from 
General Semiconductor or through its 
distributor network. Unit prices in 100s 
start at $50 for the 587B051 . General 
Semiconductor Industries, Inc., 
Tempe, AZ 85281, INFO/CARD #121. 

Sealed Cermet Potentiometers 
Mouser Electronics announces a new 

line of space-saving Cermet Potentio¬ 
meters. 
The ME323-6000 series Potentio¬ 

meters feature a sealed body with a .52” 
diameter — ideal for crowded control 
panels. This special design is com¬ 
plemented by a 7/8” slotted shaft and pro¬ 
vides a low-cost, high-reliability Pot for all 
general purpose applications. 
They are rated at ,5W at 70°C with 

±20% tolerance. Linear resistance values 

range from 100 ohms to 1M. ohms. Ter¬ 
minal resistance is less than 5 ohms, and 
insulation resistance is greater than 5G. 
ohms. 
These Pots can withstand a peak 

voltage of 630VAC with a working limit of 
315VDC. Isolation voltage is 450VDC. 
Rotation is 260° electrical and 295° ± 5° 
mechanical. They come complete with 
locknut and cost as little as $3.49 in quan¬ 
tities of 50. Mouser Electronics, Santee, 
CA 92071, INFO/CARD #122. 

Illuminated Switches 
SMP Series low profile, LED il¬ 

luminated switches are designed for PC 
board high-density front panel mounting. 

In quantities of 500 pcs., the SMP 
Switch is priced at $1.89 and the mat¬ 
ching indicator is priced at $1.45. They 
are available for immediate shipment 
from stock. Shelley Associates, Tustin, 
CA 92680, INFO/CARD #123. 

AMPLIFIERS, 5MHz-1GHz 

Series 
Freq 
Range 
(MHz) 

Typ. 
Gain 
(dB) 

Noise ~ 
Figure 
Range 
(dBm) 

^Wwer 
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 
5-1000 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 Vector 
P.O. Box 328, Newtown, PA 18940 • TEL 215-968-4271 TWX 510-667-2320 
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directional 
couplers 

19.5 dB 

0.1 to 2000 MHz 
only 4) 

AVAILABLE IN STOCK FOR 
IMMEDIATE DELIVERY 

• rugged 11/4 in. sq. case 

• 4 connector choices 
BNC, TNC, SMA and Type N 

• connector intermixing male 
BNC, and Type N available 

• low insertion loss, 1.5 dB 

• flat coupling, ±1.0 dB 

ZFDC 20-5 SPECIFICATIONS 

FREQUENCY (MHz) 0.1-2000 
COUPLING, db 19.5 
INSERTION LOSS, dB TYP MAX. 
one octave band edge 0.8 1.4 
total range 1.5 2.3 
DIRECTIVITY dB TYP. MIN 
low range 30 20 
mid range 27 20 
upper range 22 10 
IMPEDANCE 50 ohms 

For complete specifications and performance 
curves refer to the 1980-1981 Microwaves Product 
Data Directory, the Goldbook or EEM 

finding new ways . . 
setting higher standards 

(□Mini-Circuits 
A Division of Scientific Components Corporation 

World's largest manufacturer of Double Balanced Mixers 

2625E. 14th St. B’klyn, N.Y. 11235(212) 769-0200 
C 87-3 REV. ORIG. 
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to your 
TCXO NEEDS. 

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 TCXO-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 

Dale Electronics, Inc., 1155 West 23rd Street, Tempe, AZ 85282 
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New Literature 

Product Line Catalog 
The Anzac Division of Adams-Russell 

presents its newly updated product line, 
for the next generation of RF and Micro¬ 
wave Systems. The new 440 page cat¬ 
alog provides detailed definitions and 
illustrations of the following, which in¬ 
cludes over 34 new products: RF switch¬ 
es (single and multi throw), biphase, 
quadraphase and vector modulators, 
digital attenuators, RF logarithmic and 
thin filmed amplifiers, microwave and ter¬ 
mination insensitve mixers, doublers 
which operate up to 6 GHz, and 90° flat¬ 
pack hybrids. Also featured are unique 
GaAs FET amplifiers covering 150 MHz 
to 5.2 GHz in a single-drop unit. Adams-
Russels, Anzac Division, Burlington 
MA 01803, INFO/CARD #132. 

