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Semiconductors 
made easy. 
The definitive semiconductor catalog 
from Frequency Sources. 

Over 100 pages of information on state-
of-the-art devices. 

Product detail. Performance charts. 
Circuit diagrams. Package outlines. 
Everything you need for informed, easy 
selection and ordering. 

For more information, contact Donna 
Langan, Semiconductor Sales Manager, 
Loral Microwave-FSI, 16 Maple Road, 
Chelmsford, MA 01824. Tel: (508) 256-
4113. Fax: (508) 937-3748. 
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Frequency Response 
Made Affordable 

Tracking Generator 
The I FR A-7550 Spectrum Analyzer with its optional 
built-in Tracking Generator may be all the test 
equipment you need to test the frequency response 
of any frequency selective device between 10 kHz 
and 1000 MHz. For higher frequency devices, the 
A-8000 Spectrum Analyzer with its optional built-in 
Tracking Generator can characterize frequency 
responses up to 2600 MHz. 

With either analyzer you get a rugged, portable 
instrument that is equally at home in the field, on 
the manufacturing floor, or in the laboratory. 

Other standard features of both the A-7550 and 
A-8000 include a synthesized RF system, +30 dBm to 
-120 dBm amplitude measurement range, 1 kHz per 
division frequency span, and 300 Hz resolution 
bandwidth. These features give the A-7550 and the 

A-7550 

A-8000 superior amplitude and frequency measure¬ 
ment capability previously unavailable on spectrum 
analyzers in this price range. 

In addition to the Tracking Generator, other 
available options—such as an Internal Rechargeable 
Battery Pack, AM/FM/SSB Receiver, RS-232 or 
IEEE-488 Interfaces, and Quasi-Peak Detector—allow 
the A-7550 and A-8000 to be custom configured 
to solve many other RF testing needs. 

For more information or a demonstration, 

f/k 
contact your local IFR distributor or 

representative, or contact IFR 
directly at 316/522-4981. 
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IFR SYSTEMS, INC. 
10200 West York Street / Wichita, Kansas 67215-8935 U.S.A 
Phone 316/522-4981 / TWX 910-741-6952 I FAX 316/524-2623 
Our continued growth has created openings for Engineering 
Professionals. Please contact IFR for information 
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DAICO 
MILTOUGH 
Miniature Connectorized Switches 

Typical Performance Typical Characteristics 

Frequency: 20 -2000MHz Insertion Loss: 0.9dB 20- 1000MHz 

Isolation: 75dB 20- 500MHz 1 3dB 1000 -2000MHz 
70dB 500- 1000MHZ DC Power: 12mA at +5VDC 
60dB 1000 - 2000MHz 

DAICO miniature connectorized switches are hermetically sealed packages 
designed to survive the toughest military environments. Removable SMA 
connectors make for quick field replacement. 

These switches have high isolation while maintaining low insertion loss, 
low DC current, and broad bandwidth. 

When your applications demand MIL-TOUGH switches and attenuators, call 
Daico Technical Information for a prompt, realistic response. 

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

Telephone 213/6314143 • FAX 213/631 807« 

©1987 Daico Industries. Inc. mp87475 
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RF Signal Processing 
These switched operational amplifiers have two in¬ 
puts that can be switched at nanosecond speeds, 
making it possible to design a number of RF, audio, 
instrumentation, and video circuits with one chip 
that would otherwise require several. 

— Tom Anderson 

34 Multi-Stage Amplifier 
Bandwidths 
This tutorial examines changes in overall per¬ 
formance that occur when several amplifiers are 
cascaded. A method is developed and examples are 
given, with three special cases called out. 

— Marlin Greer 
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Center Frequency 
A new noise generating product is described which offers greater flexibility in the 
frequency-domain characteristics of the noise output. 
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65 Swept Spectrum Bandpass Filter 

This entry in the design awards contest describes a bandpass filter designed to 
achieve high performance by taking advantage of modern digital VLSI building blocks. 
The filter employs time/frequency sharing of passband spectral bandwidth. 

— Roy H. Propst 

68 New Trends in Analyzer Technology Provide Faster 
Measurements for Narrowband Applications 
There are many new spectrum analyzers available on the market. This article 
examines some of the features available which allow higher precision, more con¬ 
venience and faster measurements. 

— Manfred Bartz 

71 Using SAW Double-Mode Resonators for 
First IF in Cellular Radios 
Selectivity, insertion loss, and overall system design considerations for SAW IF fil¬ 
ters are discussed. Designers must include these concerns when evaluating cellular 
radio design options. 

— Sean Broderick 
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HIGH POWER 
COUPLERS 

RF editorial 

A Balanced 
Approach 

By Gary A. Breed 
Editor 

2000 WATTS 
.01-250 MHz 

• MODEL C1460 
• COUPLING 50 dB 
• DIRECTIVITY 20 dB 
• VSWR 1.15:1 

100 WATTS 
.05-1000 MHz 

• MODEL C1634 
• COUPLING 40 dB 
• DIRECTIVITY 20 dB 
• VSWR 1.2:1 

BROADBAND RF 
COMPONENTS 

• Hybrid Junctions 
• Power Combiners 
• Power to 20 KW 
• Frequency .01-2000 MHz 

1965 - 1990 
25 years in business 

WERLATONE INC. 
P.O. Box 47 

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

, . TWX 510-600-0747 decades ahead 

I get lots of input about how engineers should go about their jobs. To say I’ve 
heard a hundred ways to get the job 
done may not be exaggerating. Every 
once in a while, an individual comment 
really irritates me; usually from an 
engineer insisting that his way is the 
only acceptable alternative. So, I feel 
compelled to respond to the critique of 
a tiny minority on behalf of the great 
number of reasonable engineers in our 
business. 
A complaint I hear fairly often is 

directed toward engineering that is less 
than “perfect.” For reasons unknown 
to me, a few engineers feel that exact 
numerical results and a precise im¬ 
plementation of those results in hard¬ 
ware is the only acceptable technique. 
Many of these practitioners are con¬ 
vinced that, by using the most advanced 
software tools and a shelf full of text¬ 
books, an RF circuit can now be com¬ 
pletely and accurately characterized. 
They, of course, forget how many ap¬ 
proximations, algorithms, and round¬ 
offs have been used in the software and 
in the textbook analyses, but it doesn’t 
matter to them anyway. 

In one sense I welcome the appear¬ 
ance of this new group of engineers — 
they definitely don’t see RF as mysteri¬ 
ous, but as something that can be well 
understood. But they carry things too 
far. To them, any engineering decision 
that is based on experience or a rule-of-
thumb is necessarily inappropriate. If a 
circuit doesn’t work as designed, the 
blame goes to the technician who con¬ 
structed it (forget tolerances and realis¬ 
tic component values). 
A few years ago, I would have com¬ 

plained about the other side of engineer¬ 
ing; the quick-and-dirty guys. Too much 
engineering was done without taking 
advantage of the resources at hand. 

Designs copied from the work of others 
were prevalent, with performance 
achieved by manual adjustment, not 
through proper design. I suppose it only 
makes sense that an over-reaction would 
take place. 

I was told of an experiment that was 
done at a major military communications 
equipment plant: A power amplifier was 
to be designed, and two engineers were 
assigned to the project. One was a 
young hotshot who knew his way around 
the latest theory and software design 
tools. The other engineer was the old 
timer who was regarded with awe as the 
master of RF Black Magic. The young 
engineer banged away on his computer, 
optimizing and refining his design, while 
the other punched some numbers into 
his calculator, checked his notebook, 
and drew on years of experience. 

They designed nearly identical cir¬ 
cuits! You see, both were good engi¬ 
neers who knew how to make the best 
use of the tools they were familiar with. 
Neither the new nor the old way was 
superior. It was the individual who 
mattered. 

That’s my simple comment this month 
— it’s not the process of engineering 
that leads to success or failure, but the 
ability of the engineer. A good engineer 
can get results without all the latest 
hardware and software toys, just like a 
mediocre engineer can create a medio¬ 
cre design despite having the best tools 
at his or her disposal. 

So, next time you are getting ready 
to make a critical comment to a fellow 
engineer because a little math was 
skipped or a shortcut was used, think 
about it. Instead of pointing out the 
apparent errors, ask why they chose to 
make such simplifications. You might 
find a better route to a successful 
design. 
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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 

NOIS^ E. 64 Midland Avenue, Paramus, New Jersey 07652 

(201)261-8797 • FAX: (201) 261-8339 • TWX: 910-380-8198 
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LOWEST PRICED, HIGHEST QUALITY ATTENUATORS - BNC $15.00 MEA.. SMA $15.00 MEA 
AND TERMINATIONS - BNC $5.60 10 EA . SMA $5.60 10 EA MIL. HI-REL. NETWORKS 

Redesign 
a Cardiff publication Established 1978 

Main Office: 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 • (303) 220-0600 
Fax: (303) 773-9716 
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Kathryn Walsh 
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Gary A. Breed 
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Andy Przedpelski 
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HCMOS/TTL compatible 
in standard 4- or 14-pin 
DIP, .5"x.8''x.265 

OSCILLATEK 
M83 SERIES 

Artists 
Kim Austin 
Joyce Fields 
Brad Fuller 

Paul Rivera 
Sheri Ryder 

SPECIFICATIONS 
OUTPUT: High Speed C-MOS/TTL 
Compatible 

OPERATING TEMP. RANGE: -45°C to 
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AI DOVER) TECHNOLOGIES COMPANY 

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

TEMP. 
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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 at 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 

iar 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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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 GERMANY: Telemeter Electr GM 

FAX: 1-46-45-24-03 
ENGLAND: EATON, Ltd. PHONE: 734-730900 ITALY: Vianello Strumentazione 

FAX: 734-328335 

PHONE: (09061 4091 
FAX: (0906) 21706 
PHONE: 02-89200162 
FAX: 02-89200382 

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



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

LA 100/200 

• 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 ALC 

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. 

21820 87th SE. Woodinville, WA 98072 (206) 485-9000 FAX 206-486-9657 
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RF letters 
Letters should be addressed to Editor, 
RF Design, 6300 S. Syracuse Way, 
Suite 650, Englewood, CO 801 11. 

Shielded Cables 
Editor: 
The interesting article in your Novem¬ 

ber 1990 issue, “Application of Shielded 
Cables,” by Thomas Jerse exhibits, I 
think, two slight misconceptions. 

1) On Figure 1a, the circuit, although 
a workable one, is anything but bal¬ 
anced. A balanced load, to get the best 
CM rejection should be driven by a 
balanced pair, which can be shielded, 
provided its two wires exhibit a decent 
symmetry in their resistances, capaci¬ 
tances and inductances. As soon as a 
load is driven by a coaxial cable as 
shown in Figure 1, it becomes primarily 
an unbalanced circuit, with either the 
load floated from the chassis ground, 
but yet not balanced (Figure 1a) or 
connected to it (Figure 1b). 

2) Before equation 1, the mutual 
inductance between the shield and the 
center conductor is said to be equal to 
the shield self-inductance Ls (i.e. both 

are large) which is correct. Then on 
equation 7 the mutual inductance be¬ 
tween the shield and the inner 
conductor is referred to again, but this 
time related to the transfer impedance 
ZT. I think it would be more appropriate, 
to name it ‘leakage inductance.’ To 
the opposite of the former mutual 
inductance, which had to be large, 
this leakage (or transfer) inductance 
must be as small as possible. Congratu¬ 
lations for this good tutorial on cable 
shields. 

Michel Mardiguian 
EMC Consultant 
St. Remy, France 

Passive Filter Software 
Editor: 

It would be appreciated if you pub¬ 
lished a review of passive filter (LC) 
software that specifies return loss. 

Standards ANSI C93.41, IEC 481 
specify return loss for power filters. 
Return loss is always more difficult to 
achieve than to get accepted insertion 

loss according to the above standards. 
Dr. J.J. Hajek 
Trench Electric 

Wide-Band FM Demodulation 
Editor: 
The article "Circuits for Wide-Band 

FM Demodulation” December 1990, was 
very good. I think your readers who are 
interested in this topic would like to know 
about an application note I wrote for 
Frequency Sources, Inc. entitled "Low 
Distortion FM Generation and Detection 
Using Hyperabrupt Tuning Diodes.” 
Many of the circuits operate at the same 
frequencies as those in the article but 
use a PLL circuit using the same types 
of ICs and an external VCO. 

Jon GrosJean 
Woodstock Engineering 

For those readers interested in obtain¬ 
ing the application note, AN-110 is 
available from Frequency Sources, Inc., 
Semiconductor Division, 16 Maple Road, 
Chelmsford, MA 01824. Tel: (617) 256-
8101. - Editor 

Test the Power and Control 
Af Q/EII QV||,,> Now with full color, 
UI OZ LOI menu-driven front end! 

Main Menu columns select script files for 

specific designs 

Find out «tut the filter can do before the 

actual design: tabulate results 

Chose the blue window when you cannot do 

analysis in the early design stage: includes 

Time Domain design 

Build your own script file step-by-step with 

more complet specifications 

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

There are no competing products that have 
similar capability! Call 408/554-1469 for a FREE 
Software Comparison Chart listing competing 
programs with suppliers and tabulation of all known 
features. You’ll also receive a FREE S/FILSYN 
Newsletter with updates. Call today! 

D G S ASSOC 
1353 Sarita Way ■ Santa Clara CA 95051 ■ TEL: 408/554-1469 Copyright 1991 DGS Associates, Inc. 
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NEW 

HIPAX PIN DIODES 
From Cellular Telephones to Military HadiosA < 
the Best High Power PIN Diodes Available y 

...Anywhere \ 
High Power Handling 
Low Loss, Low Distortion 
Voltage Ratings to 1000 Volts 
Passivated PIN Chip — Full Face Bonded 
Hermetically Sealed, Non magnetic Packages 
Low Inductance Axial Lead, Stud and Surface 
Mount Package Options 
Appropriate Products Aggressively Priced for 
Commercial Applications 

The semiconductor technology utilized in the 
HI PAX'* family draws on M/A-COM’s substantial 
experience in PIN diode design. HIPAX “PIN 
diodes are designed for use in a wide variety of 
switch and attenuator applications from HF 
through UHF at power levels beyond 1 k\N CIV 
HIPAX'package options include: axial leaded, 
grounded stud, insulated stud, and a surface 
mount package that has a square, non-
rollable outline. 

For more information about the MA4P4000, 
MA4P43000, MA4P7000, MA4P7100, MA4P1200 
and MA4P1250 families, call or write: 

M/A-COM Semiconductor Division 
Burlington Semiconductor Operations 

South Avenue, Burlington, MA 01803 
Tel.: (617) 272-3000 ext. 3808 
FAX: (617) 272-8861 

For applications assistance contact 
Jerry Hiller on ext. 2625. 
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Now 
you can monitor 
E fields to 300 V/m 

from 10 kHz to 1 GHz 
...with no bandbreaks. 
Our new Model FM1000 electric-field 
monitor is all you’ll need for monitor¬ 
ing field levels up to 300 V/m in rf sus¬ 
ceptibility testing throughout five dec¬ 
ades from 10 kHz to 1 GHz. 
The single E-field probe inside your 

shielded enclosure connects by twin 
fiberoptic cable to the keypad control 
console outside, which displays either 
isotropic response or any single axis of 
the three-axis probe. 

Inputs are provided for as many as 
four probes (reading high, low, and 
average on the front panel display), 
plus IEEE-488, RS-232, and 04 Vdc 
outputs. Finally, preset field-level or 
low-battery alarm is sent to your safety 
shutdown circuit through SPDT con¬ 
tact closure. 
Have questions about your suscepti¬ 

bility requirements? Talk directly to 
one of our applications engineers. 
He’ll answer the phone when you dial, 
toll-free, 

1-800-933-8181 
4^^ HmPLIFIGn 
ClB ResenncH 
160 School House Road. Souderton. PA 18964-9990 USA 

215-723-8181 • TWX 510-661-6094 • FAX 215-723-5688 

March 

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

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

April 

7-10 1991 US Conference on Gallium Arsenide Manufacturing 
Technology 

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

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 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: Electro, 8110 Airport Blvd., Los Angeles, CA 
90045. Tel: (800) 877-2668. 

28-May 1 The 1991 MIC Workshop 
Kingsmill Resort and 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. 

22-25 The 3rd International Symposium on Recent Advances in 
Microwave Technology 

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

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. 
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VOYAGER (1 969-?) 

Merrimac Components 
...Your best value 

Jupiter and its moons, taken from the Voyager. (NASA) 

Look to Merrimac for Your Hi-Rel Needs 
CALL FOR THE MERRIMAC SPACE QUALIFIED COMPONENTS LIST. 
□ Mixers, Modulators and Frequency Doublers 
□ I & Q Quadraphase Modulators and Demodulators 
□ Power Dividers - 2, 3, 4, 8 & 12 way 
□ Quadrature Hybrids and Hybrid Junctions 
□ Directional and Bi-Directional Couplers 

M Merrimac 
41 Fairfield Place, West Caldwell, NJ 07006 
Tel: (201) 575-1300 / Fax: (201) 575-0531 
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RF courses 
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. 

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

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. 

Radar Operation and Design: The Fundamentals 
March 25-28, 1991, Washington, DC 

Grounding, Bonding, Shielding and Transient Protection 
April 8-11, 1991, Orlando, FL 

Spread Spectrum Communications Systems 
April 8-12, 1991, London, England 
June 10-14, 1991, Washington, DC 

Lightning Protection 
April 11-12, 1991, Orlando, FL 

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 
Communications Systems 
May 6-9, 1991, Washington, DC 

Electromagnetic Interference and Control 
May 6-10, 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 

Cordless and Microcellular Business Telephony 
May 13-15, 1991, Washington, DC 

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

Principles of High Frequency Radio Communications: 
Applications for Operators and Managers 
May 20-23, 1991 , Washington, DC 

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

Digital Signal Processing Workshop 
April 10-12, 1991, Norwood, MA 
June 12-14, 1991, Norwood, MA 

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

Digital Signal Processing: Filtering and Estimation 
March 18-21, 1991, United Kingdom 

Broadband Telecommunications 
March 18-22, 1991, United Kingdom 

Modern Digital Communications for Space, Satellite and 
Radio 

April 15-18, 1991, Italy 
RF and Microwave Circuit Design I: Linear Circuits 

April 15-19, 1991, Pisa, Italy 
RF and Microwave Design II: Non-Linear Circuits 

April 22-26, 1991, Pisa, Italy 
Digital Microwave Systems: Theory and Applications 
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April 22-25, 1991, Pisa, Italy 
Satellite Communication and Broadcasting 

April 22-26, 1991, Italy 
Information: CEI-Europe/Elsevier, Mrs. Tina Persson, Box 910, 
S-612 01 Finspong, Sweden. Tel: +46 (0) 122-17570. Fax: +46(0) 
122-14347. 

DSP Without Tears™ 
March 20-22, 1991, San Jose, CA 

Information: Right Brain Technologies. Tel: (404) 664-6738. 
Fax: (404) 420-3834. 

RF/MW Linear/Nonlinear Circuits and Applications 
March 14-20, 1991, Palo Alto, CA 

RF Component Modeling: CAE and Measurements 
March 25-27, 1991, Santa Clara, CA 

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 

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

Introduction to EMI 
April 15-16, 1991, Philadelphia, PA 

Understanding and Applying MIL-STD-461C 
April 17-19, 1991, Philadelphia, PA 

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. 

Introduction to EMI/RFI/EMC 
March 19-21, 1991, Anaheim, CA 

Grounding and Shielding 
April 2-5, 1991, Washington, DC 

Practical EMI Fixes 
April 22-26, 1991, Boston, MA 

High Speed Digital Design for EMC 
April 9-12, 1991, Seattle, WA 

EMI Control Methodology and Procedures 
March 19-22, 1991, San Francisco, CA 

System Integration and Design for EMC 
April 16-19, 1991, Boston, MA 

Information: Interference Control Technologies, Registrar. Tel: 
(703) 347-0030. 
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Theirs. 

Why 
our chip " 
inductors 

tare more 
attractive 

for your high 
frequencyJK 

applications 

Ours. 

The point of this little demonstra¬ 
tion is that Coilcraft surface mount 
inductors are made of ceramic. A 
decidedly non-magnetic material. 

Most other chip inductors are 
made of ferrite. Which is great for 
demonstrating the principles of 
magnetism, but not so hot for high 
frequency magnetics. 

Take self resonance, for example. 
SRFs on our coils are up to 3 times 
higher than equivalent ferrite chips. 
And located a safe distance away 
from your operating frequency. 

The actual inductance you'll get 
with Coilcraft chips at higher 

frequencies is very predictable and 
consistent. Not so with ferrites. 
Beyond the test frequency, their 
inductance curves rise steeply and 
vary significantly from part to part. 

Coilcraft ceramic chips also have 
a low temperature coefficient of 
inductance: +25 to +125 ppm/°C, 
depending on inductance. TCLs on 
ferrite chips are often two to four 
times higher! 

And if you need close tolerance 
parts, we offer even more advan¬ 
tages. Thanks to our computer -
controlled manufacturing and 
ceramic's neutral properties, it's 
easier for us to make 5% or 2% 

parts. We can even production-test 
at your operating frequency! Other 
chip makers have to cope with 
ferrite's permeability variations, so 
their yields are lower. Which means 
delivery can be unpredictable. 

So next time you're selecting 
surface mount inductors, forget the 
ferrite and stick with Coilcraft 
ceramic chips. 

For complete specifications and 
information on our handy 
Designer's Kits of sample parts, 
circle the reader service number. 
Or call 800/322-COIL. 

See our catalog in Vol A, Section 1800 

ßem electronic engineers master 

1102 Silver Lake Rd., Cary IL 60013 800/322-COIL Fax 708/639-1469 
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. . .“But they 
just as 

Total Loss = $2,599.64 



told me it was 
good as ATC” 

Did you ever stop and wonder why everyone claims 
to be equal to or better than ATC? 

We view it as an honor . . . can you afford to view them as the same? 

A recent independent survey of capacitor suppliers ranked 
American Technical Ceramics number one for the tenth consecutive year 

for quality, service and technical support. 

American Technical Ceramics. . . producing the highest quality 
RF/Microwave Capacitors since 1964. 

american technical ceramics corp. 
one norden la., huntington sta., n.y. 11746-2102 usa 
phone 516-547-5700 • telex 825707 • fax 516-547-5748 
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RF news 
3700 Attend 
RF Expo West 1991 
Over 2300 visiting engineers and nearly 
1400 exhibitor personnel filled the Santa 
Clara Convention Center during Febru¬ 
ary 5-7. New products announced in the 
February issue of RF Design and shown 
to the public for the first time were 
examined as engineers took time to 

investigate solutions to their current 
design tasks. 

Other design solutions were pre¬ 
sented in 55 technical papers, covering 
topics starting with a tutorial on PIN 
diodes, and ending with a method for 
tuning microwave filters. Sessions on 
RF Diodes, Power Amplifiers, Frequency 
Synthesis, GaAs MMIC Applications, 
Receivers, Oscillators, and Mobile Ra¬ 
dio Systems saw a broad range of 

When Steinbrecher says 

we mean 96dB! 

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

• 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 

“¡Rebano converter 

««•verter 

20 

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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interest and good attendance. Many 
other papers were extremely well-
received by their audiences. Unfortu¬ 
nately, four speakers were unable to 
attend due to travel restrictions. These 
papers are all contained in the RF Expo 
West Proceedings, giving interested 
engineers an opportunity to read them 
and contact the authors with questions 
and comments. 
News coverage was given to RF Expo 

West by KGO television in San Fran¬ 
cisco. That station broadcast a story 
including interviews with representa¬ 
tives of several companies whose com¬ 
ponents are part of the military hardware 
being used with success in the Persian 
Gulf war to drive Iraq from Kuwait. 
The four all-day courses again saw 

strong attendance by interested engi¬ 
neers. A quick survey indicated that 
many of these engineers were either 
young RF engineers or were changing 
job tracks from other areas of engineer¬ 
ing. Many of the rest were experienced 
engineers looking for a review of RF 
basics. Only a few of the attendees had 
been at RF Expo the last time it was held 
in Santa Clara in 1989. The continuing 
strong interest in these courses is 
evidence that RF remains a growing and 
vital engineering discipline. 

