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Buying MIL-qualified connectors doesn't guarantee
that the parts you need will arrive on time, or that
they'll work when you get them. And with MIL specs
changing so much, it's often hard to know what you're
going to get.

Freedom of choice.

We offer MIL-qualified SMA connectors in all the
popular configurations, and 100 types of SMB and
SMC QPL connectors . . .twice as many as anyone
else.

What you see is what you get.

Call or write for our QPL brochure. lt's the only
literature currently available which shows the
important changes mandated by Amendment 2 of
MIL-C-39012, including economical silver-plated SMB
and SMC connectors.

Connectors that work.

Our production standards exceed MIL-C-39012
requirements. 11% of our workforce is in quality
control to make sure these standards are met. Need
proof? We have shipped over 150,000 cable
assemblies with AEP SMB connectors for the ARC-
164 military radio -- ng rejections. We've also shipped
over 200,000 SMA and SMB connectors to a major
radio manufacturer -- ng rejections.

Connectors when you need them.

All of our QPL connectors are available through our
network of stocking distributors. If they're out of stock
or you need large quantities, we can deliver most QPL
items within six weeks from the factory.

-
-
* A
The rest of the story.

If you need a connector that isn't covered by
MIL-C-39012, we've still got you covered.

Call or write for our latest catalogue which shows our:

. SMA connectors, including hermetic-seal
MIC launchers.

. SMB, SMC and SLB (Slide-on mating)
connectors in thousands of varieties.

« 7000 series connectors, with unejualled
performance in microminiature size.

. 75 ohm connectors with matched impedance
for critical applications.

. Cable terminations, adapters, cable
assemblies, and more.

But don't take our word for it . . . try us once and
see what it's like to get parts that perform, shipped
when promised, and at a price that will probably save
you some money, too.

AEP .. .Performance,
not promises.

APPLIED
EF

ENGINEERING
PRODUCTS

PO. Box 510

New Haven, CT 06513
Tel: 203/776-2813
Fax: 203/776-8294
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DAICO
ON A DISC

D.LS.C. £

DAL INTERACTIVE SELETTIONS CRIANA,

L e R L U ISp——"
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DAICO introduces our new free interactive database —
D.LS.C. (DAICO Interactive Selections Catalog). The D.I.S.C.
delivers(our full line of Switches, Digital Attenuators and Dear DAICO, please rush me a free
VCA's to your fingertips. D1SC.

Just input your RF parameters and you'll get For immediate delivery, call your local

- By DAICO representative.

a complete list of all products that meet your criteria. All
listings are fully cross-referenced with minimum and maxi-
mum ratings, typical performance, package sizes and
catalog page. COMPANY

D.LS.C. selects the best available products from
specifications like bandwidth, insertion loss, isolation, ADDRESS
switching speed, intercept points and DC power.

NAME

CITY/STATE/ZIP

I

DAICO INDUSTRIES, INC. PHONE
» 2139 East De! Amo Boulevard, Compton, CA 90220 Limited time offer. Void where prohibited RFD 10/89
213/631-1143 « FAX 213/631-8078
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industry insight
21 The Outlook for SAW Technology

This report takes a look at the current state of SAW technology and the business of
SAW products. Some observers predict an industry shakeout.
— Mark Gomez

cover sfory

22 Surface-Mount Products Match TO-8

Performance and Availability
A new line of SMT-packaged RF components has been introduced by Watkins-Johnson
Company. The new line is electrically and mechanically compatible with all of their
existing TO-8 RF products.
— Louis Seieroe, Kenneth Ledford,
Timothy Blaney, and Louis Hsaio

featured technology
31 Modular RF Systems Speed Design-to-Product Times

Manufacturers now provide many complete functional blocks that can be treated as
“components” by the RF designer. The author reviews some of these products, with
guidelines for evaluation of their performance. — Alan Victor

41 A Spurious Response Program for
Wideband Mixer Circuits
Many receivers employ wideband inputs which are mixed to wideband IFs. This article

presents a program to analyze spurious response performance with various input and
intermediate frequencies. — William E. Sabin

44 Noise Power Ratio Characterizes A/D Converters
For Communications

Noise power ratio is often used in multichannel radio systems to measure overall per-
formance. The same technique can be used to evaluate analog-to-digital converters
for communications applications. — Michael Johnson

rf design awards
35 Frequency Division Using Varactor Diodes

Although commonly used for frequency multiplication, varactors also can be used for
division. This contest entry describes a divide-by-six circuit using varactors.
— William J. Hoffert

rfi/emc corner
48 Fiber Optic Current Sensing for EMC Testing

An optical system for sensing electromagnetic current has been developed for testing
systems where non-invasive testing and non-conductive interconnections are required.
— Jon Tobelmann

50 RF Expo East Technical Program Offers
Variety and Depth

departments
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12 Letters 69 New Software
13 Calendar 70 New Literature
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HIGH POWER
COMBINERS

2 WAY
MODEL D2500

4 WAY
MODEL D2502

SPECIFICATIONS

10-500 MHz
0.6 dB Typ.
20 dB Min.
1.3:1 Max.
400 Watts

Freq. Range
Loss
Isolation
VSWR
Power

FEATURES

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

BROADBAND RF
COMPONENTS

Hybrid Junctions

Power Dividers
Directional Couplers
Power to 20 kw
Frequency .01-1000 MHz

* % % % »

WERLATONE INC.

P. O. Box 47
Brewster, NY 10509

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

‘\‘mm,,(

decades ahead
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rf editorial

Plan to Attend RF Expo East

By Gary A. Breed
Editor

I know the title of this month’s column
isn’t exactly subtle, but if you pass up
an opportunity to go to RF Expo East,
you will miss the outstanding papers, the
design courses, and the chance to see
key RF companies face-to-face.

just finished reviewing the papers

which make up the technical program,
and realized that there are some real
groundbreaking developments being dis-
cussed. Four of our 1989 contest entries
will be presented, including the grand
prize winner. All four of them represent
pioneering work in PLL, filter and phase
shifter development.

Applications of high-speed op amps
and analog multipliers are covered in
three papers, recent developments in
acoustic charge transport (ACT) technol-
ogy are presented, and new information
on RF performance of reed relays and
chip capacitors is ready for you to
absorb. Excellent RF system design
information will be covered, including
HF system considerations, interference
in collocated facilities, antenna tuners,
and power combining. Two sessions on
PLLs and frequency synthesis will exam-
ine this important design topic.

A three-hour segment of Hewlett-
Packard’s two-day EMC design course
is another exceptional presentation. This
is a design course, not the rehash of
rules and regulations and test methodol-
ogy usually found elsewhere. You can
use this information. Another all-morn-

ing tutorial covers the basics of anten-
nas, presented by Dr. Benjamin Rulf of
Lockheed. Along with the three special
courses, Fundamentals of RF Circuit
Design (2 parts) and Computer-Aided
Filter Design, these extended tutorials
offer an in-depth look at essential RF
principles.

It would be wise to plan to stay until
the very end, too. Developments in
crystal oscillators will be described on
Thursday morning, including landmark
microprocessor-control ed oscillator
work by the U.S. Army LABCOM. Their
work promises 10- to 100-times improve-
ment in performance. Oher papers on
Thursday’s schedule feature oven-
controlled oscillator development, an-
tenna tuner design for HF, and active
receive antennas. A complete summary
of the program starts on page 50.

| see a lot of engineering develop-
ments — as proposed erticles, confer-
ence technical papers, and press infor-
mation from various companies. But |
have never seen as much new informa-
tion in one place as you will find at RF
Expo East.

See you there!

il
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STANFORD TELECOM

Lo o

Raytheon

ST< REsEARCH

BT i b oite cavew vime wd —

ORTHROP

“Our customers say it best...”

“Out of seven vendors, you were the only one to deliver a “You are a great company
product on time. The next time I am in need of a noise giving excellent service...”’
source, I will think of Noise Com.” G.R., UNIVERSITY OF MICHIGAN

M.K., RAYTHEON COMPANY

“The quality of the noise source is very

“Your people and facilities are most impressive important. I've been involved with noise testing
... We wish that we had known of your with the Navy for 14 years. I have built about
company sooner. 1,000 machines, and a lot of them use Noise Com
D.A.. STANFORD TELECOMMUNICATIONS noise sources. If we need things very quickly,
they react’

: 4 N A.G., S.T. RESEARCH
“I like Noise Com because it has a good

technical staff, and a very good reputation
for getting the product to the customer
on time”’

“We’ve enjoyed very good results with Noise
Com products. I needed a custom-made
product with almost immediate turnaround,
J.P.. NORTHROP and they were able to meet my requirements.
They are willing to go that extra amount ... I
think very highly of them.”

B.A., MAGNAVOX

Noise Com manufactures a wide range of
standard and custom noise sources and noise-
generating instruments from DC to 110 GHz. From
noise diodes, to amplified noise modules, TO-8 drop-
in modules, precision coaxial and waveguide noise
sources, and manual and automated instruments.

Noise Com has built a solid reputation on quality,
delivery, and service. Put us to the test. Call Gary
Simonyan at (201) 261-8797.

NOIS%M E. 64 Midland Avenue, Paramus, New Jersey 07652
(201) 261-8797 » FAX: (201) 261-8339 » TWX: 910-380-8198
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HIGHEST ‘Q’

At Microwave Frequencies

A F &8
GIGA-TRIM

TRIMMER CAPACITORS

SEAL'NG With the convenient process seal cap attached, the
Giga-Trim® capacitors are impervious to the entrapment of the harsh-
est cleaning solvents and solder flux. This simple, O-ring free design
means less parts for increased MTBF and lower RF loss. This design
contributes to the consistent and higher ‘Q’.

TUN'NG These multi-turn, constant torque, miniature trimmers
will not shift when set or drift during vibration. Because of the direct
contact consiruction and unique torque drive mechanism] there is
almost zero tuning noise during trimming. *U.S. Patent No. Re 30,406

PERFORMANCE For RF to Microwave frequencies, the

Giga-Trim®capacitors come in various terminal and mounting con-
figurations. Ranges from 0.3-1.2 pF to 0.8-8.0 pF are available with
stable T/C characteristics. The sapphire dielectric housing adds to
the superior ‘Q’ of 3 - 5,000 and high breakdown voltage and insula-
tion properties.

HIGH RELIABILITY aualified to MIL-C-14409, this sol-

derless construction withstands the rigors of soldering heat, exces-
sive tuning, or harsh applications. This trimmer is ideal for uncom-
promising NASA installations or for demanding commercial service.
Giga-Trim¥capacitors are available in PC/CV military or special high
reliability configurations.

Manufacturing Corporation
Rockaway Valley Road, Boonton, New Jersey 07005
201-334-2676 TWX 710-987-8367 FAX 201-334-2954
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<10 Hz-200 kHz
mod rates

=4710 +19dBm
dynamic range

INPUT 608
100kHz - 2000 MH2

100 kHz-2 GHz

25 kHz-2.5 GHz
carrier frequencies

Note A: AM only
Note B: Lumited level accuracy
Note C- « 10% droop for § Hz square wave

BOONTON RE-DIMENSIONS
MODULATION MEASUREMENTS!

Boonton's 8200 Modulation Analyzer out-performs between 20 Hz to 20 kHz. Plus a full complement of
the competition with the widest measurement range low-pass and high-pass filters and de-emphasis
by far. Automatic or manual acquisition and display networks.

of carrier frequencies and levels. Measures modula-
tion frequencies from <10 Hz to 200 kHz. True peak
measurements to 99% a.m. and 500 kHz f.m. with
accuracies of 1% of reading. Phase modulation to 500 M
radians. True rms detection of residuals. Automatic Boonton Electronics COI"p.
audio distortion measurements from 0.01% to 100% 791 Route 10, Randolph, NJ 07869

THD or 0 to 80 dB SINAD at baseband frequencies Telephone (201) 584-1077

Check with your local representative or contact
Boonton directly for the full dimensions of the 8200.

Signal Generators @ Modulation Analyzers @ RF Power Meters ® RF Millivoltmeters m Capacitance Meters and Bridges m Audio Test Instruments

BOONTON
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SIEMENS

Siemens rules the waves

With combined surface-acoustic wave expertise and technology from its KB group
in Munich, FRG and Crystal Technology, Inc. in Palo Aito, U.S.A.

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

e precise amplitude response

o steep filter skirts

e linear phase independent of
amplitude response

e low temperature drift

@ no tuning

e excellent reproducibility
e longterm stability

e high reliability

e small size

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

e normal and low-loss bandpass filters
e vestigial-sideband filters
e timing-recovery filters
® resonators
e dispersive and nondispersive
delay lines

e
g

Our expertise comes from more than

15 years of dedicated activity. Soph
cated CAD tools, perfected manufa
turing based on well over 100 mill
SAW devices produced and cor
uing vigorous R & D efforls are:
guarantee of high perfor ma [

high quality. And our profs

devices qualify to MIL-S

For more information ¢
Crystal Techngo
A Siemens C
1060 E.
Palo Al
Telephe
Tel '.i
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rf letters

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

Filter Comments
Editor:

Jack Porter’s article ‘“‘Chebyshev Filters With Arbitrary
Source and Load Resistances” (RF Design, August 1989) is
quite thorough and useful, but | do have two comments. First,
a question: In this modern-day world of elliptic and other
synthesized pole-zero filters, is it really important to be able to
design a variety of all-pole Butterworth and Chebyshev filters?
On a practical percentage basis, what types of filters are really
efficient in size, parts count and cost? Consider a test case
with a 1.2:1 shape factor to 60 dB; would it ever be built with
a Butterworth or Chebyshev?

Second, Mr. Porter says, ‘“‘Bandpass filter designs are
always based on doubly terminated, minimum insertion loss
prototypes.” However, bandpass filters are frequently not
based on that type of prototype, and in fact rarely are unless
symmetrical stopbands are specified. The word ‘‘always’’ is
especially inappropriate; one very notable exception is seen
in the modern method of designing multiplexer filters,
frequently bandpass, consisting of paralleled filters all de-
signed as one-end terminated bandpass filters. See Christian
and Eisemann’s Tables and the S/FILSYN User’s Manual.

William B. Lurie
Boynton Beach, Florida

Sampling A/Ds

DATEL'’s video speed 12-bit sampling A/D
converters give superior dynamic performance,
to bring both harmonic distortion and
signal-to-noise ratios to new lows.

B 1 et b 11 1208
I ( 3} 33Y

Model | Smpling Ef.'ﬁ;!.i.ﬁ'." m;)u;: Di:;;;'im Package | ITee
Frequency | Frequency
ADS-112 IMHz no H?S dB 13watts | 24-pin DDIP | $259 |
ADS-132 | 2MHz 1.0 7-73 ds 29 walts | 32-pin TDIP—”- 5?1
ADS-131 5MHz |8 10.6 69 dB 42watts | 40-pin TDIP | $549
ADS-130 | 10MHz I 106 -9 dB 45watts | 40-pin TDIP | $775

*THD {Total Harmonic Distortion)

D [OVANEL

INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION
DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000
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Propagation Corrections
Editor:

Past articles relevant to RF propagation in buildings by Dr.
Rappaport (RF Design, January 1989) and Dr. Ishii (RF Design,
July 1989) were welcome and informative. The numerous
references provided by both authors are appreciated, espe-
cially on a subject such as RF propagatior. After careful
reading, study, and comparison of the results presented, it is
clear that continued research on RF propagation within
buildings is required, and | look forward to seeing this subject
treated in future issues.

| did notice some errors in the article by Dr. Ishii. First, the
numerical value in the denominator of equation 7 should read
as 4.343. Also, —10n_in equation 16 should be +10n, instead.
Another error | noticed was that the line preceding equation
18 should read: *‘Substituting these into equation 7...”" The line
preceding equation 19 should read: *‘Substituting the values
in (17) into equation 13..." Finally, the values given in (17) do
not appear to agree with those shown in Figure 2, nor do they
agree with the loss number « calculated in equation 18.

Again, thank you for the articles in this subject area. | look
forward to additional contributions on this subject in RF Design.

Alan Victor
Monicor Electronic Corp.
Fort Lauderdale, Florida

After conferring with the author, the folloviing additional
correction was determined: The value given in (*7) for P, should
be —97 dBm, instead of —79 dBm. With this change, the values
in (17) correspond to those in Figure 2 and equation 18. The
author regrets any inconvenience caused. —Editor

Corrections

1. In “An Analysis of Inverter Crystal Oscillators” (RF
Design, August 1989), the author’s employer was given
incorrectly. Leonard Kleinberg is an electronic engineer at
the NASA Goddard Space Flight Center, Greenbelt, Md.

2. An incorrect phone number was given for the author of
“Crystal Delay Equalizers” (RF Design, August 1989). Mr.
Lurie's phone number is (407) 369-3218. Also, the figure
below should be substituted for Figure 2 as it appeared in
the article.

26000

<<E
21000 |
g 16000 | .
2 &
E —_t <
3 <<A §
nooo [ | &
——
<<€
600.00 - -
| -
- <<Bp= - —
<<D l i
100100 el sl AN SR e 1 24950

1500.0 1700.0 1900.0 2100.0 2300.0 2500.0
Frequency (Hz)
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rf calendar

October 9-12, 1989

Annual Old Crows Meeting

Sheraton Washington Hotel, Washington, DC

Information: Association of Old Crows, 1000 N. Payne Street,
Alexandria, VA 22314. Tel: (703) 549-1600

October 9-13, 1989

Antenna Measurement Techniques Association

11th Annual Meeting and Symposium

Doubletree Inn, Monterey, CA

Information: Cheryl Komer, 1989 AMTA Symposium, Lockheed
Missiles and Space Co., 1111 Lockheed Way, 0/62-42 B/076,
Sunnyvale, CA 94089-3504.

October 15-18, 1989

22nd Annual lICIT Connectors and Interconnection
Technology Symposium

Wyndham Franklin Plaza Hotel, Philadelphia, PA

Information: Janice MacDonald, IICIT, 104 Wilmot Road, Suite
201, Deerfield, IL 60015-5195. Tel: (312) 940-7218

October 16-17, 1989

Interface '89 Rhode Island Conference

Sheraton Islander Inn, Newport, Rl

Information: Michael P. Lauro, c/o Tanury Industries, 6 New
England Way, Lincoln, Rl 02865. Tel: (401) 333-9400

October 16-19, 1989

SCAN-TECH 89

New San Jose Convention Center, San Jose, CA

Information: AIM USA, 1326 Freeport Road, Pittsburgh, PA
15238. Tel: (800) 338-0206; (412) 963-8588

October 17-19, 1989

Northcon/89

Portland Memorial Coliseum, Portland, OR

Information: Northcon/89, 8110 Airport Boulevard, Los Ange-
les, CA 90045-3194. Tel: (213) 772-2965

October 22-25, 1989

1989 IEEE GaAs IC Symposium

Sheraton Harbor Island Hotel, San Diego, CA

Information: |IEEE GaAs IC Symposium, 655 15th Street, N.W.,
Suite 300, Washington, DC 20005. Tel: (202) 347-5900

October 22-27, 1989

ISA/89

Philadelphia Civic Center, Philadelphia, PA

Information: Instrument Society of America, 67 Alexander
Drive, P.O. Box 12277, Research Triangle Park, NC 27709.
Tel: (215) 922-2612; (919) 549-8411

October 24-26, 1989

RF Expo East 89

TropWorld, Atlantic City, NJ

Information: Kristin Hohn, Cardiff Publishing Company, 6300
S. Syracuse Way, Suite 650, Englewood, CO 80111. Tel: (303)
220-2600; (800) 525-9154

October 26, 1989

4th Annual EMC Event

Minneapolis Hilton inn, Minneapolis, MN

Information: Diane Swenson, Amador Corporation, Taylors
Falls, MN 55084-0270. Tel: (612) 465-3911

RF Design

Sample the Worlds

Best Microwave
Chip Capacitors

Murata Erie is offering two popular sample kits at a
special price of $49.95 each. Choose from two sizes of
monolithic ceramic chip capacitors in P-90 material.
These Hi-Q capacitors are suitable for HF to microwave
applications and are capable of .~
meeting the requirements
of MIL-C-55681. _
Mail the ~
coupon \/
below today “\}\
or call \:
1-800-356-7584
to place your order.

7
Z
Z

Case 1 KIT MA18-001 5 each of 15 values
- y | Cap Tol | Cap Tol [ Cap Tol [ Cap Tol |
-y r 055 10pF B | 47pF D | 12pF K | 47pF K
L.1 L+ | 180F C | SepF D | 15pF K | SepF K
axoss 27pF D | 82pF K | 22pF K | 82pF K

33pF D | 10pF K | 36pF K |

Case 2 KIT MA28-001 5 each of 15 values
% ‘ i [ Cap Tol [ Cap Tol | Cap Tol | Cap Tol |
015" m 1o [ 10pF C [ 75pF D | 36pF ] | 200pF ]
~—} | 22pF D | 1IpF ] | SIpF J | 470pF M
70 | 36pF D | 16pF J | 75pF ] | G20pF M |
| 56pF D 24pF ] | 100pF ] | |

mullata [31713)

MURATA ERIE NORTH AMERICA
STATE COLLEGE OPERATIONS

———

Please send me:

|
I Phone

QTY. Part No. |

I $49.95 each I

| $49.95 each AN Yy |

| Payment enclosed |

| Please charge to my |

I O visA [ MasterCard  [J American Express I

I Credit Card No Valid From Through |

g LT T LT T LI T

I % o Month  Year Month  Year I
gna

I Name _ Title I

| Company I

| address 3 |

City _ State |

|

|

| Mail to: Frontline Marketing Systems, Inc., 1190 Winchester Pkwy .,
I_ Suite 203, Smyrna, Georgia 30080 RED 10/89
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rf courses

Georgia Tech Education Extension

Principles of Modern Radar
October 30-November 3, 1989, Atlanta, GA

Information: Education Extension, Georgia Institute of Tech-
nology, Atlanta, GA 30332-0385. Tel: (404) 894-2547

The George Washington University

Grounding, Bonding, Shielding and Transient Protection
October 30-November 2, 1989, Orlando, FL
Frequency-Hopping Signals and Systems
November 6-8, 1989, Washington, DC
Electromagnetic Interference and Control
November 13-17, 1989, Washington, DC
Modern Receiver Design
November 13-17, 1989, London, England

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

University of Wisconsin-Madison

Surge Protection for Telecommunications
October 23-25, 1989, Madison, WI

Information: University of Wisconsin-Madison, College of
Engineering, 432 N. Lake Street, Madison, WI 5§3706. Tel: (800)
262-6243; (800) 362-3020

Learning Tree International

Introduction to Fiber Optic Communications
November 14-17, 1989, Boston, MA
November 14-17, 1989, San Diego, CA
December 5-8, 1989, Los Angeles, CA

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

EEsof, Inc.

MMIC Design Workstation (MMIC)

October 23-27, 1989, Westlake Village, CA
Computer-Aided Engineering for Nonlinear Microwave
Circuits (mwSpice)

November 9-10, 1989, Westlake Village, CA

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

Hewlett-Packard Co.

