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You decide what 
they can do. 
With Wavecom mechanical switches, you 
can pick and choose among a long list of 
options to get almost any functions you 
need. Very often, you can pack into one 
switch capabilities that might otherwise 
require two or three components. 

The basic switches offer one of the most 
complete lines in the business, including 
SP1T to SP12T and transfer switches — 
with a variety of frequency ranges up 
to 26.5 GHz and all ideal for ATE 
applications. 

Each offers space level reliability. And that 
means a guarantee of 1,000,000 operations, 
with no ifs, ands, or buts. 

Specs are outstanding. A good example is 
the 026 SPDT RF coaxial switch. 

Freq. VSWR Insertion loss Isolation 
(GHz) (max) (max) (min) 

DC-3 1.2:1 0.2dB 80dB 
3-8 1.3:1 0.3 70 
8-12.4 1.4:1 0.4 60 
12.4-18 1.5:1 0.5 60 
18-26.5 1.6:1 0.6 50 

Options. Options. Options. 

Available options are virtually 
endless. Terminations, indica¬ 
tor circuitry, suppression diodes, 
TTL logic (high and low), man¬ 
ual override, self de-energizing 
circuitry, MOSFET driver, BCD 
TTL decoder, choices on termin-

For more information, or a free 
catalog, call or write 
Loral Microwave-Wavecom, 
9036 Winnetka Avenue, 
Northridge, CA 91324. 
Tel: (818) 882-3010. 
Fax: (818) 709-8204. 
TLX: 650-240-8147-MCI. 

als, mounting, actuation, RF 
connectors, voltage, you name 
it. And we'll help you put the 
options together to meet your 
application needs. Exactly. 

All switches designed to meet 
MIL-S-3928 and MIL-E-5400. 

J-DRAL 
tyAicrowave-Wavecom 
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The fastest response to in-the-field service calls. 

PULL THE PLUG 
...and you’re on the way. 

■ Operate your IFR Spectrum Analyzer from any available 12 to 30 volt 
DC power source or from its optional built-in rechargeable battery pack. Of course, either 

analyzer may also be powered from any 106 to 266 volt 50 to 400 Hz AC source. ■ If your 
RF testing needs call for a digital, synthesized 

spectrum analyzer that performs equally well in the 
laboratory or in the field, specify a true portable, 

an IFR A-7550 or A-8000. 

For even greater flexibility add 
these built-in options: 

■ Tracking Generator 

■ AM/FM/SSB Receiver 

■ Quasi-Peak Detector 

■ IEEE-488 or RS-232 Interface 

IFR SYSTEMS, INC. 

A-7550 10 kHz to 1 GHz 

A-8000 10 kHz to 2.6 GHz 

10200 West York Street 
Wichita. Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 
TWX 910-741-6952 
FAX 316/524-2623 
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Tired of Two-Bit 
Performance? 

SELECTION CHART 

Part No. l\pe Freq/MHz IL/dB* I»o/dB* 
Sw. Speed/ 

nsec** 
Package Control 

DSO841 SPST 10-200 1.7 70 7.0 14 Pin DIP m 

DSO699 SPST 5-1500 0.9 60 23.0 TO-8 TTL 

DSO990 SPST 10-2000 1.5 78 25.0 14 Pin DIP TTL 

DSO850 SP2T DC-2000 0.35 47 5.0 TO-5 0/-7 

DSO813 SP2T DC-2000 0.65 47 200.0 TO-5 TTL 

DSO812 SP2T 10-1000 0.5 54 50.0 TO-8 TTL 

DSO860 SP2T 10-1500 0.5 47 40.0 .380 sq TTL 

DSO602 SP2T 5-4000 1.5 55 22.0 14 Pin DIP TTL 

DSO842 SP2T 5-1500 0.9 75 50.0 14 Pin DIP TTL 

DSO864 SP4T 5-2000 1.3 55 28.0 16 Pin DIP TTL 

DSO874 SP4T DC-2000 2.0 60 75.0 16 Pin DIP TTL 

DSO838 SP8T 5-1000 2.2 40 40.0 24 Pin DIP TTL 

Sick and tired of two-bit performance 
from your GaAs Switch supplier?... 
Switch to DA1CO. 

DAICO now offers over 20 high 
performance GaAs Switches, with 12 
different models available directly 
from stock. In addition, DAICO has 
64 different models of Switches, 
Digital Attenuators and VGA’s avail¬ 
able in stock. 

Start getting high performance... 
call DAICO for technical assistance and 
our 1991 Catalog at (213) 631-1143. 

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

'Typical performance measured mid-band 
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featured technology 
32 A Distributed Resonant Circuit 

with Improved Filtering 
Properties 
The microstrip circuit presented in this article 
shows how the filtering properties of a dis¬ 
tributed resonant circuit can be improved by 
replacing the uniform line segment with a 
corresponding nonuniform stub. 

— Stanislaw Rosloniec 

40 Electronically Tunable 
Active Filters 
The unique aspect of this circuit is tunability. 
This article shows that the center frequency 
of a bandpass filter can be conveniently 
tuned over a wide range by a voltage without 
explicitly changing its bandwidth and gain. 

— Yue Xu 

emc corner 
53 RFI Measurements Using a Harmonic 

Comb Generator 
The construction of a simple, inexpensive radiated emissions standard is 
presented. The unit can be used for testing products for RFI or as a 
repeatable calibration source in a semi-anechoic chamber. 

— Ken Wyatt 

6 Editorial 
13 Letters 
17 Calendar 
18 Courses 
20 News 
27 Industry Insight 
45 New Products 
71 Product Report 
72 New Literature 
72 Advertiser Index 
73 New Software 
75 Info/Card 

Cover photo is courtesy of Micro Mode 
Products, Inc. 

design awards 
61 A Linear Driftless VCO 

This design is for a voltage controlled oscillator with particularly good 
stability and tuning characteristics. The techniques used to achieve this 
design can be quite valuable in many applications. 

— Luis Cupido 

70 A Plotter Subroutine for BASIC Programs 
This article describes a brief subroutine that can be added to a BASIC pro¬ 
gram, providing a simple method of plotting data points quickly and without 
a graphic display. 

— Bert K. Erickson 

R F DESIGN (ISSN: 0163-321X USPS 453-490) is published 
monthly plus one extra issue in September January 1991 Vol 
14. No 1 Copyright 1991 by Cardiff Publishing Company, a 
subsidiary of Argus Press Holdings, Inc . 6300 S. Syracuse 
Way. Suite 650, Englewood. CO 80111 (303) 220-0600 Con¬ 
tents may not be reproduced in any form without written per¬ 
mission Second-Class Postage paid at Englewood. CO and 
at additional mailing offices Subscription office: RF Design. 
5615 W Cermak Rd . Cicero. IL 60650 Domestic subscrip¬ 
tions are sent free to qualified individuals responsible for the 
design and development of communications equipment Other 
subscriptions are $38 per year in the United States: $48 per 
year in Canada and Mexico; $52 (surface mail) per year for 
foreign countries Additional cost for first class mailing Pay¬ 
ment must be made in U.S funds and accompany request 
If available, single copies and back issues are $5 00 each (in 
the U.S.). This publication is available on microfilm/fiche from 
University Microfilms International. 300 Zeeb Road. Ann Arbor. 
Ml 48106 USA (313) 761-4700 
SUBSCRIPTION INQUIRIES: (312) 762-2193. 
POSTMASTER & SUBSCRIBERS Please send address 
changes to R F Design. 5615 W Cermak Rd . Cicero, IL 60650 
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HIGH POWER 
16 WAY 

COMBINER 
RF editorial 

TYPICAL SPECIFICATIONS 
MODEL D2599 

FREQUENCY RANGE . 0.4 - 1GHz 
INSERTION LOSS . 0.5db 
ISOLATION . 25db 
VSWR . 1.3:1 
POWER . 400 watts 

RF Design in 
1991 

By Gary A. Breed 
Editor 

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

PRECISION 
DIRECTIONAL 
COUPLER 

TYPICAL SPECIFICATIONS 
MODEL C2523 

FREQUENCY RANGE .... 100-400 MHz 
COUPLING . 30db 
DIRECTIVITY . 35db 
VSWR . 1.1:1 
POWER . 750 watts 

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

1965 - 1990 
25 years in business 

decades ahead 

WERLATONE, INC. 
P.O. Box 47 

Brewster, NY 10509 
Tel: (914) 279-6187 
FAX: (914) 279-7404 

Since this is January, I suppose it is 
time to let you know what BF Design 

has planned for the year. We are always 
looking for a better way to get the right 
kind of information to you, so help us 
keep on the right track by letting us know 
what you think about the topics we 
choose, the authors we publish, and the 
overall usefulness of our magazine. 
The only brand new item for 1991 is 

a monthly Product Report. Each issue 
will have a short summary of the busi¬ 
ness and technology status of a major 
RF product (or service) area. The first 
of these reports is on page 71, looking 
at EMC test labs. The next few reports 
will cover antennas, mixers, SAW and 
crystal oscillators, filters, capacitors and 
resistors. Hopefully, this background 
information on the products you design 
with will help you pick the best ones for 
your next project. 
We will continue our Industry Insight 

column, but with the new Product Report 
covering specific markets, we can exam¬ 
ine some broader industry segments like 
this month’s look at mobile communica¬ 
tions. SMT, HDTV, RF education, and 
consumer electronics are among the 
topics we’ll cover this year. The regular 
surveys will continue, too. Your partici¬ 
pation has been great, and we are 
getting a much better picture of what 
RF designers are interested in, and 
what projects are underway. 

Another unchanged area is the EMC 
Corner. We will keep presenting notes 
on design, measurements and regula¬ 
tions in this important area. With lots of 
attention being given to designed-in 
EMC compliance, this column is more 
important than ever. 
We always have difficulty choosing 

our monthly Featured Technology sub¬ 
jects — there is too much going on that 
needs attention! Filters, modulation, ana¬ 

log and digital signal processing, test 
and measurement, and high speed 
circuits are on tap for the first half of 
1991. Of course, we will continue to 
provide articles on as many other sub¬ 
jects as possible, as space permits. Our 
new two-part contest is going strong,too. 
The July issue will be full of winning 
ideas in circuits and software, so make 
sure you don’t miss it! 

Well, a new year is also time for 
reflection on the state of the RF engi¬ 
neering profession. Some things ha¬ 
ven’t changed — managers complain 
that they can’t hire enough experienced 
RF designers, and that colleges aren’t 
teaching the new kids the right stuff. 
Other things are definitely changing 
—engineers are looking beyond their lab 
benches more often, sharing ideas 
through writing and speaking. The com¬ 
puter has finally become the normal 
method of making routine calculations 
as well as complex circuit and system 
modeling. Digital and analog technolo¬ 
gies are combining in ways no one 
would have predicted ten years ago. 

In my editorials, I tend to be enthusi¬ 
astic and optimistic about RF technol¬ 
ogy, and sometimes wonder if such an 
outlook is valid. Well, in the last couple 
of months, I have received many com¬ 
ments that are in agreement with my 
optimism. Despite some significant 
trouble spots, the current consensus is 
that the next few years will see exciting 
times for the RF community. Let’s hope 
we’re right! 
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nok^m 
“NOISE IS OUR ONLY BUSINESS” 

Broad Band 
Noise Sources 

For Space, Military and Commercial Applications 

DC-5O GHz 

Broad Band 
Precision, 
Calibrated 
Waveguide 

WR-22,-28,-42 

Broad Band 
Instruments 
115V or 230V Standard 

Bench Type or Rack Mounted 

MANUALLY CONTROLLED 
+ 10 dBM Output 

Custom & 
Hi Rei Products 

HYBRID FOR SPACE QUALIFIED 
AMPLIFIED MODULES 

10 Hz to 10 MHz, 7 GHz, 9 GHz, 
14 GHz etc. Small size and weight 

TYPICAL STAN DARD MODELS 
NC 5100 
Series up to 50 GHz 

15.5 dB ENR, 
noise figure 
meter 
compatible 

NC 5200 
Series up to 50 GHz 

21-25 dB ENR. 
high noise output 

NC 5300 
Series up to 50 GHz 

21-25 dB ENR, 
high noise output 

TYPICAL STAN DARD MODELS 

NC 6101 
NC6107 
NC6108 
NC6109 
NC6110 
NC6111 
NC 6218 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
up to 1.5 GHz 
up to 2 GHz 
up to 18 GHz 

Other standard models available 
MOST ARE IN STOCK 

PROGRAMMABLE 
IEEE-488 (GPIB), MATE (CIIL) 
RS232, etc. + 10 dBM Output 

DC COUPLED 
AMPLIFIED MODULES 

■ 1 volt output into 50 ohms 
■ DC-100 kHz 
■ Low offset voltage 
■ Compact 
■ DC-4 MHz 

For More 
Information 
And Quick 
Response Call: 

GARY SIMONYAN 
at 201-261-8797 
_ 7 

TYPICAL STAN DARD MODELS 
NC7101 
NC 7107 
NC7108 
NC 7109 
NC7110 
NC7111 
NC 7218 

up to 20 kHz 
up to 100 MHz 
up to 500 MHz 
up to 1 GHz 
upto 1.5 GHz 
up to 2 GHz 
up to 18 GHz 

OPTIONAL: Remote variable 
filters, signal input combiner, 
75 ohms output, marker input. 

Other standard models available 
MOST ARE IN STOCK 
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NOISE IS OUR ONLY BUSINESS” 

NOISE COM, INC. 
E. 64 Midland Ave. 
Paramus, NJ 07652 
PHONE (201) 261-8797 

FAX (201) 261-8339 

TWX 910-380-8198 



TCXO’s in DIP packages Redesign 
a Cardiff publication Established 1978 

ALL Logic Families 
available in 4- or 14-pin 
DIP .5"x.8"x,375 

SPECIFICATIONS 
Voltage stability: Vcc ± 5%, A F 

< 1PPM 
Vcc ± 10%, A F 
< 12PM 

Aging: 5 PPM first year; 2PPM per year 
thereafter 

Frequency Adj.: Control voltage in 
range of 9 to 5V (variable capacitor 
optional) 

OSCILLATEK 
M84 SERIES 

ACTUAL SIZE 

OSCILLATEK 
A I DOVER) TECHNOLOGIES COMPANY 

620 N. Lindenwood Drive • Olathe, Kansas 66062 
FAX: (913) 829-3505 • TELEX: 437045 
Phone: (913) 829-1777 

TEMPERÃTU 
STABILITY 

" FREQUENCIES 
AVAILABLE 

0° - + 50°C, ± 2PPM TTL = 1KHzto32MHz 

•CMOS = 1 KHz to 
10MHz 

ECL = 4MHzto 
32MHz 

SINE = 4MHz to 

0° - + 50’C, ± 5PPM 

0° - + 70°C, ± 5PPM 

-30° -+ 70°C, ± 10PPM 

-30° -+ 85°C, ± 15PPM 
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RF Design Software Service 
Computer programs from RF Design, provided on disk for your convenience 

All disks are MS-DOS/PC-DOS compatible, unless otherwise noted 

Disk RFD-0191: January 1991 
"A Plotter Subroutine for BASIC Programs” by Bert Erickson. Offers simple, 
quick plotting capabilities that can be included in BASIC programs (BASIC) "RF 
System Noise Basics" by Frank Perkins and Al Ward From RF Expo East I990. 
BASIC programs compute noise temperature, cascaded NE ENR. noise power, 
and more. 
*** Reprint of RF Expo paper can be obtained for an additional S5.00 **♦ 

Disk RFD-1290: December 1990 
"Circuits for Wideband FM Demodulation." by Fotowat and Wbng of 
Signetics. Program computes distortion of discriminator circuit Includes HELP 
file and six examples (FORTRAN source code listing and compiled, executable 
version) 

Disk RFD-1190: November 1990 
"Broadband Impedance Matching by Polynomial Synthesis" by David Lang. 
Generates a polynomial equalizer function directly from S-parameters. and 
synthesizes matching networks. (BASIC, source listing and compiled versions) 

Send for a complete listing of available programs, or circle Info/Card below. 

Disks are $9 00 each (5% in | or S1000 (3'/z in ) Outside U S and Canada, add S8 00 
per order Foreign checks must be in U.S funds, and must be payable through the U S 
Dankmg system Prices include postage and handling 
Annual subscriptions are available, providing 13 disks for S90 00 (5!4 in ) or S100 00 

[3'/z in J Specify starting date For subscribers outside the U.S. and Canada: add S50 00 
Payment must accompany order.. .specify disks wanted. ..send check or money 

order to: 
RF Design Software Service 

PO Box 3702 
Littleton, Colorado 80161-3702 

Questions and comments should be directed to RF Design magazine 
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8x8 VIDEO CROSSPOINT 
SWITCH WITH BUFFERS 
-ONLY $2.507CHANNEL 

Connects Any Input to Any Output 
Maxim’s new MAX456 is the first monolithic 8x8 video crosspoint switch that routes standard video signals 

(NTSC. PAL, SECAM). With a digitally controlled 8x8 switch matrix, control logic, and eight 35MHz output buffers 
together in a 40-pin DIP or 44-pin PLCC, the MAX456 significantly reduces component count, board space and 
cost over discrete designs. Applications include video surveillance, imaging, visual automation, and video editing. 

MAX456 Eliminates Over 20 Components 
• Reduces Board Space up 

to 5X 

• Reduces Cost 5X Compared to 
Discrete Designs 

• Reduces Design and Layout 
Time 

• Reduces Stray Capacitances 

• Improves Reliability 

Build Larger Crosspoint Arrays 
Each MAX456 buffer output can be disabled under logic control. With three-state outputs, multiple MAX456s 

can be paralleled to form larger switch networks. 

• Eight Internal Buffers 
250V/^s Slew Rate 
35MHz Bandwidth 
Buffer Disable Saves Power 

• ± 5V Power Supplies 

• 80dB Off Isolation at 5MHz 

• 70dB Crosstalk at 5MHz 

• Serial or Parallel ^P Interface 

MAX456 and MAX457s Drive 759 Loads 
Maxim also offers the MAX457, a dual 70MHz unity gain stable video amplifier. The MAX456 teams up with the 

MAX457 to drive 750 loads efficiently. Special pricing is available for MAX456/MAX457 combination purchases. 

Call your Maxim representative or distributor today for applications information, data sheets, and free 
samples. Or, contact Maxim Integrated Products, 120 San Gabriel Drive, Sunnyvale, CA 94086, (408) 737-7600, 
FAX (408) 737-7194 

MAX456CPL. $1998 1000-up 
FO B. U.S.A price. 

Distributed by Arrow, Bell/Graham, Hall-Mark, Nu Horizons, Pioneer, and Wyle. Authorized Maxim Representatives: Alabama. (205)830 0498. Arizona. 
(602) 730-8093; California. (408) 248-5300. (619) 278-8021 ; (714) 261-2123; (818) 704-1655; Colorado, (303) 799-3435, Connecticut. (203) 384-1112; Delaware. (609) 778-5353; 
Florida. (305)426-4601, (407)682-4800; Georgia. (404)447-6124; Idaho. (208)888-6071; Illinois. (312)577-9222; Indiana, (317)921-3450; Iowa, (319)393-2232; Kansas. 
(816)436 6445, Louisiana, (214)238-7500; Maryland. (301)644-5700; Massachusetts, (617)329-3454; Michigan. (313)583-1500. Minnesota. (612)944-8545; Missouri. 
(314)839-0033. Montana. (503)292-8840. Nebraska. (816)436-6445. Nevada. (408)248-5300. New Hampshire. (617)329-3454; New Jersey. (201)428-0600. (609) 778-5353; 
New Mexico. (505)268-4232; New York. (201)428-0600. (607)754-2171; North Carolina. (919)851-0010; Ohio, (216)659-9224. (513)278-0714. (614)895-1447; Oklahoma. 
(214)238-7500; Oregon. (503)292-8840; E. Pennsylvania. (609)778-5353; W. Pennsylvania. (614)895-1447; Tennessee. (404)447-6124; Texas. (214)238-7500, (512)835-5822, 
(713)789-2426; Utah, (801)561-5099; Washington, (206)823-9535; W Virginia, (301)644-5700; Wisconsin, (414)792-0920; Canada, (416)238-0366, (613)225-5161. 
(604)439-1373, (514)337-7540 

Maxim is a registered trademark of Maxim Integrated Products. © 1990 Maxim Integrated Products. 
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BROADBAND R. F. 
POWER AMPLIFIERS 

Models 220-10, 220-100, 220-200, 220-1 K operate from 
10kHz to 220 MHz, with .01, . 1, .2, and 1 kW output power. 

RF POWER LABS, INC. 
has been a leader In 
high-quality RF power 
amplifiers for almost two 
decades. 
Our rugged designs and 
reliable manufacturing pro¬ 
cesses produce amplifiers 
operating from 30 Hz to 500 
MHz with output from .5 to 
2000 Watts. RF POWER LABS 
offers complete lines of linear, 
broadband amplifiers for a wide 
range of applications, including: 
• RFI/EMI susceptibility testing 
• NMR/MRI 
• Linear Accelerators 
• Laser Modulation 
• Communications 
We’ll be glad to 
discuss your 
particular 
applications 
with you. 

Model 300-400A 
operates from 225 to 
400 MHz with 400 W 
output power. 

RF POWER LABS, INC. 
21820 87 S.E. 
Suite 200 
Woodinville WA 98072 
A Subsidiary of KALMUS ENGINEERING 

Tel: (206) 481-8833. 
Telex: 32-1042 
Fax: (206) 486-1002 
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RFI-EMI-EMP 
RF POWER 
AMPLIFIER 
SYSTEMS 

210LC 

Linear Accelerators, Susceptability Testing, 
Induction Heating, Wideband Jamming 

Our high standard of manufacturing excellence is your 
assurance of superior quality in design, versatility and 
reliability. Choose from our complete line of laboratory 
type AC instruments or DC modules for OEM or special 
projects. 

If we don’t have what you need, we’ll design it for you! 

els: 1.5 Watts to 2000 Watts - Frequency Range: WKHz to 220MHz 

Engineering International, Ltd., U.S.A. 

21820 87th SE Woodinville, WA 98072 (206) 485-9000 FAX (206) 486-9657 

KALMUS EUROPEAN SALES AND SERVICE CENTERS 
)E: Paris: KMP Electronics PHONE: 1-46-45-09-45 GERMANY: Telemeter Electr GMBH 

. Ltd. 

FAX: 1-46-45-24-03 

PHONE: 734-730900 ITALY: Vianello Strumentazione 
FAX: 734-328335 
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PHONE: (0906) 4091 
FAX: (0906) 21706 

PHONE: 02-89200162 
FAX: 02-89200382 



Field Replaceable Hermetic Connectors. 

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

Our Seals and Connectors 
Always Meet Your Requirements 

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

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 

We Have All the Connectors 
to Save Your Seals 

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

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

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. 

M/A-COM Omni Spectra, Inc. 
140 Fourth Avenue 
Waltham, MA 02254 
Tel: USA (617)890-4750 

UK (0734)580833 
Japan 03(226)1671 

Omni 
Spectra 

A 40COVI COMPANY 

Data obtained from launching part number 
8557-5329-02 to .010 inch alumina microstrip 
transmission line. 
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RI letters_ 
Letters should be addressed to Editor, 
RF Design, 6300 S. Syracuse Way, 
Suite 650, Englewood, CO 801 11. 

Editor: 
My congratulations on your superb 

publication. It is a great pity that RF 
Design is not distributed via our nation¬ 
wide W.H. Smith & Sons chain of 
magazine-bookshops (like Scientific 
American and other U.S. publications). 
British electronic periodicals are avail¬ 
able from these outlets, but none can 
match RF Design's range of expertise. 

Colin Bruce Sibley, PhD 
Waddington, England 

Who says 
nobody loves 
trimmer 

I capacitors? 
When it comes to commercial 
and industrial applications, 
engineers develop a 

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

Microstrip CAD Equations 
Three equations in Tom Cefalo’s 

article, “Microstrip CAD Program,” Oc¬ 
tober 1990, require correction. Equation 
3b should have a Wz in it as follows: 

(3b) 

And there are plenty of good reasons 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. 

f(W/H) = 6 + (2n - 6)exp 
/30.666\ 0 7528
\W7H ) 

SPRPGUE 
GOODHlfin 

In equation 7, 0.025 should be 0.027. 
Finally in equation 12 a division symbol 
is missing. The equation should read: 

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 
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These equations are correct in the 
program which is available through the 
software service. 

ADC Settling Time Clarification 
In Thomas Hack’s article, “Meas¬ 

urement of Analog-to-Digital Converter 
Settling Time with Equivalent Time Sam¬ 
pling,” November 1990, the bottom of 
the second paragraph on page 67, 
should read: “But if the analog-to-digital 
converter performs well at its maximum 
sample rate, we should expect that its 
settling time will be less than 1 clock 
period, which means we can’t measure 
the settling time if we use real-time 
sampling techniques. The best we could 
do is infer that the settling time is less 
than 1 clock period and this isn't good 
enough when other parts in the system 
(such as MUXs) also contribute to total 
settling time.” In addition, in the third 
column on the same page, the second 
sentence from the top should read: 
“Since this converter has a 100 ns 
minimum clock period, this is a suitable 
choice." In addition, Mr. Hack would like 
to acknowledge DSP Development Cor¬ 
poration, Cambridge, Mass., for use of 
their DADiSP Software in this article. 

RF Design 

Why engineers have 
relied on T T E filters for 

over 35 years 
• Over 1,239,580 standard filters 
• Custom designs at stock filter prices 
• 10 day shipment guaranteed 
• 72 hour prototype service is available 
• Unconditional factory guarantee 

Got a problem? Call our Engineering Hotline. 
(206) 821-8779 

« 
® 

America’s Filter Specialist 
T T E, Inc. 
Los Angeles, CA 

(213) 478-8224 
FAX: (206) 821-0992 13 
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IF YOUTHINK 
AN ISOLATOR HOU 

You could be missing quick, reliable solutions to your design needs. We’ve been 
producing a broad line of microwave and RF components for 30 years. And they’re in 
programs like AIM-7, ALQ-172, ALR-67, ALQ-131, ELS, RAPPORT, TCAS, and more. 
Just consider the samples on these pages. 