55 engineers attended the Oscillator 
Design Principles course taught by 
Randy Rhea of Eagleware, continuing 
the good attendance this class saw in its 
first two presentations. The two-part 
Fundamentals of RF Circuit Design 
taught by Les Besser of Besser Associ¬ 
ates had well over 100 students, like it 
has at nearly every previous RF Expo. 
Also seeing good interest despite being 
presented concurrent with Part I of the 
RF Fundamentals class was Randy 
Rhea’s Computer-Aided Filter Design 
course. 

Exhibitors were nearly unanimous in 
their observation that Silicon Valley has 
many engineers working in RF and 
related applications, in addition to the 
more publicized digital and chip design 
engineering areas. Those companies 
with a direct involvement in non-
traditional RF applications noted that the 
attending crowd included many poten¬ 
tial customers. The comment was over¬ 
heard many times that RF-like engineer¬ 
ing for digital, medical, or control 
systems is increasing rapidly. 
RF Expo East 1991 will be held 

October 29-31 at Stouffers Orlando 
Resort in Orlando, Florida. RF Expo 
West 1992 is scheduled for March 
18-20, 1992 at the San Diego Conven¬ 
tion Center, San Diego, California. 
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NMR SPECTROSCOPY AND MR IMAGING 

Smart Munitions, Countermea¬ 
sures Featured in Gulf War — The 
war against Iraq is the first use of many 
U.S. weapons systems outside the test 
range, and the results have been gener¬ 
ally impressive. Infrared, laser, and 
radar-guided bombs have been used to 
keep the U.S. attacks as precise as 
possible, as military commanders seek 
to destroy the ability of Iraq to wage war 
without causing much “collateral dam¬ 
age” (civilian casualties). Among the 
various systems, the Tomahawk cruise 
missiles appear to have been a major 
success, often delivering their explo¬ 
sives within a few feet of the target after 
a low-level flight of several hundred 
miles. HARM and SLAM missiles have 
struck radar and tactical targets, with 
their exploits vividly recorded by military 
strike cameras. 

New RF Amplifier 
Gives You This Much 
More Performance. 

It will be weeks or months, however, 
before we know how effective this 
“surgical” strategy has worked. There 
are indications that some very primitive 
means have been used successfully by 
Saddam Hussein's forces to minimize 
the impact of U.S. attack. For example, 
it is reported that thousands of miles of 
buried cable was installed to back up 
radio and microwave links between 
Baghdad and the Kuwait front lines. The 
now-infamous SCUD missiles have 
clearly demonstrated the ability of mo¬ 
bile systems to avoid detection. Also, the 
real-time communications offered by 
radio, television and satellite have al¬ 
tered the way both propaganda and 
news are handled by both sides. Without 
the benefit of complete information, an 
analysis is not yet possible, but in a few 
months we will see the first combat 
performance review of recently devel¬ 
oped weapons, communications and 
countermeasures systems. 

Gauging MMIC Measurement 
Needs — NIST has launched a govern-
ment/industry consortium to establish 
needed national MMIC standards. 

RF Design 

* I000W Pulse Power from 10-86MHZ 
* 500W Pulse Power from 86-l25MHz 
* 20% Duty Cycle, 20ms Pulse Width at Full Power 
- Reliable Solid State Design 

LPI-10H Typical Extended Performance Chart 

2KW 

1KW 

3.5MHz 
] Rated Power Range 

7/////Ä 

140MHz 

Performance At 1dB Compression 

The extended operating range of ENI's new Model 
LPI- 1 OH RF Power Amplifier extends your flexibility and 
versatility for higher magnetic field strength systems. 
Designed for up to 3 Tesla proton imaging and up to 
7 Tesla NMR low-band analytical spectroscopy, the 
LPI- 1 OH features fast gating rise and fall times, minimal 
pulse droop, excellent linearity and gain stability, low 
pulse-off output noise, and cost-effective solid state design. 

For complete technical information on the LPI- 1 OH, contact: 

World Headquarters: ENI, A Division of Astee America. Inc.. 
100 Highpower Road, Rochester, NY 14623, Tel: (716) 427-8300, 
FAX: (716) 427-7839 

Sales & Service Offices: 
Santa Clara, CA Tel: (408) 727-0993: FAX: (408) 727-1352 
Welwyn Garden City , UK Tel: (0707) 371558; FAX: (0707) 339286 
Stuttgart, Germany Tel: 7156-2 10 95; FAX: 7156-4 93 72 
Tokyo, Japan Tel: 0425 22901 1 ; FAX: 0425 222636 
Osaka, Japan Tel: (06) 367-0823; Fax: (06) 367-0827 
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Renews continued 
Before MMICs can be successfully de¬ 
veloped commercially, there are numer¬ 
ous obstacles, largely measurement 
related, to overcome. MMIC devices 
need standardized, precision-engi¬ 
neered components to ensure that de¬ 
vices from different companies can be 
integrated into working systems. 
The group is also examining problems 
such as how to reliably gauge tempera¬ 
ture in a MMIC circuit and how to best 
measure the characteristics that pro¬ 

mote quality control in MMIC device 
production. 

Antenna Specialists Acquires Ma¬ 
jority Interest in Grayson Electron¬ 
ics — The Antenna Specialists recently 
announced that it has acquired a major¬ 
ity interest in Grayson Electronics Co. 
Grayson is a designer and manufacturer 
of high-technology electronic communi¬ 
cations products and will operate as an 
independent subsidiary. 

SUCH AS THIS 
CIRCUIT 

oro 
BASE 

Reduce Size 

Increase Reliability 

Enhance Performance 

- fast turnaround (proto-chip in 5 - 10 days) 
- 2.5 GHz for high frequency designs 
- flexible array size 
- low power consumption, Vs (1-15 V) 
- PC-based design tools 

i @gRf][Rr](U][RÆ 
U W’ corporation Telex 061-8525 

P.O. Box 489, Stn A. Burlington, Ontario, Canada I.7R 3Y3 
Japan: 301, Aoba Building, 3-6-2 Takanawa, Minato-ku. Tokyo 108. Japan 

Tel (3)3441-2096 Eax (3) 3448-8991 

Electronics Sales for 1990 
Reaches $282 Billion — The EIA 
announced that the 1990 U.S. factory 
sales of electronic products reached 
nearly $282 billion, representing a 4.2 
percent increase over last year’s $270 
billion. The communications equipment 
sector reached $71.3 billion or 6.1 
percent over last year’s $67 billion. 
Electronic components hit $56.6 billion 
and the computer and industrial sector 
reached $91 .9 billion. 

In-Flight Phone Given FCC Ap¬ 
proval for Air-to-Ground — The 
Federal Communications Commission 
granted the applications of In-Flight 
Phone Corporation to provide nation¬ 
wide air-to-ground radio telephone serv¬ 
ice. IFPC has spent more than $8 million 
over the last 18 months designing a new 
digital air-to-ground system that will 
reduce the airlines’ operating costs and 
will provide high quality voice communi¬ 
cations and data services for passen¬ 
gers. 

Anadigics and Thomson Sign Sec¬ 
ond-Source Agreement — Thomson 
Composants Microondes (TCM) has signed 
an agreement with Anadigics to be a 
worldwide second source for Anadigics' 
Ku-band direct broadcast satellite 
downconverter gallium arsenide inte¬ 
grated circuit chip set. Under the agree¬ 
ment, TCM will manufacture the DBS 
products by its own GaAs process but 
will maintain full functional interchange¬ 
ability with Anadigics’ DBS devices. 

Hewlett Packard and Telogy Win 
Lockheed Contract — A partnership 
between Hewlett Packard and Telogy, 
Inc. has been awarded an exclusive 
contract to provide all instrument leasing 
services to Lockheed Missiles & Space 
Company. Inc. The 3 year contract, 
estimated at $20 million, will provide 
Lockheed with test equipment on an “as 
needed” basis and builds in a level of 
equipment management that minimizes 
the internal resources needed to track 
the equipment. HP will be the lessor 
within the partnership, owning and serv¬ 
icing the test equipment. Telogy will 
provide equipment management serv¬ 
ices. 

North American Van Lines Signs 
Order With QUALCOMM for Mo¬ 
bile Satellite Communications Sys¬ 
tem — North American has signed a 
$12 million contract with QUALCOMM, 

INFO/CARD 18 
March 1991 



Inc. to outfit their Commercial Transport 
employee fleet as well as part of its High 
Value Products division with Omni-
TRACSR two-way satellite communica¬ 
tions units. The contract includes Omni-
TRACS hardware, software and initial 
messaging services. 

Teradyne Sells Test Systems to 
Silicon Systems — Teradyne, Inc. 
announced the receipt of orders from 
Silicon Systems for an A520 Analog 
VLSI Test System and three A520C 
Communications Test Systems. The 
systems are being used in both the 
Tustin and Singapore facilities to ex¬ 
pand capacity for production testing of 
microperipheral and communications de¬ 
vices. The orders, the values of which 
were not disclosed, were delivered in the 
third and fourth quarters of 1990. 

Siliconix Becomes AEG Subsidi¬ 
ary — Under a reorganization plan, 
AEG Capital Corp., has become an 80.1 
percent shareholder of Siliconix. As a 
result, Siliconix, Inc., is no longer under 
Chapter 11 bankruptcy protection. Ac¬ 
cording to the January 14 edition of 
Electronic News, AEG will pay Interna¬ 
tional Rectifier $1 2.3 million plus interest 
as well as $5.8 million immediately in 
exchange for a royalty-bearing license 
for various MOSFET patents, 

Ball Antenna System Receives 
FAA Type Certification — Ball 
Corporation’s Airlink™ low-gain antenna 
system, along with Rockwell Collins’ 
Avionics, was recently FAA type certified 
as a result of a Boeing flight test 
conducted aboard a United Airlines 
747-400 aircraft. Type certification 
means that the Ball antenna is included 
in the airplane’s FAA certification, and 
it has been approved for use on that 
aircraft with the specified avionics. 

New Address for Inter-Continental 
Microwave — Inter-Continental Micro¬ 
wave recently announced their move to 
larger facilities. Their new address is 
1515 Wyatt Drive, Santa Clara, CA 
95054. Their phone and fax numbers 
remain the same. 

EMV Expands in Europe — Founded 
by Amplifier Research and EMV GmbH, 
EMV S.A.R.L. will provide engineering 
assistance, sales, and service through¬ 
out France to the growing number of 
manufacturers concerned with protect¬ 
ing their products against electromag¬ 
netic vulnerability. 

Kings Electronics Company Incor¬ 
porates Kings Electronics (Can¬ 
ada) Limited — Kings Electronics 
Company recently announced that Kings 
Electronics (Canada) Limited has ceased 
to exist as an active company. Kings is 
making this change because of the new 
trade regulations between the United 
States and Canada that will enable to 
establishment of closer working relation¬ 
ships with their Canadian customers. All 
correspondence should be addressed 
to Kings Electronics Company, Inc., 40 
Marbledale Road, Tuckahoe, NY 10707. 

RF Products, Inc. Formed — RF 
Products, Inc. has been formed to 
manufacture high power products for 
use in RF and microwave applications. 
The company will be able to provide 
“drop-in” replacement transistors of the 
Acrian and CTC types, high power 
passive resistor, termination, and at¬ 
tenuators for both standard and custom 
applications, bias devices for tempera¬ 
ture compensating high power class A 
and AB transistors, and broadband 50 
ohm transistor unit amplifiers. 

EIA Information Systems Forecast 
Available — The EIA Information Sys¬ 
tems Forecast for the 1990s is available 
from the Government Division Require¬ 
ments Committee. The report includes 
a five year forecast of the Information 
Systems market as well as other market 
research data. The price of the report is 
$1 25 for EIA Government Division Member 
Companies and $250 for non-member 
companies. Contact Mary Lamb at (202) 
457-4942 for ordering information. 

Call for Papers — The International 
Institute of Connector and Interconnec¬ 
tion Technology is accepting abstracts 
for technical papers for presentation 
during its 24th annual Connectors and 
Interconnection Technology Sympo¬ 
sium, to be held October 6-9 in San 
Diego, Calif. Papers are encouraged in 
the following areas: printed wiring appli¬ 
cations, data and documentation re¬ 
quirements, standardization and reliabil¬ 
ity, termination and connector tech¬ 
niques, fiber optics, backplane intercon¬ 
nection wiring and international technol¬ 
ogy. Abstracts, due by March 16, should 
contain a minimum of 200 words, the 
author’s name, company and phone 
number. They may be sent to: Papers 
Chairman, 24th Annual Connectors and 
Interconnection Technology Sympo¬ 
sium, 104 Wilmot Road, Suite 201, 
Deerfield, IL 60015-5195. 

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% 

Special models are also available 
in the TC series, with up to 6 sections, 
frequency rangesto 6,000 MHz, 3 dB 
bandwidths from 3% to 100% of the 
center frequency, and increased envi¬ 
ronmental capabilities. Other Lark En¬ 
gineering Company T0-8 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 
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RF industry insight 

SMT — The Footprint of the Future 
By Liane Pomfret 
Associate Editor 

Surface mount technology is relatively 
new in the RF industry. It has only 

been within the past few years that RF 
designers have started looking at sur¬ 
face mount as a viable alternative to 
through-hole design. With RF applica¬ 
tions appearing in new places, surface 
mount technology can help solve prob¬ 
lems caused by high frequency or lack 
of space. The attractions to surface 
mount are varied, as Steve Skiest, RF 
Product Manager at Toko notes, “It’s 
not only size, it’s manufacturability and 
automation as well.’’ However, the lack 
of standards and compliance to them is 
causing a great deal of confusion and 
frustration among manufacturers and 
buyers alike. 
The issues surrounding the 

switchover from through-hole to surface 
mount are varied. There are several 
reasons why a manufacturer might make 
the switch. Marty Markson, Vice Presi¬ 
dent of Sales and Marketing at Sprague-
Goodman observes, “There are basi¬ 
cally two advantages, the first being 
increased circuit density or smaller size 
of the completed product. The other 
aspect of surface mount technology is 
the capability for automatic placement 
or assembly techniques.” The space 
savings can be enormous as we have 
seen for portable cellular phones, pagers 
and laptop computers. In addition, sur¬ 
face mount offers better performance at 
high frequencies than through-hole de¬ 
sign. Cost is also a consideration. With 
surface mount products, there’s no 
need to drill holes or line up component 
leads with the holes. These items add 
to the cost of through-hole design and 
in many cases, surface mount design 
comes out costing less. In addition, 
manufacturers can sometimes use the 
same equipment they have been using 
for through-hole assembly, thereby sav¬ 
ing even more money. 

Given these reasons for switching to 
surface mount, it is only a matter of time 
before most manufacturing is done this 
way. Sandy Cohen, Engineering Sales 
Manager for Raltron predicts, “We think 
that in the long term the way to go is 
surface mount, especially with the types 
of companies manufacturing surface 

mount.” As the technology becomes 
available, manufacturers are making the 
switch. Some have already completed 
their conversion to surface mount manu¬ 
facturing while others are just starting. 
Larry Barbary, International Sales and 
Marketing Director for M-tron observes, 
“We've started to see more surface 
mount applications than through-hole 
applications in the past year.” While 
there will always be a place for through-
hole devices, surface mount technol¬ 
ogy’s advantages will make it the method 
of choice in coming years. 

Standards 
Despite the advantages, there are 

some problems that still need to be 
resolved. Perhaps one of the largest is 
the lack of standardization within certain 
sectors of the surface mount industry. 
Parts such as capacitors and resistors, 
that have been around for years, have 
well established standards. However, 
for crystals, oscillators, filters and the 
like there is no industry standard as of yet 
and it is apparent in the variety of surface 
mount packages available. “The industry 
hasn’t settled down on a standard 
footprint,” says Kory Stone, Product 
Marketing Manager for Crystal and 
Clock Oscillator Products at CTS. As a 
result, manufacturers will set their own 
standard instead of waiting for an indus¬ 
try consortium, which makes for some 
inconsistent standards. Among the 

simpler surface mount parts, standards 
appear to have settled. “It seems that 
standards for monolithic chips that are 
larger than 1206 are pretty good. Any¬ 
thing smaller and there's not a lot of con¬ 
sistent literature. Also reliability informa¬ 
tion is sketchy,” says Mark Nicholson, 
Manufacturing Engineer at John Fluke 
Manufacturing. While there are some 
extremely small packages out there, 
they are few and far between. Signetics 
manufactures an SSOP - shrink small 
outline package which is 1/3 the size of 
standard surface mount packages, and 
is “the worlds smallest commercially 
available 20-pin package,” according to 
Michael Sera, RF Marketing Manager at 
Signetics. If sizes or footprints vary 
between manufacturers, it can be very 
difficult for a buyer, especially if one 
manufacturer discontinues a product 
line. 

Even with this uncertainty, surface 
mount is becoming more and more 
popular. For example, the computer 
industry is just beginning to use RF 
surface mount technology. Over the 
past few years, computer speeds have 
increased and are now running around 
50 MHz. For the computer designer this 
brings up some special RF problems 
that may not have existed at lower 
speeds. These designers are finding 
that RF surface mount products are a 
good way to avoid problems with stray 
inductance and capacitance brought on 
by long leads used in through-hole 
devices. Bruce Malcolm, President of 
Trilithic Corporation notes that “By 
1993-94 time frame, clock speeds will 
be around 75-100 MHz. You really have 
to start paying attention to your RF de¬ 
sign or you will start seeing unacceptable 
digital pulses.” In the case of computers, 
surface mount offers not only a reduction 
in RF caused problems, it also allows for 
extremely small packages. 

Surface mount will be the manufactur¬ 
ing method of the future. There will 
always be a place for through-hole, but 
with the advances being made in sur¬ 
face mount - in size, performance, 
manufacturability and materials - there 
is no reason why the changeover 
shouldn’t occur in the near future. RF 
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SWOP Amps Simplify RF 
Signal Processing 

By Tom Anderson 
Burr Brown Corporation 

If you design systems for RF and 
video applications requiring amplifiers, 
multiplexers, or complex functions like 
high performance programmable gain 
amplifiers, you have probably noticed 
that finding the right components to do 
the job is not simple. Using operational 
amplifiers and switches is fine for slow 
signals, but as signal frequencies in¬ 
crease, so do the problems that must 
be addressed. 

A pair of new SWOPR Amps from Burr Brown, the OPA675 and OPA676, 
open the door to high speed, high 
accuracy applications without the head¬ 
aches. These devices are true opera¬ 
tional amplifiers with a built-in switch¬ 
able front end (hence the name SWOP 
Amp, for SWitchable input OP amp). 
The SWOP Amp has two identical 

input stages that share an active load 
and output stage. One input stage at a 
time is active and controls the output of 
the amplifier. The unselected output 
stage has a very high input impedance 

and very little crosstalk to the active 
input stage. The resulting integrated 
circuit functions as an operational ampli¬ 
fier with a DPDT switch on the two input 
pins (see block diagram and specifica¬ 
tions in Figure 1). Not only is the SWOP 
Amp an ideal component for simplifying 
the design of an analog signal process¬ 
ing system, the performance is out¬ 
standing. With gain-bandwidth product 
greater than 2 GHz, channel select time 
less than 5 nS, low distortion, and 
operational amplifier flexibility, the 
SWOP Amp can improve the dynamic 
and DC characteristics of many high 
speed analog systems while reducing 
complexity and cost. These devices 
have been optimized for driving flash 
convertors, and will handle 75 and 50 
ohm cables as well. 

Fast Switching Multiplexer With 
Gain 
One of the most widely used circuits 

for modern systems is the input signal 
multiplexer, and multiplexing RF or 

video signals requires special attention. 
Using a SWOP Amp makes it easy to 
switch from one input signal to the other 
in just a few nanoseconds, and even 
include signal gain in the bargain. 

Figure 2 shows two of the many 
possible multiplexer configurations. The 
OPA676 provides two input channels 
that are multiplexed into the single 
output. The gain for each channel is set 
by external feedback resistors accord¬ 
ing to standard operational design tech¬ 
niques. In Figure 2a, R1 and R2 set the 
voltage gain: 

Av = 1+(R2/R1) = 8 

The inverting inputs for both input 
stages are connected to the same 
feedback network, guaranteeing that the 
gains will be identical for both channels 
without requiring precision matched re¬ 
sistors. This principle can be especially 
useful when designing active filters, 
since the bandwidths of both channels 
may be made identical by design without 

Channel switching delay 

Slew Rate comp cap = 0 
comp cap = 5pF 

Settling time 1.25 V step,Gain=10 

Small signal bandwidth 
Av = 50, comp cap = 0 
Av = 10, comp cap = 5pF 
A = 2, comp cap = 35pF 

Noise fb = 10 Hz to 10 MHz 
Vos, each channel 
Input bias current 
CMRR Vem +1.25V to -1.25V 
Output swing 150 ohm load 

50 ohm LOAD 
Open loop gain 150 ohm load 
PSRR +V = +5.5 to +4.5, 

-V = -5.7 to -4.5 
Power dissipation 

4.6 nS (ECL select, OPA675) 
6.0 nS (TTL select, OPA676) 
1000 V/uS 
400 V/us 
1% 9 nS 
.1% 15 nS 

.01% 25 nS 

50 MHz 
185 MHz 
100 MHz 
8 uV rms 
500 uV typical, 2 mV max 
20 uA 
100 dB 
+1.25V to -1.25V min 
+1V to —IV typ 
70 dB 
86 dB 

200 mW typical 

Figure 1. Simplified circuit diagram of the OPA675 and measured performance statistics. 
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Look what’s just surfaced! 
If your microwave designs are moving to surface 
mount—or if your surface mount designs are 
approaching microwave speeds—California 
Eastern labs has the NEC parts you need. 

Discrete Bipolars. FETs. PIN, Schottky and 
Varactor Diodes. Prescalers. MM1C Amplifiers, 
PLL Frequency Synthesizers and Down Con¬ 
verters. And a variety of transistor arrays. 

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

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

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

NEC California Eastern Laboratories 

CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 □ Santa Clara. CA (408) 988-7846 □ Los Angeles, CA (213) 645-0985 

Bellevue, WA (206) 455-1101 □ Scottsdale. AZ (602) 945-1381 □ Richardson, TX (214) 437-5487□ Shawnee, KS (913) 962-2161 □ Woodridge, IL (708) 214-3040 □ Cockeysville, MD (301) 667-1310 

Peabody MA (508) 535-2885 □ Hackensack, N) (201) 487-1155 or 487-1160 o Palm Bay FL (407) 727-8045 □ Norcross. GA (404) 446-7300 □ Nepean, Ontario, Canada (613) 726-0626 
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Figure 2. Two input multiplexer 
circuits, (a) both channels have 
identical gains of 8 without preci¬ 
sion resistors, (b) separate feed¬ 
back networks give different gains 
for each channel. Gain is +10 for 
channel A and -10 for channel B, 
with bandwidth greater than 100 
MHz. 

Figure 3. A fast four input MUX using three SWOP Amps Vout = 4Vin for 
the selected channel. Bandwidth is 70 MHz. 

precision components or manual adjust¬ 
ment. Filtering may be added to any of 
the circuits shown here using standard 
operational amplifier filter designs. 
R3 and R4 are used to balance the 

impedance for the two non-inverting 
inputs, canceling the contribution to 
offset error from input bias current 
flowing in R1 and R2. The value for R3 
and R4 is selected to be equal to the 
parallel combination of R1 and R2. R3 
and R4 could be deleted, but this will 
add an extra term to the offset equal to 

(25 ohms X 20uA) = 500 uV. 