HF Antenna 
Accessories Catalog 

Catalog PC/84 describes Baluns, multi¬ 
band traps and remote antenna switching 
relays for the 2-1000 MHz communica¬ 
tions bands. 
The catalog illustrates the construction 

of single and multiband dipoles in the 
1.8-30 MHz Amateur and HF communica¬ 
tion bands and offers other construction 
accessories such as end insulators, 
weatherized center feed insulators, wire, 
cable and connectors. 
The system of remote, voltage-con¬ 

trolled antenna switching relays allow 
selection of up to 9 separate antennas 
through a single coaxial cable as well as 
direction changing of antenna arrays and 
automatic pairing of antenna/transmitter 
sets. Microwave Filter Company, Inc., 
East Syracuse, NY 13057, please cir¬ 
cle INFO/CARD #131. 

SAW Filters 
Damon Corp./Electronics Div. has 

published a new catalog describing its 
line of Surface Acoustic Wave Filters. 
These filters are currently available on a 
custom design basis to military specifica¬ 
tions. Damon Corp./Electronics Div., 
Westwood, MA 02090, please circle 
INFO/CARD #130. 

Weinschel Catalog 
This easy-to-use catalog features 352 

pages of photos, specifications, features, 
outline drawings and prices for Wein-
schel’s complete line of RF and Micro¬ 
wave components and test and measure¬ 
ment systems. Made for both military and 
commercial applications, Weinschel pro¬ 
ducts cover the frequency range of DC-40 
GHz and have power handling capability 
ranges up to 500 watts. 
Designed as a useful reference docu-
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ment, nearly a third of the catalog is 
devoted to technical information such as 
definitions, terms, explanations of various 
design considerations and techniques 
and methods of obtaining microwave 
measurements. A condensed Microwave 
& RF related glossary, an IEEE specifica¬ 
tion on attenautors, and a new product 
showcase are also included. Weinschel 
Engineering, Gaithersburg, MD 20877, 
INFO/CARD #129. 

MIC Microwave and 
IF/RF Products Catalog 
A new, comprehensive catalog (No. 

300) containing product and technical in¬ 
formation on their complete line of MIC 
Microwave and IF/RF Products is avail¬ 
able from RHG Electronics Laboratory, 
Inc. 
The 128-page catalog contains four 

selections of detailed technical data on 
IF/RF products, MIC mixers and mixer 
preamps, microwave components, and 
microwave links and monopulse re¬ 
ceivers. Catalog 300, which is 15% larger 
than the previous catalog, is the largest 
in RHG's 23 year history. 
Another section describes RHG’s 

specific engineering experience and 
capabilities in the design and production 
of custom devices and subsystems. 

Technical information is also included 
on log amps, dielectric stabilized oscil¬ 
lators, phase and gain matching, signal-
to-noise ratio, linearity measurements 
and monopulse receivers. Test methods 
for measurement of standard specifica¬ 
tions are also included. 
The many new products in the catalog 

are noted in the Table of Contents with 
special identifications. 

In addition to many photos, graphs and 
diagrams, the RHG catalog contains 
ordering information and some general 
company and personnel descriptions. It 
is printed in two pleasing colors and has 
a useful margin index identifying the 
major sections. RHG Electronics 
Laboratory, Inc., Deer Park, NY 11729, 
INFO/CARD #128. 

EMI Filter Catalog 
The San Fernando Electric Division of 

SFE Technologies has available a new 
catalog covering its complete line of 
RFI/EMI Filter products. This 66 page 
catalog provides detailed technical infor¬ 
mation on mini-filters, high current tubular 
filters, miniature and heavy-duty power 
line filters. SFE Technologies, San Fer¬ 
nando, CA 91340, INFO/CARD #127. 

RF Devices Selection 
A 12 page, comprehensive Selection 

Guide for the full line of transistors, hybrid 
amplifiers, and other semiconductor de¬ 
vices manufactured by the RF Devices 
Division of TRW Electronic Components 

Group is now available. 
Using drawings, diagrams and charts, 

the guide provides information, in an easy 
to use format, on: transistors for HF 
mobile, VHF/UHF, and microwave appli¬ 
cations; thin film hybrid amplifiers for 
CATV and general purpose RF linear ap¬ 
plications; a complete line of small signal, 
low noise transistors for high performance 
applications. 
The RF Devices Division is a leading 

manufacturer of RF linear hybrids and 
microwave power transistors. The Elec¬ 
tronic Components Group, an operating 
group of TRW Inc., is a diversified 
manufacturer of a broad family of high 

technology, precision electronic com¬ 
ponents serving consumer, industrial and 
defense markets worldwide. RF Devices 
Division, TRW Electronic Components 
Group, Lawndale, CA 90260, please 
circle INFO/CARD #118. 