Designing for Electromagnetic Compatibility (EMC)
October 16-17, 1989, Andover, MA
October 19-20, 1989, Rockville, MD
November 14-15, 1989, Las Colinas, TX
December 4-5, 1989, Santa Clara, CA
December 11-12, 1989, Mountain View, CA
December 14-15, 1989, Mountain View, CA

Information: Hewlett-Packard Co., 3000 Hanover Street, Palo
Alto, CA 94304. Tel: (800) 2HP-EDUC

14

Interference Control Technologies, Inc.

EMC in Medical Electronics

October 17-20, 1989, San Francisco, CA
TEMPEST Design and Measurement

November 7-10, 1989, San Francisco, CA
Practical EMI Fixes

November 6-10, 1989, Atlanta, GA

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

EMC Services

Filter Design for Switching Supplies
November 6-7, 1989, Tampa, FL

EMI Control for Switching Supplies
November 8-10, 1989, Tampa, FL

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

National Semiconductor

Linear Applications Seminar
October 17, 1989, Portland, OR
October 18, 1989, Oakland, CA
October 19, 1989, Santa Clara, CA
October 20, 1989, Palo Alto, CA
October 23, 1989, Boston, MA
October 24, 1989, Boston, MA
October 25, 1989, Trumbull, CT
October 26, 1989, Long Island, NY
October 27, 1989, Paramus, NJ
October 30, 1989, Philadelphia, PA
October 31, 1989, Baltimore, MD

Information: National Semiconductor, 2900 Semiconductor
Drive, P.O. Box 58090, Santa Clara, CA 95052-8090. Tel: (800)
548-4529; (408) 721-5000

Praxis International, Inc.

Managing the EMI Function
November 15-16, 1989, Washington, DC

Facility Grounding, Shielding and Lightning Protection
November 15-17, 1989, Washington, DC

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

R & B Enterprises

Prominent E3 Standards
October 23, 1989, Philadelphia, PA
E® Detailed Design Course
October 24-27, 1989, Philadelphia, PA
Grounding, Bonding and Shielding
October 25-26, 1989, Philadelphia, PA
Real Life Solutions to EMI Problems
November 1-2, 1989, Philadelphia, PA

Information: Registrar, R & B Enterprises, 20 Clipper Road,
West Conshohocken, PA 19428. Tel: (215) 825-1366
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rf news

Hewlett-Packard Co. (HP) has re-
leased its proprietary test and measure-
ment systems language (TMSL), for-
merly referred to as HP systems lan-
guage, for use by other instrument
manufacturers. TMSL is a standard
instrument-control language, provid-
ing generic commands not tied to any
particular instrument. It enables an
instrument programmer to use the
same command to instruct different
types of instruments (e.g., an oscillo-
scope and a spectrum analyzer) to
carry out an instruction (e.g., to meas-
ure frequency). TMSL also provides
vertical compatibility. That is, a particu-
lar instruction is carried out with a

HP Releases Proprietary Instrument Language

single command for all instruments of a
certain type. This allows for equipment
upgrades without rewriting software.

All of HP’s VXIbus products and other
instrument-system products will incorpo-
rate TMSL. At least 14 products support-
ing the language are already available.
TMSL is fully compatible with IEEE-STD-
488.2, and is designed to support all
types of instruments. Existing standards
organizations are being evaluated by
Hewlett-Packard in an effort to find one
that will manage the TMSL enhance-
ment process.

To assist manufacturers who want to
incorporate TMSL (and IEEE-488.2) into
their instruments, HP is offering an

optional training course. A technical
data book, TMSL Syntactic and Se-
mantic Requirements, is also avail-
able. To participate in the course or to
obtain the book, implementors will be
required to sign a license agreement.
Cost of the course (and license) is
$1500, and cost of the book (and
license) is $100. Another book, A
Beginner’s Guide to TMSL, instructs
instrument programmers on the struc-
ture and syntax of TMSL. To order this
book, call 1-800-538-8787. Further infor-
mation on TMSL can be obtained by
contacting: TMSL Manager, Hewlett-
Packard Co. P.O. Box 301, Loveland,
CO 80539-0301.

GEC-Siemens Win in Plessey Take-
over Bid—Britain’'s General Electric
Co. plc (GEC) and Siemens AG of West
Germany have successfully completed
their $3.1 billion bid for control of
Plessey Co. plc. The fight for Plessey,

which began in late 1988, has been
marked by fierce resistance from
Plessey at every step. The takeover
comes after many months of negotia-
tions and hearings, ending with a green
light from the European Economic Com-

mission, the U.K. Monopolies and Merg-
ers Commission and the British Ministry
of Defense.

Control of Plessey's various busi-
nesses will be distributed between GEC
and Siemens according to a proposal

K
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announced previously. According to the
plan, Plessey’s North American defense
electronics subsidiaries Sippican Inc.
and Leigh Instruments Ltd. will be wholly
owned by GEC. Plessey’s avionics and
naval systems will be 100 percent
owned by GEC, while ownership of the
radar and defense systems will go to
Siemens. GEC will have a 75 percent

share in Plessey Electronic Systems:

Corp., with the remaining 25 percent
controlled by Siemens. GEC Plessey
Telecommunications Ltd. will be split
on a 60/40 basis between the two
companies. These arrangements were
agreed upon in part to satisty concerns
at the Ministry of Defense regarding
competition and national security.

SGS-Thomson to Acquire Micro-
wave Semiconductor Corp.—
Siemens and SGS-Thomson have
signed a letter-of-intent covering the
proposed acquisition of the non-gallium
arsenide activities of Microwave Semi-
conductor Corporation (MSC) by the
SGS-Thomson Microelectronics Group.
Under terms of the agreement, SGS-
Thomson will acquire the MSC silicon
product line, which consists of RF/
microwave devices, amplifiers, subsys-
tem components and assemblies.
MSC’s GaAs operation, which was shut
down late last year, is not included in the
deal with SGS-Thomson. Microwave
Semiconductor Corp. was founded in
1968 and acquired by Siemens in 1979.
It was the subject of an unsuccessful
acquisition attempt by Phoenix Mono-
lithics Corp. of Telford, Pa., in late 1988.

EEsof Users to Meet at RF Expo
East—The ninth meeting of the EEsof
Users’ Group will take place on Wednes-
day, October 25, 1989, from 4:00 to 6:00
p.m., in conjunction with RF Expo East
in Atlantic City, N.J. The meeting, to be
held at TropWorld, will be chaired by
President Weiming Ou of Varian Ill-V
and Technical Program Chair Chuck
McLaughlin of KDl/triangle Microwave.
The EEsof Users’ Group serves as a
forum for RF and microwave engineers
who use EEsof software. For more
information about the group, contact
Maxine Surks, Users’ Group Coordina-
tor, EEsof, Inc., 5795 Lindero Canyon
Road, Westlake Village, CA 91362. Tel:
(818) 991-7530, ext. 131

Grumman to Close Tachonics—
Grumman Corp. has announced that it
will close its Tachonics subsidiary by the
end of this year. Tachonics Corp., of

RF Design

Plainsboro, N.J., manufactures gallium
arsenide (GaAs) components for sale to
the commercial electronics industry.
Tachonics will complete all existing
contracts, but is accepting no new
orders. Grumman Electronics Systems
Division will continue to design GaAs
circuits for Grumman’s defense and
space requirements. Tachonics was
formed in 1985 to design and manufac-
ture integrated circuits from GaAs for

high-speed electronics applications. The
company markets multi-application
switches and amplifier circuits to sub-
system manufacturers and distributors,
for both standard and semicustom mi-
crowave and digital applications.

Burr-Brown Offers Bulletin Board
Service—Burr-Brown Corp. has an-
nounced the availability of an electronic
bulletin board service (BBS) offering

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

information about Burr-Brown's prod-
ucts and services via personal com-
puter. The electronic BBS, which de-
buted August 7, is operated and main-

tained in the company’s Customer Serv-
ice Center by the Applications Engi-
neering Group. The service covers all
of Burr-Brown’s systems products as

well as its components (linear [Cs).
Information available through the BBS
includes: new product announcements,
tips and application notes, software

utilities and updates, a technical support
message section (public), and private
E-mail. Service is available 24 hours a
day, with information updated daily.
Common PC-based programs which
can be used to access the BBS are
Procomm™, XTALK, Red Ryder and
others. Files are transferred using the
industry standard XMODEM Protocol.
The BBS phone number is (602) 741-
3978. Communications settings are 300/
1200/2400 8-N-1. Further information
about the bulletin board service is
available by contacting: Ed George,
Manager, Applications Engineering,
Burr-Brown Corp., P.O. Box 11400,
Tucson, AZ 85734. Tel: (602) 741-4378

Hermetic Ultraminiature
Limiter Discriminators
Provide Better Than +=3% Over Linear Bandwidth

Ericsson and GE in Mobile Com-
munications Joint Venture—
Ericsson of Sweden and the General
Electric Co. (GE) have announced an
agreement to form a joint venture in
mobile communications. Ericsson-GE
Mobile Communications will be owned
60 percent by Ericsson and 40 percent
by GE. It will produce cellular tele-
phones, mobile radio prcducts and sys-
tems, and ‘“Mobitex’’ mobile data com-
munication systems for the international
market. The joint venture will also serve
the U.S. and Canadian market for cellu-
lar telephone systems. It will be formed
by merging existing comoany units.

= Hermetically-sealed

= Package is 1 cubic inch

= Connector or drop-in usage

= Models available from 30—750 MHz

Gamma Microwave Forms Satcom
Division—Gamma Microwave Inc. has
formed a new division, Satcom Products
Operations, for development and manu-
facture of new RF traasceivers and
terminals for data communications. The
new operation will supply RF transmis-
sion components for the high-speed
Small Earth Terminal marketplace. Two
new products under development for
this market are microwave transceivers
for use in C- and Ku-Band earth stations.
First delivery of four units is scheduled
by the end of 1989.

SPECIFICATIONS

Center Video

Output
(V/MH2)

1.00
0.25
0.10
0.10
0.02
0.02
0.02

Linear Rise
Model Frequency Linearity Bandwidth Time
No. (MHz) (+%) (MHz) (nsec)
ICDL3006 30 3 6 200
ICDLBO16 60 16 100
ICDL7020 70 20 70
ICDL18035 160 35 30
ICDL300 300 70 20
ICDL400 400 70 20
ICDL750 750 7 20

ENVIRONMENTAL SPECIFICATIONS

Operating temperature: —40°C to +70°C
Environment: MIL-E-5400, MIL-E-16400
Tektronix Forms Test and Meas-
urement Group—Tektronix Inc. has
merged its Instrument and Systems
Groups to form the rew Test and
Measurement Group. The new group
represents the core of Tektronix’ tradi-
tional business, with such products as
oscilloscopes, logic analyzers, semi-
conductor test systems and spectrum
analyzers. The Test and Measurement

RHG

161 East Industry Court, Deer Park, NY 11729
(516) 242-1100, FAX: 516-242-1222, TWX: 510-227-6083

A MACON COMPANY
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Group will be headed by Richard |I.
Knight, vice-president and general man-
ager of the Systems Group since Janu-
ary 1988.

as part of its own internal MMIC effort.
The agreement between the two com-
panies is a response to DOD require-
ments that GaAs MMIC technology be

spread widely throughout the defense
contractor community, and eventually be
made available to companies serving the
commercial sector.

Toko Launches R&D Division—
Toko America Inc. has established a
Research and Development Division at
its Mount Prospect, lll., headquarters.
Mark Sullivan has been named to the
additional post of Director of Research
and Development, and Michael Woo to
the post of Research and Development
Engineering Manager. The new division
will concentrate on board and system
level products. Discrete and IC compo-
nent research and development from
the Japan headquarters of the parent
company, Toko Inc., will support the
U.S. operations. According to Sullivan,
“The creation of the R&D Division
effectively shifts our North American
operations from an ‘adapt products to
fit' mode to a ‘develop products for’
mode.” The R&D division will be work-
ing to develop new products targeted
specifically for Toko America’s North
American markets.

Take The Heat Off!

M/A-COM and Filtronics Compo-
nents in Joint Venture—M/A-COM
Inc. and Filtronics Components Ltd. |
have finalized an agreement to form a |
joint venture company, FILCOM Micro-
wave Inc. The new company will design,
develop and manufacture microwave
subsystem components primarily for j
electronic warfare applications under a |
technology transfer and licensing ar- ‘
rangement with Filtronics Components
Ltd. Products will include switched multi-
plexers, detector log video amplifiers, }
digital frequency discriminators and fre-
quency memory loops. These products
will be sold and marketed through
M/A-COM’s field sales organization.
FILCOM Microwave has already begun
operations in Chelmsford, Mass.

_ MODEL V750 | MODEL LVi60 _

_SPECIFICATIONS

Operating frequency

500-1000 MHz 110-210 MHz
Video rise fime <15nsec <20 nsec
Video fall fime <100 nsec <125nsec
__Overshoot & ringing  <5% | <5%
Input dynamic range 60 to +5 dBm T-70 1o +5 dBm
" Llinearity " +1.0 ot 25°C Fo_ +2.25 over full temperafure
_ond frequency range

TRW and FEI Microwave to Market
GaAs MMIC Devices—TRW'’s Elec-
tronics and Technology Division and FEI
Microwave Inc. have announced an
agreement according to which FEI Mi-
crowave will market and distribute
TRW's line of advanced millimeter/
microwave monolithic integrated circuits
commercially. The original equipment
manufacturer (OEM) distribution licens-
ing agreement extends for five years
and covers circuits designed and fabri-
cated by TRW on the Department of
Defense's MMIC program, as well as
those designed and fabricated by TRW

" Typical operating
temperature
Environment

-55°C to +85°C
MIL-E-5400

= =]

RHG ELECTRONICS LABORATORY, INC.

‘ 161 East Industry Court, Deer Park, NY 11729 y
(516) 242-1100, FAX: 516-242-1222, TWX: 510-227-6083 Adams m Russell
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188 variable RF coils.
At very affordable prices.

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

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

For special inductance or Q values, we'll
custom-build coils to your specifications
and still save you money!

For all the details on Coilcraft tuneable
RF coils or our other inductive devices,
call 312/639-6400.

Experimenters Kits. Choose kits

shielded and unshielded samples along
applied against

with detailed &
2
o
-3 ,\‘
your first order. Ii I

covering the range from .0425 to 1.5 uH
or from .70 to 1143 uH. Kits include
specifications.

Each costs $60,

Call 312/639-6400

to order.

- ® -~
“ o o8
o

Chip Inductors Current Sensors
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Power Inductors Axial Lead Chokes

1102 Silver Lake Rd., Cary, IL 60013
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rf industry insight

The Outlook for SAW Technology

By Mark Gomez
Technical Editor

he Surface Acoustic Wave (SAW)

industry can be divided into three
segments: the military, commercial and
consumer. In the United States, the
biggest segment is definitely the mili-
tary. However, commercial and con-
sumer applications for SAW devices are
seeing growing use. While the markets
are catered to by local vendors, foreign
competitors such as the Japanese and
Europeans seem to have their niche
established in the SAW consumer arena.

There are many reasons for designing
with SAW technology. These include
higher performance levels, better repro-
ducibility, simpler architecture and
smaller packaging size. ‘“‘Performance
is a very important reason for using SAW
devices,” says Frank Perkins, vice-
president of marketing at RF Mono-
lithics. *“It also aids in reproducibility,”
he adds. Gary Monetti, director of sales
and marketing at Sawtek, remarks, ‘“‘In
bandpass filters, we have seen a great
deal of emphasis on filters that track or
channel-match each other.”’ He explains
that SAW filters, since they are pro-
duced photolithographically, can be
manufactured essentially identicat to
one another.

SAW consumers are beginning to see
products with better capabilities. These
include devices that are easier to use
through higher integration levels, prod-
ucts with lower loss, and higher frequen-
cies. “In general, the trend is toward
higher frequencies and lower loss,”
comments Dick Fraley, vice-president
of marketing at Phonon Corporation.
Monetti reflects some trends by saying
the radar and EW people are looking for
filters with lower insertion loss and better
triple transit suppression. ‘‘There is a
trend towards higher frequencies,’’ says
Mitch Koga, an applications engineer at
Kyocera Northwest.

As with other RF segments, packag-
ing is a very important issue in the SAW
industry. The biggest issue here is
surface-mount packaging. Even though
the bulk of the military business is for
older programs that did not incorporate
surface-mount, this new form of packag-
ing is seeing growing use. ‘“We supply
a significant number of our products in

RF Design

surface-mount packaging,’” says Perk-
ins. “‘In the medium and long term, | see
a move towards surface-mount packag-
ing,” says Dr. Emmanuel Sang, general
manager of SAW devices for Tektronix.

According to Monetti, there are vari-
ous problems associated with surface-
mount packaging. ‘‘Since plastic is
essentially not hermetic, plastic surface-
mount packages are not suitable for
many SAW applications,” he explains.
“There are other surface-mount pack-
ages that are hermetically sealable,”
he adds. ““However, they usually require
very hot temperatures to reflow glass.”
He goes on to say that Sawtek has
developed a method of producing a
leadless chip carrier surface-mount pack-
age that is bondable and solderable and
can be sealed by a one-shot electronic
discharge process.

In the United States, the SAW indus-
try seems to be shifting to subsystems.
While this is primarily seen in the military
sector, some commercial subsystems
are being introduced. This obviously
translates into higher levels of integra-
tion, where vendors are providing mod-
ules and subsystems such as SAW filter
banks and frequency sources as op-
posed to individual filters and resona-
tors. ‘“The growth in this industry could
potentially be in the SAW-based subsys-
tem area,” says Monetti. Bob King,
product applications manager at Ander-
sen Laboratories, says that he has
anticipated the trend towards subsys-
tems over the years and is seeing it
now. “The demand for integrated SAW
assemblies is certainly on the rise,”’ he
comments.

There are many advantages associ-
ated with this shift to subsystems. These
include improved cost-effectiveness,
smaller overall system packages, and
products that are easier to use. ‘““We are
delivering SAW technology in an easier-
to-use form,” say Frank Perkins. *“‘For
example, we are providing filters with
integrated matching,’’ he explains.

Even though the military market is
shrinking, there is a certain amount of
commercial and consumer related activ-
ity. “In general, there are a significant
number of commercial applications that

are picking up some of the slack in the
SAW industry,” says Dr. Sang. Dick
Fraley shares this opinion by saying that
the market is growing because more
SAW components are being used. Al-
though there is activity here, it does not
seem to be large enough to support all
the companies involved. ‘“The growth
in the commercial segment of the pro-
fessional SAW market is not yet large
enough to support all the competitors in
it,” comments Dr. Albert Comparini,
vice-president of sales and marketing
at Crystal Technology. Dr. Sang says,
“There seems to be a shake-out gradu-
ally taking place and some poor compa-
nies do not seem to be making it.”

A key problem facing the SAW ven-
dors is hiring qualified engineers. “It is
tough to find talented, qualified people
who know how to design SAW compo-
nents,” comments Monetti. Dr. Sang
agrees with this viewpoint. He says,
“Since very few people train in SAW,
you either have to hire an old-timer or a
new recruit that could be groomed.”

As this industry matures, more and
more commercial applications are emerg-
ing. About five years ago, education
played a rather big part. Now, as other
industries have begun to accept SAW,
the level of education has shifted from
conveying the benefits of SAW to keep-
ing the community informed of new
capabilities. ‘‘Education is not as badly
needed as it was a few years ago,” says
Dick Fraley. King from Andersen Labo-
ratories feels that SAW technology has
established itself as a viable technology.

Surface Acoustic Wave products ap-
pear to have overcome their educational
barrier. Having crossed this hurdle,
these devices have found new commer-
cial and consumer activity. This dynamic
industry is even showing up in areas
such as lightwave systems and under-
sea cable systems where companies
like AT&T Network Systems are gearing
up their efforts. Also, as frequencies of
SAW devices increase, other potential
applications such as ISDN are emerg-
ing. With continued research and devel-
opment in both applications and product
designs, this industry should be able to
see growth in all areas. et
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Surface-Mount Products Match TO-8
Performance and Availability

By Louis M. Seieroe, Kenneth S.
Ledford, Timothy J. Blaney,
and Louis Hsiao
Watkins~-Johnson Company

The emphasis on improving system
performance by adding new features,
while simultaneously reducing overall
system cost, continues to be an industry
trend. Part of this emphasis has resulted
in increased use of MMICs. However, a
large gap still exists when it comes to
RF and microwave hybrid components
which are often needed to attain the
required system performance.

Watkins-Johnson Company contin-
ues its support of industry require-
ments by introducing an extensive line
of surface-mount RF and microwave
amplifiers, attenuators and limiters. This
new line of surface-mount products is a
mirror image of their entire TO-8 (0.5 in.
diameter) product line, covering a fre-
quency range of 0.001 to 6.0 GHz.

The advance of surface-mount tech-
nology has enabled manufacturers to
reduce system size and cost. The typical
board size can be reduced by as much
as 40 percent by replacing conventional
TO-8, TO-5, dual in-line and flat-pack
packages with surface-mount compo-
nents. Conventional packages require
very elaborate circuit boards and man-
ual assembly techniques, but surface-
mounted RF and microwave compo-
nents are directly compatible with cur-
rent automated assembly equipment.

Watkins-Johnson’s new SMTO-8 line
of surface-mount products allows sys-
tem designers to make the transition into
surface-mounted system design without
being hampered by the lack of availabil-
ity of various products. The performance
of TO-8 products, already familiar to the
system designer, can also be achieved
with the new surface-mount products.

The SMTO-8 advantages include: ex-
cellent RF and microwave performance
to 6 GHz, high reliability, wide product
selection, and compatibility with auto-
mated assembly techniques.

The SMTO-8 package evolved from
the identification and subsequent im-
plementation of several requirements
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Figure 1. SMTO-8 package dimen-
sions.

essential for a successful surface-mount
RF product. Attention was focused on
size, performance, structural integrity
for mechanical mounting, inspectable
solder connections, and hermeticity.

The size of the SMTO-8 was held to
a minimum while still accommodating
all of the company’s TO-8 products,
including RF and microwave amplifiers,
attenuators, and limiters. The SMTO-8
package, shown in Figure 1, allows the
use of ferrite chokes and transformers
while maintaining a height of 0.160
inches.

The internal-to-external RF
feedthrough design has resulted in RF
performance virtually identical to exist-
ing TO-8 products. In addition, the
bonding-pad pattern on the floor of the
package is identical to the pin pattern
on a TO-8 header. In fact, the exact
circuit layout and component orientation
found in a TO-8 may be placed directly
into an SMTO-8 package. This compati-
bility allows the use of proven manufac-
turing techniques, thereby maintaining
high manufacturing yields.

