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Two Bits. 

ANZAC Does It Again! 
ANZAC offers yet another Ga As Monolithic 
alternative to pin diode switch technology. 

Tomorrow’s GaAs MMIC technology can be 
yours today for just a handful of quarters. 

SOIC package these 
automatic insertion. 

The SW-239 SPDT 
RF switch features 
nanosecond speed 

with only microwatts 
of DC power. 

Utilizing an 8-Lead 
s come ready for full 

(40 to be exact.) 

Contact your local ANZAC distributor or 
representative today. 

MODEL SW-239 Performance Characteristics 
Frequency Range DC-1000 MHz 

Insertion Loss 0.5 dB 

VSWR 1.1 :1 

Isolation 50 dB 

1 dB Compression +27 dB 

Switching Speed 4 nsec TYP 

Package 8 Lead SOIC (3.8mm x 4.8mm) 

$100° 
STOCK 

DELIVERY 

Adams E Russell 
ANZAC DIVISION 

80 Cambridge Street Burlington, MA 01803 (617) 273-3333 TWX 710-332-0238 
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Unprecedented Performers! 

The A-8000 Spectrum Analyzer. 
A step beyond the 

Now 2.6 GHz frequency coverage! 

Fully synthesized. Tracking generator.* Quasi-peak detector.* 

Truly portable. And again, an exceptional value! 

The new A-8000, quite simply put, is our response to 
industry's demand for a higher frequency, yet still econom¬ 
ical, Spectrum Analyzer. 

Now, with two models and seven options to select 
from, you can custom configure the unit that meets your 
specific testing requirements. 

The commonality of the A-8000 and A-7550 offer you 
many benefits. Two powerful microprocessors, menu 
driven display modes and single function keyboard entry 
aid the user in the operation of all analyzer functions. To 
further increase the operational simplicity of the A-8000 
and A-7550, the microprocessor systems automatically 
select and optimize the analyzer's bandwidth, sweep rate 
and center frequency display resolution, with manual 
override if desired. 

Increased flexibility...added features...and 
exceptional value continue to make IFR the logical 
choice when considering your next Spectrum Analyzer. 

Contact your IFR distributor or representative 
for a demonstration. 

A-8000 and A-7550 Features — All Standard: 
• Fully synthesized (A-8000) 10 kHz to 2.6 GHz (A-7550) 10 kHz 
to 1 GHz ■ VRS™ (Vertical Raster Scan) CRT display ■ Single 
function keyboard entry ■ Menu driven display modes 
■ Automatic amplitude calibration ■ Selectable linear / log display 
modes • Digital storage of all displayed parameters ■ 70 dB 
dynamic range • 300 Hz resolution bandwidth ■ Selectable 
scan widths, 1-2-5 sequence + 0 and full scan ■ Accurate center 
frequency readout ■ Direct center frequency entry 
■ Automatically scaled electronic graticule ■ Variable top scale 
reference (+30 to -95 in 1 dB steps) ■ IF gain in 1 dB steps 
■ Line, bar, average, compare and peak hold display modes 
• 300 Hz and 30 kHz video filters • 106 to 266 VAC operation 
without switching • 12 to 30 VDC operation 

‘Optional Features Include: • Internal rechargeable 5 APH 
battery for truly portable operation ■ Internal tracking generator 
with 1 dB step attenuator ■ FM I AM ISSB receiver • IEEE-488 

interface bus • RS-232 interface bus ■ 75Q adapter 
Internal quasi-peak detector 

IFR SYSTEMS, INC. 
10200 West York Street / Wichita, Kansas 67215-8935 U.SA 
316 / 522-4981 / TWX 910-741-6952 
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- GaAs FET 
SWITCHES 

— GaAs FET— 
SP2T SWITCH 
LOW COST 

■ ULTRA LOW POWER CONSUMPTION 
■ CUSTOMIZATION AVAILABLE 
■ HI-REL OPTIONS AVAILABLE 
■ FAST SWITCHING SPEED 
■ INTEGRAL TTL DRIVER CIRCUITRY 
■ AVAILABLE FROM STOCK 

■ Operating frequency 10MHz-1GHz 

■ Transition time 50ns 

■ Switching speed: 70ns 

■ Isolation: 50dB 10 - 100MHz 

40dB 100 - 300MHz 

25dB 300- 10C«0MHz 

■ Power Requirements 0.5mA at -5V 

■ Built-in 50ohm Terminations 

■ Built-in TTL Driver 

P/N DS0812 SP2T SWITCH 

DAICO INDUSTRIES, INC. 
2139 East Dei Amo Blvd Compton CA 90220 

Telephone (213) 631-1143 FAX (213) 631 8078 

GaAs FET 
SPST SWITCH 

SURFACE 
MOUNT 
GaAs FET 
SWITCH 

GaAs FET 
SP2T SWITCH 

Operating frequency: 10MHz-2GHz 

■ Transition time: 5ns 

Switching speed: 16ns 

Isolation: 57dB 10 -1000MHz 

52dB 1000 -2000MHz 

Power Requirements: 2mA at -5V 

Built-in 50ohm Terminations 

Built-in TTL Driver 

P/N CDS0651 SPST SWITCH 

DAICO INDUSTRIES, INC. 

2139 East Del Amo Blvd Compton CA 90220 

Telephone <213) 631-1143. FAX (213) 631-8078 

■ Operating frequency: 10MHz-1GHz 

■ Transition time: 14ns 

■ Switching speed: 28ns 

■ Isolation: 70dB 10- 200MHz 

62dB 200 - 500MHz 

52dB 500 -1000MHz 

Power Requirements: 0.45mA at -15V 

■ Built-in 50ohm Terminations 

■ Built-in TTL Driver 

Pre-formed leads, low-stress design 

■ P/N DS0701 SPST SWITCH 

DAICO INDUSTRIES, INC. 

L-Æ 2139 East Del Amo Blvd Compton CA 90220 

Telephone (213) 631-1143 FAX (213) 631-8078 

■ Operating frequency: 5MHz-4GHz 

■ Transition time: 4ns 

■ Switching speed: 26ns 

■ Isolation: 45dB 

■ Power Requirements: 0.15mA at -5V 

■ Built-in 50ohm Terminations 

■ Built-in TTL Driver 

P/N DS0602 SP2T SWITCH 

DAICO INDUSTRIES, INC. 

to 2139 East De) Amo Blvd Compton CA 90220 

Telephone (213) 631-1143. FAX (213) 631-8078 

© 1989 Daico Industries, Inc. mp89503 
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Page 28 — Design Contest Winners 

industry insight 
21 Manufactured Filters See Growing Use 

The use of filters has been growing continuously in RF systems. This report highlights 
the current activity and trends in the industry. — Mark Gomez 

cover story 
28 1989 Contest Winners 

The winners of the Fourth Annual RF Design Awards Contest are announced. Among 
the many excellent designs that were submitted, six were selected as this year’s prize 
winners. — Gary A. Breed 

featured technology __ 

32 Avoiding Ground Problems in High-Speed Circuits 
Often, in high-speed circuits, the ground plane does not represent a ground potential. 
This problem is discussed and some possible solutions are offered. 

— Jeff Barrow 

41 Lowpass Connector Filters: An Overview 
With recent advances in ceramic and ferrite processes, various performance levels in 
filtering can be obtained in assorted connector configurations. 

— Andrew Dawson 

45 RF Propagation in Buildings 
The factors that affect indoor RF propagation are examined. A theoretical model together 
with the relevant equations are presented. — Dr. T. Koryu Ishii 

Page 35 — Phase/Frequency Detector 

rf design awards 
35 A Reference-Cancelling Phase/Frequency Detector 

This article demonstrates that the "zero order hold” model for sampling (digital) phase 
detectors is invalid. It also shows that PLL lock takes only two sample periods in such 
a system. _ Dan Baker 

rfi/emc corner 
51 FCC Revises Part 15 

This amendment to Part 15 permits a general class of RF devices with increased fre¬ 
quencies of operation and no restrictions on usage, bandwidth or modulation type. 

— Gary A. Breed 

designer's notebook 
53 A Simple Low-Cost RF Switch 

The design of an RF switch that does not contain inductors or critical parts and can 
be reproduced easily is described. — Tad Harris 

56 Lumped-Element Quadrature Couplers 
Design equations for quadrature couplers and power combiners/dividers are presented 
in a form suitable for computer optimization. — Andre Boulouard 
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HIGH POWER 
COMBINERS 
1.0-500 MHz 

rf editorial_ 

The New Part 15: 
Proceed With Caution 

2 WAY 
MODEL D2500 

4 WAY 
MODEL D2502 

SPECIFICATIONS 

Freq. Range 10-500 MHz 
Loss 0.6 dB Typ. 
Isolation 20 dB Min. 
VSWR 1.3:1 Max. 
Power 400 Watts 

By Gary A. Breed 
Editor 

FEATURES 

Base Plate Cooling 
Useable to 1 MHz at 300 Watts 
High Power Internal Terminations 

BROADBAND RF 
COMPONENTS 

* Hybrid Junctions 
» Power Dividers 
• Directional Couplers 
» Power to 20 kw 
* Frequency .01-1000 MHz 

WERLATONE INC. 
P. O. Box 47 

Brewster, NY 10509 

TEL: (914) 279-6187 
FAX: (914) 279-7404 

decades ahead 

The newly revised Part 15 regulations 
from the FCC represent a great 

opportunity for new product develop¬ 
ment, especially for wireless consumer 
convenience devices. Home security, 
VCR and stereo distribution, and com¬ 
puter communications devices are all 
possibilities. Industrial communications 
and control applications are another 
outstanding possibility. 

I’d like to get up on my EMC soapbox, 
however, and issue a word of caution to 
those considering the development of 
such equipment: Put susceptibility to 
interference high on your list of design 
concerns. 
My concern comes from several direc¬ 

tions. First, I am a consumer of elec¬ 
tronic equipment, and I live about one 
mile from a 5 kW AM broadcast station. 
The stray RF makes my frequency 
counter read 1430 kHz when no other 
input is applied, and I have to be careful 
how I run my stereo speaker wires. My 
background in the broadcast industry is 
a reminder that high power AM, FM and 
TV facilities are located near lots of other 
residential areas. Also, as a ham radio 
operator, I like to keep good relations 
with my neighbors. 

Manufacturers are required to label 
Part 15 devices. Devices other than 
radio or TV receivers and cable TV 
selector switches require the following 

statement: “This device complies with 
Part 15 of the FCC Rules. Operation is 
subject to the following two conditions: 
(1) this device may not cause harmful 
interference, and (2) this device must 
accept any interference received, in¬ 
cluding interference that may cause 
undesired operation.” This consumer 
warning will be even more important as 
new devices are marketed. 
The FCC has stated that it is likely to 

consider additional labelling which would 
identify the responsible party (the manu¬ 
facturer or importer). I wholeheartedly 
endorse this idea. Consumers need to 
know where to go wnen things don’t 
work. As professionals, we understand 
how Part 15 works, but the average 
citizen only knows whether his elec¬ 
tronic gadget works or not. These labels 
should go a long way toward making 
consumers aware of the limitations of 
the devices they are using. 

In exchange for a more open market¬ 
place for new ideas, we get more 
potential victims of interference. Let’s 
help protect them through good design 
and correct information. 

Don’t miss the contest results on 
page 28. This year s entries have 
been the best yet, representing some 
unique “fun” ideas and some very 
significant technical developments. 
To show off all of these great ideas, 
we will publish at least one contest 
entry every month from now on. 
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NOIS^ 
“NOISE IS OUR ONLY BUSINESS” 

Broad Band 
Noise Sources 

For Space, Military and Commercial Applications 

DC-5O GHz 

Chips and 
Diodes 

•Glass »Ceramic Beam-Lead 
• Hermetically Sealed MIL-STD-202 
•Audio » VHF »UHF »RF • MW MM 

Broad Band 
Amplified 
Modules 

PLUG-IN, DUAL-IN-LINE 
24 or 14 PIN, 150mv out 

Broad Band 
Precision, 
Calibrated 
Coaxial 

SMA, N, TNC Output 
Connectors 

TYPICAL STAN DARD MODELS 
NC 100 Series 
NC 200 Series 
NC 300 Series 
NC 400 Series 

up to 3 MHz 
upto 500 MHz 
up to 11 GHz 
upto 50 GHz 

ALL ARE IN STOCK 

Drop In 
Modules 
For Bite 

Self energized in TO-8 
Ideal for self testing of receivers 

50 ohms, 30 dB ENR min, 
35 dB ENR typ. 

TYPICAL STAN DARD MODELS 
NC2101 
NC2102 
NC2103 
NC2104 
NC2105 
NC2106 
NC 2201 
NC 2301 

up to 20 kHz 
upto 100 kHz 
upto 500 kHz 
upto 1 MHz 
upto 10 MHz 
up to 20 MHz 
upto 100 MHz 
up to 300 MHz 

MOSTAREINSTOCK 

HIGH-OUTPUT: 
+ lOdBM, 50 ohms 
SMA or BNC output 

TYPICAL STAN DARD MODELS 

NC3100 
Series 

NC 3200 
Series 

upto 18 GHz 
15.5 dB ENR, 
noise figure 
meter compatible 

up to 18 GHz 
30-35 dB ENR, 
high noise 
output 

TYPICAL STAN DARD MODELS 

NC 501 
NC 502 
NC 503 
NC 504 
NC 505 
NC 506 

upto 500 MHz 
upto 1 GHz 
up to 2 GHz 
up to 3 GHz 
up to 4 GHz 
up to 5 GHz 

TYPICAL STAN DARD MODELS 

NC1101A 
NC1107A 
NC 1108A 
NC 1109A 
NC 1110A 

up to 20 kHz 
upto 100 MHz 
up to 500 MHz 
upto 1 GHz 
upto 1.5 GHz 

ALL ARE IN STOCK 

Other frequency ranges 
and output levels available 
MOST ARE IN STOCK 
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NOISE COM, INC. 
E. 64 Midland Ave. 
Paramus, NJ 07652 
PHONE (201) 261-8797 
FAX (201) 261-8339 

TWX 910-380-8198 



YOUR MAGNETIC SHIELDING 
PROBLEMS END HERE 
Save tooling costs—Ad-Vance already owns tooling for 
most standard shields. Our problem solving magnetic 
shielding specialists will adapt or custom design exactly 
what you need 

• Magnetic «hiela» for 324 typas of PM tubes 

• AD-MU shoot stock 

AD-MU protective esses sssure full fidelity of vslusble tsped dots AD-MU foils cut. wrap easily, quickly 

ffdesign 
a Cardiff publication Established 1978 
Main Office: 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 • (303) 220-0600 
Fax: (303) 773-9716 

• Helpful engineering & design service 
e Painstaking In-house quality control. 

Now—4 decades of magnetic shielding leadership. 
Your magnetic shielding problems end here 
at Ad-Vance. Äi 

Publisher 
Kathryn Walsh 
Editor 
Gary A. Breed 
Technical Editor 
Mark Gomez 
Assistant Editor 
Katie McCormick 
Consulting Editors 
Andy Przedpelski 
Robert J. Zavrel, Jr. 

Completely modern mfg facilities 

40-iÆwce 

5® 
Typical fabricated shields 

for components and 
systems 

Gives major designing 
procuring guidelines. 2/3 of 
84-page book contains val¬ 
uable technicabengmeer-
ing information about the 
entire magnetic shielding 
field; 1/3 is catalog data 
Yours for the asking. 

Advertising: 
National Accounts Manager 
Mary Bandfield 
1341 Ocean Ave., Ste. 58 
Santa Monica, CA 90401 
(213) 439-8440 
Fax: (213) 987-0026 
Account Executive 
Bill Pettit 
Main Office 

AD-VANCE MAGNETICS, INC. 
AD-Vance Shielding: The “Nickel's" Worth 
625 Monroe Street. Rochester. Indiana 46975 

(219) 223-31 58 FAX 219-223-2524 

Editorial Review Board 
Alex Burwasser 
Doug DeMaw 
Dave Krautheimer 
James W. Mize, Jr. 
Robert J. Zavrel, Jr. 
Advertising Services 
Mary Brussell 

Ed Oxner 
Andy Przedpelski 
Jeff Schoenwald 
Raymond Sicotte 
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Theresa Maier 
Assistant Circulation Manager 
Cindy Zimmer 
Convention Manager 
Kristin Hohn 
Registration Coordinator 
Barb Binge 
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Leann Nowacki 
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Matt Park 

QUARTZ DEVICES Assistant Production Manager 
Mary Barr Felker 

CONFERENCE & EXHIBITION 
August 29-31, 1989 
The Westin Crown Center Hotel 
Kansas City, Missouri 

Artists 
Maurice Lydick 
Mary Modeer 
Brigitte Nadon 
Composition 
Ruth Schmidt 

3aul Rivera 
Bill Schmitt 

Marcie Tichenor 

Published by 

Make Plans Today to attend the industry’s most exciting conference on Quartz 
Frequency Control. Get an engineer-to-engineer update at the exhibition on: 

• Design • Processing 
• Development • Manufacturing 

CARDIFF 
PUBLISHING COMPANY I St 

Vbpa 

Attend Papers presented by experts from across the industry on subjects like: 
• Surface mount packaging • Improved equivalent circuit models 
Design for quality & reliability 
Automation in the manufacturing of 
quartz devices 
Non-resonator applications 

• Crystal parameters of importance for 
oscillators and filters 

• Control of contamination in crystal 
device processing 

President 
Robert A. Searle 
Vice President — Production 
Cherryl Greenman 
Vice President — Convention Management 
Kathy Kriner 
Circulation Director 
Patricia Shapiro 
Administrative Services Manager 
Susan See 
Controller 
Jennifer Burger 
Credit Manager 
Patti McManness 

For complete information, 
call Quartz Devices Coordinator 
1-202-457-4930 

Please address subscription inquiries to: 
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□ he Omni Spectra field replaceable hermetic 
microwave connectors let 
you save the seals and 
spare the expense of 
repairing or replacing 

Our Seals and Connectors 
AlwaysMeet Your Requirements 
Because we have in-house control of 
all the seal and connector manufacturing, 
including glass 

your hermetically sealed microwave 
package. 

A Full Range of 
Field Replaceable Connectors 
Includes a 2-piece Spark Plug 

Omni Spectra. 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 
aone-for-one replacement. This uniquely 
engineered 2-piece spark plug allows you 
to replace a damaged interface without 
disturbing the hermetic package integrity. 

We Have All the Connectors 
to Save Your Seals 

Frequency (GHz) 

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. Our in¬ 
house statistical process controls insure 
consistent quality. Plus, with Omni 
Spectra, you have access to a network 
of technical support nationwide. 

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. 

21 Continental Boulevard 
Merrimack, N.H. 03054 
(603)424-4111 

M/A-COM Ltd. 
50 Milford Road 
Reading, Berkshire, U.K. RG1 8LG 
(0734) 580833 

Data obtained from launching part number 
8557-5329 02 to .010 inch alumina microstrip 
transmission line. 
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SIEMENS 

Siemens rules the waves 
With combined surface-acoustic wave expertise arrd technology from its KB group 
in Munich, FRG and CTI in Palo Alto, U.S.A. 

SAW devices process signals and sta¬ 
bilize frequencies from 20 MHz through 
to several GHz. And SAWs from Siemens 
give you unique features that are 
unseen with any other technology, like 

• precise amplitude response 
• steep filter skirts 
• linear phase independent of 

amplitude response 
• low temperature drift 

• no tuning 
• excellent reproducibility 
• longterm stability 
• high reliability 
• small size 

Siemens is an upfront producer with 
a broad spectrum of standard SAW 
devices plus custom designs on 
quartz, lithium-niobate and lithium-
tantalate substrates. Devices for com¬ 
mercial and professional applications: 

• normal and low-loss bandpass filters 
• vestigial-sideband filters 
• timing-recovery filters 
• resonators 
• dispersive and nondispersive 

delay lines 

Our expertise comes from more than 
15 years of dedicated activity. Sophisti¬ 
cated CAD tools, perfected manufac¬ 
turing based on well over 100 million 
SAW devices produced and contin¬ 
uing vigorous R & D efforts are your 
guarantee of high performance and 
high quality. And our professional 
devices qualify to MIL-Std-883. 
For more information contact: 

Crystal Technology, Inc. 
A Siemens Company 
1060 E. Meadow Circle 
Palo Alto, CA 94303 
Telephone: 415-856-7911 
Telex: 470-103 
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Two ways to solve a 
complex EMI problem 

1. I 2. 
Talk to elastomer people. 
Talk to window people. 
Talk to vent panel people. 
Talk to wire gasket people. 
Talk to adhesive people. 
Talk to coating people. 
Then hire the best 

design engineering backup 
you can find. 

Talk to the people at Tecknit 
about a total design solution. 
Tecknit is one of the few companies in the world 

that offers you a complete line of high reliability 
EMI shielding products. 

What’s equally important, our people offer you 
a full line of EMI shielding technology, too. 
We have almost 30 years experience . Oar technical 

people are among the most respected in the world. 
They’ll help you with part of your design. Or 

with a total design solution to any of today’s highly 
complex problems. 

This simple, one source approach can easily 
result in more successful design as well as saving 
you time, money and headaches. 
Our people would love to talk to you about it. 
Free Tecknit Design Guide. The latest issue of 

this pioneering work contains a world of info and 
ideas. Simply call, write or telex Tecknit for 

your free copy. 

ECKNIT. TWP company 
EMI SHIELDING PRODUCTS 

People make 
the difference 

»? 

129 Dermody St.. Cranford. NJ 07016. (201) 272-5500 FSCM 07700 • 320 N. Nopal St.. Santa Barbara. CA 93103. (805) 963-581 1 FSCM 53217 
• 23 Alston Dr., Bradwell Abbey. Milton Keynes MKI3 9HA England, (44) 0908 322500 
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rf letters 
Letters should be addressed to: 
Editor, RFDesign, 6300 S. Syracuse 
Way, Suite 650, Englewood, CO 
80111. 

A Reader’s Compliment 

Editor: 
I want to thank you for seeing to it 

that all abbreviations and acronyms are 
defined early in RF Design articles. 
Reading ease is surely enhanced be¬ 
cause of this attention to completeness. 
Just recently, I dropped my subscription 
to a magazine which catered mainly to 
individuals who apparently didn’t need 
further enlightenment about such things. 
A newcomer like myself was too lost to 
read even the ads without a struggle. 
No one should be offended because 

a well-known acronym is initially spelled 
out in an article, but when it is never 
understood by someone seeking knowl¬ 
edge in a relatively new field, there is 
good reason to be upset. 

Franklin Swan 
TV 38/WCFC 
Chicago, Illinois 

Cellular Amplifier Note 

Editor: 
As I read “New Transistors for the 

Next Generation of Cellular Base Sta¬ 
tions’’ (Apr. 1989, RF Design), a few 
questions arose about the design. 
The characteristic impedance of the 

transmission line comprising the balun 
transformer in Figure 3 was not speci¬ 
fied. That value is apparently 25 ohms 
so that the balanced impedance will be 
2 X 12.5 ohms. In that case, an addi¬ 
tional impedance transformation from 
50 to 25 ohms is required and is 
performed via line sections L2, L3. 

Figure 6 depicts a balanced imped¬ 
ance transformation from base to base 
(about 6 ohms) to the balanced output 
impedance of the balun. Using a Smith 
chart with balanced lines is probably 
possible, but a simpler procedure would 
be to use the lines in the unbalanced 
mode and match the base-to-ground 
impedance to 12.5 ohms unbalanced. 

Arie Shor 
Acrian, Inc. 
San Jose, California 

Corrections 
The following corrections to “A 

Mixer Spurious Plotting Program” 
(May 1989, RF Design) should be 
noted: 
• In Figure 3, p. 34, the third line in 
column 1 should read: 

lo > F > F out in 

• The last sentence on p. 36 should 
read, “At an input frequency of 240 
MHz ...” 

• In Appendix 1, p. 41 , under “Fixed 
input frequency option”: 

Dell,, = [Fmi„(M-M1) - F,„(N1M-M1N)]/M1 

Delf^ [Fm„(M-M1)- Fin(N1M-M1N)]/M1 

• In Appendix 1, p. 43, under “Fixed 
input frequency”: 

Deltafx= [F^M-MI) - F„(N1M-M1N)]/M1 

and the first equation in Part B should 
read: 

F2 = F + [BW1 + (BW1 A 2 + 4FJ A 5]/2 

Programmable 
Attenuators 

Model 50P-076 
Frequency Range 

DC- 1000 MHz 
Attenuation Range 

0-127 dB in 1 dB steps 
Attenuation Steps 

1,2, 4, 8, 16, 32 and 64 dB 

Model P50-006 
Frequency Range 
10-600 MHz 
Attenuation Range 
0-63 dB in 1 dB steps 
Attenuation Steps 
1,2, 4, 8, 16 and 32 dB 

Model 50P-2B0 
Frequency Range 

10-650 MHz 
Attenuation Range 

0-70 dB in 10 dB steps 
Attenuation Steps 

10, 20 and 40 dB 

Model 50AP-002 
Frequency Range 
10-500 MHz 
Attenuation Range 
0-30 dB continuously variable 

INFO/CARD 11 317-887-1340 
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rf news 

Sunspots Herald Unusual Times Ahead 
Communications around the world will 

be experiencing disruption, distortion, 
and just plain strange effects as sunspot 
cycle number 22 approaches its peak. 
The unusual phenomena, which will be 
occurring more frequently during the 
next few months, are the result of 
increased activity on the surface of the 
sun. 

Sunspots occur in cycles averaging 
about 11 years in length, with a rise and 
then fall in the number of sunspots 
observed. Other kinds of solar activity, 
including solar flares and prominences, 
vary with the same period. The result is 
higher-than-normal levels of electrical 
activity in the ionosphere as the sunspot 
cycle moves toward its maximum. 

Cycle 22, expected to peak sometime 
in early 1990, is shaping up to be one 
of the strongest on record. Forecasts 
about where a cycle will peak are based 
largely on the rate at which the rise to 
peak is occurring. In other words, the 
faster the rise in sunspot number, the 
higher the maximum is likely to be. The 
rapid and early rise in the number of 
sunspots and other solar phenomena 
associated with the present cycle has 
experts guessing that Cycle 22 may 
match or even surpass the most active 
sunspot cycle on record. 

Sunspots are dark, relatively cool 
areas appearing in groups on the sun’s 
surface. Intense magnetic fields, as 
much as several thousand times 

stronger than the average solar mag¬ 
netic field, are associated with a sunspot 
region. It is thought that sunspots occur 
when strong magnetic fields interior to 
the sun periodically make their presence 
felt on the surface, perhaps as an effect 
of the unusual rotational movement of 
the sun. 
The resulting dramatic increase in 

solar radiation can have a variety of 
consequences on Earth. The solar activ¬ 
ity associated with sunspots, solar flares 
and other phenomena increases the 
ionization of the ionosphere. This can 
have some unusual effects on radio 
transmissions. Particles ejected from 
erupting solar flares can travel to Earth 
and cause power blackouts, disruptions 
in radio communication, and surges in 
power lines. A sunspot cycle with an 
exceptionally high maximum could re¬ 
sult in television interference or recep¬ 
tion of multiple stations on the same 
channel. Due to the increasing density 
and miniaturization in integrated cir¬ 
cuits, avionics systems are becoming 
more susceptible to errors and failures 
caused by solar activity. Extremely 
strong solar flares can even present a 
radiation hazard to astronauts in space. 