For many RF systems offset is unimpor¬ 
tant, and the values for R3 and R4 are 
selected to correctly terminate the 
source impedance. If different gains are 
desired for the two channels, separate 
feedback networks may be used as 
shown in Figure 3. Now channel B has 
a separate feedback network, and is 
configured for an inverting gain of 10: 

Av =-(R6/R5) =-10. 

R4 is connected between the non¬ 
inverting input for channel B and ground 
to cancel lb x R errors as described 
above, but may be deleted if offset is 
not critical. 

Note that the compensation capacitor 
is connected to a node that is common 
to both channels. The capacitor must 
be large enough to make the channel 
with the lowest gain stable. 

These multiplexer circuits allow chan¬ 
nel selection in less than 5 nS, with 
settling to 0.1 percent accuracy only 
requiring about 9 nS. Small signal 
bandwidth is over 60 MHz in either of the 
configurations shown above. 

Besides providing two input channels 
for a signal processor, these multiplexer 
or selectable input channel circuits have 
many other applications. The selectable 
input amplifier can also function as a 
gated amplifier, where one input is 
connected to the signal and the other is 
connected to ground. During "normal” 
operation, the signal is processed by the 
amplifier circuit, but the output may be 
driven to ground by selecting the 

grounded input channel. This technique 
can be used for noise blanking with RF 
signals, or in other applications to 
prevent overload of circuits following the 
amplifier. The same idea can be used 
to make a fast settling return to zero 
deglitcher for high speed digital to 
analog convertors, where the grounded 
channel can be selected while the DAC 
is glitching and settling. 

Pulse Generator/Pin Driver 
The ability of the SWOP Amp to 

drive 50 ohm cables with speed and 
precision, combined with fast switching 
between signals and fast, smooth set¬ 
tling make the selectable input circuits 
shown in Figure 2 work well as pulse 
generators for test systems. The SWOP 
Amp is configured as described in 
Figure 2a, 2b or with both channels 
inverting. DC voltages are applied to the 
two inputs via voltage dividers, a DAC, 
or any other source. When the channel 
select is driven with a square wave 
between high and low logic levels, the 
output will switch between the two 
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Meet our new division. 
Frequency Dividers NEC 

4- 2 4- 4 4- 8 4- 2/4/8 4- 8/9 4- 10/11 

U PG 502 UPB565 
UPG504 UPB58I 
UPB558 UPB584 

UPG501 IJPB565 
UPG5O3 IJPB582 

DPB585 

£ 
UPG5O6 
UPB565 
UPB567 

UPB555 
(JPB587 

UPB551 
UPB552 
UPB554 
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% • 

UPB553 UPB556 
UPB555 UPB57I 

UPB572 UPB551 
UPB552 
UPB554 

UPB555 
UPG569 
UPB571 
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4- 40/44 4- 64 4- 64/65 4- 64/68 4- 80/81 

UPB551 
UPB552 
UPB554 

UPB564 
UPB565 

■ 
UPB566 
UPB569 
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UPB562 
UPB568 

e 
HPB572 

4- 128 4- 128/129 

DPB564 
UPB566 
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UPB588 

4- 128/136 
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UPB568 

4- 256 

DPB564 

4- 256/512 
Uli 

UPB586 

Our low cost prescalers help you divide and conquer 

just about any design problem you face, including 

delivery. 

Need wide band-width? Low power 

dissipation? Performance to 14 GHz? 

Start here and save money. 

We have both Silicon and GaAs ICs—in chips 

and a variety of packages from auto-insertable to 

MIL screened. 

And the price is right. 

So if frequency division has been multiplying 

your design costs, give us a call. We’ll send you a 

Product Summary and Selection Guide, and 

arrange for samples and applications assistance. 

NEC quality and CEL support. It’s a 

combination that’ll work for you. 

NEC California Eastern Laboratories 
CEL Headquarters, 4590 Patrick Henry Drive, Santa Clara, CA 95056-0964; (408) 988-3500 FAX (408) 988-0279 □ Santa Clara. CA (408) 988-7846 □ Los Angeles. CA (213) 645-0985 
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Peabody MA (508) 535-2885 □ Hackensack, NJ (201) 487-1155 or 487-1160 □ Palm Bay, FL (407) 727-8045 □ Norcross. GA (404) 446-7300 □ Nepean, Ontario, Canada (613) 726-0626 
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Figure 4a. Using different gains 
for each channel and connecting 
both multiplexer inputs together 
makes a simple high performance 
programmable gain amplifier. 

output levels determined by the DC 
input voltages and the gain of each 
channel. With the inherent 50 ohm drive 
capability, this circuit could also be 
described as a precision programmable 
pin driver. 

A Four Channel Multiplexer 
Figure 3 shows a four channel MUX 

made with three SWOP Amps. The 
circuit for each amplifier is as shown in 
Figure 2a, with SWOP Amps A1 and A2 
used to MUX the four channels into two, 
and A3 performing the final multiplexing 
down to one output channel. The circuit 
use two bits for channel select, as shown 
in the chart in Figure 4. The first bit 
selects channel A or B on amplifiers A1 
and A2, and the second bit selects 
channel A or channel B on amplifier A3 
(which selects the output of amplifier 
A1 or amplifier A2). Channel selection 
still requires less than 5 nS, while 
settling time to 0.1 percent at the output 
increases to approximately the RMS 
sum of the settling time for each stage. 
In this example, all amplifiers are config-

Figure 4b. This PGA circuit gives 
both channels optimum band¬ 
width when gains are not similar 
in magnitude. 

ured for a gain of +10, giving a net gain 
of 100 for each of the four channels 
(settling time is 12 nS to 1 percent, 21 
nS to 0.1 percent, 35 nS to 0.01 

percent). Gains could be different for 
any of the stages, giving each channel 
a different gain. 

Programmable Gain Amplifiers 
A simple way to construct a program¬ 

mable gain amplifier is to take the Figure 
2b circuit and connect the two inputs 
together, as shown in Figure 4a. Now 
the channel select functions as a gain 
select pin. Both inputs are connected to 
the signal source, and the channel 
select signal now determines which 
input stage is active. The feedback 
attenuator to the active input stage sets 
the gain. The feedback attenuator for 
the unselected output is simply one 
component of the load resistance and 
is driven by the output. 

This particular configuration may be 
used as a gain of 10 absolute value 
circuit, by driving the gain/channel se¬ 
lect pin with a fast comparator that 

Figure 5. Two channel programmable gain amplifier with gains of 6, 12 
and 18 dB. 

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 
HF AMPLIFIERS per MOTOROLA BULLETWS 

Complete Part» Lilt for HF Amplifier» Described 
In the MOTOROLA Bulletin» 

AN75« 300W I1M70 EB»3 140W I U SS 
AN 742 140W 1 03 25 EB27A 300W 0139.20 
AN779L 20W • 03.79 EB104 600W OUS IS 
AN779H 20W 0 93.19 AR305 300W 0303 52 
AR313 300W 0403.00 

K» WATT 420-450 MHz PUSHPULL LINEAR 
AMPLIFIER - SS8-FM-ATV 

KEB47-PK (KK)... 
KEB67-PCB (PC 8 
KEB07-I (Manual). 

USOOS 

NEWII 1K WATT 2-50 MHz Amp*Hr 

2 METER VHF AMPLIFIERS 
35 Watt MoM 335A. 0 79.95 Kit 
75 Watt Modal 075A. 0119 95 Kit 
Available in Mt ar wired /te.ted 

POWER SPLITTERS and COMBINERS 

METALCLAD MICA CAPS-Unako/Samco 
RF POWER TRANSISTORS 
MINI-CIRCUIT MIXERS 

SBL-1 (l-SOOMc). 
SBL —IX (10- lOOOMi). 

ARCO TRIMMER CAPACITORS 

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

Communication 
Concepts Inc. 

50* Mill.tone Drive • Xenia, Ohio 453*5 • (513) 426-0600 
FAX (513) 429-3811 

CCI 

compares the input signal with ground. 
This circuit can select a positive gain for 
one input signal polarity, and a negative 
gain for the other input signal polarity, 
resulting in a unipolar output for bipolar 
inputs. Since the SWOP Amp changes 
channels when the output is at ground, 
the glitches around zero will be small if 
a fast, high resolution comparator is 
used because no slewing is required 
when channel switching occurs. 

Yet another application of the Figure 
4a circuit is in the field of communica¬ 
tions. Driving the channel select pin with 
a carrier frequency square wave pro¬ 
duces an amplitude modulated output. 
Reversing the gain polarity on every half 
cycle of the carrier yields a balanced 
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Don’t miss the most revered symposium/exhibition 
for microwave engineers. 

1991 IEEE/MTT-S International 
Microwave Symposium/ 

Exhibition Hynes Convention Center 
Boston, MA 

June 11-13, 1991 

Special Workshops and Panel Sessions 
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Figure 6. PGA frequency response performance plot 
for Figure 5 circuit. 

Figure 7. PGA spectral response performance plot 
for Figure 5 circuit. 

modulator, and various filters can be 
used at the output to produce single 
sideband, double sideband, or sup¬ 
pressed carrier modulation. 

Optimizing Bandwidth for Two 
Different Gains 

Since the compensation capacitor is 
connected to the circuitry driven by both 
amplifiers, the programmable gain am¬ 
plifier must be compensated for the 
lower of the two gain settings. For large 
differences in the closed loop gain, the 
bandwidth for the higher gain channel 
will be less optimum. This is not a 
problem in every application, but a 
second way to build a programmable 
gain amplifier easily eliminates this 
limitation. 

Figure 4b shows a programmable 
gain amplifier with optimized bandwidth 
for both channels. A common feedback 
network is shared by both channels, like 
the multiplexed input amplifier from 
Figure 2a, so both channels have the 
same loop gain. The input signal drives 
a voltage divider, so the channel A 
amplifies the full input signal, while the 
input signal to channel B is attenuated. 
In Figure 4b the gain from input to output 
is 8 when channel A is selected, and 1 
when channel B is selected. Since the 
feedback factor for each amplifier chan¬ 
nel is the same, the compensation may 
be optimized to take advantage of the 
full gain bandwidth product available 
from the amplifier. Since the SWOP 
Amp is optimized for the best AC 
performance in higher gains, this ap¬ 
proach is especially useful when one or 
more channels must operate at a gain 
of unity. 

Putting It All Together 
Figure 5 shows 3 SWOP Amps used 

to make a two channel multiplexer with 
selectable gains of 6 dB, 12 dB, or 18 
dB. The channel 1 or channel 2 input 
signal is selected by the channel select 
signal to A1, which has a gain of 2. 
Amplifiers A2 and A3 provide selectable 
gains of 1 or 2 in the following manner. 
Each amplifier has a gain of 2, set by the 
two feedback attenuator resistors being 
equal, but channel A picks off the output 
of the previous stage directly, while 
channel B picks off the output of the 
previous stage at the midpoint of an 
equal valued resistor voltage divider. 
Thus the gain set resistors for A1 also 
provide the “selectable” attenuator for 
A2 to use. A3 uses the gain set resistors 
for channel B of A2 (R1 1 and R10) for its 
selectable input attenuator. 

Even though there are 3 amplifiers 
cascaded, the dynamic performance is 
outstanding as shown by the spectral 
(Figure 6) and frequency (Figure 7) 

analysis plots. Since there are always 
three amplifiers in the signal path, 
bandwidth and distortion are virtually 
constant for all gains. The plot shows the 
measured distortion for this circuit, with 
the 2F harmonic less than 65 dB. 

This circuit can be simplified consid¬ 
erably by deleting the top row of 1kohm 
resistors (R1/R2, R7/R8, and R12/R13) 
and then connecting the inverting input 
for channel A of each amplifier to the 
channel B inverting input. This lets both 
channels for each stage share a com¬ 
mon feedback network, an idea that was 
mentioned earlier. There is a trade-off; 
when this simpler circuit is used, har¬ 
monic distortion increases a few dB due 
to the extra capacitance at each sum¬ 
ming node. One additional benefit of the 
simpler circuit is that gains for the two 
channels are absolutely identical. 

Differential Circuits 
Since each channel of the SWOP 

Amp is a true operational amplifier with 
outstanding high frequency common 
mode rejection characteristics, any of 
the above circuits can be implemented 
as differential amplifier circuits. This 
allows the system designer to separate 
signals from noise even when both are 
in the RF range. Figure 8 shows a simple 
differential MUX with a gain of 1 for the 
differential input, 100 MHz band¬ 
width,and CMRR of 80 dB at 10 MHz. 

32 

Figure 8. Multiplexer with two 
differential inputs and a gain of 1. 
Bandwidth is 100 MHz. CMRR is 
80 dB at 50 MHz. 

About the Author 
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Manager at Burr-Brown Corporation. 
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M/A-COM’s control components 
have been an integral part of 
modern ECM, Radar and Commu¬ 
nications Systems throughout our 
forty years of industry leadership. 

The newly established M/A-
COM Control Components Divi¬ 
sion, located in Merrimack, New 
Hampshire, combines the tradition 
of technological innovation, quality 
and customer service with a newly 
expanded and completely reno¬ 
vated facility. 

The vertically integrated facility 
incorporates the most sophisticated 
manufacturing, design and process 
capabilities available today. 

Dedicated CAD/CAM, Com¬ 
puter Integrated Manufacturing 
(CIM), Statistical Process Control 
(SPC), plus the Control Compo¬ 
nents Division’s commitment to 
Total Quality Management ensure 
customer satisfaction. 
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RF featured technology_ 

Multi-Stage Amplifier Bandwidths 

By Marlin Greer, Associate Professor, 
Murray State University 

This article examines the technique 
of determining the bandwidth of a sys¬ 
tem of amplifiers when the individual 
stage bandwidths are known. The exact 
method is developed and then three 
special cases are defined which permit 
simplified calculations for most situ¬ 
ations. 

An otherwise ideal amplifier with a 
single lag network (either internal 

or external) can be represented as an 
ideal amplifier driving an RC network 
(Figure 1). Av(mjd) represents the gain at 
low frequency where the response is 
flat, that is, not dependant on frequency. 

Mathematically, the voltage gain as a 
function of frequency for the above 
model can be expressed as a complex 
algebra expression. The frequency of 
interest, f, is the frequency at which the 
gain is to be determined. The critical 
frequency, f , is also called the break 
point or 3 dB frequency. The letter "j” 
is the imaginary number designator 
used in engineering for which “i” is 
used in mathematics. 

'w = (1)

Figure 1. An ideal amplifier driving 
an RC network. 

This bandwidth is the usable frequency 
range. 

Multistage Systems 
This concept can be extended to 

multistage systems of the type shown 
in Figures 3a and 3b. The amplifier 
symbol represents an ideal, that is, 
infinite bandwidth, infinite input imped¬ 
ance, zero output impedance amplifier. 
Therefore it assumes no interaction 
between the RC stages. 
The voltage gain of the system is just 

the product of the gain of the individual 
stages: 

(5) 

A \ / A ^(mid!) j / v(mid2) 

(1 + 1^0/ \0 + jf'U 
Av(f) = 

Av(f) = 

AJdB) 

-3dB -

'e « 

I «- BW -» I 

Figure 2. The usable frequency 
range. 

or in simplifying to the essentials by 
leaving out the common Av(mid)

|i+jyyi 11 +jf0/fc2 i =v/2~ o) 

(10) 

( /[i + (vy,)2] ) ( ̂ 1 + (w2]) = 

[1 + (yy^ + w 2i =2 w 

When f = fc: 

A A a m =_ ¡timiä_=_yítnidL m 
v( > a + ¡yy a + ji) 

A 
_______ v(mid)_ 

(1 + jf/y)(1 + jf/fc2) 
(6) 

where: 

A = A A v(mid) ^v( midir\(mid2) 

therefore: 

A 
|A(fc)| = -^=Av(mid)(dB)-3dB (4) 

That is, when f = fc, there is a 3 dB loss 
of gain. 

Since the gain is fairly flat (within 3 
dB) from zero Hertz to fc, the frequency 
distance from the origin to the corner is 
called the 3 dB bandwidth (Figure 2). 

Since no low frequency losses are 
assumed because of the absence of 
lead networks, the 3 dB bandwidth is 
equal to the frequency distance from 
zero Hertz to the upper 3 dB point. 
Because 3 dB corresponds in magni¬ 
tude to II/2, the composite or system 
corner (f0) can be described as occurring 
as follows: (gj 

A A |A (f M = v(mid> _ _ v(mid)_ 

1 i(i+jyy)(i+jyy)i 

This formula can be used to solve for the 
composite 3 dB corner (f0) for any fc1 and 
fc2 . However, special cases can be 
defined that simplify calculations for 
most situations. 

Equal Corner Frequencies (Case I) 
When the two corner frequencies are 

equal in an amplifier system, equation 
11 leads to a simplification since the two 
bracketed terms become equal to each 
other. 

y = y = (i2) 

[1 + w 2]2 =2 03) 

i + iyfj^yF (14) 
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One Card for EMI Measurements 

Photo : R2542B EMI Receiver System, connected to R3261/3361 Series 

The R3261/3361 Series Spectrum 
Analyzers are ideally suited for 
RF signal analysis and offer 
superior functions and 
capabilities for EMI 
measurements. 
Featuring the unique Advantest 
quasi-peak detection scheme, 
these analyzers offer a full 70dB 
dynamic range. 
The IC memory card function 
simplifies operation and 
reduces the time required for 
routine measurements. 
Difficult tasks are made easy by 
taking full advantage of the IC 
memory card and instrument 
controller. Using these two 
powerful features together 
allows the user to: 

• Enter antenna correction 
factors 

• Display measurements in 
a log/log format 

• Display limit lines for FCC, 
VDE and VCCI standards 

•Add the R3551 preselector for 
additional sensitivity, 
selectivity and protection 
from noise 

Spectrum Analyzer with R3551 Preselector Antenna, and Plotter. 

2IDVANTEST 
Advantest America, Inc. Phone:(708)634-2552 Facsimile :(708)634-2610 
Advantest UK Limited I ! Phone: (01)336-1606 Facsimile:(01)336-1657 
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TAKE A CLOSER LOOK.. 
SURFACE 
MOUNTED 
if amplifiers!! 

6-13 

6- '3 
6- '5 
6- '6-3 

ALL AMPLIFONIX STANDARD AND 
CUSTOM UNITS NOW AVAILABLE IN 
A SURFACE MOUNT PACKAGE! 

6-16 
6- '6, 
6- ,9 

6’9-, 
6-3, 
6-33 

6-36 

6-39 
6-3,., 
6-33 
6-34 

6-35 

No NRE! 
I Any quantity 

■ Units can be screened to 
the applicable military 
specifications 

We’ve got what you’ve been asking for! 
RF amplifiers in surface mount configurations 
in any quantity without any NRE and manu-
factured under an ESD controlled environ-
ment. Plus, our complete line is cross 
referenced to provide equivalents for 
TO-8, TO-12 and TO-39 units. 

6-36 
6-3Z 
6-38 
6-39 
6-54 
-'-S3 
6-36 
6-SZ 
6-sa 
6-59 
6-59- , 
6-63 
6-63., 

N^^ura<'O°5

spe ou«'neS^ 

¿«»"a 
¿««3,6 
¿«SI,9 

¿«SI33 

r«933, 
¿«9,33 
r«9 134 

¿«9’36 
¿«9>3z 
¿«9'36 
¿«9'39 
¿«6SS4 
¿«6SSS 

¿«63«, 
^6so3 

I ¿«6505 
¿«6605 
¿«660Z 
«6509 

r«9, , 7 

¿x»"' 

¿«S3,g 

¿«S>13 
¿««"s 
¿«93,6 
¿«S»7 

6-74-3 
6-Zs 

6-75-3 
6Z5j 
6-Zs 

6-zz 
6-ZS

¿«^z, 
¿«65 Z3 
¿««Z3 
¿«65Z4 
¿«73Z4 
¿«66Z4 
J«65Z¿^ 
'Mz-

fe 

QPn^WH 

¿«6S5z 
¿«6556 
¿«S559 
¿«6659 
¿«9'63 
¿«6363 
fe'64 

|/KmpLíFon1\| 

A*1.1 
A-0l.g 
*■82 
A 83 

a-83-i 
A*6 i 
AS7 J 
a-87-1 
a-87.2^^ 
*87.4 
CA 6s 

CAte 

«'*633n 
«¿63'0 
^390 Cía3f0 

^«330 

PA 

Call or write today 
for our complete 
cross reference list 
and a copy of our 
latest catalog. 

2707 Black Lake Place • Philadelphia, PA 19154 • (215) 464-4000 • FAX: (215) 464-4001 
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Figure 3. A multistage system. 

Since the factor of three separation 
requirement is met, f0 = fc1 = 60 MHz. 

Closely Spaced Corners (Case III) 
When corners are in the vicinity of 

each other, (the second frequency is 
greater than a multiple of 2 but less than 
a multiple of 3), then the original, 
universal equation (equation 11) must 
be used to solve for the 3 dB point of the 
system. 

W=^2- 1 (15) 

f0 = fM2”2 - 1) 06) 

or the more general formula: 

Case I, if f , = f._= ... = f n = f 

f0 = fc /21'" - 1) (17) 

where n = the number of equal corners 

Example: 

Three cascaded amplifier stages each 
have 3 dB corners at 1.5 MHz. The 
composite corner (f0) can be found as 
follows: 

10 = fcV<2'"’- 1) 

= 1.5M y/(2 ,/3 - 1) 
(18) 

f0 = 765 kHz 

Widely Separated Corner 
Frequencies (Case II) 
When one corner is at much higher 

frequency, the two corners are consid¬ 
ered widely spaced. (fc2 » fc1 ). Since fc2 
is greatly removed from fc, it will have 
very little effect on the gain back at fc1 , 
allowing fc1 to be considered as the 
approximate system corner frequency. 

It will be shown later that corners can 
be considered widely separated if they 
are at least a factor of 3 apart. At this 
separation there is about 10 percent 
error, with the error diminishing as the 
separation increases. 

Case II, if fc2 > 3fc1

»0 = fc, 

Example: 

A Whole World of 
IF/RF/Microwave Filters and Multiplexers 

Custom-Built to Your Specifications. 
IF/RF/Microwave Filters 
and Multiplexers for: 
• Military 
• Space 
• Communications 
Functions: 
• Frequency Domain 
• Transitional 
• Time Domain 
Frequencies: 
. DC to 26.5 GHz 

Technologies: 
• Miniature Lumped 

Element 
• Miniature Cavities 
• Miniature Helicals 
• Suspended 

Substrate 
• Waveguide 
• Tuneable 
• Combline 
• Interdigital 
• High Power 
• Switched Filter 

Banks 

Computer-Aided 
Services: 
• Synthesis 
• Design 
• Engineering 
• Manufacturing 
« Testing 

NTTCRATEDMICRC^WE 

3422 Tripp Court 
San Diego. CA 92121-1009 USA 

Tel. (619) 259-2600 
FAX: (619) 755-8679 

fc2 = 300 MHz, fc1 = 60 MHz International Rep. inquiries invited INFO/CARD 28 

RF Design 37 



From our industry leading surface mount filters to our time-proven rotary and fixed pad attenuators, 
Trilithic is your source for a complete family of RF and microwave components. Our strict quality assurance 

standards apply to all product lines, whether your application is for high reliability military or field¬ 
tough commercial items. In addition, Trilithic’s high stock volume ensures competitive pricing and 

availability, so call us toll-free at 800-344-2412, and get acquainted with our family. 

9202 East 33rd Street • Indianapolis, IN 46236 
Phone: 317-895-3600 1-800-344-2412 FAX: 317-895-3613 
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Sprague'Goodman 

CASE DEFINITION FORMULAS 

1 1c2 = Id f0 = W(2Vn-1) 

n = # equal corners 

“ c1 ~ ̂ 2 — "^cn 

II ÍC2 > 3fd 10 = fd 

III 2fd < »C2 < 3fc1

(or any situation for 
more accurate answers) 

a = 1/(fc,2fc22) 

b = 1/fc 2 + 1V 

c = -1 

x = [-b + b2 -4ac] /2a 

fo = x

IV f < 2 f c2 c d ’ave = A U 

«0 = fave /(2% “D 

Table 1. Formulas and categories for calculating system corner 
frequencies. 

of this x value is the 3 dB frequency, f . 
[1 Wd)2l RW = 2 (19) The exact formula for Case III is: 

When multiplied out, this results in an x = [-b + \/(b2 - 4ac)]/2a (25) 
equation of quadratic form. 

