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You don't need a forklift, a strong back,
and a keen sense of balance to put an
entire microwave lab on your desk.

All you need is CAE design soft-
ware from EEsof.

Our tools realistically simulate just
about every piece of equipment in the
lab—right there inyour very own office.

From devices to circuits to subsystems.

You'll be able to create better prod-
ucts with more functions and higher
yields. Explore new concepts. Work
on projects that wouldn't even be pos-

TWO WAYS

T0PUT

AN ENTIRE
MICROWAVE

LAB ON
YOUR DESK

— =N

|

it

sible if you relied solely on the lab.

And you'll do it fast. From idea to
finished prototype indays or weeks in-
stead of months or years.

£Esof's business is software.
We've been the leader in microwave
software tools since 1984 when our
first product, Touchstone® freed you
from mainframe, timeshared comput-
ing and let you design with a desktop
workstation.

Today, our family of products, in-
tegrated through ACADEMY ™into

©1990 EEsol. Inc  EEsof and Touchstone are registered I-ademarks of EEsof, Inc ACADEMY 15 a trademark of EEsof, Inc

one microwave design framework, re-
duces manufacturing costs, increases
yields, and slashes adjustment, test-
ing, and design time.

Call EEsof at 1-800-624-8999,
ext. 155 or FAX us at 1-818-991-
7109. We'll send you all the facts on
our microwave CAE design tools.

That way the only things stacked
up on your desk will be letters of

praise from E f

all of your
customers.
INFO/CARD 1
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EMI/EMC Testmg
Made A

frum Analyzer
eak Detector

»

Sk

Equally at home in the laboratory, on the
manufacturing floor, or in the field, IFR's A-7550 and
A-8000 Spectrum Analyzers with optional built-in
Quasi-Peak Detectors provide complete EMI/EMC
testing capability from 10 KHz to 1000 Mhz. In
addition, the extended range of the A-8000 allows
the study of interfering signals up to 2600 Mhz in
frequency.

Standard features of both the A-7550 and the
A-8000 include a synthesized RF system, +30 dBm
to —120 dBm amplitude measurement range,
frequency spans as small as 1 KHz/division, and
resolution bandwidths as narrow as 300 Hz. This
gives the A-7550 and the A-8000 a superior
frequency and amplitude measurement capability
Our continued growth has created

openings for Engineering Professionals
Please contact IFR for information

IR

&

previously unavailable on spectrum analyzers in
this price range.

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

For more information or a demonstration

contact your local IFR distributor or
representative, or contact IFR
directly at 316/522-4981.

IFR SYSTEMS, INC.

10200 West York Street / Wichita, Kansas 67215-8935 U.S.A.
Phane 316/522-4981 / TWX 910-741-6952 / FAX 316/524-2623
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DAICO
Constant Insertion Phase Attenuators
Eliminate Tweaking,

PHASE CHANGE VS. ATTENUATION

100 MHz

TYPICAL PERFORMANCE

LL. (dS)

10
FREQUENCY (MHz)

OPERATING CHARACTERISTICS

PARAMETER

SWITCHING
TRANSIENTS

TRANSITION
TIME

PEAK VALUE
9096/10% or
10%/90% RF
5096 TTL to
90%/10% RF

SWITCHING
SPEED 1 350

MONOQTONICITY
GUARANTEED

INSERTION LOSS 60
A\ PHASE +10
ATTENUATION
RANGE 315
STEPS
VSWR 108 1.35/1

70 MHz

05,1, 2,4, 8 16d8

For systems hat demand constant insertion
phase, ordinary digital attenuators won't
cut it—but the DAICO DAOG616 will.

The DAOG16 is a 6 bit, high speed,
phase compensated attenuator designed to
hold nearly constant insertion phase across
its entire attenuation range.

To get mare facts on the DAO616 and other DAIC() phase compen-
sated attenuators please call our application engineers at (213) 631-1143
for assistance.

\'{:Q;’

DAICO INDUSTRIES, INC.

2453 East Del Amo Boulevard, Compton, CA 50220
lelephone 213/631-1143 « FAX 213/ 6318078
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A Portable Low Cost
RF Voltmeter

This article describes the design of an inexpensive,
portable RF voltmeter that covers the frequency
range from 10 KHz to 10 MHz. Requirements for this
instrument’s design were low cost, battery power,
and the ability to fit into a standard tool kit. Its main
use is by field service personnel as an alignment
and troubleshooting aid.

— Dale Lindseth

Microstrip CAD Program

The program described in this article is used to syn-
thesize microstrip lines and other related parameters
based on the equations which take into account the
presence of a cover over a microstrip line.

— Thomas Cefalo, Jr.

cover story

45

New Network Analyzer for
Precision Baseband and RF Measurements

Hewlett-Packard has released the HP 8751A, a network analyzer with a frequency
range of 5 Hz to 500 MHz. The versatility of this instrument enables it to perform
well in a wide range of applications.

— Alan Fryer

emc corner

65

Superimposing Low-Phase-Noise, Low-Drift
Instrumentation Techniques on RF Design

Internal noise and EMI limit the performance of sensitive circuits for audio, RF, and
instrumentation. This paper describes techniques for optimizing residual noise per-

formance in circuitry used for phase-noise measurement
— C. M. Felton

design awards

76

79

Constant Reactance Voltage Controlled Oscillator

This interesting design describes an unusual method for tuning an oscillator. By
using the field of an ordinary electro-magnet to maintain the reactance of a ferrite
toroidal inductor, the VCO can provide a wide continuous tuning range of 75 to 1.

— Raymond Page

RF Expo East Features an
Outstanding Technical Program

RF Expo East will be held November 13-15, 1990 at Marriott's Orlando World Center
in Orlando, Florida. Participation is at an all-time high, including more international
speakers than any previous Expo. This year's program covers traditional and ad-
vanced RF topics.
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HIGH POWER
COMBINER

FEATURES:

e LOW LOSS

* HIGH ISOLATION

e EXTERNAL
TERMINATIONS

4 WAY COMBINER
MODEL

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

TYPICAL
SPECIFICATIONS

INS. LOSS 0.15db
ISOLATION 25db
VSWR 1.2:1
POWER 2Kw
Connectors

input N

output 1-5/8 EIA

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

1965 - 1990
25 years in business

8470, WERLATONE, INC.
P.O. Box 47
Brewster, NY 10509
Tel: (914) 279-6187
FAX: (914) 279-7404
decades ahead
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RF editorial

The
World
View

By Gary A. Breed
Editor

A recent quote from an industry leader
goes something like this: “Either
you're an international company, or
you're not going to be in business very
long.”” Perhaps it’s overstated, but it fits
my own observation that RF companies
who are doing well are getting much of
their business overseas — mainly in
Europe and the Far East.

Those of you who have any doubt
that world markets dominate trade
should take note of the situation in the
Middle East Much of Iraq’s motivation
in the seizure of Kuwait was to help raise
the price of oil, paid mostly by customers
in the U.S., Japan and Europe. Iraq
needs to pay off its war debts, accrued
from purchases of military equipment
from France and the USSR. Iraq also
owes the U.S. a couple billion dollars for
agricultural products. Empire-building
is an expensive undertaking.

The crisis is complicated by the many
foreign citizens who are being held
hostage. This leverage would not be
possible if the oil business was not a
strongly multinational industry, with per-
sonnel from many different countries
working in the Middle East. Presidents
and Prime Ministers are discovering the
difficulties that can arise when their
countries’ citizens travel and work in
other parts of the world.

Now, look at the forces gathered in
Saudi Arabia in response to the lraqi
actions. The forces are principally U.S.
soldiers, airmen and sailors, but with
help from Egypt, France, Great Britain,
Italy, and other countries. Japan is
sending money, and even poor Bangla-
desh has made a significant effort to
support these forces. These efforts are
not being made because Saddam
Hussein has committed an act of war

against Kuwait, but because that act will
affect the huge financial interest many
countries have in the world’s oil re-
sources.

What lessons can RF companies
learn from this example? Mainly, we
should understand that the concept of
a “‘world economy’ is correct. Selling
products only within one country duts a
ceiling on sales potential, and puts a
company at the mercy of one set of
political and economic policies. To be
fair, this approach has the advantage of
simplicity, and works well for a number
of businesses. However, foreign compa-
nies may choose to compete in the same
market, probably with different produc-
tion costs, profit expectations and sales
tactics.

One key to successful international
sales is making use of your own particu-
lar advantages. For example, Japan and
Taiwan have successfully utilized a
strong traditional work ethic — they get
a lot of output from their workers. Some
European countries have gained an
advantage from their heritage of skilled
craftspeople. The poorest nations have
unskilled but plentiful labor and can
economically produce low-tech goods.

Here in the U.S. we have our own
strong traditions — innovation and crea-
tivity — attributes that make the U.5. the
world leader in many businesses. Inno-
vation and creativity are also apt de-
scriptions of RF technology; strengths
that have been used to create efficient
communications systems, high perform-
ance instruments, outstanding software
design tools, advanced components and
circuit developments. Successful RF
companies are showing us that ‘hese
products are marketable to custcmers
all over the world.

October 1890



No one delivers noise performance
like Noise Com. And no one
delivers it on time, time after
time, like Noise Com. We've built
a solid reputation for quality,
performance, and service that is
unmatched in the industry.

Noise Com offers the industry’s
broadest spectrum of noise
products — from diode chips to
hermetically-sealed noise diodes
to precision coaxial and waveguide
noise sources, and manual,
automated, and high-power noise
generating instruments.

Noise Com also designs custom
subassemblies that combine noise
technology with passive and
active components. We have
constructed fast-switching
frequency-hopping generators,
extremely stable noise generating
subsystems, frequency-agile
jammers, and secure
communications subsystems.

Quality products and the
industry’s most responsive service
and support have made Noise
Com the leader in noise
technology.

Put our resources to work for you.

Call Gary Simonyan at Noise
Com, (201) 261-8797.

For Noise Com’s complete
line of products
see the Microwaves & RF
Product Data Directory

0. NoseEcy

Hermetically sealed
noise diodes ”,

NC 100 through 7

NC 400 Series
DC to 110 GHz

= Chips and five package options
« Flat output
= Operating temperature
-55 to +125° C
= Storage temperatures
-65 to + 150° C
=« Meet MIL-STD-750
= 50-ohm impedance
» Wide variety of packages

Drop-in noise modules
for BITE applications
NC 500 Series e va)
200 kHz to 5 GHz g;c:,l
« Drop-in TO-8 packages
= Economical solution to BITE
= 31 dB ENR output minimum
« Minimum crest factor 5:1
= Operating temperature
-55 to+85° C
« Storage temperature
-65to+ 175°C
= Temperature coefficient
0.01dB/°C
« 50-ohm output impedance

Noise Com: Quality.
Performance. Service.

From the leader in noise sources.

Amplified
noise
modules

NC 1000 Series
DC to 2000 MHz

= High power—up to 13 dBm
= Minimum crest factor 5:1
= Flat response— +0.75 dB
= Operating temperature
-35 to +100° C
« Storage temperature
-65 to +150° C

Plug-in T,
amplified \\{/}
noise modules
NC 2000 Series

100 Hz to 300 MHz

= 24-pin packages

» Minimum crest factor 5:1

« High-end roll off 6 dB per
octave

« Operating voltage of +15 VDC,
+12 VDC optional

= Storage temperature
-65 to +125°C

« Operating temperature
-55 to +85° C

» Temperature coefficient
0.025 dB/° C

Custom noise subsystems
Special products for unique applications

= Custom combinations of
connectors, operating voltages,
electrical performance, and
packaging

= Multiple outputs

» Instruments for NPR testing

» Switched noise sources

» Space-
qualified
noise sources

« High-power noise sources
= Noise sources with filtering,
and adjustable power level and

clipping

E. 64 Midland Avenue, Paramus, New Jersey 07652

Number One in Noise Sources. INFOI/CARD §

(201) 261-8797 o FAX: (201) 261-8339
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LORCH ELECTRONICS excels in designing and manufacturing
PHASE COMPARATORS with center frequencies from a
fraction of a Megahertz to 1 GHz. They accept two RF input
signals of the same frequency and produce two video outputs
proportional to the sine and the cosine of the phase difference
between these two signals. Thus, they provide information for
unambiguously indicating a phase difference up to 360 degrees.

Two basic series Models CP-410/411 and CP-420/421 constitute
the LORCH ELECTRONICS standard line of PHASE
COMPARATORS. Models CP-410/411 are intended for general
use, Models CP-420/421 for processing high level signals. All are
broadband devices, accepting signals up to 26% bandwidth—
more on special order. These units are of sound electrical and
mechanical design and employ carefully selected components.
They are 100% temperature and environmentally tested before
shipment.

“Specials” are manufactured by LORCH ELECTRONICS to
customers’ requirements. They may feature exceedingly low
phase errors, utilizing military components for high
reliability operation under demanding conditions. Their
electrical design places great emphasis on high stability under
extremes of temperature. Rigorous and prolonged environ-
mental testing is invoked.

Please send your specifications to the PHASE COMPARATOR
specialists at LORCH ELECTRONICS, or call us to discuss your
requirements with our Engineering Department.

LORCH ELECTRONICS |

2801 72nd St. N. « St. Petersbuqu};(ljlgiz‘})O 6(813) 347-2181 « FAX (813) 347-3881
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Patented QUALCOMM Noise
Reduction Circuit actually
reduces spurious noise.

Fast FSK and PSK modes
included. o

At $35, the Q2334 DDS is a
steal (20 MHz version,
quantity 1000).

$25 8-bit DAC provides similar
spurious performance as a
$75 10-bit DAC (Sony
CX20202) using patented
noise reduction circuit.

Change frequencies in 0.007 /
Hz increments (30 MHz
clock). 1
2t g
Built-in quadrature step [ \
control. N ’ \\

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

frequency offset.

Can't wait? Order Q0310-1
DDS Evaluation Board for
fast-turn prototyping and low
volume applications.

modulation with over 4 billion
step resolution.
MIL 883 screened DDS
/ available.

QUALCOMM Q2334 DDS +
Q3036 1.6 GHz PLL for hybrid
DDS'PLL synthesizers.

Fine tune your phase

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

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

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

BY QUALCOMM

WHY COMPROMISE?

At QUALCOMM, we believe
compromise leads to mediocrity.

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

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

A QUALCOMM full-custom

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

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

QUALCOMM DDS Patents 4,901,265, 4,905,177. ©1990 QUALCOMM, In
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hind CDMA digital cellular
telephone and OmniTracs®, the
world's first and most success-
ful two-way mobile satellite
communications system.

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

VLSI Products Division
10535 Sorrento Valley Road  San Diego, CA 92121 LISA

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

UALCOMW

NCORPORATED

"the elegant solution”



s L they
just as

ATC Price  $1.35
Competitor Price .99
Savings = .36

Amplifier Module Cost  $1,800.00

Amplifier Replacement Costs 2,600.00
Minus Savings — .36
Total Loss = $2,599.64



told me 1t was
good as ATC”

Did you ever stop and wonder why everyone claims
to be equal to or better than ATC?
We view it as an honor . . . can you afford to view them as the same?

A recent independent survey of capacitor suppliers ranked
American Technical Ceramics number one for the tenth consecutive year
for quality, service and technical support.