Resistor Networks Catalog 
The new “Thick and Thin Film Resistor 

Networks" catalog from the Resistive 
Products Division of TRW provides the 
engineering information necessary to 
select a resistor network for almost any 
application. 
The 15-page bulletin features electrical, 

physical and environmental specifications 

POLARAD EMI INSTRUMENTATION 

FIELD STRENGTH OR EMI 
Two Portables 
Make it Easier 

r.f. design 

— । 

MODEL ESH2 
9 kHz to 30 MHz 

MODEL ESV 
20 MHz to 1GHz 

Polarad’s Test Receivers measure in accordance with 
CISPR, MIL, VDE, VG, SAE and FCC plus Field Strength 
directly in dB¿iV/meter. 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 provide crystal controlled 
frequency accuracy and stability. Built-in automatic ampli¬ 
tude calibration insures highly accurate selective voltmeter 
measurements. With Polarad antennas, read-out is directly 
in dB/j V/meter. 

A full line of accessories including antennas, probes and 
LISN’s are available. 
Polarad does make It easier. 

NOW Buy or Rent. 
For rental information 
contact U.S.I.R. 

United States 
Instrument Rentals, Inc. 
■ 800-227-6884 
J In CA 415-572-6600 

X Z Z A U S Leasing Company 

polarad 
Polarad Electronics, Inc. 5 Delaware Dr., Lake Success, N.Y. 11042 

Tel: 516-328-1100 TWX: 510-223-0414 

Number 1 in a Series. 
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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: ere electronic research company 7618 Wedd, Overland Park, Kansas 66204 
TWX:(910) 749-6477 
Telephone: (913) 631-6700 
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and, where appropriate, MIL spec perfor¬ 
mance data for TRW’s entire line of thick 
and thin film resistor networks. Resistor 
networks catalogued include a variety of 
DIP, SIP, flat-pack, ladder, chip carrier 
and custom networks. 
Cutaway drawings, dimensional speci¬ 

fication outline drawings, derating and 
surface temperature graphs and circuit 
schematics are also provided. 
The catalog, designated Bulletin 803A, 

makes it easy to order components with 
clear how-to-order information and a full 
list of TRW distributors. 
A recognized leader in resistor tech¬ 

nology, the Resistor Products Division is 
a part of TRW Electronic Components 
Group, a diversified manufacturer of a 
broad family of electronic components 
serving commercial, industrial and 
defense markets worldwide. The Elec¬ 
tronic Components Group is an operating 
group of TRW. Resistive Products Divi¬ 
sion, TRW Electronics Components 
Group, Philadelphia, PA 19108, please 
cirlce INFO/CARD #117. 

Transworld Communications 
Cross Reference 
RF GAIN, NY, announces their ability 

to cross reference and supply replace¬ 
ment semiconductors for transworld com¬ 
munication radios. 

This announcement makes available to 
transworld communication dealers in all 
parts of the world RF power transistors 
and ICs for replacement in transworld 
communication products. RF GAIN, 
Rockville Centre, NY 11570, please cir¬ 
cle INFO/CARD #116. 

RF Coaxial Connectors Catalog 
A new 6-page catalog on RF Coaxial 

Connectors including BNC, TNC and 
TWIN-AX connectors, adapters and cable 
assemblies has been announced by Ava 
Electronics Corp., Drexel Hill, Pennsyl¬ 
vania. 
The new catalog includes information 

on features, materials, and electrical 
characteristics of the products. UG-type 
connectors are cross-referenced where 
applicable. Standard BNC and TNC male 
connectors are offered in several types. 
Standard cable assemblies are provided 
in 3, 6 and 12-foot lengths. The catalog 
also contains information on crimp tools 
and custom connectors and cable assem¬ 
blies. Ava Electronics Corp., Drexel 
Hill, PA 19026, INFO/CARD #115. 

Transformer Design Manual 
A new 32-page transformer design 

manual just introduced by James Elec¬ 
tronics, Inc., Chicago, Illinois, describes 
line matching, audio, hybrid and power 
transformers as well as inductors, holding 
rails and retard coils. 

Available in a wide range of mechanical 
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packages including low profile, split bob¬ 
bin, horizontal, vertical and “dry and 
wet,” these designs are ideal for the 
telecommunications and data processing 
industries. James Industries, Inc., 
Chicago, IL 60618, INFO/CARD #114. 

MTV Catalog 
A comprehensive catalog outlining pro¬ 

ducts and services for the prevention of 
terrestiral interference in Microwave 
Television has been released by Micro¬ 
wave Filter Co., Inc. 
The catalog is patterned as a trouble¬ 

shooting guide providing background in¬ 
formation on causes of interference and 
approaches to avoid it. 

Described are off-site analysis, field 
and the Fast Filter Rescue Service per¬ 
formed by a team of MFC experts. Infor¬ 
mation is given on the Tl seminar, a one 
day educational training session, and 
ASTI, a staff written handbook on Avoid¬ 
ance and Suppression of Tl. 