(W + f°= (26)

UV + W  -1=0 (20) 
The following is an examination of the 
formula at the multiple-of-3 point, men-

In order to simplify the appearance of tioned above: 
the equation and to temporarily reduce Let fc1 = fc, fc2 = 3fc, where fc, equals 
its order, the following definitions are the lower corner. The exacf system 
made: corner (f0) can be found by substituting 

„ into equation 20: 
x = V (21) 

(1/9fc4)f04 + (1/fc2 + 1/9fc2)f02 - 1 = 0(27) 

a = 1/fc1V (22) 

V + (9fc2 + W -9fc4 = ° (28) 
b = 1V + 1V (23) 

V + «W - 9fc4 = ° (29) 
c = -1 

These definitions make comparison with x2 + (10fc2)x - 9fc4 = 0 (30) 
the standard form quadratic formula 
easy since the equation can now be 
rewritten as follows: x = o.831Ofc2 (31) 

ax2 + bx + c = 0 (24) (using the quadratic equation) 

Solve for the positive root of x using the . _ /~= Ogipf noi 
quadratic equation to obtain a physically '» * x us

realizable frequency. The positive root 

Surftrim 
Surface Mount 

Trimmer Capacitors 
• 2 sizes: 

3.2 X 4.5 X 1.6 mm 
4.0 X 4.5 X 2.7 mm (sealed) 

• 4 mounting configurations 
• Carrier and reel, or bulk pack 
• 1.7 to 50 pF in 7 cap ranges 
• Operates to 85°C 

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

SPRAGUE 
Gooomon 

134 Fulton Ave.. Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 
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Surfcoil 
SMT Inductors 

• Inductance from 10 nH to 1 mH 
• 8 model series in 3 sizes: 
2.5 X 2.0 X 1.6 mm (0.098' x 0.079' x 0.063') 
3.2 x 2.5 x 2.2 mm (0.126' x 0.098' x 0.087') 
4.5 x 3.2 x 3.2 mm (0.177' x 0.126' x 0.126') 

• Shielded, unshielded, ferrite core and 
nonmagnetic models 

• Operating temp: -20° to +85°C 
• Carrier and reel standard 
• Fully encapsulated 
Phone, fax or write today for 
Engineering Bulletin SG-800B. 

SPRAGUE 
GOODmAA 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 
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f0 = 0.912fc1 (33) 

Note that at a frequency separation of a 
multiple of three, taking fc1 as the 
composite corner, as in the widely 
separated case, would correspond to a 
nine percent error. This multiple of three 
point is used as the beginning of being 
widely separated (Case II). 

Definition: Case III exists if fc2 is less 
than 3fc1 , that is, if less than a multiple 
of three separation exists. Otherwise, 
approximate the system corner by the 
widely spaced assumption. 

Very Closely Spaced Corners 
(Case IV) 

If corners are within a factor of two of 
each other, the tedious Case III ap¬ 
proach can still be avoided by taking the 
average of the two corners and assum¬ 
ing both corners to exist at that average. 
Since the lower corner contributes more 
to the location of the system corner than 
the higher one it would be better to use 
a definition of average that skews the 
result towards the lower value. Geomet¬ 

ric averaging has that effect. The individ¬ 
ual corners, taken as each being at the 
average value, is then modified by the 
multiplier, from the Case I formula. This 
method is especially useful for situations 
that have theoretically identical corners, 
but the actual laboratory values are 
somewhat separated due to slight differ¬ 
ences in components or in amplifiers. 

Note that the skewing created by 
geometric average would be incorrect 
for a lead network caused by a coupling 
or bypass capacitor. 

Example: 

fc1 = 100 MHz, fc2 = 200 MHz 

fave = '/lOOM X 200M) = 141.4MHz(34) 

f0 = U /(2*-1) = 141.4M(.6436) (35) 

f0 = 91.02 MHz 

The actual 3 dB frequency is 83.76 MHz 
which is an error of about 9 percent. 

Case IV, if fc2 < 2fc, 

^ave = ÁÜ (36) 

= Uv^-I) (37) 

Summary 
The various categories and the formu¬ 

las for calculating their system corner 
frequencies are summarized in Table 1. 
Case II & IV are accurate to better 

than 10 percent; for 3 percent accuracy, 
use factors of 1.5 and 6 instead of 2 and 
3 used above. 

Although it is difficult to calculate the 
exact comer frequency when multiple phase¬ 
shifting networks are involved, most 
situations can be resolved to relatively 
easy to determine approximations. RF 

About the Author 
Marlin Greer is an associate pro¬ 

fessor in the Department of Electrical 
Engineering at Murray State Univer¬ 
sity. He may be reached at College 
of Industry and Technology, Depart¬ 
ment of Engineering Technology, 
Murray, KY 42071-3307. Tel: (502) 
762-3393. 

ANNOUNCING 

You Deserve the Best... 
SMB and SMC RF Connectors From the Quality Leader 

In today’s environment, you need 
the best connectors, at the best 
price. 

At M/A-COM Omni Spectra, we insure 
that our SMB and SMC connectors 
have the features you demand: 

• Beryllium copper center contacts 
• Brazed right angle bodies 
• 45 Stocking distributors 

worldwide 
• Quality assured by Statistical 

Process Control (SPC) 
• Comprehensive program of Total 

Quality Management (TQM) 
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Call or write today for your free 
catalog and the name of the autho¬ 
rized M/A-COM Omni Spectra Dis¬ 
tributor nearest you. 

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

UK (0734)580833 
Japan 03(226)1671 

Omni 
Spectra 

A COMPANY 
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For Purple Mountains Majesty. 
Just One Of The Reasons To Join Ericsson GE. 

At Ericsson GE — the spark in cellular technology — you’ll 
find the best of both worlds. The merging of the Swedish spirit with 
age-old, roll-up-your-sleeves American ingenuity. It's the spark to 
revolutionize the way you think. And the way you look at the 
world. 

Through their ingenuity, they discovered North America and 
changed the face of the New World. Now, teamed with the stats and 
stripes of GE, that same Scandinavian spirit is revolutionizing a 
brave new world. The world of cellular technology. A world that 
alters the course of modem life as we know it. 

Being a part of our team is like plotting a course across the 
wilds and waves of uncharted sea. Like looking into an empty sky 
and ordering a brand-new, bright shining star. 

At Ericsson GE, adventure is our vision; it's doing what 
most people only dream about. It's about striking a balance between 
precision and passion — and going with it It’s skill, foresight and 
creativity. Add finely tuned instinct, hard-earned sweat and the 
marriage of the best blood of the land. You get the spirit of the 
mythic explorer with the strong-willed pioneer. 

When you work with Ericsson GE, life changes. It happens 
about the time you begin to change the life of the world. 

Get the spirit to be adventurous. Discover Ericsson GE and 
the opportunities currently available at our Lynchburg, Virginia, 
Research Triangle Park, North Carolina, facilities and offices 
throughout the U.S.A. And enjoy the advantages of living and 
working in some of the country’s most beautiful, exciting and 

affordable areas. It’s just the deciding of a dream to challenge 
your experience for a position in: 

• Telecomm Switching Equipment Embedded S/W 
• VAX, VMS or ELN Multitasking Systems 
• Structured Realtime SAV Design 
• Communication Protocols SAV 
• Digital Signal Processing 
• Voice Coding 
• Senior R.F. Design 
• Senior Network Design 
• Digital HAV Design 
• Systems/Project Technical 

Sales of Digital Trunked 
R.F. Systems 

If you are interested in any of 
these opportunities, send your resume and 
salary history to: Ernie Leskovec, Ericsson 
GE Mobile Communications, Inc., One Triangle Drive, Mail Drop 
RFD-3, P.O. Box 13469, Research Triangle Park, N.C. 27709. 
Discrete phone calls can be made to Ernie Leskovec (804)528-7738 
in Lynchburg or (919)549-7530 in RTP. 

Principals only — please, no agency referrals. 

For The High Tech-Knowledgeable : 
An equal opportunity employer. 
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HF cover story 

Noise Sources Provide Variable 
Bandwidth and Center Frequency 

By Bent Hessen-Schmidt 
Noise Com, Inc. 

The ability to vary the center fre¬ 
quency and bandwidth of a noise signal 
is extremely desirable in applications 
such as frequency-agile high power 
jamming and testing of communications 
equipment. The traditional methods for 
achieving this capability generally re¬ 
quire a large number of custom compo¬ 
nents that together produce a system 
that is both costly and difficult to config¬ 
ure in space-critical environments. How¬ 
ever, it is now possible to provide these 
capabilities in a small, power efficient 
subsystem that is far less expensive an 
"component intensive.” This method 
also provides other benefits not achiev¬ 
able before. 

An efficient way to provide a noise 
signal that can be varied in both 

center frequency and bandwidth has 
eluded designers for many years. The 
technique relies on amplified noise, 
which is passed through a bank of 
bandpass filters that are switched to 
provide the desired noise bandwidths. 
While this solution accomplishes the 
task, it does so with a penalty in size, 
cost and efficiency. And, even when 
implemented effectively, the sheer num¬ 
ber of filters needed by such a system 
all but precludes many bandwidths from 
being employed since each bandwidth 
requires its own bandpass filter. 
A better solution is achieved by using 

a noise source with an extremely wide 
bandwidth along with a wideband fre¬ 
quency modulator. The roll-off charac¬ 
teristics of the signal are equivalent to 
those of a 12-pole Chebyshev filter, but 
no filters are required. The resulting 
bandwidth, variable frequency noise 
source is extremely space efficient, 
requiring only a lightweight rack-mount 
system measuring 12 x 1.5 x 19 in. In 
subsystem form it is even smaller. The 
same capabilities produced by conven¬ 
tional means would require at least 2 x 
3 x 4 ft. just for the filters. The additional 

Figure 1. the power spectral density of the NCS-4100 increases with a 
given output power by 1 dB for each 20 percent reduction in bandwidth. 

Figure 2. The complete NCS-4100 based multi frequency jammer is 
smaller than just the filters of a conventional system. 
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We’re On Top Of Technology 
Our philosophy is like the mountain climber 

who won’t stop until the summit And stand¬ 
ing on the summit, sees there’s something 
beyond. Something else to set sights for. 

At Ericsson GE, we may be on top of tech¬ 
nology. But it’s only a start 
When L.M. Ericsson of Sweden and General 

Electric joined forces in 1989, a merging of mind 
and muscle sparked a team ready to take tech¬ 
nology to the edge. A team with the resources 
to make its mark as the high tech-knowledge¬ 
able"'’ leader. 

At Ericsson GE, we’re setting the standard 
with state-of-the-art digital systems, subscriber 
phones and Mobitex® mobile data network. 
From high-tech trunked to custom-designed 

set our sights for another. 
If you’d like to learn more about our company 

philosophy, check into a challenging opportunity 
currently available 
at our Research 
Triangle Park, North 
Carolina, and 
Lynchburg, Virginia, 
sites. Here, you can 
enjoy the advan¬ 
tages of living in 
one of two of the 
country’s most 
beautiful, exciting 
and affordable 
areas. Call on your experience for a position in: 

conventional, cellular and micro-cellular systems, 
we’re striving to advance 

the best into the 
better. 

At Ericsson 
GE, we know 
what it feels 
like to reach a 
summit. But 
we’re ready to 

ERICSSON 

Radio Frequency Digital Signal Processing 

Microcircuitry Design Software Development 

Hardware Electronics Mechanical Engineering 

Applied Research 

For information contact: 
Ernie Leskovec, Ericsson GE, One Triangle Drive, 

P.O. Box 13969, Mail Drop FR11 
Research Triangle Park, NC 27709; 

(919) 549-7530. 

Principals only—please, 
no agency referrals. 

For The High Tech-KnowledgeableSM 

An equal opportunity employer 



Monolithic Ceramic Dielectric Filters 

Ceramic Stripline Filters 

400 MHz TO 2500 MHz 

For years, Motorola Ceramic Products 
has developed, designed, perfected, and 
manufactured CERAMIC DIELECTRIC 
FILTERS. Now this advanced technology 
is available to you, the RF designer, for 
any application, including: 

• GPS 

• CELLULAR 

• INMARSAT 

• COMMUNICATIONS 

One-pole resonators to seven-pole filters. 
Zeros as needed to reject a specific 
frequency. Leaded or surface mount. 
Combline, interdigital, and the new minia¬ 
ture STRIPLINE FLATPACKS are avail¬ 
able, in volume production, awaiting your 
requirements. 

Are they expensive? Compared to other 
technologies, in a word — NO! 

To find out how you can increase your 
system’s performance, reduce its size, 
and save money at the same time, call 
Motorola Ceramic Products (505) 822-8801. 

MOTOROLA INC. 
Components Division 

Motorola Ceramic Products 
4800 Alameda Blvd., N.E. 
Albuquerque, N.M. 87113 
(505) 822-8801 FAX: (505) 822-8812 

INFO/CARD 34 



hardware — cabling, switches and asso¬ 
ciated electronics — would make the 
subsystem still larger. 

Applications 
Applications for the Noise Com NCS-

4100 are broad. It can be used as the 
fundamental component in high power 
noise jammers, for testing of communi¬ 
cations channels, and in intermodula¬ 
tion and spurious testing of frequency 
converters. There are obviously many 
applications in which the ability to vary 
both frequency and bandwidth of a noise 
signal are desirable. 

Uses in High Power Jammers 
The impetus for the development of 

the NCS-4100 subsystem came from 
military jamming applications, in which 
noise has long been used as a jamming 
tool. Noise is generally regarded as the 
easy way to render an enemy communi¬ 
cations or radar system ineffective. It is 
especially useful when the precise char¬ 
acteristics of the offending signal are 
not known, and when the transmitter 
employs techniques such as frequency¬ 

hopping, spread-spectrum modulation, 
or multiphase modulation. 

Because of its random nature, noise 
can blanket a wide range of frequencies 
simultaneously. Since the noise signal 
is nearly identical to that of thermal 
noise, the enemy receiver will not detect 
any identifiable signals to indicate it is 
being jammed. It therefore will not 
employ countermeasures to thwart the 
offending noise jammer. 
The effectiveness of noise jamming 

depends on the ability to overwhelm the 
enemy receiver. However, since the 
power of a noise signal is distributed 
over a very wide bandwidth, a noise 
jammer requires extremely powerful am¬ 
plifiers to radiate enough power at any 
given frequency to be effective. 

Since radiated power density is in¬ 
versely proportional to bandwidth, any 
reduction in bandwidth of the transmit¬ 
ted noise signal will produce an increase 
in effective radiated power density. The 
NCS-4100 is designed to exploit this 
relationship, since it can tune to a 
particular frequency and simultaneously 
reduce the bandwidth of the noise at 

that frequency, concentrating radiated 
power within a smaller range of frequen¬ 
cies. Specifically, the NCS-4100’s power 
spectral density increases with a given 
output power by 1 dB for each 20 
percent reduction in bandwidth (Figure 
1). 

Bandwidth can be up to 20 percent 
of the center frequency. Combined with 
a switching speed of less than 200 ns, 
the ability to selectively modify band¬ 
width while changing frequency makes 
the NCS-4100 an extremely effective 
jammer subsystem that can address 
fixed and agile threats of many types. 
The NCS-4100 has been designed 

into a multi-frequency jammer (Figure 
2) that utilizes individual units feeding a 
low-loss combiner which in turn feeds 
step attenuators. 

Test Applications 
The NCS-4100 is also well suited to 

testing of communications receivers as 
well as amplifiers, mixers and multipli¬ 
ers. In two-tone intermodulation testing, 
the NCS-4100 can be used as one of the 
test tone generators. As this unit is 

ANNOUNCING 

OSP Contacts for Cylindrical 
Connectors 
M/A-COM Omni Spectra’s OSP™ (BMA) blind mate 
contacts directly replace #8 contacts in MIL-C-38999 
cylindrical connectors. They are ideally suited for high 
speed digital, data bus and microwave applications. 

These OSP connectors operate from dc-18 GHz with low 
VSWR(1.15 + .01f) and they require no special tooling. 
Call today for more information. 

M/A-COM Omni Spectra, Inc. 
140 Fourth Avenue 
Waltham, MA 02254-9101 ÜLAE1 
Tel: USA (617)890-4750 

UK (0734)580833 
Japan 03(226)1671 

Omni 

RF Design 

Spectra 
A COMPANY 

OSP is a trademark of M/A-COM Omni Spectra, Inc. 
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Optional 
external 
FM input 

(DC to 50 MHz) 

Figure 3. Block diagram of the basic NCS-4100 variable bandwidth, 
variable frequency noise subsystem. 

capable of randomly generating fre¬ 
quencies within a programmable band, 
testing time can be reduced and inter¬ 
modulation products can be measured 
directly by a spectrum analyzer. 

EW Simulators 
The NCS-4100 can also be used in 

electronic warfare simulators, in which 
its ability to accept a wideband external 
FM input signal allows many modulation 
characteristics to be produced. An al¬ 
most infinite number of threat scenarios 
can be produced to simulate a known 
signal type or a hypothetical threat. 

Technical Description 
The NCS-4100 noise subsystem con¬ 

tains a digitally controlled noise modula¬ 
tor with a large memory for different 
functions (Figure 3). The modulator is 
temperature compensated and vibration 
stabilized to ensure good performance 
in rugged environments. A microproces¬ 
sor orchestrates all system RF functions 
as well as control of front panel functions 
in the rack mount unit. External control 
is provided via a TTL digital line. Output 

Rotary Attenuators JFW Industries, Inc. 
5134 Commerce Square Dr. 
Indianapolis, Indiana 46237 
(317) 887-1340 



is at least +10 dBm with flatness of ±0.5 
dB over bandwidths up to 10 percent of 
the center frequency and ±1.0 dB over 
20 percent of center frequency. 

The NCS-4100 was designed to be 
configured as both a subsystem for 
MIL-E-5400 grade airborne applications 
(Figure 4), or as a programmable bench 
instrument, In either configuration, con¬ 
trol via IEEE-488 bus can be specified, 
as can precision attenuators and 
switched outputs. The unit can be 
custom configured to meet the needs of 
many specific applications, as well. The 
standard unit provides variable band¬ 
width operation over any customer-
specified range of center frequencies 
from 500 MHz to 18 GHz. 

Summary 
The NCS-4100 allows both frequency 

and bandwidth of a noise signal to be 
varied in an efficient manner without the 
use of filters. The resulting subsystem 
is much smaller that can be achieved 
using other methods. It is designed for 
rugged environments such as aircraft, 
ships and ground-based military equip-

Figure 4. The NCS-4100 can be supplied in subsystem form like this one 
for MIL-E-5400 airborne applications. 

Advanced Shielding Technology 

Radial For Grounding Shafts 

Axial For EMI Gasketing 

■ Highly resilient pa tented spring design. 

■ Excellent conductivity across metal interfaces. 

■ Unique electrical & mechanical properties. 

■ Available in continuous lengths, cut to length 
or welded to any diameter. 

■ Coil heights as small as .015" allows packaging in tight spaces. 

■ Ideal shielding effectiveness in low and high frequency service. 

Call For Design Assistance 
Tel: 800-366-1006 
Fax: 714-241-0185 

BRL S€AL 
eNCIMCRING COMPANV. MG 

620 WEST WARNER SANTA ANA, CALIFORNIA 92707-3398 

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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Formerly Circuit Busters 

Personal RF and microwave design software. 
Enjoy the freedom of using powerful programs 
on your own IBM personal computer. 

Relates physical material properties and dimensions to 
electrical performance for: 
Microstrip 
Coplanar waveguide 
Coupled microstrip 
$595. Only $395 with =SuperStar 

Stripline 
Coax 
Coupled stripline 

=OSCILLATOR= Vl.l 
A unified design process for oscillators: 
L-C, distributed, SAW and crystal oscillators 
Computes SSB phase noise, residual FM and residual PM 
Includes the new book Oscillator Design and Computer 
Simulation from Prentice-Hall. Discusses tuning and pulling, 
starting, output level, harmonics and more 
$795. Only $495 with =SuperStar= 

=FILTER= V2.1 
A complete L-C filter synthesis program: 
Extensive choice of filters including conventional LP/HP/BP/BS, 
elliptic, narrowband, flat-delay, symmetric and zig-zag bandpass 
Chebyshev, Butterworth, singly-terminated, minimum-phase, Bessel 
transitional Guassian, Cauer-Chebyshev, Blinchikoff, flat-delay 
elliptic, and user specified transfer functions 
Includes =EQUALIZE= which designs group delay equalizers 
Computes filter noise bandwidth 
$795. Only $495 w ith =SuperStar= 

Eagleware programs are designed for use with =SuperStar=, a full featured personal circuit simulator. 
=FILTER= and =OSCILLATOR= automatically write =SuperStar= circuit files, creating a powerful and 
convenient design environment. =SuperStar= V3.3 is $695. =SuperStar= with Professional Extension is $995 

Programs run on standard IBM PCs and compatibles, include a 30 day money-back guarantee, free support and no annual maintenance fees. 
For further information telephone Eagleware. Immediate shipment arranged with COD, VISA or Mastercard. 

>17flolpWfirP ^0 Mountain (»len 
IF UI C Stone Mountain, GA 30087 USA 

* Tel (404) 939-0156 FAX (404) 939-0157 
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ARTICLES 
WANTED 
RF Design is looking for in¬ 
depth technical articles on 
design techniques for emerg¬ 
ing technologies. Areas we 
are interested in include: 

GPS Receiver Design 

Digital Cellular Circuits 

Consumer Product 
Design 

Scientific and 
Medical Systems 

L-Band and S-Band 
Circuits 

EMI/RFI Reduction 
Methods 

Digital Signal 
Processing 

Analog Signal 
Processing 

Articles can be a review of 
theory, system design consid¬ 
erations, or practical circuit 
descriptions. 

To propose an article, submit 
an abstract or outline, or call 
us with your idea. Phone, 
Fax, or mail proposals to: 

Gary Breed, Editor 
RF Design 

6300 S. Syracuse Way 
Suite 650 

Englewood, CO 80111 

Tel: (303) 220-0600 
Fax: (303) 773-9716 

ment, and is well suited to jamming 
applications in which the unique charac¬ 
teristics of noise combined with the 
frequency control of a digitally tuned 
VCO produce an effective frequency-
agile noise jamming subsystem. It can 
also be used to simplify the testing of 
amplifiers, mixers, multipliers and any 
other component that produces IM prod¬ 
ucts. Additional uses can be found in 
testing of communications equipment 

and in EW simulators. 
For more information on the NCS-

4100, contact Noise Com at the address 
below, or circle Info/Card #200. 

About the Author 
Bent Hessen-Schmidt is Director 

of Engineering at Noise Com, Inc., 
East 64 Midland Avenue, Paramus, 
NJ 07652, telephone (201) 261-8797, 

Good Sines & 
Bad Signs 

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

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

Bad Signs S S S 
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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SIEMENS 

RF Performers 
Announcing Siemens announces a full range of than devices you may currently be using 
the most advanced high-performance RF transistors offer- Call 1-800-888-7730 for a complete 
RF t c'ctn c fnr ing increased 9ain ' reduced noise, data kit on mobile communications 
Hr transistors Tor . and |0wer power consumption. Best of devices (including a data sheet about 
mobile communications. all. these advanced devices cost less Siemens surface mount GaAs MMIC). 

