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OUR StARS HAVE EARNED OUR STRIPES,

Acrian is America’s foremost man-
ufacturer of application specific
semiconductor power transistors.

That's why it’s no accident that
Acrian is also the largest supplier
of VHF and UHF FETs to the
U.S. Military.

The Army's SINCGARS
manpack radio utilizes

Acrian FETS for
long-range/short- range
vehicular communications
Photo courtesy of ITT Aerospace/Optical Division.

They know that when gain and
stability are the major concern for
broadband performance, Acrian
FETSs have proven themselves
under even the most extreme con-
ditions to offer greater gain and sta-
bility than the equivalent bipolar.

Gain (dB)

And because Acrian FETSs offer
greater gain/bandwidth capabili-
ties, they lend themselves to more
applications, as well as signifi-

cantly reducing design cycle time.

Take for instance the Acrian
UMIL4OFT, a 40 Watt broadband
UHF FET, capable of providing
12dB of gain across a 100 to 500
MHz band.

15 /\
10

5 Vds = 28 Volts

ldg = 0.8 AMPs

Pour = 40 Watts Frequency (MHz)

100 200 300 400 500
The UMIL40FT produces a

remarkably small, well defined
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stability circle, enabling the wide-
band amplifier designer to easily
identify and avoid areas of poten-
tial instability.

At Acrian we have an ongoing
commitment to technical leader-
ship, quality control and in-depth
service and support.

Which means we can offer our
customers a larger number of
power solutions.

We find they appreciate that.

For information on Acrian
products call (408) 294-4200.

A"II E POWER SOLUTIONS

490 Race Street
San Jose, California, U.S.A. 95126




Frequency Response
Made Affordable

'A-7550 Spectrum Analyzer with Built-in
Tracking Generator for under $8500°

The IFR A-7550 Spectrum Analyzer with its optional A-8000 superior amplitude and frequency measure-
built-in Tracking Generator may be all the test ment capability previously unavailable on spectrum
equipment you need to test the frequency response  analyzers in this price range.
of any frequency selective device between 10 kHz In addition to the Tracking Generator, other
and 1000 MHz. For higher frequency devices, the available options—such as an Internal Rechargeable
A-8000 Spectrum Analyzer with its optional built-in Battery Pack, AM/FM/SSB Receiver, RS-232 or
Tracking Generator can characterize frequency IEEE-488 Interfaces, and Quasi-Peak Detector—allow
responses up to 2600 MHz. the A-7550 and A-8000 to be custom configured
With either analyzer you get a rugged, portable to solve many other RF testing needs.
instrument that is equally at home in the field, on For more information or a demonstration,
the manufacturing floor, or in the laboratory. contact your local IFR distributor or
Other standard features of both the A-7550 and : representative, or contact IFR
A-8000 include a synthesized RF system, +30 dBm to directly at 316/522-4981.
-120 dBm amplitude measurement range, 1 kHz per I 4
division frequency span, and 300 Hz resolution IFR SYSTEMS, INC. oW,
eI NoaSs R INESV TR e U Sl 10200 West York Street / Wichita, Kansas 67215-8935 US.A. & i

Phone 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623 N s
INFO/CARD 2 See us at RF Expo/East, Booth #401.
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(s Pre-formed leads

[ No special soldering techniques required
{1 Visible solder joints easily inspected

[] Low stress design protects glass seals.

DAICO surface mount packages with their unique, proven design will
meet your demanding military requirements. A full line of surface mount
switches and attenuators is now in production. Call or write for details.

DAICO INDUSTRIES, INC.
2139 East Del Amo Blvd., Compton, CA 30220

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

£1988 Darco Invnstnes, inc mpB88489
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Page 44 — Complex Waveform Generator
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Modulation, Signals and Noise
This month’s featured segment of RF technology is a central issue for nearly every
engineer.

Featured Technology

29

44

56

Envelope Detection and A.M. Noise Figure Measurement

The envelope detector and weak-signal reception of a double sideband plus carrier signal
are discussed in this article. Also covered is determination of the noise figure in an
AM receiver from a sensitivity measurement. — William Sabin

RF Testing with Complex Waveforms
Digital-synthesis based signal simulation offers many benefits for product development
and testing. The surge in complex modulation requirements has created a demand for
advanced test and measurement equipment with capabilities beyond conventional RF
signal generators. This article will familiarize the reader with these new tools.

— Greg Lowitz and Chris Pedersen

System Noise Analysis Using Spreadsheets

Computer spreadsheets are increasingly being recognized as useful tools for the RF
engineer, and not just for preparing budget estimates. They have been found useful
for radar system parameterization, pulse transformer design, switch mode power supply
design and other applications. Their use in system noise analysis is presented in this
article. — John Bordelon and David Hertling

Page 72 — Improving Notch Filters
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of Argus Press Holdings, Inc., 6300 S. Syracuse Way, Suite 650,
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RFI/EMC Corner — Electrostatic Discharge as an EMI Issue
ESD problems have become an acute problem in recent years, as electronic devices
have decreased in size and increased in speed. Any equipment designer responsible
for EMI control must also consider ESD effects since ESD becomes an EMI issue when
discharge occurs. — Harvey Morgan

Designer’s Notebook —

Circulator Improves Notch Filter Selectivity

By adding a circulator and an adjustable stub tuner to a basic reflective notch filter,
a much narrower absorptive notch filter can be produced. The circulator and stub tuner
completely change the way in which the transmission null is achieved.— Gary Thomas

New Products Featured at RF Expo East
Attendees of RF Expo East 88 will have a chance to see these newly introduced RF
components, instruments, modules and more.
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HIGH POWER
COUPLERS

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

See Gold Book and Microwave & RF
Product Directory for Additional
Products.

*\uuro

P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187

decades ahead TWX 510-600-0747

X  WERLATONE INC.
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Making Room for HDTV

By Gary A. Breed
Editor

he first time | saw a demonstration of

high definition television (HDTV), |
was ready to go out and buy an HDTV set,
if there were any available. If you haven’t
seen it, imagine television with the quali-
ty of 35 mm film. With this kind of picture
quality, HDTV is unquestionably the next
step in the delivery of television program-
ming. The problem, however, is that it re-
quires more bandwidth than current meth-
ods, and requires government (FCC)
policy decisions.

With their recent “tentative decision” on
HDTV, the FCC has given the U.S. televi-
sion industry some tough technical and
political challenges. The technical chal-
lenges will have a profound effect on
many AF Design readers who work on
video, broadcast, satellite, or cable TV
equipment. The political decisions will af-
fect us all as consumers.

The shortest summary of the FCC deci-
sion is this: the eventual HDTV system im-
plemented in the U.S. must be downward-
ly compatible with the current NTSC
method, and must be capable of broad-
cast on terrestrial TV stations, within the
spectrum now allocated for TV. One result
of this decision is that the original system
developed by the Japanese cannot be
used in the US. — it’s not compatible.
Another aspect is that the economic in-
terests of broadcasters are served, con-
sistent with recent government policy.

It is easy to see the technical problems.
Getting the most information in a given
bandwidth is an ongoing problem for RF
engineers. Transmitting four times as
much data in a channel only 1%2 or two
times as wide is real challenge. Accom-
modating existing services is another
tough requirement in the HDTV equation.

The situation is now somewhat chaotic.
There are at least 17 proposed methods
of broadcasting HDTV in the U.S. Some
make more efficient use of the 6 MHz
channels currently allocated for TV sta-
tions, some use those channels plus
another 3 MHz for additional picture in-
formation, and others use a second 6
MHz channel for the additional band-
width. The FCC will have the difficult task
of deciding which system will be the U.S.
standard.

As an industry observer, | am con-
cerned that a good technical choice will
be made by the FCC, given their awkward
handling of AM and TV stereo standards.
| worry that the compatibility requirement
might exclude the best methods. As a
consumer, I'm concerned that “market-
place” considerations might keep me
from getting all the quality that HDTV of-
fers. My TV set is 14 years old. Will it last
until | can get that HDTV set I've been
wanting?

Major improvements in technology
don’t come along all that often, and when
they do, we need to be ready. Unless
something happens quickly, the U.S. will
be the last place HDTV is implemented.
Japan already has it developed, and
Europe appears to be well on the way.
Before long, consumers will demand
HDTV, just like they demanded VCRs and
CDs. If the U.S. doesn’t have the stan-
dards and the products to support them,
the rest of the world will be waiting with
theirs.

/jﬂ Zf%wé



Any Way You Want!
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4 Avariteldr()ff‘jb‘r,.s the Widest |
Selection of Wideband Bilicon

MMIC Amplifiers ||

Now the tfade off between petformance;”

| package and price is easier. Avantek has a
package/die combination that offers the
ideal solution to your overall-system per
formance and cost goals. Our MODAMP™
series, DC to 6 GHz silicon MMIC wideband
amplifiers, includes-eleven- different ampli-
fier die types and nine package options.
A total of more than 70 different models.
These MMIC amplifiers are available with
a wide spectrum of performance options
to satisfy nearly every design need....
Minimum noise figures as low as 2.8 dB,
gains as high as 33 dB, and Pigg as high as
29dBm.

Packages —
Low Cost to High Rel

The MMIC performance you need is available
in a range of packages to fit your overall
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628 2Ry
& 20 L MSA-01/06 \\ 18
! & ‘ g 15 .usn-oz/naxm‘/T \\‘
L i y ’ T IR Ea
3 ol € 5 T MSA-09
‘,. -, o [iGE BN
¥a 9 DRI R) 2 €. ~5AT
(nl e l f \ ' FREQUENCY (Hz)
_?_T—f_—‘i._{i -_T % ' —J—_‘ { | .‘ 9 ;-k‘:-Ai
‘ i 2 P A s 1 M
< SRR
+ v—- L - w-r .,4‘ _‘ et ) ".. |
[‘ . ALK
-ty i . B oy

¥ 14" ve s

system design and cost needs. Avantek’s
new Package “86” (85 mil surface mount
plastic package) combines premium per-
formance with low cost. Both Package “86”
and the industry standard SOT-143, are avail-
able on tape and reel, making them ideal
for low cost, high volume applications. For
high reliability applications, such as space
or military environments, we offer MODAMP
MMICs in a range of hermetic metal /ceramic
packages. MODAMP packages include:

¢ SOT143 Plastic  © micro-X Stripline
* 4-Pac Plastic * 70 Mil Hermetic
* 85-Mil Plastic « 100 Mil Hermetic
* 85-Mil Plastic * 200 Mil BeO
Surface Mount 230 Mil Flange
INFO/CARD §

See us at RF Expo/East, Booth #411.
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Available in Quantity for |
Volume Mplicaﬁons

AL R RS

Avantek presently produdes more than|
1,000,000 MMICs. per-month. So you can.

be assured the MMICs you need will be
available to Support your volume production
programs. And, all MODAMP MMICs are
in stock at your local Avantek distributor.
For additional information, or the name
and address of your local distributor, contact
the regional sales office nearest you.

Regional Sales Offices

North America
Eastern:  (301) 381-2600
Central:  {214) 437-5694
Western:  (805) 373-3870
European: ~ (44) 276-685753
3175 Bowers Avenue

Santa Clara, California 95054-3292




100W RF
Power
Generators

MCL RF POWER GENERATORS are solid state main frame assemblies
with a frequency range from 10 to 2500 MHz. Main frames are available
for 115VAC, 60 Hz and for 208/220/240VAC, 50 Hz.

Standard models provide optimum reliability and stability with custom
models available for specific design requirements. Features include
short and open circuit protection, regulated power supply voltages,
internal square wave modulation, external AM modutation, external
pulse modulation, power output variable 500mW to maximum, overload
protected with overload indicators.

STILL ALSO AVAILABLE: Model 10270, “4-in-One” 1000 Watt RF, CW
POWER AMPLIFIER SYSTEM...40 to 1000MHz coverage in one
complete package. Write for details.

Write or call MCL today and
request your FREE copy of
brochure for details and
technical specifications.

M c : | MCL, INC.
501 S. Woodcreek Road
Bolingbook, IL 60439
312-758-9500 TWX 910-683-1899

Manufacturers of TWT and Klystron Amplifiers for Satellite Communications.

24-Hour Sales and Technical Supoort for Immediate Service Worldwide.
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american
technical
ceramics

CORP.

News From ATC

Published by ATC November 1988

48 Hour Shipment
for 250 Capacitors
or Less.

ATC is the industry lcader for quality, rugged,
reliable UHF/Microwave Capacitors. Our new
QUIR-PICKR™ System launches our commitment Lo
be the leader in service and customer satisfaction.
At American Technical Ceramics, we know the
importance of your deadline.

At ATC,
Deadlines Are No Joke.

[Eoa
[] Call me. 1 have immediate requirements.

[1 1 want more information. Please send me ATCs 3-Ring
Binder Product Catalog.

(] Put me on your mailing list.

NAME/TITLE

COMPANY

ADDRESS

CITY/STATE 7P

PHONE

Mail to:
American Technical Ceramics, \dvertising Dept.

£ 1988, American Technical Ceramics, Corp.
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One Norden La.. Huntinglon Station, NY 11746-2102 o, 1188 |

american technical ceramics CORP.

New From ATC:
Tuning Sticks

Seleclt the capacity value your
circuit needs with ease.

Now during bench test or design. value selection
can be achieved without soldering capacitors in.

A Tuning Stick consists of an ATC 100 Series

Superchip® permanently attached to a
non-conductive holder.

The Stick material is selected so that its effect
on the capacitance value and Q is minimal.

Tuning Stick Kits are available off the shelf.
Request ATC TS1001.

$ 9 5 48 Hour QUIK-PICK ™
Shipment.

Tuning Stick Kits contain 20 values:

CAPACITY CAPACITY
VALUE (pf)|TOLERANCE|  [VALUE (pf)|TOLERANCE
01 a7
0.5 e 56 c
1.0 6.8
1.2 8.2
15 10
18 N 47 d
210 68
27 100
33 470 2
39 1000
TOLERANCE CODE: B = =0.1pf;C = +0.25pf;J = +5%;
K= +10%
INFO/CARD 8

one norden lane, huntington station, n.y. 11746-2102 « 516-271-9600 » telexes 221201 - 825707 « fax 516-271-9615
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Sure, for out-of-band testing, the HP
8642Bis an excellent 2GHz signal
generator. But for many other appli-
cations, the Fluke 6062A may fit
your needs just as well. At nearly
1/3 the price.

Choosing the right 2GHz programma-
ble RF signal generator doesn't have to
be a painful decision. You have two good
choices. .. at two very different prices.

Fluke 6062A Signal Generator.
$10750

For off-channel testing, where spectral
purity is critical, the $31,500 HP 8642B
iS a good choice, despite the bite it takes
from your budget.

But for many applications, Fluke has
apainless alternative: The 6062A 2GHz
Signal Generator. At nearly one-third

the price, it may be the best signal gener-

ator for your application, not to mention
your budget.

Where pulse modulation performance
is important, the 6062A simply leaves
the HP 8642B behind. With a rise/fall
time of 15ns and on/off ratio of 80dB at
all frequencies, the 6062A has what it
takes to meet your most demanding
system requirements.

And when you need both repeatability
and confidence in your measurements,
the 6062A holds steady with level
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accuracy and linearity performance that
is simply outstanding.

0Of course, the 6062A is reliable and
gasy to use. And we stand behind it with
the best service and support in the test
and measurement business.

The 6062A is just one of a family of
Fluke RF signal generators, designed and
built to give you the maximum value for
the investment.

Hewlett-Packard 8642B Signal Generator.

$31,500

Challenge the 6062A's performance
inyour application. Call us toll-free at
1-800-44-FLUKE and arrange for a dem-
onstration. Then you decide. At a savings
of $20,750, you'll feel no pain.

Fluke 6062A

100kHz to 2,100MHz

+164Bm maximum output level
+ /- 1dB level accuracy
—60d8c spurious < 1GHz

AM, FM @M and pulse modulation

INFO/CARD 9

John Fluke Mfg. Co , nc., P.G Box C3090, M/S 250C. Everett, WA
98206.U.S (206} 356-5400. Canada (416) 830-7600 Europe

(The Netherlands) 040-4580455 Other countries (206) 347-6100
£1988 John Fluke Mtg Co , Inc. All rights reserved. HP and Hewlett-
Packard are trademarks of Hewlett-Packard Co. All prices are manu-
facturers'U.S tist. Specifications and prices subject to change without
notice. Ad no 0281-F6062

FLUKE

See us at RF Expo/East, Booth #526 & 528.



A New
Twist On
Performance.

The Crimp Connector Challenge.




rFletters

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

Osciltator Observations

Editor:

The article “Quartz Crystals and
Aperiodic Oscillators in RF Systems,
Part II” (September 1988, RF Design)
claims that the Pierce oscillator circuit
is more stable than the Colpitts, and
that the Colpitts will oscillate at a higher
frequency when using the same crystal.
In fact, for equivalent circuit values, the
two circuits will operate identically since
both use exactly the same circuit topol-
ogy.

Assuming a bipolar transistor is the
active device, and ignoring bias and
coupling components, each circuit con-
sists of a capacitor from collector to
emitter, another capacitor from base to
emitter, and a resonator from coilector
to base. The output is typically coupled
between collector and emitter. A Colpitts
oscillator can be converted to a Pierce,
and vice versa, simply by redefining the
ground reference.

While it is common to include a tuned
circuit at the output of a Pierce oscillator,
the same could be done with a Colpitts
oscillator with the same effect. The
decision as to which circuit to use should
be based on convenience of biasing and
decoupling, not on any perceived differ-

ence in fundamental performance.

Colpitts

1l
— -|H

i

F

[—]

'L;;

Pierce

0

N Similar Z

Colpitts/Pierce comparison

Alan Bloom
Hewlett Packard Company
Santa Rosa, CA

Useful Network Theorems

Editor:

| am sure many of your readers are
using network theorems daily. | would
like to make available a condensed,
seven-page listing of up-to-date network
theorems. It contains the latest versions
of the Thevenin-Norton Theorem and
associated theorems, as well as a
“Coupled Egquivalent Generator Theo-
rem.” Interested readers should send a
45-cent stamped return envelope to:
SERCOLAB, Box 767, East Dennis, MA
02641.

Dr. Harry E. Stockman
SERCOLAB
East Dennis, MA

Correction

An incorrect address was given for
the Bio Electromagnetics Society
(BEMS) in the August 1988 RF De-
sign article “EMC Organizations and
Societies.” The Society’s correct ad-
dress is: 120 W. Church Street,
Frederick, MD 21701.

WBE

available. Quantity and O.E.M. pricing.

T

HYBRID POWER DIVIDER/COMBINERS 4

Models A66 and A67 are hybnd splitter/combiners with exceptional
bandwidth and performance for instrumentation and communications. Effects of
impedance changes, shunts, or disconnections ai one or more ports have a minimum
effect on the insertion loss or impedance match through the other ports due 1o the
high pori-to-port isolotation. This high isolation also minimizes intermodulation
problems caused by mixing between signal sources.

Each Modei A66 or A67 is individually tuned for optimum performance.
Connector options are available. 3-Way, N-Way, and Special Combiners are

RS SRy TV Tl Sl )

S s =

Isolation Max Max Pnce
Freq. VSWR Loss (max) (W'ilh' matched Response Power Power with
Model N-Wa Range ) back-back input Flatness to to 50 ohm
2 MHz (R dB termination) dB Input Output BNC conns. :
.i
1-500 15:1 ¥ 20 25 i
GEY 2 $ .00 ‘
25-300 L1l 30 35 t1 i
1-500 15:1 7 20 1.25
AGGA 2 5 25 108.00
2.5-400 111 S 40 115 Watts Wais '
3-100 151 S 35 £2) i
Aool. 2 64.00 I
1-50 1.1:1 2 40 $.06 i
Ab6U 2 5-1000 1226] 10 30 ) 210.00 i
- -1 10 20 125
A67 4 e = 119.00 '
2.5-300 1.211 S 30 t1

WIDE BAND ENGINEERING C

DMPANY

f

INC !

P.O. Box 21652, Phoenix, AZ 85036

Phone 602-254-1570

1838 E. University Dr., Phoenix, AZ 85034 (j

RF Design
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»rF courses

UCLA Extension

Kalman Filtering I}
November 28-December 2, 1988, Los Angeles, CA

Microwave Circuit Design |
November 28-December 2, 1988, Los Angeles, CA

Microwave Circuit Design Il
December 5-9, 1988, Los Angeles, CA

Superconductive Electronics
February 7-9, 1989, Los Angeles, CA

Information: UCLA Extension, P.O. Bcx 24901, Los Angeles,
CA 90024-0901. Tel: (213) 825-1047

The George Washington University

New HF Communications Technology:
Advanced Techniques
December 12-16, 1988, Washington, DC

Optical Fiber Communications
December 12-16, 1988, Orlando, FL

Methods for Achieving Effective ECM Systems
January 9-13, 1989, Washington, DC

Modern Radar System Analysis
January 23-27, 1989, San Diego, CA

Intelligent Automated Target Recognition Systems
January 25-27, 1989, Washington, DC

Numerical Techniques in Electromagnetics
January 30-February 2, 1989, Washington, DC

Introduction to Electronic Warfare Receivers
February 1-3, 1989, Washington, DC

Radar Operation and Design
February 1-3, 1989, Washington, DC

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

R & B Enterprises

Real Life Solutions to EMI Problems
November 29-December 1, 1988, Philadelphia, PA

Grounding, Bonding & Shielding
November 21-22, 1988, Orlando, FL

MIL-STD 461C/462 Test Workshop
December 8-9, 1988, Philadelphia, PA

Information: Grant R. Brown, R & B Enterprises, West
Conshohocken, PA 19428. Tel: (215) 825-1960

14

EEsof, Inc.

Nonlinear Circuit Design
November 21-22, 1988, Westlake Village, CA

Information: Sandra Scoredos, EEsof, Inc., 5795 Lindero
Canyon Road, Westlake Village, CA 91362. Tel: (818) 991-7530

Interference Control Technologies, Inc.

Grounding and Shielding
December 5-9, 1988, Los Angeles, CA
January 23-27, 1989, Oriando, FL

Practical EMI Fixes
December 5-9, 1988, Las Vegas, NV
January 16-20, 1989, San Diego, CA

EMC Design and Measurement
December 12-16, 1988, Washington, DC

TEMPEST Facilities Design
January 16-20, 1989, Palo Alto, CA

Information: Penny Caran, Registrar, Interference Control
Technologies, Inc., State Route 625, P.O. Box D, Gainsville,
VA 22056. Tel:(703) 347-0030

Integrated Computer Systems

C Advanced Programming Techniques and Data
Structures

December 13-16, 1988, San Diego, CA

December 13-16, 1988, Washington, DC

CASE: Computer-Aided Software Engineering
November 22-25, 1988, Toronto, Ontario, Canada
December 6-9, 1988, Boston, MA

Digital Control Systems: Design Techniques and Tools
December 13-16, 1988, San Diego, CA
January 10-13, 1989, Washington, DC

Digital Signal Processing: Techniques and Applications
November 29-December 2, 1988, San Diego, CA
December 13-16, 1988, Washington, DC

January 17-20, 1989, Los Angeles, CA

Fiber Optic Communication Systems
November 29-December 2, 1988, Los Angeles, CA
January 10-13, 1989, Washington, DC

Image Processing and Machine Vision
November 29-December 2, 1988, San Diego, CA
December 6-9, 1988, Washington, DC

information: John Valenti, Integrated Computer Systems, 5800

Hannum Avenue, P.O. Box 3614, Culver City, CA 90321-3614.
Tel:(800) 421-8166; (213) 417-8888
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December 11-14, 1988

1988 IEEE International Electron Devices Meeting

San Francisco Hilton, San Francisco, CA

Information: Reedy Langevin, IEDM, 655 15th Street, Suite
300, Washington, DC 20005. Tel: (202) 639-5089

January 11-13, 1989

SC Global 89

Hyatt Regency, San Francisco, CA

Information: SCAA, 24781 Camino Villa Avenue, El Toro, CA
92630. Tel: (714) 586-8727

January 25-26, 1989

14th Annual San Diego Electronics Show

Del Mar Fairgrounds, Del Mar, CA

Information: Epic Enterprises, Show Management, 3838
Camino Del Rio North, Suite 164, San Diego, CA 92108.
Tel: (619) 284-9268

January 30-31, 1989

Electronic Warfare

The Catamaran Hotel, San Diego, CA

Information: Susan Call, Frost & Sullivan, Inc., 106 Fulton
Street, New York, NY 10038-2786. Tel: (212) 233-1080

February 12-17, 1989

IEEE 1989 Aerospace Applications Conference
Breckenridge, CO

Information: Harvey Endler, 15137 Gilmore Street, Van Nuys,
CA 91411.

