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Mike Ellis and Charles Wenzel
1991 Contest Winners!




NARDALERT . Your
personal warning for

microwave radi

NARDALERT is the first commercially
available personal monitor that detects
potentially hazardous microwave
environments. There's nothing else like it
on the market.

It's pocket sized and hands free, and
provides continuous coverage over the
2-18 GHz range.

You simply wear it on your person. The
moment it's exposed to the preset thresh-
old level, you get an audible and visual
alarm - a beep and an LED flash. The unit
even comes with an earplug for times
you might have to work in noisy areas.
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NARDALERT is fail-safe.

It incorporates a critical design that
allows its sensitive electronic circuitry to
operate correctly while surrounded by
high level RF radiation. So there are no
false alarms - inside or outside the
specified frequency range.

NARDALERT also includes built-in test
circuitry that verifies operation each time
the unit is turned on. It also has a low
battery warning signal.

Alarm sensitivity is presettoa 1 or 5
mW/cm? level. Frequency sensitivity is

+ 1.5 dB. Half power beam width exceeds
120°, vertical and horizontal.

For more information and a free power
density conversion calculator, call or write
Loral Microwave-Narda, 435 Moreland
Road, Hauppauge, New York 11788.

Tel: (516) 231-1700. Fax: (516) 231-1711.

IDEAL FOR ANY MICROWAVE ENVIRONMENT.

% Flight line B Repeater stations
®Repair facilities for ® Satellite uplinks
EwW B Shelters (microwaves)

RELETS .
Avionics ® Shipboard

Visa and MasterCard accepted. *

LORAL

Microwave-Narda
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AN930 e
SPECTRUM ANALYZER

At last, a high performance microwave spectrum
analyzer that’s truly portable and affordable.

Featuring low-order, preselected mixing and a highly
stable synthesized RF system, the AN930 provides superior
amplitude and frequency measurement performance over its
entire 9 kHz to 22 GHz frequency range. Support for external
mixers extends the AN930 measurement range beyond
22 GHz. A high impedance input permits measurement of
baseband signals to 0 Hz and 40 volts peak amplitude.

Logical front panel controls on the AN930 reduce most
measurements to a few simple steps. A powerful micro-
processor provides advanced tools to simplify the solution
of many complex measurements. The large,
easy-to-read, 7-inch display speeds viewing
and interpretation of measurements.
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STANDARD FEATURES INCLUDE:

+30 dBm to —120 dBm measurement range, 300 Hz to
25 MHz analog resolution bandwidth, 3 Hz to 100 Hz
digital resolution bandwidth, built-in 1 Hz resolution
frequency counter, high speed time-domain sweep
with pretrigger and delayed trigger, sensitive AM/FM
receiver, RS-232 and |EEE-488 interfaces, and operation
from DC power.

OPTIONAL FEATURES INCLUDE:
Rechargeable battery pack, built-in 2.9 GHz tracking
generator, internal memory expansion (up to 99 traces
and control setups plus 64 kbyte user-definable macro
storage memory), 200 Hz to 1 MHz supplemental
resolution bandwidth filters including EMI bandwidth
filters, quasi-peak detector, and 0.02 ppm high stability
time base.

For more information or a demonstration, contact
your local IFR distributor or representative, or call IFR
directly at 316/522-4981.

IFR SYSTEMS, INC.
10200 West York Street / Wichita, Kansas 67215-8935 U.S.A.
Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623



OUR-OF-A-KIND

Part No. DA0285 | DA0295 | DAO617 DA0375 | Units

Frequency 30-500 30-500 45-250 45-75 MHz

LSB/Range | 0.5/63.5 |0.5/63.5 |0.5/63.5 |0.1/12.7 dB

Switching 5 5 0.025 0.020 50% TTLto 90% RF
Speed psec

Transition 3 3 0.007 0.005 10%/90% RF usec
Time

Control CMOS TTL TTL TTL

DC Power 30 50 400 400 mA at +5VDC

L1868 Daxco Indusines Inc. mpBR477 R
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DAICO 7-bit attenuators provide a full range of
solutions to your RF needs. With 0.1 and 0.5dB
LSB's and attenuation ranges up to 63.5dB in a
38-pin hermetically-sealed MIC; these packages are
a perfect deal for your RF attenuator applications.

You can choose a lightning fast DA0617 or
DA0375 with 25 nanosecond switching-speed, or a
low current DA0285 or DA0295.

All Daico MIC attenuators are available with
MIL Screening and in connectorized packages.

Call our Application Engineering Department
for further information.

DAICO INDUSTRIES, INC.
2453 East Del Amo Boulevard
Compton, CA 90220

Telephone 213/631-1143

FAX 213/631-8078
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The Winners! Results of
the 1991 RF Design and
Software Contests

This year’s winners of the Sixth Annual RF Design
Awards Contest and First Software Contest are an-
nounced. Competition in both divisions was tough,
but six were selected as winners for this year's
contest.

A Comprehensive
Fliter Design Program

Compiled as a learning tool, this filter design pro-
gram synthesizes and analyzes the basic filter
configurations with many options for display and
printout of the results. The winner of the first RF
Design PC Software Contest, this entry garnered an
Apple Macintosh computer system and software as
a grand prize. — Michael Ellis

Low Frequency Circulator/Isolator
Uses No Ferrite or Magnet

A circulator/isolator sees a lot of use at microwave frequencies. Until now, how-
ever, they have not been practical below several hundred megahertz. This active
circulatorf/isolator works down to DC and has excellent performance characteristics.
This work was the winner in this year’s design contest and its creator was awarded
a portable spectrum analyzer. — Charles Wenzel

emc corner

51

53

1992 European EMC Requirements for
Susceptibility

The upcoming changes in EMC requirements for Europe are causing concern in
the RF community. This report summarizes the RF| and immunity requirements that

have been proposed for EC92 comprehensive regulations.
— QGary A. Breed

Broadband RF Transformer
Directional Couplers

Directional couplers are an important element in radio communications systems.
Off-the-shelf couplers are available, but expensive. This articie describes how to
design a coupler from readily available parts for one-tenth the cost.

— Mark McWhorter
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HIGH POWER
16 WAY
COMBINER

TYPICAL SPECIFICATIONS
MODEL D2599

FREQUENCY RANGE ...... 0.4 - 1GHz
INSERTIONLOSS ............. 0.5db
ISCLEATHIONL. ... . ... o0 ctt@aneas 25db
\VBTUR RS 203 A h. - Blo Dt er. o = 1.3:1
X0 ) 2 S S 400 watts

The model D2599 features full power
isolating terminations which maintain
impedance match and isolation in *‘soft
failure’” modes.

PRECISION
DIRECTIONAL
COUPLER

TYPICAL SPECIFICATIONS
MODEL €C2523

FREQUENCY RANGE ... .100-400 MHz
COURLINGE. «. 5. e oe oot o b 30db
DIRECTINVITY '« % . e e ® o oo o8 35db
VS Al e e A L oy 1.1:1
(X0 S P 750 watts

The model C2523 features exceptional
coupling linearity vs Input power and
non-destructive precision stainless steel
connectors.

1965 . 1990
25 years in busmess

‘RLAM

WERLATONE, INC.
P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187
FAX: (914) 279-7404
decades ahead
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RF editorial

Engineering

Productivity:

It’s People
That Count

By Gary A. Breed
Editor

he last couple of months, I've talked

about organizational concepts, plus
hardware and software that are intended
to help an engineer work as efficiently
as possible. | left the most important
issue for last — the engineer as a
person.

Advanced hardware and software can
definitely improve any engineer’s work
output. Of course, this improvement in
quantity is valuable; production sched-
ules must be kept, contract deadlines
must be met, and other departments
can’t be kept waiting. Ultimately, how-
ever, the quality of work depends on the
ability of individual engineers, and their
attitude towards their work and their
co-workers.

Engineering ability comes from sev-
eral sources, including raw talent, a
good education, and on-the-job training.
A good attitude is developed from such
things as lifelong upbringing, the influ-
ence of mentors, and the engineer’s
working environment. These factors are
highly variable, and should be examined
by every RF engineering manager who
wants to hire and develop the best
possible staff.

Companies wanting to get the most
out of their engineers must use every
tool within their control. Mentorship
can be encouraged, a positive environ-
ment can be developed, and educa-
tional support can be offered. A good
number of companies support near-
by colleges and universities, improving
their chances for hiring engineers with
an appropriate education. These things
can make the difference between
developing an outstanding engineering
staff, or having one that is merely
adequate.

Special Individuals:
Our Contest Winners

Two examples of outstanding ability
and attitude are Mike Ellis, our first
Software Contest winner, and Charles
Wenzel, winner of our sixth Design
Contest.

Mike is a graduate student at Missis-
sippi State University, on leave from
the U.S. Army Corps. of Engineers.
Mike has gathered RF filter design data
into a comprehensive program which
grows every time he learns a new
concept or technique. His filter ‘““note-
book’ is his computer, where lessons
learned are kept for the long term.
His attitude concerning the value of
extra effort has been rewarded with our
Grand Prize.

Charles has a quite different position
in the engineering community. As owner
of his own oscillator company, he has a
special interest in innovative and effi-
cient engineering. His winning design
was developed in response to his need
to measure the output impedance of an
operating oscillator. The relative ease
of development, and the wide range of
other applications prompted him to enter
it in our contest and garner our other
Grand Prize.

Dozens of engineers with the same
kind of ability and attitude as these
Grand Prize winners made a special
effort to prepare contest entries (see
the results on page 26). We are happy
to have prize donors willing to re-
ward this kind of enthusiasm. Recogni-
tion for a job well done definitely has a
positive effect on an engineer’s produc-
tivity!

July 1991



Just ask Noise Com

Noise Com is the world leader in broadband,
high-output coaxial noise sources from 10 kHz to
40 GHz. Our NC 3200 Series is an excellent
choice for every application that requires stable
broadband performance with noise output of 30
to 35 dB.

The NC 3200 Series noise sources are built from
hermetically sealed precision noise diodes that
are burned in for 168 hours. Each unit is fully
tested and supplied with calibration data, and
Noise Com can supply them with a wide variety
of connectors, input voltages, and package con-
figurations.

Each noise source also comes with a feature
found nowhere else: Noise Com's hard-earned
reputation for fast delivery and customer sup-
port.

Find out for yourself about NC 3200 high-
output noise resources. Call Gary Simonyan at
(201) 261-8797 for more information.

NOISECom

E. 49 Midland Avenue, Paramus, New Jersey 07652
(201) 261-8797 @ FAX: (201) 261-8339
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VCXO'’s in DIP packages

HCMOS/TTL compatible
in standard 4- or 14-pin
DIP, 5"x.8"x.265"

SPECIFICATIONS

OUTPUT: High Speed C-MOS/TTL N
Compatible
OPERATING TEMP. RANGE: -45°C to
+85°C As Specitied, See Options
SUPPLY CURRENT: 45 mA MAX. @ 30 MHz
35 mA MAX. @ 20 MHz
25 mA MAX. @ 10 MHz

Tr, Tt: 15.0 nS MAX., 10% to 90% Levels

Voh: Vce-0.2 V, MIN.

Vol: 0.2 V, MAX.

Control Voltage: 0.5 VDC to 45 VDC TEMP.
TRANSFER SLOPE: Positive RANSE . LSTRONITY L DCSATION:

0°1050°C | +.0025% | <+50ppM

LK 0°t070°C | +.005% + 100 ppM

-20°1070°C |+ 01% + 150 ppM

a HNOLOGIES COMP;

_45° 10 85°C *Deviation over full 0.5 to 45
620 N. Lindenwood Drive ® Olathe, Kansas 66062 V control voltage range.

Deviation per volt = £ deviation / 2V

FAX: {913) 829-3505 @ TELEX: 437045
Phone: (913) 829-1777
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ISOLATORS/CIRCULATORS

COMPETITIVE PRICE

HIGH PERFORMANCE
FAST DELIVERY

IMPORT DUTY EXEMPTION
IN MANY COUNTRIES

AEROTEK OFFERS VARIOUS
MODELS TO MEET ALL
YOUR REQUIREMENTS

FROM 400MHz to 20GHz

FOUR PORTS VERSION

VARIOUS TYPES OF CONNECTOR
CUSTOM DESIGN

FOR MORE INFORMATIONS
PLEASE CONTACT US OR OUR
REPRESENTATIVE IN YOUR AREA

AEROTEK CO.,LTD.

1756 SUKHUMVIT 62 (SOI SIRIPHORN)

PRAKANONG, BANGKOK 10250 THAILAND.

TEL: (662} 3325035, (662} 3114448
FAX: (662) 3325034
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For those who dream of suspending time
in the rush to the communications market.

HP helps speed up design
cycles by verifying models
with real-life signals.

In communication systems labs
today, the focus is on improving
time-to-market. Comdisco CAE
software tools help by creating
complex signals to verify models
at the design simulation stage.
Now, HP’s 11755A takes verifica-
tion a crucial step further, by
linking CAE modeling with real-
life test equipment to quickly
and accurately test brassboards
after simulation.

The HP 11755A RF simulator
WorkSystem driver provides the
link between Comdisco and the
HP Vector Arbitrary Waveform
Synthesizer. It lets you use real-
world signals (10 to 3000 MHz
with precision impairments) in
the lab to test designs at the
earliest possible stage. You get
the test results you need to
uncover deficiencies and modify
designs fast. To speed up design
iterations, just download your
software signal formats and link
testing with CAE software.

HP is committed to providing

you with test solutions to reduce
time-to-market. So, if you've ever
wished you could suspend time
in your communications systems
design cycle, call 1-800-452-4844.
Ask for Ext. 2410, and we'll

send you a brochure explaining
how the HP 11755A can help
make your dream come true.

There is a better way.

(ﬁ HEWLETT
PACKARD

©1991 Hewlett-Packard Co. TMINI118/RFD
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RF letters

Letters should be addressed to
Editor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111.

IQ Demodulator Comment
Editor:

In his article, “IQ Sampling Yields
Flexible Demodulators,” in the April
1991 issue of RF Design, Thomas Hack
describes well how to use a sampling
analog-to-digital converter (ADC) to build
a digital-output 1Q demodulator.

Some designers may find that avail-
able ADCs are just a little too slow to use
as demodulators. | wish to point out that
the ADC sample rate can be reduced to
75 percent of the sample rate used by
Hack, at the expense of additional digital
calculation on the ADC output.

Hack uses one ADC to obtain 1 and Q
signals. The ADC sample-clock fre-
quency is four times the local oscillator
frequency. Thus, the ADC samples four
times each local-oscillator cycle. If these
four samples are labeled a, b, ¢ and d, then:

()l=a-c¢
2Q=b-d

The same result can be obtained by
making the ADC sample-clock frequency
three times the local oscillator fre-
quency. Thus the ADC samples three
times each local-oscillator cycle. If these
three samples are labeled A, B, and C,
then:

(3)1=2A-B-C
(4)Q=(8-C)x \[3)

Equations 3 and 4 require more calcula-
tions than Equations 1 and 2. Thus, four
samples per local-oscillator cycle are
usually preferable to three samples per
local-oscillator cycle. If the ADC is not
fast enough to do four samples, but is
fast enough to do three samples, then
three samples are preferable to four.

For example, the local-oscillator fre-
quency is 3 MHz, and the available ADC
can be sample-clocked at 10 MHz. Four
times the local oscillator frequency is
12 MHz, too high for the ADC. Three
times the local-oscillator frequency is 9
MHz, within the ADC capability.

Peter Traneus Anderson
Burlington, VT

Solid State VHF Transmitters
Editor:

In your “Industry Insight” column in
the Aprit 1991 issue you dealt with
RF technology in broadcasting. You
briefly mentioned that several compa-
nies offer VHF transmitters with solid
state aural amplifiers but that the video
amplifiers ‘“‘remain a challenge.” |
would like to point out that LDL
Communications, Harris Corporation
and Toshiba all manufacture and sell
100 percent solid state VHF television
transmitters. Prior to pulling out of the
US market, NEC also offered a 100
percent solid state VHF transmitter. The
technology is so well proven and reliable
that | doubt if any VHF television station
currently considering replacing their trans-
mitter is looking seriously at tube mod-
els. | just thought I'd point this out since
from the article | was left with the
impression that there is still a way to go
before a solid state VHF transmitter is
available.

William T. Hayes
Manager of Engineering
WSAZ Television

® dc to 50 GHz

= MIL-D-39030 QPL
» Shorts and Dust Caps
= 5 to 10 Watts Avg. Power

= Ultra Miniature (0.34 inch)

= Space and Hi-Rel Qualified

= All Popular Connector Styles

el USA (603)424-4111

UK  (0734)580833

Japan 03(226)1671

10
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VIDEQ BUFFER
GUARANTEES 0.99V/V GAIN
OVER TEMP FOR $4.25

Sharpest Video Images: 0.01°/0.03% Diff Phase/Gain

Maxim's new 180MHz MAX405 high-speed, precision buffer amplifier combines superior
differential gain and phase with 650V/us slew rate while operating from +5V supplies. Gain is
guaranteed to be greater than 0.99V/V over -40°C to +85°C, with loads as low as 50Q. The
MAX405 comes in compact 8-pin DIP or SOIC packages and, unlike existing buffers, access to
the inverting input allows accurate gain adjustment from 0.99 to 1.1V/V.

1ci Guaranteed!
Preclsmn 0.99V/V Min Gain, <0.1% Nonlinearity
4 0.01° Differential Phase

4 0.03% Differential Gain
4 0.1% Nonlinearity Over Temp
4 0.99V/V Min Gain Over Temp

VOLTAGE (1v/DIV)

¢ 0.01Q Rout Vo
¢ Adjustable Gain
i

Speed

¢ 180MHz Bandwidth
¢ 650V/us Slew Rate

TIME (10ns/DIV)

Vour

500
ViN e LOAD

= TEST CIRCUIT =

¢ 35ns Settling to 0.1%
Drives Four 150Q2 Loads

The MAX405, with a guaranteed 60mA continuous output current, directly drives a 50Q2
load to +3V, or as many as four 1509 loads (four 75€.back-terminated loads) to £2.25V.
The MAX405 is ideal as a 50 and 75Q coaxial cable driver for NTSC, PAL or SECAM color
video signals.

(VD0  ananesm-g

L.
Video Buffer Guarantees 0.99V/V

FREE Video Design Guide

Includes: ¢ Application Notes ¢ Data Sheets ¢ Cards For Free Samples

Simply circle the reader response number, contact your Maxim representative or Maxim
integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600,
FAX (408) 737-7194.

/W /12X VI

Distributed by Arrow, Bell/Graham, Elmo, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama, (205) 830-0498,; Arizona
(602) 730-8093; California, (408) 248-5300, (619) 278-8021, (714) 261-2123; (818) 704-1655; Colorado, (303) 799-3435; Connecticut, (203) 384-1112; Delaware,
(609) 778-5353; Florida, (305) 426-4601, (407) 830-8444; Georgia, (404) 447-6124; |daho, (503) 292-8840; llinois, (708) 358-6622, Indiana, {317) 844-8462; lowa,
(319) 393-2232; Kansas, (816) 436-6445; Louisiana, (214) 238-7500; Maryland, (301) 644-5700; Massachusetts, (617) 329-3454; Michigan, (313) 583-1500
Minnesota, (612) 944-8545; Mississippi, (205) 830-0498; Missouri, (314) 839-0033, (816) 436-6445; Montana, (503) 292-8840; Nebraska, (816) 436-6445; Nevada,
(408) 248-5300; New Hampshrre, (617) 329-3454; New Jersey, (201) 428-0600, (609) 778-5353; New Mexico, (602) 730-8093; New York, (201) 428-0600, (607) 754-2171;
N.Carolina, (919) 851-0010; Ohio, (216)659-9224, (513) 278-07 14, (614) 895-1447; Oklahoma, (214) 238-7500; Oregon, (503) 292-8840; E. Pennsylvania, (609) 778-5353;
W. Pennsylvania, (614) 895-1447; S. Carolina, (919) 851-0010; Tennessee, (404) 447-6124; Texas, (214) 238-7500, (512) 835-5822, (713) 789-2426; Utah, (801) 561-5099;
Virginia, (301)644-5700, Washington, (206) 823-9535; W. Virginia, (513) 278-0714, Canada, (416) 238-0366, (613) 225-5161, (604) 276-8735, (514) 337-7540

* 1000-up FOB USA. suggested resale Maxim s a registered trademark of Maxim Integrated Products © 1931 Maxim Integrated Products
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Y
TOKO & PENSTOCK
A Product for Every Application

Don’t Get Held-Up on Your Design with Lead Time.
Immediate Delivery from Pen§iock’s Inventory.

ok g

SATELLITE .
COMMUNICATIONS o ’ J T
RF Filters & Q' - i\ \ DATA SYSTEMS

Duplexers: LC, . lF:;F lilllers.&LC
Helical, Dielectric. VIDEO & AUDIO Hur_ e):es. %)

IF Filters: LC, SYSTEMS IFeI;FIa' ‘|elgctr|c.
Helical, Ceramic, COMPUTER & IStz Band MEDICAL ’ |'I ter% LC, :

Saw, Colls, Matching ~ NETWORKING Pass Filters, Anti- EQUPIMENT o iczg, g
Tipasfouiees & e Aliasing Filters, IMAGE/PROCESSOR 32, Coils, Matching
Baluns, Power Line Video Filters, Delay 4 \4i5 Filters, Preci-  HDTV Filters, Coils & KL »
Chokes, Voltage Reg-  Lines, Pulse Trans- sion High Definition  Filters, Diodes, Pulse o TR i
ulators, DC/DC Con- formers, Impedance Video Filters, Transformers, Delay widhers ’DC/SgeCoﬁ-g.
verters, Varactor Fl]ters, Power Sup- Oscillator Coils, Lines, Switches, . vy, -
Diodes, Ceramic plies, DC/DC Con- Ceramic Resonators,  Power Supplies, ; i :
Resonators. verters, Varactor Diodes, Ceramic

Noise Filters/Chokes. Noise Filters/Chokes.

Diodes. Resonators.

Coil Prototyping/Sample Kits—Priced from $59.00
Order Today.

e CHIP INDUCTORS
1210 Package, Type 32 CS. SPK-32CS-1990
* SMD VARIABLE COILS
5 mm Size. Type 5 CD, 5 CE. SPK-55MD-1990
e 5 mm VARIABLE COILS
5 mm Size. Types 5 K, 5 PH, 5 P. SPK-5MM-1990
¢ 7 mm VARIABLE COILS
7 mm Size. Types 7 KMM, 7 P, 7 PA. SPK-07-1987
* 10 mm VARIABLE COILS
10 mm Size. Types 10 K, 10 PA, 10 EZ. SPK-10-1987
e MOLDED COILS [
Types MC134, MC138, MC139, MC141. SPK-MC-1987 =
* FIXED INDUCTORS /NOISE CHOKES
Type 8RSB Low Current/Low Profile. Type 8RBS
High Current. SPK-8RBS-1991

Toko Is the World’s Leader in Coils & Filter Products.
Penstock Is the World’s Largest RF Microwave Distributor.
VISA/MasterCard Accepted ¢ No Minimum Order

Offices Nationwide. Phone: 1-800-PENSTOCK

Please Note: CALL OR FAX TO ORDER KITS OR CATALOGS. FAX:1-408-730-4782
By circling Bingo you will receive Penstock Product Selection Guide only.
INFO/GARD 11




RF calendar

Sprague—ggogman

July

15-18

22-24

August

13-15

18-21

25-29

September

2-5

5-10

9-12

11-13

RF Design

Communication Networks West "91
Moscone Center, San Francisco, CA
Information: Conference Sales, Tel: (800) 225-4698.