S3 S3 

* “ 

* * 

* R 

Type Max Ratings Characteristics Application 

NPN 
^CEO 

V 

Ip 

mA 

F 
900 MHz 
8 V 
dB 

G pe 
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 14 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 12 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 1.2 19 3 to 8/5 to 40 low-distortion output stage 

BFP 196 12 120 14 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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¡^products 

AM/FM/SSB Communications Test Set 

Hewlett Packard Company has 
entered the service market with 
the new HP 8920A test set for 
radios, pagers, repeaters, cellular 
phones, filters, duplexers and 
combiners. Test functions include 
signal generator, modulation ana¬ 
lyzer, power meter, frequency 
counter, audio analyzer, spec¬ 
trum analyzer, tracking genera¬ 
tor, full duplex generator, signal¬ 
ing encoder and decoder, digital 
oscilloscope, function generator, 
two audio sources, and a AC/DC 
digital voltmeter. A built-in com¬ 
puter and supplied software can 

be used to automate routine meas¬ 
urements. For field service, the 
unit combines a battery pack, 
MIL-STD ruggedization and envi¬ 
ronmental specifications, and 35 
lb. weight. Maintenance of the 
unit is enhanced with memory 
card diagnostic routines and 24-
hour delivery of replacement mod¬ 
ules (in the U.S.). The HP 8920A 
is priced at $13,500. Option 002 
for the spectrum analyzer and 
tracking generator is $1,500; Op¬ 
tion 004 for signaling is $600. 
Hewlett-Packard Company 
INFO/CARD #230 

“Ovenless” 
OCXO 
A directly-heated crystal is the 

heart of the smallest OCXO (1 .46 
cu. in.), developed by Raltron for 
VSAT terminals, navigation sys¬ 
tems, instrumentation, synthesiz¬ 
ers, cellular systems and other 
precision applications. 2 x 1O"7 
accuracy is available for -20 C 
to +70 C ambient with just two 
minutes warm-up time. The 

Microminiature 
Coaxial 
Connectors 

Applied Engineering Products' 
Series 7000 are being used for 
military and civilian avionics and 
airborne communications sys¬ 
tems. These connectors feature 
VSWR less than 1.2:1 for straight 
connectors to 12.4 GHz, and less 
than 1.4:1 to 18 GHz. Although 
design is similar to SMB connec¬ 
tors, the Series 7000 is two-thirds 
their size. Testing includes se¬ 
lecting random connectors and 
subjecting them to 1000 connect¬ 
disconnect cycles. Contacts are 
beryllium copper, bodies are ma¬ 
chined brass with PTFE insula¬ 
tors, and all metal parts are gold 
plated. Additional applications in¬ 
clude medical electronics, micro¬ 
wave test and communications 
systems. AEP Series 7000 are 

7-Bit GaAs 
Attenuator 
A thin-film hybrid attenuator for 

DC-1000 MHz using GaAs MMICs 
has been introduced by Daico 
Industries. The DA0897 is pack¬ 
aged in a 38-pin hermetic DIP, 
and provides 0 to 63.5 dB attenu¬ 
ation in 0.5 dB steps. Typical 

steady state power requirement 
is 3 watts. The OCXO dimensions 
are 35.3 mm x 27 mm x 25.4 mm. 
The oscillator uses an AT-cut 
crystal which is wrapped with 
resistance wire for no-hysteresis 
reaction to temperature changes 
Available frequencies are 1-20 
MHz, with a TTL compatible 
square waveform standard. Worst¬ 
case phase noise (at 10 kHz) is 
specified at -140 dBc. Pricing is 
$65 each in 10,000 quantities. 
Raltron Electronics Corp. 
INFO/CARD #229 

used in military systems includ¬ 
ing: GRC-206, GRC-XXX, MSC-
64 and SINCGARS. 
Applied Engineering Products 
INFO/CARD #228 

insertion loss is 6.0 dB from 
DC-200 MHz and 7.5 dB from 
200-1000 MHz. Switching speed 
is 100 nsec, comparable to Schot¬ 
tky devices. A unique driver and 
MMIC attenuator design result in 
a 7-bit attenuator that will operate 
from DC to 1 GHz. While it 
operates down to DC it still pro¬ 
vides switching speed of 100 ns. 
The DA0897 has a current drain 
of less than 15 mA from a+5, -15 
VDC supply. Operating tempera¬ 
ture covers the entire military 
range of -55 to +125 C. Availabil¬ 
ity is from stock. Military screen¬ 
ing is available. The unit is pin¬ 
compatible with Daico PIN diode 
7-Bit attenuators. 
Daico Industries, Inc. 
INFO/CARD #227 

Phase 
Accumulator 
for DDS 

Designed for direct digital syn¬ 
thesis of frequencies from 30 to 
130 MHz, Analog Devices’ 
AD9950 phase accumulator of¬ 
fers low cost and low power. 
Direct digital synthesis is used in 
radio communication, radar, 
frequency-hopping systems, and 
instrumentation. When combined 
with an external lookup table 
and a 10-bit DAC, a DDS 
system based on this 32-bit accu¬ 
mulator yields frequency resolu¬ 
tion to 0.7 Hz (300 MHz clock). 
Spurious-free dynamic range is 
76 dB below full scale, and a 
complete DDS system containing 
the accumulator, memory and 
DAC consumes only 6.9 watts. 
Built-in quadrature logic reduce 
the external memory require¬ 
ment. Control lines are TTL com¬ 
patible, while output phase data 
lines are ECL compatible. The 
AD9950 is available in commer¬ 
cial (0 + 70°C) and military ver¬ 
sions. Pricing begins at $99.95 
for commercial grade versions, 
in 100s. 
Analog Devices 
INFO/CARD #226 
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RF products continued 

POWER 
CAPACITORS 
...for high power density applications 

Plate, barrel and feed-through capacitors for 
a wide range of applications such as solid 
state RE generators, RF suppression and HF 
transmitters. 
Capacitance: 1.5-10,000 pF • Voltage: 2-30 kVp 

Power: 2-150 kVA • Current: 5-50 Arms. 
Manufactured by Draloric GmbH. Call now 

for information including special design 
assistance. 

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

Surface-Mount Chip 
Attenuator 
A thin-film attenuator featuring 

symmetrical-T configuration with 
wrap-around ground has been 
introduced by Mini-Systems, Inc. 
Made with tantalum nitride on 
alumina, with gold metallization, 
the units offer 1 to 20 dB attenu¬ 
ation (within 0.2 dB) over 0-20 
GHz in a 0.05 x 0.05 in. chip size. 
Mini-Systems, Inc. 
INFO/CARD #225 
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Voltage Feedback 
Amplifier 

For applications where voltage 
feedback is preferred, Comlinear 
has introduced the CLC240, a 
270 MHz amplifier with unity gain 
stability and settling to 0.01 per¬ 
cent in 18 ns. Low noise current 
and 80 dB common mode rejec¬ 
tion ratio are featured, along with 
40 MHz full-power bandwidth and 
1000 V/us slew rate. Applications 
include active filters, differential 
amplifiers and transimpedance 
amplifiers. 
Comlinear Corp. 
INFO/CARD #224 

RSG-10 
SIGNAL GENERATOR 

The $2495 profit generator. 

Signal Simulator 
System 
A 3 GHz frequency-agile signal 

simulator has been introduced 
by Hewlett-Packard. The Model 
HP 8791 Model 11 features en¬ 
hanced waveform synthesis ca¬ 
pability with four times larger 

NOW 
SHIPPING! 

Quality crafted In the USA 

Finally, a synthesized signal 
generator that's designed to help you 
generate more than just signals. The 
Ramsey RSG-10, is the signal gen¬ 
erator you can afford, the signal 
generator that's designed to do what 
a signal generator is meant to do— 
provide a very stable, accurate, easy 
to control signal from 100 Khz to 
1.0 Ghz. 
For the price, you wouldn't expect 

any more. But, there is more to the 

RSG-10. An intelligent micro¬ 
processor controlled/programmable 
memory, for example, can store up 
to 20 of your most commonly used 
test set-ups. And unlike other units, 
just one touch of the memory ex¬ 
change button is all it takes to 
quickly shift from one test set-up to 
another. You get more work done, 
easier and faster. 

At $2495, the Ramsey RSG-10 is 
your profit generator. 

the PS-061 , featuring 45 dB gain, 
4.0 dB noise figure, and 10 watts 
output power for the 225-400 
MHz communications band The 
amplifier is contained in a 3 x 2 x 
0.5 inch housing, powered by +12 
and +24 VDC. Overall efficiency 
is 33 percent. 
Pacific Amplifier Corp. 
INFO/CARD #222 

Decoupling 
Capacitors 

Micro/QR 1000 decoupling ca¬ 
pacitors which fit under 32 pin 
SRAM chips are available from 
Rogers Corp. Both initial designs 
and retrofit can benefit from the 
noise reduction offered by these 
capacitors. Available values 
range from 0.002 to 0.1 uF, in 
ceramic dielectrics of Z5V, X7R 
or P3J. Their configuration re¬ 
sults in a low inductance. 
Rogers Corporation 
INFO/CARD #221 

51-Channel Filter 
Bank 
A TACAN band switched filter 

bank has been developed by K&L 
Microwave, covering 969 to 1206 
MHz with 5 MHz channels. Typi¬ 
cal switching speed is 250 ns, 
insertion loss is -10 dB maxi¬ 
mum, channel-to-channel vari¬ 
ation is ± 0.5 dB, isolation is -60 
dBc, and VSWR is 1.5:1 maxi¬ 
mum over 2.5 MHz of the channel 
bandwidth. Size of the unit is 16 
x 8 x 1.36 inches. 
K&L Microwave 
INFO/CARD #220 

HCMOS VCXO 
M-tron Industries announces 

the MV series general purpose 
VCXO, available with center fre¬ 
quencies from 3 to 25 MHz. Two 

RAMSEY ELECTRONICS 
793 CANNING PARKWAY, VICTOR. NY 14564 
FAX: (716) 924-4555 
TELEX: 466735 RAMSEY Cl 

ORDER DIRECT—CALL 716-924-4560 

memory than the previous Model 
10. The expanded memory and 
added dynamic sequencing per¬ 
mit improvements in signal com¬ 
plexity and sequence length re¬ 
quired for simulation of multi¬ 
mode radar, EW and communica¬ 
tions signals. 
Hewlett-Packard Co. 
INFO/CARD #223 

225-400 MHz 
Amplifier 

Pacific Amplifier announces 

INFO/CARD 43 
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pullability ranges are offered: ±50 
to 120 ppm and ± 120 to 200 
ppm, with 0.5 to 4.5 V control 
voltage range. Stability at fixed 

March 1991 



control voltage is 100 ppm over 
0 to 70 C, with higher stabilities 
available. The MV series is 
HCMOS and TTL compatible. 
M-tron Industries 
INFO/CARD #219 

PLL+DDS 
Synthesizer 

Sciteq introduces the VDS-
1650 synthesizer, combining fine 
steps and fast switching with 
spectral purity. The PLL section 
uses pretuning and other speed 
enhancing circuitry, while the 
DDS element contributes fine fre¬ 
quency steps. The frequency 
range is approx. 30 percent band¬ 
width below 450 MHz maximum 
frequency. Non-harmonic spurs 
are 65 dB below carrier. Pricing 
is $4000, typical, for 10 units. 
Sciteq Electronics, Inc. 
INFO/CARD #21 8 

Flat Thick-Film 
Resistors 
A new 1/16 watt flat chip 

resistor is available from Hokuriku. 
The CR series is an ultramini¬ 
ature resistor for high density, 
high reliability circuitry, using auto¬ 
mated assembly. CR series resis¬ 
tors measure 1.6 mm x 0.8 mm x 
0.35 mm, and are constructed of 
oxidized ruthenium film on an 
alumina substrate. 
Hokuriku USA, Ltd. 
INFO/CARD #217 

Ferrite Materials 
Magnetic properties and de¬ 

sign configurations can be cho¬ 
sen to meet specific requirements 
for induction heating, rotating 
transformers, inductive couplers, 
magnetic shielding, and other 
applications. Ceramic Magnetics 
also provides technical assis¬ 
tance to obtain optimum perform¬ 
ance from ferrite components. 
Ceramic Magnetics, Inc. 
INFO/CARD #216 

Low Cost 
Synthesizer 
RF Prototype Systems offers a 

low cost synthesizer covering 800-
1000 MHz in 1 kHz steps. Output 
power is +3 dBm, +18 dBm 
optional, with spurs better than 
-60 dBc. Switching speed is less 
than one second, and SSB phase 
noise at 10 kHz offset is -97 
dBc/Hz. Optional frequency cov¬ 
erage in bands from 25 MHz to 
over 1 GHz is available. 
RF Prototype Systems 
INFO/CARD #215 

Receiving 
Multicouplers 
AML, Inc. introduces a new 

family of receiving multicouplers 
for operation at 215-320 MHz (P 
Band) and 2 2-2.3 GHz (S Band). 
One input and twelve individually 
gain adjustable outputs are pro¬ 
vided on the rear panel. Applica¬ 

tions include monopulse tracking 
and RF distribution systems. The 
units are packaged in standard 
19 inch rack mounts. 
AML, Inc. 
INFO/CARD #214 

Surface Mount 
Crystal 

Tokyo Denpa has developed 
the TG-3 surface mount crystal 
in a ceramic package, 12x5x2.5 
mm. The package allows SMT 
assembly with IR/VPS reflow sol¬ 
dering. Available frequencies are 
3.58 - 24 MHz for automotive, 
communications, and digital ap¬ 
plications. Stability over -40 to 
+125 C operating temperature is 
± 50 ppm. Depending on fre¬ 
quency, prices are $1 .00 to $1 .50 
per unit, 1000 units per reel. 
TEW North America 
INFO/CARD #213 

100 Hz-5.2 GHz 
Spectrum Analyzer 

Model FSB Spectrum Analyzer 
from Rohde & Schwarz offers 
high resolution, high stability meas¬ 
urements over a wide range of 
170dB(105 dB on-screen). Reso¬ 
lution bandwidths of 6 Hz to 3 
MHz are available, with frequency 
spans from 10 Hz to 2 GHz. 
Phase noise is less than 100 
dBc/Hz at 1 kHz offset, with 
performance further enhanced by 
a wide-range mixer and low-noise 
GaAs FET preamplifier. Single¬ 
function keys, menu-driven soft 
keys, and automatic test routines 
keep operation simple. 
Rohde & Schwarz, Inc. 
INFO/CARD #212 

RF Design 

The next time something brilliant strikes you, think 
E.E Johnson electronic components. They’re truly in¬ 
spirational. For the distributor nearest you, call 1-800-
247-8256. Demand the r c 
best. Specify E.E Johnson. ^.17 JLJrirNjLjrN 

©1991, E.E Johnson. Inc. 
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When you 
need TTL Clock 

Oscillators 

or quality Crystals 

call 800-333-9825 

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

L-Band Amplifier 
Phoenix Microwave Labs' 

Model SA 4001 is a solid state 
power amplifier delivering 40 
watts CW power over the 1660-
1665 MHz band. Input power is 
+20 dBm. harmonics are -25 dBc 
and spurious products are -80 
dBc. The DC power requirement 
is +28 V at 5.0 A, and the unit is 
designed to operate in a ship¬ 
board environment over the -40 
to +85 C temperature range. 
Options include forward and re¬ 
verse power monitors, variable 
power control, choice of connec¬ 
tors, and higher power output. 
Phoenix Microwave Labs, Inc. 
INFO/CARD #211 

EMI Shielding Tape 
Designed to replace conven¬ 

tional electroplating, CHO-
MASK0 II is a conductive foil 
shielding tape which can be ap¬ 
plied to enclosure flanges and 
other areas requiring a conduc¬ 
tive surface. The tape is solvent 
resistant, and withstands clean¬ 
ing, priming, painting and curing 
operations. The protective nylon 
film can then be removed to 

reveal a clean metal surface. 
Chomerics, Inc. 
INFO/CARD #210 

Programmable 
Attenuator 
JFW Industries announces a 

new attenuator with extended 
frequency range. The 50P-766 
SMA covers DC-5 GHz with 0.5 
watt average/100 watt peak 

power handling, this unit is 0-70 
dB in 10 dB steps, with 10 ms 
switching speed. VSWR up to 2 
GHz is 1.3:1, 1.5:1 to 5 GHz. RF 
connectors are type SMA female, 
and switching power terminals 
are 0.040 diameter solder pins. 
JFW Industries, Inc. 
INFO/CARD #209 

Power Transistor 
Bias Devices 
RF Products manufactures a 

series of bias devices to replace 
the Acrian/CTC Byistor and ZO 
devices. These devices provide 
low impedance voltage/current 
capability compatible with the 
resting collector current of the 
amplifier, and compensate for the 
temperature variation in the Vbe 
of the transistor. The BYI series 
are exact replacements for the 
former Acrian/CTC products, and 
the ZO series are designed to 
work with high power bipolar 
transistors operating in Class A 
or AB. 
RF Products, Inc. 
INFO/CARD #208 

Silicon Bipolar MMIC 
Amplifier 

Bipolarics introduces the BA-
08 cascadable MMIC darlington 
amplifier for use in 50 ohm sys¬ 
tems. The unit features 30 dB 
gain at 100 MHz; 20 dB at 1 GHz, 
with 10 dBm output power at 1 
dB compression. The device is 
usable over the 100 kHz to 5.0 

GHz range. Operating voltage is 
7.5-8 5 volts at 35 mA typical 
current draw. The device is avail¬ 
able in 85 mil, 145 plastic Micro-
X, 85 mil hermetic Micro-X, and 
70 mil stripline packages, as well 
as in chip form. 
Bipolarics 
INFO/CARD #207 

50 Watt Cellular Base 
Amplifier 
Model STA-1000-50L from 

Semetex is a 50 watt, 50 dB 
gain linear amplifier specifically 
designed for multichannel cellu¬ 
lar base station applications in 
the 860-910 MHz band. Inter¬ 
modulation performance is rated 
at 35 dB below peak power with 
10 or more equal amplitude 
carriers applied, and harmonic 
and spurious products are more 
than -60 dBc The output stage 
combines four silicon FETs 
capable of over 100 watts. 
The unit is specified at 24 
VDC, with enhanced perfor¬ 
mance if a 28 VDC power supply 
is used. 
Semetex Corp. 
INFO/CARD #206 
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BESSER ASSOCIATES 

If modern circuit design 
looks like this to you, 

PEYMA ETON EH MA EHMA X AnOETPATTlETHE 
AnOETPAmETH PEYMA EIEOAOY 

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 ofRF 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 
4600 El Camino Real 

. I Suite 210 
Los Altos, CA 94022 

Phone:(415)949-3300 
Fax: (415) 949-4400 

INFO/CARD 47 



RF product report_ 

Mixers Remain a Central Product 
for RF Applications 
By Gary A. Breed 
Editor 

As might be expected for such a 
universal RF system component, 

the market for mixer products closely 
follows trends in RF applications. Re¬ 
duced military spending, increased com¬ 
mercial uses, and growing consumer 
markets are all reflected by the demand 
for various mixer types. 

The traditional diode double-balanced 
mixer family is a stalwart of RF business. 
Standard diode-ring products are enjoy¬ 
ing substantial success in applications 
ranging from instrumentation to commu¬ 
nications equipment. Variations on this 
basic theme include high local oscillator 
power and high dynamic range, pream¬ 
plified local oscillator input, and low 
threshold diodes. These types have 
been developed primarily to meet a 
customer’s request for specific perform¬ 
ance. Since they can be implemented 
relatively easily in production, they are 
viable options. 
The sales of other specialized mixer 

configurations varies considerably. For 
example, the termination-insensitive 
type of mixer has seen a noticeable drop 
in popularity, as engineers often choose 
to apply lower cost standard mixers with 
optimum LO levels and output termina¬ 
tions. I and Q demodulators and image¬ 
reject mixers closely follow demand for 
the radar systems, instrumentation, and 
digital communications systems that are 
their major end users. Space-qualified 
components also are tied closely to the 
development of new satellite systems. 

IC Mixers — Silicon and GaAs 
Low cost integrated circuits for com¬ 

mercial and consumer products are in 
demand for these growing markets. 
Cordless telephones, cellular equip¬ 
ment, radio and television receivers, and 
wireless control devices have unique 
demands for low pricing, low power 
consumption, and adequate RF perform¬ 
ance. These are currently best met with 
silicon technology. Survival in an over¬ 
burdened spectrum will increase the 
performance demands without chang¬ 
ing the pricing requirements. Silicon IC 
mixer designers are hard at work refin-

High performance mixers like this image¬ 
reject model from M/A-COM closely 
follow demand for high performance 
systems. 

ing fabrication processes and topolo¬ 
gies, and applications engineers are 
optimizing circuit implementation of the 
devices. 

Mixers of this family do not have the 
signal-handling and distortion perform¬ 
ance of diode mixers, although they 
have the advantages of low cost and low 
power consumption, usually with con¬ 
version gain that can reduce system 
complexity. Low local oscillator drive, 
or on-chip oscillator circuitry also serves 
to simplify system design. 
Many of the coming RF applications 

are attractive applications for gallium 
arsenide MMIC technology. Cellular sys¬ 
tems at 900 MHz, plus the low GHz 
L-Band and S-Band navigation and 
communications applications are 
sizeable markets for integrated front¬ 
end subsystems including mixers and 
other functions. At these frequencies, 
GaAs performance makes it the technol¬ 
ogy of choice for many designers. 

Like the consumer products targeted 
by silicon IC makers, many of these 
applications are quite cost-sensitive. 
Because GaAs is a more expensive 
fabrication medium than silicon, high 
levels of integration are being pursued. 
New GaAs MMICs combine preamplifi¬ 
ers, buffers, mixers, local oscillators and 
IF amplifiers on a single die. Like silicon 

IC designers, the GaAs development 
engineers are seeking optimum perform¬ 
ance within the constraints imposed by 
the fabrication process. 

Modeling and Testing 
Recently introduced non-linear analy¬ 

sis software has only just started to 
affect mixer design. These programs 
allow accurate modeling of non-linear 
circuits like mixers that was not easily 
accomplished before. With these tools, 
new topologies, power consumption 
tradeoffs, device selection and opti¬ 
mized external circuitry can be explored 
without the time and expense of multiple 
iterations of hardware prototypes. 

Testing techniques have also seen 
recent advances, allowing manufactur¬ 
ers to provide extensive testing using 
automated systems. Frequency-shifted 
test sets that work with existing network 
analyzers allow simplified test setup 
compared to the test systems made up 
of several pieces of test equipment that 
were required only a short time ago. 
Instead of a controller, two or more 
signal generators, programmable at¬ 
tenuators, and a spectrum analyzer, 
new mixer test systems can perform all 
operations in a single unit with internal 
software control and a single accessory 
unit. 
One noticeable result of this increased 

testing capability is a higher level of 
screening, either provided by the mixer 
manufacturers or at incoming test at the 
users’ plant. The increased reliability 
and narrower range of variation in mixer 
specifications that comes from such 
testing allows tighter control of design 
parameters and less over-design. 

In summary, mixers represent a cen¬ 
tral product that is required in virtually 
all RF products. Although standard 
products are often utilized in design, the 
cost and performance requirements of 
a specific application often dictates a 
change from the norm. As a result, these 
demands are driving the development 
of mixer technology both in building 
block components and integrated prod¬ 
ucts. 
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HF eme corner 

EMI Signal Analysis 
By Roger Southwick 
EMC Consulting 

Although descriptions of methods for 
measuring EMI signals abound in the 
literature and in various regulations, 
methods for analyzing EMI signal data 
have received far less attention. This 
may be because the regulations specify 
only that such data be reported in some 
specific format. The rationale for analyz¬ 
ing EMI signal data is based on the 
needs of prequalification testing to de¬ 
termine the causes of noncompliance. 
Prequalification test methodology is not 
defined by the regulations, but it is a 
fundamental requirement for product 
development. The causes of possible 
noncompliance found as a result of 
prequalification testing must be reme¬ 
died. This requires first that the offend¬ 
ing signals internal to the item under 
test, EUT, be identified, and second that 
there be methods to evaluate modifica¬ 
tions to the EUT. Other analyses include 
methods for combining sets of data so 
that the maximum signals of several 
data sets can be determined. 