THINK 
MULTIPLIERS 

#2 #3 
These drop-in multipliers demonstrate Output frequency: 480 MHz 960 MHz 11.00 GHz 
our capability in miniature frequency Multiplication factor: X4 X2 XI 1 
multipliers. They incorporate both Size (nominal): 1.6 x 0.8 x 0.4 in. 1.6 x 0.8 x 0.4 in. 2. 1 x 0.7 x 0.4 in. 
lumped element filter techniques and (41 x 20 x 10 mm) (41 x 20 x 10 mm) (53 x 18 x 10 mm) 
new processes for miniaturizing Input power: (nom.) +10 dBm +10 dBm +10 dBm 
combline filters. Output power: (nom.) +5 dBm +5 dBm +7 dBm 

Harmonics/Spurs -91 dBc 10 to 250 MHz 
-65 dBc from 250 Mhz 

THINK 
OSCILLATORS 
Think high stability, low noise, and 
high-rel in a small package. Like our 
100 MHz crystal-controlled oscillator, 
developed for our own synthesizer 
applications, available with or without 
comb generator. Or, using your specs, 
we’ll custom design whatever you 
need. 

Phase Locked Oscillator: 
This oscillator is small — substantially 
smaller than others we found on the 
market. This model requires an 
external reference source, but we can 
easily modify it to include an internal 
reference without a large size increase. 

Output 
frequency: 
Customer-specified between 1 (X) and 
1200 MHz 
Reference frequency: Between 5 and 
10 MHz 
Size: 2.75 x 1.00 x 0.75 in. (70 x 25 x 
19 mm) nominal 

Ovenized Crystal Oscillator: 
Designed especially for low phase 
noise under vibration, this new family 
of oscillators provides real improve¬ 
ments in both phase noise and fre¬ 
quency stability, and they come to you 
in a small package with only a minor 

cost difference. You may choose from 
10 mW or KM) mW minimum output 
power. 

Output frequency: Customer-specified 
between 60 and 1200 MHz 
Crystal frequency: Factory selected 
between 60 and 125 MHz 
Output power: (a) 10 to 14 dBm 

(b) 20 to 24 dBm 
Vibrational sensitivity: 1 x 10 7g 
maximum: 5 x 10 "'/g typical 
Size: 1.33 x 1.33 x 0.56 in. (34 x 34 x 
14 mm) nominal 



IRAK IS JUST 
SE... THINK AGAIN! 

THINK MULTI¬ 
FUNCTION 
ASSEMBLIES 

Higher Stability Crystal Controlled 
Oscillator/Comb Generator 
A brand new type, developed for our 
own synthesizer applications, providing 

TRAK’s in-house engineer¬ 
ing talent, combined with our own MIC 
and thin film labs, allows us to pack 

improved noise and lower vibrational 
sensitivity. It has both a 100 MHz 
oscillator ouput and a comb generator 

more functions into a package, while 
reducing weight and volume. Custom 
designs are a specialty. 

Switched Filter Bank 
Covers 10 to 20 GHz in three bands. 
Switching times as fast as 100 nanosec¬ 
onds are possible, with frequency ranges 
customer-selected from UHF to 20 GHz. 

output. 

Oscillator output frequency: 100 MHz 
Comb spacing: 600 MHz 
Comb output frequencies: 1.8 to 5.4 
GHz 
Size (approx.): 2.40 x 1.60 x .45 inches 
(61 x 41 x 11 mm) nominal 

Band 1 Band 2 Band 3 

Frequency Range: 10-12.6 GHz 
(Passband) 
Rejection: DC-7 GHz 
(-50 dB min.) 15-26 GHz 
Size: 3.5 x 1.6 x 0.48 in. (89 x 41 

12.6-16 GHz 

DC-8 GHz 
19-26 GHz 

16-20 GHz 

DC- 10 GHz 
24-26 GHz 

x 12 mm) nominal 

And if all this isn't enough to 
convince you TRAK does more than 
isolators, please call or write for our 
Free Components Catalogs. See 
EEM or MPDI) for other TRAK 
military products. 

TRAK MICROWAVE 
CORPORATION 
Microwave Sales 
4726 Eisenhower Blvd. 
Tampa. Florida 33634-6391 
Phone: (813)884-1411 
TLX: 52-827 
FAX: 813-886-2794 

TRAK MICROWAVE LTD. 
Microwave Sales 
3/4 Lindsay Court 
Dundee. Scotland DD21TY 

THINK 
Phone: (44) 382-561509 
TLX: (851) 76266 
FAX: (44) 382-562643 

SYNTHESIZERS S TRAK A4ICROÏ4MVE 
CORPORATION 

Think 
■ modular, high 

resolution, 
digital or 

analog, direct or 
indirect. We make the 

High Resolution Indirect Synthesizer 
Frequency: 1.6 to 2.8 GHz 
Step size: 100 Hz 
Switching speed: 350 psec., typical 
Spurious: -68 dBc 
Size: 7.5 x 7.25 x 5.25 in. (190x184 

smallest, most capable synthesizers in 
the business. Thin-film and MIC 

x 133 mm) nominal 
Weight: 13 lbs. max. 

technologies are in-house. So is our 
materials lab for ferrites and dielectrics. 
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Fit Your Requirements 

Switches 
1 MHz - 1 GHz coverage 
1P1T - 1P8T 
with or without drivers 

Flexible Packaging 

Attenuators 
10 MHz - 1 GHz coverage 
.5 dB - 32 dB step sizes 
with or without drivers 

Standard products or 
specials to fit your 
requirements 

Hybrid Thick Film Switches and Attenuators 

JFW Industries, Inc 
5134 Commerce Square Drive 
Indianapolis, Indiana 46237 

317-887-1340 



RF calendar 

January 
14-16 4th Annual International Superconductor Applications 

Convention 
San Diego, CA 

Information: SCAA, 27692 Deputy Circle, Laguna Hills, CA 
92653. Tel: (800) 854-8263 or (714) 362-9701. Fax: (714) 
362-9803. 

15-17 ATE & Instrumentation West 
Disneyland Hotel, Anaheim, CA 

Information: Tel: (800) 223-7126 or (617) 232-3976. 

22-24 Hyper 91, Microwave Technology Exhibition and Congress 
Palais des Congres, Paris, France 

Information: B.I.R.P., 25 rue d’Astorg, 75008 Paris, France. 
Tel: 33-(1)-4742-2021 . Fax: 33-(1)-4742-7568. 

28-31 Communications Networks ’91 
Washington Convention Center, Washington, DC 

Information: Michael Sullivan. Tel: (508) 820-8268. 

February 

OUR "HOPPING" 

FILTERS TUNE 

YOUR BAND 

...DIGITALLY! 
These miniature hopping filter modules 
provide the RF system designer with 

flexible, new, digitally tuned bandpass 
filter components...now as easy to 

specify and use as amplifiers or mixers. 

5-7 RF Technology Expo 91 
Santa Clara Convention Center, Santa Clara, CA 

Information: Kristin Hohn, Cardiff Publishing Company, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 801 11. Tel: (303) 
220-0600, (800) 525-9154. Fax: (303) 773-9716. 

12-14 4th International Smart Card Exhibition and Conference 
Novotel, Hammersmith, London 

Information: Elisabeth Beckett, Marketing Manager, Ages¬ 
tream Ltd., Towermead Business Center, High Street, Old 
Fletton, Petersborough, PE2 9DY. Tel: (0733) 60535. Fax: 
(0733) 45522. 

24-28 NEPCON West '91 
Anaheim Convention Center, Anaheim, CA 

Information: Janet Schafer, Cahners Exposition Group, 1350 
E. Touhy Ave., Des Plaines, IL 60017-5060. Tel: (708) 
299-931 1. Fax: (708) 635-1571 . 

March 
18-21 WESTEC’91 

Los Angeles Convention Center, Los Angeles, CA 
Information: Event Public Relations Department of SME, One 
SME Dr., PO Box 930, Dearborn, Ml 48121-0930. Tel: (313) 
271-0777. 

26-28 International Mobile Communications Expo 
Anaheim Convention Center, Anaheim, CA 

Information: April Debaker, Cardiff Publishing Company, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 801 11. Tel: (303) 
220-0600, (800) 525-9154. Fax: (303) 773-9716. 

April 
7-10 1991 Conference on Gallium Arsenide Manufacturing 

Technology 
Reno, Nevada 

Information: 1991 GaAs MANTECH Conference, Suite 300, 
655 15th Street, N.W., Washington, DC 20005. 

RF Design 

OUTSTANDING 
FEATURES 

• 10 MHz to 1 GHz 

•250 tune positions 

• WpS tune time 

• +40 dBm IP 3

• 1 Watt power handling 

• Less than 2in 3-world's 
smallest digitally tuned RF fitter 

4480 LAKE FOREST DRIVE 

CINCINNATI, OHIO 45242 

PHONE/513563-1 133 
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Recourses 
Antennas: Principles, Design, and Measurements 

March 13-16, 1991, St. Cloud, FL 
Information: Kelly Brown, SCEEE, 1101 Massachusetts Ave., 
St. Cloud, FL 34769. Tel: (407) 892-6146. 

Electrical Grounding of Communication Systems 
February 11-13, 1991, Madison, Wl 

Cellular Radio 
March 25-28, 1991, Madison, Wl 

Information: University of Wisconsin - Madison, Department 
of Engineering Professional Development. Tel: (608) 262-2061 . 
Fax: (608) 263-3160. 

RF/MW Circuit Design: Linear/Nonlinear Theory and 
Applications 

January 28-February 1, 1991, Los Angeles, CA 
Power Electronic Circuits: Theory and Practice 

February 11-15, 1991 , Los Angeles, CA 
Information: UCLA Short Course Program Office. Tel: (213) 
825-3344. Fax: (213) 206-2815. 

Antenna Engineering 
February 5-8, 1991, Atlanta, GA 

Information: Education Extension, Georgia Institute of Tech¬ 
nology. Tel: (404) 894-2547. 

Troubleshooting Microprocessor-Based Equipment and 
Digital Devices 

January 15-18, 1991, Orlando, FL 
Basic Network Measurements Using the HP8510B Network 
Analyer 

January 14-16, 1991, Los Angeles, CA 
Microwave Fundamentals 

January 8-11, 1991, Los Angeles, CA 
HP11776A Waveform Generation Language User Course 

January 10-11, 1991, Los Angeles, CA 
Programming the HP 8510 Network Analyzer 

January 17-18, 1991, Los Angeles, CA 
Information: Hewlett-Packard Company. Tel: (800) 472-5277. 

Communication and Radar Signals: Detection, Estimation 
& Geolocation Techniques 

January 9-11, 1991 , Washington, DC 
Hazardous Radio-Frequency Electromagnetic Radiation: 
Evaluation, Control, Effects, and Standards 

January 16-18, 1991, Washington, DC 
Mobile Cellular Telecommunications Systems 

January 16-18, 1991, Washington, DC 
Fiber-Optics System Design 

February 4-6, 1991, Washington, DC 
Digital Telephony 

February 11-15, 1991, Washington, DC 
Introduction to Radar ECM and ECCM Systems 

February 20-22, 1991, Washington, DC 
Cellular Radio Telephone Systems 

February 25-27, 1991, San Diego, CA 
Principles of Digital Cellular Telephony 

February 25-March 1, 1991, Washington, DC 
Microwave High-Power Tubes and Transmitters 

February 25-March 1, 1991 , Washington, DC 
Broadband Communication Systems 

March 4-8, 1991, Washington, DC 
Satellite Communications: System Planning, Design, and 
Operation at Ku and Ka Bands 
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March 4-8, 1991, Washington, DC 
Antennas: Radiation and Scattering 

March 11-12, 1991, Washington, DC 
Microwave Radio Systems 

March 13-15, 1991, Washington, DC 
Introduction to Modern Radar Technology 

March 13-15, 1991, Washington, DC 
Information: The George Washington University, Continuing 
Engineering Education, Merril A. Ferber. Tel: (202) 994-8522 
or (800) 424-9773. 

Digital Signal Processing Workshop 
March 12-14, 1991, Campbell, CA 

Information: Analog Devices, DSP Applications Department, 
Maria Butler. Tel: (617) 461-3672. 

Modern Microwave Techniques 
February 25-March 1, 1991, Garmisch-Partenkirchen, Germany 

Far-Field, Compact and Near-Field Antenna Measurement 
Techniques 

February 25-March 1, 1991, Garmisch-Partenkirchen, Germany 
Aspects of Modern Radar 

February 25-March 1, 1991, Garmisch-Partenkirchen, Germany 
MESFET and Hetrostructure Based MMICs 

February 25-March 1, 1991, Garmisch-Partenkirchen, Germany 
Modern Digital Modulation Techniques 

March 11-15, 1991, United Kingdom 
Digital Signal Processing: Filtering and Estimation 

March 18-21, 1991, United Kingdom 
Broadband Telecommunications 

March 18-22, 1991, United Kingdom 
Information: CEI-Europe/Elsevier, Mrs. Tina Persson, Box 910, 
S-612 01 Finspong, Sweden. Tel: +46 (0) 122-17570. Fax: +46 
(0) 122-14347. 

Introduction to EMI/TEMPEST Theory 
January 14, 1991, San Diego, CA 

EMI/TEMPEST Shielding 
Janaury 15-17, 1991, San Diego, CA 

EMP Hardening, Design, and Test for Facilities 
January 15-16, 1991, Washington, DC 

EMP Hardening, Design and Test for Electrical Equipment 
January 17-18, 1991, Washington, DC 

A Quick & Thorough Introduciton to NEC 
January 16-18, 1991, Washington, DC 

EMI, ESD and Radiation Hazards — Problems & Solutions 
January 17-18, 1991, Boston, MA 

Information: Praxis International. Tel: (215) 524-0304. Fax: 
(215) 524-0438. 

Introduction to EMI/RFI/EMC 
February 20-22, 1991 , Orlando, FL 

Information: Besser Associates. Tel: (415) 949-3300. 

Linear Seminar for Designers 
January 29, 1991 , Santa Clara, CA 
February 6, 1991, San Diego, CA 
February 7, 1991, Los Angeles, CA 

Information: Linear Technology. Tel: (800) 637-5545. 

Modern Power Conversion Design Techniques 
February 25-March 1, 1991 , San Diego, CA 

Information: e/j Bloom Associates, Joy Bloom. Tel: (415) 
492-8443. Fax: (415) 492-1239. 
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EPSON 
THE CRYSTALMASTER 

leads new 
crystal oscillator 
technologies into 
the 90’s with... 
the most cost effective hi-temp 
SMD crystals and oscillators and 
low cost plastic thru-hole crystal 
oscillators. 

EPSON 
SURFACE 

CRYSTALS AND 
OSCILLATORS 

actual size 

Epson has pioneered 1 

the first truly heat 
resistant crystal for 
use in its surface mount crystals and crys¬ 
tal oscillators. Capable of withstanding 
260°C for 20 seconds. . .far above the 
demands of standard IR and vapor phase 
reflow processing systems... these labor-
saving high-temp SMD crystals have 
become the accepted standard for surface 
mount crystal and oscillator components. 

MODEL SG 615 OSCILLATOR 

Frequency: 

Symmetry: 

Rise/Fall Time: 

Tristate: 

Compatible 

Technology: 

1.5 to 66.7 MHz 

45/55 (TYP) 

5 nsec (TYP) 

Available 

CMOS and TTL 

Op. Temp. Range: -40°C to 85°C 

EPSON I® 

MODEL MA 505/506 CRYSTAL 

Frequency: 4.00 to 66.7 MHz 

MODEL MC-405 CRYSTAL 

Frequency: 32.768 KHz 

EPSON AMERICA, INC. 
Component Sales Department Telephone 213/373-9511 • FAX 213/378-9575 

EPSON THRU-HOLE 
OSCILLATORS 
REPLACE METAL CAN OSCILLATORS 

Epson has introduced 
the first plastic low cost, 
high performance auto-
insertable thru-hole crystal 

actual size 

oscillator. Its unique hermetically sealed 
crystal, embedded in a plastic package, gives 
the same EMI protection and higher perform¬ 
ance than metal can oscillators. . .at a much 
lower cost. And, the auto-insertion feature 
reduces manufacturing costs associated with 
hand inserting metal cans... into standard full-
size or half-size hole patterns. 

MODEL SG-51/SG-531 Ä 
OSCILLATOR Rise/Fall fime: 

Tristate: 

EPSON I® 

1.5 to 66.7 MHz 
45/55 (TYP) 
5 nsec (TYP) 
Available 

Compatible Technology: CMOS and TTL 

EPSON AMERICA, INC. 
Component Sales Department Telephone 213/373-9511 • FAX 213/378-9575 

CALL YOUR SALES REP TODAY 
'SON Sales Representatives: AL-GA-TN-NC The Novus Group 205/534-0044 AZ Fred Board Assoc 602/994-9388 CA-No. Costar 408/446-9339 CA-So. Bager Electronics 714/957-33f 
UT Wn Region Mktg 303/469-8088 FL Dyne-A-Mark 305/771-6501 IL-WI LTD Technologies 708/773-2900 IN-KY C C Electro 317/255-1508 KS-MO-IA Microtronics 913/262-1444 h 
•CT Rosen Assoc. 617/449-4700 MD-VA Tech Sales Assoc 301/461-7802 MN Electro Mark 612/944-5850 NJ JMR Sales 201/525-8000 ■ NY Elcom Sales 716/385-1400 0H-MI J D. B; 

isoc . 216/323-7081 OR-WA E. E. Sales 503/639-3978 ■ PA Omega Sales 215/244-4000 TX-OK Component Tech. 214/783-8831 



RF news 
Improved Contacts for High-Tem¬ 
perature Superconductors —Re¬ 
searchers at the National Institute of 
Standards and Technology and Westing¬ 
house Electric Corporation were re¬ 
cently awarded a patent for a technique 
for making ultra-low-resistivity contacts 
for various kinds of high-critical-tem¬ 
perature ceramic oxide superconduc¬ 
tors. Contact resistivity using these 

methods is less than a billionth of that 
of conventional indium-solder contacts. 
In the past, scientists and engineers 
have run into problems with supercon¬ 
ductors especially where the supercon¬ 
ductor meets conventional electronic 
circuitry. A key factor in the problem, the 
researchers found, is the electrical deg¬ 
radation of the superconductor surface 
where it is exposed to air — especially 

PERFORMANCE FROM 

AMPS 
High efficiency means more RF output power for less DC input 
power. Q-bit Corporation offers a wide variety of unconditionally 
stable, high dynamic range hybrid amplifiers. Consider these . .. 

GUARANTEED 25° C PERFORMANCE 
NoIse Price for 

Model Frequency Gain Figure VSWR 3rds/2nds Quantity 1-9 

QBH-122 5-500 MHz 17.0 dB 4.5 dB 1.5:1 30/38 dBm $110 
QBH-149 10-150 MHz 23.2 dB 2.8 dB 1.5:1 28/42 dBm $100 
QBH-835 10-500 MHz 11.0 dB 6.0 dB 1.6:1 35/45 dBm $105 

'Dynamic Range = 174 + Pigg - 10 ' log( 10») - NF - 3 - Gain 

Call us for a catalog available on a 
PC compatible data disk. 

Q-BIT CORPORATION 

2575 PACIFIC AVENUE NE. PALM BAY. FL 32905 

TELEPHONE (407) 727-1838 ■ TWX (510) 959-6257 ■ FAX (407) 727-3729 

moisture in the air. The newly patented 
methods include etching the supercon¬ 
ductor surface to achieve a non¬ 
degraded state, or maintaining the non¬ 
degraded state by excluding air after 
fabrication of the superconductor until a 
noble metal contact pad is deposited on 
the surface by sputtering or evaporation. 
The technology is available for licens¬ 

ing under U.S. patent number 4,963,523, 
“High-Tc Superconducting Unit Having 
Low Contact Surface Resistivity and 
Method of Making." Interested parties 
should contact Bruce Mattson, Office of 
Technology Commercialization, A343 
Physics Bldg., National Institute of Stan¬ 
dards and Technology, Gaithersburg, 
MD 20899. Tel: (301) 975-3084. 

Mobile Radio and Personal Commu¬ 
nications Conference Call for Pa¬ 
pers — Papers are now invited for the 
Sixth International Conference on Mo¬ 
bile Radio and Personal Communica¬ 
tions. The Conference is being organ¬ 
ized by the Institution of Electrical 
Engineers and will be held at the 
University of Warwick, Coventry, Eng¬ 
land December 9-12, 1991. Technical 
topics to be covered include: large/small 
cell techniques; indoor/outdoor propa¬ 
gation; speech coding; channel coding; 
modulation and multiple access; fre¬ 
quency sharing; channel characteriza¬ 
tion and equalization; system manage¬ 
ment; manufacture and test. Papers 
describing new work on any aspect of 
personal and land mobile, and also 
papers of a tutorial/overview nature 
which might be used to lead a theme 
session are invited. A synopsis of at 
least one A4-size page should be sub¬ 
mitted by February 6, 1991. Submissions 
may be sent to: MRPC 91 Secretariat, 
IEE Conference Services, Savoy Place, 
London, WC2R OBL, United Kingdom. 

International Frequency List Avail¬ 
able on CD-ROM — The International 
Telecommunication Union has pub¬ 
lished the International Frequency List 
(IFL) on CD-ROM (compact disc - read 
only memory). This publication contains 
information relating to radio frequency 
assignments recorded in the Master 
International Frequency Register (MIFR) 
and maintained by the International 
Frequency Registration Board. It pro¬ 
vides users twice a year with a local 
copy of the IFL on a personal computer 
equipped with a CD-ROM reader. The 
compact disc is used with the CD-
Answer information retrieval software 
delivered on the accompanying diskette 

January 1991 
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and can be accessed by frequency, 
country code of station location, notify¬ 
ing administration, class of station, sta¬ 
tion name, geographical coordinates or 
geographical area and region code. 
Information concerning this service may 
be addressed to: I.T.U., General Secre¬ 
tariat, Sales Service, Place des Nations, 
CH-1211 Geneva 20, Switzerland. 

International Electronics Packag¬ 
ing Society Call for Papers — A 
call for papers has been issued for the 
1991 Electronic Packaging Conference 
to be held at the Sheraton Harbor Island 
Hotel in San Diego, California, Septem¬ 
ber 15-19, 1991 . Papers in the following 
areas are encouraged: Systems packag¬ 
ing, packaging for surface mount, 
printed wiring boards, multichip mod¬ 
ules, modeling and simulation, packag¬ 
ing materials, device packaging, pack¬ 
aging reliability, interconnects for sys¬ 
tems, packaging for fiber optics, plasma 
techniques, thermal management, de¬ 
sign for manufacturability, and packag¬ 
ing for testing. A 300 word abstract 
should be submitted by February 15, 

1991. Send eight (8) copies of the 
abstract to: 1991 Program Committee, 
IEPS, 114 N. Hale St., Wheaton, IL 
60187. Tel: (708) 260-1044. Fax: (708) 
260-0867. 

Format Convertor Passes Initial 
Tests for HDTV — The Advanced 
Television Test Center (ATTC) has an¬ 
nounced the successful demonstration 
of the process of format conversion 
which permits several different, incom¬ 
patible forms of advanced television 
signals to be recorded in real time on a 
commercially available high definition 
digital videotape recorder. The new 
device was invented by ATTC Chief 
Scientist Charles Rhodes and devel¬ 
oped by Tektronix, Inc. The format 
conversion process is key to the plans 
of the FCC Advisory Committee on 
Advanced Television Service for testing 
the several different advanced television 
transmission systems seeking to be¬ 
come the new U.S. television standard. 
The Format Convertor will permit “off¬ 
line” analysis of certain videotaped test 
results and creation of many of the 

official test materials. 
Testing of the six proposed high 

definition television systems is slated to 
begin April 12. The six groups/consor-
tiums are: The David Sarnoff Research 
Center, North American Philips Con¬ 
sumer Electronics Company, Massachu¬ 
setts Institute of Technology, General 
Instrument Corporation, NHK Japan 
Broadcasting Corporation and Zenith 
Electronics Corporation. Each of the six 
groups must pay $175,000 to have their 
system tested, which represents less 
than ten percent of the actual cost of 
testing. 

EIA Components Group Reorgan¬ 
ized — A major reorganization of the 
Electronic Industries Association’s 
Components Group was recently an¬ 
nounced. The new structure creates a 
number of product specific divisions as 
well as several forums representing 
broader areas of interest common to 
manufacturers of electronic compo¬ 
nents. The new product divisions in¬ 
clude: capacitors, resistors/networks, con¬ 
nectors and interconnect devices, 

Celebrating our 20th Anniversary 1971 - 1991 

DIRECTIONAL COUPLERS 

A73 Series Directional Couplers are of reciprocal hybrid ferrite circuitry, featuring broad bandwidth with outstanding directivity 
and flatness. 

Some general applications for the A73 Series are: 

Line Monitoring: 

Power Measurements: 

I^ad Source Isolator: 

Power split from the line is -20 dB down for sampling without altering line characteristics, for level measuring, 
VSWR alarms, etc.. 

Insertion in the line allows level measurements with simple lower level detectors or field strength meters and 
power measuring equipment By reversing the coupler in the line or using the A73D types, an indication of 
impedance match and/or reflected power can be measured by comparing the forward to reflected power 
levels. 

Using a directional coupler in the line, a signal can be taken from the source to the tap with high attenuation 
(directivity) between the tap and the load. 

This chart is just a sampling of couplers available. Connector options available. Consult factory for specials and OEM applications. 

Model 
Freq 
Range 
MHz 

Coupling 
Level 
dB 

Coupler 
Type 

In Line 
Power 

Minimum 
1-500 (d 
MHz 

Directivity 
B) 5-300 

MHz 

In Line 
Loss 
(dB) 

Flatness 
of Coupled 
Port (dB) 

VSWR 
Price 50 ohm 

with 
BNC conns. 

A73-20 

1-500 

20 

single 
5W cw 
(10W cw 

5-300 MHz) 

20 30 .4 max 
.2 

typical 

t.l 
5-300 MHz 

t.25 
1-500 MHz 

1.05:1 
5-500 MHz 

1.5:1 
1-500 MHz 

$68.00 

A73-20GA 30 40 131.00 

A73-20GB 40 45 242.00 

A73-20P 
1-100 

single 
50W cw 

(75 ohm 
limited to 
10W cw) 

35 dB min 
40 dB min typical 

.15 

t.l 

1.1:1 
max 

1.04:1 
typical 

91.00 

A73D-20P dual 3 163.00 

A73-20PAX 
10-200 

single 
45 dB min 

.15 150.00 

A73D-20PAX dual .3 310.00 

A73-20GAU 
1-1000 

single 
2W cw 

30 dB min 
40 dB typical 1 max 

.3 typical t.25 

1.1:1 
10-1000 MHz 

1.5:1 
1-10 MHz 

300.00 

A73-20GBU single 
40 dB min 

45 dB typical 
425.00 

A73-30P2 1-100 30 single 
2(K)W cw 
50 ohm 

30 dB .05 t.15 1.05:1 max 312.00 

WIDE BAND ENGINEERING COMPANY, INC. 
P.O. BOX 21 652, PHOENIX, AZ 85036 T E L E P H O N E : ( 6 0 2 ) 2 5 4 -1 5 7 0 
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RF news continued 
switches as fuses, filters and delay lines, 
transformers and inductors, piezoelec¬ 
tric devices, relays, sensors, electronic 
display and tube, semiconductor de¬ 
vices as well as others to be determined 
by the membership. Forums have in¬ 
itially been organized into areas cover¬ 
ing distribution, small business and 
sales and marketing. Others will be 
added as needed. 