Fifth International Conference on HF Radio: Systems and
Techniques

Edinburgh Conference Centre, Edinburgh UK
Information: Secretariat, Conference Services, IEE, Savoy
Place, London WC2R OBL, United Kingdom. Tel: 071 240
1871 ext. 222.

IEEE 1991 International Symposium on Electromagnetic
Compatiblity

Cherry Hill, NJ
Information: IEEE International Sympsium on EMC, PO Box
609, Lincroft, NJ 07738. Tel: (201) 386-2378.

The 3rd International Symposium on Recent Advances in
Microwave Technology

Reno, Nevada
Information: Banmali Rawat, Chairman, Technical Program
Committee, Electrical Engineering and Computer Science
Department, University of Reno, Nevada, Reno, NV 89557-
0030. Tel: (702) 784-6927. Fax: (702) 784-1300.

Surface Mount International

San Jose, California
Information: Surface Mount International, 1050 Common-
wealth Ave., Boston, MA 02215 or Miller Freeman Exhibitions,
Tel: (800) 223-7126 or (617) 232-3976.

Sixth International Conference on Digital Processing of
Signals in Communications

Loughborough, United Kingdom
Information: Secretariat, Conference Services, |IEE, Savoy
Place, London WC2R OBL, United Kingdom. Tel: 071 240
1871 ext. 222.

12th IMEKO World Congress

China International Conference Center, Beijing, China
Information: Mr. Shi Shangping, IMCI ’'91 Office, China
International Conference Center for Science and Tech-
nology, P.O. Box 300, Beijing 100086, China. Tel: (86) (1)
8313335.

21st European Microwave Conference

The International Congress Centre, Stuttgart, Germany
Information: Microwave Exhibitions and Publishers Ltd.,
90 Calverley Road, Tunbridge Wells, Kent TN1 2UN, United
Kingdom. Tel: (44) 0 892 544027. Fax (44) 0 892 541023.

MIDCON

Rosemont/O’Hare Exposition Center, Rosemont, IL
Information: MIDCON/91, 8110 Airport Bivd., Los Angeles,
CA 90045. Tel: (800) 877-2668. Fax: (213) 641-5117.
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Ceramic Dielectric
Trimmer Capacitors

Rugged 5 & 7 mm types
Operating temp: -55° to +125°C
Cap ranges: 1.3-2.0 pF to 12-160 pF
Miniature types suitable for hybrids
Operating temp: -25° to +85°C
3 series: 2.0 x 1.2 mm; 3.0 x 1.5 mm;
50x2.0mm
Cap ranges: 2.5-10 pF 1o 5.5-40 pF
Microwave types
Operating temp: -55° to 85°C
Cap ranges: 0.5-2.0 pF; 1-4.0 pF; 2.0-10 pF
Q > 500 at 100 MHz
Plastic encased 4 x 4.5 mm and 5 mm types
Designed for volume applications
Surface mount and printed-thru-hole models
Cap ranges: 1.7-3.0 pF to 10-50 pF
Phone, fax or write today for
Engineering Bulletin SG-3058B.

[ SPRAGUE
600DMAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 « Fax: 516-746-1396
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Sprague-Goodm:

Multiturn Plastic
Trimmer Capacitors

» Cap ranges: 0.25-1.5 pF,
2.0-10 pF
¢ Multiturn resolution at low cost
* Q typically > 2000 to VHF
* Temp coefficient of capacitance:
-50 £ 50 ppm/°C;
0 + 200 ppm/°C
¢ Operating temp: -55° to 125°C;
-40° to 100°C
Phone, fax or write today for
Engineering Bulletin SG-4018.

| SPRAGUE |
6000man |

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 « Fax: 516-746-1396
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RF courses

RF Component Modeling
July 15-17, 1991, Los Angeles, CA
Adaptive Signal Processing
August 12-16, 1991, Los Angeles, CA
Analog MOS Integrated Circuits
September 16-20, 1991, Los Angeles, CA
Information: UCLA Short Course Program Office. Tel: (213)
825-3344. Fax: (213) 206-2815.

Radar Reflectivity Measurement: Techniques and
Applications

July 15-18, 1991, Atlanta, GA
Modern Electronic Defense

August 21-23, 1991, Atlanta, GA
Infrared/Visible Signature Suppression

October 22-25, 1991, Atlanta, GA
Radar Cross Section Reduction

October 29-November 1, 1991, Atlanta, GA
Information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

Synchronization in Spread-Spectrum Systems
July 15-19, 1991, Washington, DC
Global Positioning System: Principles and Practice
August 12-14, 1991, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
August 13-16, 1991, Washington, DC
December 10-13, 1991, San Diego, CA
Digital Cellular Telephony for Mobile Applications
August 26-30, 1991, Washington, DC
Microwave Radio Systems
September 4-6, 1991, Washington, DC
Introduction to Radar ECM and ECCM Systems
September 4-6, 1991, Washington, DC
Information: The George Washington University, Continuing
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522
or (800) 424-9773.

Satellite Communication Systems

July 22-26, 1991, Guildford, United Kingdom
New Broadcast Standards and Systems

July 21-26, 1991, Southampton, United Kingdom
Electromagnetic Compatibility

September 15-20, 1991, Canterbury, United Kingdom
Microwave Measurements

September 22-27, 1991, Canterbury, United Kingdom
Information: The Institution of Electrical Engineers, Savoy
Place, London WC2R 0BL, UK.

DSP Without Tears

July 22-24, 1991, San Jose, CA

July 29-31, 1991, Northbrook, IL

August 5-7, 1991, Arlington, VA
Information: Right Brain Technologies. Tel: (404) 420-3834.
Fax: (404) 967-1672.

Seminar on the High Intensity Electromagnetic Radiated
Fields (HIRF)

July 23-25, 1991, Mariposa, CA

October 23-24, 1991, Mariposa, CA
Seminar in EMI Software (EMCAD1)

August 21-22, 1991, Mariposa, CA

December 4-5, 1991, Mariposa, CA
Advanced HIRF Seminar for Commercial Flight
Applications
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September 24-26, 1991, Mariposa, CA
Information: CKC Laboratories, Registrar. Tel: (209) 966-5240.
Fax: (209) 742-6133.

Fiber Optical Communication Technology and Systems
August 26-30, Switzerland
Combined Digital Coding and Modulation Techniques
October 14-18, 1991, Spain
Fast Algorithms for Adaptive Signal Processing
November 4-8, 1991, United Kingdom
Adaptive Signal Processing
November 4-8, 1991, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson, Box 910,
S-612 01 Finspong, Sweden. Tel: +46 (0) 122-17570. Fax: +46
(0) 122-14347.

Modern Power Conversion Design Techniques

July 15-19, 1991, Chicago, IL

October 21-25, 1991, San Francisco, CA
Information: e/j Bloom Associates, Joy Bloom. Tel: (415)
492-8443. Fax: (415) 492-1239.

Electromagnetic Propagation
August 20-22, 1991, Syracuse, NY
ELINT Analysis
September 10-12, 1991, Syracuse, NY
ELINT Interception
September 17-19, 1991, Syracuse, NY
ELINT/EW Applications of Digital Signal Processing
September 17-19, 1991, Syracuse, NY
Information: Research Associates of Syracuse. Tel: (315)
455-7157.

Basic Network Measurements Using the 8510B Network
Analyzer
July 29-31, 1991, Los Angeles, CA
July 29-31, 1991, Boston, MA
August 5-7, 1991, San Francisco, CA
Microwave Fundamentals
July 15-18, 1991, Los Angeles, CA
Designing for EMC
July 11-12, 1991, Atlanta, GA
August 22-23, 1991, New York, NY
Information: Hewlett-Packard Company. Tel: (714) 999-6700.

Digital Signal Processing Workshop

July 16-18, 1991, Campbell, CA

September 11-13, 1991, Norwood, MA
Information: Analog Devices, DSP Applications Department,
Maria Butler. Tel: (617) 461-3672.

Introduction to Telecommunications
July 16-19, 1991 Los Angeles, CA
July 23-26, 1991, Boston, MA
Introduction to Datacomm and Networks
July 16-19, 1991, Los Angeles, CA
July 23-26, 1991, Boston, MA
Hands-On Datacomm Troubleshooting
July 23-26, 1991, Boston, MA
July 30-August 2, 1991, San Diego, CA
Digital Signal Processing: Techniques & Applications
July 23-26, 1991, Washington, DC
July 23-26, 1991, Toronto, Canada
Information: Learning Tree International. Tel: (800) 421-8166,
(703) 893-3555, (203) 417-8888.
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Common Problem:

SPECS CALL FOR CUSTOM DESIGN -
DEADLINES CALL FOR OFF-THE-SHELF

Simple Solution:
CALL MERRIMAC
(201)575-1300

Our Stock is Anything but Common!

Double Balanced Mixers Analog Phase Shifters
Image Reject Mixers Digital Phase Shifters
Biphase Modulators Precision Phase Resolvers
Frequency Doublers 0° Power Dividers
Quadraphase Modulators 2,3,4,5 6,8&12ways
Vector Modulators 90° Power Dividers

Single Sideband Modulators ~ Quadrature Hybrids

Phase Modulators -

I & Q Phase Detectors “ Merrlmoc

Frequency Discriminators
Phase Comparators

41 Fairfield Place, West Caldwell, NJ 07006
Tel: (201) 575-1300 / Fax: (201) 575-0531
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180° Power Dividers
Hybrid Junctions
Quadrature Couplers
Filmbrid Couplers
Directional Couplers
Bidirectional Couplers
Complex Phasing Networks
Digital Attenuators
Analog Attenuators
Balanced Switches
Amplifiers & Isolators



RF news

New Facility for Signal Processing
Research — The National Institute of
Standards and Technology has added
a new research facility built around
a ‘‘video supercomputer” to study sig-
nal processing techniques needed for
future high-performance computer dis-
plays and video imaging systems. The
new facility features a ‘‘Princeton
Engine’’ video computer created by the

David Sarnoff Research Center which
merges video with a massively paraliel
supercomputer. A typical application is
software simulation of integrated cir-
cuits that might be used to process video
signals. The $1.5 million machine was
funded by DARPA as part of a larger
program to develop improved imaging
systems for advanced tanks and air-
craft, defense mapping, command and

PST
POWER
FOR F’

TESTING

Now, From One
Amplifier:

400-1000 MHz, 1000 Watts Output

® Class AB Linear

B Wide Bandwidth

® Thermal Protection

| Load VSWR Protection
8 Input/Output Overdrive

l_

Protection

Model BHE4819-1000 | l

® Graceful Degradation
8 Low MTTR
® Built-in Test Diagnostics
u IEEE 488 Bus (optional)

= High Frequency
Switching Power Supply

N

Freq. Power 3 Freq. Power
Model No. Range Out IS.ERIES BHIEf.sohc:‘ s::]te CLasi’_AE Model No. Range |Out, Sat.
(MHz) | (watts) inear amplitiers deliver the higl (MHZ) | (watts)
] powers necessary l0 achleve - R
BHE1637-100 100 | maximum field strength for E* | AR1658-10 L 15
BHE1637-200 | , . .0 200 | testing. SERIES AR Class A linear | AR1658-25 1-500 | 30
BHE1637-500 | ' 500 | models feature multi-octave [AR1658-50 | | 70
BHE1637- 1000 1000 bfndwidlhs for lower power ap- AR2728-100 | 20-200 | 250
\ — plications. Both series accept all [ P e
BHE2758-100 100 | RF input signals: CW, FM, AM, |AR1858- 100 | 100500 | 125
BHE2758-200 | 50 o060 | 200 | pulse/phase modulated — and are AR4819-10 15
BHE2758-500 500 available with IEEE 488 Bus for | AR4819-25 400-1000 10
BHE2758-1000 1000 | remote on-off operation and out- | AR4819-50 = 75
put power adjustment. Other | Apsg19-100 | 500-1000| 110
BHE4819-100 100 | ctandard and  custom design %
BHE4819-200 200 g : _ | AR1929-20 24
400-1000 amplifiers are available for pow
BHE4819-500 500 ers up 1o 10KW and frequencies AR1929-30 1000-2000 34
BHE4819-1000 1000 up to 4000MHz. AR1929-50 55

POWER SYSTEMS TECHNOLOGY INC.

A COMTECH COMPANY
INFO/CARD 16

63 OSER AVE., HAUPPAUGE, NY 11788
TEL. 516-435-8480 e FAX 516-435-4805 @ |[TELEX 221234

control communications, advanced ma-
terials research, and other military appli-
cations.

NOAA to Flight Test Experimental
Doppler Radar — An experimental,
French-built dual-beam Doppler radar
antenna will be test flown this summer
aboard a National Oceanic and Atmos-
pheric Administration (NOAA) air-
craft flying hurricane research missions.
Under development by the Paris based
Centre de Recherches en Physique
de I'Environment (CRPE) for several
years, the antenna will be installed on
one of NOAA’s two P-3 Orion aircraft as
part of the on-board instrumentation
package, allowing French and American
scientists to evaluate its potential for
meteorological research. The beam
from the new antenna electronically
sweeps fore and aft alongside the
aircraft’s track as it parallels severe
weather systems, collecting pseudo dual
Doppler measurements which can be
processed to determine three-dimen-
sional wind fields.

Telecommunications Trade Defi-
cit Improves — Statistics recently
released by the U.S. Commerce Depart-
ment indicate that the United States
trade deficit in telecommunications equip-
ment fell markedly during 1990 dropping
over $1.1 billion to $792 million from
$1.9 billion in 1989. This was the lowest
annual deficit since the 1980s and was
spurred by continued strong export
growth. Several factors contributed to
the reduction including: a weaker U.S.
dollar, the reduction in foreign trade
barriers and an increasingly interna-
tional outlook on the part of the U.S.
telecommunications equipment manu-
facturers.

Motorola and PacTel to Conduct
CDMA Trial — Motorola and PacTel
recently announced that they have
signed an agreement to conduct an
extensive field test and market trial of
Code Division Multiple Access (CDMA)
digital cellular technology in PacTel
Cellular's Southern California service
area. Among the field testing activities
anticipated for summer 1991 is the
validation of the Common Air Interface
(CAl) specification which both compa-
nies helped develop. If validated, the
CAl will allow cellular network equip-
ment and cellular phone vendors to
develop CDMA products, including dual
mode subscriber units, that will operate
in the cellular systems.
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Powerful Performance

Alan offers a variety of high power atten-
uators and terminations. Select 10 watt step,
5 to 50 watt fixed, or 10 watt toggle switch
attenuators. Also choose 10 to 50 watt ter-
minations. Peak power ranges from 500 to
5,000 watts.

Alan Industries, Inc.

745 Greenway Drive, P.O. Box 1203, Columbus, Indiana 47202
Phone: 812-372-8869 CALL TOLL FREE: 800-423-5190

FAX: 812-372-5909

Manufacturers of...

These components have excellent electrical
specifications over a wide temperature range.
Frequency range is DC-18GHz depending
on model. All have a choice of connectors.
For complete information call us today,

TOLL FREE.
Alan

Attenuators: Programmable e Rotary e Manual Switch e Fixed ¢ Continuously Variable
Accessories: Loads e Dividers e Terminations e RF Fuses e Bridges

INFO/CARD 17




M neWS continued

Top Foreign Markets — The Elec-
tronic Industries Association (EIA) has
announced its list of the top foreign
markets for electronics exports along
with the top ten trading partners for
electronics imports. Canada ranked first,
importing more than $12.5 billion worth
of U.S. electronics products. Japan
ranked second at $8.4 billion and the
United Kingdom third, with $6.2 billion.

The top ten foreign countries account
for approximately $52 billion or 71
percent of the total $72.8 billion of U.S.
electronics exports in 1990. Total im-
ports of electronics reached $78.9 bil-
lion, resulting in a $6.1 billion deficit in
electronics.

SHS Expands — Scientific Hardware
Systems has moved to a larger facility.

RF SWITCHES

* DC - 26.5 GHz operation
¢ {P2T through 1P6T

1P2T Remote Fallsafe DC 26.5 GHz

Insertion Loss Max. .5db
VSWR Max. 15-1
Isolation Max.

50 db

RF CABLES

* Semi-rigid assemblies

* Flexible assemblies

* Custom fabrication

* DC - 26.5 GHz operation
* Phase matching

~Sa

D
SHEL

* TTL and self cutoff options

Q /fn\/lﬂﬁ .
URNE INC.

A it COMPANY

2085 SHELBURNE ROAD, SHELBURNE, VERMONT 05482
TEL 802-985-8621 FAX 802-985-2070

PROVIDING
TOMORROW’S
SOLUTIONS
TODAY
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They are now located at 33446 Western
Avenue, Union City, CA 94587. Tel
(415) 471-0398; Fax: (415) 471-1650.

ARDIS Marks First Anniversary —
ARDIS, a 50/50 partnership of IBM and
Motorola providing nationwide data ra-
dio networks, marked its first anniver-
sary of operation recently. The formation
of ARDIS was announced January 30,
1990 and the pre-existing IBM and Mo-
torola networks were united and put into
commercial operation on April 30, 1990.

Analog Devices’ Products Now
Available Through Distributors —
Analog Devices’ line of standard compo-
nents is now available for sale through a
network of North American distributors.
Anthem Electronics, Bell Industries, Fu-
ture Electronics, Hall-Mark Electronics
and Pioneer Standard have begun ac-
cepting orders for Analog Devices’ ana-
log and mixed-signal components.

TriQuint/GigaBit to Add Third
Company — A definitive agreement
was recently signed that will add Gazelle
Microcircuits to the merger of TriQuint
Semiconductor and GigaBit Logic. The
resulting company is expected to have
revenues in excess of $40 million in
1991. The merger of the three compa-
nies is awaiting regulatory and share-
holder approval and the transactions are
expected to be completed by the end of
May.

CAL Awarded Radar Contract —
CAL Corporation has been awarded a
$7.4 million contract from the Depart-
ment of National Defense, Canada, to
develop a prototype electrical power
system for Canada’s Space-based Ra-
dar (SBR) Satellite. SBR is a proposed
military surveillance satellite system de-
signed to detect and track aircraft. The
contract, which is to extend to the end
of 1993, will invoive the study of the
generation, distribution, and storage of
energy used for SBR.

Arlon Microwave Relocates —
The microwave absorber materials prod-
uct line of Arlon, Microwave Materials
Division has moved into the company's
facility in Bear, Delaware. The move into
Arlon’s Bear facility will include engi-
neering, manufacturing, research and
development, quality control, and cus-
tomer service functions.

Teklogix Forms Strategic Busi-
ness Agreement — Teklogix and
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GPS STATION CLOCK

MODEL 8810

At last: A complete GPS
station clock under $10,000

Everything you want in a GPS station clock,
in one neat box:
* GPS receiver
* Disciplined standard
* Multiple output timing signal generator,
and much, much more.

What do you expect from a company with more than
30 years of production and field experience in the timing
business? You'd expect a one-unit master timing station,
capable of tracking six satellites simultaneously — even
while moving at 1,000 miles per hour — all inside a
3% inch rack-mount chassis.

That’s the Model 8810 — a mature product. value-
engineered and time-tested, just like the ones we’ve been
providing to NASA and DoD for decades. And there’s so
much built into this unit, it’s hard to describe. Just review
the features listed below:

« Automatically determines geographical coordinates
no need to enter position anywhere on earth

¢ Automatic multi-satellite acquisition

» Time accuracy maintained with platform velocities to
over 1,000 mph

« Outputs position data whether stationary or moving

» Multiple time code and rate output options

+ User friendly. menu-prompted setup

» 20-key keypad and 4-line, 40 character display allows
complete operation, checkout, and status acquisition
without ancillary equipment

» Nonvolatile memory stores setup and data indefinitely

* Accurate to within 100 ns worldwide, 24 hours a day

+ RS-232 remote control and time output (optional
IEEE-488 output)
* RS-232 printer port
» Displays time, position, and REF-UTC/GPS
« Time display is keypad-selectable to UTC, GPS,
or local time
* 115/230 VAC with optional 24 VDC backup
* Antenna with 50’ coax cable included
* Built-in test routines
* Fully modularized
* GPS receiver is drop-in replaceable
» Workmanship standards to MIL-STD-454
* Three-year limited warranty
* Plus, a host of desirable options
That’s the Model 8810, from TRAK Systems. And at
this price, there’s nothing else like it on the market. So
why pay more, and install boxes of equipment, when you
can have it all in one neat unit?

For free literature, or more information, contact us at:

TRAK SYSTEMS DIVISION

4726 Eisenhower Blvd.

Tampa. Florida 33634-6391

Phone: (813) 884-1411, extension 248
TLX: 52-827

FAX: (813) 886-2794

3 TRAK SYSTEMS

pivision of TRAK. MICROWAVE CORP
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NEW NAME!

The Block Diagram
Simulator you knew as
TESS is now:

o owe

I :

Y

o

U E R

— s — |

TESLA has all of the

great features that

classic TESS had like:

® Fast RF Time Simulation

® Mixed Analog & Digital

® Spectrum Analysis

® /Input with OrCAD & PCAD

® Free support & BBS (1yr)

Plus TESILLA has the

powerful new goodies

added in version 1.1:

® 24 new filters

® Amp and mixer models
with intercept specs

® Hi-res graphics output to
lasers, plotters, printers
and wordprocessors

® Quantizer, Integ&Dump,
Laplace and resp models

® Lots more space for user-
added models—fill it up
from the free BBS.

® Run OrCAD and PCAD
without leaving TESLA

® Many new power-features

PO Box 305 Roswell GA 30077
404-751-9785 FAX404-664-5817
INFO/CARD 20
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STILL ONLY $695!

30-day Moneyback Guarantee!
CALL FOR DEMO DISK

TESOFT

RI:‘ ne‘ALS continued

IMREX Computer Systems have signed
an agreement to co-market radio fre-
quency data communications systems.
The relationship calls for Teklogix to
supply all RF hardware and IMREX, the
necessary software. The two companies
will combine their experience and
strength in large site distribution appli-
cations. Teklogix will supply handheld
and vehicle-mounted RF terminals, RF
base stations and network controllers.
IMREX will provide its Information Logis-
tics System/400 software package. Teklo-
gix recently received FCC certification
for using spread spectrum technology
in their hardware.

