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You can’t buy 
a better precision 
timepiece for 
under 2.4 GHz. 

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

The A-8000 Spectrum Analyzer. 
A step beyond the 

A-7550. 

■ ™ ■ 

3 -80 -

■ -90 

■ - 100 

■ 110 J

Now 2.6 GHz frequency coverage! 

\ Fully synthesized. Tracking generator.* Quasi-peak detector. 
Truly portable. And again, an exceptional value! 

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

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

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

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

Contact your IFR distributor or representative 

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

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

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

JwW IFR SYSTEMS, INC. 
y 4 JF 10200 West York Street / Wichita. Kansas 67215-8935 U.S.A. 



Rise/Fall = 0.0000000007 

Ríse/Faii = 0.7x10” seconds 

Rise/Faii = 0.7 nanoseconds 

Rise/Mi = 700 picoseconds 

FAST BY ANY MEASURE! 
DAICO Introduces The 700 Picosecond Ultra-Fast Switch 

The new DAICO DSO841 
offers incredible switching 
speed. It’s much faster than 
a Schottky diode switch 
drawing less than 2mA. 
In fact, Schottky diode 
switches can draw as much 
as 100-200mA. 

RF envelope rise time (10% /90% RF) for the DSO841 is 
typically less than 700 psec with 7 nsec switching speed (50% TTL 
to 90% RF). 
DSO841 also offers excellent isolation of 70dB typical at 100MHz 

typical and 60dB typical to 200MHz. 
The DSO841 is the ideal high speed, low transient, low power 

consumption switch for blanking and modulating applications. 

Operating Characteristics 
PARAMETER MIN TYP MAX UNITS CONDITIONS 

Current Drain 2 5 mA AT +5V DC Supply 

Switching Transients 56 100 mV Peak Value 

Transition Time .7 1 nS 90%/10% or 10%/90% RF 

Switching Speed 7 10 nS 50% TTL to 90/10% RF 

Insertion Loss 1.7 2.3 dB 

Isolation 60 70 dB 10-100 

50 60 dB 100-200 

Operating Frequency 10 200 MHz 

TTL Controlled 

Scope Specifications 
Ch.l = 100.00 mvolts/div Timebase = 1.00 nsec/div Offset = 20.00 mvolts Delta T = 480.00 p 

Call DAICO today at (213) 631-1143 for more information on this new ultra fast 
switch and our complete line of RF Attenuators, Switches and Phase Shifters. 

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

213/631-1143 • FAX 213/631-8078 
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featured technology 
31 Designing a Direct 

Sequence Spread Spectrum 
Secure Communication 
System 
Design considerations for a direct sequence spread 
spectrum system are described in this article, along 
with software simulation of system data error per¬ 
formance in a jamming or interference environment. 

— Soo Kwan Eo, Chingwo Ma, Incheol Jang 

40 IQ Sampling Yields 
Flexible Demodulators 
The author describes a method which minimizes 
errors by using a single analog-to-digital converter 
in a front-end for a DSP-based system. The ADC 
functions as a multiplexed harmonic mixer and digi¬ 
tizer, with demultiplexed I and Q channel outputs. 

— Thomas P. Hack 

emc corner 
65 Communications Range and Reliability of 

Part 15 Devices 
Low power, unlicensed radio devices operating under FCC Part 15 have significant 
constraints on their performance. This article identifies areas of difficulty and means 
for obtaining desired performance. 

— Bernard Kasmir 
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69 Parasitic Positive Frequency Acquisition 

in a PLL 
This 1990 contest entry describes a method for dealing with frequency acquisition, 
one of the limitations of double balanced mixer phase detectors. 

— Jonathon Y.C. Cheah 

72 Biasing Solid State Amplifiers to 
Linear Operation 
This note is a review of requirements for bias voltage and current, and their regula¬ 
tion and temperature compensation in linear bipolar and FET power amplifiers. 

— HO. Granberg 

Our cover, provided by Burr-Brown, repre¬ 
sents increasing use of digital technology in 
RF applications. In the photo is the ZPA1000 
Dynamic Signal Analysis software for digi¬ 
tized signals. Available digitizers and buffers 
will handle signals up to 10 MHz. 
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design and development of communications equipment Other 
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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 $500 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 
COMBINER RF editorial 

FEATURES: 
• LOW LOSS 
• HIGH ISOLATION 
• EXTERNAL 
TERMINATIONS 

Engineering 
Productivity 
Part I: The 
Team Concept 
By Gary A. Breed 
Editor 

4 WAY COMBINER 
MODEL 

D2650 54-88 MHz 
D2685 88-108 MHz 
D2655 174-216 MHz 

TYPICAL 
SPECIFICATIONS 

INS. LOSS 
ISOLATION 
VSWR 
POWER 
Connectors 

input 
output 

0.15db 
25db 

1.2:1 
2Kw 

N 
1-5/8 EIA 

WERLATONE has an extensive line 
of 2 and 4 way combiners covering 
the TV and FM bands 

1965 - 1990 
25 years in business 

WERLATONE, INC. 
/ ( P.O. Box 47 

Brewster, NY 10509 
1 J Tel: (914) 279-6187 

FAX: (914) 279-7404 
decades ahead 
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What does it take to be successful in 
an increasingly competitive mar¬ 

ketplace? Usually, it means getting 
more done with less — fewer employ¬ 
ees, lower manufacturing costs, lower 
overhead, plus fewer returned goods 
and service calls. In the next few 
months, I’ll be commenting on some of 
the techniques that have been devel¬ 
oped to meet these challenges, identify¬ 
ing the role of the engineer in each of 
them. 

To meet the overall goal of increased 
productivity, many companies are adopt¬ 
ing new operating methods. You have 
probably heard some of the terminology 
these methods use: world class, just in 
time, design for manufacture, integrated 
management, and total quality manage¬ 
ment. All these concepts have the single 
goal of creating a quality product without 
wasted time or material. 
What these methods feature is in¬ 

volvement from start to finish by partici¬ 
pants in the product’s design, manufac¬ 
ture, costing, sale and service. Perhaps 
a management committee has been 
formed with representatives from the 
different departments. Or, an individual 
project manager might oversee cross¬ 
checking and review by the various 
departments. In either situation, this 
process should allow operating features 
and performance to be optimized for 
customer requirements, serviceability, 
and the most economical manufacturing 
processes. Putting this concept into 
practice can be extremely difficult, be¬ 
cause it usually means a major change 
in the way a company operates. 

I have to note that these aren’t really 
new ideas. Consider a very small com¬ 
pany made up of a few partners who 
want to develop an idea into a product. 
Every decision is made by the partners, 

who represent every company function. 
Design tradeoffs are examined, costs 
evaluated, manufacturing methods ex¬ 
plored, and plans are developed based 
on the group’s consensus. 

Implementing this cooperative proc¬ 
ess on a larger scale is the new part, 
and it presents some problems for those 
involved (such as design engineers). 
First, in a large company the partici¬ 
pants do not have the urgency of a 
financial commitment like entrepre¬ 
neurial partners. Also, there may be 
difficulty adjusting after many years of 
working on pieces of projects with no 
attention to overall goals. Another com¬ 
mon problem is that each department 
feels it has to protect its “turf.” 
These problem areas point out how 

hard it is to make fundamental changes 
in the way a company operates. How¬ 
ever, these changes will continue to take 
place, mandated by the need to achieve 
the highest possible efficiency. We can’t 
(and in most cases, shouldn’t) fight 
these changes, so we must adapt. In the 
next couple of editorials, I’ll comment 
on some of the areas where engineers 
will find changes. I will also point out 
some areas where engineers can bene¬ 
fit significantly from their employers’ 
commitments to improve competitive¬ 
ness. 
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EW and ATE designers... 
Digitally controlled noise sources with 
variable bandwidth & frequency to 18 GHz 

" Streamline the design of high-power noise 
jammers 

• Improve performance of ATE systems 
• Speed up testing of communications 
channels 

■ Improve intermodulation testing and 
spurious testing of frequency converters 

Noise Com’s NCS-4100 Series noise sources 
have the unique ability to deliver white noise 
output that is variable over bandwidth and 
frequency in increments of 500 kHz from 
500 MHz to 18 GHz. Bandwidth and optionally 
center frequency are varied by TTL digital 
control. 

The power spectral density of an NCS-4100 
increases with a given output power by 1 dB for 
each 20 percent reduction in bandwidth. The 
bandwidth can be up to 20 percent of the center 
frequency. Output is at least +10 dBm with 
flatness of ±0.5 dB over bandwidths up to 10% 
of the center frequency, and ± 1.0 dB up to 
20% of center frequency. 

The NCS-4100 is available in MIL-E-5400-grade 
subsystem form or as a programmable bench 
instrument. Options include custom electrical 
specifications, IEEE-488 bus control, attenuators, 
switched outputs, and customer-specified 
modifications. 

Noise Com’s versatile NCS-4100 Series noise 
sources can make a big improvement in the 
performance of your system. To find out more, 
call Gary Simonyan at (201) 261-8797. 

Specifications 
Center frequencies 500 MHz to 18 GHz 

(user specified) 

Bandwidth (3 dB) 

Bandwidth 
increments 

Output power 

Flatness 

Harmonic 
suppression 

Control 

Response time 

0 (CW) to 20% of 
center frequency 

16 user-specified 
increments from 
500 kHz (up to 256 
increments available 
as option) 

+ 10 dBm 

±0.5 dB to 10% 
bandwidth 
± 1.0 dB to 20% 
bandwidth 

-20 dBc 
(optionally -60 dBc) 

Digital TTL control of 
bandwidth (optionally 
center frequency) 

Less than 200 ns 

E. 64 Midland Avenue, Paramus, New Jersey 07652 

(201)261-8797 • FAX: (201) 261-8339 • TWX: 910-380-8198 
INFO/CARD 5 



WHEN IT COMES TO 
OSCILLATORS, ONLY 
RALTRON HASÍIT ALL. 
RALTRON manufactures one of the industry's 
most complete lines of high quality oscillators. 
Call us for all your oscillator needs from clock to 
temperature compensated, oven or voltage 
controlled. Or call us for our 28 page catalogue. 

WORLD'S SMALLEST OCXO - ROXO 210A 
• Frequency Range: 10 MHz-20.0 MHz 
• Temperature Stability: ± 2 x 10 -7 ( - 20°C to + 65°C) 
• Long Term Stability: ± 2 x 10 -7 per year 
• Phase Noise: 145 dbc (10 KHz offset) 
• Power consumption (stabilized): 2.0 W 
• Size: 35.3 x 27 x 25.4 mm (1.40" x 1.06" x 1.0") 

^design_ 
a Cardiff publication Established 1978 

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

Publisher 
Kathryn Walsh 

Editor 
Gary A Breed 

Associate Editor 
Liane Pomfret 

Consulting Editor 
Andy Przedpelski 

Associate Sales Manager 
Bill Pettit 

8 

MINIATURE TCXO - RTXO 065 X 
• Frequency Range: 1.0 MHz-20.0 MHz 
• Frequency Stability: ± 1.0 ppm ( -40°Cto +85°C) 
•Aging: ±1.0 ppm per year 
• Size: DIL 16 Pin (.980" x .520" x 0.4") 
• MIL - 0-55310 if required 

The Products. The Prices. The People. Only RALTRON has it all. 

RALTRON ELECTRONICS CORR 
2315 NW 107th Avenue, Miami, Florida 33172 
FAX (305) 594-3973 TELEX 441588 RALSENUI 
(305)593-6033 
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Account Executive 
Maryanne Averill 
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Cindy Wieland 
Main Office 

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

Advertising Services 
Tisha Boberschmidt Hill 

Secretary 
Theresa Maier 

Convention Manager 
Kristin Hohn 

Ed Oxner 
Andy Przedpelski 
Jeff Schoenwald 
Raymond Sicotte 

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. 

There Is no new disk this month. Subscriptions will be extended by 
one month. 

Disk RFD-0391: March 1991 
This disk contains "NOVA" by Robert Stanton, a nodal circuit analysis pro¬ 
gram for AC. time domain, and S-parameter analysis. Numerous models are 
included, and operating instructions are included in a READ ME file. This is 
offered by the author as shareware; a co-processor version, additional docu¬ 
mentation. and future updates are provided to users who wish to pay for 
registration. 

Disk RFD-0291: February 1991 
"Cable Equalizer Design." by Frederick Radler of Tnlithic. For the design of 
equalizers to flatten frequency response of cable runs. (Compiled, executable) 

Now Available - RFD-1990-SET - A set of all 1990 Disks 
All 12 disks from 1990 are available as a set Price: $74 00 for 5'A". $82 00 
for 3/z'. Foreign orders (other than Canada) add $8.00 shipping charges 

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

Disks are $9 00 each (5'A in.) or $10.00 (3'/z in ). Outside U.S. and Canada, add $8.00 
per order. Foreign checks must be in U.S. funds, and must be payable through the U.S. 
banking system. Prices include postage and handling. 
Annual subscriptions are available, providing 13 disks for $9000 (514 in.) or $100.00 

(310 in ). Specify starting date For subscribers outside the US and Canada: add $50 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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For Most People, It Was 
Just Another Warm September Day. 

For design engineers, it was 
the day mixed analog/digital 
design came of age. 
The event was the mixed-sig¬ 
nal design demonstration at 
the IEEE Bipolar Circuits and 
Technology Meeting (BCTM). 
The goal was to give credence 
to mixed-signal simulation and 
to benchmark companies in 
the marketplace. The results 
were conclusive. 

Viewlogic came up with the 
right answer first. 
But more to the point, what we 
did al BCTM in September, 
we can do for you now. We’re 
the only company with a 
proven technology and a three 
year track record of success. 
The only one that integrates 
design capture, simulation and 
analysis. 

But that's just the beginning. 

Performance and Flexibility 
available nowhere else. 
With VIEWsim/SD, you'll get 
the choices you need. You’ll 
be able to mix behavioral mod¬ 
els with gates and SPICE prim¬ 
itives. Choose from leading 
analog simulators like PSPICE 
and HSPICE. Include physical 
hardware models for devices 
when software models are not 
available. Use the most popu-

Full Hierarchical 
Design 

Automatic Design 
Partitioning 

Mixed-Signal 
Simulation With 
Behavioral, Device. 
Hardware Models 

Integrated 
Mixed Signal 
Analysis 

lar platforms from SUN, 
DEC and IBM. 
Our white paper 
“Mixed-Signal 
Simulation 
Benchmark 
Report” 
proves the 
point. Call us at 
1-800-422-4660, Ext. 103. 
You’ll like the climate 
we’re creating for mixed-
signal design. 

VIEW/ö"c 
The CAE Company 
Viewlogic Systems, Inc. 
293 Boston Post Road West 
Marlboro, MA 01752 
508-480-0881 
508-480-0882 FAX 

PSPICE and HSPICE are trademarks of their 
respective companies. 
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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 

#1 #2 #3 

These drop-in multipliers demonstrate 
our capability in miniature frequency 
multipliers. They incorporate both 
lumped element filter techniques and 
new processes for miniaturizing 
combline filters. 

Output frequency: 480 MHz 
Multiplication factor: X4 
Size (nominal): 1.6 x 0.8 x 0.4 in. 

(41 x 20 x 10 mm) 
Input power: (nom.) +10 dBm 
Output power: (nom.) +5 dBm 
Harmonics/Spurs -91 dBc 

-65 dBc 

960 MHz 
X2 
1.6 x 0.8 x 0.4 in. 
(41 x 20 x 10 mm) 
+ 10dBm 
+5 dBm 
10 to 250 MHz 

11.00 GHz 
Xll 
2.1 x 0.7 x 0.4 in. 
(53 x 18 x 10 mm) 
+ 10 dBm 
+7 dBm 

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 100 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 100 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: I x 107g 
maximum; 5 x 10 '7g 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 
(61x41x11 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 MPDD for other TRAK 
military products. 

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 16-20 GHz 

DC-8 GHz 
19-26 GHz 

DC- 10 GHz 
24-26 GHz 

x 12 mm) nominal 

THINK 

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

SYNTHESIZERS fi IRAK AÍICROUMVE 
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. (190 x 184 

smallest, most capable synthesizers in x 133 mm) nominal 

the business. Thin-film and MIC Weight: 13 lbs. max. 

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

INFO/CARD 8 



Stripline Solutions 
Couplers, Power Divinéis, Hybrids 

0.5 to 50 GHz, Octave and Multi-Octave 
Bandwidths 

Rugged Stripline Construction 

Small Lightweight Designs 

Meet MIL-E-5400 and MIL-E-16400 
Environments, Operation from 
-65° to +125° C 

Power Handling to 100 Watts CW 

3, 6, 10, 20 and 30 dB Couplers 
In Stock 

2-, 3-, 4- and 8-Way Power Dividers 
In Stock 

Mil-Spec Equivalents In Stock 
90°, 180°, Magic “T”, Crossover, 
Non-Crossover Hybrids In Stock ■s J 

Phase and Amplitude Matched Units 

Customized and Multi-Function Designs 

Space Qualified Units 

M/A-COM Control Components Division offers the industry’s 
broadest line of standard and custom Couplers, Power 
Dividers and Hybrids. 
Find your Stripline Solution. Call or write today for our 
NEW Passive Component Catalog. 

M/A-COM Control Components Division 
21 Continental Blvd., Merrimack, NH 03054 
Tel: 603-424-4111 Fax: 603-424-6580 

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

Driftless VCO Comments 
Editor: 
The “Linear Driftless VCO’’ in the 

January 1991 issue of RF Design has a 
fatal flaw. The “frequency comparator” 
is a linear circuit and cannot actually 
compare frequency. Instead it compares 
the average DC levels of two variable 
duty cycle pulse streams. 

If the 74HC74 flip-flops used as one 
shots and 4016s connected to the Q 
outputs are replaced with a true digital 
frequency comparator, such as phase 
comparator 2 in the 74HC4046, the 
circuit should work as described. This 
should bring the frequency drift down 
from the 5.2 kHz measured by the 
author to within calculated limits. 

Jon Nelson 
Uniplex Corporation 
St. Paul, MN 

The Author’s Reply 
Editor: 
The frequency comparator used, as 

said by Mr. Nelson, “compares the 
average DC levels of two variable duty 
cycle pulse streams,” but each pulse 
stream has as many pulses as the input 
frequency, so its duty cycle is propor¬ 
tional to the input frequency and the 
output will have an average perfectly 
proportional to frequency difference 
(with an offset of Vcc/2). 

Actually, it does compare frequency: 

AVG(Vout) = k(f1-f2) + Vcc/2 

As stated in the article, the design needs 
a frequency detector that keeps within 
the linear region of operation at any 
input frequency, to produce an error 
signal proportional to the difference of 
frequencies. Thus, a mean can be 
extracted and the VCO will remain 
locked on that mean. The suggestion to 
use a type 2 phase comparator such as 
the 4046 will fail to work. 

At any instant the frequency compara¬ 
tor is dealing with two different frequen¬ 
cies, because the reference is switching 
between two different values and the 
prescaled VCO (assumed as stable) will 
be in between. A type 2 phase compara¬ 
tor is within the linear region of operation 
only at equal input frequencies. At 
different input frequencies, the phase 
comparator will usually saturate. 

In a conventional PLL this will allow 
to search for the lock. In our case it 
produces a square wave that is a replica 
(but not exactly equal) of the multiplex¬ 
ing signal, because we are switching 
between one frequency above and one 
below the prescaled one. This way the 
circuit seems to work but in fact it is not 
locked. This circuit with a 4046 was 
tested in early stages of development, 
without success. 

Luis Cupido 
C&TC 
Aveiro, Portugal 

Comb Generator Source 
Editor: 

I was very interested in the article 
which appeared in the January issue’s 
EMC Corner, “RFI Measurements Us¬ 
ing a Harmonic Comb Generator.” 
EMCO has been manufacturing an 

almost identical product for two year^, 
The product idea came from a paper 
delivered by Scott Roleson at the 1987 
IEEE Symposium, describing a device 
designed by Bill Royce. As were the 
authors of your article, Scott and Bill are 
employees of Hewlett-Packard. The 
EMCO device is designated the Model 
4610 Royce Field Site Source. 

Readers who may want to purchase 
a ready-made product can call us for 
more information at (800) 253-3761 or 
(512) 835-4684. 

Glen Watkins 
The Electro-Mechanics Co. (EMCO) 
Austin, TX 

Two-Channel Receiver Correction 
An alpha (a) was omitted from Figure 1 
in “A Simple Two-Channel Receiver for 
8-PSK,” February, 1991, p. 29. The 
corrected figure is shown below. In 
addition, in Figure 3, an epsilon (!) was 
omitted from the summation circle on 

Figure 1. Signal space diagram 
showing gray level coding of sym¬ 
bols. 

RF Design 

is worth two in 
the mask shop. 
Have your mask in 
hand one hour after 
the drawing is done/ 

I 

Use the N524000 
(Microwave Laser 
Photo Plotter) to 
eliminate the photo 
reduction process. 
Call NEOS for details. 

MÊÕS1 
445IB Enterprise Court 
Melbourne, FL 32934 
Phone: (407) 259-2090 
Fax: (407) 255-0274 
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Don’t miss the most revered symposium/exhibition 
for microwave engineers. 

■ Special Workshops and Panel Sessions 
Packaging: Is there a Need for Domestic Suppliers? 
• GaAs MMICs for Consumer Applications • GaAs 
MMIC Insertion: How Important is Foundry Trans¬ 
portability of Designs? • Concurrent Design Engi¬ 
neering for Electronic Design Automation • Is 100% 
RF-On-Wafer Testing Necessary for MMIC Produc¬ 
tion? • Microwave Hardware Description Language: 
What is it? Why do we need it? • Microwave Photon¬ 
ic Systems • Optical Probing of Microwave Circuits 
and Materials • Microwave Superconductivity Short 
Course • UHF and Active Filter Technology • New 
Packaging Techniques for MMICs and Discrete Devi¬ 
ces • Loss, Cross-Talk and Package Effects in Micro¬ 
wave and Millimeter-Wave Integrated Circuits • 
Noise Concepts in Microwave Systems • Amplifier 
Noise Measurements • Solid-State Power Amplifier 
Efficiency, MMIC & MIC • GaAs MMIC System Inser¬ 
tion and Multifunction Chip Design: Issues and 
Trends • High Power Microwave Systems • Comput¬ 
er Applications in Electromagnetics Education • 
Design, Fabrication, and Packaging of High Temper¬ 
ature Superconducting Microwave Devices • Spread 
Spectrum Technology in Consumer Electronics 

B An Outstanding Technical Program of Full Length 
and Short Papers, and Open Forum. 
Featuring Sessions on: 
Electro-Optics • Lightwave Transmission Systems • 
High Power Optical Switching • Radiometers • Stu¬ 
dent Papers • Filters & Multiplexers • mm-Waves • 
Receivers • Low-Noise • Packaging • Passive Compo¬ 
nents • FET Devices • gWave Systems • Biological 
Effects • Time-Resolved • Spectroscopy • CAD • 
Nonlinear Modeling • Ferrites • Microwave Acous¬ 
tics • Measurement • Phased Arrays • Supercon¬ 
ductivity • Solid-State Devices • High Power • Fiéld 
Theory • Guided Waves 

B The World’s Largest Microwave Exhibition 
Visit the displays of more than 300 microwave com¬ 
ponent, device, instrumentation, material, and sub¬ 
systems suppliers. 

B Full Social Program 
Spouses’ tours, an exhibitor reception and the 
MTT-S Awards Banquet provide a memorable com¬ 
plement to the industry’s premier event. 

B Register Now 
Send now for the Program, advance registration 
and hotel reservation forms. Complete the coupon 
below and return it to the Microwave Journal. 

□ Yes, I would like additional information on attending MTT-S '91. Please send it to: 

Name _ Title_ 

Organization _ __ 

Address _ __ _ 

City—- State _ Zip_ 

Country - -- Telephone_ 

Are you an MTT-S member? □ Yes □ No 

Have you ever attended MTT-S before? □ Yes □ No How many times?_ 

Microwave Journal 685 Canton Street, Norwood, Massachusetts 02062 rf 



RI calendar 

April 
15-18 36th International SAMPE Symposium and Exhibition 

San Diego Convention Center, San Diego, CA 
Information: SAMPE, P.O. Box 2459, Covina, CA 91722. Tel: 
(818) 331-0616. 

15-18 Seventh International Conference on Antennas and Propa¬ 
gation 

University of York, UK 
Information: Conference Services, IEE, Savoy Place, London, 
England WC2R OBL. Tel: 44 071 240-2871 ext 222. 

15-18 NAB '91 
Las Vegas Convention Center, Las Vegas, NV 

Information: NAB, 1771 N Street, N.W., Washington, DC 
20036-2891 . Tel: (202) 429-5350. 

16-18 Electro/lnternational 
Jacob K. Javits Convention Center, New York, NY 

Information: Electronic Conventions Management, 8110 Air¬ 
port Blvd., Los Angeles, CA 90045-3194. Tel: (213) 772-2965. 

28-1 The 1991 MIC Workshop 
Kingsmill Resort & Conference Center, Williamsburg, VA 

Information: Arion, Microwave Materials Division, 1100 Gover¬ 
nor Lea Road, Bear, DE 19701. Tel: (800) 635-9333. 

May 
13-15 41st Electronic Components and Technology Conference 

Westin Peachtree Plaza, Atlanta, GA 
Information: Electronic Industries Association. Tel: (202) 
457-4930. 

14-16 IEEE Instrumentation and Measurement Technology Con¬ 
ference 
Omni Hotel, Atlanta, GA 

Information: Robert Myers, 3685 Motor Avenue, Ste. 240, Los 
Angeles, CA 90034. Tel: (213)-1463. Fax (213) 287-1851. 

29-31 45th Annual Symposium on Frequency Control 
Los Angeles Airport Marriott, Los Angeles, CA 

Information: Annual Symposium on Frequency Control, PO 
Box 826, Belmar, NJ 07719. 

June 
3-5 First Virginia Tech Symposium on Wireless Personal 

Communications 
Virginia Tech, Blacksburg, VA 

Information: Prof. Theodore S. Rappaport, Director, Mobile & 
Portable Radio Research Group, Virginia Polytechnic & State 
University, Blacksburg, VA 24061-01 11. 

11-13 MTTS International Microwave Symposium and Expo 
Boston, MA 

Information: Tel: (617) 769-9750. 

13-14 ARFTG 
Boston, MA 

Information: ARFTG, c/o Henry Burger, 1061 E. Frost Drive, 
Tempe, AZ 85282. Tel: (602) 839-6933. 

RF Design 

Ceramic Dielectric 
Trimmer Capacitors 
Rugged 5 & 7 mm types 

Operating temp: -55°to+125°C 
Cap ranges: 1.3-2.0 pF to 12-160 pF 

Miniature types suitable for hybrids 
Operating temp: -25° to +85°C 
3 series: 2.0 x 1.2 mm; 3.0 x 1.5 mm; 

5.0 x 2.0 mm 
Cap ranges: 2.5-10 pF to 5.5-40 pF 

Microwave types 
Operating temp: -55° to 85°C 
Cap ranges: 0.5-2.0 pF; 1-4.0 pF; 2.0-10 pF 
Q > 500 at 100 MHz 

Plastic encased 4 x 4.5 mm and 5 mm types 
Designed for volume applications 
Surface mount and printed-thru-hole models 
Cap ranges: 1.7-3.0 pF to 10-50 pF 

Phone, fax or write today for 
Engineering Bulletin SG-305B. 