In addition IF and Microwave Traps, 
Microwave Bandpass Filters, accessories 
and CATV/SMATV products are featured 
among others. 

Standard data on earth station trans¬ 
ponders, determining interference levels, 
a guide to satellite aiming for SATCOM 
III, program listing, locating true north and 
a partial list of frequency coordinators are 
also mentioned. Microwave Filters Co., 
Inc., East Syracuse, NY 13057, please 
circle INFO/CARD #113. 

RF Anechoic Chamber 
Test Facilities 
Complete descriptions of the various 

types of RF anechoic chamber test facili¬ 
ties are available in a pamphlet from 
Keene Corporation’s Shielding Division. 

Full decriptions are given on Broad¬ 
band R.A.M., rectangular anechoic 
chambers, tapering anechoic chambers, 
and special purpose anechoic chambers. 
RF shielding for anechoic chambers is 
also described. 

Graphs, photos and equations are used 
throughout to aid in explanations. Keene 
Corporation, Shielding Division, Nor¬ 
walk, CT 06856-5060, please circle 
INFO/CARD #112. 

Frequency Synthesizers 
Data Sheet 
Wavetek introduces its new 100 kHz to 

1 GHz UHF Frequency Synthesizers with 
a four page data sheet, model 5155A of¬ 
fers the complete flexibility of both front 
panel control and remote programming 
for use as a laboratory instrument. Model 
5156A is a remote-only instrument that 
has the same performance as the Model 
5155A but is intended for ATE and OEM 
applications. 
The literature explains that both in¬ 

struments offer sub-microsecond fre¬ 

quency switching when utilized in the 
BCD, TTL remote programming mode. 
Phase and amplitude continuous fre¬ 
quency switching is avialable with the 
BCD and GPIB interfaces. This simul¬ 
taneous availability of both interfaces 
allows fast frequency switching with BCD 
control while providing the use of the 
GPIB when simplicity of programming is 
needed. As a further enhancement, the 
optional GPIB interface for the remote 
only Model 5156A has been optimized for 
data transfer rates in the order of 1 
megabyte/second to greatly speed up 
ATE programs thay use the GPIB inter¬ 
face. 

In addition to the fast frequency 
switching rates that are possible with 
these synthesizers, excellent frequency 
resolution of 0.1 Hz is provided thrcgh-
out the band, because of the direct digital 
synthesis that has been pioneered by 
Wavetek, resolution of 1 MHz is possible 
with a small modification. These features 
are made more impressive when the 
close-in SSB phase noise is considered. 
The phase noise specification for offset 
frequencies of 1 Hz at a carrier frequency 
of 500 MHz is 90 dBc/Hz and 100 dBc/Hz 
for an offset frequency of 10 Hz. Wave¬ 
tek, San Diego, CA 92123, please cir¬ 
cle INFO/CARD #110. 

POLARAD COMMUNICATIONS INSTRUMENTATION 

63201 Communications 
Spectrum Analyzers 

In communications applications the 632C-1 lets you see 
everything including second harmonics because only 
Polarad goes from 100 kHz to 2 GHz. For production, 
research and development, field service and EMI 
measurements, the compact and portable 632C-1 is the perfor¬ 
mance instrument you need at a price you can afford. 

You get higher resolution filters for close-in analysis; digital 
memory with continuously updated displays, single knob control 
for center frequency tuning, single-knob control for IF and RF 
attenuation, automatic phase-lock and front panel LED readout 
with 1 dB resolution of LOG REF level. 80 dB on scale display, 
>120 dBm sensitivity. 

See it all. ..call Polarad today for a demonstration and quotation, 
or write for further information and specifications. 

awdl polarad [p 
Polarad Electronics, Inc. 5 Delaware Dr., Lake Success, N.Y. 11042 

Tel: 516-328-1100 TWX: 510-223-0414 

Number 2 in a series. 
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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: 

IDC Connectors 
A new, completely updated 96-page 

IDC Connector Catalog from Robinson 
Nugent provides photos, specifications 
and dimensions on the 2,187 choices of¬ 
fered in the expanded RN line of IDC pro¬ 
ducts. Products include sockets, headers, 
card edge connectors, D-subs, delta rib¬ 
bon connectors, transition connectors, 
DIP cable plugs and flat cable assem¬ 
blies. Robinson Nugent, New Albany, 
IN 47150-1208, INFO/CARD #111. 