Analog Devices Signs SPICE Mod-
els Agreement — Analog Devices,
Inc. has signed an agreement with
leading vendors of computer-aided com-
puter system suppliers to incilude SPICE
models of Analog’s components in con-
junction with their CAD workstations and
libraries. The five vendors, Cadence
Design Systems, Inc., Mentor Graphics,
Inc., Meta-Software, Inc. MicroSim
Corp., and Valid Logic Systems, supply
workstations and software used by de-
signers. Under the agreement, models
will be added to CAD workstation librar-
ies, and distributed and supported by
the respective CAD vendors.

Licensing Agreement for BiCMOS
Process — Silicon Systems and
Signetics have announced an agree-
ment licensing Silicon Systems to use
Signetics’ proprietary QUBIC BiCMOS
fabrication process in Silicon Systems'
mixed signal integrated circuit products.
Silicon Systems will begin production of
devices fabricated with the QUBIC proc-
ess later this year. Initial products will
be primarily targeted toward disk drive
applications, while subsequent offerings
will be directed toward communications
and automotive electronics.

Spectrum Technology Moves —
Spectrum Technology recently moved to
a larger facility in Santa Barbara, Califor-
nia. Their new address is 749 Ward
Drive, Santa Barbara, CA 93111. Tel:
(805) 964-7791: Fax: (805) 683-3481.

QUALCOMM Chosen for Trans-
Continental Race — QUALCOMM
has been chosen to provide two-way
mobile satellite communications sys-
tems and services for the 1991 Interstate
Batteries Great American Race, a 13 day,
trans-continental road rally for antique
cars. The OmniTRACS system will be

used to forward time scores from remote
checkpoints to the finish line in each city.

Radian Enters Cooperative R&D
Agreement — Radian Corporation re-
cently entered into a cooperative re-
search and deveiopment agreement
with NOAA. Under the Federal Technol-
ogy Transfer Act, this agreement be-
tween Radian, Sonoma Technology and
two NOAA laboratories will make avail-
able to the private sector technology
involving wind and temperature profiling
of the atmosphere. During the first year
of the agreement, Radian will work with
NOAA in the design of a production
profiling instrument operating between
850 and 1200 MHz to collect wind and
temperature profiles. As part of the effort
Radian has opened an engineering
development technology transfer office
in Boulder, Colorado.

Racal-Dana Receives VXlbus Con-
tract — Racal-Dana has announced
that it has been awarded a contract from
United Airlines for an avionics test system
based on the VXlbus. The system is
intended to permit in-house mainte-
nance of selected avionics units, and is
designed to allow for easy expansion.
Terms of the contract were not released.

Burr-Brown and HMC Joint Ven-
ture — A new corporation has been
formed as a joint venture by Burr-Brown
Corporation and Hualoon Microelectron-
ics Corporation. Monolith Technologies
Corporation will manufacture analog I/0
and mixed signal processing products
and will target markets such as multi-
media, digital telecommunications, and
consumer audio markets. Secondary
markets will include embedded control,
test and measurement instrumentation
and workstations and PCs.

Co-Primary Status for DAB — The
General Assembly of the international
Association of Broadcasting, recently
endorsed setting aside portions of the
L-Band radio spectrum for digital audio
broadcasting and granting co-primary
status to terrestrial and satellite DAB.

LeBlanc & Royle Enters Merger —
LeBlanc & Royle Enterprises, a supplier
of communication structures, equipment
and related services has acquired BMS
Communications Services. BMS spe-
cializes in telecommunications system
design, engineering, installation and
project management. Terms of the deal
were not disclosed.
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RF POWER FOR OEMS,

Systems Integrators and End Users

For over 21 years ETO has supplied rugged, cost
effective and technologically advanced RF power
products for demanding industrial, scientific,
medical, and communications applications. ETO
alone serves all these markets with standard, semi-
custom, and custom amplifiers and RF power
supplies from LF to UHF, one watt to 20 kW.

ETO's 15 and 20 kW, microprocessor-controlied
linear amplifiers power more of the world's high-field
MRI scanners than all competitors combined! And

1 KW VHF POWER SUPPLY, ETO Mode! SGV-1D.
Water-cooled MOSFET design for plasma applications in
the 50-150 MHz range. RF module only, or complete
systent including driver and power supply.

controller.

20 KW RF LINEAR POWER
AMPLIFIER, ETO Model PL-20DP.
Being delivered now to OEM'’s of high-field
MRI systems. Available promptly for any
frequency to 90 MHz. Microprocessor
based control system with integral LCD
display permits local or reniote
management of the amplifier and its
integral diagnostics.

P
E
R
F
0
R
M
A
N
C
E

1 KW HIGH EFFICIENCY MOSFET HF POWER SUPPLY, ETO Model SG-1D
for plasma and other industrial applications. Auailable for 13.56, 27.12, or 40.68 MHz,
or any frequency 2-41 MHz. RF module shown.

since 1970 we've delivered over 10,000 "standard”
kilowatt-and-up RF power amplifiers and generators.

ETO understands the needs of OEMs, including
responsive application engineering, fast prototyping,
system integration assistance, and regulatory
approvals. We combine rapid manufacturing ramp-
up with strict quality standards, timely delivery, and
international field service. We provide everything
from small modules to complex systems with the
"partnering” support OEMs require.

5 KW RF POWER GENERATOR, ETO Model PG-5DW for plasima and general industrial applications. RF deck of
water-cooled version shown; available for any frequency to 90 MHZ as a complete system including power supply and

Contact

Don Fowler or
Alysa Drew to
learn how ETO
can satisfy you
RF power
requirements.
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ETD EHRHORN TECHNOLOGICAL OPERATIONS, INC.

RF Power for Communications, Industry, Science & Medicine

4975 North 30th Street, Colorado Springs, Colorado 80919 (719)260-1191 FAX (719)260-0395




With Omni Spectra’s

Field Replaceable Hermetic Connectors.

he Omni Spectra field
replaceable hermetic
microwave connectors let
you save the seals and
spare the expense of
repairing or replacing
your hermetically sealed microwave
package.

AFullRangeof
Field Replaceable Connectors
Includes a 2-piece Spark Plug

manufactures a wide
variety of field

replaceable

connectors

with separate
seals that can be
brazed or soldered into your package.
An assortment of standard designs in
2-hole and 4-hole flange mount plugs
and jacks are available from stock.

If you use spark plug con-
nectors, we have a 2-piece design that is
a one-for-one replacement. This uniquely
engineered 2-piece spark plug allows you
to replace a damaged interface without
disturbing the hermetic package integrity.

Omni Spectra
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Data obtained from launching part number
8557-6329-02 to .010 inch alumina microstrip
transmission line.

Our Seals and Connectors
Always Meet Your Requirements

Because we have in-house control of
all the seal and connector manufacturing,
including glass

processing, brazing, and plating, Omni
Spectra can support both standard and
specialized requirements for seals and

connector assemblies.

Whether standard or custom,
your connector and seal will be made
with the right materials and processes
to meet your application. We manufacture
thermally-matched and compression seals
using glass and glass/ceramic matrix
materials with tight geometric control
for precision repeatable performance.

All of our connectors
are backed by Omni Spectra’s commit-
ment to excellence, which means that
every connector you receive has met
MIL-C-39012’s requirements. Qur in-
house statistical process controls insure
consistent quality. Plus, with Omni
Spectra, you have access to a network
of technical support nationwide.

We'llav; All Vthe Connectors
to Saye Your Seals

You can do your part for conservation.
Save the integrity of your hermetic
microwave packages with field replace-
able connectors from Omni Spectra.

To meet your needs, we offer: SMA
(OSM®), SSMA (OSSM®), BMA
(OSP™), and OSSP. And the introduc-
tion of the new OS-50™ (2 4mm) con-
nector series now extends the frequency
range of Omni Spectra’s product line up
to 50 GHz with excellent VSWR and
thermal performance.

Call or write for our complete catalog.

M/A-COM Omni Spectra, Inc.
140 Fourth Avenue
Waltham, MA 02254
Tel: USA (617)890-4750
UK  (0734)580833
Japan 03(226)1671

O
Spectra

A MACCM COMPANY
INFO/CARD 22




RF industry insight

Contract Services in the RF Industry

By Liane G. Pomfret
Associate Editor

his report fooks at three kinds of

outside services: EMC test labs,
calibration labs and design consultants.
The rising popularity of consultants and
outside laboratories offers many compa-
nies the possibility of reducing costs,
while at the same time getting the
services they need. It is not an industry
without its problems, however. The rapid
approach of EC92 has many in the EMC
testing community worried. Additional
standards and regulations are making it
tougher for the calibration business. And
as always, consultants are faced with
the problems of running their own
business.

Consultants don’t appear to be suffer-
ing from the current economic situation,
provided they are established, have
their own equipment and offer excelient
knowledge of their chosen field. Other-
wise, it can be tough. Engineers who are
new to the consulting field are often at
a disadvantage — they lack equipment,
experience and the ability to market
themselves effectively. For those that
can overcome these, business can be
overwhelming. ““l was told that if you can
survive the first year, you can make it. |
now work twelve hours a day and am
just overwhelmed,” says Al Helfrick of
Helfrick and Associates. He is currently
involved in developing consumer prod-
ucts for a company that wants to build
in the United States, and he has had to
turn down jobs from other companies
in the past.

Other consultants offer their expertise
for the training of a company’s person-
nel. Neal Silence, an Engineering
Consultant tries to sell his experience
as a training tool - teaching others how
to do their job quickly and efficiently.
“‘Getting through to the division man-
ager, that | can save them money, is
tough’’ says Silence. Convincing people
that in order to save money they must
first spend money is never an easy task,
especially when every dollar must be
accounted for. When a consultant is
hired, a company doesn’t have to pay
any benefits such as insurance or
retirement funds, instead they are buy-

RF Design

ing a “known cost for a known task,”’
says Silence. Consultants are called on
to do everything from research and
development to design, testing, person-
nel training and even serving as an
expert witness in a trial.

When a consultant is hired . . .
they are buying a “‘known
cost for a known task.”

In much the same way, calibration
laboratories are also seeing more busi-
ness. The companies mentioned in this
article only calibrate products they sell
or manufacture, but are probably repre-
sentative of the industry as a whole.
There are essentially two types of cali-
bration. Calibration to factory specifica-
tions and certified calibration which is
traceable to NIST or MIL-specs. The
latter is much more stringent and must
be done more frequently in order to
retain certification. ‘‘With the introduc-
tion of MIL-45662 requirements, it has
forced equipment to be reviewed and
calibrated on a regular basis,” notes
Leon Kuklinski, Product Service Man-
ager at Bird Electronics.

Along with the increase in MIL-spec
requirements, which has meant more
business for some calibration labs, com-
panies are finding that it is less expen-
sive to have an older piece of equipment
repaired and recalibrated than it is to
buy a new one. Craig Leong, Lab
Manager at Tucker Electronics notes
that, ‘‘People are trying to get more
mileage out of their equipment rather
than spending money on new equip-
ment.”’ At the same time, much of the
newer equipment is built so well that it
does not need to be recalibrated as
often. Despite these trends, the calibra-
tion faboratories continue to do well
because of the very nature of their
services.

EMC Laboratories
EMC testing laboratories are also
doing relatively well, for the moment.

New specifications and requirements
have caused an increase in business
for EMC labs, but they are about to
run into some serious problems
because of the unification of the
European Common Market in 1992. In
the meantime, new technologies such
as spread spectrum, are requiring that
closer attention be paid to EMI/RFI
problems and EMC test labs are reaping
the benefits.

Despite the increased testing and
development for EMI, the changes in
trade agreements for EC92, will virtually
stop all American testing of products
bound for the European market. Accord-
ing to a report in the July/August issue
of EMC Test & Design, ‘‘Currently, U.S.
EMC laboratories cannot attain Notified
Body status which is the accreditation
for the European community. Only mem-
ber countries to the EC can attain this
accreditation.”” Clearly, this poses
problems not only for the independent
testing labs but also for manufacturers
of equipment destined for the Euro-
pean market. The same report also
notes that ‘“‘there is no unified U.S.
voice addressing European concerns,”’
and this should be a major concern
for all EMC testing labs in the United
States. While steps are being taken to
negotiate a trade agreement between
the EC and the U.S., there is much to
be sorted out before a final solution is
agreed upon.

The reasons for choosing an outside
contractor vary. Instead of building
an in house test or calibration lab
which is a costly undertaking, send the
equipment out to be tested or cali-
brated. Instead of hiring an engineer for
one project at $40,000 a year plus
benefits, hire a consultant for much less.
Outside contractors have a lot to offer
the RF industry and their success is
assured despite the problems they now
face. RF

For reprints of this report, contact
Cardiff Publishing Company at (303)
220-0600. Ask for the Circulation De-
partment.
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Putting Microwave Technology to Work for You

From Teterboro to
Tokyo, San Diego
to Stuttgart, What
You Need is on

Their Shelf

When you need RF/micro-
wave components why wait?
Your local Avantek distrib-
utor maintains our full line of
high performance, Avantek
quality components to serve
you today. They can satisfy
any unique production sched-
ule or JIT program, from daily
stock to annual planning.
Avantek distributors work
directly with you to keep you
on time, and on budget.

20 Stocking
Locations Around
the Globe.

With millions of dollars of
Avantek inventory, our dis-

\

tributors deliver when you
need one or one-thousand
pieces fast. From semicon-
ductors to subassemblies,
mil-spec to plastic package,
no other manufacturer has
a wider or more extensive
variety of parameters and
operating ranges in RF/mi-
crowave components from 1
MHz to 25 GHz, all available
today from local stock.

Fully trained by Avantek,
every distributor offers valu-
able advice and a full range
of data on our product lines.
And, backed by Avantek’s
direct applications engineer-
ing team, they have the
answers you need.

e Amplifiers ® Attenuators

@ Oscillators @ Switches

® Mixers ® Frequency

o Filters Convertors

® Detectors @ Control
Devices

Call Your Avantek
Distributor for Fast
Delivery.

North America

Northeast

Nu Horizons

(617) 246-4442 MA
Sickles Distribution Sales
(617) 862-5100 MA

East Central
Applied Specialties, Inc.
(301) 595-5395 MD
Nu Horizons

(301) 995-6330 MD
(201) 882-8300 NJ
(516) 226-6000 NY
(716) 248-5980 NY
(215) 557-6450 PA
Penstock East
(800) 842-4035 NJ
(516) 368-2773 NY
(215) 383-9536 PA

Southeast

Component Distributors, Inc.
(800) 558-2351 FL

Nu Horizons

(305) 735-2555 FL

North Central

Penstock Midwest
(708) 934-3700 IL
(317) 784-3870 IN

South Central

Insight Electronics, Inc.
(800) 677-7716 TX
Thorson Distributing Co.
(214) 233-5744 TX

Northwest
Insight Electronics, Inc.
(800) 677-7716

No Waiting.
Avantek

Distributors
Deliver Today.

Penstock, Inc.
(800) PENSTOCK
(206) 454-2371 WA

Southwest/Rocky Mountain
Insight Electronics

(800) 677-7716

Sertek, Inc.

(800) 334-7127

Canada
Sertek, Inc.
(800) 548-0409

International

Europe

ltaly

BFl-Ibexsa SpA

(39) 2-331-005-35 Milan
(39) 6-8088191 Rome
Germany

BFl-Ibexsa Electronik GmbH
(49) 89-3195135

France

Scie Dimes

(33) 1-69-41-8282

Sweden

BFl-lbexsa Nordic AB
(46-8) 626-99-00

UK

BFI-Ibexsa Electronics LTD.
(44) 62-288-2467

Asia and Far East
Japan

Yamada Corporation
(81) 03-3475-1121

/) AVANTEK
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RF cover story

The Winners! Results of the 1991 RF
Design and Software Contests

The results are in, and after the most
difficult judging in the six-year history of
our contest, we have our winners. But
before we let you know who won, let's
thank our judges, who spent far too
many extra hours choosing just a few
winners from 30 pounds of top-notch
RF engineering. Judging the Design
Contest were last year’s winner, Kevin
Randall of Interspec, Inc., RF Design’s
Consulting Editor Andy Przedpelski of
ARF Products, and Editor Gary Breed.
Dave Hertling at Georgia Tech joined
Gary and Andy in judging the Software
Contest, with help from fellow professor
Bob Feeney.

his year, we had two contests, the

sixth running of the Design Contest
and a new competition for PC Software.
In this first software contest, the number
of entries nearly matched the design
entries, and the quality was exceptional.
The most difficult aspect of the new
category was establishing criteria for
judging. Such things as interest to a
large number of engineers, ease of use,
and the uniqueness of the problem all
entered into consideration. Size and
scope of a software entry were certainly
considered, but so was the complete-
ness and accuracy.

In the design contest, we had a good
selection of circuits that fit into the
*“‘elegant simplicity’’ category. These will
make good reading as we publish many
of them over the coming year. There were
also a number of good entries relating
to design techniques, rather than spe-
cific circuits. These kept the judges
interested all the way through the stack.

Another feature this year was an
unusually large group of foreign entries
in both contests. We had participants
from five continents, including multiple
entries from Australia and Poland, with
others from ltaly, England, Denmark,
Japan, Finland, and Peru. Several en-
tries were received from our Canadian
readers, as well. We are pleased to see
that there are active RF engineers all
over the world.

The Software Winner
Taking the Grand Prize in the Soft-
ware Contest was Mike Ellis, a Ph.D.

26

student at Mississippi State University,
on leave from the U.S. Army Corps of
Engineers. Mike entered a filter design
program package that he has been con-
tinually developing in conjunction with
his formal and on-the-job studies. The

F“Fﬁx? * = '\}:;'I

Mike Ellis’ filter design program is our
Software Contest winner.

program takes design data from well-
known references, and combines them
into a comprehensive program with a
common file structure and menu-driven
operation, making a complete design
and analysis package. Mike's winning
entry is described in the article ‘A
Comprehensive Filter Design Program,”’
which follows this report. The Grand
Prize, a complete Macintosh computer
system, loaded with software, was pro-
vided by ingSOFT Ltd. All the prizes are
detailed in the accompanying sidebar.

The Design Winner

An active circulator design by Charles
Wenzel, President of Wenzel Associ-
ates, was the Design Contest’s winning
entry. Using high-speed operational am-
plifiers, Charles was able to obtain the
kind of isolation and constant imped-
ance performance at low frequencies
that ferrite circulators offer at micro-
waves. This circuit is the result of classic
engineering problem-solving, trial and
error, and finally — success. Initially
developed to examine the output port
reflection coefficient of an operating
oscillator, the circulator has many appli-
cations in the measurement and moni-
toring of active and passive circuits.
Charles, who won our design contest
four years ago, receives a HP 8591A
Spectrum Analyzer generously provided
by Hewlett-Packard Company.

Winning the Design Contest is Charles
Wenzel, with his active circulator project.

Runners-Up

Taking the second place spot in the
Software Contest was Dan Swanson of
Watkins-Johnson Company. Dan is Staff
Scientist at W-J, specializing in com-
puter analysis of microwave systems
and subsystems. His entry, “A Micro-
wave Transmission Line Calculator,”
covers the broad subject of transmission
lines using a spreadsheet-like format.
An excellent user interface impressed
the judges with convenient operation
and error-trapping. The program covers
microstrip, stripline, coplanar wave-
guide, coaxial cables and twisted-wire
lines, calculating electrical parameters
from physical data and vice-versa. For
his effort and accomplishment, Dan wins
the student edition of S-Filsyn from DGS
associates. This program will be de-
scribed next month.

In the third position was Jack Porter,
Senior Staff Engineer at Cubic Corpora-
tion. He wrote a filter analysis program

Dan Swanson captured second place in
the Software Contest with his microwave
transmission line program.
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The worlds most powerful digital filter on a single chip.

The new Harris HSP43220
DDF (Decimating Digital
Filter) packs more power into
a single-chip digital filter than
ever before. With features

Decimation: Up to 16,384
Tap Length: Up to 512,000
Out-of-band Attenuation: 96 dB
Sample Rate: Up to 33 MHz
Data Width: 16 bits
Coefficient Width: 20 bits

*DECI-MATE is a trademark of Harris Corporation

like programmable decima-
tion to over 16,000, and up to
512,000 equivalent taps, it’s a
powerhouse of performance.

And despite P
its incredible
power, our \ L l =
DECI-MATE™ m:wm
software makes ~—amT~
designing fil-

ters with the w

Harris DDF incredibly easy.
Want to know more?
That’s easy, too. Just call
1-800-4-HARRIS, ext. 1220.
And find out more about our
complete line of industry-
leading ICs for digital signal
processing applications.
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This is Eugene Mayle, whose active VHF
filter took second place in our Design
Contest.

for active and passive filters which
allows the user to enter a circuit of up
to 50 nodes and 200 components, with
data tabulated at up to 300 frequencies.
Like many engineer-authored programs,
convenience and speed was the purpose
for its creation. Time is an important engi-
neering commodity! Jack’s program will
be published in the September issue of

Here are our third place winners. At the top
is John Roberts, who entered a design
for simultaneous AM and FM demodula-
tion. Below him is Jack Porter, whose
filter analysis program was a winner.
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Grand Prize — Design: An HP
8591A Spectrum Analyzer was pro-
vided by Hewlett-Packard’s Signal
Analysis Division in Rohnert Park,
California. The HP 8591A covers 9 kHz
to 1.8 GHz with a stable synthesized
LO. A —115 dBm noise floor and +30
dBm maximum input allows wide dy-
namic measurement range.

Grand Prize — Software: ing-
SOFT Ltd. was the donor of a complete
Apple Macintosh computer system,
including a model SE/30 with mono-
chrome monitor, 4 MB RAM, 80 MB
hard disk, and a dot matrix printer.
Software awarded in this prize in-
cludes ingSOFT’s RF Designer and
RF Synthesist systems, both with 1-
year support, plus additional design
and support software —DesignWorks,
MiniCad, Professional Layout, AutoR-
outer, Prograph, Pascal, C, Quick
Basic, Full Impact, and Publish It!

Second Prize — Design: The
TESLA RF System Block Diagram
Simulator is provided by Tesoft, plus
OrCAD/SDT/Ill schematic capture and
the MODGEN model generator and
Microsoft Fortran with which to add
model system elements.

RF Design. The third prize is a package
of signal processing components from
Adams-Russell ANZAC Division.

Eugene Mayle took the second prize
of a complete TESLA system simulation
software package, donated by Tesoft.
Gene is a Senior Design Engineer at
R.L. Drake Company, and admits to
becoming inspired to become an engi-
neer by the high-tech gadgets portrayed
in the ‘““Mission Impossible’ television
program! Gene presented an active
bandpass filter design for VHF, using
JFET amplifiers in a positive-feedback
arrangement to enhance selectivity at
high frequencies. This technique will be
presented in next month’s issue.

Third Place was captured by John
Roberts, an RF Systems Engineer at
Northern Airborne Technology Ltd. in
Kelowna, British Columbia. His prize
package of ANZAC signal process-
ing components was earned with a
simultaneous AM/FM demodulation
scheme, using an inexpensive FM IF/
detector IC. This circuit can be seen in
the September issue.