The most effective way to implement 
EMI signal analysis is to have the 

necessary data in some format that can 
be loaded into a computer. The EMI 
signal analysis to be discussed here is 
a part of the EMI Commercial Measure¬ 
ment Program (1). This program meas¬ 
ures the EMI signals, which can then 
be stored on a disk and can then be 
retrieved for future analysis. 
The type of data included in a data 

set depends on options selected during 
the actual measurement. The complete, 

all-option data set consists of a number 
of identifying parameters, a comment 
string, the trace data and a data array 
containing the peak, average and Q-P 
amplitudes plus the frequency of each 
individual signal. Most of the analysis is 
performed on the data contained in the 
data array. The data analysis menu of 
the program is shown in Figure 1. 

Each data analysis subprogram of the 
Data Analysis Menu has options to 
select types of data: peak, average or 
Q-P. Measurements are made in either 
of three measurement subprograms: E 
Field, H Field or Conducted. Each 
measurement subprogram is divided 
into measurement bands: E Field has 
three bands covering 30 to 1000 MHz, 
H Field has two bands covering .01 to 
30 MHz and Conducted has a number 
of bands that are used in pairs and cover 
from .01, .15, .45 to 30 MHz. Provision 
is included to prevent the mixing of data 
from different measurement subpro¬ 
grams. Also included, when appropriate, 
are options to select data sets of a 
specific measurement subprogram 
taken on a specific phase, for conducted 
or for mixed or specific polarization for 
E Field measurements. 
The first selection from Figure 1 to 

be described is “Printout; List & File”. 
This option has two parts: a file listing 
and a file printout. The file listing will 
print out the identifying parameters of 
the files, but no data. A sample of a 
listing of three files is shown in Figure 
2. The file listings are in the order the 
files were recorded. This option is a 

convenient way to obtain the file num¬ 
bers, which must be used to retrieve files 
for analysis by other analysis subpro¬ 
grams. The file comment is included in 
the file listing to help identify files. An 
option to list either all the files on a data 
disk or only those files from a specific 
measurement subprogram is provided. 
The file printout will print out any 
individual files selected. 
As previously mentioned, it is neces¬ 

sary to identify the source of any signals 
that are in noncompliance. Such signals 
are mainly the result of intermodulation 
products of clocks; local oscillators or 
reference signals internal to the EUT. 
An intermodulation product is the sum 
of or difference between the harmonics 
of these internal signals. The sum of the 
absolute value of the harmonic numbers 
is the order of the intermodulation 
product. Since the level of the harmonic 
decreases as the harmonic number 
increases, the level of intermodulation 
products decreases as the order in¬ 
creases. Third-and fifth-order intermodu¬ 
lation products usually have higher 
levels. 
The Intermodulation subprogram, 

which is selectable from the Data Analy¬ 
sis Menu of Figure 1, is responsible for 
identifying the fundamental components 
of the intermodulation product. A single 
data set is selected for analysis. The 
analysis is performed on the frequency 
data from the data array. The operator 
then enters into the program the fre¬ 
quency of the internal signals of the 
EUT, selects the highest intermodula-

*** DATA ANALYSIS MENU *** 

Statistical Analysis 
Composite Printout 
Intermodulation 
Composite Plot 
Printout; List & File 
RETURN 

Enter Selection 

Statistics Composite Prt Intermod 

Composite Plot Return Printout 

File 52 
Horizontal 
Antenna Zero 
Trial 28/5/90 

E Field 
Azimuth 0 

30 to 200 MHz 
9: 29: 28: May 30, 1990 

Limit Level 53 

Figure 1. Data analysis menu. 

RF Design 

File 53 
Horizontal 
Antenna Zero 
Demo of E Field 

File 54 
Horizontal 
Antenna Zero 
Testing E Field 

E Field 
Azimuth 0 

30 to 200 MHz 
21: 42: 49: May 31, 1990 

Limit FCC Class A 

E Field 30 to 200 MHz 
Azimuth 0 9: 34: 29: June 2, 1990 

limit FCC Class A 

Figure 2. Data disk file list printout. 

57 



tion order desired and enters a tolerance 
(an error term). Since the data is 
measured in some finite bandwidth, 
there is usually an error between the 
actual and the calculated intermodula¬ 
tion product. A tolerance of about half 
the IF bandwidth used when the data 
was measured is a reasonable choice 
to start the analysis. If the results are 
not satisfactory, the tolerance can be 
increased. If, however, too large a 
tolerance is used, the analysis becomes 
useless, since almost every signal will 
be part of some IM relationship, and the 

critical and valuable IM products will be 
indistinguishable in the total output. 

Both two and three signal intermodu¬ 
lation products may be analyzed. The 
computer does the computations and 
prints out a list of intermodulation prod¬ 
ucts and a summary of the number of 
times each internal signal was involved. 
This information identifies the internal 
signals that contribute to the intermodu¬ 
lation products that are in noncompli¬ 
ance. 

It is often necessary to determine 
whether differences exist between spec¬ 

trums. For example, when the EUT is in 
noncompliance, some modification must 
be made to bring the EUT into compli¬ 
ance. If a measurement of the EUT 
spectrum is made before and after the 
fix, the operator must determine whether 
the after-fix spectrum is an improvement 
over the before-fix spectrum. 

From the menu of Figure 1, the 
selection Statistical Analysis offers two 
statistical hypothesis tests. To imple¬ 
ment the calculations, the analysis uses 
the dBuV signal amplitude values. (Al¬ 
though the use of log values is improper, 

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

Quartz Crystals INFO/CARD 48 Crystal Filters 

Crystal Oscillators INFO/CARD 82 

INFO/CARD 80 Ovenized Crystal INFO/CARD 81 

Crystal Temperature INFO/CARD 83 
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CUSTOM R.F. AMPLIFIERS 

CUSTOM DESIGN AND MANUFACTURE 

FREQUENCY RANGE - 1 MHz TO 1 GHz 

POWER RANGE FROM 1 WATT TO 5 kW 

QUANTITY PRODUCTION 

SHORT LEAD TIMES 

TEL. (408)778-9020 FAX. (408)779-4832 

R.F. SOLUTIONS INC. 
16055 CAPUTO DRIVE, MORGAN HILL, CA 95037, U.S.A. 
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AVANTEK MMICs NATURE, 

AT A NATURAL PRICE 

High Performance RF/ 
Microwave Circuits in Tiny 
SMD Packages 
Fresh idea. A growing family of DC to 5.0 
GHz. amplifiers, active mixers, and other 
high performance monolithic microwave 
ICs (MMICs), at design conscious prices-
as low as $0.95 each in 10,000 piece quanti¬ 
ties. Avantek’s new 1SOSAT™ process yields 
a harvest of silicon MMICs in plastic SMD 
packages for portable, handheld, and low-
power high-volume designs, where size and 
cost are as critical as RF performance. 

Cellular, Spread Spectrum, 
Fiber Optics, GPS—Any RF/ 
Microwave Application 
Avantek, the pioneer of commercial and 
defense RF/microwave solid-state, offers 
the ISOSAT family of plastic MMICs in bulk, 
tape and reel. High-volume, low-cost cir¬ 
cuits that meet your highest requirements 
for low power consumption, bandwidth, 
low noise (as low as 1.7dB), high gain, 
stability and cascadeability. ISOSAT prod¬ 
ucts make your linear design goals easy and 
efficient. 

Get a Little Help from Your 
Friends 
Avantek has over 50 field specialists around 
the world to assist in developing your RF/ 
microwave designs. And, Avantek ISOSAT 
amplifier product data is available for use 
in all major CAE libraries, such as EEsof 
Touchstone!“ 

Power Gain vs. Frequency Call Your Local Distributor or 
1-(800) AVANTEK for Fast 
Delivery 

With over 20 major stocking locations, and 
a worldwide trans-shipment operation, 
Avantek has the largest RF/microwave 
semiconductor distribution network in the 
world. We meet the demands of the most 
demanding JIT programs, or supply critical 
prototypes with the same matchless service 
and support. 

Putting Micro wave 
Technology to Work for You 
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NO WAITING 
AVANTEK DELIVERS 

TODAY 

North American 
Distributors 

Northeast 

Nu Horizons 
(617) 246-4442 MA 
Sickles Distribution Sales 

(617) 862-5100 MA 

East Central 

Applied Specialties, Inc. 
(301) 595-5393 MD 

Nu Horizons 

(301) 995-6330 MD 
(201) 882-8300 NJ 

(516) 226-6000 NY 
(716) 248-5980 NY 

(215) 557-6450 PA 
Penstock East 

(201) 808-1414 NJ 

Southeast 

Component Distributors, 
Inc. 

(800) 558-2351 FL 
Nu Horizons 

(305) 735-2555 FL 

North Central 
Penstock Midwest 

(708) 934-3700 IL 

South Central 
Insight Electronics, Inc. 

(800) 677-7716 
Thorson Distributing Co. 
(214) 233-5744 TX 

Rocky Mountain 

Sertek, Inc. 

(800) 334-7127 

Southwest 

Sertek, Inc. 
(800) 334-7127 

Insight Electronics 

(800) 677-7716 

Canada 

Sertek, Inc. 
(818) 707-2872 

International 
Distributors 

Europe 

Italy 
BFI-Ibexsa SpA 

(39) 2-331-005-35 

Germany 
BFI-Ibexsa Electronik GmbH 

(49-6074) 40-98-0 

France 
Scie Dimes 

(33) 1-69-41-8282 
Sweden 

BFI-Ibexsa Nordic AB 

(46-8) 626-99-00 
U.K. 
BFI-Ibexsa Electronics LTD. 

(44) 62-288-2467 

Asia and Far East 

Japan 

Yamada Corporation 
(81) 03-3475-1121 

Northwest 

Statistical Analysis Test 
H O : U o = U 1 = U 2 = -• = U 8 

File 21 
E Field 30 to 200 MHz 
FCC Class A 
Azimuth 0 degrees 
Polarization Horizontal 

Freq. Peak 
MHz dBuv/m 

35.55 57.80 
83.25 57.45 
87.75 54.17 
92.83 71.82 
93.72 73.00 
94.84 71.27 
96.05 64.05 
99.50 69.90 

Mean of file 64.93 

File 22 
E Field 30 to 200 MHz 
FCC Class A 
Azimuth 0 degrees 
Polarization Horizontal 

Freq. Peak 
MHz dBuv/m 

83.25 57.00 
87.75 54.05 
92.83 71.37 
93.72 73.40 
94.84 70.47 
96.10 63.42 
99.52 68.87 

181.34 67.45 

Mean of file 65.75 

File 23 
E Field 30 to 200 MHz 
FCC Class A 
Azimuth 0 degrees 
Polarization Horizontal 

Freq. Peak 
MHz dBuv/m 

83.26 56.40 
87.76 54.25 
92.85 71.32 
93.72 73.20 
94.85 70.90 
96.06 64.42 
99.50 69.77 
181.34 67.42 

Mean of file 65.96 

CM 103119.33 
total SS 1102.54 
SST 4.73 
SSE 1097.81 
MST 2.36 
MSE 52.28 
F 0.05 

V, = 2 V2 = 21 

Ho Accepted no significant 
difference in means 

Insight Electronics, Inc. 

(800) 677-7716 
Penstock, Inc. 

(408) 730-0300 CA 

(206) 454-2371 WA 

Figure 3a. Type #1 statistical 
analysis. 

it will not affect the impartiality of the 
analysis.) The frequency of the signals 
does not weight the data points. When 
making this type of analysis it is impor¬ 
tant to have a sufficient number of data 
points or signals, since this will increase 
the statistical confidence of the analysis. 
It is also necessary to have nearly the 
same number of data points in each data 
set to be analyzed. The considerations 
must be made at the time of the 
measurements. 
The type #1 hypothesis test is (2, 3): 

H u = u, O O I U8 

Putting Microwave 
Technology to Work for You 

0AVANTEK 
INFO/CARD 50 

which states that the means of from 2 
to 8 data sets are equal. When this 
hypothesis is rejected, its statement is 
not true. This type of test is useful in 
determining, for example, whether the 
spectrums of a number of different serial 
number EUTs are approximately equal. 

Figure 3b. Type #1 statistical 
analysis. 

Such a test will determine whether a 
particular EUT is typical and whether the 
manufacturing process results in a con¬ 
sistency between serial-numbered 
EUTs. An example of a type #1 statisti¬ 
cal analysis printout using three data 
sets is shown in Figures 3a and 3b. The 
input data and the mean of each data 
set are provided. 
The type #2 hypothesis test is (4): 

Ho : (u, - u2) = 0 and H,: (u, - u2) ^0 

This test compares the means of two 
spectrums and is used in the before-fix 
and after-fix example to determine 
whether two sets of data are equivalent. 
A type #2 statistical analysis was per¬ 
formed twice, once with data sets 22 and 
23 and again with data sets 21 and 22 
(shown in Figure 3a and 3b). The result 
was that Ho was accepted for data sets 
22 and 23 but was rejected for data sets 
21 and 22. 

There are two types of Composite 
subprograms. Type #1 is a composite 
printout of the array data of multiple data 
sets. The type of data can be selected 
and up to 20 data sets of different bands 
from the same measurement subpro¬ 
gram can be combined. The data is 
ordered by the amplitude of the type of 
data selected and printed out. An exam¬ 
ple of a type #1 composite printout for 
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* Diagnostic Composite * 

E Field 30 to 200 MHz 
mixed polarization 
Files 21, 22 

Signals Ordered by Amplitude 

Freq. Peak File Azimuth Polarity 
MHz dBuv/m 

93.72 73.40 22 
92.83 71.82 21 
94.84 71.27 21 
99.50 69.90 21 
96.05 64.05 21 
33.55 57.80 21 

0 
0 
0 
0 
0 
0 

H 
H 
H 
H 
H 
H 

83.25 57.45 21 0 
181.34 67.45 22 0 
96.10 63.42 22 0 
83.25 57.00 22 0 
87.75 54.05 22 0 
87.75 54.17 21 0 

H 
H 
H 
H 
H 
H 

Figure 4. Composite printout type 
#1. 

files 21 and 22 is shown in Figure 4. 
Note that the azimuth and polarity of the 
data are carried through the analysis 
and are included with the printout. 

The type #2 composite plot is similar 
to the type #1 composite printout, 
except that it orders the data based on 
the magnitude of the difference from a 
limit. The trace data is also combined in 
a max hold fashion, and the data is both 
plotted and printed. 

The limit to be used for the type #2 
composite plot can be selected by the 
operator. This permits the analysis of 
data sets to a number of different limits 
without having to take additional 
measurements. It is, however, neces¬ 
sary to measure the initial data using a 
limit of constant value. The EMI Com¬ 
mercial Measurement Program has five 
sets of limits per measurement band. 
The limits can be entered by the opera¬ 
tor, so it is a simple matter to enter a 
limit of constant value for this purpose. 
Since measurement bands can be com¬ 
bined, it is also possible to plot data 
over the entire measurement range. An 
example of a type #2 composite plot 
from the conducted subprogram is 
shown in Figure 5. A printout of the 

individual data sets and the complete 
composite sorted printout of all the 
individual signals is also provided by the 
program. 
These types of EMI signal data analy¬ 

sis are extremely useful and very easy 
to use. The analyses will provide a 
near-instant diagnostic insight into the 
causes of noncompliance, as well as 
providing an impartial evaluation of EMI 
fixes. Measurement bands of any meas¬ 
urement subprogram may be combined 
to plot the entire measurement range. 
Further, it is possible to perform the 
analysis and plot it at a later date, thus 
freeing the measurement system for 
measurements. RF 
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THIN-TRIM 
9440 SERIES 

SMD 
TRIMMER 
CAPACITORS 

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

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

• COMMERCIAL APPLICATIONS 
from VHS to microwave frequencies. 

JOHANSON MANUFACTURING CORPORATION 
Rockaway Valley Road 
Boonton, NJ 07005 

(201) 334-2676 FAX 201-334-2954 

INFO/CARD 51 

Why engineers have 
relied on T T E filters for 

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

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

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

(213) 478-8224 
FAX: (206) 821-0992 
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Conducted Composite Plot Freq 
Advantest Model R3361B MHz 

0.55 
0.45 

Peak Data 4 50
Phase mixed 1 29 
.0.45 to .30 MHz 5 gQ 

Files 1, 2, 3, 4 25.02 

dBuz/m dB File Phase 

60.8 3.8 2 1 
60.0 3.0 1 1 
59.0 2.0 3 2 
56.1 -0.9 2 1 
55.8 -1.2 4 1 
55.7 -1.3 4 1 

SUBMINIATURE OCXO 

The HYTEK MICROSYSTEMS new HY-4600 series 
of subminiature oven controlled crystal oscillators 
(OCXO'S) is one of the smallest precision oscillator 
types on the market. Packaged in a 14 pin DIP, the 
HY-4600 is available with a 3 dbm sine wave output 
at frequencies from 10.0Mhz to 20.0Mhz. These 
oscillators will operate at temperatures from -55° C 
TO +70* C while maintaining a frequency stability of 
±0.1 ppm. The HY-4600 consumes less than 2 watts 
at the minimum operating temperature. 

FEATURES: 

. +0.1 PPM STABIUTY FROM -55° C TO +70° C 

. ± 3PPM EXTERNAL FREQUENCY ADJUSTMENT 

. LOW PHASE NOISE 

. SINGLE SUPPLY >15 VOLT OPERATION 

. +5 VOLT PRECISION VOLTAGE REF. OUTPUT 

Figure 5. Composite plot type #2. 

About the Author 
Roger Southwick is owner/presi-

dent of EMC Consulting, 2716 N. 

Estrella, Tucson, AZ 85705. He can 
be reached by telephone at (602) 
792-9491. 

I/' microsystems 
11 V LVlX incorporated 

400 Hot Springs Road PH (702) 883-0820 
Carson City. Nevada 89706 FAX (702) 883-0827 
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CUSTOM CRYSTAL OSCILLATORS 
HIGH REL, BLILEY QUALITY 

FREQUENCY RANGE: 1 MHz to 20 MHz 
FREQUENCY STABILITY: ±1 ppm with voltage control 

equal to OV; ± 2 ppm at any control voltage 
OPERATING TEMPERATURE RANGE: O°C to 60°C 
FREQUENCY DEVIATION: ±10 ppm minimum; 
±15 ppm maximum 

VOLTAGE CONTROL : ±5V 
TRANSFER FUNCTION: Negative 
LINEARITY: ±10% maximum 
INPUT IMPEDANCE: 10K ohms minimum 
AGING: 1 ppm /year typical 
SUPPLY VOLTAGE: +12Vdc ±10% 
OUTPUT: TTL or HCMOS (optional) 
SIZE: 1.53" X 1.53" x 0.5" maximum 
MOUNTING: PC board mount using four terminals BLILEY ELECTRIC COMPANY 

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

BLILEY ELECTRIC COMPANY IS CERTIFIED FOR MIL-STD-2000 ON SOLDERED ELECTRICAL AND ELECTRONIC ASSEMBLIES 
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Patented QUALCOMM Noise 
Reduction Circuit actually 
reduces spurious noise. 

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

frequency offset. 

Change frequencies in 0.007 
Hz increments (30 MHz 

clock). 

Built-in quadrature step 
control. 

Fast FSK and PSK modes 
included. 

At $35, the 02334 DDS is a 
steal (20 MHz version, 

quantity 1000). 

$25 8-bit DAC provides similar 
spurious performance as a 
$75 10-bit DAC (Sony 

CX20202) using patented 
noise reduction circuit. 

QUALCOMM 02334 DDS + 
Q3036 1.6 GHz PLL for hybrid 

DDS/PLL synthesizers. 

Fine tune your phase 
modulation with over 4 billion 

step resolution. 

MIL 883 screened DDS 
available. 

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

spurious noise. 

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

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

Can't wait? Order 00310-1 
DDS Evaluation Board for 

fast-turn prototyping and low 
volume applications. 

DDS BY QUALCOMM 
WHY COMPROMISE? 

At QUALCOMM, we believe 
compromise leads to mediocrity. 

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

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

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

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

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

If you don’t like to 
compromise, call or FAX us. 
We’re here to help. 

VLSI Products Division 

10555 Sorrento Valley Road San Diego, CA 92121 USA 

TEL: 619-587-1121 x540 • FAX: 619-452-9096 

Qualcomm 
N CORPORATED 

QUALCOMM DDS Patents 4,901,265; 4,905,177. ©1990 QUALCOMM, Inc. "the elegant solution 
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Swept Spectrum Bandpass Filter 
By Dr. Roy H. Propst 
University of North Carolina, Chapel Hill 

As demands have increased many-
fold over the past few years for more 
spectrum availability, we have either 
gone to higher frequencies or to better 
utilization of present allocations. New 
communications modes have arisen, 
such as spread spectrum systems (1) 
which transmit voice or data over a 
swept-frequency carrier and thus time-
distribute as well as frequency-distribute 
spectrum use. This idea has motivated 
the present work to further develop 
spread/swept spectrum ideas useful to 
communications. In the following, we 
frequency-sweep the center frequency 
of a bandpass filter in order to achieve 
two advantages: time multiplexed spec¬ 
trum for shared use and improved filter 
bandpass shape characteristics. 

VLSI technology has permitted the 
fabrication of many devices which 

have changed the outlook of “circuit 
design”, as well as the concept of circuit 
design itself. We can now think in terms 
of building blocks rather than single 
devices, and then assemble these blocks 
into new structures. One such block is 
the switched-capacitor-filter (SCF). This 

device, as usually fabricated, gives 
lowpass, highpass, or bandpass charac¬ 
teristics at will and the capability to 
reconfigure externally. This device is 
based on the “switched-capacitor-
resistor”, which can be viewed as the 
simulation of a resistor by a switch and 
a capacitor in series. An external clock 
generator controls the opening and 
closing rate of the switch and therefore 
the “average” current flow through the 
switch and into the capacitor, which 
stores the pulses. Hence, the current 
flow or “circuit resistance" depends on 
the switching speed (2). There exists 
several implementations of the SCF in 
DIP packages, for example the National 
MF10 (3). One of the most useful 
properties of the SCF is the ability to 
change the center frequency of a band¬ 
pass filter implementation by changing 
the external switching-clock-rate of the 
filter. This, of course, is quite reasonable 
since it just changes the equivalent 
resistance values of the switched-
capacitor-resistors in the filter. 

In order to achieve the desired results 
for the swept spectrum bandpass filter, 
we use a SCF as a narrow-bandpass 

filter, and sweep this narrow passband 
over a wide range of frequencies and 
thereby pass them all - as a function of 
time. In this manner, we obtain a wider 
bandwidth than the original SCF, but at 
the same time keep the original slope 
at the upper and lower three-dB-break-
points, that is the same “ultimate attenu¬ 
ation” as the SCF. This means that we 
can obtain a high-Q bandpass filter 
which has a “flatter” passband than 
normally expected for the same value 
of Q. 