Built from the ground up, the SMTO-8

Figure 2. Pictorial view of package.

utilizes a Kovar leadframe, an alumina
base, and a Kovar seal-ring, respectively
(Figure 2). When the three pieces are
brazed together and electrically con-
nected using solid metal vias in the
alumina, a mechanically strong, tem-
perature-resistant package is created.
Along with mechanical strength, a
square outline offers the benefit of
easier handling by automated pick-and-
place equipment.

The SMTO-8 package construction
also provides improved thermal per-
formance compared to its TO-8 counter-
part. The TO-8 header is made of Kovar
(0.061 in. thick), which has poor thermal
conductivity. However, the SMTO-8 pack-
age uses a ceramic base and a Kovar
(0.008 in. thick) leadframe that lowers
the thermal resistance by 15 percent.

For high-reliability markets, the pack-
age must meet military specifications for
visual criteria on soldered connections.
For this reason, the SMTO-8 leads
protrude 0.050 in. so that solder fillets
may be easily inspected. If visible solder
joints are not a requirement, the leads
may be sheared flush with the base of
the package in order to achieve a
greater component density on the board.
The thickness of the leadframe along
with the channel around each lead
(Figure 1) allows flux to be easily washed
away using flux removers.

Major concerns for package compli-
ance with MIL-STD-883 are hermeticity,
salt spray, and humidity. Failure in any
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Table 1. Material properties of selected printed wiring boards.

of these three requirements can quite
often be associated with damaged glass-
to-metal seals. Since the SMTO-8 does
not utilize glass-to-metal seals, compli-
ance with MIL-STD-883 becomes much
more consistent. Seam welding a solid
nickel cover to the package yields a leak
rate of less than 5x10 atm-cc/s.

Mounting Considerations

Watkins-Johnson Company’s SMTO-
8 products can be mounted on a number
of printed-wiring-board materials, includ-
ing etched-copper board materials and
thin/thick-film on ceramic materials. Ce-
ramic materials, such as alumina, closely
match the package’s thermal expansion
coefficient with good electrical perform-
ance. However, most systems today are
designed using etched copper-backed
boards, such as G10/FR4 and Duroid®.

The use of surface-mount products
places additional constraints on the
system designer in the areas of thermal
coefficient of expansion (TCE) mis-
matches and thermal conductivity of the
board material selected. Table 1 com-
pares the significant electrical, mechani-
cal and thermal properties of various
printed-wiring-board materials.

The metallization scheme must be
carefully selected to prevent the phe-
nomenon known as ‘‘scavenging.” This
occurs when gold migrates into the
solder joint during reflow, which may
cause embrittlement of the joint. How-
ever, several techniques can be used
to minimize the effects of scavenging.
By pretinning the package/leads with
63Sn/37Pb solder paste with RMA flux,
the gold concentration is reduced,
thereby producing a stronger solder
joint. Alternately, indium alloy solder
pastes, which have a low tendency to
dissolve gold, may also be used.

RF Design

Watkins-Johnson has done extensive
work in the area of surface-mount prod-
ucts in both the Systems and Devices
groups of the company. The outcome
of this work has been a universal
printed-wiring-board (PWB) layout suit-
able for convection, IR, IR/Convection,
vapor phase and wave solder reflow
processes. Although the company’s rec-
ommended PWB layout was optimized
for its IR/Convection process, it is suit-
able for most manufacturing environ-
ments.

The PWB layout is designed such
that the package aligns itself due to
surface-tension effects during solder
reflow. The layout has the same width
as the package to maintain proper
alignment in the X-direction. The Y-
dimension on the layout is made larger
to allow for an inspectable solder fillet.
The lead pads serve to align the device
in the Y-direction. Figure 3 shows the
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Figure 3. Printed-wiring-board lay-
out: 9-hole configuration.
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Figure 4. Performance of the SMTO-8 package mounted
on the 9-hole PWB configuration on: a) 0.062 in. G-10,
b) 0.025 in. 6010 RT/Duroid, c) 0.031 in. 5880
RT/Duroid, and d) 0.015 in. 96 percent alumina.

layout for a typical printed-wiring-board
material. The input/output transmission
lines vary in width as different dielectric
materials are used.

The electrical performance of Watkins-
Johnson Company’s SMTO-8 package
(containing a 50-ochm feed-through) us-
ing this printed-wiring-board layout on
various microstrip materials is shown in
Figure 4. These layouts use a number
of plated-through holes directly under-
neath the package to minimize the
ground inductance, which limits the
upper frequency performance of the
device.

The use of plated-through holes un-
derneath the package does present
some difficulties. First is a reduction in
the solder fillet, since solder flows into
the plated-through holes during reflow.
Also, rework is more difficult due to thick
solder plugs formed in the plated-
through holes.

An alternate printed-wiring-board lay-
out with plated-through holes located
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Figure 5. Printed-wiring-board lay-
out: 4-hole configuration.

24

adjacent to the package is shown in
Figure 5. Electrical performance is de-
graded slightly when the ground vias are
not located underneath the package, as
shown in Figure 6. This degradation is
caused by the increased ground induc-
tance which, in turn, lowers the upper
cut-off frequency.

Electrical Considerations

As with most new concepts, the
SMTO-8 package evolved from its prede-
cessors, in this case, the flat pack and
TO-8 package. The new SMTO-8 leads
do not extend from the bottom of the
package as do those of the TO-8,
eliminating the need for through-hole
mounting to the PWB. Nor do the leads
extend from the middle of the wall of the
package, like those of the flat pack,
which eliminates the need to recess the
package into the PWB and/or bend the
leads for mounting. All of these features,
coupled with the performance of 1.0 dB
insertion loss at 5.5 GHz, 18.0 dB return
loss (shown previously in Figure 4(a))
and 54.0 dB isolation, give the system
designer a significant advantage.

For comparison, the TO-8 package
performance is shown in Figure 7. This
design allows operation up to 5.5 GHz
with 1.0 dB insertion loss, 13.0 dB return
loss, and 28 dB isolation. The flat-pack
package, with performance shown in
Figure 8, has an insertion loss of 1.0 dB
at 2.0 GHz, and a return loss of 8.0 dB.
The measured isolation is 50.0 dB.

Surface-mount digital ICs and passive
devices have been in use for quite some
time. However, the introduction of sur-
face-mount RF components has been
more difficult. The transmission medium
and device interconnection behavior are
of greater concern to the RF engineer,
as these can limit the system perform-
ance. The SMTO-8 package, like all

Figure 6. Performance of the SMTO-8 package mounted
on the 4-hole PWB configuration on: a) 0.062 in. G-10,
b) 0.025 in. 6010 RT/Duroid, c) 0.031 in. 5880
RT/Duroid, and d) 0.015 in. 96 percent alumina.

devices, can be modeled as a combina-
tion of series and shunt reactive ele-
ments. The construction of the package
as illustrated in Figure 9(a) can be
modeled as in Figure 9(b).

The inductance associated with the
via hole (L ) is directly related to its
diameter and is a limiting factor in the
upper cut-off frequency of the package.
As the diameter is increzsed, the induc-
tance is lowered and the package will
exhibit less loss. However, the diameter
is constrained by the size of the overall
bonding area and the manufacturability
of the part. In addition. the substrate
capacitance (C,,) needs to be mini-
mized for the same basic reason. This
is accomplished by the use of ground
vias located as close as possible to the
interconnect via. This approach de-
creases the capacitance by moving the
ground plane on the bottom of the
package closer to the one inside the
base of the package. Finally, the lead
inductance (L,,,) will have the same
effect as the via inductance but can be
minimized with a good impedance match
between the package and the mounting
surface.

With the current dimensions and
overall structure of the package, a
self-resonance is producad at 10.4 GHz,
as shown in Figure 10.

In summary, the insertion loss of the
package is improved by reducing the
shunt capacitance and series induc-
tance, which cause high frequency roll-
off. By maintaining a good impedance
match between the package and its
mounting surface and the package inter-
connections, the return loss will be
improved. Finally, the use of many
ground vias inside the package and
plated-through holes connecting the pack-
age to ground on the printed-wiring-
board ensures good RF connection,
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Figure 7. Performance of the TO-8
package mounted on 0.062 in.
G-10.

improves isolation, and reduces the
possibility of oscillations in amplifiers.

Test Fixture
Once the internal capacitances and
inductances of the package have been

minimized, the problem of testing this
new device becomes an issue. As with'

most devices, mismatches between the
device and the test set-up need to be
minimized in order to achieve good
electrical response. The test fixture,
shown in Figure 11, has two main areas
of concern. The first is the interconnec-
tion between the test set and the fixture,
accomplished as is usually done, with a

Figure 8. Performance of the
flatpack package mounted on
0.062 in. G-10.

transition from coax to microstrip.

The second and most important inter-
connection is between the fixture and
the package itself. This connection is
accomplished by the transition of mi-
crostrip (the filler substrate) to stripline
(a combination of the package and filler
substrate). This microstrip-to-stripline
transition is probably the most difficult
to make and is the main factor in
determining the upper cut-off frequency
of the test fixture. Mismatch loss is
caused by shunt capacitance, because
the ground plane is too close to the
conductor directly under the package.
This loss is minimized by introducing a

Look
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PLUG IN ATTENUATORS
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ground step, or cavity, directly after the
filer substrate. The filler substrate
should not extend past the lead as this
will produce more ground-plane cou-
pling and loss. This test fixture design
operates up to 7.0 GHz with only 1.0 dB
of loss.

With the use of proper calibration
techniques and standards, the perform-
ance of the SMTO-8 package in this
fixture is that shown in Figure 12. As can
been seen from the graph, the opera-
tional goal of 6.0 GHz was achieved.

Electrical Comparison

The electrical performance of the new
SMTO-8 package has been tested and
compared to the performance of the
existing TO-8 products using the same
alignment configuration. The results ob-
tained show that the TO-8 version and
SMTO-8 counterpart are identical, thus
making this package a drop-in replace-
ment to any existing TO-8 and next
generation surface-mount board. The
design and development of the package
has allowed the placement of Watkins-
Johnson's entire TO-8 product line in the
SMTO-8 package with no degradation
in performance. With TO-8 performance
well established in the industry, the
reliability of the SMTO-8 is at zero risk
to the user.

The components tested in the new
package included a low-noise amplifier,
limiter, attenuator, power amplifier and
limiting amplifier that cover the 5.0 MHz
to 6.0 GHz frequency range. The data
in Figure 13 and Table 2 show a
performance comparison of gain,
VSWR, output power and noise figure
of a few SMTO-8 models and the
equivalent TO-8 version.

Reliability and Screening

Watkins-Johnson Company’s thin-
film hybrid surface-mount products are
designed and manufactured with the
same materials and assembly tech-
niques already proven in its line of TO-8
products. This similarity in design and
construction allows the system designer
the same level of confidence of system
integrity. The SMTO-8 line is designed
and manufactured to meet the stringent
performance and quality requirements
of MIL-STD-883, Method 5008.

All of the new surface-mount products
are offered with a standardized environ-
mental screening option, designated
**S" series. The ‘S” series provides a
cost- and time-effective approach to
meeting the requirements commonly
found on many airborne, ground mobile,

RF Design

Gt Patng

Kover Lead Frame

Figure 9(a). A cross-section of the
SMTO-8 package showing the lead-
frame, ceramic base, metal via
and Kovar wall.

®

Figure 9(b). An electrical model
of the metal via, ceramic base and
Kovar leadframe.

INSERTION LOSS - ¢B

0 100 140
FREQUENCY - GHz

Figure 10. The self-resonance of
the SMTO-8 package is at 10.4
GHz.

shipboard, and missile applications. The
screening is per MIL-STD-883, Method
5008. Customized reliability screening
options and applications are also of-
fered.

Conclusion

Watkins-Johnson Company continues
to support the industry’s needs by
introducing a complete line of surface-
mounted RF and microwave compo-
nents. In designing the package, special
attention was placed on RF perform-
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ELECTRICAL STABILITY

THAT SETS THE STANDARD
Kaman's SiO, is the cable of choice for
all EW applications, from the most
routine to the most demanding. It is
unequaled for superior phase stability
over temperature. In fact, at
frequencies as high as 18GHz, SiO,
changes as little as 70ppm over a 75°C
shift. Cables with connectors can fully
meet specs from —70°C to +371°C;
cables alone can operate from
—269°C to +1000°C. And unlike PTFE
and other dielectrics, SiO; is inert,
rugged and stable, and is virtually
hysteresis-free.

CABLES AS TOUGH

AS THE APPLICATION

Our semi-flexible cables feature
hermetically-sealed all-welded
stainless steel construction.
Connectors — SMA, TNC, or Quick
Disconnect — are laser welded to
withstand five times the pull force of
other connectors. In critical airframe
applications, SiO, cable saves weight
and space, and can be easily formed
and reformed without compromising
performance. Kaman's 0.270" diameter
SiO, cable has the same insertion loss
as a 0.350" PTFE fiexible cable. But
SiO, weighs only two-thirds as much,
and bends with a radius of 0.810"
(0.405" factory-bent), versus 1.05" for
PTFE. And, SiO, cable can be bent
directly at connector junctions,
eliminating angled connectors.

Improved
replacement

for HP PIN
08512-20013

KAMAN SiO; CABLE

The proven lifeline to KW success

PHASE SHIFT vs. TEMPERATURE
0.141" Dia. Cable @ 5.5 GHz
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LOW LIFE-CYCLE COSTS

With an MTBF of 1,000,000 hours — far
exceeding any other cable type —
Kaman's rugged SiO, is truly a cable
you can forget about after installation.
Furthermore, time and cost of
installation are reduced, since SiO,
resists kinking and overbending;
bundles are tighter; rigidity eases
complex routing; and pre-formed
assemblies reduce routing errors.

A HISTORY OF

PROGRAM SUCCESS

Kaman's SiO, cable has proven
successful in major programs: Space
Shuttle Orbiter, Gallileo, F-14, F-16,
Trident | and Il, and B-1B. Kaman
routinely meets rigorous gualification
requirements, including MIL-T-81490
and MIL-C-39012.

VANA reference lines improve

THE KAMAN
SUPPORT DIFFERENCE

Supplying the best EW cable means
more than having the best specs. It
means total commitment to your needs
— from concept through cesign and
implementation. With timely RFP/RFQ
turnarounds, the best technica!
solutions, an experienced team of
engineers and program managers,
and on-time delivery of SiO, cables
custom-configured to your
specifications, Kaman responds. Get in
touch with your lifeline to EW success.
Call Kaman today.

mnner conductor
Oxygen-free
copper

Dielectric
High-purity
silicon dioxide (Si0,)

Quter conductor.
Seam'ess oxygen-free
copper tubing

Sheath
Seamless 304
stainless steel tubing

HP 8510 performance nine times

Kaman's SiO, Vector Automatic Network Analyzer (VANA) Reference Lines are an
improved replacement for cables supplied with the Hewlett-Packard HP 8510.
Used in pairs on the back-panel ports, the VANA cables match the phase length
to the 8510's front-end test cables. VANA is nine times more stable over
temperature than the original PTFE lines, reducing random errors ard phase drift,
and eliminating frequent calibration. These SiO, lines allow accurate
measurement over a broader temperature range (+/— 12°F versus +/— 1.8°F),
and may eliminate expensive temperature-controlled environments. Two-year
warranty standard; lifetime guarantee and quantity discounts available.

Kaman Instrumentation Corporation

Microwave Products Group

P.O. Box 7463, 1500 Garden of the Gods Road

Colorado Springs, CO 80933
719-599-1821
Telex: 452412 KAMAN CSP

FAX 719-599-1823
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Figure 11. Photograph of the
compression loaded test fixture
for the SMTO-8 package.

ance, size, structural integrity for mount-
ing, inspectable solder connections, and
hermeticity. This package allows system
designers the freedom to choose from
a wide variety of previously available
TO-8 components.

Typical Performance at 25°C

SMA36 100 - 2000 MHz
Specification T0-8 SMTO-8
% e — 1+ —

Gan 16.5 @B (min 16.7 dé {min.}
Noise Figure 55 d8 (max.) 5308 (max
QOutput Power 12.0 9B {rmin } 12.5 dBm (min.

1P3 2304Bm 1 220 dBm

SMA70 10 - 250 MHz

ST 08 —
Specification il ! TO-8 y/3 SMT0-8

Gain 80dB {min) B0 dB {mmn.
Nosse Figure 1.8 d8 (max ) 18d8B {man )
Output Pow 85 dBm (min.) 8.5 dBm (min

ik 21.0 dBm 230d8m
| SMAB1 2.0-6.0GHz
Specification | T0-8 SMT0-8_

Gan 7.0dB {mmn.) 70498 {min)
Noise Figure 3.4 dB (max.} 3.5 dB (max.)
Output Power 120 dBm (min } 12.2 dBm {min.}

L SMAB1-2 20 - 500 MHz
| Specification TO-8 SMTO-8

Gan 220 dB {min 22.8 dB {min )
Noise Figure 4.0 dB (max.} 4.0 98 (max.}
COutput Power 14.5 dBm (min 14.5 dBm (min)

1P3 28.0 dBm 28.0d8m
I
| SMLA? 50 - 500 MHz
—t 1 =

Specification | T0-8 SMTO-8

] Gan 12.8 dB {min 13.2 B {min.)
7.0 dB imax.) 6.6 dB {max.)
Output Power 13.5 d8m (min ) 14.0 dBm (mun )

| Notse Figure

Maximum Limiting 17.0 dBm (max.} 16 0 dBm {max.)

Table 2. Comparison of typical
performance of various products.

Analog Circuit Simulation
ompletely Integrated CAE from $95
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Srice Simulation, Post Processing
ICAP/2 has it all for only $790

IsSeice, $95.00: The complete Seice analog circuit simu-
lator runs on all PC's. Performs AC, DC, Transient,
Noise, Distortion, Fourier and Sensitivity Analysis.

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

SeiceNEt, $295: Schematic entry for any Seice simulator
Automatically makes a complete Seice netlist and
places output waveforms on your schematic.

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

INTuScore, $250: A graphics post processor that works
like a digital oscilloscope. Easy to use —
with all the waveform operations you will 2= o

ever need. . —
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(213) 833-0710
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All Programs come
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For a power resistor that
stays non-X up to vhf,
there’s only one choice.

The Carborundum® Type SP Only the
Carborundum ceramic power resistor
behaves like a pure resistance rather than
an inductor and/or capacitor. It operates

from low audio frequencies up into the vhf
range. Each unit is a solid body of resistive

material. No windings, no film. Ideal for
frequency-sensitive rf applications like
feedback loops.

And it gives you extremely high power

density, with great surge-handling capabil-

ity because it’s solid.
Our Type 234SP. for example, is about

the size of a 2-watt carbon comp, but dissi-

pates a full 10 watts in 40°C ambient air.
Moreover, it can consistently absorb
surges of over 10X rated power for several

seconds and come back for more with very

little A R. Forced-air-cooled, water-cooled
or immersed in oil, it will handle even
greater power overloads.

RF Design

Other Carborundum Type SP resistors—
including high-power, water-cooled
configurations—are rated from 2.5 to 1000
watts. For further details, call or write us
today.

The Carborundum Company
Electronic Ceramics Division
PO. Box 664

Niagara Falls, New York 14302
Telephone 716 278-2521
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Figure 13. Electrical test results
of a standard TO-8 A36 amplifier
with the SMTO-8 version compar-
ing: a) gain, b) VSWR, and c)
output power at the 1 dB gain
compression point.
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rf featured technology

Modular RF Systems Shorten
Design-to-Product Time

By Alan Victor
RF Consultants, Inc.

Manufacturers are now providing the
RF design engineer with complete func-
tional systems. These capabilities are
found integrated in chip forms such as
phase-locked loops or complete fre-
quency synthesizers. Other functions
are found in MMIC (monolithic micro-
wave integrated circuit) products using
silicon or GaAs as the substrate material
and containing microwave front-ends or
high performance broadband amplifiers.
In addition to these integrated devices,
functional RF blocks for building RF
receivers are also available.

Complete functional RF blocks are the
subject of this article. These devices
include selectivity, amplification and mix-
ing — all the necessary ingredients to
produce a good performing RF receiver.
These building blocks allow RF engi-
neers to put together moderate perform-
ance VHF and UHF receivers without all
of the time and effort required to inte-
grate a functional system from scratch.
The time saved can be used to investi-
gate other aspects of the RF system.

One example of the capabilities af-
forded the RF engineer today comes
from Toko America. A family of FM RF
system blocks covering the frequency
range of 130 MHz through 512 MHz is
available. The series of RF modules are
available as band-split units with guar-
anteed RF performance to +4 MHz about
the UHF center freqguency or +3 MHz
about the VHF center frequency. In-
cluded in this family is a dual conver-
sion IF amplifier block at 21.4 MHz/455
kHz (TMX 235B) containing a 4 pole
crystal filter for selectivity, ceramic fil-
ters, second LO, squelch, broadband
discriminator data output and audio
output. Audio or data muting is accom-
plished by applying an external voltage
or using the internal squelch illustrated
in Figure 6.

RF Design
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Figure 1. The Toko UHF module.

The front-end RF module contains
helical filters for RF selectivity, bipolar
RF preamp and bipolar RF mixer. The
VHF modules use lumped element 5
mm coils which are C-top coupled. The
module block diagram is similar to
Figure 5, but two pole RF selectivity is
used before and after a bipolar RF
preamplifier. The entire series of RF
modules uses identical pin out and the
same IF at 21.4 MHz. Other support
modules in this series are frequency
synthesizers and voltage tuned filters.
One interesting aspect of the front-end
modules is the use of high side LO
injection, which has several benefits,
including reduced mixer spurious re-
sponses (1). If a companion transmit
lowpass filter is available, this will pro-
vide additional protection to receiver
spurious since the major spurious prod-
ucts lie above the desired receive fre-
quency.

Measurement Procedures/Charac-
terization and Testing

Photos of the RF and IF modules as
well as the evaluation test fixture design
are shown in Figures 1 through 3. The
test fixture breadboard is constructed

Figure 2. The 21.4 MHz IF module.

to evaluate the RF performance of the
modules. Block diagrams covering the
series of modules and the test set are
shown in Figures 4 through 6. Measure-
ments are based on EIA standard RS-
204C (2) for land mobile radio. An EIA
specified audio de-emphasis lowpass
filter is used at the FM discriminator
output of the IF module and most
measurements are based on a refer-
ence sensitivity of 12 dB SINAD (a ratio
of signal plus noise and distortion to
noise and distortion present at the audio
port). A simple highpass pi match is
used to interface any of the series of
RF front-end modules to the common
IF at 21.4 MHz. A minimum number of
discrete components are required for
RF bypassing and bias.

Measurements of the modules in-
clude the following:
* RF sensitivity, 12 dB SINAD
¢ First stage mixer RF image rejection
* Second stage mixer RF image rejec-
tion
* First mixer half IF rejection
* RF intermodulation or 3rd order inter-
cept
¢ Adjacent channel selectivity

The measurements represent a fair
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Figure 3. Toko module test fixture.

assessment of the performance and
capability expected in using these mod-
ules. In addition to these RF perform-
ance measurements, additional evalu-
ations are made on the power drain,
audio recovery, audio distortion and
squelch performance.