Microgravity Processing Experi¬ 
ment in Space — Canadian Astronau¬ 
tics Limited will undertake the HPGE 
Float Zone Furnace program for the 
eventual production of large diameter, 
ultra-pure germanium crystals in the 
micro-gravity environment of space. The 
NASA KC-135 aircraft is the most cost-
effective means of operating experi¬ 
ments in microgravity for short dura¬ 
tions. It enables the microgravity envi¬ 
ronment to appear for 20-25 seconds 
per parabola, with approximately 40 
parabolas undertaken in a given day. 
The microgravity environment offers 
unique conditions for refining materials 
— conditions which are impossible on 

earth. The objectives of this experiment 
are to demonstrate functionality in mi¬ 
crogravity of the entire Float Zone 
Furnace system, assess fluid behavior 
of liquid germanium, and investigate 
purification in microgravity. 

EIP Announces New Address — 
EIP Microwave Inc., has announced 
their move to a new facility. Their new 
address is: 1589 Centre Pointe Drive, 
Milpitas, CA 95035. Tel: (408) 945-1477, 
Toll Free: (800) 232-3471. Fax: (408) 
945-0977. EIP’s corporate offices will 
remain in Newport Beach. 

Varian to Sell More Units — Varian 
Associates recently signed a letter of 
intent to sell its Solid State Operations 
to Litton Industries. In addition, Varian 
also recently signed another agreement 
to sell several of its non-core operations 
to DKP Electronics, Inc. Those units are 
the Electro Optical Sensors division and 
three product lines — cryopumps, mo¬ 
lecular beam epitaxy systems and a 
vacuum systems operation. A final con¬ 
tract for the sale of Varian’s RF Subsys¬ 

tems is being negotiated with Signal 
Technology Corporation. Prices and 
terms were not disclosed and comple¬ 
tion of the transactions is subject to a 
number of conditions, including the 
execution of definitive agreements. 

Mallory Capacitor Assets Pur¬ 
chased — The assets of Mallory 
Capacitor Company have been pur¬ 
chased by Yosemite Investments Inc. 
Yosemite is an investment group who 
have formed the North American Ca¬ 
pacitor Company. The Mallory logo will 
continue to be used in all facets of the 
business and no changes in operation 
are planned. The company’s address, 
phone number and fax number will 
remain the same. 

Photonic Systems to Develop 
Acousto-Optic Spectrometer for 
NASA — NASA has selected Photonic 
Systems to develop a special high-
performance acousto-optic spectrome¬ 
ter for use in radio astronomy applica¬ 
tions aboard spacecraft. The project 
objective is to create a wideband acousto-
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HIGH REL CRYSTAL OSCILLATORS 
CUSTOM DESIGNS, BLILEY QUALITY. 

Bliley.. .Your Prime Oscillator Option 

- > 
IS? ’«) 

<’- > 

P'N CONNECTIONS 

BLILEY ELECTRIC COMPANY 
3 OUTPUT 
4 GNO * CASE GNO 

PIN CONNECTIONS 
(STD OC’AL PLUG) 

2545 West Grandview Blvd . PO Box 3428. Erie, PA 16508 
(814) 838-3571 FAX 814-833-2712 

Standard 
Sine Wave. *15 Vdc/N60B & N60B N18C N26F560 

+24 Vdc/N18C & N26F 
power supply; mechanical 
adjustment/N60B & N26F 
Options 
TTL & HOMOS, electrical 

FREQUENCY: 5 MHz or 10 MHz standard 
5 MHz to 15 MHz available 

5 MHz or 10 MHz 10 MHz standard; 
5 MHz to 10 MHz available 

FREQUENCY 
STABILITY: 

± 5 X 10 - 90°C to + 50°C standard; 
± 1 X 10 - 8 - 20°C to + 70°C optional 

±1 x10-90°Cto +55°C ±5x 10-9 0°Cto +50°C standard; 
± 1 x 10 - 8 - 20°C to + 60°C optional 

tuning/N26F; mechanical 
tuning/N18C; +12 Vdc to 
+28 Vdc/N60B & +12 Vdc to 
+30 Vdc/N26F (fixed value) 
power supply 

AGING: 1 X 10-9/day; 5x 10- 10 /day optional 1 x 10 - 10 / day after 30 days 1 x 10-9/day 

SINGLE SIDEBAND 
PHASE NOISE: 
(SINE WAVE) 

- 155 dB/Hz at 10 KHz; 
- 160 dB/Hz noise floor 

- 135 dB/Hz at 10 KHz; 
- 140 dB/Hz noise floor 

-150 dB/Hz at 10 KHz; 
- 160 dB/Hz noise floor 

\BLILEY ELECTRIC COMPANY IS CERTIFIED FOR MIL-STD-2000 
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optic spectrometer capable of providing 
scientists with a greater understanding 
of the chemistry and dynamics of plane¬ 
tary and galactic objects. The system 
will accomplish this objective by permit¬ 
ting measurement of molecular rota¬ 
tional transitions in the millimeter and 
submillimeter wavelength region of the 
electromagnetic spectrum. The spec¬ 
trometer will feature a 1 GHz bandwidth 
for each of four channels, 1 MHz 
resolution; and a capability for long 
integration times of more than 10 milli¬ 
seconds without dynamic range loss. 

Avantek Receives $3 Million Con¬ 
tract — Avantek, Inc. recently received 
a contract valued at nearly $3 million to 
conduct research into foundry fabrica¬ 
tion of microwave integrated circuit 
chips under the MIMIC Phase 3 pro¬ 
gram. The sponsoring organization is 
the Directorate of R&D Contracting at 
Wright-Patterson Air Force Base. Avan¬ 
tek will design a chip set for advanced 
X-band radar transmit-receive modules, 
have the chip-set design and specifica¬ 
tions approved by the Air Force, and 

THIN-TRIM 
9440 SERIES 

SMD 
TRIMMER 
CAPACITORS 

• VARIETY OF pF RANGES 
now available on tape and reel 
packaging for automatic placement. 

• EXCEPTIONALLY HIGH Q 
in a miniature size (0.14 0 X 0.4 h). 

• COMMERCIAL APPLICATIONS 
from VHS to microwave frequencies. 

JOHANSON MANUFACTURING CORPORATION 
Rockaway Valley Road 
Boonton, NJ 07005 

(201 )334-2676 FAX 201-334-2954 
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nECiriM S/FILSYN -
LxE 111 a mainframe progra 
ANY FILTER YOU NOW 
THOUGHT WAS for the / 

IMPOSSIBLE! 
W hether you design and build passive LC filters, microwave 

filters, active RC filters, switched-capacitor filters or digital 
filters, S/FILSYN is the program to handle your requirement. 
S/FILSYN designs lowpass, highpass, bandpass and band-reject 
filters. You can design delay equalizers, delay lines, matching 
networks, interstage networks, and diplexers 
and multiplexers of any complexity. 

You can have filters of degree up to 
50 with flat loss and/or delay in the 
passband and meet arbitrary requirements 
in the stopbands. 

CALL FOR FREE, NEWLY-RELEASED 
LITERATURE 408/554-1469 

Available also for mainframes and workstations 

■ Need a delay-equalized filter or a stand-alone delay equalizer? 
■ Need a bandpass that has a lowpass-like topology? 
■ Need a bandpass with a sloping passband, a linear-phase 

passband or one with all inductors equal? 
■ Need a bandpass that is symmetrical on a linear frequency 

scale and has equal minima stopband? 
■ Need a crystal filter or one that has crystal 

sections in it? 
■ Need a predistorted filter or one with 

arbitrary terminations? 
■ Need a microwave filter with unit 

elements as integral parts? 

ONLY S/FILSYN CAN DO ALL OF THESE 
AND MORE ... with a 90 day, no ques¬ 
tions asked, money-back guarantee. 

DGS ASSOC 
1353 Sarita Way, Santa Clara CA 95051 408/554-1469 © Copyright 1990 DGS Associates, Inc. 
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news continued 
produce an initial 50 three-inch wafers 
of the chips. After evaluation of the initial 
design and modification, Avantek will 
fabricate and test an additional 250 
wafers. 

Hewlett-Packard to Supply Port¬ 
able Spectrum Analyzers to U.S. 
and Royal Navies — Hewlett-Packard 
Company announced that it has recently 

been awarded contracts to furnish port¬ 
able spectrum analyzers to the U.S. 
Navy and the Royal Navy of the United 
Kingdom. The U.S. Navy Award, worth 
up to $8.1 million over the next three 
years, will provide HP 8560A-HO1 spec¬ 
trum analyzers.The Royal Navy award 
also involves the purchase of a large 
number of analyzers over the next three 
years. This award will supply HP 8560A-

002 spectrum analyzers with built-in 
tracking generators. 

RF Microsystems New Address — 
RF Microsystems has relocated their 
development and manufacturing facility 
to a 12,500 square foot facility. Their 
new address is: 7191 Engineer Road, 
San Diego, CA 92111-1406. Tel: (619) 
278-1300. Fax: (619) 278-3030. 

KVG NORTH AMERICA INC. • 7300 West Camino Real 
Suite 109 • USA • Boca Raton, FL 33433 • Phone (407) 393-7548 • FAX (407) 393-7439 

Quartz Crystals INFO/CARD 61 Crystal Filters INFO/CARD 62 Ovenized Crystal INFO/CARD 63 

Crystal Oscillators INFO/CARD 64 Crystal Temperature INFO/CARD 65 
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Look what’s just surfaced! 
If your microwave designs are moving to surface 
mount—or if your surface mount designs are 
approaching microwave speeds—California 
Eastern labs has the NEC parts you need. 

Discrete Bipolars. FETs. PIN, Schottky and 
Varactor Diodes. Prescalers. MMIC Amplifiers, 
PLL Frequency Synthesizers and Down Con¬ 
verters. And a variety of transistor arrays. 

You get the quality and reliability you’d 
expect from the world’s largest semiconductor 
manufacturer. And on-time delivery from CEL’s 
local stock. 

So call, write, or circle the number below 
and we’ll send you a free Surface Mount Prod¬ 
uct Selection Guide. 

NEC and CEL. It’s a combination that 
works for you. 

NEC California Eastern Laboratories 

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95054; (408) 988-3500 FAX (408) 988-0279 n Santa Clara. CA (408) 988-7846 n los Angeles, CA (213) 645-0985 
Bellevue, WA (206) «5-1101 □ Scottsdale, AZ (602) 945-1381 or 941-39270 Richardson, TX (214) 437-54870 Shawnee, KS (913) 962-2161 0 Burr Ridge, II. (708) 655-0089 o Cockeysville, Ml) (.301) 667-1310 

Peabody MA (508) 535-2885 o Hackensack, NJ (201) 487-1155 or 487-1160 □ Palm Bay Fl. (407) 727-8045 o St Petersburg, Fl. (813) 347-8066 o Norcross, GA (404) 446-7300 t3 Nepean. Ontario, Canada (613) 726-0626 

€>1990. California Eastern laboratories 
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We interrupt your regular programming 
for these important announcements. 

HP high-frequency CAE 
runs on Apollo. 

HP high-frequency CAE 
runs on Sun. 

HP high-frequency CAE HP high-frequency CAE 
runs on 386 PCs. runs on HP 

Good news. Now HP’s High 
Frequency Design System 
(HFDS) runs on your favorite 
platform. So, no matter which 
of these four platforms you use, 
you can have the latest CAE 
design tools at your disposal. 

The HP HFDS is an integrated 
CAE package developed to help 
you increase the quality and 
performance of your RF and 

microwave designs. Our non¬ 
linear simulator and high-
frequency structure simulator 
give you the power to solve 
tough design problems. Prob¬ 
lems that couldn’t be solved 
with CAE before. You can even 
access your existing designs 
because the HP HFDS translates 
Touchstone circuit and data files. 

Call your local HP sales office 

and receive more information 
on the HP HFDS. You’ll see 
how to get the CAE innovations 
you need, on the platform you 
want—without further delay. 

There is a better way. 

HEWLETT 
PACKARD El 

©1990 Hewlett Packard Co. TMNMD003A 
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RF industry insight 

Mobile Radio: On a Fast Track 
By Liane Pomfret and Charles Howshar 
Assistant Editors 

The general consensus in the industry 
is that mobile communications is 

emerging as an area of rapid growth with 
enormous potential. New terms and 
technologies are appearing on a weekly 
basis and the influx of information is so 
staggering that even those developing 
the technology are often bewildered. 
There are problems to be overcome if 
this market is to reach its full potential, 
but with increased awareness and tech¬ 
nology, it is doubtful that they will remain 
problems for long. With the military 
market in a slump, mobile radio seems 
to be a “sure thing” and everyone is 
eager to get their share. 

Within the mobile radio market, sev¬ 
eral areas are showing tremendous 
growth. Cellular radio is the area of 
most rapid growth right now. As for 
traditional land mobile communications 
some people have indicated that that 
area has flattened out. Dave Allen, 
Marketing Manager for Radio Communi¬ 
cations Equipment at IFR Systems be¬ 
lieves, “land mobile is going to stay flat 
and cellular and trunking are going to 
continue to grow.” Rob Oeflein, Product 
Marketing Manager at Hewlett-Packard 
agrees, “The real action is taking place 
in the cellular area.” Steve Skiest, RF 
Products Manager at Toko offers a 
possible answer for the recent surge, 
“Common sense would have it that as 
cellular becomes more available, more 
people that would have used two-way 
radios are now using cellular.” While 
cellular is increasingly popular, it is also 
expensive for the average consumer. 
One solution is the PCN (personal 
communication network) which is some¬ 
where between cellular and cordless 
phones in operation and cost, making it 
much more accessible to everyone. 
PCNs would only be available in limited 
areas, such as shopping malls, football 
stadiums, downtown, etc. However, 
PCNs are still three to five years away 
and will need to be granted spectrum 
space if they are to reach maturity. 
Experimental licenses for PCNs have 
been issued to several companies but 
final approval and licensing are still 
years away because of problems with 
spectrum allocation. Congress' recent 
defeat of the Emerging Telecommunica-

Prototype PCN Handset 
Courtesy: Mercury Communications 

tions Technology Act has put plans such 
as this on hold for at least a year. But 
manufacturers are turning towards digital 
technology to help solve their problems. 

In the past few years, digital technol¬ 
ogy has become prevalent in many 
areas. Now it appears that it has reached 
the land mobile market as well. Jay 
Smith, Product Line Manager for Mobile 
Communications Products at Wavetek 
observes a possible problem with first 
generation hybrid technology. Cellular 
phones capable of handling both analog 
and digital technology will be larger than 
current analog models. Portable phone 
buyers may not want to cart around a 
bulky analog/digital cellular phone when 
they can carry a compact, lightweight 
analog phone. But John Walsh, Product 
Marketing Manager at SGS-Thomson 
Microelectronics, notes, “As the existing 
cell sites get filled in the United States, 
the demands on the system will speed 
up the change from analog to digital 
systems, enabling more people to use 
the systems.” Cities such as Chicago, 
New York and Los Angeles have already 
reached capacity. The new digital tech¬ 
nologies promise three to twenty times 
greater capacity and theoretically will 
be able to handle those markets. The 
two leading technology options for U.S. 

digital transmission are the EIA sup¬ 
ported TDMA (time division multiple 
access) and the recently proposed 
CDMA (code division multiple access). 
Rob Oeflein comments that “There is 
no one standard that has been officially 
adopted.” 
The lack of a standard has hindered 

the development of cellular technology 
in the United States. The FCC has 
adopted a hands-off attitude which has 
left the Electronic Industries Association 
and manufacturers struggling to sort out 
which standard to adopt. As Dave Allen 
points out, “There's not a regulatory 
body in the U.S. like there is in Europe.” 
Because Europe has a strong regulatory 
agency, they are several years ahead 
in their development of land mobile 
systems. For example, the United King¬ 
dom has already issued at least three 
permanent licenses for personal com¬ 
munications networks, but they won’t 
be available in the U.S. for a few years 
yet. The new cellular system coming 
on line in Europe is GSM, Group 
Speciale Mobile and will cover all of 
Europe with one common system. Com¬ 
mercial service is scheduled to begin in 
June of this year. 
Companies are protecting their com¬ 

petitive positions by keeping quiet about 
technical developments they may have 
underway. However, research and de¬ 
velopment is growing in the academic 
world. For example, in the spring of 
1990, Virginia Tech added a new group 
to their Bradley Department of Electrical 
Engineering. The Mobile and Portable 
Radio Research Group will focus on 
propagation prediction, system design 
and bit error simulation for cellular, 
microcellular, and indoor wireless com¬ 
munications. They are sponsored by 
Motorola Inc., Northeastern University, 
Purdue University, Tektronix, and oth¬ 
ers. 

There is no doubt that large changes 
are going to occur over the next few 
years in the mobile radio market. The 
switch to digital technology along with 
increased popularity among consumers 
points towards a bright future. However, 
there are both technical and regulatory 
problems that must be ironed out if the 
market is going to move forward. rf 
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Meet our new division 
Frequency Divide! •s NEC 
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NEC 

Our low cost prescalers help you divide and conquer 
just about any design problem you face, including 
delivery. 

Need wide band-width? Low power 
dissipation? Performance to 14 GHz? 

Start here and save money. 
We have both Silicon and GaAs ICs—in chips 

and a variety of packages from auto-insertable to 

MIL screened. 
And the price is right. 
So if frequency division has been multiplying 

your design costs, give us a call. We ll send you a 
Product Summary and Selection Guide, and 
arrange for samples and applications assistance. 

NEC quality and CEL support. It’s a 
combination that'll work for you. 

California Eastern Laboratories 

CEL Headquarters, «90 Patrick Henry Drive, Santa Clara, CA 95054; (408) 988-3500 FAX (408) 988-0279t3 Santa Clara, CA 008) 988-7846 n las Angeles, CA (213) 645-0985 
Bellevue, WA (206) 455-1101 □ Scottsdale. AZ (602) 9*5-1381 or 941-3927n Richardson. TX (214) 437-5487n Shawnee. KS (913) 962-2161 □ Burr Ridge, II. (708) 655-00890 Cockeysville. Ml) (301) 667-1310 

Peabodv MA (508) 535 2885 o Hackensack N| (201) 487-1155 or 487-1160 n Palm Bay Fl. (407) 727-80« n St. Petersburg, Fl. (813) 347-806611 Norcross. GA (404) 446-730011 Nepean, Ontario. Canada (613) 726-0626 
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DDS 
STANFORD TELECOM offers the most comprehensive 
selection of numerically controlled oscillators (NCOs) , 
DDS boards and chassis assemblies in the industry. 

In addition, a comprehensive set of digital integrated 
circuits for spread spectrum and forward error 
correction is also offered. 

MONOLITHIC NCOS 
STEL-1172B 
STEL-1 173 
STEL-1 174 
STEL-1175 
STEL-1 176 
STEL-1 177 
STEL-2172 
STEL-2173 

50 MHz, 32-bit, Quadrature 

50 MHz. 48-bit, High Resolution 
50 MHz. 16-bit. Low Cost 

60 MHz. 32-bit. Phase Modulated 

80 MHz. BCD/Decimal, high speed CMOS 

60 MHz. 32bit. full PM. FM. & Quadrature 
300 MHz. ECL. 28-bit 

1 GHz, GaAs, 32-bit. BPSK. QPSK 

BOARD LEVEL DDS 

We can provide data sheets, application notes, and 
even handbooks. Please call, fax, or write the ASIC & 
Custom Products Group for additional information. 

Telephone: (408) 980-5684 ■ Fax: (408) 727-1482 

2421 Mission College Boulevard 
Santa Clara, CA 95054-1298 

STEL-1272 based on 1172B, 0-20 MHz 

STEL-1 273 based on 1173. 0-20 MHz 

STEL-1 275 based on 1175. 0-25 MHz 
STEL-1 375A 
STEL-1 376 
STEL-1 377 
STEL-1 277 
STEL-2272 
STEL-2273 

miniature assembly based on 1175 

miniature assembly based on 1176 
miniature assembly based on 1177 
based on 1177, 0-25 MHz 

based on 2172. 0-130 MHz 

based on 2173. 0-400 MHz 

STANFORD CHASSIS LEVEL DDS 
STEL-9272 based on 2172 

STEL-9273 based on 2173 

ASIC 
Cuitom 
Products 
Group 
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*********** RF Design Awards ★★★★★★★★★★★ 

The DESIGN Contest 

Grand Prize 
HP 8591A Spectrum Analyzer! 

provided by Hewlett-Packard Company 

The Grand Prize for the Design Contest is a HP 8591 A 
portable spectrum analyzer for design, production, or 

field service. A few key specs include 9 kHz to 1.8 GHz 
coverage, stable synthesized LO with 2 kHz accuracy 

and -95 dBc/Hz phase noise at 30 kHz offset, 
-115 dBm noise floor of +30 dBm maximum signal, 

70 dB calibrated display range, and a 1 kHz to 5 MHz 
resolution bandwidth. IEEE-488 interface is provided, 

with internal firmware for limit lines, trace math 
and high level functions. 

Second Prize 
RF System Simulation Software! 
provided by TESOFT 

The TESS block diagram simulator is shown 
here operating with OrCAD/SDT 111 
schematic capture under Windows 3.0. 
Second prize includes this software plus 
the MODGEN model generator and Microsoft 
FORTRAN, with which users can add new 
models to TESS. 

Third Prize (Both Contests) 
RF Component Package! 

provided by Adams-Russell, ANZAC Division 

The Third Prize in each contest is a package 
of RF components from ANZAC. Stock your 

lab with these mixers, couplers, 
transformers, and other devices. 

RULES: 

1. Entries shall be RF circuits containing no more than eight 
single active devices, or six integrated circuits, or be passive 
circuits of comparable complexity. 

2. The circuit shall have an obvious RF function and operate in 
the below-3 GHz frequency range. 

3. Circuits shall be the original work of the entrant, not 
previously published. If developed as part of the entrant's 
employment, entries must have the employer’s approval for 
submission. 

4. Components used must be generally available, not obsolete 
or proprietary. 

5. Submission of an entry implies permission for publication 
in RF Design. All prize winning entries will be published, 
plus additional entries of merit. 

★ ★★★★★★★★★★★★ 

6. Winners are responsible for any taxes, duties, or other 
assessments which result from the receipt of their prizes. 

7. Entries must be postmarked no later than March 30, 1991, 
and received no later than April 10, 1991. 

8. All entries will remain confidential until the publication of 
the July 1991 issue of RF Design. 

Send entries to: 

RF Design Awards Contest 
RF Design magazine 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 

★ ★★★★★★★★★★★★★ 



+ + + + + + + + + + + RF Design Awards ★★★★★★★★★★★ 

The PC SOFTWARE Contest 

Grand Prize 
Macintosh computer system with 
RFDesigner software! 
provided by ingSOFT Limited 

The Software Contest Grand Prize includes a complete 
RF design computer system. Hardware includes a 
Macintosh model SE/30 with monochrome monitor, 4MB 
RAM, 80MB hard disk, and dot matrix printer. The 
RF/microwave design software package includes 
ingSOFT’s RFDesigner™ for analysis and optimization. 
RFSynthesist™ for circuit synthesis, and Engineering 
Utilities, plus DesignWorks™, MiniCad+™, TASTE™, 
Excel™, Stepping Out™, DiskTop™, Suitcase™, and 
Prograph 2.0. 

Second Prize 
S/FILSYN Student Edition! 

provided by DGS Associates 

S/FILSYN provides designers with highly 
professional filter design and synthesis 

software, handling all filter formats— 
passive, active, microwave, digital, and all 

passband/stophand configurations. The 
student edition, distributed exclusively 

by Besser Associates, contains nearly all 
features of S/FILSYN. 

Everyone Wins — 
An RF Design Awards T-Shirt! 
Entrants in both contests will receive a 
T-shirt for their hard work. The block 
diagram identifies you as a true RF 
engineer. Provided by TESOFT. 

RULES: 

1. Each entry shall consist of a computer program that 
assists in the design of RF circuits. Programs for test or 
control of RF circuits will also be accepted. 

2. Programs must operate on computers compatible with 
either PC/MS-DOS, or Apple Macintosh operating systems. 
Note any special hardware requirements (memory, 
graphics, etc.). 

3. Programs written in languages other than GWBASIC or 
BASICA should be supplied in both compiled, executable 
form, and uncompiled source code. 

4. Entries shall be submitted on disk, accompanied by 
supporting documentation, including theoretical 
explanations and references, and instructions for operation 
of the program. A printed copy of the source code is 
required. 

5. Programs must be the original work of the entrant, and must 
not be previously published or distributed (including distribution 
by open BBS or shareware). If developed as part of the entrant’s 
employment, entries must have the employer’s approval. 

6. Submission of an entry implies permission for publication in RF 
Design and distribution by the RF Design Software Service. All 
prize winning entries will be published, plus other entries of 
merit. (Some restrictions on publication and distribution of 
source code may be acceptable.) 

7. Winners are responsible for any taxes, duties, or other 
assessments which result from the receipt of their prizes. 

8. Entries must be postmarked no later than March 30, 1991, and 
received no later than April 10, 1991. 

9. All entries remain confidential until publication of the July 1991 
issue of RF Design. 



A Distributed Resonant Circuit with 
Improved Filtering Properties 
By Stanislaw Rosloniec 
Warsaw Technical University 

The resonant circuit composed of 
a lumped element capacitor and a 
uniform TEM transmission line short-
circuited at its end, Figure 1a, is 
widely used at RF and microwave 
frequencies (1,2,3). In broadband sys¬ 
tems, however, it should be applied 
rationally, especially when elimination 
of parasitic signals of harmonic compo¬ 
nents is required. It is evident that the 
circuits similar to that shown in Figure 
1a are unsuitable for this purpose. 
Therefore, it will be shown how the 
filtering properties of a resonant circuit 
of this type can be improved by replace¬ 
ment of the uniform line segment with a 
corresponding nonuniform stub, see 
Figure 1b. 

In the first part of this article, the 
analytical relationships between 

the input and characteristic section 
impedances of the proposed stub are 
discussed. Next the previously analyzed 
stub, called a stepped impedance ele¬ 
ment, is converted to forms which 
can be easily realized in the micro¬ 
strip line technique. Finally, the results 
of the experimental investigation of 
the resonant circuit including such 
a converted distributed element are 
given. 