February 14-16, 1989

RF Technology Expo 89

Santa Clara Convention Center, Santa Clara, CA

Information: Linda Fortunato, Cardiff Publishing Company,
6300 S. Syracuse Way, Suite 650, Englewood, CO 80111.
Tel: (303) 220-0600; (800) 525-9154

February 20-25, 1989

Asia Telecom 89

Westin Stamford and Plaza, Singapore

Information: Angelina Goh, Asia Telecom 89 Secretariat,
Singapore Telecom, 31 Exeter Road 26-00, Comcentre,
Singapore 0923. Tel: 65 730 3283

March 1-3, 1989

EMC Japan ’89

Sunshine City Convention Center, Tokyo, Japan

Information: Secretariat of EMC Japan, Japan Management
Association, 3-1-22, Shiba-koen, Minato-ku, Tokyo 105, Japan.

March 21-23, 1989

3rd European Frequency and Time Forum

Le Kursaal, Place Granvelle, Besancon, France

Information: A. Remond, 41bis, avenue de |'Observatoire,
25044 Besancon Cedex, France. Tel: 81.80.22.66

RF Design

SOLID STATE RF POWER?

10W to 1KW and HIGHER
1.5 MHz to 1800MHz
CLASS AB AMPLIFIERS
DECADE BANDWIDTHS
OFF-THE-SHELF AMPLIFIERS
SERIES BHE and BHC

CONTACT US FOR YOUR CUSTOM SOLID
STATE AMPLIFIERS AND SUB-SYSTEMS

LET OUR INNOVATIVE ENGINEERING
STAFF HELP YOU

é / @ [ [ POWER SYSTEMS TECHNOLOGY INC.

63 OSER AVENUE, HAUPPAUGE. NY 11788
516-435-8480/8597, Fax 435-4805, Telex 224234

INFO/CARD 12
See us at RF Expo/East, Booth #237.

...for high power density applications

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

Capacitance: 1.5-10,000 pF - Voltage: 2-30 kVp
Power: 2450 kKVA - Current: 5-50 Arms.
Manufactured by Draloric GmbH. Call now

for information including special design
assistance.

’ ﬂﬁlﬂfo,?ﬂ[lic‘fﬁallb~

109 Alfred Street, Biddeford, ME 04005 . Phone: (207) 284-5695
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1.0Hz to 70.0MHz
TCXO
SERIES 7010

LOW PROFILE
LOW POWER
LOW PRICE

Designed for commercial avionics
and telecommunications applications.

Stabilities: to +05 ppm

Output: HCMOS or TTL
Op. Temp: -55to +85°C
Package: 15 x 15 x 335"

Performance capabilities and Pricing vary
according to frequency, stability, output,
temperature and other specs.

A 100MHz +1.0ppm 0 to +50°C HCMOS
device would sell for under $30.00 in
quantity.

Spectrum is a leading supplier of Military
and Aerospace Oscillators:

M55310 QPL Oscillators
Hybrid Logic Clocks
TCXOs & TC/VCXOs

OCXOs
Custom Designs

FOR MORE DETAILS

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

7/7r\\§>\
gﬁpecfrumé
~-Technology —=
n¢”

A
a DATUM Company

P.O. Box 948
Goleta, CA 93116
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$56 Million Voice of America

Contract Awarded

The United States Information
Agency (USIA) has awarded the Ameri-
can joint venture of Marconi Electronics,
Inc. (MEl} and Cincinnati Electronics
Corporation (CEC) a $56,616,911 con-
tract to further the modernization of the
Voice of America (VOA). The joint ven-
ture will provide state-of-the-art 500 kW
high-power shortwave transmitters, a
high-power switch matrix, coaxial
transmission lines, baluns, dummy loads
and related equipment for VOA's new
station in Morocco. Contract options will
allow USIA to standardize on identical
equipment, if funds become available
for VOA to proceed with planned new
stations in Thailand, Sri Lanka and

Botswana. Over 78 percent of the goods
and services provided under the initial
contract will come from U.S. sources.

A National Security Council directive
instructs the Voice of America to de-
velop a stronger, more reliable signal,
particularly to those areas of the world
where information does not circulate
freely. A special requirement was a
strengthened signal into critical areas
of the USSR, West and Central Europe,
Eastern and Southern Africa, Central
America and the Caribbean, and West
Africa. This award to the MEI/CEC joint
venture is a major step toward the
completion of this Voice of America
effort.

PST to Synchronize L.A. Traffic
Signals

Precision Standard Time (PST) has
been selected to provide equipment for
a new program aimed at reducing traffic
congestion in the busiest Los Angeles
County commute corridors. Value of the
agreement is expected to exceed $2
million. PST will install its Time Source
controllers to synchronize traffic signals
along key arteries, allowing motorists
traveling at the posted speed limits to hit
significantly fewer red lights. Each Time
Source controller is extremely accurate,
operating off the WWV radio signal
broadcast by the National Institute of
Standards and Technology. Since the
time signal does not drift, as a clock
does, traffic signals across the entire
corridor will stay reliably synchronized.

Expanded Coaxial Noise
Calibrations Available

Scientists at the National Institute of
Standards and Technology (NIST) can
now calibrate noise sources in the 8 to
12 GHz range for government and
industry. The calibration is achieved
using an automated radiometer and a
cryogenic coaxial noise standard. With
the addition, the system now routinely
calibrates noise sources from 2 to 12
GHz at all frequencies and at all noise
power spectral densities below 18,000
K. Measurement uncertainties typically
range from one to three percent. In
principle, there is no limit on the type of
coaxial connector. Current connectors
are precision N, APC7 and GR900, as

well as various rectangular waveguide
flange connectors. For more informa-
tion, contact: George J. Counas, Divi-
sion 723.02, NIST, Boulder, CO 80303.
Tel: (303) 497-3664.

Manufacturing Research Center
to Focus on Competitiveness

Work has begun in Atlanta on a new
Manufacturing Research Center which
will explore ways to make U.S. electron-
ics companies more competitive. Lo-
cated at the Georgia Institute of Tech-
nology, the new Center is backed by $1
million apiece from Motorola, Inc. and
Digital Equipment Corporation. $15 mil-
lion in funding for the Center came
through the Georgia Research Consor-
tium. Georgia Tech officials have
pledged to obtain $15 million in indus-
trial research support over five years to
match the state’s support. The Center’s
initial focus will be on assembly sys-
tems, interconnection technology, distri-
bution systems, robotics and precision
measurement.

IMI Wins $2.75 Million in Gate
Array Contracts

International Microcircuits, Inc. (IMI)
of Santa Clara, Calif., has been awarded
$2.75 million in production contracts for
military-standard applications in de-
fense, space and other high-reliability
environments. IMl is currently delivering
production quantities of its MIL Standard
883-screened arrays to: Rockwell Inter-
national’s Collins Government Avionics
Division for use in the ‘‘Navstar’ Global
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Positioning Satellite (GPS) program;
Canadian Marconi of Montreal and SCi
of Huntsville, Ala., both of which are
alternate sources on the GPS program;
Singer’s Kearfott division in Wayne,
N.J., for a NASA space station applica-
tion; and Magnavox’s Marine and Sen-
sor division in Fort Wayne, Ind., as part
of the government’s Gator program.

Interstate Electronics Delivers
Translator Units for SDI

Interstate Electronics Corporation of
Anaheim, Calif., has delivered to the Air
Force the first two ballistic missile
translator units to be used for tracking
position and velocity in the Strategic
Defense Initiative (SDI) test demonstra-
tion phase of the Exo-Atmospheric Re-
entry Intercept System (ERIS) program.
The translators, which will be installed
in both the targets and the interceptors,
will receive GPS signals from the
NAVSTAR satellite constellation, per-
form a frequency shift and retransmit the
signals to a ground tracking station, also
being supplied by Interstate. The $4.4
million Air Force contract calls for a total
of 44 units to be delivered by late 1990.

New Name for Electronic
Connector Study Group

The Electronic Connector Study
Group (ECSG) of Deerfield, Ill., an-
nounced that it has changed its name
to the International Institute of Connec-
tor and Interconnection Technology
(ICIT). The group is a professional
society with 20 affiliated chapters through-
out Canada, the United States and
Europe with members representing all
aspects of connectors and interconnec-
tion technology. The name change em-
phasizes the worldwide participation in
the society as well as the broader range
of subjects now studied. For further
information on IICIT, contact its head-
quarters at 104 Wilmot Road, Suite 201,
Deerfield, IL 60015-5195. Tel.: (312)
940-8800.

Call for Microwave Papers

The 2nd International Symposium on
Recent Advances in Microwave Tech-
nology will be held August 28 -Septem-
ber 1, 1989 in Beijing, China. Authors
are invited to submit abstracts of pro-
posed papers for consideration. Papers
on any area of microwave technology
and its applications are invited, but
proposals on components and circuits,
antenna and radar technology, MICs
and MMICs, remote sensing, biological

RF Design

effects and other applications, com-
munication systems, CAD techniques,
and propagation and measurements are
especially encouraged. Three copies of
one-page abstracts (in English only)
should be submitted by November 30,
1988 to: Dr. Banmali Rawat, Dept. of
Electrical Engineering/Computer Sci-
ence, University of Nevada - Reno,

Reno, NV 89557-0030. Tel.: (702) 784-
6927 Fax: (702) 784-1300.

Fluke Endorses VXI Bus Standard
and Joins Consortium

Electronic test and measurement
equipment vendor John Fluke Mfg. Co.,
Inc. recently joined the VXI Consortium
and announced its support for the

We can cut your
UHF frequency source
requirements down to size!

MM anioen
1008 I Z-02a4
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development and popularization of the
VXI bus standard for modular instru-
mentation-on-a-card architecture. The
VXI Consortium was established for the
purpose of developing a standard to
ensure compatibility between modular
instruments made by different compa-
nies. The VXI bus standard is based on
VME bus open architecture and covers
backplane definitions, electromagnetic
compatibility, communications protocols,
synchronization and clock signals, and
packaging requirements.

Natel Receives Contract from
Ocean Technology, Inc.

Natel Engineering Co., Inc. of Simi
Valley, Calif., has received an order from
Ocean Technology, Inc. (OTI) for ao-
proximately $2 million worth of synch-o
conversion components for use in the
Navy’s Mark 53 Update Combat Con-
sole Program. Included in the order are
HSRD1056 16-bit hybrid Syn-
chro(Resolver)-to-Digital converters,
DSC5131 16-bit Digital-to-Synchro con-
verters and a variety of other parts, to

be packaged by OTI as improved SEM
modules.

Anaren Wins DRFM Contract for
ASPJ

Anaren Microwave, Inc. has received
a $545,693 contract from Westinghouse
Electric Corporation’s Defense and Elec-
tronics Center to produce Digital RF
Memories (DRFMs) for the joint ITT
Avionics and Westinghouse ALQ-165
Airborne Self-Protection Jammer (ASPJ)
program. The award is part of Phase |
of the ALQ-165 production verification
contract between the Westinghouse/ITT
team and the U.S. Navy and Air Force.
The order calls for three full-scale devel-
opment units, with delivery scheduled
to begin in May, 1989.

NIST Expands Capabilities of
Anechoic Chamber

The NIST Electromagnetic Fields Di-
vision has expanded the capabilities of
its electromagnetic (EM) anechoic cham-
ber in Boulder, Colo. The facility gener-
ates standard EM fields with minimum

reflections of interference. It will be used
to measure a variety of antennas and
probes in the frequency range from 200
MHz to 40 GHz, up from the previous
18 GHz limit. The increased range will
enable NIST to calibrate hazard field
probes that go up to 40 GHz. For
additional information, contact: Galen
Koepke, Division 723.03, NIST, Boulder,
CO 80303. He can be reached by
telephone at (303) 497-5766.

Wiltron Awarded Test Equipment
Contract

A contract worth more than $1 million
has been awarded to Wiltron Company
of Morgan Hill, Calit., a manufacturer of
microwave test instrumentation, by Fern-
melde Technisches Zentralamt (FT2Z) of
West Germany. Wiltron will supply FTZ,
West Germany’s national telephone com-
pany, with 15 fault locator systems.
These will be used to maintain ground
microwave communication systems lo-
cated throughout the country, and to
measure the waveguide components
on their antenna towers.

DicIMAX INSTRUMENTS CORP.
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“They must have used

a very high performance signal generator

to get quahty like this!”
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“How could they To make

The ‘theatrephone’ entertaining guests of a grand hotel in Pans Late 19th century

afford it?” top quality receivers,

you need top-dollar signal generators.
Right? Wrong. The new HP 8657A has
shattered all the old ideas about the

I

(S w@we = og 5598y performance
AR B L.
5 =3°"°°88:C788 sign
The HP 8657A Synthesized Signal Generatot generation,

For just $7900} you can make the
measurements you need to design,
build and test better two-way radios,
cellular phones, pagers and any other
receivers.

That low price buys you great spec-
tral purity from 100 kHZ to 1040 MHz.
Phase noise is < — 130 dBc/Hz @

¢ Bettmann Arcluve

500 MHz, 20 kHz (< — 136 dBc/Hz
typically). Residual FM <2 Hz RMS
(0.3to 3kHz) @ 500 MHz (<1Hz
RMS typically). Spurious as good as
=TGR,

Another breakthrough keeps our
signal generator going strong, even in
high-use situations. We invented an
electronic attenuator With no moving
parts, it's virtually failure-free. Even
after a billion cycles, operating at tem-
peratures from —50°to + 95°C, and
99% humidity.

So now you can afford to get
really competitive. For more infor-
mation, call 1-800-752-0900,

Ext. 744C.

0

HEWLETT
PACKARD

“US stpnce MC 15829 © 1988 Hewlett-Packard Company

See us at RF Expo/East, Booth #404, 406, 408 & 410.




Toko coils and filters
attack RF design problems

Plagued
by parasitic
oscillations, spurs,
harmonics and
feedback? The problem
may not be your design, but the
colls and filters you selected. Toko
is the world’s largest manufacturer
of quality small coils and filters, with
a selection so large,
you're sure to find the
right components

to neutralize your

rf design probiems.
AR SUBMINIATURE
oadB ADJUSTABLE
AND FIXED

" = Toko has what you need, so
you won't need to compromise...
subminiature adjustable coils
and transformers, molded coils,
radial fixed coils and fixed coils

with axial leads. Toko high-Q coils
are engineered in sizes from
Smm to 45mm, and inductance
ranges from .02 wH to 500 mH.

CHIP AND . -

ADJUSTABLE SMD x’
Need to reduce the
size of your products or ) ‘Q
automate production? -
Toko solves these problems with a
wide range of surface mountable
coils and LC, ceramic and helical
filters in fixed and adjustable con-
figurations. Packaged for automatic
insertion and available for reflow or
solder dipping.

For more information on:

Subminiatures,
Chip/SMD,
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CUSTOM MODULES
Toko hybrid mod-
ules are a great
way to simplify
design and
production tasks.
With short lead time,
Toko can develop compact
custom modules utilizing a variety
of components, surface mounted
on a ceramic substrate. One
module replaces dozens q.ft.'g“-
> XY

of components.

FILTERS
Fori-f or tuned rf

circuitry. Toko filters "

simplify attenuation of

out-of-band signals, while cleanty
passing your desired signal. Ultra-
miniature ceramic and LC filters at
popular i-f frequencies fit tight
spaces and tight budgets. With
frequencies up to 1.2 GHz Toko
helical filters are the right choice for
communications
transceivers.

ACTIVE FILTERS
It you're advanc-
ing the state-of-
the-art in digital
audio or PCM
products you'll
appreciate Toko
active filters. Especially
designed for small size and low distor-
tion, they're also very cost-effective.

INFO/CARD 19
INFO/CARD 20

Custom Modules,
RF & I-F Filters,

SAMPLE KITS
Toko sample kits give
,//‘\ you more choices and
1R ¥ ! costless!
A0 " o . Molded sample kit 82

values (123 parts)
30MHz-150MHz;

0.0393-1.473 pH
¢ 7mm Sample Kit:

54 values (108 parts),

70kHz-50MHz; 0.14-22.0 mH
* 10mm Sample Kit: 68 values (136

parts), 79kHz-75MHz; 0.08 pH-56 mH

INTRODUCTORY PRICED AT $49 EACH.
ORDER YOURS TODAY!

Isn't it time to tame the design monsters
before they bite back...call or write
Toko today for a free coil and filter
catalog or a quote on your needs.

Your strategic partner...
for all the right reasons.

= TOKO

TOKO AMERICA, INC.

(CORPORATE HEADQUARTERS)

1250 Feehanville Drive

Mt. Prospect, IL 60056

(312) 297-0070, FAX (GIII): (312) 699-7864
(Western Branch) (408) 996-7575

(Eastern Branch) {914) 694-5618

(Southeastern Branch) (205) 830-0952
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Active Filters,
Sample Kit,



| | =z
— e —@

~% ./ 0 SYSTEMS

o "™ :
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FPD-002

145-170 MHz FREQUENC

& PHASE DETECTOR

FEATURES

¢ Combined Instantaneous Fre-
quency Measurement and
Fast Phase Detection Circuit

¢ Small Size, Low Power, Surface
Mount Technology

SYIOw

” -.4-4:“““""

RFG-002

50-250 MHz RECEIVE

FEED/GAIN UNIT

FEATURES

e Broadband, High Linearity,
Temperature Compensated,
Active Multi-channel Signal
Combining and Processing
Recelver

R17 | AKESQ] I\/F

SUNNYVALE
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LLA-OO3

LOGARITHMIC AMPLIFIER
FEATURES

* Wide Dynamic Range . . 60 dB
e Highlinearity . . . . . . . +1d8
¢ Wide Bandwidth . 50 to 250 MHz
* Fast Risetime . . . . . 35 nSec.
¢ Log Video and Limited IF
Outputs

Single +5 Volt, 130 mA

¢ Miniature Size, Low Cost

VMA-002

TSR AMOD AT
VEC

%

FEATURES
¢ Independent, High Resolution
Control of:
Amplitude . . . . . 0.07 dB
Phase. . . . . . . 0.45 Deg.
e Fast Setting Time . . 150 nSec
¢ Wide Bandwidth . 135 to 235 MHz
¢ Size ... 3.4W x O.6H x 5.8H

ARMS

FEATURES

Computer Controlled

* High Speed Data Acquisition
¢ 10 K Pulses per Second

» Pulse by Pulse Frequency Agility

Coherent I/Q Detection

* 16 Bits per Channel

* Pulse by Pulse Recording
Precision

e +0.3* Phase

e +0.05 dB Amplitude
Frequency Range

* 100 MHz to 2 GHz

¢ Expandable to 18 GHz
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TFG-002
50-500 MHz TRANSMIT
F'_.-'_' NN

FEATURES

¢ Broadband, High Linearity,
Temperature Compensated,
Active Multi-channel Signal
Combining and Processing
Transmitter

pab

DIGITAL QUADRATUR

DETECTOR

FEATURES

e Ultra-High Accuracy:
Amplitude . . . . +0.02dB Typ.
Phase . . +0.2 Degrees Typ.

¢ Wide Dynamic Range . >90 dB
* Flexible Operation. . . .CWto
200 nSec Pulses

¢ Sampling Rate to 300K
Samples/Sec.

e Resolution, | & Q. . . . . 16Bits
¢ Computer Interface . . Parallel
or Multiplexed
. O to 50°C
3.5 Inch Panel

* Temp. Stable
e Rack Mount .
APPLICATIONS
Precision Doppler Radar Systems;
RCS and Antenna Range In-
strumentation; Synthetic Pulse and
Imaging Radars; Communication
Systems; Signal Nulling Systems;
and Coherent STE Systems.

Ly 77, L,



rfF cover story

Modulation, Signals and Noise

This Month’s Featured Technology is a
Universal Topic for RF Engineers

Introducing the subject of modulaticn
to RF engineers is like introducing your
Mother to your Father — this is what RF
is all about. Getting information onto a
carrier, then recovering it at the other end
of the signal path is the principal use of
RF. This issue has three articles dealinrg
with this subject.

ne of the “traditional” parts of RF

technology is amplitude modulation
(AM). Bill Sabin of Rockwell-Collins
presents an analysis of the envelope
detector and noise figure in an AM
system. Although it is hardly an exotic
modulation method, this analysis of AM
has universal value, since all signals have
an amplitude component.

The second article describes new
modulation technology. Greg Lowitz of
Hewlett-Packard offers background on in-
strumentation for RF testing using com-
plex modulation. New instruments allow
the digital generation of virtually any
waveform that can be mathematically de-
fined, giving engineers a “real” signal
source for simulation of unique radar,
communications or data modulation.

The other presentation is instruction on
the use of spreadsheet programs for sys-
tem analysis. John Bordelon and Dave
Hertling of Georgia Tech share the resu'ts
of their work using common personal
computer spreadsheets for the analysis
and manipulation of a large number of
variables in a system. This method of
computation can be used for many things,
but the example used is system noise
analysis.

Current Work and Future Trends
There is plenty of activity in advanced
modulation methods right now. As this
month’s Editorial notes, high-definition
television (HDTV) has entered the prac-
tical development phase. This wice-
bandwidth technology requires bandwidth
compression techniques to minimize the
occupied spectrum, but will still have a
broader transmission channel than cur-
rent TV technology. Circuit designers will
have to develop accurate broadband
modulators, plus efficient broadband

22

R

An example of complex modulation, seeing growing use.

power amplifiers to broadcast the signal.
Receiver designers will have a new set of
standards to design to, including ad-
vanced IF or baseband signal processing.

High data rate transmission is another
area of interest, with some of the same
problems as HDTV, regarding maximum
information in minimum bandwidth. Multi-
ple quadrature amplitude modulation
(QAM) schemes with 128 or more signal
states are being put into operation. These
systems offer the challenge to RF engi-
neers to maintain accuracy in an environ-
ment where formerly minor noise and pro-
pagation characteristics now have signifi-
cant effects.

Spread spectrum technology has been
given a lot of attention, due to its military
applications. It is a sufficient challenge
just to generate and recover a signal with
a rapidly changing frequency, but the
spread spectrum engineer has to deal
with differing signal paths, fading, and
propagation times for the range of fre-
quencies in use. Adaptive AGCs, time cor-
relation, and error detection are all part
of this advanced modulation method.

In medical electronics, magnetic reso-
nance imaging (MRI) systems are another
place where new modulation techniques
are being developed. In order to detect
the response of molecules to the excita-

:,- l -+ v
& U

tion of an intense RF-generated magnetic
field, that field has to be shut off and a
sensitive detector activated in microsec-
ond (or less) times. Medical researchers
are seeking lower power MRI systems
which will reduce the cost and increase
the availability of this powerful diagnostic
tool. To achieve their goals, low noise,
high dynamic range pulse-modulation
techniques must be refined.

Radar systems utilize chirped signals,
with their associated dispersion and con-
volving circuitry, to improve accuracy and
jamming immunity. Both analog and digi-
tal techniques are used in this area, which
leads to another note about current modu-
lation engineering efforts. Neither analog
nor digital methods appear to be heading
for a monopoly in complex modulation.
Digital generation and analysis has signifi-
cant accuracy advantages, but analog
techniques are capable of operating in
real time. It is interesting to note that as
digital circuitry evolves to match perfor-
mance previously the sole domain of
analog electronics, the capabilities of
analog circuitry have seen a similar
improvement.

With this brief look at a few areas of cur-
rent interest, we introduce the following
articles covering this month’s featured
technology: modulation methods.  [d
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the Fourth Annual
RF Design Awards Contest

Your idea may win this
Grand Prize, provided by
Webb Laboratories:
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CommView SYSCAD
Receiver simulation software. Calculates pre- and RF/Microwave system engineering software. Per-
post-detection SNRs, bit error probability and forms link, terminal and RADAR characterization,
AGC voltage for user-entered system cascades. receiver architecture analysis, transmit and
Graphics support Pagemaker and Ventura receive spurious analysis through an order of
desktop publishing software. 2000, pius phase noise calculations.

FilSolv TRANSCAD

Webb Labs’ filter synthesis package. Creates Powerful single and coupled transmission line
practical, buildable lowpass, highpass and band- and waveguide synthesis package. Analyzes and
pass filters in Butterworth, Chebyshev, Bessel synthesizes over 40 structures, including nearly
and Elliptic realizations. Incorporates losses every microwave geometry of interest. Applies
found in “real” components. Files can be saved numerical methods to the best known algorithms
in formats compatible with major circuit analysis to eliminate common synthesis errors.

packages.

Plus, a Zenith SupersPort laptop computer, with an
8088/8087 pair running at 8 MHz, 640 K RAM, a 3.5 in.
720 K floppy and an internal 20 MB hard disk! Includes
CGA graphics, MS-DOS 3.21 and carrying case. Perfect

for running all of Webb Labs’ software!

Look for complete rules and additional
* % % * prizes in the December issue of RF Design. X * * *



“The upgraded
replacement
for 0CX0’s.”
Frequency Range:
5Hz-30 MHz
Frequency Stability:
1+ 0.1 PPM: (0-700C)
Aging: <0.2 PPM/yr
Supply Voltage:
+5 Vdc
Supply Current:
<25mA
Warm-up Time:
<200 msec
Size:<2" x2"x 1"

Frequency Range:
to 50 MHz
Short Term Stabilities:
upto5x10-12(1 sec)
Warm-Up Time:
Aslow as 1 min
Temperature Stability:
+5x 10-10
(0°to + 500C)
Low Aging Rate:
<5x 10-1"/Day
Low Noise:
< -157 dBc@
10 kHz Offset
Low Vibration
Sensitivity:
3x10-1%g
Temperature Range:
- 550to +1200C

Complete line of quartz crystals are also available.
All oscillators can be manufactured to meet MIL-0-55310, MIL-STD-202, and MIL-STD-810.