Receiver measurements follow the
procedures outlined in EIA docket RS-
204C. These measurements consider
that the receiver is in use receiving a
desired on-channel signal. The desired
signal level is defined as 12 dB SINAD,
and is considered the minimum accept-
able signal level for intelligible voice
communication. The RF level for 12 dB
SINAD is then increased 3 dB (produc-
ing approximately a 20 dB SINAD level).
An interfering signal is introduced by
coupling a second or third RF signal
generator into the input of the RF
module under test. The interfering sig-
nal(s) is increased in level until a 12 dB
SINAD level is established again. The
difference (in dB) between the desired
on-channel signal and the interfering
signal is the measurement parameter.

First and second image rejection
levels are a function of the front-end
selectivity and the 4 pole crystal filter
ultimate attenuation, respectively. Since
the Toko modules use high side first

Figure 4. Test set for RF module evaluation.

LOs, the image frequency lies above the
filter center frequency. Low side injec-
tion is used for the second LO and is 910
kHz below the RF filter center frequency.

Optimum first LO injection level was
determined by measuring sensitivity and
intermodulation distortion ratio (IMR),
and by consideration of the excess
current drain required to achieve a
higher LO drive level. Zero dBm was
found acceptable and a reasonably flat
level in IMR was found across the entire
frequency range. Another measure for
IMR is given by some manufacturers
and is labeled as the third order inter-
cept (TOI) (3). Obtaining this value from
the IMR level is straightforward. This is
given by:

TOI (dBm) = (3/2)(IMR) — Sensitivity (dBm)

Finally, a swept measurement of the RF
front-end bandwidth was conducted.
This measurement along with sensitivity
measurements made without retuning
the front-end helical filters indicated a 1
dB bandwidth (1 dB receiver sensitivity
degradation BW) of 7 MHz.

Audio tests of the IF module with an
RF front-end in place indicated proper
squelch operation. The IF modules use
noise-activated squelch. One of the

major problems with FM squelch opera-
tion is squelch clamping. To observe this
problem the EIA specified method of
measurement is used. The squelch is
set to open on a signal which is at a
strong level relative to SINAD, and the
FM deviation is set to the maximum
specified at 5 kHz. The modulation
frequency is then swept from 300 Hz to
3000 Hz and the squelch operation is
monitored. If no appreciable distortion
is generated in the receiver IF, then the
squelch should remain open (no reduc-
tion of audio output). An improperly
operating squelch will clamp, and no
matter how large a signal is presented
to the receive input, the squelch will
remain activated (no audio output).
These modules exhibited no clamping
with the modulation frequency as high
as 3800 Hz. For voice modulation this
is probably adequate. But if data were
passed at rates above 4800 bps, for
example, the use of a ncise squelch to
sense carrier would be difficult and other
techniques would be required.

Audio recovery and data output recov-
ery are quite adequate for most applica-
tions — for 3 kHz deviation, these are
measured as 300 mV p-p and 1.5V p-p,
respectively. In addition, discriminator
audio distortion was less than 2 percent.

214 MHz IF
Antenna Input [ ] Output (2800.MN)
S0.N Al I
P
Image Trap Filter Ty Wixer
P Bipolar R' P' ? Bipolar
Antenna RF RF Filter
Filter, 1 pole 3 pole helical
LO Input
0dBm, SO0
LO Injection Filter
2 pole

Figure 5. Block diagram for the RF modules.
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Measurement Benchmarks

A number of private companies and
federal agencies have established pa-
rameter standards which are deemed
as the minimum accepted level of per-
formance for reliable two-way communi-
cation. For example, the U.S. Depart-
ment of Justice has published minimum
performance requirements for receivers
used in mobile FM transceivers (4). In
addition to the EIA 204C for land mobile,
there is also EIA 316B which addresses
portable performance standards. Al-
though the particular RF modules tested
were probably not designed with a
mobile environment in mind, some of the
parameters measured are not too far
out of line for mobile applications {(note
the low current drain and power supply
voltage).

Some of these measured bench-
marks, along with actual data obtained
from VHF and UHF Toko modules, and
the test set conditions, are tabulated in
Tables 1 to 3.

Applications and Conclusions

Besides their obvious use in voice
communications, the modules provide
non-deemphasis output for data recov-
ery. They can be used as a high IF in
downconversion requirements such as
microwave counters, spectrum analyz-
ers or high performance HF receivers
and data links. In many circumstances,
the cost and time of re-engineering
these functions may not make sense.
Certainly if the desired ‘‘dB’s’’ provided
by modules such as Toko’s TMX Series
are not in line with the application and
goals, then other appropriate designs
are in order. Clearly, as RF engineers
define their system block requirements,
manufacturers will strive to meet these
goals and provide the improved per-
formance.
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1. Alan Victor, ‘A Computer Algorithm
for Mixer Spurious Analysis,” RF De-
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Figure 6. IF module block diagram.
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be reached by phone at (305) 979-
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Adjacent Channel Selectivity: +25 kHz 76dB
2nd Image +910 kHz: 70dB

First local oscillator injection level: 0 dBm
Power Supply: 5 volts at 7.4 mA

Adjacent Channel Selectivity: +20 kHz 72dB
First local oscillator injection level: 0 dBm
Power Supply: 5 volts at 1056 mA

Table 2. Toko UHF module TMX 258A (450-470 MHz). Table 3. Toko VHF module TMX 314A (150-162 MHz).
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Frequency Division With
Varactor Diodes

By William J. Hoffert
Los Alamos National Laboratory

A runner-up in the Fourth Annual RF
Design Awards Contest, this article
briefly reviews the theory of frequency
division with varactor diodes and de-
scribes a practical divide-by-six device
that has very good efficiency and phase
stability.

requency multiplication with varactor

diodes is a well-known technique
with distinct advantages of simplicity,
efficiency and phase stability. Not so
well known is the technique of frequency
division using varactors. By proper cir-
cuit design, frequency division can be
accomplished using varactors with the
same degree of simplicity, efficiency and
stability as in multiplication.

Although this may be an oversimplifi-
cation, in a varactor mulitiplier, the input
signal is distorted by the nonlinear
characteristic of the varactor, resulting
in the generation of harmonics. The
output circuit selects the desired har-
monic and, along with the idler circuits,
concentrates the energy in the desired
frequency. The harmonics, and there-
fore the output frequency, are always
integral multiples of the input frequency.

In the multiplier, it should be apparent
that the output energy also produces
distortion in the varactor and generates
its own family of harmonics. This phe-
nomenon is the basis for the frequency
divider. In the divider, the idler circuit
responds to a harmonic of the output
frequency. The idler harmonic energy
combines with the input frequency to
enhance the output frequency. This is a
bootstrap operation, but no more so
than a self-excited oscillator.

The following basic divide-by-three
circuit (Figure 1) is an example of a
frequency divider. In this circuit, the
frequency f is to be divided by three to
produce f/3. Initially, there is no subhar-
monic at f/3; however, as in a self-
excited oscillator, some noise-gener-
ated energy at f/3 will appear inthe C,L,
output circuit, which will generate a
second harmonic. This second har-
monic energy at 2f/3 excites the idler
circuit, L,C,; the 2#/3 energy and the
input power at f combine in D, to

RF Design

produce a difference frequency at /3.

Any division by more than three
follows the same reasoning. Dividing by
two is not so straightforward because
there is no harmonic of the output
frequency that falls between the input
at f and the output at /2. In the
divide-by-two case, the idler is tuned
above the input frequency to resonate
at 3f/2, which combines with the input
frequency at f to produce a difference
of f/2. Experimental circuits have been
built and tested for division by two, three
and four. Efficiency, phase stability and
spectral purity were about the same as
for multipliers.

The Divide-by Six Unit

A divide-by-six unit was built for use
in a particle accelerator radio-frequency
(RF) system to divide 410 MHz to 68.3
MHz, which used two sections in cas-
cade: one divide-by-three section fol-
lowed by a divide-by-two section. A
single transistor amplifier was used
between stages for isolation and to
make up losses in the first section. The
divide-by-three section had an efficiency
of 35 percent, and the divide-by-two
section was over 50 percent.

Figure 2 shows a schematic of the
unit, and Table 1 lists the parts used in
the circuit. The first tuned section in
each part is a matching section; the last
two are a matching section and a
band-pass filter. Note that C,,to C,  are
coupling capacitors.

Figure 3 shows the spectral purity of
the input signal, the output of the

divide-by-three section, and the output
of the divide-by-two section. These pho-
tos show the 68.3 MHz output to be
somewhat cleaner than the 410 MHz
input except for a slight second har-
monic at 136.6 MHz, which is about 45
dB below the 68.3 MHz. This second
harmonic seems to be the feedthrough
of the drive signal because it was not
evident at reduced drive.

Diode selection for frequency dividers
follows the same rules as for multipliers.
The C swing diodes are preferable for
orders of division less than five. Above
that, step-recovery diodes are recom-
mended. The diode capacitance should
have a reactance of 75 to 100 ohms at
the output frequency and at the operat-
ing bias. Minority-carrier lifetime should
be 10 to 20 times the time period for one
cycle at the output frequency, and snap
time should be less than one cycle at the
input frequency.

Tuning the Resonant Circuits

Initial tune-up of these devices is
tedious. The best approach is to tune
each resonant circuit to the approximate
frequency with a grid dip oscillator with
all coupling capacitors at minimum.
During this procedure, the diode should
be biased to the approximate operating
voltage from an external voltage source
because the resonant frequency of some
of the circuits depends on diode capaci-
tance. Diode bias can be approximated
from the estimated power at the diode,
about two-thirds of the drive power, and
the diode reactance.

LN —0 {3

+

Figure 1. A divide-by-three circuit.
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Figure 2. The divide-by-six circuit.

After this approximate tuning, apply
RF power to the input at the operating
frequency and tune the input circuits for
maximum diode voltage with R, at maxi-
mum. With a 1 watt input, tF\e diode
voltage should be 6 to 8 V. Then, tune
the idler and output circuits for maxi-
mum output, best spectral response,
and stability. The idler tuning may be
critical and exhibit a sharp break in
power output in one direction of tuning.
Tune away from this breakpoint until the
power begins to decrease. This snap
action can be made less critical by
adjusting the biasing resistor. Finally,
increase the coupling capacitors and
retune for maximum output for each
change of coupling capacitance until
there is no further increase in power
output. Overcoupling will cause double

. — 10K 1/2 watt
— 10K variable
— 10K 1/2 watt
— 10K variable
— 2 1/2 turns, tap at 1st
(all coils wound on phenolic stand-
off, 1/4 inch diameter and 1/2 inch
long)
— 4 turns
— 9 turns
— 5 tums
— 9 turns
— 8 turns, tap at 3rd turn
— 8 turns, tap at 3rd turn
— 9 turns
— 5 turns
Ly = 15 turns
Ly, — 11 turns
Ly, — 13 turns, tap at 3rd turn
C, to C,, Johanson type 5520Q, 1 to 20 pF
C,; to C,¢ Trimtronics type 60-408,
03 to 35 pF
C,; and C,; Trimtronics type 10-805,
1.1 to 58 pF
D, Microwave Associates MA44712
(cp =45 pF)
D, Microwave Associates MA44720

rIoDoDD
- W N

cErrrrerk

(Ce = 19 pF)

Table 1. Parts list for the divide-by-
six circuit.
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tuning and erratic behavior. It should
be noted that all tuning adjustments,
especially in the circuits connected to
the diode, are interdependent so that
iterative tuning is necessary.

Final tuning can best be accom-
plished using a power meter and a
spectrum analyzer. In fact, spectral
purity can be positively determined only
with a spectrum analyzer. When prop-
erly tuned, spurious components should
be at least 40 dB below the carrier.
However, 50 dB is not unusual.

Phase stability on the order of one or
two degrees is typical. Though not easy
to gauge, phase stability can be meas-
ured using a balanced mixer-detector
or by building two identical units and
comparing their output. In the latter
example, it is customary to take the
worst case and assume all phase error
occurs in one unit. Fast phase jitter is
caused primarily by phase and ampli-
tude noise on the input signal. Slow
phase drift usually results from thermal
effects and changes in the average level
of input power.

As a final check, change the power
level and frequency while observing the
spectrum analyzer display. There should
be no change in spectrum for a 25
percent change in power or a 4 MHz
change in frequency. If there is change,
readjust bias resistance and the three
circuits connected to the varactor for
best stability.

This work was supported and funded
by the U.S. Department of Defense,
Army Strategic Defense Command, un-
der the auspices of the U.S. Department
of Energy. ()

About the Author
William J. Hoffert is a consultant
for the Accelerator Technology Divi-
sion, Los Alamos National Laboratory
in New Mexico. The author’s address
is 7112-143 Pan Am Freeway NE,
Albuquerque, NM 87109.
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Figure 3(a). Spectrum analyzer dis-
play for the 410 MHz drive.

by-three circuit (136.5 MHz).

Figure 3(c). The final output of the

circuit (68.3 MHz).
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Why get trapped in the wrong hox?

For years, test equipment man-
ufacturers have tried to build boxes
to fit everyone’s needs. Sort of the
one size fits all concept. Which often
meant you'd end up buying too
much or too little signal generator.

Inthe new 2520A, Wavetek pre-
sents a brilliant altemative: vou
design the 1 or 2 GHz signal gen-
erator with the optional features
you want.

Extended frequency offers from
100 Hz to 2.2 GHz. Extended power
up to +23 dBm (2510A only). True
FSK; eliminates droop, drift and
error. Extended accuracy of 0.1 ppm

reference. 80 dB on/off ratio pulse
modulation. 10 to 20 radians peak
phase modulation. 1 Hz to 100 KHz
variable intemal modulation source.
Ontop of it all, the 2510A and the
2520A’s list of standard features
reads like some of the competition’s
options. GPIB. Phase modulation.
Auto calibration. Seif check. 0.5 ppm
reference. And don't forget the 2 year
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warranty, with additional warranty
available.

Not only does the 2510A/2520A
have the specific features you're
looking for, it's built with advanced
components utilizing SMT technol-
ogy. You'll be able to enjoy the box
that you “build”, for a long, long
time.

At last, you can choose what goes
into your 1 or 2 GHz signal generator,
if you choose the Wavetek 2510A or
2520A. For more information call
1-800-223-WVTK.

WAVETEK:
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RADAR?
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IF Amplifier

Circle Reader Service No. 123

Get quality, deliverability,
security — all in one stop.

If you're thinking RADAR,
you’re thinking about where to find
components and subsystems. The

stakes in the RADAR race are high.

Compromises must be avoided
— and second best just isn’t
good enough.

As a respected DOD supplier
for more than 25 years. TRAK
brings you a complete set of solu-
tions. We design and make our
own components and subsystems.
All with quality standards set to
the toughest specs in the world.

You benefit from reliable,
compatible RADAR solutions,
obtained in less time with fewer
**shopping trips’’

So with your design in mind.
consider the possibilities on these
two pages.

Synthesizers

TRAK military synthesizers
offer top performance in small.
rugged packages. For example,
our Model 4002-1320 covers
2.7-2.9 GHz with 5 MHz steps,
and 25 microseconds tuning speed
in only a 36 cubic inch package.
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Circulators & Isolators
Circle Reader Service No. 124

Direct or indirect. wide or nar-
row band, modular. and militarized
— just give us your performance
requirements, and we’ll customize
for you.
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Multipliers

Challenge us! TRAK offers
miniature, low noise units with a
wide range of multiplication factors,
filtering options and output powers.
For example. our Model 3811-1603
is a passive tripler with 4.7-5.3
GHz output. Input power is 200 mw
maximum. output power is 25 mw
minimum. Harmonics and spurious
are — 50 dBc. Total volume is
3.9 cubic inches including input
and output isolators.
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Oscillator
Circle Reader Service No. 125

Circulators & Isolators

A full line of mil-spec cir-
culators and isolators — from
500 MHz to 40 GHz — starting
with the world’s smallest: the
incredible shielded Micropuck®
TRAK units are designed into the
complete spectrum of RADAR
applications including Phased
Arrays. Example: 2.7-2.9 GHz
Drop-In Isolator with 0.3 dB loss
max. over mil-spec temperature
and = 3 degrees phase matching.
Size is .875 x .875 x .345 inches.
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Circle Reader Service No. 126

Oscillators

XCOr’s similar to our 5045
Series are delivered in large produc-
tion numbers for several missile
RADAR applications. as are several
TRAK DSO’s. These and other
types of TRAK oscillators, such as
VCO’s are used in many RADAR
applications such as MLS. ASR.
LR3D and others. For high per-
formance in small envelopes,
RADAR Systems throughout
the Western Forces use TRAK
oscillators.
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IF amplifiers

We concentrate on miniature,
wide dynamic range. linear ampli-
fiers. customized to your RADAR
applications. For instance. our new
Drop-In designs are ideal for air-
borne applications, only 0.35 inch
high. with a volume of 0.4 cubic
inches and weighing a mere
0.4 ounces.

Synthesizer
Circle Reader Service No. 127

A World of Radar Components
From our NEW operating divi-
sion in Dundee Scotland come
Flangeguide Isolators. Waveguide
Circulators, Hybrid Couplers.
Directional Couplers, Rotary Joints
and other Radar Band components.
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Circle Reader Service No. 128

Call or write for our Free
Components Catalogs. See EEM
or MPDD for other TRAK mili-
tary products.

TRAK MICROWAVE
CORPORATION
Microwave Sales

4726 Eisenhower Blvd.
Tampa, Florida 33634-6321
Phone: (813) 884-1411

TLX: 52-827 TWX: 810-876-9140
FAX: 813-886-2794

TRAK MICROWAVE LTD.
Microwave Sales

3/4 Lindsay Court

Dundee, Scotland DD2ITY
Phone: (44) 382-561509
TLX: (851) 76266

FAX: (44) 382-562643

% TRAK MICROWAVE
CORPORATION

INK

A subsidiary of Tech Sym. TRAK and Micropuck are registered trademarks of TRAK Microwave



NOW PUTA LITTLE

AVANTEK MAGIC

IN YOUR SYSTEM

Avantek MagIC™
High Speed ICs
Enable Superior
System Designs

magil.

The new MaglC™ series of silicon
bipolar MSI integrated circuits
offer the best performance
available from silicon ICs yet.
The broadband, high frequency
performance of these high-speed
silicon 1Cs make them cost-
effective alternatives to more
expensive GaAs ICs. Avantek
MaglC silicon ICs are manufac-
tured with Avantek’s proprietary
1015 GHz Ft, 25 GHz Fiax Isosat™
process for unsurpassed integra-
tion and performance at micro-
wave frequencies. Avantek’s
MaglC series ICs presently con-
sists of four product families:
low noise amplifiers, active mix-
ers, variable gain control ampli-
fiers, and prescalers. These
low-cost, high-speed silicon I1Cs
are Avantek’s magic solutions
to your RF, microwave and light-
wave system performance and
cost problems.
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High Performance,
High Speed,

Low Cost...

The INA-series of two-stage low-
noise amplifiers presently con-

sists of three models, offering:
* 3 dB bandwidths to 2.8 GHz

» Gains as highas 32 dB

* Noise figures as low as
1.7dB

* Prices as low as $22.00
each® in hermetic 70 mil
surface mount package

The [AM-series of active mixer
amplifiers presently consists of
two models, offering:
* RF and LO frequency range
of .05t0 5.0 GHz
« Conversion gain as high as
15dB
* LO power as low as —10
dBm
* Prices as low as $16.00
each* in hermetic 180 mil
surface mount package

The [VA-series of variable gain
control amplifiers presently con-
sists of two models, offering:
* 3 dB bandwidths to 3.0 GHz
¢ 30 dB gain control range

MagIC™ ICs Are Avail-
able in Quantity for
Volume Applications

Avantek presently produces
more than 1,000,000 MMICs per
month. So you can be assured
the MaglIC high speed ICs you
need will be available to support
your volume production pro-
grams. And, all MagIC silicon
ICs are in stock at your local
Avantek distributor

For additional infermation, or
the name and address of your
local distributor, zontact the
regional sales office nearest you.

Regional Sales Offices
North America
Eastern: (301) 381-2600
Central: (312) 358-8963
Western: (805) 573-3870
European: (44) 2716-685753
« Gains as high as 26 dB "
* Prices as low as $28.50
each* in hermetic 180 mil
surface mount package

The IFD-series low phase noise
static prescalers offer:
¢ Divide-by-4 to 5 GHz
* Low 125 mW Power Con-
sumption
* Prices as low as $18.50
each* in hermetic 100 mil
surface mount package h

*Price for 1000 piece quantities = ¢

i : Ay
Magic Solutions in Silicon

D AVANTEK
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A Spurious Response Program for
Wideband Mixer Circuits

By William E. Sabin
Rockwell-Collins Co.

Certain kinds of surveillance receiv-
ers employ mixers which have a wide-
band RF input followed by a wideband
IF, usually of a different bandwidth. The
entire IF spectrum is monitored visually
on a CRT. If a strong signal anywhere
in the RF band causes a spurious
response due to harmonic intermodula-
tion, anywhere in the IF, it is observable
instantly and constitutes an interfer-
ence. This article describes a computer
program specialized for this kind of
application.

he MS-DOS program WIDEMIX.EXE,

written in Microsoft Pascal and using
special graphics UNITs, gives a graphi-
cal display of the spurious responses
which can be hardcopied on an Epson
dot matrix printer. The manner of display
is especially suited to the particular
problem described above. A companion

program, WDMXPLOT.EXE, plots the
graph on an HP 7475A/7470A pen
plotter as shown in Figure 1.

Graph Description

Figure 1 presents a typical result
illustrating all of the program’s features.
The diagonal dashed line (=1 —1) relates
the input frequency (horizontal axis) to
the *‘desired’” output frequency (vertical
axis). The solid lines relate the fre-
quency of a strong input signal to its IF
output frequency due to harmonic inter-
modulation. For example, a desired
signal at 212 MHz produces a desired
output at 58 MHz, and a strong signal
at 217 MHz produces a seventh-order
spur at the same output frequency. Also,
the 14th-order spur crosses over the
desired signal at 210 MHz and produces
an output at 60 MHz. The other lines do
not cross over the desired signal, but a
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fifth-order (3 2) at the low end is
unfavorable.

On this graph, the top (or left) number
is the harmonic of the signal (M) and the
lower (or right) number the local oscilla-
tor (LO) harmonic (N). The equation
solved is:

Fie = IM(Fg6) — N(F o)

Note that the RF bandwidth is greater
than the IF band, due perhaps to the
much higher frequency of the RF band.
But signals in the greater RF band still
cause interference in the narrower IF
band and must be accounted for. The
graph shows this very clearly.

The dashed horizontal and vertical
lines represent the bandwidths of RF
and IF filters, respectively. These lines
are used to estimate the effects of
selectivity in the RF and IF channels on
spurious products. That is, strong sig-
nals outside these passbands can cause
interference, depending on the filter
transition band response. For example,
the fifth-order (3 2) response can be
greatly improved by these filters.