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

@A &
Loy ‘h 1 »
c ¥ " \; //
\” i A - /)j ~'
Py T o g

american technical ceramics corr.
one norden la., huntington sta., n.y. 11746-2102 usa
phone 516-547-5700 « telex 825707 « fax 516-547-5748

INFO/CARD 8
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Low Noise
OCXOs

Noise (dBcHz)

100 1 10 50
kHz kHz kHz

CO-718SL2

[ l:}equency 4-13 MHz
Output: | Sine or Logic

0C+50C T +1x10-8
-55 Ci+75C:| #5x108

Aging:| 5x 10-'%day, 1x10 yr
Phase Noise | 10 Hz: -130 dBo/Hz
__(Sine Out): | 50 kHz: -168 dBc/Hz

1 1x10~’m4minutes
1x 10-81n 10 minutes

Size:| 2'x2"x1"(51x51 x25.4 mm)

Warm-up

Premium
Performance Q

CO-7055L2

= ‘|
Frequency: [ 4-25MHz
Output:| Sine or Loglc
0C+50°C:| £1x10°
-55°C/+75°C:[ #5x10-9 o
Aging:| 5x 10-'%day 1107 yr

Phase Nowse | 10 Hz 130 dBHz
__ (Sine Out):| S0kHz:-168 dBcHz
1x10-7in 3 minutes
1x10-8in 5 minutes

JB ﬁ17 x1! "x2"(38x38x751mm)

W &
VECTRON

h__ 4

The Crystal Oscillator Company

Warm-up:

VECTRON LABORATORIES, INC.
166 Glover Avenue. Norwalk, CT 06850.

Phone: (203) 853-4433. FAX: (203) 849-1423.
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Electrical Manufacturing and Coil Winding *90

O’Hare Expo Center, Chicago, IL
Information: Electrical Manufacturing & Coil Winding '90, 2400
East Devon Avenue, Suite 205, Des Plaines, lilinois, 60018.

EMC Expo 90

San Mateo County Expo Center, San Mateo, CA
Information: EMC Technology, P.O. Box D, State Route 625,
Gainesville, VA 22065. Tel: (703) 347-0030.

Systec 90

Munich Trade Fair Center, Munich, Germany
Information: Kallman Associates, 5 Maple Court, Ridgewood,
NJ 07450-4431. Tel: (201) 652-7070. Fax: (201) 652-3898.

Electronic Imaging Conference East

Hynes Convention Center, Boston, MA
Information: MG Expositions Group, 1050 Commonwealth
Ave., Boston, MA 02215. Tel: (800) 223-7126 or (617)
232-3976.

North American ISDN Users’ Forum

NIST, Gaithersburg, MD
Information: Dawn Hoffman, B364 Materials Building, NIST,
Gaithersburg, MD 20899. Tel: (301) 975-2937.

22nd international SAMPE Technical Conference

Boston Park Plaza Hotel, Boston, MA
Information: SAMPE, P.O. Box 2459, Covina, CA 91722. Tel:
(818) 331-0616.

Electronica

Munich Trade Fair Center, Munich, West Germany
Information: Kallman Associates, 5 Maple Court, Ridgewood,
NJ 07450-4431. Tel: (201) 652-7070.

AUTOFACT ’'90
Cobo Conference and Exhibition Center, Detroit, Ml
Information: Carol Valykeo. Tel: (313) 271-0777.

RF Expo East 90

Marriott Orlando World Center, Orlando, FL
Information: Kristin Hohn, Cardiff Publishing Company, 6300
S. Syracuse Way, Suite 650, Engiewood, CO 80111. Tel: (303)
220-0600; (800) 525-9154.

WESCON ’90

Anaheim Convention Center, Anaheim, CA
Information: WESCON/90, 8110 Airport Blvd., Los Angeles,
CA 90045. Tel: (213) 215-3976. Fax: (213) 641-5117.

Technology 2000

DC Hilton Hotel, Washington, DC
Information: Bill Schnirring or Joe Pramberger, NASA Tech
Briefs’ Editor at NASA Tech Briefs, 41 East 42nd St., Suite
921, NY, NY 10017. Tel: (212) 490-3999.
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é}Richardson Electronics, Ltd. and SGS-THOMSON

We Pack the Power’

120 Watts
Class AB
860-960 MHZ

150 Watts
Class AB
470-900 MHZ

175 Watts

- Class AB
300 Watts
100-500 MHZ 1KW

250 Watts

hardson Electronics and SGS-Thomson
manufacture and distribute RF and Mic
- Bipolar and FET Power Transistors.

2 30MHz Linear SSB Up to 250 Watts 200  950MHz - UHF Pulse Up 1o 500 Watts
2 88MHz FM, Class C Up to 250 Watts 960 1200MHz - PulseDME/IFF TACAN Up to 1200 Watts
88 108MHz  Class C, FM Transmitters Up to 250 Waits 1|74 1 4GHz Pulse for Radar Applications Up to 285 Watts
108  152MHz - Class C. Aircraft Up 1o 125 Watts 075 2GHz Microwave. Class C Up to 20 Wats
2 150MHz - MOS FETS Up 1o 300 Watts 2 4GHz Microwave. Class A Up 1o 6 Watt
130  230MHz - Class C, FM Mobile Jp to 150 Watts 07 2 5GHz Microwave. Oscillators Up to 2 Wat:

2 400MHz  MOS FETS Up to 15 Watts 14 2 7GHz Microwave, Telecomm Up to 30 Watts
450  512MHz  Class C, Mobile Up fo 65 Watts 40 900MHz - Class A Linear for CATV/MATV. 6GhHiz FT/1 2dENF
806 960MHz  Class C land Mobre Up to 60 Watts 2MHz 1GHz Small Signal Die and Waters

WidebandVHF UHF Up to 125 Watts 2MHz 3 5GHz RF and Microwave Die and Wafers

TV Transmitters Band | & I Up to 240 Watts Active Bias Devices

TV Transmitters, Band Il Up to 200 Wats MOS Chip Capacitors for Hybrid Applications

TV Transmitters, Band IV & V . Up to 150 Watts JANTX. JANTXV Equivalent Screening

See SGS-Thomson at RF Expo West Booth #114 Environmental Testing Services

Off the shelf from Richardson Electronics Ltd. Corporate Headquarters: LaFox, IL (708) 208-2200; =AX: (708)
208-2550; U.S. Sales: (800) 348-5580; Brooklyn: (800) 221-0860; Canada: Ontario - (800) 387-2280; Quebec - (800) 363-1323.

SGS-Thomson Sales Offices — Northeast: (201) 890-0884 Southeast: (215) 362-8500 Central: (214) 466-8844

West: (213) 675-0742.
INFO/CARD 10



RF courses

Analyzing Communications Systems Performance
October 15-17, 1990, Washington, DC
Modern Receiver Design
October 15-19, 1990, London, England
Electronic Warfare Systems
October 15-19, 1990, Washington, DC
Electromagnetic interference and Control
November 5-9, 1990, Washington, DC
Frequency-Hopping Signals and Systems
November 5-7, 1990, Washington, DC
Cyclostationary Signal Processing
November 7-9, 1990, Washington, DC
Grounding, Bonding, Shielding and Transient Protection
November 12-15, 1990, Orlando, FL
Satellite Communications Engineering Principles
November 19-21, 1990, Washington, DC
lonospheric Radio Propagation for System Planners
November 27-30, 1990, Washington, DC
Spread Spectrum Communications Systems
December 3-7, 1990 Washington, DC
Electronic Countermeasures
December 3-7, 1990, San Diego, CA
New HF Communications Technology: Advanced Tech-
niques
December 3-7, 1990, San Diego, CA
Information: George Washington University, Merril Ferber.
Tel: (800) 424-9773; (202) 994-6106. Fax: (202) 872-0645.

Basic Telephony

October 22-24, 1990, Madison, WI
Digital Switching

October 25-26, 1990, Madison, WI
Information: University of Wisconsin-Madison, College of
Engineering. Tel: (800) 222-3623; (414) 227-3200. Fax: (414)
227-3119.

Infrared/Visible Signature Suppression
October 23-26, 1990, Atlanta, GA
Polarimetric Radar Technology
October 30-November 2, 1990, Atlanta, GA
Principles of Modern Radar
November 5-9, 1990, Atlanta, GA
Far-Field, Anechoic Chamber, Compact and Near-Fieid
Antenna Measurements
November 27-30, 1990, Atlanta, GA
Phased-Array Antennas: Theory, Design and Technology
November 27-29, 1990, Atlanta, GA
Information: Education Extension, Georgia Institute of Tech-
nology. Tel: (404) 894-2547.

Management of Electromagnetic Energy Hazards

October 24-26, 1990, New Brunswick, NJ
Information: Office of Continuing Professional Education, Cook
Coltege, Rutgers University. Tel: (201) 932-9271.

Anomalous Microwave & RF Propagation
October 18-19, 1990, College Park, MD
Digital Satellite Communications
November 3-5, 1990, College Park, MD
Modern Frequency-Time & Spatial-Time Signal Processing
December 3-6, 1990, College Park, MD
Information: Applied Technology Institute, Jim Jenkins. (301)
997-6814.

14

Troubleshooting Microprocessor-Based Equipment and
Digital Devices

October 23-26, 1990, Chicago, IL

October 30-November 2, 1990, Nashville, TN

November 26-29, 1990, Houston, TX

December 3-6, 1990, Phoenix, AZ
Information: Micro Systems Institute, Janet McHenry. Tel: (913)
898-4695.

DSP Without Tears™ for Engineers

October 24-26, 1990, Atlanta, GA
Information: Right Brain Technologies. Tel: (404) 420-3834.
Fax: (404) 252-4122.

Introduction to EMI/TEMPEST Theory
October 15, 1990, San Diego, CA
How to Meet EMI/TEMPEST Shielding Requirements for
Rooms and Facilities
October 16-18, 1990, San Diego, CA
Physical Security for Sensitive Compartmented Informa-
tion Facilities
October 19, 1990, San Diego, CA
EMP Hardening Design and Test for Facilities
October 23-24, 1990, Washington, DC
EMP Hardening Design and Test for Electrical Equipment
October 25-26, 1990, Washington, DC
November 14-16, 1990, Washington, DC
Information: Praxis International, Inc.. Tel: (215) 524-0304.
Fax: (215) 524-0438.

EMC for Digital Designers
October 23, 1990, Bloomington, Minnesota
ESD Immunity for Electronic Equipment
October 24, 1990, Bloomington, Minnesota
Information: Amador Corporation, Diane Swenson, Tel: (612)
465-3911.

Microwave Circuit Design: Linear and Nonlinear
October 24-26, 1990, Dallas, TX
October 29-31, 1990, Boston, MA

Information: Vendelin Engineering. Tel: (408) 867-2291.

Transient Voltage Suppression Design Seminar
October 30, 1990, Fairfield, NJ
November 1, 1990, Rochester, NY
November 6, 1990, Atlanta, GA
November 8, 1990, Baltimore, MD
Information: GSI Educational Services. Tel: (800) 776-8358.

Academy (Schematic)

October 22-23, 1990, Westlake Village, CA
Academy (Layout)

October 24-25, 1990, Westlake Village, CA
Information: EEsof, Ginger Craft. Tel: (818) 991-7530.

Basic Network Measurements Using the HP8510B Network
Analyzer

October 22-24, 1990, Los Angeles, CA

October 23-25, 1990, Atlanta, GA

November 13-15, 1990, Dallas, TX
Microwave Fundamentals

October 29-November 1, 1990, Los Angeles, CA
Information: Hewlett-Packard Company. Tel: (800) 472-5277.
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If modern circuit design
looks like this to you,
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call us for assistance.

New design tools can speed up project
development. However, what you learned in
school yesterday may not be sufficient in
today’s world.

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

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

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

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

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

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

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

Besser Associates
4600 El Camino Real

Suite 210

Los Altos, CA 94022

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

RF Expo West Call for Papers —
Engineers are invited to present a paper
for the technical program at RF Expo
West 91, to be held February 5-7, 1991
at the Santa Clara Convention Center,
Santa Clara, California. Topics of cur-
rent interest include: EMC Topics, Part
15 Design, Modulation/Demodulation,
Frequency Synthesis, Filter Design, Os-
cillators, Receiver Design, Power Ampli-

fiers, and Antennas. In addition, topics
on virtually any RF subject are welcome.
Of special interest are tutorials on
traditional or advanced RF topics. Send
an outline or abstract of the proposed
paper by October 22, 1990 to the RF
Expo West Program Chairman c/o RF
Design, 6300 S. Syracuse Way, Suite
650, Englewood, CO 80111.

Now You Can Easily Distribute
Digital Data or Analog Signals
for Expanded Applications

Modular design expands
with your requirements.
The basic enclosure will hold
from 1 to 15 plug-in channel
modules. Each channel may
be individually set to the
desired operating format.

Analog distribution mod-
ules increase system
flexibility. Plug-in analog
distribution modules may be
added to the same enclosure.
Several different bandwidths
and gains are available.

il
tln

Front panel switches
simplify operation. Select
a balanced or unbalanced
input, with four different
impedances. Each channel
provides 3 balanced and 3
unbalanced outputs.

APCOM offers a com-
plete line of related
products. These include
Video Distribution,
Audio/IF/Timing Distribu-
tion, Spectrum Analyzers,
Snapshot Record Converters,
Digital Signal Processing, Base
Band Translators and
IF/Predetection Converters.

APCOM

INCORPORATED

APCOM INC.

8-4 Metropolitan Court
Gaithersburg, MD 20878

(301) 948-5900
Fax (301) 948-1631
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Qualcomm’s CDMA Technology
Adopted by AT&T, NYNEX and
Ameritech Mobile — AT&T, NYNEX
and Ameritech Mobile have signed agree-
ments to evaluate, develop and imple-
ment Qualcomm’s Code Division Multi-
ple Access (CDMA) technology for wire-
less personal communications equip-
ment. Utilization of COMA would allow
for up to twenty times the present
capacity using the same frequency
bands currently allotted to cellular users.
CDMA works by assigning a signal a
unique, binary code and transmitting it
via spread spectrum using a digital
multiple-access technique. This allows
a large number of signals to use the
same part of the spectrum simultane-
ously. In addition to increased user
capacity, CDMA is less expensive and
offers rapid availability. According to
Allen Salmasi, Vice President of Plan-
ning at Qualcomm *“CDMA is a cost-
effective technology that requires fewer,
less expensive cells and no costly re-use
patterning, offers inexpensive mobile
and portable radios, and provides for
much lower system cost per subscriber
because of large capacity.” With the
signing of these agreements, AT&T
NYNEX and Ameritech Mobile join
Pactel in supporting CDMA Digital Cellu-
lar technology. The companies expect
to have CDMA-based systems available
by early 1991.

NATO and Harris RF Sign Contract
— Harris RF Communications recently
signed a contract to supply an advanced
HF radio communications network,
known as Cross Fox, to the Norwegian
Defence Communications and Data Serv-
ices Administration, on behalf of NATO.
The Cross Fox system is a distributed,
computer controlled HF communication
network used by the allied NATO Navies
for ship-to-shore and shore-to-ship com-
munications. The depot repair facility
will provide special test fixtures and
software development facilities that will
allow NATO to provide on-going mainte-
nance for the Cross Fox system.

Bell Atlantic to Begin Technical
of CT2-CAl — Bell Atlantic
Mobile Systems announced that it will
conduct this nation’s first technical trial
of second generation cordless tele-
phone technology, telepoint CT2-CAl
(common air interface). CT2 has been
described as a combination of cellular
and pay phone services, in that a user
could not receive calls and calls could
not be automatically ‘*handed off"’ from
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e View Technology
A Little Difterently,

It’'s not where you've been—it’s where you're going.
The grass is always greener on the other side. You've
heard it all before.

But at Ericsson GE, we have a different way of looking
at it.

At our site in Lynchburg, Virginia—nestled on the edge
of the Blue Ridge Mountains and in the valley of the
James River—the mind dwarfs the insignificant and
ignites the original. There’s something about looking
out your office window and catching the mountainside
in autumn blaze.

And in Research Triangle Park, North Carolina, there’s an
energy radiated by the tall pine trees hovering our high-
tech facility. It’s in the
air—and sparks the
creative synergy that
has made Ericsson

GE the high tech-
knowledgeable™

leader.