TCXO

Frequency Range:
0.02 Hz to 20 MHz
Frequency Stability:

+0.8 PPM
(- 40%to +850C)
Aging: * 1.0 PPM/yr
typ.
Supply Voltage:
2to 15Vdc
Supply Current:
Aslow as 1.0 mA
Size:
Standard:
(RS TMS OIS L
As small as:
0.960" x0.5"” x0.2"

-I nFLL Time & Frequency Ltd.

55 Charles Lindbergh Boulevard

Frequency Range:
TTL: 10 Hz to 100 MHz
C-MOS: 1 Hzto 5 MHz
ECL: 5 MHz to 500 MHz
Sinewave: 1 Hz-1 GHz

Frequency Stability:
Typ. £50 PPM (-200
to + 700C, Industrial)
Typ. £50 PPM (- 550
to + 1250C, Military)
Upto + 10 PPM

available (- 20°to + 70°C)

Aging:
+ 10 PPM/yr (Industrial)
5 PPM/yr (Military)
Outputs: TTL, C-MOS,
ECL, Sinewave
Packages: TO-5, TO-8,
DIP, Hermetically
Sealed Metal Case

Mitchel Field, New York 11553 ¢ 516-794-4500
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The High Performance
Gigahertz Relay

« RF switching through 4 GHz

« Magnetic latching cuts power drain
» Convenient Centigrid package

« Military and commercial versions

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

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

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

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

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

V" TELEDYNE RELAYS

Innovations In Switching Technology

Teledyne Relays, 12525 Daphne Ave., Hawthorne. California 90250 « (213) 777-0077/European Headquarters: W. Germany: Abraham Lincoln
Strasse 38-42. 6200 Wiesbaden/Belgium: 181 Chaussee de la Hulpe. 1170 Brussels/U.K.: The Harlequin Centre. Southall Lane, Southall, Middlesex,

UB2 5NH/ Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150/France: 85-87 Rue Anatole-France. 92300 Levallois-Perret.
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GaAs

20 MHz to 20 GHz

Military and
Commercial
Applications

Narrowband
and Broadband

B Small-signal, Power
and Limiting

1~ Single Supply Voltage
2 Low-Noise

Z Medium Power
— Up to 172 Watt

Z MMIC Reliability
and Repeatability

1~ Easily Cascadable

-l Off-the-shelf
| and Affordable

PACIFIC

— from|Pacific Monolithics

MIC Amplifiers

Pacific Monoilithics’ line of GaAs MMIC-based amplifiers can be
combined with other PM components, such as oscillators, switches

M ONOLITH ICS and attenuators, to form larger multifunction MIC assemblies. Call

245 Santa Ana Ct.

(408) 732-8000
TWX: 510-600-3726
FAX: 408 732-3413

Sunnyvale, CA 94806-4512

for more information.

The Proven MMIC Integrator
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That's what experienced design
engineers do when system perfor-
mance requirements demand the
use of crystal filters that won't fail
to measure up.

They know that as a leading
custom developer of crystalfilters
for more than 25 years, we've
established a pattern of success
when it comes to satisfying a
wide range of signal processing
requirements involving commu-
nications, missile guidance, and
radar applications.

And thatin the process,
we've earned a reputation for
meeting some rather imposing
specifications in the 10KHz -~
150MHz range with a set of
equally imposing accomplish-
ments that include: Shape factors
as steep as 1.05:1 with 80dB atten-
uation levels...Phase and

“amplitude matching
within the tightest

tolerances... And passbands

that remain constant overa wide

temperature range.

Asasystem designer it means
that you can optimize incoming
signal processing, thus assuring
better selectivity at the frontend.

Specify

‘s
|
L

DAMON
Crystal Filters with
Shape Factors As Steep

As1.05:1.

A 10 1B'D{VIS}ON

b

s

25 KHz DIVISION

Allof which adds up to increased
design flexibility in terms of both
performance and packaging, as
well as improved reliability at the
overall system level.

Behind this claim is Damon’s
continuing commitment to the
latest in manufacturing resources,
whichincludes a facility that's
equipped with the latestin CAD
and CAE technology, as well as
provisions for in-house environ-
mental testing (MIL-5td-202),
crystal fabrication (MIL-C-3098),
and soldering (WS-6536E). And
that’s only the beginning.

For more information, call us
today to discuss your application
(1-800-348-0028). And send for
our complete catalog.

Damon also manufactures a full
lineof V.C.X.0s, T.C.X.Osand
S.A.W. Delay Lines.

80 WILSON WAY, WESTWOOD, MASS. 02090, TEL: (617) 329-2460

FAX (617) 329-0551, TWX 710-348-6722
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RF POWER

As You Like It.

10kHz 100kHz 1MHz

All solid state. Unconditionally stable. Compact. Tre-
mendously versatile. \Whatever your need for RF Power,
ENI offers you a choice of Class A power amplifiers
unsurpassed in quality. Our wide line spans a frequency
spectrum from 10kHz to 1GHz with power outputs that
range from 300 milliwatts to over 4000 watts.

10MHz 100MHz 1000MHz

The design excellence of ENI amplifiers is symbolized
by the perfect geometry of the design elements we use
with our logo. For our latest catalog, please contact us
at any of the offices listed below.

These units can be driven by virtu-
ally any signal source. They're com-
pletely broadband and untuned,
amplifying inputs of AM, FM, TV, SSB,
and pulse modulations with minimum
distortion. Their unconditional stabil-
ity and fail-safe design make them
impervious to severe mismatch
conditions, and capable of delivering
rated power to any load impedance
from an open to a closed circuit.

The advanced design line of RF power amplifiers

UNITED STATES HEADQUARTERS: ENI, INC , 100 Highpower Road, Rochester, NY 14623-3498 USA, Tel (716) 427-8300. Tix 6711542 ENIUW, Telfax 716-4277839
WEST COAST: ENI, INC, 2318C Walsh Avenue, Santa Clara, CA 95051, Tel {408) 727-0993, Telfax 4087271352

EUROPE: ENI EUROPE LTD, Mundells Court, Welwyn Garden City, Hertfordshire AL7 IEN England, Tel (0707] 371558, Tix 24849 ENIUK G, Telfax 707339286
JAPAN: ENI-JAPAN, 10-20, Shibasaki-cho 3 Chome Tachikawa City, Tokyo, Tel {81) 0425 229011, Fax- {81) 0425 222636
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rF featured technology

Envelope Detection and A.M. Noise
Figure Measurement

The Envelope Detector is Used to Discuss Weak

Signal Reception

By William Sabin
Collins Divisions of Rockwell International Corp.

This paper discusses the weak-signal reception of a double
sideband plus carrier (AM) signal using the envelope detector,
which is assumed to be piecewise linear and lossless. These
points are considered: (a) the determination of receiver noise
figure, based on an AM sensitivity measurement, (b) the effects
of a wideband IF followed by a narrowband audio, and (c) the
effect of synthesizer phase noise on ultimate signal-to-noise ratio.
One purpose of this article is to discuss the behavior of the
envelope detector in an AM (double sideband) receiver, as it af-
fects the measurement and calculation of the signal and noise
levels of the RF, detector and audio (or baseband). Another goal
is to determine the noise figure of an AM receiver from a sen-
sitivity measurement.

his discussion is restricted by assuming that the detector is

piecewise linear as shown in Figure 1. Op-amp detectors
closely approximate this result and semiconductor diodes come
close at the high input levels found in high gain, high quality
receivers. There are advantages to this kind of detector in many
applications. The IF signal bandwidth (assumed to be rectangular
and have linear phase) is at least twice the audio bandwidth so
that both sidebands are detected.

Considered in the frequency domain, this detector behaves
like a mixer or product detector, with the AM carrier taking on
the role of a local oscillator. That is, the commutating or switch-
ing action of the carrier translates the RF signal to baseband.
When this happens the lower sideband modulation folds around
the zero frequency axis and combines with the upper sideband.
At RF, the sidebands are phase conjugates with respect to the
carrier. In the detector output they combine in phase to produce
an AC output power which is four times greater (6 dB) than it

RF Design

would be if only one of the two sidebands were detected.

This means only that the full AC modulation power of the
transmitted sidebands is recovered. It does not imply that a
magnification of the input modulation power has somehow oc-
curred. The maximum audio power recovered from the in-phase
sum of the sidebands is exactly equal to the sum of the powers
in the two sidebands. But if one sideband is removed, the audio
(AC) output drops 6 dB, not 3 dB. This apparent discrepancy will
be discussed.

At the input, the instantaneous noise vector (or phasor) may
be thought of as the incoherent (random relative phase and
amplitude) sum of lower and upper sideband noise vectors. Note
that the variance (AC component) of the noise output of the detec-
tor may be less than the variance of the narrowband IF input
noise.

An important property of this “translator” is that unless the
transmission medium or the receiver phase linearity is disturbed,
the carrier (“local oscillator’”) automatically bears the correct
phase relationship to the two modulation sidebands to assure
the maximum possible detector baseband signal output. If this
relationship is lost, in transmission or reception, the output signa!
is reduced in amplitude and becomes distorted.

If the carrier is weak, the behavior is more complicated than
the model discussed above. Also considered is the effect of low
carrier-to-noise ratio on the detector performance, using com-
puter simulations and the results (principally) of S.O. Rice (ref. 1).

Power and Voltage Relationships

Figure 2 shows a sine wave input to a full wave envelope detec-
tor. The circuitry is assumed to be lossless. The capacitor C is
initially disconnected, as indicated. The transformer T can be
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when you move...

1. For FASTEST service attach old mailing
label in space below.
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Bimtech
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Mg + OUTPUT

m=+1

- 7 + INPUT

Figure 1. Ideal linear full wave envelope detector.

adjusted for impedance matching or for deliberate mismatching.
When the impedance match is perfect the total power in the out-
put loops is equal to:

1

1 NE :  (NER E2
ot = n—R-J [—2- sme] o= =g o NeRg
L

R

8R,  BRg
0]

The power available from the generator is:

k 1 EZ ]2 E?
I:,avail R [ ] —

Rs L2V2, 8Rg
The two are equal.

The envelope of the output signal is a line joining the tips of
the output loops, as shown in Figure 2. If capacitor C is now in-
serted (for impedance match, set N2 = R /(2Rg) (ref. 8)), Figure
2 also shows the resultant output voltage. The line indicated is
not the envelope. The generator by itself cannot maintain the
envelope level without an amplifier to provide the additional
charge to C. This is the situation in a completely passive detec-
tor, where one tries to deliver maximum signal power to a load
by impedance matching.

The DC voltage on C is not the *“average” of the wave, since
it also contains the harmonic energy. This means that the power
under the envelope of the output signal is greater, by 3 dB, than
the actual power in R_. Therefore the unaided input signal can-
not create this power level at the output without violating the law
of conservation of energy. But if impedance matching is ignored
and load resistor R is allowed to become large, the peak
envelope voltage is closely approximated. In this case only signal
and noise envelope voltage is considered, rather than power, and
amplifiers are used to get the required output power; the power
efficiency of the detector itself is not important. A constant can
be used to relate available input power to detector output power.

In order to simplify the discussion, assume that the power out-
put of the detector equals the available envelope power of the
RF input. That is, the required amplification is included.

The AM Wave

Figure 3 shows the peak voltage values, the power spectrum
and the envelope of the transmitted signal for a wave which is
30 percent modulated. The following relationships apply:
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e When you
Carrier power = (1.0)0.707)2/1.0 = 05 W

need TTL Clock
E:tgrs?cligzgﬁzdpgng ; ;((g(()): 15 %25()0-——7 82;/;50; =0 :)r;l)zlg(l\:’/\(/carrier)) Osc “ IQtOI'S

Envelope power = 1.045 W =
2(carrier power) + 2(sideband power)
(Integrate the square of the envelope over a full A
modulation cycle)

Envelope DC power = 1.0 W = 2.0(carrier power)

Envelope AC power = 0.045 W = 2.0(total sideband power) '

For convenience, let the carrier frequency be an integer times

or quality Crystals
the modulation frequency. The total average power in the wave

is found by integrating the square of the AM wave as follows: A

2n |

o - ;n o S (1 + 03 Sin6)2 SinZwt do = cq" 800-333-9825

5+ .0225 = 5225W

The sum of the powers in the spectrum of Figure 3 gives: Comclok Inc.
1k [15) [as5) Cal Crystal Lab., Inc.
i) =(ﬁ> +<ﬂ> +<ﬁ> g FAX 714-491-9825

This illustrates Parseval’s theorem, equating power in the time

and frequency domains. In the envelope of the modulated wave “
an extra 3 dB shows up; 3 dB also shows up in the envelopes
of the carrier and noise as well. Therefore, the relationships be-
tween carrier, sidebands and noise powers are preserved in the -~
envelope of the incoming signal. TH'M THD'\":S
Figure 4 shows what happens to the baseband output signal
if the two sidebands have different amplitudes and are not
phased properly with respect to the carrier. The resultant vector
R acquires a quadrature {Q) component and the in-phase () com-
ponent is reduced. The audio output signal is the variations in
length of the resultant vector, and these are now reduced, as
the geometry shows. The tip of the resultant vector traces a line
such as the example shown and distortion is generated in the
audio output. A computer spectral analysis of the equation below
shows that for 30 degrees phase shift between carrier C(=1.0)
and sidebands A(=0.1) and A'(=0.4) the second harmonic is about
24 dB below the fundamental. The output envelope is given by
the parametric equations:
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I =10 + m,Cos (wnt + ¢) + MCos (wnt = ¢)
Q = —m,Sin (wpt + ¢) + M,Sin (WLt — ¢)

where m, = A/IC; m, = AIC;R=VI - |+ Q - Q;

$ is offset angle.

Carrier Only Plus Noise

Suppose that instead of modulation, only white narrowband
noise and a carrier of constant envelope value are present. The
lengths of vectors C and W (often called “phasors").in Figure oAOnpaDMacTeTange SIMTTIGHP | & Dhoatrilt .
5 represent the magnitudes of the envelopes, at one instant, of . Q25,000 at 200 MHa GRS - e s et e d
the carrier and noise at the detector input. The phase angle of e Contactresistance <.001Ohms e Wide selection of mounting styles
each at that instant with respect to some arbitrary reference is
also shown. The following statements can be made regarding

provides smooth, uniform torque and exce sh-
ing contact resuiting in fow contact resistance. All metal
surfaces are gold plated as a standard feature of our products.

For Professional Electronics

TRIM-TRONICS INC

this input:
: f " A G 1 A subsidi f Alfred Ti H
a) The noise vector W has a Rayleigh amplitude distribution W Honiolit Gl S Yotk 16055
and a uniform phase distribution from 0 to 2 = with respect to Tel: (315) 655-9528 TFX: 315-655-2149
Outside USA and Canada contact Atfred Tronser GmbH, Phone 49 07 082/3007
RF Design
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Figure 2. Full wave linear detector.

the phase of the carrier vector C.

b) W may be viewed as consisting of two components, the |
component which is assumed to be in phase (0 or 180 deg) with
the carrier C and the Q component which is in quadrature (+90
deg). The | and Q envelopes are statistically independent of each
other.

¢) The envelope of each of these components is Gaussian and
has a second moment (also variance or AC component since
there is not DC component) which is equal to one half the se-
cond moment of the envelope W. That is,

E(W)2 = 2E(19) = 2E(Q?) = 2VAR(l) = 2VAR(Q) = 202

where o2 is the incoming narrowband RF noise power, 202 is the
power in the noise envelope as previously discussed and E(*)
is “expected value.” That is, the total power in the envelope of
W is equal to the power in the envelope of o2.

d) The variance of W is:

VAR(W) = (2 — 1/2) 02 = 0.4302 = 0.215(203)
(6.67 dB below 202?)

This would be the detector AC output noise if carrier C were
not present. The DC power in W would then be:

DC2 = (E(W))2 = E(W2) — VAR(W) = 202 — 04302 = 15702 =
0.785(202) (1.05 dB below 20?)

e) The vector R in Figure 5 is the sum of noise vector W and
carrier vector C. The instantaneous magnitude of R is the out-
put of the envelope detector.

f) The magnitude of R has the Rician distribution and, from
Figure 5, is equal to:

R2=(C+|)2+Qz

MICROWAVE DIODES & CAPACITORS

M PLANAR TUNNEL DIODES

M FAST SWITCHING DIODES

B SCHOTTKY DIODES/MULTIBARRIER HEIGHT
M PIN/NIP/LIMITER DIODES

B MIS CHIP CAPACITORS

INNOWAVE

ivaNNO VATION IN MICROWAVE

manufacturer of PRS- -

PRODUCTS

16555 Concord Circle, Morgan Hill, CA 95037 B TEL 408-779-1529 TLX 750539 FAX 408-779-1501
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Figure 3. Time and frequency domain for a 30 percent modulated wave.

and, (

R - "'zf,zc’)l RC
dR =<C—R-+I>dl +<%>co &)

f(R) =5 o\ g2
g) From these equations and Figure 5, the magnitude of R is
much more sensitive to | than Q if C is large. For large C, the

The last term is a Bessel function:

output noise is mostly the | component, and in the limit is 3 dB
less than the input noise. However, the remainder of the
quadrature noise does not just disappear,; it shows up as an ad-
ditional DC component. The sum of the noise and DC outputs
due to quadrature noise is exactly equal to the quadrature input
noise power.

h) Therefore, two quantities are of interest, the variance, or

’_2T[ RC
RC 1 (7'0058)
I R 1% e dé
[0}

j) The quantities of interest are the DC value and the variance,
or AC noise output, of the detector. The variance is:

AC noise output of R which is involved with receiver sensitivity,
and the DC component which may be used to operate the
receiver AGC.

i) The Rician distribution is as follows:

var(f(R)) = E[R(R)] - [E(Rf(R))]?

which could be found by computer using numerical integration.

MICROWAVE DETECTORS & LIMITERS

M TUNNEL LIMITER — DETECTORS

W SCHOTTKY BARRIER DETECTORS

M HIGH POWER LIMITERS

M ISOTECTORS & COUPLER DETECTORS

M ZERO BIAS DETECTORS/POWER MONITORS

INNOWAVE

Tp0¢
WVNOVATIONINMICROWAVE

15555 Concord Circle, Morgan Hill, CA 95037 B TEL 408-779-1529 TLX 750539 FAX 408-779-1501
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When your program needs a competitive
edge, add Sciteq to your design team.

Our specialty is advanced frequency /
synthesis for the OEM, and our /&
technology defines today's state of
the art. When you're working on
a system puzzle, check with us for
the missing piece.

another h‘ :

task-specific - w.\_‘

synthesizer

\ SCITEQ Electronics, Inc. :
M 8401 Aero Drive, San Diego, California 92123 (619) 292-0500 FAX: (619 )
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NOIS%M Broad Band

“NOISE IS OUR ONLY BUSINESS” Noise Sour ces

For Space, Military and Commercial Applications

DC-50 GH=
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NC 2201 up to 100 MHz
D ' NG 2301 up to 300 MHz TYPICAL STANDARD MODELS
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Modules 15,508 ENF
For Bite HIGH-OUTPUT: noise figure
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“NOISE IS OUR ONLY BUSINESS"” Noise Sources

For Space, Military and Commercial Applications
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Instead, it proved better to use a statistical Pascal program which
looked at 100 records, each with 1000 samples of R as described
in Figure 5, and find the average variance for many different
values of C2/202, the ratio of carrier power to noise power.

The results of these calculations are shown in Figure 6, curves
AC and DC. If the input noise power 02 is held constant and the
carrier power C?/2 is allowed to decrease, the output noise
decreases. At the same time the average, or DC component, that
is contributed by the noise, increases. In the limit, when the in-
put becomes all noise, the Rayleigh situation (previously dis-
cussed) prevails.

So the total output power is always exactly equal to the input
carrier-plus-noise power; nothing is lost. Some of the input noise
is converted to DC, and this is why the output signal-to-noise
is greater than the input signal-to-noise, if a coupling capacitor
is used to remove the DC from the audio output; that is, if the
DC is not considered part of the output signal. In a data detec-
tor the output, including the DC, is compared to a reference level
to determine “on” or “off”” The DC contributed by the quadrature
noise is then important, although the variance (AC noise) is
reduced in the detection process.

k) At low signal-to-noise ratios, influenced possibly by an IF
noise bandwidth which is wider than necessary for the desired
signal, the intermodulation of noise voltage with itself (NxN) pro-
duces a significant part of the output noise spectrum. About 75
percent of this occurs within the half-IF bandwidth (B/2) and the
rest is at high frequencies which can be removed by lowpass
filtering at the detector output. This is seen in Figure 7, which
is similar to Figures 9 and 10 of reference 11.

Figure 7a shows the power spectrum of CxN, produced by
noise intermodulating with the carrier, and also the power spec-
trum of NxN. The Fourier transform of the detector output auto-
correlation of the NxN process (where the magnitude of N has
the Rayleigh distribution) is the self-convolution of the IF nar-
rowband noise power spectrum. The value of this self-convolution
for each value of frequency shift is proportional to the output
power spectral density; for a rectangular IF passband (nearly true
in modern receivers) this is triangular in shape, as Figure 7a
shows. For the linear detector the total NxN power is proportional
to the IF bandwidth and the maximum value (2c) is proportional
to the spectral density, n,. The above topic is discussed in
reference 9.

Figure 7b is Rice’s method of showing the relative contribu-
tions of the CxN and the NxN processes, using the equations
included in the Figure. 02 is constant and C2/2 is variable. The
CxN noise increases from zero to a constant value as C2/2 in-
creases. The NxN contribution appears to be indeterminate at
very low C2/202; that is, C2/202 and h both approach zero. From
previous discussion, note that the noise at zero carrier is the
Rayleigh process; its spectrum is triangular in shape. At higher
C2/202 the NxN noise quickly drops to very small values.

When the IF bandwidth is much wider than the required audio
width the NxN detector output noise can become large at low
C2/202. This output noise has the characteristic low frequency
emphasis (verifiable by listening tests); at higher C2/202, this
spectrum flattens out.

The properties mentioned above are incorporated into Figure
6. At each value of C%/202 the contributions of the CxN and the
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NxN processes are shown. These values are calculated from
Rice by modifying the dimensions to match the envelope values
used in Figure 6. This is done by multiplying the vertical scale
by n, which gives the desired value of parameter “a” (Figure 7b)
at large C2/202. (Rice’s factor 1/n is based on an “averaging detec-
tor!” rather than the true envelope detector used here). The CxN
and NxN plots in Figure 6 should add up to the values in the
AC plot (they do, approximately).

The shape of the AC curve in Figure 6 is correct only for a
rectangular IF passband. For other shapes the amount of noise
increase can be one or two dB greater, as discussed in ref-
erence 2.

Power Relationships in R, | and Q

If Figure 5 is considered to be a carrier C, length 1.0, and a
fixed length modulation vector, W, which rotates around C with
some frequency fm, a clear idea of the power relationships in-
volved can be seen while avoiding the statistical approach used
in the previous discussion of carrier-plus-noise. The total power
in R, the vector sum of C and W is:

2n

-
P = ?J [(C + WCos6)? + (WSing)?] de

(o]

The DC power is:

2n *
1
Py =t -“J [(C + WCos6)2 + (WSing)?] do

2n
(o]

The total power contributed by W is P(tot) 1.0 and the DC power
contributed by W is P(dc) 1.0. Table | lists the results for values
of W from 0.0 to 1.0. P(ac) is the AC power contributed by W,
and is equal to P(tot) — P(dc). Table | shows the following:

a) The total power in R is increased by exactly the amount of
power in W.

b) As W gets larger in relation to C its contribution to the DC
power increases faster than its contribution to the AC power.

c) At small values of W the contributions are almost equal and
have the value W2/2. At higher values the AC contribution is less
than this.

This model also explains clearly why the AC output of the
detector drops 6 dB, rather than 3 dB, when one sideband is
removed. This question was raised at the beginning. At low
modulation percentage, Table | shows that P(ac) is one half (-3
dB) of the modulation envelope power (W). The other half is con-
verted to DC and is not available as useful AC output. At high
modulation percentages the loss approaches 4.2 dB. (This is
perhaps not generally recognized.) So if one sideband is filtered
out of the AM input the AC output drops at least 6 dB. Moreover,
as seen in Figure 4, the distortion becomes heavy at high values
of m. This problem occurs in AME (amplitude modulation equi-
valent) mode, often used in SSB radios for AM operations. Again,
note that all of the input power is accounted for; nothing is lost.