Figure 2 shows the format of the input
data and is self-explanatory. Figure 3
gives the block diagram, with the fre-
quency values, which the program pre-
sents on the screen.

INPUT FREQUENCY VALUES:
MAX INPUT FREQUENCY = 220
MIN INPUT FREQUENCY = 200
L.0. FREQUENCY = 270
MAX OUTPUT FREQUENCY = 65
MIN OUTPUT FREQUENCY
MAX ORDER
INPUT FREQUENCY AXIS TIC SPACING
OUTPUT FREQUENCY AXIS TIC SPACING
DRAW GRIDS (Y/N)
ADD I/0 FILTER BOUNDARY LINES (Y/N)
ADD INPUT BOUNDARIES (Y/N)
UPPER INPUT VALUE
LOWER INPUT VALUE
ADD OUTPUT BOUNDARIES (Y/N)
UPPER OUTPUT VALUE
LOWER OUTPUT VALUE
EPSON PRINTOUT OF GRAPH (Y/N)

S B BV I BNV N S R B B N |
=<

Figure 1. Graphical display of spurious responses.

RF Design

Figure 2. Input data format.
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Figure 4 illustrates how the spurious
responses are calculated. The line “A”
is the locus of all IF frequencies which lie
between IF_, and IF__ at the minimum
value of RF frequency. “B”’ is a similar
line at the maximum value of RF fre-
quency. “C"” and "D’ are the loci of
signal frequencies which are atIF_; and
IF . respectively. The four equations
at the bottom are solved for I1, 12, S1
and S2. ““L” is oscillator frequency. If,

for a particular pair of values of M and
N, one of these values lies on the four
boundaries A, B, C or D (respectively),
then that point is one end of a spur line.
If, for a particular pair of M and N values,
two points are found, a line is drawn
between them. The desired signal, or
the image signal, appears on the plot
as some combination (+1 +1), and is
drawn as a dashed line. This method
proceeds very quickly.

Collins Bandpass
Mechanical Filters

SETTING NEW STANDARDS FOR IF FILTERS

Small (Shown Actual Size)
Highly Reliable, Rugged

Up to 12-Pole Selectivity
Frequencies: 100 kHz to 600 kHz
Bandwidths: 0.05% to 5%

Custom Design

Phase Matching, Delay Compensation

‘ ' Rockwell
International

Filter Products

Rockwell International

2990 Airway Avenue

Costa Mesa, CA 92626

(714) 641-5311

FAX: (714) 641-5380

TELEX: 685532 (COLLINS CSMA)
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WIDEOAKD RECEIVE MIXER lanOMIC i1

Figure 3. Screen presentation of
block diagram.
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Figure 4. Method of spurious re-
sponse calculation.

The spur lines are drawn in the
directions indicated, ard the labels,
such as (-2 2), are placed as shown by
the small rectangles. Often, labels land
on top of one another and are unread-
able. This can usually be fixed by
modifying the frequency limits of the
graph to separate the labeis. The added
dashed boundary lines can then define
the intended frequency limits.

The programs described in this article
are available on disk from the RF Design
Software Service. See Page 74 for
details. ef]

About the Author

William Sabin is a design engineer
with Rockwell-Collins. He designs
RF and digital circuitry used in radio
communications equipment, and
holds BSEE and MSEE degrees from
the University of lowa. He is the
co-editor of the recent McGraw-Hill
book, Single-Sideband Systems and
Circuits. Mr. Sabin can be reached
at Collins Defense Communications,
MS 137-154, Cedar Rapids, |A 52498.
Tel: (319) 395-3145.
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RF testing to 4.2 GHz

Typical SSB Phase Noise and Spurs at 4 GHz
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Here’ the signal generator option. Spurious is less than For all the details, call

you've wanted for demanding —90 dBc. Plus, you get AM, FM,  1-800-752-0900 today. Ask for
tests at high-frequencies. One and optional pulse modulation Ext. 740R and we’ll send a FREE
that delivers the spectral purity to create VOR/ILS and other selection guide to help you get the
of a 2 GHz generator...all the complex signals. purity you need... very simply.

: * X .
way to 4.2 GHz. For just $35,000%  wn ¢ it means is faster, easier *U.S. list price.

Its the new HP 8665A Synthesized out-of-channel measurementsin ~ There is a better way.
Signal Generator. At 4 GHz, SSB  two-way radio. Trusted IF/LO sub- Y-
phase noise is typically less than  stitution in radar and telemetry.

~110 dBc/Hz (20 kHz offset)...  And easy simulation of real-world (ﬁ,”] HEWLETT
—128 dBc/Hz with the low-noise  signals in all your RF testing. PACKARD
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Noise Power Ratio Characterizes A/D
Performance for Communications

By Michael Johnson
ILC Data Device Corporation

Noise power ratio (NPR) is a common
unit of measurement in multichannel
communications systems. NPR is de-
fined as the decibel ratio of the noise
level in a measuring channel. The
baseband should be fully loaded to the
level in that channel with all of the
baseband noise loaded except the meas-
uring channel. In a frequency division
multiplexed system where all channels
are processed by the same analog/
digital (A/D) converter, any nonlinearity
will cause intermodulation within the
broadband signal. Where the broad-
band signal-to-noise ratio (SNR) of the
A/D is a function of randomly distributed
noise (white noise), it may be character-
ized as per-channel noise power ratio.

he concept of RMS error is essential

to the understanding of signal-to-
noise ratio and noise power ratio. In
analyzing the output of an A/D con-
verter, there is an error for each sample
point. To quantify this performance as
one number, one examines the RMS
error (defined as the square root of the
sum of the errors squared) to describe
the average deviation over the array of
sample points. This results in a signal-to-
noise ratio “‘R"”, where R is the RMS
amplitude of the measured signal di-
vided by the RMS error. The dB equiva-
lent SNR is then calculated by:

SNR (in dB) = 20 log R

For an A/D converter, a means of
analyzing the array of sample points is
a fast fourier transform (FFT) analysis.

FFT Test Description

In order to analyze the signal-to-noise
ratio of a 12-bit 2 MHz track/hold (T/H)
and A/D converter, such as the ADC-
00300 from ILC Data Device Corp.,
specialized hardware on an FFT soft-
ware analysis program is used. The
hardware consists of a high-speed 4096
x 16 bit RAM buffer and a digital data
acquisition unit for front-end processing.

44

n: Number of Aclive Channels (exceeded 1% of ime)

AU
L] 0 30 100 200 1000 3000

N Nomunal system channel capacity

Figure 1. Number of active chan-
nels as a function of system chan-
nel capacity.

The FFT contains 512 points. The
extra points that are taken can be used
for increasing the spectral resolution or
for averaging a number of records to
minimize the run-to-run variation in
readings. A single 512-point record
typically gives run-to-run variations of
as much as 1 dB in signal-to-noise ratio.
An eight-record average can decrease
this to about 0.2 dB. The 512 data
samples are windowed using Hanning
weighting. An FFT is then performed on
the weighted bins.

The frequency bins are scanned for
the bin with the largest amplitude. This

Peak/RMS Signal Power (dB}
>
7

o N e N e ad

1 10 100 1000
Number of Active Channels

Figure 2. Variation of peak factor
with number of active channels.

is defined as the fundamental frequency.
The amplitude of the fundamental is
determined by computing the RMS sum
of the bin below the fundamental, the
fundamental and the bin above the
fundamental. This three-cell summation
yields an amplitude accurate to less
than 0.01 dB. This summation mini-
mizes the effect of spreading the spec-
tral energy due to the window function.
The amplitude for each harmonic is
calculated by summing the three bins
around 2'F fundamental for the sec-
ond harmonic, 3*F fundamental for
the third harmonic, and so on. This
yields the harmonic distortion.

The signal-to-noise rat o is calculated
by taking the RMS sum of the frequency
bins up to bin 255 (the Nyquist rate),
except for the DC term (bins 1, 2 and 3),
the fundamental frequency (10 bins
below the fundamental to 10 bins above
the fundamental), and plus or minus two
bins around each harmonic. These bins
are eliminated because they relate to
harmonic distortion and would otherwise
give a false reading of signal-to-noise.
The number of bins eliminated in each
case is due to the leakage of the
windowing function, causing spillover
into the area around the frequency
terms. The summed frequency bins are
then compared with the normalized
fundamental for calculation of the broad-
band signal-to-noise ratio.

Per-Channel RMS Error

The device used in this example, the
ADC-00300, is configured for a 5 Vpp
analog input, which translates into a
1.76775 V RMS FSR signal. With R =
(RMS signal)/(RMS error) and SNR (65
dB in this case) = 20 log R, the RMS
noise is calculated as 994 uV broad-
band. Selecting the input signal band-
width at the Nyquist rate of 1 MHz with
noise randomly distributed broadband,
the noise floor is 994 nV/ VHz. For a
multichannel application with a 4.1 kHz
channel bandwidth, the noise is 55.4
uV RMS per channel.
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HP’s newest economy
RF Signal Generator. ..

Typical SSB Phase Noise of HP 8657B Carrier Frequency: 500 MHz

SSB Phase Noise {dBc/Hz)
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purity up to 2 GHz

price down to $12.5K

©1989 Hewlett-Packard Co. TMSPK918 RFD

The next time you buy an
economy signal generator, get
top performance too. Because
the new HP 8657B Synthesized
Signal Generator delivers high
signal purity to 2 GHz. At less
cost than many generators
you’ll find.

You get the best SSB phase-
noise spec in this price class...
an outstanding —130 dB¢/Hz
(20 kHz offset) at 500 MHz.

Residual FM is a low 2 Hz.
There’s also the convenience
and flexibility of internal
AM, FM, and optional pulse
modulation.

It adds up to affordable IF/LO
substitution in radar and tele-
metry. Low-cost out-of-channel,
hum, and noise testing in two-
way radio. Plus easy simulation
of real-world signals in all your
RF tests.

INFO/CARD 33

To learn more, call
1-800-752-0900 today. Ask for
Ext. 740Q and we’ll send a
FREE selection guide that can
help you get the right balance
of purity and price.

*U.S. price only.

There is a better way.
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SNR to NPR

For examining NPR, it is important to
consider the system channel capacity
and the peak factor, a somewhat com-
plex function of the number of active
channels (since all channels will rarely
be loaded simultaneously). With a 1
MHz system bandwidth and a 3.1 kHz
per-channel bandwidth, and allowing 3
kHz stopband around each channel, a
160-channel system is conservatively

selected. Figure 1 allows an estimation
of the number of active channels not
exceeded more than 1 percent of the
time on the basis of an activity factor of
a single channel for 0.25. From Figure
2, which illustrates variation of peak
factor with a number of active channels
(approximated at 50 channels from
Figure 1), the total peak factor can be
calculated.

Fifty active channels out of 160 chan-

TUSONIX

If you're looking for an economical source
for Custom Filter Assemblies

can do it best.
Please call us a
602-744-0400.

P.O. Box 37144, Tucson, AZ 85740-7144

Phone:602-744-0400 Telex:(RCA)299-640

Fax:602-744-6155
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nels that do not exceed more than 1
percent of the time yields 10 log 50 or
17 dB. Peak/RMS signal power is 11
dB, not exceeding more than 0.1 per-
cent of the time for 50 channels. Each
channel RMS voltage is calculated by:

11 dB + 17 dB = 28 dB
= 20 log (25 V peak)/(V RMS/channel)

Solving for V RMS/channel yields:

V RMS/channel = 2.5/log~'(1.4)
=100mV

The noise power density in a 3.1 kHz
channel due to the conventional load is
given by:

P per channel =
P — 10 log (Af/3.1) dBmO/channel

where P is the conventional load in
dBmO, and f is the bandwidth of base-
band in kHz.

Since channel noise in dBmO is the
negative of SNR:

SNR (unweighted) =
NPR + 10 log (Af/3.1) — P

For N (number of channels) equal to
240, it can be approximated that:

P=—-1+4logN and
10 log (Af/3.1)=10log N — 1.1

Combining the equations yields the
following:

SNR =NPR+ 6log N+ 2.1

SNR/channel is 65 dB min and NPR =
SNR - 6 log N — 2.1 dB, where N is the
number of channels (1601, and NPR is
50 dB worst case. i

References
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HP’s new alternative
for stringent RF testing

Typical SSB Phase Noise and Spurs at 1 GHz

SSB Phase Noise (dBc'Hz)
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Now, rigorous RF testing at

1 and 2 GHz costs much less.
That’s because the new HP
8644 A Synthesized Signal
Generator gives you the best
possible signal purity. With
prices that start at just $17,000:

The HP 8644A has no substitute
for demanding in-channel and

out-of-channel testing. At 1 GHz,
SSB phase noise is —128 dBc/Hz

(20 kHz offset) standard. Option-

ally —136 dBc/Hz. Spurious is

less than —100 dBc. And residual
FM is less than 1 Hz. You also get
AM, FM, pulse, and other modu-
lations to create complex signals.

That means absolute confidence

in two-way radio tests. Trusted

IF/LO substitution in telemetry
and radar. And real-world signal
simulation in VOR/ILS testing.
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For all the details, call
1-800-752-0900 today. Ask for
Ext. 740P and we'll send a
FREE selection guide to help
you get the best purity...at
the right price.

*U.S. list price.

There is a better way:
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Fiber Optic Current Sensing
for EMC Testing

By Jon Tobelmann
MetriCor

Many aircraft and space vehicles use
electro-explosive devices (EEDs) to per-
form functions such as firing rockets,
jettisoning external stores, activating fire
bottles, etc. It is possible to subject
these devices to electromagnetic fields
that induce sufficient current flow to
inadvertently detonate the device. Tests
are required to measure the amount of
energy developed in the EED circuits to
insure against spontaneous detonation
while exercising the vehicle’s electrical
systems and/or operating in strong elec-
trical fields.

azardous Electromagnetic Radiation

Ordnance (HERO) testing of electri-
cal shielding and electromagnetic com-
patibility (EMC) testing have been diffi-
cult with traditional thermocouples be-
cause of their metallic and electrical
nature. Measurements with thermocou-
ples are often difficult to make during
normal operation of the vehicle, due to
the interference caused by external
fields and the vehicle's electrical sys-
tems. Measurements then must be made
immediately following a power-down of
the systems producing electromagnetic
interference (EMI) and RF interference.
The validity of the result can be ques-
tionable with this procedure.

A fiber-optic-based EMC test system
has been developed that can be used
to monitor induced currents while the
vehicle’s systems are fully operational.
Its optical-fiber, light-actuated, current-
sensing probes are immune to EMI and
RF interference. The system has a
current sensitivity of 10 mA with an
update rate of 0.7 to 2.3 ms and a
system response of 10 ms. Measure-
ments can be made up to 2500 feet from
the instrument without accuracy or re-
sponse degradation. The sensor’s re-
sponse is electronically flat from DC to
gigahertz frequencies.

Figure 1 shows a current sensor

48

Figure 1. Optical fiber sensor
mounted in Mark 1 Squib.

incorporated in a Mark 1 Squib which is
used for EMC testing in typical aero-
space applications. The sensor probe
assembly consists of: 1) a sensing
device mounted directly within the EED
replacing the standard squib wire; 2) the
optical fiber cable (1 to 6 feet with
optional extension cables of up to 2500
feet in length); 3) an optical connector,;
and 4) a personality key. The personality
key contains a solid-state memory de-
vice with calibration data that will auto-
matically calibrate the current sensor in
the instrument.

Bondwire Current Sensing Element

f Jl_ Opteal Fer
il
25" Typ. '
Diameter ] Sl 20
|
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|417]
Power Lead %12] Fiberoptic Cable
219
517

Figure 2. Mark 1 Squib and sensor
assembly.

The EMC Test System is capable of
acquiring low currents with a resolution
of 1 mA at 100 mA levels without
disturbing the normal operation of the
squib circuit. The sensor has an operat-
ing range from O to 200 mA, with a
standard impedance of 1 ohm which is
the same as the Mark 1 Squib. The
current sensor can be adapted to any
squib with resistance ranges from 1 ohm
to 1000 ohms. The instrument obtains
and outputs data at rates of up to 0.7
ms for one channel, and as fast as 2.3
ms for four-channel operation.

The instrument is simgle to operate.
English language prompts guide the
user through menu selections so that all
available configurations can be selected
without confusing codes or numbers.
The Model 1420 EMC Test System is the
most recent development in a family of
optical sensing instruments and probes.
MetriCor has developed a family of
sensors using Fabre-Perct etalon mod-
els to characterize the behavior of the
optical cavity resonators that shift the
wavelength of the light in proportion to
the parameter being measured. When
this light is reflected back to the instru-
ment, a ratiometric evaluation of the
amount of shift is performad and output
in the form of an electrical signal.
Products based on this technology are
presently available for measuring pres-
sure, temperature, refractive index and
current. The EMC current probe is a
thermo-optic concept that uses the same
optical resonator design to measure and
monitor electric current flow. Conse-
quently, all standard sensors may also
be used in the 1420.

Sensor Description

Figure 2 illustrates construction of the
current sensor. The squib bond wires
are connected to an electrically resistive
microdot that is bonded orto a tempera-
ture-sensitive optical resonator. The re-
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Figure 3. Typical sensor response
curve.

sistor/resonator combination is in turn
mounted on a transparent glass sub-
strate. An optical fiber is mounted
directly under the substrate connecting
the sensor to the instrument.

As current flows across the microdot,
there is a rapid increase in temperature.
This temperature increase modifies the
resonator’s spectral properties, leading
to a color shift in reflected light. This
change in return light is transmitted by
the fiber to the receiver. The instrument
evaluates the amount of shift using
ratiometric techniques and converts it
to an electrical signal proportional to the
current flowing through the squib. The
EMC Test System provides a variety of
digital and analog outputs. Up to four
sensors can be monitored simultane-
ously.

Preliminary testing with a Navy EED
simulation system indicates that the
EMC Test System has excellent re-
sponse time. Figure 3 presents a typical
sensor response curve. The system’s
sensitivity (10 mA) was judged accept-
able, while its ability to sense remotely
over extended distances between the
EED simulator and the electronics unit
was considered excellent. A typical
sensitivity curve is shown in Figure 4.

The optical resonator cavity technol-
ogy described here was originally devel-
oped for applications in the medical
industry. The temperature, pressure and

refractive index sensors have been
y ra'«\
‘ £y
4 Ve 5
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L

Figure 4. Typical sensor sensitiv-
ity curve.

successfully used in the industrial proc-
ess control, pharmaceutical, food proc-
essing and chemical processing indus-
tries. As further development work is
completed, it is expected that the cur-
rent sensor can be adapted to accom-
modate many other EMI and RF testing
applications. These include sensors for
measuring electromagnetic fields and
clamp-on sensors for measuring current
flowing through a conductor.

About the Author

Jon Tobelmann is senior vice-
president, operations for MetriCor, a
Corning affiliate. He is responsible
for the development, manufacturing
and marketing of industrial fiber optic
sensors and sensor instrumentation.
He can be reached at MetriCor,
18800 142nd Avenue N.E., Woodin-
ville, WA 98072. Tel: (206) 483-5577

GAIN THE
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Frequency Gain

Range

EDGE

(MHz)

(
Typ. danin.

10-250 25.0 | 24.0

AC381 10-250 240 | 23.0
AC391 10-250 240 | 23.0
AC581 20-500 23.0 | 215

20-500 230 | 215

>25dB

ACS524 5-500 315 | 300
ACS556 5-500 285 | 270
AC1066 10-1000 275 | 26.5
AC1264 10-1200 260 | 245

AC1526 10-1500 21.5 | 200

45 [ 130 [ 275 [ 15 | 65
45 | 145 | 28 15 | 65
40 | 70 | 15 | 34

100 1

illiwatts, +20 dBm Min.

processes which meet or exceed
MIL-STD-883 requirements.

AC379 5-300 14.0 13.0 5.0 6.0 20.0 38 15 88
AC559 5.500 115 10.0 5.7 6.5 20.0 38 15 88
ACS19 5-500 28.0 26.5 4.2 5.0 20.5 36 15 127
AC1019 10-1000 11.5 10.5 6.5 8.0 | 205 35 15 90
AC1069 10-1000 245 240 4.5 5% 20.5 34 IR 81 17.7)
AC1219 10-1200 10.0 9.0 6.5 85 20.5 35 15 9%
AC1529 10-1500 9.0 8.5 8.0 9.0 20.5 32 15 90
AC1569 200-1500 s 17.0 | 16.0 | 6.0 7.0 | 19.0 33 15 130
.1 TO 2000 MHz Typ., Or 10 TO 2400 MH:

AC2023 5-2000 12.7 12,0 3.2 4.0 08 15 15 14
AC2006 .3-2000 10.8 10.0 48 5.8 10.0 24 15 35
AC2056 10-2000 20.0 18.5 4.0 5.0 8.0 21 5 34
AC2046 10-2000 20.5 19.5 4.5 5.5 13.0 25 15 58
AC2017 1-2000 9.0 8.0 6.5 8.0 14.0 28 15 4
AC2066 10-2000 17.0 16.0 5.6 6.7 14.0* 27 15 65
AC2039 10-2000 79 6.8 8.0 95 20.0 M 15 90
AC2069 200-2000 15.0 14.0 6.5 1.5 19.0 32 15 130
AC2366 10-2300 16.0 15.0 54 6.2 13.0 27 15 65 .
AC2426 10-2400 | 16.0 15.0 54 6.7 11.5 | 23 | 15 59 A
Also available are high performance NOTES: = ‘Lg gm ﬁm o

4 o MHz, -
TO-8 gain control modules: ¥ o less below 500 MHz.

All Cougar Components products are
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rf expo program

RF Expo East Technical
Program Offers Variety

and Depth

RF Expo East will be held October
24-26, 1989 at TropWorld in Atlantic
City, New Jersey. Under the direction
of Program Chairman Andy Przedpelski,
a technical program has been devel-
oped that presents outstanding develop-
ments in current RF technology. In
addition to the three courses that have
become essential for the continuing
education of RF engineers, these pa-
pers offer engineer-to-engineer descrip-
tions and analyses of some truly state-of-
the-art engineering achievements.

Tuesday, October 24 —
8:30to 11:30 a.m.

Session A-1: Filter Design

Disk-Rod Filter Design
Douglas K. Linkhart and Andrew W.
Owens, Micon, Inc.

Lowpass filters are used in transmit-
ters, for reduction of harmonic and
spurious outputs, as well as in other
applications. At high frequencies and
high power levels, lumped element
designs are impractical. This paper
describes the design of distributed coax-
ial transmission line lowpass filters suit-
able for up to megawatts of power at
VHF.

An RF Active Elliptic Filter
Eric Kushnick, LTX Corporation
Sharp cutoff filters in the 1 to 10 MHz
region are often required for anti-
aliasing and reconstruction purposes in
digital signal processing applications.
These filters have typically been passive
L-C types, with the disadvantages of
high cost and large physical size and
weight. Newly developed wideband op-
erational amplifiers now make it practi-
cal and economical to consider active
fiters for RF applications. This paper
describes some initial work in this area,
a 7th-order elliptic-function lowpass filter
with a 1 MHz cutoff frequency.