SPRAGUE 
GOODmon 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 
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Mica Compression 
Trimmer Capacitors 

• Cap ranges: 2.5-7.0 pF to 
1400-3055 pF 

• Q to 600 at 1 MHz 
• Rated working voltage to 500 V 
• Can handle higher RF currents 
• Operating temp: -35° to +85°C 
• 8 mounting styles for PC, panel, 

and bracket mounting 
Phone, fax or write today for 
Engineering Bulletin SG-500B. 

SPRAGUE 
Gooomon 

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

April 17-19, 1991, Madison, Wl 
Information: University of Wisconsin - Madison, Department 
of Engineering Professional Development. Tel: (608) 262-2061. 
Fax: (608) 263-3160. 

Fundamentals of Radar Cross Section 
May 20-24, 1991, San Diego, CA 

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

Microwave/Millimeter Wave Monolithic Integrated Circuits 
June 4-7, 1991, Los Angeles, CA 

Information: UCLA Short Course Program Office. Tel: (213) 
825-3344. Fax: (213) 206-2815. 

Infrared/Visible Signature Suppression 
April 16-19, 1991, Atlanta, GA 

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

Analog/RF Fiber-Optic Communications 
April 24-26, 1991, Washington, DC 

Microwave Systems Engineering 
April 29-May 3, 1991, Washington, DC 

Vulnerability of Spread Spectrum AJ and LPE Communica¬ 
tions Systems 
May 6-9, 1991 , Washington, DC 

Nonlinear Digital Signal Processing and Applications 
May 6-10, 1991, Washington, DC 

Electromagnetic Interference and Control 
May 6-10, 1991, Washington, DC 

Frequency Hopping Signals and Systems 
May 20-22, 1991, Washington, DC 

New HF Communications Technology: Advanced Tech¬ 
niques 
June 3-7, 1991, Washington, DC 

Spread Spectrum Communications Systems 
June 10-14, 1991, Washington, DC 

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

Fiber Optic Communications 
June 10-12, 1991, Sunnyvale, CA 

Information: Center for Professional Development, Arizona 
State University. Tel: (602) 965-1740. 

Digital Signal Processing Workshop 
June 12-14, 1991, Norwood, MA 

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

Design Seminar: Principles of EMC 
May 7-9, 1991, Mariposa, CA 

Information: CKC Laboratories, Registrar. Tel: (209) 966-5240. 
Fax: (209) 742-6133. 

Worst Case Circuit Analysis 
May 13-15, 1991 , Washington, DC 

Information: Design and Evaluation, Inc. Tel: (609) 228-3800. 

Academy: Schematic/Layout 
April 16-19, 1991, Westlake Village, CA 

16 

May 7-10, 1991, Baltimore, MD 
Touchstone/Academy 

April 15-19, 1991, Baltimore, MD 
Libra/Academy 

April 22-26, 1991, Westlake Village, CA 
April 22-26, 1991 , Gilching, Germany 

Information: EEsof. Tel: (818) 991-7530. Fax: (818) 991-7109. 

RF and Microwave Design II: Non-Linear Circuits 
April 22-26, 1991, Pisa, Italy 

Digital Microwave Systems: Theory and Applications 
April 22-25, 1991, Pisa, Italy 

Satellite Communication and Broadcasting 
April 22-26, 1991, Italy 

Frequency-Time and Spatial-Time Signal Processing 
June 10-14, 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. 

RF/MW Linear/Nonlinear Circuits and Applications 
May 2-8, 1991 , Washington, DC 

Information: Besser Associates. Tel: (415) 949-3300, Fax: (415) 
949-4400. 

Modern Power Conversion Design Techniques 
April 29-May 3, 1991, Phoenix, AZ 
May 20-21 , 1991 , San Rafael, CA 

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

EW Receivers 
May 7-9, 1991, Syracuse, NY 

ELINT Analysis 
May 7-9, 1991, Syracuse, NY 

ELINT Interception 
May 14-16, 1991, Syracuse, NY 

ELINT/EW Applications of Digital Signal Processing 
May 14-16, 1991, Syracuse, NY 

Integrated EW 
May 21-22, 1991, Syracuse, NY 

ELINT/EW Data Bases 
May 21-23, 1991, Syracuse, NY 

Radar Vulnerability to Jamming 
June 4-5, 1991 , Syracuse, NY 

Electromagnetic Propagation 
June 4-6, 1991, Syracuse, NY 

Information: Research Associates of Syracuse. Tel: (315) 
455-7157. 

Basic Network Measurements Using the 851 0B Network 
Analyzer 

April 30-May 2, 1991, Los Angeles, CA 
May 14-16, 1991, Boston, MA 
May 29-31, 1991 , Los Angeles, CA 

Microwave Fundamentals 
May 14-17, 1991, Los Angeles, CA 

Information: Hewlett-Packard Company. Tel: (714) 999-6700. 

Design for EMC 
April 22-23, 1991, Philadelphia, PA 

Practical EMC Retrofits 
April 24-26, 1991, Philadelphia, PA 

Information: R&B Enterprises. Tel: (215) 825-1960. 
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NARDALERT . Your 
personal warning for 
microwave radiation. 
NARDALERT is the first commercially 
available personal monitor that detects 
potentially hazardous microwave 
environments. There's nothing else like it 
on the market. 

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

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

NARDALERT is fail-safe. 

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

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

Alarm sensitivity is preset to a 1 or 5 
mW/cm2 level. Frequency sensitivity is 
±1.5 dB. Half power beam width exceeds 
120°, vertical and horizontal. 

apngT*’1

, j, ^' ,ch ”d 
5.' sl,d’|l chirp 

EA" 

PHO* 

For more information and a free power 
density conversion calculator, call or write 
Loral Microwave-Narda, 435 Moreland 
Road, Hauppauge, New York 11788. 
Tel: (516) 231-1700. Fax: (516) 231-1711. 

IDEAL FOR ANY MICROWAVE ENVIRONMENT. 

Flightline "Repeater stations 
Repair facilities for ■ Satellite uplinks 

Ew ■ Shelters (microwaves) 
Radar 
Avionics "Shipboard 

Visa and MasterCard accepted, i 

LDRAL 
Microwave-Narda 



W news 

45th Annual 
Symposium on 
Frequency Control 
This year’s Frequency Control Sympo¬ 
sium, co-sponsored by the IEEE Ultra¬ 
sonics, Ferroelectronics and Frequency 
Control Society and the U.S. Army 
Laboratory Command, Electronics Tech¬ 

nology and Devices Laboratory, is being 
held May 29-31 at the Los Angeles 
Airport Marriott, Calif. The symposium 
serves as a leading international forum 
on all aspects of frequency control and 
precision timekeeping. 

Major areas of interest include funda¬ 
mental properties of piezoelectric crys¬ 
tals, theory, design and processing of 
piezoelectric resonators and filters, sta¬ 
ble oscillators and synthesizers, atomic 

When Steinbrecher says 

we mean 96dB! 

Steinbrecher RF subsystems and tuners offer 
the highest spurious-free dynamic range 
available on the market today. 
Period! 

18 

• 1 to 30 MHz RF Input 
• 30 kHz to 4 MHz Analysis Bandwidth 
• 90 dB to 96 dB SFDR 

(no AGC, no preselectors) 
• +80 dBm Second Order Input Intercept 
• 96 dB RF and IF Image Rejection 
• 13 dB Noise Figure 
• Analog or Digital Outputs Available 

CONVERTER 

For more information, call or write: 

Steinbrecher 
185 New Boston Street • Woburn, MA 01801-6279 

Telephone: 617-935-8460 • Fax: 617-935-8848 
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and molecular frequency standards, fre¬ 
quency and time coordination and distri¬ 
bution. Special sessions have been 
scheduled this year for the increasing 
role of optics and lasers in frequency 
standards, and on high temperature 
superconductors. 
The day before the start of the 

symposium, seven tutorials will pre¬ 
sented including: Introduction to Phase 
Noise, Introductions to Quartz Fre¬ 
quency Standards, and Introduction to 
Frequency Synthesis. For information 
contact: Clark Wardrip, Bendix Field 
Engineering Corporation, PO Box 6147, 
Vandenberg, AFB, CA 93437. Tel: (805) 
865-3214. 

International Telecommunications 
Union Starts On-Line Computer 
Based Communications Services 
— The ITU recently announced the 
implementation of an on-line telecom¬ 
munications related information ex¬ 
change. The system will offer such 
facilities as electronic mail, bulletin 
boards, document interchange, com¬ 
puter conferencing, distributed access 
to ITU databases and notification of 
telecommunication information includ¬ 
ing a terminology infobase of 30,000 
telecommunications terms in English, 
French and Spanish. The use of TIES 
(the ITU Telecom Information Exchange 
Services) is basically free of charge. The 
system is accessible through public 
telecommunications networks and is 
available 24 hours a day, seven days a 
week. For further information on TIES 
contact: Mr. L. Goelzer, Chief, Computer 
Department, ITU. Tel: (41) 22 730 5333. 
Fax: (41)22 730 5337. 

Wavetek to Enter Merger — 
Wavetek Corporation has announced 
that its Board of Directors has entered 
into an agreement in principle with 
Torrey Investments Inc., whereby Torrey 
Investments would acquire Wavetek by 
merger, in which the stockholders of 
Wavetek would receive $3.15 per share 
in cash. The value of the transaction is 
approximately $28,300,000. The merger 
is subject to execution of a definitive 
agreement and its approval by the Board 
of Directors of both corporations. In 
addition, the proposed merger is condi¬ 
tional upon Torrey Investments obtain¬ 
ing certain financing. 

ASEP Guides Electroless Plating 
on Plastics Standards — The Ameri¬ 
can Society of Electroplated Plastics 
(ASEP) will hold two half-day electroless 
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plating of plastics roundtable discus¬ 
sions April 23 and 25 respectively, in 
Boston and San Jose. Specifiers, appli¬ 
cators and industry suppliers will want 
to attend the discussions to establish 
standards for evaluating the perform¬ 
ance of electroless plating on plastics 
for EMI shielding. Topics will include: 
electrical performance, shielding test¬ 
ing, adhesion tests, accelerated envi¬ 
ronmental aging methods, durability tests 
and appearance guidelines. For more 
information call ASEP headquarters at 
(202) 371-1323 or Fax (202) 371-1090. 

Microstrip Patch Antenna Devel¬ 
oped — NIST has recently come up 
with a new development that makes 
certain antenna measurements and 
electromagnetic interference/compat-
ibility tests more convenient. NIST 
researchers have developed a small (20 
cm square) microstrip patch antenna 
that can be used as a standard transmit¬ 
ting and receiving antenna at frequen¬ 
cies below 500 MHz in an anechoic 
chamber. Researchers proved that the 
resonant frequency, driving point imped¬ 
ance, antenna radiation pattern and 
radiated field strength of the microstrip 
patch antenna could be calculated 
theoretically from its geometry and are 
accurate to within three percent. Paper 
no. 2-91 describes the antenna in detail 
and is available from Jo Emery, Div. 
104, NIST, Boulder, CO 80303. Tel: 
(303) 497-3237. 

Piezoelectric Devices Call for Pa¬ 
pers — The 13th Piezoelectric Devices 
Conference to be held October 9-11, 
1991 has issued a call for papers. 
Papers may be tutorial or application-
oriented, dealing with recent progress 
in design, development, processing, or 
manufacturing control in areas repre¬ 
sented by the following topics: proper¬ 
ties of natural and cultured quartz, 
design of quartz resonators, oscillator 
and filter design, CAD/CAM, manufac¬ 
turing and process control, measuring 
and test techniques, packaging and 
hybrid techniques, quality and reliability 
assurance, and SAW devices and appli¬ 
cations. An abstract of the proposed 
paper clearly describing the content, 
scope, organization key points and pres¬ 
entation time is required for paper 
selection and session assignment. Mail 
three copies of the abstract with a phone 
number by May 6, 1991 to: Components 
Group, Electronic Industries Associa¬ 
tion, 2001 Pennsylvania Ave., N.W., 
Washington, DC 20006. 

RF Design 

Scholarships Available for Radio 
Amateurs — The Foundation for Ama¬ 
teur Radio, Inc., plans to awards thirty-
six scholarships for the academic year 
1991-1 992 to assist licensed Radio Ama¬ 
teurs. Licensed Radio Amateurs may 
compete for these awards if they plan 
to pursue a full-time course of studies 
beyond high school and are enrolled in 
or have been accepted for enrollment 
at an accredited university, college or 

technical school. The awards range 
from $500 to $2000 with preference 
given in some cases to residents of 
specified geographical areas or the 
pursuit of certain study programs. 
Additional information and an applica¬ 
tion form can be requested by letter or 
QSL card, postmarked prior to May 31 , 
1991 from: FAR Scholarships, 6903 
Rhode Island Avenue, College Park, 
MD 20740. 

No Oscillation 
For fastest delivery of the most reliable high performance 

frequency control products, Hy-Q International never wavers. 
Hy-Q International is a world leader in the design and manu¬ 
facture of quartz crystal products. Our wide range of quality 
products, supplied from five locations world-wide, ensures 
your communication or instrumentation needs will be met 
quickly and cost efficiently. For your next frequency control 
application, choose a consistent performer who never wavers. 
Send us your specifications for fast, thorough analysis 

Quartz Crystals 
• XY, NT, X, CT, DT, SL and AT cut crystals to 
achieve frequencies from 10.0 KHz to 200.0 MHz. 
Surface mount packaging available. 

Crystal Oscillators 
•TTL/CMOS/ECL Clock Oscillators covering 250.0 KHz to 170.0 
MHz. Surface mount packaging available. 

• TCXO's/VCXO's made to custom specifications. 

Filters 
• Discrete and monolithic crystal filters from 454.0 KHz to 
100.0 MHz. 

• Custom LC filters. 

-Hy-Q 
International (USA), Inc. 

1438 Cox Avenue/ Erlanger, KY 41018/ Tel.(606) 283-5000/Fax (606) 283-0883 
AUSTRALIA • SINGAPORE • UNITED STATES - UNITED KINGDOM - MAURITIUS 
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RF news continued 
Exhibitors Set for NAB ’91 Con¬ 
vention — The National Association 
of Broadcasters has announced that 
more than 700 exhibitors will participate 
at its annual convention in Las Vegas, 
April 15-18. The NAB convention will 
offer exhibitors more than 430,000 
square feet of show space at the Las 
Vegas Convention Center. The Engi¬ 
neering Conference is scheduled for 
April 14-18. In addition, NAB is sponsor¬ 

ing the HDTV World Conference & 
Exhibition during the same dates. 

Motorola and DSC to Develop 
Open Cellular System Standards 
— Motorola, Inc. and DSC Communica¬ 
tions Corp, have announced that they 
have reached an agreement in principle 
to cooperate in developing, in connec¬ 
tion with appropriate standards bodies, 
open cellular system interface stan-

While Others 
MakeN 
About 
Their RF 
Amps, 
We 
Quietly 
Prove Our 
ÍA■ ■ a  1 2 A « Q-bit quality means: 
Up Al d 111 y' * guaranteed gain windows, • guaranteed 2nds and 

" 3rds. • guaranteed performance for every operating 
parameter over a full temperature range. 

Q-bit's proven designs and our patented Power Feedback™ technology 
yield low VSWR, flat gain response, high reverse isolation and unconditional 
stability. These thirteen Q-bit Corporation amplifiers are direct replace¬ 
ments* for more than sixty standard catalog amplifiers of five competitors. 

Guaranteed -55°C to +85°C Performance 
Output Price 

Frequency 1dB Noise Reverse Intercept For 
Model Range Gain Compression Figure Isolation 3rd/2nd Power Quantity 
Number (MHZ) (dB) (dBm) (dB) (dB) (dBm) (V/mA) 1-9 
QBH-101 5-500 13.0 6.0 3.0 24.0 18/25 15/19 $75 
QBH-102 5-500 12.3 21.0 7.5 22.0 32/48 15/95 $85 
QBH-107 5-550 14.8 -1.0 2.8 25.0 8/12 15/10 $85 
QBH-110 5-500 15.0 9.0 3.5 25.0 22/32 15/31 $90 
QBH-119 5-500 15.0 11.0 3.3 25.0 24/33 15/34 $95 
QBH-120 5-500 14.5 1.0 2.3 26.0 13/17 15/11 $95 
QBH-122 10-500 17.0 19.0 4.6 22.0 24/32 15/65 $110 
QBH-126 5-500 15.0 15.0 4.2 24.0 28/34 15/54 $95 
QBH-155 5-300 15.0 21.0 6.4 28.0 36/48 15/95 $65 
QBH-183 5-1100 10.3 14.0 6.5 12.0 27/38 15/72 $80 
QBH-184 5-1000 14.8 10.0 5.0 17.0 24/33 15/31 $85 
QBH-815 5-1000 114 20.5 8.0 12.5 30/45 15/98 $95 
QBH-822 10-2000 20.0 10.0 6.0 24.0 23/34 15/60 $162 

* Meets or exceeds published specifications 

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

TELEPHONE (407) 727-1838 

Q-bit Corporation 

2575 PACIFIC AVENUE NE, PALM BAY, FL 32905 

TWX (510) 959-6257 • FAX (407) 727-3729 

dards for the worldwide cellular market. 
The standards will be based on existing 
international switching and cellular stan¬ 
dards such as CCS7, GSM, ISO and 
ISDN. Under the proposed agreement, 
Motorola and DSC will continue, on a 
non-exclusive basis, to market, enhance 
and support cellular systems worldwide. 
The agreement in principle, which is 
subject to preparation of definitive agree¬ 
ments, contemplates modifying the ex¬ 
isting agreement between the two com¬ 
panies in the area of exclusivity, cross 
licensing of certain technology, market¬ 
ing and manufacturing rights, and pric¬ 
ing and payment terms. 

TriQuint Semiconductor and Giga¬ 
Bit Logic Merge — TriQuint Semicon¬ 
ductor and GigaBit Logic recently an¬ 
nounced the signing of a letter of intent 
that will allow the two companies to be 
merged into one corporation. The new 
company will be jointly owned by the 
existing investors. The name of the new 
company will be TriQuint Semicon¬ 
ductor Inc. A distinct digital product line, 
which will include digital standard prod¬ 
ucts and ASICs, will be marketed under 
the GigaBit Logic name. Until the defini¬ 
tive agreement is signed and conditions 
for the merger are met, the two compa¬ 
nies will continue to operate independ¬ 
ently. The merger is expected to be 
completed by the end of the first quarter 
of 1991. 

Report Available on HDTV and 
Related Systems — A report re¬ 
leased by the Office of Technology 
Assessment (OTA), The Big Picture: 
HDTV & High Resolution Systems, ex¬ 
amines the scope of recent major tech¬ 
nological advances and how the United 
States might benefit. The report evalu¬ 
ates the potential influence high defini¬ 
tion television (HDTV) and related high 
resolution systems (HRS) may have in 
the consumer entertainment industry, 
and how they may affect communica¬ 
tions, national security, research and 
education. The report also focuses on 
how HDTV and HRS are causing the 
U.S. to re-examine current national 
policies dealing with manufacturing, edu¬ 
cational and training standardization, 
communications, military command, 
structural economic problems and the 
relationship between government and 
business. Finally, the report discusses 
the importance HDTV holds for the U.S. 
in rebuilding its leadership role in global 
and domestic electronic technology mar¬ 
kets. The report, stock number 052-003-

April 1991 
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01193-0 is available for $5.00. To order, 
send prepayment to Dept. 36-IP, Super¬ 
intendent of Documents, Washington, 
DC 20402-9325. To order with VISA or 
MasterCard phone (202) 783-3238. 

NEC and CEL Expanding Design 
Center — The NEC Corporation and 
California Eastern Labs have announced 
plans to expand the NEC/CEL Design 
Center to include development of silicon 
MMIC devices. The program will con¬ 
centrate on the development of both 
standard products and customer spe¬ 
cific devices based on NEC’s proprietary 
DNP III direct nitride passivation proc¬ 
ess. 

Burr-Brown Offering Direct Mar¬ 
keting Services — In an effort to 
streamline the entire product selection 
and order placement process, Burr-
Brown has established a direct market¬ 
ing organization within its Customer 
Service Center. Customers can now call 
toll-free and receive real-time applica¬ 
tions assistance, request and receive 
one-hour fax service on product litera¬ 
ture, receive price and delivery quota¬ 
tions, and place their orders over the 
phone charging their purchases to VISA, 
MasterCard or Discover Cards. To im¬ 
plement the process, Burr-Brown has 
installed a toll-free number (800) 548-
6132 and a telefax capability (602) 
741-3895. 

Symposium Dates Changed — The 
Third International Symposium on Re¬ 
cent Advances in Microwave Technol¬ 
ogy is now scheduled from August 
18-21, 1991. The symposium will cover 
all the topics in Microwave Technology 
and its applications including compo¬ 
nents, circuits, antenna and radar, MICs 
and MMICs, remote sensing, biological 
effects, communication systems, CAD 
techniques, and propagation and meas¬ 
urements among others. For information 
on the symposium contact: Prof. Ban-
mali Rawat, Dept, of Electrical Engineer¬ 
ing, University of Nevada - Reno, Reno, 
Nevada 89557-0030. Tel: (702) 784-
6927. Fax: (702) 784-1300. 

Viewsonics Announces Move — 
Viewsonics recently announced that they 
will be moving to Florida from their 
present New York location. Their new 
address will be: Viewsonics, Inc., 6454 
E. Rogers Circle, Boca Raton, FL 33487. 
Tel: (407) 998-9594. Fax: (407) 998-
3712. The toll free number will remain 
(800) 645-7600. 

RF Design 

13th Annual Antenna Measure¬ 
ment Techniques Symposium Call 
for Papers — The AMTA has issued 
a call for papers for the October 7-11 
symposium. Topics include, advanced 
antenna measurement techniques, prac¬ 
tical aspects of measurement equip¬ 
ment, systems and equipment interfac¬ 
ing, theory and applications of measure¬ 
ment techniques, range, design, auto¬ 
mation and evaluation, near-field tech¬ 

niques, anechoic chamber and absorber 
design and evaluation, phased array 
testing, and compact range design and 
evaluation. Authors should submit a 200 
word abstract along with the contact 
author’s phone and address by May 10, 
1991 to: Prof. Roger C. Rudduck, AMTA 
Technical Coordinator, Electroscience 
Laboratory, Ohio State University, 1320 
Kinnear Road, Columbus, OH 43212. 
Tel: (614) 292-6113. 

Amplifier System Modules or Rack-Mount Instruments 
1 to2,000MHz, Multi-Octave Bandwidths, 2to1 OOWatts 

■ All Solid State 

Modular Maintainability 

■ Reduced Spares 
Inventory 

■ IEEE 488 Bus 
(optional, AR) 

■ High Gain 

■ Low Bandpass Ripple 

■ Automatic 
Circuit Protection 

■ Built-In 
Thermal Protection 

Series AR 

These new amplifiers, in 32 standard models, provide maximum flexibility for 
RF/microwave designers. Series AM system modules and Series AR instruments offer 
frequency ranges of 1-500, 400-1000 and 1000-2000 MHz; Series AR also includes 
20-200, 100-500 and 500-1 000 MHz. A built-in power supply and forced-air cooling 

are standard on Series AR. High performance specifications include good linearity, 
wide dynamic range and gain ratings from 33 to 50 dB. 

All models feature completely modularized design for maximum maintainability 
and common, pre-aligned spare modules for easy field replacement plus reduced 
spares inventory. They are ideal for use in frequency-agile multi-carrier ECM/EW 
jammers, fast rise time pulse amplifiers, broadband sweep generator boosters -

and TWT replacements. 
Write or call for complete AM/AR information - ask for Product Data 101 0 -or to inquire 
about our other standard and custom designs: Class AB, C, narrow band and pulsed; 

power up to 10KW; frequencies up to 4000 MHz. 

PST 
A COMTECH COMPANY 

POWER SYSTEMS TECHNOLOGY INC. 
63 OSER AVE, HAUPPAUGE, NY 11788 

TEL. 516-435-8480 • FAX 516-435-4805 • TELEX 221234 
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LA SERIES 

RF POWER 
AMPLIFIERS 

MODEL LA100H MODEL LA100F MODEL LA100U MODEL LA100UE MODEL LA100UF 
.3- 100MHz 100 -250MHz 200 -400MHz 200 -500MHz 100- 500MHz 
100 Watts CW 100 Watts CW 100 Watts CW 100 Watts CW 100 Watts CW 

MODEL LA200H MODEL LA200F MODEL LA200U MODEL LA200UE MODEL LP300H 
.5- 100MHz 100-250MHZ 200 -400MHz 250 -500MHz 3- 100MHz 
200 Watts CW 200 Watts CW 200 Watts CW 200 Watts CW 300 Watts Puise 

MODEL LA400U MODEL LA500H MODEL LA500V MODEL LA500U MODEL LA1000H 
200 -400MHz 5-50MHZ 10- 100MHz 200 -400MHz 2-32MHZ 
400 Watts CW 500 Watts CW 500 Watts CW 500 Watts CW 1000 Watts CW 

MODEL LA1000V MODEL LA2000H1 MODEL LA3000HS MODEL LP4000HV2 MODEL LP12000HV 
10- 100MHz 2-30MHz 5-45MHZ 2-50MHZ 2-50MHZ 
1000 Watts CW 2000 W pk, 1000W CW 3000 Watts CW 4000 Watts pk. puise 12KW peak pulse 

KALMUS EUROPEAN SALES AND SERVICE CENTERS 
FRANCE: KMP Electronics PHONE: 1-46-45-09-45 

FAX: 1-46-45-24-03 

ENGLAND: EATON, Ltd. PHONE: 734-730900 
FAX: 734-328335 

GERMANY: Telemeter Electr GMBH 

ITALY: Vianello Strumentazione 

PHONE: (0906) 4091 
FAX: (0906) 21706 

PHONE: 02-89200162 
FAX: 02-89200382 

HK i 

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



100W to 12KW 
ALL MOS-FET RF POWER AMPLIFIERS 

o o o o o o 
• All MOS-FET class AB linear RF POWER 
AMPLIFIERS. 

• Bicolored LED indicators. 
• Automatic Limiting Control (Overdrive 

protection). (1) 
• Remote and Local Forward and Reflected 

monitoring. (3) 
• Remote and Local temperature status. (2) 
• Dual Temperature Protection. (2) 
• Remote and Local Overdrive and Over ALO 

status. (1) 
• Remote and Local VSWR status. (4) 
• Remote and Local Blanking status. (6) 

• Remote Automatic Levelling Control. 
• Remote and Local Gain control. 
• Remote and Local Blanking. (5) 
• Infinite VSWR compatibility, without shut down 

in AUTO mode. (4) 
• 47.440Hz AC power capability from 97 to 
265VAC. 