Electronic systems in satellites are 
vulnerable to heightened levels of solar 
radiation, and control from the ground 
can be interrupted or made impossible. 
The increase in solar activity causes a 
heating and expansion of Earth's atmos¬ 

phere, a situation which threatens the 
useful lifetime of an orbiting satellite. 
The increased drag a satellite experi¬ 
ences as the solar cycle approaches its 
maximum can alter a satellite’s orbit or 
even cause it to fall to Earth prema¬ 
turely. This was the reason for the early 
re-entry and breakup of Skylab in 1979. 
The Solar Maximum Mission satellite, 
or Solar Max, which was launched in 
1980 to study the sun, is expected to 
become a victim of the current sunspot 
cycle. Scientists estimate that Solar Max 
will fall from space and burn up in 
Earth’s atmosphere sometime in 1990, 
or even sooner. 

Not all the consequences of the 
sunspot cycle will be unpleasant ones. 
Beautiful auroras should occur more 
frequently, and will likely be observable 
over a greater area on Earth. One group 
of people likely to enjoy this period of 
high solar activity are ham radio opera¬ 
tors. The increased act vity on the sun's 
surface translates into greatly improved 
radio conditions, unusual propagation 
effects, and good signal quality. Of 
course, short wave racio blackouts will 
be more common, too as the number 
of solar flares rises with the sunspot 
cycle. 
The most active period of the cycle will 

probably last several years. So, at the very 
least, some interesting and exciting times 
are ahead as the sun continues to exert 
its considerable influence on our world. 
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SUSCEPTIBILITY SYSTE 
Electromagnetic Field Generator 
from LogiMetrics I 
Logimetrics, the specialist in EMI/RFI Susceptibility 
Test Equipment, gives you a turnkey system capability. .. 
from your concept through design and training. 

Featuring: 
• Broadband coverage, 10 kHz to 18 GHz 
• 20 to 220 volts/meter, 

1 meter from antenna 
• Multi-antenna operation 
• IEEE-488 GPIB programmability 
• Systems and/or components available to 
meet specific requirements 

10 kHz to 18 

For detailed information, call or write: 

LogiMetrics 1NC
121-03 Dupont Street, Plainview, N.Y. 11803 • Phone: (516) 349-1700 -Téta^SIO) 21-1833 
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EMC Expo 89 Convenes in D.C.— 
Designers and engineers will be gather¬ 
ing in Washington, D.C., August 1-3, 
1989, for EMC Expo 89. The confer¬ 
ence, to be held at the Sheraton Wash¬ 
ington Hotel, will be offering attendees 
an agenda focused on current electro¬ 
magnetic compatibility (EMC) issues, 
problems and solutions. There will be a 
variety of technical sessions from which 
to choose, along with an exhibit floor 
featuring the products and services of 
more than 100 companies in the EMC 
field. The technical program will be 
addressing EMI/EMC topics in three 
“tracks”: Introduction to EMC, Ad¬ 
vanced EMC, and Applications for EMC. 
Also scheduled is a one-day hands-on 
course on electrostatic discharge (ESD) 
control materials and techniques, con¬ 
ducted by 3M’s Electrostatic Products 
Group. A Navy round table discussion 
concerning certification of EMC labora¬ 
tories and engineers promises to be one 
of the highlights of this year’s confer¬ 
ence. For further details and registration 
information for EMC Expo 89, contact: 
EMC Technology, P.O. Box D, State 
Route 625, Gainesville, VA 22065. Tel: 
(703) 347-0030 

Cause of Telescope Collapse Deter¬ 
mined—A panel of engineers reporting 
to the National Science Foundation has 
determined the probable cause of the 
collapse last November of a 300-foot-
diameter radio telescope, in operation 
at the National Radio Astronomy Obser¬ 
vatory (NRAO) in Green Bank, W.Va. 
The April 29, 1989 issue of Science 
News reports the panel’s conclusion 
that the telescope’s collapse was prob¬ 
ably caused by the fracture of a single 
steel plate in the supporting structure. 
The plate that failed was one which 
experienced great stress anytime the 
telescope was moving. Due to the 
location of the plate, however, routine 
inspection was difficult. Metallurgical 
analysis revealed small cracks in the 
plate, which investigators suspect grew 
and eventually led to the collapse of the 
telescope. 
The instrument, a partially steerable 

parabolic radio antenna able to operate 
at wavelengths as short as 6 cm, had 
been in operation for 26 years. It was 
used in the study of cosmic radio sources, 
and had detected signals coming from 
nearly 10 billion light-years away (Science 
News, Nov. 26, 1988). 

TIA Offers FCC Part 15 Seminar— 
The Telecommunications Industry Asso¬ 
ciation (TIA) will be offering an in-depth 

informational seminar on the recent 
revisions to the Federal Communica¬ 
tions Commission’s (FCC) Part 15. The 
revisions, effective June 23, affect emis¬ 
sions requirements for most digital elec¬ 
tronics and unlicensed RF equipment. 
Featured speakers at the TIA seminar 
will include the FCC authors of the 
changes, as well as industry experts. 
The seminar is scheduled for July 24-25, 

1989, at the Mayflower Hotel in Wash¬ 
ington, D.C. The registration fee is $395, 
with a discount available for members 
of TIA or its associated organization, the 
Electronic Industries Association (EIA). 
Registration and hotel information is 
available by contacting Suzanne Mullen-
dore, TIA, 1722 Eye Street N.W., Suite 
440, Washington, DC 20006. Tel: (202) 
457-4937. 

Apcom gives you 
the latest traffic reports 

via DSP. 

This new Spectral Data 
Acquisition System will 
monitor the activity across 320, 
15 kHz channels spaced on con¬ 
tiguous 25 kHz centers. The 
energy present in this entire 
spectrum is sampled, processed 
and reported as frequently as once 
every 2 milliseconds. The energy 
content of each channel is repre¬ 
sented with 12 bit resolution. 

The entire 8 MHz band, 
centered at 21.4 MHz, is sampled 
and processed for every update. 
Proprietary windowing and proc¬ 
essing algorithms provide 25 dB 
of adjacent channel rejection, 1 dB 
of signal resolution, and the 
ability to deliver 500 complete 
spectral analyses every second. 

This system can be custom¬ 
ized to match your special 
requirements. Center frequencies 
other than 21.4 MHz can be pro¬ 
vided. Special transfer protocols 
and control interfaces can also be 
provided; including IEEE-488 and 
EIA RS-232. 

Apcom manufactures 
many related products such 
as IF to Tape Converters, Spec¬ 
trum Display Units, Signal Dis¬ 
tribution Systems, Base Band 
Translators, and Predetection 
Converters. Apcom also has the 
skills and resources to satisfy 
your special requirements for 
signal processing designs and 
configurations. 

RF Design 

APCOM 
INCORPORATED * 

APCOM INC. 
625A Lofstrand Lane 
Rockville, MD 20850 

(301) 294-9060 
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Report Details Japanese Re¬ 
search Efforts—A new report from 
the U.S. Department of Commerce pro¬ 
vides information about Japanese 
superconductor, ceramic and semicon¬ 
ductor research activities. Basic Re¬ 
search in Superconductor, Ceramic and 
Semiconductor Sciences at Selected 
Japanese Laboratories is based on 
extensive visits to Japanese R&D institu¬ 
tions by Dr. Robert Gottschall of the 

Department of Energy. The report offers 
detailed notes on work being conducted 
at university, industrial and government 
laboratories in Japan. The report was 
sponsored jointly by the Technology 
Administration’s Japanese Technical Lit¬ 
erature Program, the Department of 
Energy, the Office of Naval Research, 
and the Congressional Office of Tech¬ 
nology Assessment. The publication, 
PB89-1 72464, is available for $28.95 

RF & Microwave 
Filters 100 KHz to 15 GHz 
If you have a filter problem 
we’ll provide the solution! 
For Military, Communication 
or Space Application 

from the National Technical Information 
Service, 5285 Port Royal Road, Spring¬ 
field, VA 22161 . Tel: (703) 487-4650 

Researchers Demonstrate Thin-
Film Superconducting Microwave 
Filter—Operation of a thin-film, super¬ 
conducting microwave component 
cooled by liquid nitregen has been 
developed and demonstrated at the 
David Sarnoff Research Center, a sub¬ 
sidiary of SRI International, in a team 
effort with Bellcore (Bell Communica¬ 
tions Research Inc.). The Sarnoff group 
has succeeded in fabricating a micro¬ 
wave comb filter that is 100 times more 
efficient than similar conventional filters 
made of copper. Tests conducted have 
shown that the superconductive filter 
has a Q of 3000 compared with a Q of 
30 for conventional filters using a copper 
transmission line at 2 GHz. At 10 GHz, 
the filter is still 10 times more efficient 
than the comparable copper filter. 

GAO Urges A Pause in Military HF 
Radio Spending—The May 8, 1989 
issue of Electronic News reports that the 

• Lumped Element 
• Helical Resonator 
• Coaxial 
• Waveguide 
• Low Power 
• High Power 
• Fixed Tuned 
• Variable 

HIGH ENERGY CORP 
CERAMIC RF CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

1^1 JENNINGS 
A LEAR SIEGLER COMPANY 

VACUUM CAPACITORS 
VACUUM RELAYS 

LORCH ELECTRONICS 
105 Cedar Lane, Englewood, NJ 07631 
(201)569-8282 • FAX: (201)569-1150 

SURCOM ASSOCIATES, INC. 
2215 Faraday Avenue, Suite A 

Carlsbad, California 92008 
TEL (619) 4384420 
FAX (619)4384759 

VERNITRON 
CORPORATION INFO/CARC 15 

July 1989 

INFO/CARD 14 



The Tradition 
Continues 
The new Adams Russell 

Components Group catalog 
features over 500 RF & Microwave 
components from our ANZAC, 
RHG, and SDI Microwave 
operations, including: 

• Over 100 New Products like 
• State-of-the-art GaAs MMICs 
• Logarithmic Amplifiers and... 
• Microwave Control Devices 

• Complete Application Notes 
• More than 35 Hermetic 
Surface Mount Devices 

• Easy to use Design/Selection 
Guides 

• and of course. . .STOCK 
DELIVERY! 

From DC-26 GHz, from 1 
amplifiers to transformers, the ’ 
new Adams Russell Components 
Group catalog fills all your needs 
with technically advanced, 
quality products, priced for 
today's market. 

Reserve your copy 
today by calling 
617-273-3333 ext. 430 

Adams A* Russell 
COMPONENTS GROUP 

ANZAC 

nents 

80 Cambridge Street Burlington, MA 01803 (617) 273-3333 FAX: (617) 273-1921 
CaAs MMIC & RF Amplifiers • Log Amps • Couplers • Digital Attenuators • Microwave Control Devices • Doublers • Hybrids • RF & Microwave Mixers • Modulators • Attenuators • Oscillators 

Phase Shifters • Power Dividers • Subsystems • Pin Diode & CaAs MMIC Switches • Subsystems • Transformers 
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General Accounting Office (GAO) has 
recommended that nearly $400 million 
in spending for new Army and Air Force 
antijam HF radio systems be put on hold 
until interoperability can be assured. 
According to the GAO, both services are 
going ahead with spending plans to 
enhance their HF radios’ capabilities, 
despite the fact that the radios can’t talk 

to each other. A Defense Department 
HF automatic link standard adopted last 
fall requires interoperability between the 
systems. 

McCoy Wins $3.4 Million Contract 
From Hughes Aircraft—McCoy Elec¬ 
tronics Co., of Mount Holly Springs, Pa., 
has received a $3.4 million contract from 

Quartz Crystals, 
Filters and Oscillators 
for Aerospace, Military and 
Industrial Applications 

For over 35 years MCCoy Electronics 
Company has offered the most 
broadbased capability in frequency 
devices to our marketplace. 

Supporting the product base are 
special capabilities including 
photofabrication, thick film hybrid 
manufacturing, fabricated enclosures, 
environmental testing, chemical milling, 
and computerized engineering 
services. 

Our customers have entrusted McCoy 
Electronics with their confidence in 
supplying hardware, documentation, 
testing, and special services in a 
demanding environment. 

We would welcome the opportunity to 
furnish your frequency product 
needs. . . . 

For catalog or additional information 
write: MCCoy Electronics Company, 
100 Watts Street, P.O. Box B, 
Mt. Holly Springs, PA 17065. 
Or call: (717) 486-3411; 
TWX 510-650-3548. 

Ifin&MCCOY 
ELECTRONICS COMPANY 
a subsidiary of MAK ■■dNUrirs lac. 
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Hughes Aircraft Co. for high-reliability 
IF-strips to be used in U.S. Navy UHF 
communication satellites. The IF-strips 
will employ crystal filters, amplifiers and 
ground-controllable circuitry which will 
provide reliable, long-term, stable chan¬ 
nel selectivity. These devices will be 
assembled by McCoy and supplied to 
Hughes over the next three years. The 
satellites are part of the UHF Follow-On 
program, which is the primary defense 
communication system in the United 
States. Through a network of satellites, 
this system supports the Navy’s global 
communications network, serving ships 
at sea and a variety of other U.S. military 
fixed and mobile terminals. 

Navy to Purchase Exciters From 
AIL Systems—The U.S. Navy has 
exercised a $33 million option under an 
existing contract with AIL Systems Inc. 
to purchase 70 additional advanced 
electronic assemblies for its EA-6B 
Prowler electronic warfare aircraft. The 
assemblies, known as universal excit¬ 
ers, are part of the AN/ALQ-99 tactical 
jamming system on board the Grumman 
Aerospace-built Prowler. 

Varian to Acquire WJ Product 
Line—Varian Associates Inc. and Wat¬ 
kins-Johnson Co. (WJ) have reached 
an agreement in principle for Varian to 
acquire WJ’s space communications 
product line for an undisclosed amount 
of cash. The product line includes 
high-reliability traveling-wave-tube am¬ 
plifiers (TWTAs) and power supplies for 
use in satellite-based space communi¬ 
cation systems. The line will be assigned 
to Varian’s Microwave Equipment Divi¬ 
sion in Santa Clara, Calif., which makes 
power supplies, amplifiers and transmit¬ 
ters used in ground-based satellite com¬ 
munication, radar, electronic counter¬ 
measures, and varied scientific and 
instrumentation applications. 

Phonon in Management Buyout-
Phonon Corp., of Simsbury, Conn., has 
been purchased in a buyout by the 
company’s management. Thomson-
CSF of France, previously Phonon’s 
majority stockholder, has sold all its 
stock to a U.S. management group led 
by Phonon’s president and chairman of 
the board, Dr. Tom Martin. The buyout 
will allow Phonon to pursue classified 
military business and will permit the 
benefits of Federal Small Business 
status, both of which were impossible 
under the company’s previous owner¬ 
ship. 
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48 Hour Shipment 
for 250 Capacitors 
or Less. 

Expand Your Present 
Tuning Stick Kit 

Select the capacity value your 
circuit needs with ease. 

ATC is the industry leader lor quality, rugged, 
reliable HIF/Microwave Capacitors. Our new 
QUIK-PICK™ System launches our commitment to 
be the leader in service and customer satisfaction. 
At American Technical Ceramics, we know the 
importance of your deadline. 

Now it is possible to extend the range of your Tuning 
Stick™ Kit to include all in-between values from 0.1 pF 

to 1000 pF. Like the original Tuning Stick™ Kits 
(ATC TS1001), the new kits contain ATC 100 Series 

Superchip® Radial Wire Leaded Capacitors labeled 
with their specific values. Each capacitor is 

permanently attached to a non-conductive holder. 

At ATC, 
Deadlines Are No Joke. 

Request ATC TS1002 (26 values) for $79.95, 
or ATC TS1001 (20 values) for $49.95. Order 

both Kits for $124.99. ATC offers 48 Hour 
QUIK-PICK81“ Shipment. 

I- 1 
i □ Call me. I have immediate requirements. 
I □ I want more information. Please send me ATC's 3-Ring 

Binder Product Catalog. 
I □ Put me on your mailing list. 

I NAME/TITLE _ ¡ 

I COMPANY_ ¡ 

[ ADDRESS_ ¡ 

[ CITY /STATE _ ZIP_ ¡ 

[ PHONE_ j 

! Mail to: 
i American Technical Ceramics. Advertising Dept. RFD । 
i One Norden La.. Huntington Station. NY 11746-2102 7-89 I 
I_ I 

© 1988, American Technical Ceramics, Corp. 

The ATC TS1002 Tuning Stick™ Kit contains 
26 values: 
CAPACITY 
VALUE (pF) TOLERANCE 

0.2 
0.3 
0.4 

B 

0.6 
0.7 
0.8 
0.9 

C 

12 
15 
18 
22 
27 
33 

J 

CAPACITY 
VALUE (pF) TOLERANCE 

39 
56 
82 
120 

J 

150 
180 
220 
270 
330 
390 
560 
680 
820 

K 

TOLERANCE CODE: B = ±0.1 pf; C = ±0.25pf;J = ±5%; 
K = ±10% 
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one norden lane, huntington station, new york 11746-2102 • (516) 547-5700 • fax 516-547-5748 • telex 825707 
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TUSONIX 
If you’re looking for an economical source 

for Custom Filter Assemblies 

Tusonix’ expertise can reduce your costs 
with improved PPM quality and yield 

When it comes to custom packaging EMI/RFI Feed-Thru 
Filters and/or Filter Capacitors, Tusonix’ in-house 
assembly capability provides you with a reliable, low cost 
source. Our expertise in the manufacture and array 
assembly of quality EMI/RFI Filters and Filter Capacitors 
results in substantially improved efficiency. Every 
assembly is 100% tested in Tusonix’ quality assurance 
laboratories prior to shipment. 
So let Tusonix produce your custom 

assemblies... we 

602-744-0400. P.O. Box 37144, Tucson, AZ 85740-7144 
Phone:602-744-0400 Telex:(RCA)299-640 

Fax:602-744-6155 
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rf industry insight 

Manufactured Filters 
See Growing Use 

By Mark Gomez 
Technical Editor 

As the RF spectrum gets even more 
crowded, filters are finding more 

and more homes in RF systems. Also, 
with the advent of digital technology in 
RF, the importance of filtering is increas¬ 
ing. Control of spurious effects and 
tighter emissions regulations are just 
two of the contributing factors in the 
growing use of manufactured filters as 
RF “components.” 

This activity in filtering translates into 
market growth. "The communication 
spectrum is getting more and more 
crowded every day,” says Chris Chris¬ 
sie, new business manager at Telonic 
Berkeley. “One of the disadvantages of 
that crowding is that you must reduce 
spurious emission levels and reject 
them to a greater degree,” he adds. 
According to Jim Lyons, vice-president 
of engineering at Allen Avionics, there 
is going to be growth in the filter market, 
especially in the area of anti-aliasing 
filters for use in digital circuits. “There 
are many applications in communica¬ 
tion, digital signal processing and ana¬ 
log signa! processing where filters play 
an important role,” he comments. Scott 
Evans, product marketing manager at 
Comlinear, sees growing interest in 
anti-aliasing filters for analog-to-digital 
converters. “We see activity in the 
satellite band, the telephone industry, 
and the mobile radio and paging mar¬ 
kets,” observes Glyn Bostick, president 
of Microwave Filter Company. “Our 
particular niche is EMI filters,” notes Dr. 
Jeff Chambers, technical director of 
Oxley Developments Company, "and 
we are supplying into a range of growing 
markets like industrial, avionics and the 
military.” 

Filters are seeing growing use due to 
various new applications. “I see more 
and more people using filters to solve 
emission problems inside systems where 
they used to use high-class amplifiers 
to prevent those emissions,” observes 
Chrissie. “Now, instead of spending an 
extra $14,000 or $15,000 to buy an 
amplifier with reduced harmonics or a 
low third-order intermodulation figure, 

users tend to buy a much less expensive 
amplifier and a $100 or $150 filter.” 
The filter industry, like other RF 

segments, is experiencing miniaturiza¬ 
tion pressure. There is a growing need 
for manufacturers to supply the same 
performance in a smaller package. “We 
get many inquiries for things like surface¬ 
mount packages,” comments Kent Trus¬ 
cott, applications engineer at EG&G 
Reticon. “A limitation in miniaturization 
is that the filter has to be larger than the 
smallest available component,” notes 
Steve Sodaro, vice-president of market¬ 
ing and sales at TTE. The laws of 
physics no doubt impose some limita¬ 
tions on packaging as well. “Packaging 
is a growing factor, and sometimes the 
requirements are unrealistic and defy 
the laws of physics,” states Bostick. 
Chambers notes that manufacturers are 
under a great deal of pressure to 
squeeze filters into a much smaller 
volume. “We are having to build our 
filters which are ceramic dielectric¬ 
based devices inside a multi-way con¬ 
nector,” he says. “About 99.9 percent 
of our customers are looking to reduce 
board space and increase perform¬ 
ance,” comments Lyons. 

Together with denser packaging, im¬ 
proved performance is prevailing in 
filters. An example of improved perform¬ 
ance can be seen in the switched 
capacitor filter area. “Switched capaci¬ 
tor filters are becoming more and more 
popular. It has become a much less 
noisy product than it has been in the 
past,” notes Sodaro. "Since switched 
capacitor filters are low power, they 
seem to be the way to go, especially in 
portable equipment,” says Truscott. He 
also points out that EG&G Reticon 
continues to get requests for quieter 
filters with less clock feed-through and 
better dynamic range. 

Active filtering, a growing solution in 
RF, implies some sort of amplification 
device which, rather than just rejecting 
a certain band of undesired frequencies, 
combines amplification of the desired 
signal with some rejection of the unde¬ 

sired signal. “Active filters are nice 
because you do not have to match 
impedances to make the filter operate 
and up to 20 dB or so of gain is 
achievable,” notes Sodaro. “However, 
most people prefer high performance 
passive filters because they have less 
harmonic distortion and less effects on 
the rest of the circuit," he adds. “Al¬ 
though the passive solution is attractive, 
many designers require active filtering, 
especially for integrator loops,” says 
Scott Evans. 

Filters by themselves are in a very 
competitive industry. In order to be more 
cost-effective and to obtain a competi¬ 
tive edge, a few companies are moving 
into higher levels of integration where 
they offer combinations of other building 
blocks together with filters. Jim Price, 
vice-president of sales at K&L Micro¬ 
wave, notes, “There is more and more 
demand for us to integrate our filters 
with switches, amplifiers, mixers, etc.” 

Since there are many filter companies 
in the market, competitive pricing is a 
key issue. “Pricing will be flat at best for 
standard units,” says Price. Telonic 
Berkeley’s Chrissie states that pricing 
has been headed down continuously for 
the past number of years while being 
offset by inflation levels. The contrary is 
observed by Dennis Hook, president of 
Daden Associates. “Pricing is going to 
be headed upwards,” he says. Bostick 
shares this view and attributes the rise 
to greater levels of sophistication and 
rising inflation. 
As the RF industry experiences con¬ 

tinued change, manufactured filters 
seem to be reinforcing their place in RF 
systems. As a result of improved engi¬ 
neering and experience, filters are slowly 
moving from being an afterthought for 
cleaning up undesired byproducts to 
being considered in initial system design 
stages. Even though the filter industry 
is still considered to be rather custom, 
in special cases these products can be 
deemed components where off-the-shelf 
solutions are starting to become more 
common. H 
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POWER 
CAPACITORS 
...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: 1.540,000 pF • Voltage: 2-30 kVp 

Power: 2450 kVA • Current: 5-50 Arms. 
Manufactured by Draloric GmbH. Call now 

for information including special design 
assistance. 

-/BRADFORD ELECTRONICS 
-l_ /-

BRADFORD ELECTRONICS, INC. 
• ■ ■ a VISHAY Company 

109 Alfred Street, Biddeford, ME 04005-2526 • Phone: (207)284-5695 
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Air-Plate and Tubular Trimmers from Trim-Tronics are 
designed for stability and reliability. With our operating 
temperature range of -55°C to +125°C and a near zero TC, 
these miniature air dielectric variable capacitors feature High 
Q and are your ideal choice for RF to microwave frequency 
applications. 

• 2-Way Communications • Satellite Communications 
• Security Systems • Filter Tuning & Crystal Trimming 

AIR DIELECTRIC TRIMMERS ARE OUR ONLY BUSINESS 

TFAIM -TFRdlMICZS INEZ 
67 Albany Street, Cazenovia. New York 13035 

Tel: (315) 655-9528 TWX: 710-541-1530 
Outside USA and Canada contact Alfred Tronser. GmbH 7543 Engelsbrand, W-Germany 

July 19, 1989 
Electronic Materials Application Show 
St. Louis, MO 
Information: Ed Partyka, Complete Reading, 300 N. Mannheim 
Road, Hillside, IL 60162. Tel: (312) 547-5400 

July 24-27, 1989 
1989 SBMO International Microwave Symposium/Brazil 
Maksoud Plaza, Sao Paulo, Brazil 
Information: Dr. Octavio M. Andrade, IMT—Escola de Engen¬ 
haria Maua, Estrada das Lagrimas 2035, 09580 S. Caetano 
do Sul, Sao Paulo, Brazil. Tel: (011) 442-6944; Telex: 1145234 
AUAT BR 

August 1-3, 1989 
EMC Expo 89 
Sheraton Washington Hotel, Washington, DC 
Information: EMC Technology, P.O. Box D, State Route 625, 
Gainesville, VA 22065. Tel: (703) 347-0030 

August 14-17, 1989 
Triennial URSI International Symposium on 
Electromagnetic Theory 
Royal Institute of Technology, Stockholm, Sweden 
Information: S. Strom, Dept, of Electromagnetic Theory, Royal 
Institute of Technology, S-100 44, Stockholm, Sweden. 