An Unconventional Varactor
Tuned Filter
Gary Thomas, G.E. Mobile
Communications

A novel approach to the design of an
electrically-tuned bandpess filter is pre-
sented in this paper. The design uses a
directive device, such as a hybrid splitter
or VSWR bridge, in conjunction with a
varactor-tuned bandstop filter. This im-
plementation is shown to have several
advantages over conventional varactor-
tuned coupled-resonator bandpass fil-
ters. Also discussed are refinements in
the structure that can further improve
performance.

Session A-2: EMC Design Tutorial
(3 hours)

Designing for Electromagnetic
Compatibility
Tom Jerse, Hewlett-Packard Co.
Portions of a two-day course currently
offered by Hewlett-Packard’s Signal
Analysis Division are included in this
three-hour presentation. The tutorial
includes fundamental EMC concepts,
such as electric and magnetic field
coupling, grounding and shielding. The
presentation will address solutions for
conducted and radiated emissions from
boards, cables and enclosures.

Session A-3: IC Applications

Op Amps Simplify Design of
RF Systems
Steve Millaway, Burr-Brown Corp.
Recent development in semiconduc-
tor IC processes are making it possible
for monolithic operational amplifiers to
play a role in the desigr of RF equip-
ment. Low-cost devices with gain-
bandwidth products of 200 to 500 MHz
are readily available. Op amp designs
which replace discrete amplifiers, pas-
sive filters, and other circuits can be
developed using SPICE modeling tech-
niques described in the paper.
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50 MHz Analog Multiplier Replaces
Arrays in Video Mixer and AGC
Circuits
Brian D. Mathews and Robert W.
Huckabee, Harris Semiconductor
Wideband analog multipliers have
been complex arrangements of discrete
devices, with many adjustments, level-
shifters, and current-to-voltage conver-
sion stages. Described in this paper is
a new monolithic IC and applications
circuits, including a video mixer, a 100
MHz voltage-controlled amplifier, and a
50 MHz AGC system.

Recent Applications of ACT
Technology
Dan Fleisch, G. Peters, and B. Hunsin-
ger, Electronic Decisions, Inc.
Acoustic charge transport (ACT) tech-
nology holds the promise of high-
performance applications in filtering and
other signal processing applications.
Basically a high-frequency tapped ana-
log delay line structure, the ACT can
operate on a signal using digital algo-
rithms. Since the taps do not load the
delayed signal path, the device can also
provide programmable response for adap-
tive systems.

Tuesday, October 24 —
1:30 to 4:30 p.m.

Session B-1: Frequency Synthesis

Introduction to Direct Digital
Synthesis
Tzafrir (Tee) Sheffer, John Fluke
Increased performance demands for
RF systems require greater stability,
accuracy, and modulation capability
from RF signal sources. Programmable
phase-locked divide-by-N synthesizers
have been employed, but have reached
their theoretical limits in some applica-
tions. This paper is a fundamental
tutorial on direct digital synthesis (DDS),
which offers many of the performance
characteristics required for current RF
applications.

Frequency Modulation Design for
Direct Digital Synthesizers
Earl W. McCune, Jr., Digital RF
Solutions

DDS is now an important technology
for the RF synthesizer engineer. For
communications systems using fre-
quency modulation, both frequency con-
trol and modulation can be combined in
the DDS block. Performance advan-

RF Design

tages over PLL designs include im-
proved linearity, and a modulation band-
width that includes DC. A review of FM
is included, and the characteristics of
DDS-FM are examined.

Selection of Frequency Dividers for
Microwave PLL Applications

Mark Bomford, Telemus Electronic
Systems, Inc.

A low noise, uitra stable, agile micro-
wave PLL source is described, which
uses direct division of a fundamental
GaAs FET VCO. The single loop PLL
uses a combination analog and bipolar
digital frequency division, along with a
high speed GaAs digital phase/fre-
quency detector. The design process
and the design options evaluated for the
project are presented in this comprehen-
sive case history.

Session B-2: Component
Applications

Reed Relays Designed to Handle Fast
Pulses and RF Applications
John Fullem and John Bateman,
Coto Corporation

A comprehensive analysis of reed
relay performance in fast pulse and RF
signal applications is presented. Trans-
mission and time-domain reflectometry
(TDR) performance have been ex-
amined, with results presented for fre-
quency response, characteristic im-
pedance, pulse rise time, VSWR, in-
sertion loss and isolation.

Theory and Applications of PIN
Diodes
Peter Sahjani, SDI Microwave, Inc.
This paper presents a comprehensive
review of PIN diode operation, perform-
ance and applications. The fundamen-
tals of PIN diode behavior are reviewed,
including structure, and charge injection
and minority carrier lifetime. Perform-
ance is examined, including ON resis-
tance, power dissipation and switching
speed. Basic applications in attenuators
and switches are also presented.

Perspectives on Ceramic Chip
Capacitors
Mark Ingalls, Dielectric Laboratories
Theoretical and practical aspects of
capacitors for RF applications are pre-
sented. Acoustics, optics and electro-
magnetics all play a part in capacitor
performance, altering behavior from ““per-
fect’”” models. Characteristics discussed
include series resistance and induc-
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Steal 150 watts of rf power.

At a price you'd gladly pay for only

assuring freedom from burnout, fold-
Oh yes—the price. The new Model

150L is truly a steal. The cost-per-

watt has just plummeted by 30%!

shorted or open output terminals—
back, or oscillation.

in wattmeter calibration, antenna
testing, or countless other rf tasks.
Latest FET technology has en-
hanced the linearity and phase re-
sponse of the lower-power stages,
and the final output stage contains
an advanced vacuum-tube amplifier.

And that bandwidth is instantly
available without need for tuning or
bandswitching—important when

100 watts, the new Model 150L deliv-
- you're sweeping for rfi susceptibility,

ers a minimum of 150 very clean and
reliabie watts through a bandwidth

of 10 kHz to 220 MHz.
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There's total immunity to load mis-

match from sky-high VSWR—even

160 School House Road, Souderton, PA 18964-9990 USA « TEL 215-723-8181 « TWX 510-661-6094 « FAX 215-723-5688
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tance, resonance, transmission line ef-
fects, and piezoelectric effects.

Session B-3: Power Amplifiers

Computer-Aided Design of High-
Efficiency RF Power Amplifiers and
Resonant DC/DC Power Converters
Nathan Sokal, Design Automation

The efficiency of an RF power ampli-
fier can be improved considerably over
that obtained in conventional Class B
or Class C circuits, by operating the
output device as a switch, and designing
the load network to provide Class-E
operation. The same circuit, with a
rectifier at its output, can be used as a
high-efficiency DC/DC power converter.
The paper describes basic switch-mode
operational data, and describes soft-
ware which can be used to design
high-efficiency RF amplifiers, and to
examine design tradeoffs.

A High Power FET For RF Applica-
tions: The Solid State Triode

Adrian Cogan, Microwave
Technology, Inc.

The development of power transistors
using solid state triode technology is
updated in this paper, including per-
formance capabilities of currently avail-
able products.

Wednesday, October 25 —
8:30 to 11:30 a.m.

Session C-1: Antenna Tutorial
(3 hours)

Antenna Principles
Benjamin Rulf, Lockheed Electronics
This three-hour tutorial is intended to
explain basic concepts and facts of
antenna theory. It assumes that the
attending engineers have had some
exposure to electromagnetics, and have
a working knowledge of transmission
lines and engineering mathematics.
Wave theory, constructive and destruc-
tive interference, vector analysis and
spherical surface analysis are included
in the introductory material. Following
sections include wire antennas, small
aperture antennas, reflector antennas,
and antenna arrays.

Session C-2:
Receiver Design

Logarithmic Amplification Used in EW
Receivers
D. Johnson, E. Gertel, R. Kopski, and
M. Kumar, AE L, Inc.

The input signal to a radar or commu-
nications receiver has a wide dynamic

ferrites—

Up to 10,000 perm!

From low permeability all the way up

to 10,000 perm, MMG/Krystinel

has ferrite materials to match your
applications. We offer a wide range

of shapes and can help you with

applications assistance for custom designs.

Call (201) 389-4411 today for our catalog!

MMG

KRYSTINEL Division

Available through MMG/Distribution Co Inc., 34 Industrial Way East

MMG-2

P.O. Box 1204, Eatontown, NJ 07724 (201) 389-4411 Fax (201) 389-8128
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range that can vary from volts to micro-
volts, often exceeding the dynamic
range of the processing circuitry. Loga-
rithmic amplification solves this problem
by transforming a large input dynamic
range which increases logarithmically,
to a small output dynamic range which
increases linearly. Since the compres-
sion ratio is known, the input signal
amplitude information is preserved.

Design, Implementation, and Test of
a Wideband HF Receiving Subsystem
John Link, AT&T Technologies, and
Harry Lenzing, AT&T Bell Labs

The high frequency (HF) part of the
RF spectrum has increased in popularity
in recent years. Present receive subsys-
tems designs are capable of covering
the entire band, often collocated with
HF transmitters. Because of the high
levels of atmospheric and galactic noise
encountered at HF, proper subsystem
design does not necessarily attempt to
provide the lowest noise figure, as is the
case for most UHF or SHF systems. This
paper discusses the tradeoffs of system
noise figure, external noise levels, and
other performance factors in HF receive
system design.

LNA Measurement Techniques
Albert Wu, Allied-Signal Aerospace,
Bendix Field Engineering

In many areas of microwave commu-
nications, we are seeking the highest
sensitivity, or signal-to-noise ratio. One
effective method of evaluating a receiv-
ing system’s performance is the noise
temperature measurement. This is com-
monly used for commercial and home
TVRO systems, radar systems, radio
astronomy receive systems, and point-to-
point communications systems. The the-
ory and techniques for noise tempera-
ture measurement are presented.

Session C-3: Analysis and
Modeling

Arithmetically Symmetrical Bandpass
Filters
Randall Rhea, Circuit Busters, Inc.
The classic approach of transforming
lowpass or highpass prototype filters
into bandpass configurations results in
geometric symmetry, but often arithme-
tic symmetry is required. Furthermore,
group delay symmetry is achieved with
arithmetic response symmetry. This pa-
per describes a lowpass to bandpass
transform for designing bandpass filters
with excellent response symmetry up to
approximately 50 percent bandwidth.

RF Design

Surface Mountain

Sprague-Goodman offers a wide range of Surftrim®
trimmer capacitors and Surfcoil® chip inductors
for surface mount applications.

For high quality, sensible prices and ready availability,
phone (516) 746-1385 today.

134 Fulton Avenue

Garden City Park, NY 11040-5395
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(ﬁ i Hewlett Packard offers electromagnetic
compatibility design tutorial... at RF
/8 PackarD Expo East, Atlantic City, New Jersey.

Make plans today to attend this special three hour EMC tutorial
October 24, 1989...in Atlantic City, NJ.

The Signal Analysis Division of Hewlett-Packard presents a special training course
for engineers who must address EMC and electromagnetic-interference design issues.
This course will train designers fo evaluate and solve EMC problems early in the design
phase.

This three-hour tutorial is taken from a two-day course now being presented across
the country. HP design engineers will present EMC fundamentals, methods of measur-
ing EMC, and principles of incorporating proven EMC design considerations.

Your Expo East three-day or one-day pass also includes registration for
this session...

Three Day Pass One Day Pass

Includes sessions & exhibits Includes sessions & exhibits
$165/person 1-2 people $65person 1-2 people

$ 95/person 3 or more people $58person 3 or more people
$256/person on site $95/person on site

For complete registration information,
call 1-800-525-9154,
or use the handy registration form on page 56.
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Software Assists Characterization of
Large-Signal Device Models
Jeremy Bunting, EEsof, Inc.

Circuit simulation programs require
accurate device models in order to
achieve maximum accuracy. Large-
signal devices are sufficiently non-linear
to require models based on measured
data. This paper describes software
products which make it possible to
extract MESFET device parameters from
automated measurements.

Automated Microwave Transistor
Test Jig
Harvey Horowitz, B & H Electronics

Wednesday, October 25 —
1:30to0 4:30 p.m.

Session D-1: Phase-Locked Loops

A Reference-Cancelling Phase/
Frequency Detector
Dan Baker, Tektronix, Inc. (2 hours)
The design described in this paper is
the Grand Prize winner in the 1989 RF
Design Awards Contest. The author will
discuss his analysis of digital phase
detector phase-locked loop behavior,
and describe the circuit that was devel-
oped to demonstrate the theory. The

circuit uses a double-quadrature phase
detector to mathematically cancel the
reference frequency, reducing normally
troublesome PLL reference sidebands
to 50 dB or more below the carrier. The
circuit also demonstrates that a PLL can
be optimized to settle in the theoretical
minimum period of two samples.

An Exclusive-OR Phase/Frequency
Detector
Perry Jordan, Analog Devices, Inc.,
CLD Division

Modern frequency synthesizers re-
quire fast settling times, which can be
achieved using phase/frequency detec-
tors. Some common phase and fre-
quency detectors are reviewed, and an
enhanced exclusive OR gate phase/
frequency detector is described. The
internal logic of this detector, the IC
process used, and a design example are
also included.

Session D-2: Transmission
Systems

A High Performance Hybrid Phase
Shifter
Gary K. Montress, Raytheon
Company, Research Division

A new TO-8 packaged phase shifter
is described, which has 60 degree

phase variation over a 0-12 volt control
range, with low loss, low noise, and a
minimal variation in phase shift linearity
and insertion loss versus control voltage
over its 435-535 MHz operating range.

Applications of Power Combining in
Communications Systems
Robert P. Gilmore, QUALCOMM Inc.
This paper addresses the issues of
combining sinusoidal signals with un-
equal amplitude or phase, uncorrelated
signals or noise sources, and systems
with two antennas combined for in-
creased gain or circular polarization.
New applications for combiners as
phase detectors or synchronous detec-
tors are also presented.

Interference Investigations of
Collocated Radio Terminals
John L. Ramsey and Louis L. Taylor,
The MITRE Corporation

Frequenicy hopping andfor single chan-
nel radios operating in close physical
proximity can generate significant mu-
tual interference, even if most energy is
radiated in widely separated bands. The
mechanisms by which different radio
terminals can interfere with one another
are described, as well as the potential
effects of this mutual interference. A
testing program for determining the

When you
need TTL Clock
Oscilltors
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On Tuesday morning (October 24),
an entire three-hour technical session,
Designing for Electromagnetic Compati-
bility, will be presented by Tom Jerse
of H-P’s Signal Analysis Division. The
session will cover the basic principles
of EMC: electric and magnetic field
radiation, grounding and shielding prin-
ciples, coupling modes, conducted
and radiated emissions, and suscepti-
bility. The class emphasis is on design,
presenting solutions not only for

H-P Offers 3-Hour EMC Tutorial

dealing with existing EMC problems,
but for minimizing EMC problems by
proper design and layout of circuits.

The session consists of highlights
from H-P’s two-day course on EMC
design, which is currently being of-
fered in a number of locations around
the country. Information on the course
can be obtained from Hewlett-Packard.
See the Courses column on page 14
of this issue for upcoming dates and
registration information.

amount of isolation required is given as
an example, and methods of achieving
the necessary isolation are presented.

Thursday, October 26 —
8:30 to 11:30 a.m.

Session E-1: Antenna Topics

HF Antenna Tuners
Nick Long, Great Circle Design, Melt-
ing Highways Ltd.

Despite the existence of wideband
antennas, there is still a need for an
antenna tuning unit (ATU) in many HF
installations, particularly mobile sys-
tems with electrically short (capacitive)
antennas. Frequency hopping, direct-
sequence spread-spectrum, and muiti-
ple simultaneous carriers are currently
used for anti-jamming communications,
placing new requirements on ATU de-
sign. Broadband ATUs and other possi-
ble alternative feed systems are dis-
cussed.

Active Receive Antenna Technology
Brian Shreve, Defense Systems Inc.
Engineers are not often familiar with
active receive antenna technology and
may have difficulty interpreting perform-
ance parameters published by manufac-
turers. This paper provides an overview
of active receive antennas, intended as

a reference for RF systems designers,
discussing active antennas versus an-
tenna/preamplifier combinations and pas-
sive antennas.

Session E-2: Oscillators

Several New Design Techniques for
OCXOs

Arik Hertz, David Pincu, lsaac Edri,
Time and Frequency Ltd.

An intensive effort has recently been
made to develop new design techniques
for oven-controlled crystal oscillators
(OCXOs), with the objective of produc-
ing a low-cost, small device with low cur-
rent consumption, short warm-up time
and good frequency stability.

Microcomputer-Compensated Crystal
Oscillator With Self-Temperature-
Sensing
S.S. Schodowski, R.L. Filler, V.J. Rosati,
and J.R. Vig, US. Army LABCOM

The best overall accuracy in a wide
temperature range (—-55C to +85C)
TCXO has remained at about 1 ppm for
the last 30 years, due to basic limitations
relating to thermal hysteresis, the trim
effect, and thermometry inaccuracies.
A new microcomputer-compensated crys-
tal oscillator (MCXO) is described which
is capable of providing 10- to 100-times
improvement in overall frequency accur-
acy compared to a conventional TCXO.

CRYSTAL FILTERS

% E° ECTRON'CS
JEMEX

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

(Tel) 602-842-0159

(Fax) 602-939-6830
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ANNOUNCING

THE FIFTH ANNUAL

RF Design Awards Contest

-
-e
®

|
! :

T

‘a (. o.‘

The Grand Prize:

Advantest R3261A
Spectrum Analyzer

Second Prize:
Software from
Circuit Busters, Inc.

!
4 = OSCILLATOR =
= SuperStar =

Third Prize:
SMT Test Fixture
from Coilcraft,
plus Design Kits
and Tool Set

And 11 more
Honorable
Mention
Prizes

= FILTER =

= TLINE =

From Sprague-Goodman Electronics — A set of eight
specialized trimmer adjustment tools.

From Coilcraft — A set of five Designer’s Kits, including fixed
and adjustable inductors, chokes, and SMT inductors.

Contest Entry Rules

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

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

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

Components used must be generally available, not ob-
solete or proprietary.

Submission of an entry implies permission for RF Design
to publish the material. All prize-winning designs will be
published, plus additional entries of merit.

Winners shall assume responsibility for any taxes, duties,
or other assessments which result from the receipt of
their prizes.

Entry must be postmarked no later than March 31, 1990,
and received no later than April 10, 1990.

Send entries to: RF Design Awards Contest

RF Design Magazine
6300 S. Syracuse Way, Suite 650
Englewood, CO 80111




rf producits

Direct Conversion FSK Data Receiver From Plessey

The SL6639 is a low-power direct
conversion RF data receiver requiring
minimum external components for the
detection of FSK modulated data. The
IC contains a low-noise RF cascode
amplifier, direct conversion mixers, base-
band amplifiers, filters and data de-
modaulator. Frequencies in excess of 200
MHz with data rates exceeding 1200
BPS are supported.

One of the major features of the IC is
the inclusion of on-chip channel filters.
Baseband filtering utilizes both Sallen-
key active filters and unique gyrator
filters. The gyrator technique provides
adjacent channel rejection in excess of
70 dB at 25 kHz channel spacing. Only
one external resistor is required to
adjust the tunable filters.

Sensitivity is typically —124 dBm (0.14
uV) at 150 MHz from a 50 ohm source.
Typical third-order intermodulation for
the receiver is 55 dB. Adjacent channel
rejection is 70 dB. The device comes
with a high current beeper drive, high

Filter 1\ DC
B Test & Bias
Gyrator
Filter B/W
Adjust

Battery
Monitor |_i :":'
Battery o J

Flag

Low Battery Control

Beeper Driver

LEDEN

LED Driver

current LED driver and low battery flag
indicator.

Typical applications for the SL6639
include use in low-power radio data
receivers, radio paging including wrist
watch or credit card pagers, ultrasonic

direction indication and security sys-
tems. In quantities of 100,000, the de-
vice is priced at $6.80 each. Plessey
Semiconductor Corp., Scotts Valley,
CA. For more information please circle
INFO/CARD #230.

New RF Switches from M/A-COM

The MA4GM201T GaAs MMIC SPST
reflective switch features 3 ns switching
speeds. The circuit topology consists of
two shunt connected FETs and a singie
series FET. The second-order inter-
modulation product is 77 dBm and the
third-order intermodulation product is
45 dBm per tone.

Also available is the MA4GM202MD-

RF Design

2009S SPDT GaAs MMIC switch with
matched ports. At 4 GHz, isolation is 38
dB and minimum isolation is 1.7 dB.
Input VSWR ranges from 1.4 to 2.0 over
the full bandwidth. Typical switching
time is 50 ns and maximum input power
rating is 30 dB. M/A-COM Advanced
Semiconductor Div., Burlington, MA.
INFO/CARD #229.

Constant Insertion
Phase Attenuator

The Daico DA0616 is a high-speed,
balanced, constant insertion phase, digi-
tal attenuator. The DA0616 has less
than 1 degree of phase variation from
70 MHz to 100 MHz, 0.5 dB LSB with
31.5 dB of range (6-bits), and 5§ dB of
insertion loss at 100 MHz. Second-order

intercept point is +82 dBm and third-
order intercept point is +29 dBm. It
switches from 50 percent TTL to 90
percent/10 percent RF in 20 ns and 10
percent/90 percent RF in 5 ns. The
switching elements are arranged in a
bridge topology that cancels most of the
switching transients. Daico Industries,
Inc., Compton, CA. INFO/CARD #228.
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Narrowband SAW Filter

Centered at 400 MHz with a 1.5 MHz
bandwidth, the FB400-1 SAW filter ex-
ceeds 50 dB of ultimate rejection. It
features Gaussian shape with linear
tracking. Amplitude tracking is +1.5 dB
and phase tracking is +5 degrees. The
internally matched filter is housed in a
6-pin dual-inline hermetic package.

Phonon also introduces a hybrid SAW
delayf/filter module with selectable band-

widths and delays. This eight-path switch-
ing GaAs FET hybrid easily integrates
with SAW filters or delay chips to allow
selectable frequency passbands, band-
widths or delay times. The eight SAW
designs are realized on a single sub-
strate and packaged in a hermetic DIP
with input and output hybrid switch
networks. The module offers unity gain.
Switch, amplifiers and other electronics
operate to 1 GHz. For filtering require-

The Wait is Over...