RF Power Amplfifiers 
A new four-page bulletin from Amplifier 

Research presents specifications of the 
company’s “W” Series ultra-broadband 
RF power amplifiers. It covers models 
that provide linear operation over the 
spectrum from 100 kHz to 1000 MHz, and 
are conservatively rated at 1, 5, 10, 50, 
and 80 watts minimum output. 
The bulletin describes each amplifier, 

its features, advantages, and perfor¬ 
mance specifications. Also included are 
dimensions, typical power curves, and 
related data. Amplifier Research, 
Souderton, PA 18964-9990, please cir¬ 
cle INFO/CARD #109. 

Microcircuits Brochure 
A new, comprehensive 24-page 

brochure, detailing the capabilities and 
facilities of the Microelectronics Opera¬ 
tion, Beckman Industrial Corporation. 
Also, the brochure’s layout includes the 
Beckman Industrial Corporation Micro¬ 
electronics facility. Microelectronics 
Operations, Electronic Technologies 
Division, Beckman Industrial Corp., a 
subsidiary of Emerson Electric Com¬ 
pany, Fullerton, CA 92634, please cir¬ 
cle INFO/CARD #108. 

RFMonollthics, Inc. 
4441 Sigma Road 
Dallas, Texas 75234 
(214) 233-2903 
TWX: 910-860-5474 

INFO/CARD90 

Resistive Products Catalog 
A new, comprehensive catalog of all 

Beckman Industrial Corporation Resistive 
Products — incuding precision potentio¬ 
meters, dials, trimmers and resistor net¬ 
works — is now available, according to 
Ray Allen, Resistive Products Marketing 
and Sales Manager. 
The 172-page catalog gives complete 

specifications and detailed outline draw¬ 
ings in the familiar Beckman Industrial 
Corp, technical specification sheet for¬ 
mat, so design and specifying engineers, 
as well as purchasing personnel, will find 
this catalog easy to use. 
A special feature of the new full line 

product catalog is the “Terms and Defini¬ 
tions” guide to Trimming and Precision 
Potentiometers. This section offers con¬ 
cise, easy-to-understand descriptions of 
the wide variety of potentiometers. Also 
included are definitions of rotation and 
translation terms, resistance, electrical 
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and mechanical terms commonly used in 
specifying resistive products. 

“Special Products” also are included 
in the catalog, including specifications on 
Industrial Servo Systems Components 
and tachometers. Electronic 
Technologies Division, Beckman In¬ 
dustrial Corp., Fullerton, CA 92634, 
INFO/CARD #106. 

Standard Product 
Selector Guide 

This short-form listing of standard pro¬ 
ducts gives typical data on Q-Bit Corpora¬ 
tion’s line of high reverse isolation 
amplifiers, featuring Power Feedback 
Technology™. Q-Bit Corporation 
amplifiers offer the higher reverse isola¬ 
tion performance available in the industry. 
Q-Bit Corporation, Palm Bay, FL 32905, 
INFO/CARD #105. 

Cellular DC Power 
Systems Brochure 
A new brochure detailing DC Power 

Systems for the cellular market is re¬ 
leased by C-E Elgin Electronics, manu¬ 
facturer of telecommunications power 
systems. The company’s custom design 
approach to cellular power is oulined, in¬ 
cluding a line of 24 volt battery chargers, 
custom panels, 24 volt input inverters, 24 
to 48 volt DC converters and backup bat¬ 
teries. Various panels available for Elgin’s 
84”, 96” or 105” high racks include: 
counter EMF panels, negative bus, load 
distribution panels, meter panels, alarm 
panels, low voltage disconnect panels, 
equalizer panels, positive bus, battery 
chargers, 500 VA inverters, plus other 
specialty combination panels. A return 
postcard requests specific cellular power 
requirements. C-E Elgin Electronics. 
Erie, PA 16509-3570, please circle 
INFO/CARD #107. 

Cross Reference 
Microwave Chip Capacitor 
This new bulletin, a supplement to 

Catalog #58-03, provides a quick refer-
rence to Murata Erie's product line ver¬ 
sus American Technical Ceramics. Up to 
12 different styles are described in this 
short catalog including ribbon, chip, 
pellet, microstrip and derivatives thereof. 
All necessary specification for standard 
cross reference are included with specials 
being available on request. Murata Erie 
North America, Inc., Marietta, GA 
30067, INFO/CARD #103. 

System Power Supplies 
Data Sheet 
A technical data sheet (5952-4108) 

describing the complete specifications of 
HP 6023A, 6033A, 601 1 A, 601 2B, 6031 A 
and 6032A system power supplies and 
discussing features of alternate interface 

methods is now available at no charge 
from Hewlett-Packard Company. 