Our Special Drawing Winner
This year, a new prize was added,
drawn at random from all of the non-

Generous Prize Donors Make RF Design
Awards a Success!

Second Prize — Software: DGS
Associates provided the student edi-
tion of S/FILSYN, including virtually all
of the features of the S/FILSYN design
and synthesis program. Active, pas-
sive, microwave and digital formats are
alt included.

Third Prizes — Both Contests: A
package of signal processing compo-
nents, including mixers, couplers, limit-
ers, etc., was provided by Adams-
Russell, ANZAC Division. Third place
winners in each category can stock up
their design bench with these universal
RF components.

Consolation Prize: Everyone who
entered had a chance to win a major
prize, an RSG-10 synthesized signal
generator donated by Ramsey Electron-
ics. This unit covers 1 kHz to 1 GHz
with calibrated output of —130 dBm to |
+10 dBm level, programmable mem-
ory and AM/FM modulation.

Our thanks go to these companies,
who have shown their support of the
RF Design Awards Contest and their
encouragement of RF engineering crea-
tivity by providing outstanding prizes
to our winners!

winning entries. For this drawing, Ram-
sey Electronics provided an RSG-10
synthesized signal generator. The win-
ner is Fulvio Perri, Research and Deve!-
opment Manager at ITELCO, a broad-
cast transmitter manufacturer in Orvi-
eto, Italy. His design technique was one
that had been well-regarded by the
judges, although not in the top three
finishers. In October, we will publish his
method of designing and constructing
vertically mounted power components.

Finally, thanks goes to Steve Lafferty
at Tesoft, who provided unique T-shirts
to all the engineers who entered. These
will certainly become collectors items,
and they added an element of fun and
universal reward to the contest. We will
encourage other sponsors to continue
this tradition!

This year, we had two contests and
doubled our entries. It is heartening to
see that innovation and experimentation
is still strong among RF engineers. The
1992 RF Design Awards Contest will be
formally announced in the August issue,
so it is already time to put on your thinking
caps, refine that interesting idea, meas-
ure its performance, and document it
thoroughly. Maybe next year everyone
will see your face on our cover! RF

July 1991



Yt ARl

.

Harris puts all the most popular
modulation techniques mto one DSP chip.

The new Harris HSP45116 NCOM
(Numerically Controlled Oscillator-
Modulator) puts all the most
popular digital modulation
techniques on a single DSP chip.
Including QAM, FM, AM, FSK, PSK,
and complex down-conversion.

Sample rate: Up to 33 MHz
Frequency control: 32 bits
Phase control: 16 bits

Data input: 16-bit complex

So if you're still doing modula-
tion the old analog way, it’s time to
change. Because with the NCOM in
your design, there’s no analog drift,
just pure digital accuracy.

Plus, with the NCOM'’s
microprocessor compatible interface,
and its complex MAC, digital
modulation is as easy as designing
with one chip.

Want to know more? That’s
easy, too. Just call 1-800-4-HARRIS,
Ext. 1213. Today.
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Spurious freq. components: <-90 dB
Tuning resolution: 0.008 Hz

And find out more ahout our
complete line of industry-leading ICs
for digital signal processing
applications.
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Play a winning hand with Eagleware software

=SUPERSTAR-= is the industry's fastest circuit simulation =~ =OSCILLATOR= designs -C, SAW, quartz crystal and
package. Tune in real-time by tapping the cursor keys distributed oscillators B Estimates SSB and residual phase
® Analysis @ Tuning ® Optimization ® Large model noise M Writes =SuperStar= circuit files
library ® Markers ® Ultilitics ® Manual with 40 & Unified design theory
example circuits

=TLINE-= relates physical and electrical transmission line
=SUPERSTAR-= Professional adds ® Statistical analysis parameters B Analysis and synthesis B Accurate analysis
including Monte Carlo, yield and sensitivity @ Equation routines W Extensive output data ® Microstrip ® Coupled
defininions for component values @ Microwave microstrip @ Stripline B Coupled stripline ® Coplanar
line, discontinuity and coupled models for B Grounded coplanar @8 Coax
coax, stripline and microstrip

=FILTER= designs 18 different 1C filter w“,{,‘. b}:g s E‘i'glew“f‘r it
topologies with a wide range of transfer 1thout anteing a fortune

functions @ All-pole and elliptic to 21st For info and a free catalog
order B Conventional transforms W Special

purpose transforms @ Includes =Equalize= for group Call (404 )9 3 9-0 1 56

delay equalization @ Writes =SuperStar= circuit files

-

T All products run on standard IBM and compatible PCs E a le War e

Free support, no annual maintenance fees.
30 day money-back satisfaction guaranieed.
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- Eagleware Corporation 1750 Mountain Glen  Stone Mountain, GA, USA  TEL (104)939-0156  FAX (101)939-0157




RF design awards

A Comprehensive Filter
Design Program

By Michael Ellis
Mississippi State University and
U.S. Army Corps of Engineers

Here is the winner of the first RF
Design Awards PC Software Contest!
This computer program, made up of
numerous computation modules, syn-
thesizes and analyzes the basic filter

he programs that make up this filter
design package were written as a
result of studies throughout the author’s
academic career. The justification for
writing them is to help understand and
remember the principles taught in

modules is performed automatically. Be-
cause of the complexity of the program,
a comprehensive description of each
section is not practical, and the reader
is referred to the list of references.

configurations (lowpass, highpass, band-
pass, bandstop) using elliptic, Butter-
worth, Chebyshev rolloff models as well
as image parameter designs. A number
of related computation functions further
enhance the utility of the program.

school,
electronic filters.

with regard to the design of

For convenience, the program runs from
a main menu which calls the various
program modules. File transfer between

Hardware Requirements

The program runs on an IBM PC/XT/
AT or compatible unit with graphics
capability. Actually, numerical data can
be obtained using any available display
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Figure 1. Input data (a), circuit desngn (b) and

magnitude response plot (c) of a 5th order elliptic
lowpass filter designed with this program package.

RF Design

MAGNITUDE AND PHASE RESPONSE
TEST

IF DATA 1S CONTAINED IN A FILE, PRINT FILENAME E€LSE RETURN TEST
ANALOG(0) OR DIGITAL(1) BODEPLOT? O

INPUT HIGHEST DEGREE OF NUMERATOR O

INPUT HIGHEST DEGREE OF DENOMINATOR

INPUT NORMALIZED COEFFICIENTS OF NUMERATOR AS CALLED FOR

S*x 0

INPUT NORMALIZED COEFFICIENTS OF DENOMINATOR AS CALLED FOR
Sxx O t

Sxx 1 2

Ssx 2 2

Sxx 3 1

BODEPLOT(0) OR LINEAR PLOT(1)? 1

H2(0) OR RADIANS(1)? 0

INPUT LOW FREQUENCY END 500000

INPUT HIGH FREQUENCY END 2000000 (a)

INPUT FREQUENCY INCREMENT 100000

F MAG PHASE GROUP DELAY (uS)
500000 .9922779 -60.25512 .3721777
600000 .9774579 -74.11614 .3982766
700000. 1 .9459046 -88.91602 .4229611
800000 .8901139 -104.4321 .4362012
900000. 1 .8080716 -120.0665 4283995

1000000 .7071068 -13§ .3978873

1100000 .6006725 -148.5346 .3524818

1200000 .5008783 -160.3307 .3029466

1300000 .4142711 -170.3894 .2568141

1400000 .3424029 -178.9013 .2172537
1500000 .2840883 173.8845 .1846438

1600000 .2371746 167.7306 .16817
1700000 .199452 162.436 .1367206

1800000 .1690014 157.839 .1192573
1300000 .1442686 153.812 .1049227
2000000 .1240347 150.2551 9.304442E-02

PRESS <RET> TO CONTINUE? ' GROUP DELAY IN MICROSECONDS
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Fugure 2. Phase and delay data (a) and a delay plot
(b) of a 3rd order Butterworth lowpass filter.
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and printer, but the graphical informa-
tion requires a CGA/EGA/VGA or com-
patible monochrome graphics monitor.
The program has an Epson-compatible
driver which will print graphics by using
the SHIFT-PRINTSCRN command.

For fastest and most convenient op-
eration, the program should be loaded
into its own subdirectory on a hard disk.
It can be run from a floppy disk, but it
will require a high density 5-1/4 in. disk
or either a double density or high density
3-1/2 in. disk. All the modules will not fit
on one 360k 5-1/4 inch disk. A math co-
processor is not required.

Program Features

The program is invoked by the com-
mand “‘RF' which brings up the main
menu. From this menu, the user can
call any of the computations. The pro-
gram will perform the following calcula-
tions and plots, described here module-
by-module:

Calculate Filter Order (RF1). This calcu-
lates the order necessary to implement
a filter using passband and stopband

parameters specified. For example, a
bandpass filter would be specified by the
upper and lower passband edges, upper
and lower stopband frequencies and the
required attenuation at those frequen-
cies. This module can operate as a
stand-alone program.

Passive Filter Design (RFDESIGN,
CELLIP, SELLIP). The RFDESIGN mod-
ule computes values for Butterworth and
Chebyshev filters, and handles data
input for CELLIP (odd order elliptic)
and SELLIP (even order elliptic). Filter
orders up to 40 for Butterworth and
Chebyshev designs, or 20 for elliptic
designs, can be handled. The lead
element can be selected to be either
shunt or series. Elliptic filters must
have equal input and output ter-
minations, while Butterworth and
Chebyshev types can have unequal
terminations. An example of a 5th
order elliptic lowpass filter is shown in
Figure 1.

The filter computations all begin with
a lowpass prototype, transformed to the
desired topology and scaled to the

desired frequency. A schematic of the
filter is displayed, and the data is saved
in a transfer file for either numeric or
plotted frequency, phase, and delay
response calculations.

Pole-Zero Analysis (PZ) and Transfer
Function (RF3). The user can obtain the
filter transfer function and the location
of poles and zeros.

Magnitude and Phase Plots (RF2). This
program module will accept inputs from
the keyboard, or from other modules of
the package, such as pole-zero location,
or from a stored filter function. Re-
sponse (magnitude, phase, delay) ver-
sus frequency can be displayed in
tabular form or plotted. An example of a
third order Butterworth lowpass filter is
shown in Figure 2.

General Circuit Analysis (RF5). This
program module performs active and
passive network analysis of circuits up
to 25 nodes, taking data from a user-
generated file, or from a file generated
in the main program. Included is Monte

est the Power and Gontrol

of S/FILSYN

Main Menu columns select script files for
specific designs

Don't mess around with other filter design “toys!”
S/FILSYN Windows are designed to help you do
more—quickly. NEW added configurations for digital
filters, NEW lattice filter designs, NEW orders of
magnitude simpler, easier. Use the new Menu
system and leave everything else to the Program.

Find out what the filter can do before the
actual design; tabulate results

Time Domain design

I N C.

Chose the blue window when you cannot do
analysis in the early design stage: includes

Now with full color,
menu-driven front end!

Build your own script file step-by-step with
more complex specifications

There are no competing products that have
similar capability! Call 408/5541469 for aF REE
Software Comparison Chart listing competing
programs with suppliers and tabulation of all known
features. You'll also receive a FIREE S/FILSYN
Newsletter with updates. Call today!

DGS ASSOCIATES,

1353 Sarita Way ® Santa Clara CA 95051 & TEL: 408/554-1469

& Copyright 1991 DGS Associates, Inc.
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Michael Ellis ia a full-
time graduate student
completing course work
for a PhDEE at Missis-
sippi State University in §
Starkville. He is on a one-
year leave from the U.S.
Army Corps of Engineers’
Waterways Experiment
Station (WES) in Vicks-
burg, Mississippi, his
home town. An engineer
at WES since 1987,
Mike has been develop-
ing local area networks
and telecommunica-
tions for the facility,
which is the Corps of Engineers’ major
research center for the inland waterways
system of channels, dams, etc. (A Cray
X/MP supercomputer is across the hall
from the lab where this photo is taken).
His work has included fiber optic as
well as wireline communications.

Mike recieved his BSEE and MSEE
from Vanderbilt University in 1974 and
1976, respectively. He has worked in
radar and microwaves at Georgia Tech
Research Institute and Scientific At-

Carlo analysis, simulating variation of
component values from user-specified
tolerances and number of simulations.
Each simulation is stored in a data file
for examination.

Image Parameter Design (RF9). This
1940s-era filter design method can be
used to design lowpass, highpass, band-
pass and bandstop filters. The method is
quick, and the filter stopband responses
are generally sharper than Chebyshev

Mike Ellis — The First Software Contest Winner

Steal 150 watts of rf power.

At a price you'd gladly pay for only

lanta. He also worked on modem
design at Hayes Microcomputer. His
personal interests are analog design,
filter analysis and design, digital signal | |
processing, and computer program
development. As a hobby, he builds his
own test equipment (including an oscil-
loscope) and writes programs for plot-
ting mathematical functions, antenna
patterns, optimization routines and
LAN simulation. Mike can be reached
at 412 Elmwood, Vicksburg, MS 39180.

signed without knowledge of pole and |
zero locations, the general circuit analy- |
sis program (RF5) is needed to analyze |
and display their magnitude and phase.

Inductor Design (RF6). This module
determines the number of turns of wire
required to get the desired inductance
in an air core inductor. This can run as
a standalone program.

Partial Fraction Expansion and Inverse |
Laplace Transform (RF4). Impulse and |

filters. Because these filters are de-

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HF AMPUIFIERS por MOTOROLA BULLETING 10O WATT 420-450 MHz PUSHPULL LUNEAR
AMPUFIER — SSBFMATY

-~ 0"\ Complete Parts List for HF Amplifiers Described
S in the MOTOROLA Bulleting KEBST—PK (Kit)..

KERG67—PCB (P
KEBET~1 (Manual

Wae also stock Hard—to—Find perts

CHIP CAPS —Kemet /ATC
METALCLAD MICA CAPS —Uneico/Semco
RF POWER TRANSISTORS
MINI-CIRCUIT MIXERS
$BL—1 (1-500Mz)..........
SBL-1X {10-1000Mz
ARCO TRIMMER CAPACITORS
VK200-20/48 RF Choke
56590 ~66—)B Fervite B
Broadbend HF Transformers
Add $ 3.50 for shipping snd handling

EB6I 140W § 88.65

EB27A 300W $130.20
EB104 600W $442.15
AR305 300w 9383.52

ANTS8 300W $160.70
ANTE2 140W § 93.25
ANTTOL 20W § 83.79
ANTTOH 20W § 93.19
AR31) J00W 9401.00

A

2 METER VHF_AMPLIFIERS
35 Watt Model 335A,
75 Watt Model 3T5A
Availsble in kit or wi

NEWN 1K WATT 2-50 MHz Amplifier

POWER SPLITTERS and COMBINERS
2-30MHz

600 Wett PEP 2—Port .

1000 Watt PEP 2—Post ...

1200 Wett  PEP 4—Port .

For detailed information and prices, call or write for our free catalog.

" E Communication
€ ehip VISA
Iwize, |

we
we® ot
wo™

Concepts Inc.

$08 Milletone Drive * Xenia, Ohio 45385 ® (513) 4262600

FAX (513} 429-3811
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Oh yes—the price. The new Model

assuring freedom from burnout, fold-
150L is truly a steal. The cost-per-

shorted or open output terminals—
back, or oscillation.
watt has just plummeted by 30%!

in wattmeter calibration, antenna
testing, or countless other rf tasks.
Latest FET technology has en-
hanced the linearity and phase re-
sponse of the lower-power stages,
and the final output stage contains

100 watts, the new Model 150L deliv-
And that bandwidth is instantly

ers a minimum of 150 very clean and
reliable watts through a bandwidth

of 10 kHz to 220 MHz.
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b

AMPLIFIER

an advanced vacuum-tube amplifier.

- available without need for tuning or

-

There’s total immunity to load mis-

vitching—important when

160 School House Road, Souderton, PA 18964-9990 USA « TEL 215-723-8181 « TWX 510-661-6094 « FAX 215-723-5688

match from sky-high VSWR—even

sweeping for rfi susceptibility,

8547



For years, design engineers seeking solutions have
been turning to Motorola for product support. Now, as
you envision new opportunities within the context of a
wireless society, Motorola is there again with building
block RF components that will enable you to move from
design to production . . . the RNet™ Series of telemetry
transceivers and OEM radio modules.

It doesn't matter if you are dealing with remote
control, RF Data Collection, alarm reporting, status
monitoring, metering or SCADA applications, Motorola’s
heritage of quality engineering and world class products
provides you with voice and data capable telemetry
radios that will fit your project.

® Competitively Priced
® Made in the U.S.A. for faster delivery
® Backed by 3 Year Limited Warranty *

Envisioning . . . that's your job.
Enabling . . . that's ours.

For more information and detalled
specifications on RNet" telemetry
radios and OEM radio modules,

call1/800-624-8999
Ext. 10S

Specifications UHF VHF
Model Number RNet 450 RNet 150
Frequency (MHz) 403-430 136.0-150.8

450-470 150.8-162.0
162.0-174.0

Nominal Power Supply 10 VDC to 17 VDC

Current Drain

Standby: 16mA 20mA
Receive: 20mA 24mA
Transmit: 865mA (2W) | 870mA (2W)

1120mA (4W) | 1275mA (4W)

Dimensions S8 X277 x 1152

RF Output-TX 2W or 4W 2W or 5SW

MOTOROLA

Radius Division
1301 East Algonquin Road ¢ Schaumburg, IL 60196

M, MOTOROLA, Radius and RNet are registered trademarks of Motorola, Inc.
Specifications subject to change without notice.
* Telemetry radio models only.
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step response can be determined using
this program module, which takes its
input from a user file or program-
generated transfer file. The value of the
time domain functions can be displayed
in a table or plotted.

File Transfer (TFILE). This manages the
data generated by the various program
modules, maintaining proper format for
exchange of data between the various
computation and display modules.

Summary

This filter design program allows an
RF engineer to quickly design and
analyze various filter topologies, exam-
ine response, phase and delay charac-
teristics, and analyze component sensi-
tivity. Optional calculations allow time
domain analysis and further mathe-
matical analysis. Its straightforward
menu should lead users through the
program with little trouble.

This Grand Prize winning software
is available from the RF Design Soft-
ware Service, including a 30-page
manual describing program operation.
See the advertisement on page 47

« Crystals
* Crystal
Oscillators

* Crystal
Filters

« Ceramic
Resonalors

for price and ordering information. RF
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WHEN IT COMES T0
OSCILLATORS
RALTRON HAS IT ALL.

ONLY

iNngSOFT

High Performance Engineering
Software for Macintosh'
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RALTRON manufactures one of the lndustrys
most complete lines of high quality oscillators.
Call us for all your oscillator needs from clock to
temperature compensated, oven or voltage
controlled. Or call us for our 28 page catalogue.

WORLD'S SMALLEST OCX0 - ROXO 210A

» Frequency Range: 1.0 MHz-20.0 MHz

« Temperature Stability: +2x10 7(—20°C to +65°C)
* Long Term Stability: =2x10 7 per year

» Phase Noise: 145 dbc (10 KHz offset)

« Power consumption (stabilized): 2.0 W

+ Size: 35.3x 27 x 25.4 mm (1.40” x 1.06" x 1 O')

MINIATURE TCXO - RTX0-065-X

» Frequency Range: 1.0 MHz-20.0 MHz

» Frequency Stability: + 1.0 ppm (- 40°C to +85°C)
» Aging: + 1.0 ppm per year

« Size: DIL. 16 Pin (.980" x .520" x 0.4")

RFDCSIgner a powerful and easy-to-use
| analog simulator. Saves money and time in

design of RF/MW circuits. Gradient and
Random optimization for any number of cir-
cuit components. Yield prediction.

RFSynthesist ":
sis tool for Iumped and distributed struc-
tures, providing the first step in circuit design.

\ a computer aided synthe-
\
f SCHEMATIC CAPTURE: full-featured independent
|
|

package; used as a project data base; data entry &
auto back annotation; digital simulation included.
PCB LAYOUT CAD with programing capabilities,
essential for design of RF/MW PCB layouts.
GERBER PHOTO-PLOTTER INTERFACE for con-
version of DXF to & from Gerber format.
NETWORK ANALYZER INTERFACE: sw/hw
(SCSI - IEEEA488) for S-parameter data acquisition.
COMPREHENSIVE USER SUPPORT: printed tuto-
rial, reference and RF Handbook, automatic on-line
manuals, RFDesigner Newsletter, and active con-
sulting. ingSOFT software runs on all Macintosh
models with 1 MB RAM, 4 to 8 MB recommended.

ingSOFT Limited

3 Dunview Ave., Willowdale, Ont. M2N-4H9, Canada
TEL: (416) 730-9611 FAX: (416) 733- 3884

e T N R e Lo
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The Products. The Prices. The People. Only RALTRON has it all.

RALTRON ELECTRONICS CORP.

2315 NW 107th Avenue, Miami, Florida 33172
FAX(305) 594-3973 TELEX 441588 RALSENUI

(305) 593-6033
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Higher pertormance
EMI filtering for

high speed data lines

All these ferrite beads can't equal the

Attenuation
(50 Ohm System)

EMI suppression of a single Coilcraft
Data Line Filter. seB ] | W,
Our new DLFs are the most effective, 51/8" Beads | ™ u
low-cost way to eliminate common 8 | ) |
mode EMI from digital signals, logic \
level power lines, and inter-equipment \
cables. ’ T\
Available in 8, 4, 3 and 2-line versions, -
Coilcraft DLFs provide >15 dB - \T":T: A
attenuation from 30 to 300 MHz. Up to =4
40 dB simply by adding capacitors! P N 1.
Because they use a single magnetic i b, - 1
structure to filter multiple lines, you get
differential and common mode noise
suppression, something other filters can't do.
Coilcraft Data Line Filters are easier
to install and usually take less board
space than beads or baluns. And
Co. they're far less expensive than filtered
ap connectors—around 2¢ per dB per line.
For details on our complete line of
Data Line Filters, circle the reader
. service number. Or call 800/322-2645
: @ (in IL 708/639-6400).

Designer's Kit D101
contains 2,3,4 and 8-
line filters. $65.