August 22-25, 1989 
1989 International Symposium on Antennas 
and Propagation 
Nippon Toshi Center, Tokyo, Japan 
Information: Dr. Takashi Katagi, Mitsubishi Electric Corp., 325 
Kamimachiya, Kamakura, 247 Japan. Tel: (0467) 44-8862; 
Fax: (0467) 47-2005 

August 29-31, 1989 
11th Quartz Devices Conference and Exhibition 
Kansas City Westin Crown Center, Kansas City, MO 
Information: EIA, Components Group, 1722 Eye Street N.W., 
Washington, DC 20006. Tel: (202) 457-4930 

September 4-8, 1989 
19th European Microwave Conference and Exhibition 
Wembley Conference Centre, London, England 
Information: Microwave Exhibitions and Publ shers Ltd., 90 
Calverly Road, Tunbridge Wells, Kent TN1 2UN, England. 
Tel: (0892) 44027; Fax: (0892) 41023 

September 4-8, 1989 
2nd International Symposium on Recent Advances 
in Microwave Technology '89 
Beijing, China 
Information: Prof. Banmali Rawat, Dept, of Electrical Engineer-
ing/Computer Science, University of Nevada - Reno, Reno, 
NV 89557-0030. Tel: (702) 784-6927; Fax: (702) 784-1300 

September 8-10, 1989 
EMC '89/Nagoya 
Nagoya Trade and Industry Center, Nagoya City, Aichi, Japan 
Information: EMC '89/Nagoya, Prof. Yasumitsu Miyazaki, 
Toyohashi University of Technology, 1-1, Aza-Hibarigaoka, 
Tempaku-cho, Toyohashi-City, Aichi, 440 Japan. Tel: (81) 
0532-47-01 11, ext. 528; Fax: 0532-45-0480 
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RF & MICROWAVE N EWS 

ANZAC Announces Coast to Coast Distributors 

Burlington, Ma. The ANZAC division of 
Adams-Russell recently announced the 
opening of three distributors in the United 
States. The introduction of one distributor¬ 
ship in Florida, two on the West Coast, and 
ANZAC's own standard product distribution 
center in Massachusetts now makes local 
procurement of ANZAC catalog com¬ 
ponents easier than ever. 

A spokesperson for A NZAC expounded on 
the advantages design engineers and pro¬ 
curement agents are receiving by dealing 
with their local ANZAC distributor. "By 
opening regional distributors, we now offer 
2 distinct advantages to our customers. The 
first is local delivery. Each distributor is fully 
stocked with ANZAC components and can 

provide off-the-shelf delivery in 24 hours 
or less. The second advantage is service. 
ANZAC distributors have years of technical 
experience in the RF & Microwave industry 
and are already familiar with the ANZAC 
product line They can offer technical 
assistance to design problems and provide 
the devices to solve those problems right 
away." 

Future plans for ANZAC distributors in¬ 
clude the sale of components from other 
Adams-Russell Components Group com¬ 
panies such as RHG Electronics and 
SDI Microwave. ANZAC distributors are 
presently fully stocked. For more infor¬ 
mation, interested parties in these areas 
should call their local distributor direct. 

Na California. Washington. Oregon: 
TW Components 

625 Filis Street, Suite 101 

Mountain View, CA 94043 

(415) 965-9840 

(206) 583-0804 - in SEATTLE 

Sa California: 
L&M Component Sales 

8939 So. Sepulveda Blvd. 

Suite 104 

Los Angeles, CA 90045 

(213) 417-3044 

Southeast United States: 
Precision Components 

12020 NW. 40th Street # 203 

Coral Springs, FL 33065 

(305) 344-4274 

AD Other Domestic 
Adams-Russell 

ANZAC Division 

80 Cambridge Street 

Burlington, MA 01803 

(617) 273-3333 

• DIGITAL ATTENUATORS • DOUBLERS • HYBRIDS • RF & MICROWAVE MIXERS • MODULATORS • OSCILLATORS • PHASE SHIFTERS • POWER DIVIDERS • TRANSFORMERS • 
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rí courses 
The George Washington University 

New HF Communications Technology 
July 17-21, 1989, Orlando, FL 
Radio-Wave Propagation for Communications 
System Engineering 
July 24-28, 1989, Washington, DC 
Grounding, Bonding, Shielding and Transient Protection 
August 14-17, 1989, Hawaii 

Information: Misael Rodriguez, Continuing Engineering Educa¬ 
tion, George Washington University, Washington, DC 20052. 
Tel: (800) 424-9773; (202) 994-6106 

University Consortium for Continuing Education 

Electronic Warfare 
August 9-11, 1989, Washington, DC 
Sonar Signal Processing 
September 18-22, 1989, Washington, DC 

Information: University Consortium for Continuing Education, 
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436. Tel: 
(818) 995-6335 

Compliance Engineering 

EMI 
August 22, 1989, San Jose, CA 

Safety 
August 23, 1989, San Jose, CA 
ESD 
August 24, 1989, San Jose, CA 
Telecom 
August 25, 1989, San Jose, CA 

Information: Compliance Engineering, 629 Massachusetts 
Avenue, Boxboro, MA 01719. Tel: (508) 264-4208 

EEsof, Inc. 

Nonlinear FET Model Parameter Extraction (Xtract) 
July 17-19, 1989, Westlake Village, CA 
MMIC Design Workstation (MMIC) 
July 24-28, 1989, Westlake Village, CA 
Computer-Aided Engineering for Linear Microwave 
Circuits (Touchstone) 
August 7-9, 1989, Westlake Village, CA 
Computer-Aided Drafting for Microwave Circuits (MiCAD) 
August 10-11, 1989, Westlake Village, CA 

Information: Sande Scoredos, Training Coordinator, EEsof, 
Inc., 5795 Lindero Canyon Road, Westlake Village, CA 91362. 
Tel: (818) 991-7530, ext. 197 

EMC Services 

Filter Design for Switching Supplies 
July 24-25, 1989, San Francisco, CA 
August 21-22, 1989, Chicago, IL 
EMI Control for Switching Supplies 
July 26-28, 1989, San Francisco, CA 
August 23-25, 1989, Chicago, IL 

Information: Sonya Nave, EMC Services, 11833 93rd Avenue 
North, Seminole, FL 34642. Tel: (813) 397-5854 

Integrated Computer Systems 

C Programming Hands-On Workshop 
July 25-28, 1989, Los Angeles, CA 
August 8-11, 1989, Washington, DC 

Digital Signal Processing: Techniques and Applications 
July 25-28, 1989, San Francisco, CA 
July 25-28, 1989, Ottawa, Ontario, Canada 

Introduction to Fiber Optic Communications 
July 25-28, 1989, San Diego, CA 
August 22-25, 1989, Los Angeles, CA 
Troubleshooting Datacomm and Networks 
July 25-28, 1989, Washington, DC 
August 8-11, 1989, Boston, MA 

Information: John Valenti, Integrated Computer Systems, 6053 
W. Century Boulevard, P.O. Box 45974, Los Angeles, CA 
90045-0974. Tel: (800) 421-8166; (213) 417-8888 

Interference Control Technologies, Inc. 

System Design and Integration for EMC 
July 18-21, 1989, Palo Alto, CA 
Grounding and Shielding 
July 25-28, 1989, San Diego, CA 
EMC Design and Measurement 
August 7-11, 1989, Orlando, FL 

Intro to EMI/RFI/EMC 
August 8-10, 1989, Chicago, IL 

Practical EMI Fixes 
August 14-18, 1989, San Diego, CA 

Information: Registrar, Interference Control Technologies, Inc., 
State Route 625, P.O. Box D, Gainesville, VA 22065. Tel: (703) 
347-0030 

Praxis International, Inc. 

EMP Hardening Design and Verification Techniques 
August 7-9, 1989, Oklahoma City, OK 

Facility Grounding, Shielding and Lightning Protection 
August 21-23, 1989, San Diego, CA 

Information: Praxis International, Inc., Exton Professional 
Building, Suite 103, 319 N. Pottstown Pike, Exton, PA 19341. 
Tel: (215) 524-0304 

R & B Enterprises 

Understanding and Applying MIL-STD-461 C 
October 11-13, 1989, Chicago, IL 

Introduction to EMI for Non-EMI Personnel 
October 16-17, 1989, Washington, DC 
EMI/EMC in the Automotive System 
October 16-18, 1989, Dearborn, Ml 

Printed Circuit Board and Wiring Design for EMI and 
ESD Control 
October 18-19, 1989, Philadelphia, PA 

Architectural Shielding 
October 18-20, 1989, Washington, DC 
Prominent E3 Standards 
October 23, 1989, Philadelphia, PA 

Information: Registrar, R & B Enterprises, 20 Clipper Road, 
West Conshohocken, PA 19428. Tel: (215) 825-1966 
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The High Performance 

Gigahertz Relay 

• RF switching through 4 GHz 

• Magnetic latching cuts power drain 

• Convenient Centigrid padcage 

• Military and commercial versions 

The TO-5 family of relays 
were always good in RF switching 
applications. We didn’t plan it that 
way. It just happened. Low inter¬ 
contact capacitance. Low inser¬ 
tion loss. Up through 500 MHz. 
No problem. 

But then you wanted to go 
even higher. You wanted gigahertz 
performance. And not just 1 GHz, 
but 3 or 4. That took some serious 
doing. But our combination of 

experience and innovation was 
equal to the task. We married our 
two decades of TO-5 technology 
with some new techniques we 
developed to enhance the RF 
characteristics. The result? We 
were able to extend the relay’s 
performance from the MHz range 
to the GHz range. And handle RF 
switching functions all the way up 
to 4 GHz. With intercontact isola¬ 

tion even higher and insertion loss 
even lower than in the MHz range. 

The high performance 
gigahertz Centigrid relay. It will 
handle your toughest RF switch¬ 
ing assignments, especially when 
power drain is critical. Call or 
write today for complete details. 

'^TELEDYNE RELAYS 
Innovarions In Switching Technology 

Teledyne Relays. 12525 Daphne Ave. . Hawthorne. California 90250 • (213) 777-0077/European Headquarters: W. Germany: Abraham Lincoln 

Strasse 38-42, 6200 Wiesbaden/Belgium: 181 Chaussee de la Hulpe. 1170 Brussels/U.K.: The Harlequin Centre, Southall Lane, Southall, Middlesex, 

UB2 5NH/ Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150/France: 85-87 Rue Anatole-France, 92300 Levallois-Perret. 
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Tune to Murata Erie 
for your RF and 
Microwave Component 
Requirements! 

OSCILLATORS 
Crystal—VCO—DRO 

FILTERS 
Crystal—Gigafil® 

CERAMICS 

muRaia ERIE 
® 

MURATA ERIE NORTH AMERICA 

Resomics® (Dielectric Resonators)—Substrates 

Gustan Components (Arrays & Waveguides) 

Setting the performance pace in RF and Microwave 
component technology is a Murata Erie tradition-
one that’s made us the foremost supplier to our 
markets. But you should also know we lead in 
product line breadth as well. 

Take oscillators. Our line runs all the 
way from TCXO and DCXO quartz crystal devices 

in the KHz to 500 MHz range to DROs and VCOs at 

microwave frequencies. 
In filters, you can look to Murata Erie for everything from 

low-frequency 100-KHz crystal filters to our Gigafil® units, 
widely used in cellular applications. 

Our ceramics offerings range fron Resomics® dielectric 
resonator ceramics and substrates to custom-shaped ceramic parts 
for phased arrays and other critical applications. 

In short, we keep a close eye on all your needs— today’s 
and tomorrows. As a result, when you write or phone our RF 
& Microwave Operations you’ll automatically “Tune to the Future.” 

For technical assistance, write or call Murata Er e North 
America, 1900 West College Avenue, State College, PA 16801,814-

237-1431. For literature or the location of your local Murata Erie 
Sales Office , call 1-800-356-7584. 
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LINDGREN - For Every Shielding Application 
Lindgren RF Enclosures offer complete design, 
development and installation capabilities for all 
types of EMI/RFI shielding systems. Complete 
turnkey services can be supplied to meet your 
specific requirements. 

You can look to Lindgren for: 
• Consistently high quality 
• Unmatched service 
• Total installation and testing capabilities 
• Architectural and engineering assistance 
• Over 35 years of shielding system experience 

All Lindgren Enclosures have these features: 
• Lightweight 
• Fully demountable 
• Ease of assembly 
• High performance doors 
• Complete line of 
accessories including 
various floor and 
penetration alternatives 

Whatever your shielding 
requirements, Lindgren can 
provide the solution. Call us 
for more information and 
applications assistance. 

Screen Room 
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& LINDGREN Rg ENCLOSURES 
400 High Grove Blvd. 
Glendale Heights, IL 60139 
312-307-7200 • FAX: 312-628-2247 



rf cover story_____ 

1989 Contest Winners 
Prize Winners in the Fourth Annual RF Design Awards Contest 

By Gary A. Breed 
Editor 

Six engineers have been awarded 
prizes in the Fourth Annual RF Design 
Awards Contest, representing just a few 
of many excellent ideas submitted to the 
panel of judges. For the fourth year in a 
row, the entries have gotten better, and 
the judging more difficult. 

This year, the Grand Prize was do¬ 
nated by Webb Laboratories, a Ze¬ 

nith SupersPort laptop computer with 
“all the bells and whistles,” including 
hard disk drive, math coprocessor, and 
carrying case. Of course, all of Webb 
Labs’ software is included, too, in¬ 
cluding Filsolv, Syscad, Transcad, and 
the new Receiver Advantage. 

This impressive package goes to Dan 
Baker of Tektronix’ Television Products 
group in Beaverton, Oregon. Dan is a 
designer of video test equipment, with 
recent projects including a dual-display 
waveform monitor/vectorscope and a 
satellite-link monitor. Readers may re¬ 
member him from the very first contest, 
when he won another Grand Prize, an 
HP-41 calculator. He admitted that the 

modest size of that prize, compared to 
subsequent contests, was a consider¬ 
able part of his motivation to develop 
another championship entry. Well, after 
three years, he has won again, with a 
design that is sure to get PLL designers 
thinking. 

The winning design is “A Reference-
Cancelling Phase/Frequency Detector,” 
which was developed for two purposes. 
First, it demonstrates that the “zero¬ 
order hold” model for sampling (digital) 
phase detectors is invalid. It also demon¬ 
strates that PLL lock takes only two 
sample periods in such a system. In 
order to demonstrate these things, a 
phase detector had to be designed 
which had a bandwidth of the same 
order as the reference frequency. The 
design uses a complex balanced mixing 
scheme to cancel the reference compo¬ 
nent at the detector output, allowing the 
bandwidth to equal, or even exceed, the 
reference frequency. 
The complete winning entry starts on 

page 35. The article has been printed 
on perforated heavy stock for you to tear 

Dan Baker's winning phase detector circuit cancels the reference frequency, 
reducing the reference sidebands at the output. 

out, punch, and place in a three-ring 
binder. Every month from now on, at 
least one RF Design Awards Contest 
entry will be publishec, to add to your 
collection. We know that all articles in 
RF Design are worth keeping, but the 
contest entries represent their authors' 
very best ideas. They are a special 
collection to have! 

The Runners-Up 
Five RF engineers received Fluke 87 

digital multimeters from John Fluke 
Manufacturing Compar y. The model 87 
features true RMS AC readings, an 
analog indicator, capacitance measure¬ 
ment, plus the usual voltage, current 
and resistance capabilities. 

Alan Carr is the first among runner-up 
prize winners. Alan is a design consult¬ 
ant from Boulder, Colorado, whose 
primary work has been with Erbtec 
Engineering. He has developed a high 
power directional coupler which uses a 
divided line structure to solve the prob¬ 
lems of coupling ratio, directivity, preci¬ 
sion, and power handl ng. At low VHF 
(the coupler was desigred for a 64 MHz 
system), neither ferrite toroidal couplers 
nor stripline parallel couplers are opti¬ 
mum choices. 
The coupler, for which a patent disclo¬ 

sure has been filed, is used in Erbtec’s 
new 20 kW MRI (magnetic resonance 
imaging) power amplifer. The special 
requirements of MRI which required a 
better coupler are high pulse power, low 
duty cycle, and precision measurement 
to protect magnet coifs. This coupler 
combines the properties of ferrite and 
stripline designs to achieve the required 
performance. 

Gary Thomas is another prize winner. 
A senior staff engineer at General 
Electric Mobile Communications in 
Lynchburg, Virginia, Gary’s entry is an 
improved electrically tunable bandpass 
filter. The filter uses a resistive bridge 
configuration to isolate a single-tuned 
notch, resulting in a bandpass filter 
which has much better □ than a single¬ 
tuned circuit. 

The balanced bridge configuration of 
the filter also isolates the out-of-band 
signals from the tuned circuit, reducing 
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Alan Carr checks out an MRI amplifier 
with his new Fluke 87 multimeter. 

Gary Thomas is a prize winner, for his 
voltage-tuned filter design. 

the RF level across the varactor diodes. 
What this filter design accomplishes is 
simpler tuning and a narrow passband, 
but with fewer components and lower 
cost than conventional multiple varactor-
tuned resonators. A patent application 
has also been filed for this design. 

A Varactor Frequency Divider 
The list of winners continues with 

William Hoffert, who submitted "Fre¬ 
quency Division With Varactor Diodes’’ 
for the judges’ consideration. Mr. Hoffert 
is a consultant to Los Alamos National 
Laboratory and lives in Albuquerque, 
New Mexico. His design is currently in 
use in an accelerator test stand, a 
divide-by-six unit providing a 68.3 MHz 
output from a 410 MHz input. 
The principle of varactor divider is 

similar to multiplication, where distortion 
products (harmonics) of the fundamen¬ 
tal are selectively recovered at the 
output. In the divider, the harmonics 
interact to generate lower frequency 
products. Idler circuits are used to 
enhance the desired frequencies in¬ 
volved in the division process. Unlike 
digital dividers, the varactor circuit can 
handle significant power levels. The 
prototype uses 1 watt input at 410 MHz. 
George Vella-Coleiro, AT&T Laborato¬ 

ries, Murray Hill, New Jersey is the next 
winner to be introduced. His quartz 
watch time base monitor circuit solves 
a problem involving Heisenberg’s Un¬ 
certainty Principle: The extremely low 
power circuitry in a quartz watch circuit 
will be affected by even a high imped¬ 
ance probe, so an attempt to directly 
measure the frequency of the 32,768 
Hz clock crystal will be unsuccessful. 
The solution he presents is to acousti¬ 

cally couple a transducer to the crystal, 
amplify the signal and measure the 
frequency. The low levels, however, 
guarantee that noise and interference 
will be present in such a system. To 
overcome interference, a differential 

transducer amplifier is used, with high 
common-mode rejection. The noise prob¬ 
lem is solved by using a phase-locked 
loop with a very long time constant to 
recover the clock frequency. 
The final prize winner is Branislav 

Petrovic. Brani is an engineer at General 
Instrument Corporation’s Video Cipher 
Division in San Diego, California. His 
contest entry is a balanced RF oscillator 
circuit, to use when a balun transformer 
is not the best way to get 180-degree 
signal components for balanced mixers 
and modulators, phase detectors, fre¬ 
quency multipliers, or dividers. 
The oscillator he describes is a VCO, 

tuning 1.3 to 1.9 GHz. Two identical 
oscillators share a common tank circuit, 

William Hoffert ’s winning frequency di¬ 
vider circuit is used in an accelerator at 
Los Alamos. 

A balanced oscillator design made Brani 
Petrovic a winner. 

which has its point of symmetry, or 
“center tap,” floating. Common push-
pull or push-push circuits would nor¬ 
mally have a grounded center tap. This 
oscillator has low harmonic content, 
since its topology cancels even-order 
harmonics, with good amplitude and 
phase balance, although these are de¬ 
pendent on layout and component vari¬ 
ations. 

These entries will all be published in 
the next few issues of RF Design, in 
addition to other contest entries. Some 
other great ideas that you will see are: 
a phase shifter, a low-cost modem, a 
push-pull MMIC VCO, and an ultra¬ 
simple transmitter. These are just a few 
of the interesting circuits that didn’t win 
prizes, but are certainly worthy of recog¬ 
nition and publication. 

It wasn’t planned, but the prize win¬ 
ning RF engineers represent a wide 
variety of geographical areas and indus¬ 
try types. Our six prize winners were 
from Oregon, California, New Mexico, 
New Jersey, Colorado and Virginia. 
Other excellent entries came from New 
England, the Southeast and Midwest, 
plus Canada, Greece and Switzerland. 
The prize recipients represent the test 
equipment industry, medical electron¬ 
ics, government scientific research, pri¬ 
vate research, the satellite and CATV 
industry, and land mobile communica¬ 
tions. Now you know why the attitude at 
RF Design is that diversity is the key 
word in RF! 

With this conclusion to the 1989 RF 
Design Awards Contest, we immediately 
begin the search for next year’s winner. 
Many of the prizes have been selected, 
and the announcement of rules and 
deadlines will appear in the August 
issue. Our thanks to the winners for 
making this the best contest yet, and 
our thanks to all our readers for your 
enthusiastic response to the contest 
articles. Get ready for the Fifth Annual 
RF Design Awards in 1990! 0] 
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Make your plans today to attend the 

Fourth Annual 

_ rfeast_ 
The dates: October 24-26, 1989 

The place: TropWorld, Atlantic City, New Jersey 

The agenda: 3 full day fundamentals courses on RF circuit design, and CAD 
filter design. 

Dozens of papers presenting new ideas on filter design, 
component technology, receiver design and more. 

More than 100 of the leading suppliers exhibiting the latest in 
RF design equipment. 

The sponsor: 

The exhibitors: 
Advantest America, Inc. 
AEL Defense Corp. 
American Technical Ceramics 
Alan Industries, Inc. 
Amperex Electronic Corporation 
Amphenol RF Operations 
Amplifier Research 
Analogic Corporation 
Andrew Corporation 
Applied Engineering Products 
Avantek, Inc. 
Aydin Vector 
Burr-Brown 
C.H.P.S. 
California Eastern Labs 
Circuit Busters 
Coaxial Dynamics, Inc. 
Colorado Data Systems 
Compac Development Corp. 
CTS Corporation 

Knights Division 
Dielectric Communications 
Digital RF Solutions Corp. 

RF Design magazine 

Eastern Instrumentation of PA 
EEsof, Inc. 
ENI, Inc. 
Erbtec Engineering 
Frequency Sources—Semiconductors 
Harris Microwave Semiconductors 
Hewlett-Packard Company 
Huber & Suhner Inc. 
IFR Systems, Inc. 
Instruments for Industry, Inc. 
John Fluke Mfg. Co. Inc. 
Kalmus Engineering International 
Lectronic Research Labs 
Marconi Instruments 
McCoy Electronics Company 
Merrimac Industries, Inc. 
Micro-Coax Components, Inc. 
Motorola Semiconductor 
Murata Erie North America, Inc. 
Pennsylvania Scientific Devices 
Phonon Corporation 
Polyflon Company 
Racal-Dana Instruments Inc. 

Reeves-Hoffman 
Republic Electronics Corp. 
RF Monolithics, Inc. 
RF Power Lab 
Richardson Electronics, Ltd. 
Rohde & Schwarz, Inc. 
Sawtek Inc. 
Sciteq Electronics, Ltd. 
SGS Thomson Components 

Microelectronics 
Signetics 
Sprague-Goodman Electron cs 
Synergy Microwave 
Tektronix, Inc. 
Telonic Berkeley, Inc. 
Texscan Instruments 
Trontech, Inc. 
TTE, Incorporated 
Unitrode 
Vectron Laboratories, Inc. 
Voltronics Corporation 
Wavetek Corporation 
XL Microwave 

To register: Return the postcard on page 73 or call the show department at 
(800) 525-9154. 

Sponsored by RF Design magazine, 6300 S. Syracuse Way, Suite 650, 
Englewood, CO 80111. 



Eighth Annual 
Land Mobile Expo East 

Learn more about the profits you can generate from today’s technology. Visit these exhibitors at Expo East. 
Advanced Electronic Applications. Inc. 
Aerotron, Inc. 
Alexander Manufacturing Co. 
Allgon Antenn, Inc. 
America West C & E. Inc. 
American Mobile Systems 
AmeriCom Corporation 
Antenna Company 
Antenna Specialists Company 
Astatic/C.T.I. 
Astron Corporation 
Avtec 
Award Winner 
B-D Crystal Enterprises Inc. 
Bally Engineered Structures. Inc. 
BBL Industries, Inc. 
Bee Electronics 
Bendix/King 
Blackhawk 
Bomar Crystal Co. 
C.E.S. Inc. 
Cal Crystal Lab. Inc. 
Cartwright Communications Company 
Cellular Antennas 
Cellular Depot 
Cellular I.C. 
Cellular Marketing magazine 
Cellular World 
Celwave 
Centurion Int’I. Inc. 
Childs Antennas 
Commonwealth Communications 

Industries 
Communications Associates. Inc. 
Communications Products, Inc. 
Communications magazine 
Computer Resources, Inc. 
Connect Systems 
Console Systems, Inc. 
Continental Leavitt Communications 

CT Systems, Inc. 
CTI Inc. 
Cue Paging Corporation 
Cushcraft/Signals Communications 
Dataradio Corporation 
David Clark Company Inc. 
Decibel Products, Inc. 
Dixcom, Inc. /Savoy Electronics 
Dynatech Tactical Communications, Inc. 
(DTC, Inc.) 

EF Johnson/Philips 
Electro-Com 
Fujitsu Ten Corp, of America 
Gamber-Johnson 
General Communications 
General Electric Company 
General Motors 
Glenayre Electronics 
Global Communications magazine 
Hadron 
Hark Systems 
Helper Instruments Company 
Hirschman of America 
Hutton National 
ICOM America, Inc. 
IDA Corporation 
IFR Systems, Inc. 
Internationa) Crystal Mfg. Co. Inc. 
International Microsystems, Inc. 
JaBro Batteries, Inc. 
JB Enterprises 
Kantronics, Inc. 
Kenwood USA Corporation 
Larsen Electronics, Inc. 
Magnum Distribution, Inc. 
Marconi Instrument Inc. 
Maxon Electronics 
Maxrad, Inc. 
METS, Inc. 

Mid.and Land Mobile Radio 
Mobile Mark Inc. 
Mobile Radio Technology/ 

Cellular Business 
Motorola Communications and 

Electronics 
Mul:iplier Industries 
MX-COM. Inc. 
NCE 
Network USA 
Nokia-Mobira Inc. 
ORA Electronics 
Orbacom Systems, Inc. 
Page-Com, Inc. 
PanaVise Products, Inc. 
Philips Telecom 
Equipment Company 

Poly Phaser Corporation 
Primus Electronics Corporation 
Quintron Corporation 
Racom, Inc. 
Rad.o Dealers Leasing 
Rad.o Systems, Inc. 
Reach 
Regency Land Mobile, Inc. 
Repco, Inc. 
Reproduction Technologies, Inc. 
RF Industries 
Ritron, Inc. 
RJ Singer 
Rohn 
Royal Insurance 
Rules Service Co. 
Scala Electronic Corp. 
Sco"pion Systems 
Selectone Corporation 
Sharp Communications 
Shinwa Communications of America 
Shure Brothers Inc. 