• Single AC Phase and three AC Phase, user 
selectable on most models. 

• Forced-air cooled. 
• Functionally designed and competitively priced 

high-tech RF Power equipment. 

LA 500/600/1000 

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

RF Technology in Broadcasting 
and CATV 

By Gary A. Breed 
Editor 

Broadcasting was one of the first 
commercial applications of RF tech¬ 

nology, and radio, television and cable 
television continue to have a substantial 
influence on the development of new 
technologies. Studio, head-end, and 
transmitting facilities are still strong 
markets for advanced RF technology. 
This short report can only touch on some 
of the major developments. 

In television broadcasting, Varian has 
had two major projects underway. The 
first is development of the Klystrode, as 
its name implies, a hybrid of the klystron 
and tetrode. This tube was created to 
improve the efficiency of the linear 
power amplifiers required for UHF trans¬ 
mitters. It doesn’t take much math to 
estimate the cost of operating a 110 
kilowatt transmitter using a 30 percent 
efficiency klystron, and then come up 
with the cost savings when that is 
improved to 40 or 45 percent. With 
development and test cooperation from 
TV transmitter manufacturer Comark, 
the Varian Klystrode has been proven 
to provide lower operating costs through 
higher efficiency. 
The second project, also at Varian, is 

a higher efficiency klystron using a 
depressed-collector configuration. Be¬ 
cause this tube is a true klystron, it has 
applications at much high frequencies 
than are available with the Klystrode. 
Both this and the Klystrode have appli¬ 
cations beyond broadcasting, in radar, 
EW and ECM, and satellite communica¬ 
tions. This is why NASA is a participant 
in depressed-collector klystron develop¬ 
ment, as well as the broadcasting indus¬ 
try. 

It would be unfair not to mention work 
on solid-state television power amplifi¬ 
ers. Several companies offer VHF trans¬ 
mitters with solid-state aural amplifiers 
(Class C) operating up to several kilo¬ 
watts. The video amplifiers remain a 
challenge, mainly because television 
requires linear amplification with its 
necessary lower efficiency and higher 

heat dissipation. Still, all current high 
power transmitters have solid state 
amplification through the driver stages. 

Television production equipment util¬ 
izes new wideband linear integrated 
circuits, and has a major stake in high 
speed digital circuitry for image process¬ 
ing. Studio video for current video 
standards requires from 10 to 20 MHz 
bandwidth depending on the specific 
application. New operational amplifiers, 
buffers and analog multiplier ICs from 
companies like Elantec, Comlinear, Har¬ 
ris Semiconductor, Analog Devices and 
Burr-Brown are found in video distribu¬ 
tion equipment, and in the analog input 
and output stages of digital video proc¬ 
essing equipment. Analog switches from 
Maxim, Siliconix, and Harris are used for 
routing video and audio signals. In high 
performance applications, switches built 
with discrete FETs can still be found. 

High speed digital technology had 
some of its first applications in televi¬ 
sion, with digital time base correctors, 
standards converters, and frame syn¬ 
chronizers. All of the special effects and 
graphics that television viewers take for 
granted are truly technological master¬ 
pieces. Pioneering these applications 
were companies like the Grass Valley 
Group, 3M, Ampex and others. Ad¬ 
vanced image manipulation requires 
high speed analog-to-digital and digital* 
to-analog conversion plus high speed 
processors to perform the vector mathe¬ 
matics required for manipulating each 
pixel that makes up the image. Compo¬ 
nents for these applications are manu¬ 
factured by Sony, TRW, Burr-Brown, 
Analog Devices, Datei and Comlinear. 

Cable television continues to require 
medium power, low distortion amplifiers 
for signal distribution, with Motorola 
(ex-TRW) and Philips the main suppli¬ 
ers. High performance head end modu¬ 
lators are needed to minimize adjacent-
channel interference, using SAW IF 
filters, and low distortion modulator and 
amplifier circuitry. Test equipment for 

CATV has seen considerable improve¬ 
ment in recent years, primarily for 
real-time system performance monitor¬ 
ing, and fast troubleshooting of equip¬ 
ment failures. 

Encryption technology is another area 
where high-speed digital processes are 
required. From simple remotely switched 
and monitored converters to high-
security scrambler/descrambler units 
that continually change the encryption 
code, high speed video processing 
reaches many cable subscribers. Even 
simple set-top decoders require excel¬ 
lent dynamic range and intermodulation 
performance, as well as programmabil¬ 
ity over the wide bandwidth of CATV 
signals (as much as 500 MHz). 

Radio broadcasting continues to 
change from vacuum tube power ampli¬ 
fiers to solid state devices. One transmit¬ 
ter manufacturer estimates that nearly 
50 percent of the local AM radio stations 
(1 kW power or less) are now using solid 
state transmitters. At very high power, 
companies like Harris Corp., Continen¬ 
tal, Nautel, and others have developed 
unique combining techniques for gener¬ 
ating up to 50 kW at medium wave 
frequencies using multiple MOSFET 
amplifier modules. FM transmitters at 
the 3.5 kW level and under are available 
in solid state designs, but have only 
been sold for three years or so. 

If you include the radios, stereo 
systems, television sets and VCRs used 
for the reception of broadcast and CATV 
programming, broadcasting is probably 
be the largest RF industry segment, 
worldwide. In the U.S., where consumer 
equipment is a more modest part of RF 
manufacturing, the transmission equip¬ 
ment for radio and television is still a 
considerable market for RF components 
and a source of significant technological 
advancements. rf 

For reprints of this report, contact Cardiff 
Publishing Company at (303) 220-0600; 
ask for the Circulation Department. 
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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 
INFO/CARD 18 

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. 

Ihnl HEWLETT 
PACKARD 

©1990 Hewlett Packard Co. TMNMD003A 
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Two Bits;-

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

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

SOIC package these 
automatic insertion. 

The SW-239 SPDT 
RF switch features 
nanosecond speed 

with only microwatts 
of DC power. 

Utilizing an 8-Lead 
s come ready for full 

(40 to be exact.) 

Contact your local ANZAC 
representative today. 

distributor or 

MODEL SW-239 Performance Characteristics 
Frequency Range DC-2000 MHz 

Operating Temperature -40°C to +85 °C 

Insertion Loss 0.5 dB 

VSWR LI : 1 

Isolation 50 dB 

1 dB Compression +27 dB 

Switching Speed 4 nsec TYP 

Package 8 Lead SOIC (3.8mm x 4.8mm) 

STOCK 
DELIVERY 

ANZAC 
A COMPANY 

80 Cambridge Street Burlington, MA 01803 (617) 273-3333 FAX: (617) 273-1921 
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When connections are critical, 
depend on Omni Spectra. 

When you need subminiature connectors, depend 
on the company who makes more of them than 
anyone else. More people buy SMA’s from Omni 
Spectra because we don’t compromise on quality. 
Our totally integrated capabilities, coupled with 

state-of-the-art SPC, assure the highest degree of 
quality. We control the critical processes of machin¬ 
ing, plating, brazing and glass sealing in-house. 
When you really need to get small, think big. 

Depend on Omni Spectra. 

For more information, call or write: 
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 I 
Spectra 

A COMPANY 
INFO/CARD 20 
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For Every Frequency 
Control Need... 

With CTS, you can specify from one of the 
broadest lines of frequency control products 
available anywhere— crystals, clock oscilla¬ 
tors, VCXO's. TCXO's and ovenized oscillators. 
If a standard product won’t do, our engineers 
will design one that meets the requirements 
of your application. But there are more 
reasons for making CTS your single source 
for frequency control products. 

Our cutting-edge technology assures you 
of the most advanced frequency control 
products. The in-house production of crystals, 
precision designs and strict quality control 
give you an added margin of reliability. 
Additionally, our technical support teams 
provide a problem solving capability that 
can be a real asset for your design and 
engineering teams. 

Get the product your application requires, 
plus technical services and reliability proven 
in the most demanding military, instrumenta¬ 
tion, telecommunication and data processing 
applications. All from a single source. Call 
now for the name of your CTS Sales 
Representative. 

«ssa# 

CTS 
CORPORATION 

Around The World, 
Your Single Source For Excellence^ 

CTS Frequency Control Division, 

400 Reimann Ave., Sandwich, IL 60548, Tel: 815/786-8411, Fax: 815/786-9743 
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OFF THE SHELF 

RF 
AMPLIFIERS 

MODEL NUMBER POWER GAIN SUPPLY PRICE 
Watts dB Volts 

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

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

FREQUENCY RANGE 1-100 MHz 
RFP01 100-300 300 46 50 $3,150.00 

FREQUENCY RANGE 76- 1OB MHz 
RFP081 0-600 600 16 50 $1,780.00 

FREQUENCY RANGE 75- 150 MHz 
RFP0800-150P50 50 30 50 $1,485.00 
RFP0800-150P100 100 30 50 $1,660.00 
RFP0800-150P200 200 30 50 $2,200.00 
RFP800-150 500 14 50 $2,424.00 

FREQUENCY RANGE 100- 200 MHz 
RFP0800-200P50 50 30 50 $1,660.00 
RFP0800-200P100 100 30 50 $2,900.00 
RFP800-200 400 13 50 $3,636.00 

FREQUENCY RANGE 225 - 400 MHz 
RFP0204-4 4 20 28 $ 484.00 
RFP0204-10 10 30 28 $ 685.00 
RFP0204-25 25 30 28 $1,140.00 
RFP0204-50 50 40 28 $1,695.00 
RFP0204-100 100 40 28 $2,200.00 

FREQUENCY RANGE 400 - 500 MHz 
RFP0405-4 4 20 28 $ 435.00 
RFP0405-10 10 30 28 $ 616.00 
RFP0405-25 25 30 28 $1,026.00 
RFP0405-50 50 40 28 $1,525.50 
RFP0405-100 100 40 28 $1,980.00 

FREQUENCY RANGE 1 - 500 MHz 
RFP00105-4 10 30 28 $1,450.00 
RFP00105-25 25 30 28 $2,800.00 
RFP001 05-50 50 40 28 $3,752.00 
RFP00105-100 100 40 28 $5,600.00 

COUPLER/SPLITTER 
INPUT/ INSER¬ 

MODEL NUMBER OUTPUT TION POWER PRICE 
PORTS LOSS dB Watts 

FREQUENCY RANGE 5-50 MHz 
RFS100-5-50-4 4 0.3 100 $ 360.00 
RFS1000-5-50-4 4 0.3 1000 $ 610.00 

FREQUENCY RANGE 50 - 1000 MHz 
RFS100-FL-FU-2 2 0.15 100 $ 500.00 
RFS100-FL-FU-3 3 0.15 100 $ 600.00 
RFS100-FL-FU-4 4 0.3 100 $ 800.00 
RFS100-FL-FU-6 6 0.3 100 $1,000.00 
RFS1000-FL-FU-2 2 0.15 1000 $ 750.00 
RFS1000-FL-FU-3 3 0.15 1000 $ 900.00 
RFS1000-FL-FU-4 4 0.3 1000 $1,200.00 
RFS1000-FL-FU-6 6 0.3 1000 $1,500.00 

FL = Your Lower Frequency Limit 
FU = 2xFL 
EXAMPLE: A four way Combiner with an output power rating of 
1000 watts covering a frequency range of 100-200 MHz would 
have a part number of RFS1 000-200-4. 

□ YES You Can Have 
EXPRESS DELIVERY 

R.F. SOLUTIONS INC. 
6055 Caputo Drive, Unit D, Morgan Hill, CA 95037, Phone (408) 778-9020, FAX (408) 779-4832 
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Spread 
Spectrum 
At Your 

HIGHEST 
PERFORMANCE 
VITERBI DECODER 

At 20 Mbps with 
4-bit soft decision the 
STEL-2020 is the 
highest performance 
K=6 and K=7 Viterbi 
decoder in the 
industry. 

HIGHEST 
FLEXIBILITY PN 
CODER 

At 30 Mcps and up 
to 32 taps per coder 
the STEL-1032 
Triple PN Coder has 
the flexibility to 
generate a wide 
variety of codes for 
many spread 
spectrum 
applications. 

HIGHEST 
PERFORMANCE 
DIGITAL FILTER 

The STEL-3310 
64-Tap Complex 
Matched Filter 
provides the highest 
performance in a 
single package for 
signal despreading 
applications. 

PRICE VITERBI 
DECODER 

At less than $100 
(qty. 1000) the 
STEL-5269 K=7 
Viterbi decoder 
has the most 
attractive price in 
the industry, with 
industry standard 
polynomials and 
a 256 Kbps data 
rate. 

Msamples/sec. 
accumulation rate 
the STEL-2410 is 
the industry's 
highest speed 
signal accumulator 
for spread 
spectrum 
applications. 

GPS CODER 
TheSTEL-1023 
generates the C/A 
(Clear/Acquisition) 
coding and timing for 
GPS receivers in a 
single chip 

HIGHEST 
PERFORMANCE BIT 
SYNCHRONIZER/ 
DEMODULATOR 

The STEL-2110A isa 
digital bit synchronizer 
and PSK demodulator, 
providing high 
performance in spread 
spectrum BPSK and 
QPSK applications. 

FASTEST 
BURST DATA 
ACQUISITION 

TheSTEL-2210 
Block Phase 
Estimator allows 
burst signals to be 
acquired rapidly 
and demodulated 
coherently when 
used in 
conjunction with 
the STEL-2110A 

SIGNAL 

QUALITY 
ESTIMATOR 

The STEL-2330 
Signal Quality 
Estimator 
provides front¬ 
end processing 
to allow the 
Eb/N0 of signals 
to be calculated 
at up to 15 

HIGHEST Msamples/sec 

PERFORMANCE 
QUADRATURE 
NCO 

The STEL-1177 
Quadrature NCO 
has a 60 MHz 
clock frequency 
and incorporates 
linear PM and FM 
capabilities as 
well as providing 
quadrature 12-bit 
outputs for -75 
dBc purity. 

STANFORD TELECOM proudly offers the 
industry's most complete line of Spread 
Spectrum VLSI Products for any occasion. 

STANFORD TELECOM... the leader in Spread Spectrum, 
also offers products for Direct Digital Synthesis 
applications. In addition, we specialize in the development 
of custom ASIC solutions for your specific requirements. 

For immediate support, please write or call: 

STANFORD 
ASIC & Custom Products Group 

2421 Mission College Blvd., Santa Clara, CA 95056 

Tel: (408) 980-5684 • Fax:(408)727-1482 
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Designing a Direct Sequence 
Spread Spectrum Secure 
Communication System 
By Soo Kwan Eo, Chingwo Ma, Incheol Jang 
Comdisco Systems 

Spread spectrum signals in communi¬ 
cations are used for the purpose of 
combatting the detrimental effects of 
interference due to jamming, interfer¬ 
ence arising from other users of the 
channel and self-interference due to 
multipath propagation. The spread spec¬ 
trum signal can be hidden from unin¬ 
tended listeners by transmitting it at low 
power, thereby achieving message pri¬ 
vacy in the presence of other listeners. 

One form of spread spectrum, direct 
sequence spread spectrum (DS-

SS) modulation, can be achieved by 
superimposing a pseudo-random num¬ 
ber (PN) sequence upon the information 
bits. In the receiver, the received signal 
is cross correlated with the same PN 
sequence. The effect of this cross 
correlation is the reduction of the infor¬ 
mation spectrum bandwidth and, at the 
same time, the widening of the un¬ 
wanted jamming signal and receiver 
noise in order to effectively increase the 
signal-to-noise ratio. A merit of this 
scheme is that power spectral dispersal 
can significantly improve the bit error 
rate of the information pulse train. 
The performance of the PN sequence 

spread-spectrum system can be further 
increased, with respect to its immunity 
to the interfering signal, by incorporating 
a linear adaptive LMS filter before the 
de-spreading operation takes place. 
Some algorithms (such as that of Theo-
doridis (1)) employ LS linear phase FIR 
filters to suppress the interference. While 
they provide adequate performance, if 
the interference is a slowly time-varying 
signal these algorithms are ineffective. 
A better approach would be to adopt a 
time-recursive linear phase scheme 
such as the Widrow LMS algorithm (2,3). 
The design of such a system requires 

careful analysis of three main concerns: 
1) The reduction of cross-correlation 

of different pseudo-random sequences 
due to the lack of absolute randomness 
in the different sequences generated. 

(Cross correlation close to zero is 
needed to generate a sequence that 
approximates white noise.) 

2) The receiver’s ability to synchro¬ 
nize the generation of the pseudo¬ 
random sequences in order to properly 
convolve the transmitted data. 

3) The attributes of the interference 
suppression filter, (i.e., its ability to 
suppress interference of some prede¬ 
fined type as the relative strength of the 
data signal and the interfering signals 
vary.). 

In this article we will present a design 
methodology that allows the designer 
of such a system to rapidly simulate the 
effects of changing system topology and 
parameters in a DS-SS system. The 
design software used is the Signal 
Processing WorkSystem, from Comdisco 
Systems. The overall system architec¬ 
ture is presented and the operation of 
the transmitter and receiver are dis¬ 
cussed. For this example we will assume 
that the interfering signal is a high-power 

Figure 1. Direct spectrum spread 
signal system overview. A major 
design goal of this system is to 
recover the data signal in an 
environment with a jammer-to-
signal ratio (JSR) of up to 30 dB. 

narrow band signal that may be swept 
across the bandwidth of the data signal. 
The filter chosen for this example is a 
linear adaptive LMS filter that will be 
described and illustrated. 

To demonstrate the ease of analysis 
provided by this design methodology, 
the injected narrow band jamming signal 
and the corresponding interference re¬ 
jection filter response are shown. De¬ 
signers of such systems want to know 

□S-QPSK TRANSMITTER 

Figure 2. Direct sequence spread spectrum QPSK transmitter (as 
displayed on Comdisco System’s Signal Processing WorkSystem). The 
QPSK output is at a carrier frequency of 2400 Hz with a sampling rate 
of 19200 samples per second and a bit rate of 100 bps. 
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NarroN BandNidth Jammer 

Frequency Deviation 

Sampling Frequency 

1st narrow Bandwidth 

2nd narrow Bandwidth 

Narrow noise Uariance 

Thermal noise Uariance 

480.0 

19200.0 

1200.0 

3120.0 

10.0 

0.01 

Figure 3. Narrow bandwidth jammer. This model is used to simulate 
interference that centers around two carrier frequencies (1200 Hz and 
3120 Hz) with a frequency deviation of 480 Hz. 

how the received symbol error rate 
varies as the jammer to signal ratio/chip 
varies. The techniques for performing 
this analysis are also demonstrated. 

The Design Environment 
The Signal Processing WorkSystem 

(SPW) provides simulation and analysis 
tools that automate digital signal proc¬ 

essing system design. The user can 
select from a rich library of communica¬ 
tions functional blocks, each of which 
can be represented hierarchically. The 
blocks are placed on the workstation 
display screen and then interconnected. 
To facilitate the simulation of the cap¬ 
tured design, the user can either gener¬ 
ate his own stimuli signals using a 
powerful signal editor, or, he can use 
real-world signals that have been digi¬ 
tized. The designer does not have to 
write any simulation code since the 
simulation program is automatically gen¬ 
erated and compiled by SPW. The 
results of the simulation can be analyzed 
and displayed using FFTs to produce 
frequency-domain plots, eye diagrams, 
scatter plots, etc. Even the bit-error-rate 
(BER) of a digital communications sys¬ 
tem can be automatically calculated and 
displayed. 

The software allows the designer to 
test the design at a high level of 
abstraction and to easily perform what-if 
trade-off analysis to optimize the design. 
It also lets the designer move to lower 
levels of abstraction so that an easy 
transition to hardware implementation 

our 20th Anniversary 
1971 - 1991 

IMPEDANCE BRIDGES 

Models A56 & A57 arc broadband RF transformer type 
RF IN-RF OUT impedance bridges. 

When the device to be analysed is connected to the bridge test port, the 
corresponding increase in insertion loss (from RF IN to RF OUT) of the bridge is 
read directly as return loss (VSWR). Since this is not a resistor-diode (RF IN-DC 
OUT) bridge type, special scope graticules, calibrated mismatches, square law 
corrections, etc. are not required. Also the bridge can be driven with a variety of 
levels without affecting accuracy. 

Test systems may be as simple as a signal generator, attenuator, bridge, 
detector and meter or more sophisticated using an automatic RF Comparator (see 
A49), RF Amplifier (A52), or RF Analyser (A51) and a fixed or variable 
attenuator for automatic direct reading. The more complex measurements can be 
amplified to display return loss levels even below 50 dB. 

Model* Application Bridge Type 
MIN. FREQ RANGE 

40 dB Directivity 
with 1 dB max 

Open/Short Difference 

MIN. FREQ RANGE 
50 dB Directivity 
with .5 dB max 

Open/Short Difference 

Bridge Loss 
RF In-RF Out 
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Error Weight 

Price 
for 

Standard 
50 ohm 

A57T 
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Return Loss 

Direct Reading 

Balun Null 

1-500 MHz 5-300 MHz 
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or 

6 dB per leg 
(RF IN-Test 

Port or 
RF OUT-Test 

Port) 

1 dB max 

.2 dB 
typical 

3 oz. 

nominal 

$258.00 

A57TGA/6 1-650 MHz 5-600 MHz 344.00 

A57TU UHF Fixed 1-900 MHz — 369.00 

A57T/30 
Low 

Frequency 

30 KHz-30 MHz ... 311.00 

A57TLS 300 KHz-100 MHz ... 258.00 

A57TLL ... 190 KHz-50 MHz 395.00 

A56GA/6 VHF Variable 1-600 MHz 5-600 MHz 8 1/2 oz. 532.00 

Other Models available. Options include 50/75 ohm Impedance conversion, Termination and Data supplied with unit, DC blocking and 
various connector configurations. Consult factory for specials and OEM applications. 

WIDE BAND ENGINEERING COMPANY, INC. 
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Amplifonix is one of the industry’s most trusted 
2nd sources. With over 10 years of experience 
in producing high-quality components and 
thousands of high-performance amplifiers, 
Amplifonix can deliver a full spectrum À 
of standard and custom products 
designed to meet your exact 
specifications. 

AMPLIFIERS 
BiPolar/GaAs FET 

Frequency 
DC to 
2000 MHz 

I Ins. Loss 0.6 to 2.5 dB 

I Isolation 3.5* to 70 dB">| 

I Sw. Spd. (Typ.) 7 to 50 M sec I 

*1500 MHz to 3,000 GHz 

(1) DC to 1500 MHz 

Frequency 5-2500 MHz 

Gain 8 to 40 dB 

Noise 1.2 to 9.5 dB 

Pwr Out 
Upto 
+27 dBm 

Frequency 
10 to 
500 MHz 

Attenuation 
Steps 

0.1 to 32 dB 

Switching 
Characteristics 

1 g sec to 
10 M sec 

Sections 1 to 8 bits 

Frequency 70 to 
2500 MHz 

Output 
Power 

+7 to 
+20 dBm 

Phase Noise 
10 kHz to 
to 100 kHz 

-85 to -125 
dBc/Hz 

Tuning Voltage 
Sensitivity 

2.25 to 12.0 
mHz/V 

Supply 
Voltage 

+8 to +20 

Write or call for complete information 

2707 Black Lake Place • Philadelphia, PA 19154 
PHONE: 215-464-4000 • FAX: 215-464-4001 
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Point - 1152 of 2049 
Freq. - 1200 
dB - -33.0196 
Phase - -2.05136 

0 2«*83 ^•♦03 6e*03 8«*03 

Point - 1152 of 2049 
Freq. - 1200 
dB - -74.302 
Phase - -0.0225232 

Figure 4. Interference suppression adaptive filter response. In (a) the 
two narrow band interference signals center at carrier frequencies of 
1200 Hz and 3120 Hz with a 480 Hz frequency deviation. The response 
of the linear phase adaptive LMS filter is shown in (b). 

is possible. Tools are provided that allow 
the user to implement his design in 
discrete integrated circuit standard 
parts, ASICs, or within many of the 
currently available digital signal proces¬ 
sors utilizing Comdisco’s Hardware De¬ 
sign System (HDS) for implementation 

in VHDL or the Code Generation System 
(CGS) for direct generation of processor 
code. 
The communications library includes 

a majority of the blocks a designer is 
likely to need. In fact, all of the blocks 
used in this design are contained in the 

library. For those designs that require 
blocks not already in the SPW library, 
custom block building facilities are pro¬ 
vided. 

DS-SS QPSK System Overview 
The direct sequence spread spectrum 

system presented here uses an adaptive 
suppression filter to minimize interfer¬ 
ence caused by time-varying jamming 
or interfering signals. A major design 
goal of this system is to recover the data 
signal in an environment with a jammer-
to-signal ratio (JSR) of up to 30 dB. In 
the following sections, the direct-se¬ 
quence spread spectrum (DS-SS) trans¬ 
mitter, jamming model, interference sup¬ 
press filter model, and DS-SS receiver 
model are discussed. 
The DS-SS QPSK system overview is 

illustrated in Figure 1. Sample informa¬ 
tion data is generated (or captured) 
within the software and a QPSK signal 
is output by the QPSK baseband modu¬ 
lator. The QPSK signal is multiplied by 
a binary sequence generated by the 
pseudo-random number (PN) sequence 
generator. The spectrum of the signal 
is further shifted to the carrier frequency 

-150 dB< Phase Noise... 



region by an up-conversion module and 
is transmitted into the communications 
channel. To receive the signal it is first 
processed by an interference suppres¬ 
sion filter, then down-converted to the 
baseband. Then the signal is multiplied 
by the same PN sequence used in the 
transmitter. Finally a matched filter and 
QPSK demodulator reproduce the digi¬ 
tal information. 

For this example (see Figure 2), the 
transmitter uses a random data genera¬ 
tor as its information source. Two sets 
of random data with equiprobable 0 and 
1 bits are converted from binary to 
numeric form and are input to the QPSK 
modulator. Before the phase modulation 
takes place, the in-phase (I) and quadra¬ 
ture (Q) inputs are QAM (quadrature 
amplitude modulated) and EXORed with 
the pseudo-number sequence. The EX-
ORing is performed with multiplication 
using the “1” or "-1” amplitude of the 
PN sequence. The spreaded informa¬ 
tion bit stream is not phase modulated 
before it is transmitted via the channel. 
In this example the bit rate is 100 bps, 
the carrier frequency is 2400 Hz, and the 
sampling rate is 19,200 samples per 

Figure 5. DS-QPSK Receiver. 

second. The spreading is done by chip 
pulse and there are 24 chips per 
information symbol. 

Narrow Bandwidth Jammer Model 
Figure 3 shows the modeling of a 

subsystem that simulates a narrow band¬ 
width jammer. Other jamming modes, 
such as high-power CW jamming, or 
random power-variant jamming, are of 
course, possible. The system designer 
must decide which jamming modes will 
be modeled. He is also faced with the 

need to determine whether or not a 
jamming signal is present (not a very 
difficult task) as well as the more 
challenging problem of identifying the 
jamming mode in order to activate the 
appropriate anti-jamming algorithm. 