SNITH  DlAGRAN

MACN DIACRAN

Mamn 7 Paramete:

STAGE1 7 S21
STAGEZ 7 B21

%

N

Nodal device entry
Modularized network definition

Generalized multi-device noise analysis

Generalized s-parameter analysis
Modular Optimization

‘ POLAR  DlaGhAN

Nameo / Paramoter
STAGEL 7 SZ1
STAGEZ 7/ S21
LHAZ 7 s21

SYSTEM
i 1o o5 06 REQUIREMENTS
"-ll 3.88 CHz
IBM-PC/XT/AT/386 or PS/2
(Most Compatibles)
8087/80287/80387
640 K RAM
Hard Drive
DOS 3.0 or later
Super VGA (800x600), VGA,
EGA, CGA or Hercules
Added Memory Optional
HPGL Plotter Optional

s & n @

Complete element, line & discontinuity library

Comprehensive active device library
Plotter & printer graphic support

$2950, includes support.

a’<>‘a WeBB
57 LABORATORIES
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ments, two modules can be cascaded
to achieve 80 to 100 dBE rejection. The
module measures 3 in. X 2.5 in. X 0.55
in. Phonon Corp., Simsbury, CT. Cir-
cle INFO/CARD #227.

Modular Receivers

Apcom unveils a compact receiver
designed for signal monitoring in the 20
to 520 MHz band. All receivers share a
common reference oscillator and tuning
control interface, yet may be individually
set for the desired operating mode.
Each receiver is tuned through the 500
MHz operating band ir 1 kHz incre-
ments with the |IEEE-488 bus. Front
panel controls on each receiver are used
to select AM or narrow band FM detec-
tion, input and output levels, and the
squelch/COR threshold. Available out-
puts include audio, pre-detection IF and
COR status. The standard IF bandwidth
is 15 kHz; bandwidths up to 300 kHz are
available. Overall noise figure is 12 dB
and internally generated spurs are less
than —100 dBm. Apcom, Inc., Gaithers-
burg, MD. INFO/CARD #226.

Highpass Filters

The F-95 Series of filters are rated at
50 watts continuous and are available
for cutoff frequencies from 500 to 3000
MHz. A typical filter, Model F-95-1000-5-
N provides a passband insertion loss of
less than 0.5 dB from 1000 to 2000 MHz
while rejecting 700 MHz and below at
40 dB min. In unit quantities, price is
$230. RLC Electronics, Inc., Mount
Kisco, NY. INFO/CARD #225.

Multi-Channel FSK Receiver

The Model DCRX covers from 136 to
174 MHz to provide 1520 narrowband
FM channels. Operating frequency is
selected digitally by prcgramming the
on-board multi-loop frequency synthe-

sizer over a serial interface or directly
from thumbwheel switch=s. It is based
on a quadrature local oscillator tech-
nique. Sensitivity is 0.5 uV, spurious
rejection is 70 dB and data rate is 12
kbits. Zubiel RF Systems, Inc., Man-
hattan Beach, CA. INFO/CARD #224.
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One-Piece Plastic Cases for
Split Beads

Fair-Rite introduces Nylon 6/6 one-
piece hinged cases designed to clamp
pairs of split round cable beads securely
over cable. The case design ensures the
proper mating of pairs. A hinge and latch
feature permits the separation of the pairs
as needed. Fair-Rite Products Cor-
poration, Wallkill, NY. Please circle
INFO/CARD #223.

Surface Mountable Reed Relay

The 9200 Series surface mountable
relay features a coaxial shield which has
a 50 to 75 ohm characteristic imped-
ance. The design provides approxi-
mately 1.4 pF of capacitance from the
open reed to the shield and coil tied
together. It is available in axial, radial,
gull wing and J terminal configurations.
Isolation is greater than 10'*ohms. Coto
Corp., Providence, RIl. Please circle
INFO/CARD #222.

Vector Modulation Signal

Generator
The HP 8782A vector-modulation sig-

nal generator features a wide range of
built-in modulation formats — from
BPSK to 256 QAM plus 9to 81 PRS. The
1 MHz to 250 MHz output range (+ 7 to
—100 dBm) covers most commercially
used receiver IFs. An internal pseudo-
random bit-sequence generator with a
2%.1 sequence length makes standard
digital formats available without requir-
ing an external modulation source. The
unit also handles parallel-modulation
inputs with data rates to 100 MHz and
serial rates to 200 MHz. Data-input lines
are compatible with ECL and TTL.
Burst-modulation rates to 50 MHz with
on/off ratios of > 50 dB are typical for
time division multiple-access applications.
AM and scalar modulations are available
with rates from DC to 50 kHz. Hewlett-
Packard Company, Palo Alto, CA.
INFO/CARD #221.

Voltage-Controlled Oscillator
Z-Communications introduces a line
of VCOs based upon coaxial resonator
technology. The D-900 Series covers
from 700 to 1000 MHz. Phase noise is
—95 dBc/Hz at 1 kHz, —105 dBc/Hz at 5

HENRY RADIO
HAS THE PRODUCT
YOU NEED.

(If we don't have it, we'll make it.)

APPLICATIONS:

s PLASMA Generation
s MEDICAL Applications

Over a half-century
of reliability in communications.

TOLL FREE: 1-800-877-7979
FAX: 1-213-826-7790

= NMR, Nuclear Magnetic Resonance

s NUCLEAR Magnetic Imaging
s COMMUNICATIONS Applications

HENRY RADIO

2050 S. Bundy Drive, Los Angeles, CA 90025

I-POwWer RF

AMPLIFIERS, TRANSMITTERS, POWER GENERATORS
10-10,000 WATTS!/2-500 MHz Frequency Range!
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Cellular Radio
The Complete Solution

NE/SA605/615

Mixer/Oscillator IF System

« Mixer, oscillator, IF amplifier
and demodulator In a single
chip
High Input sensitivity: 0.2uV
for 12dB SINAD
Input frequencies to 500MHz
Intermediate frequencies to
20MHz
Low current consumption
90dB log. Received Signal
Strength Indicator (RSSI)
Improved temperature stability
of RSSI
Internal oscillator to 200MHz;
external to 500MHz
20-pin SO and DIL packages

UMA1010 Synthesizer

¢ Single chip 0.4-1.15 GHz
synthesizer with on-board
prescaler

¢ Channel selection and chip
control via 2-wire 12C Bus

* Sensitive low power divide-by-2

* Programmable ref divider

¢ Low noise loop filter amplifier

* 5V operation: low, extra low
current power-down modes

¢ Divide-by-8 output of oscillator
frequency

* 28-pin SO package

See our Demo
Booths 70 & 71

RF EXPO EAST

Signetics

a division of North American Philips Corporation

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

INFO/CARD 47
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HF LINEAR AMPLIFIERS

ANT62 140W § 93.25 R 7l (tapial)”
ANTTOL 20W § 83.79 EB104 600W $448.15  Wae also stock Hard—to~Find parts
ANTTOH 20W § 93.190 AR305 300W 9383.52 CHIP CAPS_Kemet/ATC

ARBITIOVIWAELINO METALCLAD MICA CAPS—Uncico/Semco

\ RF POWER TRANSISTORS
MINI~CIRCUIT MIXERS

' NEWI 1K WATT 2-50 MHz SBL—-1 (1—500Ma).......covveeerie

bk SBL_1X (10-1000Mz)..

POWER SPLITTERS and COMBIN D ped IR

.079.95 Kit 600 Watt PEP 2—Port ...

$110.95 Kit 1000 Watt PEP 2—Port

1200 Wett PEP 4-P

2 METER VHE AMPLIFIERS
35 Watt Model 338,
75 Watt Modei 878,
Avsilabia in kit or wi

VK200-20/4B RF Chok:
$6—590—65—38 Ferrite Bes
Broadband HF Trensformer,

Add § 3.50 for shipping and handling.

For detailed information and prices, cail or write for our fres catalo.

Communication

i \4
We ;. L= P )
Worg e | _VISA Concepts Inc. @ o
Wide, e 508 Milistone Drive ® Xenia, Ohio 45335 * [513) 426—8600 w©

FAX {513) 4263811

( HF AMPUFIERS per MOTOROLA BULLETING 100 WATT 420450 Miz PUSHPULL LINEAR
: : AMPLIRIER — SSBFM-ATY
5 SR Al Ot oy
w in .. - it)....
o B / ANTS8 300W $160.70 £B63 140w 9 5065 KEBET-PCB ("‘L- B8
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INFO/CARD 48

CADLITERATE

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

Are you Cadliterate?

Did your education include topics on modern circuit design? Are you

able to compete with those who fit the above definition?

Let us assist in upgrading you or your designers to an advanced level
of “cadliteracy”. Our internationally recognized instructors have suc-
cessfully trained thousands of engineers throughout the world. We

offer courses at various levels, to fullfill your needs, as follows:

* ¢ RF Circuit Fundamentals I & I1
* o Transmission Lines Realization
* o RF/Microwave Amplifiers
* o MW Filters and Couplers

e Linear and Non-linear CAD
Large-signal Amplifiers
Mixers and Oscillators
CAD Product training
MMIC Technology

* indicates availability on video tapes

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

Associates

1170 E. Meadow Dr. ¢ Palo Alto, CA 94303 ¢ Tel: 415-493-1425
INFO/CARD 49

66

kHz and —120 dBc/Hz at 25 kHz. Sample
units are priced at $85. Z-Communica-
tions, Inc., Ft. Lauderdale, FL. Circle
INFO/CARD #220.

Shielded Inductors

The RL1123 and RL1124 zero radia-
tion inductors use ferrite shieids and end
caps to enciose inductor winding. Al-
most 200 standard values from 1.0 uH
to 47,000,000 uH are available. These
axial leaded devices are replacements
for pot core inductors. Prices start at
$1.00 each in quantities cf 1000. Renco
Electronics, Inc., Deer Park, NY. Cir-
cle INFO/CARD #219.

Portable Broadband Antenna

The FD-288 antenna is designed as
an RF test instrument (transmit and
receive) from 2 to 88 MHz. It is capable
of transmitting up to 25 watts. VSWR is
3:1. The 16 foot whip breaks down to 8.6
feet in length and 5 inches in diameter.
Astron, Herndon, VA. Please circle
INFO/CARD #218.

EMC Type Absorber

Rantec introduces an EMC Series
absorber that is optimized for operation
from 30 MHz to 120 MHz. It features a
somewhat thicker base over Rantec’s
standard absorbers and an altered geo-
metrical shape. This allows for optimum
impedance matching at frequencies
where the absorber is a fraction of a
wavelength in thickness. Rantec Micro-
wave and Electronics, Inc., Canoga
Park, CA. INFO/CARD #217.

Cold Weld Crystals

These high-stability precision crystals
offer good aging and Q characteristics.
They are available from 1.0 MHz to 250
MHz and are calibrated within +0.0005
percent. K & L Quartztek, Phoenix,
AZ. INFO/CARD #216.

Antenna Measurement System

HP introduces a system that performs
automated far-field antenna-pattern
measurements from 1 GHz to 26.5 GHz,
with optional coverage up to 110 GHz.
The HP 85301A is an integrated system
that includes all RF measurement instru-
mentation, a workstation controller, sys-
tem software and accessories. The
system tests gain, beamwidth, side-lobe
levels, polarization, axial ratio and beam
symmetry of antennas under far-field
conditions. Measurements are managed
by the workstation controlfler and system
software. Hewlett-Packard Company,
Palo Alto, CA. INFO/CARD #215.
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Chip Capacitors

Designated the A3S00 Series, these
chip capacitors are thin film devices
which feature small size and high Q.
Specifications include a loss of 0.04 dB
in a 50 ohm system, 50 ppm/degree C
typical temperature stability, and typical
insulation resistance of 10° ohms. Units
are available with capacitance ranging
from 10 to 25 pF (x20 percent). FEI
Microwave, Inc., Sunnyvale, CA. Cir-
cle INFO/CARD #214.

A/D Converter

The DCS101CR is a complex output
analog-to-digital converter intended for
use in pulse Doppler radar and digital
radio systems. It accepts as input an IF
signal and produces the baseband sig-
nal in quadrature at its digital output.
Image rejection is better than 55 dB
over a +5 MHz bandwidth relative to
the local oscillator frequency. Other
specifications include an LO from 60 to
80 MHz, sampling rate from 1 to 10
megasamples per second and dynamic
range better than 65 dB. Data Conver-
sion Systems Ltd., Castle Park, Cam-

bridge, England. For more informa-
tion circle INFO/CARD #213.

Chip Capacitor Test Fixture

This chip capacitor test fixture is
spring loaded to hold the capacitor and
make measurement contact. An en-
closed phenolic cavity makes chip place-
ment easy and contacts are nickel

plated. The unit holds capacitors with
widths from 0.01 to 0.375 inches. It
plugs into the standard banana jack and
is priced at $79.95. Lark Engineering
Company, San Juan Capistrano, CA.
INFO/CARD #212.

~ b
HIGH ENERGY CORP

CERAMIC RF CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

\S) JENNINGS

A LEAR SIEGLER COMPANY

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759
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SURPLUS SALES OF NEBRASKA

+ LOW PRICING WITH MIL-SPEC QUALITY
« SMALL QUANTITIES OKAY

* NO "MINIMUM" ORDER

+ IMMEDIATE DELIVERY

Mini-Circuits TFM-2-408 DC-1 GHz mixer $10 + BIRD Thruline
power sensor 4E100, .4-1GHz, 25/100w $75 « RF dummy load,
DC-4 GHz, 40 watts cont., N conn. $125 « DOWKEY series 168
relay, N-N-BNC, 28vdc $95 « ARRA 6844-40C variable attenu-
ator, 0-40 db, 25 turns, DC-12.4 GHz, 5 watts cont., SMA $125 -«
RF connectors: KINGS series to scries adapters in stock, N male
for RG-8 orRG-58 $4.95. Pomona 3778 isolated ground BNC jack
$4.95. Plugs, jacks, tees, 90s & barrels for N, C, TNC, BNC, UHF,
HN, SMA (some SMB & SMC). MINI 50Q COAX: Belden RG-
174, 25' $3.95. RG-178, teflon, 10° $3.95. RG-142, teflon $1.75/ft.
Vacuum Relays (26.5vdc coil): KILOVAC  HC-1, S$115.
JENNINGS RDS5B $75 or RF-43 $55. TO-5 styic miniature
relays: 6, 12, 18 or 24vdc, SPDT $9 or DPDT $12. PIN Diodes:
HPINS7110r HPIN5767 $1.25 10/$10, BA28235¢, HP3168 49¢,
UM9651 $3.75 or UM9137 $2.75. MOV: GE V4TZA1, 30vac or
38vdc, 1.8j, 250a pk 10/$2. RF TRANSISTORS and MOD-
ULES: CA2843 hybird amp, 30-300 MHz, 22db gain, 502 in/out,
28vdc, 1.2w out with 14dbm input $18. TUBE OVERSTOCK:
7289/3CX100A5 $119,3-500Z $135,4CX250B $95,4CXS5000A
$925,833C $195. Chimneys for 3-500Z or 4-400A $45, aluminum
platecaps $15. CARDWELL air variable: 20-425pf,0.031" air gap,
4" long $19.95. COPPER GROUND BRAID: 1" wide $1.75/1t,
7/8" wide $1.50/1t, 172 wide 90¢/ft. FANS: Biscuit BT3A1- 230v
$24, Boxer WS-2107FL-115/230v $14, Howard 3-15-8301-12v
$12. Triad N-6U siep up/down transformer, 230-115 vac,
1.74amps $8.95. ARCO SOLAR PANELS (14.6vdc): M6S, 42
watt $425; M25, 22watt $245; G100, 5 watt $89; G50, 2.5wart $59;
G25, 1wait $47. NEW OIL (Non-PCB) CAPACITORS: 0.25uF
@ 1.5 kv $20, 0.25uF @ 10 kv $145, IuF @ 3 kv $55, 2uF @
410vac $25, 2uF @ 7.5kv $155, 2uF @ 10kv $185, 4uF @ 370vac
$20, 4uF @ 3 kv $120,4uF @ 3.5 kv $135,41.F @ 5 kv $160, SuF
@ 7.5 kv $350, 6uF @ 8 kv $375, 10uF @ 1 kv $65, LOUF @ 4 kv
$135, 12uF @ 600v $25, 15uF @ 1 kv $95, 15uF @ 4 kv $155,
15.5uF @ 1 kv $100, 20uF @ 1.7kv $145, 21.3uF @ S kv $195,
25UF @ 4 kv $195.

1315 JONES STREET
OMAHA, NEBRASKA TELE: 402-346-4750
68102 FAX: 402-346-2939
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Cellular Radio
The Complete Solution

NE/SA5750/5751
Audio Processing System

Two chip solution to all voice
channel functions

Switched capacitor
Iimplementation of all filter
functions

Few external components
I2C-bus control

Low power consumption
Power down mode

Total harmonic distortion:
2.0% max.

Switches allow reconfiguration
through I2C for different
applications and production
testing

NE/SA5750 FEATURES

Preamplifier/noise canceler
Compandor

Earphone amplifier

Power amplifier

VOX operation

NE/SA5751 FEATURES
* Pre-emphasis

De-emphasis
Bandpass filters
Deviation limiter
Volume control

See our Demo
Booths 70 & 71

RF EXPO EAST

Signetics

division of North American Philips Corporation

Call 800/227-1817, ext. 900
for the number of your local
Signetics sales office
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The Q2334 |
Direct Digital

- Synthesizer

Full Featured:
« Two Complete DDS's on-chip
» On-chip Sine Lookup

| - Processor Control Interface

| « PSK, FSK, MSK Modulation

High Performance:

» Up to .005 Hz Frequency
Resolution

- 12-Bit Sine Outputs

« All Spurs below -70 dBc

- Low Power CMOS

- Three Speed Versions:
20 MHz, 30 MHz, & 50 MHz

LOW PRICE:

$69each

(quantity 100 price, 20 MHz Version)

Evaluation Kit Also
Available.

UALCOM

NCORPORATED

“..the elegant solution.”

|

10555 Sorrento Valley Road
San Diego, CA 92121-1617
Phone: (619)587-1121 ext. 540
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Miniature Active Filters

Toko America introduces the THB
series of filters which are available in
both bandpass and lowpass designs.
The filters use an operational amplifier
to eliminate the need for inductance.
The fiiters simplify equipment design by
treating the audio filtering requirement
as a module rather than as a series of
components. The bandpass filters have
a passband of 300 to 3000 Hz, while the
lowpass units are available with cutoff
frequencies of either 3 kHz, 14 kHz, 18
kHz, 20 kHz or 22 kHz. Stopband
attenuation is in excess of 30 dB for the
bandpass filters, and greater than 36
dB for the lowpass type. In 500-piece
quantities, price ranges from $6 to $12.
Toko America, Inc., Mt. Prospect, IL.
INFO/CARD #211.

Precision Op Amps

The HA-5221 and HA-5222 (a dual
version of the 5221) feature 100 MHz
bandwidth at frequencies below 100 kHz
and are internally compensated to
achieve 30 MHz unity-gain bandwidth.
Offset voltage is 750 uV and open loop
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gain is 128 dB. Noise is 3.4 nV/Hz and
output current is +30 mA. The HA7-
5221-5 CERDIP, rated for commercial
temperatures, is priced &t $6.68 when
purchased in 100-piece quantity. Can
packaging is also available. Other avail-
able temperature options include indus-
trial and military (883). Harris Semicon-
ductor, Melbourne, FL. Please circle
INFO/CARD #210.

70-140 MHz Oscillator

Model 1850031 is an oscillator with a
70 to 140 MHz frequency range. Stability
over the —20 to +60 degree C range is
+7 X 10%. It has a sinewave output with
a minimum of +3 dBm. In small quanti-
ties, price ranges from $300 to $350.
Piezo Crystal Company, Carlisle, PA.
INFO/CARD #209.

BEWARE

OF BARGAINS IN PARCHUTES,
BRAIN SURGERY AND RF
MICROWAVE COMPONENTS.

(800) 255-6788
(408) 730-0300 (cA)

%
4

PENSTOLK .

IFIRFIMICROWAVE DISTRIBUTION

CALL: /
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Transmitter and Receiver Modules

Finally. .. Radio data products
that aren't hand-me-downs.

Not all radio data devices are created
equal. Most are ‘hand-me-downs'—con-
ventional voice radios adaptad for use with
data. Repco radios are designed specifi-
cally to handle data. There's a big differ-
ence

We know. We ve been in the radio busi-
ness for more than 26 years. We offer a wide
range of products designed to handle
data—transmitter and receiver links, radio
modems (fo 9600 bps). monitoring and con-
frol systems, etc

Repco is the industry leade- in radio data
devices. Call a Repco RF Data Specialist toll
free today and put radio to work for you.

Repco

REPCO, INCORPORATED
2421 N. Orange Blossom Trail « Orlardo, Flonda 32804

1-800-950-5633

INFO/CARD 55
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rf software

Synthesis and Analysis Program
for Transistors

Compact Software introduces Ver-
sion 1.1 of SONATA. This version has
the added capability of predicting single
sideband (SSB) phase noise. SONATA
is a software package that is designed
for the synthesis and analysis of micro-
wave and RF field-effect and bipolar
transistors. The program supports IBM
PC/XTIAT/386/PS-2 and compatible com-
puters. Compact Software, Inc., Pater-
son, NJ. INFO/CARD #195.

Oscilloscope Driver Software

The PM 2235 oscilloscope driver PC
software package from John Fluke Mfg.
Co. eases GPIB/IEEE-488 programming
and use with features such as self-
documenting routines and an auto-
configuration utility. it supports the Fluke
PM 3320A, PM 3350 and PM 3365
analog/digital storage oscilloscopes. The
software is priced at $399 and includes
an interface card. John Fluke Mfg.
Co., Inc., Everett, WA. Please circle
INFO/CARD #194.

Active Filter Design Software

RLM introduces AFDPLUS, an active
filter design software package that pro-
vides analysis capabilities and the ability
to design filters including custom struc-
tures. It features an integrated simulator
compiler that can be customized to
generate simulator compatible files. Sche-
matics can be generated on the screen
or directed to a printer. Plots of zero and
pole locations can also be displayed.
Butterworth, elliptic, Chebyshev, inverse
Chebyshev and Bessel configurations
are supported. AFDPLUS is priced at
$850. RLM Research, Boulder, CO.
INFO/CARD #193.

Analog System Simulator

EEsof introduces Version 1.1 of Om-
niSys, a microwave and high-frequency
analog simulator that combines linear
and nonlinear characteristics to form a
representation of systems and sub-
systems. Depending on platform and
options, the software is priced between
$14,000 and $16,800. EEsof, Inc. West-
lake Village, CA. INFO/CARD #192.

Block Diagram Simulator for
ommunications Runs on Your PC

@ Use TESS™ to simullate modems, radic . and other systems

@ Mix analog and digital blocks and test instruments freely

@ Library of over 50 high-level models:  Filters, VCO’s,
Mixers, A/D & D/A Converters, BER tester, Noise source,
5-wave Function Generator, Phase meter, S&H, and more!