Micro-Quick Systems, Inc. 
Microlink, Inc. | 

Sept. 7-9, 1989 
Orange County 

Convention Center 

Orlando, Florida 

Sinclair Radio Laboratories Inc. 
SMC Electro-Mount 
Solid State Communications, Inc. 
Spectrum Communications Corporation 
Spectrum Management Systems 
Standard Communications Corporation 
Standard Crystal Division 
Tait Electronics - USA. Inc. 
TEC Cellular Antenna Co. 
TEKK, Inc. 
Teiemobile, Inc. 
Teletec 
Telewave 
Tessco, Inc. 
TPL Communications, Inc. 
Transcrypt International 
Trident Micro Systems 
Trilectric 

(a division of Centronics) 
Try Ion Mfg. Co. Ltd. 
TWR Lighting, Inc. 
TX RX Systems, Inc. 
Uniden Corporation of America 
Unipage Inc. 
Unitech Industries 
United Communications 
Vega, A Mark IV Company 
VDO-PAK/Division of VIDICRAFT, Inc. 
VIDCOM Manufacturing Inc. 
W&W Associates 

(Batteries “R” Us) 
Wacom Products, Inc. 
Western Towers 
Yaesu U.S.A. 
Zetron, Inc. 
ZK Celltest Systems 

Register today for the 8th 
Annual Land Mobile Expo 
East with the card on 
page 115 or call us at 
(303) 220-0600. 



rf featured technology-

Avoiding Ground Problems in 
High-Speed Circuits 
By Jeff Barrow 
Analog Devices, Inc. 
Computer Labs Division 

A designer typically considers ground 
as one of four nodes: chassis ground, 
analog common, digital common, or 
device zero. The first ground is used for 
questions of safety, the second for a 
high-quality return path, the third for a 
low-quality return path, and the last is 
used rarely as a zero-current reference 
point. While most designers fully under¬ 
stand these simple grounding princi¬ 
ples, they often degrade their circuit’s 
performance by applying these DC 
grounding practices to high-frequency 
circuits. 

Consider the issue of ground planes. 
High-frequency circuits often use 

the ground plane to return power and 
signal currents and as a reference node 
for D/A converters, A/D converters, 
track-and-hold amplifiers and other re¬ 
lated analog circuitry. Unfortunately, 
ground planes, even lots of them, do not 
guarantee a quality ground reference 
node for AC circuits. In many cases it is 
not how many ground planes the de¬ 
signer uses that matters, but where they 
are used. 

It's not difficult to understand the 
problem with ground planes after care¬ 
fully examining what occurs in a high¬ 
speed circuit. In a simple design con¬ 
structed with a two-layer circuit board 
(Figure 1), the top layer is an AC and 
DC current source connected to a single 
U-shaped copper trace going to via 2. 

This via starts on the bottom of the 
circuit board and connects to a solid¬ 
sheet of ground plane. The same cur¬ 
rent source is connected to via 1 as well, 
which also goes through the circuit 
board and connects to the ground plane. 
If the designer can understand where 
the current flows in the ground plane 
from via 1 to via 2 for both DC and AC 
signals, then he is 95 percent assured 
of avoiding ground noise in a high-
frequency layout. (High-frequency may 
be as low as 100 kHz when the design 
involves a 12-bit A/D converter.) 
The DC current flows directly from via 

2 to via 1, taking the path of least 
resistance (Figure 2). Though some 
spreading of the current occurs, it does 
not flow back in a uniform sheet. AC 
currents are another matter. The AC 
current does not take the path of least 
resistance; it takes the path of least 
impedance. To understand that path, it 
is useful to have a quick review of 
inductance. 
From classical analysis, inductance 

is proportional to the area of the loop 
made by the current flow. By using the 
right-hand rule and examining the mag¬ 
netic fields created by loops, the de¬ 
signer can determine the inductance in 
the ground paths (Figure 3). Inside the 
loop, current along all parts of the loop 
produces magnetic field lines that add 
constructively. Outside the loop, field 
lines from the top to bottom trace add 

destructively. As a consequence, the 
larger the loop, the larger the stored 
magnetic energy and the greater the 
inductance. 

Because X=jœL, a larger loop has 
greater impedance than a small loop. 
The AC current path in the ground plane 
can be determined by finding the loop 
with the smallest area with respect to the 
top conductor. In the absence of any 
resistance, AC current will search out 
the smallest loop due to its lower 
impedance. 

In most AC circuits, the ground path 
of lowest impedance is directly under 
the top conductor and not straight back 
from via 2 to via 1 (Figure 4). Due to finite 
resistance in the ground plane, the 
current may flow somewhere between 
straight back and the top trace. But at 
frequencies above 2 MHz, the return 
path is nearly under the top trace. 
Once this phenomenon is under¬ 

stood, corrective action can be taken. 
First, any high-frequency and low-
impedance paths shoJd be indicated 
to the draftsmen. The draftsmen should 
be told to eliminate any vias, keep them 
away from digital and make the line as 

Field Lines From All 
Wires Add in Loop 

Figure 1. 2-sided PC board with 
U-shaped conductor on top and 
solid ground plane on bottom. 

X • X • X • 

Field Lines from Top Wire 
+Field Lines from Bottom Wire 
=Canceled Magnetic Field 
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Figure 2. Typical current path for 
DC signals. 

Figure 3. Magnetic field lines in 
inductor with right-hand rule. 
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rf featured technology 
short as possible. Designers should also 
make sure that the layout does not cut 
the ground plane under a critical path. 

If the ground plane is cut so that path 
B can cross path A (Figure 5), induc¬ 
tance is introduced into the ground 
return of both signals because each 
return loop is made larger. Since path 
A conducts a high-frequency signal, an 
induced voltage drop will appear across 
the opening of the ground plane. The 
total voltage will equal L(di/dt). For the 
same reason, an AC current in path B 
will also cause ground plane noise. 

For typical TTL and ECL signals, the 
resulting drop can be hundreds of 
millivolts. This can add several LSB 
errors to a high-speed 10 MHz, 12-bit 
A/D converter or even create errors in a 
lower resolution 20 MHz, 8-bit device. 
However, a simple fix to this problem is 
to install a wire directly across the cut 
in the ground plane, as shown in Figure 5. 
Another problem with cutting the 

ground plane under a conductor is that 
it creates a time-varying magnetic field. 
These magnetic fields can pick up noise 
from transformers or other magnetic 

Figure 4. To follow the path of 
least impedance, AC current in 
ground plane traces the same 
path as the current in the top 
conductor. 

loops such as coils used in analog filters 
or relays. 

Power distribution can also suffer 
from poor ground management. Most 
designers think of power supply lines 
as low-impedance signal paths. In fact, 
a supply line without a ground plane 
beneath it can exhibit high impedance 
at frequencies as low as 1 MHz. Most 
designers choose to solve this problem 
by liberal use of 0.1 piF supply bypass 
capacitors. Although this is a good 
practice, if the problem is high imped¬ 
ance due to high inductance, then it 
could cause more problems than solu-

Switch to Reliability 
HP Model 
HP33314A 
HP33314B 
HP 3331 4C 

GHz Isolation Price * 
dc-4 >111 dB $185 
dc-20 >75 dB $215 

dc-26.5 >60 dB $265 
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Figure 5. A cut in the ground plane 
can introduce voltage drops in the 
ground plane. 

tions. For instance, with a 0.1 ^<F 
capacitance and 30 rH inductance, the 
supply will sing at 3 MHz after every 
transient (f=1/2nLC). In general, to re¬ 
duce noise levels, it is best to keep the 
inductance low with ground planes un¬ 
der supply lines and use bypass paths 
for transients. Hl 
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A Reference-Cancelling 
Phase/Frequency Detector 
By Dan Baker 
Tektronix, Inc. 

The prize-winning design presented 
here had its origin at RF Technology 
Expo 89 in Santa Clara, Calif. A paper 
presented during the conference men¬ 
tioned the controversy over how to 
model the “sampling delay" of different 
phase detectors. This article describes 
a phase/frequency detector which uses 
the principle of SSB or complex mixing 
to cancel all but the desired signal 
component. 

When modeling the sampling delay 
of different phase detectors, the 

Zero-Order-Hold (Z.O.H.) model shows 
more phase shift in the computer model 
than the real circuit exhibits. This “di¬ 
vider delay” or hold effect is only there 
if a true sample-and-hold phase detector 
is used. Since most phase-lock loops 
(PLLs) use digital (ECL, TTL, etc.) 
signals to drive the phase detector as 
opposed to sine waves driving linear, 
four-quadrant multipliers, phase infor¬ 
mation can only be conveyed on the 
transitions and, with some phase detec¬ 
tors, the PLL becomes essentially an 
impulse-sampled system. 

Sampling by itself, however, does not 
cause any delay or lagging phase shift. 
The Z.O.H. model should thus not be 
included for most PLL designs, includ¬ 
ing ones using the 4044, 4046 type 
sequential phase/frequency detector. 
Since most PLLs have at least one, and 
often two, ideal integrators, some por¬ 
tion of the phase sample is held until the 
next sample and this does introduce 
excess phase shift. However, the phase 
shift would not be as much as the Z.O.H. 

Figure 1(a). Basic PLL synthesizer 
as Type II, third-order loop. 

model predicts since these integrators 
are not being set to the sample value in 
a single sample, as would be the case 
with a true sample-and-hold or Z.O.H. 

By properly analyzing the effects of 
sampling, it should be possible to select 
the loop filter values and gain to design 
a phase-locked loop approaching the 
theoretical minimum settling time. In 
order to build a practical loop, it was 
necessary to get around the infamous 
“Catch 22” problem. Since the loop 
filter is needed to filter the reference 
frequency feedthrough as well as to 
control the loop dynamics, a phase/ 
frequency detector was needed that had 
little, if any, output at the reference 
frequency or at any frequency except 
the difference between the feedback 
signal frequency and the reference 
frequency. When the loop is locked, only 
a DC component from the detector is 
desired. 

Consideration of this characteristic 
spawned an idea for a phase/frequency 
detector to accomplish these goals. To 
verify that the idea would work, a 
prototype of the detector and a complete 
PLL was constructed. The object was 
two-fold: 1) To show that a Type II, 
third-order PLL could be optimized us¬ 
ing sampling theory to essentially equal 
the minimum settling time theoretical 
limit (two samples for a Type II loop), and 
2) By using this phase detector idea, to 
generate minimal reference frequency 
sidebands in the VCO output. The 
principles and concepts that led to the 
development of this new phase/fre¬ 
quency detector are discussed in the 
following sections. 

Complex Mixing Principle 
Figure 1(a) shows a common applica¬ 

tion of a PLL as a frequency synthesizer. 
The error amp and the VCO in this 
example act as essentially ideal integra¬ 
tors. This is an example of a Type II, 
third-order loop as discussed in Refer¬ 
ence 1. The signals at the outputs of the 
dividers are usually binary logic levels 
such as ECL or TTL, and the multiplier 
can be implemented as an Exclusive-OR 
(XOR) gate. However, to understand 

how this multiplier acts as a phase 
detector, it is often easier to approxi¬ 
mate these voltages as sine waves. 

vR(t) = sin cot; vF(t) = sin (cot + 0) 

Therefore, 

VoW = vr(1M) 
= (1/2)[cos 0 - COS (2cot + 0)] 

This equation derives, for the sine 
approximation, the familiar result that 
two terms appear in the output of the 
multiplier. The first term is a DC compo¬ 
nent proportional to the cosine of the 
phase of the two signals. The second is 
the 2X reference frequency term that 
must be filtered by the integrator/amp 
in order to minimize VCO modulation 
and the resulting unwanted sidebands. 
For a practical TTL XOR gate, this 
component appears as a square wave 
at twice the reference frequency with a 
fundamental component of nearly 5 V 
peak-to-peak. The duty cycle of this 
square wave is linearly proportional to 
the phase of the inputs, and it is this 
component that pulls the loop into lock. 
The negative of the integral appears at 
the input of the VCO and is the negative 
feedback that maintains phase lock. 

In order to make a fast, frequency-
agile synthesizer, the loop bandwidth 
must be as wide as possible. As dis¬ 
cussed before, however, the filter must 
attenuate the large square wave to 
minimize VCO sidebands. Typically, 
these opposing requirements are re¬ 
solved by using a sequential phase/ 
frequency detector or state-machine 
with a tri-state output. The output is in 

Figure 1(b). Complex mixing can¬ 
cels 2X reference frequency. 
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Figure 2(a). Quadricorrelator phase/frequency detector. Figure 2(b). Complex phase det. with frequency det. 

an open or high-Z state most of the time 
and, for small phase errors, the output 
is an impulse with a very small funda¬ 
mental component at the reference 
frequency. The integrator/amp can then 
have a relatively wide bandwidth with 
minimal reference frequency attenu¬ 
ation. One problem with this sequential 
detector is that it has state memory. In 
some applications this is unacceptable, 
since if there is a missing or extra edge 
in one of the inputs, the VCO is pushed 
through 360° to regain phase lock. 

Another problem is that the detector 
is an edge-triggered device and acts as 
a sampled phase detector with the 
sample rate equal to the reference 
frequency. In some applications this is 
a desired characteristic. In others, the 
feedback signal VF already exists as a 
square wave and only half of the 
available phase samples are used, since 
both positive and negative zero cross¬ 
ings are not detected. The XOR gate 
discussed previously uses both zero 
crossings, and the effective sample rate 
is twice that of the sequential phase/ 
frequency detector. 

Figure 1(b) shows how, using the 
principle of complex mixing, the XOR 
gate function can be used as a phase 
detector and the 2X reference frequency 
cancelled out. Using the sinusoidal 
approximation again illustrates that the 
outputs of the two multipliers have the 
same components as before. 

vR(t) = cos œt vF(t) = cos (cot + 0) 

vR(t) = sin cot vF(t) = sin (cot + 0) 

Therefore, 

voiW = VrWM’) 
= (1/2)[sin 0 + sin (2cot + 0)] 

vo2(‘) = vR(t)vF(t) 
= (1/2)[-sin 0 + sin (2cot + 0)] 

Since the (2cot + 0) components cancel, 

^o2^) “ VolW = -8in 6
By using in-phase and quadrature in¬ 
puts, however, the desired DC terms can 
be made to be of opposite polarity. 
These two outputs are effectively sub¬ 
tracted in the differential integrator/amp 

shown and the 2X reference frequency 
components cancel while the phase 
terms add. The negative polarity as¬ 
sures negative feedback to maintain 
phase lock. 
An additional benefit is that any 

components common to both multiplier 
outputs, such as power-supply noise or 
correlated phase jitter, are cancelled as 
well. Yet another benefit may exist. To 
the extent that reference phase noise 
and internal phase noise are separated 
into uncorrelated in-phase and quadra¬ 
ture components, there may be a 3 dB 
improvement in the signal-to-noise ratio 
(S/N) of the detector. This is possible 
since the phase noise terms would add 
root-sum-square and the phase terms 
add arithmetically. 

Figure 2(a) illustrates a famous 
method for phase and frequency detec¬ 
tion invented back in the 1950s. As 
discussed by Gardner (2), this circuit 
takes advantage of quadrature mixing 
to drive a third multiplier in order to allow 
frequency lock outside the pull-in band¬ 
width of the phase-locked loop. This is 
especially advantageous in narrowband 
loop applications. 
The circuit is best described by first 

considering operation after the loop is 
phase-locked. The upper multiplier acts 
as a phase detector. The difference 
frequency term becomes the cosine 0 
term discussed earlier, which is passed 
to the error amp to maintain phase lock. 
The lower multiplier output is differenti¬ 
ated and applied to the third multiplier. 
During phase lock the differentiator 
output is zero; therefore, the third multi¬ 
plier output is zero. 
When the loop is not phase-locked, 

the outputs are as labeled in Figure 2(a). 
The differentiator phase-shifts the lower 
frequency difference component to be 
in-phase with the upper frequency differ¬ 
ence component. The third multiplier 
then acts as a squaring circuit, generat¬ 
ing a positive DC component to push the 
VCO in a direction to reduce the fre¬ 
quency difference. If the frequency dif¬ 
ference is negative (œ^œj, then the 
differentiator output is 180 ° out of phase 
with the upper multiplier frequency dif¬ 

ference component. The third multiplier 
then creates a negative DC component 
to again push the VCO to minimize the 
frequency difference. When the fre¬ 
quency difference falls within the pull-in 
bandwidth, the loop phase-locks. 

Figure 2(b) illustrates how this con¬ 
cept can be applied to the XOR gate 
reference frequency cancelling phase 
detector discussed aarlier. This would 
allow the complex mixing idea to be 
used in narrowband applications without 
additional frequency acquisition circuitry. 
The outputs of the two XOR gates 

that constitute the new phase detector 
are each applied to another XOR gate 
as shown in Figure 2(b). These gates 
act as switchable inverters to allow the 
phase detector output polarities to be 
reversed before they are subtracted in 
the difference amplifier. 
The XOR gate at the bottom of Figure 

2(b) serves the function of the lower 
multiplier in Figure 2(a). When the loop 
is phase-locked (FR = FJ, the inputs of 
this gate are either in phase or 180 ° out 
of phase. The XOR gate output is then 
in either a steady low state or a steady 
high state. This signal is lowpass-filtered 
by the RC phase-shift network and 
applied to the sgn( ) box. The Quadri¬ 
correlator uses a differentiator which 
produces a +90 0 shift at all frequencies, 
while the lowpass filter shifts the phase 
-90° only at frequencies above the 
corner frequency. This requires that the 
polarity of the sgn( ) output be inverted 
from that required with the differentiator. 
In addition, the frequency lock action is 
only fully effective at frequencies above 
the lowpass filter cutoff. 
The sgn( ) function acts like a com¬ 

parator and outputs only a 1 or a 0 logic 
level, depending on the polarity of the 
signal at its input. In the phase-locked 
case, its output is a steady 1 or 0 
independent of the noise at the output 
of the XOR gate. When the loop is 
unlocked, its output converts the fre¬ 
quency difference component at the 
output of the RC phase-shift network to 
a square wave. 
The RC phase-shift network provides 

-90° of phase shift for frequencies 
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Figure 3. Complex mixing phase/frequency detector. 

much above its corner frequency. Its 
time constant should then be selected 
to place the corner frequency below the 
pull-in range of the PLL. (This turns out 
to be fairly non-critical for most applica¬ 
tions.) 
When the loop is unlocked and the 

frequency difference is outside the PLL 
pull-in range, the frequency difference 
square wave at the output of the sgn( ) 
circuit is then either in phase with the 
SSB frequency difference term from the 
phase detector, or it is 180° out of 
phase, depending on the polarity of the 
frequency difference. The corresponding 
DC component at the input of the 
difference amp then forces the VCO 
inside the pull-in range in the Quadricor¬ 
relator of Figure 2(a). Since the RC 
phase-shift network is DC-coupled, the 
loop can lock the VCO either in phase 
or 180 ° out of phase with the reference. 

A New Phase/Frequency Detector 
Figure 3 shows the final schematic of 

the new detector concept. XOR gates A 
and B form the function of the lower gate 
in Figure 2(b). Using two gates produces 
complementary outputs to drive the 

RF Design 

upper stage of the MC1496 multiplier. 
The upper stage provides the sgn( ) 
function and is operated as a differen¬ 
tially driven switch without the required 
voltage reference for single-ended drive. 
In this way the proper switching thresh¬ 
old for small-signal detection is main¬ 
tained independent of the actual logic 
levels. Although not shown in this sche¬ 
matic, some of the capacitance of the 
RC network could be connected differ¬ 
entially across pins 8 and 10 to improve 
frequency lock with low-tolerance ca¬ 
pacitors. 
XOR gates C and D act as the 

complex mixing phase detector dis¬ 
cussed earlier. A balance adjustment 
was added to allow the 2X reference 
frequency component to be dipped. As 
discussed in the results section, this 
allowed over 60 dB of common-mode 
rejection to be obtained. 
The lower stage of the MC1496 acts 

as the difference amp, and a 1K resistor 
between the emitters sets the detector 
gain. The resistor on pin 5 sets the bias 
current for the MC1496. 
An active current mirror converts the 

differential output current of the MC 1496 

to single-ended and this is applied to the 
loop filter. Since this current output 
approaches an ideal current source, the 
large DC gain of the integrating error 
amplifier is accomplished here. In effect, 
this combines the function of the fre¬ 
quency detection multiplier and integrat¬ 
ing differential error amplifier into one 
IC. To maintain the high low-frequency 
gain, the signal is then buffered by a 
FET follower and level shifter to drive the 
VCO of the test circuit. In applications 
where the VCO input is a DC-isolated 
varactor diode, the FET follower may 
not be needed. 
The quadrature signals needed to 

drive the new detector were obtained 
by using two Johnson counters. The 
counters act as divide-by-four stages 
preserving the VCO phase variations 
without any additional delay. This is an 
important point, and will be discussed 
in the next section. For example, in the 
test circuit the VCO runs at 25 kHz and 
the counter outputs are 6.25 kHz square 
waves, making the reference frequency 
6.25 kHz. The effective sample rate is 
25 kHz, however, since four phase 
transitions occur in the detector for each 
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cycle of the reference frequency. This 
will allow the test PLL bandwidth to 
equal or even to exceed the reference 
frequency. It should be noted that if 
other phase-shift methods are employed, 
the reduction in sample rate or addi¬ 
tional delay will reduce the maximum 
attainable bandwidth for a given refer¬ 
ence frequency. 

PLL Design As a Sampled System 
As discussed earlier, the sample 

frequency for this new phase/frequency 
detector is 25 kHz. The phase difference 
between the reference and feedback 
signal is presented to the loop filter as 
current impulses for small phase errors. 
Since the loop is of Type II, it contains 
two ideal integrators. It may seem then 
that this would constitute a Zero Order 
Hold. There have been recent articles 
which advocate the inclusion of the 
Z.O.H. transfer function into the loop. 
Figure 4 presents a model of a PLL 
incorporating a Z.O.H. 

To act as a true Z.O.H., the integrator 
must be ideal and fully charged on a 
single impulse sample. The output 
should remain at the previous value 
since successive impulses are cancelled 
by the one-sample delay path. This does 
not occur on most phase detectors/loops 
in common use, since a true S/H or DAC 
is not used. As shown in Appendix A, 
cascading the Z.O.H. model with the 
loop filter predicts too much group delay 
or excess phase. In fact, since the phase 
shift increases linearly from 0 to 25 kHz, 
the group delay of the Z.O.H. is a 
constant 20 psec over this range. 
An accurate model of most loops is 

shown in Figure 5. This diagram illus¬ 
trates two types of phase detectors. The 
first example is a voltage output much 
like the popular 4044 sequential phase 
detector. For small phase errors, the 
output can be considered as impulses 
with areas proportional to the phase 
error of the inputs. The second example 
behaves much the same, except that the 
output is current impulses into a passive 
loop filter. Only an X1 buffer may then 
be needed to drive the VCO input. This 

is the preferred model for the new, 
complex-mixing phase detector. 

The open-loop transfer functions for 
both examples are given in Figure 5. 
To analyze these loops as a sampled 
system, the Z transform should be taken 
as shown. 

Appendix B details the mathematical 
analysis of the test PLL incorporating 
the new phase detector. The analysis 
was done using MathCad. This program 
is a generic math package and not a PLL 
modeling program. All the equations 
and constants for making the plots 
shown had to be derived for the analysis. 

In Part A of Appendix B, the continu¬ 
ous-time transfer function of s and the 
sampled transfer function of z are 
defined for the Type II, third-order PLL. 
Both were analyzed in order to illustrate 
the inaccuracies of the continuous-time 
analysis near the sample frequency. 

Part B compares the magnitude re¬ 
sponse and Part C compares the phase 
response of the two analysis methods. 
Note that the magnitude response in¬ 
creases and the phase accumulates 
more rapidly in the sampled system. For 
example, the phase margin at 5 kHz is 
30 ° compared with 40 ° for the continu¬ 
ous-time equation. Still, this is much 
better than the -6° that the Z.O.H. 
model would show since it would add 
an additional 36 ° at this frequency. 

Part D shows the root locus for 
various loop gains in both the S-plane 
and the Z-plane. Note that the optimum 
gain for the Z-plane is about half that 
which is predicted for the continuous-time 
analysis. 

Part E compares the impulse and step 
response. Note that the continuous-time 
response is underdamped since the 
gain is 6 dB lower than the predicted 
optimum. If the gain were increased 
however, the real, sampled system 
would go unstable with only a 3 dB 
increase, as shown in the Z-plane root 
locus. Note also that by using the gain 
predicted from the Z-plane root locus, 
the real, sampled system completely 
settles in two sample periods, attaining 
the theoretical minimum. 

Experimental Results 
Measured/Calculated gains: 

Optimum pole/zero 
Fz = 3400 Hz 
Fp = 25000 Hz 
Kp = (2*3)/ ("*530) amps/radian 
Kv = 69K radians/V-sec 
N = 4 

Calculated values: 
C = Kp*Kv/N *K amp-sec/V (Farads) 
K = 62*10 A 7 
C = 0.1 mF 
Cp = 0.015 pF 
Rp = 420 ohms 

The values shown above were inserted 
into the loop filter and the gain and 
balance controls tweaked for best step 
response. The gain was only tweaked ( 
about 15 percent frcm the predicted 
value to optimize transient response. 
Figure 6 shows the photographs of the 
measured data from the test PLL. 

Figure 6(a) shows tne response to a 
frequency step. As shown in this wave¬ 
form photo, the loop has settled in 
essentially 80 ̂ sec or two samples. This 
validates the computer predictions and 
verifies that a practical Type II loop can 
settle in two sample periods. Figure 6(b) 
shows the VCO input and verifies that 
less than 4 mV of reference frequency 
component is present The loop filter 
affords little attenuation to this compo¬ 
nent and this low value is due to the 
good balance of the VIC1496. Figure 
6(c) is an SA photo o’ the VCO side¬ 
bands at the 2X reference frequency or 
12.5 kHz. A 3 mV component at this 
frequency with a VCO gain of 69,000 
rad/V-sec should produce sidebands 
down 68 dB from the carrier. The 
measured sidebands are near this value 
as seen in the photo. 

Figure 6(d) shows the SA display 
when white noise is added to the VCO 
input. The upper trace s with the VCO 
open loop and the lower trace is with the 
loop locked. Note the noise bandwidth j 
of the loop is about 3 kHz. Figures 6(e) I 
and 6(f) also compare the open loop 
VCO noise with closed loop for 500 
Hz/div and 5 kHz/div, respectively. Fig-
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ures 6(g) and 6(h) compare the VCO 
spectrum close in to the carrier with the 
VCO open loop in Figure 6(g) and closed 
loop in Figure 6(h). Note the 60 Hz 
sidebands and phase noise are re¬ 
moved by the PLL. 