This eight-page, four-color publication 
has application guidelines, outline draw¬ 
ings, photographs, descriptions, specifi¬ 
cations, selection guidelines, prices and 
ordering information. 

Hewlett-Packard programmable sys¬ 
tems power supplies have been designed 
to meet the needs of increasingly sophis¬ 
ticated automatic test and control appli¬ 
cations. 
The new family of DC power supplies 

is divided into three major interface 
cateogries: HP-IB programmable, HP 
694OB or HP 6942A multiprogrammer 

controlled, and analog programmable. 
These general-purpose system power 

supplies are used in a diverse range of 
automatic test system applications from 
incoming component testing, through 
board test systems to final production 
test. Applications include not only supply¬ 
ing controlled DC operating power for the 
device under test, but also acting as 
stimulus sources of voltage and current 
controlled with 12-bit resolution. 
Each model in the family features an 

autoranging output characteristic, mean¬ 
ing they can operate at maximum rated 
power over a wide range of output voltage 
and current combinations. Two models, 

POLARAD INSTRUMENTATION 

THE URE 
A True RMS Voltmeter 

with Smarts, 10Hz * 20MHz. 

Next time you need a true RMS Voltmeter for your lab, 
production line or system, consider the outstanding merits 
of the URE. Microprocessor enhancement provides measurement 
conveniences to speed your work load, like auto-units conversion, 
reference impedance selection, error correction and filter selection. 

The URE readout, an unambiguous 41/2 digit digital display with 
quasi-analog adjustment aid can provide measurement results 
in V, AV, dBV, A dBm, dB, A dB, % and A %. In addition 
reference impedance for power measurements can be entered from 
0.0001 to 19,999 n, eliminating tedious manual computational tasks. 

All this at measurement rates to 30 per second, plus — if you’re 
really lazy — built in IEEE-488 bus compatibility. 

Don’t be lazy, though. Contact your local Polarad representative 
for a demonstration and see how Polarad built product 
intelligence for measurement convenience. 

polarad 
Polarad Electronics, Inc. 5 Delaware Dr., Lake Success, N.Y. 11042 

Tel: 516-328-1100 TWX: 510-223-0414 

Number 3 in a series 

r.f. design 
INFO/CARD 91 



GIGAÏRIM 
VARIABLE CAPACITORS 

Sapphire Dielectric 

• Qualified to 
MIL-C-14409D 

• Q's to 
>5000 
@250 MHz 

• Zero TC 

Actual Size 

Electronic Accuracy Through Mechanical Precision 

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

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

the HP 6023A and HP 6033A, are rated 
at 200 watts, 20V maximum at 10A, and 
30A maximum at 6.7V. The remaining 
four models, HP 6011 A, 6012A, 6031A, 
and 6032A, are in the 1000-watt class. 

Output up to 60 volts or up to 120 amps 
is available, depending on which instru¬ 
ment is chosen. Prices range from $1 ,500 
to $3,100 depending on model and sys¬ 
tem interface selected. Hewlett-Packard 
Company, Palo Alto, CA 94303, please 
circle INFO/CARD #104. 

Micro Networks Product Guide 
New 1984, 384-page catalog includes 

complete specifications and application 
hints for our ful line of high-speed DIP 
packaged analog-to-digital (A/D) and 
digital-to-analog (D/A) converters, track¬ 
hold (T/H) amplifiers, complete data 
acquisition systems (DASs) and linear 
amplifiers. Contains data sheets for 25 
newly introduced products including 
16-bit A/Ds, 16-bit D/As, 700nsec 8-bit 
and 900nsec 12-bit A/Ds, and a 30nsec 
T/H amplifier. Catalog also includes ap¬ 
plication notes and detailed tutorial sec¬ 
tions on understanding A/D, D/A and T/H 
specifications, as well as a high reliabil¬ 
ity processing section and quick-selection 
guides for engineers. Micro Networks, 
Worcester, MA 01606, please circle 
INFO/CARD #100. 

INFO/CARD92 

HYBRID SOURCES 
With Integral Bandpass Filter 

GST-MC2 
Shieldins Laminates 

Model VSC & VSU 
• 1-750 MHz 
• 35 mA @ +1 5-32V 
• 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: +10 dbm min. Harmonics: > -50 dbc 

Delivery: 45-60 days 

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. 

102 

Wi manco 
MANUFACTURERS OF MICROWAVE PRODUCTS 
19529 Business Center Drive. Northridge. CA 91 324 

(818) 993-1662 

Glasteel industrial Laminates 
A DIVISION OF THE ALPHA CORPORATION 

P0 BOX 217 • 1727 BUENA VISTA • DUARTE, CA 91010 
1213) 357-3321 

INFO/CARD 93 
INFO/CARD 179 
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RF/ANALOG ENGINEERS 
E-COM is the dynamically growing high-tech division of AM 

CABLE TV INDUSTRIES, INC., which has been listed by INC. 
MAGAZINE for the third consecutive year as being among the 
100 fastest growing companies in America. 