Does environment
impact creativity?
We think so.

The urban pavement
is full of well-worn
ideas. But what keeps
the innovative adventurer going is just that: Stretching
out and exploring with the mind and

At Ericsson GE, we offer the best of both worlds: An en-
vironment that will take you to new heights while you
are creating and while you are not.

At Ericsson GE—a
joint venture be-
tween L.M. Ericsson
of Sweden and GE—
you can put your ex-
ceptional creative
talents to work—
you're at the hub of
high techknowl-
edgeable™ break-
throughs. And you
can enjoy the advan-
tages of living in one
of the country’s most
beautiful, exciting and affordable areas.

At our Research Triangle Park, North Carolina, and
Lynchburg, Virginia, sites, there are a number of chal-
lenging opportunities currently available. Call on your
experience for a position in:

Radio Frequency
Microcircuitry Design
Hardware Electronics
Applied Research

Digital Signal Processing
Software Development
Mechanical Engineering

For information contact:
Ernie Leskovec, Ericsson GE, One Triangle Drive,
PO. Box 13969, Mail Drop 10,

with the eye.
ERICSSON

Research Triangle Park, NC 27709;

< @ (919) 549-7530
- Principals only—please,

For The High Tech-Knowledgeable*

no agency referrals.

An equal opportunity employer.
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‘emote possibilities are
ition breakthroughs.

FOR DESIGN INNOVATIONS, YOU

NEED A FULI:-

SYSTEM SUPPLIER WITH NO STRINGS ATTACHED.

Whea it gets down to the wire, there's no better
solution for your telephone, cellular, wireless or
computer connectivity designs than Philips
Components—Signetics.

We affer a complete range of high-performance ICs
to tackle your ever-changing nceds.

For compact radio designs, choose from a complete
range of RF products. Including RF amplificrs, mix-
ers and IF stages. As well as our fully programmable.
low-power synthesizer with an RF divide from

400 MHz to over 1 GHz.

Plus there’s our fully integrated cellular chip set.
It includes demo-boards, software and software
support and is the only complete solution for
designing cellular radio applications. With it you
can reduce the size of your portable product

by rcducing your chip count by up to 90%

And for advanced feature phones, we offer a com-
plete telephone solution including transmission
circuits and feature circuits.

Or for high-speed computer connectivity there's
our advanced Ethernet™ chip set and 100 Mbit fiber

optic transceiver chip set. We also offer 1Cs that
handle all popular protocols. including DUSCCs
and UARTS.

We're building a broad base of state-of-the-art prod-
ucts utilizing our advanced, world-class BiICMOS
process QUBIC. Combining the best features of
Bipolar and CMOS, we're now creating new classes
of high-performance devices within all our product
families.

Each communication IC is an examplc of how
Philips Components—Signetics is designing smarter
devices to meet tomorrow’s
needs. Including the need for
military products. So
whether you're designing
your first product or a new
generation of products,
remember that at Philips
Components=Signetics we
always keep the lines of com-
munication open. Call now
for your communications bro-
chure: 800-227-1817, ext. 714AF.

Frhernet s a trademark of Xerox Corp

Ch i~ s
ACNETCS
EXTENDING THE DIMENSIONS OF PERFORMANCE

PHILIPS

PHILIPS



Rf' neWS continued

one base station to another. The trial
will be conducted at the 891.5-894 MHz
range and will take place over a three
month period in the Philadelphia, PA
area. A small number of base stations
and handsets will be used and moni-
tored to determine the feasibility of
mingling telepoint CT2 and cellular units
in the same spectrum. If technically
successful, Bell Atlantic Mobile will be-

gin evaluating the need for a market trial
to test consumer demand.

Clock and Oscillator Publication
Available — A new publication from
NIST will be of interest to managers of
calibration laboratories in private indus-
try, universities, the military and govern-
ment agencies. Characterization of
Clocks and Oscillators (NIST TN 1337)

Collins Bandpass
Mechanical Filters

B Low Cost (100 Piece Unit Price is $30)
B Compact Design

M Center Frequency: 455 kHz

B Bandwidths: 500 Hz, 2.5 kHz, 6 kHz
B 7 and 8 Pole Selectivity

8 Rugged

B Excellent Quality & Reliability

LOW COST SERIES

Fits in the space!
Fits in your budget!

SETTING NEW STANDARDS FOR IF FILTERS

Rockwell
International

Filter Products
Rockwell International

2990 Airway Avenue

Costa Mesa, CA 92626

(714) 641-5311

FAX: (714) 641-5320

TELEX: 685532 (COLLINS CSMA)
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is a collection of published papers
designed as a reference for those
involved in characterizing and specify-
ing high performance clocks and oscilla-
tors. It is an interim replacement for NBS
Monograph 140, Time and Frequency:
Theory and Fundamentals. The current
volume includes tutorials, standards and
definitions, and specific measurement
and analysis techniques (with correction
and notes indicating current recom-
mended |EEE notation). TN 1337 is
available from the Superintendent of
Documents, US Government Printing
Office, Washington, DC 20402. Order
by stock number 003-003-03019-8 for
$17 prepaid.

AIM Forms Radio Frequency Data
Communications Committee —

| The Automatic Identification Manufac-

turers have established a committee
consisting of companies that manufac-
ture and sell radio frequency data
communications (RFDC) equipment.
The committee will focus on promoting
RFDC as a technology that comple-
ments other Auto. ID technologies. Its
areas of concern are regulatory issues
and technical information for users of
RFDC. The committee will deal with
issues such as allocation of the electro-
magnetic spectrum, the frequencies on
which RFDC systems can operate, the
amount of power that system antennas
can generate, and the maximum allow-
able height of base station antennas.

GaAs MANTECH Call for Papers
— The 1991 U.S. GaAs MANTECH
Conference to be held April 7-10, 1991
in Reno, Nevada has issued a second
call for papers. Papers are invited on
GaAs related topics including: manufac-
turing science and technology, design
for manufacturability, materials produc-
tion and qualification, processing tech-
nology, process control and yield en-
hancement, quality, reliability and radia-
tion hardness assurance, testing,
manufacturing cost issues, computer
integrated manufacturing, product de-
velopment, production and applications,
and government and university efforts
in manufacturing science and technol-
ogy. The deadline for receiving ab-
stracts is November 1, 1990. An original
and thirty copies of an extended abstract
should be sent to: 1991 GaAs MAN-
TECH Conference, Suite 300, 655 15th
Street, N.W., Washington, DC 20005.

KW Microwave Acquired from Sig-
nal Technology — KW Microwave
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has been bought from Signal Technol-
ogy Corporation by an investment group
led by Mr. Shukdev Tantod. The com-
pany will continue to operate under the
KW Microwave name and in the present
facility located at 5855 B Oberlin Drive,
San Diego, California. The new owner-
ship of KW Microwave Corporation now
qualifies the company as a Minority
Owned Small Business.

Call for Papers — The 3rd Interna-
tional Symposium on Recent Advances
in Microwave Technology has issued a
call for papers for their May 22-25, 1991
Conference. The symposium will cover
topics in microwave technology and
applications including: components and
circuits, antennas and radar, MICs and
MMICs, remote sensing, biological ef-
tects and other applications, communi-
cations systems, CAD techniques, propa-
gation and measurements, electro-
optics, microwave and millimeter wave
optical technology, microwave super-
conductivity and microwave education.
One original and 3 copies of the 4-page
manuscript prepared according to the
instructions (sent on request) are re-
quired by January 15, 1991. For more
information contact: Banmali Rawat,
Chairman, Technical Program Commit-
tee, Electrical Engineering and Com-
puter Science Department, University
of Nevada, Reno, NV 89557-0030. Tel:
(702) 784-6927. Fax: (702) 784-1300.

QK Genwave Formed —
Quarzkeramik GmbH has created a joint
venture with Genwave Corporation to
be known as QK Genwave Corporation.

QK Genwave will manufacture high
performance oven-controlled oscillators
as well as provide sales and technical
support. For more information contact:
QK Genwave Corporation, PO Box 547,
Amesbury, MA 01913. Tel/Fax: (508)
388-6787.

Anthony RF Products Established
— Susan and William Anthony recently
announced the opening of a new manu-
facturing facility in Plant City, Florida.
The facility will manufacture RF and
microwave filters in the frequency range
of 10 MHz to 18 GHz, utilizing a variety
of design approaches. Product types
include micro-miniature lumped compo-
nent filters, cavity, combline, and inter-
digital filters, tunable bandpass and
band reject filters, and tubular filters.
Fixed frequency filters are offered in
highpass, lowpass, bandpass, and band
reject circuits. Inquiries may be directed

RF Design

to: Anthony RF Products, Inc., 4288 US
Highway 92W - Unit 4, Piant City, FL
33567. Tel: (813) 752-8455. Fax: (813)
752-3808.

EIP Microwave Acquires Two Cush-
man Electronics Products — EIP
Microwave Inc. has purchased from
Cushman Electronics, Inc. the assets
and manufacturing rights for the Cush-

man CE-24A and CE-80B products. The
CE-24A is a frequency selective level
and noise meter used in field testing of
analog transmission systems. Applica-
tions include measurements of tones,
noise, crosstalk and frequency response
in cable, open wire, and radio multiplex
systems. The Cushman CE-80B is an
automatic PCM fault locating test set
used in testing PCM carrier span lines.

120

YEARS

More Than
A Century Of
State-Of-The-Art
Advances In
Solid State
RF/Microwave Power Amplifiers & Sub-Systems
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(L-R): Lou Scanapico, Sr. Systems Engr.; Tom Dowling, VP Eng’g.; Bill Liebman, VP Marketing; Walter
Koprowski, VP Operations; Bob Vitkovich, Dir. Eng’g.; Dan Myer, RF Engr.; Dick Sheloff, Asst. to Pres.

These are some of the key people behind PST’s outstanding record since its founding.
Prior to that, their combined man-years of experience spanned the 1970’s and 80’s,
when they all made significant contributions to the growth and reputation of what was
then the industry’s leading pioneer in solid state power amplifiers.

Now, they’re here at PST, continuing to advance the state-of-the-art with a full array of
amplifiers and sub-systems — Class A, AB, C; power output to 10 KW; frequencies up to
4000MHz; CW, FM, AM, pulse and phase modulation — for a myriad of high
performance, cost-effective applications including EW, communication, radar,
satellites, troposcatter, laboratory and RFI/EMI testing.

May we suggest that you give them a call, to check out your application requirements —
or just to say hello.

AP
—P POWER SYSTEMS TECHNOLOGY INC.

A COMTECH COMPANY 63 OSER AVE., HAUPPAUGE, NY 11788
TEL. 516-435-8480 ® FAX 516-435-4805 @ TELEX 221234

INFO/CARD 15




REL-EMHEMP

- AMPLIFIER
OYSTEMS

Linear Accelerators, Susceptability Testing,
. Induction Heating, Wideband Jamming
Ou high standard of manufacturing excellence is your

nce of superior quality in design, versatility and
lity. Choose from our complete line of laboratory

B

506LC

210LC
- - -

2000 ':' = Froquency Range: 10KHz to 220MHz

KALUS

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

Noodinille, WA 98072 (206, 485-9000 FAX (206) 486-9657

SALES AND SERVICE CENTERS

HONE: 146450045 GERMANY: Tolemeter Electr GMBH PHONE. (0906) 4091

- FAX: (0906) 21706
30900  ITALY: Vianetio Strumentazione PHONE: 02-89200162
3% FAX. 02.89200382



1GHz INSTANTANEOUS
FREQUENCY RANGE
COMESIN
SMALL
PACKAGE.

MODEL 704FC, MOS-FET, RF AMPLIFIER
With Builtin AC Power Sup 'y

FREQUENCY RANGE: 0.5-1000 MHz

POWER OUT: 4 WATTS SIZE: 7Wx4"Hx9 L

GAIN: 33dB WEIGHT: 6 Ibs

POWER SUPPLY: 90-250VAC DELIVERY: 2-3 WKS. ARO
$2195

Engineering International; Ltdy U.S.A

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

KALMUS EUROPEAN SALES AND SERVICE CENTERS
FRANCE: KMP Electronics PHONE: 1-46-45-09-45 GERMANY: Telemeter Electr GMBH PHONE: (0906) 4091

FAX: 1-46-45-24-03 FAX: (0906) 21706
ENGLAND: EATON, Ltd. PHONE: 734-730900 ITALY: Vianello Strumentazione PHONE: 02-89200162
FAX: 734-328335 FAX: 02-89200382
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m' neWS continued

Tests include a noise threshold test, the
standard MEASURE 1, 2, 3 fault locating
patterns, and the Pulse Period, or
obscure trouble, stress test.

Analog Devices Buys Precision
Monolithics Inc. — Analog Devices
recently announced the acquisition of
Precision Monolithics Inc.. With the
acquisition, the newly expanded com-

pany becomes a $540 million organiza-
tion. Terms of the sale were not re-
leased.

Varian Signs Continental Letter
of Intent — Varian Associates has
reached a tentative agreement to sell its
Continental Electronics unit to Tech-
Sym Corporation. Varian is selling Conti-
nental along with other non-core busi-

Good Sines &
Bad Signs

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

Good Sines NV

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

Bad Signs $$$
And while other manufacturers have big dollar signs.
PTS synthesizers start as low as $3000.

PTS manufactures a complete line of precision synthesizers
covering the 100 KHz to 500 MHz frequency range with
switching times as fast as 1usecond for our direct digital
models. And plenty of other options as well, like resolution
down to .1 hertz (millihertz available as special order),
GPIB and digital phase rotation.

Just as importantly, along with every PTS synthesizer comes
our ““absolutely everything covered’" 2-year warranty. At
the end of two years comes our flat $350 service charge
for any repair up to the year 2000! PTS has a commitment
to quahty you won't find anywhere else.

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

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

==

PROGRAMMED TEST SOURCES. Inc
9 Beaver Brook Road, P.0. Box 517, Littleton. MA 01460
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nesses as part of a major company
restructuring. While the purchase price
was not disclosed the transaction is
subject to a number of conditions which
must be approved by the Boards of
Directors of the two companies before
final approval is given.

Electrical Engineering/Electronics
Bulletin Available — The Technical
Progress Bulletin covers NIST’s Center
for Electronics and Electrical Engineer-
ing and its programs, which provide
national reference standards, measure-
ment methods, supporting theory and
data and traceability to national stan-
dards. Included are abstracts of papers
and published works arranged by topic.
To receive the most recent issue or
to be placed on the mailing list,
write to or call (stating your profes-
sional affiliation or technical interest):
Technical Progress Bulletin, Center
for Electronics and Electrical Engineer-
ing, B358 Metrology Bldg., NIST,
Gaithersburg, MD 20899. Tel: (301)
975-2220.

AIL Systems Awarded US Navy
Contract — AIL Systems Inc. has been
awarded a $28.1 million contract from
the US Navy to provide spare subassem-
blies and components for the ALQ-99
tactical jamming system installed in the
Grumman/Navy EA-6B Prowler aircraft.
The ALQ-99 system was designed and
developed by AIL Systems in the early
1960s for the Grumman EA-6B and
has undergone several major moderni-
zation upgrades since that time. The
system allows Naval Prowler crews to
respond to a wide range of hostile radar
threats.