Figure 7 shows the measured Bode 
plots of both the control response and 
the response to perturbations within the 
loop. Note the control bandwidth is 
essentially equal to the reference fre¬ 
quency of 6.25 kHz, yielding a band¬ 
width to reference frequency ratio of 1. H 

-17d3V 9 aß V 2B0OKHZ 
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Figure 7. Bode plot of small-signal closed-loop characteristics. 
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Fr = 25 X 103
T = 1/Fr 
Wz = 3400 Hz 
Wp = 25000 Hz 
tZ = 1/Wz 
TP = 1/Wp 
C = 0.1 X 10-8 
R = 1 X 103

Transfer function for Z.O.H.: 

Hzoh(s) = [(1-e»T)/s](1/T) 

Transfer function for filter: 

F(s) - RCs (rps +1) 

Appendix A. Z.O.H. effects. 
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A. Open-Loop Transfer Function 
1) Continuous System 

tz = 1/Wz 
tp = 1/Wp 

For the open-loop function, Gol (s) = ^StZ + 1) 
s2(stp + 1) 

2) Sampled System 

z = exp[jcüT] 
A = exp[-T/Tp] 

For the open-loop function, 

D. Root Locus Analysis 
1) For a continuous system, define 

the characteristic equation as: 
CE(s) = (STZ + 1)(K) + s2(sTp + 1) 

Gsol (z) = 
CD(K)(z) 

(z-1)(1-A)(tz-tp)+T(z - A) 
(z-A) 

gain constant K = 6.2 X 108
zero frequency Wz/(2n) = 3.4 x 10s
pole frequency Wp/(2n) = 2.5 x 104

-4 » 104
-K 

2) For a sampled system, define 
the characteristic equation as: 

CE(z) = [(T)(z)(K)] • 
[(z-1)(1-A)(tz-tP) + 
- Ooi * * (z-1)2(z-A) 

zeros at: Z1 = 0.5, Z2 = 0 

B. Magnitude Response 
1) Continuous System 

M = |Golüc»]| 
Mol = 20log[M] (in dB) 

2) Sampled System 

Ms = |Gol[z]| 
Msol = 20log[Ms] (in dB) 

E. Transient Analysis 
1) Continuous System 

defined gain: K= 62 x 107 
closed-loop equation: CL = 

Gol[jw] 
1 + Gol[jo] 

C. Phase Response 

2) Sampled System 

z = exp[jœT] Gs0|[z]
closed-loop equation: CLs = 1 + qS0 |[zj 

|(z) = tan'1 (lm(z)/Re(z)) 

Appendix B. Third-order, Type II phase-locked loop analysis. 
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Lowpass Connector Filters: 
An Overview 
By Andrew Dawson 
AMP Incorporated 

In the past, filtering options in input/ 
output (I/O) connectors were limited to 
tubular-Pi or feed-through constructions 
and were available only in limited ca¬ 
pacitance ranges. Now, with recent 
advances in ceramic and ferrite proc¬ 
esses, various filtering performance lev¬ 
els can be obtained in the most popular 
connector configurations. Single struc¬ 
ture devices, combining ceramic and 
ferrite properties, allow a wide selection 
of performance and cost levels. 

Predicting susceptibility or emission 
problems in a system and determin¬ 

ing the level of filtering required can be 
simplified by increasing or decreasing 
the rate of attenuation (dB/decade) or 
by shifting the break or cutoff frequency 
on the system’s I/O connections. Higher 
voltage levels can also be obtained for 
power or electromagnetic pulse (EMP) 
requirements for specific pins or for the 
entire connector. 

Filter Selection Criteria 
The most important element in the 

selection of any lowpass filter connector 
is maximum capacitance. This provides 
the capability to meet emission or sus¬ 
ceptibility requirements. Calculations 
should be made to determine proper 
pulse fidelity and other electrical pa¬ 
rameters. The more capacitance a sys¬ 
tem can handle, the more the filtering 
attenuation can increase for a particular 
frequency. After the upper capacitance 

Insertion Loss 

Pass Reject 

X 
Frequency 

Figure 2. Ideal lowpass filter. 

Figure 1. Plot of frequency vs. 
insertion loss shows Fb2>Fb, 
when C2>Cr

limit is defined, the amount of attenu¬ 
ation required for a frequency point or 
over a frequency range is determined. 
A minimum attenuation level is specified 
for problem or susceptible frequencies. 
Filters are tested and specified to MIL-
STD-220 at +25 degrees C (50 ohm 
source and load impedance). Filter at¬ 
tenuation curves provided by the manu¬ 
facturer may need to be modified, 
depending on the source and load 
impedance of the system. 

Break Frequency 
By determining the 3 dB point or 

"break frequency” of a lowpass filter, 
many calculations on insertion loss can 
be simplified. The break frequency of 
the filter is defined as: 

p = Rs + R*-
B RsRL(2nC) 

where Rs is the source impedance, RL is 
the load impedance, and C is the filter 
capacitance. With R„ and RL defined to 
be 50 ohms per MIL-STD-220, the above 
formula can be simplified to: 

- _ 0.00637 
B C 

Since capacitance is inversely propor¬ 
tional to break frequency for a given 
filter, the higher the capacitance, the 

lower the break frequency and vice 
versa. Figure 1 shows that for any 
lowpass filter element, the attenuation 
for frequency X can be increased simply 
by increasing the capacitance of the 
filter. In general, doubling the capaci¬ 
tance will increase the insertion loss at 
a given frequency by 6 dB. Providing 
more attenuation by adding capacitance 
is an easy solution to many emission or 
susceptibility problems. 

Lowpass Filter Connector 
With capacitance and attenuation pa¬ 

rameters defined, the filter selection 
process is narrowed to examining the 
tradeoffs with each filter type and then 
choosing a filter that most closely meets 
the needs of the application. The pri¬ 
mary purpose of a filter is to maximize 
attenuation of unwanted signals. 

Figure 2 shows an ideal filter attenu¬ 
ation curve, passing all frequencies 
below point X and rejecting (providing 
infinite insertion loss at) all frequencies 
above point X. The filter has a vertical 
insertion loss curve. The steeper the 
insertion loss curve of a filter connector, 
the better the filter will perform. Obvi¬ 
ously, tradeoffs are required when trying 
to maximize the insertion loss. Thus, 
many filter technologies are available. 

Capacitive Filtering 
The simplest ceramic feed-through 

tubular capacitor configuration is made 
with a hollow ceramic tube that is plated 

Figure 3. Ceramic feed-through 
capacitor. 
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Figure 4. Multilayer (left) and thick film (right) planar capacitors. 

All Systems 

on the inside and outside diameters 
(Figure 3). In most cases, the distance 
between the inner and outer plates is 
dependent on the mechanical construc¬ 
tion of the connector (pin diameter and 
centerline spacing). 

Capacitance is directly proportional 
to the area of the plates and the 
dielectric constant of the ceramic mate¬ 
rial. Thus, by changing sleeve length 
and material, capac tances ranging from 
100 pF to 10,000 pF are available. 
Feed-through tubular sleeves are capa¬ 
ble of withstanding voltages up to 1500 
VDC due to the relatively large spacing 
between plates. A capacitively filtered 
connector will typically yield an attenu¬ 
ation (insertion loss slope) of 20 dB/ 
decade and will reach and maintain a 
minimum value of 50 dB. 
A relatively new type of capacitor, the 

planar type, is available in either single 
capacitors or arrays. They are either 
multilayer or thick film structures, as 
shown in Figures ¿(a) and 4(b). In a 
multilayer type, several layers of dielec¬ 
tric, each covered with a conductor to 
form the capacitor plate, are stacked 
together into a single structure. The 
conductive layers are alternately at¬ 
tached to either an outside or inside 
metallization. Inside metallization is sol¬ 
dered to a conductor running through 
the center of the capacitor; outer metalli¬ 
zation is soldered to ground. 

In a thick film array, several layers of 
material are deposited on a ceramic 
substrate to form a monolithic capacitor. 
The first metallization layer serves as the 
ground plane. A dielectric is deposited 
over the metallization. The final layer is 
metallization to form the other electrode 
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Custom-designed crystal and 
LCfilters, discriminators, 
equalizers and control mod¬ 
ules found in sophisticated 
C3I and weapons systems. 

When the U.S. Navy is called to action there is no 
margin for error. Standard Missile System components 
must perform reliably to insure a successful mission. You 
can rely on EG&G Frequency Products for precise, reliable 
control of frequency selectivity. 

Our expert engineers 
custom-design high perform¬ 
ance crystal and LC filters, 
discriminators, equalizers 

and modules that meet your most strict electrical and 
environmental requirements. 

Our high reliability standards include compliance 
with WS6536E. EG&G also provides you with quality 
AT and SC cut quartz crystals, oscillators and high per¬ 
formance atomic frequency standards making us a sin¬ 
gle qualified source for all your frequency control needs. 

Call or write today for more information on sys¬ 
tems that go in critical applications. 

Qualified contract manufac¬ 
turing of Mil Spec PCB 
Modules requiring skillful 
manual assembly, component 
preselection and computer¬ 
ized testing. 

FREQUENCY PRODUCTS, INC. 
EG&G Frequency Products, Inc. 4914 Gray Road, Cincinnati, Ohio 45232 

FAX 513-542-5146, PHONE 513-542-5555, TWX 810-461 -2749 
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Figure 5. Typical lumped-element 
filter. 
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of the capacitor. An overcoating may 
also be added to protect against oxidiz¬ 
ing of the metallization. The upper level 
of metal is soldered to the conductor pin 
running through the capacitor; the lower 
level is soldered to ground. 
The relatively small planar arrays and 

their range of available capacitance 
values (up to 5 F) offer distinct advan¬ 
tages over feed-through capacitors. To 
apply, connector pins are soldered to 
the plated-through holes and the ground 
plane of the array is soldered to the 
metal shell of the conductor, which is 
then grounded. 

Because of the high capacitances 
available in multilayer planar arrays, 
these arrays can provide extremely high 
attenuation at relatively low frequencies. 
As a result, planar arrays are becoming 
increasingly popular for applications 
that can handle a relatively fair amount 
of capacitance. 

Lossy 
Ferrite 

Ceramic 

High-Temperature 
Solder 

Equivalent Circuit (Lou Frequencies) 

Input 

Center 
Conductor 

Output 

Lumped-Element Filters 
Lumped-element reflective filters and 

distributed-element absorptive filters are 
higher performing filters. Lumped-ele¬ 
ment filters, available in T, L and Pi 
configurations, consist of ferrite beads 
inside a ceramic sleeve or alongside a 
planar array. Choice of the filter type 
depends on the circuit and insertion loss 
needs. 
The L filter, for unbalanced circuits, 

provides about 40 dB loss per decade. 
To achieve proper performance, the 
inductor end of the filter must face the 
low impedance. The T filter, for low-
impedance circuits, has an inductor 
facing the source and load. It provides 
an insertion loss of about 60 dB per 
decade. The Pi filter, for high-imped-
ance circuits, also provides a loss of 60 
dB per decade. Figure 5 shows the 
construction of a typical feed-through Pi 
filter. 

Reflective filters have three main 
drawbacks. First, since they operate 
reflectively, they do not eliminate the 
electromagnetic interference (EMI) from 
the system. They simply shunt it to 
another part of the system, where it may 
or may not be acceptable. While the 
ferrite inductor is lossy enough to pro¬ 
vide some dissipation, the action is still 
mainly reflective. 

Also, the specified insertion loss 
(tested to MIL-STD-220) may not be 
realized in application. In a Pi filter, for 
example, as the circuit source or load 
impedance drops below 50 ohms, the 
insertion loss also drops. Conversely, 
as the circuit impedance rises above 50 

Equivalent Circuit (High Frequencies) 

Figure 6. Distributed-element filter. 

RF Design 

Figure 7. Response curves for 
distributed-element and lumped-
element filters over a frequency 
range of 100 MHz to 10 GHz. 

Figure 8. Insertion loss curves of 
various types of filters with the 
same capacitance (or the same 
break frequency). 

Topic 

Capacitive 

LorT Pi Type 

Distributed 

Element Tubular Planar 

Maximum Insertion Loss’ 50 dB 50 dB 70 dB >70 dB >100 dB 

Slope* 20 dB/decade 20 dB/decade 35 dB/decade 50 dB/decade >60 dB/decade 

DC Working Voltage >500 V 500 V 500 V 500 V 250 V 

Insulating Resistance 5 GQ 5GQ 5 GQ 5GQ 500 MQ 

Capacitance Range 
100 to 

10,000 pF 

100 pF to 

5 gF 

100 pF to 

5 mF 
100 to 

10,000 pF 

100 to 

10,000 pF 

Operating Voltage DC >200 V 200 V 200 V 200 V 100 V 

•Testing to MIL-STD-200. 

Table 1. General filter performance in connectors. 
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ohms, the insertion loss rises as well. 
Unfortunately, the circuit impedances 
are often unknown, and they also 
change with varying loads and tempera¬ 
tures. Large variations in impedance 
result in apparently erratic filter perform¬ 
ance. Nevertheless, if the filter provides 
a sufficient margin in its loss characteris¬ 
tics, changes in performance may not 
matter. 

The third drawback to reflective filters 
is a drop in the insertion loss curve 
because of resonance of the discrete 
components. In some cases where the 
filter sees an inductive source or load, 
the Pi section filter can cancel the 
original source-to-load mismatch to pre¬ 
sent a net insertion gain over part of the 
stopband. The filter acts as a matching 
network that provides greater voltage to 

l-F Bandpass Filters 
«49 50 

each 
★ Stock Shipment1 (Starting 6-15-89) 
★ 3 pole Chebyshev design 
★ 50Q Input/Output Impedance 
★ Miniature PCB Case (i o x24 xos h> 

★ Minimum Order- 5 Units (Assorted Items OK) 

Model 
Number 

Center 
Frequency 

Minimum 
3dB BW 

Maximum 
40 dB BW 

Insertion 
Loss 

T10.7 
T21.4 
T30 
T42 
T50 
T60 
T70 
T140 

10.7 MHz 
21.4 MHz 
30 MHz 
42 MHz 
50 MHz 
60 MHz 
70 MHz 
140 MHz 

214 kHz 
428 kHz 
600 kHz 
840 kHz 

1 MHz 
1.2 MHz 
1.4 MHz 
2.8 MHz 

1.5 MHz 
3.0 MHz 
4.2 Mhz 
5.9 MHz 
7 MHz 

8.4 MHz 
9.8 MHz 

19.6 MHz 

6 dB 
6 dB 
6 dB 
8 dB 
8 dB 
8 dB 
8 dB 
8 dB 

tSubject to stock on hand. 

Engineering Hot Line (213) 473-0584 

tte, Incorporated 
11652 W. Olympic Blvd. 
Los Angeles, CA 90064 
(213) 478-8224 FAX: (213) 312-1055 

the load than existed before the filter 
was inserted in the circuit. 

Distributed-Element Filters 
Distributed-element filters are more 

effective at high frequencies (Figure 6). 
The filter sees a sleeve of ferrite sur¬ 
rounded by a barium titanate ceramic. 
During manufacturing, the ceramic is 
sintered to the ferrite to form a one-piece 
sleeve which is then plated inside and 
out. The ferrite is a compound specially 
formulated to be both conductive and 
absorptive or lossy. 
The one-piece construction distrib¬ 

utes inductance and capacitance along 
the length of the sleeve. The ferrite 
provides the inductance and the ce¬ 
ramic provides the dielectric to form a 
capacitor between the ferrite/center con¬ 
ductor and the ground in which the filter 
is mounted. 

At high frequencies the filter is molded 
as a lossy coaxial transmission line. The 
capacitance passes the high frequen¬ 
cies but the influence of the lossy ferrite 
absorbs the energy in the process. 
While the filter still reflects some energy 
(about 12 dB in a 50 ohm system), the 
remainder of the insertion loss results 
from absorption and dissipation. The 
energy is thus eliminated rather than 
simply directed elsewhere in the circuit. 
Figure 7 shows response curves for two 
representative filters. 

Summary 
A comparison of the insertion loss 

curves of various types of filters with the 
same capacitance (or break frequency) 
is shown in Figure 8. Table 1 provides 
a general overview of the electrical 
parameters of the various filter connec¬ 
tor technologies currently offered. 

It should also be pointed out that the 
filter technologies can sometimes be 
intermixed in the same connector. For 
example, an application might call for 
mostly low-level logic signals and a few 
higher voltage power lines. To accom¬ 
plish this, one could incorporate the 
maximum filtering via distributed-ele¬ 
ment filters on the sensitive logic signals 
and tubular feed-through capacitors on 
the high voltage lines. Although high 
insertion loss is not required, higher 
working voltage levels are critical. HI 

About the Author 
Andy Dawson is development man¬ 

ager with AMP Incorporated, Harris¬ 
burg, PA 17105. The telephone num¬ 
ber is (717)564-0100. 
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RF Propagation in Buildings 

The Results of an Indoor Radio Wave Propagation Study Are Presented 

By Dr. T Koryu Ishii 
Marquette University 

In spite of growing interest in wireless 
radio frequency data communications 
and remote controls inside large build¬ 
ings (15) and residential homes (1-3), 
very little literature on the propagation 
characteristics of radio frequency elec¬ 
tromagnetic waves indoors is available. 
Propagation of radio waves in a building, 
a thick jungle, or even the congested 
downtown of a large city is generally 
different from radiation in free space. 
For indoor propagation, dissipation, dis¬ 
persion, scattering and absorption of the 
electromagnetic waves will occur due 
to the floor, wall, ceiling, furniture, 
equipment, utility facilities and people 
inside the building. The structure of the 
building, obstacles and objects inside 
the building determine the propagation 
characteristics of the radio waves under 
a given frequency. If the operating 
frequency is changed, the propagation 
characteristics change in a way unique 
to the given building or media. In this 
article the results of an indoor radio 
wave propagation study are presented 
and methods of characterizing a build¬ 
ing in terms of RF propagation are 
introduced. 

Norton's propagation equation consid¬ 
ers direct waves, reflected waves 

and surface waves over a smooth sphere 
(earth) of finite reflection coefficient, and 
conductivity (4-6). Bullington simplified 
Norton’s equation by separating the 
direct, reflected and surface waves (7-8). 
Reudink further simplified the propaga¬ 
tion equation for the radio waves propa¬ 
gating along the earth in a direction 
almost parallel to the surface of the earth 
(9). This is shown in equation 1: 

/h, hrV 
pr = pt 9t g, ) w 

where, 

Figure 1. An illustration of electro¬ 
magnetic wave propagation path 
and additional dispersion and dis¬ 
sipation for propagation in con¬ 
gested media. 

Pt is the transmitted power: 
gt is the power gain of the transmitter 
antenna; 
gr is the power gain of the receiving 
antenna; 
ht is the elevation of the mounting 
location of the transmitter antenna; and, 
hr is the elevation of the mounting 
location of the receiver antenna. 

For a fixed propagation system with 
given transmitter power, Reudink’s equa¬ 
tion can be rewritten as: 

pr = Ko • (2) 

a loss due to dispersion and dissipation 
of radio waves through walls, equip¬ 
ment, furniture, curtains, doors, ceilings, 
windows, wall-and-room decorations and 
people in buildings. This is illustrated 
symbolically in Figure 1. This situation 
resembles that of electrons drifting in 
solids or of photons interacting with the 
lattice of solid material (14). The electro¬ 
magnetic wave dispersion and dissipa¬ 
tion along the propagation path are 
random and non-periodic. Therefore, 
these are handled statistically. The me¬ 
dian power term, F, due to the disper¬ 
sion and dissipation loss for the propa¬ 
gation distance d, is assumed to be: 

F = e""0 (4) 

RF Design 

where Ko is a proportionality parameter. 
This relates to equation 3: 

K0=Ptgtgr(hthr)2 (3) 

Reudink’s equation was found to be 
useful for outdoor propagation (9-13), 
yet additional consideration was needed 
to accurately represent indoor propaga¬ 
tion or propagation in any other con¬ 
gested media. For indoor electromag¬ 
netic wave propagation, in addition to 
the reflections from the ground, there is 

Figure 2. Experimental and theo¬ 
retical results of indoor electro¬ 
magnetic wave propagation at 
49.83 MHz. 
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where a is a combination of statistically 
averaged dissipation and dispersion 
constants per unit length of propagation 
due to random and finite reflections and 
transmission by random obstacles in¬ 
doors. Therefore, it is considered to be 
a function of operating frequencies and 
the building’s configuration and content. 
By combining equation 2 and equation 
4, for the indoor electromagnetic wave 
propagation: 

CRYSTAL FILTERS 
TEMEX ELECTRONICS 

TEMEX 

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

(Tel) 602-842-0159 (Fax) 602-939-6830 
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SAWTEK FILTERS . . . 
where K is a proportionality parameter. 
When the transmitter and receiver are 
specified, the locations are fixed, the 
transmitter power is given, and K is set 
as a constant, the propagation charac¬ 
teristic is characterized by the loss 
number a at the operating frequency. 
When frequency is given, the loss 
number a is determined by meas¬ 
urement. If the received power at dofrom 
the transmitter is Pro and the received 
power at d from the transmitter is Pr, 
then: 

From equation 6: 

PjdB 
-40 log^. 

d 
/d„ 

4343d(-j2- - 1 
I d 

For the practice of RF wave propagation 
study, d0 is taken as the edge of the 
direct transmission range or near zone 
range and d is in the far zone. Theoreti¬ 
cally, both d0 and d can be any distance 
in the far zone. 

. . .State-of-the-art SAW devices for signal processing applications that 
require. . . 
■ Steep skirts, high rejection, and compact size. 
■ Low insertion loss, linear phase, and excellent repeatability. 
■ Superior RF feedthrough and triple-transit suppression. 
■ Operating frequency ranges from 10 MHz to 2 GHz. 

Frequency Characteristics of 
Loss Number 

After numerous measurements, it was 
found that for RF wave propagation in 
congested media, the frequency de¬ 
pendency of the loss number can be 
described by the function shown below. 

where, ac is the loss number at the 
lowest frequency investigated; 
Nc is 1/10 of the dB slope (10 log) decay 
of a(f)Mc per decade of operating fre¬ 
quency; and, 
fc is an operating frequency at the 
intersection of the low- and high-

To meet your requirements, Sawtek produces a selection of 
discrete components and custom filter assemblies. Our inventory 
of SAW filters includes Bidirectional, Low-Loss, and Resonator 
Filters. Sawtek Filters are the ideal choice for high-performance 
applications such as: digital data transmission, EW, satellite 
communications, radar, CATV, and PSK to MSK conversion. 

Maximize your system's performance. Co with the proven 
performers. . .Sawtek Filters. Call us today at 407/886-8860 
for an evaluation of your SAW filter application. Or write 
Sawtek Inc., P.O. Box 609501, Orlando, Florida 32860-9501. 
FAX 407-886-7061. TWX 810-862-0835. 

Ll SAWTEK 
’ J INCORPORATED 
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Introducing The 
LOWEST PRICED 
Direct Digital 
Synthesizer 

H featured technology_ 
where, nc is the n-number at the lowest 
operating frequency investigated; 
Nc is the slope of 1/10 of dB (10 log) plot 
of normalized n-number n(f)/nc per dec¬ 
ade of operating frequency; and, 
fc is an operating frequency at the 
intersection of the low frequency asymp¬ 
tote and the high frequency asymptote 
of dB plot of normalized n-number 
n(f)/nc

Indoor RF Propagation Equations 
From equation 13, 

dB = 10 n log.L 
Pm d0

(15) 

The Q2334I-20 
Full Featured: 
• Two Complete DDS's on-chip 
* On-chip Sine Lookup 
• Processor Control Interface 
• PSK, FSK, MSK Modulation 

High Performance: 
• 0.005 Hz Freq. Resolution 
• 12-Bit Sine Outputs 
• 20 MHz Max. Clock Rate 
• All Spurs below -70 dBc 
• -40C to +85C Oper. Temp. 
• Low Power CMOS 

LOW PRICE: 

$69 each 
(quantity 100 price) 

30 MHz and 50 MHz 
Versions and 

Evaluation Kit Also 
Available. 

Figure 3. Frequency characteris¬ 
tics of n-numbers. 

frequency asymptote on dB plot (10 log) 
of normalized loss number (a(f)la(). 

Further Approximations 
After numerous RF propagation wave 

measurements indoors, it was found 
experimentally that equation 5 can be 
further simplified: 

0) 

If equations 5 and 9 are equivalent, then 
by solving for a, 

n-4 _ log d 

0.4343 ’ d 
or solving for n, 

n = 0.4343a + 4 log d 

(10) 

(11) 

Following a similar approach with equa¬ 
tions 6 and 7: 

(12) 
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Substituting equation 14 in equation 15: 

/ - 10 n. d 
dB/- £—= log -¡-
/ 1 + (f/fc)Mc a d 

(16) 

Equation 16 describes dB power decay 
of indoor RF propagation at any fre¬ 
quency at any distance in the far zone. 

Experimental Correlations 
As an example, propagation test 

results obtained at 49.83 MHz inside a 
large building, #1, are shown in Figure 
2. Scattering of the data points is caused 
by the orientation and the location of the 
receiver antenna. From this data, the 
medium values of the received data are: 

at dn = 6.1 m Pr„ = -37 dBm 
at d = 61 m Pr = -79 dBm ' ' 

Substituting these values in equations 
7 and 17: 

a = 0.0839 neP®r/m = 0.364 dB/m (18) 

Substituting equation 17 in equation 13: 

Lp,oJ dB n =-

10 log 
(13) 

Qualcomm 
N CORPORATED 

‘‘...the elegant solution. " 
10555 Sorrento Valley Road 
San Diego, CA 92121-1617 

Phone: (619)587-1121 ext. 540 

Frequency Characteristics of n-
Number 

Using a similar approach, the fre¬ 
quency characteristics of indoor RF 
propagation are characterized by: 
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n(f) = 
nc 

1 + (f/fc)Nc 
(14) Figure 4. dB plot of normalized 

n-numbers of Large Building #3. 
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n a 

Residential Home #1 4.9 0.0377 
Residential Home #2 3.4 0.0252 
Large Building #1 6.0 0.0839 
Large Building #2 7.0 0.1258 
Large Building #3 5.4 0.0587 

Table 1. Electromagnetic wave 
characterization of various build¬ 
ings at 49.83 MHz. 

Large A Residential 
Building #3 Home #1 

ac 0.0587 0.0377 
Nc 2.87 7.6 
fc 400 X 106 430 X 106
nc 5.4 4.9 
Nc 0.2 0.0139 
fc 265 X 106 219 X 106

Figure 5. Composite plot of ob¬ 
served median attenuation on cal¬ 
culated median attenuation for 
indoor electromagnetic wave 
propagation in various buildings 
and frequencies. 

n = 6 (19) 

The calculations performed by equation 
15 are shown by the solid line in Figure 
2. From equation 7, 

I 265 X 106 / 

The same approach is used to obtain the 
frequency-characterizing parameters nc 
Nc and fc, and ac, Nc and f . The results 
are tabulated in Table 2. As seen from 
this table, different buildings have differ¬ 
ent characterizing parameters. 

Equation 16 has been calculated and 
graphed in Figure 5. Experimentally 
obtained median values of normalized 
dB attenuation to 10 times the n-
numbers for various buildings at various 
frequencies are compositely plotted in 
Figure 5. As seen from Figure 5, equa¬ 
tion 16 describes the observed data. 