1102 Silver Lake Road, Cary IL. 60013
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Coilcratt
Desig ner 'S

These low cost kits put ! ﬁ

hundreds of coils, chokes
and other magnetics at your fingertips

"Unicoil” 7/10 mm Tuneable Inductors
.0435 puH - 1.5 pH
49 shielded, 49 unshielded (2 of each)
Kit M102 $60

"Unicoil" 5 mm Tuneable Inductors
9 uH - 281 uH
19 shielded, 19 unshielded (2 of each)
Kit M105 $60

"Slot Ten" 10 mm Tuneable Inductors
0.7 uH - 1143 uH
18 shielded, 18 unshielded (3 of each)
Kit M100 S$60

Surface Mount Inductors
4nH-33puH
48 values (10 of each)
Kit C100 $125

Axial Lead Chokes
0.1 puH - 1000 uH
25 values (5 of each)
Kit F101 $50

Horizontal Mount Inductors
Tuneable and fixed
Inductance: 31.5 - 720nH
33 Values (3 of each)

Kit M104 $60

Common Mode Data Line Filters
Attenuation bandwidth: 15 dBm 1.5-30 mHz
DC current capacity: 100 mA
2, 3, 4 and 8 line styles (4 of each)

Kit D107 $65

Common Mode Line Chokes
Current: .25 - 9 amps RMS
Inductance: 508 uH - 10.5 mH
8 styles (2 of each)

Kit P202 $100

Current Sensors
Sensing range: 0.5-35 amps
Freq. resp.: 1 - 100 kHz, 50 - 400 Hz
Transformer and sensor-only versions
8 styles (15 total pieces)
Kit P203 $50

Base/Gate Driver Transformers
Inductance: 1.5 mH Min.
Frequency: 10 - 250 kHz
2 single, 2 double section {2 of each)
Kit P204 $50

Power Filter Chokes

Current: 3, 5, 10 amps
Inductance: 5 - 300 uH
18 styles (48 total pieces)
Kit P205 $75

Axial Lead Power Chokes
Current: .03-4.3 amps
Inductance: 3.9 pH - 100 mH
60 styles (2 of each)
Kit P209 $150

To order call 800/322 COIL

1102 Silver Lake, Cary IL 60013
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THE INDUSTRY'S

MOST WANTED

STC

[T]

0 [ | |

TCXO 82 TCXO 82

The latest TCXO from STC

DESCRIPTION: MODE OF OPERATION:

e 0.2 cubic inches e Low phase noise
1" x 1" x 0.2" high
e Frequencies up to 350 mhz
e Mil grade available
e Low power consumption
e Surface mountable
e Highly stable, precision
e Custom configurable performance
leads

Analog Chip
Temperature Compensation Technology

Buy one or borrow one.

Call us for technical literature and complete details
on our unique offer.

| i
STC COMPONENTS, INC., 636 REMINGTON ROAD, SCHAUMBURG, IL 60173 IH

I
1.800.624.6491 « 708.490.7150 « FAX 708.490.9707 » CANADA: 1.800.624.6494 ""“
UK: 0279.626626 I
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Model 710FC

* 10 Watts Output

* 1-1000 MHz Broadband

* 40 dB Gain

* 10 dB Gain Adjust

* Only 16 Pounds

* MOS-FET Efficiency

% 19" Rack Adapters
Included

UPTO

100W/1000MHz

NEW from

LINEAR RF AMPLIFIER SYSTEMS

MODEL POWER OUT FREQUENCY RANGE GAIN SIZE (CM) WEIGHT AC LINE U.S. PRICE $
700LC 1.5W CW .003-1000 MHz 33dB 25x28x13 3.3kg 100-240V 1695.00
704FC 4W CW .5-1000 MHz 33dB 23x18x09 2.8kg 100-240V 2195.00
706FC 6W CwW .5-1000 MHz 36dB8 25x28x13 3.3kg 100-240V 3195.00
710FC 10W CW 1-1000 MHz 40dB 30x35x13 7.3kg 100-240V 6695.00
7T11FC 15W CW 400-1000 MHz 40dB 30x35x13 5.5kg 100-240V 3620.00
720FC 25W CW 400-1000 MHz 40dB 48x46x13 8.6kg 100-240V 5995.00
707FC 50W CW 450-1000 MHz 47dB 48x46x13 13.0kg 100-240V 9995.00
709FC 100W CW 500-1000 MHz 48dB 44x48x18 22.5kg 100-240V 19990.00

MODEL 704FC

21820 87TH SE
WOODINVILLE, WA 98072

A,

(S

ngineering Imemnlonal

S.A
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(206) 485-9000
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RF design awards

Low Frequency Circulator/Isolator
Uses No Ferrite or Magnet

By Charles Wenzel
Wenzel Associates, Inc.

This is the Grand Prize winner in the
Design category of the 1991 RF Design
Awards Contest. For his achievement, the
author was awarded an HP 8591A portable
spectrum analyzer from Hewlett Packard.

he ferrite circulator/isolator is an

amazing and important tool for the
microwave engineer. Unfortunately, for
frequencies below several hundred mega-
hertz, the size of the magnets and ferrite
becomes unworkable and the cost sky-
rockets. With the advent of remarkably
fast op-amps, it has become practical
to construct a low power equivalent to
the circulator that works all the way
down to DC and exhibits superb reverse
isolation and impedance characteristics
to frequencies above 100 MHz.

Suitable for small signal applications,
the active circulator is excetlent for match-
ing and tuning antennas, amplifiers, and
oscillators. Figure 1 shows a schematic
of the circuit. Figure 2 is a photo of the
prototype of the device. The isolated 50
ohm resistance presented at each port
makes experiments with non-linear or
reactive devices such as detectors,
mixers, frequency multipliers, and filters
straightforward since both the signal
source and the analyzer are isolated
from the device under test. Engineers
working with lower RF frequencies will
find the active circulator to be a welcome
addition to the test bench.

The purpose of the circulator is to
absorb all energy entering a port and to
pass that energy on to the next port.
High reverse isolation ensures that the
energy flows in one direction around the
circulator and that the impedance of one
port is not affected by the other ports.
The microwave circulator uses the non-
linear properties of ferrite immersed in
a magnetic field whereas this circuit
uses high speed operational amplifiers.

For the circulator to work properly,
each port must exhibit the characteris-
tics of a Thevenin equivalent consisting
of a 50 ohm resistor and a voltage
source with a voltage twice as large as
the voltage arriving at the previous port.

RF Design

Note that this voltage source ignores
signals leaving the previous port as well
as any signals on any other ports. The
factor of two makes up for the drop
across the Thevenin resistance when a
50 ohm load is connected.

First, the 50 ohm resistance results
from the two, 100 ohm resistors leading
to virtual grounds — that is points that
are held at a fixed voitage regardless of
the current.

The Thevenin voltage source is a little
less obvious since the two 100 ohm
resistors are connected to two different
voltages that average to the desired
factor of two. Each op-amp amplifies its
input signal by 3.236 which is applied
to one of the resistors. A voltage divider

drops this voltage down to 0.764 which
is applied to the positive input of the
next op-amp. Since the other resistor is
connected to the feedback node of this
op-amp, it sees the same 0.764 size
signal. The average of 3.236 and 0.764
gives the desired factor of two. Figure 3
shows the forward gain versus fre-
quency for different supply voltages.
The differential gain is set so that signals
leaving a port terminated with 50 ohms
will generate no output at the following
port. A load impedance other than 50
ohms generates a ‘‘reflection’ which is
passed on to the next port. The op-amps
provide inherent reverse isofation as
shown in Figure 5 and the power
handling capability is shown in Figure 4.

Op Amps: CLCY406

circulator

? Port 2
100 =

3236

/"

°:Lisolator

Figure 1. Schematic of low frequency circulator/isolator.
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Figure 2. Constructed low frequency circulator/isolator.

The purist will note that a polarity rever-
sal occurs from one port to the next due
to the inverting op-amp configuration. More
ports may be easily added to the circula-
tor by repeating the obvious pattern.

Since the circulator works down to

DC, its behavior can be observed with a
multimeter. The port resistance can be
measured with an ohm-meter and dur-
ing the measurement the ohm-meter’s
test voltage appears at the next port
(inverted). If -1 VDC is applied to port 1

FORWARD GAIN. a8
~
B e S

L ey e i e e
% W w me w0 m e
Fncovency s

Figure 3. Forward gain versus
frequency for different supply volt-
ages.

then 1 VDC will appear across 50 ohms
at port 2 and 0 VDC will appear at port

(as -1 VDC due to the op-amp
inversion). Now if port 2 is shorted then
the 1 VDC will “‘reflect in phase’ and
will destructively add to give 0 VDC at
port 2 (an unusual way to describe why
a short gives 0 VDC). This inverted volt
circulates to port 3 where 1 VDC
appears across the load!

Component Selection
The CLC406 op-amp selected for this
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Figure 4. Distortion versus input
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Figure 5. Reverse isolation versus
frequency for different supply volt-
ages.

design is not the fastest or highest
power device that Comiinear Corpora-
tion manufactures, but instead repre-
sents the economy end of the spectrum
with a price below $10. As Figures one
through three show, this inexpensive
amp delivers impressive performance
at 5 VDC, even better performance near
the absolute maximum rating at 6.8
VDC, and amazing performance well
above its specified limit at 12 VDC!
Operating above maximum ratings is
not recommended. A better choice
would be to select a faster, more
powerful op-amp (or use sockets).

Stable, low inductance precision
resistors are required for optimum re-
sults. The 323.6 ohm resistance can be
achieved by paralleling a 330 ohm with
a 16.8 kohm. The resistor values shown
may be scaled to build a circulator with
a different characteristic impedance.
For example, a 75 ohm circulator would
use resistors 1.5 times larger in all
positions. It is interesting to note that
a circulator could be built with a dif
ferent characteristic impedance at each
port.

Bypass capacitors must be connected
to both power supply pins of each
op-amp to the ground plane. The proto-
type uses 0.1 uF ceramic chip capaci-
tors soldered directly from the IC to the
ground plane.

RF Design M

Applications

The circulator is a natural choice for
the matching and tuning of low level
amplifiers. With the signal source con-
nected to port 1, the amplifier’s input or
output to port 2, and a signal analyzer
to port 3, the amplifier is turned for
maximum return loss by adjusting for
minimum signal at port 3. A high return
loss is synonymous with a good VSWR

since a well matched amplifier will
“return,” as a reflection, very little of the
input signal. Figure 6 shows a typical
application of the circulator/isolator.
Low level signal sources may also be
adjusted for 50 ohm output impedance
in a similar way. Simply adjust the
frequency of the test signal until it is
close to the carrier then tune the source
for minimum reflection. Again, the re-

Application Specific

Bipolars

Part Series Description

NE647/648 K-Band oscillators over MIL, Temp ranges
NEG45/681 Low Noise, Cost Effective for L/S Bands

i NE333 700mW Class A, 1.25W Class C L/S-Band amps
|NE567 High Gain C-Band amps, C/X-Band oscillators
NE856 High Gain, Low Cost, Low Noise for L-band
NEL2300  Consistent 3W Class A output in S-Band
NE243 630mW for high C-Band oscillators

!NESVQS‘ ~ Medium Power, High Gain for S-Band amps

/
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Need quality, reliability and performance
for your specific application? Start here
and save yourself a search.

We offer a wide selection of NEC

Bipolar Transistors
screened for Space and
Military requirements—as
well as commercial devices
in chip form and a variety
of packages, including
Micro-X and tape and reel.
CEL can also provide
the support and character-
ization data you need to

accurately determine your circuit’s perfor-
mance using NEC parts.

FREE DATA FOR DESIGNERS

For a product selection catalog, call, J
write or circle the number below.

California
Eastern
Laboratories

Headquarters (408) 988-3500  FAX (408) 988-0279
4590 Patrick Henry Drive, Santa Clara, CA 95056-0964

Western (408) 988-7846  Eastern (301) 667-1310
Central (708) 241-3040 Canada (613) 726-0626 l

©1989 California Eastern Laboratories
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flected signal appears at the next port.
If the source’s amplitude is too high for
the circulator’s op-amps to handle, just
add an accurate attenuator. The circula-
tor’'s accuracy is sufficiently high to
‘‘see” the return loss of a source
through a small pad. Remember, the
test signal passes through the pad twice
and is attenuated each time so the
return loss will seem better than it
actually is by twice the attenuator value.
In fact, a pad terminated with an open
or short will exhibit a return loss exactly
twice the pad’s attenuation factor since
the return loss of an open or short is
Figure 6. Typlcal application: adjusting the input impedance of a zero.

frequency multiplier. Antennas may be tuned in a similar

KVG Products. To solve your frequency
control problems with crystals!
Quartz crystals. 800 KHz - 300 MHz.
High temperature stability.
Resistance to shock and vibration.
Crystal filters. 400 KHz ~ 200 MHz.
Discrete and monolithic. Crystal oscillators.
0CX0.<+5x10% =25... +70 °C,
PXO/VCXO0. 3 KHz - 300 MHz;
DTCXO0. 100 KHz - 17 MHz.
Low power consumption
in small cases.

If crystals are of
interest to you, we will
supply all the informa-

tion you need.

KVG - Selected
to be the hest.

KVG GmbH P.0.-Box 61 KVG North America Inc.
D-6924 Neckarbischofsheim, Federal Republic of Germany 2240 Woolbright Rd, Suite 320, Boynton Beach, FL. 33426-6325
Phone 07263/648-0, Telefox 07263/6196 Phone (407} 734-9007, Fax (407) 734-9008
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manner without using large signals
that might cause interference with
others. A low power generator is con-
nected to port 1, the antenna to port
2, and some form of power or signal
leve! indicator to port 3. The signal
level at port 3 is proportional to the
transmission loss and should be mini-
mized by tuning the antenna matching
network.

About the Author

Charles Wenzel is President of
Wenzel Associates, a manufacturer
of speciality crystal oscillator prod-
ucts for high purity, high stability
applications. Founded in 1978, his
company has developed high per-
formance oscillators for instrumenta-
tion, communications, and military
systems. Wenzel Associates has 36
employees, and boasts the world’s
lowest noise crystal osciilator, as
measured by the National Institute of
Standards and Technology (NIST).

His winning design was the result
of considerable experimentation and
design using discrete transistors, all
of which failed to work. Recently-
developed high-speed operational am-
plifiers allowed Charles to realize the
goals of high isolation, stability, and
controlled input and output imped-
ances. He reports that a number of
typical low-frequency op amp circuits
were tried at RF using these devices,
with good success.

Charles, a native of Austin, has a
BSEE from the University of Texas.
His hobbies include experimenting
with new circuits and relaxing while
playing his guitar. He can be reached
at Wenzel Associates, Inc., 14050
Summit Drive, Austin, TX 78728,
telephone (512) 244-7741.

RF Design

A time domain reflectometer is easily
realized by applying a fast square wave
or pulse to port 1 and connecting the de-
vice or cabie under test to port 2. Breaks
in the cable or other high impedance
anomalies will reflect pulses with the
same polarity as the input whereas
shorts or lower impedances will reflect
inverted pulses. Remember the inver-
sion from one port to the next. A clean

test signal is necessary for good results.

Conclusion

The active circulator brings many of
the features of its big brother, the micro-
wave ferrite circulator, down to the lower
RF frequencies. Although the active ver-
sion obviously lacks the power handling
capabilities of typical circulators, the
small signal applications abound. RF

Low Cost MMIC Amps:
DC to1.8 GHz bandwidths,

Power to20 dBm,
and priced as low as 75¢ each.

9

ot
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Talk about a great deal. NEC' tiny new |
amps are available in wide bandwidths, 1
a variety of packages, and they're de-
signed to help eliminate your biasing
and grounding problems.

And at 75¢ each in quantities of 500
you get both NEC quality and a better
price than the so-called “low cost” amps.

Give us a call today. We'll work with

you engineer-to-engineer to see
that you get the right amps at the
right price. And in most cases, we
can ship them right off the shelf.
NEC technology and quality
—and CEL service. It's a pow-
erful combination. Put it to
work for you.

FREE DATA FOR DESIGNERS
For app notes and a full line
Si MMIC specifications bro-

chure, call, write or circle the

number below.

‘ ®- ..-."‘Uh-m:

California Eastern Laboratories ¢
Headquarters (308) 988-3500  FAX (408) 988-0279

4590 Patrick Henry Drive, Santa Clara, CA 95056-0964

Western (408) 988-7846  Eastern (301) 667-1310

Central (708) 241-3040 Canada (613) 726-0626

1989 California Eastern |aboratories



OFF THE SHELF

RF
AMPLIFIERS

MODEL NUMBER POWER GAIN SUPPLY PRICE
Watts dB Volts

FREQUENCY RANGE 5 — 50 MHz

RFP0550-100 100 44 50 $2,100.00
RFP0550-1000 1000 16 50  $5,040.00

FREQUENCY RANGE 50 — 100 MHz

RFP0800-100P50 50 30 50  $1,485.00
RFP0800-100P100 100 30 50  $1,660.00
RFP0800-100P200 200 30 50 $2,200.00
RFP800-100 600 16 50 $2,424.00

FREQUENCY RANGE 1 — 100 MHz
RFP01100-300 300 46 50  $3,150.00
FREQUENCY RANGE 76 — 108 MHz
RFP0810-600 600 16 50 $1,780.00

FREQUENCY RANGE 75 — 150 MHz

RFP0800-150P50 50 30 50 $1,485.00
RFP0800-150P100 100 30 50 $1,660.00
RFP0OB00-150P200 200 30 50 $2,200.00
RFPB00-150 500 14 50 $2,424.00

FREQUENCY RANGE 100 — 200 MMz

RFP0800-200P50 50 30 50 $1,660.00
RFP0800-200P100 100 30 50  $2,900.00

RFP800-200 400 13 50  $3,636.00
FREQUENCY RANGE 225 — 400 MHz
RFP0204-4 4 20 28 $ 484.00 COUPLER/SPLITTER
RFP0204-10 10 30 28 $ 685.00 INPUT/ INSER.
RFP0204-25 25 30 28 $1,140.00 MODEL NUMBER OUTPUT TION POWER PRICE
RFP0204-50 50 40 28 $1,695.00 PORTS LOSS dB Watts
RFP0204-100 100 40 28 $2,200.00 EHOOIENG ¥y RANDE € - 50 Mt
FREQUENCY RANGE 400 - 500 MHz RFS100-5-50-4 24 - O 100 $ 360.00
RFP0405-4 4 20 28 $ 435.00 RFS1000-5-50-4 4 03 1000 $ 610.00
RFP0405-10 10 30 28 $ 616.00
RFP0405-25 25 30 28 $1,026.00 SHEWDLWOY TANGE ©0 - 1090 s
RFP0405-50 50 40 28  $1,525.50 RFS100-FL-FU-2 2 0.15 100 $ 500.00
RFP0405-100 100 40 28  $1,980.00 RFS100-FL-FU-3 3 0.15 100 $ 600.00

RFS100-FL-FU-4 4 0.3 100 $ 800.00
FREQUENCY RANGE 1 — 500 MHz RFS100-FL-FU6 6 0.3 100  $1,000.00
RFP00105-4 10 30 28 $1,450.00 RFS1000-FL-FU-2 2 015 1000 $ 750.00
RFP00105-25 25 30 28 $2,800.00 RFS1000-FL-FU-3 3 0145 1000 $ 900.00
RFP00105-50 50 40 28 $3,752.00 RFS1000-FL-FU-4 4 03 1000 $1,200.00
RFP00105-100 100 40 28 $5,600.00 RFS1000-FL-FU-6 6 03 1000 $1,500.00

FL = Your Lower Frequency Limit
FU = 2xFL

EXAMPLE: A four way Combiner with an output power rating of
1000 watts covering a frequency range of 100-200 MHz would
have a part number of RFS1000-200-4.

[] YES You Can Have

EXPRESS DELIVERY

R.F. SOLUTIONS INC.

16055 Caputo Drive, Unit D, Morgan Hill, CA 95037, Phone (408) 778-9020, FAX (408) 779-4832
INFO/CARD 65



RF products

New High Speed/High Purity Synthesizers

Anritsu announces the MG2501A,
MG2502A and MG2502B series
of frequency synthesizers cover-
ing 1 to 300 or 600 MHz with 0.01
Hz resolution. This series is in-
tended for demanding high per-
formance applications, featuring
phase noise performance of bet-
ter than —120 dBc/Hz and spuri-
ous response of —~70 dBc. The
MG2501A and MG2502A models
cover 1-300 and 1-600 MHz,
respectively, and are intended for
ATE applications with control via
an IEEE-488 bus. Only an RF
output connector and power
switch are on the front panel.

The MG2502B includes com-
plete front panel controls for man-
ual setup and operation, provid-
ing such features as digital sweep
of memory locations, start/stop,

and dual sweep. The RF output
range of all three instruments is
+17 to —79.9 dBm with + 1 dB
level flatness. Frequency switch-
ing speeds are as fast as 5 us,
depending on the control inter-
face, which includes BCD and
phase continuous BCD as well
as the GPIB/IEEE-488. Up to 100
frequency memories may be
swept in an UP, DOWN or UP-
DOWN mode for agility testing
and pseudorandom sequencing.
A standard 10 MHz reference
oscillator provides 5 x 1078 stabil-
ity after a 30-minute warmup, and
an aging rate of 2 x 1078/day.

The MG2501 is priced at
$10,800, the MG2502A is $12,960
and the MG2502B is $17,460.
Anritsu America, Inc.
INFO/CARD #250
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Low Profile

Ovenized Oscillator

OCXO Model 101AC is intro-
duced by Reeves-Hoffman Divi-
sion. The oscillator is offered in a
9 to 15 MHz frequency range for
communications, instrumenta-

tion, GPS, SARSAT and other
applications requiring substantial

precision. Stability over a —40C
to +70C temperature range is +
5x 1078, while the specified aging
rate is 1 x 10~%/day at the time of
shipment. Power requirements
are +12 VDC, with turn-on power
consumption of 7.5 watts and idle
consumption of 0.75 watts, maxi-
mum at 25 degrees C. The unit
is packaged in a low-profile 1.42
x 1.01 x0.75 inch (I x w x h) case.
Price of the Model 101AC OCXO
is $160.00 (in 100 qty.).
Reeves-Hoffman

INFO/CARD #249

RF Design

One-Instrument
Spectrum/Network

Analyzer
Hewlett-Packard’s HP 3589A is
a 10 Hz through 150 MHz spec-

trum network analyzer, offering
features of both instruments for
the price of a spectrum analyzer
atone. Also introduced are 50 and
75 ohm S-parameter test sets HP

35689A/B. The instrument in-
cludes new time-gated spectrum
analysis functions for measure-
ment of burst and other time-
varying signals. Also included are
measurement and display options
which speed measurements. The
HP 3589A provides network meas-
urements of group delay, polar
or Smith chart displays in either
50 or 75 ohm environments. The
analyzer also offers log sweeps
and has a 1 megohm input for
high impedance measurements.
HP Instrument BASIC is available
for use, and a standard PC key-
board can be used for program
creation and editing. The unit is
priced at $21,750, and the 50 and
75 ohm test sets are $3650 and
$4000, respectively.
Hewlett-Packard Co.
INFO/CARD #248

FETs Target
Commercial
Aﬁplications

e low cost NEC NE321 se-
ries now available from California
Eastern Laboratories is offered
in chip form (NE32100) and in an
epoxy sealed metal/ceramic pack-
age (NE32184A, available on
tape and reel). Applications from
0.5 to 13 GHz include DBS,
TVRO, MMDS or generic LNAs
and downconverters. Noise figure
at 12 GHz is 1.0 dB, typical and
1.2 dB, maximum, with available
gain of 10.5 dB, typical and 9.5
dB minimum. Fabricated with
mushroom shaped gates, these
FETs offer improved power han-
dling capability and decreased
gate resistance. Available from
stock, the NE32184A is priced at
$8.60 in 1000-piece quantities.
California Eastern Laboratories
INFO/CARD #247
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GPS Primary
Reference Source

Austron announces the availabil-
ity of their Model 2202 automatic
acquisition Global Positioning Sys-

tem (GPS) Satellite Time and
Frequency Receiver, designated
as a Primary Reference Source
(PRS) for telecommunications ap-
plications. This version is specifi-
cally packaged to meet Bellcore
standards. The Model 2202 pro-
vides a PRS that can interface to
any Stratum 2 node in the net-
work, using GPS signals cali-
brated by the U.S. Naval Obser-
vatory, which is traceable to the
National Institutes of Standards
and Technology (NIST). Accurate
primary standards assure slip-
free data transmission over the
telephone network. A loran C
option is available, providing an
additional reference that is statis-
tically combined with the GPS to
provide an optimum reference.
Austron, Inc.