Weak Modulated Signals

A few interesting points should be mentioned regarding the
linear detector behavior in the presence of a weak, modulated
carrier in the presence of noise. At low signal levels the
piecewise-linear detector exhibits a square-law behavior, as seen
in the NxN process. It also has been observed (ref. 2 and 3) that
the modulation of a weak signal is actually suppressed by noise;
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the modulation is converted to noise. Reference 4 also points
out that the presence of noise causes harmonic distortion of a
weak signal, especially at high levels of modulation; a narrow
audio tone-filter could respond to this harmonic.

A subject of study has been the relative merits of the square-
law detector and the linear detector. Reference 5 finds that for
diversity reception without any modulation the square-law detec-
tor is optimum. References 4 and 6 point out, however, that for
amplitude-modulated diversity signals the linear detector has bet-
ter signal-to-noise ratio, by about 2 dB, and contains much less
second harmonic distortion. The linear detector is also believed
to be better for FSK (frequency shift keyed) signals (ref. 7).

Pre- and Post-Detection Filtering

Figure 8 shows the usual situation in an AM receiver or spec-
trum analyzer. In some equipment the IF bandwidth is much
wider than twice the desired audio (or video) bandwidth. After
detection, the audio filter provides the desired signal and noise
bandwidth. The spectral diagrams in Figure 8 illustrate that the
noise output of the detector is confined mostly to one-half the
IF bandwidth. The variance of this noise is at least 3 dB less
than that of the input noise (on an envelope basis), as discussed
previously.

The wide IF bandwidth causes a large DC output due to noise
rectification. This output includes the NxN effect previously
discussed, which enhances the DC level. If this voltage is used
for AGC purposes there may be an excessive gain reduction
caused by noise and also by adjacent channel signals. That is,
the volume of a low-level desired signal may be reduced because
noise dominates the AGC. As this signal increases, the audio
level increases several dB until the signal is strong enough to
dominate the AGC loop. An increase in atmospheric noise or
broadband noise from a collocated transmitter can further reduce
the volume (this could be desirable, perhaps). These effects have
been observed in high-gain receivers which make AGC on in-
ternal noise plus received noise.

The ratio of audio output noise power to detector IF input noise
power is given by:

Nae _NBar
N (dB) = 10 Iog( NBg2 |~ 30 -K

where NB is noise bandwidth and K (a positive number) is the
correction factor shown in Figure 6. For convenience, all
references to N’ henceforth mean noise power, not voltage as
in previous discussions.

Measuring Noise Voltage

A “true RMS" audio meter should be used to measure noise
voltage, because peak-detecting rectifier meters respond dif-
ferently to sine wave and noise signals. That is, the RMS value
of the Rayleigh noise envelope is greater by the factor
20log(2/ /m) (1.05 dB) than the value indicated on the peak-
detecting meter which has been calibrated with the RMS value
of a sine wave. The meter should have a crest factor rating (ratio
of peak to RMS) of 5.0 or more.

Also, spectrum analyzers, especially those with logarithmic
scales, respond differently to discrete and noise inputs. This dif-
ference should be determined for the instrument in use; it can
be as much as 2.5 dB.

Measuring Sensitivity

The sensitivity is usually determined by observing the drop
in audio output when the modulation (usually 30 percent at 1
kHz) is turned off while the carrier is left on. The carrier level
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w w2 P(tot) — 1.0 P(dc) - 1.0 P(ac)
0.0 0.0000 0.0000 0.0000 0.0000
0.1 0.0100 0.0100 0.0050 0.0050
0.2 0.0400 0.0400 0.0201 0.0199
0.3 0.0800 0.0900 0.0457 0.0443
0.4 0.1600 0.1600 0.0824 0.0776
0.5 0.2500 0.2500 0.1310 0.1190
0.6 0.3600 0.3600 0.1929 0.1671
0.7 0.4900 0.4900 0.2697 0.2203
0.8 0.6400 0.6400 0.3638 0.2762
0.9 0.8100 0.8100 0.4787 0.3313
1.0 1.0000 1.0000 0.6210 0.3790

Table |. Power relationships in modulation vector W.
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is adjusted until this drop is 10 dB. A significant error occurs if
AGC is operating during this measurement because the AGC,
and therefore the receiver gain, changes when the modulation
is turned on and off.

If the AGC cannot be easily turned off, another method is to
use a notch filter to remove the modulation tone from the audio
output; then the AGC is not affected. The signal-to-noise ratio
is affected slightly by the loss of noise within the notch band-
width, but this can be calibrated out. This method is often called
the SINAD method. For either method, one should be sure that
discrete residual outputs such as hum and distortion are well
below the noise level; use an audio spectrum analyzer for
verification.

Calculation of AM Receiver Noise Figure

Formulas for calculating the noise figure of an AM receiver,
based on a 10 dB (S + N)/N sensitivity measurement can now
be derived. The method takes into account the special behavior
of the audio noise which occurs with envelope detection. The
block diagram of Figure 8 will be used. In one case the AF band-
width is equal to or less than one-half the IF bandwidth; in the
second case the AF bandwidth is equal or greater.

In order to simplify the discussion, and without any error be-
ing introduced, assume that the receiver gain for the desired car-
rier and modulation, from antenna to audio output, is exactly unity
(0.0 dB). Then receiver gain values need not create unnecessary
complications. Only the noise level changes.

If the audio (S + N)/N = 10 dB then, S/N = 9.54 dB where S
is audio power and N is noise power. The audio noise output is:

Naygio dBM = S — 954 = Py — 954

where the audio and the sideband signal power have the same
value.

The detector output noise will be greater than this if the half-
IF bandwidth is greater than the audio bandwidth.

Bie
Naugic + 10 log 2B

Ngetector 4BM = i
audio

The IF noise level is greater than this by 3 dB plus the correc-
tion factor K (a positive number).

Nie dBM = Nygouor + 30 + K

where K remains to be determined from Figure 6 (which im-
plies a rectangular IF band). To find K, the IF value of C2/2N is
needed; C2/2 (the signal generator carrier power in dBm) is
known and the first estimate for C2/2N is:

C2 C2
2N dB = 2 Nastector = 30

From Figure 6, find K for this C2/2N. Then get a new C2/2N

C? . C?
2N, (second estimate) = 2N,

(first estimate) — K

At this new value of C2/2N, get a new value for K. Use the first
estimate of C2/2N and the new K to get an improved value for
the second estimate of C2/2N.

The value of IF noise is known, us ng the equation above.
Knowing the IF noise bandwidth, the IF noise density is:

Np dBm/Hz = N, — 10 log (By)
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At room temperature the thermal noise density is —174 dBm/Hz.
The receiver noise figure is then defined to be:

NF dB = 174 dBm + Np dBm = 174 + N, 10 log By + 30 + K
N = C2/2 — 954 + 10 log (m2/2)

These are combined to get the formula:
NF dB = 164.46 + C2/2 + 10 log (m2/2) + 10 log (B) + K

where B is the dominant noise bandwidth and is chosen as
follows:

a) If the AF bandwidth is narrower than IF/2 then B = Byg

b} If the IF/2 bandwidth is narrower than AF then B = 0.5 B¢

c) If the AF bandwidth is nearly equal to 0.5xIF bandwidth then
B is the effective noise bandwidth for the combination.

For example, for option b) above, if

2

C
—,~ = —103 dBm, B¢ = 6000 Hz, m = 03, then K = 03 dB

(Figure 6) and,
NF = 164.46 — 103 — 1347 — 34.77 + 0.3 = 1352 dB

Synthesizer Noise

A measurement of interest in an AM receiver is the ultimate
ratio of signal to noise. As the signal increases the noise level
eventually becomes a constant number of dB below the desired
audio. The audio is usually due to a 30 percent modulation of
the signal generator. This noise limit may be determined by local
oscillator phase noise which becomes attached by intermodula-
tion to the carrier of the RF test signal. Figure 9a shows the cir-
cuit path situation.

The synthesizer L.O. output contains almost no amplitude fluc-
tuations. The loop noise sources tend to phase modulate the
VCO, and if it is “‘pure” phase modulation there is no amplitude
change. For this to happen, the entire set of phase modulation
sidebands for each Fourier frequency +fm (with respect to the
carrier frequency) must be present in the right amplitude and
phase. Also, at any instant the upper and lower noise-sideband
pairs must have equal amplitudes and be phase conjugates with
respect to the 90 degree “Q" axis (odd harmonics) or the car-
rier “I” axis (even harmonics). This must be so, if there is no
amplitude variation of the resultant vector R. If these relation-
ships are disturbed, amplitude variations appear, as shown in
Figure 9b for example, where only one pair of sidebands is
shown.

When this noise is modulated onto the RF test carrier by a
perfect mixer, the phase relationships are maintained with respect
to the RF carrier. That is, the RF carrier is phase modulated by
the L.O. noise sidebands and the variance of the resultant car-
rier vector (R in Figure 9b) can be potentially zero. The result
is that the envelope detector tends to reject the phase noise. The
ultimate signal-to-noise ratio can therefore be much larger than
one would encounter in an FM receiver (or in an SSB receiver).

The phase noise from the L.O. does not add any additional
power to the detector input. The case previously considered was
“additive” noise from an independent noise source; the carrier
power and noise power added in the receiver IF. In the case of
phase modulation of the signal carrier by the L.O. phase noise,
the power in the noise sidebands is matched by an equivalent
reduction of power in carrier C. The values of the carrier ampli-
tude C’ and the first and second sidebands are given approx-
imately (see Figure 9b) by:
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The result in the ideal case is that resultant vector R contains
no variations which can affect an envelope detector.

But if the AM receiver signal path has poor differential delay
with respect to the carrier (say at the edges of an IF filter) the
quadrature phase relationship between noise and carrier can be
changed and substantial amplitude changes can occur. The
detector then produces appreciable noise output. It can be dif-
ficult to predict exactly what noise output level will be experi-
enced. A computer program might use the filter delay and fre-
quency response properties, the synthesizer phase noise spec-
trum (amplitude and phase) and the audio frequency response
to get the audio noise spectrum and its RMS value; this might
be a rather ambitious exercise, possibly of dubious value.

It is also found that quadrature noise which produces changes
in R causes a frequency doubling effect in the detector. That is,
input sideband frequency fm into the detector produces frequen-
cy 2fm in the output. Figure 9b shows how this effect can occur. (]
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RF Testing with Complex Waveforms

Digital Synthesizers Simulate Complex Modulation

By Greg Lowitz and Chris Pedersen
Hewlett-Packard Company

Designers of modern radar, EW and
communications systems continue to
exploit complex modulation formats to
enhance system accuracy and achieve
new standards in performance. In radar,
for example, there is growing interest in
waveform adaptive radars (WARs) to
optimize sub-clutter visibility for a given
target scenario. In addition, many new
systems use waveform predistortion to
neutralize effects of amplitude and
phase errors caused by high-power
transmitters and component nonlineari-
ties (1,2,3). In cases where low time
sidelobes are critical and an unweightsd
pulse must be transmitted, nonlinear-
FM (NLFM) chirps can enhance target
imaging and probability of detection,
without compromising signal-to-noise ra-
tio. The intent of this article, however, is
to familiarize the design and test engi-
neer with new tools that can improve the
product development and test process.
In particular, a special focus on racar
and communications receiver test illus-
trates many of the powerful benefits of
digital-synthesis-based signal simul'a-
tion.

Many current and soon-to-be-deployad
radars already use frequency agil-
ity (6), multiphase coding and chirp FM
to achieve different objectives, including
defense against jamming or other elec-
tronic countermeasures (ECM). With
escalating costs of flight tests, a bench-
top simulation alternative becomes es-
sential if an EW receiver design is to
remain on schedule and have a high
probability of success (7).

Similarly, pressure to increase chan-
nel efficiency and reduce bit-error ratas
is leading to a number of spread-
spectrum transmission techniques for
advanced communication systems and
satellite links. Digital modulation
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Figure 1. General signal simulator (Vector Arbitrary Waveform Synthesis).

schemes such as BPSK, QPSK, 8PSK,
256 QAM, FSK and MSK are increas-
ingly common, not to mention other
more exotic modulation formats now
under development. Testing receiver
susceptibility to multipath fading, phase
noise and AM-PM conversion are just a
few examples of advanced tests that
designers want to make in the lab.

This surge in complex modulation
requirements has created a growing
demand for advanced test and measure-
ment equipment, including complex sig-
nal simulators that overcome the limita-
tions of conventional function and RF
signal generators. For test applications
requiring complex real-world signals,
basic sine and square waves are no
longer sufficient to thoroughly calibrate
and characterize a system’s perform-
ance. Furthermore, as designers race

to lead the competition, new testing
techniques become necessary to fully
stress product susceptibility and reac-
tion to imperfect environments. All too
often, products are developed and tested
under ideal conditions, resulting unwit-
tingly in designs that are less robust
than were otherwise possible.

As engineers and managers seek
more efficient design and test tech-
niques, a new generation of flexible,
reconfigurable signal simulators is work-
ing its way onto designers’ benchtops.
Based on powerful digital synthesis
techniques, these new simulators com-
bine the best attributes of analog and
digital technology into one powerful
combination. High-speed multiplexed
memories, digital phase accumulators,
fast muitipliers and radio-frequency
DACs make possible this growing revolu-
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tion in testing technology. In comparison
to other waveform synthesis, a well-
engineered digital synthesizer offers the
following benefits (8):

1. Virtually unlimited modulation
formats

2. Stable and repeatable signals
with digital precision

3. Software reconfigurability

4. Phase-continuous frequency
switching

5. Amplitude, phase and frequency
agility

6. Low noise and distortion with
careful design

7. Very wide modulation bandwidth

8. Potential for size reduction
through integration

9. Reasonable cost

System Selection

Choosing the right digital synthesis
system is no trivial task. Selection
depends on many factors including
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Figure 2. Simplified chirp radar block diagram.
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modulation bandwidth, frequency cover-
age, spectral purity, need for coherence,
cost and supportability. However, for
many receiver test applications in radar
and communications, the general pur-
pose signal simulator should have the
following characteristics:

1. Flexible modulation
2. Availability of RF, IF, 1/Q baseband

3. Coherent reference (for syn-
chronous detection schemes)
4. Low phase noise and spurious
distortion (application dependent)
5. Reliable performance
6. Intuitive operation

With these requirements in mind,
Figure 1 illustrates one possible im-
plementation of an advanced signal
simulator that provides the necessary

signals for direct injection (15)
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stimulus for direct signal injection into a
receiver’s RF, IF, or baseband | and Q
inputs. The heart of this /Q modulation
configuration — known as Vector Arbi-
trary Waveform Synthesis — is two
digital synthesizers (HP 8770A) that
modulate the | and Q inputs of a Vector
Signal Generator (HP 8780A) (16,17),
providing 100 MHz of complex modula-
tion anywhere from 10 MHz to 3 GHz
(7,8). A fallout of 1/Q modulation is the
handy coherent reference useful for
driving the COHO input of the synchro-
nous detector in the radar or communi-
cation receiver. The addition of a local
oscillator together with an external mixer/
filter combination permits further upcon-
version to any microwave or millimeter-
wave frequency. By taking advantage
of a novel compensation algorithm, this
system can be completely self-calibrated
to achieve image rejection and carrier
suppression of -60 dBc (18,19). Absolute
flatness of 0.1 dB across the band is
also achieved. Designers of I/Q modula-
tors recognize the difficulty in achieving
this level of performance (20).
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Figure 3. Flowchart for generating
radar chirps.

Of course, many variations of this
configuration are possible. For example,
the | and Q inputs of the HP 8780A
Vector Signal Generator are specified
for modulation bandwidths up to 350
MHz/channel, for a combined 700 MHz
signal bandwidth. In conjunction with
digital synthesizers of comparable band-
width, it becomes possible to generate
coherent chirps in excess of 500 MHz.
Alternatively, the HP 8780A offers direct
digital inputs to simplify the generation
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of quadrature-amplitude-modulated
(QAM) waveforms with up to 64 states.
External scalar and FM inputs allow
further simulation flexibility. In some
systems, it’s not uncommon to use any
or all of the available modulation inputs
to provide the right combination of test
signals.

Applications in Radar Test (21)

Consider the operational require-
ments of a modern radar system. It
must transmit, receive and process
waveforms to estimate target type,
range, velocity, altitude and direction of
travel. Often the radar has multiple
modes of operation, each optimized to
a given measurement requirement. Ex-
amples include low-, medium-, and high-
PRF modes, as well as stagger and
agility to avoid range ambiguities and
complicate detection by hostile radar
warning receivers. The most advanced
systems exploit polarization scattering
to enhance target recognition. This
generally implies a high-resolution radar
with sufficient bandwidth for the imaging
requirement at hand. For example, a
100 MHz bandwidth provides better than
6 ft range resolution, excluding degrada-
tions due to system errors. This would
be adequate for identifying large ships
or strategic buildings, but inadequate for
distinguishing an American tank from a
Soviet counterpart. In practice, how-
ever, the signal processing require-
ments for unfailing reliability are stag-
gering — if not statistically impossible.
For this reason, supplemental data gath-
ered by secondary confirmation means
(such as visual identification, IFF trans-
ponders and electronic intelligence) gen-
erally form an important part of the
target detection/identification process.

In the case of a simple pulse-Doppler
radar where no intrapulse modulation is
present, conventional RF signal genera-
tors have been used to simulate simple
target returns for calibrating Doppler
filters and range accuracy on the radar
PPl display. However, these methods
fall short when the radar is chirped or
phase-coded as is common today. Even
for the simple pulsed-RF case, complex
target scenarios comprised of multiple
moving targets have been difficult to
produce without the expense of a large
target simulation system. Furthermore,
these systems have limited access and
are generally unavailable to the radar
designer on a continuous basis.

With these demanding requirements
in mind, Table 1 provides an abridged

RF Design

list of radar tests that could benefit from
off-the-shelf signal-simulation hardware
(22, 23). That's because the benchtop
signal simulator is capable of generating
highly complex radar signals, including
effects of system nonlinearities. These
signals can be used in lieu of the
transmitter to simulate linear and non-
linear chirps, amplitude weighing,
Barker, polyphase, m-sequences, TWT
distortions, and so forth (18,22). With

this capability, it is possible to define
coherent pulse bursts containing multi-
ple scatterers of different ranges, Dop-
plers, directions and radar cross sec-
tions. This is useful for testing range-
Doppler bins, in addition to two-target
resolving ability and range-sidelobe sup-
pression. Further uses include simula-
tion of clutter and ECM signals such as
noise jamming, or range- and velocity-
gate stealing. While this benchtop ap-
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proach must not be viewed as a total
substitute for more thorough testing on
larger systems, it provides a more
cost-effective solution to ensure on-
going design and process integrity in the
lab and on the production floor.

Armed with the power of I/Q modula-
tion techniques, test the range accuracy
and resolution of the chirp radar receiver
of Figure 2. The properties of the
transmitted waveform are:

Waveform Type: Linear FM Chirp,
Flat Amplitude

Chirp deviation: 40 MHz

Chirp duration: 40 us

Chirp rate: 1 MHz/us

Chirp direction: down

By following the flowchart in Figure
3, these parameters can be translated
into | and Q signals via simple mathe-
matical manipulations. The HP 11776A
Waveform Generation Software facili-
tates this process; however, any suitable

computer could be used to generate the
waveform data samples. Once defined,
the signals are downloaded to the signal
simulator for subsequent injection into
the desired point in the radar system.
To ensure complete coherence and
accurate triggering, the signal simulator
must be phase-locked to the radar,
either through its COHO or 10 MHz
reference. By taking advantage of the
simulator’'s memory sequencer, calibra-
tion targets can be programmed to fall
in specified range bins, corresponding
to a fixed time delay from each PRF
trigger. Furthermore, alternating returns
can have a 180 degree phase shift, often
called “optimum’’ Doppler. To verify the
output of the signal simulator, an HP
8566B spectrum analyzer reveals the
familiar LFM spectrum centered about
a 60 MHz IF (Figure 4a), while the HP
5371A Frequency and Time Interval
Analyzer verifies the chirp profile (Figure
4b, top graph). Quadratic phase-fitting
using Chu's algorithm (24) reveals a +2
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Figure 4b. Chirp signal analysis.

degree RMS phase ripple across the 40
MHz span (Figure 4b, bottom graph).
Theoretically, this phase error could be
largely eliminated by predistorting the
chirp, thus ensuring nearly ideal range
sidelobe performance (2).

From here, multiple signals can be
superimposed to test radar functionality
as described earlier. Figure 5 shows the
maghnitude of the compressed response
of two targets of equal cross section
separated by 100 feet. At 6 dB per
division, peak sidelobes are down ap-
proximately 30 dB, which correlates well
to the theoretical 31.5 dB for Hanning
weighting (raised cosine with no pedes-
tal). To simulate the nonideal effects of
a pulsed TWT, Figure 6 compares an

5T g
=
=t

Figure 5. Two targets spaced 100
feet apart test radar ability to
resolve closely spaced objects.

RF Design

ideal target return to one whose trans-
mitted signal contains 20 percent linear
pulse droop and 3 cycles of 20 degree
p-p chirp nonlinearity. Notice the slight
spreading of the mainlobe and the
nearly 10 dB degradation of peak side-
lobes. The paired-echo theory more fully
describes the sensitivity between phase
error and sidelobe levels. As Figure 6

illustrates, these errors could potentially
mask a small target in the presence of
a larger one.

Because of the modulation flexibility
of digital synthesizers, it is also possible
to create noisy signals (25,26) to simu-
late jammers as spot, barrage, swept
and selective (8,22). This is particularly
useful for testing the radar’s ability to
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operate under adverse conditions. In
addition, it can be used to test adaptive
array radars for nulling in the presence
of sidelobe jammers. The process re-
quires defining the desired amplitude
and phase spectrum of the signal (ver-
sus frequency) and performing a com-
plex inverse FFT to obtain the | and Q
channel data. Figures 7a and 7b show
some examples of noise spectra useful

for this type of application.

Applications in
Digital Communications (18,27)
Like many radar systems, modern
digital microwave radios (DMRs) also
employ complex modulation but for
different objectives: to transmit and
process digital data (information) and
voice. Compared to traditional analog
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Figure 6. Comparison of signal
return.

transmissions, digital techniques offer
several advantages, including improved
noise immunity, mixed data and voice,
and reduced complexity in some as-
pects of modem design. Common for-
mats for digital communication trans-
ceivers include 16 and 64 QAM (quadra-
ture amplitude modulation). However,
as manufacturers strive to improve spec-
tral efficiency and overall transmission
capacity, 256 QAM and experimental
1024 QAM system are emerging. This
heightened modulation complexity
greatly narrows the available perform-
ance margins for a given bit error rate
(BER). More than ever, designers must
contend with effects of noise, high-
power amplifier nonlinearities, modem
errors and multipath fade. If not properly
corrected, the multipath fade can have
the most dramatic effect on transmission
integrity.

Not surprisingly, considerable inter-
est is mounting for accurate multipath
fade simulations, and products are
becoming available for simulating its
effect on 70 MHz DMR IF signals.
Generally, these products mimic a two
or three fade whereby the channel
simulation comprises multiple transmis-
sion paths, each with a specified delay,
amplitude and phase. This allows fades
to be modeled in terms of their depth,
notch width and position within the
channel. In some cases, however, the
elegant simplicity of this approach
means less sophistication, particularly
when testing adaptive equalizers. First,
the two-path model provides relatively
simple fades — unlike actual fades
which generally exhibit a more complex
structure (multiple reflective paths). Sec-
ond, although the two-port approach
offers some dynamic control over the
fade, most are limited to sinusoidal
variation.

When highly sophisticated fades are
necessary in conjunction with controlled
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degradations, the digital synthesis sys-
tem described earlier provides a possi-
ble alternative. With this new approach,
it is possible to simulate the dynamic
effects of multipath fading, including
“‘n”’ number of primary paths, in addition
to arbitrary control of the fade’s dynam-
ics. Furthermore, no additional hard-
ware is necessary to simultaneously add
controlled impairments, such as AM-AM
or AM-PM conversion, phase noise and
cross-talk.

Understanding Multipath Fading
Before one can simulate multipath
fade, it is useful to understand exactly
what it is. Multipath fade is the net result
of multiple transmission paths of varying
length through a transmission medium
as viewed by the receiver (Figure 8). For
digital microwave radios, multipath fad-
ing results from two phenomena: refrac-
tion and reflection. To minimize the
potential for multipath interference, the
transmission signal path, usually be-
tween two antenna towers bounded by
the beamwidth of the antennas, avoids
reflectors (trees, buildings, ground). Fur-
thermore, antenna beamwidths are as
narrow as is practical. Regardless of the
care taken in path selection, however,
only reflective fades can be effectively
eliminated. Refractive fades occur be-
cause of the variable nature of air as a

» ey
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Figure 7a. Spot jamming.
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Figure 7b. Selective Jamming.
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transmission medium. Refractive distor-
tion has been studied in considerable
depth and can be modeled as the sum
of several different transmission paths
of variable lengths and attenuations.
Multipath fading is often described
as ‘‘notches” in the complex frequency
spectrum. These notches, resulting from
the constructive and destructive addi-
tion of multiple delayed signals, clearly

influence the integrity of the received
data. Notch depth varies as the ratio of
delayed to undelayed signals, while
spacing between notches is the recipro-
cal of the time delay between signals.
This is the well-known ‘‘comb’ filter
effect.