It is assumed that the jammer concen¬ 
trates the jamming signal on the base¬ 
band data spectral region. In this exam¬ 
ple, a dual-band interfering signal is 
injected into the transmission channel 
(at 1200 Hz and at 3120 Hz) with a 
frequency deviation of 480 Hz using a 

Your Design Deserves It. 
You work hard to design a quiet 

synthesizer. Shouldn't you have a PLL 
to match? 

With QUALCOMM'S new Q3036 
single-chip PLL, you can have a PLL 
noise floor of <-150dBc at 100 Hz. 

You can input VCO frequencies from 
DC to 1.6 GHz using the built-in 
prescaler while selecting division ratios 
as wide as 2 to 1295. 

Choose reference input frequencies 
from DC to 100 MHz with division 
ratios of 1-16. 

The quiet Q3036 PLL, named a Top 
New Product of 1990 by the editors of 
Microwaves & RF magazine. 

Now it's your turn to give what you 
and your synthesizer deserve. Peace 
and Quiet. 

To learn more, please call or FAX: 

UALCOAAAA 
"the elegant solution " 
VLSI Products Division 

10555 Sorrento Valley Road San Diego, CA 92121 USA 
TEL: 619-587-1121 x540 • FAX: 619-452-9096 
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SIEMENS 

RF Performers 
Announcing 
the most advanced 
RF transistors for 
mobile communications. 

Siemens announces a full range of 
high-performance RF transistors offer¬ 
ing increased gain, reduced noise, 
and lower power consumption. Best of 
all. these advanced devices cost /ess 

than devices you may currently be using. 
Call 1-800-888-7730 for a complete 
data kit on mobile communications 
devices (including a data sheet about 
Siemens surface mount GaAs MMIC). 

Type Max Ratings Characteristics Application 

NPN 
^CEO 

V 

'c 

mA 

F 
900 MHz 
8 V 
dB 

Gp. 
900 MHz 
8 V 
dB 

Gce^c 
f 0 to above 3 GHz 

V/mA 

BFP 180 8 3 19 15 1 to 3/0 2 to 2.5 paging system 

BFP 280 8 10 1.4 18 1 to 5/0 2 to 8 low-noise pager 

BFP 181 12 20 1.3 19 1 to 8/0 5 to 10 low-noise pre-amplifier 

BFP 182 12 35 1.2 19 1 to 8/1 to 20 low-noise amplifier 

BFP 183 12 65 12 19 1 to 8/2 to 28 low-noise amplifier 

BFP 193 12 80 12 19 3 to 8/5 to 40 low-distortion output stage 

BFP 196 12 120 1.4 18 3 to 8/30 to 100 low-distortion output stage 

SCI-1009 

Our tightly graded range of devices ensures matching your application as closely as possible to the 
optimum operating point (This data is for the SOT143 package However, devices are available in all 
packages pictured ) 
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JSR/chip (dB) -8.5 -1.5 3.7 13.3 15.7 18.6 21.5 23.2 

W/O DS-SS 9.8x10 5 .033 .05 0.3 N/M N/M N/M N/M 

W/O Filter N/D N/D 0.21 0.082 0.15 0.25 0.32 N/M 

DS-SS, filter N/D N/D 1.85 1.9 2.27 2.5 4.2 5.8 
(x10 4) 

N/M : Not Measured 
N/D : Not Detectable 

Table 1. The symbol error rate for various JSR/chip ratios. 

by spreading it across the bandwidth 
occupied by the PN sequence. 

After the received signal is collapsed 
to its original bandwidth and interfer¬ 
ence signal power is minimized, it is fed 
into the matched filter and PSK detector. 

Simulation 
The ultimate goal of this system is to 

recover a signal that is being jammed 
by narrowband interference. The best 

sampling rate of 19,200 with a level 
variance of 10 dB. Receiver thermal 
noise is modeled as white gaussian 
noise with a variance of 0.01 dB. 

Interference Suppression 
Adaptive Filter 
A linear phase adaptive LMS filter can 

be used to suppress the interference 
signal before the de-spreading opera¬ 
tion is resumed at the receiver. In this 
example, an Equalizer Tap Coefficient 
block with backward error predicting 
scheme is used to implement the filter. 
Since the pseudo-random sequence is 
assumed to be almost white, the predic¬ 
tor predicts the high-power interference 
signal and the corresponding prediction 
error filter rejects the interference. It is 
assumed that the jamming signal is not 
synchronized to the signal’s symbol rate 
but interferes on a bit-by-bit basis. The 
tap coefficients are appropriately up¬ 
dated to reject the interference. In 
Figure 4, the injected narrow band 
jamming signal and corresponding inter¬ 
ference rejection filter response are 
shown. 

DS-SS QPSK Receiver 
The receiver operation is the exact 

inverse of the transmitter (see Figure 5). 
The DS-QPSK receiver recovers the 
data signal from the jamming signal by 
using a combination of linear adaptive 
filtering and spread spectrum tech¬ 
niques. 
The transmitter sends a burst of 

synchronizing bits before it sends real 
data and the receiver uses this burst 
signal to synchronize the receiver (not 
shown in this current model). 
Once interference is rejected, the 

received signal is phase demodulated 
and then de-spread using cross correla¬ 
tion between the received signal and the 
exact replication of the PN sequence 
that was used for transmission. This 
cross correlation further collapses the 
information signal to its original band¬ 
width. It also reduces the corresponding 
level of the narrow-band interference 
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WE’VE REDUCED EVERYTHING 
BUT THE PERFORMANCE 

Avantek’s New 2 to 8 
GHz YIG Oscillators... 
as Low as $385.00* 

Reduce your next-generation 
system’s cost, size and weight 
at the same time. Avantek’s 
next-generation YIG oscillators 
cost less, are smaller (0.5 cu. 
in.) and lighter (1.8 oz.) than 
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today. Ideal for next-generation 
portable equipment and low 
cost instrumentation. Fast 
tuning and phase lockable, 
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unmatched performance and 
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High Performance 
Oscillators... 
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approach to YIG oscillator 
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lines ...and open up new 
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tors offer real performance 
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speed is an ultra-fast 10 ms 
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AV-7028 2.0 to 8.0 GHz 
Miniature YIG Oscillator 

Tuning Speed 
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require no heater power. TWo 
low-cost high-performance mini¬ 
ature YIG oscillators cover the 
2.0 to 8.0 GHz frequency range. 

AV-7036 covers the 3.0 to 6.0 
GHz range. AV-7028 provides 2.0 
to 8.0 GHz frequency coverage. 
For both models, phase noise 
is typically —100 dBc/Hz at 20 
kHz offset from carrier. And, 
power output is +13 dBm. 

Off-the-Shelf Delivery 
from Your Local 
Avantek Distributor... 

These low-cost, high-perfor¬ 
mance, compact YIG oscillators 
are available now. For the 
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Avantek distributor or litera¬ 
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tance, contact us today. 

‘Price for each in 1,000 piece 
quantity. 

Avantek Regional Offices 
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Eastern: (301 )381-2600 
Central: (708 ) 358-8963 
Western: (805 ) 373-3870 
Europe: (44 ) 276-685753 
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measure of the effectiveness of the 
design is an examination of the received 
symbol error rate. Due to the complexity 
of this DS-SS QPSK system, determin¬ 
ing this symbol error rate using hand 
coded simulation and analysis is nearly 
impossible. The Comdisco Signal Proc¬ 
essing WorkSystem, however, allows 
the designer to accurately simulate the 
design, and automatically calculate the 
bit-error-rate to judge its effectiveness. 
The simulation was configured with 

the assumption of a 129 tap filter, a 
jammer-to-signal ratio of 23 dB, and the 
two bands of narrow band interference 
described earlier in the article. Table 1 
shows the symbol error rate for various 
JSR/chip ratios derived from the simula¬ 
tion. Each case was run with 2 to 3 
million iterations. Once the symbol error 
is detected, the matched filter in the 
receiver loses phase synchronization 
with the incoming signal and tends to 
produce burst symbol errors. The sym¬ 
bol error rate is, therefore, calculated 
before the receiver experiences this 
burst error. Three scenarios were mod¬ 
eled and simulated. First, the system 
was simulated using no direct sequence 
spread spectrum techniques (“W/O DS-
SS”). Then DS-SS was used but with 
no LMS adaptive filtering at the receive 
end (“W/O Filter”), finally, the system 
was simulated using both DS-SS and 
filtering (“DS-SS, filter”). 

Note the multiplier of 10“ for the 
DS-SS, filter case. As can be seen from 
this data, the combination of DS-SS and 
LMS adaptive filter produce greatly 
improved symbol error rates. 

Conclusion 
This design methodology offers the 

designer of a direct sequence spread 
spectrum system dramatically new op¬ 
tions. He can now experiment with 
different filter schemes, interference 
patterns, PN generators, etc. to optimize 
system performance, minimize complex¬ 
ity, reduce cost, etc. before building any 
prototype. Within a workstation environ¬ 
ment, the designer need only swap 
functional blocks, change interconnec¬ 
tions, vary parameters within those 
blocks, and then analyze the data after 
the simulation is performed with the new 
specifications. RF 
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IQ Sampling Yields Flexible 
Demodulators 
By Thomas Hack 
Comlinear Corporation 

l/Q demodulation is commonly found in 
Doppler Radar and communications 
systems including AM, DSB, and QAM 
formats. With additional circuitry FM, 
PM, SSB, ISSB and other formats can 
also be added to the list. I/Q demodula¬ 
tors are quite flexible, but this flexibility 
comes with some problems. The use of 
modern high speed analog-to-digital con¬ 
vertors (ADCs) allow traditional “ana¬ 
log” processing of l/Q demodulators to 
be carried out digitally, greatly reducing 
systematic errors. This article covers the 
practical implementation of a high-
performance l/Q demodulator using mod¬ 
ern ADCs. 

A basic l/Q demodulator block diagram is given in Figure 1. An arbitrary IF 
signal enters the power divider, where 
it is split and fed to two mixers. Quadra¬ 
ture-phased local oscillators also feed 
these mixers. Low-pass filters remove 
the “sum” mixer products leaving the I 
and Q signals. When demodulating 
some signals (such as QAM) this is all 
that is needed. In others, ADCs and 
digital signal processing may follow. 

There are several disadvantages to 
this approach. When implemented with 
conventional RF components, DC off¬ 

sets, quadrature-phase errors, gain 
matching, carrier leakage, and imped¬ 
ance matching (among others) degrade 
demodulator performance. With ad¬ 
vanced analog-to-digital converters such 
as Comlinear's CLC926, we can actually 
build a better demodulator. 

Building a Better Demodulator 
To illustrate the advantages of our 

approach, we’ll start with a basic l/Q 
demodulator and modify it in stages 
showing the advantages after each 
modification. Since ADCs are very effi¬ 
cient harmonic mixers (see appendix), 
we can eliminate the mixers by replacing 
them with high-speed ADCs (Figure 2). 
All of the functions that follow the ADCs 
are now digitally implemented which 
eliminates matching errors in this part 
of the implementation and reduces most 
of the other errors. 

Unfortunately ADC matching errors 
remain. Quadrature errors result from 
effective aperture delay mismatching 
between the two ADCs. ADC gain¬ 
matching errors are also present. 
We could eliminate these errors if we 

somehow used only one ADC. Figure 3 
provides us with a solution. Figure 3 
shows the traditional local oscillator 

Figure 1. A basic l/Q demodulator. 

Figure 2. Another approach to l/Q 
demodulation. 

signals required in l/Q demodulators 
using analog mixers. For the approach 
in Figure 2, all signals after the ADC are 
in discrete-time form. As a result, the 
local oscillator signals can be repre¬ 
sented as impulses of strength -1 and 
1. The samples from the ADCs coincide 

Figure 3. The upper 2 waveforms depict in-phase and 
the lower waveforms quadrature-phase local oscilla¬ 
tors for the analog (Figure 1) and digital (Figure 2) 
approaches to l/Q demodulation. 

Figure 4. An improved l/Q demodulator. 
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Figure 5. High performance IF sampling analog-to-digital convertor subsystem. 

with the locations of these impulses. 
From the diagram we can see that the 

in-phase ADC’s samples occur exactly 

Figure 6. IF sampling perform¬ 
ance. 

Figure 7. I/Q demodulation dem¬ 
onstration. 

midway between the quadrature-phase 
ADC’s samples. By using one ADC, 
doubling the sampling rate and sending 
alternate samples to the I and Q signal 
processing chain we can get the same 
effect. With this arrangement our sam¬ 
ple clock will operate at four times the 
original local oscillator frequency. With 
both the I and Q samples coming from 
the same ADC, ADC quadrature and 
gain-matching errors are eliminated. 
The final block diagram is given in 
Figure 4. 

Depending on speed requirements, 
discrete logic programmable DSP chips, 
or a mix of discrete logic and DSP chips 
could be used. For example, one DSP 
chip could be used after the ADC 
providing all demultiplexing, mixing, fil¬ 
tering, as well as any additional down¬ 
stream signal processing. If more proc¬ 
essing power is required, discrete logic 
can split the ADC data stream into 
separate I and Q signals with a DSP 
processor connected to each to speed 
things up. The same approach might 
also allow 2 cheaper DSP chips to 
replace one faster but more expensive 
chip. Mixing is also well suited to 
dedicated hardware, if desired. Since 
mixing is done by multiplying the ADC 

Figure 8. Quadrature carrier de¬ 
scription of an IF signal. 

CLC326 1 tWSF 

Figure 9. Sampled IF signal. 
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Figure 10a. Filter time domain response (impulse). Figure 10b. Filter frequency response. 
samples by alternating ones and minus 
ones (our local oscillator), simple hard¬ 
ware (not a full-blown multiplier) will 
suffice. The rest of the signal processing 

can be investigated in similar fashion. 
While the technique outlined isn’t 

new, it hasn’t had wide appeal because 
data converters didn't offer enough 

performance except at very low IF 
frequencies. When state-of-the-art ADCs 
and track-hold amplifiers such as the 
CLC926 and CLC940 are combined 

Today's Board Washing is Really Tough. 
Can Your Trimmer Capacitor Handle This? 

Internal O-ring and sealed case resist 
water, flux, cleaning solvents and vapors 
-*• No loose caps or leaky press fits 

Surface mount versions of all styles 
-*■ High reliability screening available 
-*■ Capacitance ranges from 0.3 - 1.2pF 
-*• Multi-turn tuning resolution 

Air, sapphire, glass, quartz, and Teflon® dielectrics 

Voltronics trimmer capacitors are proven in the most 
rigorous applications such as: aircraft radios, satellite 
communication equipment, manpack radios, radar sets, cable 
TV transmission gear, fiber optics circuits and numerous other 
military and commercial RF to Microwave circuits. 

Voltronics engineers respond quickly to requests for 
modifications or "specials". Call us and see how easy it is to 
find the perfect trimmer for your application. 

ŒPuick ship Voltronics 
72 hour delivery available CORPORATION 

for up to 200 pieces of most parts 

WEST STREET • P.O. BOX 476 • EAST HANOVER, NJ 07936 

(201)887-1517 • FAX 201-887-3349 
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together, however, IFs up to 21.4 MHz 
and beyond become practical. Figure 5 
is a schematic for a high-performance 
IF sampling analog to digital convertor 
subsystem. Analog-to-digital conversion 
is provided by U4, a CLC926 (a 10 
MSPS, 12-bit ADC offering 70 MHz 
analog input bandwidth). The CLC926 
is a good choice with its state-of-the-art 
spurious-free signal range, signal to 
noise ratio, SINAD, and THD — and all 
of these specifications are tested on 
every part. 

Performance is extended at higher IF 
frequencies by placing track-hold ampli¬ 
fier U2 (a CLC940) in front of the ADC. 
Since the ADC does its conversion on a 
held signal its dynamic errors are re¬ 
duced. U2 sets the aperture jitter to 1 
ps rms typical so signal to noise ratio of 
the incoming signal is not degraded by 
the track-hold even at high IF frequen¬ 
cies. 

To reduce distortion, the CLC940 
track-hold is intentionally operated at 
reduced amplitude. With typical second 
and third harmonic distortion perform¬ 
ance of -57 and -60 dBc at 20 MHz and 
2 Vpp output amplitude, distortion isn’t 
low enough for our purposes. But since 
the CLC940 has classic intercept-point 
behavior, dropping the amplitude 6 dB 
to 1 V should reduce HD2 by 6 dB (or 
-63 dBc) and HD3 should drop 12 dB to 
-72 dB. A CLC404 wideband, low distor¬ 
tion amplifier (U3) boosts the 1 V 
CLC940 output to 2 Vpp — the full-scale 
range of the CLC926 ADC (This insures 
highest ADC dynamic range). Since the 
CLC404 is after the track-hold, dynamic 
performance requirements on it are 
somewhat relaxed. 

Several other tricks are used to 
maximize performance. U1 (a CLC232) 
buffers the input signal providing less 
than 10 ohms driving-point impedance 
over frequency-minimizing track-hold am¬ 
plifier distortion products. Distortion is 
also slightly improved by using differen¬ 
tial ECL track-hold control signals. 

Looking at the results from single¬ 
tone tests (Figures 6), it is easy to see 
that our efforts have been rewarded. At 
21.4 MHz IF (-1 dB full scale), SINAD 
(signal to noise + distortion) is better 
than 60 dB (or 9.8 effective bits). Total 
harmonic distortion is -64 dBc and 
in-band harmonics are less than -66 dBc 
or better. Signal-to-noise ratio when 
measured over the full Nyquist band¬ 
width is 64 dB. 

A Simple Demonstration 
l/Q demodulation has been demon¬ 

strated with the circuit in Figure 5 using 
a PC-based data acquisition system 
(Figure 7). An HP 3326A synthesizer 
provides modulated signals which are 
filtered prior to being sent to the ADC 
circuit. Filtering removes synthesizer 
harmonics and wideband noise. A 10 
MHz clock is also provided by the 
synthesizer by level shifting the 10 MHz 
reference output. This gives us com¬ 
plete control over the LO/carrier fre¬ 

quency ratio (phase is not as easy to 
control, however). 
ADC samples are sent through a line 

driver, down a cable into a buffer 
memory. The personal computer ac¬ 
cesses the buffer and performs the 
digital signal processing algorithms us¬ 
ing an off-the-shelf DSP package. 

For our demonstration we externally 
amplitude modulated the synthesizer 
with a 4 kHz sawtooth wave from an 

CRYSTAL TECHNOLOGY... 
Universal Solutions To Your Networking Needs. 

Our Surface Acoustic Wave Bandpass Filters present an attractive 
solution to filter problems in a wide range of applications - in Local 
Area Networks, CATV, Satellite Receivers, Telecommunications, 
Computer Work Stations, and Security Systems. Crystal Technology 
SAW filters provide superior selectivity in small, hermetically sealed 
packages, without the need for individually tuning each device. 
Custom designs can be tailored to your exact needs. 

Crystal Technology also offers a complete line of crystal, acousto¬ 
optic, electro-optic and integrated-optic products. 

Crystal technology, Inc. East Coast Sales Office 
A Siemens Company PHONE: (617) 527 6589 

1060 Easl Meadow Circle 
Palo Alto. CA 94303 
FAX: (415) 858-0944 
TELEX 470-103 
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Because you’re 
thinking fast... 

Our new 
high-speed 

op amps take voltage feedback 
You’ve trusted Comlinear for the to a new level. 

best current feedback op amps since 
1982, when we introduced the tech¬ 
nology. But sometimes you prefer 
voltage feedback. So now, we’ve put 
our knowledge, experience-and 
innovation—to work there too. With 
outstanding results. 

4X the slew rate, 
l/5th the power 
and unity-gain stable. 

Our new 
CLC420 gives you 
a fast 1 l()()V/psec 
slew rate and 
300MHz unity-gain 
bandwidth. And 
power consumption 

is just 40mW @±5V. Compare that 
to the voltage feedback op amps 
you’re now using. 
On top of that, you get matched 

inputs, low input bias and noise 
currents, high common-mode rejec¬ 
tion, and fast 18ns settling to 0.01 %. 
All that makes the CLC420 a nat¬ 

ural for active filters, differential 
amplifiers, transimpedance amplifiers, 
and DAC post-amps. 
INFO/CARD 41 

High gain and low noise. 
Another new voltage feedback 

op amp is the CLC422. It delivers 
a 300MHz bandwidth at Av=32 
with voltage noise of just 2nV/>/Hz. 
Call today and see how these 

new voltage feedback op amps can 
help you set new performance levels 
of your own. 
INFO/CARD 80 

[¡pl Comlinear 
cíLJ Corporation 
Solutions with speed 

4800 Wheaton Drive 
Fort Collins, CO 80525 
(303) 226-0500 
1-800-776-0500 (USA) 
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Consider 
these high-level 
current feedback 
amplifiers. 

Fast op 
amp cuts 
cost and power. 
For only $4.25* ea. (1000s) the 

CLC406 provides 160MHz small¬ 
signal bandwidth (2Vp_p) at only 50mW 
power dissipation (±5V). It’s your low-
cost answer for remote-site applications, 
video systems, or driving/buffering fast 
data converters. 
•U.S. price only 

INFO/CARD 93 

Now, high¬ 
speed AGC is 
easier than ABC. 
Take the new CLC520, add 

±5V and two resistors, and you have 
a total high-speed AGC solution for 
fast variable-gain applications. 160MHz 
small-signal and 100MHz gain-control 
bandwidth—with a 40dB range from 
max. gain—give you a very flexible 
solution in a single 14-pin DIR 
INFO/CARD 94 

Modular amplifiers... 
ready to go. 
For bench or system use, this family 

of dc-coupled modular amplifiers 
gives you complete amplifier solutions. 
Including PMT amps, cable drivers, 
post-amps, very-low-distortion amps, 
or amps with gain and I/O impedances 
that you can select. 
INFO/CARD 95 

Figure 11a. I and Q signals. 
HP8116 function generator and inter¬ 
nally phase modulated with a 5 kHz 
sinewave (peak deviation 2n radians). 
The center frequency was set to 12.5 
MHz. 

To understand how to demodulate 
these signals, let’s look at quadrature¬ 
carrier description of an arbitrary IF 
signal (Figure 8). We start by defining 
axes which represent our in-phase and 
quadrature local oscillators. An incom¬ 
ing IF signal can be resolved into 
components which lie along these axes 
— in fact this is what our mixers will do. 
The incoming signal has instantaneous 
amplitude R(t) and phase ̂ (t). 

To recover the AM signal, recognize 
that R(t) represents the demodulated 
AM signal. We will compute R(t) from: 

R(t) = /i(t)2 + q(t)2 (1) 

An important point to make is that we 
do not need to phase lock our sample 
clock (thus our local oscillator frequency) 
to the IF carrier frequency. If the IF 
carrier and local oscillator frequencies 
are at different frequencies, the vector 
representing the IF signal will be spin¬ 
ning relative to the I and Q reference 
axes — that is the instantaneous phase 
will be changing. However the equation 
for R(t) is true no matter what value ̂ (t) 
assumes. 

To recover the phase modulation, we 
could apply the relation: 

4(0 = arctan ( (2) 

but this falls apart for large phase 
deviations. 
A way out of this problem is to develop 

an FM detector: 
(3) 

\ /i(t)q'(t) - q(t)i'(t? 
i2(t) 

Figure 11b. I and Q signals. 

= i(t)qz(t) - q(t)i'(t) 
R2(t) 

The FM detector output is integrated to 
produce the PM signal. When imple¬ 
mented with DSP, a discrete-time ap¬ 
proximation for the derivatives will be 
used, as will a discrete-time approxima¬ 
tion for integration. 

The results are given in Figures 9-14. 
The IF signal is sampled (Figure 9), and 
mixed as described earlier (by sending 
alternate samples to the I and Q arrays 
and alternately digitally multiplying the I 
and Q samples by 1 and -1). The results 
are filtered using a 32 order finite-
impulse response filter whose response 
is given in Figure 10. The I and Q signals 
are shown in Figure 11. Finally, the 
amplitude modulation is recovered by 
using Equation 1 (Figure 12) and the 
phase modulation is recovered by FM 
detection using Equation 3 (Figure 13) 
and integrating (Figure 14). 

In this example, signal to noise ratio 
could have been increased by lowering 
the bandwidth of the low pass filters after 
the mixers. Assuming a 10 MSPS sam¬ 
ple rate, the I and Q channel each 
receive 5 MSPS for a Nyquist frequency 
of 2.5 MHz. If we had reduced the low 
pass filter bandwidths so that the noise 
equivalent bandwidth was approximately 
25 kHz, signal-to-noise ratio would in¬ 
crease by approximately 10log(100) = 
20 dB for a net signal to noise ratio of 
over 80 dB. This is based on the fact 
that noise power spectral density of 
ADCs are approximately uniform. For 
other modulation formats, signal to noise 
ratio improvements (through processing 
gain) may be available. 
The example shows only a fraction of 

the potential of this technique. 

Summary 
When high speed ADCs, such as the 

CLC926, as combined with state of the 
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CRYSTAL FILTERS 
CUSTOM SPECS? — NO PROBLEM 

TEMEX 
ELECTRONICS, INC. 

5021 N. 55th Ave. #10 

TEMEX ELECTRONICS is a manufacturer of Crystal 
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Good Sines & 
Bad Signs 

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

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

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

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

Just as important, along with every PTS synthesizer 
comes our “absolutely everything covered" 2-year 
warranty. At the end of two years comes our flat $350 
service charge for any repair up to the year 2001 1 PTS has 
a commitment to quality you won't find anywhere else. 

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

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

PROGRAMMED TEST SOURCES. Inc. 
9 Beaver Brook Road. P.O. Box 517, Littleton, MA 01460 
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Figure 12. Recovered AM. 
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Figure 13. FM detection. 

art track-hold amplifiers, such as the 
CLC940, previously unattainable ADC 
performance is reached. With this new 
potential comes the ability to digitally 
implement l/Q demodulators at common 
IF frequencies (such as 21 .4 MHz). 
CLC926-based l/Q sampling when 

teamed up with modern DSP has the 
potential for accurate, stable, repeat¬ 
able, and flexible performance. 
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Appendix: A Quick Tour of IF Sampling 

Figure 14. PM detection. 
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Figure 15 diagrams a common way 
of looking at the sampling behavior of 
an ADC. x(t), a bandlimited analog 
signal (from DC to some arbitrary 
frequency), is multiplied by sampling 
function s(t) simulating ADC sampling. 
At an assumed sample rate of 10 
MSPS, the ADC aperture is substan¬ 
tially smaller than the sample period 
so s(t) can be approximated by a series 
of unit impulses spaced 100 ns apart 
(Figure 16). The multiplier produces a 
series of weighted impulses corre¬ 
sponding to discrete-time samples of 
the analog input. The actual observ¬ 
able samples at the ADC output are of 
course digital, not analog. 

Figure 17 shows the same signals, 
but in the frequency domain. We will 
initially assume that the bandwidth of 
the analog input X(f) is less than 5 MHz 
(shown by the solid line). The sampling 
function described earlier produces a 
comb spectrum S(f) with spikes at DC 
and integer multiples of 10 MHz. Since 
the samples’ output is produced by 

multiplying x(t) by s(t), the frequency 
domain representation of the output is 
obtained by convolving X(f) with S(f). 
The result is the repeating spectrum 
shown in Figure 17c — a result of 
harmonic mixing. 