INFO/CARD #1246
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SURPLUS SALES OF NEBRASKA

Available Now! In the USA, send
$3 for your copy via First Class Mail.
Payment is refundable with your first
$25 catalog purchase. Quality parts

available instantly, at reasonable
prices. What are your requirements?

TEN-TEC ENCLOSURES e« DIODES: PIN, MIXER,
VARACTOR, SCHOTIKY ¢ FINGER STOCK o
MICROWAVE: SOURCES, DETECTOR, DUMMY LOADS,
ATTENUATORS, CAPACITORS, SWITCHES, RELAYS o
TOROIDS « RF CONNECTORS, ANY KIND,
UTERALLY o MECHANICAL FILTERS ¢ RELAYS =«
INDUCTORS * SEMICONDUCTORS © TESTEQUIPMENT
¢ TWT « OSCILLATORS  RESISTORS ¢ TRANSFORMERS
* SWITCHES ¢ POTENTIOMETERS « SHAFT HARDWARE
* METERS » VACUUM RELAYS » VACUUM CAPACITORS
® TRANSMITTING COMPONENTS ¢ POWER SUPPLY
PARTS o CABLE » WIRE: ANTENNA, MAGNET, HIGH
VOLTAGE, TEFLON HOOK-UP » TUBES ¢ FEED-THRUS
* COMPUTER PARTS » TRIMMER CAPS o ANTENNAS
* EMIFILTERS » CORDS * RFI SHIELDING MATERIALS
¢ COAX * SOCKETS ¢ COPPERCLAD « WAVEGUIDE
¢ TECH SPRAY « CONNECTOR HOODS * CHOKES

Do you have surplus parts on hand ?
We purchase most varieties of excess
parts but specialize in RF types. Fax
or mail your list for a prompt bid or
call and ask for Bob. Thanks.

SURPLUS SALES OF NEBRASKA
1315 Jones St. * Omaha, NE 68102

402-346-4750 * faxi 402-346-2939
INFO/CARD 75

The Leader in Quality

We offer both custom and
standard products for the
ultimate in flexibility and

affordability.
We offer a wide range of
Locus STANDARD PRODUCTS:
Image ° va/)rd apglicgtiq(rjltsh undert1 %1021
i  Wide bandwidths, up to 280:
gg{ﬁgrﬁs B » High Image/Sideband rejection,
IS, up t0 55 dB, 80 dB with
Quadratures supplemental filtering
and I-Q ¢ Typical Quadrature Phase
Networks. Balance < 05 ,
We customize * Typical Quadrature Amplitude
to meet Balance < 0.5dB

We're problem’solvers. . . perhaps
we've solved it already. CALL for
information (814) 466-6275.

your needs.

See the Locus Difference

ELOCUS, Inc.
KAMAN

FAX 814-466-3341

PO. Box 740
State College, PA
16804 814-466-6275
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Hybrid Synthesizer
Gemtronic Engineering has in-
troduced a hybrid VHF synthe-
sizer in a 1 x 2 inch dual in-line
package. The module is com-
pletely self-contained, requiring
only an RF reference and a logic
input to set operating parame-
ters. Frequency range is + 20
MHz over the 50-300 MHz band,
depending on model. Step size
is 20 to 200 kHz and power output
is typically +3 dBm. Spurious
output is —60 dBc or better, and
phase noise is —70 dBc/Hz at 1
kHz offset, using a step size of
50 kHz. The price is $135 in small
quantities. Custom modifications
are available.
Gemtronic Engineering
INFO/CARD #245

SMT Inductor Kits
SMT inductor designer kits
meeting MIL-C-83446 are avail-
able from Vanguard Electronics.
180 degree C rated wire, welded
terminations, and lead frame de-
sign are features of these induc-
tors. They are available as induc-
tors or chokes for use in filters,
oscillators, and amplifiers. Induc-
tance values from 10 nH to 10
mH are provided in 10 percent
tolerance values. Pricing is from
$385.
Vanguard Electronics
INFO/CARD #244

Video Lowpass
Filters

Arco Electronics announces
the LP series of video filters for

|
|
|
|
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Standard and custom units fit
many video processing applica-
tions. Typical of the line is 5.75
MHz lowpass filter 4.2.2 with 40
dB attenuation at 8 MHz. In 100s,
the price is $65.00 each.

Arco Electronics

INFO/CARD #243

Power/Frequency

Instrument

EIP Microwave introduces a new
line of portable frequency count-
ers optimized for field mainte-

nance and repair. The Model 258
measures carrier signal fre-
quency and power level over 950
MHz to 20 GHz. Mode! 28B
extends the upper frequency limit
to 26.5 GHz. Both models have
inputs for IF or baseband fre-
quency measurements down to
10 Hz. Both include YIG preselec-
tors for accuracy and protection.
The Model 25B is priced at $4650;
the Model 28B is $5650.

EIP Microwave, Inc.
INFO/CARD #242

Variable Gain MMIC
The Avantek 1VA-05200 is a
variable gain amplifier with DC-
1.5 GHz bandwidth, differential
or single-ended input and output,
30 dB gain controllable over a 30
dB range. Supply voltage is 5
VDC, with 0-5 VDC control volt-
age. The IC has an MTTF of 2 x
10° hours at a junction tempera-
ture of 55C. In 100s the price is
$25.20 each.
Avantek, Inc.
INFO/CARD #241

1000 Watt Amplifier
A new 20-200 MHz amplifier
providing 1000 watts Class AB
linear power has been introduced
by Power Systems Technology.
RF input is 0 dBm for full power
output. VSWR protection and
graceful degradation of output in
case of transistor failure are pro-
tection features provided. Pri-
mary power is 380 VAC 50/60 Hz,
3-phase, 5-wire. IEEE-488 bus for
control and monitoring is an op-
tion.
Power Systems Technology
INFO/CARD #240

Directional Coupler
TRM, Inc. announces the
Model DC210 directional coupler,
operating over 10-2000 MHz with
20 dB coupling, flat to + 0.4 dB.
Insertion loss is 1 dB maximum,
VSWR is 1.2:1 maximum, and
directivity is 15 dB minimum.
TRM, Inc.
INFO/CARD #239

Narrowband SAW

Filter
The FB70-2.2 from Phonon
Corp. is a filter for 70 MHz
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narrowband applications. 1 dB
bandwidth is 2.2 MHz, with 40
dB rejection at 4.4 MHz band-
width. Spurious responses, all
non-harmonic, are suppressed
more than 40 dB. Insertion loss
is 24 dB maximum. Price of the
FB70-2.2 is $85.50 each in quan-
tities of 5.

Phonon Corporation
INFO/CARD #238

Coaxial Resonator

Oscillator
Communications Techniques
announces a series of phase
locked coaxial resonator oscilla-
tors operating at frequencies of
700 MHz to 3 GHz. The series

PCRO features a high Q resonant
circuit, low microphonics, low
power consumption, and excel-
lent phase noise. Overali dimen-
sions of the standard units are 2.5
x 2.5x 1.5 inches.

Communications Techniques, Inc.
INFO/CARD #237

High Current

Superconductors
HITC Superconco announces
commercial availability of high
current carrying superconductors.
The new MGA (Melt Growth Align-
ment) material has been tested
to show critical current of 3500
Amps/cm? at 77 Kelvin and
100,000 Amps/cm? at 4.2 Kelvin
in a one Tesla field. The material
is available in spheres, rods,
tubes, bars, discs or tiles.
HITC Superconco, Inc.
INFO/CARD #236

Lumped Element

Filters

Piezo Technology now has a full
complement of lumped element
filters, including lowpass, high-
pass and bandpass configura-
tions covering 2 kHz through 3
GHz. Products are available for
both commercial and DoD mar-
kets.
Piezo Technology, Inc.
INFO/CARD #235

RF Design

Encapsulating Epoxy

A new encapsulating epoxy
with a dielectric constant of 2.5
is introduced by Pinnacle Tech-
nologies. PTEB400 also has
nearly no linear shrinkage and a
specific density of less than one.
Pinnacle Technologies, Inc.
INFO/CARD #234

Vector Modulator

for DDS

Stanford Telecom STEL-1130
QAM chip can be used in con-
junction with the STEL-1177 quad-
rature FM/PM Numerically Con-
trolled Oscillator to generate sig-
nals with any modulation format
at frequencies up to 25 MHz. The
STEL-1130 offers 60 MHz through-
put, 12 bits linearity for AM and
PM, 16 bits for FM, offset binary
or two's complement at NCO
port, sum or difference of prod-
ucts, or individual outputs. Pric-
ing is $170 (1-9); $60 (1000s).
Stanford Telecom
INFO/CARD #233

Amplified Noise
Sources

Ultra-broadband noise sources
from Veritech Microwave provide
a wide range of Gaussian noise
in any frequency band between

-~

0.5 and 26.5 GHz. Thin film
technology allows excellent
power flatness over wide band-
widths. Customization is avail-
able, including digital or analog
attenuators and signal combiners.
Veritech Microwave, Inc.
INFO/CARD #232

High Voltage

Substrate

Cuflon HV has been developed
for high voltage, low loss applica-
tions. The substrate is pure PTFE
with a dielectric constant of 2.1,
and a breakdown of 2500 volts (5
mils thick), an improvement over
filled PTFE materials.
Polyflon Company
INFO/CARD #231

Timer/Counter
The Philips PM 6680 from
Fluke is a high resolution pro-

RF Design Software Service

This month’s program: RFD-0791

“A Comprehensive Filter Design Program’” by Mike
Elis, winner of the 1991 RF Design Awards Software
Contest. Designs passive Butterworth, Chebyshev.
Eliptic and Image-Parameter filters in highpass, low-
pass, bandpass. and band-reject configurations. Also
computes required filter order, Monte Carlo analysis,
and circuit analysis up to 25 nodes. Includes 30-page
manual. Hard disk recommended. Requires CGA, EGA
or VGA to display plots.

Call or write for a listing of all available programs

\We've Improved Our Service!
1} VISA and MasterCard are now accepted!

2

Order by telephonel Call (303} 770-4709 to place your
credit card order. (This is just for orders; address technical
questions to RF Design magazine.)

3

Better documentation! Every disk is shipped with a
copy of the RF Design article describing the program,
plus any material provided by the author.

4) Yes, we've raised the prices too. ..but it’s still a bargamn

compared to typing and debugging thousands of lines
of computer code!

New Prices

$15.00
postpaid. with article reprints

Each month'’s program(s)

$130.00
get each program ASAP

Annual subscription

Specify 3% or 5% inch disks

These prices include shipping to U.S. or Canadian addresses
Orders from other countries must add $8.00 per order for
extra shipping and handling

Payment Terms

Check, money order, VISA or MasterCard accepted for all
orders. Purchase orders from US. and Canadian companies
accepted for orders of $100 or more. Other foreign orders
must be pre-paid, with payment via charge card, check or
bank draft drawn on a bank located in the US.

RF Design Software Service
P.O. Box 3702
Littleton, Colorado 80161-3702
US.A.

(303) 770-4709
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...for high power density applications

Plate, barrel and feed-through capacitors for
a wide range of applications such as solid
state RF generators, RF suppression and HF
transmitters.

Capacitance: 1.510,000 pF - Voltage: 2-30 kVp
Power: 2-150 kVA - Current: 5-50 Arms.
Manufactured by Draloric GmbH. Call now
for information including special design
assistance.
109 Alfred Street, Biddeford, ME 04005-2526 - Phone:(207) 284-5695
A COMPANY 0 F

ALE

b
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Variable Capacitors

Standard Air Giga-Trim®
Capacitors Capacitors
W i
Thin-Trim® Seal-Trim®
Capacitors Capacitors
- B o
-8 7 .

M For use at VHF, UHF and Microwave Frequencies.

B Typical applications include oscillators, filters,
LNA's receivers and test instruments.

B Excellent characteristics include high Q and low TC.

Johanson Manufacturing Corporation
Rockaway Valley Road, Boonton, New Jersey 07005 U.S.A.
TEL: 201-334-2676 FAX: 201-334-2954
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RF products

continued

grammable timer/counter, offer-
ing built-in statistics and mathe-
matical functions. Basic fre-
quency range is 225 MHz, ex-
tendable to 2.7 GHz. High speed
measurements of 2000 readings
per second, along with internal
memory and math functions, al-
low analysis for frequency jitter,
including standard deviation, min/
max, drift, and other parameters.
Advanced triggering is included
for single-shot events. A com-
plete set of timing capabilities are
included, as well. Price of the
PM 6680 is $2000.

John Fluke Mfg. Co.
INFO/CARD #230

Vacuum Capacitors
High power vacuum capacitors
are available from Power Elec-
tronic Components for applica-
tions such as RF dielectric heat-
ing equipment, radio transmitters,

radar, and industrial power oscil-
lators. The VECO'™ line is avail-
able in voltage ratings of 7.5 to
32 kV, and capacitance values of
6 to 1000 pF. Introductory pricing
will be continued until September 1.
Power Electronic Components,
Inc.

INFO/CARD #229

HP 8510 Calibration
Kit

The new “C’” version of the
HP 8510 Vector Network Ana-
lyzer calibration kit is announced
by Maury Microwave. The kits are
available in all coaxial and
waveguide series currently of-
fered for the HP 8510A/B, includ-
ing 7 mm, 3.5 mm, Type N, TNC,
BNC, double-ridged waveguide,
and sizes from WR430 to WR10.
Other connector options can be
provided.
Maury Microwave Corp.
INFO/CARD #228

Digital Tuner for
VCO and Filters

The Model DCV008012 offers
+ 10 volts tuning range from an
8-bit TTL digital word. The circuit
operates in conjunction with a

12-bit D-A converter and a wide-
band, high slew rate operational
amplifier. Resolution is better
than 1 mV and settling is in 1
usec. Two EPROMSs are provided
to store VCO tuning characteris-
tics. Price is $99 in 100s.
Princeton Phase Locks, Inc.
INFO/CARD #227

Tetrodes for FM

Transmitters

Thomson Tubes Electroniques
now has a family of power tet-
rodes and associated circuits for
FM transmitters from 10 kW to

100 kW. All but the 100 kW
tube (TH 546), which uses
Hypervapotron® design, are
forced air cooled. High linearity,
high gain, and high stability are
features of interest to transmitter
designers.

Thomson Tubes Electroniques
INFO/CARD #226

Quartz Blanks

Bliley Electric Co. offers pure
Z growth cultured quartz in a
variety of lapped and cut formats
fo electronic and transducer ap-
plications. Bliley quartz is avail-
able in standard Q, Premium Q
and Swept grades. Angle orienta-
tion is established by X-ray in-
spection.
Bliley Electric Company
INFO/CARD #225

RFI- Reduction JFET

A new N-channel JFET in sur-
face-mount packaging is de-
signed to suppress RFIl in sensi-
tive detection equipment. By inte-
grating two resistors and two
MOS capacitors onto the chip,
the BFR200 adds a lowpass filter,
suppressing the 450-900 MHz
frequency range. In production
quantities, the BFR200 is priced
at $0.40 each.

Philips Components
INFO/CARD #224

SMT EMI Filters

SMT feed-through EMI filters
from Murata Erie incorporate true
“T" circuit elements to achieve
40 dB attenuation at 100 MHz.
Parallel capacitor values from 68
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pF to 4700 pF are available. The
devices are rated at 2 amps and
50 VDC.

Murata Erie North America
INFO/CARD #223

Power Dividers

The Vortex Model PDK-600
power divider covers 20 to 600
MHz with 35 dB minimum isola-
tion and 1.2:1 maximum VSWR.
Amplitude and phase balance are
0.2 dB and 2 degrees, respec-
tively. Packaging is a 3.0 x 1.0 x
0.5 inch case (less connectors),
with field-replaceable SMA jack
or plug connectors. Price is $275
($225 without connectors).
Vortex Microwave Corp.
INFO/CARD #222

Thin-Package
Crystals

Raltron announces a new
quartz crystal in an extremely thin
package for high density applica-

tions. The Raltron HC-52/U (also
known as the HC-45 slimline)
measures 2.3 mm in thickness. 5
MHz to 360 MHz crystals are
available in this package, with
pricing ranging from 1.90 to 6.00
each in 10,000 quantities.
Raltron Electronics Corp.
INFO/CARD #221

Medium Power

Attenuator

A 25-watt attenuator covering
the DC-18 GHz range is an-
nounced by Lucas Aerospace.
Model 46 includes N-connectors,
and attenuation values from 3 to
40 dB. Maximum VSWR is 1.2:1
DC-8 GHz, and 1.35:1 max. at
18 GHz.
Lucas Aerospace
INFO/CARD #220

In-Cable Filters
Micro-Coax Components offers
microwave filters integrated
within semi-rigid coaxial cable
for applications where space-
savings is desirable. Filters are
available in 0.085, 0.141 or
0.250 inch diameter cables, with
cutoff frequencies from 250 MHz

RF Design

to 26.5 GHz with up to 25 sec-
tions. Numerous connector op-
tions and PC board mountings
are offered.

Micro-Coax Components
INFO/CARD #219

Tuning Varactors
SOT-23 SMT packaged tuning
varactors have been introduced
by M/A-COM. The MA4ST400
series ion-implanted hyperabrupt
junction devices are designed for
octave-bandwidth tuning from HF
through UHF. Single and dual
common-cathode pairs are of-
fered with 10 to 47 pF total
capacitance and 6.0:1 to 9.5:1
capacitance ratio. Linear tuning
performance is available using 3
to 8 volts control.
M/A-COM Semiconductor Div.
INFO/CARD #218

Boron Nitride
Material

Boron Nitride ceramic sub-
strate material with increasing
mechanical strength with tem-
perature is offered by Carborun-
dum Co. Grade AXO5 can be
machined with standard ‘‘tool
steel” equipment. High resistivity,
dielectric strength and a low loss
tangent and dielectric constant
make the material suitable for
many microwave applications.
The Carborundum Company
INFO/CARD #217

RFI/EMI Filter

AN AC line filter with suppres-
sion of RF energy in differential
and common mode is offered by
Okaya Electric. The RAV-BG Se-
ries protects against surges to
15 kV. 3 and 6 amp versions are
available, with standard IEC con-
nectors and either solder or fas-
ton connection terminals. Pricing
is $16 to $18 in OEM quantities.
Okaya Electric America, Inc.
INFO/CARD #216

IF Signal Processor
Miteq announces a module
combining a logarithmic ampli-
fier, limiter and wideband dis-
criminator in a 6 x 3 x 0.8 inch
package. Designs are available
for 10-160 MHz with bandwidths
up to 40 MHz. Maximum log
accuracy deviation is + 1 db,
discriminator linearity is + 3 per-
cent, and the unit will handle
pulse rise and fall times 0 20 nsec
and 75 nsec, respectively.
Miteq
INFO/CARD #215

Are You Designing for the
Following Applications?

e GPS

e Wireless LAN

¢ Spread Spectrum
e Wireless Key

e Wireless ID

e Wireless P.O.S.

Penstock has the largest inventory of
RF/Microwave Semiconductors &
Components. Application Assistance is
just a phone call away

¢ Datasheets/Technical Assistance
e Overnight Delivery/No minimums
¢ FREE Product Selection Guide

CALL
1-800 PENSTOCK
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The next time something brilliant strikes you, think

E.E Johnson electronic components. They’re truly in-
spirational. For the distributor nearest you, call 1-800-

&

247-8256. Demand the
best. Specify E.E Johnson.

E.F JOHNSON’

€1991, EF. Johnson, Inc
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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
1KHz-18GHz, H-Field 20 Hz-50KHz and conducted 20Hz-100MHz

testing. Antenna factor calibrations are provided with each antenna.

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

MODEL # FREQ. RESP. DESCRIPTION MODEL # FREQ. RESP DESCRIPTION

SAS-200/510 1800 MMz Log Persodic SAG-200 542 20- 300 MH:  Bicomcal Fokling

gg:ooml : Log :»m SAS-200850  001- B0 MMz Active Mondpoie
200312 200- Lag Persooie SAG-200860  por MIL-510-461 Loop- Ervahion

BAS 200518 - Log Periadic SAS-200:561  nat MIL-STD-461 Loap - Kaliatin

SAG- 2001630 « 550 Mz Breadband Depgie pratiiod
i . ;mum Bicanical 9 BEP-2004810 20 Mz~ 1 MHz Lf Curcgnt Probe

+ 300 Mhz  Bican’| Colupaiie BOP-200/511 100 KM2 100 Mz W VHF St Frode
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A complete line of kits
with upper limits to
18GHz that satisfy FCC,
VDE, and MIL-STD 461
specifications, and more.

_ Available now from your
source for the finest

EMI test equipment and
accessories.

AH Systems

9710 Cozycroft Ave
Chatsworth, CA 91311

Tel: 818 998-0223
Telex: 182 640 WKVG Fax #: 818 998-6892

AR

SYSTEMS
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RF emc corner

1992 European EMC Requirements
for Susceptibility

By Gary A. Breed
Editor

Much has been written about the
European Economic Community’s Di-
rective 89/336/EEC, but continued at-
tention to EC92 is required because of
its far-reaching economic implications.
For those readers who are primarily
design engineers, not EMC specialists,
this report will offer some insight into
susceptibility regulations that will af-
fect their design tasks in the near future.

asically, the 1992 European Com-

munity directive requires minimum
standards for emissions, and immunity
(susceptibility) to both RF fields and
electrostatic discharge (ESD). The an-
ticipated standards represent tougher
EMC requirements for manufacturers to
meet, and in the case of immunity,
completely new requirements for nearly
all consumer electronics sold in Europe.

CENELEC Committee TC110 has the
responsibility for establishing standards
for immunity to both electromagnetic
fields and electrostatic discharge. Early
in the process, it was made very clear
that immunity to RF fields was an impor-
tant issue to the drafters of EMC policy.
In the proposed standard, the regulated
frequency range is 9 kHz to 400 GHz,
with specifications drawn from existing
IEC 801-3 and 801-6, including modifica-
tions currently proposed by the IEC.