In practice, only single notches are
observed over the transmission path
and band. However, the fades may
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occur quickly and are constantly chang-
ing over time. This dynamic nature is
what makes effective compensating
equalizers so difficult to design, particu-
larly when the transmitter or receiver is
in motion. Since the fading phenomenon
is so easily described in the frequency
domain (where time delay is just a phase
slope), programs can be written to
model the effects of any number of
fades. A complex inverse Fourier trans-
form converts the result into time-
domain | and Q signals, which are
subsequently downloaded to the signal
simulator.

Using the process outlined in (18), a
dynamic multipath fade was simulated.
The sequence of photographs of Figure
9 shows the frequency spectrum and
constellation diagram from the HP 8981
Vector Modulation Analyzer. For this
case, a two-path fade was simulated
with varying degrees of notch depth
while the position of the notch was
varied across the channel band. The
dramatic smearing of the data states
illustrates how disruptive multipath fad-
ing can be.

Conclusion

Modern systems in radar/EW and
communications increasingly rely on
complex modulation. The demand for
versatile test equipment capable of
supplying a broad range of modulation
and impairments is leading to new
developments in digital-synthesis-based
signal simulators. Combining two digital
synthesizers in an I/Q modulation con-
figuration results in a powerful, general
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Figure 8. Multiple reflective paths.

purpose signal simulator suitable for
advanced system design and test. Fi-
nally, a brief look at two common digital
synthesis architectures, coupled with a
treatment of technical consideration,
help the newcomer to better understand
the relative advantages and tradeoffs of
this rapidly emerging technology.

The authors wish to thank David Chu,
Eric Munro and Bryan Hovey of Hewlett-
Packard for their contributions of soft-
ware necessary to generate and display
many of the waveforms presented.
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Figure 9a. Spectrum of unfaded
simulated 16 QAM digital micro-
wave radio signal.

Figure 9b. Constellation of un-
faded simulated signal.
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Figure 9c. Spectrum of simulated
in-band notch (td-10ns) with 20
dB notch depth.

Figure 9d. Constellation of same
in-band notch without equaliza-
tion.
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Figure 9e. Spectrum of simulated
out-of-band notch (td-6.3ns) with
20 dB notch depth.

Figure 9f. Constellation of same
out-of-band notch without equali-
zation.

Two-tone intermodulation distortion

Gain/phase channel matching

Minimum detectable signal (MDS)

Dynamic range

Range accuracy

Two-target resolving ability

Range sidelobe levels

Compressed pulsewidth (3, 4, 6 dB points)

Multiple-target tracking

Synchronous-detector quadrature error and
gain imbalance

Target recognition (radar cross section simulation)

Subclutter visibility

MTI cancellation

Doppler estimation

Probability of detection/false alarm

Effects of non-ideal components
{unintentional modulation)

Influence of Doppler shift on detectability
of phase-coded waveforms

Automatic gain control (AGC)

Sensitivity time control (STC)

Susceptibility to jamming and other countermeasures

Analog-to-digital converter (ADC) linearity

Robustness of signal processing algorithms

Table 1. Radar receiver/signal processor tests that benefit from signal

simulation.
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rF featured technology

System Noise Analysis
Using Spreadsheets

By John H. Bordelon and
Dr. David R. Hertling
Georgia Institute of Technology

Computer spreadsheets are increasing-
ly being recognized as useful tools for the
RF engineer, and not just for preparing
budget estimates. Spreadsheets have
been found useful for radar system para-
meterization, pulse transformer design,
switch mode power supply design, and
other applications. This article describes
the use of computer spreadsheets for
noise analysis of a system of cascaded
two-ports. System noise temperatures,
gain/temperature ratios, and other data
are calculated from the gain and noise
figure or noise temperature data of the in-
dividual system blocks. A review of system
noise concepts and equations is pre-
sented, followed by an actual application
for which a particular spreadsheet con-
struction was recently found useful.

he work presented here was done on

an Apple Macintosh Plus, using
Microsoft Excel. However, any computzar
system and spreadsheet program which
has log functions can be used. It is not
expected that the spreadsheet application
presented here will be sufficiently power-
ful or general to satisfy every potential
user. A significant advantage of a spread-
sheet for such calculations is that it can
be easily modified or expanded to satisfy
the needs of different users.

Before describing the spreadsheet and
how it is applied to two-port systems, a
brief tutorial on noise characterization of
two-port networks is given. This tutorial
will serve to inform the reader who needs
a refresher in two-port noise theory, and
to establish a common base of terminol-
ogy with those familiar with the subject.

Noise Characterization of
Two-Ports

Consider the block diagram of Figure
1 for a noisy two-port. S;, S,, N;, and N,
are available signal and noise input and
output powers respectively, G is the avail-
able gain, and B is the noise bandwid:h
in hertz.

If the gain of the two-port is known.

so = GS, (1)
But,
N, # GN,

56

Two Port
G,B

Figure 1. Block diagram for a noisy two-port.

N A

AN B

S

» T,

Figure 2. N, vs. T, for a noisy two-port.

N,A

\ slope kGB

— T,
T'"
Figure 3. Hot and cold source determination of T.,.

Gain 0 dB

.94 dB Gain 40 dB Gain 70 dB NF 0 dB

ﬁ:"(‘) ¢2-_158 N: 1.2dB NF 12 dB T(effective) 290°K

Mixer- Output

— Antenna Preamp Postamp 2

Figure 4. Example S-band telemetry system.
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This is because the output noise is due
to both the input noise and the internal
noise of the two-port. The concept of
noise figure allows the user to quan-
titatively compare the noise performance
of two-port networks. Noise figure is de-
fined as follows:

=S @

Noise figure can also be expressed in
decibels.

F =10 logs(F) (dB) €

Note that the term noise factor is some-
times used to designate the dimension-
less quantity, with noise figure being used
to designate this quantity expressed in dB.

Most engineers and textbooks, how-
ever, use the term noise figure universal-
ly. In this article only the term noise figure
is used. If the quantity is in dB, it is labeled
explicitly.

The available input noise figure is sup-
plied by a matched termination at the in-
put of the two-port. A matched resistive
termination at room temperature has an
available noise power,

Pa = KToB (4)

where k is Boltzmann's constant, T, is
290 degrees Kelvin, and B is the band-
width in hertz. The noise figure can then
be expressed as:

NO
GKT B ©)

F =

Note that if the available noise output
power can be measured, then the noise
figure can be calculated directly from (5).
The available output noise power, N,
can be measured directly. However, a
single accurate measurement at such a
low power level is difficult to make.

The next question which might arise is
how does one physically interpret the
noise figure? If the input to the two-port
has a matched termination at room tem-
perature, the noise figure simply ex-
presses the degradation of the signal-to-
noise ratio. Two-ports, however, are not
always operated with a matched termina-
tion at their input port. Assume the noise
figure of a two-port is known and consider
the following:

N, = FGKT B (6)
N, = G[KT,B + (F-1)KT,B] @

RF Design

By doing a few algebraic manipulations,
output noise has been expressed in a
form convenient for physical interpreta-
tion. The first term in the square brackets
is simply the available noise at the input
provided by the matched termination. The
second term can be interpreted as the in-
ternal noise of the two-port “referred to its
input.” In any two-port consisting of many
components, the total noise of the two-
port is distributed throughout its circuitry.
Noise generated by a component nearer
its input port contributes to the total out-
put noise differently than an identical
component nearer its output port. This is
because the noise powers generated by
these two noise sources need to be multi-
plied by different gains to calculate their
respective contributions to the output
noise. By referring all noise sources to the
input, the designer can see the total ef-
fect of internal noise sources on the
signal-to-noise ratio. The total noise of the
two-port could equally as well be referred
to the output; however, this is usually not
done. After the noise has been referred
to the input, the two-port can now be con-
sidered noiseless with the same gain, G.

A noiseless two-port network has the
same signal-to-noise ratio at the input and
output, and thus a noise figure equal to
unity. By separating the internal noise of
the two-port from the input noise, the
designer can consider the effects of other
noise sources, such as the one which will
actually be used in the system being
designed or analyzed. The matched ter-
mination at the input port is merely used
to facilitate measuring the noise figure. If
the temperature of the noise source is
greater than 290 degrees K, then the
signal-to-noise ratio of the two-port is
degraded by a factor less than the noise
figure. If the temperature of the noise
source is less than 290 degrees K then
the signal-to-noise ratio of the two-port is
degraded by a factor greater than the
noise figure. For consistency, unless
stated otherwise, published noise figure
data measurements are always defined
with a matched termination at room tem-
perature (290 degrees K) at the input of
the two-port. The IEEE standard definition
of noise figure specifies a source tem-
perature of 290 degrees K.

Effective Noise Temperature
Another way of expressing the noise
performance of a two-port is by specify-
ing its effective noise temperature. This
is a fictitious temperature which is nothing
more than a different way of expressing
the noise figure of a two-port. A two-port
has a certain internal noise. In the pre-
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Stage N
Two-port data: Gain (dB)
NF (dB)
NF
T{eftective)

Two-port name:

Gain{cum., dB)

T(input) 40
T(eft., sys.)

T(sys.} 40
T(sys., dB) 16.0205999
G/T(dB/K) -16.0206
T(hot) 141.62
T(cold) 40
¥{dB) 5.49064599
Signal (dBm) -138
Noise BW(kHz) 3000
S/N(dB) -20.180603

2

3

40
1421

70
12|

1.31826 15.84893

92.2945 4306.19

PAM [Mixer-AIL
25.94 65.94 135.94
40 1322945 1.33E+13
92.72507 4306.19 290
132.7251 1327251 1.33E+13
21.22953 61.22953 131.2295
4.71047 4.71047 4.71047
141.62 2339145 2.34E+13
40 1322945 1.33E+13
5.49C646 2.475154 2.469029
-112.06 -72.06 -2.06

3000
5.74¢397

3000
0.55458

3000
0.540467

Output

o =00

Figure 5. S-band telemetry system, expected results.
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ceding section the reader could refer all
the internal noise of a two-port to its in-
put port and then consider it to be noise-
less. Alternatively a resistor (whose tem-
perature is the effective noise temperature
of the two-port) could be placed at the in-
put of a noiseless two-port with the same
gain. Note that this system would have the
same available noise output power as the
original noisy two-port and would there-
fore be equivalent in noise performance.
The principal advantage of equivalent
noise temperature is that noise calcula-
tions are typically easier. In order to find
the relationship between effective noise
temperature and noise figure, equate the
available noise power of a resistor at T
to the internal noise of a two-port referred
to its input.

KT 4B = (F-1)KT,B (8)

Terr = To(F-1) ©)
Teﬂ

F=1+ EA (10)

Note that T, is not a physical
temperature. It is not unusual to have ef-
fective noise temperatures which are
thousands of degrees Kelvin.

Cascaded Two-Port Systems

Most systems are composed of cas-
caded two-ports. In order to calculate
overall noise figure of a system, the noise
figure of a cascade of two-ports has to be
calculated. The formula for the overall
figure of cascaded two-ports is:

F2 - 1 F3 . 1
PRl S e e &
Fp— 1
G,G; - G, (11)

F,, -, Fy are the noise figures; and G;, -,
G, are the available gains of the n
stages.

In terms of effective temperatures the
formula is:

L Ty
e A

+ -+

Tn

G.G; - G, R
T,, - T, are the effective temperatures of
the n stages.

From examination of these formulas it
is apparent that the noise performance of
the system is dominated by the stages
near the input if their gain is high.



Measurement of Noise Figure

As previously mentioned, total available
noise output power of a two-port is usually
a very small quantity. It is very difficult to
make a single accurate measurement of
such a quantity. A very common method
of measuring noise figure can be under-
stood by considering Figure 2 which is a
plot of the available noise output power,
N,, versus the source temperature, T,.

Note that the power output versus
source temperature is a straight line with
a slope of kGB which intersects the ver-
tical axis at a point greater than zero. This
point is often called N, for “added noise.”’
The effective temperature can be found
from this straight line by extrapolating past
the vertical-axis intercept until the line in-
tersects the horizontal axis. This point is
the effective noise temperature of the two-
port. This straight line therefore is a com-
plete representation of the noise perfor-
mance of the two-port. Since two points
determine a straight line, the line can be
drawn by finding two points. This is done
by driving the input of the two-port with
a noise source which has two well-known
noise temperatures and measuring the
available noise output powers, N, and
Ny, for respective ‘cold” and ‘hot”
temperatures, T, and T,. This procedure
is illustrated in Figure 3. The cold noise
temperature is often the physical tempera-
ture of the noise source. The hot tempera-
ture can be, for example, the effective
temperature of a diode in avalanche
breakdown. Any two temperatures for
which the output noise of the source is ac-
curately known can be used. This method
results in calculated noise figure which
depends upon the ratio of measured
quantities and not their absolute values.

Once these two points have been
found, the straight line can be drawn and
the noise figure and effective temperature
can be found graphically or algebraical-
ly. Modern noise figure meters use micro-
processors to do these calculations auto-
matically and to display the noise figure
digitally.

Often the ratio of N, to N, is called the
Y factor. The noise figure can be ex-
pressed in terms of the Y factor as follows:

kGB_M .3
T, )
Th—YT
Teﬁ= Y_1C (14)
T
F=1+—" (15)

To

Stage N 2 3

Two-port data: Gain (dB) 40 70 0
NF (dB) 1.2 12 0
NF 1.31826] 15.84893 1
T(effective) 92.2945 4306.19] 290

Two-port name: PAM Mixer-AlL Qutput

Gain{cum., dB) 25.94 65.94 135.94

T{input) 61 61 1532945 1.54E+13

T{ett., sys.) 92.72507 4306.19 290

T{sys.) 61 153.7251 1537251 1.54E+13

T(sys., dB) 17.8532984 21.86745 61.86745 131.8674

G/T{dB/K) -17.853298 4.072553 4.072553 4.072553

T(hot} 162.62 162.62 2549145 2.55E+13

T{cold) 61 61 1532945 1.54E+13

Y(dB} 4.25844122 4.258441 2.20868 2.203828

Signal (dBm) -138 -112.06 -72.06 -2.06

Noise BW(kHz) 3000 3000 3000 3000

S/N(dB) -22.023302 3.916698 -0.08527 -0.09745

Figure 6. S-band telemetry system, corrected results.
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Appendix - Spreadchee! Formulas 1 ! 1
2 | SwageN | < 1 ) 2 . i )
3 _|Two-port data: _Gain (dB) Ol X
4 INF (d8) R
5 NF =10(R(-1}C/10)][ 5 TS>>>>>>>
3 Tiefteclive) =290°(R]-1]C-1[ 6 -
7 7
8 |Two-pon name: = Antenna 8 Two-Port_#1 Two-Port_#2
9 9
1 0 |Gaimicum., dB) 10 J-A(-7]C{-1] =RC[-2]+A[-7]C{-1] REPEATS>>>.
11 _ﬁngun 40 11]-RC[-2] =(RC]-2]+R[-5]C[-11}"10*(R[-8IC[-11/10) |REPEATS>>>
12 |Tiet., sys. 12 |-R[ 6]C(1]+RC[2)/(10*(R[-9]C[1]/10})| REPEATS>>>
13 |T(sys.) 40 13 §-R[1]C+R[-2IC REPEATS»>
T 4 |Tisys., 0B =10"LOG10(R[-1]C) FEPEATS>>>>>>> | 14
[ /T{dB/K |=R[-5]C-R[-1]C REPEATS>>>535> | 1
16 |T(hot) 141,62 16 |=RC[-2] <(RC[-2]+R[-10]C[-1})* 10*(R[-13]C[-1}/10) | REPEATS>>>
1 coid 40 17 |=RC[-2] =(RC|-2)+R[-11]C(-1})°10*{R[-14]C[-11/10} |REPEATS>»>
18 )Y(dB} =10"LOG 10{R[-2]C/R(-1IC} REPEATS>>»>>>» | 1
[ 9|Signal (@Bm)__[-138 19 |-RC[-2]+R[-16]CI-1] REPEATS>>>
[2 0 |Noise BW(kHz} (3000 20 ]3000 3000
2 1 |S/N(dB) [=R[-2]C-10°LOG10(1.3BE-23°R[-10]C RI-1{C°1000)-30 | REPEATSo>»0m> | 2 1

Appendix 1. Spreadsheet formulas.

The G/T Figure of Merit

Many receiving system designers use
the G/T figure of merit. The signal power
at the terminals of a receiving antenna
can be expressed as:

PR = PTGTGR(A/4T[R)2 (16)

Pg is the received power in watts; Py is
the power the transmitter delivers to the
transmitting antenna; Gt and Gg are the
transmitting and receiving antenna gains,
respectively; A is the wavelength; and R
is the distance between the transmitting
and receiving antennas.

The noise power applied to the input of
the receiver by the antenna is:

F’N —~ kTamB (17)
where T, is the antenna effective
temperature.

The signal-to-noise ratio at the input of
the receiver can then be expressed as:

d e que U N _S - ———PR
crystals and long exper " 4 = e
A requirements gi
‘Our Quality System is approved to M G P;G A \2
~ weare on the Qualified Pro o > Ll (18)
T/ \ kB | \anR

55310. QPL'd Clock Bscillators

= y 5310 "
¥ Typically the receiving system designer
only has control over the Gy and T,,.
The ratio of these two quantities is the
familiar G/T ratio which the designer tries
to maximize. It is also useful to note that
in a system of cascaded two-port net-
works, the G/T ratio remains constant
throughout the system.

i first
an old

BY.
o specily

&

~ oscillator requirement o
~hand youll find Oscillatek easy to talk
- to.For engineering and applications
. assistance phone (913)
829-1777 or circle the
reader service card
for a copy of our
full catalog.

Description of the Spreadsheet
RF engineers who work mostly with
very low noise systems usually prefer the
noise temperature concept. Noise figure
is usually preferred by those working with
the systems in the HF and VHF range.
There is no fundamental difficulty with us-
ing either approach for an application;
however, calculations are generally made
easier by using noise temperatures. The
spreadsheet described here uses the
noise temperature concept, although
noise figures may be entered for the two-
port devices making up the system. One
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problem that someone accustomed to
noise figure may encounter is simply the
difficulty of relating to values of noise
temperature.

The spreadsheet is laid out so that the
names of the various two-ports and their
parameters are alternated with the calcu-
lated interstage data. As a further aid to
clarity, the Border option under the For-
mat menu in Excel is used to create the
block diagram of the system on the
spreadsheet. The program requires that
the user enter gain and noise figure
values. For purely passive devices, the
noise figure in dB is simply the loss of the
stage in dB. The spreadsheet then calcu-
lates the noise figure (in dimensionless
units) and the equivalent input noise
temperature. For this calculation a T, of
290 degrees K is assumed. Other data
that must be entered by the user are
T(input), T(hot), T(cold), Signal (dBm), and
Noise BW (kHz).

The notation used in the spreadsheet
for the various temperatures is somewhat
different from that used in the preceding
tutorial. Table 1 defines the temperatures
as named in the spreadsheet. The
spreadsheet begins by calculating noise
figure as a dimensionless quantity and
equivalent input noise temperature for
each two-port as described above. Next,
cumulative gain and T(input) are calcula-
ted. T(input) is the apparent temperature
seen at the input of any given stage and
is a function of T(input), T(effective), and
gain of the preceding stage. T(input) is
given by:

T(input) = (T(input) + T(eff))G
e s

.
Nth stage (N — 1)th stage
where G is dimensionless.

The spreadsheet next calculates
T(eff,sys). This calculation proceeds from
the far right of the spreadsheet to the left.
T(eff,sys) is the effective input noise
temperature of the cascade of two-ports
to the right of the point being specified.
To begin calculating T(eff,sys) at the in-
put to each stage, assume a temperature
for the output load terminating the cas-
cade of two-ports. This is ordinarily as-
sumed to be 290 degrees K. It has little
effect upon T(eff,sys) at the input to the
system. Starting at the input to the last
stage, T(eff,sys) at the input to the last
stage is calculated as the T(eff) of that
stage plus the quantity T(eff,sys) at the
output divided by the gain.

(19)

T(eff,sys) = T(eff) + T(eff,sys)/G (20)
N N~ — -

Nth Nth (N — 1)th Nth
stage stage stage stage
RF Design

Next, the spreadsheet calculates T(sys)
for each point in the cascade of two-ports.
This is simply the sum of T(input) and
T(eff,sys) at each point in the system.

The next calculation is the value in dB,
referenced to 1 degree K, of T(sys). This
is followed by the value of G/T(dB/K)
which is the difference in gain(cum.,dB)
and T(sys,dB). It is important to notice, as
was explained in an earlier section, that
the value G/T remains constant through-

out the system.

The rest of the values calculated by the
spreadsheet are ones the authors found
useful. The values of T(hot), T(cold), and
Y(dB) can be used to show how the noise
level at any point in the system varies for
two different input temperatures. The dif-
ferent temperatures can be those of hot-
cold noise source or, in the example
described in the next section, the sun
used as a noise source. As would be ex-

True Temperature

are known,
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pected, the relative levels of noise, as ex-
pressed by Y(dB), show a decreasing ratio
between the two noise levels as the
observer moves from the input to the out-
put of the cascade of two-ports. In this
respect, this spreadsheet is a useful
teaching tool. The calculations used for
these two temperatures are exactly the
same as those used to calculate T(input).
The remaining three rows of data allow
the user to calculate signal-to-noise ratio
through the system for any arbitrarily
selected signal level and any bandwidth
at any point in the system.

An Example Application

The application driving the design of
this spreadsheet was gain/temperature
(G/T) measurements of an S-band tele-
metry system. Figure 4 is a block diagram
of this system.

It should be noted in passing that the
noise figure of the antenna is quoted as
0 dB, since the antenna has no loss and
no active elements. The so-called anten-
na temperature is considered an attribute
of the antenna’s environment. The ques-
tion was whether the sun could be used
as a noise source to measure G/T with the
equipment available, and what Y factor
would be expected. Obviously, if the Y fac-
tor was too small or large, a reasonable
measurement was impossible. Figure 5
shows the resulting spreadsheet giving
the expected results. The cold sky
temperature was assumed to be 40
degrees K. The parameters of the various
two-ports were known, and a telephone
call to the National Bureau of Standards
gave the solar flux for the time period dur-
ing which the measurements were made.
From this equivalent T(hot) was computed
at the frequency of interest. It is worth-
while to digress for a moment and fill in
the details of this computation.

Solar flux is measured daily at a
number of discrete frequencies by the
NBS. In this case, the flux at 2685 MHz
was used, being closest to the frequency
of interest. Between 1500 and 3000 MHz,
the quoted value may be corrected for the
frequency of interest by the empirical
relation:

¢ = do(t/o)” (21

4 is the corrected value for the frequen-
cy of interest; ¢, is the value quoted by
NBS; f, is the frequency of interest; f, is
the NBS measurement frequency; and
one solar flux unit is equal to 1072
watt/m2Hz.

The solar flux was quoted as 57, and
the correction equation yielded a value of
52.76 at the frequency of interest, 2300
MHz. T, was then computed from:

Thot = (22)

8ﬂkL TCO|d

A is the wavelength; G is the antenna
gain in dimensionless units; k is
Boltzmann’s constant; L is a correction
factor for the angular extent of the sun
relative to the antenna beamwidth; and
T.oiq is the assumed value for the “cold”
sky.

The correction factor L compensates for
the angular extent of the sun disk, 0.5
degrees, relative to the azimuth and
elevation beamwidths of the antenna
under test. It is given by:

L = 1 + 0.38(84/6,70x.)? (23)

84 is the angular extent of the solar
disk in degrees; and 6,7 and 6 are the
azimuth and elevation 3 dB bandwidths
of the antenna in degrees.

The value of T, was calculated to be
14162 degrees K. This value is very
dependent on antenna gain, so antenna
gain should be accurately known before-
hand.

As can be seen, the spreadsheet pre-
dicted a Y factor that was very reasonable,
2.47 dB. On making the measurement,
however, a 2.2 dB Y factor was observed,
yielding a G/T of 4.06 dB, instead of the
expected value of 4.71 dB. The value of
G/T was computed from the Y factor us-
ing the equation:

G _8rkL(Y - 1)
T )
where the factors in the equation are the
same as those defined above, with the ex-
ception that the Y factor should be a
dimensionless quantity.