Nyquist’s sampling theorem recog¬ 
nizes that alias-free sampling occurs 
when the sidebands at each of the 
harmonics of the sampling frequency 
don’t share the same frequencies 
(overlap). For example, if the analog 
input bandwidth were higher as de¬ 
picted by the dotted lines in Figure 17, 
aliasing occurs due to sideband over¬ 
lapping (shown by the cross hatched 

S(t) 
sampling function 

10 MSPS 

Figure 15. Sampling model. 
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regions in Figure 17c). 
From this concept comes Nyquist’s 

sampling theorem which states that 
the sampling frequency must be twice 
the bandwidth of the signal to be 
sampled. This is often interpreted to 
mean that the highest signal frequency 
must be less than half the sampling 
frequency or 5 MHz in this example. 
For video sampling —where the signal 
extends from virtually zero frequency 
to some upper frequency, as it has in 
our example, this would be correct. 

But what happens for narrow-band 
signals, such as we might find in a 
receiver IF? Figure 18 shows the 
results from passing a narrow-band IF 
signal into the same ADC. We start off 
with an IF signal centered at 17.5 MHz 
— well above half the sampling fre¬ 
quency. To make things general, the 
signal is assumed to have independent 
lower and upper sidebands. As a result 
of the same sampling action as before, 
the sampled spectrum has these side¬ 
bands repeated at 5 MHz intervals. 
One of these sidebands will always 
occur below Nyquist frequency. (Hence 
IF sampling can replace analog mixers 
in some instances.) 

To prevent overlapping sidebands 
we must prevent the sidebands from 
extending greater than ± 2.5 MHz from 
each center frequency. Since each 
sideband is independent of the other, 
the net bandwidth available is the 
same as before, 5 MHz! In order to 
attain the alias-free bandwidth claimed 
by Nyquist’s sampling theorem, carefully 
choose the sampling clock frequency 
based on the center frequency of the 
IF. 

In the example, we never completely 
bring the sidebands down to baseband 
— the lowest mixer products are 
centered at 2.5 MHz (resulting from 
mixing of the 2nd harmonic of the 
sampling frequency with the IF signal). 
In many instances, there may not be a 
need to mix to baseband, or it may not 

be desirable. 
A few final points: 1) we could have 

just as easily placed our signal at 
another frequency and produced the 
same output from the ADC without 
changing the clock frequency. 2) For the 
interested, a similar analysis can be 
used to explain sequential repetitive 
sampling in oscilloscopes. 
Our conclusions: 
1) IF sampling doesn’t violate 

Nyquist’s sampling theorem. The re¬ 
quired sample rate is determined from 
the bandwidth of the IF signal, not the 
center frequency. 

2) To get the most from the tech¬ 

nique, sampling clocks should be care¬ 
fully selected. 

3) To select suitable sampling fre¬ 
quencies determine the lowest sam¬ 
pling frequency based on Nyquist’s 
sampling theorem and the bandwidth 
of the IF signal. Then look at how the 
IF signal mixes with harmonics of the 
sampling clock and adjust the sam¬ 
pling frequency relative to the IF 
frequency so that sidebands don’t 
overlap. 

4) The results are slightly different 
in the case where the upper and lower 
sidebands are not independent and 
our conclusions are altered somewhat. 

Figure 17. Video sampling: frequency domain representation. 

Figure 16. Sampling in the time 
domain. Figure 18. IF sampling: frequency domain representation. 
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PIN Diodes Handle Multi-kilowatts at HF/VHF 
M/A-COM introduces new 
KILOVOLT"" PIN diodes, de¬ 
signed for use as high power 
switching elements in multi-kilo¬ 
watt HF and VHF applications. 
MRI switches, filter switches, an¬ 
tenna couplers and power ampli¬ 
fier bypass switching are some 
of the uses targeted for these 
components. Long carrier lifetime 
of 10 usee for the 2000-volt 
version and 20 usee for the 
3000-volt model assures opera¬ 
tion at frequencies as low as 1 
MHz. Maximum series resistance 
(4 MHz, with 0.5 A forward cur¬ 
rent) for each version is .20 ohms 
and .25 ohms, respectively. The 

diodes will handle 25 amps for¬ 
ward current, DC and RF. M/A-
COM uses ultra high resistivity 
silicon material for the intrinsic 
region, on which P+ and N+ 
regions are deposited using an 
epitaxial process. Glass passiva¬ 
tion results in a hermetically 
sealed chip that has been ac¬ 
cepted in many hi-rel military 
programs. The diodes are avail¬ 
able in pill, stud, or insulated stud 
packages with or without a solder 
lug on the anode. 
M/A-COM Semiconductor Prod¬ 
ucts Div. 
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Personal 
Radiation Safety 
Monitor 
A non-ionizing radiation monitor, 
the Nardalert"" Personal Monitor, 
Model 8840B, has been intro¬ 
duced by Loral Microwave-Narda. 
With this monitor, workers in 
potentially hazardous areas can 
have a hands-free, full-time sen¬ 
sor to warn of illumination by high 

power radar, communications sys¬ 
tems or EW systems. The small, 
wearable, pocket-sized unit al¬ 
lows accurate monitoring from 2 
to 18 GHz for use in areas where 
conventional meter and probe are 
not viable solutions for protection. 
Thermocouple-based detection is 
used for true RMS average field 
sensing, avoiding multiple signal 
or modulation errors which might 
generate false alarms. Built-In-
Test circuitry verifies operation 
each time it is turned on, and a 
low battery indicator warns when 
replacement is required. 
Loral Microwave-Narda 
INFO/CARD #249 

Function Generator 
Synthesizes 
Arbitrary Signals 
The DS345 Synthesized Function 
Generator from Stanford Re¬ 
search Systems offers digitally 
synthesized waveforms to 30 
MHz with 1 uHz resolution. Out¬ 
puts can be simple sine, triangle, 
ramp or square waves, or arbi¬ 
trary signals with upto 16,300(12 
bits) and sampling times to 25 
nsec can be generated. Internally 
synthesized modulation capabili¬ 
ties include phase continuous 
linear and logarithmic frequency 
sweeps, plus amplitude, fre¬ 
quency, phase and burst modula¬ 
tion. Complex applications in¬ 
clude binary shift keying, phase 
shift keying and arbitrary wave¬ 
form generation. Rear panel trig¬ 
ger outputs, external input for 
amplitude modulation, sweep and 
span markers, IEEE-488 and RS-
232 interfaces and external time¬ 
base inputs are additional fea¬ 
tures. Spurious components are 
better than -55 dBc. Output level 
is 10 mV to 10 V . List price is 
$1895, computer interface with 
Arbitrary Waveform Composer 
software is $495, and a high sta¬ 
bility timebase option is $650. 
Stanford Research Systems 
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SMT Resistors 
and Capacitors 
Available in 
Small Quantities 
Communications Specialists now 
offers surface mount resistors 
and components in small quanti¬ 
ties and individual values. These 
components are offered to serv¬ 
ice shops and design labs which 
typically cannot meet the mini¬ 
mum purchase requirements of 
major component distributors. 
The unit of sale is per strip. 
Resistors are furnished in strips 
of 10 and sell for $2.50 per strip. 
Capacitors are furnished in strips 
of 5 and sell for $1.25 per strip. 

Values are clearly marked on 
each strip. Minimum order is 
$10.00. Available resistors and 
capacitors are the same as those 
provided in the company’s CC-1 
and CR-1 prototyping kits, which 
generally are standard 5 percent 
resistor values, and 10 percent 
ceramic capacitor values. 
Communications Specialists, 
Inc. 
INFO/CARD #247 

PC-Based 
Counter Operates 
With 
Windows 3.0 
A new 10 Hz to 2.4 GHz counter 
has been introduced by Optoelec¬ 
tronics. The PC-10 Universal Fre¬ 
quency Counter-Timer is in the 
form of a 9-inch card for personal 
and laptop computers, using Win¬ 
dows 3.0 as a control panel and 
display window. Input signals of 
10 mV or greater are accepted 
and displayed with up to 10 digit 
resolution. Input gating is con¬ 
tinuously variable from 1 msec to 
28 seconds for optimum meas¬ 
urement time and resolution. 
Measurement modes include dis¬ 
crete and average frequency, 
pulse width, time interval, period, 
and ratio between two frequen¬ 
cies. The counter can also control 
a radio receiver, such as the 
ICOM R7000, for operation faster 
than the typical scanner, or auto¬ 
matically tuning the radio to a 
detected signal frequency for sur¬ 
veillance applications. The PC-10 
is priced at $335 each. 
Optoelectronics Inc. 
INFO/CARD #246 
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Frequency 
Multipliers 
KW Microwave announces a se¬ 
ries of active and passive fre¬ 
quency multipliers with integrated 
amplifiers, featuring multiplica¬ 
tion factors from 2 to 96, with 
minimum input frequency of 1 
MHz and maximum output fre¬ 
quency of 12 GHz. An example 
multiplier with a multiplication 
factor of 16 has an input fre¬ 
quency of 450 MHz and an output 
of 7.2 GHz. Typical input power 
is +23 dBm and typical output 
power is 0 dBm. Spurious and 
harmonic signals are -50 dBc. 
Multipliers are available in plug¬ 
in, drop-in or connectorized ver¬ 
sions. 
KW Microwave Corp. 
INFO/CARD #245 

Large Area Diamond 
Heat Sinks 
Thick, large area chemical vapor 
deposited (CVD) diamond heat 
sinks are now being produced for 
power device and high speed 
applications. In dimensions up to 
25 mm square and 0.5 mm thick, 

diamond heat sinks offer thermal 
conductivity about 2.5 times that 
of copper and 5 times that of 
beryllia at 100 C. For price sensi¬ 
tive applications, diamond-coated 
silicon substrates are also avail¬ 
able. 
Crystallume 
INFO/CARD #244 

120 MHz Synthesizer 
IC 
GEC Plessey Semiconductors in¬ 
troduces the NJ88C33 synthe¬ 
sizer, designed for operation from 
2.5 to 5.5 volts with 3 mA current 
consumption. The device may be 
operated as a single-chip 120 
MHz synthesizer, or with an ex¬ 
ternal prescaler for operation to 

frequencies beyond 2 GHz. On-
chip are programmable 16-bit R', 
12-bit ‘N’ and 7-bit ‘A’ counters 
which are addressed by an I2C 
bus. The bus will operate up to 2 
MHz and can achieve channel 
loading in 20 us. In 100s, the 
price is $7.87. 
GEC Plessey Semiconductors 
INFO/CARD #243 

GaAsFET Switch 
Matrix 
A 5-in, 2-out GaAsFET switch 
matrix is introduced by K&L Mi¬ 
crowave, covering DC-2 GHz, 
with TTL compatible control in¬ 
puts. Switching speed is typically 
40 nsec, insertion loss is 4.5 dB 
maximum, isolation is 60 dB, and 
VSWR is a maximum of 1.5:1. 
The matrix is enclosed in a her¬ 
metically sealed 3 x 1.5 x 0.4 inch 
enclosure. 
K&L Microwave, Inc. 
INFO/CARD #242 

Communications 
Test Set 
Motorola announces the R-2600A 
Communications System Ana¬ 

lyzer, with cellular testing capabil¬ 
ity. Available cellular formats in¬ 
clude EAMPS, ETACS, JTACS 
and NTACS. Test functions in¬ 
clude sweep generator, spectrum 
analyzer, receiver, digital storage 
oscilloscope, terminated wattme¬ 
ter, counter, signalling generator 
and decoder, SINAD meter, dis¬ 
tortion meter, AC/DC voltmeter, 
and audio generator. The display 
includes softkeys, windowing and 
fast autoranging scales for ease 
of operation. 
Motorola Government Electron¬ 
ics Group 
INFO/CARD #241 

DC- 4 GHz 
Differential Amplifier 
The AM-4001, a stand-alone dif¬ 
ferential amplifier has been intro¬ 
duced by Tektronix. This pulse 
amplifier has a DC-4 GHz band¬ 
width with 18 dB gain and gain 
flatness of less than 1 dB from 1 
MHz to 2.5 GHz. Available output 
level is ±2 V into 50 ohms from 
each output. The amplifier is 
designed for applications requir¬ 
ing accurate time domain charac¬ 
teristics such as preamplification 

VCXO’s in DIP packages QUARTZTEK 

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

SPECIFICATIONS 
OUTPUT: High Speed C-MOS/TTL 
Compatible 

OPERATING TEMP. RANGE: -45°C to 
+85°C As Specified, See Options 

SUPPLY CURRENT: 45 mA MAX. ® 30 MHz 
35 mA MAX. @ 20 MHz 
25 mA MAX. @ 10 MHz 

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

Voh: Vcc-0.2 V, MIN. 

Vol: 0.2 V, MAX. 

Control Voltage: 0.5 VDC to 4.5 VDC 

TRANSFER SLOPE: Positive 

QUARTZ CRYSTALS* 
CRYSTAL FILTERS 

• DISCRETE • MONOLITHIC 
SUPERIOR AGING* 

•ANOX. CRYSTALS 
EXCELLENT FREQ. 
CONTROL 

WITH 
YOUR FREQUENCY 

CONTROL DESIGNS. 

CALL OR FAX YOUR 
TEMP. 
RANGE STABILITY 

0°to50°C +.0025% 

DEVIATION* 

± 50 ppM 

OSCILLATEK 
0° to 70°C ± .005% ± 100 ppM 

CRYSTAL OR CRYSTAL FILTER 
REQUIREMENTS TO THE QTEK 
ENGINEERING STAFF AND 
LET THEM HELP YOU WITH 

THE SOLUTION 
* IDOVER) technologies company 

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

50 

-20° to 70"C 

-45° to 85°C 

±.01% ± 150 ppM 

•Deviation over full 0.5 to 4.5 
V control voltage range. 

Deviation per volt = ± deviation / 2 V 

QUARTZTEK 
20 S. 48th AVE. 

PHOENIX, AZ. 85043 
602-272-7944 FAX: 233-2440 
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for real-time or sampling oscillo¬ 
scopes and spectrum analyzers. 
Applications with ill-defined 
ground can benefit from using 
this unit, such as high speed 
logic, gigabit data transmission, 
and advanced radar systems. 
Price of the AM-4001 is $4000. 
Tektronix, Inc. 
INFO/CARD #240 

Nonvolatile, 
Programmable 
Components 
A family of serially programma¬ 
ble, nonvolatile integrated circuits 
has been introduced by Hughes' 
Semiconductor Products Center. 
These parts are designed for 
circuits requiring precision tun¬ 
ing, trimming, or reconfiguring. 
The first nine types of devices 
include: an eight-output alterna¬ 
tive to DIP switches, a quad 
analog switch, eight-channel ana¬ 
log data selector, two trimmer 
potentiometers, a trimmer capaci¬ 
tor, sine/cosine generator, secu¬ 
rity code generator/detector, and 
a 16-bit divide-by-N counter. 
Hughes Aircraft Company 
INFO/CARD #239 

Eight-Line EMI Filter 
Better than 15 dB attenuation of 
common mode noise in up to 
eight data lines can be obtained 
with the Coilcraft CCDLF-8000 
surface mount filter. By passing 
all signals through a single mag¬ 
netic structure, these filters re¬ 
move common and differential 
mode noise. Typical inductance 
is 5 uH per winding, maximum 
DC resistance is 250 milliohms, 
and current capacity is 100 mA. 
In 10,000 production quantities, 
the price is $2.00 each. 
Coilcraft 
INFO/CARD #238 

Mini Pak DBM 
Vari-L introduces a double bal¬ 
anced mixer in the smallest avail¬ 
able hermetic package, the model 
DBM-145. Frequency coverage 
is 10-1500 MHz with 5 dB conver¬ 
sion loss and VSWR of 1.5:1 at 
mid-band. LO drive is +7 dBm, 
and the third order intercept point 
is +12 dBm. In addition to fre¬ 
quency conversion, applications 
include bi-phase modulators, 
pulse modulators, phase detec¬ 
tors and frequency doublers. 

Vari-L Company, Inc. 
INFO/CARD #237 

PC-based Counter 
The GT100 from Guide Technol¬ 
ogy is a low cost frequency 
counter for automated test sys¬ 
tems. The counter includes a 
full-size PC card and a DOS¬ 
based software package which 
provides a virtual front panel on 
any XT, AT or compatible PC. 100 
MHz or 1.3 GHz models are 
available, with selectable gate 
time, fast frequency measure¬ 
ment, time interval, pulse width, 
period, ratio, and totalize func¬ 
tions. Price of the GT100 is $995 
for the 100 MHz model and $1745 
for the 1.3 GHz version. 
Guide Technology Inc. 
INFO/CARD #236 

SMT Crystal 
Fox Electronics offers a ceramic 
surface mounted crystal in a 
package compatible with existing 
SMT designs. The FC model is 
available in 10 MHz - 50 MHz 
frequency with standard toler¬ 
ance of ± 50 PPM at 25 C and 
aging of 5 PPM/year, maximum 

Shunt capacitance is 7 pF maxi¬ 
mum, and equivalent series resis¬ 
tance (ESR) is 50 ohms max , 
10-25 MHz, and 100 ohms max., 
25-50 MHz. 
Fox Electronics 
INFO/CARD #235 

LC Filters for HDTV 
The HBF line of video filters and 
delay lines for high definition 
video and precision imaging is 
available from Toko America. De¬ 
signed for very precise amplitude 
and group delay characteristics, 
lowpass filters are available with 
cutoff frequencies from 5 to 36 
MHz, and delay lines are avail¬ 
able with 300 to 600 ns delay 
times. Prices range from $202 in 
single piece sample quantities. 
Toko America, Inc. 
INFO/CARD #234 

Plug-In Attenuator 
JFW Industries has added the 
model P50-021 to their line of 
hybrid programmable attenu¬ 
ators. Attenuation range is 0-31 
dB in 1 dB steps, frequency range 
is 50-250 MHz. and switching 
speed is 5 usee. Maximum VSWR 

Programmable 
Attenuators 

Model 50P-076 
Frequency Range 

DC- 1000 MHz 
Attenuation Range 

0-127 dB in 1 dB steps 
Attenuation Steps 

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

Model P50-006 
Frequency Range 
10-600 MHz 
Attenuation Range 
0-63 dB in 1 dB steps 
Attenuation Steps 
1.2, 4, 8. 16 and 32 dB 

Model 50P-280 
Frequency Range 

10-650 MHz 
Attenuation Range 

0-70 dB in 10 dB steps 
Attenuation Steps 

10, 20 and 40 dB 

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

INFO/CARD 39 317-887-1340 

JFW Industries, Inc. 
5134 Commerce Square Dr. 
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Need Clock Oscillators 
or Crystals? 
Think 800-333-9825 
Quartz Crystals 
50 Khz to 200 Mhz 

TTL Clock Oscillators 
250 Khz to 70 Mhz 

HCMOS Clock Oscillators 
3.50 Mhz to 50 Mhz 

TTL and HCMOS Half Size and Surface Mount also available on request 

Fast Service -
3 weeks or less 

Special frequencies 
cur speciality 

CAL CRYSTAL LAB, INC. • COMCLOK, INC. 
1142 No Gilbert. Anaheim, CA 92801 • FAX 714-491-9825 

is 1.5:1, maximum input power is 
+15 dBm, and attenuation accu¬ 
racy is ±0.5 dB or 2 percent. 
Control is CMOS compatible. 
Other models and custom con¬ 
figurations are available. 
JFW Industries, Inc. 
INFO/CARD #233 

Monolithic QPSK 
Modulator 
The first of a new series of RF 
ICs, the HPMX-2001 QPSK modu¬ 
lator has been introduced by 
Hewlett-Packard Co. The device 
incorporates twin double bal¬ 
anced modulators cross-coupled 
into a summing amplifier, plus a 
standby circuit for controlling cur¬ 
rent sources. Applications include 
digital cellular and digital cord¬ 
less telephone equipment, as well 
as other applications requiring 

INFO/CARD 40 

amplitude modulation, single¬ 
sideband transmission or vector 
generation. Pricing is $7.25 for 
1-99 units. 
Hewlett-Packard Company 
INFO/CARD #232 

1 MV Pulser System 
A pulser system generating 250 
kV to 1 MV pulses with a risetime 
of 65 nsec and duration of up to 
10 ms is announced by Maxwell 
Laboratories. The Model 40404 
Marx Generator can be used as 
in high power microwave sources, 
for accelerating electron beams, 
in pulsed lasers, flash X-ray units 
or for general high-voltage labo¬ 
ratory use. Low jitter and droop, 
and low overshoot are additional 
features of this design. 
Maxwell Laboratories, Inc. 
INFO/CARD #231 

Low Loss SAW Filter 
Thomson-ICS has developed a 
71 MHz SAW filter featuring less 
than 10 dB insertion loss and 
single component tuning circuits, 
intended for mobile radio applica¬ 
tions. Bandwidth is 170 kHz with 
a shape factor of approximately 

PROCEEDINGS Design Ideas From the Best 
RF Engineers in the Business 

Successful engineers like yourself rely on the latest engineering information to stay on top of your profession. Every 
RF Expo Proceedings has hundreds of pages of outstanding RF reference material covering advanced RF design and 
analysis, practical design techniques, product applications, and basic tutorials. 

Give yourself the designing edge...order your copies of the 
RF EXPO PROCEEDINGS today! 

Hurry, supplies are limited. 

Save 20% Take all 10 for $1,160 A savings of $290 

Please send me 
the following 
Proceedings: 

□ RF Technology Expo 9I 

□ RF Technology Expo 90 

□ RF Technology Expo 89 

□ RF Technology Expo 88 

□ RF Technology Expo 87 

□ RF Technology Expo 86 

□ RF Expo East 90 

□ RF Expo East 89 

□ RF Expo East 87 

□ RF Expo East 86 

Price: $I45 each — outside U.S. add $30.00 to total order for shipping charges. 
Payment: (Payment must accompany order) 
□ Check enclosed □ Bill my: □ VI □ AE □ MC 

Name_ 

Title_ Phone_ 

Company Name 

Address 

Bldg No M/S 

City State ZIP 

Country Postal Code 

Card # Exp 

Signature Date 

SEND TO RF EXPO PROCEEDINGS RFD 4/91 
6300 S. Syracuse Way. Suite 650 • Englewood. CO 80III 
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4:1 . Packaging is a 1.4 x 0.5 x 0.2 
inch DIP. 
Thomson-ICS Corp. 
INFO/CARD #230 

ECL Compatible 
Oscillators 
A new VHF miniature oscillator 
covering 200-500 MHz is avail¬ 
able from Murata Erie. Outputs 
include ECLinPS differential, 
100K logic, and sine wave (op¬ 
tional). Stability is ± 50 PPM to ± 
100 PPM from 0 to +70 C. Other 
features include low jitter and 
excellent waveform symmetry. Ap¬ 
plications include high resolution 
graphics, CPUs, fiber optics and 
communications. 
Murata Erie North America 
INFO/CARD #229 

Tunable Notch 
Filters 
A new line of tunable notch filters 
from Trilithic covers a range of 
25 to 1000 MHz with octave band 
units, offering notch depths up to 
50 dB. 3 dB bandwidth varies 
from 1 to 16 MHz, depending on 
the octave band selected, while 

passband loss is 1 dB maximum. 
Models are available in 50 or 75 
ohm impedances, with type N, 
SMA, TNC or BNC connectors. 
Trilithic 
INFO/CARD #228 

Mica Chip Capacitors 
Type MC mica chip capacitors 
are now available from Cornell 
Dubilier. Natural mica dielectric 
retains high Q up to self-resonant 
frequencies exceeding 1 GHz. 
Capacitance ranging from 1 pF 
to 2000 pF (100 V) or 1200 pF 
(500 V) and tolerances as tight 
as ±0.25 pF or ±0.25 percent are 
offered. Bulk or reel packaging is 
available. OEM quantity pricing 
starts a $0.20 each. 
Cornell Dubilier Electronics 
INFO/CARD #227 

RF Prototyping 
Board 
Ivanboard is a universal circuit 
board for quick, reliable construc¬ 
tion of all types of electronic 
circuits. Using a grid of pads with 
0.1 inch spacing on one side, and 
a solid low-impedance ground 
plane on the opposite side, stable 

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 
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Standard Solid With Radome 

FCC Requires The Use of 
Category A Antennas 
For STL/Broadcast 
Mark Antennas Division solves your antenna needs by 
supplying you with 7 and 13 GHz antennas. Our antennas 
comply with all the requirements of FCC Parts 74 and 78. 
Category A antennas are available in 6 (1 3 GHz Only), 8, 10 
and 12 foot sizes in Standard Solid, High and Maximum High 
Performance configurations. 

Let Mark provide the solution for your antenna needs. 
Call us today. 

High & Maximum High Performance 

Radiation Systems, Inc. 
Mark Antennas Division 
21 80 S. Wolf Road • Des Plaines, IL 6001 8 
Tel: 708/298-9420 • Fax: 708/635-7946 

INFO/CARD 43 
RF Design 53 



RF 
MONOCYCLE GENERATORS 

AND 
IMPULSE GENERATORS 

WE HAVE INTRODUCED 12 NEW 

MODELS TO OUR LINE OF RF MONO-

CYCLE GENERATORS AND IMPULSE 

GENERATORS FOR SAW. ULTRA¬ 

SONICS AND SHORT PULSE RADAR 

APPLICATIONS THE MONOCYCLE 

GENERATORS OUTPUT A SINGLE 

CYCLE OF RF WITH EXTREMELY LOW 

SPURIOUS LEVELS TYPICAL 

STANDARD MODELS PROVIDE 2.5 

GHz 10 VOLTS. 1.0 GHz 20 VOLTS. 