At AM CABLE TV we are defining the state of the art in the 
field of CATV Data Communications, forging new frontiers in 
the development of products for both one-way and two-way 
Cable TV systems. 

The ideal candidate must have 3 years minimum experience 
designing receivers, oscillators, frequency synthesizers and 
broad band linear amplifier techniques. CATV or related ex¬ 
perience, as well as exposure to high volume product environ¬ 
ment are a plus. 

We are located in a beautiful rural setting in suburban 
Philadelphia. We offer competitive salaries and excellent 
benefits, including profit-sharing, dental, medical & life in¬ 
surance, paid overtime, and tuition refund. 

If you are interested in joining our elite team of profes¬ 
sionals and want to unleash your creativity in the burgeoning 
field of Cable TV Data Communications, call or send your 
resume to: 

e-com division 
AM Cable TV Industries, Inc. 

P.O. Box 505 
Quakertown, PA 18951 

Attn: Human Resources Dept. 
(215) 536-1354 

Equal Opportunity Employer M/F 

INFO/CARD94 

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 

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 ±.OOO5°/o at 
operating temperature, with stabilities of±.OOO5°/o 
from -10°C to + 60°C, or±.OOO1°/o 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. 

NATIONAL JOB REGISTRY \ 
RF Design Engineers. Send resume 
or call for Resume Kit. Fees paid. 
T. Murray. P.O Box 19949 Dept TM1 
Houston. TX 77224 PH (71 J) 496-6100 

Scientific Placement, Iik./ 

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 

Advertiser Index 

Acrian, Inc. 
Adams Russell-Anzac Division 
AH Systems 
Allen Avionics 
A M Cable TV Industries 
American HV Test Systems 
American Microwave Corporation 
American Technical Ceramics .. 
Amperex 
Amplifier Research 
Anderson Laboratories, Inc 
Applied Engineering Products 
Austron Inc . • ■ 
Ava Electronics 
Aydin Vector 
Bird Electronics 
Carborundum Resistant Materials 
Cincinnati Milacron Electric CircuiVMaterials Division 
Cinox Corporation 
Cir-Q-Tel 
Coilcraft . . 
Compac 
Connor-Winfield Corporation 
Curtis Industries, Inc. 
Daico Industries, Inc. 
Dale Electronics . 
E-Systems 
Eagle Magnetic Co., Inc. 
Elcbm Systems 

cAaC CW* 

If you have a MS or PhD in EE or Physics with interest 
and or experience in the RF/Microwave area, be part of 
a team working on new receiver design RF circuits, 
solid state Devices and integrated circuits using the 
latest computer aided characterization and design 
techniques. 

Our attractive Princeton. NJ location is convenient to 
metropolitan areas We offer competitive 
compensation, liberal employee benefits and an 
atmosphere conducive to professional growth 

Send resume including salary requirements to: Betsey 
Palmer RCA Laboratories. Dept. ED-2, PO Box 432, 
Princeton, NJ 08540 

Equal Opportunity Employer 

RcnÄ 
RCA Laboratories... 
Conceiving Entire Industries 

Electro-Metrics. 
Electronic Research Company 
Epsco Microwave 
Fischer Custom Communications 
John Fluke Manufacturing Co. 
Frequency Sources 
General Microwave 
Genisco Technology Corp. 
Glasteel Industrial Laminents 
Glenayre 
Henry Electronics 
Hewlett-Packard 
Hewlett-Packard 
ITT Cannon 
Instrument Specialties Co. 
International Crystal Manufacturing Co 
Intech . -
JFW Industries 
Janel Laboratories, Inc. 
Jerrold Division. 
Johanson Dielectrics, Inc. 
Johanson Manufacturing Corporation 
E.F. Johnson Company. 
LectroMagnetics, Inc. 
Marconi Instruments . 
Matrix Systems. Corp. 
Merrimac Industries 
Mini-Circuits . 
Motorola Semiconductor Products 
Piezo Crystal 
Piezo Technology 
Polarad Electronics. 
Premier Microwave Corp. 
Programmed Test Source. 
r.f design magazine 
RF Monolithics 
Reaction Instruments 
Repco-Telemetry 
Rogers Corp 
Sage Laboratories 
Sawlek 
Sokol Crystal Products. Inc 
Sprague-Goodman Electric 
Signature Antenna 
TRW Electronics 
Tech-Etch, Inc. . 
Teledyne Crystalonics 
Telóme Berkeley, Inc. 
Varian 
Vectron Laboratories 
Voltronics Corporation 
Wavetek San Diego 
Wide Band Engineering 
Wilmanco 
Watkins-Johnson 
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While it's true that Telonic 
Berkeley did introduce the first tubular 
bandpass filters over 20years ago, 
we're also a leading creator of a 
multitude of other unique RF and 
microwave filters. Our diplexers and 
triplexers are just an example of our 
broad capabilities. 