The G/T ratio of a system is a function
of the antenna temperature. This is not the
physical temperature of the antenna itself,
but the apparent temperature of the sky
toward which the antenna is pointed. In
truth, this temperature is the result of an
integration over the entire antenna pat-
tern, and so may include not only ‘“‘cold”
sky in the antenna main lobe but also
various hotter backgrounds in sidelobes.
There was reason to suspect that T(coid)
was higher than the 40 degrees K postu-
lated. The measurement was performed
on a hot asphalt parking lot, with many
surrounding objects, including a brick
building, that were also quite warm. All of
these objects would, of course, be visible
to the sidelobes of the antenna, and
would raise the apparent sky temperature
above that of the cold sky itself. As shown
in Figure 6, the value of T(cold) was ad-
justed on the spreadsheet until the
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observed results were duplicated and, in-
deed, the value of T(cold) thus calculated
was a quite reasonable 61 degrees K. It
should be noted that T(hot) is also a func-
tion of T(cold), so the value of T(hot) in
the revised spreadsheet shows an in-
crease. The spreadsheet program in this
case provided confidence in the measure-
ments.

Another application for such a program
is to help the designer determine design
tradeoffs quickly. A particular component
gain may increase system dynamic range
without seriously compromising T(sys). A
good engineering balance between sen-
sitivity and dynamic range usually in-
volves careful gain distribution throughout
a receiver, rather than the sledgehammer
expedient of fixing the noise figure with
a high-gain low-noise preamp at the front
end. The spreadsheet is a very useful tool
for determining the optimum configura-
tion.

Conclusions

An interesting application of a computer
spreadsheet has been presented. Spread-
sheets are powerful tools which can be
applied to a variety of engineering prob-
lems. This particular spreadsheet is very

useful for designing or analyzing the
noise performance of a system of cascad-
ed two-ports. An application example with
actual data using the spreadsheet was
also given. Implementation of this spread-
sheet on any computer with a spread-
sheet capable of log functions should be
straightforward.

The authors wish to thank Dr. E.B. Joy
of the Georgia Tech School of Electrical
Engineering and Dr. Lee Edwards of the
Georgia Tech Research Institute for their
helpful suggestions, comments, and care-
ful proofreading of this manuscript. [
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The following temperatures are
defined at the input of their respective
stages as shown on the spreadsheet.
T(input) the effective
temperature of the input
noise to the stage.
the effective
temperature of the
stage only.
the effective
temperature of the
stage and the suc-
cessive cascaded
stages.
for a given stage,
equals T(eff,sys) +
T(input).
the effective
temperature of the input
noise to the stage with
a noise source at its
hot temperature at the
input to the system.
the effective
temperature of the input
noise to the stage with
a noise source at its
cold temperature at the
input to the system.

T(ef)

T(eff,sys)

T(sys)

T(hot)

T(cold)

Table 1. Temperature definitions.
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Electrostatic Discharge as an EMI Issue

By Daryl Gerke
Kimmel Gerke and Associates, Inc.

This article addresses electrostatic
discharge (ESD) as an electromagnetic in-
terference (EMI) problem. Most ESD pro-
grams are aimed at preventing ESD and
subsequent damage to components dur-
ing manufacturing. Discussed is the need
to address ESD occurrences and their ef-
fect on systems and equipment during the
design phase. In order to explore ESD as
an EMI problem, this article follows the
general EMI model of source, coupling
path, and victim.

he damaging effects of electrostatic

discharge (ESD) upon electronic com-
ponents and printed circuit boards are a
major concern in manufacturing. An en-
tire industry has been developed to serve
those needs, whose primary strategy is
the prevention of static buildup and the
resulting discharge.

For equipment in the field, however, this
strategy of prevention is not enough.
Sooner or later, a discharge will occur. At
that time, ESD becomes an EMI (electro-
magnetic interference) problem. Any
equipment designer responsible for EMI
control must also consider the effects of
an ESD event upon his or her design.

These ESD problems have become in-
creasingly acute in recent years, as elec-
tronic devices have decreased in size and
increased in speed. The result is damage
or upset at lower energy levels than in the
past.

The problems are particularly vexing
with systems incorporating microproces-
sors and other digital logic. As the speed
of digital systems has increased, the
bandwidths have increased to beyond the
ESD bandwidth, thus fully opening the
“window of susceptibility” to ESD upset.

ESD as an EMI Source

Figure 1 shows a representative ESD
waveform, from a typical human ESD
event. Peak human ESD voltages can
reach 20,000 to 30,000 volts, and peak
currents can easily reach 5 to 10 amps.
ESD rise times are typically in the 1 to 3
nanosecond range.

In the manufacturing arena, the key
ESD parameters of concern are the peak
voltage and the energy in the ESD event.
This is because the failure modes are
usually either voltage breakdown or
overheating due to too much energy.

In the EMI area the key parameters of

Typical Values
b 5-10 Amps ]
t.  1-3 nsec.
t  100-300 nsec.

e
(10-20%)

Figure 1. Typical ESD current wave-
form.
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Figure 2. Typical ESD frequency
spectra.

ESDK oo g SN
o

M

(1) ESD to indicator
(2) Jeqo carried
by wiring

lesp, —>

leso, — Direct discharge through circuit

leso, — Direct discharge through ground

(3) Fieid induces voltage
into printed circuit board

o [ dB  ,NA  dl |
E=NTasT 8T 2nd dt
o it
P | =5 Amps
<" leso t, = 1 nsec
d=3cm

A =1¢cm?

Then
E = 3 volts in 1 cm? loop

Figure 3. Direct discharge ESD currents.
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Figure 4. Indirect discharge ESD.
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concern are usually peak currents and
rise time. This is because the failure
modes (and the solutions) are frequency
and impedance related.

ESD is a relatively fast transient, with
rise times in the 1 to 3 nanosecond range.
In the frequency domain, this means
significant energy is present well into the
VHF range, as shown in Figure 2. Using
the Fourier transform and a **bandwidth”
definition of 1/(n x rise time), a 1 nanosec-

ond rise time translates to over 300 MHz.
This means that 300 MHz design rules
must be applied for ESD shielding,
grounding, and filtering.

In an effort to standardize ESD testing,
several models have been developed.
The most popular is the “human body
model,” which attempts to characterize
the discharge from a human being.
Several variations exist, but essentially
humans look like 100 to 300 pF of

Now available as a Video Training Course
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3975 East Bayshore Road e Palo Alto, CA 94303 ¢ (415) 969-3400
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capacitance discharging through 1 to 3
kohms of resistance.

Additional work is still being done in this
area. One of the more interesting recent
revelations is a “precursor,” or a fast
discharge followed by a slower discharge.
This is believed to be due to a discharge
from the hand and arm, followed by a
discharge from the entire body. This
phenomena is dependent upon the rate
at which the body approaches the equip-
ment, and is one of the problems with
repeatability in ESD testing.

The standards for ESD sources con-
tinue to evolve as new research is done
in this area. In addition to the human body
model, additional models for furniture and
other sources are under investigation.

ESD Coupling Paths

There are several ESD coupling paths
into a system. There is the direct dis-
charge through a device, which often
results in damage, plus the direct dis-
charge through the circuit grounding
system, which often results in upset due
to “‘ground bounce.” Finally, there is in-
direct discharge, or the coupling of ESD
energy via an electromagnetic field.

Direct Discharge

Much has been written about direct
discharge through circuits and the
resulting damage. This is the primary con-
cern during manufacturing, when devices
are exposed and extremely vulnerable. In-
cidentally, devices are no less suscepti-
ble to damage just because they are
mounted on a circuit board, so manufac-
turing precautions (static pads, wrist
straps) are necessary during servicing
and repair. Also, the system must be
designed so that no ESD currents flow in-
to vulnerable circuits during normal
system operation.

A second direct discharge path is com-
mon impedance coupling in the system
ground, as shown in Figure 3. This path
is a bit more subtle, and is often overlook-
ed. A common example is to terminate in-
put/output decoupling capacitors to the
power return plane in a circuit board,
rather than the chassis. In this case, ESD
currents are forced to flow in the circuit
return paths, often upsetting them. A bet-
ter solution here is to terminate the 1/0
capacitors directly to the chassis, thus
steering the currents away from the power
return path.

Indirect Discharge

it is this latter case, the indirect
discharge, that is often the cause of
mysterious ESD failures. Maxwell’s equa-
tions say that any time-varying current
(continuous or transient) creates a cor-
responding electromagnetic field. Due to
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filter manufacturer in the U.S.

We carefully control each step of the process
from the quartz crystal, which we fabricate
ourselves, through coil fabrication to the final
tested filter. Assembly and inspection employ-
ees are each trained and certified to WS6536D.
Proprietary computer analysis, modeling, and
optimization programs are routinely used. And
our engineers work closely with you to ensure
you get exactly what you want, when you want it.

Our new Crystal/LC Filter
catalog descriges many typical [EEELEEE
models and their specifications PSS
that have been selected for their [S.

unique features, and as a class, J\'m@m

represent our capabilities. ! |
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the speed and current levels associated
with an ESD event, these resulting fields
can easily upset nearby electronic
equipment.

This manifestation of ESD has become
a significant problem with digital systems
since the late 1970s. Prior to that time,
most digital systems were too slow,
relative to ESD, so the electromagneiic
field was effectively ignored. Since ESD
has a typical rise time of 1 to 3 nano-

seconds, this was much faster than the
logic of the 70s. Today, however, logic can
easily respond to edge rates of 1 nanose-
cond or less. Thus, these faster edge
rates have opened fully the “window of
susceptibility” to ESD.

As a simple example, Figure 4 shows
the coupling of an ESD current-induced
field into an adjacent circuit board. This
simple calculation predicts an induced
voltage of 3 volts, which is more than

now from Amphenol RF. . .
broadest line of
between-series adapters
in the industry

[
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Panel Mount

WR supplied upon request

that is yours for the asking.
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8 Subminiature series: SMA, SMB, SMC, SSMA
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V.

Contact OEM Sales & Service (203) 743-9272. Also, we have a brand new catalog
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enough to cause an upset in a digital
circuit.

Incidentally, this problem revealed itself
in a vivid fashion with the early electronic
cash registers. Since ESD was a concern,
the cash registers were carefully design-
ed with plastic cases and switches to
eliminate any direct discharge. Unfor-
tunately, no shielding was used, and the
indirect discharge from customers
touching metal counters was often
enough to completely disable the cash
registers.

ESD Victims

As modern electronic components have
increased in speed and decreased in size,
their vulnerability to ESD has dramatically
increased as well. Upset thresholds have
decreased, as digital circuits with 110 3
nanosecond edge rates no longer ignore
ESD transients, but accept them as valid
data. Furthermore, devices that rely on
stored charges (such as memories) are
smaller, and thus become susceptible to
upsets at much lower energy levels.

Damage thresholds have also de-
creased. Many modern circuits suffer
damage at voltage levels as low as 100
volts. Since the human threshold of feel-
ing for ESD is around 2000 volts, it is quite
possible that damage has occurred with
no warning or indication. Even more in-
sidious, devices may not be destroyed,
but only weakened, and become the
“walking wounded” that result in in-
creased field failures at a later time.

Interface circuits, such as input/output
or probes, are particularly vulnerable as
ESD victims. Special precautions are
often needed to prevent ESD damage to
differential oscilloscope probes, spectrum
anatyzer inputs, and computer input/out-
put interfaces.

Designing and Testing for ESD

While most electronic companies today
have an active ESD program for manufac-
turing, many still ignore ESD when de-
signing new products. This is unfortunate,
since, as stated earlier, today’s technology
is more vulnerable than ever to ESD ef-
fects. The author is personally familiar
with product recalls that were directly
related to ESD.

A primary design goal should be to
make a system less vulnerable to both
damage and upset from an ESD event.
One must assume that eventually an
event will occur, and that it must be dealt
with. This is unlike manufacturing where
the goal is to prevent ESD events (in
manufacturing, if the ESD event occurs,
it is usually too late.)

ESD-tolerant design should begin with
component selection, and continue
through the board and system design.
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Particular attention is needed with cables,
connectors, and shielding, due to the
electromagnetic field effects of the indirect
discharge. In microprocessor systems,
even software should be designed to ac-
commodate ESD-induced errors. In short,
it is not enough to simply design a system
to work; it must also be designed not to
fail in the presence of ESD.

Testing electronic systems for ESD
vulnerability is strongly recommended.
The testing is relatively simple and inex-
pensive, and can quickly reveal any
design shortcomings. Tests are usually
done with an “ESD gun,” a device that
closely simulates the discharge voltages
and currents from a human being. Two
types of tests are used. In the first case,
the simulated ESD is discharged directly
into the equipment. All exposed metal sur-
faces (including keyboards, connectors,
switches, and indicators) should be able
to withstand at least 7,500 to 10,000 volts.
For systems with plastic enclosures, an
additional set of tests are conducted,
discharging the ESD into a nearby metal-
lic plate to simulate the electromagnetic
field effects of ESD. For a small system,
a full set of tests can typically be done in
a day or less.

Sub-system ESD testing can also be
performed. It is becoming more and more
popular to test printed circuit boards for
indirect discharge ESD effects early in the
prototype stage. At this point, it is relatively
easy to identify specific weak points, and
harden them at minimum expense. An
ounce of prevention at design time is
worth many pounds of cure in field ser-
vice time and customer satisfaction.

Summary

Electrostatic discharge is a serious
threat to today’s electronic systems. And
while manufacturing personnel are usual-
ly well aware of ESD and have implemen-
ted strong ESD prevention programs,
design personnel may not be as con-
cerned with ESD. Nevertheless, with the
increasing speed and decreasing size of
today’s electronic devices, ignoring ESD
is poor engineering.

ESD is a very real EMI problem, and
systems must be designed to tolerate
ESD, just as they must be designed to
tolerate other effects of the modern elec-
tromagnetic environment.
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rF designer’s notebook

Circulator Improves Notch
Filter Selectivity

By Gary Thomas
General Electric Mobile Communications

Reflective notch filters operate by
presenting a short circuit across a
transmission line at the tuned frequency
of the notch. By adding a circulator and
an adjustable stub tuner to the basic
circuit a much narrower absorptive notch
filter can be produced. Although similar
to a prize-winning contest entry pub-
lished in the July 1988 issue of RF
Design, this article (submitted prior to
the contest) offers a different perspec-
tive on the concept.

Band reject or notch filters are used
extensively at RF frequencies to
eliminate undesired signals. Typical
applications include improving intermod
rejection in communications receivers
by eliminating signals on specific off-
channel frequencies and increasing the
dynamic range of a spectrum analyzer.
This is done by reducing the level of a
strong input signal component to avoid
overloading the instrument’s input cir-
cuits while measurements on weaker
spectral components are being made.
The required width (selectivity), depth
(rejection), and tuning range of the
stopband along with the maximum per-
missible insertion loss in the passband
determine the usefulness of a particular
notch filter in a given application. In
addition, the power handling and tem-
perature stability of the filter may be
important considerations in some cases.

Series Tuned Trap

The most common form of the notch
filter discussed above is the series tuned
trap shown in Figure 1a. In this configu-
ration one or both of the reactive
components can be made variable to
allow tuning of the notch frequency. The
resistive component shown represents
the dissipative loss of the filter and
determines its unloaded Q (usually every
effort is made to keep this resistive
component as low as possible). In turn
the unloaded Q sets the limit for selectiv-
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ity and rejection of the filter. Practical
filters can be implemented using dis-
crete components as shown in Figure
1a, a half-wave short circuit stub as
shown in Figure 1b, or a selective cavity
(quarter-wave open stub) as shown in
Figure 1c.

These three implementations of the
notch filter are electrically similar and
operate in principle by presenting a
short circuit across the transmission line
at resonance causing total reflection of
the input signal at that frequency. Since
the resonant structure appears as an
open circuit at frequencies off reso-
nance, all other spectral components
pass the boundary unimpeded. In prac-
tice, due to resistive losses and finite
reactances the resonant circuit is nei-
ther a perfect short at resonance nor a
perfect open off resonance. As a result
there is never complete reflection of the
tuned frequencies nor transmission of
the off tuned frequencies. In addition
there may be a gradual transition be-
tween these two regions.

Figure 2 shows the measured re-
sponse of a typical series tuned trap
notch filter. Measurements were done
using a Wiltron 560 Scalar Network
Analyzer with a 610D/61084D sweep
generator. This filter consists of a 0 to
40 pF air variable capacitor in series with
a lumped inductor made from 3 cm of
14 Ga. copper wire formed in a single
loop. The entire assembly is housed in
a cylindrical metal enclosure approxi-
mately 5 cm in diameter and 7.5 cm
long. Connection to the trap is made
through a BNC connector. The resulting
one port is placed across the transmis-
sion line using a standard “T’’ connec-
tor.

In spite of its simple construction, this
notch filter is very useful for measuring
the second harmonic of a UHF transmit-
ter. As seen in Figure 2, if the filter is
placed between the transmitter and
spectrum analyzer the transmitter fun-
damental output at 450 MHz will be
reduced by 35 dB while the second
harmonic component at 900 MHz will
suffer less than 1 dB attenuation. Thus
the filter can be used to increase the
dynamic range of the test setup by as
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Figure 1. Various reflective notch
filters.

much as 35 dB.

Unfortunately, due to the width of the
notch this simple filter is not useful for
measurements close to the tuned fre-
quency. This is easily seen in Figure 3
which shows the filter response on an
expanded scale. In general, measure-
ments close to the frequency being

Figure 2. Measured response of
series tuned trap.
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Figure 3. Measured response of
series tuned trap (expanded scale).

notched require a different, more selec-
tive filter. This usually means a larger,
more expensive filter which may not be
readily available.

Improved Filter

The selectivity of the simple notch
filter can be improved significantly by
the addition of a circulator and tuning
stub (Figure 4). The response of this
combination is shown in Figure 5. The
improvement obtained is seen by com-
paring Figure 5 and Figure 3 (both
photos were taken with the same ana-
lyzer settings).

Although the addition of a circulator
and tuning stub to the simple notch filter
seems innocuous enough, in fact it
completely changes the way in which
the transmission null is achieved. To see
this, refer to Figure 4 and note that in
order to have zero transmission be-
tween port 1 and port 3 of the circulator
the network attached to port 2 must
appear to be a perfect 50 ohm termina-
tion. In other words, the simple notch
filter must absorb all of the incident
power at the notch frequency. The fact
that it does this is difficult to accept
because, as pointed out earlier, every
effort is usually made to minimize the
dissipative loss of the reflective notch
filter when it is made. In fact if the tuning
stub were not present, very little of the
power emerging from port 2 would be
absorbed in the reactive load of the trap
and virtually all power would be reflected
and appear at port 3. There would be
essentially no notch at all. However,
when the sliding stub tuner is included
in the circuit and adjusted properly, it
acts as an ideal transformer stepping
up the small resistive loss of the cavity
to 50 ohms. The fact that the extremely
high transformation ratio required tends
to make the matching section very

RF Design

narrowband is a benefit rather than a
drawback since the application is for a
narrow notch filter in the first place.
Similarly the circulator used for the filter
does not have to be particularly broad-
band as long as it is tuned to the desired
notch frequency.

Applications
As mentioned above, the improved
notch fitter operates by absorbing the

power at the notch frequency rather than
reflecting it back to the source. In fact if
the termination at port 3 is a good
broadband load, then the source con-
nected to port 1 of the circulator sees a
low VSWR at all frequencies. This can
be very useful when testing transmitters
which might become unstable while
working into a high VSWR or an ampli-
fier which incorporates a reverse power
detection circuit which shuts down the
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detonations
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Figure 4. Improved notch filter.

transmitter output to prevent damage to
the final PA stages due to a short or
open circuit at the antenna port.

One disadvantage of the absorptive
filter is that when it is tuned to the output
of a high power device the trap absorbs
virtually all of the output power and can
get very hot. This can cause it to detune
as it warms up or may destroy it if it
cannot dissipate the power absorbed.

In practice the absorptive filter is more
difficult to tune than the simple series
tuned trap since the two tuning adjust-

ments (the trap and the stretch line) are
interactive. Nonetheless, this technique
has been used successfully to extend
the performance of a large selective
cavity for such critical applications as
measuring 25 kHz spurious FM side-
bands 110 dB down from a 150 MHz
carrier.

Since the absorptive filter operates
by using the signal separation proper-
ties of the circulator, any directive device
such as a hybrid splitter or return loss
bridge can be used in its place. The

h 3
e

A

£ :% e
g;‘. ig —
L . 13
| 3 il- -
RFH-1517-S “ » e
S —
-
RFH-151B-S. RFH-1516-S

<

Vi

Use our
advanced computer
designed N and UHF
connectors on your %2 inch
Andrews Superflex or Cablewave
Cellflex. These weather-sealed
connectors thread to cable for
great electrical and mechanical
performance. With gold plated
pins, silver plated brass bodies,
and a lifetime warranty. Find out
more. Call your RFI distributor, or
1-800-233-1728; in California
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Figure 5. Measured response of im-
proved filter (same scale as Fig. 3).

main disadvantage of using these de-
vices is that they have much larger
insertion loss and worse return loss at
frequencies away from the notch.

Finally it should be noted that al-
though you would expect the notch
depth to be limited by the ultimate
isolation of the circulator, in practice the
leakage around the device is partially
cancelled by the small reflected signal
from the cavity. The correct phasing of
these two signals results automatically
when the two adjustments are tuned for
the deepest notch.

Conclusion

A technique to increase the selectivity
of narrow bandstop filters has been
presented. The method can be used to
improve the performance of small inex-
pensive notch filters or to achieve excep-
tional performance from larger, more
expensive units. It offers the additional
benefit that the resuitant filter is absorp-
tive and protects the source under test
from large reflections.
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Unveil New Products

TERMINATION

ATTENUATOR

Stripline Attenuators
JFW Industries

These attenuators use beryllium ox-
ide ceramic substrates and thick film
resistor inks to achieve transfer of heat
from the film area through the substrate
to the heat sink. When mounted to an
appropriate sink the temperature rise is
approximately 0.6 degrees C/W. Typical
TCR is 125 PPM/degree C. 50 ohms is
standard, but, other impedances are

available. The range provided is DC
through 3 GHz with maximum VSWR of
1.15:1 from DC to 1 GHz. Power rating
for the A-210 Series is 125 watts average
and 1000 watts peak.

The T-290 Series of terminations have
a frequency range of DC to 1 GHz with
VSWR from DC to 0.1 GHz of 1.05:1.
Power rating is 250 watts average and
1000 watts peak. JFW Industries, Inc.,
Indianapolis, IN. INFO/CARD #230

Stripline Power Divider
Merrimac

The PDM-02S-4G represents a range
of stripline dividers covering multi-
octaves with tight phase and amplitude
balance. This low frequency example
has an amplitude balance of 0.2 dB
max., phase balance of 2 degrees and

insertion loss of 0.9 dB. Output port
isolation exceeds 17 dB over the 0.5 to
7.5 GHz range. Price is $995.

The 0.25" square surface mount
package from Merrimac is designed for
50 ohm coplanar systems. The Kovar
input leads are designed to suit various
mounting configurations. Price starts at
$95. Merrimac Industries, Inc., West
Caldwell, NJ. INFO/CARD #229

FM IF Source
Signetics

MC3361 is a low-power FM IF second
source that operates down to 2 V and
consumes 4.2 mA. NE/SA615 is a
low-power mixer FM IF system with input
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frequencies up to 500 MHz and 25 MHz
IF bandwidths. Signetics, Sunnyvale,
CA. INFO/CARD #228.

Custom SAW Devices
McCoy Electronics

McCoy is offering to design, fabricate
and test (both electrically and environ-
mentally) custom surface acoustic wave
(SAW) device requirements over the
following product areas: delay lines from
20 to 1200 MHz and up to 20 us,
bandpass filters from 20 to 400 MHz with
fractional bandwidths to 50 percent and
hybrid oscillators from 100 to 1200 MHz.
McCoy Electronics, Mt. Holly Springs,
PA. INFO/CARD #227.

Oscillator Design Software
Circuit Busters

Oscillator designs 16 different L-C,
transmission line, SAW and quartz crys-
tal oscillators. It computes bias and RF
component values based on user re-
sponses to program prompts. The pro-
gram then writes a Superstar file which
is used to analyze the open loop Bode
response and to optimize the design
parameters. Application frequency
range is audio to approximately 2 GHz.
The software runs on IBM PC/XT/AT/
PS2 and compatible computers. Price
is $495. Circuit Busters, Inc., Stone
Mountain, GA. INFO/CARD #226.

Calibration Unit
S.T. Research

Model 8400A is designed to facilitate
the maintenance and calibration of noise
figure meters. The unit provides a

two-level IF signal which simulates the
Noise On/Noise Off ratio emanating
from a typical receiver IF output. The
ratio and output are variable. S.T.
Research Corp., Newington, VA. Please
circle INFO/CARD #225.

Voltage-Controlled SAW
Oscillators
RF Monolithics

RFM will unveil a line of voltage-
controlled SAW oscillators (VCSO). Typi-

RF Design

cal SSB phase noise is -115 dBc/Hz at
1 kHz for a 500 MHz VCSO. The devices
are available up to 1 GHz. RF Mono-
lithics, Inc., Dallas, TX. Please circle
INFO/CARD #224.

MOSFET Devices
SGS-Thomson

SGS-Thomson introduces a line of
MOSFET devices with power levels from
5 to 300 watts at 28 and 50 V at 250
MHz. Also available are devices with
power from 5 to 50 watts at 28 V and 500
MHz.