AND 50 MHz 800 VOLTS. OUR IMPULSE 

GENERATOR OUTPUTS VARY FROM 

10 VOLTS. 130 PS TO 650 VOLTS. 5 NS 

CALL US FOR YOUR SPECIAL 

REQUIREMENTS AND A COPY OF OUR 

NEW 100 PAGE NANOSECOND PULSE 

GENERATOR CATALOG 

AVTECH 
ELECTROSYSTEMS 

P.O. Box265, Ogdensburg 
New York 13669 
(315) 472-5270 

P.O. Box 5120, Station F 
Ottawa. Canada K2C3H4 

(613) 226-5772 
Fax: (613) 226-2802 

Germany FOIC Gmbh. Hamburg. 040/540 68 66 
UK LYONS INSTRUMENTS Hoddeson (0992) 467161 
France K M P ELECTRONICS. Clamart. CEDEX, 33(1)46450945 
Japan MEISHO ELECTRONICS TOKYO (03) 3980-6541 
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RF, analog and digital circuits 
can be built. 
Europa Marketing 
INFO/CARD #226 

Attenuator Uses ACT 
Drivers 
KDI/Triangle’s DAP0024 thick 
film attenuator uses advanced 
CMOS-TTL compatible (ACT) driv¬ 
ers to achieve 100 ns switching 
speed in a 0.-1 5.5 dB, 0.5 dB per 
step attenuator. Operating fre¬ 
quency is 20 MHz to 1 GHz, with 
other models operating to 2 GHz. 
Attenuation accuracy is ±0.25 
dB. 
KDI/Triangle Electronics 
INFO/CARD #225 

SMT Inductors 
The PM20 series SMT inductors 
from J.W. Miller cover 0.01 uH 
through 220 uH with current rat¬ 
ings from 450 mA to 50 mA (over 
the same inductance range). Op¬ 
erating temperature is specified 
as -20 C to +100 C. 1210 outline, 
precise dimensions and soldering 
terminal strength facilitate auto¬ 
mated production. 
J.W. Miller Div., Bell Industries 

INFO/CARD #224 

Microcomputer Com¬ 
pensated Oscillator 
Frequency Electronics introduces 
its MCXO Microcomputer Com¬ 
pensated Crystal Oscillator for 
precision applications. The 
MCXO achieves compensation 
without the use of ovens or con¬ 
ventional temperature-compensa¬ 
tion techniques. It provides a 
order-of-magnitude improvement 
in frequency stability for low 
power, high-accuracy timekeep¬ 
ing and frequency control. Stabil¬ 
ity with temperature is ±3 x 10-8 
including hysteresis, over -55 to 
+85 C. Standard outputs are 
time-of-day, 3.2 MHz, and 1 pulse/ 
sec. Optional spectrally pure sine 
wave outputs or square wave 
outputs in the range of 1-100 MHz 
are also available. 
Frequency Electronics Inc. 
INFO/CARD #223 

Variable Gain 
Amplifier 
Avantek’s newest addition to their 
MaglC'm bipolar IC line is the 

RF POWER AMPLIFIERS 
UHF Pulsed 
Systems 

► 5-450 kilowatts output 
► 0.1 to 2% duty factor 
► 5 to 1000 psec 
pulse width 

► 200 to 850 MHz 
center frequency 

► Multiple planartriode array 
► Wideband, tunable 
operation 

► Built-in control loops 
► Flexible computer control 
► Standard models and 
custom units 

AccSys 
TECHNOLOGY, INC 

60 kw Amplifier 

1177 Quarry Ln. Pleasanton, CA 94566 
(415) 462-6949 FAX: (415) 462-6993 

The next time something brilliant strikes you, think 
E.E Johnson electronic components. They’re truly in¬ 
spirational. For the distributor nearest you, call 1-800-
¿47-8¿5b. Demand the r r IfM-IKlCfNU* 
best. Specify E.E Johnson. Cr

C1991, E. E Johnson, Inc. 
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IVA-05208, a variable gain ampli¬ 
fier with DC to 1.5 GHz -3 dB 
bandwidth, 30 dB gain, and 30 
dB gain control range. The device 
operates from a single 5 VDC, 
35 mA supply, and uses a 0 to 5 
V control voltage. Packaging is 
in a standard low cost SO-8 
8-lead SMT package The price 
is $10.45 in 100-piece quantities. 
The IVA-05208 is in stock at 
Avantek distributors. 
Avantek, Inc. 
INFO/CARD #222 

Rapid Deployment 
Antenna 
The Astron Model WBJ-250B 
Broadband HF/VHF/UHF an¬ 

tenna covers 20 to 520 MHz 
without the use of couplers or 
tuning networks VSWR is 2.5:1 
maximum, and the antenna will 
handle 50 watts input power, the 
antenna is rapidly deloyed in the 
field for both tranmsit and receive 
operation. Deployed height is 
12.3 feet. 
Astron Corp. 
INFO/CARD #221 

Sealed Trimmers 
Voltronics is now producing its 
smaller “K" line precision air 
dielectric trimmers with either an 
alumina or plastic case. Both 
designs are O-ring sealed, and 
are offered in 8 or 10 pF values. 
Q is over 5000 at 100 MHz, and 
self-resonant frequency is over 2 
GHz at maximum capacitance. 
The case is 0.23 in. diameter by 
0.48 in. long, provided in panel 
mount, strip line, surface mount 
and p.c. mounting. 1000-piece 
quantities are priced at $4.23 for 
the 8 pF ceramic case (KP8) and 
$3.96 for the 8 pF plastic unit 
(KEP8). 
Voltronics Corp. 
INFO/CARD #220 

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. 
(213) 445-2796 

T T E, Inc. (213) 478-8224 
West Los Angeles, CA FAX: (206) 821-0992 
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( QUARTZ CRYSTALS FREE CATALOG 
HIGH REL BLILEY QUALITY. 

YOUR CHOICE OF PERFORMANCE 
WITHIN THESE RANGES. 

Frequency from 1 kHz to 
200 MHz. 

Operating temp ranges as 
broad as -55°Cto +125°C. 

Aging as low as 4 x 10 - 8 
(total) within 12 months. 

• Traditional cuts and doubly 
rotated cuts including SC, IT 
and FC cuts. 

• Through-hole and surface 
mount designs. 

Bliley is the total in-house producer of 
quartz crystals. Your prime source for 
advanced performance, high reliability, 
and cost-effective pricing. 

Quartz Crystals • Crystal Oscillators 
COMPLETE 
GENERAL PURPOSE AND 
MIL-SPEC CAPABILITIES. 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Blvd., RO. Box 3428, Erie, PA 16508 

(814) 838-3571 FAX 814-833-2712 

RF Design 
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THE LIBRARY FOR BACK ISSUES! 
5 

ANNOUNCING... 

RF DESIGNS’ FILTER HANDBOOKS 

Each handbook contains 80 compiled 
pages of our best (and most requested) 
articles on Filter Design, and Filter Appli¬ 
cations. These Filter articles and tutorials 
come directly from the pages of RF 
Design magazine, and are written by 
experts from across the RF industry. Each 
Handbook is filled with articles that tar¬ 
get every level of design experience and 
application. ..articles which will bring new 
engineers up to speed quickly on Filter 
basics...as well as articles that will teach 
experienced engineers how to maximize 
Filter performance at the most complex 
level. 

Use the handy coupon below, or simply call your order into 
our Circulation department @ 303/220-0600. 

- COUPON - COUPON -

Yes, ship me (QTY) _ sets of Filter Handbooks Volumes I, II, at $45.00 plus $5 postage.* 

Yes, ship me (QTY) _ Filter Applications Handbooks, Volume I, ONLY at $25.00 plus $3 postage.* 

Yes, ship me (QTY) _ Filter Design Handbooks, Volume II, ONLY at $25.00 plus $3 postage* 

'non U.S orders please double shipping charges. 

( ) Bill my company...signed PO enclosed. 

( ) Check enclosed... payable to RF Design. 

Bill my: ( ) MC ( ) Visa ( ) Amex 

card # _ signature _ 

Amount_ 

Amount _ 

exp. date _ 

Ship to: Name _ Company 

Address_ _ ms _ 

City _ State _ Zip_ 

Telephone_ 

Mail order to: RF Design, Circulation Dept., 6300 S. Syracuse Way, #650, Englewood, CO 80111, 
or call 303/220-0600 TODAY! 
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STANFORD 

The recently introduced Stanford Telecom ASIC & Custom Products short form catalog provides a brief single page 
description of each product for quick reference to each of the devices in our Frequency Synthesis, Forward Error 
Correction, Coding and Demodulation product families. An outline of our Custom Design Service is also included. 

Stanford Telecom is now pleased to announce the availability of the following series of new handbooks: 

The DOS Handbook 

Includes a selection guide for Numerically Controlled Oscillator and Direct Digital Synthesis products, a complete 
data sheet for each ASIC, Board Level and Chassis Level product plus a series of application notes on topics related 
to Direct Digital Synthesis — 216 pages. 

The Spread Spectrum Handbook 

A compilation of detailed data sheets covering a wide range of products related to spread spectrum applications in¬ 
cluding Modulation, PN Coding, Demodulation and Error Correction. Application notes regarding topics such as Digital 
Matched Filters, Direct Sequence Receivers, and Digital ASIC’s for Spread Spectrum are also included — 189 pages. 

The Forward Error Correction Handbook 

Includes application information on FEC encoding and decoding, a product selection guide and detailed data sheets 
on each product — 56 pages. 

ASIC & Custom Products Group 
2421 Mission College Blvd , Santa Clara, CA 95056 

Tel: (408) 980-5684 • Fax: (408) 727-1482 



FREQUENCY SYNTHESIZERS 

HIGH-PERFORMANCE DIRECT SYNTHESIZERS 
Accurate, stable, quiet frequencies on command, fast. For NMR, imaging, SATCOM, 
surveillance, ATE. Sources adapting to your needs with options. High demonstrated 
reliability. Thousands in use. 

Resolution: 1Hz 
Switching: 1-5(js 

Phase Noise: - 70dBc (0.5Hz-15KHz) Price: $2,575.00’ 

Phase Continuous: 2 MHz band, even or odd steps 

OTHER OPTIONS 
Programmable Attenuator 0-90dB (or 0-99dB with GPIB) 
n X 10 MHz output (20-140 MHz) or any 10 MHz line 
•Prices are US only, and include manual & remote 
(BCD) control, 1 Hz resolution, OCXO std. 

PROGRAMMED TEST SOURCES, INC. 
P.O. Box 51 7, 9 Beaver Brook Rd., Littleton, MA 01 460 Tel: 508-486-3008 FAX: 508-486-4495 
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TTMK AIICROHMVE 
OSCILLATORS 

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. 

PHASE LOCKED 
OSCILLATOR 

Output Frequencies . 100 to 1200 Operating Temperature . -55° to +85°C 
MHz LX' Power . + 15 VDC at 100 ma nominal 

Crystal Frequencies . 40 to I (X) MHz . -15 VDC at 10 ma nominal 
Reference Frequencies . 5 or 10 MHz Connectors (RF Output and Reference Input) 
Loop Bandwith . 6 KHz nominal SMA, female 
Output Power . + 10 dBm min. Size .. 2.75 x 1.00 x .75 in., excluding 
Spurious Output . -80 dBc projections 
LoadVSWR . 2.0:1 

OVENIZED 
CRYSTAL OSCILLATOR 

Designed especially for low phase noise Output Power. (a) 10 to 14 dBm 
under vibration, this new family of oscillators (b) 20 to 24 dBm 
provides real improvements in both phase Second Harmonic and 
noise and frequency stability, and they come to Harmonics of 
you in a small package with only a minor cost Crystal Frequency . (a) -30 dBc 
difference. You may choose from 10 mW or . (b) -20 dBc 
100 mW minimum output power. Vibrational Sensitivity . 1x10 -9/g 

maximum; 
Output Frequency . Customer- 5x10 10/g typical 

specified between Temperature Stability . ±2 ppm 
60 and 1200 MHz Temperature Range . -54 to + 85°C 

Crystal Frequency . Factory selected Size . 1.33 x 1.33 x 0.56 
between 60 and in. (34 x 34 x 14 
125 MHz mm) nominal 

CRYSTAL OSCILLATOR 

An example of TRAK’s ability to 
combine several frequencies in a 
small package. 

Output Frequency (Fo) . S, C, X, & Ku 
Bands 

Output Power . +10 dBm to 18 
dBm typical 

Power Flatness . ±2 dB 
Frequency Stability . ±0.0005% max. 
Set Accuracy . ±2 ppm max. 

(+25°C) 
Aging Rate . 5 ppm/year 
Output Power Variation . 4 dB max. 

Warm-up Time . 120 sec max. to 
be within ± 0.0005% of Fo. 

Temperature Range . -20 to +71 °C 
Harmonics 
and Spurious Output . -65 dBc max. 
Load VSWR . 1.5 max. 
Connectors 

RF Output . SMA (Female) 
Power Supply . Solder Terminal 

Power Supply . + 15 V DC ±5% 

This VCO is another example of a product designed to support TRAK’s synthesizer activity. It 
utilizes TTL logic to switch four bands to cover the specified frequency range. 

VOLTAGE CONTROLLED 
OSCILLATORS 

Specifications 
Frequency Range . 2-5 GHz FM Noise . 100 KHz Offset -105 dBc/Hz 
Power Output . + 4 dBm . 1 MHz Offset -130 dBc/Hz 
Frequency Drift . 25 MHz/°C Harmonics . -15 dBc 
Modulation Sensitivity .... 100 MHz/V D.C. Power . +15 V @ 90 mA 
Tuning Voltage . +2 to +10 VDC Temperature . -54 to +71°C 

Size . 2.4 x 1.55 x .4 inches 

Specifications subject to change without notice. 

TRAK MICROWAVE CORP Dept RF 41, 4726 Eisenhower Blvd. • Tampa, FL 33634- 6391 • Phone 813-884-141 1 • FAX 81 3-886-2794 • TELEX 52-827 
TRAK MICROWAVE LTD. Dept. RF 41 ,3/4 Lindsay Court • Dundee Technology Park • Dundee, Scotland DD21 TY • Phone 44-382-561 509 • FAX 44 382-582643 
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DGS for FILTER DESIGN SOLUTIONS 

DGS ASSOCIATES 

Time-saving, cost-effective Filter Synthesis 
and Analysis for Electronic Filter Design 

DGS Associates offers a full line of highly 
professional .fully flexible CAD tools for the 
design, analysis and synthesis of analog, digital 
and microwave circuits, as well as delay equalizer 
and related circuit design. 

Designers benefit from unsurpassed accuracy 
and overall unique filter design capabilities not 
available from any existing programs. The power 
and general capabilities of DGS programs have 
been proven for over 10 years. 

DGS offers its S/FILSYN'“ program in a series of 
related modules to provide engineers flexibility in 
the design of a variety of filter kinds: 

• Passive LC 
• Active RC 
• Microwave 
• Digital HR 
• Digital FIR 

DGS SERIES OF FILTER SYNTHESIS 
AND ANALYSIS PROGRAMS 

S/FILSYN for Personal Computers 

S/FILSYN, acclaimed worldwide, is structured in 
five separate modules and comes with a number 
of utilities. The modules communicate with each 
other through files and are structured for these 
designs: 

• Passive LC-Ladder 
Lattice (single section) 
Ladder-Lattice combination 

• Active RC- Cascaded 2nd order sections 
Leapfrog feedback structure 
Follow-the-leader feedback 
structure 

• Digital HR- Cascaded 2nd order sections 
Parallel 2nd order sections 

• Digital FIR— Single structure 
Cascaded structure 

• Microwave-Ladder 

With the full DGS set of programs, all conceivable 
combinations of performance characteristics are 
available—saving months of work in filter design. 

DGS Associates 1353 Sarita Way Santa Clara CA 
INFO/CARD 51 

COMBLINE 

COMBLINE is a filter post-processor program 
that works on a design prepared by S/FILSYN. 
COMBLINE converts design parameters, 
calculates equal-rod diameters of specified values 
and prints the modified electrical equivalent 
circuit as well as the mechanical dimensions. 
Some Touchstone " orS/COMPACT" files are 
compatible with COMBLINE. 

SCASY FREQUENCY DOMAIN ANALYSIS 

SCASY is a program for the frequency domain 
analysis of linear switched-capacitor circuits 
containing capacitors, clock-controlled switches 
and ideal voltage-controlled voltage sources. The 
program is written in FORTRAN77 and is available 
for mainframes as well as the IBM-PC, -XT, -AT® or 
compatible computers. 

FILTER-9 PAC 

FILTER-9 PAC contains nine individual programs 
for designing Butterworth, Chebyshev, elliptic-
lowpass, -highpass, -bandpass, and band-reject 
filters in passive LC form or their analog or digital 
transfer functions. A ladder analysis program and 
a graphics utility is also included. 

SA-SER I ES 

DGS offers design engineers five separate 
modules for use in solving additional design 
problems. Some of the modules require operation 
with the DGS S/FILSYN program. 

SA-EAGLE 

EAGLE is designed as a stand-alone program for 
loss equalizer design. The equalizer is realized as 
a cascade of constant-resistance sections. 

SA-QUAIL 

QUAIL is a program which calculates filter transfer 
functions with Chebyshev passband and specified 
delay. The resulting functions can subsequently 
be realized by the S/FILSYN program. 

95051 Telephone: 408/554-1469 Telex: 6502163796 



Specialized RF Products 
to Match Your Requirements 

Apcom offers an extensive line of rf products 
designed to provide excellent performance character¬ 
istics at a competitive price. All products are designed 
for TEMPEST applications and may be easily cus¬ 
tomized for different operating frequencies and 
bandwidths. 

Tunable frequency converters cover the 
range from 10 kHz to 10 MHz in 100 Hz increments. 
The input and output frequencies, plus the bandwidth, 
are entered with the front panel keypad or IEEE bus 
and are shown on separate digital displays. Additional 
features include image rejection mixers, automatic 
and manual gain control, and group delay compen¬ 
sation. Two converters may be operated in a master/ 
slave mode; multiple converters may be controlled 
from a central point through the IEEE-488 bus. 

Modular receivers provide a cost effective solu¬ 
tion for extended term monitoring. Up to eight 
receivers plug into a standard 8% inch shelf. Cover¬ 
ing the range of 20 to 520 MHz in 1 kHz increments, 
each receiver may be set for AM or narrow band 
FM detection. The common control module provides 
complete receiver control through IEEE-488, RS-422, 
or other bus protocols. 

IF to tape frequency converters feature push¬ 
button selection of four input and seven output 
frequencies, plus IEEE-488 control. Additional fea¬ 
tures include input and output level monitoring, 
selectable input attenuation, and manual or automatic 
gain control. Different units in the series cover many 
different frequencies. Additionally, a complete series 
of tape to IF converters are available. 

Analog and Digital distribution amplifiers 
provide multiple outputs from a single input. 
Different analog units cover the range from de to the 
VHF band and feature adjustable input and output 
levels, signal detectors and loss of signal alarms. 
Digital units operate with data rates up to 10 Mbps 
with balanced or unbalanced inputs and outputs. 
Any combination of analog and digital amplifers 
may be plugged into the 15 slot enclosure. 

Please contact Apcom at (301) 948-5900 for 
additional information on all of our different 
products and services. You will receive a copy of our 
current rf products catalog. 

APCOM 
INCORPORATED 

APCOM INC. 
8-4 Metropolitan Court 
Gaithersburg, Maryland 20878 
Phone: (301) 948-5900 
FAX: (301) 948-1631 
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BESSER ASSOCIATES 

If modern circuit design 
looks like this to you, 

call us for assistance. 
New design tools can speed up project 

development. However, what you learned in 
school yesterday may not be sufficient in 
today’s world. 

New graduates soon discover that 
university education provides only the 
foundation of what is realistically needed to 
perform well in the industry. 

Experienced engineers have problems 
too. Studies reveal that within each 3-5 year 
period, one-half of an engineer’s technical 
knowledge becomes obsolete. 

Continued training is a must for 
survival in today’s competitive market. With 
increasing emphasis on commercial 
application, modernization of the design 
laboratory and production floor is critical. 

Application of modern computer-aided 
engineering to RF and microwave circuit and 
system design is vital to manufacturing 
products with high quality and yield. 

A well-planned continuing education 
program will enable your company to meet 
these goals. 

As a recognized international leader, 
Besser Associates is totally dedicated to 
continuing education of RF and microwave 
professionals. Our instructors are top-notch 
design engineers, skilled in both technology 
and the art of teaching. We can customize our 
courses to meet your specific needs. 

For more information on how these 
training programs can work for you, contact: 

Besser Associates 
»1 I 4600 El Camino Real 

I Suite 210 
r I Los Altos, CA 94022 

Phone:(415)949-3300 
Fax: (415)949-4400 
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MAXTECH, Inc. 
TELECOMMUNICATIONS PRODUCTS 

REDUNDANT LNA SYSTEMS LOW NOISE AMPLIFIERS 

C-Band LNA 1:2 Waveguide Assembly 

FEATURES 
• Dual, redundant power supplies 
• Worldwide AC input capability 
• Manual or automatic operation 
• High performance MAXTECH 
LNAs 

• High quality waveguide switches 
• Output isolator(s) 
• Complete O&M manual 

MAXTECH Low Noise Amplifiers 

FEATURES and OPTIONS 
• State-of-the-art noise 
performance 

• HEMT/GaAs FET design 
• Waveguide or coaxial cable input 
• Internal power supply 
• Fault alarm 
• Redundant 1:1, 1:2 configurations 
• C-, Ku-, L-, S-, X-, other bands 

POWER AMPLIFIERS QUAD HYBRIDS 

50 W Rack-mount Power Amplifier 

FEATURES 
• +47 dBm (50 W) typical output 

Model QH100-6A Quadrature Hybrid 

power at P1 dB

• Minimum 55 dB gain 
• Front panel 20 dB range gain 

adjustment 

FEATURES 
• 32:1 baseband bandwidth 
• 0.1 dB typical amplitude ripple 
• ±0.5° typical phase ripple 
• 20 dB isolation 
• 1 dB loss above 3 dB split loss 

Other products—MAXTECH, Inc. offers a complete line of RFand microwave products for worldwide 
commercial and industrial telecomunications applications. Please contact us with your requirements. 

MAXTECH, Inc. 
2820 E. College Ave., Suite G, State College, PA 16801 • TEL: 814 238-2700 • FAX: 814 238-6589 
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RF eme corner_ 

Communications Range and 
Reliability of Part 15 Devices 
By Bernard Kasmir 
ADEMCO 

Low power communication devices 
authorized under FCC Part 15 have 
signficant perfomance limitations. Some 
of these limitations are a result of 
regulations, and others are part of the 
mechanical and electrical design, cost, 
and complexity requirements of the 
manufacturer. The key performance con¬ 
cerns from the user's perspective are 
range and reliability. Part 15 device 
designers have the task of dealing with 
the limitations while maximizing range 
and reliability. 

When we speak of radio range, we 
talk in terms of how far we can 

have communications. The definition 
becomes ambiguous unless we define 
initial conditions. There are, for exam¬ 
ple, best case, worst case, and typical 
performance; or the more generalized 
probability of communications under 
defined conditions. 
When using Part 15 low power com¬ 

munication devices for the protection of 
life and property, reliable range, how¬ 
ever it is defined, becomes a significant 
specification. The typical transmitter is 
a small PC board housed in some type 
of plastic case. Usually, the transmitter 
does not have an external antenna. 
Indeed, the antenna can often not be 
completely defined since it consists of a 
printed loop plus radiation from all 
components including the battery, and 
sometimes any external sensor wires. 
The FCC specifies ‘‘best case” signal 

level, which is measured by finding the 
maximum level of radiation considering 
all possible orientation positions. This 
signal is expressed in field intensity in 
microvolts per meter at some specified 
distance (usually 3 or 10 meters). The 
FCC is not concerned what type of 
antenna is used (if any) as long as the 
best case signal level is maintained. 

Radio receivers are usually measured 
for sensitivity in a 50 ohm system. 
However, the ability of a receiver to pick 
up a signal is also determined by the 
receiver antenna. The true measure of 
the receiver sensitivity is the ability to 
intercept a given field intensity. The 
actual receiver sensitivity can then be 

expressed in microvolts/meter. The an¬ 
tenna factor of the receiving antenna 
expresses the ability of the antenna to 
generate a voltage into 50 ohms for a 
particular field intensity. In other words: 

AF = E/V 

where, E is the field intensity in uV/m 
and V is voltage into 50 ohms. The lower 
the antenna factor the more voltage is 
delivered to the receiver for a particular 
field intensity. 

Since the transmitter is specified in 
microvolts per meter (at some defined 
distance) and the receiver sensitivity can 
be defined in terms of field intensity in 
uV/m, a theoretical best case range can 
be defined by the use of linear interpola¬ 
tion. Thus, the field intensity (E2) at 
distance of S2 would be: 

E2 = E1 x(S1/S2)(1) 

In this case, S1 would be the distance 
where the transmitter field intensity E1 
is specified, usually 3 meters. This 
shown in Figure 1 as the “1/X” curve 
where signal level (voltage) is halved as 
the distance is doubled. 

Figure 1. Signal level vs. distance 
(1/X curve). 

The transmitter signal level as speci¬ 
fied by the FCC is dependent upon 
frequency and duty cycle. Part 15.202 
lists signal levels as follows: from 260 
to 470 MHz, 1500-5000 uV/m. The field 
intensity at any operating frequency can 
be found by linear interpolation of this 
range. The field intensity E (in uV/m at 
3 meters) at frequency F is equal to: 

E = 16.67 (F-260) + 1500 

Duty cycle 
This is determined by the average-to-

peak value of signal level. The FCC 

Figure 2. Signal level vs. orientation for a Part 15 transmitter. 
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40 years 
of quality 
crystals 

Crystals 
Oscillators 
VCXO TCXO C probability in percent that R exceeds the value on the R axis. 

CALL TOLL FREE 
1-800 426-9825 

Figure 3. Rayleigh probability distribution model. 

INTERNATIONAL CRYSTAL 
MANUFACTURING CO., INC. 

PO Box 26330, Oklahoma City. OK 73126 
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allows up to 20 dB (10x) peak signal 
when pulse modulated and averaged 
over 100 ms. In the following example 
we shall calculate range based upon 
some initial values. The values chosen 
do not represent any specific product, 
but rather typical values used in this 
tutorial. 

For example, at 300 MHz, the 
average signal level allowed would be 
2166 uV/m. Assume a duty cycle of .2 
(the signal is on 20% of the time 

averaged over 100 ms). This yields a 
duty cycle advantage of 5, bringing the 
peak signal level to 10,830 uV/m at 3 
meters. 

Also, for this example, assume a 
receiver with a 30 dB antenna factor 
(numerically 31.6) and a receiver with a 
2 microvolt sensitivity into 50 ohms. The 
receiver sensitivity in terms of microvolts 
per meter would be; 

31.6x2 = 63.2 uV/m 

IMAGELESS MIXER CALL FOR PAPERS 
An Invitation for Proposals: 

Individual Papers or Three-Paper Sessions 

RF Expo East 1991 
Orlando, Florida 

October 29-31, 1991 

Proposals are now being accepted for technical papers to be presented at RF Expo East 91. 
You are invited to participate in the sixth East Coast RF Expo with an individual presentation 
or by organizing a three-hour session Papers can be on traditional RF topics, or may cover 
work of current interest to the RF community. A few suggested topics are: 

FEATURES 
• Ultra wide baseband, 100:1 
bandwidth ratio 

• 50 dB typ. image rejection 
• Small size, 4" x 2.46" x 0.75" 
• Only 0 dBm LO drive 
required 

Mobile Radio/Cellular Applications 
Tutorials on RF Components or Circuits 

Analysis of RF Circuits 

High Power RF Amplifiers 
L-Band and S-Band Design 

Low Cost Consumer Equipment 

In addition to these, applications papers on oscillators, filters, amplifiers, couplers, mixers, 
signal processing, and other "universal" RF topics are encouraged. 

As a speaker at RF Expo West 91, you will receive a complimentary 
full registration, allowing attendance at all technical papers and the 
exhibit hall, plus a copy of the Proceedings. Attendance at the full¬ 
day special courses is additional. Speakers are responsible for their 
own hotel, travel and other expenses. 