Coaxial or waveguide ... DC to 
18GHz and above. . .ground to outer 
space. We can provide filters to meet 
your size and frequency specifications. 

Telonic Berkeley's engineers design 
filters, diplexers and multiplexers that 
withstand the most stringent 
temperature, shock and vibration 
requirements. We have the 
technology to provide state-of-the-art 

...And you 
thought 

designs, plus the organizational 
depth to support sophisticated 
programs with program 
management, design reviews and 
reliability analyses. 

Looking for a company that can 
handle your filter project from 
concept through delivery? Look no 
further. Contact Telonic Berkeley 
today with your RF and microwave 
filtering requirements. 

Our Engineering, Program 
Management, Quality and 
Production departments are 
organized to respond rapidly to 
support your needs. With an eye for 
critical design parameters such as 

we only made 

corona, multipaction and sealing, and 
difficult environmental requirements. 

tubular 
filters. 

TELONIC BERKELEY INC. 
2825 Laguna Canyon Road 
P.O. Box 277 

Laguna Beach, CA 92652 
TLX 18-2720 Domestic 

TLX 47-20277 Foreign 
OurToll FreeTelephone (800) 854-2436 
(Except CA) 
In California (7 14) 494-9401 

TGLONIC/BGRKGLGLJ 
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dual disk-drives, printer, software 3 speed, remote control, timer, 
(word processing, spreadsheet and planner). electronic tuning ... including 6 tapes 
A complete system ... a $4,000 VALUE! ' ... a $500 VALUE! * 
IBM is a registered trademark of International Business Machines Corporation. *Value at time of press All applicable taxes and duties are the sole responsibility of the winners. 

It’s Easy to Enter... 
Do you have a clever design idea or application involving IF/RF/microwave 
signal-processing components—mixers, power splitter/combiners, atten¬ 
uators, RF transformers, directional couplers, amplifiers or RF switches? Or 
perhaps a versatile setup for testing them or a novel approach to enhance their 
performance. 

If you have an original idea, enter Mini-Circuits Design Contest now. Type or 
legibly print your submissions. Start with a brief abstract describing the key 
point of your idea (cost saving, improved performance, simplified testing, etc.). 
List RF signal processing components used. Then proceed with the detailed 
explanation. Make schematics and block diagrams clear; include values of cir¬ 
cuit components. Be sure to include performance data and curves; judges’ 
scores will be based on content, multiplicity of products involved and 
thoroughness. 

Contest Rules 
1. Submit as many entries as 

you wish. 

2. Ideas should be original and 
non-proprietary. t 

3. Entries will be judged by the 
editorial staff of Microwave 
Journal and their decisions 
will be final. The top 25 win¬ 
ning entries will be published 
in Microwave Journal. 

finding new ways... 
setting higher standards 

O Mini-Circuits 
A Division of Scientific Components Corporation 

World s largest manufacturer of Double Balanced Mixers 
P.O. Box 166. Brooklyn, New York 11235(718)934-4500 

Domestic and International Telex 125460 International Telex 6201 56 

MICROWAVE 4 
JOURNAL , 
OFFICIAL . 

a JUDGES 1 

4. All entries become the prop¬ 
erty of Mini-Circuits Labora¬ 
tory and must be received by 
December 31, 1984. 

r fWinners may be asked to sign an affidavit of 

eligibility & release. 

5. Employees of Mini-Circuits 
Laboratory, Microwave Jour¬ 
nal and their sales represen¬ 
tatives, are not eligible. 

6. Contest void where prohib¬ 
ited by law. 

7. Make sure to include your busi¬ 
ness address and phone num¬ 
ber. In addition, for non-U.S. 
entries, indicate AC power 
line voltage and frequency. 

8. Send your entries to: 
Mini-Circuits’ Design Contest 
P.O. Box 137 
Brooklyn, NY 11235 

iNPn/r.Aon Q7 FR9 REV ORIG 

Good Luck, and Thanks. 
The Mini-Circuits Design Contest, with its competitive excitement 
and fabulous prizes, is our way of thanking all of the designers 
worldwide whose staunch customer support has been responsible 
for our continuino arowth. 