Stepped Impedance Element 
As mentioned earlier, Figure 1 b shows 

an electrical scheme of the proposed 
stepped impedance element. According 
to references 3 and 4, its input imped¬ 
ance ZL(f) can be expressed in terms of 
the signal frequency f, one-section delay 
time t0, and characteristic impedances 

of the sections where i = 1,2. 5. 
The suitable choice of these parameters 
enables one to design the resonant 
circuit ensuring a parallel resonance at 
the fundamental frequency f0 and ex¬ 
tremely low values (theoretically equal 
to zero) of the impedance Zin (f) = ZL(f) /[ 1 
+ j2nf X c X ZL(f)] at harmonic frequen¬ 
cies, i.e. L = 2fn, t = 3f„, L = 4L, and L 
= 5f0. In order to design the resonant 
circuit with such a frequency response, 
Figure 2, we have to find the appropriate 
values of the parameters mentioned 
above. For this purpose the input imped¬ 
ance function ZL(f) will be expressed as 
a quotient of two polynomials, namely 

From equation 1 we see that at any 
frequency f, the input impedance ZL(f) 
achieves a minimum value of zero if the 
polynomial N[S(f)] takes a value of zero 
at this frequency. In the design algo¬ 
rithm presented here it has been as¬ 
sumed that the one-section delay time 
t0 = 1/(14fç) (4,5). Under this assumption 
the conditions 

ZL(i X y = 0 for i = 2, 3, 4, 5 and 7 (2) 

ZL(f) = 
N[S(f)] 
M[S(f)] (1) 

where N(S) = S5 + a3S3 + a,S, M(S) = 
b4S4 + b2S2 + b0, S = jtan(2nft0), j = AT, 
and a,, a3, b0, b2, and b4 are real 
coefficients. 

are satisfied if a, = 30.1836 and a3 = 
20.7681. 

Physically this means that at these 
values of t0, a,, and a3 the signal 
components of frequencies 2f0, 3f0, 4f0, 
5f0, and 7f0 are fully filtered, i.e. reflected 
backwards toward the source. 

Let us now consider the situation in 
which the stepped impedance element 
under discussion is used instead of the 
line segment of characteristic imped¬ 
ance Zeq and electrical length 0eq(fo) = 
0eqO (Figure 1a). It has been confirmed 
numerically that such a replacement can 
be done successfully over the frequency 
range from 0 to 2f0 if the following 
conditions are satisfied. 

ZL«k) = iZeqtan(eeq0 ^ ) (3) 
\ 'o / 

Figure 1. A distributed resonant circuit: (a) electrical 
scheme of a conventional configuration, (b) five-
section stepped impedance element. Figure 2. Input impedance response vs. frequency. 
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at frequencies fk equal to f, = O.75fo, f2 
= O.99fo, and f3 = 1.25f0. After rearrange¬ 
ment of equation 3 we get a set of 
equations which are linear with respect 
to the coefficients b0, b2, and b4 of the 
polynomial M(S). By solving these equa¬ 
tions we obtain the values of the above-
mentioned coefficients and next the 
characteristic impedances of the line 
sections shown in Figure 1b are calcu¬ 
lated. For this purpose the foil 
explicit formulas can be used: 

,, _ 1 + a, + a3
55 b0 + b2 + b4

7/ _ at ~ 1 + ̂ss(b4 ~ bj 
S4 1 - a, 

2b0 + b2+— 
*■85 

Z' 
a, - b0(Z' 4 + 

_ ‘-Ci 

^S2 1 
b^ + b¿ -

*-ss 

S1 *-S2 

where: 

(4a) 

(4b) 

(4c) 

_ a i k0(Zg3 + Zg4 4- Zg5) 
¿S2 7/ 

^S1 
Zs?Zs4 

boZs3^S5 

(4e) 

To complete the design, the electrical 
length of these sections must be calcu¬ 
lated from the assumed condition t0 = 
1/(1 4f0). It is easy to prove that this 
length at the fundamental frequency f0 
is equal to n/7 radians. 

Unfortunately, it has been found nu¬ 
merically that in the most practical 
cases, the realization of this stepped 
impedance element in the printed circuit 
technique is impossible, or rather diffi¬ 
cult. This is because the ratio of the 
maximum and minimum values of the 
section impedances is too large and the 
minimum values of the characteristic 
impedance of the sections are close to 
several ohms. Therefore, this element 
serves only as a prototype circuit in the 
presented design algorithm. Its parame¬ 
ters can be used to calculate the 
corresponding stub-line configuration cir-* 
cuit which can be realized without 
difficulty. An example of such a con¬ 
verted circuit is shown in Figure 3. This 
circuit becomes equivalent to the 
stepped impedance element shown in 
Figure 1b if: 

RF Design 

b 2 

^■ss 

(5a) b o =  (7' + Z' 1 (5c)
'^St ‘•S2/ 

Z' 
= z' (Z- TZ- j (5d)(5b) ^S2* si S2' 

Two useful microstrip line versions of 
this converted circuit are shown in 
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Figure 3. The converted version of the stepped impedance element 
shown in Figure 1b. 

Figure 4. As seen from equation 5, by 
the suitable choice of the impedance 
ZgS (Figure 3) we can change the values 
of impedances ZS1 and ZS2 of the circuits 
shown in Figure 4. These impedances, 
as well as Z„, ZQ., Z„, and Z—, should 
satisfy the condition of the physical 
realizability given by 

(6) 

Zomin < ZSi < Zoma« i = 1, 2. 5 

where Z^^ and Znm„ denote the mini-
mum and maximum values of the per¬ 
missible impedances respectively. 

It has been found numerically that for 
both circuits presented in Figure 4 the 
constructional parameter ir = 
[max(Z Si ,Zss)] /[min(Zs,Zss)], where i,j 
= 1,2,...,5, reaches its minimum value 
when the shunt stub is connected with 
the second and third sections (Figure 3) 
and Zg, = Zig. Thus the characteristic 
impedances ZS1 and Zss are also equal. 
The optimum value of the impedance 

Z^s, understood in such a way, can be 
easily obtained from equation 5 by 
solving the corresponding standard quad¬ 
ratic equation (see the computer pro¬ 
gram listing at the end of the article). 

Experimental Results 
The experimental model of the reso¬ 

nant circuit under investigation has 
been designed for the following data: f0 
= 0.5 GHz, C = 1 pF, Zon = 50.415 ohm, 
and 0eqO = 0.45n radians. The input 
impedance ZL(f) of the stepped imped¬ 
ance element calculated from equations 
1,2, and 3, see Figure 1 b, is 

(7) 

z ... = Ss_+ 20.7681S3 301836S 
' 211099S4 + .705378S2 + .190699 

where S = jtan[nf/(7f0)]. Consequently, 
the section impedances of the converted 
circuit such as shown in Figure 4a are: 
Zs, = Zss = 37.228 ohm, ZS2 = 50.966 
ohm, ZS3 = 66.847 ohm, ZS4 = 64.843 
ohm, and ZS5 = 46.922 ohm. The 

electrical lengths of these sections at the 
fundamental frequency f0 are equal to 
n/7 radians. 

Figure 5a shows an outline of this 
resonant circuit constructed in the mi-
crostrip line technique by using an 
epoxy-glass substrate with permittivity, 
£r, of 4.32 and thickness, h, of 2 mm. Its 
experimentally obtained insertion loss 
function L(f) is shown in Figure 5b. 

Conclusions 
The validity of the presented design 

formulas has been confirmed both by 
numerical analysis and experiment. Here 
it should be pointed out that the reso¬ 
nant frequencies at which the insertion 
loss function L(f), Figure 5b, achieves its 
local maxima are dependent only upon 
the properties of the distributed stepped 
impedance element. In other words, 
these frequencies are independent of 
the shunting capacitance C and intro¬ 
duced load impedance (Figure 5a). 

Figure 4. Two microstrip line structures of the circuit shown in Figure 3: 
(a) ZS1 = 2Zgv ZS2 = 2Zg2, ZS3 = 2Zg3, ZS4 = Zg4, ZS5 = Zg5, and Zss -
ZZsS' (b) ZS1 = 2Zgv ZS2 = Zg2, ZS3 = Zg3, ZS4 = Zg4, Zgg = Zgg, 3nd 
Zss = ZZgs* 
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OUTPUT 

STEPPED IMPEDANCE ELEMENT 

Figure 5. The investigated resonant circuit: (a) microstrip line layout, (b) 
measured insertion loss function. 

Figure 5b shows that the measured 
resonant frequencies are slightly shifted 
with respect to the corresponding theoreti¬ 
cal values. In my opinion, this shifting 
results from the fact that the microstrip 
line discontinuities have not been taken 
into account in the design process. 

In practice the circuit under consid¬ 
eration can be utilized as a simple har¬ 
monic filter as well as a component ele¬ 
ment of more complicated filtering struc¬ 

tures. By way of example the bandpass 
filter incorporating such stepped elements 
(instead of the shunt quarter-wave length 
stubs) has been investigated. The ob¬ 
tained frequency response indicates 
that this filter is also nontransparent for 
third and fifth harmonic components. 

From the standpoint of practice it 
is important that the proposed circuit 
is easy to construct in the microstrip 
line technique and its geometric dimen¬ 

sions are relatively small, i.e. are compa¬ 
rable with the quarter part of the wave¬ 
length evaluated at the fundamental 
frequency. RF 
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0 
10 REM IRC 
20 CLS 
30 PRINT"This program is an integral part of the paper" 
40 PRINT"* A distributed resonant circuit with improved filtering" 
50 PRINT"properties * by Stanislaw Rosloniec, Warsaw 1990." 
60 PRINT 
70 PRINT"Data:" 
80 PRINT 
90 INPUT" fo[ Hz FR 
100 IF FR <- 0 THEN PRINT"Error: fo <- 0": GOTO 90 
110 INPUT"C[ F]—",CO 
120 IF CO < 0 THEN PRINT"Error: C < 0": GOTO 110 
130 INPUT"Zeq[ohm)-",ZEQ 
140 IF ZEQ <- 0 THEN PRINT"Error: Zeq <- 0": GOTO 130 
150 PRINT 
160 PRINT"Please wait !" 
170 PRINT 
180 LET PI-3.14159271 
190 DIM A(3,4) 
200 DIM Z(5) 
210 LET DL-1/(14*FR) 
220 LET Al—30.1836 
230 LET A3-20.7681 
240 LET R-.75 
250 GOSUB 730 
260 LET A(1,1)-S*S*S*S 
270 LET A(l,2)—S*S 
280 LET A(l,3)— 1 
290 LET A(1,4)-PCN 
300 LET R- . 99 
310 GOSUB 730 
320 LET A(2, 1)-S*S*S*S 
330 LET A(2,2)—S*S 
340 LET A(2,3)-l 
350 LET A(2,4)-PCN 
360 LET R-1.25 
370 GOSUB 730 
380 LET A(3 ,1) -S*S*S*S 
390 LET A(3,2)—S*S 
400 LET A(3,3)—1 
410 LET A(3,4)-PCN 
420 GOSUB 840 
430 LET BO-A(3,4) 
440 LET B2-A(2, 4) 
450 LET B4-A(l,4) 
460 REM Impedances 
470 LET Z(5) — (1+A1+A3)/(B0+B2 + B4 ) 
480 LET Z(4)-(Al-l+Z (5) *(B4 -BO) )/(2*B0+B2+ (1-A1)/Z (5) ) 
490 LET Z(3) — (A1-B0* (Z(4 )+Z (5) )+Z (4)/Z (5) )/(B0+B4 *Z (5) /Z (4 )-1/Z (4)-1/Z (5) ) 
500 LET ZO2- (A1-B0* (Z(3)+Z (4 )+Z (5) ))/(B0*Z (4 )/(Z (3)*Z(5) )) 
510 LET Z01-Z02*Z (4 )/(Z (3) *Z(5) *B0) 
520 LET BOO-1/ (ZO1*ZO2) 
530 LET BO2-BOO*ZO1/ZO2 
540 REM calculation of ZSS 
550 LET BB- -2*(BOO+BO2) 
560 LET CC-BOO* (BOO+BO2 ) 
570 LET DD-BB* BB-4 *CC 
580 LET YSS- (-BB-SQR (DD) )/2 
590 LET Z(2) -1/ (BOO+BO2-YSS) 

600 LET Z(1)-1/YSS 
610 FOR 1=1 TO 5 
620 IF Z(I) <- 0 THEN PRINT"Unsuitable input data , please reduce the value of c 
apacitance C": GOTO 1100 
630 NEXT I 
640 PRlNT"Results , see Figure 3" 
650 PRINT 
660 PRINT"to[s]-";DL 
670 PRINT 
680 FOR 1-1 TO 5 
690 PRINT"ZS (" ;I;") (ohm]-";Z(I) 
700 NEXT I 
710 PRINT" ZSS(ohm]-";l/YSS 
720 GOTO 1100 
730 REM subroutine 730 
740 LET OS—2*PI*FR*R*DL 
750 LET CS-COS(OS) 
760 LET SN-SIN(OS) 
770 IF ABS(CS) < .000001 AND SN > .999999 THEN LET S-1000000!: GOTO 800 
780 IF ABS(CS) < .000001 AND SN < -.999999 THEN LET S—1000000! : GOTO 800 
790 LET S-TAN(OS) 
800 IF CO-O THEN LET OE-PI/2 :GOTO 820 
810 LET OE—ATN (1/ (2*PI*FR*CO*ZEQ) ) 
820 LET PCN- (Al *S-A3 *S*S*S+S*S*S*S*S) /(ZEQ*TAN (OE*R) ) 
830 RETURN 
840 REM Subroutine GAUSS 
850 FOR K=1 TO 3 
860 LET C-0 
870 FOR M=K TO 3 
880 LET D-A(M,K) 
890 IF ABS (C) >-ABS (D) THEN GOTO 920 
900 LET C-D 
910 LET L=M 
920 NEXT M 
930 IF COO THEN GOTO 970 
940 PRINT 
950 PRINT"Singular matrix" 
960 GOTO 1100 
970 LET A(L,K)-A(K,K) 
980 LET A(K,K)-C-1 
990 FOR J-K+l TO 4 
1000 LET D-A(L,J) 
1010 LET A(L, J)-A(K, J) 
1020 LET A(K,J)-D 
1030 LET D=D/C 
1040 FOR 1-1 TO 3 
1050 LET A(I,J) —A(I,J) -D*A(I,K) 
1060 NEXT I 
1070 NEXT J 
1080 NEXT K 
1090 RETURN 
1100 REM Control subroutine 
1110 PRINT 
1120 INPUT"Enter END or CONT :",N$ 
1130 IF N$-"CONT" THEN RUN 10 
1140 IF N$-"END" THEN END 
1150 GOTO 1110 

Figure 6. Program used to solve quadratic equation for distributed resonant circuit with improved filtering. 
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RI featured technology_ 

Electronically Tunable Active Filters 
By Yue Xu 
Department of Electrical Engineering 
The Ohio State University 

Active filters have been used for many 
years, but often at frequencies up to only 
a few tens of kHz due to limitation of the 
unity gain bandwidth of op amps. Re¬ 
cently, much improved op amps became 
available for higher frequencies. The 
objective of this paper is to describe 
electronically tunable active filters. We 
shall show that, for example, the center 
frequency, fo, of a bandpass filter can 
be conveniently tuned over a wide range 
(up to MHz) by a voltage without explic¬ 
itly changing its bandwidth and gain. 
Thus, the filter can be controlled by a 
microprocessor and used in a variety of 
applications. 

Eliminating V'(s) in equation 2 and using 
equation 1, we get 

V0(s) _ 
V,(s) 

(3) 
1 

Ri_ 

so that: 

(10) 

(11) 

We can solve for R,, R2, and R3 from 
equations 9, 10, and 11 (for a value of 
C given in Table 1): 

The basic circuit of an active BP filter 
is shown in Figure 1. The circuit is 

very simple, without strict demands on 
elements and is suitable for applications 
with Q < 100. 

For the above circuit, according to the 
principles of op amps and the node 
equations, we can easily find: 

R = Q 
’ 2nf0C H(f„) 

□ __ Q_ 
2 2nf0C[2Q2- H^] 

r3 2Q 
2nf0C (14) 

We can express H(ja>) as: 

V,(s) - V'(s) _ 

R, 
(2) 

HW -

1 + Q — 

in which: 

R, C, 
= r; x <6> 

f(Hz) c 

1-10 10-20 pF 

10-102 0.1-10 mf 
102-103 0.01-0.1 pF 

103-104 103-104 pF 

104-105 102-103 pF 

105-106 10-102 pF 

Figure 1. A second order band¬ 
pass filter. 

Table 1. Ranges of C for different 
frequency ranges for Figure 2. 

Figure 2. Complete circuit for a 
second order bandpass filter. 

We may choose C, = C2 = C, thus: 

R, 
O) 

Now we can determine all the elements 
of the BP filter from the given parame¬ 
ters Q, HffJ, f0. An example is shown in 
Figure 2 with H(fo) = 10, f = 1 kHz, Q = 
5 and C = 0.01 ^F (from Table 1). From 
equations 12, 13 and 14 we get: 

R, = 7.95 kohm 
R3 = 160 kohm 
R5 = 5.6 kohm 

R2 = 1.99 kohm 

R< = R3
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STANDARD 
CATALOG 
AMPLIFIERS, 
KHz TO GHz 
FREQUENCIES 
WE OFFER THE AMPLIFIER USER A UNIQUE 
COMBINATION OF ADVANTAGES FROM A SINGLE SOURCE: 

■ ULTRA BROAD BAND FREQUENCY RESPONSE 

■ SUPERIOR PERFORMANCE SPECS AND WORKMANSHIP 

■ IMMEDIATE OFF-THE-SHELF DELIVERY 

■ VERY COMPETITIVE PRICING 

...and now a simple way to get a price quotation fast! Simply check the 
appropriate box(s) below and mail or FAX this ad back to us. 

Model 
No. 

Frequency 
Response 

ss 
Gain 
(dB) 
Min. 

Flat¬ 
ness 
(dB) 
Max. 

Noise 
Figure 
(dB) 

P0@ 
1dB C 
(dBm) 
Mln. 

VSWR 
In/Out VDC 

C
U
T
 H
E
R
E
 Wide Band / Low Noise Amplifiers 

Cur¬ 
rent 
(mA) 

Case/ 
Connector 

W40C 1 MHz—40MHz 42 ±5 1.0 Typ 1.2 Max + 5 2:1 + 15 20 C/SMA ; 

W50ETC 10KHz—50MHz 24 ±5 5.3 Typ 6.0 Max + 23 2:1 + 15 125 E-75/BNC I 

W50ATC 10KHZ—50MHz 50 ±■5 1.3 Typ 1.5 Max + 5 2:1 + 15 25 C-75/BNC I 

W110F 5MHz—110Mhz 55 ±5 1.1 Typ 1.2 Max + 15 2:1 + 15 80 C/SMA I 

W110H 5MHz—110MHz 30 ±•5 1.2 Typ 1.4 Max + 5 2:1 + 15 30 C/SMA ] 

W500K 1 KHz—500MHz 30 ±1 1.7 Typ 2.2 Max + 3 2:1 + 15 25 C-75/BNC I 

W500C 5MHz—500MHz 40 ±5 1.4 Typ 1.6 Max + 10 2:1 + 15 50 C/SMA I 

W500EF 5MHz—500MHz 60 ±5 1.3 Typ 1.4 Max + 20 2:1 + 15 190 A/SMA I 

W500H 5MHz—500MHz 33 ±-S 1.2 Typ 1.4 Max + 5 2:1 + 15 25 C/SMA I 

W1G2M 10KHZ—1000MHz 30 ±1 2.0 Typ 3.0 Max + 5 2:1 + 15 35 C-75/SMA I 

W1G2H 5MHz—1000MHz 30 ±•5 1.3 Typ 1.5 Max + 5 2:1 + 15 40 C/SMA 

W2GH 500MHz—2000MHz 22 ±1 4.0 Typ 4.5 Max + 5 2:1 + 15 30 C/SMA 

WFR1-4GA-14 100MHz—4000MHz 28 ±1 3.5 Typ 4.0 Max + 14 2:1 + 15 100 A-75/SMA 

Medium Power Amplifiers 
P150D 35KHz—150MHz 27 ±5 5.0 Typ + 30 2:1 + 24 400 H/SMA 

P150M 500KHZ—150MHz 26 ±5 5.0 Typ + 30 2:1 + 24 600 H/BNC 

P150ML 400KHZ—150MHz 24 ±1 11 Typ +29.5 2:1 ±24 600 H/BNC 

P500A 2MHz—500MHz 37 ±5 4.5 Typ + 30 2:1 + 24 500 H/SMA 

P500L 5MHz—500MHz 17 ±7 10 Typ + 30 2:1 + 24 420 H/BNC 

P500ML 2MHz—500MHz 16 ±1 11 Typ + 28 2:1 + 24 600 H/BNC 

P1GB 50MHz—1000MHz 30 ±1 5.5 Typ + 30 2:1 + 20 800 A-S/SMA 

P1000M 5MHz—1000MHz 20 ±■5 6 Typ + 21 2:1 + 20 200 H/SMA 

P2GF-2 10MHz—2000MHz 32 ±1 7.5 Typ + 30 2:1 + 15 1000 FW1/SMA 

P42GA-29 5GHz—4.2GHz 30 ±1.5 6.5 Typ + 29 2:1 + 20 1200 FW75/SMA 

Name_ 

Title _ 

Tel. No. 

Company_ 

Address_ 

City/State/Zip 

TRONTECH 
INC 

38 Industrial Way East, Suite #1, Building #2, Eatontown, New Jersey 07724 • (908)542-1133 • FAX (908)542-1118 
Represented in: Switzerland, Italy, Holland, West Germany. India. England. Japan. Canada. Israel. France. Sweden INFO/CARD 30 



Figure 3. Characteristic graph of 
H(f) versus f for the circuit shown 
in Figure 2. 

The characteristic of H(f) versus f is 
shown in Figure 3. 
The circuit should be carefully ad¬ 

justed to satisfy the required relations. 
According to equations 9, 10 and 11, 
both H(fo) and Q are independent of C. 
Only w0 is inversely proportional to C. 
H(f0) is independent of R2 also. Thus, the 
procedures of adjustment are: 

1. Adjust R3 to obtain H(f0). 
2. Adjust R„ to change Q (i.e. Af). 
3. Adjust C, and C2 simultaneously to 
obtain œ0. 

Note that possible parasitic oscillation 
in the circuit should be properly elimi¬ 
nated, eg., by circuit compensation. 

Incidentally, if the required bandwidth 
is very wide, it is better to choose a 
lowpass and a highpass combination 
filter than a bandpass filter. The charac¬ 
teristics of the bandpass filter can easily 
be changed to a lowpass or a highpass 
filter by simply changing the resistors to 
condensers and vice versa. Table 2 
gives the detail information. 

In Table 2, H(0), H(°°), and H(f0) are 
the values of the transfer function at f = 
0, o° and f0 respectively. For the lowpass 
or highpass filter, “d” is the damping 

coefficient, related to the shape of the 
H(f)-f curve. When d < 0.707, the H(f)-f 
curve shows a peak. At d = 0.707, the 
curve becomes flat. “wn” is the 3 dB 
cutoff frequency. For bandpass filters, 
the shape of the curve is determined by 
Q. 

Electronically Tunable Second 
Order BP Filter 

In order to make a BP filter with its f0 
shifted by an applied voltage, put Q = 
f0/Af into equations 12, 13 and 14 then, 

p = _ !_ 
1 2nAf H(f0)C (15) 

r2*- rar- i <’6> 
2nC

R = 1

3 nAfC (17) 

where Af is the -3 dB bandwidth. 
Clearly, f0 can only be varied by R2, after 
R,, R3 and C are chosen. So electroni¬ 
cally changing R2, by a JFET, for ex¬ 
ample, results in a voltage controlled f0. 

To expand the frequency coverage 
of the filter, i.e., to expand the range of 
variable resistance between D and S of 
the FET, it is better to select a FET with 
a large ldss . For example, ldss should be 
5-8 mA or larger. Meanwhile, pinch-off 
voltage |V | also should be large enough. 
Sometimes for higher frequency cover¬ 
age, a resistor (> 500 ohms) can be 
connected between D and S of the FET. 
A practical example is shown in Figure 
4. 

Figure 4. An electronically tunable 
second order bandpass filter. 

The elements are calculated by the 
equations mentioned earlier. When R5, 
a 100 kohm pot, is adjusted, the gate 
voltage is changed. This tuning voltage 
can also be an external gate voltage of 
any waveform. 

In terms of the circuit in Figure 4, R, 
can be chosen between 1 kohm an 
10 kohm. To get large gains (to reduce 
R,), one should keep V, low to avoid 
saturation and distortion of Vo. The 
purpose of adding R2 in Figure 4 is to 
raise f0 to higher frequencies, essentially 
maintain the same Af. For example, 
when R2 is absent in Figure 4, the tuning 
range is 25 to 35 kHz; with R2 added to 
the circuit, the tuning range becomes 
33 to 42 kHz. The highest center 
frequency (f0) is limited by the unity gain 
bandwidth of the op amp. Here, LM6361 
has a unity gain bandwidth as high as 
32 MHz, so it works well in a few tens of 
kHz range. 
The simple circuit described above is 

very versatile due to its flexibility and 
reliability. The gain, bandwidth (Q), and 
f0 can easily be changed. RF 
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LOWPASS HIGHPASS BANDPASS 
R, 1/sC, R, 

1/sC, R, r2

r2 1/SC2 1/sC2

r3 1/SC3 1/SC, 

1/sC2 r2 r3

H(0) - -
H 1 

H(~) - - 21 
U3 

> = 51 c2 
( o) R, C, + C2

1 
w n /-

\/ R 2R 3^1^2 
“n /-
V C2C3R1R2

/ R, + R,— 
V R,R2R3C,C2

2J c,y r3 V r2 R J 
a’^ 

y C,C2R3(1/R, + vr2) 
c, +c2

Table 2. Values of variables for lowpass, highpass and bandpass filters 
for Figure 2. 
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0 Pj ^^Eagleware 
I ■ I I Vy I r" Formerly Circuit Busters 

Eagleware software integrates network synthesis 
for the initial design with the flexibility and power 
of high-speed simulation, tuning and optimization. 