Eaton to Supply EMS System to
Korean Laboratory — The Electronic
Instrumentation Division of Eaton Cor-
poration has received an order for a
complete Electromagnetic Susceptibility
System from the Anyang Radio Re-
search Laboratory where its counterpart
Electromagnetic Interference (EMI) sys-
tem is already in place. The system will
be used in the immunity testing of
telecommunications equipment for
PABX and digital telephone switching
systems. The EMS system operates
over the frequency range of 20 Hz to 1
GHz. In addition it also has an uitra-
broadband field monitoring system for
the 10 kHz to 1 GHz range. It provides
for both conducted and radiated suscep-
tibility testing.
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Avantek Offers the Widest |

Selection of Wideband Silicon; |
MMIC Amplifiers | |

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

Packages —
Low Cost to High Rel

The MMIC performance you need is available
in a range of packages to fit your overall

¥

Silicon MMICs
Any Way Yo

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

* SOT143 Plastic e micro-X Stripline
* 4-Pac Plastic * 70 Mil Hermetic
* 85-Mil Plastic * 100 Mil Hermetic
» 85-Mil Plastic * 200 Mil BeO
Surface Mount 230 Mil Flange
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Availablé in Quantity for'y |
Volume Applications

Avantek presently produces more than ’
1000,000-MMICs - per.month. Se you can
be assured the MMICs you need will be
available to Suppart your volume production’
programs. And, all MODAMP MMICs are
in stock at your local Avantek distributor.
For additional information, or the name
and address of your local distributor, contact
the regional sales office nearest you.

Regional Sales Offices

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

Santa Clara, California 95054-3292




RF industry insight

EMI Control — Essential For Design

By Charles Howshar and Liane Pomfret,
Assistant Editors

he suppression of electromagnetic

interference (EMI) is a critical ele-
ment in the design of products operating
at radio frequencies. Companies are
now paying more attention to the prob-
lems caused by EMI and looking for
ways to combat its effects while still in
the design stage. With advances in
electronic design and component size
reductions, electromagnetic interference
problems are increasing. Often engi-
neers do not take into account electro-
magnetic interference and must rede-
sign a circuit with provisions for EMI
control. Lester Dant, Vice President of
Ad-vance Magnetics, Incorporated, com-
ments, ‘“We see a lot of retrofitting.
There are always new products that re-
quire shielding which may not have
been considered in the original con-
cept.”” Another area where EMI is caus-
ing problems is in the office envi-
ronment. With more and more comput-
ers and other electrical equipment being
installed in offices, EMI concerns in this
environment are becoming more and
more critical. Dale van Scoyk, Vice
President of North American Sales for
Corcom, Incorporated remarks, *“‘Office
environments have more RFI [radio
frequency interference] in a condensed
area, so office automation problems
occur.”

In the past few years, concern with
EMI has substantially increased. Inter-
est has grown in such diverse markets
as computer system protection in classi-
fied areas (Tempest), lightning control
(EMP), satellites, aerospace, and mili-
tary markets. Terry Plummer, President
of The Zippertubing Company, states,
“It's really across the board. There's
quite a bit of interest from companies
with military, black box, aircraft, and
computer applications.’’ He adds, ‘“‘Back
in 1983 when the FCC put regulations
into effect, there was a lag in manufac-
turing EMI control products. From that
time our sales have increased steadily.”
Although there have been many cuts in
defense spending, the EMI control mar-
ket is basically running full speed ahead.
There have been some minor cuts, but
they haven't affected the market much.
“The biggest growth that we're experi-
encing is in the commercial end more
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than the military. There's a softening of
military demand, but an upsurge in PCs
and automotive demands,’’ adds Murata
Erie's Product Marketing Manager,
Robin Wilson.

Regulations

New regulations for EMC will be going
into effect in Europe and the United
States within the next few years and
companies are adjusting their market
plans accordingly. On January 1, 1992,
the European Common Market EMC
Directive making EMC immunity testing
mandatory in Europe will go into effect
and many European companies will be
unable to comply without making
changes to their designs. This regula-
tion will also affect United States manu-
facturers who wish to market their
products in Europe. Companies with
outlets in both Europe and the United
States will have an advantage over
those based solely in the U.S.A. in that
they will be able to design separate
products for the markets on either side
of the Atlantic. “You have to have
facilities in Europe in order to stay
competitive in the European market,
especially the military market,” com-
ments Robin Wilson. "'There has been
a lot of talk about the continent-wide
regulations that are going into effect in
Europe in 1992 but there have been
insufficient preparations for the changes.
It will be a more consolidated approach
to EMI regulations, but it will be ditficult
for some companies to adapt to,"” re-
marks Joe Fischer, Vice President in
Charge of Engineering for Fischer Cus-
tom Communications, Incorporated.

New Applications
With the increased demand for EMI

control, many new applications are
being developed. ‘‘For the commercial
market, the trend is towards surface
mount technology,” comments Robin
Wilson. “We’ve been trying to incorpo-
rate thermal plastics in EMP (electro-
magnetic pulse) control for airplanes,”
states Burt Bergsrud, Vice President of
Marketing for Glenair Corporation.
“There is demand for signal level filter-
ing where there are cable connections,
and we're developing a line of power
entry modular connectors for this appli-
cation,”’ remarks Corcom’s van Scoyk.
Although military spending cuts have
affected the electronics industry. the
electromagnetic interference controt mar-
ket has barely been touched. “The
commercial market is growing very fast,
and so far, we haven’t been affected by
military cutbacks at all,” remarks Char-
les Belser, Marketing Representative for
Glenair. And, as electronic processes
continue to speed up and circuits con-
tinue to shrink in size, the need for EMC
will continue to grow. Chomerics’ Joe
Butler says, ‘‘We are spending a !ot of
time and money on new regulations and
new applications, because we fee! that
the commercial market has great poten-
tial.”” With the advances that have come
in the medical field, specifically nuclear
magnetic resonance imaging, EMC com-
panies will have another very promising
market to sell to. As Lester Dant re-
marks, ‘‘A lot of ultrasensitive medical
devices, like MRI equipment, have to
be shielded, and that gives us a greater
number of industrial consumers.” The
market for EMI control products is
expanding and outlook for the future is
strong. Given the trend toward new
technologies, conservation of size, and
changing regulations, EMC will continue
to grow for some time to come. RF
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WAVE GUARD

Wave Guard

for EMI, RFI Protection

Architectural Shielding
Copper Wall Paint

Lowest Cost
75¢ / sq. ft.

For Walls, Ceiling, Floors

Fully and Easily
Repairable

For Existing and New
Construction

Fully Tested and
Qualified
at Greater than 60db

Photo Caurtesy of NY recording studto

WAVE GUARD is the Architectural Shielding break-through,

and can be used for most applications including:

radio stations, hospitals, safe rooms, data processing centers, embassies,
test rooms, recording studios and anywhere else where EMI/RFI is

concerned.

WAVE GUARD...Protection you can't afford to be without.

716 South Columbus Ave., Mt. Vernon, NY 10550, (914) 699-3030
3465 So. La Cienega Bivd., Los Angeles, CA 90016, (213) 559-2335
1701 East 122nd St., Chicago, IL 60633, (312) 646-5900
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Higher performance

EMI filtering tor
high speed data lines

All these ferrite beads can't equal the
EMI suppression of a single Coilcraft

Data Line Filter.

Our new DLFs are the most effective, 5 1/8" Beads
low-cost way to eliminate common 8 | i =,
mode EMI from digital signals, logic ‘
level power lines, and inter-equipment

« 11/8" Bead

cables.
Available in 8, 4, 3 and 2-line versions .

. i i Coilcraft DLF
Coilcratt DLFs provide >15 dB ; e /
attenuation from 30 to 300 MHz. Up to
40 dB simply by adding capacitors! B L

Because they use a single magnetic b w"m i
structure to filter multiple lines, you get Attenuation
differential and common mode noise (50 Ohm System)

suppression, something other filters can't do.

Coilcraft Data Line Filters are easier
to install and usually take less board
space than beads or baluns. And
E they're far less expensive than filtered

ap connectors—around 2¢ per dB per line.
For details on our complete line of

Data Line Filters, circle the reader
‘ : service number. Or call 800/322-2645
‘ ® (in IL 708/639-6400).
Designer's Kit D101 N ’
v

contains 2,3,4 and 8-
line filters. $65.

1102 Silver Lake Road, Cary IL 60013
INFO/CARD 20

Coilcratt
Designer’s

Kltsqg,

These low cost kits put
hundreds of coils, chokes ~
and other magnetics at your ﬁngertips

"Unicoil” 7/10 mm Tuneable Inductors
.0435uH - 1.5 pH
49 shielded, 49 unshielded (2 of each)
Kit M102 S60

"Unicoil" 5 mm Tuneable Inductors
9 uH - 281 uH
19 shielded, 19 unshielded (2 of each)
Kit M105 S$60

"Slot Ten" 10 mm Tuneable Inductors
0.7 uH - 1143 pH
18 shielded, 18 unshielded (3 of each)
Kit M100 S60

Surface Mount Inductors
4 nH-33puH
48 values (10 of each)
Kit C100 $125

Axial Lead Chokes
0.1 pH - 1000 uH
25 values (5 of each)
Kit F101 $50

Horizontal Mount Inductors
Tuneable and fixed
Inductance: 31.5 - 720nH
33 Values (3 of each)

Kit M104 S60

Common Mode Data Line Filters
Attenuation bandwidth: 15 dBm 1.5-30 mHz
DC current capacity: 100 mA
2, 3, 4 and 8 line styles {4 of each)

Kit D101 S65

Common Mode Line Chokes
Current: .25 - 9 amps RMS
Inductance: 508 uH - 10.5 mH
8 styles (2 of each)

Kit P202 $100

Current Sensors
Sensing range: 0.5-35 amps
Freq. resp.: 1- 100 kHz, 50 - 400 Hz
Transformer and sensor only versions
8 styles (15 total pieces)
Kit P203 S50

Base/Gate Driver Transformers
nductance: 1.5 mH Min.
Frequency: 10 - 250 kHz
2 single, 2 double section (2 of each)
Kit P204 S50

Power Filter Chokes

Current: 3, 5, 10 amps
Inductance: 5 - 300 uH
18 styles (48 total pieces)
Kit P205 $75

Axial Lead Power Chokes
Current: .03-4.3 amps
Inductance: 3.9 uH - 100 mH
60 styles (2 of each)
Kit P209 $150

To order call 800/322 COIL

1102 Silver Lake, Cary IL 6001
INFO/CARD 22



RF featured technology

A Portable Low Cost RF Voltmeter

By Dale Lindseth
Therma-wave, Inc.

This article describes the design of a
portable battery powered RF voltmeter
that covers the frequency range from
10 kHz to 10 MHz. This was designed
for field service personnel as an align-
ment and troubleshooting aid for instru-
mentation installed in semiconductor
fabs. Requirements were that the device
be portable, low cost, battery powered,
and that it could fit into the standard tool
kit used by field service personnel. Such
an instrument could not be located on
the current marketplace.

he instrument is capable of making

AC voltage measurements from 10
kHz to 10 MHz with a high degree of
accuracy. Actual size is 4 x 6 x 2 inches
(reference Figure 1). Useful battery life
is three hours, with a charger input jack
available for charging the internal Ni-
Cad battery. Output is in the form of a
DC voltage, intended to be applied to a
portable DVM for voltage readout.
Charger requirement is 12 volts at 120
mA.

The instrument is calibrated to read
the RMS value of a sine wave. The
unique feature of the instrument is that
it is truly portable, and covers the
frequency range starting where typical
DVMs leave off (10 kHz) and extending
up to 10 MHz. The wide frequency range
was designed to cover certain measure-
ment frequencies (1, 3 and 10 MHz), as
well as intermediate frequencies, such
as the 100 kHz IF. In addition, low-level
AC voltage measurements (to .2 mV
RMS) can be made with a high degree
of accuracy. A wide band (10 MHz)
amplifier output is available for amplifi-
cation and inspection of low-level AC
signals to 10 MHz. Such low-level sig-
nals cannot be measured accurately
with an oscilloscope alone due to poor
resolution and noise.

Description of Operation

A block diagram of the voltmeter is
shown in Figure 2. Refer to the block
diagram in the discussion to follow.

Input Section

The input section consists of an input
buffer with an input impedance of 1 M
ohm shunted by 15 pF, and a selectable

RF Design

50 ohm termination. The 50 ochm termi-
nation is convenient when making meas-
urements in a 50 ohm system. It is
especially useful when measuring higher
frequency signals (above 1 MHz or s0)
since it eliminates undesirable effects
of cable capacitance, as well as the 15
pF input capacitance of the meter.

Maximum safe input levels are as
follows:

Input termination = 1M ohm < 100 Volts
peak

Input termination = 50 ohms < 10 Volts
AC

< 50 Volts AC+DC

Range Selector

Following the input buffer, is a 4
decade step attenuator which reduces
the input level to within a 10:1 range at
its output. Output signal is .15 to 1.5
mV RMS nominal. Range selection is
as follows:

Range Attenuation Multiply By
.2-2 mV RMS 0 dB 1x

2-20 mV RMS 20 dB 10x
20-200mV RMS 40 dB 100x
200-2000 mV RMS 60 dB 1000x%

Calibrated output range is .2-2 VDC.
Thus when making a measurement, the
range selector switch is first rotated to
a position that produces a DC output
within the calibrated range. DC output
voltage is then multiplied by the factor
listed above, to obtain the actual input
voltage in millivolts. The voltmeter is
calibrated to read the RMS value of a
sine wave.

1 MHz Filter

The 4 decade step attenuator is
followed by an amplifier (A, = 26 dB
nominal), then a 1 MHz selectable
bandpass filter. Nominal bandwidth of
the filter is 200 kHz. The 1 MHz filter is
very useful because the Therma-probe
ion implant monitoring system runs at 1
MHz in most applications. The 1 MHz
filter reduces noise level when measur-
ing low-level signals. It is also useful
when it is desirable to measure only the
1 MHz component (usually the fundamen-

tal) of the signal in question. When the
signal to be measured is at other than 1
MHz, the filter is switched to the ‘out”
position. Resulting response is then flat
to 10 MHz. Insertion loss through both
paths is —7.5 dB nominal.

For applicability as a general piece
of test equipment, the 1 MHz bandpass
filter should be converted to a low pass
filter instead.

AMP Out

The selectable fiiter is followed by
another stage of ampiification (A, = 26
dB nominal). Amplifier output is applied
to the precision high speed rectifier for
AC to DC conversion. It is also applied
to the AMP output terminal through a
200 ohm series isolation resistor. The
AMP output connector provides a wide-
band output useful for amplification and
inspection of low-level signals to 10
MHz. Nominal AC output level (RMS) =
DC output level divided by 10, untermi-
nated. Although the AMP output is
considered to be uncalibrated, the open
circuit output voltage should be accurate
to within 5 percent. When terminated in
50 ohms, the AC output level (RMS) =
DC output level divided by 50, due to the
divider action of the series isolation
resistor.

Referred to the input, gain from input
to AC output is:

1..2-2 mV range, gain
= 100 unterminated

Figure 1. A low cost, portable RF
voltmeter.
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Figure 2. Block diagram - RF voltmeter.

= 20 terminated in 50 ohms
2. 2-20 mV range, gain

= 10 unterminated

= 2 terminated in 50 ohms

AC to DC Conversion

The AC to DC conversion circuitry
consists of a precision high speed
rectifier followed by a low pass filter.
Full wave rectification is achieved by
splitting the positive and negative halves
of the input waveform, then feeding the
two halves individually into the two
halves of a differential amplifier with low

pass filter. The output is thus a DC
voltage which is applied to the DC output
connector. Transfer function from DC
output to AMP output is:

DC output (volts DC) =10.0

AMP output (Volts RMS)

where AMP output = open circuit output
voltage.

Power Supply/Charger
Voltmeter power is supplied from an
internal rechargeable battery pack. Bat-

provides quality
QPL oscillators at
competitive prices from
our expanded production facilities.