Also being introduced is a 150 watt
transistor which operates from 470 to
860 MHz. The SD 1492 is optimized for
28 volt operation with more than 7 dB
gain. SGS-Thomson Microelectronics,
Montgomeryville, PA. Please circle
INFO/CARD #223.

Oscillation Transistor
California Eastern Labs

The NE64700 oscillation transistor
has a gain of 22 dB at 2 GHz with an F;
of 11 GHz. Typical specifications include
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Veao 0f 30 V, Vo of 11 V and V of
2.5 V. California Eastern Laboratories,
Inc., Santa Clara, CA. Please circle

INFO/CARD #222.

SMT SAW Devices
Sawtek

Sawtek unveils a line of hermetic
surface mount packages for SAW de-
vices. The small size maximizes the
integration potential of SAW frequency
control elements. Sawtek Inc., Orlando,
FL. INFO/CARD #221.

Class A Amplitier
Amplifier Research

Model 100HB is a Class A power
amplifier with 100 watt minimum output
from 400 to 1000 MHz. An integral
leveling preamplifier and front-panel
metering of forward and reflected power

10 watts linear,
10kHz to 250MHz.

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

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

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

You've always known our pow-
er ratings are uitra-conservative.
The 10-watt nameplate on this
one assures you 10 watts linear
throughout the bandwidth, and
even more when saturated.

The Model 10A250 belongs in
your lab.

i y "mul"n

160 School House Road
Souderton, PA 18964-9990 USA
Phone.215-723-8181
TWX 510-661-6094

8408
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WHEN PRECISION
AND PERFORMANCE
ARE CRITICAL,
CHECK

DELEVAN

v

® 1%, 3% Tolerance for Unshieided
Matched Parts, 0.022u H to 1000 H

® 5% Shielded, from 0.14. H to 560u H

® Qualified to MIL-C-83446/4 MS 21367

® Chips, wire bondable ribbon leads or
reflow solder pads

e 010 H to 1000y H

For the ultimate in
engineering capability:
® Tight tolerance - 1%, 3%, 5%
® [ aser marking
® Custom values
® Environmental lab qualification
® SPC program
o Hi-reliability performance

For fast answers to your really
tough application problems call
(716) 652-3600; Telex 91-293;
Fax (716) 652-4814

DELEVAN_/SMD Divisions
F AMERICAN PRECISION INDUSTRIES

Electronic Components Group

270 Quaker Road,
East Aurora, NY 14052-0449

MADE IN AMERICA BY AMERICAN CRAFTSMEN
TO AMERICAN STANDARDS OF EXCELLENCE
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are featured. Amplifier Research, Sou-
derton, PA. INFO/CARD #220.

Class AB Linear Amplifier
Power System Technology

PST’s Model BHE 5819-500, 500-
1000 MHz, 500 watt amplifier features
a 500 MHz bandwidth and minimum
gain of 57 dB. AM distortion at 85
percent depth of modulation is 10 per-

cent maximum and two-tone intermod
is -20 dBc referenced to 500 watts PEP.
Power Systems Technology, Inc., Hap-
pauge, NY. INFO/CARD #219.

Digital Wattmeter
Coaxial Dynamics

Coaxial Dynamics will unveil the
Model 83550A peak/CW digital wattme-
ter along with the Model 7510P peak/
CW frequency/RF wattmeter. Coaxial
Dynamics, Inc., Cleveland, OH. Please
circle INFO/CARD #218.

Integrated Microwave Subsystems
AEL Defense Corp.

Integrated microwave subsystems to-
gether with shop replaceable assem-
blies will be introduced. AEL Defense
Corp., Lansdale, PA. Please circle
INFO/CARD #217.

SMB and SMC Connectors
Applied Engineering Products
AEP has added 44 SMB and SMC
connectors to their QPL line bringing
their total to 100 SMB and SMC connec-
tors qualified to MIL-C-39012. Applied

Engineering Products, New Haven, CT.
INFO/CARD #216.

SAW Spectrum Analyzer
Phonon Corp.

The AS160-6-50 is a 50 percent POI
real-time spectrum analyzer based on
SAW technology. It is capable of proc-
essing signals of 6 MHz bandwidth with
30 kHz resolution. Time sidelobes are
suppressed greater than 25 dB. Phonon
Corp., Simsbury, CT. Please circle
INFO/CARD #215.

TWT Amplifiers
Keltec Florida

The R640 Series of pulse TWT ampli-
fiers features power up to 10 kW.

Applications include EMI/EMC test stan-
dards and radar threat simulators. Kel-
tec Florida, Inc., Fort Walton Beach,
FL. INFO/CARD #214.

Microwave Counter
XL Microwave

This 10 Hz to 20 GHz microwave
counter features high sensitivity, fast
data acquisition, GPIB and power meter
as standard. It costs $3,900. XL Micro-
wave, Inc., Oakland, CA. Please circle
INFO/CARD #213.

Capacitor Kit
ATC

The ATC ‘“‘Capacitor Pick List Kits”
feature five different kits from $19.95 to
$99.95. American Technical Ceram-
ics, Huntington Station, NY. Please
circle INFO/CARD #212.

Bipolar MMIC
Avantek

Model #INA-02170 is a low-noise,
cascadable silicon MMIC which features
1.9 dB noise figure, 31 dB gain and 11
dBm P, g at 0.5 GHz. It is housed in a
70 mil hermetic gold ceramic surface
mount package. Applications included
IF and RF amplification at frequencies
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up to 2 GHz. Avantek, Inc., Santa Clara,
CA. INFO/CARD #211.

Board Level DDS
Digital RF Solutions

The DX-2070 is a board level direct
digital synthesizer based on the NCMO'™
system. Numeric phase or frequency
modulation is included with clock speed
up to 20 MHz and power consumption
of less than 2 watts. Digital RF Solu-
tions Corp., Santa Clara, CA. Please cir-
cle INFO/CARD #210.

Flexible Cable Assemblies
Micro-Coax Components

Micro-Coax unveils the UTIiFLEX flex-
ible microwave cable assemblies featur-
ing low insertion loss and low VSWR up
to 26.5 GHz. Also available are SMA
male and female connectors with 25
ohm characteristic impedance for use
with 25 ohm semi-rigid cable. Micro-
Coax Components, Inc., Collegeville,
PA. INFO/CARD #209.

Combination Receiver/
Network/Spectrum Analyzer
Rohde & Schwarz

The FSAC combines the functions of a
spectrum analyzer, network analyzer
and calibrated receiver with noise less
than -157 dBm (6 Hz bandwidth) and
SSB phase noise less than -114 dBc at
1 kHz offset. Model FSAC is priced at
$69,500. Rohde & Schwarz, Lanham,
MD. INFO/CARD #208.

Extended Capability
For Analyzer System
Hewlett-Packard

HP introduces new products and
options to extend the capability of the
HP 8702A lightwave-component-ana-

lyzer system. The system can now
characterize 1,300 nm components up
to a 6 GHz modulation bandwidth and
1,550 nm components up to a 3 GHz
modulation bandwidth. Hewlett-
Packard Company, Palo Alto, CA.
INFO/CARD #207.

Optimize Filter Response

to Fit Your Design Target!

COMTRAN"® now runs on yvour PC’

- Designs filters with custom-shaped responses
- Magnitude, Phase, Zin, Zout, or combination

- Fits any precision response using available
capacitor values (by recalculating resistors)

» Derives equivalent circuit from measured data
e Cuts opamp count in half (4 poles per opamp)
* Tolerance, Time Domain, Waveform Digitizing
- FAST — Less than 1 second per point typical

*Requires AT compatible w/ HP 82300B BASIC Language Processor card w/1 MB RAM, &
HP 9122 floppy drive. This card adds HP Rocky Mountain BASIC, w/ HP-IB interface, to your PC.
Lets your PC run HP 200/300 BASIC software. COMTRAN previously ran only on HP computers.

-

(o(0) /)W Integrated Software}

A Division of Jensen Transformers, Inc.
10735 BURBANK BOULEVARD, N. HOLLYWOOD, CA 91401« FAX (818) 763-4574 « PHONE (213) 876-0059

RF Design

INFO/CARD 30

Audio Power
Amplifiers..

TDA7052

1 Watt Power Amplifier

« Supply voltage range (3-15V)

« No external components required
« Short-circuit proof

« 8 Pin DIP package

» 1.2W (typ) at 8« load

TDA1015

1-4W Audio Power Amplifier

with Pre-Amp

- Separate preamplitier and power
amplifier

*+ 4.2W (typ) power output

« Excellent noise rejection

« SIL package

» Wide supply voltage range
(3.6V-18V)

TDA1013A/B
4W Power Amp
with DC Volume Control

+ Wide supply voltage range (10-40V)
» Separate DC volume control

+ 80dB of gain control range

« SIL package

+ 4.5 (typ) power output

RF
Systems
Solutions

B
.

‘< )
Signetics

a divisig
n of North American Philips Corporatio,
n

Call 800/227-1817, ext. 900
for the number of your local
Signetics sales office
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Air-Powered Tools for EMI/RFI Testing

from EMCO

An air-powered antenna mast and
metal- topped turntable for EMI and RFI
testing is available. The mast and turnta-
ble eliminate a potential source of
transient noise from the test environ-
ment using pneumatics instead of elec-
tric motors for positioning movements.
They are suited for use in areas sensi-
tive to transient noise such as auio-
mated test sites and anechoic cham-
bers. Model 1053 is the mast while
Model 1064 is the turntable.

Both devices are powered from any
source of dry air which can be supplied
at 90 psi at 40 cfm. Variable rates of
speed for ascent (mast) and rotation
(turntable) are adjustable. Each unit
comes with a digital readout controller
that includes an IEEE-488 bus and 10
meters of cable. Options such as
shielded room kits, pneumatic po- lariza-
tion (mast) and mercury slip rings (turn-
table) are available.

The cost of the mast with controller
and IEEE bus is $11,995, and the

turntable with IEEE bus is $10,800.
Electro-Mechanics Company, Austin,
TX. INFO/CARD #207

Quartz Crystals

Fundamental mode 40 MHz quartz
crystals for use with Texas Instrumerts’
TMS320 digital signal processors are
available from Innovative Frequency.
These chemically milled resonators offer
low power consumption, small size and
high stability.

Also available are inverted mesa
quartz wafers from 35 MHz to 500 MHz
for application in hybrid oscillators. Fun-
damental frequency is 350 MHz &and
overtone is at 500 MHz. Innovative
Frequency Control Products, Inc.,
Plainfield, PA. INFO/CARD #206

Slag Free/Laser Machined
Substrates

A slag removal process eliminates
virtually all circuit-interrupting slag from

. '3?‘“,'!" -
- - o .

80

holes and edges of 99.6 percent ALO,
Superstrate® substrates after custom
machining has been performed. By
removing slag such as alumina, glass
particles and silicates on the walls of
holes, this process offers improved
adhesion of metallization and longer
mask life. It also eliminates the need for
substrate scraping. Superstrates are
available in customized configurations
that include contouring, drilling and
scribing with positioning accuracies of
+0.001 inch. Metallized, etched and
pattern-plated versions may be speci-
fied in a selection of metals including
chromium, gold, copper, titanium tung-
sten, tantalum nitride, nichrome and
nickel. MRC Hybrid Products, Pearl
River, NY. INFO/CARD #205

RF Pulse Amplifier

Model 3200 covers 6 MHz to 220 MHz
at 1000 watts of linear peak pulse or 100
watts of CW power. An integrating
detector limits maximum pulse and CW
power, pulse width and duty cycle. The
standard system will supply up to 20
ms pulses at 10 percent duty cycle.
Pulse droop is less than two percent,
amplitude linearity is +1 dB from linear
with less than +5 percent of phase

change with output power. Blanking
time is less than 2 us. A front panel
meter is also included. Price is $17,900.
American Microwave Technology,
Inc., Fullerton, CA. INFO/CARD #204

GPIB Switch Bank

Trilithic introduces the Interlink line of
addressable switch banks for laboratory,
systems and production line ATE appli-
cations. Interchangeable control cards

e e s T R e e

are available for GPIB, RS-232C and
other interfaces. SPDT switch cards are
available covering DC to 1, 4, 8, 12.4,
18.5, 26.5 and 40 GHz. Because the
internal bus is accessible, a single
primary system address can control up
to 1020 channels. The utility cards
include SPDT and SP4T switches and
up to 8 cell programmable attenuators.
A manual control front panel with LED
status indicators is optional. Trilithic,
Indianapolis, IN. INFO/CARD #203

VHF and Microwave Synthesizers

The synthesizer is available as a
stand-alone VHF synthesizer or as part
of a microwave frequency synthesizer
which utilizes frequency agile phase-
locked signal sources to multiply the
VHF signal to frequencies up to 23 GHz.

i By

The VHF synthesizer is available from
less than 30 MHz to greater than 500
MHz and the microwave synthesizer is
available from 500 MHz to 23 GHz.
Phase noise for offset frequencies of
less than 100 Hz is determined princi-
pally by external references. Communi-
cation Techniques, Inc., Whippany,
NJ. INFO/CARD #202
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Fast Filter Structure

The fast filter structure (FFS) from
Monolithic Instruments implements a
lowpass filter, highpass filter or Hilbert
transform with a circuit complexity of 3
to 5 percent of conventional circuits. A
prototype of the FFS uses 12 additional
operations to implement a 64 point finite
impulse response (FIR) structure. It is
based on a 16-bit 2901-type processor
which executes 12 computational cycles
at a clock period of 100 ns, accommo-
dating a 1200 ns sampling interval.
Dynamic range of approximately 80 dB
is achievable. Monolithic Instruments,
Inc., Florissant, MO. INFO/CARD #201

Multi-Loop Frequency Synthesizer
The Luff Research Model MLS

synthesizer covers octave bands to 1000
MHz and 500 MHz bands to 2 GHz with
1 kHz resolution. When purchased in
quantities of 1 to 4, price is $2750. Luff
Research, Jackson Heights, NY.
Please circle INFO/CARD #200

Dielectric Resonator Tuners

The Dyna-Trim tuners aliow for flexi-
bility in design and achieve a tuning
range up to two percent with minimum

& -

Q degradation. These devices feature
high resolution tuning and a self-locking
torque mechanism.

Also available is the CR8500 Series
of coaxial resonators designed for op-

Analog Circuit Simulation

NEW 1S_SPICE/386 On 386 PC's, $386
Outperforms Workstations
Increases Speed by 200 - 600%
Circuit Size nearly Unlimited
Supports 80287, 80387, Weitek 1167/3167
SPICE, a world wide standard for analog circuit simula-
tion runs on all 80?86 PC's in real mode as I1S_SPICE,
for only $95.00: Performs AC, DC and Transient, Noise,

Distortion, Fourier and Sensitivity Analysis
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SPICE_NET, $295: Schematic entry for ANY SPICE
simulator. Automatically makes a Complete SPICE
netlist and places output waveforms on your
schematic.

PRE_SPICE, $200: Adds Monte Carlo Analysis,
Parameter Sweeping, Optimization and Algebraic
Parameter Evaluation. An easy to use Menu Drive
Program and Extensive Model Libraries are included.
Intu_Scope, $250: A graphics post processor that
works like a digital oscilloscope. Easy 10 v

use with all the waveform operations you i—

will ever need intusoft
(213) 833-0710

For Information,
Please Write or Call

P.O. Box 6607 All Programs come
San Pedro, CA with a 30 Day Money
90734-6607 Back Guarantee
INFO/CARD 79

CRYSTALS AND

OSCILLATORS

FAST DELIVERY AND
ENGINEERING SUPPORT

I

l‘—’:*:r‘:

QUARTZ CRYSTALS

e B800Hz to 300 mHz

o Surtace mount (Gull Wing
and ceramic AT cut)

OSCILLATORS

e 1Hz to 200mHz
e TTL, CMOS, ECL
e (eramic, VCXO0

o Surface mount

STANDARD CRYSTAL

CORPORATION
(800) 423-4578

in California (818) 443 2121
Fax: (818) 443-9049

9940 E. Baldwin Place
El Monte, California 91731

INFO/CARD 80

Low Power IF
Integrated
) Circuits...

NE602/612 VHF Mixer/Osc

« HF/VHF/UHF mixing with 2.5mA
current

+ 18dB conversion gain at 45MHz

« 4.6dB noise figure at 45MHz

» Built-in oscillator to 200MHz

+ Mil-Spec available

NE604A/614 FM IF Strip

+ 0.27uV sensitivity from
matched load at 455kHz

« 0.4,V sensitivity with 10.7MHz
(narrow-band)

« Two-stage 90dB limiting amps with
low phase shift

+ 90dB log signal strength indicator

» Quadrature detector for narrow or
wide-band IF

» 3.0mA supply current

+ Mil-Spec available

NE605 FM IF System

« NE602/604 functions combined
* 5.5mA supply current
» Excellent compact performance

RF
Systems
Solutions

s'\gne’ﬂcs“

ton
.y Philips Corpord
North Amencan
a division of

Call 800/227-1817, ext. 900
for the number of your local
Signetics sales office
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CMOS NCOs
LOWER

PRICES!

from STel

in Numerically Controlled
Oscillators

PRICE REDUCED 47%!

The STEL-1172B generates digital sinz
and cosine signals of very precise fre-
quency. Itis animproved version of the
ST-1172A. Featuring:

Q50 MHz ciock frequency!

Q 32-bit frequency resolution!

0 10-bit on-chip phase look-up table!

Q 8-bit amplitude resolution!

Q Spur levels below —55 dBc!

U Both sine and cosine outputs.

PRICE REDUCED 50%!
The STEL-1173 generates digital sinz2
or cosine signals with higher precision
in every respect than ever before!
Featuring:

3 50 MHz clock frequency!

0 48-bit frequency resolution!

That's 0.18 uHz at 50 MHz!

0 13-bit on-chip phase look-up table!

O 12-bit amplitude resolution!

Q Spur levels as low as =70 dBc¢!

U Selectable sine or cosine output.

PRICE REDUCED 36%!

The STEL-1174 is a low-cost version of
the STEL-1173, with all the same fea-
tures except the frequency resolution,
which is 16-bits.

Q Lowest price NCO available!

Price reductions quoted are for
quantities of 100 to 499.

Mil Spec parts also available.

STANFORD
TELECOMMUNICATIONS

Write or call Patti Laakso:
2421 Mission College Blvd.
Santa Clara, CA 95054-1298
Tel: (408) 980-5684
Telex: 910-339-9531
Fax: (408) 980-1066
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eration between 800 MHz and 3.5 GHz.
The resonators behave like Hi-Q parailel
resonant circuits with a high resonant
impedance. The low loss silver plating
improves circuit Q while minimizing the
environmental effects on frequency. Al-
pha industries, Inc., Woburn, MA.
INFO/CARD #199.

SMT Oscillator Package

GE Ceramics introduces a surface-
mountable ceramic oscillator package
which measures 0.35 by 0.45 in. and
has 4 leads. All alumina monolithic

ceramic construction is featured. GE
Ceramics, Chattanooga, TN. Please cir-
cle INFO/CARD #198.

Optocoupler for Video
Applications

The HCPL-4562 optocoupler is de-
signed for video-isolation circuits. It has
a 20 MHz bandwidth and typical phase
variation of 9 degrees between 3 and 4

MHz. The device is priced at $2.06 when
purchased between quantities of 2,500
to 4,999. Option 100, the surface mount
version, is an additional $0.25. Hewlett-
Packard Company, Palo Alto, CA.
INFO/CARD #197.

CUSTOM FILTERS
FROM

(H ALDA

b3 JELECTRONICS, INC.

I

e Low Pass ° Butterworth
e High Pass < Chebyshev
e Band Pass e Elliptic

¢ Band Stop

Our completely sealed high quali-
ty filters provide superior RF
shielding at performance-to-cost
ratios not available elsewhere.
Alda filters are guaranteed from
—54c to +95¢, and operate from
10 MHz to 500 MHz.

LET US SOLVE YOUR
FILTER PROBLEMS.
SEND FOR YOUR
DATA SHEETS TODAY.

Alda Electronics Inc.
Main office (213) 370-7150
PO. Box 1997, Redondo Beach, CA 90278

Field Office (212) 996-9131
PO. Box 6313, New York, New York 10128
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ANALOG CIRCUIT ANALYSIS
ECA-2

L . .10
o () 10.m 1w sew

ECA-2 15 a high performance, low cost analog circuit
simulator. ECA-2 2.31 includes more models, increased
graphics capabilities, increased AC analysis speed, and
expanded documentation. Now available for the Macintosh

ECA-2 Offers
® AC, OC, Transient  Twice as fast as SPICE
* Fourier, Temperature  Over 500 nodes
* Worst-case, Monte-Carlo e Detailed 525 page manual
o Full nonlinear simulator e Sine, Pulse, PWL, SFFM,
* Interactive or batch and Exponential generators
* SPICE compatible models e Money back guarantee

ECA-2 IBM PC or Mac 3675
ECA-2 Apollo $3000

Cail 313-663-8810 For FREE DEMO disk

v 77

Tatum Labs, Inc.
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Thick Metal Cladding for
Laminates

Ultralam'™ woven glass microwave
circuit laminate is available with a thick-
metal backing laminated to one side and
copper foil on the other. The metal
cladding is typically 0.010 in. to 0.500
in. thick, is flat and parallel to £0.002 in.
and serves as a ground plane for
stripline and microstrip circuit boards.
Common thick-metal options include

aluminum, brass and copper, although
other materials such as Invar or a
copper/Invar/copper composite can be
specified. Typical applications include
discrete microwave device packages
such as filters, couplers and switches.
Rogers Corp., Rogers, CT. Please circle
INFO/CARD #196.

Filters Provide EMP Protection
Sage introduces the Model FF4182-1

Series of filters which will withstand a

1270 volt DC pulse without damage.

NG

FF4182-1 operates over a 1025 to 1095
MHz range with less than 1.25:1 VSWR,
less than 0.5 dB insertion loss and
phase tracking between units within 4

Mode! RF-801

800-327-9308/305-777-1440
FAX: 305/777-1447
TELEX: 362837 (HELPER UD)

Broadband sensitive RF millivolt meter.

20 kHz to 1.6 GHz frequency
300 u/V to 100V range

3 dB accuracy at 1.6 GHz
Loading of less than 2 pf
$675 complete with probe
Immediate delivery

Helper Instruments Company

131 Tomahawk Drive
Indian Harbour Beach, FL 32937
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Audio
Compandors...

* When audio
dynamic range,
s/n ratio, or
modulation index

are critical.

NES70/571
General Purpose Compandor

+ 110dB dynamic range

« Compress/Expand/Automatic level
control

« Temperature compensated

* Built-in op amps

« Only 3.2mA typical supply current

NE572
High Performance Compandor

+ 110dB dynamic range

« Independent attack and recovery
time

» Low output noise: 6uV typical

« Temperature compensated

+ Very low distortion
(0.05% typical at 1kHz)

NE575
Low Voltage Compandor

» Operates to 1.8V

» Fully specified at 5V

« Two built-in op amps in each
channel

» 600« drive capability

« 0.13% typical THD

« Only 4mA supply current at 5V

—~ : RF
Powertul Concept to Completion Task Oriented Design Utilities for the RF or
Microwave Circuit Design Engineer. **New Versions! Svstems
« SmithMatch™ |Interactive on-screen impedance match network analysis/design $295.
- OptiMatch™  Single-ended or complex interstage match network optimization $295 -
+ Sceptre™ Frequency domain circuit analysis of active or passive circuits $195 0 utl ons
» MStrip+™ Single/coupled microstrip, stripline, suspended substrate lines $195 N
+ Utilities+ ™ Dozens of great utility programs! Fano, coils, L-Match, pads, etc $95
** Requires IBM PC,XT,AT,PS/2 or true compatible with CGA,EGA,VGA, g []
Hercules Graphics Card Plus, or Color Card. S| net‘( :S
: MICROWAVE SOFTWARE d
i 3 ® i ¢ North American Philips Corporatio
O B! 25258 CABOT ROAD, SUITE 261 a division 0
o : e Special! Al 5
wcume - ASUNRRICISIOASTRS . Call 800/227-1817, ext. 900
N\ e (714)831-5687 Pl e G for the number of your local
8 Consulting services and CAD design classes are | n i i
L Established 1984 avarlable. FREE demo disk on request - call now! s g e“cs sales Oﬁlce
of INFOICARD 87

INFO/CARD 86
RF Design 83



Relax Mechanical
Tolerances With
Precision

Tuning

Devices

« Cavity Q
¢ Multiplexers

N N . ™S
% \ f * DR Devices
> * Waveguide Devices

¢ Impedance Transformers

S £ -
égﬂi@

Microwave Tuning Elements are a very cost-effective
method for the precision tuning of microwave filters, oscillators
and other resonant structures.

Microwave tuning elements consist of a mounting bushing with
an integral self-locking tuning rotor which may be tuned and
re-tuned without locking nuts or jam screws. They are available
in a wide variety of materials and configurations to meet
individual requirements.