YOUR MANUAL 
YOUR SYNTHESIS DESIGNS 

PROGRAMS Cl 

=TLINE= 

=FILTER= 
=EQUALIZE= 

Synthesize L-C filters 
and delay equalizers 

$495/$795 
OSCILLATOR 

Detailed information 
on transmission lines 

FREE 
AUTOMATIC 
INTERFACE 

Synthesize L-C, SAW, T-LINE 
and crystal oscillators 

$495/$795 

$395/$595 

=SuperStar= CHOOSE EITHER 

Circuit simulation, tuning, 
and optimization 

, $695 a 

1 

r =SuperStar= 
Professional Extension 
Adds Monte Carlo analysis 

User models 
Microwave line models 7 

$995 

REAL-TIME 
USER INTERACTION 

Pizazz Plus 

GRAPHIC 
HARDCOPY 
TO PRINTERS 

$99 S-PARAMETER 
DATA FOR 

POSTPROCESSING 

DESKTOP PUBLISHING 
FILES 

One easy-to-learn environment 
Unmatched performance/price ratios 
Fast execution on standard IBM PCs/compatibles 

Quick and responsive support 
No annual maintenance fees 
30 day satisfaction guarantee 

For more information or for immediate shipment, telephone Eagleware. 
1750 Mountain Glen Tel (404) 939-0156 
Stone Mountain, GA 30087 USA FAX (404) 939-0157 
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MERRIMAC MEANS 
HIGH QUALITY, 
NOT HIGH PRICE 

■ Rely On The MERRIMAC Stock Delivery 
Program of Catalog Components 

■ Rely on MERRIMAC Engineering For 
Support and Custom Requirements 

■ Rely On The Reputation Earned By 
MERRIMAC For Proven Quality, 
Dependability and Value 

M Merrimac 

For Further Details 
On The Stock Delivery 
Program And To 
Receive Your Copy 
Of The Latest 
Catalog, Call or 
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41 Fairfield Place, 
West Caldwell, NJ 07006 
(201) 575-1300 • FAX: (201) 575-0531 
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RF products 

Transmission Line Analyzer 
The Transline Analyzer Model 

5220, a new transmission line 
analyzer designed to meet tele¬ 
communications industry require¬ 
ments, has been introduced by 
Systran Donner's Microwave Divi¬ 
sion. The ruggedized unit, which 
weighs less than 45 pounds, 
provides fault-location analysis in 
waveguide and coax transmis¬ 
sion lines from 2 MHz to 26 GHz. 
The analyzer has four modes of 
operation: transmission line test 
mode, reflectometer mode, in¬ 
structional mode, and self-test 
mode. Some features included 
are adjustable multi-octave 
VSWR measurements to 1.02:1, 
foreign signal rejection which elimi¬ 

nates any need to disconnect the 
antenna or shut down the trans¬ 
mitter, real-time display, and IEEE 
and RS-232C interface. It has an 
accuracy of better than ±1 per¬ 
cent or 150 kHz, whichever is 
greater and a dynamic range of 
80 dB nominal in transmission 
line mode. Accuracy is ±1 per¬ 
cent or 150 kHz and dynamic 
range is 30 dB nominal in relec-
tometer mode. It has a warm-up 
time of 2 minutes typically, and its 
operating temperature range is 0 
to 50 degrees Celsius. 
Systron Donner, Microwave 
Division 
INFO/CARD #212 

Trimmer 
Capacitors 
Sprague-Goodman Electronics 

has released a line of gull wing 
trimmer capacitors offering re¬ 
verse leads and bottom tuning. 
Models in the GKG gull wing 
reverse lead series are available 
in bulk pack (model series 
GKGXXX28) and carrier-and-reel 
pack (model series GKGXXX68) 
on 700 and 3,000 piece reels. 
They have a voltage rating of 100 
VDC and operate in a tempera¬ 
ture range of -25 to +85 degrees 

Special Application 
RG-Cables 
A wide selection of high quality 

RG-type coaxial cables are avail¬ 
able from Huber & Suhner AG. 
Several types are made accord¬ 
ing to MIL-C-17 specifications 
with halogen free materials that 
do not emit toxic fumes in the 
case of a fire. The RADOX jack¬ 
ets provide excellent flame re¬ 
tardant properties with very low 
smoke generation. Huber & 
Suhner is able to offer these 
cables in large production quanti¬ 
ties as well as in custom designed 
RF Cable Assemblies Also avail¬ 
able is a range of coaxial cables 
approved by Underwriters Labo¬ 
ratories. An experienced group 
of engineers is available to advise 
on applications for the cables and 
custom designs. 
Huber & Suhner AG 
INFO/CARD #210 

Surface Mount 
Filters 
K&L Microwave’s surface 

mount highpass filter model 
3HSMP-1000 features 1.5:1 
VSWR to 4800 MHz with less 
than 1.0 dB of insertion loss from 
985 to 5200 MHz. The filter 
features a shape factor of less 
than 2.0:1 from 3 to 60 dB. 
Highpass filter model 2HSMP-400/ 
UP2000-P is also a surface mount 

Celsius. Seven capacitance ranges 
(from 1.7 - 3.0 pF to 13.0 - 50 pF) 
are available. Each corresponds 
to the ranges for the J-leaded and 
top tuning gull-wing models al¬ 
ready offered by Sprague-
Goodman. The capacitors are 4 
X 4.5 X 2.7 mm in size, and prices 
for SurftrimR gull wing trimmer 
capacitors with reverse leads start 
at $0.51 for quantities of 1,000. 
Sprague-Goodman 
Electronics, Inc. 
INFO/CARD #211 

package and has 1.5:1 VSWR 
and less than 1 dB insertion loss 
over the 400 to 2000 MHz fre¬ 
quency range. The filter features 
a cut-off frequency of 200 MHz 
with a shape factor of 3.0:1 from 
3 to 40 dB. Phase matching within 
±3 degrees from 400 to 2000 
MHz is available. Both units are 
laser welded for hermetic seals, 
and both filters are 0.50 inches x 
0.50 inches x 0.24 inches (1 .27 x 
1.27 x 0.60 centimeters) in size. 
K&L Microwave, Inc. 
INFO/CARD #209 

RF Design 

MRI Pulse 
Amplifier 

ENI has introduced an ad¬ 
vanced solid state RF amplifier 
for Magnetic Resonance Imaging 
systems. The model MR-5001 
provides 5 kW of pulse power 
over the 10-86 MHz frequency 
range for systems with 0.5 to 2.0 
Tesla magnetic field strength. 
The MR-5001 has gain linearity 
of ±2 dB for a 40 dBc dynamic 
range and +0.5 dB long term gain 
stability Digital Signal Process¬ 
ing provides user-variable RF 
pulse width and duty cycles up 
to 5 ms pulse width and 5 percent 
duty cycle at full peak power. 
Each module is a fully front-
serviceable, field-replaceable unit 
which can be easily removed and 
replaced in minutes. With an 
MTBF of over 10,000 hours, the 
MR-5001 offers exceptional op¬ 
erational reliability and its modu¬ 
lar design reduces downtime to a 
minimum. 
ENI 
INFO/CARD #208 
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continued 

Surface Mount Mini 
Coaxial Connector 
A new 50 ohm subminiature 

coaxial jack for surface mount 
applications is now available from 

Murata Erie North America. It 
features a VSWR of better than 
1.2:1 through 2 GHz and is de¬ 
signed for application with mi¬ 
crostrip lines and coplanar wave 
guides. The CCR Series is also 
suitable for reflow soldering. 
Murata Erie North America 
INFO/CARD #207 

Signal Monitoring 
Modular Receivers 
Apcom has introduced a com¬ 

pact receiver designed for signal 
monitoring in the 20 to 520 MHz 
band. Each receiver is tuned 
through the 500 MHz operating 
band in 1 kHz increments with the 
IEEE-488 bus. Front panel con¬ 
trols on each receiver are used 
to select AM or narrow band FM 
detection. The standard IF band¬ 
width is 15 kHz and bandwidths 
up to 300 kHz are available. 
Apcom, Inc. 
INFO/CARD #206 

Wideband Buffer 
Amplifiers 
The 600 MHz AD9620 and 750 

MHz AD9630 unity-gain wideband 
buffer amplifiers from Analog De¬ 
vices respectively slew at 2,200 
and 1,200 V/ps and guarantee 1.6 
and 1.5 ns maximum rise and fall 
time for a 1 V step over the oper¬ 
ating temperature range. Prices 
are $19 for the AD9620 in 100s 
and $6.25forthe AD9630in 100s. 
Analog Devices 
INFO/CARD #205 

65 Watt RF Power 
Amplifier 
The DBP065D01B 65 Watt RF 

power amplifier from Decibel Prod¬ 
ucts covers the 869-896 MHz 
frequency range. It is compatible 
with cellular operations using Bell 
System plug-in amplifiers and 
meets high power RSA require¬ 
ments. Input power can be 0.7 to 
1.6 Watts and output power is 
stable at ±1 dB. 
Decibel Products 
INFO/CARD #204 

Switch Distribution 
Systems 

Watkins-Johnson has intro¬ 
duced a series of matrix switch 
distribution systems available in 
the following bands: DC-20 kHz, 
DC-20 MHz, 1-30 MHz, 20-500 
MHz, 20-1000 MHz, and narrow 
IF bands over 80 - 200 MHz. The 
designs are based on reed relay, 
FET, or PIN switch technology and 
are offered in the following input/ 
output configurations: 6x6, 8x8, 
10x10, 16x16, 24x28, and 30x40. 
Watkins-Johnson Company 
INFO/CARD #203 

GaAs FET Amplifiers 
The 7900 Series of wideband 

GaAs FET amplifiers now avail¬ 
able from Narda provide 18 to 40 
dB of gain with output power 
levels of +12 to +20 dBm, de¬ 
pending on the model. Two gain/ 
power models are available from 
stock in five bands: 2 to 6 GHz, 4 
to 8 GHz, 2 to 8 GHz, 6 to 18 
GHz, and 8 to 18 GHz. 
Loral Microwave-Narda 
INFO/CARD #202 

Low Loss Circulators 
and Isolators 
M/A-COM's Radar Products di¬ 

vision has released low loss circu¬ 
lators and isolators for cellular 
telephone applications. The circu¬ 
lators provide 0.2 dB of loss over 
the -30 to +85 degree Celsius 
temperature range and are of¬ 
fered in a frequency range of 935 
to 960 MHz. These circulators are 
suitable for use in solid state 
amplifiers and combiner net¬ 
works. 
M/A-COM Radar Products 
Division 
INFO/CARD #201 

POWER 
CAPACITORS 

When you 
need TTL Clock 

Oscillators 

...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. 

or quality Crystals 

Capacitance: 1.540,000 pF • Voltage: 2-30 kVp 
Power: 2-150 kVA • Current: 5-50 Arms. 

Manufactured by Draloric GmbH. Call now 
for information including special design 
assistance. 

109 Alfred Street, Biddeford, ME 04005-2526 Phone: (207) 284-5695 

A COMPANY OF 

call 800-333-9825 
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I/Q Splitter 
With a 20 MHz system clock, 

the PDSP16350 l/Q Splitter can 
produce waveforms up to 10 MHz 
with 0.001 Hz resolution. It fea¬ 
tures 16 bit phase and amplitude 
accuracy, with spur levels down 
to -90 dB and amplitude and 
phase modulation modes. A di¬ 
rect digital synthesizer produces 
simultaneous sine and cosine 
values. 
Plessey Semiconductors 
INFO/CARD #200 

Surface Mount Filter 
Packages 

Integrated Microwave has in¬ 
troduced IMpac™ surface mount 
filter packages featuring high per¬ 
formance Mil-Spec lumped ele¬ 
ment miniature filter technology. 
Lowpass, highpass, and band¬ 
pass designs in a variety of 
transfer functions, including 
Chebyshev, Bessel, and Gauss¬ 
ian are available. For these de¬ 
signs, impedance is 50 ohms, 
isolation is 70 dB, and the fre¬ 
quency range is DC to 5000 MHz. 
Integrated Microwave 
INFO/CARD #199 

Modulation Domain 
Analyzer 
The HP 5373A is a tool for the 

design of pulsed RF systems. It 
studies agile carrier, staggered 

pulse repetition interval, chirp, 
phase jitter, and similar modula¬ 
tions on pulsed or non-repetitive 
signals. The analyzer is priced at 
approximately $30,000 and deliv¬ 
ery is four weeks ARO. 
Hewlett-Packard Company 
INFO/CARD #198 

Phase Locked 
Oscillators 
A series of phase locked oscil¬ 

lators that cover the 100 MHz to 
24.0 GHz frequency range have 
been introduced by Phoenix Mi¬ 
crowave Labs. Phase noise is 
typically -100 dBc, 10 kHz from 

OVER 1,000,000 RF AND 
MICROWAVE COMPONENTS 

IN STOCK 

CALL 
1-800-PENSTOCK 

"Your Single Source Supplier" 
Penstock’s binder has over 1,400 pages in 19 catalogs; 
50 product areas include amplifiers, attenuators, con¬ 
nectors, cables, splitters, mixers, terminations and 
MMIC components. In addition to Penstock, we stock 
Amphenol RF, Avantek, AVX, Comlinear, EF 
Johnson, EZ Form, Hewlett-Packard Microwave 
Components & Semiconductors, Mini-Circuits, 
Omni-Spectra, Precision Tube, Sawtek, TOKO, 
Tusonix, and Weinschel. If you use RF and microwave 
components, send for our Product Selection Guide. 
Penstock 520 Mercury Drive, Sunnyvale, CA 94086. 
PHONE: 800-736-7862. 13 Offices Nationwide. 

Serving the industry 
for/ over 15 years 

PENSTOCK 
IF/RF/MICROWAVE DISTRIBUTION 

the carrier on a 6.0 GHz unit, 
while harmonics are -20 dBc and 
spurious -80 dBc. The internal 
reference unit is 1.25” x 2.25” x 
2.25” is size, and an external 
reference unit is 0.625” x 2.25” 
x2.25". 
Phoenix Microwave Labs, Inc. 
INFO/CARD #197 

600 MHz Operational 
Amplifier 

Sipex Corporation has released 
the SP2539, a high slew rate, wide 
bandwidth monolithic operational 
amplifier. It features 600 V/^sec 
slew rate and 600 MHz gain band¬ 
width product. It is stable for closed 
loop gains of 10 or greater and 
has a 9.5 MHz power bandwidth. 
Sipex Corporation 
INFO/CARD #196 

450 MHz BETRS 
Repeater System 

Peninsula Engineering Group 
has developed a non-frequency 
translating repeater for point-to-
multipoint 450 MHz BETRS. The 
SRF-450 is compatible with any 
manufacturer's BETRS system 
and has 77 dB of gain across a 
670 kHz bandwidth. It has an 
MTBF of more than 85.000 hours 
and consumes 60 Watts of power 
Peninsula Engineering Group, 
Inc. 
INFO/CARD #195 

ECL Compatible 
Oscillators 
The K1149 Series ECL-com-

patible crystal clock oscillators 
from Champion Technologies 
now has a frequency range from 
40 to 160 MHz The oscillator can 
be soldered in standard wave-line 
operations without damage and 
takes up 0.820” x 0.520” on a 
circuit board. Its seated height is 
0.245” for 40 to 125 MHz and 
0.335” for 125 to 160 MHz. 
Champion Technologies. Inc. 
INFO/CARD #194 

VHF High Power 
Switchless Combiner 
The VHF High Power Hot Switch 
and Switchless Combiner can 
combine and/or switch two trans¬ 
mitter inputs to one or both of the 
combiner outputs. The switching 
operation is done under full power 
without interruption of program¬ 
ming. It covers the 174 to 216 
MHz frequency range and has a 
power rating of 100 kW. 
Micro Communications, Inc. 
INFO/CARD #193 

3 Watt Flange-
Mounted Attenuator 

Florida RF Labs has released 
a 3 Watt, flange-mounted, con¬ 
duction-cooled attenuator that of¬ 
fers 1.35:1 maximum VSWR to 
4 0 GHz It is offered in attenu¬ 
ation values up to 20 dB. These 
units are available in 1 dB incre¬ 
ments from 1 to 10 dB also. 
Florida RF Labs, Inc. 
INFO/CARD #192 

Digital Receiver 
Development System 
ERA Technology has designed 

an IBM PC compatible develop¬ 
ment system for high perform¬ 
ance digital filtering and signal 
generation for GEC Plessey Semi¬ 
conductors’ PDSP 16350 (modu¬ 
lator) and PDSP1 6256 (filter) DSP 
chips. The board is available with 
either a 12 bit resolution, 1 MHz 
ADC, or an 8 bit 20 MHz DAC. 
16 bit digital input and output 
ports are also provided. 
GEC Plessey Semiconductor 
INFO/CARD #191 

1 kW UHF-TV 
Transmitting Tube 
The NL347 provides 1 kW of 

output power when common am¬ 
plification of vision and sound is 

required. Higher power levels are 
possible if video and sound are 
transmitted separately. A tube and 
cavity combination is available to 
OEMs, and technical assistance 
and drawings are available. 
Richardson Electronics, Ltd. 
INFO/CARD #190 

RF Amplifier 
Amplifonix Model TM6440 RF 

Amplifier features 12 dB gain, 
VSWR of 2.0:1, and +7.5 dB 
minimum. It has a frequency range 
of 10 to 400 MHz and a noise figure 
of 5.0 dB maximum. It is available in 
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MOXO 
Miniature Oren Controlled 
Crystal Oscillator 

Frequency Range: 
8-20 MHz 

Frequency Stability: 
± 1 X 10‘7in temp range 

Operating Temp. Range: 
0° to + 500C 
(optional - 20°C to + 70°C) 

Aging Short Term Stability: 
8x10‘ 10 at 1 Sec 

Long Term Stability: 
< 1 X 10’6/year 
Warm Up: 
< 20 seconds to ± 1 x 10’7

Input Voltage: 15 V ±5% 
5 V (TTL) 

Input Power: 
< 0.5 W During Warm-up 
0.38 W Stabilized at Room-
Temp. 

Size: 1.26" x 1.26" x 0.7" 
Output Waveform: 
TTL (optionally Sine) 

ocxo 
Oven Controlled 
Crystal Oscillator 

TCXO 
Temperature Controlled 
Crystal Oscillator 

exo 
Crystal Clock 
Oscillator 

Only RALTRON has it all. 

Frequency Range: 
to 50 MHz 

Short Term Stabilities: 
up to 5 x 10-12 (1 sec) 

Warm-Up Time: 
As low as 1 min 

Temperature Stability: 
±5x10-’° 
(0°to +50°C) 

Low Aging Rate: 
<5x10-’1/Day 

Low Noise: 
< -157 dBc@ 
10 kHz Offset 

Low Vibration 
Sensitivity: 
3x10-’°/g 

Temperature Range: 
-550 to + 120°C 

Frequency Range: 
0.02 Hz to 20 MHz 

Frequency Stability: 
±0.8 PPM 
(-40° to + 85°C) 

Aging: ± 1.0 PPM/yr 
typ. 

Supply Voltage: 
2 to 15 Vdc 

Supply Current: 
As low as 1.0 mA 

Size: 
Standard: 
1.5" x 1.5" x 0.5" 

As small as: 
0.960" x 0.5" x 0.2" 

Frequency Range: 
TTL: 10Hzto100MHz 
C-MOS: 1 Hz to 5 MHz 
ECL:5MHzto 500 MHz 
Sinewave: 1 Hz-1 GHz 

Frequency Stability: 
Typ. ±50 PPM (-200 
to + 70°C, Industrial) 
Typ. ±50 PPM (-550 
to + 125°C, Military) 
Upto ±10 PPM 
available ( - 20° to + 70°C) 

Aging: 
± 10 PPM/yr (Industrial) 
± 5 PPM/yr (Military) 

Outputs: TTL, C-MOS, 
ECL, Sinewave 

Packages: TO-5, TO-8, 
DIP, Hermetically 
Sealed Metal Case 

=TnãL At TFL The Quality Is Crystal Clear. Time & Frequency Ltd. 

RRLTR+n 
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WPM $ 
'■ $ 

A new family of high power 
axial lead PIN diodes 
from M/ACOM 
Semiconductor Products 

■ Distortion — 80 dB down 
■ Power Dissipation — 5.5W 

" 4: I 
HI PAX “diodes incorporate passivated 
PIN diode chips that are full face bonded 
and encapsulated in a rugged hermetic 
axial lead package, the HIPAX diode 
has low inductance and low thermal 
resistance. The first of this family is the 
MA4P1200, designed for switching appli¬ 
cations handling up to 100 watts CW 
from HF through UHF. They are particu^ 
larly suited to military and commercial 
mobile radios. 

Samples/production quantities 
available now. 
For applications assistance contact 
Jerry Hiller on ext. 2625. 
For more information, call 
(617) 272-3000 ext. 3808 
M/A-COM Semiconductor Products 
South Avenue, Burlington, MA 01803 
FAX (617) 272-8861 ' 

t 
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continued 

4 pin TO-8, flatpack, surface mount, 
and connectorized housings. 
Amplifonix 
INFO/CARD #189 

DC Coupled Double 
Balanced Mixer 

Model 4827 from Loral Micro-
wave-Narda handles RF and LO 
frequencies from 2 to 26.5 GHz 
with IF coverage from DC to 500 
MHz. The mixer uses batch-
matched Schottky barrier diodes 
and planar construction to assure 
symmetry. This unit can also be 
used as a third harmonic mixer. 
Loral Microwave-Narda 
INFO/CARD #188 

75 Ohm CATV 
Semi-Rigid Cables 

Rosenberger/Micro-Coax has 
released two 75 ohm semi-rigid 
coaxial cables that are UT-85-75 
with an outer diameter of 0.085" 
and UT-141-75 with an outer 
diameter of 0.141". Both are 
available with copper outer jacket 
and a variety of plating options. 
Rosenberger/Micro-Coax 
INFO/CARD #187 

PIN-Schottky limiter 
A PIN-Schottky limiter designed 

for receiver protection and power 
leveling applications has been de¬ 
veloped by FEI Microwave. The 
A9L301 B features 1 Watt CW cap¬ 
ability. 0.5 to 18 GHz bandwidth. 
VSWR of less than 2.2:1, and 
insertion loss of less than 2.3 dB 
FEI Microwave, Inc. 
INFO/CARD #186 

Selective CATV Test 
Filter 

Model 7056 from Microwave 
Filter Company isolates a 10 MHz 
spectrum for testing of composites 
and triple beat. The 3 dB passband 
is 437-447 MHz, and 10 MHz pass¬ 
bands are also available. The 60 
dB stopbands are 0-434 MHz and 
450-500 MHz. Impedance is 75 
ohms and connectors are type F. 
Microwave Filter Company, Inc. 
INFO/CARD #185 

5 MHz Analog I/O 
System 
The ZPD1004, Burr-Brown's 

PC-based 12 bit, 5 MHz analog 

I/O system uses the ADC604 to 
achieve -80 dBc. It has a ±1.25 
V input range, 68.6 dB SNR, and 
a ±0.1 percent of FSR gain error. 
The one channel model is priced 
at $3,594, and the two channel 
unit is $5,693. 
Burr-Brown Corporation 
INFO/CARD #184 

Coaxial Connector 
Series 
The PMMA™ series of coaxial 

connectors from Automatic Con¬ 
nector is suited for applications 
where exact pre-mating align¬ 
ment is impossible. The series is 
a miniature version of the PMA™ 
plug and includes straight and 
right angle plugs and jacks to be 
used with most of the popular 
semi-rigid and flexible cables. 
Automatic Connector, Inc. 
INFO/CARD #183 

SPOT Switch 
Model 62P008 SPDT switch 

features 5 ns switching and 40 
dB isolation from 2 to 11 GHz in 
a package size of 1.25” x 0.9” x 
0.5". The switch is ECL compat¬ 

ible and is available with SMA 
connectors. It can toggle at 50 
MHz, has insertion loss less than 
2 dB, and VSWR of less than 2:1 . 
The 62P008 is priced at $950. 
ECM Devices, Inc. 
INFO/CARD #182 

Spectrum Analyzers 
and ROM Card 
The HP 8594A and 8595A 

portable spectrum analyzers 
cover the 9 kHz to 2.9 GHz and 
9 kHz to 6.5 GHz frequency 
ranges respectively. Resolution 
bandwidths range from 1 kHz to 
3 MHz and second and third order 
harmonic distortion is below 70 
dBc. Used in the HP 8594A and 
8595A spectrum analyzers, the 
HP 8571 5A GSM measurement 
personality card contains meas¬ 
urement routines and a user 
interface to make transmitter tests 
of Pan-European digital cellular-
radio networks. The HP 8594A is 
priced at $14,995, the HP 8595A 
is priced at $19,760, and the HP 
8571 5A is priced at $2,000. 
Hewlett-Packard Company 
INFO/CARD #181 

Increased productivity 
is a SNAP 

Our new quick release OSM (SMA) 
test adapters snap on. When you 
don’t have to thread connectors to¬ 
gether, your testing time can be cut 
in half. Plus, you’ll get repeatable 
results, mating after mating, while 
extending the life of your test cable. 

Freq.: dc-18 GHz 
VSWR: 1.07 + .007f(GHz) 
lL(dB Max.) : .04 x Vf (GHz) 
Phase: +3° (1,000 matings) 

To make productivity a snap, order 
your quick release test adapters 
today. 

M/A-COM Omni Spectra, Inc. 
140 Fourth Avenue 
Waltham, MA 02254-9101 
Tel: USA (617)890-4750 

UK (0734)580833 
Japan 03(226)1671 

Omni 
Spectra 

A 4JÍKOVI COMPANY 
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Clean sweep 
to 1 GHz 
100 watts minimum is a lot of low-cost, clean 
rf power. But that’s what our new Model 
100W1000M7 delivers for your broadband test 
needs. 
As your hunger for power and bandwidth 

grows, this year and next, our all-solid-state “W” 
series of lOO-kHz-to-1000-MHz linear amplifiers 
should become more and more important in your 
plans. Today you may need only 1 watt (the little 
portable on the top of the pile), or 5, or 10, or 25, 
or 50-all with that fantastic bandwidth instantly 
available without tuning or bandswitching-the 
kind of bandwidth that lets you sweep clean 
through with no pausing for adjustment. 
And next year? 
Chances are good that next year you'll be moving 
up into higher-power work in much the same 
bandwidth. Then you’ll be glad you have 100 watts 
from 100 to 1000 MHz, using the only rf power 
amplifier in its power-to-bandwidth class. At that 
point, your smaller “W” series amplifiers can be 
freed for lower-power work around your lab. 
What you can’t see in the performance curves 

shown below is the unconditional stability of all 
AR amplifiers-immunity to even the worst-case 
load mismatch or shorted or open cable with no 
fear of damage, foldback, or system shutdown. 
The “W” series is part of a complete line of 

amplifiers offering rf power up to 10,000 watts, in 
cw and pulse modes, for such diverse applica¬ 
tions as RF1 susceptibility testing, NMR, plasma/ 
fusion research, and a host of other test situa¬ 
tions that demand the very finest in rf power. 
Send for our free booklet, “Your guide to 

broadband power amplifiers.” 