CONTACTUS FORALLYOUR
CLOCK OSCILLATOR
REQUIREMENTS

* Standard and QPL Oscillators

ECL Clocks

28000 Drivers

VCXO In Hybrid

Baud Rate Generators

6875 Type Microprocessor
Drivers

Precision Ovenized Oscillators
¢ Custom Hybrids

* Sinewave Sources

(TO 5, TO 8, DIP, LCC and Flatpack)

*“«w
0-Tech Corporation
10150 W. Jefferson Blvd.
Culver City, CA 90232-3510

Phone: (213) 836-7900
FAX: (213) 836-2157
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tery voltage is 8.4 VDC nominal. Capac-
ity is 600 mA-hours on a fully charged
battery. To extend battery life when the
unit is switched on, it is best not to leave
the range switch in the 200-2000 mV
position since the voltmeter consumes
about 45 mA additional current in this
position. The negative supply voltage is
derived from the battery through the use
of an on-board inverter.

The battery can be recharged through
the charger input jack on the face of the
meter. An external plug-in charger is
used for this purpose. Charger output
is 12 VDC at .12 amps. Battery charge
time is 4 hours nominal. The unit is
intended to be operated from battery
power. If the battery becomes exces-
sively discharged, the unit may be
operated from the charger input voltage,
however measurements will typically be
1 percent high due to the increased
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Figure 3. Overall frequency re-
sponse.
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Figure 4. Response linearity.
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supply voltage. In a severely discharged
state the voltmeter may not function
properly, however this condition will be
flagged by the low battery indicator.

Low Battery Indicator - When power
is turned on, the power indicator lights
under normal conditions. If the battery
voltage drops below approximately 7.2
volts, the power indicator light turns off
flagging a low battery condition.

State of Charge Indicator - When
power is turned off, the battery voltage
is automatically switched to the DC
output connector. State of charge can
thus be monitored with the external
DVM.

Overall Accuracy and Linearity

Accuracy specification for the port-
able RF voltmeter is + 2 percent of full
scale output (2 VDOC) to 3 MHz and + 5
percent of full scale output to 10 MHz.
There are two primary sources of error.
These are:

1. Frequency response.
2. Nonlinearities inherent to the high
speed precision rectifier.

Frequency response errors are due to
amplifier roll-off at high frequency, as
well as stray capacitance throughout the
circuit. The effect of stray capacitance
in general is minimized by keeping
resistor values small. A plot of the overall
frequency response of the meter is
shown in Figure 3, which shows the
frequency response error in percent as
a function of frequency. The figure
shows two curves. The upper curve
shows the frequency response error as
a percent of maximum output (2 VDC
nominal). The lower curve shows fre-
quency response error as a percent of
minimum output (.2 VDC nominal). As
can be seen the overall flatness is very
good. Roll-off of the lower curve is
caused by nonlinearities in the precision
rectifier circuit, which will be discussed
later.

Errors associated with the precision
rectifier are more clearly represented
by Figure 4, which shows the percent
measurement error as a function of
output signal level. There is very little
degradation in accuracy over the full
calibrated output range (.2-2 VDC) to 3
MHz. Beyond 3 MHz, nonlinear effects
begin to creep in at the lower end of the
range. Worst case error which occurs
at 10 MHz and at the low end of the
range is —11 percent typically, or about

1 dB. The resulting errors were consid-
ered acceptable. Possible methods for

RF Design

improving this will be discussed later,
however reference to this figure will
provide a good estimate of the correc-
tion factor as a function of output signal
level and frequency for critical measure-
ment applications.

The voltmeter is calibrated at the
nominal battery voltage which is 8.4
VDC. As the battery discharges, the
battery voltage will drop to 7.2 VDC after
which the power indicator will shut off
indicating a low battery condition. At the
low battery level, measurements will be
—0.7 percent low typically. Normally the
unit is not operated off the external
charger, however, when it is, operating
voltage is approximately 12 VDC. Under
these conditions measurements are
about +1.3 percent high.

4 Decade Step Attenuator

A schematic of the 4 decade step
attenuator is shown in Figure 5. Accu-
racy is maintained to within + 1 percent
per step by using .1 percent precision
resistors to set the attenuation. Accu-
racy is tested at 1 MHz. A total error of
+ 2 percent is allowed over the full 60
dB range.

For obvious space reasons, it was
desirable to use a single rotary switch
mounted to the PCB in order to do range
selection. The effect of stray capaci-
tance across the switch terminais is a
problem at the higher frequencies, caus-
ing signal feed-through to the output. In
order to reduce this to a negligible level,
impedance levels were kept as low as
possible, and the final 20 dB range step
was activated through an on-board relay
energized by a second pole on the rotary
switch. The PCB was laid out very
carefully to keep stray capacitance to a
minimum. The relay chosen was a
teledyne, with low switch capacitance (.5
pF) in a metal can which is grounded to
further reduce capacitive coupling to the
signal lines from the input side of the
attenuator.

Precision High Speed AC to DC
Converter

The AC to DC conversion circuitry is
shown in Figure 6. It consists of a high
speed precision rectifier followed by a
low pass filter. Full wave rectification is
achieved by splitting off the positive and
negative halves of the input wave-form
and feeding them separately into the
respective halves of a differential low
pass filter/amplifier. During the negative
half of the input wave-form, the amplifier
slews in a positive direction until the
output exceeds the turn on voltage of the
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What Can TESS
Do For You?

Use TESS to quickly test modems, radios,
signal processors and radars. Build sys-
tems of up to 800 blocks chosen from
over 55 high level models. (includes fil-
ters, mixers, VCOs, A/D, D/A, logic etc.)
Do tests in hours which would take weeks
of breadboarding in the lab. See the
effects of nonlineanties, bandlimiting, phase

noise and adjacent channels. Test PLL
stability. Add noise and measure BER.
Super high speed lets you simulate

modulated carriers. Add your own
models to TESS easify with the op-
tional MODGEN model generator.

FREE APPLICATION NOTE
CALL FOR DEMO DISK
Not copy protected. TESS simudator $695.
MODGEN option $495. Symbols for

ORCADSDT® $195. For PCAD PCCAPS® $295.
VISA, MasterCard and PO’s accepted.

TESOFT

PO BOX 305 Roswell GA 30077
404-751-9785 FAX 404-664-5817
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Figure 5. 4 decade step attenuator.

upper diode (approximately .5 V). The
feedback is then closed through the
series diode - 1K resistor combination.
Closed loop gain is 10 with output taken
at the diode/resistor junction. The output
drives the non-inverting half of the
differential low pass filter. Gain of the
differential low pass filter is adjusted to
resuit in an overall transfer function, V_

! |

i

23 V—W—+23 0V
REF 0K REF
All resistors 0 1% tolerance
(excest 1n offset trim netuork)

Figure 6. Precision high speed AC to DC converter.

(DC)/V,, (RMS) = 10.0. Low capacitance
schottky diodes are used to reduce the
turn-on voltage and preserve the high
frequency response. Feedback imped-
ances were also kept low to reduce the
effect of stray capacitance. The amplifier
is not allowed to saturate, since the
feedback is closed for both halves of the
input cycle.

UHF Pulsed
Systems

» 5-450 kilowatts output
» 0.1 to 2% duty factor

» 510 1000 psec
pulse width
» 200 to 850 MHz
center frequency
» Muttiple planar triode amay
» Wideband, funable
operation
» Built-in control loops
» Flexible computer control

» Standard models and
custom units

ACCOYS

TECHNOLOGY, INC

1177 Quarry Ln. Pleasanton, CA 94566

(915) 462-6949 FAX: (415) 462-6993
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60 kw Ampiifier
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The critical element is the amplifier,
since the application requires a high
slew rate, and high open loop gain to
10 MHz (and beyond). As will be seen,
it is also important that the open loop
gain is as flat as possible to 10 MHz. For
the rated output range of .2-2 VDC, the
corresponding peak rectifier output is
.28-2.8 Volts. To preserve the frequency

T —
Preferred for quality and performance, SL1500 series RF
Amplifiers are available off the shelf exclusively from MTS.
These high frequency log amplifiers meet your military,
reliability and screening requirements. To get this preferred
stock, call today.

MTS MICROELECTRONICS, INC.
1156 N. Grove Street
| Anaheim, CA 92806

7146304250, 714+630°4896 FAX
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High gain power modules for mobile
cellular radios.

From the industry leader in power mod-
ules comes a new high gain improvement.
The industry standard, the MHWB806A,
now comes in a 0-dBm version as the
MHW807 Series. Instead of the previous
power requirement of 30 mW, the new
series requires only 1 mW to obtain 6W
of output power, thanks to two new
gain stages.

The MHW807 Series is perfect for
all cellular radio applications. They offer
controllable, stable performance over more
than the 35 dB range in Po that's needed.
Two different frequency models are avail-
able: 820 to 850 MHz and 870 to 905 MHz.

Long pulse microwave power
transistor.

Motorola continues to expand its long
pulse microwave power transistor portfolio
with the introduction of its new 120 watt
L-Band transistor, the MRF10120. This
output device completes the lineup consist-
ing of the pre-driver MRF10005 and the
MRF10030driver.

The MRF10120 operates on a power
supply of 36 volts and delivers 120 watts of
peak power for typically less than 15 watts
of peak RF input power. Its designed for
common base amplifier applications such as
JTIDS (military) and Mode S (commercial)
transmitters. The frequency of operation
extends from 960 to 1215 MHz.

A new breed of workhorse.

Now you can have the same rugged
workhorse you've enjoyed for your high-
power appiications in a medium-power,
broadband amplifier. The PAA series of
broadband amplifiers are bred to outwork
and outlast the competition.

They're ruggedly built with the same
power components as our high-power PAA
Series including MIL-STD capacitors and
resistors, gold-plated connectors, MIL-
SPEC plating and painting, EMI/RFI input
filter, heavy-duty machined housings
with stainless steel hardware, and teflon-
coated wire.

For high-reliability performance you can
depend on in a medium-power amplifier,
Motorolas PAA Series is the answer.

Satellite microwave power
transistors.

Three new microwave power transistors
are available for large-signal output and
driver amplifier stages for satellite up/down
links. The MRA1600-2, MRA1600-13 and
MRA1600-30 are designed for Class C,
common base amplifiers that operate in the
1600-1660 MHz frequency range. They
provide 2.2, 12.7 and 30 watts of minimum
power respectively.

These devices offer the highest in
reliability and performance. They feature
gold metalization, diffused ballast resistors
and internal compensation for impedance
matching control. All this is offered in
a low-cost microwave package for cost
efficiency.

Get more information.

To get more information on any of the
Motorola products shown here, contact
your local Motorola sales office, complete
and return the coupon below to Motorola
Semiconductor Products, Literature
Distribution Center, P.O. Box 20912,
Phoenix, AZ 85036. Or call toll-free any
weekday, 8:00 a.m. to 4:30 p.m. (MST)
1-800-521-6274.

@ MOTOROLA

JEEERNT AT e A T e i

To: Motorola Semiconductor Products, Inc.

| P.O. Box 20912, Phoenix, AZ 85036

Please send me more

442RFD100090

State Zip

I information on:

A [ITMHW807 Power Name
I Modules

B [IMcrowave Power Title
l Transistors

C [IMRA1600 Series Company
I Pawer Transistors

D [JPAA Broadband Address
I Amplifiers
I City
L Call me(
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NEED BROAD-BAND COAXIAL RELAYS?
FROM 2 TO 24 THROW, MATRIX HAS THE ANSWER

Our versatile 7000 series of
coaxial relays have band-widths
from DC up to 800 MHz. They're
available from 2 to 24 throw.
And by using our 9000 series
cross-straps, switching matrices
of any size can be configured.

Why have Matrix broad-band
relays become the industry
standard? Because we construct
them of precision machined
anodized aluminum alloy, all
signal shield paths are silver
plated, and basic switch ele-
ments are hermetically sealed
in nitrogen filled gas envelopes
with rhodium plated contacts to
insure non-stick operation.

R :
< .;
SRRSO

The end result is extremely
low crosstalk, EMI and VSWR.
Another plus, all switchpoints
are individually field replaceable.

The units are plug compatible
with Matrix 6100A and 1600
Series Logic Modules for com-
patibility with RS-232, RS-422
and |IEEE-488 Interface busses
as well as 16 bit parallel.

Non-blocking Matrix configu-
ration may be easily assembled

IHH MATRIX

SYSTEMS CORPORATION

5177 NORTH DOUGLAS FIR ROAD

CALABASAS, CALIFORNIA 91302
INFO/CARD 28
See us at WESCON, Booth #842.

i

using our selfterminating relays
and 5100A series power dividers.
Built-in Video/RF ampilifiers
allow zero insertion loss designs.
So if you're looking for broad-
band relays, it pays to deal with
Matrix. After all, we've been
designing state-of-the-art reed
relay and semiconductor switch-
ing systems for over 18 years.
Our customers include gov-
ernment agencies, defense
contractors, the TV industry,
ATE and telecommunications
companies—and more.
Phone: 818-992-6776
TWX: 910-494-4975
FAX: 818-992-8521



response to 10 MHz, the minimum
required amplifier slew rate is 2n x 10M
x 2.8 = 176 volts per microsecond. The
amplifier is capable of slewing at 600
volts per microsecond typical, therefore
slew rate limiting is not a problem. There
is a small delay while the amplifier slews
from O to .5 volts (in order to turn on the
diode), however at 600 volts per micro-
second, this is also minimal. The critical
parameter turns out to be amplifier open
loop gain. The available open loop gain
at 1 MHz is 54 dB nominal. Closed loop
gain is 20 dB. This leaves 34 dB of
available loop gain (closed loop gain of
20 dB is required for stability). Error due
to the finite loop gain is thus about 2
percent. In addition, there is an equiva-
lent offset (referred to the input) of about
1 mV required to overcome the turn-on
voltage of the diodes. This translates to
about 3.6 percent error at the low end
of the output range, and 0.36 percent
error at the high end of the range.

Estimated total error is thus 5.6
percent at the low end of the range,
reducing to 2.4 percent at the high end
of the range. Actual measured error is
shown in Figure 7, which is close to
expected. Working range was chosen
to be .2-2 volts at the DC output. This is
the most linear portion of the curve,
keeping a safe level below the point of
amplifier output compression.

In order to correct for the linearity
error due to finite loop gain and diode
turn-on voltage, a fixed offset voltage is
fed into the output through the differen-
tial low pass filter. Thus, the correction
term is proportionately larger at the low
end of the range, than at the high end,
as desired. Calibration and linearity
correction is performed at 1 MHz as
follows:

1. With the AC input at zero, the offset
voltage at the DC output jack is adjusted
to the approximate value needed for
correction.

2. A 1 MHz signal is connected to the
AC input jack, its input level adjusted for

T
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Figure 7. Measurement error over
the output range.
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the proper value to result in the ideal 2
VDC at the DC output jack. The voltme-
ter gain pot is then adjusted for the
proper 2 VDC at the output jack.

3. The input is attenuated by exactly 20
dB. The offset voltage is readjusted for
the proper (.2 VDC) output.

4. The input level is increased by 20 dB,
and the process is repeated starting with
step 2, until the 1 MHz gain is calibrated
at both the low and the high end of the
range. The resulting measurement error
over the full output range is also shown
in Figure 7. This is very close to the
ideal.

The linearity correction is done at 1
MHz. At lower frequencies, the linearity
correction remains valid, however, as
input frequency increases beyond 3
MHz, linearity errors begin to creep in
again at the lower end of the calibrated
output range.

This is due to the fact that the open
amplifier gain is falling off. Open loop —3
dB bandwidth of the amplifier is about 6
MHz. As the loop gain begins to roll off,
the errors increase. A 30 pF compensa-
tion capacitor is used at the rectifier
input to compensate for roll-off at high
frequency and at the high end of the
output range. Corresponding error at the
low end of the range at 10 MHz is
typically —11 percent (refer to Figure 4).