Figure 1 shows the basic design. The 
“clock" for the SCF is a voltage controlled 
square-wave oscillator (VCO), this deter¬ 
mines the center frequency for the SCF. 
It should be noted that the center 
frequency of the SCF is not equal to the 
frequency of the VCO, but proportional 
to it by some scale factor -for example 
in many cases 1/100-th. We now use a 
sawtooth generator to control the VCO. 
The output of the VCO is therefore a 
constant-amplitude variable frequency 
square wave - a frequency modulated 
square wave whose frequency varies 
periodically and linearly with time. The 
frequency span-range of the VCO thus 

TWO POLE SCF 
WITH A Q-VALUE OF 10 

THREE POLE SCF 
WITH A Q-VALUE OF 10 

Lower Lower Upper 
Bandwidth Points Points 
(Hz) (Hz) (Hz) 

Upper 
Bandwidth 
(Hz) 

3 dB points 31.6 300.0, 2442.9, 257.1 
331.6 2700.0 

6 dB points 141.9 252.3, 
394.3 

2054.6, 1155.8 
3210.3 

60 dB points 8810.9 11.3, 
8822.2 

91.8, 71745.4 
71837.3 

Lower Lower 
Bandwidth Points 
(Hz) (Hz) 

3 dB points 31.6 300.0, 
331.6 

6 dB points 104.9 267.3, 
372.2 

60 dB points 2921.5 33.7, 
2955.2 

Upper Upper 
Points Bandwidth 
(Hz) (Hz) 

2442.9, 257.1 
2700.0 

2176.3, 854.3 
3030.7 

274.1, 23789.2 
24063.3 

SCF SHAPE FACTOR (SF1) = 62.0 

SWEPT FILTER (SF2) = 24.3 

IMPROVEMENT: RATIO SF1/SF2 = 2.6 

SCF SHAPE FACTOR (SF1) = 27.8 

SWEPT FILTER (SF1) = 8.7 

IMPROVEMENT: RATIO SF1/SF2 = 3.2 

Table 1. Shape Factor improvement using swept 
spectrum filter for a two pole SCF implementation. 

Table 2. Shape Factor improvement using swept 
spectrum filter for a three pole SCF implementation. 
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CLOCK 

Figure 1. Basic components of the 
swept spectrum bandpass filter. 

sets the bandwidth of the resultant 
swept spectrum filter. There is, as can 
be seen in the figure, one more thing 
needed. A clock is needed to run things, 
i.e. set the frequency of the sawtooth 
and thus the period of the frequency 
sweep of the filter. 

Programmable Spectrum 
A simple modification of the basic 

design is given in Figure 2. Here, we add 
a gate in the output of the filter. We 
control this gate with a pulse derived 
from and synchronous with the clock. 
We generate a control pulse of variable 
length and delay from the clock output 
pulse. This control pulse determines the 
“on” time for the gate, as a percentage 
of the total sweep cycle. Thus, we switch 
the output on (or off) for some portion 
of the sweep cycle. If for example, we 
use this pulse as a “turn off” pulse and 
we are sweeping frequency with time, 

Figure 2. Modification of swept 
spectrum filter to include notch. 

this pulse occurs at some passband 
frequency and thus means that some 
part of the frequency spectrum through 
which we sweep is missing from the filter 
output signal, i.e. we have created a 
notch in the filter output. We can use 
more sophistication and have the output 
switched off and on for any part of the 
frequency sweep and have a “fully 
programmable" output spectrum. 

Filter Bandpass Shape 
The advantage offered for improve¬ 

ment in the shape of the passband at the 
upper and lower 3-dB points can be 
seen by comparison to an “ordinary” 
bandpass filter. For an ordinary band¬ 
pass design with a Q of 10 and two 
poles, for example. We get a slope of 
12 dB per octave or 40 dB per decade 
at the “ends”. Here, we can get a 
measure for the improvement by com¬ 
paring the shape factors of the filters. 
The shape factor (SF) is defined as the 
ratio: 

SF = (Bandwidth at 60 dB down)/ 
(Bandwidth at 6 dB down). 

This number is a constant and will be 
determined by the original SCF filter 
design. For example, we can choose a 
two pole SCF and design the overall 
swept filter for “communications qual¬ 
ity” speech, via a 3-dB bandwidth of 2.4 
kHz, swept from 300 Hz to 2.7 kHz. For 
an SCF with a Q of 10, at the lower end 
of the spectrum, 300 Hz, it has center 
frequency of 315.79 and 3-dB points of 
300 Hz and 331 .48 Hz; at the upper end 
of the spectrum, 2.7 kHz, a center 
frequency of 2571 .43 Hz and upper and 
lower 3-dB points of 2700 Hz and 
2442.86 Hz. Table 1 shows the 6 dB and 
60 dB down frequency bandwidth values 
at the upper (2.7 kHz end) and the lower 
(300 Hz) end of the swept filter design, 
as well as the shape factor of the SCF 
at these points, and the resultant overall 
shape factor of the swept filter. You can 
see a 2.6:1 improvement in shape factor 
for this two-pole filter. Similarly in Table 
2 we give the results for a three pole 
filter, things get better with an improve¬ 
ment of 3.2:1. Thus, for the design, we 
have independently adjustable: shape 
factor, center frequency, and band¬ 
width. The shape factor is determined 
in hardware, but the center frequency 
and bandwidth voltage-variable are ad¬ 
justable parameters. 

Results 
The swept spectrum filter was imple¬ 

mented using the National MF10; vari¬ 
able, external, sawtooth and clock gen¬ 
erators were used to allow maximum 
flexibility during evaluation. System op¬ 
erating parameters were chosen for 
communications quality speech, defined 
above. The SCF Q-value was chosen to 
be ten, this is a constant fixed by the 
ratio of two resistor values. Since this 
has a fixed constant value, it means that 
the “instantaneous bandwidth” of the 
filter changes as the center frequency 
is swept from 300 Hz to 2.7 kHz. A Q of 
ten is not an extremely “high” Q-value 
and is easily implemented without any 
associated ringing problems. Measure¬ 
ments were made with a spectrum 
analyzer to confirm the performance and 
the results are in Figures 3 and 4. Figure 
3 shows the response of the SCF at the 
lower and upper ends of the swept filter 
range, in this case one and four kilo¬ 
hertz. The constant Q-value of the SCF 
imposes the exhibited different band¬ 
widths of the responses. Now, if the SCF 
is swept between lower and upper 
frequency limits, the overall response 
can be seen in figure 4. The “wiggles” 
in the response curves are produced by 
the “sampling” of the spectrum ana¬ 
lyzer. The tracking generator of the 
analyzer was swept across the fre¬ 
quency range at a very low (seconds) 
rate; whereas the sawtooth swept the 
filter at a much higher (milliseconds) 
rate. This method produces an “aver¬ 
age spectrum” display; which is, in fact, 
the result obtained in normal operation 
of the swept filter. 
As a final test for comparison, an 

audio subjective evaluation of the filter 
was made with speech and music. The 
bandpass character was clearly appar¬ 
ent as the minimum and maximum 
sweep frequency values were changed 
for several values of sweep rate. Sweep 
rates are clearly related to the Nyquist 
sampling rate. However, here we are 
continuously sampling, at the sweep 
rate, in the frequency domain rather 
than digitally sampling in the time do¬ 
main, as is usually the case. Fidelity was 
found to be good for a sweep rate equal 
to the upper passband frequency, and 
very good for twice this value, which 
corresponds to the Nyquist rate. 

Conclusions 
For this design, as is usually the case, 

a tradeoff is required between added 
complexity and improved filter charac¬ 
teristics. Although many filter applica¬ 
tions may not warrant the described 
level of sophistication, the increased 
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Figure 3. Frequency response of 
switched capacitor filter at upper 
and lower extrema of sweep 
range. 

flexibility may be justified for some. 
Further, it is expected that enough 
demand and applications could encour¬ 
age technology to develop “single-chip” 
implementations for the swept spectrum 
filter. The present CMOS fabrication 
technology places somewhat restrictive 
frequency limitations on the current 
generation of SCFs. The limit usually 
quoted is the product of the center 

Figure 4. Frequency response of 
switched capacitor when swept 
over the same frequency range 
as in Figure 3. 

frequency times the Q-value of the 
implementation. This is now on the order 
of several hundred thousand Hertz to a 
megahertz or so, which means we are 
essentially limited to the audio fre¬ 
quency range when using SCF Q-values 
on the order of tens. Presumably, future 
fabrication process evolution will bring 
this up into the megahertz domain. 
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WHEN IT COMFS TO 
OSCILLATORS, ONLY 
RALTRON HASIT 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: 1.0 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) 
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New Trends in Analyzer Technology 
Provide Faster Measurements for 
Narrowband Applications 

By Manfred Bartz 
Hewlett-Packard Company 

Depending on the nature of the 
application, the term “narrowband” has 
grown to include a broad range of 
measurements. Narrowband measure¬ 
ments traditionally have been exempli¬ 
fied by spectrum or network measure¬ 
ments associated with the bandwidths 
of the IF stages in super-heterodyne 
receivers. Examples include determina¬ 
tion of narrowband noise, identifying 
in-band spurious signals, measuring 
third-order intermodulation distortion, or 
characterization of bandpass filter 
shapes. Although, the frequency spans 
involved may be “narrow” relative to a 
receiver’s front-end, bandwidths may 
vary considerably from MHz for video 
applications, to kHz for audio down to 
even tens of hertz or less for mechanical 
phenomena. 

Other receiver-related examples arise 
in the design of local oscillators. 

Critical to providing clean frequency 
translation in mixers, local oscillators 
must be characterized for close-in spuri¬ 
ous and single sideband phase noise. 
These measurements typically require 
finer resolution bandwidths measured 
in hertz, with spans in tens of hertz. One 
example involves the measurement of 
the undesirable although ubiquitous 60 
Hz sidebands, which can often plague 
even the best of oscillator designs. 

Applications requiring even narrower 
bandwidths can arise in solving prob¬ 
lems associated with identification and 
elimination of microphonics. Examples 
include capacitors whose reactances 
are affected by near-field dielectric inter¬ 
ference or, perhaps more commonly, 
mechanical mechanisms modulating the 
signal through a crystal filter. Such 
phenomena can require sub-hertz meas¬ 
urement resolution and spans measured 
in hertz. 

As a general case, spectrum meas¬ 
urements involving the extraction of 
small signals from noise, be it for 
surveillance applications or merely to 
observe and remove unwanted spurious 
signals, are often narrowband by nature. 
In order to achieve adequate signal-to-
noise ratio, selection of narrower resolu¬ 
tion bandwidths typically improves the 
resolution and sensitivity of the meas¬ 
urement. 

Narrowband Measurements: 
The Tradeoffs 

Narrowband measurements often suf¬ 
fer from slow measurement times. This 
is a natural consequence of the super¬ 
heterodyne technology found in most 
spectrum analyzers today. The local 
oscillator sweep rates are limited by the 
settling time of the narrowest IF filter. 
As the filter bandwidths become nar¬ 
rower, their respective Q’s increase, 
resulting in longer settling time con¬ 
stants. Hence, as smaller resolution 
bandwidths are chosen, the local oscilla¬ 
tor must sweep more slowly to maintain 
a given accuracy. 
On the other hand, as the filter 

bandwidths become narrower, the total 
noise power in the filter passband 
decreases proportionately, thereby in¬ 
creasing receiver sensitivity. This is one 
of the fundamental advantages of nar¬ 
rowband measurements, but it comes 
at the expense of slower sweep rates. 
For every decade drop in resolution 
bandwidth, the noise floor drops by an 
additional 10dB, as long as the noise is 
dominated by the broadband thermal 
noise in the front-end and not incidental 
spurious mechanisms in the detector. 
Hence, the narrowest available resolu¬ 
tion bandwidth typically sets the practi¬ 
cal lower limit to receiver sensitivity. 
A natural way to speed a narrowband 

DISCRETE FREO 
ItO OOO 000 OOOHt 

Discrete Sweep Table 

"FREO*. ‘RES BW. 'SWEEP TIME' SELECT 
COLUMN. UP/DOWN ARROW KEVS SELECT ROW 

Figure 1. User table for entry 
of discrete frequencies on HP 
3577B. 

Figure 2. Discrete sweep band¬ 
pass filter measurement based 
on table in Figure 1. 

measurement is by selecting a smaller 
span over which to sweep, since the 
sweep time is proportional to the span. 
However, if the measurement goal in¬ 
cludes a certain resolution or sensitivity 
requirement, this may also require very 
narrow resolution bandwidth filters. The 
sweep time decreases proportionately 
to span, but typically increases in in¬ 
verse proportion to the square of resolu¬ 
tion bandwidth: 
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CRYSTAL FILTERS 
sweep time œ 1/RBW2

Therefore, for a given span/resolution 
ratio, the sweep time increases faster 
than reductions in span can compen¬ 
sate. At very narrow resolution band¬ 
widths, the sweep times can become 
unacceptably long. 

New Analyzer Trends Provide 
Faster Solutions 

Recent years have seen impressive 
improvements in the sophistication and 
performance of frequency domain in¬ 
struments. These are attributable to 
improved analog designs and better 
analog components as well as greater 
use of digital hardware and microproc¬ 
essors. In the future, increased utiliza¬ 
tion of digital hardware and software will 
continue to be the greatest technologi¬ 
cal factor behind next generation spec-
trum/network analyzer improvements. 
The following recent measurement 

improvements exemplify this trend with 
respect to speeding up measurements 
for narrowband applications. All three 
examples are made possible by the 
benefits of digital techniques in analog 
measurements. As such they can be 
classified as feature (software), algo¬ 
rithm (firmware), or block diagram (digi¬ 
tal hardware) related. 

Feature Improvements: 
Discrete Sweep 

If the frequency of the signal to be 
measured is precisely known, and the 
analyzer has sufficient frequency stabil¬ 
ity, then one method to make faster 
measurements is by means of a CW 
approach. The analyzer is tuned directly 
to the frequency points of interest and a 
CW measurement is performed, thereby 
obviating the need to observe the inter¬ 
mediate data over the entire span. This 
is appropriate when the remaining span 
contains no useful information and the 
signal is known to be sufficiently above 
the noise floor. 

This measurement technique has 
been automated as a feature in newer 
generation analyzers as “discrete 
sweep.” The HP 3577B network ana¬ 
lyzer has elevated this capability to a 
higher level of sophistication by allowing 
a user to program a table of up to 51 
discrete frequency points for performing 
a series of measurements in succes¬ 
sion, each with an independent resolu¬ 
tion bandwidth and settling time. This 
has particular utility in production en¬ 
vironments, by allowing the user to 
observe the passband and stopband 
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Figure 3a. Two-tone third-order intermodulation dis¬ 
tortion measurement using conventional sweep on 
HP 3588A. 

Figure 3b. Same as measurement example of previ¬ 
ous figure using oversweep compensation. Note 
sweep time is 4 times faster. 

characteristics of a bandpass filter with 
varying degrees of resolution. This al¬ 
lows the filter response to be observed 
over an entire span without unduly 
compromising measurement speed. 

Figure 1 depicts a user generated 
discrete frequency table for the band¬ 
pass filter characterization shown in 
Figure 2. The measurement shown was 
tailored for different point densities, 
settling times and resolution bandwidths 
across the filter shape. Several user 
features facilitate table generation. 
These include multiple stepped entry of 
frequency points and a softkey which 
generates a default table from the 
current linear sweep measurement pa¬ 
rameters. 

Algorithmic Improvements: 
Oversweep Compensation 
As spectrum and network analyzers 

have pushed the limits of accuracy, 
resolution and dynamic range, measure¬ 
ment speed has become ever more 
important, even for broadband applica¬ 
tions. As measurement features have 
become more sophisticated, algorithmic 
correction and control have provided 
improved measurement capabilities. 
The HP 3588A spectrum analyzer 

uses an algorithmic correction approach 
in firmware to provide previously un¬ 
precedented sweep rates for given reso¬ 
lution bandwidths. Because the settling 
time errors that result from oversweep¬ 
ing too fast are predictable and repeat¬ 
able for digital resolution bandwidth 
filters, the errors can be compensated 
for “on the fly” with each sweep. This 
is accomplished without compromising 
measurement accuracy, yielding sweep 
speeds of up to several times faster than 
previously attainable. Figure 3 illustrates 
the dramatic improvement that over¬ 

sweep compensation provides. The fig¬ 
ure compares an audio third-order inter¬ 
modulation measurement performed on 
the HP 3588A both in oversweep mode 
and conventional sweep for comparison. 
Note that in oversweep mode the sweep 
time is four times faster. 

Diagram Improvements: 
Digital IF’s 

Another trend in spectrum analyzer 
development has been the evolution 
toward greater use of digital hardware 
in the block diagram. With IF’s becom¬ 
ing increasingly digital, new instruments 
can benefit from the power of digital 
signal processing. The HP 3588A, 
whose block diagram is based on a 
digital IF, uses FFT calculations to 
provide a new measurement mode 
called “narrowband zoom.” At any car¬ 
rier frequency to 150 MHz with spans of 
40 kHz or less the instrument can 
perform measurement updates up to 
seven times per second and achieve 
resolution bandwidths measured in milli¬ 
hertz of resolution. Receiver sensitivities 

are thereby no longer strictly limited by 
the narrowest available analog resolu¬ 
tion bandwidth. 

Figure 4 demonstrates narrowband 
zoom for the same third-order inter¬ 
modulation measurement example of 
Figure 3. For the same effective resolu¬ 
tion, the measurement is updated every 
320 msec. This is almost 100 times 
faster than the conventional sweep of 
Figure 1. Moreover, with response times 
of up to seven times a second, this mode 
can provide effective “real-time" obser¬ 
vation of carrier modulation in spans of 
40 kHz or less. 

Summary 
Former trends in spectrum/network 

measurement have focused on provid¬ 
ing increasingly better measurement 
accuracy and dynamic range, often at 
the expense of measurement time. Cur¬ 
rent and future trends should provide 
the same or better measurement capa¬ 
bilities with dramatically faster measure¬ 
ment times. The examples cited have 
particular significance to narrowband 
applications. The techniques and tech¬ 
nologies being developed in spectrum/ 
network analyzers today provide savvy 
RF designers with invaluable additions 
to their measurement tool kits. RF 
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Figure 4. Same as in Figure 3 but 
using narrowband zoom mode. 
Measurement time is 100 times 
faster than conventional sweep 
shown in Figure 3a. 
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RT fitters 

Using SAW Double-Mode Resonators 
for First IF in Cellular Radios 
By Sean Broderick 
Goldstar Products Company 

As cellular technology progresses, engi¬ 
neers are constantly researching and 
developing new components to improve 
reliability, decrease cost and make prod¬ 
ucts easier to manufacture. Surface 
acoustic wave (SAW) devices have been 
utilized in many diverse electronic appli¬ 
cations since their discovery by Lord 

\ Piezoelectric substrate 
Surface acoustic wave output 

at the synchronous frequency 

Figure 1. Surface acoustic wave 
propagating through substrate at 
desired center frequency. 

Figure 2. Sin X/X characteristics 
of SAW filter. 

Figure 3. Simple diagram of SAW 
filter with input/output IDTs. 

Rayleigh in 1885. The most common 
application using SAW devices has 
been for intermediate frequency (IF) for 
modern television receivers. Initial SAW 
filters were of little interest to cellular 
receiver designers due to their high 
insertion loss. Now, SAW technology 
has progressed to allow realization of 
filters with much lower insertion losses 
(<5 dB), and circuit Q’s that approach 
15,000. This opens new doors for appli¬ 
cations in cellular telephone products. 
This paper will discuss the application 
of a double mode SAW resonator for first 
IF in cellular radio, and will describe 
performance results of the receivers 
tested. 

A SAW device utilizes a single piezo¬ electric substrate and two voltage 
excited interdigital transducers (IDTs) 
to propagate signals. When an impul¬ 
sive voltage is applied on the interdigital 
electrodes, strains with opposite phases 
are generated between adjacent elec¬ 
trodes due to the piezoelectric effect, 
resulting in the excitation of surface 
acoustic waves. The interdigital 
transducer is made up of a photolithogra¬ 
phic pattern whose wavelength (Ào) is 
that of the desired center frequency (Fo). 
The center frequency is given by the 
expression: 

f0 = mS/à0

The bandwidth (óf) of the filter is a 
function of the proportional relationship 
of: 

óf/F0 1/N where N is the number of 
electrode pairs. 

The maximum output at the center 
frequency (Fo) coincides with the surface 
acoustic wave output excited at the 
spaces between the IDTs, and inversely, 
the output becomes minimum when the 
frequencies do not coincide (Figure 1). 
The frequency selectivity of the surface 
acoustic wave has characteristics pro¬ 
portional to Sin X/X and therefore can 
be used as a filter (Figure 2). 

Figure 4. Equivalent circuit for IDT 
in terms of radiation conductance 
Ga, susceptance Ba, and trans¬ 
ducer capacitance Co. 

Figure 5. Detailed structural dia¬ 
gram of double mode resonator 
filter used in test. 

Figure 6. Equivalent circuit of 
double-mode resonator filter. 

An elementary SAW filter with input/ 
output IDTs on a single-crystal piezo¬ 
electric substrate is shown in Figure 3, 
while Figure 4 gives an equivalent circuit 
for each IDT in terms of radiation 
conductance Ga, radiation susceptance 
Ba, and transducer capacitance Ct. It 
should be noted that the position of the 
IDTs inside the resonant cavity of the 
SAW device is critical. This position 
directly affects the response of the filter 
by changing the efficiency of the IDTs 
to launch and receive SAW motion. The 
insertion loss of a SAW device is a 
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H55 kHz 

Out 

Figure 7. Typical cellular receiver block diagram. 

function of the impedance match be¬ 
tween the two IDTs and the source/load 
impedances presented to it. 

Until recently, surface acoustic wave 
resonators were used primarily in oscil¬ 
lator design and not in filter applications. 
Multimode operation of resonators is 
achieved by increasing the resonant 
distance between the IDTs. These high-
Q surface wave resonators allow for the 
realization of cellular first IF filters that 
would traditionally require multiple crys¬ 
tal filter elements. The most efficient 
SAW filter architectures for application 
in cellular IF are double-mode resona¬ 
tors. This newly developed process 
utilizes laterally-coupled double-mode 
resonators to achieve circuit Q’s of up 
to 15,000. This high circuit Q is 150 
percent greater than conventional SAW 
filter design technologies. Figure 5 
shows a more detailed structure exam¬ 

ple of a double-mode SAW resonator 
filter, and its equivalent circuit is shown 
in Figure 6. 

Design Considerations 
A block diagram of a typical cellular 

receiver is shown in Figure 7. A tradi¬ 
tional double conversion approach is 
shown using an IF system integrated 
chip. The front end of the approach 
consists of a duplex filter for transmit 
and receive sections. A bipolar low noise 
amplifier with 12 dB of gain follows the 
filter. This design utilized a passible 
double balanced mixer to reduce har¬ 
monics and improve isolation. An active 
mixer approach could have been used 
in this design, but would have required 
extra filtering. Because a passive mixer 
was used, a first IF amplifier at 83.16 
MHz was necessary to overcome the 
losses incurred. The output of the IF 

amplifier was impedance matched using 
a resistive network. Although this is a 
very lossy way of presenting 50 ohms, 
it ensures that the SAW device will see 
a good match even out of its bandwidth. 
An impedance matching network was 
also used on the output of the SAW to 
match to the input of the IF system. The 
second mixer utilizes a butler overtone 
crystal oscillator for conversion down to 
455 kHz. The signal is then filtered using 
a two pole ladder filter before it is input 
to the second IF amplifier. This amplifier 
has approximately 40 dB of gain and 
an AC bandwidth of 41 MHz. A second 
ladder filter is used before the signal is 
input to the limiter amplifier. The limiter 
amplifier has approximately 62 dB of 
gain and an AC bandwidth of 28 MHz. 
The output of the limiter amplifier is then 
buffered to an internal quadrature detec¬ 
tor. An audio buffer is then used to 

Figure 8. Double-mode resonator S21 response. Figure 9. Double-mode resonater Sn response. 
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FREQUENCY HOPPING 
BANDPASS FILTERS 

amplify the demodulated signal. A re¬ 
ceived signal strength indicator (RSSI) 
output is derived from the summed 
stage currents in the limiting amplifiers. 
The RSSI is used by the logic section of 
a cellular telephone to determine the 
strongest channel. 