FREQUENCY (MHz) 

amplifier 
RESEARCH Call toll-free, direct to applications engineering: 1-800-933-8181 

160 School House Road, Souderton, PA 18964-9990 USA • TEL 215-723-8181 • TWX 510-661-6094 • FAX 215-723-5688 
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188 variable RF coils. 
At very affordable prices. 

If you need variable inductors in the 
range from .05 uH to 1100 uH, no one 
gives you a wider selection than Coilcraft. 
And no one gives you lower off-the-shelf 
pricing! 

Coilcraft tuneable RF coils are designed 
to meet MIL specs. They feature compact 
10, 7, or 5 mm packaging, optional shield¬ 
ing, and one-piece construction for maxi¬ 
mum stability. 

For special inductance or Q values, 
we'll custom-build coils to your specifica¬ 
tions and still save you money! 
For all the details on Coilcraft tuneable 

RF coils or our other inductive devices, 
call 708/639-6400. 

Designer's Kits. Choose kits covering 
the range from .0425 to 1.5 uH, .70 to 1143 
uH, or 9 to 281 nH. Kits include shielded 
and unshielded 
samples along with 
detailed specifica¬ 
tions. Each costs 
$60. Call 708/ 
639-6400 to order. 

Chip Inductors Current Sensors 

Power Inductors Axial Lead Chokes 

See our catalog in Vol A. Section 1800 

BBffl/eiertronic engineers easier 
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Rfemccomer 

RFI Measurements Using a 
Harmonic Comb Generator 
By Ken Wyatt and Dean Chaney 
Hewlett-Packard Co. 
Colorado Springs Division 

Most manufacturers of electronic equip¬ 
ment must comply with a variety of 
regulations in order to market their 
products worldwide. One of these regu¬ 
lations, of course, is radiated emissions 
(FIFI). The regulatory agencies require 
that these emission levels be measured 
outdoors at an open area test site 
(OATS) to ensure there are few reflective 
objects to distort the measured signals. 
In many cases, however, manufacturers 
prefer to make these measurements in 
a semi-anechoic chamber in order to 
speed up the tests. This is especially 
valuable for engineering evaluations 
where a number of tests may be per¬ 
formed rapidly. For those manufacturers 
who do not own an open site facility, it 
is an advantage to be able to predict 
whether a product will pass the regula¬ 
tory limit prior to scheduling open site 
time. Thus, there exists the need to 
compare a chamber with an open site 
in order to determine the correlation. It 
may also be desireable to compare an 
open site to another open site. 

The following article describes a sim¬ 
ple radiated emissions "standard" 

which may be constructed that will 
provide a solution to the above problem. 
This "standard" radiates a series of 
harmonics which may be measured as 
an ordinary product under test. Addition¬ 
ally, it may be used to measure the 
repeatability of the measurement sys¬ 
tem and to determine the shielding 
effectiveness of enclosures. Construc¬ 
tion information and a detailed parts list 
are included (Table 1). 

At our facility, the generator is meas¬ 
ured weekly so as to reduce delays 
caused by unrealized system problems 
such as broken connectors. We also 
accumulate this weekly data and use it 
to calculate a running average of system 
measurement repeatability perform¬ 
ance. All of these tests will be discussed 
later in more detail (Table 1). 

test equipment and adapted for use as 
a comb generator by Phil Luque of HP’s 
Boise Division. The basic design was 
repackaged to make it portable for use 
at our facility (see Figures 1a and 1b). A 
miniature version was also constructed 
that runs from a standard 9V battery 
(Figure 2). This miniature unit may be 
used to measure the shielding effective¬ 
ness of smaller modules or handheld 
products. 

Circuit Description 
The basic design was originally 

“lifted" from a circuit in an old piece of 

Figure 2. Miniature version of the 
comb generator. 

Figure 1a. Portable comb genera¬ 
tor with monopole antenna at¬ 
tached. 

Figure 1b. View of the comb 
generator being measured inside 
a semi-anechoic chamber. 

The generator has useful harmonics 
every 5 MHz from 30 to over 1000 MHz. 
Figure 3 shows the direct generator 
output (as measured at its output con¬ 
nector) plotted to show the harmonic 
amplitude levels. The amplitude stability 
is within 1.2 dB over a temperature 
range of 0 to 55 degrees C and fre¬ 
quency accuracy better than 100 Hz. The 
frequency response of the generator is 
not critical so long as sufficient energy 
is present at all frequencies of interest. 
The unit is powered from a recharge¬ 

able sealed lead-acid battery to elimi¬ 
nate power cords and their resulting 
re-radiation problems. The battery was 
sized to provide up to 6 hours of use. 
The schematic consists of two por¬ 

tions; a voltage regulator (Figure 4a) and 
the harmonic generator (Figure 4b). 
There are two options for the regulator. 
The regular-sized portable uses a low-
dropout circuit, while the miniature 9V 
battery-operated version uses a simple 
3-terminal 5V regulator. However, an 
alkaline battery is used in this situation 
and the operating life is only about three 
hours. 
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Figure 3. Amplitude plot of the 
direct output from the output con¬ 
nector. There are useful harmon¬ 
ics every 5 MHz out to 1500 MHz. 

Operating time depends more on the 
amp-hour capacity of the battery than 
on the voltage, so the regular-sized 
generator was operated from 6 volts 
rather than 12 volts. Because the inte¬ 
grated circuits require 5 volts, we could 
not afford to lose too much voltage 
across the regulator. This required the 
voltage regulator to be a special low-
dropout design. Since finishing the de¬ 
sign, a number of manufacturers now 
offer low-dropout integrated voltage regu¬ 
lators which may be used instead. 
The harmonic comb generator is 

composed of a 10 MHz crystal oscillator 
(Y1) which is divided by two by the D 
flip-flop U2. The resulting 5 MHz signal 
is then amplified by the line driver U3. 
U3 connects to the step recovery diode 
(SRD) CR2 via a biasing network. The 
SRD creates a very fast edge which 
produces harmonic energy out to around 
1500 MHz. The section of semirigid coax 
(Z1) is used as an energy storage device 
(current source) during the reverse-
biased state of CR2. The SRD drives the 
output through an 8 dB attenuator 

circuit, which provides a 50 ohm imped¬ 
ance at the output. 

Q1 through Q4 and VR1 form a low 
dropout voltage regulator. Diode CR1 
acts as a DC block and DS1 is a charge 
indicator. The miniature comb generator 
uses the single regulator U1. Several 
different antenna designs have been 
used with the generator. The monopole 
antenna (Figure 5, center) was designed 
to resonate at about the mid-band (500 
MHz) and was constructed using a brass 
rod 1/8 inches in diameter and 5 inches 
long. Later on, a horizontal dipole was 
constructed using semi-rigid coax and 
some stiff wire (paper clips). This an¬ 
tenna is supported about 4.5 inches 
above the generator using various coax¬ 
ial adapters. These two antennas are 
currently used for the repeatability and 
correlation study. 
A horizontal loop antenna was also 

constructed for use during shielding 
effectiveness tests (described later on). 
The two-inch diameter loop was also 
made using a large paper clip and a 
binding post-to-BNC adapter. 
The enclosure used, a "Bud” box, 

caused some interesting directional ef¬ 
fects as the reception frequency was 
increased into the UHF region. Polar 
plots at a single frequency normally 
yielded several narrow lobes roughly 
paralleling the long dimension of the 
generator enclosure. A 12” diameter 
aluminum ground plane disk was in¬ 
stalled at the base of the monopole 
antenna and this helped but did not 
completely solve the problem at all 
frequencies. A larger diameter disk 
would probably be the solution if a 
perfectly circular radiation pattern was 
desired. We decided that the utility of the 
generator would be reduced with such 
a potentially large disk attached and so 
decided to eliminate it entirely and rotate 

the generator to find the maximum 
signal just as we would for a real 
product. 

Construction 
The unit was constructed using a 

double-sided prototyping style circuit 
board with all components wired point-to-
point (See Figures 6 and 7). Lead length 
was minimized around the RF portions 
of the circuitry, especially around CR2 
and CR3. One side of the board was 
used as a ground plane. The length of 
Z1 may be shortened to achieve a flatter 
output response characteristic at the 
expense of output amplitude. Bias con¬ 
trol R8 can be adjusted for the best 
output amplitude stability. 

Figure 5. An assortment of anten¬ 
nas used with the portable comb 
generator. 
A simple 12V wall charger was used 

to replenish the internal 6V battery. 
Resistor R2 was sized to provide a 
charging current of approximately 100 
mA. This current was less than the 20 
hour “trickle-charge” rate for the 2.6 
amp-hour battery, thus it may be 
charged over long periods of time 
without fear of overcharging. Q1 is a 
general-purpose, P-channel JFET se¬ 
lected for an of 3 mA and is used as 
a current source. This value is not 
extremely critical, but is simply the 
nominal operating current for zener 

Figure 4a. Schematic diagram of the power supply 
and battery charging circuit. U1 is an optional voltage 
regulator used for the 9V battery operated miniature 
comb generator. 

Figure 4b. Schematic diagram of the comb generator 
circuit. 
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Figure 6. Interior view of the comb 
generator showing the battery and 
mounting arrangement. 

by unrealized system problems. For 
example, one of our neighboring divi¬ 
sions borrowed the generator to perform 
some chamber-to-open site correlation 
studies. When the generator was meas¬ 
ured in their chamber, it became quite 
apparent that there was an unusual loss 
from 30 to 150 MHz. It turned out that 
their biconical antenna was defective 
and measuring 10 to 20 dB low in that 
range. 

Chamber to Open Site Correlation 
(Vertical Polarization) 

Figure 7. Close-up view showing 
the circuit board construction de¬ 
tails. Note that transmission line 
Z1 has a 90 degree bend for better 
fit on the board. The RF circuitry 
is built on the left half, while the 
power supply and charging cir¬ 
cuitry is on the right half. 

diode VR1. If this FET is difficult to 
locate, a 1.2K resistor or one of the 
newer low-dropout voltage regulators 
now available may be substituted. 

Connecting the finished generator to 
a spectrum analyzer should yield har¬ 
monics every 5 MHz at an amplitude 
level similar to that shown in Figure 3. 
Adjust the bias control R8 and length of 
Z1 (if desired) for a stable and flat 
amplitude response. Following this, fin¬ 
ish packaging the board and optionally 
check the amplitude and frequency 
stability versus temperature. An HP 
11 941 A Close-Field Probe was used to 
verify that there was no signal leakage 
from the seams of the enclosure. 

System Measurement and 
Performance Verification 

By making repeated measurements 
of the generator and recording these 
versus time, it is possible to determine 
system faults, such as bad antennas, 
broken coax fittings or failed test equip¬ 
ment. This may reduce delays caused 
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(Horizontal Polarization) 

■10 

15 

20 - —- -— - -- -- ——- —-
0 100 200 300 400 500 600 700 800 900 1000 

Frequency (MHz) 

Figure 9. Correlation data be¬ 
tween the chamber and open area 
test site for vertical and horizontal 
polarization. 

RF Design 

Figure 8. Repeatability data meas¬ 
ured in the chamber and at the 
open area test site for both verti¬ 
cal and horizontal polarizations. 

In addition, by accumulating this 
weekly data, the system repeatability 
and correlation performance may be 
determined. We have recently com¬ 
pleted the construction of a 3 meter 
semi-anechoic chamber for use in 
engineering evaluation of our products 
under development. Naturally, the two 
most important questions in the 
engineer’s mind are “How repeatable 
are the measurements I’m taking?” 
and “How do the measurements com¬ 
pare with those taken at the open area 
test site?”. By regularly measuring a 
standard source, and plotting the 
mean amplitude along with plus or 
minus twice the standard deviation 
(95 percent confidence level), we end 
up with plots as shown in Figures 
8a through 8d. The central plot is the 
mean (or running average, in our case) 
of a sample of data, while the upper 
and lower plots indicate the range where 
we would expect 95 percent of the 
measurement data to fall. The chamber 
data shows that throughout the range 
30 to 1000 MHz, the vertically polarized 
repeatability is ± 2 dB, with a few areas 
± 3 dB. Interestingly enough, roughly 
the same performance was obtained at 
the open area test site. The horizontal 
polarized repeatability for the chamber 
was ± 1 dB with some areas of ± 3 dB. 
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SHIELDING EFFECTIVENESS TEST 
(Measured at 3 meters) 

80i- » 
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Figure 10. This is a typical plot of 
shielding effectiveness of an en¬ 
closure versus frequency. This 
technique may be used to evalu¬ 
ate prototype enclosures before 
the actual product is fully opera¬ 
tional. 

The open site repeatability was ± 0.5 
dB over most of the range with a couple 
places of ± 1 dB. 
The generator was measured using 

50 MHz-wide frequency bands. The 
antenna height was adjusted to optimize 
the amplitudes within this band. An HP 
8568B spectrum analyzer was placed 
into the “MAX HOLD’’ mode while the 
comb generator was rotated on a turnta¬ 
ble. Both vertical and horizontal polari¬ 
zations were measured. Occasionally, 
discontinuities may be observed in the 
chamber data because, for simplicity, 

Capacitors 
C1 470 pF 
02 2.2 mF/35V 
C3 10 pF/35V 
C4,5 0.1 mF 
C6 0.01 pF 
C7 6.8 pF 

Resistors 
R1 390 
R2 56/2W 
R3 1K 
R4,6 178 
R5 261 
R7 23.7/0.5W 
R8 50 ohm trimpot 
R9,11 51.1 
R10.12 110 

Diodes 
CR1 1N4001 rectifier 
CR2 HP 5082-0180 step recovery 
CR3 HP 5082-2810 hot carrier 
DS1 LED panel light 
VR1 2.4V/400mW zener 

Transistors 
Q1 P channel JFET (select for 

ldSs=3mA) 
Q2,4 2N3904 
Q3 TIP42A 

Integrated Circuits 
U1 3-terminal 5V regulator 

(used only for “mini” comb 
generator) 

U2 74LS74 
U3 75451 

Miscellaneous 
B1 6V/2.6AH battery (Yuasa 

NP2.6-6 sealed lead acid 
5.25”L X 2.375 "H x 1.25"W 

S1 SPOT power switch 
Y1 10 MHz crystal oscillator 
Z1 2.0' long 0.085" diameter 

semi-rigid coax (shorted 
at one end) 

BNC antenna connector 
Charger jack 1/8" miniature 
phone jack 
Charger - 12V/300 mA 
(International Components Corp. 
Model ICC-3-750-1015) 

Enclosure - Bud CU-247 Econobox 
7.375" x 4.6875"W x 2.25"H 

Table 1. Parts list for the comb generator. 

we assumed a constant antenna factor 
for each 50 MHz band. 
One other bit of information we may 

obtain from this data is the correlation 
between the chamber and the open site. 
Now I realize that there is still some debate 
regarding the practicality (or sense) in 
making such a comparison, but I will 
present the information just the same. 

Ideally, measurements made in an 
anechoic chamber and those made at 
an open area test site should agree 
closely. However, when you throw in 
variables, such as, the low frequency 
degradation of absorber, different meas¬ 
urement distances and cable layout 
variations of an actual product, these 
ideal assumptions begin to fail. Figures 

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 
HF AMPLIFIERS pt MOTOROLA BULLETINS 

Complete Part» Litt for HF Amplifier» Deacrlbad 
in the MOTOROLA Bulletins 

AN759 300W 91M.79 EB63 140W 9 1165 
AN742 140W I 93 25 EB27A 300W 1139 20 
AN779L 20W • »3.79 EB104 MOW 9449.15 
AN779H 20W 9 93 19 AR305 3MW 9393.52 
AR313 300W 9403.M 

100 WATT 420-450 MHz PUSH-PULL LINEAR 
AMPLIFIER - SSB-F1MTV 

KEB47-PK (Kit).. 9150 95 
KEB97-PCB (PC Board) . 9 19.00 
KEB97-I (Manual). 9 5.00 
Wa alio dock Hard—ta—Find parta 

NEW» 1K WATT 2-50 MHz Ampilftor 

2 METER VHF AMPLIFIERS 
35 Watt MaM 335A. I 79.95 Kit 
75 Watt Mo4«< 975A. 9119 95 Kit 
Available in kit or wired 

POWER SPLITTERS and COMBINERS 

CHIP CAPS —Kamat/ATC 
METALCLAO MICA CAPS- Un«ko/S.mc< 
RF POWER TRANSISTORS 
MINI-CIRCUIT MIXERS 

SBL-1 (1-S00M1). 
SBL-1X (10—lOMMi). 

ARCO TRIMMER CAPACITORS 

Communication 
Concepts Inc. 

508 Millston« Drive • Xenia, Ohio 45385 • (513) 426-8600 
FAX (513| 429-3811 

CCI 

9a and 9b show the vertical and horizon¬ 
tal correlation data between our cham¬ 
ber and open site at frequencies from 
30 to 1000 MHz. Below 100 MHz, the 
correlation drops off rapidly as would 
be expected for a chamber size of 16 w 
x 28 I x 14 h (in feet). There also appears 
to be a resonance just above 200 
MHz and, as somewhat of a surprise, 
a couple of broad deviations above 
700 MHz. We are currently investi¬ 
gating the cause of these last three 
deviations. On the average, though, 
the correlation is within ± 2 dB for the 
comb generator. The measurements 
made at the open site were taken at 10 
meters and I used a constant factor of 
10 dB for conversion to the 3 meter 
measurement distance. The coax cable 
loss versus frequency has been ac¬ 
counted for both sites. All this data is 
stored within a spreadsheet for ease in 
manipulation. 

Shielding Effectiveness of 
Enclosures 

In addition to assuring measurement 
system performance, we have found it 
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Patented QUALCOMM Noise 
Reduction Circuit actually 
reduces spurious noise. 

TWO DDSs in one package 
allow fully independent 
outputs or any phase/ 

frequency offset. 

Change frequencies in 0.007 
Hz increments (30 MHz 

clock). 

Built-in quadrature step 
control. 

Fast FSK and PSK modes 
included. 

At $35, the 02334 DDS is a 
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volume applications. 

QUALCOMM 02334 DDS + 
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Fine tune your phase 
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step resolution. 

MIL 883 screened DDS 
available. 

Notice there's no external 
ROM in this ad? Patented on-
chip algorithmic sine-lookup 
reduces board space and 

spurious noise. 

Industry standard 68-pin 
PLCC package. Other 
packages also available. 

20, 30, 50 MHz clock speeds. 
Your choice, all kept in stock. 

DDS BY QUALCOMM 
WHY COMPROMISE? 

At QUALCOMM, we believe 
compromise leads to mediocrity. 

That's why our family of Q2334 
Direct Digital Synthesizers (DDS) 
are full-custom designs. In fact, 
they are the world's first commer¬ 
cially available full-custom DDS. 

Full custom means we 
painstakingly placed each 
transistor and gate on silicon, 
instead of settling for a DDS 
design handcuffed to a silicon 
foundry's limitations. 
A QUALCOMM full-custom 

DDS means you needn't com¬ 
promise in performance, price 
or lead time. With a full-custom 
DDS, you can have more perfor¬ 
mance in less space (and with 
silicon, space is money). 
QUALCOMM has qualified its 
full-custom design with mul¬ 
tiple foundries, so there's no 
worry about sole source. 

After all, who would you 
rather have design your DDS? 
Someone else's foundry or 
QUALCOMM—the name be-

hind CDMA digital cellular 
telephone and OmniTracs*, the 
world's first and most success¬ 
ful two-way mobile satellite 
communications system. 

If you don't like to 
compromise, call or FAX us. 
We’re here to help. 
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10555 Sorrento Valley Road San Diego, CA 92121 USA 

TEL: 619-587-1121 x54O • FAX: 619-452-9096 
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possible to determine the total compos¬ 
ite shielding effectiveness of new prod¬ 
uct enclosures. The advantage in mak¬ 
ing early tests on prototype enclosures 
is in identifying weaknesses early in the 
development while it is still inexpensive 
to make modifications. We can also 
compare new enclosures to existing 
ones to understand the relative effec¬ 
tiveness of a new design. 

To determine the shielding effec¬ 
tiveness of an enclosure, the comb 
generator is installed inside the empty 
prototype and the system is measured 
as it would be for an ordinary product. 
Next, the generator is placed on the 
turntable by itself and its output remeas¬ 
ured. The difference (dB) is the system 
shielding effectiveness. Since this meas¬ 
urement is made at all azimuths, the 

10 dB Couplers 
20 dB Directivity 
7-18 GHz 

M/A-COM’s new 2020 series of broadband miniature 
couplers set the industry standard with improved directivity 
to 20 dB min. over the 7.0 to 18.0 GHz frequency band. 
Call today for immediate delivery. 

Part Number 2020-6621-10 2020-6625-10 2020-6629-10 

Frequency (GHz) 7.0 - 12.4 7.0 - 18.0 12.4 - 18.0 

Directivity 20 dB min. 20 dB min. 20 dB min. 

VSWR-Primary Line 
-Secondary Line 

1.30 max. 
1.35 max. 

1.35 max. 
1.40 max. 

1.35 max. 
1.40 max. 

Coupling 10 ± 1.0 dB 10 ± 1.0 dB 10 ± 1.0 dB 

Frequency Sensitivity ± .50 dB ± .75 dB ± .50 dB 

Insertion Loss .40 dB max. .50 dB max. .50 dB max. 

data should indicate the worst case and 
include such weaknesses as seams, 
holes, and other penetrations. Figure 
10 shows a sample plot of the shielding 
effectiveness of an Elamet-coated plas¬ 
tic enclosure (1). Note how the shielding 
effectiveness appears to drop off rapidly 
below about 80 MHz. Due to the small¬ 
sized loop antenna, emissions at low 
frequencies are very nearly in the noise 
level, especially when the antenna is 
further shielded inside an enclosure. 
This is simply lack of dynamic range in 
the measurement. The actual shielding 
effectiveness would remain in the range 
20 to 30 dB. 

Use of the miniature version of 
the generator allows the measurement 
of some of the smaller enclosures or 
plug-in modules. Note that the test 
may be performed using either an 
E-field (monopole) or H-field (loop) an¬ 
tenna. The loop antenna is usually 
used because it more closely approxi¬ 
mates the actual condition of currents 
running through traces on a circuit 
board. 

Summary 
We have attempted to demonstrate 

the utility of a simple harmonic comb 
generator for use in several EMC appli¬ 
cations. Hopefully the use of such a 
device will aid in achieving consistent, 
error free RFI measurements. In addi¬ 
tion, it may prove useful in making an 
early determination of enclosure shield¬ 
ing effectiveness. 
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Redesign awards 

A Linear Driftless VCO 
By Luis Cupido 
C&TC Corporation 

There are RF applications that still 
require analog controlled oscillators. For 
applications where feedback is not used 
in the oscillator control circuitry, linearity 
and low drift are highly desireable 
performance features. This article de¬ 
scribes a method of achieving a voltage¬ 
variable frequency without many of the 
problems associated with conventional 
VCOs. 

Most VCO designs with tight specifica¬ 
tions imply the use of stable me¬ 

chanics and temperature controlled or 
compensated design. The design pre¬ 
sented here is more a system than 
an oscillator, but used as a module, it 
acts like a VCO. Thus it has one voltage 
input and a signal output which has its 
frequency proportional to the input volt¬ 
age. No drift is observed compared with 
a free running VCO. 

An additional feature is that it needs no 
special devices or mechanics and wide 
temperature range is well supported with 
very little degradation of performance. 

Circuit Description 
Figure 1 is a diagram of the circuit 

described here. Basically, the circuit is 
a PLL system with an ordinary VCO. 
Additional digital circuitry produces a 
continuously variable reference (Figure 
2). 
A continuously variable reference is 

generated from 2 quartz crystal con¬ 
trolled oscillators with outputs that are 
multiplexed to generate a signal such 
that the mean frequency value is some¬ 
where between the frequency of the 2 
crystal oscillators. 

By selecting the multiplexing ratio of 
those two references, a third signal at 
the mean frequency between reference 
1 and reference 2 is obtained. The 
multiplexing circuitry is driven by a 
variable duty-cycle signal at the output 
of a comparator. The two comparator 
inputs are a reference signal with trian¬ 
gular waveform and the input voltage. 
This circuit generates an output pulse 
with the width a function of the input 
voltage. 

The VCO is controlled by a loop filter 
that takes the mean of the error signal at 
the output of the frequency detector. By de¬ 
sign we must assure that the loop filter 
is slow enough to extract the mean and 
produce a DC signal with no noise in it. 
The frequency detector must be one 

that produces a signal proportional to 
the frequency difference, while keeping 
within the active region of operation at 
any input frequencies. Therefore, the 
VCO is locked on the mean of the 
reference signal times the prescaling 
factor. 

Figure 3 is a complete block diagram 
of the circuit. 

Design Example 
Let’s take an example of application 

to make some design calculations: The 
substitution of a PLL with 50 kHz steps 
in the 900 to 990 MHz band with this 
concept, for a continuous manual tun¬ 
ing. Most of the decisions were made in 
order to get a circuit as compact as 
possible. 

Figure 1. Design example of a linear driftless VCO. 
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The VCO is a commercial one with 
no special specifications. It only has to 
cover the desired band and provide 
enough drive power for both the existent 
circuit and the prescaler. An ECL pres¬ 
caler with 1/256 factor is used to trans¬ 
late the frequency information to values 
that could be processed by conventional 
digital devices. So 900/256 = 3.515 MHz 
and 990/256 = 3.867 MHz are values 
that enable us to chose the upper and 
lower references. These were rounded 
to the nearest standard values 3.500 
MHz and 4.000 MHz. The actual mini¬ 
mum and maximum values now are 896 
MHz and 1024 MHz. 
A triangular waveform generator is 

implemented with 2 op amps in a 
common configuration. To avoid offset 
voltage introduced on the comparator, 
the op amp’s output is AC coupled. The 
level comparator is a FET input op amp 
and only the offset drift with temperature 
must be observed. The multiplexer is a 
conventional one implemented with 
CMOS analog switches. 
The frequency detector is a critical 

part of this circuit, and for this purpose 
a specific design is used. The frequency 
detector will produce as many VDD pulses 
as the cycles of input 1, and as many Vss 
pulses as the cycles of input 2. These 
pulses are used to charge a capacitor 
in an integrator that acts as a loop filter. 
The loop filter produces a DC signal, 

so it must be well filtered at the fre¬ 
quency of the pulses. Also, the multi¬ 
plexing frequency will appear at the 
output of the frequency detector as the 
result of the changing reference. There¬ 

fore, the lowest frequency to be filtered 
will be the multiplexing one, with the 
worst case at the middle of the tuning 
range where there is a 50 percent 
duty-cycle at the multiplexer. 