An attempt at second order linearity
correction was made to correct for these
errors, with reasonable success. This
was done by making the high frequency
compensation nonlinear. The change
was not implemented however, because
of limited space on the PCB. Of course,
the preferred method of improving accu-
racy would be to use a better op-amp.

Suggestions for Improvement
There was no concerted effort made
to reduce the cost of the voltmeter since

it was not an issue for this low volume
application. Some cost reduction could
be done in both packaging and electron-
ics design. The input buffer is a hybrid.
A similar device can probably be pur-
chased in monolithic form today. The
teledyne relay is also costly. Some
searching may turn up a similar device
at lower cost.

Installation of a low drop-out DC
regulator in series with the supply would
eliminate the small error due to lack of
supply regulation.

Some sort of second order linearity
correction could be implemented in
order to improve accuracy at the low end
of the calibrated range between 5 and
10 MHz.

A portable low cost RF voltmeter
design was presented that covers the
frequency range from 10 kHz to 10 MHz.
The meter is portable, yet capable of
high accuracy, low level AC measure-
ments in a frequency range that cannot
be touched by normal low-cost meters.
It was designed as a special purpose
piece of test equipment to be used by
field service personnel at Therma-wave,
Inc. for performing alignment and
troubleshooting of ion implant monitor-
ing equipment used in semiconductor
fabs. Conversion of the internal 1 MHz
bandpass filter to a low pass filter
instead would make the meter more
useful as a general purpose tool that
could be used in a wide variety of
applications.

About the Author i

Dale Lindseth is a senior design |
engineer at Therma-wave, Inc., a
manufacturer of measurement instru-
mentation for the semiconductor in-
dustry. He can be reached at 47320
Mission Falls Ct., Fremont, CA 94539.

Tel: (415) 490-3663.

¢ Hi-Rel Applications

Type A
250V

* Safety Margin around top
* Top. Tiw/Au
Bottom: TiW/Pt/Au

¢ Top: TiW/Au

TeCDIA

SINGLE LAYER CHIP CAPACITORS
* Hi-Quality Applications

¢ Safety Margin around top & bottom

Bottom: TiW/Au

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

* Commercial Applications

Type C
100V

* Solderable
* Top: TiW/Pt/Au
Bottom: TiWw/Pt/Au
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One synthesizer is operating at
27 G’s of random vibration.

Can you tell which?

o REF 1.7 d8m ATTEN 20 dB8 REF 1.7 dBm ATTEN 20 dB8

18 g8/ 12 o8

SPAN 2. 02 MHz SFAN 2. 88 MHzx
RES 8w 3@ kHz VBW 120 kMHz SWP 20.0 meac RES B% 30 mkHz VBY 120 kHz SWP 20.0 msec

% :, ~4' . iy \\:{: . \- f
- N 4 ~

Both synthesizers are exactly the Electrical specifications:
same. Both were designed and Frequency: I/J band
built by TRAK — a 30-year DoD Bandwidth: Octave
supplier — for use in a tactical Step size: 5 MHz
airborne environment. But only Switching speed: 150 pseconds, typical
one is actually being subjected Spurious: —60 dBc
to 27 G’s of random vibration, Power dissipation: 35 watts
WOrst-case axis. Size: 8 x 5 x 2 inches (80 in3) maximum
A keen, experienced eye may * Excellent performance in high-vibration environments
correctly deduce that the chart on * MIL-qualified, custom synthesizers in minimally sized
the right represents the one under packages
vibration. And we think you will * Direct or Indirect synthesis
quickly see the application
possibilities in a synthesizer Here’s our point: When you have a demanding defense
that appears — like this one — application, requiring a really tough synthesizer in a very
virtually immune to vibration. small package — THINK TRAK.

TH i TRAK. MICROWAVE
= TR A CORPORATION

[+
a" %, TRAK MICROWAVE CORP. TRAK MICROWAVE LTD.

Subsystem Sales Subsystem Sales
4726 Eisenhower Blvd. 3/4 Lindsay Court

Tampa, Florida 33634-6391 Dundee. Scotland DD2ITY

Phone: (813) 884-1411 Phone: (44) 382-561509

T TLX: 52-827 TLX: (851) 76266

FAX: (813) 886-2794 FAX: (44) 382-562643
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RF featured technology

Microstrip CAD Program

By Thomas V. Cefalo, Jr.
MITRE Corporation

Engineering time is a major contribu-
tor to the development cost of RF
products. In order to reduce design time,
engineers are making greater use of
software design tools. This article pre-
sents an easy-to-use program to synthe-
size microstrip lines and other related
parameters, based on closed-form equa-
tions which take into account the pres-
ence of a cover over a microstrip line.

o begin, it's important to review the

fundamental principles of microstrip
theory (1). Microstrip is just another form
of transmission line which is used to
carry electromagnetic waves between
two points. As seen from Figure 1, the
geometry of a microstrip transmission
line consists of a thin conducting strip
and a solid conducting ground plane
separated by a dielectric substrate.
Many different types of conducting and
dielectric materials have been investi-
gated but the most common are copper
conductors and teflon or fiberglass sub-
strates.

Shown in Figure 2 are the electric
(solid lines) and magnetic (dash lines)
fields of some familiar transmission
lines. The mode of propagation is said
to be in a transverse electromagnetic
mode (TEM) for the coaxial and stripline
transmission lines. In the TEM mode,
both the fields are in a plane 90 degrees
to each other and to the direction of
propagation. Unlike the first two trans-
mission lines, the field topology for
microstrip shown in Figure 2¢, is asym-
metric. The fields pass through both the
substrate and the air. Since the fields
are passing through two different medi-
ums, the relative dielectric constant ¢,
no fonger remains a constant but be-
comes a function of the W/H ratio. This
results in a new parameter called the
effective dielectric constant ¢_,, which
takes into account the distribution of the
fields between the air and the substrate.
The effective dielectric constant wiil
always be lower than the relative dielec-
tric constant.

The consequence of the electromag-
netic field distribution is that the mode
of propagation along the microstrip is
no longer purely TEM but one that
resembles it called quasi-TEM. Because
of the quasi-TEM mode, microstrip the-

RF Design

ory is not an exact science, therefore
microstrip equations are also not exact
but instead are very accurate approxi-
mations. If one assumes that the funda-
mental mode of propagation is quasi-
TEM, then the phase velocity of the
microstrip is given in equation 1, where
c is the velocity of light (3 x 108 m/s).

[
&

v, = )
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The wavelength within the microstrip
line is given in equation 2.

A, = == A= = (2)

g (]
Eett f

The characteristic impedance of a mi-
crostrip line is given in equation 3 where
C is the capacitance per unit length.
1

Zg VpC (3)
An important factor often overlooked in
designing a microstrip circuit is a cover
over the microstrip. In most applications,
a microstrip circuit is placed in an
enclosure. Again, since the fields are
not completely within the substrate, a
cover would have to be positioned at a
height that would not cause interference
to the fields. When this is not possible,
the cover prematurely terminates the
fields which in turn increases the density
of field lines in the air. As a result, the
line capacitance increases, which effec-
tively lowers the characteristic imped-
ance and the effective dielectric con-
stant.

Microstrip Impedance Equations

The closed-formed equations for mi-
crostrip were taken from the articles
written by March (2) and Bahl (3). The
most accurate equations are those by
March which are used in the microstrip
program. The dimensions for covered
microstrip are shown in Figure 3. It
should be noted that the equations do
not take into account the presence of
side walls. The distance between the
side wall and the microstrip line must
be a minimum of five times the strip
width W, otherwise the impedance and
dielectric constant will be affected. Also,
the X" dimension of the enclosure
should be chosen such that the
waveguide modes are below cutoff.

The following equations are used in
the program to generate the microstrip
transmission line impedance. The equa-

— conducling strip

- substrate

/-
V —— groundplane

Figure 1. Geometry of microstrip.

\ 3 =l
Figure 2. Field configurations. (a)
coaxial, (b) stripline, (¢) micros-
trip.

tions are corrected for the effects of a
finite conductor strip thickness (4). Z__,
is the characteristic impedance of open
microstrip (no cover).

(3a)
2
L fWH) . [, (2H
Z,, =60 |n[W,/H R LT (w) ]
(3b)
\y ~ (30666\°"°*°
f(WIH) = 6 + (2n 6)exp[ ( v )
W = W + AW (3c)

n

ool () 1)

The characteristic impedance Z_, is
given in equation 5, as the distance
between the cover and substrate is
decreased. Z , is a correction factor due
to the presence of the cover. It should
be noted that the correction factor is
valid only for an air dielectric, e, = 1.

AW = t(1+In4

(6)

G N2 =N where AZ = PQ

oa oax oa
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Flgure 3. Mlcrostrlp dimensions.

P =270 |1 — Tanh [1.192 + (6)
- [1 . H 1389
5 H 1+ H/H
Q = 1.0109 ()
W w\?
- Tanh | | 012 = + 0. x
a2 2.+ a7 (%)

0.025(‘}'4‘{)3} /1 + H2/H)z>
gt 1 & % 1
‘en=( 2 >+Q( 5 ) (8)

The filling factor is g, q_ is the filling
factor for an infinite cover height, g, is
the correction factor for the conductor
thickness and q_ is the correction factor
for a non-finite cover height.

8] = (@] — Gl (9a)
(9b)

o (o) )

~ 09)\%%°
g A 30) &Y

b(e) = 0. 564(
2In2 t/H
ST T (WiH)y”2 (19)
It should be noted that q_ is accurate if
H,/H is greater than or equal to one.

(1)
1.164 )
H,/H
Finally, the characteristic impedance

of the microstrip line is shown in equa-
tion 12.

Zo - Zoa V' e (12)

q. = Tanh (1.043 + 0121 H,/H -

HIEPOWER RF

AMPLIFIERS, TRANSMI TTERS

AND POWER
GENERATORS

No matter what your application needs, Henry Radio
can solve your RF requirements. 10 to 10,000 watts!
2 to 500 MHz frequency range. If we don’t have it

in stock, we’ll make one to fit your needs.

TYPICAL APPLICATIONS:

8 NMR, Nuclear Magnetic Resonance
® PLASMA Generation

8 MEDICAL Applications

® NUCLEAR Magnetic Imaging

® COMMUNICATIONS Applications

Over a half-century

of reliability in communications

HENRY

RADIO

2050 S. Bundy Dr., Los Angeles, CA 90025, TOLL FREE: 1-800-877-7979, FAX: 1-213-826-7790
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It’s reported (2) that the equations fo
Z,and ¢, are accurate to less than +0.!
percent for a W/H of 0.01 to 50, ¢, of
to 60 and 1 to infinity for H/H. Th
accuracy for the filling factor equation:
is +0.2 percent for a W/H of 0.01 to 101
and an¢ of 1to 128.

Microstrip Program Description

The microstrip program is mem
driven and written in IBM's Advancet
BASIC. There are nine microstrip func
tions that can be selected from the men:
window. The software is programmet
with nine types of substrate materials
Table 1 lists the programmed substrat:
materials and their corresponding di
electric constants. If a board material i
not listed in the menu window, simpl
enter “‘0” for other when prompted fo
a substrate and enter a new materig
name and dielectric constant.

Although the software was designet
to operate on a color computer, it cal
be easily modified to run on a mono
chrome system. To use the progran
with a monochrome computer, remowvi
the color statements from the progran

Substrate Dielectric
Material Constant
Alumina €1
Beryllia 6.8

Epoxy-Glass G10 | 4.8
Duroid 5780 2.2
Duroid 6006 6.0
Duroid 6010 10.2

Teflon Fiberglass 2556

Quartz, fused 3.8
\ el
Table 1% Programmed substrat(

data.

lines. The following paragraphs de
scribe each of the microstrip function:
in the program.

Effective Dielectric Constant

This function is somewhat of ai
option to the user since the effective
dielectric constant is calculated anc
displayed in the other functions. It
advantage is if a user is only interestec
in the effective dielectric constant it car
be quickly obtained because this is the
only parameter the program is calculat

ing.
Width of a Microstrip Line

This function calculates the width o
a microstrip line for a given characteris
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tic impedance. If a cover is not being
used, just locate it well above the
microstrip (3-4 inches), when prompted
for the height in the program. This
effectively places the cover well out of
the electromagnetic field area. The strip
width has a range from 1 to 1500 mils.
If a given impedance causes the calcu-
lated width to exceed this range, then
the user is prompted to change the
impedance accordingly.

The method in which the line width is
calculated is rather simple but effective.
The program enters a loop and begins
calculating an impedance with an initial
width of 100 mils. An error function
compares the calculated and desired
impedance values. If the error is posi-
tive, the loop continues increasing the
line width in 100 mil steps until a
negative error is produced. When a
negative error occurs, the last 100 mil
step is subtracted from the width. The
loop is started again using the previous
line width for the initial value but the
width step size is now 10 mils. This
process continues down to a width step
size of 0.01 mils, (0.001 mil steps if the
line width is less than 10 mils). The final
value of the microstrip line width is
determined when the impedance error
converges to a range of +0.01 percent.

Characteristic Impedance

This function calculates the imped-
ance of a microstrip line for a given line
width. The impedance is calculated
directly from the equations that have
been previously described.

Microstrip Inductor and Capacitor

A length of microstrip transmission
line can be used to simulate a lumped-
constant component (5,6,7). A micros-
trip inductor and a capacitor are shown
in Figures 4a and 4b. Note that the widih
of the inductor is less than that of the
transmission line and the opposite is
true for the capacitor. To maintain this
geometry, Z/ > Z  for an inductor and
Z! < Z_ for a capacitor where the trans-
mission lines system impedance is Z_
and the impedance to stimulate a lumped-
constant component is Z/. This condi-
tion is checked in the program and the
user is prompted when those conditions
are violated. The width of Z/ is calcu-
lated from function 2 (Width of a Micro-
strip Line).

The physical length of a microstrip
inductor and capacitor is given in equa-
tion 13, where L is the inductance in
Henrys and C is the capacitance in
Farads.

LV
f Syt 1=2/CV, (13)

The equivalent electrical length 8, is
given in equation 14.

1360° /e,

0= (14)

A

o

Zo0 Zo
| Zo l

Figure 4. Microstrip inductor (a)
and capacitor (b).

Low Cost MMIC Amps:
DC to1.8 GHz bandwidths,

Power t020 dBm,
and priced as low as 75¢ each.

NEC

Talk about a great deal. NEC's tiny new
amps are available in wide bandwidths,
a variety of packages, and they're de-
signed to help eliminate your biasing
and grounding problems.

And at 75¢ each in quantities of 500
you get hoth NEC quality and a better l
price than the so-called “low cost” amps.

Give us a call today. We'll work with

you engineer-to-engineer to see
that you get the right amps at the
right price. And in most cases, we
can ship them right off the shelf.
NEC technology and quality
—and CEL service. It's a pow-
erful combination. Put it to
work for you.

FREE DATA FOR DESIGNERS
For app notes and a full line
Si MMIC specifications bro-
chure, call, write or circle the
number below.

« @ ~.""~...~.Jl

California Eastern Laboratories
Headquarters (108) 988 3500 FAX (408) 9880279
1590 Patnick llenrs Drive, Sunta Clara, CA 95054
Western (+08) 9887846 Eastern (301) 6671310
Central (708) 655-0089  Canada (613) 726-0626

1989 California Eastern Laboratories ]
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TAKE & CLOSER
LOOK...

Now the switch is on
to Amplifonix for

GaAs
FET
SWITCHES

AMPLIFONIX GaAs SWITCH SELECTION GUIDE
~
* DC to 3 GHz; SPST through SPNT
e Ultra-fast switching speeds
TWogz17 * Broad band frequency response
| : * Unit pricing starts as low as $29
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Loss Factors

There are many different types of
transmission lines, but they are all
affected by a common ailment, dissipa-
tion loss (8,9). For microstrip, the great-
est losses are due to the conductor,
including the skin effect and the dielec-
tric substrate. These losses are given in
the following equation.

a (dBfin) = 2339 Jfo (15)

The conductor resistivity g, is in ohms/
cm. This is a simplified expression for
the conductor loss because it assumes
there is no surface roughness and the
top conductor and ground plane are the
same material.