Manufacturing Corporation
Rockaway Valley Road, Boonton, New Jersey 07005
201-334-2676 TWX 710-987-8367 FAX 201-334-2954
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i See us at RF Expo/East, Booth #434.

| & ’ pr OdUCtS Continued

degrees peak to peak. It will handle 2
kW peak and 200 watts average RF
signals. Rejection is greater than 53 dB
from DC to 100 MHz and greater than
40 dB from DC to 600 MHz.

Model FF4182-2 has a passband from
2.7 to 2.9 GHz with 1.35:1 maximum
VSWR and 0.5 dB insertion loss. The
unit provides 60 dB minimum rejection
from DC to 100 MHz and greater than
40 dB from DC to 200 MHz. Sage
Laboratories, Inc., Natick, MA. Please
circle INFO/CARD #1985

10 MHz Digitizer

The ADC-00110 analog-to-digital and
track/hold hybrid is a 12-bit 10 MHz unit.
It contains a T/H, A/D converter, data

HIGH ENERGY GORP
CERAMIC RF CAPACITORS

CORNELL-DUBILIER
MICA RF CAPACITORS

FL JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 4384420
FAX (619) 4384759
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registers, ftri-state output buffer and
timing circuits in a 46-pin plug-in pack-
age. The signal to noise ratio is 66 dB
and linearity is specified at 0.025 per-
cent. Typical applications include radar
and sonar digitizing. ILC Data Device
Corp., Bohemia, NY. Please circle
INFO/CARD #194.

Linear Amplifier

The 230A is a continuous-duty linear
amplifier covering the 1.8, 3.5, 7.0, 14,
21, 24 and 28 MHz bands (24 and 28
MHz bands are for export). It consists
of a microcontroller for metering and
control and an RF/power supply deck

which may be remotely located. Fea-
tures include LCD displays, drive power
of 50 to 70 watts and RS-232C interface.
Output power is 1500 W PEP and input
impedance is 50 ohms unbalanced.
VSWR is less than 1.5:1 and harmonic
suppression is -45 dB min. Advanced
Radio Devices, Sterling, VA. Please
circle INFO/CARD #193.

Analog Switches

While the DG540 and DG541 provide
the same SPST function, the DG540
includes extra ground lines between the

Decibles (d8}

100 kM2 1 MK,

10MN:
Frequency (Hz)

analog signal pins to improve off-
isolation and reduce crosstalk. The
20-pin DG540 offers higher off-isolation
than the DG541 (-80 dB versus -58 dB
at 5 MHz) while the 16-pin DG541 offers
a lower-priced, more compact alterna-
tive. The DG542 has four analog
switches configured as two SPDT func-
tions. Each SPDT switch may be used

as a selector between two channels,
allowing the DG542 to handle two sets
of wideband/video signals simultane-
ously. All three switches are rated for
ESD protection to +4000 volts on all
pins. The 540 is available in 20-pin
plastic and sidebrazed DIPs and in
PLCC surface mount packages. Pack-
aging for the 541 and 542 includes

Texscan

INSTRUIVIENTS

COMPONENTS THAT
DELIVER

Miniature Programmable Attenuators
A step in the right direction.

Now 127 dB of attenuation

Attenuation

Step Size
Frequency Range
Accuracy (per cell)

Ccw
Peak

Power

occupies less than
3 cubic inches.

0-127dB
1dB
DC - 1300 MHz
+0.2dB or
1% @ 1000 MHz
0.5 Watt
750 Watt, 3 u Sec Pulse

Texscan Instruments
3169 N. Shadeland Ave.

(317) 545-4196

For more information, circle the reader service number shown below or,
for immediate assistance, call us direct.

Indianapolis, Indiana 46226

A trusted components supplier to the Military, OEM, and Aerospace
industries for nearly a quarter of a century.

Toll free outside Indiana:
1(800) 344-2412
Telex: 244-334 (RCA)
FAX: (317)547-2496

RF Design
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&\ Things to get today:
A NEEd AISIAIPI

» ADAPTERS

» ADAPTERS {In Series & Between Series)

~ AMPLIFIERS

~ ATTENUATORS

» ATTENUATORS, Drop-in

» BARRETTER MOUNTS

» CABLE ASSEMBLIES

» CABLE ASSEMBLIES
Insturmentation Grade

+~ CABLE HARDWARE

» CHIP ATTENUATORS

«~ CHIP CAPACITORS

»~ CLIPS & WIRE TIES

«~ CONNECTORS

~ CONNECTOR CAPS & TUBES

~ CUSTOM ENGINEERING

v DC BLOCKS

+» DELAY LINES

+~ DIRECTIONAL COUPLERS

+~ DOUBLE RIDGED WAVEGUIDE ADAPTERS

~ EMI/RFI FILTERS

« FEED THRU CAPACITORS

« FILTER CAPACITORS

~ FILTERS

» FLEX CABLE

» FREQUENCY DOUBLERS

» GAIN EQUALIZERS

~ HEAT SHRINKABLE TUBING

~ LIMITERS

+» LINE STRETCHERS

~ LOADS

 MIXERS

+ MMIC COMPONENTS

# MONITOR TEE/DC BLOCKS

» NOISE SUPPRESSORS

» OSCILLATORS

+~ PHASE DETECTORS

» POWER DIVIDERS

~ POWER SPLITTERS'COMBINERS

~ RF SAMPLERS

~ SEMICONDUCTORS

~ SEMI-RIGID CABLE

» STANDOFF CAPACITORS

» STUB COAXIAL TUNERS

» SUB-ASSEMBLIES

» SUBSTRATES

» SWITCHES

+ TERMINATIONS

+» TOOLS FOR CABLES & CONNECTORS

» TRANSFORMERS

» TRANSISTORS

» TRIMMER CAPACITORS

* VALUE ADDED ENGINEERING

~ WAVEGIUDE ADAPTERS

<
OVER 200,000 -~

PARTS IN STOCK

/
PENSTOCK..

CORPORATE OFFICE
(US Export Agents)
520 Mercury Drive
Sunnyvale, CA 94086-4018

Phone: 408-730-0300
FAX: 408-730-4782

Additional Locations
Arizona: (800) 255-6788
Californlia: (408) 730-0300
Canada: (604) 662-3475
Colorado: {303) 792-0777
Ilinois: {312) 934-3700
New Jersey: (201) 288-7313
Oregon: (206) 454-2371
Washington: (206} 454-2371

INFO/CARD 91
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16-pin plastic, sidebrazed and small
outline options. Price ranges from $3.93
to $15.83 in 100-piece quantities. Silico-
nix, Inc., Santa Clara, CA. INFO/CARD
#192

Lightning Pulse Simulator

The NSG 587 is a dual-wave surge
generator that can deliver a 1.2/50
microsecond open circuit voltage pulse
up to 12 kV or an 8/20 microsecond
short circuit pulse of up to 5,000 A. The
dual-wave capability is in conformance
with the requirements of ANSI/IEEE
C62.41 - 1980 (IEEE 587) Category B.
The generator is $14,950. Schaffner
EMC, Inc., Union, NJ. INFO/CARD
#191

Ferrite SMT Beads

Fair-Rite introduces two types of fer-
rite beads that provide impedances of
45 and 90 ohms at 100 MHz. Dimen-
sions are 0.12 x 0.10 x 0.160 in. and
0.12 x 0.10 x 0.335 in., respectively.
Both are available reeled at 3,000 per
13 inch carrier and prices range from

$63 to $73 per thousand for production
quantities. Fair-Rite Products Corp.,
Wallkill, NY. INFO/CARD #191

Flexible 50-ohm Coax Cable
Cablewave Systems introduces the
HCC 7/8-inch Flexwell, air dielectric
50-ohm coaxial cable with a tubular
center conductor. It has a maximum
operating frequency of 5 GHz and
impedance characteristic of 50 ohms.
Peak handling capability is 76.7 kW.
Cablewave System Div., North Haven,

1)

9

X
v

¢ 7 in California
® o 619-587-0656.
) ¥
L
8 57
A
. INDUSTRIES
¢ A
" A division of Celltronics

/4

L

CT. INFO/CARD #190
L ‘
\ got the most
MINI-UHF models!
ﬁ) RFI stocks over 25
b= ‘v male and female
adapters that go
from MINI-UHF
€ .4 to UHFE N, BNC,
and TNC. All with
plated brass bodies,
and a lifetime
warranty. Find out
more. Call your

We've
connectors and
silver pins, nickel
s T

INFO/CARD 102
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rF software

Test and Characterization
Software

The MicroCAT software family provides
an environment in which testing and
characterizing solutions can be accom-
plished and in which users can design
custom automated testing routines or
do manual testing on microwave inte-
grated circuits. Features include: a modu-
lar format which allows the user to
employ existing applications or create
custom ones; a macro utility to create
test routines from menu selections; a
database of test results and conditions;
a database that can be transferred to
Touchstone, Lotus, etc.; plotting of RF
device characteristics in polar, Smith or
rectangular with or without automatic
scaling; and the ability to calculate and
display statistical characteristics of
equivalent circuits. Also available is a
Model Extraction module that derives
circuit elements of passive and active
devices such as FETs and diodes. The
MicroCAT Test Executive software pack-
age is $6,000 and the module is $8,000.
Cascade Microtech, Inc., Beaverton,
OR. INFO/CARD #182.

Thermal Analysis Package
Visionics Corp. introduces a PC-based,
three-dimensional thermal analysis pack-
age which will interface to their EE
Designer Ill CAE/CAD integrated elec-
tronic design software. Using the ther-
mal package, circuit board designs can
be checked for potential thermal prob-
lems. It models component conduction,
convection and radiation characteristics
which enable the user to predict thermal
distribution and locate problems in de-
signs after component placement. Envi-
ronmental parameters such as tempera-
ture, pressure, humidity and natural or
forced air velocity can be specified for
inclusion in the analysis. This program
is an option to the EE Designer Il and
is priced at $1,000. It runs on IBM
PC/XT/AT/PS2 and compatibles with
640K, color graphics, hard drive and
mouse. Visionics Corp., Sunnyvale,
CA. INFO/CARD #181.

Transfer Software

This package is capable of transfer-
ring data from an HP 8510, HP 8720 or
HP 8753 network analyzer to an AT-
compatible computer and can also store
data in a file format compatible with
EEsof’s Touchstone. The transfer rou-
tines can be integrated into user-written
test programs. Floating point transfer
times are less than 0.5 seconds for a
201 point trace. The software is avail-

RF Design

able for either QuickBASIC or BASICA
and works with either the Nationallnstru-
ments PCIIA or IOTech Personal 488

GP-IB interface. Innovative Measure-
ment Solutions, Atlanta, GA. Please cir-
cle INFO/CARD #105.

Database for Test Engineers

Test Quality has announced an en-
hancement to TekBase, a database
management data found in test facilities,

engineering departments, and R&D en-
vironments. It is now available for the
HP9000 Series 300 and 800 Unix work-
stations. The database accepts informa-
tion over LAN, IEE-488, serial and GP-1O
interfaces, enabling engineers to send
data directly from test instruments and
data acquisition devices and perform
mathematical functions on the data.
Test Quality Company, Santa Clara,
CA. INFO/CARD #104.

Texscan

NSTRUMENTS

COMPONENTS THAT
DELIVER

RF COMPONENTS
DC to 18 GHz

v Attenuators v
v bench o~
v fixed 7
v’ programmable
v rocker switch [
v~ rotary v

v+ Bandpass filters v
cavity
lumped component

v mechanically tunable
tubular
waveguide

Loads

a century. Call us.

Texscan Instruments
3169 N. Shadeland Ave.
Indianapolis, Indiana 46226
(317)545-4196

Bridges, VSWR

Calibrated Mismatches
DC Blocks

Detectors

Impedance Matching Pads

A trusted supplier of standard and custom component products to
the Military, OEM, and Aerospace industries for nearly a quarter of

Lowpass Filters
lumped component
tubular

Oscillators
v Power Blocks

v Terminations
v~ feedthrough
v fixed

v+ VSWR Bridges

v+ Denotes stock items

Toll free outside Indiana:
1(800) 344-2412

Telex: 244-334 (RCA)
FAX:(317)547-2496

INFO/CARD 104
See us at RF Expo East, Booth #409.



time-saving
RF/Microwave prototyping boards irom $3.30

QUICK BOARDS® for breadboarding and evaluation of all your
commonly used components and circuit functions:

Ll ¢ low pass/high pass/band pass filters
w ¢ Gain Blocks (AVANTEK MODAMPS™)
. ¢ TO-8 amplifiersfvcos
W * TO-8 mixers
¢ FLATPACK mixers & power dividers
£ B * TFM mixers (Mini-Circuits)
¢ Phase Lock Loops (with applications)

l :! "
L)

* Available with sockets

TOBMX1 (Call for prnicing)

RF Prototype Systems

12730 Kestrel Street
San Diego, CA 92129

PERL {619) 538-6771

L =
-
L
¢

INFO/CARD 97
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We put our filters and
delay lines to the test.

How can you be sure each
filter or delay line you order
from us is made exactly to
specifications? Because we test
each and every one to make
sure it is within the physical
and electrical parameters
specified. Better yet, you

pay nothing either in time

or money for this extra
“insurance”. Our prices are
competitive and our delivery is
the fastest in the industry.

. F" —
ﬁﬁ,}’ To get our Delay Line and/or
i Filter catalog, call or write
- e today. If you need help with a

specific application, call
1 516-248-8080 to talk with one
of our engineers.

ALLENP—'---‘IJ y, IN
224 East Second Street, Mineola, NY 11501
516-248-8080 - FAX 516-747-5481

INFO/CARD 98

EMI Filter Catalog

This catalog lists more than 230
standard EMI filter designs available
from Aerovox. It includes specifications
and ordering information for general
purpose, high performance, dual mode
suppression and medical EMI filter de-
signs and configurations. Aerovox Inc.,
New Bedford, MA. INFO/CARD #195.

Notes on RF Relays

ITT Components has announced the
availability of application notes on RF
relays from Takamisawa Electric Com-
pany of Tokyo. Information contained
includes characteristics, construction,
measurement methodology, mounting
and applications. ITT Components -
North America, Irvine, CA. Please

circle INFO/CARD #194.

DRO Brochure

This brochure entitled ‘‘Dielectric Reso-
nator Oscillators” features information
on free running DROs and phase-locked
fixed frequency DROs. Electrical char-
acteristics together with ordering infor-
mation and outline drawings are fea-
tured. Photos, performance graphs and
functional block diagrams are also in-
cluded. Miteq, Hauppauge, NY. Please
circle INFO/CARD #193.

Short Form Catalog

ILC Data Device Corp. has released a
catalog that describes over 100 hybrid
and discrete data conversion and MIL-
STD-1553 products. Specifications and
technical data for MIL-STD-1553 data
bus products, analog-to-digital, digital-to-
analog, synchro-to-digital and digital-to-
synchro converters are also included. ILC
Data Device Corp., Bohemia, NY. Please
circle INFO/CARD #192.

Image Reject Mixer Handbook

This handbook from Locus provides
information on image reject mixers with
quadrature hybrids and group delay
equalizers. Sections highlight broad-
band quadrature hybrids, image reject
mixers, group/envelop delay equaliza-
tion, and application information. Also
included are tables which provide speci-
fications on broadband quadrature hy-
brids, image reject downconverters, im-
age reject upconverters (single-side-
band modulators), group delay equaliz-
ers, and radio frequency converters.
Locus, Inc., State College, PA. Please
circle INFO/CARD #191.

Automated RF Measurement

Mirage Systems introduces a brochure
on the automated RF measurement
system. It makes I/Q RF measurements
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of pulsed and CW signals. Mirage
Systems, Sunnyvale, CA. Please cir-
cle INFO/CARD #189.

Software Data Sheet

This data sheet describes the time
domain measurement software option
for Wiltron’s Model 360 vector network
analyzer. Option 02 allows the conver-
sion of transmission or reflection meas-
urement data from the frequency do-
main to the time domain or the distance
domain. The data sheet also describes
modes of operation, windowing func-
tions, gating functions and available
displays. Wiltron Company, Morgan
Hill, CA. INFO/CARD #188.

Lowpass Filter Catalog

Bulletin 05 from Microwave Filter Com-
pany describes custom high power low-
pass filters which suppress harmonic
emissions, add minimum loss and match
the reliability of respective operating
systems. It describes power, loss and
rejection of medium power lowpass
filters with passbands ranging from 10
to 450 MHz and high power lowpass
filters with passbands from 1 to 400
MHz. It also briefly explains transmitter
systems and how filters will solve re-
quirements. Also covered is information
on how to minimize the cost of lowpass
fiters in transmitter systems. Micro-
wave Filter Company, East Syracuse,
NY. INFO/CARD #187.

Frequency Product Guide

This product guide is designed to
introduce the reader to a temperature-
compensated family of frequency divid-
ers, prescalars and fractional frequency
multipliers. Specification together with
performance graphs, package styles
and sizes are shown. A list of technical
and application notes is shown. Tele-
mus Electronic System Inc., Nepean,
Ontario, Canada. INFO/CARD #186.

Product and Applications Catalog
Tachonic Plastics introduces its revised
TFE-glass product and applications bro-
chure. It highlights the company’s PTFE
and silicone-coated fiberglass fabrics,
tapes and belts. Aiso described are
typical industrial applications. Specifica-
tions are offered and special construc-
tions, treatments and capabilities are
described. Tachonic Plastics, Ltd.,
Petersburg, NY. INFO/CARD #185.

Fables Booklet
This publication from EEsof contains

RF Design

various software-related articles and
industry news. A section on upcoming
events and available literature is in-
cluded. EEsof, Inc., Westlake Village,
CA. INFO/CARD #184.

Catalog on Used Equipment
Listed in this catalog are used test and

measurement equipment available for
sale. Over 750 items from more than 60
manufacturers are featured. Also shown
are the terms and conditions of sales
and a list of U.S. sales offices and
inventory resource centers. Continental
Resources, Inc., Bedford, MA. Please
circle INFO/CARD #183.

World Class Specs. ..

EFG-3 E-Field Generating
Antenna converts rf power
to E-tield

Nonconducting dolly allows

positioning and orientation -

of EFG-3 antenna ——

Dummy load
absorbs
unradlated
powier

/
/
\

~ -
Typical set-up using
standard IFl system
modules for automatic
constant-field radiated
Immunity testing

Nonconductive fiberoptic
links convey field strength

Alternate location of Sensor
with EFG-3 edges extended

Up to 8 EFS-1s provide
indication and voltage
proportional to field strength

LMTs convert EFS-1 output
voltage to frequency modulated
optical signal

Leveling amplitier, opticatly
transmitted information from
LMTs is compared and used to
control amplifier gain and
maintain constant field

information to control circuitry

... Require World Class Test Equipment

IFI didn’t write the specs. IFI perfected the means of testing to them.

All immunity problems aren’t easily solved. Your problems, however, are
reduced to workable terms by putting your requirements in the hands of IFl.

We have solutions looking for problems.

Send for our data package, or call us for an immediate response.

EQUIPMENT LEASING PLAN NOW AVAILABLE

INSTRUMENTS FOR INDUSTRY
731 UNION PARKWAY, RONKONKOMA, NY 11779
TEL. 516-467-8400 ® FAX 516-467-8558 ® TELEX 510-222-0876

INFO/CARD 95
See us at RF Expo/East, Booth #514.
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ADVANCED
' DEVELOPMENT
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oA ENGINEERS

in developing fiber-optic technology.

You can help make it happen at the Jerrold
Division of General Instrument, the CATV

DIGITAL DESIGN

standard setter for over 40 years. You'll
have state-of-the-art technologies right at
your fingertips, plus all the creative latitude
and support you could ask for, to develop
our next generation of systems. The focus
is on fiber optics as media for delivery of
video, data and audio signals to high growth
markets. Interested?

PROJECT ENGINEER—
FIBER OPTICS/RF

Direct a small project team in exploratory
efforts leading to the development of prod-
ucts with industry-wide impact. ldeal
candidate has 2 or more years experience
in designing/analyzing, at both component
and system level, fiber optic links for
analog/RF signals. This in addition to 5 or
more years in analog, video and/or RF cir-
cuit design and experience as a project
leader. BSEE required, advanced degrees
preferred.

RF/VIDEO
DEVELOPMENT
ENGINEER

Design audio, video and RF circuitry for use
in fiber optic systems, including amplifiers,
active and passive filters, mixers, PLL's and
video signal processing circuitry. Familiarity
with NTSC video processing and analog or
digital fiber optic systems would be benefi-
cial. 3 or more years experience required.
BSEE a must, advanced degrees preferred.

ENGINEER

Design high speed digital circuits for fiber
optic links using ECL or GaAs logic at
speeds up to 1 GHz. Familiarity with di?ital
fiber optic link design, DS-1, DS-3 and ISDN
would be beneficial. 3 or more years experi-
ence required. BSEE essential, advanced
degree preferred.

RF SYSTEMS
ENGINEER

In this senior design position, you'll use your
St#)enor analytic abilities to tie together the
RF perspective of several disciplines. Work-
ing up to S00MHz, your achievement will
impact strongly on all aspects of our
planned interactive Jata communications
system for CATV application. Extensive
experience in RF/analog design and mod-
ulation/demodulation technique is needed
in this oversight role. We seek advanced
degrees; however, a BSEE plus relevant
experience may qualify you.

QOur Hatboro, Pennsylvania location is a
delightful good-life area with ready access
to the Pocono Mountains, ocean resorts
and the many educational, cultural and
entertaining attractions of Philadelphia.
For prompt consideration, send resume to:
Ed Zakrzewski, Manager of Employment,
Jerrold Division, General Instrument Corp.,
2200 Byberry Road, Hatboro, PA 13040 or
call 1-800-523-6678, ext. 4372, or
215-674-4800. if attending RF Expo East
'88, call ahead or at the show to discuss
opportunities and possibly arrange a
confidential and convenient interview.
An equal opportunity employer.

Jerrold Division

GENERAL
INSTRUMENT
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Specialized service for the RF transistor and
microwave customer

@ MOTOROLA INC. is taking that extra step to provide off-the-sheif

3 availability for its RF and microwave components by teaming up with

Richardson Electronics, Ltd. The combination matches the most prominent
name in the RF industry with one of 40 years of dependable service. It’s a relation-
ship that makes it easy to choose the right source for all your RF and microwave
needs. ;

Choose é} Richardson Electronics, Ltd.

With us, off-the-shelf availability is only a phone number

away. Call one of our convenient sales locations today.

Corporate Headquarters: LaFox, IL (800) 323-1770, (312) 232-6400, FAX: (312} 208-2550
USA Sales Offices: (800) 348-5580, Brooklyn:, (800) 221-0860, Canada: (800) 387-2280,
England: (0522) 542631, (0372) 379414, France: (1) 47.60.05.15, Italy: (055) 68.52.92,
Spain: (1) 476 .25 65, Germany: 08032/5028. All other International Iinquirles {except
Canada & Europe) contact Corporate Headquarters.

See us at RF Expg;£ast, Booth #438. INFO/CARD 93




SIEMENS

GaAs transistors, GaAs MMICs

Giga speed in large numbers

Giga: from VHF to Ku band
Speed: exstock
Numbers: on tape & reel, for cost-

saving SMD assembly,
in CERamic EConomy For your applications in the SHF range,
(CEREC) packages an outstanding combination in
performance: cascadable - low-noise
Product families: I - linear - reliable.
0.5umFETs:  CFY18-xx All GaAs components are offered in
1um FETs: CFY 19-xx | HiRel/MIL versions as well.

g:i;gat,a EEST,S: 82\((?;1% Ll By the way, we are experts in silicon
] | microwave devices, too.

If you'd like to hear more, just write
Siemens AG, Infoservice 12/Z2069e,
Postfach 2348, D-8510 Furth,
quoting "GaAs microwave devices".
In USA:

Siemens Components Inc.

Special Products Division

186 Wood Ave. South

Iselin, NJ 08830

Toplech Components:
Siemens

electronica '88
Munich

8.-12.11.88
Siemens, Hall 23, Position A4

12/Z069e

|
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“’e’d like you

to see our new
facilities, but you'll
have to dress for
the occasion.

Producing high-reliability SAW filters takes an invest-
ment. In time. In people. In state-of-the-art technology.
Andersen did it.

We expanded our facilities to include a dedicated,
high-volume, Hybrid Production Plant. We built Class
100 and Class 1000 clean rooms. We also installed one
of the world’s most sophisticated direct-imaging mask-
making systems. Which means you can choose from
a line of Andersen production SAW devices at center
frequencies up to 1.3 GHz with linear phase and
superior rejection.

We’d like you to see our facilities. But to protect our
investment, you do have to dress for the occasion.
White gloves are mandatory. For the grand tour, contact
Andersen Laboratories, 1280 Blue Hills Avenue,
Bloomfield, CT 06002. Phone (203) 242-0761. TWX
710 425 2390 FAX 203 242 9876.

@ ANDERSEN - LABORATORES
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