Send an outline or abstract of your proposed paper — by May 28, 1991 — to: 

66 

MAXTECH, Inc. 
2820 E. College Ave., Suite G 

State College, PA 16801 
TEL: 814 238-2700 
FAX: 814 238-6589 

Gary A. Breed, Editor 
RF Design magazine 

6300 S. Syracuse Way, Suite 650 
Englewood, Colorado 80111 

FAX: (303) 773-9716 
Tel: (303) 220-0600 
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The “best case’’ range would then be, 
from (1): 

10,820 X 3 / 63.2 = 513 meters, or 1650 
feet. 

A typical distance between the control 
panel and a remote transmitter in a 
house may be 50 feet. It certainly 
appears as if we have plenty of signal 
to spare. In this example, we have about 
30 dB signal margin, that is, a best case 
signal level 30 dB about threshold (20 
Log 1650/50). 

However, there is a big difference 
between theoretical best case and ac¬ 
tual operation. As we shall see, there are 
many hazards that tend to reduce the 
range of a system. 

Orientation 
Figure 2 shows relative radiated field 

intensity of a transmitter as a function 
of orientation or position. The ideal 
antenna pattern would be omnidirec¬ 
tional (equal signal level in all direc¬ 
tions), but this is not practical to achieve. 
As a result, the field intensity at the 
receiver is dependent upon the position 
of the transmitter. This field pattern is 
also influenced by building materials 
where the transmitter is mounted. 
As with the transmitter, the receiver 

antenna can also exhibit directional 
behavior, with varying sensitivity de¬ 
pending on its orientation. In cases 
where the receiver location is fixed and 
the transmitter does not move over a 
wide azimuth relative to the receiver, 
fairly constant performance can be ex¬ 
pected. If neither transmitter nor re¬ 
ceiver are fixed, the variation can ex¬ 
ceed that shown in Figure 2. 

Attenuation 
Building materials are translucent 

(not transparent) to radio waves at the 
frequencies typically used by Part 15 
devices. A signal from a remote trans¬ 
mitter to a receiver will experience some 
attenuation greater than free space path 
loss. Studies have been conducted, but 
some controversy remains on levels of 
attenuation. 

Interference 
More and more electronic devices are 

used in homes and businesses. Devices 
such as digital clocks, computers, VCRs 
and even other receivers can cause 
interference. Although emissions are 
regulated, the close proximity of an 
electronic device to a radio receiver can 
cause significant interference. This re¬ 

sults in reduced receiver sensitivity as 
well as reduced range. 
We usually think in terms of determin¬ 

istic models where performance can be 
precisely calculated. In the field of 
communications, there is some random¬ 
ness of events (apparent randomness 
due the complexity of the signal propa¬ 
gation) and we cannot obtain a precise 
calculation. Rather, it is more useful to 
work with the probability of an event 

over a defined interval. The signal 
attenuation caused by the three factors 
discussed above cannot be given pre¬ 
cisely. However, unless we obtain a 
probabilistic model, we can only operate 
using intelligent guesses. 

Saving the best for last, the most 
significant specific phenomena that pro¬ 
duces variability in received signal level 
is multiple reflections. The received 
signal level is a vector of all direct and 

Durable In-Line 
Attenuators 

Depend on Kay In-Line Attenuators to stand-up to your 
requirements on the job. Each provides: B high accuracy, B low 
insertion loss, B durability, B good VSWR, B broader frequency 
range and B long operational life. Listed below are some typical 
attenuator models. 

Model No. Impedance Freq. Range Atten. Range Steps 

837 500 DC-1500MHz 0-102.5dB 5dB 
839 50Q DC-3000MHz O-lOldB IdB 

1/839 500 DC-lOOOMHz 0-22. IdB IdB 
847 750 DC-lOOOMHz 0-102.5dB 5dB 
849 750 DC-1500MHz O-lOldB IdB 

1/849 750 DC-500MHZ 0-22. IdB IdB 
860 500 DC- 1500MHz 0-132dB IdB 
870 750 DC-lOOOMHz 0-132dB IdB 

Kay also offers a complete line of Program¬ 
mable and Continuously Variable Attenuators. 
For more information or to place an order call Kay’s 
Product Specialist at (201) 227-2000. 

KAY Kay Elemetrics Corp. 
12 Maple Avenue 
Pine Brook, NJ 07058 USA 
Tel. (201) 227-2000 
TWX: 710-734-4347 
FAX: (201) 227-7760 
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reflected signals. This has been mathe¬ 
matically modeled and is represented 
by the Rayleigh probability distribution 
function. This model is comprised of an 
infinite number of small reflectors. Fig¬ 
ure 3 shows the shape of this curve, 
which is called a log-normal curve. The 
mean represents zero signal attenu¬ 
ation. There is a 50 percent probability 
that the signal is enhanced anywhere 
up to 6 dB (left side of the curve). If 

reflections are all completely in phase 
the signal can be enhanced up a 
maximum of 6 dB. However, complete 
cancellation can theoretically result in 
infinite signal attenuation. 

Table 1 summarizes the probability 
of additional attenuation caused by 
multiple reflections. 
What does this mean? First, there is 

a 50 percent probability that the addi¬ 
tional attenuation caused by multiple 

Attenuation 
0 DB 

10 DB 
20 DB 
30 DB 
40 DB 

Table 1. 

Probability 
50% 
90% 
99% 
99.9% 
99.99% 

QUALFTY 

Consistent quality and 
reliability is what you 
expect and what you can 
rely on from Q-Tech. As 
the leading supplier ot military, QPL, and 

step of our hybrid crystal 
clock oscillator fabrica¬ 
tion from quartz bar to 

shipment. To assure the 
high quality oscillators you need, our in¬ 

custom hybrid clock oscillators, we 
carefully monitor every stage of our man-
ufacturng process not only to comply 
with military and customer specifications 
but also to meet our own stringent 
standards. 

house screening and environmental test 
methods are rigorously monitored by our 
quality assurance auditors. 

reflections will be 0 dB or less. There is 
a 90 percent probability that the addi¬ 
tional attenuation caused by multiple 
reflections will be 10 dB or less. Simi¬ 
larly, the chart covers 20, 30 and 40 dB 
attenuation. 

Take any one of the above chart, 20 
dB for example. Since there is a 99 
percent probability that the additional 
attenuation is 20 dB or less, then, if we 
have a 20 dB margin, there is a 99 
percent probability that the signal will 
get through. By knowing the signal 
margin of a system, we can predict the 
reliability. 

Now, back to our example; since we 
do not have a good model for items such 
as attenuation, orientation and interfer¬ 
ence, let us assign a “best guess” of 
10 dB for these above items. This 
reduces our previously determined sig¬ 
nal margin from 30 dB to 20 dB. 
According to the above table, we have 
a 20 dB signal margin and a 99 percent 
reliable system. 

Conclusion 
To assure maximum systems reliabil¬ 

ity, more than basic transmitter and 
receiver performance is required. It is 
important to use good installation prac¬ 
tices to minimize the added attenuation 
due to the factors covered in this article. 
There are many techniques used to 
assure maximum received signal. Ad¬ 
vantageous orientation, a clear signal 
path, no interference sources should 
be combined with predictable transmit¬ 
ter and receiver performance, including 
duty cycle and peak power, receiver 
sensitivity, and antenna factor. Subse¬ 
quent articles will address these tech¬ 
niques. RF 

Q-Tech maintains close control over each 

Q-Tech is your guarantee of excellence in 
quality hybrid clock oscillators. Contact 
us for innovative solutions for both stan-
dard and custom requirements. 

Send for our FREE catalog. 
O-Tech Corporation 
10150 W Jefferson Blvd 

Culver City, CA 90232-3510 

Phone: (213) 836-7900 Fax: (213) 836-2157 

About the Author 
Bernard Kasmir is Senior RF De¬ 

sign Engineer at Alarm Devices Manu¬ 
facturing Company (ADEMCO), 165 
Eileen Way, Syosset, NY 11791. He 
holds BSEE and MSEE degrees and 
a P.E. license. Mr. Kasmir has worked 
with Part 15 devices for more than ten 
years. 

April 1991 
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Parasitic Positive Feedback 
Frequency Acquisition in a PLL 
By Jonathon Y.C. Cheah 
Hughes Network Systems 
When the use of a double balanced 

mixer as a phase comparator is neces¬ 
sary, frequency acquisition is an inher¬ 
ent problem. Double balanced mixers 
are commonly used in PLLs with a very 
high detector frequency or circuits such 
as analog Costas’ loops where digital 
frequency/phase comparators are not 
suitable. 

The parasitic positive feedback fre¬ 
quency acquisition scheme is not 

well known (1). A probable reason is 
that the direct application of this concept 
has the problems of achieving reliable 
sweep oscillation and controlling the 
sweep waveform. Therefore, its use is 
limited (2). A practical implementation 
that overcomes these problems is de¬ 
scribed here. This implementation fully 
demonstrates the automatic scan and 
stop action quality of this concept as 
well as its simplicity. As the feedback 
circuit is independent of the PLL’s 
parameters other than the sweep rate, 
this circuit can, in many cases, be a 
“boiler plate” add-on to where it is 
needed. In areas such as Costas’ loop 
carrier recovery circuits, where complex 
frequency scanning is needed to achieve 
frequency acquisition, this circuit can 

Figure 1. The box indicated by dotted lines shows the 2nd order loop 
filter with added positive feedback circuitry. The component designators 
are as used in the test and their values are provided. 

be a good candidate. 
The frequency acquisition design can 

be described as a Wein-Bridge oscillator 
superimposed on a 2nd order loop filter. 
When the loop is unlocked, the positive 

feedback oscillator is activated to pro¬ 
vide frequency sweeping action. When 
the PLL attains the lock condition, the 
required negative gain feedback to sus¬ 
tain a continual oscillation condition is 

CHI > 2U A 11 1.84 U? CHI 

Figure 2. The sweep voltage at the output of the 2nd 
op-amp when the PLL is unlocked. 

Figure 3. The frequency spectrum of the VCO when 
the loop is locked. 
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discontinued, while the infinite DC gain 
required by the phase lock loop is 
maintained. 

Consider the transfer function of an 
active 2nd order PLL: 

of 2 or higher, the Wein-Bridge oscillator 
gain condition of G(ja>) > 1 is satisfied 
where: 

Rs an electrical engineer 
you continually refer to data and tables, 

use formulas, discuss specs with 
uendors. the list is endless Let your 

assistant be EEpal, a pop-up program for 
IBM PCs with hundreds of data screens 
and formulas you use daily, couering 
components to systems. Unlike other 
pop-up programs. EEpal is truly an 

engineering tool which handles complex 
numbers, matrix calculations and 

different bases with ease. 
And. EEpal is programmable! The data 

and formula screens you add become a 
part of the pop-up menu system. 

st2 + 1 
F(s) = — — where T, = R,C 

T2 =  ^2 
(1) 

G(jœ) = 

1 + i2) 
_ _ 
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as shown in Figure 1. 
When the frequency offset is large, 

the low pass loop filter effectively re¬ 
duces the gain of the op-amp. For 
microwave VCOs, the offset frequency 
will most likely be beyond the 2nd pole 
of the op-amp’s frequency response. 
However, at DC, the amplification gain 
is essentially the open loop gain of the 
op-amp. The output voltage of the 
amplifier will therefore reach the positive 
or negative rails of its maximum DC 
voltage swing. Referring to Figure 1, C 
is designed to be a high impedance at 
the sweep oscillation frequency. If the 
back to back Zener diodes have the 
combined Zener and forward diode 
biasing voltages less than the rail volt¬ 
ages of the op-amp and series resistor, 
R2, provides a negative feedback gain 

GaAs FET 

RECEIVING 
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Ro Co / 

1 + R + œR4C, 
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the effectiveness of the clamping func¬ 
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Zener Diode Voltage A V ’ 

3.3 V 
3.6 V 
3.9 V 
4.3 V 
4.7 V 

5.1 V 
6.2 V 

160 ± 20 msec/V 
160 ± 10 msec/V 
160 + 20 msec/V 

120 ± 30 msec/V 
110 + 20 msec/V 
75 ± 20 msec/V 
40 + 10 msec/V 

Table 1. AV was measured at 1 to 
0 Volt crossing. 

ter than 90 percent successful lock 
probability, the rate of change of the 
output VCO frequency œvc0 is an ap¬ 
proximate function of the loop band¬ 
width œn. 

« 05^ (3) 

By definition, the rate of change of the 
output VCO frequency can be written as, 

AV = 2fS0Vpk (4) 

where, 
Vpk is the maximum voltage swing 

potential of the sweep oscillator 
CO Q = 2nfso is the angular frequency 

of the sweep oscillator 
Kvcq is the gain constant of the out¬ 

put VCO. 
Thus the maximum AV, and therefore 

the frequency of the sweep oscillator 
can be calculated. 

It is also clear that the lock condition 
should occur at a point where the output 
voltage V, of the loop filter is less than 
| V2|, where V2 is the Zener voltage of the 
back to back Zener diodes. Under the 
lock condition, the negative feedback 
condition required by the Wein-Bridge 
oscillator is almost non-existent due to 
the fact that very little or no current flows 
through Rr In addition, the open-circuit 
action of the Zener diodes prevent any 
further positive feedback tendency. 

There is a small penalty suffered in 
the PLL loop dynamics. Since it is 
inconvenient to limit R4 = R^/Rj, the 
op-amp output bias current will create a 
small amount of DC offset. The selection 
of a low input bias current op-amp will 
mitigate this problem. In most cases, 
this problem is not important when 
compared with other sources of DC 
offset phenomena such as that of a 
mixer. 

It is essential to ensure that the input 
of R, does not have a significant amount 
of fixed DC offset. This offset would 
prevent sweep oscillation from taking 
place. 
A test circuit was designed to illustrate 

the usefulness of this method. A 1.5 
GHz VCO was designed to provide ± 
55 MHz deviation for the control input 
voltage of 0 to 10 V. The relatively wide 
tuning range of this VCO is intentional, 
so that the frequency acquisition action 
can be more clearly demonstrated. A 
second order loop is constructed as 
shown in Figure 1 where con = 2n x 
10,000 radians/sec and ¿ = 2. Thus the 
maximum rate of voltage change re¬ 
quired at the DC crossing is AV < 28.6 
V/sec. 
A heuristic estimate of the Vpk to Vz 

of about 25 is used, as Vpk is not always 
immediately obvious. With this initial 
value, all the circuit components can 
now be determined. 

Table 1 shows the measured maxi¬ 
mum AV with respect to the choice of 
Zener diodes. Obviously, the smaller the 
Zener voltage, the smaller the VCO 
tuning range is allowed. Figure 2 shows 
the sweep voltage waveform and Figure 
3 shows the quality of the lock output 
spectrum of the VCO. 
The requirements on all the circuit 

components are not critical and are 
simple to implement. In fact, it is conven¬ 
ient to adopt a slow sweep rate configu¬ 
ration, such as the one shown in the 
example, as general framework for PLLs 
of this kind which can tolerate equal or 
faster AV. RF 
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RI amplifiers 

Biasing Solid State Amplifiers 
to Linear Operation 

By Helge Granberg 
Motorola, Inc., SPS 

All solid state devices intended for 
linear operation must have a certain 
amount of “forward bias’’ (idle current) 
in order to place their operating points 
in the linear region of the transfer curve. 
Bipolar devices require a constant volt¬ 
age source, whereas MOSFETs can be 
biased with simple resistor divider net¬ 
works. Both will get more complex 
however, if temperature stability is re¬ 
quired. Examples of applications requir¬ 
ing amplifier linearity include all ampli¬ 
tude modulated systems for communi¬ 
cations and broadcast, nuclear mag¬ 
netic resonance, magnetic resonance 
imaging, digital cellular telephone and 
signal sources for instrumentation. Cir¬ 
cuit examples are presented from the 
most simple ones to sophisticated closed 
loop systems. 

Since the base current of a bipolar 
transistor is equal to lc (peak)/h FE , 

the base bias supply must be able to 
supply this current without considerable 
excursions in the base-emitter voltage 
between the no-signal and the maximum 
signal conditions. This requires a con¬ 
stant voltage source, as variations of a 
few millivolts represent a large portion 
of the nominal 0.63 - 0.67 volt typical 
value. Depending on the specification 
of a specific application, various de¬ 
grees of requirements are set for the 
base bias voltage source. In some 
instances a large value capacitor can 
be seen connected across the bias 
voltage supply to further reduce its AC 
impedance. However, this makes the 
impedance dependent on the frequency 
of modulation and is a good and practi¬ 
cal solution only in applications where 
the modulating frequency is in the 
medium to high audio frequency range. 
One of the simplest biasing circuits for 
bipolar transistors (4,5,6), is shown in 
Figure 1a. It uses a clamping diode to 
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provide a low impedance voltage source. 
The diode forward current must be 
greater than the peak base current of 
the transistor. This current is adjusted 
with R2 and the resistance of RFC1 and 
R1 combination is used to reduce the 
actual base voltage to a slightly lower 
value than the forward voltage of D1. 
The diode can be mechanically con¬ 
nected to the heat sink or the transistor 
housing to perform a temperature com¬ 
pensating function to Q1 . This technique 
works adequately, although for perfect 
temperature tracking, Q1 and D1 should 
have similar DC parameters. One disad¬ 
vantage with the circuit shown in Figure 
1a is its inefficiency especially in biasing 
high power devices since (Vcc -Vb)lb(max) 
will always be dissipated in the dropping 
resistors. 

This deficiency of the circuit shown 
in Figure 1a can be overcome by 
amplifying the clamping diode current 
with an emitter follower (1 ,2) as shown 
in Figure 1b. Two series diodes (D1-D2) 
are required since one has to compen¬ 
sate for the VBE (f) drop in Q1. In this 
case, low current signal diodes can be 
used and their forward current is equal 
to l(bias)/h FE(Q1). For best results, Q1 
should have a linear hFE up to the peak 
bias current required and in higher 
power systems it must be cooled by 
some means. Ideally, Q1 and one of the 
series diodes should remain at ambient 
temperature, whereas the other diode 
(D1 or D2) can be used for temperature 
compensation of the RF device. An 
effective and fast responsive system is 
obtained if the diode (having long leads) 
is located near the RF transistor. The 
leads can be suitably formed allowing 
the body of the diode to be pressed 
against the ceramic lid of the RF 
transistor and fastened in place with 
thermal conductive epoxy. R1 is used 
to set the bias idle current and R2 limits 

Figure 1. Two simple bias sources 
for bipolar transistors, (a) Uses all 
passive components, but is ineffi¬ 
cient. This drawback is not pre¬ 
sent in (b), although it is slightly 
more complex. 

its range of adjustment. The value of 
R2 depends on the supply voltage 
employed. The function of C1 and the 
RFC is simple to prevent the RF signal 
from getting into Q1 . 

Another fairly simple bipolar bias 
source (3) is shown in Figure 2. Its output 
voltage equals the base-emitter junction 
drop of Q1 plus the drop across R3. R1 
must be selected to provide sufficient 
base drive current for Q2, set by its hFE . 
Normally this current is in the range of 
a few milliamperes, and Q1 can be any 
small signal transistor in a package 
configuration that can be easily mounted 
to the heat sink or RF transistor housing 
for temperature compensation. The only 
requirement is that its VBE (f) at that 
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Figure 2. This circuit features the 
lowest source impedance of the 
less complex ones. Therefore it 
is recommended for high power 
device biasing and for demand 
applications. 

current must be lower than that of the 
RF transistor at its bias current level. 
The maximum current capability de¬ 
pends on Q2 and R2. The power 
dissipation of Q2 can be up to a few 
watts and in most cases should be heat 
sunk, but must be electrically isolated 
from ground. The value of R2 can be 
calculated as: (VCE-VCg(sat))/lb . C1 
through C3 are a precaution to suppress 
high frequency oscillations, but may not 
be necessary depending on the transis¬ 
tors used and the physical circuit layout. 
Output source impedances for this cir¬ 
cuit, when used in conjunction with a 
300 W amplifier, have been calculated 
as low as 200-300 mOhms. 

More sophisticated bias sources can 
include an integrated circuit voltage 
regulator (2). In most cases a pass 
transistor is required for current boost 
and to lower the source impedance. 
There are high current regulators avail¬ 
able today, such as the LM317, LM337, 
etc., but the author has not investigated 
whether they are suitable for applica¬ 
tions such as this. The circuit in Figure 
3 uses a 723 regulator, which is avail¬ 
able from several manufacturers with a 
variety of prefixes. It has been used for 
bipolar bias sources since the early 70s 
and more recently for MOSFET biasing 
as well. The 723 is specified for a 
minimum Voul of 2 volts, but with certain 
circuit modifications can be lowered to 
less than 0.5 V. The main advantages 
of this type bias source are: 1 ) It provides 
the lowest source impedance at a rela¬ 
tively low cost. 2) The bias voltage 
remains independent of variations in the 

power supply voltage. 3) Temperature 
compensation is easy to implement. In 
Figure 3 D1 performs this function and 
should be in thermal contact with the 
heat source. The same technique dis¬ 
cussed with the circuit shown in Figure 
1 b can also be adapted here. Depending 
on the current requirement and the pass 
transistor used, Q1 may have to be 
cooled. It has a positive temperature 
coefficient to the bias voltage, but is 
negligible compared to the negative 
coefficient of D1. This permits Q1 to be 
attached to the main heat sink. R1 and 
D2 are only necessary if the RF amplifier 
is operated at a supply voltage higher 
than 40V, which is the maximum rating 
for the regulator. 

Biasing of MOSFETs 
Since MOSFETs have gate threshold 

voltages up to 5-6 volts, they require 
some base bias voltage in most applica¬ 
tions. They can be operated in class C, 
(zero gate bias) but at a cost of low 
power gain. In such cases the input 
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from zero to over the threshold level. 
The drain efficiency is usually higher 
than in other classes of operation. 
Especially if overdriven, the class of 
operation can approach class D. Zero 
bias is often used in amplifiers intended 
for FM or CW; and efficiencies in excess 
of 80 percent are not uncommon. In 
class B the gate bias voltage is set just 
below the threshold resulting in zero 
drain idle current flow. The power gain 
is higher than in class C, but the drain 
efficiency is 10-15 percent lower. Class 
B is suitable only for the FM and CW 
modes. Between these two classes of 

operation, one must decide whether the 
system has power gain to spare and how 
important is efficiency. At higher fre¬ 
quencies, such as UHF, a good compro¬ 
mise may be class B or even class AB. 
In class AB the gate bias voltage is 
somewhat higher than the device thresh¬ 
old, resulting in drain idle current flow. 
The idle current required to place the 
device into the linear mode of operation 
is usually given in a data sheet. In this 
respect MOSFETs are much more sen¬ 
sitive to the level of idle current than are 
bipolar transistors. They also require 
somewhat higher current levels com¬ 

pared to bipolars of comparable electri¬ 
cal size. 

The temperature compensation of 
MOSFETs can be most readily accom¬ 
plished with networks consisting of ther¬ 
mistors and resistors. The ratio of the 
two must be adjusted according to the 
thermistor characteristics and the gls of 
the FET. The changes in the gate 
threshold voltage are inversely propor¬ 
tional to temperature and amounts to 
approximately 1 mV/degree C. These 
changes have a larger effect on the lD0 
of a FET with high g(s than one with low 
g(s-
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Unfortunately the situation is compli¬ 
cated by the fact that gls is also reduced 
at elevated temperatures, making the 
drain idle current dependent on two 
variables. In spite of this, this method of 
temperature compensation can be de¬ 
signed to operate satisfactorily and is 
repeatable for production. The thermis¬ 
tor is thermally connected into a conven¬ 
ient location in the heat source in a 
manner similar to that described for the 
compensating diodes with bipolar units 
discussed earlier. An example of a 
simple MOSFET biasing circuit (2) as 
described here is shown in Figure 4. 

Most MOSFET device data sheets 
give VGS(th) versus lD data, but the 
values are only typical, and in some 
cases the gls can vary as much as 100 
percent from unit to unit. Thus, in 
production the devices should have g(s 

values that are matched on the parame¬ 
ter above to at least 20 percent. Other¬ 
wise each amplifier must be individually 
checked for temperature tracking. Some 
manufacturers such as Motorola supply 
RF power FETs with color coded gfs 

matching. 
The circuit in Figure 5 shows a typical 

MOSFET bias voltage source using the 
723 IC regulator (2), which was earlier 
presented for bipolar transistor biasing. 
Since a MOSFET draws no gate bias 
current, except in the form of leakage, 
the pass transistor (Q1) has been omit¬ 
ted and D1 replaced by R5-R6 combina¬ 
tion. The values of other passive compo¬ 
nents have also been modified to pro¬ 
duce a maximum output of 8 volts. The 
temperature slope is adjusted by the 
ratio of the series resistor (R5) and the 
thermistor (R6). In addition to main¬ 
taining a constant bias voltage, this 
circuit also features bias voltage regula¬ 
tion against changes in the power 
supply voltage. 

Figure 6 shows a closed loop system 
for MOSFET biasing. It provides an 
automatic and precise temperature com¬ 
pensation to any MOSFET regardless 
of its electrical size and gfs . No tempera¬ 
ture sensing elements need be con¬ 
nected to the heat sink or to the device 
housing. In fact, FETs with different gate 
threshold voltages can be changed in 
the amplifier without affecting the level 
of the idle current. The gate threshold 
voltage range is about ± 0.5 V with a 
single initial setting of the idle current. 
This means that the gate threshold 
voltage can vary within these limits over 
short or long periods of time for what¬ 
ever reasons. In addition to tempera¬ 
ture, other factors affecting Vgs(th) might 
be moisture, atmospheric pressure, etc. 

Figure 4. A simple MOSFET bias 
circuit using a thermistor-resistor 
network for temperature compen¬ 
sation. 

Figure 5. A more sophisticated 
MOSFET bias system with an inte¬ 
grated circuit voltage regulator. It 
also employs a thermistor for 
temperature tracking. 

The principle of operation of circuit in 
Figure 6 is as follows: The idle current 
of the MOSFET amplifier is initially set 
to class A, AB or anywhere in between 
these bias limits by R8, which also 
provides a stable voltage reference to 
the negative input of the operational 
amplifier U1. This results in a current 
flow through R1 with a consequent 
voltage generated across it. This voltage 
is fed to the positive input of U1, which 
results in the output of U1 following it in 
polarity, but not in amplitude. Due to the 
voltage gain in U1, which operates in 
an open loop mode, its output voltage 
excursions are much higher than those 
generated across R1. Thus, if the cur¬ 
rent through R1 tends to increase for 
any reason, part of the output voltage 
of U1 fed to the amplifier gate bias input 
will adjust to a lower level, holding the 
current through R1 at its original value. 
A similar self adjustment will take place 
in the opposite direction as well. 
The values for the resistive voltage 

divider R5-R6 have been selected for a 
range of ± 0.5 Volts at the amplifier FET 
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+ 50 V 

VDS 

FET AMPLIFIER 
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gate for the full voltage swing at the 
output of U1. This larger voltage swing 
is required to provide negative bias to 
the gate of the P-channel FET Q1, 
turning it on harder the higher the 
current is through R1 . The rDS(on) of Q1 , 
which can decrease as much as 50 
percent with 1V increase in gate voltage, 
depending on where the operating point 
is set by R4, is used in parallel with R1 
to function as a voltage variable resistor. 
rDS(on)(Q1) in parallel can be less than 
0.2 ohms at 10 amperes. The value of 
R1 must be selected according to the 
desired level of idle current and R2 
through R4 combination. R4 is adjusted 
only once (starting with its maximum 
value) according to the VGS (th) and other 
parameters of Q1 to the point where the 
idle current previously set starts to 
increase. With correct component val¬ 
ues, the gate bias voltage can be made 
to remain constant, or even increase (if 
desired) from the idle current level to the 
maximum drain current drawn under 
RF drive conditions. A bipolar Darlington 
transistor such as MJH6085 can be also 
used in place of the P-channel FET (Q 1 ), 
but its hFE must be 3000-4000 minimum 
in order for U1 to be able to drive it. 