At DC the current density is evenly
distributed through the cross-sectional
area of the conductor. This uniform
distribution is altered as the frequency
is increased and the current flow be-
comes constrained near the surface of
the conductor. This is referred to as the
skin effect (8) and the penetration of
current flow in a conductor is the skin
depth. The skin depth is defined as the
thickness at which the current density
decreases to t/e or 37 percent relative
to the value on the surface. In other
words, it is the thickness in the conduc-
tor where 63 percent of the current
flows. As the frequency increases, the
skin depth decreases. The relative per-
meability u,, for non-ferromagnetic sub-
strates is one.

6 = 1981 x 103 [offy, (inches)  (16)

Since the current penetration is very
small (usually thousandths of an inch),
one can take advantage of this and plate
the surface of a conductor with a highly
conductive metal to reduce the conduc-
tor losses. This is especially important
at higher frequencies.

The second source of loss in micros-
trip is the dielectric loss in the substrate
given in equation 17.

fy—1
oy = 2561[ D1
£qy(f)

(1.2)"**Tand, (dBlinch)

(7)

Tan d, is the loss tangent of the dielectric
material. In general, dielectric losses are
usually very small and conductor losses
will exceed the dielectric losses.
Dispersion

Up to this point, the quasi-TEM mode
of propagation has been used for mi-
crostrip analysis. This mode produces
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accurate results up through the lower
range of the microwave spectrum. At
higher microwave frequencies, propaga-
tion enters into what is called the “*hybrid
mode’’ and the quasi-TEM mode is no
longer accurate as the fundamental mode
of propagation. It is the hybrid mode
that causes a transmission to become
dispersive (2,9,10). Dispersion causes
the characteristic impedance and effec-

tive dielectric constant to change. As the
frequency increases, the phase velocity
decreases and both the impedance and
effective dielectric constant increase.
The effects of dispersion are less for
high impedance microstrip lines on
thinner substrate.

Getsinger’s (11) expression for the
dispersion is given in equation 18.

Application Specific

Bipolars

Part Series Description

NE647/648 K-Band oscitlators over MIL. Temp ranges
NE645/681 Low Noise, Cost Effective for L/S Bands
INE333 700mW Class A, 1.25W Class € 1./8-Band amps
iNI5567 High Gain C-Band amps, C/X-Band oscillators
NE856 High Gain, Low Cost, Low Noise for I.-band
NEL2300  Consistent 3W Class A output in S-Band
NE243 630mW for high C-Band oscillators |
[NES68  Medium Power, Hligh Gain for $-Band amps |

accurately determine your circuit's perfor-
mance using NEC parts.

N FREE DATA FOR DESIGNERS
For a product selection catalog, call,
write or circle the number below.

Need quality, reliability and performance
for your specific application? Start here
and save yourself a search.

We offer a wide selection of NEC

Bipolar Transistors
screened for Space and
Military requirements—as
well as commercial devices
in chip form and a variety
of packages, including
Micro-X and tape and reel.
CEL can also provide
the support and character-
ization data you need to

California

Eastern
Laboratories

Headquarters (408) 988-3500  FAX (208) 988-0279 [

4590 Patrick Henry Drive, Santa Clara, CA 95054

Western (408) 988-7846  Eastern (301) 667-1310

Central (708) 655-0089  Canada (613) 726-0626

1959 Californea Eastern Laboratories
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Make Your Own
Coaxial Cable Assemblies

\/\%’s

It’s Fun! It’s Easy!
All you have to do is:

B Determine what you’ll need to do the job,
accounting for scrap rates.

m Buy and stock connectors, cable, markers,
and shrink tubing.

m Develop a training system for your
assemblers.

Develop and maintain the assembly
tooling and test equipment.

Scrap parts damaged during assembly as
well as complete assemblies that don’t
meet specifications.

Juggle your production schedule to make
sure the right assemblies are ready tor
installation at the right time.

OR, if you buy complete
assemblies from AEP, here’s
what youw’ll have @_& do:

® Install the assemblies in your equipment.

Since we make connectors, we have the
knowledge and the ability to do the job right.
We also have the experience gained from
building close to a million assemblies in the
last ten years, for hundreds of satisfied
customers.

So send us your prints and let us show

\ ' you how you can get the assemblies

2 you need, when you need them,
N

[~ without headaches,
" —— " without rejects.

ol

P
/E APPLIED ENGINEERING PRODUCTS

Post Office Box 510 ® New Haven, Connecticut 06513
Tel: 203/776-2813 ® Fax: 203/776-8294
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RF cover story

New Network Analyzer For Precision
Baseband and RF Measurements

By Alan Fryer
Hewlett-Packard Company

The well-known Hewlett-Packard line
of vector network analyzers has been
expanded with the introduction of the
model HP 8751A, offering precision
measurements from 5 Hz to 500 MHz.
Hardware, software, and signal process-
ing features allow measurements to be
made with high speed and high preci-
sion, with built-in analysis capability.

ajor performance capabilities of the
HP 8751A Vector Network Analyzer
include:

* A fast swept-synthesized source with
0.001 Hz resolution, permitting accu-
rate crystal-fiter and SAW device
testing. Sweep time, including meas-
urement time, is as little as 0.4 ms
per point.

¢ Two independent channels with —130
dBm sensitivity and selectable IF
bandwidths from 2 Hz to 8 kHz.

» A tuned receiver with 110 dB of
dynamic range free of unwanted
spurious responses. Up to 130 dB
can be achieved by controlling output
power level.

¢ A dynamic accuracy of 0.05 dB
magnitude and 0.3 degrees phase.

e Full two-port calibration with twelve
term error correction and interpola-
tion.

Test time is reduced significantly
using the segmented sweep mode, an
efficient alternate to logarithmic and
linear sweeps. For example, the user
can speed up filter measurements by
instructing the analyzer to measure only
a few key frequencies in the stopband,
while maintaining a high resolution
sweep through the passband. Up to four
parameters (two per channel) can be
displayed simultaneously. Together with
the fast measurement capability, real-
time tuning of low frequency, high
resolution circuits can be accomplished.
Display of a reference trace from mem-
ory further enhances tuning capability.

A high level of instrument control,
data analysis, and program develop-
ment is available with HP Instrument
BASIC. Internal computing power allows
program execution on board the instru-

RF Design

ment, with data provided via the stan-
dard 3 1/2 inch flexible disk, by menu-
driven setup routines, or via the HP-IB/
IEEE-488 bus. The addition of a key-
board makes the HP 8751A both a
computer and a test instrument, able to
directly control other instruments. A
printer may be driven directly, with data
buffered to avoid measurement delays.
R-G-B outputs are available for an
external color monitor.

Analysis of test results is made sim-
pler with standard and optional features.

Up to eight markers per trace (a total of
sixteen) can identify key test points. HP
Instrument BASIC adds power for mathe-
matical analysis to manipulate and con-
vert raw data into meaningful results.
Conjugate Matching, a standard feature
of the instrument, selects, computes and
displays matching networks for optimum
power transfer.

Conjugate Matching
Designers of RF and baseband cir-
cuits are constantly trying to intercon-

e e T
| it 1l
Ls - Lp Ls - Cp Cs - Lp Cs - Cp
eh A i

7 iy
Lp - Ls Lp - Cs Cp -~ Ls Cp - Cs

Figure 1. L-C configurations available with the Conjugate Matching

feature.

Figure 2. Screen display showing Conjugate Matching in operation.
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ONE-STOP
OSCILLATOR SHOPPING

Featuring Our Specially: Dielectric Resonator Oscillators

EMF Systems, Inc. can meet all
of your oscillator requirements.
Give us a call and save yourself
some time and money.

Our oscillators are designed
for Commercial Satellite Systems

i Phase Locked DROS 31018GHz  Free Running DROS 310 18 GHz
or Military Systems.

“@ EMF Systems, Inc.

814/237.6738 1:isi
W 121 Science Park, State College, PA 16803
P I < e g 3
o e AR INEDIGREIREE e s
- R eg LN siid - = A el T -
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| Embedded HP iBASIC

Control—non-Hl;-lB-p;oaucts
through Digital I/0

il

o
Built-in FDD

External Keyboard

Instrument Control
through HB-IB ‘

S
m ]

Figure 3. System cdnfiguration using HP Instrument BASIC.

nect devices with different impedance
characteristics. Mismatch conditions can
occur resulting in reflections and power
loss, and possibly instability. Designing
conjugate matching networks is not a
trivial exercise. Smith charts have been
used to design matching networks, and
more recently, sophisticated software
tools have become available.

The Conjugate Matching feature of
the HP 8751A implements a single-
frequency match analysis too! based on
two-element L-C models (Figure 1). This
feature has two functions: to approxi-
mate element parameters by automati-
cally selecting the best models at a
particular frequency; and to simulate the
match achieved by any of the eight
network models.

When the Conjugate Matching fea-
ture is activated, the analyzer presents
the designer with a series of choices of
which L-C model to use. Based on the
system impedance and the position of
the marker on the displayed results,
values that best satisfy the test parame-
ters of the model's elements will be
computed and displayed (Figure 2).

Instrument Control and Data
Analysis

HP Instrument BASIC, an optional
accessory for the HP 8751A, is a direct
subset of HP BASIC, containing all of the
instrument input/output commands and
many of the match functions. The addi-
tion of a HP-HIL keyboard converts the
analyzer into the equivalent of a HP
9816 computer, supporting program
development for instrument control and
data analysis (Figure 3).

Both keyboard instruction statements
and function keystroke memory can be
used to create application programs. A
sequence of setup keystrokes on the
front panel of the unit can be recorded,

RF Design

then compiled into a program file. Larger
workstations can be used to develop
operating software which is then down-
loaded into the HP 8751A for operation.

In addition to the obvious applications
of controlling the instrument’s test pa-
rameters and measurement sequence,
the internal computing power can be
used for limit testing, event-initiated
branching, relational testing, and logic

functions. Storage of test results, recall
of previous testing, and capture of
calibration data are additional advan-
tages of the HP8751A’s computer-
controlled environment.

The HP 8751A is priced at $22,500 .
A high stability frequency reference
(Option 001) is available for $850. HP
Instrument BASIC, together with 1 MB
RAM and keyboard (Option 002) is
$1000. The companion HP87511A/B
50/75 ohm S-parameter test sets are
priced at $5000. Also available are the
HP 87512A/B 50/75 ohm transmission/
reflection test kits, as well as power
dividers, calibration kits, cable kits, and
active probes, including a 5 Hz to 100
MHz probe with 1 megohm input imped-
ance. For more information, contact
Hewlett-Packard at (800) 752-0900, or
circle Info Card #200. RF
About the Author

Alan Fryer is Product Marketing
Engineer for Hewlett-Packard Com-
pany, YIO U.S. Marketing Center,
Santa Clara, Calif.
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The M5580 is a Linear Solid State Amplifier
that delivers honest power from 10kHz to
1000 MHz, with 50dB gain, and 40dB
electronic gain control:

e > 110 Watts TYPICAL
. 100 Watts MINIMUM
. 75 Watts LINEAR

The M5580 also has the capability of leveling
on an externally derived signal and will
taithfully reproduce CW or any modulation
that appears at the input.

How To Put Over 100 Watts Of Power From
10kHz To 1000 MHz At Your Fingertips....

You Can, With The M5580 High Power
ULTRA BROAD BAND Power Amplifier.

Get the full story - Contact us....

INSTRUMENTS FOR INDUSTRY

731 UNION PARKWAY, RONKONKOMA, NY 11779
TEL 516-467-8400 . FAX 516-467-8558

Applications

* EMC

* AEROSPACE

¢ AUTOMOTIVE

e COMMUNICATIONS
e MEDICAL

* LABORATORY

The M5580 is unconditionally stable, cannot
be damaged by any mismatch load, requires
no tuning, and is designed to provide years
of trouble free service.

The M5580 also provides:

¢ ALC FOR EXTERNAL LEVELING

* OPTIONAL IEEE BUS CONTROL
Including—

¢ INTERNAL AMPLITUDE LEVELING

* FORWARD/REVERSE POWER

INDICATOR

* ON BOARD DIAGNOSTICS

INFO/CARD 62
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For over 10 years, Trontech has pioneered a variety of products for Cellular Systems,
from engineering custom design through production. Today, our amplifiers can be
found in nearly all of AT&T's Cellular Radio Cell Site Systems.

Trontech is recognized as an industry innovator and leading edge source in ad-
vanced amplifier design. We can offer you a wide range of capabilities and applications
such as:

Ultra low noise amplifiers.

High dynamic range receive amplifiers.

High power amplitiers for transmit applications.

Custom designs for test systems.

L & S band high power amplifiers for Qel! Site Microwave Communications Links.

We have literally thousands of designs for production type amplifiers on file. They’re
available as is, or we can customize them by adjusting'virtually any parameter. Now
you can specify precisely to maximize system performance. From single units to high
volume production, get it all at standard amplifier prices! The chart illustrates several
existing product areas for both US and European standards.

All Trontech products are man-
ufactured to MIL-I-45208. In-house
environmental testing capabilities
offer rapid and economical testing of
new designs to systemrequirements.

Specity the source that offers
a real choice, field-proven de-
signs and a successful track
record in quality, performance.
price and delivery — Trontech!
Call or write for more detailed
information or applications as-
sistance. '

Product Area Freq. Range Description

Low noise 10 — 4200 MHz Noise Figures under 1.2 dB for
superior receiver sensitivity

Wide dynamic 400 — 1000 MHz Low noise amplifiers with typical

range amplifiers gain under 20 dB and 3rd order

intercept points greater than +35 dBm

High power 400 — 1000 MHz Amplifiers up to 80 Watts Linear for

linear transmit applications

High power 1.7 — 2.3 GHz GaAs Power Amplitiers for Cellular
linear Radio Microwave Links

63 Shark River Road, Neptune, New Jersey 07753 U.S.A.
Tel: (201) 922-8585 FAX: (201) 922-3903 TELEX 13 2445

INFO/CARD 40

Contact factory for your local representative.
Trontech is represented in the following countries: Switzerland. ttaly, Hollind, West Germany, India, England, Japan, Canada, lsrael, France, Sweden.




RF products

RS-232 Radio Data Link Transceiver

Neulink has released the DCL
1200 Radio/Modem Transceiver
which uses VHF, UHF, and 960
MHz FM radio channels to trans-
fer data between computers or
terminals. The DCL 1200 pro-
vides an interface for any RS-232-
C (V.24) data application, and it
can be used in remote locations
as well as high density areas.
Data transmission is at 1200 bits
per second, in full or half duplex
configurations. The DCL 1200 is
a complete radio/modem pack-
age, which includes RF receiver
and transmitter, modem and RS-
232-C interface in a metal enclo-

15 Watt
Broadband

Amplifier

Amplifier Research has intro-
duced a new solid-state, low-cost
RF amplifier, Model 15A250. The
phase response of the 15A250

makes it suitable for reproducing
pulsed and non-sinusoidal wave-
forms throughout its frequency
range of 10 kHz to 250 MHz.
Applications for the amplifier in-
clude ultrasound, plasma phys-
ics, NMR, and RF susceptibility
testing. Tolerance to load mis-
match is total. It operates without
damage, foldback, or oscillation
under any conditions of source
and load impedance, including
shorted or open output terminats,
at full rated output power. A front
panel gain control lets the opera-
tor adjust the amplifier gain
through at least 18 dB to a
maximum gain of 42 dB. A 1.09
milliwat RF signal is the maxi-
mum input needed for full rated
output power. Female BNC RF
connectors are available on either
front or back space. The price is
$2700 and defivery is 60 days
ARO.