Since immunity standards represent
an entirely new set of mandated per-
formance requirements, they are receiv-
ing much attention. Test laboratories,
military equipment manufacturers, and
only a few others have been working
with immunity performance and meas-
urement techniques readily adaptable
to new EC requirements. Many commer-
cial and consumer equipment manufac-
turers do not have experience in design-
ing to meet immunity standards. This
group will have the difficult task of
rapidly acquiring immunity control engi-
neering skills. Table 1 is a brief summary
of the immunity requirements.

The proposed standard for immunity
to radiated fields, EN 55 101-3, estab-
lishes test methods and limits. Again,
the scope of the regulation is 9 kHz to
400 GHz, with standards currently ap-

RF Design

plied only to 80-1000 MHz. Over this
range, the field intensity that the EUT
must be exposed to is 3 V/m, amplitude
modulated (80 percent modulation
depth) with a 1 kHz sine wave.

The performance limits of the EUT
under these conditions are of two types.
First, the function of the EUT must not
be impaired; i.e. no malfunction or data
loss in digital equipment, and no change
in operation of analog-based equipment.
The second standard applies to the level
of the demodulated 1 kHz tone in analog
equipment, which must be 40 dB below
normal signal levels in the EUT. It is
prudent to note that this —40 dB require-
ment might be acceptable for power
supplies and telephone equipment, but
it is not sufficient to avoid affecting the
performance of most data acquisition,
instrumentation and audio equipment.

The field generated must be a minimum
of 3 V/m over the plane which includes
the front, or nearest surface, of the EUT,
using both vertical and horizontal polari-
zations. This differs from previous work
by CISPR which requires a 3 dB field uni-
formity within the volume containing the
EUT. Under the proposed standard, cali-
bration of the field intensity levels is re-
quired at 10 MHz intervals between 80
and 200 MHz, every 25 MHz from 200 to
500 MHz, and at 50 MHz intervals between
500 and 1000 MHz. The test setup calls

cycle. Not final.

A) 50 Hz power frequency magnetic field.

B) RF electromagnetic field, AM modulated: 80-1000 MHz, 3 V/m unmodulated
field intensity, 80 percent modulation depth. Reference IEC 801-3 Draft 3.

C) RF electromagnetic field, pulse modulated: 2.45 GHz, 10 V/m, 1 percent duty
D) Electrostatic discharge: 4 kV peak (Contact Discharge), 8 kV peak (Air
Discharge). Reference |IEC 801-2 Draft.

E) Electrostatic Discharge: 2 kV peak (Contact Discharge), 5 kV peak (Air
Discharge). Reference IEC 801-2 Draft.

(Two ESD standards exist for differing performance levels.)

for testing inside a TEM cell, or in a
shielded chamber with absorber lining.

These new standards will increase the
cost and time of development of elec-
tronic equipment. However, industry
and consumer groups are beginning to
realize that the still-growing use of
electronic devices in the home and
office requires attention to immunity.
Much of the electronics used for every-
day communications, convenience and
entertainment can be easily disrupted
in RF fields that are modest compared
to the 3 V/m proposed in EN 55 101-3.
For this reason, realistic immunity per-
formance standards would be welcome.

Another issue that will eventually be
addressed is the frequency range pro-
posed, particularly at the lower frequen-
cies. Outside the 80 MHz lowest test
frequency lie many European radio
services, including medium-wave and
short-wave broadcast, aviation and mari-
time communications and navigation,
amateur radio, and various mobile com-
munications. Most discussions have sug-
gested that 30 MHz be considered a
more realistic lower limit, the same as
for radiated emissions.

ESD Immunity Requirements
Preliminary standard EN 55 101-2

covers ESD performance, based on IEC

801-2. The basic human body model is the

Table 1. Immunity to radiated interference — types of fields and basic
performance requirements. Note that some standards are still under

development.
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SINGLE LAYER CHIP CAPACITORS

* Hi-Rel Applications

Type A
250V

* Safety Margin around top
¢ Top: TiW/Au
Bottom: TiW/Pt/Au

TECDIA

Type B
250V

* Hi-Quality Applications

¢ Safety Margin around top & hottom
¢ Top: TiW/Au
Bottom: TiW/Au

¢ Commercial Applications

Type C
100V

* Solderable

¢ Top: TiW/Pt/Au
Bottom: TiW/Pt/Au

2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043
Tel. (415) 967-2828 Fax (415) 967-8428

For more information about Tecdia and a copy of our New 1991 Catalog,
circle Reader Service Number 45.

« Low Phase Noise
Crystal Oscillators

« High Stability
» Low Cost
« Fast Delivery

AT SC
Size Temp. Stability* Power Consumption

Streamliine 225x225x1" +5x10¢, 515105 <6 W Warm-up

0° to +50°C  0° to +50°C <2.5W at 25°C
Small Fry 15x15x3 +1 x 109, +1x10%, <4 W Warm-up

0° to +50°C  0° to +50°C <1 Wat25C
Time Keeper 2x2x 4" 11 x 108, +2x10°, <4 W Warm-up

0" to+50°C  0° to +50°C 1.4 at 25"C

* Wider temperature ranges avallable

Phase Noise 5 MHZ
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For complete information on this and other oscillator products please

contact our sales engineers at:

Wenzel
Associates

Quietly the best

14050 Summit Drive, Austin, Texas 78728 -

512-244-7741 + Fax 512-244-9338
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150 pF/330 ohm circuit, with well-defined
waveform parameters. The current peak
after a specified 0.7-1.0 ns risetime is
11.25 amperes, with decay parameters
of 6 amps at 30 ns and 3 amps at 60 ns.
Immunity levels are set at 3 kV pulse for
the Contact Discharge method and 8
kV for Air Discharge testing.

Contact Discharge testing is empha-
sized, except where contact is not
possible, as is the case with fully
insulated enclosures. For such non-
conductive situations, 10 discharges at
each point are required. Where conduc-
tive test locations are available, the
proposed specification calls for 50 dis-
charges at the three points with greatest
sensitivity, and 50 discharges applied
to a coupling plane placed atop the test
stand, under the EUT.

Since IEC 801-2 is well-known, there
may not be much new in the ESD portion
of the 1992 comprehensive standard.
However, some minor differences will
undoubtedly surface. The number of dis-
charges and the tolerance in the wave
shape may vary from 801-2 standards,
but these are extremely minor. With the
emphasis on Contact Discharge testing,
the determination of discharge locations
on the EUT may be redefined form
current ESD measurement standards.

The proposals outlined above are
specifically directed at information tech-
nology equipment. EMC performance
requirements for other types of equip-
ment will generally follow these stan-
dards. Proposed standard EN 50 081 is
a universal set of standards intended to
apply as generally as possible to all
types of electronics. To achieve this kind
of generality, EN 50 081 defines the EUT
in terms of AC and DC power ports,
signal ports, plus radiation through the
enclosure.

Concern Exists About Certification

Of greater concern than the actual
standards are testing procedures and
the process of obtaining approval for
testing performed in U.S. laboratories.
As the proposed rules are drafted, only
European laboratories are assured of
approval for EMC testing. Limited ac-
cess to testing means limited access to
the European electronics market. At
best, U.S. test labs may be able to
perform testing directly, or on a contract
basis overseen by European laborato-
ries. At worst, the implementation of
these EMC regulations will result in de
facto barriers against all electronic equip-
ment manufactured (and tested for EMC
compliance) outside Europe. RF
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RF couplers

Broadband RF Transformer
Directional Couplers

By Mark McWhorter
Lorch Electronics

Directional couplers play an essential
role in the design of radio communica-
tion systems. A directional coupler sepa-
rates and samples signals based on the
direction of signal propagation. The
engineer uses these devices to un-
equally split the signal flowing in the
mainline and to fully pass the signal
flowing in the opposite direction. Well-
known published articles describe cou-
pler theory and applications.

imple and inexpensive to fabricate,

VHF- and UHF-band directional cou-
plers are packaged as off-the-shelf items
by numerous vendors. Directional cou-
plers, however, can be built from mate-
rial typically costing one-tenth the price
of commercial packages. This article
intends to provide theoretical and
practical design information to aid the
engineer in the expedient and inexpen-
sive fabrication of broadband RF trans-
former directional couplers for system
requirements.

Theoretical Equivalent Circuit
Model Analysis

The broadband RF directional cou-
pler shown in Figure 1 depicts two
identical transformers wound on mag-
netically isolated cores represented by
primary inductance L, and secondary
inductance L,. Port A is driven by
voltage V,  with a source impedance of
Z, ohms. Ports B, C and D are termi-
nated in Z,, Z and Z, respectively
(typically 50 ohms each), resulting in the
equivalent circuit of Figure 2. The main-

Figure 2. Directional coupler equivalent circuit.

line energy path is Port A to Port B.
Power from the mainline is coupled to
Port D as a function of primary and
secondary inductance. Port C is isolated
from Port A. Because the coupler exhib-
its reciprocity, power on the mainline
flowing from Port B to Port A will be
coupled to Port C, isolating Port D.
Loop analysis of the equivalent circuit

for this four-port device reveals the
following set of equations derived from
Kirchhoff's Voltage Law, resulting in the
matrix equation in the form [Z]{l] = [V].

Looprif SVt (ZIetiZ Etuicol8)
M
+ 1,2, + ljoM = 0

u T

A m— LML OB

Figure 1. Broadband RF direc-
tional coupler.

RF Design

PdakdB)

N L, 2K P,,(dB) Input VSWR
1 1 0.500 ~3.01 -3.01 2.00:1
2 4 0.800 -0.97 -6.99 1.25:1
3 9 0.900 -0.46 -10.00 TN
4 16 0.940 ~0.26 ~12.30 1.06:1
5 25 0.960 -0.17 ~14.10 1.04:1
6 36 0.973 -0.12 ~15.70 1.03:1
8 64 0.984 -0.07 ~18.30 1.02:1

10 100 0.990 ~0.04 ~20.00 1.01:1

12 144 0.993 -0.03 -21.60 1.01:1

15 225 0.996 -0.02 ~23.50 1.00:1

Table 1. Theoretical coupler performance.
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Loop 2: -V, + 1,Z, + I(Z, + jwL,)
)

Loop 3: hLjwM + 1,(Z, + jwL,)

~ ljwM =0

+1,2,=0

Loop 4: —ljwM + |,Z,
4
+ (2, +Z, +jwl)=0

Inductive coupling between the primar
and secondary is related by M = kyL L.

(3) where k is defined as the coupling coeffi-

cient, possessing a value approaching

AT LAST,

ALL TOGETHER, IN ONE HANDY VOLUME
THE BEST ARTICLES FROM RF DESIGN,
ON OSCILLATOR DESIGN.

No more clipping, no more copying, no more scavanging
for back issues. No more trying to remember where you
read it. This handy booklet comains our best original
articles featuring oscillator design...compiled from current
issues of RF Design magazine.

This complete section of articles will tutor beginners, and
keep current designers up to date on the latest techni-
ques. It includes articles that will solve day-to-day design
problems...help with analysis and specification...and help
even the most skilled engineer improve the efficiencies
and versatilities of his designs.

And, best yet, if we receive your order by April 1st,
you will receive this softbound booklet for as little as
$24.95 per copy. . .a savings of up to 37%. But you
must order today. . .quantities are limited. (/n a rush? Call our ‘‘circulation’’ department at
303/220-0600, and order today.)
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@ $24.95 each, plus $350 total shipping*.
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Loop currents are found by solving for
the matrix [l], and the actual input,
output, coupled and isolated port cur-
rents are derived from the following
relationships:

a 1

+1, (Input Port Current) (5)

(Output Port Current) (6)

—(l, +1,) (Coupled Port Current) (7)

(Coupled Port Current) (8)

If the coupler is designed to operate at
frequencies such that wl, is orders of
magnitude greater than Z, k is set to
equal 1,and Z, = Z_=Z = Z , then the
solution for the port currents is reduced
to:

Xy de Sl

s = <Zo> (L11+ 2L22> ®)
Vin . CES

b <‘z;> (L';+ 2L2> o

I.=0 (11)

= Vin M 12
= \z, J\T+2, i

Voltage at each port can now be ex-
pressed as follows:

VL,
= . A1), 20 B 1
Va [EE el (13)
V. L
- in—2 14
Vo LRt (14)
V.=0 (15)
v, = Y 16
4 T o
Impedance looking into each port:
Vv L
Z=-23=272[—2— (17)
=il < <L1 e L2>
Y
Z =—=27 (18)
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N
0
A
n

N

(19)

Power at Port A:
Pa o Vala

o -t (EEALY)
- <z_> L, <—————(L1 = 2L2)2> (20)

Power leaving the remaining ports:

P = Vb2 e Vln2 L22 21
e | v F L, VAL e

(22)

P -~ de o Vin2 L1L2 23
ot s e R

The ratio of the power out of Ports B, C
and D to the power into Port A:

ESAL 24

ba L +L, (24)

P,=0 (25)
Ll

Pua T (26)

Discussion of Theoretical Circuit
Analysis

The preceding equations show that
the input port to the coupler will be
well-matched when L, >>L,. If L, =L,,
the input impedance drops to one-half
the source impedance, resulting in a
voltage standing-wave ratio (VSWR) of
2.0:1. The equations also show that Port
B and Port D will always be matched to
Z,. With Port A configured as the input,
Port B becomes the mainline or thru-
path output. Port C is isolated from Port
A, and Port D becomes the coupled
output.

Equation 26 shows that the system
designer is not limited to popular catalog
coupling values, but can tailor a device
within the practical limits of L, and L,.
These equations assume perfect or unity
coupling (k=1) between transformer pri-
mary and secondary. The inductance
ratio between L, and L, is defined by the
turns ratio N, where N =/L_/L,. Theoreti-
cal coupler performance is presented in
Table 1. A Touchstone® model using the

RF Design

“XFERP” element was analyzed to
further verify this analysis.

Results of Experimental Devices
An experimental 10 dB coupler was
fabricated using a Siemens B62152-
A0008-X030 double-aperture core. Each
primary consisted of one turn of #33
Formvar-coated magnet wire. Each sec-
ondary consisted of three turns of #38

Formvar-coated magnet wire. A winding
diagram and test results are shown in
Figure 3 and Figures 4a-d, respectively.
This coupler has been used in +31 dBm
continuous wave (CW) and 1 percent
duty cycle 50W pulsed-power applica-
tions with excellent performance in the
10-1000 MHz band.

Additionally, an experimental 20 dB
coupler was fabricated using two Mi-

Generate DSB, SSB
or AM Signals Digitally

Thenew STEL-1130 QAM chip can

STEL-1177 Quadrature FM/PM

Digital Synthesis tech-
nology. Linearity of

be used in conjunction with the
NCO to generate signals with any

modulation format at frequen-
cies up to 25 MHz using Direct

ASIC

EE3  7he STEL-1130

Quadrature Amplitude Modulator,
Dual Multiplier + Adder/Subtractor
with 60 MHz Throughput!

Typical Applications:

Instrumentation, radio transmit-
ters, modems, and numerous DSP
applications including high-speed
FFT processors.

ASIC & Custom Products Group
2421 Mission College Bivd.,

12 bits for AM and 3 Santa Clara, CA 95056
i t : g

PM 'and 16 bits for Pr(‘jjlg‘t‘; Tel: (408) 380-5684

FM is offered. roup Fax: (408)727-1482

STAN FORD
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Figure 3. Typical winding for broadband 10 dB coupler at RF.

1A
OUTPUT

A
ISOLATED

crometals T25-0 phenolic toroids to
investigate high-frequency limitations of
the device. Each primary consisted of
one turn of #32 silver-coated. Teflon-
insulated magnet wire. Each secondary
consisted of 10 turns of #36 Formvar-
coated magnet wire. This coupler has
been used in +36 dBm CW and 1
percent duty cycle 180 W pulsed-power
applications with excellent performance
in the 500-2200 MHz band.

In general, a coupler can be fabricated
using two shield beads, toroids or a single
balun core. Low-frequency response is
dictated by the ferrite material charac-
teristics and core ‘‘form factor.”” High-
end response is partially governed by
total wire length, since the core effects
are no longer dominant in this frequency
range (4). Interwinding capacitance, leak-
age inductance, copper losses and
transformer coupling below unity (k < 1)
also degrade high-end performance.
Properly built devices can achieve good
performance exceeding two decades.
Power-handling capabilities of 1000 W
CW have been reported (3).
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Figure 4. 10 dB coupler prototype,
(a) coupling A to D, (b) insertion
loss A to B, (c) directivity B to D,
(d) return loss.
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FILTERS

TEMEX ELECTRONICS, INC.
5021 N. 55th Ave. #10 Glendale, Az. 85301

(Tel) 602-842-0159
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* Based on Quantity 1000 of QUALCOMM dual DDS Q23341-20N.

The best just became less.

Direct Digital Synthesis has
never been so affordable!
Only with QUALCOMM
can you design an advanced
synthesizer for under $10
per DDS .

QUALCOMM's dual DDS
IC package offers you two
synthesizers. With two
independent DDSs,
quadrature channels,
timing/clock recovery loops
and other applications can
be generated from a single
IC package.

Even if you require a single
DDS output, at $17.90 per
package*, QUALCOMM's
dual DDS is less expensive

than any other single-output
DDS available!

Moreover, QUALCOMM's
Q2334 full-custom DDS is
not a stripped-down
synthesizer.

Available in clock
frequencies up to 50 MHz,
the Q2334 includes 32-bits
of phase & frequency
resolution, patented Noise
Reduction Circuitry to
reduce spurs, and full FSK/
PSK modes.

QUALCOMM is dedicated
to providing you with the
highest performance, lowest
priced synthesizers
available.

Please call or FAX us for the
new Q2334 DDS technical

/ z'q data sheet.

UALCO/MW

“the elegant solution”
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VLSI Products Division
10555 Sorrento Valley Road
San Diego, CA 92121 USA

TEL: 619-597-5005

FAX: 619-452-9096
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Data shows that the coupler should lie
over the ground plane (especially at
frequencies exceeding 500 MHz) to help
terminate extraneous fields, which de-
grade loose coupling performance and
isolation. Toroidal forms with a relative
permeability of one have been shown
to perform well for 20 dB couplers in
systems exceeding 2000 MHz. Lower
frequency devices perform well with

initial permeabilities between 300 and
5000. Small shunt capacitance to ground
(typically 3Z < Z < 6Z) at Ports B
and/or D can be used to improve match
and directivity at the expense of band-
width. At higher frequencies, lead length
must be kept to a minimum to limit
parasitic inductance. To achieve broad-
band performance, ground connection
lengths must be minimized.

Good Sines &
Bad Signs

Looking for a low-noise, fast-switching signal source?

Good Sines MV

Whether it's automatic test equipment, satellite uplinks,
EW communications or imaging systems, Programmed
Test Sources has a frequency synthesizer to fit your
needs. GE MRI units, Teradyne Testers, Varian Spec-
trometers . . . all use PTS synthesizers.

Bad Signs $38
And while other manufacturers have big dollar signs, PTS
synthesizers start as low as $1,950.

PTS manufactures a complete line of precision synthes-
izers covering the 100 KHz to 1 GHz frequency range with
switching times as fast as 1u second for our direct digital
models. And plenty of other options as well, like resolution
down to .1 hertz (millihertz available as special order),
GPIB and digital phase rotation.

Just as important, along-with every PTS synthesizer

comes our “absolutely everything covered” 2-year
warranty. At the end of two years comes our flat $350
service charge for any repair up to the year 2001! PTS has
a commitment to quality you won't find anywhere else.

Find out how PTS synthesizers used the world over can
help you in for your application today. Call for our complete
catalog, or to talk to an applications engineer.

Call (508) 486-3008 Fax (508) 486-4495

=

PROGRAMMED TEST SOURCES. Inc
9 Beaver Brook Road, P.0. Box 517, Littleton, MA 01460
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Increasing the number of turns in the
primary is limited by the number of wires
that can fit through a small core. Unbal-
ancing the secondaries by adding an
additional turn to only one secondary
results in a coupling ratio different than
those listed in Table 1, without severe
directivity degradation. Changing the
diameter of the primary wire relative to
the secondary wiring changes the cou-
pling by tenths of a dB. Using heavier
gauge, Teflon-sleeved, silver-plated mag-
net wire for the single-turn primaries
reduces mainline insertion loss and
improves power-handling capability. The
isolated port should connect to a good
Z,ohm load impedance, such as a small
thick-film chip resistor. A small capaci-
tor, such as an ATC100-series 0.5-2 pF,
can be connected in parallel with the
resistor to optimize directivity. By elimi-
nating the load resistor, the directional
coupler can be used as a four-port,
dual-directional coupler.

Conclusion

Directional couplers for broadband
VHF/UHF applications are analyzed us-
ing transformer theory and can be
fabricated quickly and inexpensively.
Well-designed directional couplers per-
form across two decades of bandwidth,
and the engineer can fabricate his own
device to exact requirements for a wide
range of applications. RF
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THE LIBRARY FOR BACK ISSUES!
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RF DESIGNS’ FILTER HANDBOOKS

Each handbook contains 80 compiled
pages of our best (and most requested)
articles on Filter Design, and Filter Appli-
cations. These Filter articles and tutorials
come directly from the pages of RF
Design magazine, and are written by

ign
experts from across the RF industry. Each Dandoook \\
Handbook is filled with articles that tar-
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Filter performance at the most complex Volume | Volume I
level. Filter Applications Handbook Filter Design Handbook

Use the handy coupon below, or simply call your order into

our Circulation department @ 303/220-0600.
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WHAT WOULD YOU CALLA
MICROWAVE MATERIAL WITH
THE BEST PROPERTIES OF
CERAMIC AND PTFE?

ROGERS CALLS ITTMM !

Introducing the new TMM Family of
Microwave Materials.

You've been looking for a product with stability over a
wide range of temperatures, like ceramic, as well as
manufacturing ease and design flexibility, like PTFE
based soft substrates. Now, Rogers provides the best of
both in TMM Microwave Materials.
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Temperature Stability

TMM Materials are electrically and mechanically
stable, with a flat thermal coefficient of dielectric
constant and a coefficient of thermal expansion (CTE)
matched to copper.

Manufacturability

Like ceramic, TMM Materials have excellent properties
for wire bonding. And like soft substrates, they are
capable of printed circuit processing (without sodium
etching) and machining.

TMM and RT/duroid are trademarks of Rogers Corporation

Design Flexibility

Like soft substrates, TMM Materials are available in a
wide range of dielectric constants: 3.25,4.5, 6.5 and 9.8.
They are available with any metal cladding found with
RT/duroid®substrates, in large panel sizes, and in
thicknesses from 0.015" to 0.500".

As microwave science takes us into the future, be sure
TMM Materials from Rogers are along for a cool,
smooth ride.

For more details on TMM, call or write today.

Technology for tomorrow built on TQC today.