Pr 

p; 

d 
dB = 40 log-y + 

(20) 

/d \ 
4.343 ad l-^ - 1 I 

The above is shown by the dashed line 
in Figure 2. Both curves approximately 
describe the observed received power 
levels. The same technique is applied 
to other buildings to obtain n-numbers 
and a numbers at 49.83 MHz. The 
results are tabulated in Table 1. As seen 
in this table, n-numbers and a numbers 
can be used for characterizing the 
indoor RF propagation. The values of 
n-numbers obtained at various frequen¬ 
cies are plotted in Figure 3. As an 
example, the 10 log n(f)/nc plot for 
building #3 is shown in Figure 4. Figure 
4 was constructed from Figure 3. From 
Figures 3 and 4, 

n = 5.4 
Nc = 0.2 

fc = 219 X 106

(21) 

(Hz) 

Thus, from equations 14 and 21, the 
n-number of large building #3 is de¬ 
scribed by: 

Conclusion 
A theoretical equation for indoor RF 

propagation was found. Carefully meas¬ 
ured median value of the received power 
level fit this theoretical propagation 
equation well. A simplified approximate 
value to describe the propagation char¬ 
acteristic was also found, together with 
formulas describing frequency charac¬ 
teristics of indoor RF propagation. The 
derived equations correlate well with 
experiments, and the equation fits the 
propagation in any media, at any fre¬ 
quency and at any location in the far 
zone of propagation. H 
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One Antenna Kit 
with everything, 
to go please. _ 

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

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 20Hz-50KHz and conducted 20Hz-100MHz 
testing. Antenna factor calibrations are provided with each antenna. 

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

AH Systems 
9710 Cozycroft Ave 
Chatsworth, CA 9131 1 
Tel: 81 8 998-0223 
Telex: 182 640 WKVG Fax #: 818 998-6892 

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

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

FREQ. RESP 

300- 1800 MHz 
1000- 12000 MHz 
200- 1800 MHz 
1000 - 18000 MHz 
150- 550 MHz 
20- 300 MHz 
20- 300 MHz 

DESCRIPTION 

Log Periodic 
Log Periodic 
Log Periodic 
Log Periodic 
Broadband Dipole 
Biconical 
Bicon’l, Collapsible 

MODEL # FREQ. RESR DESCRIPTION 

SAS-200,542 20- 300 MHz Biconical. Folding 
SAS-200. 550 001 - 60 MHz Active Monopole 

SAS-2 00 560 per MIL-STD-461 Loop - Emission 
SAS-200/561 per MIL-STD-461 Loop - Radiating 

BCP-200/510 20 Hz - 1 MHz LF Current Probe 
BCP-200/511 100 KHz-100 MHz HF/VHF Crnt Probe SYSTEMS 
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rfi/emc comer 

FCC Revises Part 15 
Changes Offer Opportunities for RF Product Development 

By Gary A. Breed 
Editor 

The First Report and Order in FCC 
General Docket 87-389 was adopted by 
the Commission on March 30, 1989, 
released April 18, and was effective as 
of June 23, 1989. To quote the opening 
paragraph of the Report and Order, 
“The objective of this action is to 
achieve more effective use of the radio 
frequency spectrum while providing ad¬ 
ditional technical and operational flexi¬ 
bility in the design, manufacture and use 
of non-licensed devices. ” 

Frequency of Field 
Emission Strength 
(MHz) (pV/m) 

30 - 88 100 
88 - 216 150 
216 - 960 200 
Above 960 500 

Frequency of Field 
Emission Strength 
(MHz) (pV/m) 

30 - 88 90 
88 - 216 150 
216 - 960 210 
Above 960 300 

The introductory comments for the new 
Part 15 list four points by which the 

new rules meet the objective stated 
above: 1. providing for the production of 
non-licensed equipment on almost any 
frequency with minimal restrictions on 
usage, bandwidth, and modulation tech¬ 
nique; 2. establishing more uniform 
technical standards; 3. clarifying and 
simplifying administrative requirements; 
and, 4. retaining currently permitted 
services. Point number one is easily the 
most important of the four, although the 
other points are not minor by any means. 

The benefit of the new rules for 
manufacturers of Part 15 devices is that 
limits have been lifted on allowable uses 
and frequencies. According to the “Elec¬ 
tromagnetic News Report,’’ published 
by Liberty Labs, Inc., the new Part 15 
paves the way for new technologies, 
including wireless stereo speaker sys¬ 
tems, video cassette recorders, com¬ 
puters and data transmission systems, 
biomedical telemetry, and factory control 
and monitoring systems. 

Standards and Test Methods 
The conducted emissions standards 

have been simplified to a single 250 pV 
limit applied to both intentional and 
unintentional radiators, except for Class 
A digital devices. This limit would apply 
over the 450 kHz to 30 MHz frequency 
range. Measurements of conducted emis¬ 
sions are to be made with the device 
connected to the power service through 
a 50 ohm/50 pH line-impedance stabili-

Table 1. Limits on field strength 
of radiated emissions from unin¬ 
tentional radiators (except for 
Class A digital devices), at a 
distance of 3 meters. 

Frequency 
(MHz) 

0.009 - 0.490 
0.490 - 1.705 
1.705 - 30.0 
30 - 88 
88 - 216 
216 - 960 
Above 960 

RF Design 

Table 2. Limits on field strength 
of radiated emissions from Class 
A digital devices, as determined 
at a distance of 10 meters. 

Field Strength 
(pV/m) 

2400/F (in kHz) 
24000/F (in kHz) 
30 
100* 
150* 
200* 
500 

Measurement Distance 
(meters) 

300 
30 
30 
3 
3 
3 
3 

‘Except for certain perimeter protection systems, fundamental emissions shall not 
be located in the bands: 54-72 , 76-88, 174-216, or 470-806 MHz. 

Table 3. Limits on radiated field strength from intentional radiators. 
These figures are for unwanted emissions from devices whose funda 
mental frequencies are covered in specific provisions of Part 15. 

zation network (LISN), rather than the 
50 ohm/5 pH LISN previously specified. 
This value LISN also conforms to ANSI 
C63.4 and CISPR standards. 

Measurement methodolog_ xias been 
changed to use the CISPR quasi-peak 
detector and bandwidth specifications 
below 1000 MHz, and peak measure¬ 
ments above 1000 MHz. The revised 
emissions standards are based on these 
measurement techniques. A few excep¬ 
tions are specified, and readers should 
become familiar with the complete Part 
15 provisions. 

Tables 1 -3 summarize the major emis¬ 
sions limits for unintentional and inten¬ 

tional radiators. For intentional radia¬ 
tors, there are some variations from the 
limits in Table 3 according to frequency 
and type of usage. Again, refer to the 
original FCC documentation. Table 4 is 
a list of the restricted frequencies, on 
which intentional radiators may not have 
their fundamental frequency of opera¬ 
tion. Some swept systems and cable 
locating systems are exempt from these 
frequency restrictions. 

To allow for a smooth transition from 
the previous Part 15 requirements to 
these new standards and methods, a 
generous time period for compliance 
with the new rules has been established. 
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90 - 110 kHz 
490 - 510 
2.1735 - 2.1905 MHz 
8.362 - 8.366 
13.36 - 13.41 
25.5 - 25.67 
37.5 - 38.25 
73 - 75.4 

108 - 121.94 
123 - 138 
149.9 - 150.05 
156.7 - 156.9 
162.0125 - 167.17 
167.72 - 173.2 
240 - 285 
322 - 335.4 

399.9 - 410 
608 - 614 
960 - 1240 
1300 - 1427 
1435 - 1626.5 
1660 - 1710 
1718.8 - 1722.2 
2200 - 2300 
2310 - 2390 
2483.5 - 2500 
2655 - 2900 
3260 - 3267 
3332 - 3339 
3345.8 - 3358 
3600 - 4400 
4500 - 5250 

MHz 5350 - 5460 
7250 - 7750 
8025 - 8500 
9000 - 9200 
9.3 - 9.5 
10.6 - 12.7 
13.25 - 13.4 
14.47 - 14.5 

15.35 - 16.2 
17.7 - 21.4 
22.01 - 23.12 
23.6 - 24 
31.2 - 31.8 
36.43 - 36.5 
Above 38.6 

MHz 

GHz 

Table 4. Restricted bands of operation. Fundamental operation is not 
permitted, spurious emissions must meet normal limits. 

Receivers may be manufactured and 
imported under the current regulations 
for ten years. Extensions are not 
planned, and manufacturers are warned 
that they are responsible to develop 
products for authorization under the new 
rules with a firm ten-year deadline. 

For all other Part 15 devices, a 
five-year transition period has been 

established. The FCC Chief Engineer 
has been given the authority to grant 
extensions of up to two years in situ¬ 
ations where the need for additional time 
can be demonstrated. 

Summary 
The new Part 15 represents a com¬ 

plete revision of the non-licensed equip¬ 

ment rules. The FCC has gone to great 
lengths to explain their reasons for 
adopting each aspect of the new rules. 
While it is clear that encouraging mar¬ 
ketplace-driven product development 
and competition was a significant factor, 
they believe that the operation of li¬ 
censed radio services has been ade¬ 
quately protected. 

Additional matters to be addressed 
in subsequent proceedings may include 
kits of RF devices, definitions applicable 
to digital equipment, spread spectrum 
operation above 900 MHz, expedited 
proceedings to resolve cases of wide¬ 
spread interference, and labelling of 
verified devices to indicate the identity 
of the responsible party. 

This report only :ouches on some 
highlights of the revised Part 15 rules. 
Copies of the Report and Order can be 
obtained from the FCC’s copy contrac¬ 
tor, International Transcription Service, 
2100 M Street N.W., Suite 140, Wash¬ 
ington, D.C. 20037, telephone (202) 
857-3800. The cost is $31.11. Other 
commercial FCC update services can 
also supply copies of the document. H 

RFI/EMI Shielded 
Enclosures 

Analog Circuit Simulation 
Completely Integrated CAE from $95 
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500 SIZES 
off the shelves 

from COMPAC!! 
Superb Quality at Low Cost 

•21 Standard Sizes from 1x1 to 8 x 10 00 »5 Standard Heights 
•Compliance To Mil Spec 45208A «Neu Flatpack Board-Mountable Series 

CUSTOMIZING TO SPECS From PROTOTYPE TO PRODUCTION 

COMPAC RF ACCESSORIES: Gaskets, Coaxial Attenuators, 
Coaxial Terminations, Filter Feed-thrus, Connectors, 

Mounting Bars, etc. 
Catalogue Upon Request 

th 

Schematic Entry, Device Models, 
Spice Simulation, Post Processing 

ICAP/2 has it all for only $790 
IsSpice, $95.00 The complete Spice analog circuit simu¬ 
lator runs on all PC's Performs AC. DC. Transient, 
Noise, Distortion, Fourier and Sensitivity Analysis. 

IsSpice/386, $386.00 The fastest PC based Spice cir¬ 
cuit simulator available Ten times the speed of an 
8MegHz 286 PC Has virtually no memory limitations 

SpiceNeI, $295 Schematic entry for any Spice simulator 
Automatically makes a complete Spice netlist and 
places output waveforms on ycur schematic. 

PreSpice, $200: Extensive model libraries. Monte Carlo 
analysis, parameter sweeping, optimization and 
equation based modeling. 

COMMC 

IntuScope, $250: A graphics post processor that works 
like a digital oscilloscope Easy to use • 
with all the waveform operations you will 
ever need 

1320-12 Lincoln Avenue. Holbrook, NY 11741 
(516)585-3400 FAX 516-585-3534 

For Information, 

Please Write or Call 
P O Box 6607 
San Pedro. CA 
90734-6607 

intusoft 
(213) 833-0710 

All Programs come 
with a 30 Day Money 
Back Guarantee 
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rf designer's notebook 

A Simple Low-Cost RF Switch 

Economical Design Utilizes Standard Components 

By Tad Harris 
Universal Data Systems 

This R F switch is the result of a project 
that required a rotary switch to a single 
feed line. The desire was to develop a 
switch with no inductors or critical parts, 
that could be reproduced easily with 
standard components. Only one section 
of the "rotary” switch is described here, 
since it may be built with any number of 
poles. 

The circuit diagram and parts list for 
this RF switch are given in Figure 1. 

The performance of the switch can be 
seen in Figures 2 to 6. At higher 
frequencies, the stray capacitance be¬ 
gins to take its toll on the ON/OFF 
isolation performance. Inductors are 
absent from the design for two reasons: 
1) the high ratio of bias resistor to line 
input/output impedances, and 2) the 
forward/reverse bias scheme using the 
CMOS gates. Different bias resistor 
values will accommodate different PIN 

» This gate is needed only if 
CMOS driver is not present 

Figure 1. A simple low-cost RF switch. 

Figure 2. Switch insertion loss at 50MHz (-2.1 dB). Figure 3. Switch insertion loss at 600 MHz (-3.2 dB). 
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LEARN HOW TO GET 
AROUND THE FCC WITHOUT 

BREAKING THE LAW ... 
EMC EXPO ’89 is a teaching expo ... with “courses” on very practical EMC, ESD 
and EMP subjects ... things you really don’t want to find out through hard experi¬ 
ence. Our session on “FCC Circumvention -- The Legal Way,” for instance, really 
does teach you how to minimize design and test time and still meet FCC/EMC 
regulations. Our session on “EMC in Commercial Computers” presents views from 
several experts on how to deal with electrostatic discharge, power spikes, and 

...OR HOW TO GET AROUND A 
VOLTAGE SPIKE WITHOUT LOSING 

YOUR MEMORY. 
emissions in the design and installation of computers. These two sessions are 
only examples of several in an applications “track”, which is only one of three 
tracks in this “Conference with a Curriculum.” There is also a fundamentals track, 
with sessions on grounding, shielding, measurements, PCB design ... plus an ad¬ 
vanced track, with sessions on ac power, Common Market regulations, optotech¬ 
nology, susceptibility. Spend three days in August with us and learn your lessons 
the inexpensive way... at ... 

THE TEACHING EXPO 
Please send me a registration and information catalog on EMC 
EXPO ’89 ...the “Conference with a Curriculum.” 

Name Company 

Address 

City 

£EMC 
ÍEXpO 

State Zip 

Route 625, P.O. Box D 
Gainesville, VA 22065 
Phone: 703-347-0030 
Fax#: 703-347-5813 

August 1-3, Sheraton Washington, D.C. 



diodes as well as various different 
supply voltages. 
The switch operates as follows: When 

the digital logic level at the control input 
is low, the PIN diode is forward-biased 
by the CMOS gates. The two 1K bias 
resistors limit this current to the PIN 
diode’s safe forward current limit. In this 
state, the switch is ON. When the control 
input is high, the diode is reverse-biased 
and the switch is OFF. 

This switch is well-suited for electroni¬ 
cally steered antenna arrays, multiple 
path switching, and other applications 
requiring small, low-cost RF switches. 
This particular design was used in a 
four-pole rotary switch for a Doppler shift 
radio direction-finder operating at 144 
MHz. The switch had to have at least 
30 dB of ON/OFF isolation. The design 
performed to specifications as shown in 
Figure 5. H 

Clean 
cheap 

rf 
power. 

About the Author 
Tad Harris is an engineer for digital 

products at Universal Data Systems, 
5000 Bradford Drive, Huntsville, AL 
35805. The telephone number is 
(205) 721-8000. 

Figure 6. Switch isolation at 600 
MHz, ON to OFF =-17 dB. 

10 watts linear, 
10kHz to 250MHz. 

100 PSEC RISE TIME, 250 MHz 

PULSE GENERATORS 
AVNN SERIES 

5 VOLTS/DIV. 
5 NSEC/DIV. 

• PRF 25 TO 250 MHz, PW VARIABLE 1.0 TO 30 NSEC 
• 30 TO 70% DUTY CYCLE, 0 TO 5 VOLTS OUT 
• CAN ALSO BE TRIGGERED EXTERNALLY BY SINE OR 
SQUARE WAVE 

• OTHER AVTECH PULSERS GIVE 40 PSEC RISE TIMES, 
500 VOLTS OUT, PW FROM 0.2 NSEC TO 100 USEC AND PRF 
TO 300 MHz FOR GHz LOGIC, SWITCHING, OPTICAL 
COMMUNICATIONS, ATE, NUCLEAR AND OTHER 
APPLICATIONS 

• 150 OTHER PULSE GENERATORS, PULSE AMPLIFIERS, 
IMPULSE GENERATORS, SAMPLERS, DELAY GENERATORS, 
TRANSFORMERS, POWER SPLITTERS, BIAS TEES, AND 
SCOPE PROBES LISTED IN OUR FREE 80 PAGE CATALOG 

The new Model 10A250 bench-
top broadband amplifier gives 
you the freedom you've wished 
for in your rf testing. 

Its great phase response is 
ideal for pulsed and non-sinu-
soidal waveforms. Ultrasound. 
NMR. Plasma physics. Inter¬ 
ference susceptibility testing. 
All-around rf lab work. 

Latest FET technology gives 
you instantly available bandwidth 
from 10kHz to 250MHz. And total 
immunity to load mismatch— 
even from open or shorted output 
terminals— means freedom from 
worry about foldback, oscillation, 
and blown output transistors. 

You’ve always known our pow¬ 
er ratings are ultra-conservative. 
The 10-watt nameplate on this 
one assures you 10 watts linear 
throughout the bandwidth, and 
even more when saturated. 
The Model 10A250 belongs in 
your lab. 

AVTECH 
ELECTROSYSTEMS 

LIMITED 

P.O. Box 265 Ogdensburg 
New York 13669 
(315) 472 5270 

P.O. Box 5120 Stn "F” 
Ottawa. Canada K2C 3H4 

(613) 226 5772 
Telex: 053-4591 

Fax: (613) 226 2802 

AlïlPLIFIER 
Cl RESEARCH 

160 School House Road 
Souderton, PA 18964-9990 USA 

Phone 215-723-8181 
TWX 510-661-6094 

Germany: MICROSCAN GmbH Hamburg 040/63 20 03-0 
UK: LYONS INSTRUMENTS Hoddeson (0992) 467161 
France: EQUIPEMENTS SCIENTIFIQUES Sa Garches 741 90 90 
Japan: MEISHO ELECTRONICS Tokyo (03) 816 6581 2 

8408 
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rf couplers 

Lumped-Element Quadrature 
Couplers 

Design Equations and Circuit Examples for 
Power Combiners/Dividers 

By Andre Boulouard 
Centre National d'Etudes des 
Telecommunications (CNET) 
Lannion, France 

For engineers involved in MM IC de¬ 
sign, synthesis equations for matched 
quadrature couplers and power com-
biners/dividers are needed as a good 
starting point for computer optimization. 
This article presents the basic design 
equations in compact form, leading to 
simple synthesis solutions with the help 
of a computer. 

The lumped element quadrature cou¬ 
pler under consideration is shown 

in Figure 1. The design equations are 
very similar to those of lumped phase 
shifters and may be derived by following 
the even-mode and odd-mode approach 
used in References 1 and 2. 
The equations required to derive the 

parameters for Figure 1 are: 

B2 = VW- V 
B4 = -GGcot ip 

Figure 1. A symmetrical lumped-element quadrature coupler. 

B5 — — GLcot tp 
B, = -B4-B2
B 3 = -B 5- B 2

Where, Gg is the input admittance, GL is 
the output admittance, and B, to B5 are 
the respective susceptances shown in 
Figure 1. 

Figure 2(a). A 7 GHz, 50/50 ohm, 3 dB coupler with 
V = +45°. 

Figure 2(b). A 7 GHz, 50/50 ohm, 3 dB coupler with 
V = -45°. 
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Cellular Radio 
The Complete Solution 

Figure 3(a). A Pi-section Wilkinson 
power combiner/divider. 

Figure 3(b). A 7 GHz, 50/100 ohm 
Pi-section Wilkinson power combi¬ 
ner/divider. 

An Example 
To further explain this process, a 7 

GHz, 50/50 ohm, 3 dB coupler is 
designed. First, for a 3 dB coupler, ip is 
±45°. The impedances are then con¬ 
verted to admittances. Therefore, 

Then, 

B2 = 0.02/sin 45 = 0.02828 
X2 = 1/B2 = 35.3606 

Since XL= a>L, 

Gg= Gl=0.02 L2 = 35.35/(2n(7 X 109)) = 0.804 nH 

SAWING 
QUARTZ? 
ELECTRO ABRASIVES ARE 
YOUR No. 1 ANSWER. 
Sawing and lapping quartz into timing 
devices, and other precision lapping and 
polishing of components require precision 
abrasives: the type produced at our new 
Buffalo powder plant. 

Our new generation powders 
are your best choice: 
• Electrocarb1 Silicon Carbide 
• Brown Fused Aluminum Oxide 

Optical Powders 
• White Precision Alumina 

For these reasons: 
• Sized to rigid FEPA standards 
• Water classified with state-of-the-art 
technology 

• Used daily in production sawing of quartz 
• In stock for immediate shipment 

Request Descriptive Product Literature. 

Contact Al Ramming 
for assistance in grit-size 
selection and the name 
of your nearest Electro 
distributor. 

ELECTRO 
* * ABRASIVES 

ELECTRO ABRASIVES CORPORATION • 701 Willet Road • Buffalo, N.Y. 14218 
Tel: 800-284-GRIT Fax: 716-822-2858 

NE/SA605/615 
Mixer/Oscillator IF System 
• Mixer, oscillator, IF amplifier 
and demodulator In a single 
chip 

• High input sensitivity: 0.2p.V 
for 12dB SINAD 

• Input frequencies to 500MHz 
• Intermediate frequencies to 
20MHz 

• Low current consumption 
• 90dB log. Received Signal 
Strength Indicator (RSSI) 

• Improved temperature stability 
of RSSI 

* Internal oscillator to 200MHz; 
external to 500MHz 

• 20-pin SO and DIL packages 

TDD1742 Synthesizer 
« Low spurious sidebands and 
noise 

« Reference oscillator and divider 
• Programmable main divider 
« On-chip sample-and-hold 

capacitor 
« High-gain analog and digital 
phase comparator with low 
levels of noise and spurious 
outputs 

* On-chip phase modulator 
« Power-on reset circuitry 
« Low current consumption 
• 28-pin SO package 

RF 
Systems 
Solutions 

Signetics 
a division of North American Philips Corporation 

Call 800/227-1817, ext. 900 
for the number of your local 

Signetics sales office 
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We help you find 
what you’re looking for. 

Picking a single frequency out of a jumble of 
electronic signals is a lot like looking for a 

costs down and productivity up. 
With one of the widest selections of SAW 

needle in a haystack. Unless you’re using a 
Toshiba Surface Acoustic Wave device, that is. 
Because a single Toshiba SAW device can 

replace 10 or more discrete components, 
reducing material and assembly costs 
significantly. In products as diverse as garage 
door openers and communications satellites, 
Toshiba SAW devices help manufacturers keep 

devices in the industry — and extensive 
experience in application-specific custom 
design — Toshiba is 
the name to 
remember 
when you’re 
looking for a 
SAW solution. 

In Touch with Tomorrow 

TOSHIBA 
For further information: 
Toshiba America Electronic Components, Inc., Irvine Head Office: 9775 Toledo Way. Irvine, CA 92718 Tel: 714-455-2000 Fax: 714-859-3963 
Eastern Area Office: 25 Mail Road. 5th Floor, Burlington, MA 01803 Tel: 617-272-4352 Fax: 617-272-3089 North Western Office: 1220 Midas Way, Sunnyvale. CA 94086 
Tel: 408-737-9844 Fax: 408-737-9905 
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Figure 4(a). A Tee-section Wilkin¬ 
son power combiner/divider. 

Figure 4(b). A 7 GHz Tee-section, 
50/1 00 ohm Wilkinson power com¬ 
biner/divider. 

From the previous section, B4 = -0.02 
and X. = -50. 

4 

Since Xc= -1/œC, 

C4= 1/(2n(7 X 109)(50)) = 0.455 pF 

Using the same technique, 

C5= 0.455 pF 

Then, 

B, = 0.02 - 0.02828 = - 0.00828 
X, = -120.77 

Therefore, C, = 0.188 pF. 

C3 is obtained similarly and found to 
have a capacitance of 0.188 pF also. 
Figure 2 shows 7 GHz, 50/50 ohm, 3 
dB couplers designed from these formu¬ 
las. The circuit designed here is shown 
in Figure 2(a). The circuit in Figure 2(b) 
was obtained with the same procedure 
with ip at -45°. 

Lumped Power 
Combiners/Dividers 

Pi and Tee-section Wilkinson power 
combiners/dividers are shown in Fig¬ 
ures 3 and 4. The equations are derived 
from 90-degree, 3-element phase shifter 
design. 
The block diagram in Figure 3(a) 

shows a Pi-section Wilkinson power 
combiner/divider where: 

B2 = ± ̂ Gg(Gl/2) 
B, = B3 = -B2
G = Gg/2 
= ±90° 

A 7 GHz, 50/100 ohm Wilkinson 
power divider is illustrated in Figure 3(b). 

The circuit parameters were derived 
from the above equations similarly as 
illustrated in the previous section. 
The following equations relate to 

Figure 4(a), a Tee-section Wilkinson 
power combiner/divider. Figure 4(b) is 
an example of a circuit designed at 7 
GHz, with 50 and 100 ohm input and 
output impedances. 

X2 = ±7Rg/(2Rl) 
X, = x3 = -x2 

x_ = -x, 
R = 2Rg 
v = ±90° 

Conclusion 
Design equations for synthesizing 

lumped couplers and power combiners/ 
dividers have been presented and 
should be a useful design aid to the 
network designer. These formulas have 
been programmed in an in-house net¬ 
work analysis computer program and 
have been used successfully in MMIC 
design (3). HI 
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NE/SA5750/5751 
Audio Processing System 
• Two chip solution to all voice 
channel functions 

« Switched capacitor 
implementation of all filter 
functions 

• Few external components 
• l2C-bus control 

• Low power consumption 
• Power down mode 
* Total harmonic distortion: 
2.0% max. 

* Switches allow reconfiguration 
through l2C for different 
applications and production 
testing 

NE/SA5750 FEATURES 
• Preamplifier/noise canceler 
« Compandor 
• Earphone amplifier 
• Power amplifier 
• VOX operation 

NE/SA5751 FEATURES 
• Pre-emphasis 
• De-emphasis 
* Bandpass filters 
• Deviation limiter 
* Volume control 

RF 
Systems 
Solutions 

Signetics 
■ division of North American Philips Corporation 

Call 800/227-1817, ext. 900 
for the number of your local 

Signetics sales office 
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rf produits_ 

PTFE-Based Substrate With Resistive Cladding From Rogers 
Ultralam™ microwave laminate is a 

PTFE-based substrate which is avail¬ 
able with Ohmega-PlyR cladding. This 
resistive cladding material allows the 
use of planar resistors rather than 
discrete resistors on microwave cir¬ 
cuits. 
The Ohmega-Ply foil is a bi-metallic 

material consisting of a layer of copper 
foil and a thin layer of resistive material. 
The Ohmega laminates are processed 
by standard subtractive PC board tech¬ 
niques to produce resistors on single¬ 
sided, double-sided or multi-layer micro¬ 
wave circuit boards. The laminates offer 
several design and processing advan¬ 
tages over traditional resistor mounting 
techniques. These include savings in 
space, time and assembly costs, and 
eliminating the need for relief and 
access holes. 
A large number of resistors can be 

generated in a process with this mate¬ 
rial—an advantage in the design of 
termination resistors. Resistor values 
are infinitely variable with planar resis¬ 
tors. This helps to eliminate the problem 
of discontinuities and impedance mis¬ 
matches. 