For this design a 10 kHz multiplexing 
signal was used. The needs for attenu¬ 
ation of 10 kHz are calculated from the 
maximum VCO deviation with noise, 
that is, the maximum degradation of 
oscillator phase-noise. 
The VCO needs from 2 to 6 volts to 

go from 900 to 990 MHz. If we admit a 
deviation with noise of 50 Hz on the 
VCO, then noise is at 125 dB below the 
tuning voltage range. For that, a 2nd 
order filter with a bandwidth of 8 Hz will 
assure enough attenuation of the multi¬ 
plexing signal. By practical optimization, 
an integrator with 200 ms time constant 
followed by a 100 ms RC network was 
used to reduce the 10 kHz side bands 
down to -70 dB. A complete circuit 
diagram of this implementation is shown 
in Figure 1. 

Design Considerations 
For different frequencies the design 

changes are straightforward. For speed¬ 
ing up the tuning time of this system 
several improvements might be done: 

• Increase the multiplexing rate that 
allows faster loop filters; 
• Increase the loop filter order, keeping 
the loop’s stability, allowing wider loop 
filter bandwidth, i.e., a faster loop filter. 
• With some degradation on the spec¬ 
tral purity of signal a full band tuning 
time of 20 ms is easily obtained. 
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Figure 3. Complete block diagram 
of a linear driftless VCO. 

Frequency Drift 
The maximum theoretical frequency 

drift of the system is the worst case of 
all drifts added in the same direction. 
These include the references' drift, plus 
the comparator DC offset, plus the 
amplitude change of the triangular sig¬ 
nal. Drift on the triangle wave genera¬ 
tor’s DC point doesn’t affect the per¬ 
formance because its output is AC 
coupled. 

For the example explained above, the 
drift (for a temperature variation from 
10C to 30C) would be around: 
Out of the loop drifts: 
• XTAL references ± 5 Hz is easily 
obtained 
• Comparator input offset of <100 |uV 
is found in conventional comparators 
• Frequency detector out drift (less than 
the drift on VDD ) <50 mV 
• Triangular wave amplitude variation 
<100 pV — for well regulated supply (5 
percent voltage drift) 

Inside the loop drifts: 
• Integrator input offset of <50 pV is 
found in conventional op amps VCO drift 
of 1 MHz is the data sheet specification 
of the used model. 
• The effect of components causing 
drifts inside the loop is divided by loop 
gain at DC. By the use of an integrator 
after the frequency detector, the effect 
of integrator offset of VCO offset is 
reduced to zero (or almost). (Loop gain 
at DC = infinite.) 

So the drift observed on the VCO of the 
above example will be: 

• Caused by the XTAL drift, 10 Hz X 256 
= 2.560 kHz 
• Caused by comparator uncertainty or 
drift 100 ̂ V; the input tuning is -5, +5 
V to approx. 100 MHz, sensitivity = 10 
MHz/volt so 10 X 106 X WO X 10 -6 = 1 
kHz. 
• Caused by VDD drift = 50 mV on the 
frequency comparator with pulses with 

less than 30 percent duty, and only VDD 
pulses are affected. The number of Vss 
pulses is equal to the number of VDD 
pulses. But also VD0/2, reference for the 
integrator will drift along. So 30 percent 
X 1/2 - 1/2 X 30 percent = 0 percent, 
then theoretically no drift with this cause 
will be observed. 
• Asymmetry on width of VDD pulses in 
relation with Vss pulses will cause drift 
of the VCO. Precise resistors and ca¬ 
pacitors will reduce this already small 
drift. 
• Amplitude variation on triangular wave 
<100 pV at -5 to 5 V for 100 MHz, 10 
MHz/volt, 10 X 106 X 100 X 10’6 = 1 kHz. 

Measured performance 
On an implementation with the above 

referenced specifications the following 
characteristics were measured: 

• Frequency drift (from 10C to 30C) = 
5.2 kHz. 
• Tuning speed = 5.5 ms/MHz. 
• Noise sidebands at 10 kHz =-70 dBc. 

The author welcomes any comments 
on this design, would appreciate hearing 
of the results of any tests with this 
concept. RF 
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RT expo_ 

The RF Expo West Technical Program 
The papers to be presented in Santa 

Clara represent a broad cross-section 
of RF engineering subjects, from tutori¬ 
als on basic components to descriptions 
of major RF systems. 

Tuesday, February 5 — 
8:30 to 11:30 a.m. 

SESSION A-1: RF DIODES 

The PIN Diode - A Tutorial 
Raymond W. Waugh and Jack H. 
Lepoff, Hewlett-Packard Company 
Under ideal conditions, the PIN diode acts 
as a current controlled variable RF resistor. 
However, there exist certain limitations re¬ 
lated to frequency and power. This paper 
covers the low and high frequency limitations 
of PIN diodes, power limitations, attenuator 
performance, and control parameters. 

The Schottky Diode Mixer - A Tutorial 
Jack H. Lepoff, Hewlett-Packard 
Company 
A major application of the Schottky diode is 
in frequency mixers. This tutorial paper 
covers basic mixer performance parameters, 
and describes how the characteristics of 
Schottky diodes affect mixer performance. 

PIN Diode Theory and its Design 
Tradeoffs 
Peter Sahjani, M-pulse Microwave 
A wide variety of PIN diodes are available, 
from a number of manufacturers. This paper 
discusses the four most important tradeoffs 
that must be considered when evaluating PIN 
diode specifications for a particular applica¬ 
tion. 

SESSION A-2: POWER AMPLIFIER 
PERFORMANCE 

High Power RF Calibration 
Daniel Hoshiko, Bird Electronic Corp. 
Accurate high power calibration is difficult to 
accomplish, requiring careful attention to the 
entire system. Comparisons between the use 
of attenuators and microwatt meters and high 
power RF calorimeters are discussed, with a 
focus on the intricacies of high power RF 
calorimetry. 

Synthesis of Test Signals for Linearity 
Measurement of High Power Amplifiers 
Gilles Brassard, SPAR Aerospace 
Limited 
This paper describes a flexible approach to 
the synthesis of complex test signals for the 
measurement of linearity of power amplifiers. 
Two-tone test theory is presented, and a 

practical approach for the synthesis of such 
signals is proposed, based on a computer¬ 
ized synthesis of signals reproduced with an 
arbitrary waveform generator. 

Very Low Phase Noise in a Pulsed 10 
kW L-Band Triode Power Amplifier 
Richard Ferranti, MIT Lincoln 
Laboratory 
In doppler radar, phase noise can mask weak 
target returns appearing near a large signal, 
such as ground clutter. This paper includes 
a description of phase noise and spurious 
tests performed on a triode power amplifier 
designed for the L-band Clutter Experiment. 

SESSION A-3: FREQUENCY 
SYNTHESIS 

Synthesizer Switching Time and 
Physical Mechanics 
Earl McCune, Jr., Digital RF Solutions 
Modern communications requirements have 
grown to where synthesizer switching time is 
often the limiting factor of performance in the 
system. This paper reviews the basic physics 
of motion, as they are related to the motion 
of frequency: switching time. 

Interference Problems in UHF 
Frequency Synthesizer 
Mikko Pesóla, Nokia Mobile Phones 
A clean signal with low sidebands and low 
residual modulation are important goals in 
synthesizer design. These can be affected 
by interference. This paper discusses inter¬ 
ference mechanisms and coupling paths, 
with special attention paid to sidebands in a 
synthesizer which uses a separate prescaler. 

Direct-Digital Waveform Generation 
Using Advanced Multi-Mode Digital 
Modulation 
Bar-Giora Goldberg, Sciteq 
Electronics 
This paper defines methods by which a 
direct-digital synthesizer (DDS) can provide 
precise all-digital manipulation of every char¬ 
acteristic and modality of the output signal. 
An architecture is presented that integrates 
these capabilities. 

SESSION A-4: ANALYTICAL 
TECHNIQUES 

Symbolic Circuit Analysis 
Jerry Bares, Bares Inc. 
A symbolic circuit analysis program, SCAN, 
for linear circuits in the DC to GHz range is 
described. SCAN can calculate all common 
circuit functions, two-port parameters and 
equivalent noise sources for circuits de¬ 
scribed by SPICE-like files. 

Modeling and Simulation of 
Multicoupled Microstrip Lines in High 
Speed Integrated Circuits 
Wei-Xu Huang and Qui Zhang, 
Compact Software 
The continued introduction of high speed, 
high density solid state devices and the rapid 
growth in RF design technique have together 
created a need for accurate interconnection 
simulation. This paper reports on a CAD tool 
to simulate the nonlinear lossy multi-coupled 
microstrip lines, using a field based, compu¬ 
tation-efficient model. 

Tuesday, February 5 — 
1:30 to 4:30 p.m. 

SESSION B-1: RF SYSTEM 
PERFORMANCE 

The Testing of a Communications 
Satellite Repeater 
Neal C. Silence, Microwave 
Engineering Consultant 
The testing of a typical communications 
satellite repeater is described. The system 
description, typical performance standards, 
test sequence, measurement setup and test 
software configuration are presented. Cur¬ 
rent trends, particularly cost reduction are 
also covered. 

Interoperability Testing of 
FED-STD-1045 HF Radios 
Paul C. Smith, David R. Wortendyke, 
Christopher Redding, U.S. 
Department of Commerce, NTIA 
The testing program described in this paper 
was established to evaluate system perform¬ 
ance and assess the degree of interoperabil¬ 
ity among adaptive HF radio systems used 
by Federal agencies. 

Generalized Modulation Mathematics 
Applied to RF/Microwave System 
Simulation 
John Baprawski, EEsof, Inc. 
To simulate a system with a complex modu¬ 
lated carrier, the frequency-domain and time¬ 
domain characteristics should be observable 
at various points of interest within the system, 
as well as at the output. Describing signals 
in the l-Q domain offers a mathematical 
convenience for analytically simulating a 
modulated carrier. 

SESSION B-2: RF APPLICATIONS 

Embedded Microcontroller 
Techniques Applied to an RF 
Subsystem 
Edwin Tucker, FEI Microwave 
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An embedded microcontroller system for use 
in a UHF to Ku-band upconverter is de¬ 
scribed. Highlighted is the use of Field 
Programmable Gate Arrays (FPGA) to pro¬ 
vide flexibility in input/output and miscellane¬ 
ous logic functions. Control functions, inter¬ 
face methods, and reconfigurability are dis¬ 
cussed. 

2.45 GHz Microwave Dissolution 
System 
Ian Dilworth, University of Essex 
This paper describes, in tutorial fashion, 
the development of a 2.45 GHz microwave 
heater which is to be used in a hostile 
environment. 

JPL’s NUSCAT Scatterometer: A Tool 
to Measure Winds at Sea 
Jon T. Adams, Jet Propulsion 
Laboratory 
NUSCAT is an airborne 14 GHz research 
radar which seeks to more accurately define 
the relationship between ocean surface re¬ 
flectivity and surface wind speed. This paper 
describes the development of the system. 

SESSION B-3: POWER AMPLIFIER 
DESIGN 

Solid State Power Amplifier 
Technology for V-Band (60 GHz) 
Joseph A. Mancini, Rome Air 
Development Center 
Three-terminal (transistor) solid state technol¬ 
ogy is reaching a level of development where 
alternatives to traveling wave tubes and 
IMPATT diode based amplifiers exist for 
power amplification at V-band. Current devel¬ 
opment at RADC in the planning and sponsor¬ 
ing of a 5 watt, 60 GHz solid state amplifier 
for MILSATCOM space crosslinks is de¬ 
scribed. 

A Rapid Deployment Prototype Solid 
State Kilowatt Linear Amplifier for 2 
to 50 MHz Using MRF-154S 
Joel Paladino, JPal Consulting 
Design and construction considerations are 
presented for a 1000-watt output power 
amplifier using two Motorola MRF-154 600-
watt power transistors. Problem areas arising 
from high power in a small space are the 
primary focus of this practical presentation. 

Class-E Power Amplifier Output 
Power, Collector Efficiency, and 
Output Impedance vs. Parasitic 
Resistances, Transistor Switching 
Times, and Network Loaded Q 
Nathan Sokal, Laszlo Drimusz, Istvan 
Novak, Design Automation, Inc. 
Design equations are presented to calculate 
the output power, efficiency and output 
impedance of nominally tuned Class-E ampli¬ 
fiers, including the effects of parasitic-loss 
resistances, transistor switching times, and 
network loaded Q. 

SESSION B-4: MICROWAVE 
APPLICATIONS 

X-Band 16-Way Radial Power Divider/ 
Combiner for High Power SSPA 
Application 
V. Subrahmanya, V.K. Lakshmeesha, 
V. Sambasiva Rao, S. Pal, ISRO 
Satellite Centre 
Developmental efforts to replace TWTAs with 
solid state power amplifiers require high 
power combiners. This paper describes de¬ 
sign, construction and performance of an 8.3 
GHz 16-way divider/combiner using a radial 
structure. 

Design of Microwave Switching 
Systems for Automated Test 
Bob Rennard, Hewlett-Packard 
Company 
Efficient testing of RF and microwave sys¬ 
tems usually means automation, and the 
routing of signals to and from test equipment 
and devices under test. The test set design 
process is discussed, including matrix architec¬ 
tures, components, and critical performance 
parameters. 

Effects of the Magnetic Polarization 
on Microwave Components in 
Microstrip Configuration on Ferrite 
Substrate 
George Sajin, Research Institute for 
Electronic Components 
This paper describes some effects caused 
by the magnetic polarization of the ferrite 
substrate on microwave components in mi¬ 
crostrip, including antennas, directional cou¬ 
plers and filters. 

Wednesday, February 6 — 
8:30 to 11:30 a.m. 

SESSION C-1: GaAs MMIC RF 
APPLICATIONS 

RF Design 

The session covers the use of GaAs MMICs 
in RF systems operating below 3 GHz. 
Several short papers address the following 
topics: 

GaAs MMICs for Commercial and 
Consumer Electronics 
Pang Ho, Pacific Monolithics 

High Frequency GaAs MMIC Power 
Amplifier for Cellular Telephone 
Applications 
Tom Holden, Pacific Monolithics 

Low Frequency GaAs MMIC Multiplier 
Rob Benton, Pacific Monolithics 

GaAs MMIC Insertion in Subsystems 
Below 3 GHz 
Greg Horvath, Fazal AH and Rob 
Benton, Pacific Monolithics 

RF Circuit Applications of GaAs 
Heterojunction Bipolar Power 
Transistor (HBT) 
Mike Kim, TRW, and Fazal Ali, Pacific 
Monolithics 

SESSION C-2: ENGINEERING 
PRODUCTIVITY 

Electronics Alternatives to 
Photocopied Notebooks 
Lon V. Cecil, RF Monolithics 
An overview is presented of current programs 
and techniques for documenting the ideas, 
tests, configurations, and results of engineer¬ 
ing projects. Low cost methods of automating 
data acquisition and recording are also 
presented, as well as integration of data into 
word processing and publishing programs. 

Improving Productivity with Design 
Tools 
Bob Rennard, Hewlett-Packard 
Company 

RYSTAL FILTERS 
• MONOLITHIC • DISCRETE • 

TEMEX ELECTRONICS 
L/C Filters and Crystals. 

s a manufacturer of Crystal Filters, Discriminators, 
TEMEX designs to custom specifications as well 

as the 10.7 MHz and 21.4 MHz standards. We take pride in fast response and 
the support of our customers. • PHONE • FAX • MAIL • 

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

(Tel) 602-842-0159 (Fax) 602-939-6830 
INFO/CARD 50 
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Technologies are maturing, nearly everyone 
can work in silicon, and more firms can make 
effective use of GaAs. Foundries bring these 
capabilities to everyone. With competitive forces 
increasing due to decreased military spend¬ 
ing and growing consumer demands, maxi¬ 
mum efficiency in product development and 
manufacturing is more important that ever. 

The Use of Silicone Electrically 
Conductive Film Adhesives 
Harold Sexson, Silicone Rubber 
Specialties Div., Arion, Inc. 
This paper covers mechanical, electrical and 
thermal properties of silicone-based conduc¬ 
tive adhesives, as well as practical considera¬ 
tions for their application. 

SESSION C-3: TEST SYSTEMS 

Using VXIBus Based Products for RF 
Test Systems 
Malcolm Levy, Racal-Dana 
Instruments 
New ATE standards such as the VXIbus are 
ideal for RF test systems, as they allow 
measurement devices, switches, and inter¬ 
faces to be contained in one compact unit. 

Radiated Emissions Test 
Performance of the GHz TEM Cell 
John D.M. Osburn, The 
Electro-Mechanics Company (EMCO) 
The GHZ TEM Cell offers potential for 
lower-cost testing of both radiated emissions 
and EMI susceptibility. This paper presents 
a quantified comparison with Open Area Test 
Site (OATS) measurements. 

Measuring Power With a Vector 
Network Analyzer 
Joel Dunsmore, Hewlett-Packard 
Company 
In characterizing many RF components, 
accurate measurements of output power, as 
well as match and gain, are required. Vector 
network analyzers provide high-speed gain 
and match information, and with the tech¬ 

nique described in this paper, the power 
accuracy of a precision power meter can be 
transferred to the VNA receiver. 

SESSION C-4: RECEIVER DESIGN 

Receiver Techniques for Spread 
Spectrum Systems 
F.J. Pergal, Communications 
Systems Engineering 
Commercial use of spread spectrum opens 
up many new product possibilities. The paper 
covers system considerations for the design 
of spread spectrum systems. 

LNA Design Techniques for GPS 
Applications 
Al Ward, Avantek 
This paper discusses the various technolo¬ 
gies available for use in GPS receiver low 
noise amplifier applications. Both MMIC and 
discrete transistor approaches are consid¬ 
ered. General design techniques, simulations 
and test results for silicon and GaAs FET 
amplifiers, and an examination of design 
tradeoffs are included. 

Advances in Logarithmic Amplifiers 
Peter E. Chadwick, Plessey 
Semiconductors Ltd. 
A review of applications for logarithmic 
amplifiers is presented, along with data on 
current developments in logarithmic amplifier 
products. 

Wednesday, February 6 — 
1:30 to 4:30 p.m. 

SESSION D-1 : TRANSMISSION 
COMPONENTS 

Flexible Construction Delay Lines 
Mark Brooks, Thin Film Technology 
Corp. 
This paper describes the design and fabrica¬ 
tion of delay lines on a flexible dielectric 
substrate of FEP (Fluorinated Ethylene Pro-

SINGLE LAYER CHIP CAPACITORS 
• Hi-Rel Applications • Hi-Quality Applications • Commercial Applications 

Type B 
250V 

• Safety Margin around top 
• Top TIW/Au 

Bottom: TiW/Pt/Au 

• Safety Margin around top & bottom 

• Top: TiW/Au 
Bottom: TiW/Au 

• Soldcrable 
• Top: TiW/Pt/Au 

Bottom: TiW/Pt/Au 

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

pylene), with the intent of creating a fast 
rise-time with up to 10 ns delay. 

Flexible Construction Delay Lines: 
Performance and Reliability 
Mark Brooks, Thin Film Technology 
Corp. 
Delay line components are needed for critical 
timing adjustment in many digital and analog 
applications. Fast rise time, low EMI/RFI, and 
temperature-stable performance are needed. 
This paper reports on a patent-pending 
design using flexible-construction, focusing 
on electrical performance and reliability. 

A Modular Design Approach for Hybrid 
Digital Programmable Attenuators 
Joseph Mazzochette, EMC Technology, 
Inc. 
This paper will describe the design and 
implementation of modular digital program¬ 
mable attenuator (DPA), with data demon¬ 
strating its performance. Tutorial information 
on the installation and operation of the DPA 
and several signal processing applications 
are also included. 

SESSION D-2: POWER 
TRANSISTORS 

Determination of M.T.F. for 
Microwave Transistors 
J.M. Lemenager & M. Etienne, Philips 
Components 
The results of a long-term study on the failure 
mechanisms in RF power transistors are 
presented, covering the various types of 
failure modes, and their causes. 

RF Power Device Impedances: 
Practical Considerations 
Alan Wood, Bob Davidson, Motorola, 
Inc. 
The definition of large signal series equiva¬ 
lent input and output impedances for RF 
power transistors is explained, along with 
techniques for measuring these parameters. 
How these parameters change under varying 
load and bias conditions is examined, and the 
impact of these variations is demonstrated 
in a broadband test fixture. 

Design and Performance of a 
Broad-band, High-voltage, UHF Power 
Static Induction Transistor Amplifier 
M. Abdollahian, R. Regan, R. Gage, 
E. Bulat, GTE Laboratories 
This paper describes the design and perform¬ 
ance of a 100-watt static induction transistor 
amplifier that operates over the 470-860 MHz 
band (TV bands IV and V) with 6 dB gain and 
nearly 50 percent drain efficiency. 

SESSION D-3: OSCILLATORS 

A Quantitative Comparison of VHFZ 
UHF Signal Sources Using Overtone 
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AT and SC Cut Quartz Crystal Oscillators 
Ian Dilworth, University of Essex 
There are many applications requiring stable 
signal sources in the 100 MHz - 1.5 GHz 
region. The aim of this paper is to critically 
compare and contrast oscillators and their 
multiplier chains using AT-cut overtone crys¬ 
tals, and recently available SC-cut crystals. 

Simulation and Modeling Techniques 
Applied to an Optimum 18.5 GHz DRO 
Design 
Murat Eron and Jason Gerber, 
Compact Software, Inc. 
A design procedure is described for a 
Ku-band DRO, starting with a commercial 
packaged device, parameter extraction, mod¬ 
eling and optimization of the circuit design. 
Results are compared with the operation of 
the oscillator as it is built. 

Specifying Local Oscillator Phase 
Noise Performance -How Good is 
Good Enough? 
Rob Gilmore and Richard Kornfeld, 
QUALCOMM 
Definitive criteria are presented for specifying 
local oscillator phase noise performance for 
use in communications systems. In the 
absence of such criteria, many oscillators 
tend to be under- or over-specified. Emphasis 
is on digital modulation, but analog systems 
are also considered. 

SESSION D-4: DIGITAL 
MODULATION 

Performance of a n/4-DQPSK Signal 
in a Direct Conversion Receiver 
K. Anvari, M. Kaube, D. Woo, NovAtel 
Communications Ltd. 
This paper describes a time and frequency 
domain simulation package which augments 
analytical modeling and hardware simulation 
activities, providing a flexible and useful tool 
for isolating sources of channel impairments, 
evaluating tradeoffs, and making overall 
performance predictions. 

MSK Generation by Using ILO 
Techniques and its Limitations 
S. Myrillas, Northern Telecom 
Direct baseband to microwave Minimum Shift 
Keying (MSK) generation offers considerable 
simplicity. The feasibility of such a system 
has been investigated through development 
of a 4 Mbits/sec experimental system where 
injection locking techniques were applied to 
the VCO to improve frequency stability. 

QPSK Modulator in Thick Film 
at X-Band 
V. Sambasiva Rao, D.V. Ramana, A. 
Bhaskaranarayana, S. Pal, ISRO 
Satellite Centre 
A QPSK modulator transmitting two 50 MBPS 
data streams on an X-band carrier is re¬ 
ported. Used for a remote sensing satellite, 

Amateur Radio Reception Planned for Santa Clara 
Wednesday evening, from 6:00 to 

7:30 p.m., a social reception for ama¬ 
teur radio operators will be held. The 
first ham radio gathering last year in 
Anaheim, and another this past Novem¬ 
ber at RF Expo East in Orlando proved 
extremely successful and much fun. 

If you are a ham radio operator, or 

if you just like the kind of comaraderie 
that takes place among hams, plan to 
attend. Bring a QSL card to post on the 
bulletin board. 

Food and drink, plus some very nice 
door prizes are provided by the event 
sponsors, which include over a dozen 
RF Expo West exhibiting companies. 

RF Design 

the modulator is implemented with two bi¬ 
phase modulators on an alumina substrate 
with a microstripline configuration. 

Thursday, February 7 — 
8:30 to 11:30 a.m. 

SESSION E-1: COMPONENT 
APPLICATIONS 

A Low Distortion PIN Diode Switch 
Using Surface Mount Devices 
Raymond W. Waugh, Hewlett-Packard 
One of the practical applications of 

surface-mounted PIN diodes is in low cost 
RF switches. A low distortion SPDT switch is 
described, using a new type of PIN diode 
designed specifically for low distortion appli¬ 
cations. 

Computer Aided Design of Step 
Recovery Diode Comb Generators 
Martin P. Wilson, Ferranti International 
This paper describes the performance of Step 
Recovery Diodes used as frequency comb 
generators. A model is produced and a com¬ 
puter simulation derives the circuit behavior. 
The resulting phase noise performance is 
analyzed and it is shown how the performance 
of such comb generators can be chaotic. 

Breadboarding Circuits for 
Manufacturability in the 600 MHz to 2 
GHz Range 
John Horvath, Minaret Radio 
Practical circuits are presented which accom¬ 
plish low cost UHF receivers, oscillators, and 
other circuits using low cost integrated cir¬ 
cuits and MMICs. 

SESSION E-2: MOBILE RADIO 
SYSTEMS 

Surface Acoustic Wave Filters With 
Low Insertion Loss for Use in Mobile 
Communication 
Christian Kappacher, Halvor Skeie, 
Don Allen, Crystal Technology 
This paper covers recent developments in 
low loss SAW filters, with an example of a 
74 MHz filter with 350 kHz bandwidth and 7 
dB insertion loss. 

Digital Cellular Modulation and its 
Measurement 

Dave Whipple, Hewlett-Packard 
There are a number of driving forces in 
Europe and North America that are causing 
a shift to digital modulation for cellular radio 
telephone systems. This paper discusses the 
pertinent forms of digital modulation and the 
methods required for modulation, demodula¬ 
tion, and measurement of deviations from 
ideal modulation in operational systems. 

Low Loss Highly Selective Active RF 
Tracking Filters for Mobile 
Communications Systems 
Masood Ghadaksaz, GTE laboratories 
This paper describes an approach in which 
the dissipation losses of the varactor diode 
and other components can be compensated 
for using an active element. Several experi¬ 
mental active varactor tuned filters for mobile 
communications bands are presented. 