© ROGERS

Rogers Corporation

Microwave & Circuit Materials Division

100 S. Roosevelt Avenue

Chandler, AZ 85226

Tel: (602) 961-1382 FAX: (602) 961-4533

Rogers Japan Inc., Tokyo; Tel: 03-435-1951
Mektron Europe, Gent Belgium; Tel: 32-91-353611
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RF product report

RF Transistors — Staying on
Top of Technology

By Gary A. Breed
Editor

F transistors, both power and small-

signal types have seen constant
improvements over the past several
years. At times, the pace of development
has been extremely fast as new ideas go
to market. Makers of RF transistors have
seen their business fueled by military
radar and communications systems,
mobile radio applications including cel-
lular telephones, medical and industrial
applications, and consumer entertain-
ment and convenience products.

In the small-signal realm, we can
divide the products into two categories:
general purpose devices and high per-
formance devices. Of course, a number
of products include both. General pur-
pose RF transistors are used extensively
in consumer and commercial equip-
ment, aithough replacement with inte-
grated components continues to erode
their market position. Applications range
from simple oscillators for remote con-
trol devices (the *‘garage door opener”
class of products) to radio and television
receivers, cordless telephones, mobile
radio equipment, instrumentation, and
many other products. In consumer and
low cost commercial equipment, transis-
tors will continue to be used instead of
ICs where they more readily achieve
electrical performance like isolation and
signal handling capability. Also, they
continue to be used where re-design for
IC technology is judged not to be
cost-effective. Major suppliers of gen-
eral purpose small signal RF transistors
are Motorola, Siemens, Philips, SGS-
Thomson, NEC, Matsushita, Samsung,
Mitsubishi, Toshiba, and others.

High performance small-signal tran-
sistors, silicon and GaAs devices, have
well-specified parameters which allow
them to be selected by designers for
optimum performance in RF systems.
Noise figure, gain, stability, frequency,
and of course, cost all are considera-
tions. For example, new low cost GaAs
FET transistors for microwave applica-
tions have recently been introduced by
NEC (distributed in the U.S. by Califor-
nia Eastern Laboratories). Silicon de-
vices have been rapidly developed by

RF Design

Transistor makers are working toward
higher power and higher frequencies,
like this 250-watt push-pull VHF device
from Philips.

companies like Avantek to meet the
technology challenge that GaAs FETs
brought about a few years ago. Estab-
lished leaders such as Mitsubishi and
Hewlett-Packard are active, and new
firms like Bipolarics are looking for a
place in the market.

The newest developments in the
market include Global Positioning Sys-
tem (GPS) receivers, consumer equip-
ment such as satellite TVROs and CATV
converters, plus commercial wireless
local area networks (LANs) and high
performance instrumentation. High per-
formance RF transistors are needed for
military applications; in communications,
radar and countermeasures, where well-
defined performance is required.

RF Power Transistors

In the power transistor arena, devel-
opment of basic device technology and
fabrication techniques have been the re-
cent focus. Static induction transistors
have come and gone from the headlines,
while silicon FET devices have become
solidly entrenched as the choice for HF
and VHF devices. Motorola leads the
market at the lower end of the radio spec-
trum, with competition from Philips,
SGS-Thomson, and M/A-COM PHI. At
VHF and UHF, competition is fierce, with
these companies being challenged by
newer firms like Semetex and PolyFet
RF Devices, both with gold metallized
silicon FETs. Some of the products of for-

mer transistor maker Acrian are being dup-
licated by new firms RF Products and
GHz Technology. Other players in this
frequency range include Mitsubishi and
Toshiba.

The UHF to low microwave frequency
range is easily the hottest slice of the
RF market. The most promising emerg-
ing product technologies operate in this
range. Cellular radio, Part 15 spread
spectrum devices, GPS receivers, pro-
posed new-generation cordless tele-
phones (CTIl) and personal communica-
tion system (PCS) applications all oper-
ate in this range. Scientific applications
are more visible than ever, although
they make up only a modest part of the
market. High energy physics uses VHF
and UHF power amplifiers to accelerate
particle beams and excite lasers.

Military systems are still a significant
market for RF transistors of all types.
Upgrades of basic communications equip-
ment are still underway, requiring both
small signal and power devices, primar-
ily in the VHF and UHF frequency range.
Radar and countermeasures systems
have not been completely cut off by
recent budget limitations, particularly for
the highest performance systems. Al-
though the quantities of parts shipped
for military programs is certainly down,
the development of more capable de-
vices and their applications continues.

Summary

Discrete transistors continue to be
essential to the RF industry. The rise of
highly integrated circuit functions has
certainly cut down small signal applica-
tions, but overall growth has made up
much of that reduction. Power transis-
tors are stronger than ever, as they
reach higher frequencies, higher power,
and achieve greater reliability. Transis-
tor development is as active as ever,
with most manufacturers reporting con-
siderable work on fabrication techniques
to enhance yield and reliability. RF

For reprints of this article, call Cardiff
Publishing Company at (303) 220-0600.
Ask for the Circulation Department.
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CERAMIC RF CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

\S) JENNINGS

A LEAR SIEGLER COMPANY

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES INC

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759
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INTERNATIONAL CRYSTAL
MANUFACTURING CO,, INC.
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RF software

IEEE Standards on CD-ROM

IHS now offers the full text of IEEE
standards, including illustrations, diagrams,
graphics, charts and figures on CD-ROM and
combines it with search and retrieval soft-
ware. It allows users to locate standards
documents by single and combination key
words, organization names and document
numbers. Full-text facsimile pages can be
viewed either one or two pages at a time,
rotated for easy table and figure reading, or
zoomed to read small print and drawings.
Information Handling Services
INFO/CARD #214

Electromagnetic Simulation of
MMICs

EMSim® 3.0 is a product upgrade for the
electromagnetic simulation of linear, multiport
MMIC and MIC components. By graphically
representing a circuit as regions of intercon-
nected charges, EMSim 3.0 simulates circuit
operation through a basic field theory ap-
proach which allows the designer to explore
electromagnetic interaction over an entire
planar circuit. Structures analyzed by EMSim
can include a ground plane, two conductor
layers and up to three separate dielectric
layers. Lumped capacitance, resistance, and
inductance elements can be embedded be-
tween internal circuit connections.
EEsof, Inc.
INFO/CARD #213

Automatic Frequency Planning
LCC Incorporated recently introduced an
expert system that allows cellular system
engineers to automatically generate fre-
quency plans. The Automatic Frequency
Planning (AFP) tool is an additional module
to the Advanced Network Engineering Tools
(ANET) RF engineering software. In conjunc-
tion with ANET, AFP can generate an initial
plan for a brand new system or reconfigure
a frequency plan for an existing system.
LCC incorporated
INFO/CARD #212

SPICE Models

A free disk containing SPICE models of
Analog Devices’ IC amplifiers is now avail-
able. The disk contains 176 models, with a
hard copy list attached. The library includes
both current- and voltage-noise models for
some of the devices; also included are
models of two instrumentation amplifiers. The
models come on a single |IBM-compatible
high-density disk.
Analog Devices, Inc.
INFO/CARD #211

Cellular Test Software

Marconi Instruments has released two new
software suites aimed at the new USA
N-AMPS (Narrow band AMPS) protocol and
the equivalent N-TACs (Narrow band TACS)
standard used in Japan. All tests required for
installation and maintenance of the systems
are performed. An upgrade program that
provides N-AMPS and/or N-TACS test capa-

bility for current users of Marconi cellular test
systems is available through the factory
service center.

Marconi Instruments

INFO/CARD #210

Wideband Optimization Program
HEPA-OPT/WB, a new program in the
HEPA (High Efficiency RF Power Amplifier)
series, optimizes RF power amplifier design
across a user specified frequency band.
HEPA program modules predict transistor
capability, design a circuit for a specified RF
output power and frequency band, simulate
the circuit to yield voltage and current
waveforms and frequency spectra, dc input
power, RF output power, efficiency and
power dissipation in each circuit component,
and optimize the design. The program can
run on an IBM-compatible 386 or 286 ma-
chine with at least 512 RAM. Cost is $995.
Design Automation
INFO/CARD #209

Analog and Mixed Signal Circuit

Simulator

Anacad Computer Systems has introduced
two new circuit simulators: ELDO and FI-
DELDO which are non-SPICE derived simula-
tors. Release 4.0 of ELDO includes numerous
tools for special purpose tasks such as
functional macromodels, timing simulations,
cell optimization, digital signal processing,
user definable models. FIDELDO combines
ELDO with the logical and functional FIDEL
language. The two simulators are currently
running on SUN, HP/APOLLO, DEC and
CONVEX platforms.
Anacad Computer Systems
INFO/CARD #208

Optimizing Preprocessor for S/
FILSYN Users

A major upgrade, “‘Optimizing”’ Preproces-
sor, is now available at no charge to S/
FILSYN users from DGS Associates, Inc.
Users of the program can specify arbitrary
passband loss and delay shapes for analog,
digital and microwave filter circuits. The
optimizer works well with passive LC, active
RC and digital and microwave filters. The
“Optimizing"” Preprocessor program will be
shipped free of charge to current S/IFILSYN
customers.
DGS Associates, Inc.
INFO/CARD #207

CAE Software Driver

The HP 11755A RF simulator WorkSystem
driver, provides a computer-aided-engineer-
ing software linkage between HP's vector
arbitrary-waveform synthesizer and the Signal
Processing WorkSystem from Comdisco Sys-
tems, Inc. The driver treats the VAWS hard-
ware like another software functional block
in the SPW library, making it easily accessi-
ble during the design process. The driver is
$5,000 U.S. list and delivery is four weeks.
Hewlett Packard Company
INFO/CARD #1206
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RF literature

Catalog on Disk

Litton Electron Devices has produced its
second IBM PC compatible computer disk
catalog. The disk features coupled cavity
traveling wave tubes and high power kly-
strons. Product information is accessible by
application, product type or product number.
Applications featured are ECM and radar.
The disk will operate on EGA, VGA and
monochrome graphics monitors and all data
may be printed from the screen.
Litton Electron Devices
INFO/CARD #205

RF Amplifiers

A new 28 page catalog lists over 800
connectorized RF amplifiers covering 5 MHz
to 2300 MHz. Prices, outline drawings, and
accessory power supplies and accessory
cables are also listed. Most units are avail-
able in two case sizes with a choice of SMA,
N, TNC, or BNC connectors.
Applied Specialties Inc.
INFO/CARD #204

VCO Specification Guide

M/A-COM Semiconductor Division offers
a guide to specifying their new line of voltage
controlled oscillators. The guide helps the
engineers specify and select VCOs in a

Celebrating Our 20th Anniversary Year

WBE

IMPEDANCE CONVERTERS

The A65 Scries uses a specially designed, individually tuned broadband transformer for
converting S0 ohms 1o 75 ohms or 75 ohms 10 50 ohms with virtually no loss (.15 dB typicat).
This device replaces the conventional MLP (minimum loss pad) where extra padding is

frequency range of 25 MHz to 10 GHz.
M/A-COM Semiconductor Division
INFO/CARD #203

Reusable PLL Design Chart

RF Prototype Systems is offering a free,
reusable PLL Design Chart that would be of
interest to synthesizer and PLL designers.
The chart features step-by-step instructions,
key decade slope lines to aid in plotting the
open loop response of a second or third order
PLL, phase noise floor data for commonly
used phase detectors, procedure for predict-
ing phase noise at the synthesizer output,
and is erasable for continuous use.
RF Prototype Systems
INFO/CARD #202

Semiconductor Selector Guide

and Cross Reference

The 1991 Discrete Semiconductor Selec-
tor Guide and Cross Reference lists Philips
Components’ full line of small signal leaded,
power, RF/microwave, surface mount, and
optoelectronic devices. The 206-page cata-
log contains an alphanumeric type index,
comprehensive cross reference information,
packaging specifications, and outline draw-
ings. Postage-paid business reply cards are
attached and can be used in requesting

additional catalogs or more information.
Philips Components Discrete Products
Division

INFO/CARD #201

Short Form/Capabilities Catalog

A new 16 page short form catalog is
available for Communication Techniques’
signal sources including phase locked and
free running DROs, VHF and microwave
frequency synthesizers, oscillators, multipli-
ers, subassemblies and special products.
The publication lists the features and benefits
of each product. Photographs and typical
phase noise graphs are also provided.
Communication Techniques, Inc.
INFO/CARD #200

Electronic Equipment Product
Guide

The 1991/92 Electronic Equipment Product
Guide is available from Leasametric. The
guide contains illustrations and information
on test equipment and workstations the
company offers for rental or lease. A color
coded table of contents, a manufacturer’s
index and detailed product specifications are
included.
Leasametric, Inc.
INFO/CARD #199
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unnceessary. Model A6S is frequently attached directly to a 50 ohm test instrument for use in a
system requiring a 75 ohm impedance. The unit is also valuable when attached to both ports of a
device under test of opposite impedance than the measuring system. When the A65 series is
substituted for two resistive MLPs on each end of a two port device or on both generator and
detector, a gain of approximately 11 dB is added to the circuit.
MIMIMUM LOSS PADS

MLP Series is a resistive minimum loss pad (MLP) for converting 50 and 75 ohm
equipment. This is essential for direct connection to the "device under test” for critical impedance
mismatch isolation. It provides accurawe and repeatable through loss and gain measurements.
Available as standard value of 5.7 dB or other values such as 6.3 dB for RF Bridge Supression.

ATTENUATOR PADS
pads are

Matching «

ilable by special order for any value from 0-40 dB.

Mode) VSWR
1-500 MHz
2-500 MHz
1-500 MHz
5-500 MHz
.05-250 MHz
1.05:1 max. .1-200 MHz
1.1:1 max. 2900 MHz
1.05:1 typical 10-900 MHz

Freq. Range MHz Loss dB
.8-500 MHz
5-500 MHz
1-500 MHz
5-500 MHz
020-200 MHz
.05-100 MHz

Price (BNC conns.)
$50.00

.25 max.
.16 max.

1.2:1 max.
Gy et 1.05:1 max.

1.2:) max.
1.03:1 max.

1.2:1 max.

.25 max.

A65GA 1-500
.16 max.

S Wew 63.00

.35 max.

A6SL .05-200 At

5 Wew 63.00

A65U 1-900 .5 max. 1-900 MHz 5 Wow 75.00

Model| Freq. Range MHz
MLPV 0-500
MLPU 0-900

VSWR (Return Loss)
1.05:1 max. (32 dB min)
1.05:1 max. {32 dB min)

Loss (dB)

5.7 nominal

Loss Flatness
$.1 dB max.
£.2 dB max.

Power Price (BNC conns.)
25 Woew $45.00
25 W oew 75.00

WIDE BAND ENGINEERING COMPANY, INC.

BOX 21652, PHOENIX, AZ 85036 TELEPHONE: (602)2541570

5.7 nominal
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From our industry leading surface mount filters to our time-proven rotary and fixed pad attenuators,
Trilithic is your source for a complete family of RF and microwave components. Our strict quality assurance
standards apply to all product lines, whether your application is for high reliability military or field-

tough commercial items. In addition, Trilithic's high stock volume ensures competitive pricing and
availability, so call us toll-free at 800-344-2412, and get acquainted with our family.

allerwelors

¥ TRILITHIC

9202 East 33rd Street ® Indianapolis, IN 46236
Phone: 317-895-3600 1-800-344-2412 FAX: 317-895-3613
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GPS Product Brochure flexible cables, solder and delay lines. L4
Austron offers a Global Positioning Sys- Storm Products Advanced Technology esm
tem Products color brochure that briefly Group wJ
explains the system, its operational advan- INFO/CARD #189
Il as the benefits and appli- .
::Z%i%snsasavv:ielable to users. Included pelz’re Electronic Eyelet Catalog d REPRINTS REPRINTS
specifications for Austron’s GPS time and ““Eyelets for Electronics™ is now available
frequency receivers. and offers information on over seven hundred
Austron, Inc. different configurations of the eyelets most
INFO/CARD #191 commonly used in the electronics industry.
The new catalog lists produqt.s from several REPRINTS RF Design reprints
Component and Instrument Catalog ;nanufacturers as well as mnhtary_and aero_: are available for
: pace hardware conforming to various speci = X8y re
Q= acdtlag fiom Lucas . Weinschel fications. Other hardware is also available REPRINTS printing in quantities
gs;c‘;f::mtshe;;d"':ﬁs:::”?:mzndpxéﬂgga;f such as terminals, lugs, spacers, standoffs, of 500 or more.
3 b A SAat transistor pads, bushings, insulators, grom-
e e e vatomme Mot o, ks upportsandelatad s, | | 77110
and loads, precision adapters and connec- :zt:cr)(;g;r;eoc:gnséwarketmg, ao REPRINTS For futher information
tors, solid state components, power splitters contact:
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RF design
MARKETPLACE

WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE

Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600.

RF and Microwave Design and
Development

Analog design from DC to several GHz
Prototype development
Computer simulation, optimization, analysis
Circuit board layout using PCAD
Your schematics or ours
Fast turnaround
Technicul writing
Proposal assistance
Custom software development

Aerospace Consulting
P.O. Box 536, Buckinghum, Pa. 18912
(215) 345-T184  FAX (215) 345-1309
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PICOSECOND
PULSE LABS.

BIAS TEES 10«Hz - 44 GHz

Modal [Risetime [Low Freq [Insertion [Voitage |Current
Cutoff Loss Max Max

5520A| 20ps| 0C [04d8 | 15v[ 30maA
S530A| 28ps | 25kHz | 0248 | 200V| 10mA
5531 | 28ps | 750 kHz | 02 dB [ 1500 V| 20 mA
5532A| 28ps | 150 kHz | 02 dB [ 1000 V| 20 mA
5535 | 32ps | 10KkHz | 02dB | SOV| 10 mA|
5540 | 8ps | 160 kHz | 06d8 | 50V|100 mA|

5550B| 20ps | 100 kHz | 09 dB 50 V |500 mA
(<50 mA)

[5555 | 20ps | 100 kHz | 09dB | 50V|500 mA
5575A| 32ps | 10kHz | 06 dB | 50V[500 mA
(<20 mA) | g
5580 | 32ps | 10KkHz | 10dB | 50V|! Amp |
5500 | 150 ps | 10 kHz | 01 dB | 50V 500 mA|
P.O. Box 44 + Boulder, Colorado 80306 + USA
Telephone: (303) 443-1249 - Telefax: {303) 447-2236

For All Your RF /Microwave
Prototyping Needs

=" T: RF PROTOTYPE SYSTEMS

QUICK BOARDS™ for:
PLL's, synthesizers, Avantek devices

Breadboarding ¢ Evaluation

Free brochure! Call now
1-800-874-8037 (outside Calif)
@P (619) 689-9715 FAX (619) 689-9733 —

CIR-Q-TEL

FILTERS OFF THE SHELF AND BY DESIGN
* BANDPASS, LOWPASS, HIGHPASS
NOTCH FILTERS TO 26.5 GHZ

¢ MINIATURES, CAVITIES, COMBLINES
INTERDIGITALS AND TUBULAR

* MIL-STANDARD 2000

CIR-Q-TEL MICROWAVE
6600 VIRGINIA MANOR ROAD
BELTSVILLE, MD. 20705

(301) 470-2900 FAX # (301) 776-3882
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RF SYNTHESIS SOFTWARE

NAPTECH TEST EQUIPMENT
* BUY o SELL * RENT ¢ SERVICE

QUALITY RECONDITIONED EQUIPMENT BY
HP ¢ TEKTRONIX e FLUKE ¢ WAVETEK ¢ ETC
Oscilloscopes ® Analyzers ® Meters ® Microwave ® elc

15465 Hwy 175, Cobb, CA 95426
707-928-1961 » 800-336-7723
FAX 707-928-1963

.
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QUARTZ CRYSTALS
TTL CLOCK OSCILLATORS

HCMOS CLOCK OSCILLATORS

[ r wee
Special Frequencies our speciality |

800-333-9825 ‘

CAL CRYSTAL LAB., INC. « COMCLOK, INC.
1142 No Gt St Acghee (04 GRBD1 @ FAX 714 491 9825
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Smithsoft Plus by Somersoft

PC Software for Every RF Engineer

INTERACTIVE SMITH CHART
Data are entered directly onto the chart by using the mouse,
keyboard, or by loading a disk file. Component arcs,
including parasitic effects, are drawn on the chart by making
component selections from the top menu bar, A schematic
is automatically generated and displayed as components
are selected. Once a circuit is entered, the circuit editor
allows you to randomly tune, cut, copy or paste any
component. This makes it very easy to experiment with
many different kinds of circult topologies in order to achieve
the best design. This also makes the software very
educational for those who are just learning the Smith char.

... PARTIAL LIST OF FEATURES ...

Network Analyzer Z-Theta Chart
H, S, Y, Z, ABCD Conversions
Common B - Common E - Common C
Simuttaneous Multiple File Analysis
Operating and Available Power Gain Circles
Unilateral Power Gain Circles
Noise Circles  Stability Circles
S-Parameter Stack for Recursive Operations
Data Tables on Screen or Dump to Printer
Internal Graphic Screen Dump

$259.00, Somersoft, (707)829-0164
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ANZAC offers yet another GaAs Monolithic
alternative to pin diode switch technology.
The SW-239 SPDT
RF switch features
nanosecond speed
with only microwatts

of DC power.

Utilizing an 8-Lead
SOIC package these units come ready for full

automatic insertion.

MODEL SW-239 Performance Characteristics
Frequency Range DC-2000 MHz
Operating Temperature -40°C to +85°C
Insertion Loss 0.5 dB*
VSWR 11:1*
Isolation 45 dB*
| dB Compression +27 dB*
Switching Speed 4 nsec TYP
Package 8 Lead SOIC (3.8mm x 4.8mm)

*Typical performance at 500 MHz.

80 Cambridge Street

Burlington, MA 01803

Tomorrow’s GaAs MMIC technology can be
yours today for just a handful of quarters.
(40 to be exact.)

Contact your local ANZAC distributor or
representative today.

$1090

STOCK
DELIVERY o

". -
T e

"y
T

(617) 273-3333

FAX: (617) 273-1921
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You can’t buy

a better precision

timepiece for
under 2.4 GHz.

If you’re operating in a frequency range from 100 MHz
to 2.4 GHz, you can’t buy a better oscillator than an
Andersen VCO. It gives you the highest spectral purity
with the lowest spurious (> -60dB). And typical single
sideband phase noise of > -119dBC @1 KHz offset.

It’s compact. It’s rugged. It operates in temperatures up
to 100°C. It can be tuned up to 1.5 MHz or phase-locked
to a reference. Plus, its low mass and low profile make it
ideal for surface-mount technology, DILS or flatpaks.

Isn’t it about time you discovered the precision, the
versatility and simplicity of designing with Andersen
oscillators? Contact Andersen Laboratories, 45 Old
Iron Ore Road, Bloomfield, CT 06002. Telephone
(203) 286-9090/FAX 203-242-4472.

@ ANDERSEN LABORAIORES
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