Manfacturability 
Because the double-mode SAW de¬ 

vice is fabricated using a photolithogra¬ 
phic process, the repeatability of device 
performance is very predictable. This is 
very important in a manufacturing envi¬ 
ronment where time for tuning and 
testing must be kept to a minimum. 
Compared with a traditional four pole 
crystal IF filter in cellular radio which 
requires typically three tuning inductors, 
the double mode resonator requires no 
tuning. THe double-mode resonator is 
also enclosed in a hermetically sealed 
package which protects the device from 
moisture and flux. Unlike a crystal filter 
which is susceptible to fracture if 
dropped, SAW devices can easily meet 
tight specifications for acceleration, 
shock and vibration. This is especially 
attractive for a hand held cellular tele¬ 
phone customer who accidentally drops 
an expensive radio. Double-mode reso¬ 
nator filters are available in a variety of 
packages ranging from through-hole 
standard packages to custom surface 
mount devices. 

Test Results 
The cellular receiver module was 

constructed on G-10 Fiberglass material 
and utilized a mixture of surface mount 
and through hole construction. The 
SAW filter used in this design was the 
SWS 83A from Toko. The S21 filter 
response of the SAW filter alone is 
shown in Figure 8, return loss is shown 
in Figure 9. Two potential problems 
spurs were discovered with -56 dB at 
161 MHz and -70 dBm at 164 MHz. The 
manufacturer responded that this was 
due to impurity in the substrate. The 
group delay of the unit was measured 
at 5.5 us typical between 83.15-83.17 
MHz. Power was applied to the receiver 
and with slight tuning the unit began to 
output demodulated audio. The first test 
that was run was SINAD (a ratio of signal 
plus noise and distortion to noise and 
distortion present at the audio output.) 
The SINAD for a cellular product must 
be 12 dB for a -116 dBm (max) input 
signal with a 1 kHz modulating tone and 
±8 kHz deviation. The SINAD for the first 
model tested was -119 dBm over the 
temperature range of -30C to 60C. An 
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intermodulation ratio test as describe 
din EIA IS19C was performed and the 
unit had a typical intermodulation level 
of 85.8dB over the specified tempera¬ 
ture range. The unit was then tested for 
first mixer RF image rejection and 
second mixer image rejection. These 
results were well within the required 
levels. The adjacent (alternate) channel 
selectivity is a measurement of a re¬ 
ceiver's ability to receive a modulate 
input signal on its assigned channel in 
the presence of a second modulated 
input frequency spaced 30 kHz (60 kHz) 
above or below the assigned channel 
frequency. Alternate (60kHz) and adja¬ 
cent (30 kHz) channel rejections were 
measured suing a RSSI test method and 
were found to be 21 dB minimum for the 
adjacent channel and 65 dB for the 
alternate channel over the required 
temperature range. 

Conclusion 
Because of their small size, low cost 

and outstanding performance character¬ 
istics, SAW devices are finding more 
and more applications in consumer 
products. This article proved that a SAW 
double-mode resonator filter could be 
used in an application that traditionally 
would require a multi-pole crystal filter. 
Certainly cellular telephone demand 
offers a strong development incentive 
for SAW manufacturers and future gen¬ 
erations of cellular telephones may rely 
upon SAW devices for all filtering needs. 
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RF Circuit Designers 

Reduce turnaround time and cut mask costs 
when you use our software postprocessors to 
directly photoplot board artwork. Stop cutting 
and peeling Rubylith . Our postprocessors 
convert AutoCAD, EGS, Generic CADD, or 
Calma drawings into Gerber photoplotter code. 

PHOTOPLOTTERS 
ACS 500 DXF to Gerber 
ACS 600 GDSII to Gerber 
ACS 700 HP EGS to Gerber 

TRANSLATORS 
ACS 800 EGS to AutoCAD DXF 
ACS 1000 MiCAD to AutoCAD 
ACS 3500 AutoCAD to GDSII 
ACS 3600 EGS to GDSII 

Call or write for our application notes describing 
how to photoplot hybrid circuits directly from 
your CAD database. 

Artwork Conversion Software, Inc. 
1320 Mission St. #5, Santa Cruz, CA 95060 

408/426-6163 Fax: 408/ 426-2824 
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RF Design Awards ★ ★★★★★★★★★★ 

The DESIGN Contest 

Grand Prize 
HP 8591A Spectrum Analyzer! 

provided by Hewlett-Packard Company 

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

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

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

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

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

Second Prize 
RF System Simulation Software! 
provided by TESOFT 

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

Third Prize (Both Contests) 
RF Component Package! 

provided by Adams-Russell, ANZAC Division 

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

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

For Contest Rules, See the 
January Issue off RF Design, 

Pages 30-31 

Entries Must Be Postmarked By 
March 30, 1991 and Received 
No Later Than April 10, 1991! 

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

A Special Prize That Any 
Entrant Might Win! 

This Consolation Prize will be 
awarded to an engineer drawn at random 

from all of the non-winning entries. 
Even if you don’t capture 

First, Second or Third Place 
in either contest, you could win 

this valuable prize! 
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The PC SOFTWARE Contest 

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

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

Second Prize 
S/FILSYN Student Edition! 

provided by DGS Associates 

S/FILSYN provides designers with highly 
professional filter design and synthesis 
software, handling all filter formats— 

passive, active, microwave, digital, and all 
passband/stopband configurations. The 
student edition, distributed exclusively 

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

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

Consolation Prize 
RSG-10 Signal Generator 
provided by Ramsey Electronics, Inc. 

The RSG-10 is a synthesized signal generator designed 
for engineering, general testing, or production. 1 kHz to 
1 GHz frequency coverage is provided, with calibrated 
AM/FM modulation, and output of -130 to +10 dBm. 
A programmable memory can store and execute up to 
20 test setups. 
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RF Design Software Service 
Computer programs from RF Design, provided on disk for your convenience. 

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

Disk RFD-0391: March 1991 
This month's disk contains "NOVA" by Robert Stanton, a noted circuit analysis 
program which can do 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, addi¬ 
tional documentation, 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 Trilithic. 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 5/4’. $82 00 
for 3/2'. 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 (5/4 in.) or $10.00 (3/2 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 (5/4 in.) or $100.00 

(3/2 in ) Specify starting date. For subscribers outside the U.S. 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 

INFO/CARD 100 

Interested in a product 
or service in this magazine? 

Reader Service Card 

Fill out the card 
on page 83 

to receive information. 
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RF software 
Power Amplifier Design 

Release 1.03 of the HE PA series of 
program modules for high efficiency RF 
power amplifiers (as well as linear amplifiers 
driven into saturation). The simulation is 
approximately 1000 times faster than SPICE, 
and other program modules provide functions 
not available in SPICE. The programs run on 
IBM-PC compatible computers with 384 kB 
or more of RAM. Module prices start at $345 
in North America, $520 elsewhere. The 
complete set of modules sells for $1150 to 
$1950 in North America, $1770 to $3000 
elsewhere. 
Design Automation, Inc. 
INFO/CARD #234 

Circuit Reference Database 
Circuit Search announces Version 1.08 of 

their database of reference articles contain¬ 
ing practical electronic circuits. Nearly 12,000 
articles and papers from over 250 technical 
and scientific journals and magazines are 
contained in the database. These sources 
cover disciplines where electronics are ap¬ 
plied. The database is installed on a hard 
disk, using an IBM-PC compatible computer, 
and can use either its own menu-driven 
front-end to locate circuits using keywords, 
or it can be used with a dBase” IH/dBase III+ 
compatible database management program. 
Pricing is $375.00, including one semi-annual 
update. Additional updates are $40.00 for 
one, $65.00 for two. 
Circuit Search 
INFO/CARD #233 

IC Product Database 
With the Integrated Circuit Technology 

Database from Cypress Information Re¬ 
sources, users can access the offerings of 
over 350 IC companies. A few of the 
classifications included in the database are 
ASIC, VMEbus, VXIbus, PSK and FSK mo¬ 
dems, linear, HDTV, audio, DSP, op amps, 
oscillators, DDS, satellite, cellular and others 
using ECL, GaAs, CMOS, TTL or other 
fabrication technologies. The license for the 
database is available for $250, which in¬ 
cludes the data diskettes, a printed version 
of “The Integrated Circuit Product & Market 
Guide” and an instruction manual. 
Cypress Information Resources 
INFO/CARD #232 

EMI Modeling 
GEMS (Graphical EMI Modeling Spread¬ 

sheet) is a software tool which allows engi¬ 
neers to lay out the elements of most 
frequency domain EMI situations as graphic 
elements in a spreadsheet format. The 
software contains a library of common EMI 
sources, coupling paths, victims, and transfer 
functions. Results are exportable as bitmaps 
to most word processors and graphics pro¬ 
grams. The program requires the Microsoft 
Windows 3.0 operating system. List price is 
$3900. 
Atkinson Engineering 
INFO/CARD #231 
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RF literature 
Catalog On-Disk 

Litton Electron Devices announces a new 
catalog on an IBM PC compatible computer 
disk, featuring their traveling wave tubes, 
power supplies and subsystems. Product 
information is accessible by application, 
product type, or product number. Applica¬ 
tions include ECM, radar, communications 
and instrumentation. All tube and power 
supply data may be printed from the screen. 
Monochrome, EGA and VGA monitors are 
supported. 
Litton Electron Devices 
INFO/CARD #250 

1991 Catalog 
The Standard Product Catalog from ILC 

Data Device Corp, includes power hybrids, 
solid-state power controllers, data convert¬ 
ers, and 1553 data bus products. A compre¬ 
hensive listing of applications notes is also 
included. General technical information aug¬ 
ments the detailed product data, along with 
information on the company’s engineering, 
design and manufacturing capabilities. 
ILC Data Device Corp. 
INFO/CARD #249 

Analog ICs 
A new short-form catalog is available from 

Maxim Integrated Products, with complete 
listings of commercial and military products. 
Products included are A/D and D/A convert¬ 
ers, DC-DC converters, RS-232 interface 
devices, amplifiers, buffers, video products, 
analog switches, multiplexers, active filters, 
and voltage detectors. 
Maxim Integrated Products 
INFO/CARD #248 

Selection Guide on Disk 
Burr-Brown announces the High Perform¬ 

ance Electronics Selection Guide disk for IBM 
PC-compatible computers. The disk contains 
over 1250 component models with cross-
references, pricing, sales and ordering infor¬ 
mation. Analog circuit functions, A/D and D/A 
converters, operational amplifiers, multipli¬ 
ers, and instrumentation amplifiers are among 
the products listed. A new product section is 
included and updates can be down-loaded 
from an electronic bulletin board. 
Burr-Brown Corp. 
INFO/CARD #247 

RF Assembly Services 
RF and Microwave assembly services are 

described in a new brochure from Matrix 
Corp. The company's capabilities for building 
and testing to customer specifications are 
described, including MIL-STD-2000, WS-
6536, and MIL-I-45208. 
Matrix Corp. 
INFO/CARD #246 

Power Tube Brochure 
Burle Industries has released a new cata¬ 

log describing their power tubes and associ¬ 
ated circuit components. Output capabilities 

range from a few watts to megawatts, and 
frequencies covered are from DC to over 
1400 MHz. Products include broadcast, com¬ 
munications, and special purpose tubes. 
BURLE INDUSTRIES, INC. 
INFO/CARD #245 

Solid-State Temperature 
Switches 

Solid-state temperature switches are listed 
in a new brochure from Cambridge Aeroflow, 
Inc. These products, available in SIP or 
stand-alone packaging, are a reliable alterna¬ 
tive to mechanical thermostats, and can be 
mounted almost anywhere in cooling air flow. 
Cambridge Aeroflow, Inc. 
INFO/CARD #244 

Low-Threshold MOSFETs 
Fifteen new MOSFETS with low threshold 

voltages are described in this new brochure 
from Siliconix. Designed for instrumentation, 
power control, telecommunications, and mo¬ 
tion control, these devices feature 3.5 V 
(n-channel) and 4.5 V (p-channel) threshold 
voltages for compatibility with 5-volt CMOS 
logic. Low ON resistance and fast switching 
times and 20-400 V breakdown voltages are 
additional features. 
Siliconix Inc. 
INFO/CARD #243 

19-inch Card Frames 
RITTAL Corp, has published their new 

Uniset iS/Varioset iS brochure, describing 
over 44 different card frame kits to meet 
users' specifications for applications requir¬ 
ing modular construction and flexible layout. 
This updated brochure includes updates to the 
line introduced since publication of their Hand¬ 
book 26, a complete product line catalog. 
RITTAL Corporation 
INFO/CARD #242 

RF/IF Signal Processing 
Components 

Lorch Electronics announces their new RF and 
IF Signal Processing Components Catalog, 
with a complete listing of all Lorch products, 
including couplers, mixers, filters, switches 
and more. Also outlined are the company's 
capabilities for custom designs and integra¬ 
tion into modules and subassemblies. 
Lorch Electronics 
INFO/CARD #241 

Ceramic Resonators 
Two brochures from Trans-Tech, Inc. describe 

new ceramic resonator product lines. The first 
is their Coaxial Resonator and Inductor 
brochure, with detailed information on high 
Q ceramic coaxial line elements for use in the 
310 to 4800 MHz range. The Dielectric 
Resonator brochure covers both dielectric 
resonators and temperature compensated 
ceramic products with design considerations 
for oscillator, filter and MIC applications. 
Trans-Tech, Inc. 
INFO/CARD #240 

DDS+PLL 
VDS-1700 Frequency Synthesizer 

SCITEQ'S VDS-1700 series of frequency 

synthesizers combines patented direct-digital 

circuitry with phase-locked loop (PLL) 

technology. Versions covertoctave ranges 

from 200 MHz to 2.4 GHz. At 100 Hz offset, 

phase noise is typically >20dBc better than 

that of single-loop designs. 

EXAMPLE: VDS-1702 

• Operating range 400-800 MHz 

• Step size 25 kHz or 10 kHz 

• Control 22 bit BCD, TTL 

• Spurious -70dBc @ 25 kHz steps 

• Power <18W 

Hz offset 

VDS-1700 products can achieve excellent 
resolution with modest division ratios, so the 
result has good phase noise and is relatively 
insensitive to mechanical disturbance and 
vibration. Available at commercial 
or MIL quality levels. 

SCITEQ Electronics, Inc. 
8401 Aero Drive 
San Diego, CA 92123 
(619) 292-0500 
FAX (619)292-9120 
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STANFORD TELECOM offers the most comprehensive 
selection of numerically controlled oscillators (NCOS), 
DOS boards and chassis assemblies in the industry. 

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

STEL-1175 
STEL-1176 
STEL-1177 
STEL-2172 
STEL-2173 

60 MHz, 32-bit, Phase Modulated 
80 MHz, BCD/Decimal, high speed CMOS 
60 MHz. 32bit, full PM. FM. & Quadrature 
300 MHz, ECL. 28-bit 
1 GHz. GaAs, 32-bit. BPSK. QPSK 

BOARD LEVEL DOS 

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

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

2421 Mission College Boulevard 
Santa Clara. CA 95054-1298 

STEL-1272 
STEL-1273 
STEL-1275 
STEL-1375A 
STEL-1376 
STEL-1377 
STEL-1277 
STEL-2272 
STEL-2273 

based on 11 72B. 0-20 MHz 
based on 1173, 0-20 MHz 
based on 1175, 0-25 MHz 
miniature assembly based on 1175 
miniature assembly based on 1176 
miniature assembly based on 1177 
based on 1177, 0-25 MHz 
based on 2172. 0-130 MHz 
based on 2173. 0-400 MHz 

STANFORD CHASSIS-LEVEL DOS 
STEL-9272 based on 2172 
STEL-9273 based on 2173 
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Reader Survey: Direct Digital Synthesis 

Please take a few minutes to complete the following survey. 
This information will help us determine what you want and need to know 

about products for Direct Digital Synthesis (DDS). 

1) On a scale of 1 through 10 (1=low, 10=high), please rate your knowledge of DDS products and 
techniques 

2) Using the same scale, how much do you enjoy reading articles in RF Design about applications 
of DDS? 

3) Which suppliers do you think of for DDS products? 
A)- B)- C)-
D)- E)- F)-

What types of Direct Digital Synthesis products do you use? 
Integrated Circuits _ Board-Level Subsystems _ 
Modular Synthesizers_ Quadrature Outputs _ 
Modulated Waveforms _ Other (specify)_ 

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

Military _ 

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

7) When considering DDS products, 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 DDS products for 
your RF applications: 
Price _ Delivery _ Performance _ 
Technical Support _ Other (specify)_ 

9) In what frequency range is your primary work? 
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 DDS products? 

11) If you would like to be contacted by the manufacturers of DDS products who advertised in this issue, 
please complete the following: 

Name _ Company _ 
Add ress _ M S_ 
City_ State _ Zip_ 
Telephone _ FAX_ 

THANK YOU FOR YOUR ASSISTANCE! 

FAX FAX FAX FAX FAX (303) 773-9716 FAX FAX FAX FAX FAX 
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THE LIBRARY FOR BACK ISSUES! 

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. 

Volume I Volume II 
Filter Applications Handbook Filter Design Handbook 

THE FILTER HANDBOOKS WILL BEGIN SHIPPING MARCH 1ST, AND 
YOU CAN SAVE 25% BY ORDERING BY MARCH 31ST, 1991! 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 $34.95 per set, plus postage. (If ordered by March 31 1991: 
after April 1st, pay $44.95 plus $5 postage.*) 

Yes, ship me (QTY) _ Filter Applications Handbooks, Volume I, ONLY at $19.95 each plus postage. (If ordered by 
March 31, 1991: after April 1st, pay $24.95 plus $3 postage*.) 

Yes, ship me (QTY) _ Filter Design Handbooks, Volume II, ONLY at $19.95 each plus postage. (If ordered by March 31, 1991: 
after April 1st pay $24.95 plus $3 postage*.) 

’non U.S orders please double shipping charges. 

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

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

( ) 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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MARKETPLACE 
WHEN YOU ARE READY TO BUY-SELL-RECRUIT 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. 

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 

RF & MICROWAVE 
INSTRUMENTS 

& ACCESSORIES 
ON ALL 
MAJOR 

MANUFACTURERS 

ACCUTEST INSTRUMENTS, INC.* 
SALES • SERVICE • RENTALS 

RT St« • MILLSTONE ROAD • CLARJCSBURG NJ 0M10 
009 269 0460 • 800 624-0747 • FAX 609 269-0227 

BUY-SELL-TRADE 
FOR ONLY 

$175/M0. 

m^'ngineeringopportunities 

CELLULAR ENGINEERS 
RF System Design Engineers 
U S WEST Cellular, a progressive leader in the cellular communications in¬ 
dustry, has immediate openings for domestic and international RF System 
Design Engineers with expertise in the following areas: 

• RF system design experience (450, 800, 1800 Mhz preferred) 
• RF propagation modeling 
• Interconnect network design 
• Engineering economic analysis 
• USEE or equivalent education 

Headquartered in Bellevue, Washington, a suburb of Seattle, U S WEST Cel¬ 
lular currently operates 28 cellular markets in the 14 state U S WEST region 
and San Diego, California. In addition, U S WEST Cellular is actively in¬ 
volved in the design and implementation of international cellular systems in 
Eastern Europe and Russia. In the rapidly growing cellular industry, these 
positions will play an integral role in the long-term planning and design of 
U S WEST Cellular’s existing and proposed cellular systems. 

If a fast-paced, creative work environment with challenging opportunities 
meets your career objectives, please send a resume to: Sandee Sebring, 
U S WEST NewVector Group, Engineering Dept., P.O. Box 7329, 
Bellevue, WA 98008-1329. Any offer of employment is contingent upon 
passing a pre-employment drug test. EOE m/f/h/v. Women and minorities 
are encouraged to apply. Principals only. 

LlßiMESr 
NEW VECTOR GROUP 

PROMOTE 
YOUR 

PRODUCTS 
FOR 
ONLY 

$400/M0. 

OM 

»ZZ0-0600 
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The Future 

For over four decades, Los Alamos National 
Laboratory has challenged the frontiers of 
science, researching an exciting range of 
phenomena. Pioneering men and women 
of science have accomplished breakthrough 
discoveries in many areas, combining basic 
sciences with engineering disciplines and 
technological advances. As one of the 
largest multiprogram national laboratories in 
the United States, we are also internation¬ 
ally recognized as one of the most presti¬ 
gious scientific institutions in the world. 

Electrical Engineers 
Responsibilities include working with 
engineers and technicians on maintenance, 
development and operation of rf systems at 
Los Alamos Meson Physics Facility 
(LAMPF). Systems include gridded tubes, 
klystron and solid state devices at frequen¬ 
cies from 10 MHz - 800 MHz and megawatt 
power levels, as well as modulation, analog 
closed loop control, signal conditioning and 
protection. Additional responsibilities may 
include engineering support of experiments 
and new projects. 

To qualify, you must have professional 
experience in high power rf or pulse 
systems and hands-on experience with high 
power large scale electrical/mechanical or 
electronic systems. In addition, you should 
have formal training in E/M theory, rf/ 
microwave techniques, high frequency 
amplifier design or analog closed loop. 
Excellent interpersonal skills are required; 
supervisory experience is desired. 

Positions require a Bachelor’s or Master’s 
degree in Electrical Engineering or the 
equivalent combination of education and 
experience. 

To formally apply for these positions, you 
must reference Job Number 00572 on your 
resume. Interested candidates should 
forward a resume to Molly Birely 
(MS P280), Personnel Services Division 
00572-A, Los Alamos National Laboratory, 
Los Alamos, NM 87545. 

Affirmative Action/Equal Opportunity 
Employer. Must be able to obtain a Depart¬ 
ment of Energy Security Clearance. 

_Los Alamos 
NATIONAL LABORATORY 

Accutest Instruments, Inc. 81 
Advantest America, Inc. 35 
American Technical 
Ceramics Corp. 18-19 

Amplifier Research . 14 
Amplifonix . 36 
Andersen Laboratories . 86 
Artwork Conversion Software, Inc. 73 
Avantek . 60-61 
Bal Seal Engineering 
Company, Inc. 47 

Besser Associates . 55 
Bliley Electric Company . 63 
Cal Crystal Lab, Inc. 53 
California Eastern Laboratories . 27, 29 
Cincinnati Electronics . 73 
Coilcraft . 17 
Communication Concepts, Inc. 30 
DAICO Industries, Inc. 4 
Dale Electronics . 52 
DGS Associates, Inc. 12 
Eagleware . 48 
E.F. Johnson, Inc. 53 
Elcom Systems . 8 
ENI, Inc. 21 
Ericsson GE Mobile 
Communications . 41, 43 

Gennum Corp. 22 
Hytek Microsystems, Inc. 63 
IEEE/MTT-S IntT. 
Microwave Symposium . 31 

IFR Systems, Inc. 3 
Integrated Microwave . 37 
JFW Industries, Inc. 46 
Johanson Manufacturing Corp. 62 
Kalmus Engineering 

International, Ltd. 10-11 
K&L Microwave . 25 
KVG . 58 
Lark Engineering Company . 23 
Loral Microwave—FSI . 2 
M/A-Com Control 
Components Division . 33 

M/A-Com Omni Spectra, Inc. 40, 45 
M/A-Com Semiconductor 

Products Division . 13 
Merrimac . 15 
Motorola Inc.—Ceramic Products . 44 
Murata Erie . 69 
Noise/Com, Inc. 7 
Oscillatek . 8 
Penstock Engineering, Inc. 47 
Programmed Test Sources . 49 
QUALCOMM, Inc. 64 
Ramsey Electronics . 52 
RF Design Awards Contest . 74-75 
RF Design Filter Handbook . 80 
RF Design Software Service . 76 
RF Prototype Systems . 81 
RF Solutions, Inc. 59 
Sciteq Electronics, Inc. 77 
Siemens Corp. 50 
Sprague-Goodman . 39 
Stanford Telecom . 78 
Steinbrecher . 20 
Surcom Associates, Inc. 67 
Temex Electronics, Inc. 69 
Time & Frequency, Ltd. 67 
Toko America, Inc. 85 
Trilithic . 38 
TTE, Inc. 62 
Viewlogic Systems, Inc. 9 
Voltronics Corporation . 83-84 
Werlatone, Inc. 6 
Wide Band Engineering 
Company, Inc. 54 
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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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