SESSION E-3: FILTER DESIGN 

Capabilities and Applications of SAW 
Coupled-Resonator Filters 
Allan Coon, RF Monolithics, Inc. 
Two issues currently inhibit the effective use 
of this technology: 1) Lack of awareness by 
the design community of current capabilities, 
and 2) Systems originally designed for conven¬ 
tional filtering technologies may not achieve 
optimum cost and performance because 
SAW CR filters were not considered in the 
initial system design. 

Linear Phase High Pass Digital Filter 
Using the Matched Delay Subtractive 
Approach 
Somnath Mukherjee, Applied 
Microwave Corp. 
This paper shows that a matched delay 
subtractive (MDS) approach can be adapted 
elegantly to digital filters as well as analog 
filters, and discusses design considerations 
for linear phase filters. 

A Different Technique for Tuning 
Microwave Filters 
Robert M. Livingston, Rockwell 
International 
A simple technique is described for tuning 
bandpass filters with narrow pass bands, ten 
percent or less. The technique involves 
precisely setting the frequencies of very 
narrow notches in the filter return loss 
characteristic while it is being tuned. RF 
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AT LAST, 
ALL TOGETHER, IN ONE HANDY VOLUME 
THE BEST ARTICLES FROM RF DESIGN, 
ON OSCILLATOR DESIGN. 

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

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

And, best yet, if we receive your order by November 1st, 
you will receive this softbound booklet for as little as 
$10.95 per copy. . a savings of up to 37%. But you 
must order today. . .quantities are limited. (In a rush? Call our “circulation” department at 
303/220-0600, and order today.) 

PRICING: 
Quantity 1-9 @ $14.95 each, plus $3.50 total shipping*. 
Quantity 10-49 @ $12.95 each, plus $7.00 total shipping*. 
Quantity 50-UP @ $10.95 each, plus $12.00 total shipping*. 
•NON U.S. ORDERS, PLEASE DOUBLE SHIPPING CHARGE. ALL ORDERS SHIPPED SURFACE MAIL. 

- COUPON - COUPON -

RFD 191 

YES, SHIP ME (QTY) _ OSCILLATOR BOOKLETS TODAY @ $_ EACH 
PLUS $_ SHIPPING/HANDLING, TOTAL ENCLOSED S_ 

( ) BILL MY COMPANY, SIGNED COMPANY PURCHASE ORDER ENCLOSED. 
( ) CHECK ENCLOSED PAYABLE TO RF DESIGN 
( ) MC ( ) VISA ( ) AMEX EXP. DATE _ 

CARD #_ SIGNATURE __ 

SHIP TO: 

NAME_ _ COMPANY_ 

ADDRESS _ __ _ MS _ 
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MAIL ORDERS TO: 
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CUSTOM LC FILTERS 
in standard, 
subminiature and 
surface mount 
packages from 
DC to 1.3 GHz 

CHESTERFIELD PRODUCTS. INC. manufactures a 
broadline of custom filter products: 

• BAND PASS 
• HIGH PASS 
• LOW PASS 
• BAND STOP 
• ROOFING 
• C- NOTCH 

CHESTERFIELD 
filter designs: 

• Butterworth < 
• Bessel < 
• Legendre 1

JUNCTION 
ANTI-ALIAS 
CRYSTAL 
C-MESSAGE 
IF 
SINX/X 

AMPLITUDE 
EQUALIZED 
DELAY 
EQUALIZED 
DIPLEXERS 

has a large inventory of custom 

Chebyshev • Elliptic 
Linear phase • Gaussian 
Inverted Chebyshev 

for a wide variety of commercial and military 
applications. 

CHESTERFIELD can accommodate 15th order 
requirements: balanced or unbalanced versions; phase 
and amplitude matching; constant group delay; phase 
linearity: noise bandwidth; VSWR and return loss 
specifications. 

CHESTERFIELD is qualified to MIL-F-18327 and 
will insure compliance with MIL-I-45208 when 
applicable. We are expert in the interpretation and 
application of MIL STD's and specifications. 

CHESTERFIELD process controls require one 
hundred percent inspection and testing exceeding 
industry standards. Sampling, in accordance with 
MIL-STD-105, can be accommodated. 

CHESTERFIELD uses state of the art design soft¬ 
ware and computer equipment to achieve optimal 
filter analysis and design. 

CHESTERFIELD is equipped with the most 
modern RF signal test equipment available. All 
instruments are calibrated in accordance with, and 
certified to MIL-STD-45662 thus ensuring accuracy, 
reliability and verification. 
For further information, call or write 

CHESTERFIELD can supply standard or customized test data 
formats and all products are certifiable and warranteed. Plotted 
data is available upon request. 

CHESTERFIELD is geared to your special engineering needs as 
well as quick action réponse. 
Since 1969, the leader in LC filters with 

OFF-THE-SHELF AVAILABILITY 

MO] Chesterfield 
Products/inc. 

37 Midland Avenue, 
Elmwood Park, NJ 07407 

Telephone: 201/797-9655 
Fax: 201/797-9504 
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RF software 

A Plotter Subroutine for 
BASIC Programs 
By Bert K. Erickson 
General Electric 

When a computer program has a parameter that must be 
modified several times to search for an acceptable result, the 
print statements will provide long lists of comparative data. 
However, in the process of searching for the final result, the 
user must look at line after line of large numbers which is not 
always appreciated. For these intermediate runs, a graphical 
display would be convenient even though it has limited 
accuracy. 

The program described here was used to observe Fast Fourier 
Transform spectral data which can vary considerably as the 

input parameters are modified. However, the same program 
can be used to display continuous functions. The program is 
quite short and can be added to any main program as a 
subroutine. The only requirements are that the main program 
and the subroutine use the same array and input statement to 
designate the number of data points. If the amplitude can be 
arranged to have a value between ± 999 then the vertical axis 
will be scaled between the minimum and maximum values and the 
horizontal axis will designate subscript numbers for the columns. 
The subroutine has default values for a small screen that 

has an 80 by 25 text format. After numbers are printed on the 
scales, 75 columns are left for data points and the amplitude 
is divided into 22 rows. Although it would be impressive to use 

a graphics card and draw lines between coordinate points, the 
problem of printing numbers for the scale can become 
complicated. In this subroutine a character in an 8 by 8 matrix 
was used to represent a point to keep the program very simple. 
The program listed has a check solution for the raised cosine 
waveform shown in Figure 1. Use N=74 to display 75 points 
and use Shift PrtSc for a printed copy. Press Return if you wish 
to exit the program. To expand the section near the origin, 
change the D$ print default from “»**•” to "».*»” and use 
N=5 to get the plot shown in Figure 2. To use the program as 
a subroutine, delete the first line. If you have a monitor with a 
large screen, change the column and row defaults to display 
more data points. 

This program is available on disk from the RF Design 
Software Service. See page 8 for ordering information. Ri' 

About the Author 
Bert Erickson is a senior engineer with the Government 

Electronic Systems Department of General Electric. He 
received his BSEE from the University of Wisconsin and his 
MSEE from Union College. He can be reached at the 
General Electric Co., CSP 5-H4, Syracuse, NY 13221. Tel: 
(315) 456-7741. 

Figure 1. Plotted points for a raised cosine waveform. 

10 DIM A(80):GOSUB 400:GOSUB 30:END 
20 'PGM PLOTS SEQUENTIAL DATA 
30 D$="####":MX=-1000000! :MN=1000000! :CLS 
40 PRINT"SCREEN COLUMN DEFAULT M = 80":M=80 
50 PRINT"SCREEN ROW DEFAULT R = 22":R=22 
60 PRINT"PRINT USING DEFAULT D$ - ";D$ 
70 INPUT"NUMBER OF DATA POINTS, N = ",N 
80 K=INT( (M-6J/N-1) :T$=SPACE$ (K) 
90 FOR J=0 TO N 
100 IF A(J)=>MX THEN MX=A(J) 
110 IF A(J)=<MN THEN MN=A(J) 
120 NEXT J 
130 L= (MX-MN) /(R-l) :Q=MX:CLS 
140 FOR 1=0 TO R-l 
150 Q=MX-L*I: PRINT USING D$ ;Q; : PRINT" |"; 
160 FOR J=O TO N 
170 IF ((K+l) *J+5) >M THEN 250 
180 IF A(J) => (Q-L/2) AND A(J) =< (Q+L/2) THEN 220 
190 IF J=0 THEN PRINT"."; 
200 IF J>0 THEN PRINT T$ ;"."; 
210 GOTO 240 
220 IF J=0 THEN PRINT"0" ; 
230 IF J>0 THEN PRINT T$;"O"; 
240 NEXT J 
250 PRINT:NEXT I 
260 PRINT" ";:FOR J=0 TO (K+l) *N+1 : PRINT"-" ; 
270 NEXT J 
280 PRINT :P= (K+l) *N+5:IF P>M-2 THEN P=M-2 
290 M$=STR$ (N) :IF K>0 THEN 310 
300 PRINT" 01";TAB(P) ;M$;:GOTO 340 
310 Q$=SPACE$ (K-l) : IF N=1 THEN 330 
320 PRINT" 0" ;QS;1;TAB(P) ;M$; :G0T0 340 
330 PRINT" 0";TAB(P+l) ;M$; 
340 INPUT" ", Z$ : RETURN 
400 CLS :PRINT"WAIT" :X=2*3 .14159/75 
410 FOR J=0 TO 75 : A(J) =10 .5* (1-COS (J*X) ) 
420 NEXT J : RETURN 

Figure 2. Expansion of section near the origin. Figure 3. Subroutine program. 
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RFproduct report 

EMC Test Laboratories: Gearing Up 
for a Busy Future 
By Charles Howshar and Liane Pomfret, 
Assistant Editors 

As electronic designs shrink and the 
number of products requiring com¬ 

pliance certification increases, better 
solutions to electromagnetic interfer¬ 
ence are needed. As a result, the use 
of EMC test laboratories is growing. 
Adding to the complexity created by 
these new designs is the impending 
release of the European Community 
1992 standards (EC92). 

“Five years ago, hardly any compa¬ 
nies knew much about EMC. Since then, 
we have seen more and more designing 
for EMC being incorporated in the initial 
stages of a design,” comments Finbarr 
O’Connor, EMC Manager for R & B 
Enterprises. “This makes our job of 
testing much easier,” he adds. Even so, 
the number of designs requiring higher 
frequencies and lower power is growing, 
and these designs have a greater sus¬ 
ceptibility to EMI. As a result, the 
problems that manufacturers have to 
solve are becoming more complex and 
the need for EMC test labs is even 
greater. “There has been an increase 
in the number of commercial products 
being tested,” O’Connor states. 

EC92 Specifications 
“People are starting to look at sus¬ 

ceptibility more since EC92 is coming,” 
observes Tom Cokenias, Vice President 
of Engineering for Electro-Service Cor¬ 
poration. The European Community 
1992 standards effort has brought quite 
a bit of attention to the EMC testing 
market. Most people feel that EC92 will 
bring more business to EMC test labs, 
but there still may be difficulties. A major 
concern is that American EMC test labs 
do not have a governing body set up to 
get EC92 approval for their testing 
methods. “EC92 can be a total disaster 
for independent labs because there is 
no way for U.S. labs to become notified 
labs (term for accredited labs in 
Europe),” states Walter Poggi, Presi¬ 
dent of Retlif, Inc. There have not been 
many specifications released about 
EC92, and those that have been printed 
are vague or difficult to obtain. This may 
cause difficulties for companies who 

Many EMC labs have recently expanded their facilities, such as this at ACME 
Testing. 

want to test for the European market. 
“There are rumors that Europe won’t 
take our test results because we aren’t 
accredited with their system,” com¬ 
ments Cedric Brownfield, EMC Special¬ 
ist for Norand EMC Test Lab. American 
and European specifications are not 
written using the same references. Conse¬ 
quently, differences will cause head¬ 
aches for American test labs trying to 
do EMC testing for the European mar¬ 
ket. A logical solution for this problem 
would be the development of a national 
EMC test lab accreditation agency spe¬ 
cifically for EC92 procedures. The Na¬ 
tional Voluntary Laboratory Accredita¬ 
tion Program (NVLAP) has many interna¬ 
tional standards, and is the body most 
qualified to set up the accreditation. As 
Mike Howard, President of Liberty Labs, 
notes, “A lot of mechanisms in NVLAP 
have been in place for 3 to 4 years and 
companies are going to NVLAP for 
accreditation.” 
The trend towards lab accreditation 

in the United States is increasing. 
Although accreditation is not required 
at present, it will be a critical factor in the 
future. Many test labs feel that accredita¬ 
tion gives the manufacturers confidence 
in the lab. “Five to eight years from now 
accreditation will be a requirement; it is 
very important,” comments Norand’s 
Brownfield. Steve Dininsky, Project En¬ 
gineer for Detroit Testing Labs, adds, 
“NVLAP certification is becoming a de 

facto standard. There are more compa¬ 
nies coming under the requirements for 
EMC testing.” Dennis Hennigan, EMI 
Tempest Engineering Specialist for 
Chomerics agrees but feels that things 
are moving slowly, “The Navy is push¬ 
ing for accreditation of labs, but only 
about a dozen are certified at present.” 

While test labs are falling in line under 
EMC test standards, the FCC and other 
governing bodies are rewriting specifi¬ 
cations for many tests in order to keep 
up with the advances in EMC technology 
and test equipment, and results are 
becoming apparent. “Since the FCC 
rewrite of Part 15 we have seen quite a 
few products with spread spectrum 
applications,” comments Electro-Serv¬ 
ice's Cokenias. 

With the changes occurring in the 
EMC testing arena, EMC test labs are 
gearing up for a busy future, and the 
prospect of Europe’s 1992 standards is 
causing many companies to rethink their 
market plans. With the increased usage 
of electronic equipment in our society, 
the required compatibility testing has 
become a growth industry. Further, the 
trend toward condensing electronics 
does not offer the luxury of space for 
insulating EMI susceptible electronics 
from those circuits that emit electromag¬ 
netic radiation. So design and testing for 
EMC at the earliest stages of develop¬ 
ment are critical to proper operation of 
electronic devices. RF 
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RF literature 
Components and Instruments 

Loral Microwave-Narda has released cata¬ 
log #26, which details their full line of 
products including 25 new items. Products 
described include amplifiers, power dividers 
and hybrids, adapters, attenuators, power 
meters, and other components and instru¬ 
ments for the radio frequency industry. 
Loral Microwave-Narda 
INFO/CARD #230 

Software Catalog 
Eagleware has released a catalog detailing 

their line of RF applicable products. The 
most recent addition to the product line is 
Super-Star Professional Extension, a circuit 
simulation, tuning, and optimizing tool that 
includes Monte Carlo analysis, user models, 
and microwave line models. 
Eagleware 
INFO/CARD #229 

Coil Design Manual 
Goguen Industries has introduced their 

coil designer’s manual which includes draw¬ 
ings, calculations, and ordering forms for 
customer-specified coils, chokes, toroids that 
Goguen Industries manufactures. 
Goguen Industries, Inc. 
INFO/CARD #228 

Measuring Equipment 
Rohde & Schwarz has released a catalog 

detailing their lines of test and measurement 
equipment. Measuring Equipment 90/91 in¬ 
cludes descriptions of signal generators, 
analyzers, EMI testers, network analyzers, 
power meters, and many other products. 
Rohde & Schwarz 
INFO/CARD #227 

Attenuator Calibration 
Application Note 

'Fast, Accurate Calibration of General 
Purpose Microwave Attenuators” has been 
produced by Wavetek Microwave. The note 
explains how to achieve calibration lab 
accuracy with the 8003-ACS series Attenu¬ 
ator Calibration Systems. Good measurement 
practices and various nomographs are also 
included to help determine the worst case 
measurement uncertainty. 
Wavetek Microwave, Inc. 
INFO/CARD #226 

Inductors Catalog 
A catalog containing inductors with values 

ranging from 0.01 pH through 500,000 pH has 
been released by J. W. Miller Division of Bell 
Industries. The catalog covers an extensive 

Take the Mystery out of Digital Signal Processing and put your knowledge to 
work immediately! 

San Jose Hilton Head 

' By taking this 
3-day workshop you will really learn 
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range of high current filter chokes and coils, 
and epoxy conformal coated inductors. 
J. W. Miller Division of Bell Industries 
INFO/CARD #225 

Proceedings of Piezoelec¬ 
tric Devices Conference 
Volume Two of the Proceedings of the 

ElA’s 12th Piezoelectric Devices Conference 
is now available. It contains the 13 papers 
presented at the conference that were not 
included in Volume One. The two-volume 
proceedings may be ordered for $60. 
Electronic Industries Association 
INFO/CARD #224 

Filter Products 
Lark Engineering has announced its filter 

products catalog which features RF and 
microwave filters covering the 1 MHz to 18 
GHz frequency range. Charts and graphs are 
presented showing the frequency ranges for 
standard and special filters of each type. 
Design aids and graphs are also included. 
Lark Engineering Company 
INFO/CARD #223 

Ceramic Resonators 
Murata Erie North America has released a 

catalog providing specifications on their line of 
ceramic resonators for frequency control appli¬ 
cations. Ceramic resonators in the frequency 
range from 190 kHz to 32 MHz are detailed, in¬ 
cluding models for surface mount application. 
Murata Erie North America 
INFO/CARD #222 

LPTV Filters 
A catalog describing RF filters for low 

power TV and FM stations has been released 
by Microwave Filter Company. Included are 
channel combiners, transmitter and sideband 
notch filters, and an overview of the industry. 
An over the air premium channel security 
system is also featured. 
Microwave Filter Company, Inc. 
INFO/CARD #221 

Flexible Cable Care Guide 
W. L. Gore announce the availability of a 

guide to flexible cable and connector use and 
maintenance. The guide also contains a 
VSWR/return loss conversion table and fre¬ 
quency band. The card includes information 
on most common problems experienced in 
cable usage and their solutions. 
W. L. Gore & Associates, Inc. 
INFO/CARD #220 

Short Course Catalog 
RF and microwave courses are available 

through in-house presentation from Besser 
Associates' short course catalog. Topics 
include linear and nonlinear CAE, component 
modeling, component, subsystem and sys¬ 
tem design, and measurement and time 
management. 
Besser Associates 
INFO/CARD #219 
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RF software NEW RELEASE! 

Block Diagram Simulator 
TESOFT has released TESS Version 1.1 

block diagram simulator. It includes 24 newly 
added filters, high resolution plotter drivers 
for HP LaserJet, HP pen plotters and HI pen 
plotters. 64 kilobytes of memory space have 
been added. TESS is $695 and options 
include symbol libraries for OrCAD and PCAD 
schematic capture and MODGEN model genera¬ 
tor which lets users add new model blocks. 
TESOFT 
INFO/CARD #218 

EMI/EMC Solutions Software 
HP Express and RS Express have been 

announced by Liberty Express. The HP 
Express package is for automating EMC 
measurements utilizing the HP 8566/HP 8568 
Series of spectrum analyzers, and RS Ex¬ 
press is for EMI/EMC measurements utilizing 
either the Rohde & Schwarz ESH3 or ESVP 
receivers. Both programs provide for full auto¬ 
mation of EMI measurements. Each package 
is being sold as a site license for $2,000, or 
they may be purchased jointly for $3,500. 
Liberty Express 
INFO/CARD #217 

S- and Noise-Parameter 
Data Library 

Avantek is offering a complete library of 
S- and noise-parameter data on diskettes 
formatted for IBM-compatible personal com¬ 
puters. The Avantek DesignPak™ files are 
supplied in ASCII format and can be used by 
many simulations programs including Touch¬ 
stone”, Super Compact”, and SuperStar Pro¬ 
fessional Extension”. Included on the free 
diskette set is information about Avantek's 
silicon bipolar transistors. GaAs FETs, and 
GaAs MMICs. 
Avantek, Inc. 
INFO/CARD #216 

Mixed-Mode Circuit 
Modeling Software 
OOTMs (Object-Oriented Transcendental 

Modeling) uses OrSPICE and OrCAD/SDT III 
to expand the modeling option available with 
PSpice. It can be used to mathematically 
define any block function and link the defini¬ 
tion to a single icon. The minimum software 
package includes OrCAD/STD III, PSpice/ 
Probe with Behavior Modeling Option, 
OrSpice with Basic and Intermediate OOTMS 
and is priced at $2,785. 
NW Silicon Specialists, Inc. 
INFO/CARD #215 

RF Circuit Designers 
when you move... 
1. For FASTEST service attach old 

mailing label in space below. 

tf mailing label 
is not available. 
print your old 
company name and 
address in this box. 

Mask Software CAD Translators 
Reduce turnaround time and cut mask costs 

Please 
allow 

6 weeks 
for 

change 
to 

take 
effect. 

when you use our software postprocessors to 
directly photoplot board artwork. Stop cutting 
and peeling Rubylith'. Our postprocessors 
convert AutoCAD, EGS, Generic CADO, or 
Calma drawings into Gerber photoplotter code. 

2. Print your NEW business 
address here. 

BLOCK 
DIAGRAM 

SIMULATION 
ON YOUR PC 
INTRODUCING 

Powerful 
New Features 

•24 New Filter Models Plus Laplace 
• New RF Mixer and RF Amp Models 
• Quantizer, Integ&Dump, plus 3 More 
• High-Res Graphics Output to Lasers, 
Plotters, Printers and WP Software 

• Run OrCAD & PCAD Inside TESS 
• Lots More Space for User Models 
• Many New Power-features 

You can run TESS and OrCAD under 
Windows 3.0 and use the mouse 
to move between them. 

PHOTOPLOTTERS 
ACS 500 DXF to Gerber 
ACS 600 GDSII to Gerber 
ACS 700 HP EGS to Gerber 

TRANSLATORS 
ACS 800 EGS to AutoCAD DXF 
ACS 1000 MiCAD to AutoCAD 
ACS 3500 AutoCAD to GDSII 
ACS 3600 EGS to GDSII 

Call or write for our application notes describing 
how to photoplot hybrid circuits directly from 
your CAD database. 

Artwork Conversion Software, Inc. 
1320 Mission St. #5, Santa Cruz, CA 95060 

408/426-6163 Fax: 408/426-2824 
INFO/CARD 53 

RF Design 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

3. Mail to: 

Circulation Dept. 
RF Design 
5615 W. Cermack Rd. 
Cicero, IL 60650 

You get great service with TESS: one 
year free support, free models on the 
TESS BBS, plus the TESS newsletter. 

30-day Moneyback Guarantee 
CALL FOR DEMO DISK 

Not copy protected. TESS still only $695. 
MODGEN option $495. Symbols for 
( M Al JSI JI® S195. For K Al J IT ( .VS® $295. 
VISA, MasterCard and PO’s accepted. 

T E S O F T 
PO BOX 305 Roswell GA 50077 
404-75 1 -9785 FAX 404-664-58 1 7 
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Advertising Index 

RF business opportunities 

LET THE GOVERNMENT FI¬ 
NANCE your new or existing 
small business. Grants/loans to 
$500,000. Free recorded mes¬ 
sage: (707) 448-0330. (PD7) 

RF engineering opportunities 

CONNECT 
WITH THE BEST. 
^MEñiTECri 

@ MOBILE 
COMMUNICATIONS INC. 

When you join forces with a company on the 
leading edge of cellular communications, you can 

expect the best. ..in challenge.. .in diversity.. .in 
professional enhancement. You can expect financial 

stability, industry leadership and aggressive expansion, 
unparalleled in the industry. Capitalize on the vision, talent 

and innovation that have made you successful. Connect with 
the best. ..Ameritech Mobile Communications. 

RADIO FREQUENCY ENGINEER 
The ultimate goal of the candidate we select will be to 
ensure optimal client service, now and for the future. You 
will analyze subscriber traffic to forecast system expansion; 

calculate system performance and reliability; handle FCC and 
FAA filings while ensuring compliance; conduct tests on 
potential and completed installation areas. In addition, you 
will be expected to remain up-to-date on all new related 
technologies and on our competition. 

The successful professional will possess a BSEE (or equivalent) 
with 6-8 years of relevant experience including background in 

the design, engineering and maintenance oí VHF, UHF and 
microwave radio systems including terminal equipment. You must 
be familiar with FCC and FAA rules/regulations and knowledge¬ 
able of telephony, including analog and digital transmission 
facilities, switching and interfacing with local and interexchange 

carriers. Starting salary in the $40-50s plus bonus potential. 

Enjoy the best. Our salary structure and comprehensive benefits 
package are designed to reward and encourage excellence.. .in a 
professional, non-smoking environment. 

Forward confidential resume including salary history to: 

@ MOBILE 
COMMUNICATIONS INC. 

1515 Woodfield Rd., Ste. 1400, 
Dept. TW 
Schaumburg, IL 601 73 
Attn: Manager, Human Resources 
Only select candidates will be contacted. 
Principals Only • No Phone Calls Please. 

Equal Opportunity Employer WF/FW • Minorities and Females Encouraged to Apply 
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Blueprint for your new 
low-noise Signal Generator 
Marconi Instruments converts wish-list specifications into reality with the new 
2040 Series Signal Generators. You can now get a much better answer to the age 
old question: “How Low is Low-Noise?” Just look at our salient specifications below. 

What’s even better is that low-noise has been achieved by building upon the framework 
of our well established 2030 Series Signal Generators. This means that all the features 
that resulted from the innovative design of the 2030s will still be found on the 2040s. 

Frequency 
Range: 

Resolution: 

Model 
2040 

Model 
2041 

10 kHz to 1.35 GHz 10 kHz to 2.70 GHz 

0.1 Hz 

SSB Phase Noise @ 1GHz 
20 kHz offset: Better than -140 dBc / Hz 

1 kHz offset: Better than -1 15 dBc / Hz 

Non-harmonic Spurious @ 1 GHz 

Residual FM @ 1 GHz 

> -90 dBc 

0.3 Hz 

Wideband FM (Normal Mode) 

Pulse Modulation (optional) 

Rise I Fall time (Typical) 
On I Off Ratio 

Programming Capability 

Panel Height 

DC to 10 MHz 
(3dB B/W) 

5 ns 

70 dB 

IEEE-488.2 

5.25" (135 mm) 

MMCMI UUTRUMNTI 

2040 SERIES 

SIGNAL GENERATORS 

For further information or to schedule a 2040 demonstration, call our Signal Generator Hot-Line at (800) 888-4114. 

Marconi 
Instruments 
Marconi Instruments Inc., 3 Pearl Court, Allendale, NJ 07401 
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^tou can’t buy 
a better precision 
timepiece for 
under 2.4 GHz. 

If you’re operating in a frequency range from 100 MHz 
to 2.4 GHz, you can’t buy a better oscillator than an 
Andersen VCO. It gives you the highest spectral purity 
with the lowest spurious (> -60dB). And typical single 
sideband phase noise of > -1 19dBC @1 KHz offset. 

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

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

® ANDERSEN LABORATORIES 
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