® Add your models to TESS with our MODGEN™ option

@ OrCAD® and P-CAD® schematic capture libraries

@ Built-In FFT spectrum analyzer for frequency analysis

@ Super high speed lets you simulate modulated carriers

TESS is not copy protected

’ IIIlﬂllllillIIIHUJIIlIlIIIHIIIHII :

CALL FOR FREE APPLICATION NOTE
TESS Simulator $495 TESOFT

MODGEN Model Generator $245 PO BOX 305
OrCAD/SDT HI® library $145 Roswell GA 30077-0305
P-CAD® library $225 Phone (404) 7519785
3-Disk Demo Package Call  VISA, MasterCard & PO'’s
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WBE

I

SWITCH

Model A64 {s an ultra wide band

PIN diode solid state switch for trans-
fering both Jow and high level signals
with negligible distortion, high fsola-
tion, and minimum loss.
Switch Type: SPDT

freq. Range: 1-500 MHz
Loss: .5 dB max.
Isolation: -60 dB min @ 300 MHz

VSWR: 1.3:1 max. (1.1:1 max. 5-500 MKz)

L Quantity and 0.E.M. pricing J

WIDE BAND ENGINEERING COMPANY, INC.

P.O. Box 21652, Phoenix, AZ BRS036 U.S.A.

Cellular Radio
The Complete Solution

UMA1000

Data processor

= Single chip solution to all
data handling and supervisory
functions
Configurable to both AMPS
and TACS
12C-bus control

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

Error handling in hardware for
reduced software requirements
Access channel arbitration

5V supply

Low current consumption
Dramatic power saving through
operation with microcontrolier
at low duty-cycle

Miniature SO 28-pin package

$C80/83C552
Microcontroller
= 6 reconfigurable 8-bit /O ports
» Full duplex serial /O port
(RS232)
On-chip watchdog timer
8k on-chip ROM
(PCB83C552 only)
256 bytes on-chip RAM
64k externai ROM and RAM
addressing capability
Hardware I2C interface

See our Demo
Booths 70 & 71

RF EXPO EAST

Telephone {602} 254-1570
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Sighetics

a division of North American Philips Corporation

‘ Call 800/227-1817, ext. 900
for the number of your local
' Signetics sales office
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rf literature

RFI/EMI Testing Brochure

Instrument Specialties introduces a
brochure on its radio frequency and
electromagnetic interference testing ca-
pabilities. It covers the company’s certi-
fied testing program to determine com-
pliance with current commercial and
military EMC specifications. The testing
is calibrated to NIST standards. These
RF, ESD and EMP tests are conducted
over the 20 Hz to 18 GHz range with
radiated susceptibility levels to 200 V/m.
Instrument Specialties Co., Inc., Dela-
ware Water Gap, PA. Please circle
INFO/CARD #191.

New Components Brochure

RF and microwave components from
Anzac, RHG and SDI Microwave cover-
ing from DC to 26 GHz are featured in
the new Adams-Russell RF & microwave
signal processing components catalog.
It includes over 150 products such as
GaAs MMICs, log amplifiers, surface-
mount devices, RF and microwave con-
trol devices, mixers, hybrids, passives,
and subsystems. Other features include
complete design/selection guides, appli-

cation notes and technical articles.
Adams-Russell Components Group,
Burlington, MA. INFO/CARD #190.

Materials Datasheet

Xtalonix announces the availability of
their materials datasheet that gives
specifications on garnet materials, fer-
rite materials and dielectric materials.
Also included are brief descriptions.
Xtalonix, Columbus, OH. Please circle
INFO/CARD #189.

Capabilities Brochure

This brochure from Microwave Solu-
tions describes the facilities and capa-
bilities for custom design and fabrication
of microwave amplifiers and related
components used to control, filter and
switch RF and microwave signals from
10 MHz to 26 GHz. Computer-aided-
design capabilities and design modifica-
tions to provide solutions are discussed.
Microwave Solutions, Inc., National
City, CA. INFO/CARD #188.

High Frequency Probing Bulletin
Cascade Microtech introduces a bul-

letin that features the MTF26 microstrip
test fixture, which provides microstrip
measurements that repeat within 0.1
percent. Also included is a discussion
on the advantages of probe absorbers,
a software description, and an article
on using the test fixture and the NPT18
noise parameter test set. Cascade Mi-
crotech, Inc., Beaverton, OR. Please
circle INFO/CARD #187.

Brochure Describes Anechoic
Chambers and Shielded
Enclosures

This brochure discusses RF shielded
enclosures and anechoic chambers in-
cluding complete turnkey systems. It
outlines specifications and performance
charts and graphs from 120 MHz to
millimeter-wave. Rantec Microwave
and Electronic Systems, Inc., Canoga
Park, CA. INFO/CARD #186.

Crystals and Oscillators Guide
User’s Guide to Quartz Crystals and
Oscillators features Valpey-Fisher's line
of related products. Crystals from 14
kHz to 300 MHz are fea:ured in more

RS
A il intech
PA10-90
10-90 MHz ........... Lo 0T M s Y

8.75"H x 19"W x 21"xD.....

MOS FET
TECHNOLOGY

Excellent Linearity ..
High Speed Gating ....

1000W Pulsed Power.....

Microprocessor Controlled..

With off the shelf products
or products built to your specifications

INTECH Incorporated
AMPLIFIERS-COMMUNICATIONS-NAVIGATION

Com/Nav Division MEE 408-727-0500
| 282 Brokaw Road TWX  910-338-0254
:_ Santa Clara, CA 95050 FAX 408-748-9489

* CHIP CAPACITORS

KHYBRIDS

ANWiE & = e s

COMPONENTS

* RESISTOR NETWORKS (SURFACE MOUNT)
* CHIP CAPACITORS {TANTALUM)

* CHIP INDUCTORS (MULTILAYERS)
* CHIP INDUCTORS (WOUND)

INTERNATDONAL LTD PHONE: (913) 764-6400« TELEX: 910-743-0029~ FAX 913-764-6409

THICK FILM

¢ THICK FILM PRINTING

* HYBRID ASSEMBLY & TESTING
WIRE BONDING
DIE BONDING
HERMETIC PACKAGING

¢ SURFACE MOUNT ASSEMBLY

311 NORTH LINDENWOOO ORIVE/OLATHE, KANSAS 66062

A DVISION OF HYBRIDS

COMMUNICATION CRYSTALS
FILTER CRYSTALS
OSCILLATOR CRYSTALS v.®
Frequency Range 10 KHz-450 MHz

SURFACE MOUNT CRYSTALS
MONOLITHIC CRYSTAL FILTERS
DISCRETE CRYSTAL FILTERS
BROADBAND LC FILTERS

<~OZMmcOmD™
UETIS-T-F 2}

NTERNATONAL LT

1
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311 NORTH LINDENWOOD DRIVE / OLATHE, KANSAS 660€2
PHONE: (913) 764-4544 » TELEX: 910-743-0029 « FAX 913-764-6409
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than 35 package styles. Also included
are TTL, ECL, CMOS and HCMOS
hybrid clock oscillators in full size, half
size, through hole and surface mount
packages. Other information presented
includes cross-references and ordering
information. Valpey-Fisher Corp.,
Hopkinton, MA. INFO/CARD #185.

ASIC Short Form Catalog

The Custom ASIC Products Short
Form Catalog from Stanford Telecom
contains information on frequency syn-
thesizer products, forward error correc-
tion products, coding products, demodu-
lation products and radiation hardened
products. A section that discusses up-
coming products is included. The final
section of this catalog describes the
company's technical support services.
Stanford Telecommunications, Inc.,
Santa Clara, CA. INFO/CARD #184.

Application Note Describes Digital-
Microwave Radio Fading Tests
Measuring Digital-Microwave Radio
M-Curves/Signatures (AN 379-1) is an
application note for engineers who work

on digital communications. The M-
curve, sometimes called a radio’s signa-
ture, is a measure of a radio’s resistance
to fading effects of multipath transmis-
sions. Multipath fading results in bit-
error rate (BER) increases and loss of
performance. This note reviews the
basic theory of the three-ray model of
fading simulation and shows the meas-
urement procedures using the HP
11757A multipath fading simulator and
an HP BER test set. Hewlett-Packard
Company, Palo Alto, CA. Please circle
INFO/CARD #183.

Precision Trimmer Capacitors
Catalog

Voltronics has published a catalog
on its line of precision trimmer capaci-
tors. A product selection guide is high-
lighted together with product descrip-
tions on capacitors, DRO and magnetic
tuners, and non-magnetic trimmers for
NMR and MRI including non-magnetic
slip clutches. The final section details
engineering prototype kits and tuning
tools. Voltronics Corp., Hanover, NJ.
INFO/CARD #182.

RF Power Semiconductors
Data Book

Mitsubishi announces the availability
of its RF power semiconductors data
book. Specifications are provided on
RF power modules, high-frequency high-
power transistors, antenna switches and
hybrid antenna switches. A section on
applications is included. Basic applica-
tions for the RF power modules include
use in mobile and portable radio. Mit-
subishi Electronics America, Inc.,
Sunnyvale, CA. INFO/CARD #181.

Conductive Thermoplastics
Brochure

This brochure describes the uses of
Electrafil®, an electrically conductive
reinforced thermoplastic. Featured is a
section on the properties of Electrafil
thermoplastic materials that incorporate
conductive additives and fibers in a
range of base resins including nylon,
polycarbonate, polypropylene, ABS and
high-temperature thermoplastics. Also
illustrated are typical applications. Akzo
Engineering Plastics, Inc., Evansville,
IN. INFO/CARD #180.

Worldwide suppliers of Advanced Electronic Systems
to Civil and Military Agencies since 1946.

A TELEMETRY AND RVP TRACKING: Servo designs
and manufactures ground and shipboard-based track-
ing systems for command, control and communica-
tions with RVP's, telemetry transmitters/receivers,
radio frequency multicouplers, filters, attenuators,
and other RF components.

INFRARED ELECTRO-OPTICS: We are a leading
supplier of Thermistor Bolometer Detectors and
Telescope Assemblies for use in military recon-
naissance and tracking systems, pyrometers, and
satellite horizon sensing systems. Custom designed
systems are in operation worldwide.

DIRECTION FINDER SYSTEMS: SERVOFLIGHT™
ground based DF systems provide navigational assis-
tance to pilots in emergency situations. At the leading
edge of DF technology are Servo’s SERIES 2100
microprocessor-based and modular DF Systems.

METEOROLOGICAL DATA SYSTEMS: Radio-
theodolites have been manufactured by Servo since
1957. Currently in use throughout the U.S., Pacific
and Caribbean, is the most modern tracking system
available...Servo’s Automatic Radiotheodolite (ART).

el
£ (— -

For additional technical information, contact:

SERVO CORPORATION OF AMERICA

111 New South Road
Hicksville, NY 11802 USA
Tel.: 516-938-9700

TWX: 510-221-1872

FAX: 516-938-9644

Chemin du Cap 1-3

1006 Lausanne, Switzerland
Tel.: 41.21.299873

Telex: 454-420 SERVO CH
Telefax: 41.21.299874
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See us at ITC, San Diego, Booth #89 & 90.



At Motorola Cellular, we have opportunities on hand that can ig-
nite both your engineering career and the future of cellular
technology.

Qur sure-fire method for success combines dynamic technology,
superior quality products and talented, success-driven
ENGINEERS. If you want to illuminate your potential, grab hold
of one of these exceptional opportunities:

SOFTWARE: BSEE/BSCS/BSCE or equivalent. Experience with
real-time software development using “/C’; UNIX , Pascal and struc-
tured design; CASE software tools (Sun, Apollo); design, program-
ming and system debugging for telephone digital switching or data
communications systems; assembler and high-level structured
languages; hardware diagnostics, object-oriented design, C++;
software development tools such as Teamwork and Interleaf; ASN.1
{Abstract Syntax Notation); data communications protocols (ccnr
#7,%.25,X.75, PAD, LAPB, LAPD, Ethernet, ISDN, CCITTV Series
modem, group 3 fax); modeling and simulations (GPSS, SIMSCRIPT
and other simulation tools) desired. Refer to Dept. #SE/RFD.

ELECTRICAL/COMPUTER: BSEE/MSEE/BSCE/BSCS or
equivalent. Seeking experiencein any of the following areas: analog
and RF circuit design, receiver or fransmitter RF circuits; LCD display
technology, acoustics, and 8-bit microprocessor software; infrared
and fiber optics; low speed data; digital modulation; 00 Mhz RF
power amplifier design with hybrid or microstrip circuitry; RF device
development; parallel and/or push-pull RF amplifier design at 900
Mhz or UHF; A/D and D/A convertors; RF propagation; passive/ac-
tive filter theory; microwave antenna design; UL, EMI and RFl re-
quirements; HP 3062 test system; HP 9000; digital hardware,
microprocessor applications and interfaces; digital switching tech-
nology; firmware development methodology; PCM and digital tele-
phony;-digital signal processing; ASIC design; LAN systems, PSTN
standards, ISDN standards, processor architectures, high speed
logic; 16-bit MPU design practices, programmable logic; digital
modulation, synchronization, adaptive signal processing, viterbi
algorithm and MLSE, decision feedback equalizer; convolutional
code and linear block code, speed coding, echo cancellation, en-

cryption; CAE techniques for digital hardware design using Men-

tor Graphics, etc.; data communications protocols (CCITT #7, OSI,
X.25, X.75, PAD, LAPB, LAPD, Ethernet, ISDN, CCITT V Series
modem, group 3 fax); computer network management/administra-
tion {Apollo, Sun, Mentor Graphics, Applefalk). Refer to Dept.
#ECIRFD.

SYSTEMS:BSEE/BSCE/BSCS or equivalent. We are seeking per-
sons with experience in any of the following technologies: radio/cell-
ular communication systems engineering; RF propagaticn predic-
tion methods; PSTN traffic planning; telephone network, intercon-
nection and telecommunication industry standards; microwave
system design and equipment engineering; telephone switching
systems; software programming skills. Refer to Dept. #SYIRFD.

At Motorola, our team approach in achieving *“Best-In-Class’ quali-
ty will enhance your career as well. Our professionals enjoy an ex-
cellent salary with a comprehensive benefit package. If you arein-
trigued by our future, we'd like to hear from you. You may FAX your
resume to: (312) 632-5717 (our 24-hour fax line) or
send it by mail to: Supervisor, Professional Recruit-
ment, Motorola, Inc., Cellular, 1501 West Shure Drive,
Arlington Heights, IL 60004, An equal opportunity/affir-
mative action employer. To access our On-Line Career Net-
work from your PC, dial (508) 263-3857, pressreturn
twice, and key in password LEGACY.

N
AA) MOTOROLA INC.
— Cellular
Advanced Electronics for a More Productive World.

STRIKE WHILE THE
OPPORTUNITY’S HOT.




PRODUCT MANAGER
RF INDUCTOR AND FILTER PRODUCTS

A prestigious global market leader of a broad
line of RF electronic components and modules
is seeking an individual to manage its coil and
filter product line. Applicants should possess at
least three years of experience in an industrial
electronics marketing environment and a high
degree of technical knowledge of RF circuitry
and components. Prior product management or
experience developing and successfully im-
plementing product marketing plans is desired.

Your ability to direct and control this, our
major product line, will ensure you of an ex-
cellent career growth opportunity.

This position requires an in-depth knowledge
of the consumer and Commercial/Industrial RF
market and technical familiarity of RF circuitry
and components is a must.

Responsibilities include establishing sales and
marketing plans, involvement with new product
development, pricing, competitive analysis, and
marketing communications. You will also be
involved in market research, forecasting and
distribution channels.

The ideal candidate will understand and demon-
strate his/her ability to blend technical grasp and
understanding, marketing disciplines and sales
savvy into results oriented product marketing
plans.

To apply for this position call Bill
Donahue at 603-669-9800

JAHAN MICROWAVE ENGINEERING
Jahan has designed microwave circuits and
receiverftransmitter systems, PIN switches,
(insertion loss = 0.3dB, isolation = 80dB)
filters, amplifiers, DRO, VCDRO, VCO,
mixers synthesizers, multipliers, comb
generators, phase shifters, couplers, and
communication systems design such as
radars, satellites, and etc.

For your custom design requirements, call
Dr. Jahan M. Osqui at 818-782-5656 or write

G RF Design Magazine

Blind Box 10-2-89
6300 S. Syracuse Way, Ste. 650
Englewood, CO 80111

ONE
WORD

describes what you can expect
from your ad in RF Design classifieds

RESULTS!

To place your ad in the classifieds,
contact advertising at (303) 220-0600.

SENIOR RF DESIGN ENGINEER

Enjoy a high quality of life in an area
that offers:

- Outstanding educational facilities
- Outstanding cultural programs

- Abundance of recreational facilities
- Affordable housing

- Leading-edge technology

ENJ, a recognized leader in the design
& manufacture of RF power amplifiers
& generators, is seeking a senior RF
design engineer to lead a team of
engineers in the development of cost
effective, reliable, solid state RF power
products. Requirements include a
minimum of 10 years RF power design
experience with a desire to excel in in-
novative RF design. This position of-
fers excellent career growth potential.
To explore this opportunity, send
resume and salary history to:

Nancy L. Gates

N Director of Human
Resources
ENI
100 Highpower Road
Rochester, NY 14623

An Equal Opportunity Employer

RF Design

Project
Engineer

RF Circuit Design

Eastern Canada. Our client, a highly regarded Canadian
designer and manufacturer currently requires a Project Engineer
specializing in RF Circuit Design. Reporting to the Chief
Engineer, this individual will play a key role in this organization
by developing state-of-the-art transmitters.

As the ideal candidate, you will be a results oriented Engineer
with 5 to 15 years experience specializing in solid state RF circuit
design at VHF/UHF and power levels exceeding 50 watts. You are
a highly motivated project leader with a strong theoretical
background and a proven ability to successfully develop new
products in this area of specialization. Ambitious, conscientious,
creative and hard working are how others describe you.

Aside from a tremendous challenge, this position offers excellent
future career potential and a compensation package to match.

Interested individuals whose background matches the above are
invited to submit a resume in total confidence to Robertson-
Surrette Limited, Metropolitan Life Building, Suite 1610,

50 O’Connor Street, Ottawa, Ontario, K1P 6L2, or call us at
(613) 238-6274, collect if necessary. Reference File 612.

Robertson Surrette

EXECUTIVE | SEARCH
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REPRINTS
REPRINTS
REPRINTS
REPRINTS
REPRINTS
REPRINTS

RF Design reprints are available for

For further information contact:

Reprint Department

RF Design

6300 S. Syracuse Way, Ste. 650
Englewood, CO 80111

(303) 220-0600

printing in quantities of 500 or more.

JAHAN MICROWAVE ENGINEERING

We are senior design engineering specialists in microwave
circuits and systems, (receivers, transmitters, transceivers, and
transponders). We provide top quality engineering in high
technology custom design of active, passive, linear and non-
linear circuits and communication systems, R & D, design
seminars, design kits and consulting.

Call Dr. Jahan Osqui at 818-782-5656 or write to:

RF Design Magazine

Blind Box 10-1-89

6300 S. Syracuse Way, Ste. 650
Englewood, CO 80111

ELECTRONICS ENGINEER

CRYSTAL OSCILLATORS
MANAGER/SENIOR DESIGNER

McCoy Electronics—A leading company in the quartz crystal elec-
tronics industry is seeking an individual to fill a key

managerial/senior designer position in its crystal oscillator engineer-

ing division.

This responsible position provides a professional encineering

challenge to work at the cutting edge of the Military—High Reliability
and Aerospace industry. Additionally, this position will give the select

individual the opportunity to develop one’s untapped innovative and
creative skills within a solid growth rate firm whose reputation and
high tech product line continues to be a leader in the industry.

Minimum qualifications include:
- Possesion of a BSEE Degree, or equivalent (MSEE a pius).
- Five years experience in the design of all forms of crystal
oscillators.
- Managerial experience.

A HIGHLY COMPETITIVE SALARY IS COMPLEMENTED BY AN
EXCELLENT BENEFITS PACKAGE.

Furthermore, to complement the rigorous protessional challenge is
an opportunity to experience a “Quaiity of Life” in a scenic and

historical south central Pennsylvania setting whose Iccation provides

a very desirable community lifestyle, yet giving easy access to the
major east coast metropolitan and cultural centers.

Please call/write to the:

Director of Human Resources
100 Watts Street

Mt. Holly Springs, PA 17065
(717) 486-3411

McCoy Electronics Company

RF Design Software Service

Computer programs from RF Design,
provided on disk for your convenience.

This month’s disk (RFD-1089}
“A Spurious Response Program for Wideband Mixer Circuits.” by
Wilklam Sabin of Rockwell-Collins. Computes and plots inter-
modulation products for wide bandwidth frequency conversions.
{Pascal, compiled, executable file)

Advertising Index

Disk RFD-0989: September 1989
“Caiculating S-Parameters from Nodal Analysis,” by Bert Erickson
of GE
Two programs: SPAR, described in this issue’s article (BASIC), and
NTWK (Compiled, executable) an updated version of the author’s
nodal analysis program published in December 1986 RF Design.

Disk RFD-0889: August 1989
1. "Chebyshev Filters with Arbitrary Source and Load
Resistances,” by Jack Porter of Cubic Corp. (BASIC)
2. A General Purpose Osciliator,” by Dr. YC. Cheah of Hughes
Network Systems. From June 1989 issue—Mathcad files for

S-parameter conversions.

Programs have been available on disk since February 1989.
Send for a complete listing of avallable programs.

Disks are $9.00 each (5% i) or $10.00 {32 in). Outside U.S. and Canada, add $8.00
per order. Foreign checks must be In US funds, drawn on banks with US. offices or agents
Prices include postage and handiing

Annual subscrptions are available, providing 13 disks for $90 (5% in ) or $100 (3% in)
For subscribers outside the US. and Canada: add $50

Payment must accompany order. Specify disks wanted, and send check or
money order to:

RF Design Software Service
PO. Box 3702
Littleton, Colorado 80161-3702

Questions and comments should be directed to RF Design magazine
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See us at WESCON booth #848-850.

This High
Performance
Signal Generator
Comes With

A Low

Sticker Price

The New 2022C Signal Generator is
Loaded With All The Options... +13dBm,
GPIB, 2 Year Warranty, and More...

Features like: accurate and level output,
setting storage in non-volatile memory,
reverse power protection to 50\, memory
clear for security. Internally stored status
information includes GPIB address, serial
no., elapsed operating-time indicator,
and the ability to choose from seven
calibration display units. All standard.

This compact, portable, lightweight
unit operates over the frequency range
of 10kHzto 1 GHz.

For a demonstration, literature, pricing
contact MARCONI INSTRUMENTS,
3 Pearl Ct., Allendale, New Jersey 07401.
1-800-233-2955 or (201) 934-9050.
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Adams & Russell

COMPONENTS GROUP
A mAacom COMPANY

80 Cambridge Street  Burlington, MA 01803  (617) 273-3333

RF & Microwave Signal Processing Components

nts -9

_—

FAX: (617) 273-1921

GaAs MMIC & RF Amplifiers ¢ Log Amps ® Couplers ® Digital Attenuators ® Microwave Control Devices * Doublers ® Hybrids * RF & Microwave Mixers ® Modulators ¢ Attenuators * Oscillators

Phase Shifters » Power Dividers ¢ Subsystems * Pin Diode & GaAs MMIC Switches ® Subsystems * Transformers
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