Typical electrical performance char¬ 
acteristics include a sheet resistivity in 
the X and Y directions of 25 ohms/ 
square at 73°F, an etched resistivity 
tolerance of 7 percent within a 10 in. X 

12 in. panel, and a resistance change 
of 1 percent max. after 20 seconds at 
536°F in solder tip. These resistors are 
0.25 microns thick. Rogers Corp., Ro¬ 
gers, CT. INFO/CARD #230. 

Maxtech Introduces an Imageless Mixer 
The IM102DL-ADA is a broadband 

imageless mixer designed for signal 
processing applications where it is im¬ 
practical to use a filter for image rejec¬ 
tion. Typical applications include IF to 
tape conversion, baseband conversion 
for analog to digital converters, and 
receiver front-ends. 
The IF center frequency is typically 

21.4 MHz. The LO input frequency is 
17.650 MHz and the LO input level is 
±1 dBm. Output frequency range is 
0.075 to 7.50 MHz, image rejection is 
typically 50 dB and conversion loss is 
12 dB max. Amplitude ripple is 0.25 dB 
max p-p, and third-order intercept point 
is typically +25 dBm. Impedance and 
VSWR at all ports are 50 ohms and 
1.5:1 , respectively. The mixer uses SMA 
female connectors. 

Options for the Model IM102DL-ADA 
include internal crystal LO, phase-
locked LO, group delay equalization, 
passive design, IF or baseband amplifi¬ 
ers for reduced conversion loss, and 
anti-alias lowpass filters. Maxtech, Inc., 
State College, PA. INFO/CARD #229. 

Typical Performance 

Freq MHz 
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TEM Cell/Anechoic Chamber 
EMCO introduces a broadband test 

device which is a combination TEM cell 
and anechoic chamber. It can be used 
for both susceptibility and emissions 

testing in either the frequency or time 
domain mode. Applications include EMI/ 
RFI testing, TEMPEST, RADHAZ, ESD, 
NEMP, lightning and high-power micro¬ 
wave-related experiments. The GTEM 
offers an enclosed test environment for 
controlled repeatable results. EMCO, 
Austin, TX. INFO/CARD #228. 

1 kW Amplifier 
The Harris Long Range Radio Divi¬ 

sion introduces an amplifier for the 
RF-3200 marine HF/SSB radio. The 
RF-3230 provides 1 kW PEP/average 
power over the 1.6 to 30 MHz range. It 
features a redundant modular concept 
which permits the unit to continue 

functioning at reduced power in the 
event of a malfunction in one of the 
identical final amplifiers or the power 
supply module. A digital lowpass filter 
network that tunes in less than 50 ms is 
standard. Harris RF Communications, 
Rochester, NY. INFO/CARD #227. 

Coaxial Test Cable Test Assembly 
The Heliax test cable assembly is 

available with SMA plug connectors. 
Designated Type 39812-11, the 3 ft. 
assembly features an impedance of 50 
ohms with maximum VSWR of 1.55. 
Andrew Corp., Orland Park, IL. Please 
circle INFO/CARD #226. 

Exponential Pulse Generator 
R&B introduces the PGF-5006 expo¬ 

nential pulse generator designed to 
meet the monopulse waveforms for the 
performance of lightning susceptibility 
tests for RTCA D0160B Section 22. 
Front panel selection allows for testing 
to either the short or long waveform. A 
polarity switch selects either positive or 
negative polarity pulses. R&B Enter¬ 
prises, W. Conshohocken, PA. Please 
circle INFO/CARD #225. 

SMD Test Fixture 
This test fixture for surface-mount 

devices is suited for testing tight-
tolerance, low-value passive compo¬ 
nents at frequencies from 1 to 1000 
MHz. It accommodates 0805 and 1812 
body sizes. Price ranges from $425 to 

Optimize Filter Response 
to Fit Your Design Target! 

COMTRAN now runs on your PC* 
• Designs filters with custom-shaped responses 
• Magnitude, Phase, Zin, Zout, or combination 
• Fits any precision response using available 
capacitor values (by recalculating resistors) 

• Derives equivalent circuit from measured data 
• Cuts opamp count in half (4 poles per opamp) 
• Tolerance, Time Domain, Waveform Digitizing 
• FAST — Less than 1 second per point typical 
•Requires AT compatible w/ HP 82300B BASIC Language Processor card w/1 MB RAM, & 
HP 9122 floppy drive. This card adds HP Rocky Mountain BASIC, w/HP-IB interface, to your PC. 
Lets your PC run HP 200/300 BASIC software. COMTRAN previously ran only on HP computers. 

COMTRAN* Integrated Software 

A Division of Jensen Transformers, Inc. 
10735 BURBANK BOULEVARD, N. HOLLYWOOD. CA 91601 • FAX (818) 763-4574 • PHONE (213) 876-0059 

UMA1000 
Data processor 
• Single chip solution to all 

data handling and supervisory 
functions 

• Configurable to both AMPS 
and TACS 

• l2C-bus control 

• All analog interface and 
filtering functions implemented 
on chip (incl. SAT recovery 
and regeneration) 

« Error handling in hardware for 
reduced software requirements 

• Access channel arbitration 
• 5V supply 
« Low current consumption 
« Dramatic power saving through 

operation with microcontroller 
at low duty-cycle 

• Miniature SO 28-pin package 

SC80/83C552 
Microcontroller 
« 6 reconfigurable 8-bit I/O ports 
« Full duplex serial I/O port 
(RS232) 

* On-chip watchdog timer 
• 8k on-chip ROM 
(PCB83C552 only) 

• 256 bytes on-chip RAM 
* 64k external ROM and RAM 
addressing capability 

• Hardware l2C interface 

RF 
Systems 
Solutions 

Signetics 
a division of North American Philips Corporation 

Call 800/227-1817, ext. 900 
for the number of your local 

Signetics sales office 
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CRYSTEK rí products Continued 

The pulse of dependable 
communications 

New Product 
INTRODUCING 

o.c.c.o. 
Oven Controlled 

Crystal Oscillators 

QUALITY 
FREQUENCY 
CONTROL 

• A new generation of ovenized crystal 
oscillators is introduced to the 
electronics industry. 

• An O C CO. is the answer to tight 
frequency/timing control over a wide 
temperature range (—30° to 85° C) 

• The high reliability of O.C.C.O. 's 
guarantees optimum performance in 
Two-Way Communicaton, Telemetry 
and Instrumental application. 

$498 depending on configuration se¬ 
lected. Coilcraft, Cary, IL. Please circle 
INFO/CARD #224. 

Voltage-Controlled Filter/Oscillator 
The SSM-2044 is a four-pole voltage-

controlled filter/oscillator. As an alterna¬ 
tive to switched capacitor filters, it offers 
a bandwidth of 1 MHz. The device is a 
-24 dB/octave lowpass filter with a 
10,000 to 1 variable cutoff frequency. 
Dynamic range is 90 dB. Precision 
Monolithics, Inc., Santa Clara, CA. 
INFO/CARD #223. 

Frequency Multiplier 
This frequency multiplier allows for 

multiplication of references without de¬ 
grading the phase noise above 20 log 
N. Residual system noise floor is -170 
dBc/Hz at 1 kHz and -174 dBc/Hz at 
10 kHz. It is available for output frequen¬ 
cies up to 1500 MHz and accepts inputs 
of 5 to 125 MHz. Multiplication factors 
of X2 to X18 can be specified for ±1 per¬ 
cent bandwidth. Output power is ±10 
dBm min with a +24 VDC input. The 
package measures 6 in. X 4 in. X 1 in. 

Techtrol Cyclonetics, Inc., New Cum¬ 
berland, PA. INFO/CARD #222. 

GPIB Interface 
Model 488 from JFW Industries ac¬ 

cepts commands from a GPIB and 
outputs a binary coded TTL word to 
drive programmable attenuators or RF 
switch matrices. Local operation is avail¬ 
able through eight binary coded TTL 
input lines and a local/remote switch. 
JFW Industries, Inc., Indianapolis, IN. 
Please circle INFO/CARD #221. 

SiO2 Reference Lines 
Kaman introduces SiO2 reference 

lines for the HP 8510 vector automatic 

THE MM 

• SERVICE 

• DESIGN 

• SUPPORT 

PROTECTORS 

Made in U.S.A 

FEATURES ARE: 
Frequency Range 8 - 200 MHZ 

Frequency Stability t 1 p p M over a temoerature range of - 30°C 
to ♦ 85°C 

Aging < 2 p p M first 6 months 
• 1 p p M tor lite 

Trim Range ï 6 p p M minimum 

Fast Warm-Up < 1 minute from cold 

Current Drain (oven) < 50 mA 25°C 

Oscillator Current * 30 mA ft 12 VDC 

Output Level / Shape Per customer requirement 

FREE SAMPLE 
HGN-337 FILTERED POWER 

ENTRY MODULES 

62 

Write or Call Us Today! 
TOLL FREE: 1-800-237-3061 

Crystek Corporation 
OIVISON OF WHITEHALL CORPORATION 

2351/71 Crystal Drive - Fort Myers. FL33907 
P.O. Box 06135 -Fort Myers, FL 33906-6135 

(813) 936-2109 - TWX 510-951-7448 
FAXIMILE: 813/939-4226 

Our HGN-337 series features a combination IEC Connector 
two pole on/off switch and fuse holder that accepts both 
European 5 x 20 mm or 3AG fuses. They protect electronic 
equipment from common mode and differential mode 
interferences. 
Fast, off-the-shelf delivery. Reduces number of components 
and assembly cost. UL, CSA, VDE and SEV approved/listed. 
Send for free sample and complete information. 

Power Dynamics, Inc. 
59 LAKESIDE AVENUE, P.O. BOX 539 

WEST ORANGE. NJ 07052-9830 201-736-5722. FAX: 201-736-8930 
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In Ferrites for EMI suppression. 

M WE’RE INNOVATORS -
I NOT IMITATORS 

WE’RE FAIR-RITE 
While other ferrite manufacturers 
exploited existing markets, our R&D 
looked to the future— and keeps 
looking— to find better ways to put 
ferrite to work in the control of Elec¬ 
tromagnetic Interference. 
In addition to the beads and sleeves 
which are industry standards, we devel¬ 
oped most of the ferrite EMI suppres¬ 
sors widely imitated today, and were the 
first to offer what has become a series 
of Engineering Evaluation Kits. 
No other source offers faster service 
and more tooling know-how for unique 
shapes than Fair-Rite Products. 
When it comes to EMI ferrites, the 
leaders come to Source One for quality, 
service and price from a U.S. manufac¬ 
turer that supplies the world— FAIR-RITE 

SURFACE MOUNT BEADS UPDATE 
Z where you need it— 
in a still smaller package. 

Part number 2743027447 offers a mini¬ 
mum impedance of 20 ohms from 100 
MHz thru 1 GHz, and a maximum of 
.7 milliohm DC; all in a rugged package 
1.75mm wide x 1.5mm high x 2.0mm 
long. The terminal electrodes measure 
0.2mm thick x 0.6mm square. Manu¬ 
factured from application proven 43 
material ferrite, stability and reliability 
far exceed what other manufacturers 
achieve using multiple turn, high 
resistivity thru hole plating. 

Send for data sheet and samples— 
anyone working 
with SMT will 
be glad 
they did! 

/ Fair-Rite Products Corp 
R/ PO Box J, One Commercial Row, Wallkill, NY 12589 

Phone (914) 895-2055 • TWX 510-249-4819 • FAX (914) 895-2629 
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Mil-Spec 

RF Microcircuits 
rf products Continued 

5 MHz to 1500 MHz 

RF Amplifiers, Switches, 
Attenuators & Subassemblies 

for 
Military, Communication 
or Space Application 

* Low Noise 
* High Efficiency 

* High Gain 

network analyzer. These reference lines 
are designed to reduce random errors 
caused by phase drift with temperature, 
improve measuring accuracy in semi¬ 
controlled to uncontrolled environments, 
allow for measurements over a broader 
temperature range, and extend calibra¬ 
tion life. They are used to match the 
electrical length of the test cables on the 
HP 8510. Kaman Instrumentation, Colo¬ 
rado Springs, CO. INFO/CARD #220. 

Automated Noise 
Calibration System 
HP introduces the HP 8970B-E09 

automated noise-source calibration sys¬ 
tem which is capable of performing 75 
to 100 calibration actions per year. The 
system is configured using a sweeping 
local oscillator, a noise-figure meter, 
some standard calibration sources, and 
a custom instrument with special switch¬ 
ing and a downconverter with low-noise 
amplifier. A software-controlled test pro¬ 
cedure is used. It is priced from approxi¬ 
mately $20,000 to $100,000. Hewlett-
Packard Company, Palo Alto, CA. 
INFO/CARD #219. 

EMI Shielding Material 
W.L. Gore introduces a Gore-Tex EMI 

shielding material which provides sup¬ 
pression of radiated and conducted EMI 
and RFI together with atmospheric seal¬ 
ing. It has more than 100 dB of E-field 

suppression at 100 kHz and more than 
80 dB of suppression at 10 MHz. 
Planewave shielding is more than 50 
dB from 1 to 18 GHz. Volume resistivity 
is 0.5 ohm-cm and decreases as the 
material is compressed, causing con¬ 
ductivity to increase. W.L. Gore & 
Associates, Inc., Newark, DE. Please 
circle INFO/CARD #218. 

H Standard and Custom 
Design 

I Cascade Assemblies with 
a Variety of Connectors 

■ TO 8, TO I 2 and 4 Pin 

DIP Plug-in Modules 

H Full Military Temper¬ 
ature Range 

M Varying Gain, NF and 
Power Outputs 

H Screened to M1L-STD 
Specifications 

Full One Year 
Warranty 

Competitive 
Pricing 

AYDIN VECTOR 
P.O. Box 328, Newtown, PA 18940-0328 

(215) 968-4271 

FAX 215-968-3214 

FREE 
RF+ MICROWAVE 
LINE CARD!!!!!! 

250,000 PARTS IN STOCK/ 
OVER $3,000,000 IN INVENTORY/ 
ACTIVE + PASSIVE/DC-50GHZ 

(408) 
730-0300 (CA) 

(800) 
255-6788 

520 MERCURY DRIVE, 
SUNNYVALE, CALIFORNIA 

94086-4018 

PENSTOCK 

® RECEIVERS 
■■■ 10 KHZ - 2GHZ 

• 100KHZ TO 2 GHZ ALL MODE 
• CRT MULTI FUNCTION DISPLAY 
• 1000 MEMORIES 10 BANKS OF 100 
• CALL FOR DETAIL SPEC SHEET 
• PRICED UNDER $5500 

R71A .1-30MHZ 
R7000 25-2000MHZ 

• MULTI MODE AC & DC OPERATION 
• PROFESSIONAL QUALITY AT A 
FRACTION OF OTHERS 
EEB Offers: Modification and 

Computer Control of Receivers 
Get All the Details: Call—Fax—Write For Our 

1989 Short Wave Listeners Catalog 

BIRD ELECTRONICS — FAST DELIVERY — 

J
 BIRD 43 & ELEMENTS 

. TERMINATIONS — 
_ ATTENUATORS IN STOCK 

O : I CALL FOR QUOTES 

800-368-3270 ORDER DESK 
EEB 703-938-3350 LOCAL-TECH 
■■■ 703-938-6911 fax 

ELECTRONIC EQUIPMENT BANK 
516 MILL ST, VIENNA VA 22180 

JUST MINUTES FROM WASHINGTON, DC 
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DIP TCXOs 
Series CO-253 offers a frequency 

stability of ±2 X 10-7 over 0°C to +50°C 
or ±1 X IO’6 over -55°C to +85°C in 
a 24-pin package. Output is HCMOS/ 
TTL compatible from 5 MHz to 50 MHz. 
This resistance-welded package meas¬ 
ures 0.8 in X 1.5 in. X 0.39 in. Vectron 
Laboratories, Inc., Norwalk, CT. 
Please circle INFO/CARD #217. 

GaAs IC Prototyping/Testing Kit 
GigaBit unveils a prototyping board 

to provide an inexpensive way to build 
and test circuits with LSI GaAs ICs. The 
90GKIT-68 high-speed prototyping kit 
provides all the components required to 
prototype and test the company’s line 
of PicoLogic™, NanoRam™, and Nano-
Rom™ GaAs ICs. It features two sites 
for 68-pin packages, six sites for 36- or 
40-pin packages, one site for a 0.3 or 0.4 
in. DIP IC, and six user-selectable power 
planes. The kit is designed to support 
signals with 100 ps rise and fall times and 
up to 3 GHz clock rates. GigaBit Logic, 
Inc., Newbury Park, CA. Please circle 
INFO/CARD #216. 

Conductive Adhesive Coating 
Master Bond AC82 is a one compo¬ 

nent conductive adhesive coating de¬ 
signed for EMI/RFI shielding applica¬ 
tions. It can be applied to adhere to 
most surfaces including plastics without 
need for pre-treatment. Application meth¬ 
ods include air or airless type spraying 
equipment, brushing, dipping and 
silkscreening. Uniform continuous coat¬ 

ings characterized by high electrical 
conductivity and good electromagnetic 
shielding effectiveness are easily formed. 
Master Bond Inc., Hackensack, NJ. 
Please circle INFO/CARD #215. 

New Signal Generators 
The SMGU and SMHU signals genera¬ 

tors from Rohde & Schwarz feature high 
spectral purity for selective measure-

CADLITERATE 
cad-lit-er-ate (kàd-lit'er-it) adj. [Lat. litteratus] 
1. Having the ability to effectively utilize computers 
in engineering. 2. Being up-to-date in CAD 
advancements. 3. Creative in the science of CAD. 
—n. A designer who is computer-literate. 

IMPEDANCE CONVERTERS 

Are you Cadliterate? 
Did your education include topics on modern circuit design? Are you 
able to compete with those who fit the above definition? 

Let us assist in upgrading you or your designers to an advanced level 
of “cadliteracy”. Our internationally recognized instructors have suc¬ 
cessfully trained thousands of engineers throughout the world. We 
offer courses at various levels, to fullfill your needs, as follows: 

The A65 series uses a specially designed, indivi¬ 
dually tuned broadband transformer for converting 50 ohms 
to 75 ohms or 75 ohms to 50 ohms with virtually no loss (.15 
dB typical). 

This device replaces the conventional MLP 
(minimum loss pad) where extra padding is unnecessary. 
Model A65 is frequently attached directly to a 50 ohm test 
instrument for use in a system requiring a 75 ohm impe¬ 
dance. 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 scries 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. 

Units are available covering 1-500 MHz and 1-
900 MHz. Many different connector configurations are 
available to tailor the converter directly to your require¬ 
ments. 

Prices start at U.S. $50.00 for the Model A65, 
1-500 MHz unit, with 50 ohm BNC female and 75 ohm 
BNC female or type T female connectors. 

Quantity pricing and O.E.M. applications avail¬ 
able. 

* • RF Circuit Fundamentals 1 & II 
* • Transmission Lines Realization 
*• RF/Microwave Amplifiers 
*• MW Filters and Couplers 
• Linear and Non-linear CAD 
• Large-signal Amplifiers 
• Mixers and Oscillators 
• CAD Product training 
• MMIC Technology 

* indicates availability on video tapes 

For additional information or for a quote of on-site courses, contact: 

WIDE BAND ENGINEERING COMPANY, INC. 

P.O. Box 21652 Phoenix, AZ «5036-1652 

Telephone (602) 254-1570 

Besser 
Associates 
1170 E. Meadow Dr. • Palo Alto, CA 94303 • Tel: 415-493-1425 
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Wideband RF 
transformers 

rf products Continued 

merits, frequency agility to handle fre¬ 
quency hopping, and broadband modu¬ 
lation. The SMGU covers 100 kHz to 
2.16 GHz, while the SMHU covers the 
100 kHz to 4.32 GHz range with 0.1 Hz 
resolution. Up to 200 frequencies and a 
variety of modulation and level settings 
can be called up with an external trigger 
or in a continuous sequence. SSB phase 
noise at 20 kHz offset is -134 dBc. The 
FM modulation range is from DC to 1 
MHz. Rohde & Schwarz, Munich, West 
Germany. INFO/CARD #214. 

Video Mixer 
The TMC2249 is a monolithic IC for 

image-processing applications which 
eases the filtering and mixing aspects 
of image manipulation. It is a high-speed 
digital arithmetic circuit consisting of two 
12-bit multipliers, an adder and a cas¬ 
cadable accumulator. The 16-bit accu¬ 
mulated output is available up to 30 
MHz. Applications include video switch¬ 
ing, image mixing, digital filtering, fre¬ 
quency synthesis, and arithmetic func¬ 
tions. TRW LSI Products, Inc., La 
Jolla, CA. INFO/CARD #209. 

Call Coilcraft for the lowest prices, 
even at low quantities. 

Coilcraft’s RE transformers give you excellent wideband 
performance and low off-the-shelf prices. Plus the best high 
volume pricing in the industry. 

Choose tapped or untapped versions in low-profile DIP 
packages for through-hole or surface mounting. 

Our RE’ transformers cover the range from .005 to 600 MHz, 
with impedance ratios from 1:1 to 4:1. 

And all of them are available from stock for immediate 
shipment. 

For a free evaluation sample, technical data, and ordering 
information, call 800/322-COIL (in IL 312/639-6400). 

EXCLUSIVE. 
2MHz FILTER AMP. 
80 dB/OCTAVE. 

Only With System Friendly 
Up to 16 channels. Programmable. 20 Hz to 
2.048 MHz. 1° phase match. Pre and post gain. 
Differential input. Calibration input. Output 
monitor. One of hundreds o* options with the 
Precision 6000. Call I6071 277-3550. 

1102 Silver Lake, Cary IL 60013 V a PRECISION FILTERS, INC. 240 Cherry Street, Ithaca, New York 14850 

607-277-3550 Fix 607-277-4466 

RF DESIGNER’S KITS To order call 800/322-COIL 
Tuneable inductors 
Slot Ten" 10 mm inductors 

0.7 pH-1 143 pH 
18 shielded. 18 unshielded (3 ol each) 
Kit M100 $60 

"Unicoil" 7/10 mm inductors 
.0435 pH-1.5 pH 
49 shielded. 49 unshielded (2 ot each) 
Kit M102 $60 

Surface mount 
inductors 
Fixed inductors 
4nH-1.000pH 
64 values (6 of each) 
Kit 0100 $125 

Tuneable inductors 
100nH-10pH 
11 values (45 total) 
KitCIOt $50 

Fixed inductors 
Ax al lead chokes 
0.1 pH-1000 pH 
25 values (5 of each) 
Kit F101 $50 

"132 Series" coils 
31.5nH-720nH 
20 values (6 of each) 
Kit F100 $50 
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1989 EDITORIAL 
CALENDAR 

Issue Shows & Special 
Coverage 

Featured 
Technology 

Industry Insight 

JANUARY • SMART IV 
(Surface Mount Expo) 

RF Power Amplifiers Test Equipment 

FEBRUARY • RF Technology Expo 1989 
• Aerospace Conference 

Small-Signal Amplifiers GaAs Technology 

MARCH Filter Design Power Transistors 

APRIL • National Association of 
Broadcasters (NAB) 

The RF Spectrum: 
I. Low and Medium 
Frequencies 

Packaging Update 

MAY • Frequency Control Symposium 
• IEEE EMC Conference 
• Recruitment Issue/College 

Distribution 

The RF Spectrum: 
II. HF Technologies 

Frequency Synthesis 

JUNE • MTT-S 
• European Microwave Show 

The RF Spectrum: 
III. VHF and UHF 

Subsystems 

JULY • EMC Expo Electromagnetic 
Compatibility 

• 1989 Design Contest 
Results 

Filters 

AUGUST • Quartz Devices Conference 
• Antenna Measurement 

Techniques Association 
(AMTA) 

Crystal Oscillators 
and Filters 

Attenuators and Switches 

SEPTEMBER • Coil Winding Show Test and Measurement 
Techniques 

Inductors, magnetic 
materials 
(ferrite, iron powder) 

DIRECTORY 
(SEPT.) 

All Shows DIRECTORY ISSUE 
Vendor Listings, 

Design Notes 

OCTOBER • Old Crows 
• Ultrasonics Symposium 
• Electronica (Europe) 

System Design: 
Build-or-Buy Decision 

SAW Update 

NOVEMBER • RF Expo East 1989 Using Passive 
Components 

RF Software 

DECEMBER Article Index Mixers, Modulators and 
Demodulators 

Cables & Connectors 
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Display Advertising Rates 

*1989 Rates 

FREQUENCY 
RF Design is published monthly with a 13th direc¬ 

tory issue distributed in Fall. Issued on the 25th of 
the month preceding the cover-date month. Issues 
close for advertising orders on or about the 5th of 
the month preceding cover-date. 

MARKET SERVED 
RF Design is edited exclusively for engineers and 

engineering managers who design equipment and 
systems using electronic frequencies from the audio 
range up to about 3 GHz, whether for communica¬ 
tions or other purposes, in military, data-handling, 
aerospace, entertainment, instrumentation and other 
applications. 

EDITORIAL OBJECTIVE 
RF Design has the dual mission of tutoring elec¬ 

tronics engineers in the basic techniques of high fre¬ 
quency circuits (which are not often taught in 
academic curricula) and of keeping senior engineers 
abreast of the latest developments in high-frequency 
technology. In-depth technical design articles provide 
the main staple of the editorial diet. They are supple¬ 
mented by new products, news and other forms of 
topical coverage of interest to the RF engineer. 

COMMISSION & TERMS 
Agency discount of 15 percent to recognized agen¬ 

cies provided payment is made in accordance with 
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Credit terms: Net 30 days. No cash discounts. 
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POSTCARDS 
Bound-in cards may be placed in every issue of 

RF Design. Cards are printed on 80-lb. card stock 
and bound in three per page. Cards measure 3V2” 
X 5V2”, and when removed leave 31/2” x 21/4” stub 
which can be used for additional ad space. The $795 
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quency. Publisher’s second color is available at $350 
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Postcard Packs: Published in Spring and Fall, 
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6300 S. Syracuse Way, Suite 650 / Englewood, Colorado 80111 (303) 220-0600 

July 18, 1989 

Alan Victor 
Monicor 
2964 N.W. 60th Street 
Ft. Lauderdale, FL 33309 

Dear Alan: 

It's almost that time! 

I know that we still have two weeks until we close our special 
"test equipment" issue of RF Design for advertising space, but I 
wanted to give you the details on this reader favorite. 