Summary 
The circuits presented in this paper 

are of a basic nature, and may require 
refinement or modification according to 

specific applications. Equations to cal¬ 
culate the component values for most 
circuits described herein are given in the 
references and have not been dupli¬ 
cated here. No known description exists 
for the circuit shown in Figure 6. Circuit 
analysis and calculation of component 
values will be presented in a forthcom¬ 
ing paper by the author. 
Many of these circuits have been in 

use by the industry in various forms for 
years, but the designers are constantly 
looking for simpler and better perform¬ 
ing bias sources for solid state amplifi¬ 
ers. One possibility might be an Applica¬ 
tion Specific Integrated Circuit (ASIC) in 
a form of SMART power. These inte¬ 
grated circuits are gaining popularity 
and are manufactured by several com¬ 
panies including Motorola. Most are 
intended for automotive applications. 
An integrated circuit can certainly be 

designed that satisfies the requirements 
for bipolar transistor and MOSFET bias¬ 
ing combining all the features presented 
in this paper. It is not certain though, 
that the existing market can justify such 
an IC development. However, new appli¬ 
cations requiring linear amplification, 
such as digital cellular telephones, are 
being created and older vacuum tube 
designs are being converted to solid 
state designs at an ever increasing rate. 
An estimated increase in solid state 
linear amplifiers for all applications com¬ 
bined is at least a factor of 4-5 within the 
past ten years and is expected to double 
by the end of the decade. RF 
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Reader Survey: Substrates and Laminates 
Please take a few minutes to complete the following survey. 
This information will help us determine what you want and 

need to know about substrate and laminate products. 

1) On a scale of 1 through 10 (1=low, 10=high), please rate your knowledge of substrates and laminates 
for printed or hybrid circuits 

2) Using the same scale, how much do you enjoy reading articles in RF Design about using these 
materials? 

3) Which suppliers do you think of for substrates or laminates? 
A)_ B)- C)-
D)_ E)- F)-

4) What types of substrate and laminate products do you use? 
Glass Epoxy_ PTFE (e.g. Teflon®) -
Glass or Paper Phenolic _ Other laminates (specify) -
Alumina_ Other ceramics (specify) _ 
Other substrate materials (specify)_ 

5) What are your primary applications? 
Consumer_ Military -
Consumer/lndustrial _ 

6) How much does your company spend annually on these products? 
Less than $1k _ $1k-$25k-
$25k-$100k _ More than $100k_ 

7) When considering substrates and laminates, do you have the authority to: 
Evaluate _ Recommend _ Specify_ 

8) Using a 1 through 10 scale (1=low, 10=high), please rate the following qualities in substrate and 
laminate products for your RF applications: 
Price _ Delivery _ Performance _ 
Technical Support _ Other (specify)-

9) What percentage of your work is in the following frequency ranges? 
Below 50 MHz _ % 50-450 MHz _ % 
450 MHz-1 GHz _ % 1-2.5 GHz _ % 
Above 2.5 GHz _ % 

10) What new features would you like to see in RF substrates and laminates? 

11) If you would like to be contacted by manufacturers of these products, please complete the following: 

Name _ Company -
Add ress _ __ M S-
City_ __ State _ Zip_ 
Telephone_ FAX-

THANK YOU FOR YOUR ASSISTANCE! 

PLEASE FAX THIS SURVEY TO US AT: (303) 773-9716 



EPSON 
THE CRYSTALMASTER 

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

MOUNT 
CRYSTALS AND 
OSCILLATORS 

actual size EPSON THRU-HOLE 
OSCILLATORS 
REPLACE METAL CAN OSCILLATORS 

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. 

Epson has introduced 
the first plastic low cost, 
high performance auto-

actual size 

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. 

insertable thru-hole crystal 
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 symS 
OSCILLATOR Rise/Fall Time: 

Tristate: 

EPSON 

15 to 66 7 MHz 
45/55 (TYP) 
5 nsec (TYP) 
Available 

Compatible Technology: CMOS and TTL 

EPSON AMERICA, INC. 
213/787-6300 

CALL YOUR SALES REP TODAY 
EPSON Sales Representatives: AL-GA-TN Concord Components 205/772-8883 - AZNM Fred Board Assoc 602/994-9388 - CA-No. Costar 408/446-9339 ■ CA-So. Bager Electronics 714/957-331 
CO-UT Wn. Region Mktg. 303/428-8088 • FL Dyne-A-Mark 407/831-2822 • ll-WI LTD Technologies 708/773-2900 • INKY C C Electro 317/921-5000 • KS-M0 IA Microtronics 913/262-1444 • MA-NH 
Rosen Assoc 617/449-4700 - MD-VATech Sales Assoc. 301/461-7802 - MN Electro Mark 612/944-5850 - NC-SC WLA Assoc 919/231-9939 -NJ JMR Sales 201/525-8000 - NY Elcom Sales 716/385-1 
- Metro, NY Niktronix 516/929-4671 • 0H MI J 0 Babb Assoc 216/934-4454 ■ 0R-WA Matrex 503/245-8080 ■ PA Omega Sales 215/244-4000 - TX-OK Component Tech. 214/783-8831 ! 
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¡^product report 

A Stable Future for the 
Oscillator Market 
By Liane G. Pomfret 
Associate Editor 

It comes as no surprise that the SAW and crystal oscillator business is doing 
well in the face of economic uncertainty. 
Their already widespread use, coupled 
with emerging technologies has pro¬ 
vided a large market for manufacturers. 
SAW and crystal oscillators have not 
undergone any recent technological 
breakthroughs. Rather, changes con¬ 
tinue to be small and cumulative. 
The technology behind SAW and 

crystal oscillators has not changed much 
recently, nor is it expected to undergo 
any major changes in the near future. 
However, a number of small changes 
are occurring. One visible area of im¬ 
provement is that component suppliers 
are improving their own quality control 
processes and passing these improve¬ 
ments on to the oscillator manufactur¬ 
ers. “We’re getting nicer crystals,” 
notes Liz Ronchetti, Vice President at 
Wenzel Associates, “the crystal manu¬ 
facturers are doing better.” Frank Perk¬ 
ins, Vice President of Marketing at RF 
Monolithics commented on the same 
trend in the MMICs and transistors that 
his company buys. In both cases, the 
suppliers, in trying to improve their own 
product, have helped improve SAW and 
crystal oscillator products. 

Manufacturers are also paying closer 
attention to their own design processes. 
The use of computer aided design 
techniques in the design of circuits has 
improved reliability and performance 
and reduced the time and costs associ¬ 
ated with developing new products. 
Problems such as phase noise under 
vibration, stability, low power, tempera¬ 
ture performance, and special frequen¬ 
cies are all problems that are easier to 
solve because of the versatility of CAD 
programs. In the high performance area, 
the advent of microprocessor controlled 
oscillators has caused a bit of a stir 
within the industry. The technology first 
became available about four years ago 
and it's only been in the last two that it 
has become popular. 

Another push lately has been towards 
surface mount packaging and miniaturi¬ 

zation. While surface mount has been 
in use for years within the RF industry, 
it is just beginning to appear in the 
oscillator industry. One example of this, 
is from Wenzel Associates who recently 
introduced three new products, all in 
miniature packages. Marty Finklestein, 
President of MF Electronics observes, 
“We feel that surface mount is starting 
to catch on. Not only high volume parts, 
but more difficult products as well.” 
Often the people who are pushing for 
surface mount are not the large, com¬ 
mercial end-users but the high-reliabil¬ 
ity, tight specification military users. Bob 
Murphy, Director of Aerospace Business 
at Frequency and Time Systems indi¬ 
cated that their switch to surface mount 
for some of their products was due to 
requirements for smaller sizes and lower 
power for Lightest programs. Since 
many of the companies in this report 
manufacture military, space or high 
reliability products, their attention to 
specifications and standards is much 
stricter than a high volume, popcorn 
part manufacturer. The military appears 
to be a driving force these days in 
development of smaller and better oscil¬ 

lators. Their need for small, high tech 
defense systems has forced manufac¬ 
turers develop the necessary compo¬ 
nents on a much smaller scale than 
previously required. Tom Mihalek, Con¬ 
tract Administrator at Anderson Labs 
noted that improving quality is always 
an ongoing process — an idea few 
people would argue with. As Brian Rose, 
Vice President of Engineering at Q-Tech 
observes, “There’s a responsibility to 
the customer.” 

These days, customers are using 
oscillators in just about every imaginable 
technology. With the new wave in com¬ 
munications technology, SAW and crys¬ 
tal oscillators are being used in every¬ 
thing from military spread spectrum to 
children’s toys. Wenzel Associates has 
noticed that many of their new orders 
are coming from high performance prod¬ 
ucts using spread spectrum and fre¬ 
quency hopping. Others have found that 
digital communications is the area with 
the most activity. Marty Finklestein indi¬ 
cated that standard telecommunications, 
or telephones are very strong for his 
company. RF Monolithics on the other 
hand, has seen their orders coming from 
areas such as air traffic control, aircraft 
and microwave radios. The list of prod¬ 
ucts that use SAW and crystal oscillators 
is long and includes other areas such 
as radar, computers, spacecraft, satel¬ 
lites, cellular telephone and many more. 

Everything points to the fact that the 
SAW and crystal oscillator business is 
doing well. Comments range from 
“we’re tickled to death” to “we’re 
pleasantly surprised.” There were indi¬ 
cations of a slow period at the end of 
last year, but business picked up again 
in January and is forging forward. With 
constant refinements and fine tuning, 
the oscillator industry is creating better 
products — from high cost, low volume 
military all the way down to high volume, 
low cost com mercial . RF 

For reprints of this report, contact Cardiff 
Publishing Company at (303) 220-0600; 
ask for the Circulation Department. 
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software 

TO-8 
Filters 
$25.00 
each 

(quantity: 10 and up) 

■ 10 MHz to 2,500 MHz. 

■ 3 sections 

■ 3 dB bandwidths: 5% to 20% 

■ Stopband rejection: 50 dBc. 

■ Temperature: -25 to +50 °C 

■ Shock: to 15 G 

■ Vibration: to 5 G 

■ Relative humidity: to 90% 

Automated Smith Chart 
This software is helps the user to design, 

modify, test, and optimize impedance match¬ 
ing and other ladder type network circuits. 
The menu-driven software performs all mathe¬ 
matical computations, locus manipulations, 
and graphical display interactions internal to 
the program. The program prompts the user 
for specifications and values, then plots a 
full-size Smith Chart grid. It is available for 
IBM PCs and compatibles and HP 9000s. 
Artech House 
INFO/CARD #210 

Extended Test Manager 
Wavetek recently introduced WaveTest"-

XTM which runs under Digital VMS and 
ULTRIX operating systems. The XTM desig¬ 
nation stands for "Extended Test Manager.” 
The new software combines the current 
capabilities of their PC-based WaveTest 
product with new features for addressing 
integrated factory requirements. The single 
unit price is $7,995 with deliveries four to five 
weeks after receipt of order. 
Wavetek has also released their latest 

version of WaveTest™. WaveTest 3.0 offers 
two new icons and improvements to existing 
icons such as a dispatch icon, execute icon, 
graphical operator prompts, faster execution 
and better program control. The Test Pro¬ 

gram Generator module is available for 
$1495 or $495 for those who wish to upgrade 
from version 2.6. 
Wavetek 
INFO/CARD #209 

Analysis-only Version of 
SANA Available 
T-SANA, the analysis-only version of 

SANA, is now available from Webb Laborato¬ 
ries. T-SANA offers nodal network definition, 
unrestricted noise analysis, output graphics 
postprocessing, complete manufacturer’s ac¬ 
tive device libraries, PC-DOS 3.0+ and 4.0+ 
compatibility. The software is available from 
stock for $575. 
Webb Laboratories 
INFO/CARD #208 

Conversion Software 
Units + Conversion Factors™ is a new 

software that automates conversions be¬ 
tween units of any type. If the conversion 
units needed are not available, they may be 
added by the user. The software is IBM PC, 
XT, and AT compatible, requires DOS 2.0 or 
higher, 512 K available memory, one 5 1/4” 
floppy disk drive, and a CGA or EGA card or 
compatible. Price is $89.95. 
David F. Taylor, Jr. 
INFO/CARD #207 

Advertising Index 

Special models are also available 
in the TC series, with up to 6 sections, 
frequency ranges to 6,000 MHz, 3 dB 
bandwidths from 3% to 100% of the 
centerfrequency, and increased envi¬ 
ronmental capabilities. Other Lark En¬ 
gineering Company TO-8 package 
filter models include lowpass and 
highpass configurations, and also 
models that can be qualified to MIL¬ 
SPEC environmentals. 

Call, Write, or Bingo for 
our new 1OO page Catalog! 

714-240-1233 

Lark Engineering Company 
A Division of Baier & Baier, Inc. 

27151 Calle Delgado 
San Juan Capistrano, CA 92675 
FAX: 714-240-7910 

AccSys Technology, Inc. . 54 
Accutest Instruments, Inc. 82 
Adams Russell Electronics— 
Anzak Division . 26 

Amplifier Research . 71 
Amplifonix . 33 
Analog & RF Models . 82 
Apcom Incorporated . 62, 73 
Applied Specialties, Inc. 85 
Avantek . 38 
Avtech Electrosystems . 54 
Besser Associates 63 
Bliley Electric Company .55 
Cal Crystal Lab, Inc. 52 
California Eastern Laboratories 37, 39 
Comlinear Corporation 44, 45 
Communication Concepts, Inc. 73 
Crystal Technology, Inc. 43 
CTS Corp. 28 
DAICO Industries, Inc. 4 
DGS Associates, Inc. 47, 61 
Dorado Company . 75 
Eagleware . 70 
EEsof, Inc. 2 
E.F. Johnson, Inc. 54 
Epson America, Inc. 78 
Fujitsu Microelectronics Inc. 82 
Hewlett-Packard . 25 
Hy-Q International (USA), Inc. 19 
Hytek Microsystems, Inc. 75 
IEEE/MTT-S Int'l. 
Microwave Symposium . 14 

IFR Systems, Inc. 3 
International Crystal Manufacturing, Inc. . 66 
Janel Laboratories, Inc. 70 
JFW Industries, Inc. 51 
Kalmus Engineering 

International, Ltd. 22-23 
Kay Elemetrics Corp. 67 

KVG 74 
Lark Engineering Company 80 
Loral Microwave—Narda . 17 
M/A-Com Control Components Division 12 
M/A-Com Omni Spectra, Inc. 27 
Maxtech . 64, 66 
Narda . 17 
Newport Electro-Optics Systems . 13 
Noise/Com, Inc. 7 
Oscillatek . 50 
Penstock Engineering, Inc. 53 
Power Systems Technology, Inc. 21 
Programmed Test Sources . 46, 59 
Q-Bit Corp. 20 
Q-Tech Corporation . 68 
QUALCOMM, Inc. 34-35 
Quartztek . 50 
Radiation Systems-
Mark Antenna Division . 53 

RF Design Filter Handbook . 56 
RF Design Software Service 8 
RF Prototype Systems 82 
RF Solutions, Inc. 29 
RHG Electronics Laboratory 86 
Sciteq Electronics, Inc. 81 
Siemens Corp. 36 
Somersoft . 82 
Sprague-Goodman 15 
Stanford Telecommunications 30, 58 
Steinbrecher .  18 
Surcom Associates, Inc. 76 
Temex Electronics, Inc. 46 
Time & Frequency, Ltd. 8 
Trak Microwave Corporation 10-11, 60 
TTE, Inc. 55 
Viewlogic Systems, Inc. . 9 
Voltronics Corporation . 42 
Werlatone, Inc. 6 
Wide Band Engineering Company. Inc. 32 

80 
INFO/CARD 69 

April 1991 



KF literature 
Conductive Coatings 
Literature 

Spraylat’s new brochure addresses the 
latest in conductive coatings technology. The 
brochure discusses the benefits of their 
Series 599 copper conductive coatings which 
are either water or solvent based. Cost 
savings, ease of application, greater shield¬ 
ing effectiveness, and mechanical and long 
term environmental properties are reviewed. 
Spraylat Corporation 
INFO/CARD #200 

SPICE Newsletter 
Intusoft's latest newsletter describes how 

to use and create analog behavioral models 
with any SPICE program. The newsletter 
demonstrates how to solve a set of differential 
equations that describe a physical spring¬ 
mass system, how to model a mixed-mode 
rotation system, and shows a complete servo 
model. SPICE netlists are also provided. The 
newsletter also includes information on the 
company’s latest EDA tools, new op-amp 
model libraries and training seminars. 
Intusoft 
INFO/CARD #199 

ELINT/EW Catalog 
The 1991 ELINT/EW catalog for courses 

and software is now available from Research 
Associates of Syracuse. Courses include 
propagation, EW receivers, ELINT intercep¬ 
tion, ELINT analysis, ELINT/EW data bases, 
adaptive ECCM signal processing, ELINT/ 
EW applications of DSP, radar vulnerability 
to jamming and integrated EW. Software 
includes the radar vulnerability analysis sys¬ 
tem and PCEMPE propagation program. 
Research Associates of Syracuse 
INFO/CARD #198 

RF & Microwave 
Engineering Book and 
Software Catalog 
A new 72 page catalog from Artech House 

describes over 200 basic and advanced 
electrical engineering references, including 
25 new titles to be published in 1991. Areas 
covered include: RF/Microwave applications, 
radar, antenna, optoelectronics, telecom¬ 
munications, acoustics, and electronic mate¬ 
rials. 
Artech House 
INFO/CARD #197 

New and Used Test 
Equipment 
RAG Electronics’ Winter Update of avail¬ 

able new and used electronic test equipment 
is now available. The used equipment section 
highlights recent arrivals, best values, and 
one-of-a-kind clearance items. The new equip¬ 
ment section includes Tektronix oscillo¬ 
scopes, Fluke DMMs and more. 
RAG Electronics 
INFO/CARD #196 

RF Design 

Microwave and Millimeter 
Wave GaAs MMICs 

Alpha Industries has released its new RF, 
Microwave, and Millimeter Wave GaAs MMIC 
catalog. The catalog contains specifications 
and application notes for control, receiving 
and amplifier products. Extensive specifica¬ 
tions are given for switches, attenuators, 
amplifiers, mixers, combiners and power 
dividers. 
Alpha Industries, Inc. 
INFO/CARD #195 

Microprocessor Quartz 
Crystal Catalog 
BOMAR has introduced their 1991 Micro¬ 

processor Quartz Crystal Catalog. The crys¬ 
tals featured are the standard frequencies 
most requested within the industry for micro¬ 
processor applications. Data is also supplied 
on custom cut crystals. Toll-free phone and 
fax numbers are available. 
BOMAR Crystal Company 
INFO/CARD #194 

Tracking, Telemetry and 
Control 
AML’s latest catalog update contains speci¬ 

fications, outline dimensions and photos of 
AML’s latest additions to its line of standard 
and custom integrated tracking components. 
Products covered include Dual Pseudo 
Monopulse Scanners, Switch Combiners, 
Monoscan Converters, and Monopulse Com¬ 
parator Networks. 
AML, Inc. 
INFO/CARD #193 

Test Equipment Catalog 
The new Test Equipment Catalog from 

Lectronic Research Labs lists over 5,000 new 
and pre-owned products. More than 180 
manufacturers are represented including Hewl¬ 
ett Packard, Fluke, Gen Rad, Tek, Hon¬ 
eywell, L&N, Lambda, Kepco, Sorenson and 
others. All reconditioned products are guar¬ 
anteed to meet or exceed original manufac¬ 
turer’s specs. 
Lectronic Research Laboratories 
INFO/CARD #192 

Capacitor Catalogs 
Murata Erie has released two new catalogs 

on capacitors. Catalog No. C-06-A describes 
their complete line of trimming capacitors for 
HF, VHF, UHF and Microwave applications. 
It includes complete technical specifications 
including both electrical and mechanical 
characteristics. Catalog No. 62-09 covers 
their line of high voltage/high power ceramic 
capacitors and high voltage resistors. The 
capacitor line includes units ranging from 
small disc capacitors, rated at 7.5 kV to high 
power, water cooled units for RF transmitter 
applications. 
Murata Erie North America 
INFO/CARD #191 

70MHz agile L0 

SCITEQ'S VDS-1306 combines PLL with a 
patented DDS to provide high resolution 
and excellent spectral purity. This unique 
design is a perfect choice for applications 
where space and/or power are critical. Low 
power consumption improves MTBF, while 
custom ASICs and PLDs further enhance 
reliability by lowering component count. 

• Operating range 55-85MHZ 

• Step size 100 Hz 

■ Control BCD. parallel 

• Spurious <-55dBc (<-60dBc typ) 

• Power <5W 

• Size 17 cubic inches 

PHASE NOISE 

Hz offset 

Semi-custom versions of this design can cover 
other VHF/UHF frequency bands up to 300MHz, 
and steps as fine as 1 Hz are available with no 
increase in size or power consumption. 

SCITEO MANUFACTURES PLL SYNTHESIZERS 
UP TOC-BAND. DDS+PLL UNITSUP TOL-BAND. 
AND DDS PRODUCTS 
UPTO450MHZ 
COMMERCIAL 
OR MIL. 

SCITEQ Electronics, Inc. 
8401 Aero Drive 
San Diego, CA 92123 
(619) 292-0500 
FAX (619)292-9120 
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Redesign 

MARKETPLACE 
WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE 
Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read and 
buy from this section each month. To reach this sophisticated, targeted market call today (303) 220-0600. 

RF SPICE 
SÊtó? models 

• BIPOLARS, JFET, DIODE 
• ACCURATE TO 5GHz 
• XSTRS START AT $75 
. ALSO ECL, FACT, FAST 

6987 N. Oracle Rd., Tucson, AZ 85704 

PHONE (602) 575-5323 FAX (602) 297-5160 

INFO/CARD 71 

For All Your RF/ Microwave 
Prototyping Needs 

RF PROTOTYPE SYSTEMS 

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

Breadboarding • Evaluation 

Free brochure! Call now 
1-800-874-8037 (outside Calif.) 

(619) 689-9715 FAX (619) 689-9733 S 
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RF & MICROWAVE 
INSTRUMENTS 

& ACCESSORIES 
ON ALL 
MAJOR 

MANUFACTURERS 

ACCUTEST INSTRUMENTS, INC^ 
SALES • SERVICE • RENTALS 

RT St6 • MILLSTONE ROAD • CLARKSBURG NJ OMIO 
609 269 0460 • 800 624-0747 • FAX 609 269-0227 
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RF SYNTHESIS SOFTWARE 

Smithsoft Plus by Somersoft 
PC Software for Every RF Engineer 

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

... PARTIAL LIST OF FEATURES ... 

Network Analyzer Z-Theta Chart 
H, S, Y, Z, ABCD Conversions 

Common B - Common E - Common C 
Simultaneous Multiple File Analysis 

Operating and Available Power Gain Circles 
Unilateral Power Gain Circles 

Noise Circles Stability Circles 
S-Parameter Stack for Recursive Operations 
Data Tables on Screen or Dump to Printer 

Internal Graphic Screen Dump 

$259.00, Somersoft, (707)829-0164 CIRCLE 74 

RFengineeringopportunities 

BUY-SELL-TRADE 
FOR ONLY 

$175/M0. 

Crossing Cultures in Silicon Valley 
to Cross Boundaries in Technology 

Fujitsu Microelectronics is bringing a unique combination of strengths to the 
latest technologies at our facility in San Jose. In this energetic environment, we 
are breaking boundaries on the most exciting projects. In addition to this high 
visibility, you'll enjoy an uncommon blend of multiple cultures where we all 
speak one common language. 

Sr. RF Project Engineer 
Responsibilities will include the design and development of miniature UHF to L-Band 
amplifier modules for consumer applications and management of prototype and 
small quantity production. You will also transfer designs to a high volume pro¬ 
duction facility; respond to customer inquiries and support the sales and market¬ 
ing staff in business promotion. 

Position requires 5 or more years' relevant experience to include 500-1000 
MHz power amplifier design with high volume consumer-related production or 
similar environment. Familiarity with RF/microwave test equipment and CAD 
tools essential. BSEE or the equivalent required. 

Fujitsu Microelectronics offers competitive salaries and comprehensive benefits. 
For immediate consideration, please send your resume to Professional Employ¬ 
ment Dept. RF, Fujitsu Microelectronics, Inc., 3545 North First St., San Jose, CA 
95134-1804. An equal opportunity employer m/f/h. 

FUJITSU 
FUJITSU MICROELECTRONICS, INC. 

A world of opportunity in a universe of technology. 
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The Betta Better Bender 

Model 04 

» 

► Simple 

► Economical 

► No Programming 

► .086 to .250 Dia. 

► 3 Day Free Trial 

Distributed exclusively by: 

! i A RF& Microwave Beltsville, MD 20705 (301) 595-5395 Toll Free (800) 950-8555 

A Supermarket Baltimore, MD (800) 950-8555 FAX 24 Hr. (301) 595-0050 

F\ Largo, FLA 33541 (813) 530-7309 Toll Free (800) 722-4599 
APPLIED SPECIALTIES INC. Campbe || CA g5008 (40 8) 370-2644 FAX 24 Hr. (408) 370-0380 



Less Is More 
New IF Log Amps For Less Power, 

Less Voltage, Less Space...More Performance 

■ DC power <800 mW 

■ Low voltage MMIC devices 

■ 0.14 cu. in. gold plated package 

■ High frequency, up to 1250 MHz 

■ Ideal for use in multi-channel EW systems 

ELECTRICAL SPECIFICATIONS Model MML375 Model MML750 Model MML1 000 

Operating frequency (MHz) 250-500 500-1000 750-1250 

Dynamic range (dB) 70 70 65 

Input VSWR <1.75:1 £2.0:1 <2.0:1 

Log slope, nom. (mV/dB) 20 20 20 

Linearity, nom. (dB) ±1.0 ±1.5 ±1.75 

Volts out, nom., into 93Q(«0dBm (mV) 1450 1450 1350 

IF output, nom. (dBm) 0 -2 -4 

Video rise time (nsec) <20 

Overshoot and ringing, nom. (%) 10 

Video output impedance (ohms) <10 

DC power, typ. (mA) 140 (a + 5VDC;20^ 5VDC 

ENVIRONMENTAL: Operating temperature - 55°C to + 85°C; hermetically sealed package; meets 
applicable requirements of MIL-E-5400 
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