Test equipment is one of the most exciting and challenging areas 
for RF design engineers. Today's engineers must meet tighter 
specifications. ..in a shorter time. ..using more complex components. 
Because of this, test equipment has never been a more important 
tool or a more important issue. And that's not all! Today's 
engineers and engineering managers have more vendors, features, and 
performance levels to choose from. ..making the buying decision more 
complex and important than ever. 

Because of this, the September issue of RF Design will be dedicated 
to bringing our 40,000 subscribers and 90,000 readers up to speed 
in the most significant test equipment areas. Make sure that these 
exclusive subscribers learn not only about the technology 
involved. ..but learn about your products unique features and 
cost/performance benefits as well. 

Your ad in this special issue can market your products into a 
thriving, expanding industry .. .the RF industry. While the 
microwave industry suffers from a declining economy, the RF 
industry is healthy and growing. Make sure our 40,000 specifying 
engineers and engineering managers send a "request for quote" your 
way! Ad closing is July 31 .. .materials deadline is August 7. 

I will be calling next week! 

Sincerely, 

Bill Pettit 
Account Executive 





SOIC Op Amps 
Analog Devices introduces a family 

of small outline operational amplifier 
with gain bandwidth from 4 to 725 MHz. 
The AD712 is a dual-channel BiFET and 
the AD744 is a 13 MHz unit. The AD847 
features a 50 MHz unity-gain bandwidth 
and 300 V/^s slew rate. The AD848 and 
AD849 feature gain bandwidths of 175 
MHz and 725 MHz, respectively. Analog 
Devices, Norwood, MA. Please circle 
INFO/CARD #210. 

Quad SPST Analog Switch 
The MAX334 CMOS high-speed quad 

SPST analog switch has a turn-on time 
of less than 100 ns and turn-off time of 
less than 50 ns. The channel ON 
resistance is 50 ohms max. Applications 
for the MAX334 include high-speed test 
equipment, sample-and-hold circuits, 
and communication equipment. Maxim 
Integrated Products, Sunnyvale, CA. 
INFO/CARD #213. 

Blindmate/Slide-on Connectors 
Radiall introduces the BMA blindmate/ 

slide-on connectors which are rated up 
to 18 GHz. To reduce insertion loss and 
reflections, interconnect cabling is elimi¬ 
nated. The BMA plug-in connectors are 
available for semi-rigid and flexible ca¬ 
ble applications, floating or rigid mount, 
stripline and printed circuit attachment, 
and hermetic and non-hermetic applica¬ 
tions. Radiall, Inc., Stratford, CT. 
Please circle INFO/CARD #212. 

Integrated Phase-Locked 
Loop Chip 
MB1501 is a single chip prescaler and 

phase-locked loop synthesizer which 
operates at a maximum frequency of 1.1 
GHz. A built-in analog switch offers fast 
switching times between channels. The 
switch temporarily changes the lowpass 
filter settling time constant when com¬ 
munication channels are switched, re¬ 
ducing lock-up time for frequency steps 
without decreasing signal-to-noise ra¬ 
tios. It is available in 16-pin DIP and 
small outline J-lead packages. In quanti¬ 
ties of 1000, price is $12 each. Fujitsu 
Microelectronics, Inc., San Jose, CA. 
INFO/CARD #211. 

HIGH RELIABILITY 
SERIES 7101 

1.0Hz to 70.0 MHz 
TC VCXO 
TCXO 

LOW PROFILE 
24 PIN DIP 

RF Design 

Radiation Systems, Inc. 
Mark Antennas Division 
40 Years of EXCELLENCE & INNOVATION 

From the Originator 
of Grid Antennas 

Standard Antennas 

High & Maximum High 
Performance Antennas 

Affordable 

• Rugged Construction 

Superior Design 

High Quality 

2180 South Wolf Road • Des Plaines. Illinois 60018 
Tele (312) 298-9420 • Fax (312) 635-7946 • Telex 28-2557 

INFO/CARD 56 

1.40" X .80" X .36" 

Designed for Military, Aerospace 
and other HI-REL requirements 

STABILITY OPTIONS: 
±0.5 PPM 0to+50°C 
±1.0 PPM -40to+85°C 
±5.0 PPM -55 to + 105°C 

VC OPTIONS: 
±10 to ±200 PPM 

STABILITY AND VC OPTIONS 
MAY VARY ABOVE 22 MHz 

Spectrum is a leading supplier of 
Military and Aerospace Oscillators: 

M55310 QPL Oscillators 
Hybrid Logic Clocks 
TCXOs & TC/VCXOs 

OXCOs 
Custom Designs 

FOR MORE DETAILS 

PH: (805) 964-7791 
FAX: (805) 683-3481 

P O. Box 948 
Goleta, CA 93116 
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rf literature 

Amplifier Databook 
This databook from Avantek features 

the company’s line of military, industrial, 
commercial and telecommunications mi¬ 
crowave and millimeter-wave amplifier 
products. Product categories include 
low-noise, gain control, power and limit¬ 
ing amplifiers; downconverter assem¬ 
blies; and cellular radio base-station 
amplifiers. Avantek, Inc., Milpitas, 
CA. INFO/CARD #200. 

Crystal Oscillator Catalog 
Oscillators ranging from 1 Hz to 1.2 

GHz with stabilities from ±0.01 percent 
to 1 X10 10 are featured in this catalog. 
It details clock oscillators (TTL, CMOS, 
HCMOS and ECL), small sinewave oscil¬ 
lators, low phase noise OCXOs, TCXOs, 
VCXOs, and VCOs. Vectron Laborato¬ 
ries, Inc., Norwalk, CT. Please circle 
INFO/CARD #199. 

PIN Diode Application Note 
Distortion in PIN Diode Switches 

contains four application notes which 
discuss distortion. The articles include 
one that is titled, “Distortion in Micro¬ 

wave and RF Switches By Reverse 
Biased PIN Diodes,” by G. Hiller and 
R. Caverly. M/A-COM, Inc., Burlington, 
MA. Please circle INFO/CARD #198. 

DSO Video 
A video discussing digital storage 

oscilloscope (DSO) technology and the 
features to look for when selecting a 
scope is available from John Fluke. The 
video, “DSOs With a Difference,” high¬ 
lights the PM 3335, PM 3350, and PM 
3365 family of medium frequency analog/ 
digital storage oscilloscopes as an ex¬ 
ample of instruments that combine digi¬ 
tal storage capability with analog ease-of-
use. John Fluke Mfg. Co., Inc., Ev¬ 
erett, WA. INFO/CARD #197. 

EMC Test Lab and 
Consultants Directory 

This directory is a reference tool used 
to locate EMC testing and consultant 
services. The listings include articles 
and reference information, history and 
background information, capabilities and 
services, facilities, major instrumenta¬ 
tion, lead times, contacts, and personnel 

information. This yearly directory to¬ 
gether with a supplemental update is 
priced at $65. Further information can 
be obtained by circling the reader 
service number. ENR/Liberty Labs, 
Inc., Cedar Rapids, OH. Please circle 
INFO/CARD #196. 

Brochure Features Chip Resistors, 
Attenuators and Terminations 
TRX, a division of Barry Industries, 

introduces a brochure that provides 
specifications on wraparound resistors, 
QPL chip resistors, flip-style chip resis¬ 
tors, microwave chip terminations, and 
microwave chip attenuators. Also in¬ 
cluded is a list of engineering kits for 
prototype development work or for pilot 
runs. TRX, Inc., Attleboro Falls, MA. 
INFO/CARD #195. 

Japanese Technical Literature 
Bulletin 
Japanese Technical Literature Bulle¬ 

tin is designed to provide English lan¬ 
guage reviews of Japanese R&D and 
federal programs. It is produced about 
every two months by the Technology 

68 

LossyLine flexible filter a new concept 
in EMI suppression When you 

need TTL Clock 
Oscillators 

LOSSYLINE Filter Wire and Cable lets the user custom¬ 
tailor his filter on the spot and to wire it conveniently into his 
circuit without bulky connector terminations, although any 
type of connector may be employed. The filter may consist 
of straight or helical conductors surrounded by a specially 
compounded lossy material. Shielded, unshielded or semi¬ 
flexible metallic tubing versions are available. 

Flat attenuation beyond 100 dB and low pass-band inser¬ 
tion loss makes LOSSYLINE filter wire ideal for radar, ECM, 
all electronic and telecommunications systems. Lengths of 
2 to 5 inches usually suffice for most applications as tested 
by MIL-STD-220A. 

or quality Crystals 

call 800-333-9825 

CAPCON,INC. 
147 WEST 25th STREET 
NEW YORK, NY 10001 
212-243-6275 

INFO/CARD 58 

Comclok Inc. 
Cal Crystal Lab., Inc. 
FAX 714-491-9825 

INFO/CARD 59 
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Administration’s Japanese Technical Lit¬ 
erature program and is available at no 
charge by writing to: Rm. 4833, U.S. 
Dept, of Commerce, Washington, D.C. 
20203. U.S. Dept, of Commerce, 
Washington, DC. INFO/CARD #194. 

Diode Brochure 
This brochure presents information 

on FEI’s Schottky, planar tunnel, PIN/ 
NIP, and step recovery diode families. 
A section describes the JAN/JANTX/ 
JANTXV 5711, 5712 and 5719 Series of 
QPL devices. FEI Microwave, Inc., 
Sunnyvale, CA. INFO/CARD #193. 

Connector Catalog 
Amphenol introduces a catalog that 

details 34 connector series comprising 
over 4,000 coaxial, triaxial and twinaxial 
cable connectors, receptacles, launch¬ 
ers, terminations, adapters, accessories 
and related products for RF, microwave 
and data transmission system intercon¬ 
nections used in commercial and military/ 
aerospace applications. Amphenol 
Corp., Danbury, CT. Please circle 
INFO/CARD #192. 

Block Diagram Simulator for 
Communications Runs on Your PC 
• Use TESS :M to simulate modems, radios, and other systems 
• Mix analog and digital blocks and test instruments freely 
• Library of over 50 high-level models: Filters, VCCXs, 

Mixers, A/D & D/A Converters, BER tester, Noise source, 
5-wave Function Generator, Phase meter, S&H, and more! 

• Add your models to TESS with our MODGEN™ option 
• OrCAD® and I’-CAD® schematic capture libraries 
• Built-in FFT spectrum analyzer for frequency analysis 
• Super high speed lets you simulate modulated carriers 

TESS is not copy protected 

CALL FOR FREE APPLICATION NOTE 
TESS Simulator $495 TESOFT 
MODGEN Model Generator $245 
OiCAD/SDT III® library $145 
I’-CAD® library $225 
3-Disk Demo Package Call 

PO BOX 305 
Roswell GA 30077-0305 
Phone (404) 751-9785 
VISA, MasterCard & PO's 

RF Design 
INFO/CARD 68 

And there are plenty of good reasons 

Who says 
nobody loves 
trimmer 
capacitors? 
When it comes to commercial 
and industrial applications, 
engineers develop a 

sweet tooth for Sprague-Goodman’s 
Plastic Dielectric Filmtrims*. 

why they savor these Filmtrims. Our 
tempting assortment of 4 dielectrics features low loss at low cost, 

high temperature capability, cost effectiveness, compact size, broad 
capacitance ranges, and the most stable TCC for single turn trimmers. 

Call or write for Engineering Bulletin SG-402E, plus data on other trimmers 
for virtually every variable capacitor requirement. 

SPRAGUE 
GooDmon 

The World's Broadest Line Of Trimmer Capacitors 
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395 
TEL: 516-746-1385 • FAX: 516-746-1396 • TELEX: 14-4533 

GOLD 
. . . FOR SOLDERABILITY, 

WIRE BONDING, RF 

INFO/CARD 60 

. . . FOR HIGH-Q AND TIN-LEAD ... FOR 
VAPOR PHASE 

SOLDERING 

Electroless nickel ... 
whether you’re plating a casting, 

a hog out or a dip-brazed assembly, the 
one plating source is Epner Technology Inc. 

For reliable, Mil-spec plating of your microwave or electronic component, 
rely on Epner Technology. Our 75 years of plating know-how linked with 
aerospace process control guarantees blister-free plating And we mean 
blister free plating. Flawless, no-excuse performance makes Epner your 
single aerospace plating supplier. Phone or fax us your drawings and specs. 
And find out what your life can be like, free of plating problems. 

EPNER TECHNOLOGY INCORPORATED U!l 
25 Division Place, Brooklyn, NY 11222 

Tel: (718) 782-5948 Fax: (718) 963-2930 

INFO/CARD 61 
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new time-saving 

RF/Microwave prototyping boards from $3.30 
QUICK BOARDS™ tor breadboarding and evaluation of all your 

commonly used components and circuit functions: 
• low pass/high pass/band pass filters Model 10-24 qty 
• Gain Blocks (AVANTEK MODAMPS™) LPF1 
• TO-8 amplifiers/vcos GB1 
• TO-8 mixers *T081 
• FLATPACK mixers & power dividers *T08MX1 
• TFM mixers (Mini-Circuits) FP1 
• Phase Locked Loops (with applications) *TFM1 

‘Available with sockets. Call for price and Free Brochure PLL1 

$ 3.30 
$ 4.03 
$ 3.30 
$ 3.50 
$ 5.40 
$ 5.50 
$65.00 

RF Prototype Systems 12730 Kestrel Street • San Diego. CA 92129 • (619) 538-6771 

INFO/CARD 63 

Software 
for PCs 

Tune components by tapping curser keys. 
Fast and hang resistant optimizer. 
Easy to learn and use. 
Affordably priced. 
Runs on your IBM PC/XT/AT/PS2 or compatible. 
Coprocessor recommended. 

vr 
Circuit Busters has just released version 2.0 of =FILTER=. This new version 
adds significant enhancements. Major features include: 

• TOPOLOGIES — 16 different lowpass, highpass, bandpass and bandstop 
L-C filters including the zig-zag bandpass. 

• TRANSFER FUNCTIONS — Chebyshev, Butterworth, minimum phase, 
Bessel, Gaussian transitional and elliptic Cauer-Chebyshev or user stored 
G values. Ver 2.0 adds singly-terminated Cauer-Chebyshev. 

• DELAY EQUALIZATION — Automatic synthesis of delay equalizers. 

• NEW UTILITIES — Computes noise bandwidth from actual response. 

• ONLY $495. Discount available for present =FILTER= owners. We recom¬ 
mend =FILTER= be used with =SuperStar=. 

OTHER CIRCUIT BUSTER PROGRAMS 

=SuperStar= : General purpose circuit simulation & optimization. 

=OSCILLATOR= : Designs L-C, T-Line, SAW & crystal oscillators. 

=TLINE= : Transmission line analysis & synthesis. 

PLEASE TELEPHONE FOR MORE INFORMATION. 

CIRCUIT BUSTERS, INC. 

1750 Mountain Glen 
Stone Mountain. GA 30087 USA 
(404) 923-9999 

VISA MasterCard . 

rf software _ 
RF/Microwave/MMIC Software 
TOAST™ is a frequency domain lin¬ 

ear simulator to analyze, optimize and 
perform sensitivity and yield computa¬ 
tion of RF and microwave circuits. It 
includes a nonlinear circuit simulator, 
based on spectral analysis, to perform 
power output, distortion, spectral re¬ 
sponse and AC/DC analysis. The pro¬ 
gram can be used to design microwave 
and RF linear and nonlinear circuits like 
filters, low-noise amp ifiers, power am¬ 
plifiers, mixers and frequency convert¬ 
ers. It includes pop-up menus and 
features a link for schematic capture 
(Hewlett-Packard or Mentor Graphics). 
The software is available for most popu¬ 
lar workstations. Caro-Line Habigand 
Sa., Toulouse, France. Please circle 
INFO/CARD #190. 

Pre-Processing Program 
Intusoft's Pre-Spice provides various 

components including switched capaci¬ 
tor networks, servos, tubes, pulse width 
modulators, and analog computer func¬ 
tions. It converts data sheet parameters 
into Spice and integrales the data with 
Pre-Spice’s library of generic models. 
Model categories include standard semi¬ 
conductor devices, power electronic com¬ 
ponents, ICs, switched capacitor net¬ 
works and Z-transform models, analog 
computer functions, pnase-lock loops, 
digital models, thermal models, and 
ASIC libraries. The program is priced at 
$200. Intusoft, San Pedro, CA. Please 
circle INFO/CARD #189. 

Differential Equations Software 
ODELIB solves the initial value prob¬ 

lem for systems of first order differential 
equations. Also, higher order systems 
can be transformed to the required form 
by a simple reduction technique. It 
features interactive and graphics tutorial 
programs that work in concert with the 
tutorial documentation. The program 
sells for $350. McGraw Hill Publishing 
Co., New York, NY. Please circle 
INFO/CARD #188. 

GPIB Test Program Generator 
Wavetek introduces WaveTest™ Ver¬ 

sion 2.5 — a software package that 
automatically generates a test program, 
creates the relevant coce and provides 
documentation. It allows the user to 
create sub-programs and templates only 
once and copy and merge them into new 
programs. Version 2.5 costs $3,990. 
Existing customers can upgrade to ver¬ 
sion 2.5 for $495. Wavetek San Diego, 
Inc., San Diego, CA. Please circle 
INFO/CARD #187. 
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NEED BROAD-BAND COAXIAL RELAYS? 
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER 

Our versatile 7000 series of 
coaxial relays have band-widths 
from DC up to 800 MHz. They’re 
available from 2 to 24 throw. 
And by using our 9000 series 
cross-straps, switching matrices 
of any size can be configured. 
Why have Matrix broad-band 

relays become the industry 
standard? Because we construct 
them of precision machined 
anodized aluminum alloy, all 
signal shield paths are silver 
plated, and basic switch ele¬ 
ments are hermetically sealed 
in nitrogen filled gas envelopes 
with rhodium plated contacts to 
insure non-stick operation. 

The end result is extremely 
low crosstalk, EMI and VSWR. 
Another plus, all switchpoints 
are individually field replaceable. 
The units are plug compatible 

with Matrix 6100A and 1600 
Series Logic Modules for com¬ 
patibility with RS-232, RS-422 
and IEEE-488 Interface busses 
as well as 16 bit parallel. 

Non-blocking Matrix configu¬ 
ration may be easily assembled 

MATRIX 
SYSTEMS CORPORATION 

5177 NORTH DOUGLAS FIR ROAD 
CALABASAS, CALIFORNIA 91302 

using our self-terminating relays 
and 5100A series power dividers. 
Built-in Video/RF amplifiers 
allow zero insertion loss designs. 
So if you’re looking for broad¬ 

band relays, it pays to deal with 
Matrix. After all, we’ve been 
designing state-of-the-art reed 
relay and semiconductor switch¬ 
ing systems for over 18 years. 
Our customers include gov¬ 

ernment agencies, defense 
contractors, the TV industry, 
ATE and telecommunications 
companies— and more. 
Phone: 818-992-6776 
TWX: 910-494-4975 
FAX: 818-992-8521 
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Adams-Russell/ 
Anzac Division . 2, 17, 23 

Ad-vance Magnetics . 6 
A.H. Systems . 50 
American Technical 
Ceramics Corp. 19 

Amplifier Research . 55 
Apcom . 15 
Avantek . 33 
Avtek Electrosystems Limited . 55 
Aydin-Vector . 64 
Besser Associates . 65 
Bradford Electronics . 22 
Cal Crystal Lab., Inc. 68 
California Eastern Laboratories . . .46 
Capeón Inc. 68 
Circuit Busters, Inc. 70 
Coilcraft . 66 
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Comtran Integrated Software . 61 
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EMC Technology . 54 
Epner Technology, Inc. 69 
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JFW Industries, Inc. 13 
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Lindgren RF Enclosures . 27 
LogiMetrics, Inc. 14 
Lorch Electronics Corp. 16 
M/A-COM Omni Spectra, Inc. 9 
Matrix Systems Corp. 71 
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Noise Com, Inc. 7 
Penstock Engineering Inc. 64 
Power Dynamics . 62 
Precision Filters . 66 
Qualcomm Incorporated . 48 
Quartz Devices Association . 8 
Radiation Systems, Inc. 67 
RF Design Expo East . 30, 73-74 
RF Design Software . 72 
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Sawtek Inc. 47 
Signetics . 57, 59, 61 
Spectrum Technology, Inc. 67 
Sprague - Goodman 

Electronics, Inc. 69 

RF Design Software Service 
Computer programs from RF Design, provided on disk for your convenience. 

This month's disk (RFD-0789): A collection 
from 1988 issues 

I "Predicting RF Output from Combined Power Amplifier Modules." 
by Roderick Blocksome. February 1988 issue (Lotus 1-2-3™ spreadsheets) 

2 "EquaFRipple LC Filter Synthesis." by Robert Köst February 1988 issue 
(complied, executable code) 

3. "Microstrip Analysis and Design of Various Substrates" by DR. 
Hertling and R.K Feeney June 1988 issue (BASIC) 

4. "CAD Amplifier Matching with Microstrip Lines" by Stanley Novak. 
June 1988 issue (BASIC). 

For this disk only — Add $500 to receive reprints of these articles 

Disk RFD-0689 (June 1989 RF Design] 
"A BASIC Program for PLL Design," by James Conn (BASIC) 

Disk RFD-0589 (May 1989 RF Design) 
A Mixer Spurious Plotting Program." by Richard Bain (compiled, executable 
code. CGA or EGA graphics not distributed outside the USA.) 

Send for a complete listing of available programs. 
Disks are $900 each (514 in ) or $1000 (3'/2 in .). Outside the US and Canada, 

add S800 Foreign checks must be in US funds drawn on banks with US of¬ 
fices or agents 

Annual subscriptions are available, providing 13 disks for $90 (5'A in.) or SI00 
|3'/2 in). Subscribers outside the US and Canada, add $50. Payment terms same 
as above 

Specify disks wanted. Payment must accompany order. Send check or money 
order to: 

RF Design Software Service 
PjO. Box 3702 

Littleton, CO 80161-3702 
Questions and comments should be directed to RF Design magazine 

Surcom Associates Inc. 16 
Tecknit . 12 
Teledyne Relays . 25 
Temex Electronics, Inc. 47 
Tesoft . 69 
Toko America, Inc. Tl 
Toshiba . 58 
Trim-Tronics Inc. 22 
Trontech . 73-74 
TTE, Inc. 44 
Tusonix . 20 
Varian/EIMAC Division . 72 
Watkins-Johnson . 78 
Werlatone Inc. 6 
Wide Band Engineering 
Company, Inc. 65 

POSITION WANTED: 
RF SALES/MARKETING MANAGEMENT 

RF business and technology heavy hitter with 15 years ex¬ 
perience in RF engineering, sales, and marketing, extensive 
RF system design experience, excellent writing and presen¬ 
tation skills, international marketing expertise, seeks high 
technology, entrepreneur environment in US or Europe. 

Blind Box 7-89. RF Design, 
6300 S. Syracuse Was. Suite 650. Englewood. CO 80111 

RF DESIGN 
ENGINEER 

Varian EIMAC is a world leader in the production of X-ray and 
power grid vacuum electron tubes. Our Power Grid R&D 
Engineering group offers an excellent career opportunity. 

A BSEE coupled with 3 to 5 years experience in design or testing 
experience is desired. CW and pulse power amplifier and oscilla¬ 
tor experience at power levels from 1 kw to 100 kw and frequencies 
between 200 and 4000 mhz a plus. Ideal candidate would also be 
familiar with vacuum tube technolgy as well as high voltage power 
supplies and hard tube modulators. Experience w th government 
programs and MIL 9858 desirable. 

This is a high visibility position working closely with customers 
and marketing to contribute toagrowing line of high power cavity 
applications. 

Salt Lake City, located on the western front of the Rocky 
Mountains, offers a unique composite of urban-cult jral-academic 
amenities, coupled with unsurpassed recreational opportunities. 

Send resume to: 
Professional Employment 

Varian 
1678 South Pioneer Road 
Salt Lake City, Utah 84104 

We are an Equal Opportunity Employer 

varian® 
eimac salt lake division 

July 1989 
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RF Design Simplified. 
Use Toko’s RF Building Blocks 
and Stop Going to Pieces! 
Now you con reduce your RF design and 
component sourcing problems with just one phone 
call. Toko can supply more than 75% of the com¬ 
ponents required for most RF design projects, with 
"building blocks" that save time and space. 

Toko is the world's largest manufacturer 
•=— = of small coils, with radial and axial 
leaded-inductors and SMT inductors— adjustable 
or fixed, in single or multiple coil configurations. 
We have what you're looking for. 

Q Why design a complex LC or helical 
filter when Toko already makes it! We 

offer a wide variety from 4mm SMT styles to 
helical filters large enough to handle RF power 
signals— all in single or multiple configurations. 

For l-F amplification and detection, 
P’ Toko offers a variety of ICs to simplify 

design and reduce product size. Other available 

types include: compandors for noise reduction, 
equalizers, analog switches and voltage regulators. 

—101— For l-F or oscillator circuits, Toko 
ceramic filters and oscillating elements 

are an alternative to more costly technology. 
These high 0 devices ore also extremely compact 
and stable. 

Q With over 36 stock types in a wide 
range of capacitance values, Toko has 

the varactor diodes you need, in SMT or SIP 
packages. An exclusive manufacturing process 
eliminates tracking errors in matched sets. 

The fastest way to design and produce 
'“x your next RF design project is with 

Toko RF modules. Utilizing the latest hybrid circuit 
technology, these circuits will also save space and 
cost. Custom variations are also available. 

Let Toko put the pieces together for you. For 
a free catalog or information on samples, 
contact Toko America today. 
(312) 297-0070; FAX (312) 699-7864. 

raTOKO 
TOKO AMERICA,INC. 

Your strategic partner. .. 
for all the right reasons. 
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For Speed and Ease /n 

WJ-158O 
ACTS 

The WJ-1580 Automatic Counter measures 
Test System (ACTS) provides the most 
comprehensive test capability for complex electronic 
warfare depot and intermediate-level test problems. 

Designed to test both active and passive counter¬ 
measures systems in the 0.5 to 18 GHz frequency 
range, the WJ-1580 possesses advanced features that 

offer the user fast, accurate testing, maximum 
hardware flexibility, multiuser and multitask 
operations, and reduced programming costs. The 
WJ-1580’s modular hardware design permits easy 
system expansion. 

Watkins-Johnson Company’s ACTS offers a com¬ 
plete testing capability for ECM assemblies such as: 
• High Probability of Intercept Receivers 
• High-Power Solid-State and Travel ing-Wave-Tube 

Amplifiers 
• Frequency Memory Loops (FMLs) 
• Instantaneous Frequency Measurement Systems 
• VCOs and Frequency Synthesizers 
• RF Switching Assemblies 
• RF Processing Assemblies 
• Digital Control Assemblies 

For full information on Watkins-Johnson Automatic Test Equipment, contact Systems 
Development Division Applications Engineering, 2525 North First Street, San Jose, CA 
95131-1078, (408) 435-1400. 

WATKINS-JOHNSON 

- -- • EXCELLENCE IN ELECTRONICS 
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