Amplifier Research

INFO/CARD #212
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sure. Full duplex models include
an internal duplexer as standard.
All that is required to operate the
DCL 1200 is to apply 12 VDC, an
antenna, and attachment to an
RS-232-C data source. Optional
AC power supply and auxiliary
battery backup are available. The
DCL 1200 also has 0 to 2 Watts
of adjustable RF power levels. It
is IBM PC compatible and avail-
able with optional communica-
tions software. The DCL 1200 is
UL, CSA, and VDE approved.
Neulink

A Division of Celltronics
INFO/CARD #213

Low Cost Spread
SPectrum IC
h

e OCI-100 spread spectrum
integrated circuit provides spread-
ing and despreading functions for
direct sequence spread spectrum
complying with Part 15 of the FCC
rules and includes most of the
frequency synthesizer circuitry for
operation in the 915 MHz band.
The OCI-100 is compatible with
low cost FSK receiver ICs and
supports low-cost single modulus
prescalers. Using the OCI-100, a
complete 915 MHz spread spec-
trum radio can be built using
off-the-shelf ICs or modules for
the rest of the system. It operates
at up to 125 kilobytes per second
and sequence acquisition is very
fast. Current drain is about 5 mA
at 5 volts. it is supplied in a 28 pin
PLCC package, is available im-

mediately and is priced at $15 in
1000 quantities.

O’Neill Communications, Inc.
INFO/CARD #211

Shielded
Performance
Interconnects

Meritec's new Shielded Per-
formance Interconnects (SPI™)
are used for fast logic, dense

package applications which re-
quire low noise crosstalk and high
impedance control. The assem-
blies are EMI/RFI shielded and
impedance controlled all the way
to the PC board. The intercon-
nects are available in straight or
right angle configurations, and
ground contacts are extended
into connector bodies to mate
first and break last, so proper
grounding is ensured. The as-
semblies mate with 0.025 inch
square or round pins and are
side-to-side and end-to-end stack-
able on a 0.100 inch x 0.100 inch
grid. Current rating is 1.0 amp/
contact (continuous), and contact
resistance is 10 milliohms maxi-
mum.

Meritec

A Division of Associated Enter-
prises

INFO/CARD #210

High Power, High
Gain RF
MOSFETs

Motorola has introduced the
28-volt MRF175GV/GU and 50-
volt MRF176GV/GU, N-channel
enhancement mode FETs in-
tended for signal amplification as
common source amplifiers at fre-
quencies to 500 MHz. The GV
models are characterized at 225
MHz and supply up to 200 watts
at up to 17 dB gain, while the
GU models are characterized at
400 MHz and deliver 150 watts
at up to 14 dB gain. They also
offer low thermal resistance and
low C,.,. Designed for broadband
commercial and military applica-
tions using push-pull circuits at
frequencies to 500 MHz, these
devices also lend themselves to
applications such as solid state
transmitters for FM broadcast
and TV transmitters and trans-
lators, high power amplifiers for
base stations, magnetic reso-

nance equipment and sputtering

machines. Pricing in quantities
of 25-99 for the MRF175 and
MRF176 GV models is $118.75,
and pricing for the MRF175 and
MRF176 GU models is $123.75.
Motorola Inc.

INFO/CARD #209
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PRODUCTS FOR DIRECT DIGITAL SYNTHESIS

MONOLITHIC NCOS

STEL-1172B 50 MHz, 32-bi:. Quadrature
STEL-1173 50 MHz. 48-b't, High Resolutior
STEL-1174 50 MHz, 16-bit, Low Cast

STEL-1175 60 MHz. 32-bit, Phase Modulated
STANFORD TELECOM offers the most pomprehenswe STEL-1176 80 MHz. BCD/Decimal, hlgh Spead CMO0S
S b A Ol e STEL-1177 60 MHz. 32bit. full PM, FM, & Quadrature
oards and chassis assemblies in the industry STEM 2179 300 MH=. ECL. 28-bit
In addition. a comprehensive set of digital integrated STEL-2173 1 GHz, GaAs, 32-bit, BPSK. QPSK
circuits for spread spectrum and forward error
correction is also offered BOARD LEVEL DDS
We can provide data sheets. application notes, and STEL-1272 based on 11728, 0-20 MHz
even handbooks. Please call fax. or write the ASIC & STEL-1273 based on 1173, 0-20 MHz
Custom Products Graup for additional information. STEL-1275 based on 1175, 0-25 MHz
STEL-1375A miniature assembly based on 1175
Telephone: (408) 980-5684 = Fax: (408) 727-1482 STEL-1376 miniature assembly based on 1176
2421 Mission College Boulevard STEL-1377 miniaturg assembly based on 1177
Santa Clara. CA 95054-1298 STEL-1277 based on 1177, 0-25 MHz
STEL-2272 based on 2172, 0-130 MHz
STEL-2273 based on 2173, 0-400 MHz
STA N FO R D CHASSIS-LEVEL DDS ASIC
STEL-9272  based or 2172 tom
STEL-9273 based on 2173 Group
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Current Feedback

AGC Amplifier

The CLC520, a wideband cur-
rent feedback AGC amplifier from
Comlinear Corporation, has a
high-impedance differential sig-

nal input, a high-bandwidth gain
control input, and a single ended
voltage output. The signal chan-
nel bandwidth is 160 MHz, with a
0.5 linear phase deviation (to 60
MHz). The gain control bandwidth
is 100 MHz. The CLC520 is
available in 14-pin DIP plastic and
ceramic packages and is priced
at $9.26 for 1000 pieces.
Comlinear Corporation
INFO/CARD #208

Dielectric Probe

and Software

The HP 8507A kit, which in-
cludes a probe and software, is
designed to work with a network
analyzer and computer. It meas-
ures the complex permitivity, in-
cluding dielectric-loss factor, of
materials at RF and microwave
frequencies. The kit is priced at
$3,950.
Hewlett-Packard Company
INFO/CARD #207

Solid State Dual

16 x 1 Switch

The Model 652 Dual 16
x 1 Switch, a broadband (DC to 1
GHz) switch for audio, video, IF,
RF distribution, and automated
test equipment applications, is
now available from M/A-COM. It
can be configured as a dual 16 x
1 or single 32 x 1 switch. Specifi-
cations include 4 dB nominal
insertion loss, 60 dB isolation,
and +27 dBm input power.
M/A-COM Government
Products, Inc.
INFO/CARD #206

* GIGATRIM®

* CERATRIM®

* PHASETRIM*

* AIR DIELECTRIC e THIN-TRIM*
¢ CERAMIC TRIMMER * SEALTRIM®
* MICROWAVE TUNING ELEMENT

j’%m« )

MANUFACTURING CORPORATION
Rockaway Valley Road
Boonton, N.J. 07005
(201) 334-2676 FAX: 201-334-2954
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HIGH ENERGY CORP

CERAMIC RF CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

1S) 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

TCXO'’s in DIP packages

INFO/CARD 43

ALL Logic Families

available in 4- or 14-pin

DIP .5"x.8"x.375""
SPECIFICATIONS

Voltage stability: Vcc + 5%, A F
< 1PPM

Vece £ 10%, A F
< 12PM

Aging: 5 PPM firstyear; 2PPM per year

thereafter

Frequency Adj.: Control voltage in
range of 0 to 5V (variable capacitor
optional)

(G

OSCILLATEK

620 N. Lindenwood Drive ® Olathe, Kansas 66062

FAX: (913) 829-3505 ® TELEX: 437045
Phone: (913) 829-1777

OSCILLATEK
M84 SERIES

ACTUAL SIZE

STABILITY
TEMPERATURE RANGE

FREQUENCIES
AVAILABLE

+1PPM, 0°C to +50°C

HCMOS/TTL
+2PPM, 0°C to +70°C 1KHz to 32MHz
—20° +70°
20°C to +70°C CMOS

+5PPM, 0°C to +50°C
-20°C to +70°C
—40°C to +85°C ECL

10MHz to 32MHz
+10PPM, —=20°C to +70°C
—40°C to +85°C SINE
-55°C to +105°C 10MHz to 32MHz

1KHz to 10MHz
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HIPAX

SURFACE MOUNT PIN DIODE

M/A-COM has added a square bhody surface
mount PIN diode to its family of HIPAX
diodes. It features:

B Hermetic MELF Design B Low Loss, Low Distortion
B Power Dissipation to 4.0 Watts

This HIPAX®diode incorporates a passivated PIN diode chip that is full face bonded and
encapsulated in a square, surface mount MELF package. Designed for high volume tape
and reel assembly, the MA4P1250’s non-magnetic, square package eases automatic pick
and place indexing.

M/A-COM’s MA4P1250 is designed for use as
a low loss switching element from HF through
UHF. The MELF package will dissipate more Full Face Ceramic
power than most surface mount diodes. This Bond 3

HIPAX ®diode is used in commercial and military " Passivatec
communications equipment. PIN Chip
Samples/production quantities available now. \ \ &

For applications assistance contact Jerry Hiller ‘ / /

on ext. 2625, .
For more information, call R ‘
(617) 272-3000 ext. 3808 \ F
M/A-COM Semiconductor Products Solderable /\

:

. Surfaces
South Avenue, Burlington, MA 01803
FAX (617) 272-8861

N
!
’
Il
il

INFO/CARD 45
v




I&: pr OdUCtS continued

SAW Filter

The Siemens Y6901 SAW filter
for use in satellite TV receivers
features 17 dB insertion loss, 43
dB attenuation for the side lobes,
and linear group delay. It is used
for the second intermediate fre-
quency of 480 MHz in satellite
receiving stations and has a 3
dB bandwidth of 27 MHz.
Siemens
INFO/CARD #205

Power Transistors
Philips Components has re-
leased a series of microwave
power transistors ranging from
50 W to 325 W. Using a 50 volt
supply, each transistor outputs its
power with a minimum power of
7 dB across the 960 MHz to 1215

MHz frequency band. Unit pricing
ranges from $120 to $241 in
1,000 piece quantities and deliv-
eryis 11 weeks ARO.

Philips Components Discrete
Products Division

INFO/CARD #204

RF Filters

A new line of filters has been
announced by Anthony RF. Des-
ignated model ASM for surface
mount options, and model ATX
for TO-8 transistor packages, the
product line offers highpass, low-
pass, and bandpass filters in the
frequency range from 60 MHz to
2.3 GHz. Prices start at $120 with
delivery at 4 to 6 weeks.
Anthony RF Products, Inc.
INFO/CARD #203

HF/VHF Converter
The HF/VHF Converter Assem-
bly, designed and manufactured
by K&L Microwave, covers the 2
to 125 MHz frequency range in
17 sub-octave bands. It provides
55 dB isolation, an IF output
conversion gain of +10 dB, a
noise figure of 11.5 dB, rejection

of 75 dB, and conforms to MIL-E-
5400 and MIL-STD-883, Class
5004, Level B, requirements.
K&L Microwave Inc.
INFO/CARD #202

Thin-Film Ampilifiers
Avantek has introduced two
new thin-film amplifiers. The UTO/
UTC-526 displays 28 dB gain
over the 10 to 500 MHz range and
the UTO/UTC-111 features +16.8
dBm output power and a noise
figure of 1.4 dB over the 10to 100
MHz range. Prices are $86 for the
UTO-526, $156 for the UTC-526,
$66 for the UTO-111, and $134
for the UTC-111.
Avantek
INFO/CARD #201

Bit Error Rate Tester

The CSA 907 Bit Error Rate
Tester (BERT) from Tektronix op-
erates at up to 700 MHz and is
designed for quantifying errors
that occur in high data rate
digital communications. It sup-
ports both the IEEE-488.2 GPIB
and the RS-232-C interfaces and
can be equipped with optional 32

kbit programmable words for
applications-specific pattern test-
ing

Tektronix

INFO/CARD #199

Low Noise and
AGC Amplifiers

Miteq has just developed the
model AMX-1320 low noise am-
plifier and a line of switchable
AGC amplifiers. The AMX-1320
covers the 0.02 to 1000 MHz

bandwidth and has a typical gain
of 26 dB. Miteq's line of switch-
able AGC amplifiers can provide
35 dB of dynamic range over the
5 to 500 MHz frequency range.
Miteq

INFO/CARD #198

MORE EMI/RFI
PROTECTION

HIGHER PERFORMANCE
Independent tests show Lindgren's double-
electrically-isolated (DEIl) design assures higher
shielding effectiveness in low-frequency magnetic
and high-frequency electric fields.

MORE SHIELDING SYSTEM OPTIONS
We offer a complete line of modular enclosures,
cabinets, and custom rooms.

Shielding materials, in solid-sheet or screen,
cover almost any shielding requirements.

Our application engineers will help you design
enclosures that meet your requirements for
windows, filters for power and signal tines, wave

guide feedthrus, and lights.

Other options include RF connectors, fiber-
optics, special access panels, automatic doors,
emergency exits, permanent ramps, and flush

floors with low-rise thresholds. L ) S Uy '
S Call us for more information and applications assistance.
EASY MODULAR ASSEMBLY 708-307-7200

Our patented resilient clamping system permits [
easy assembly Enclosures can be modified and
relocated again and again without compromising [
performance

Lindgren also designs and builds a variety of
shielding solutions for industrial, medical, military,
and scientific applications.

ONLY LINDGREN MODULAR SHIELDING SYSTEMS
ARE ASSEMBLED,TESTED, & GUARANTEED
TO MEET SPECIFICATIONS BEFORE THEY’RE SHIPPED.

LINDGREN
. RE ENCLOSURES

400 High Grove Blvd.
Glendale Heights, lllinois 60139
Ph.:(708) 307-7200
FAX:(708) 307-7571
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Transimpedance
Amplifiers

The ATA01500 and the
ATA06210 are low power transim-
pedance amplifiers for use in low
noise RF amplifiers, low power
synchronized optical networks,
and analog video receiver fields.
The ATA01500 features 70 dB of
dynamic range while the
ATA06210 has a dynamic range
of 40 dB.
Anadigics, Inc.
INFO/CARD #190

Coaxial Cable

Assemblies

W. L. Gore has introduced the
CX Series GORE-TEX® RF coax-
ial cable assembiies for low fre-
quency applications up to 1000
MHz. They are 30 percent lighter
than the RG type cables with a
VSWR no greater than 1.2 to 1
W. L. Gore & Associates, Inc.
INFO/CARD #189

Surface Mount

Filters
K&L model 6IL10-X1800-P/P

WBE

Series A82 satisfies applications that require the following specifications in a
rugged miniature package. Series A82 is ideal for dire.

features a maximum VSWR of 1.5
to 1 and insertion less of less than

1.0 dB. Its housing measures 1.0
x 0.375 x 0.30 inches plus tabs.
The filter has a cut-off frequency
of 1800 MHz and a shape factor
of 1.4t0 1. 3 dB to 60 dB.

K&L Microwave, Inc.
INFO/CARD #188

EMI/RFI Test Fixture

A ferrite test fixture addressing
frequencies up to 1 GHz has been
released by FerriShield. The unit
previews resistance properties
and expected attenuation results
of a ferrite assembly. The units
are available from stock as part
#ET28B2000.

FerriShield, Inc.
INFO/CARD #187

Low Noise

Modular Amplifier

The PA779 from Phoenix Mi-
crowave features 52 dB reverse
isolation and a noise figure of 1.8
dB. Small signal gain measures
39 dB typically, and output power
is 13 dBm at the 1 dB compres-
sion point. The amplifier covers
the 5 to 500 MHz frequency band.
Phoenix Microwave, Inc.
INFO/CARD #186

Low Power

10 Bit ADC

Maxim’'s 10 bit ADCs, the
MAX173 and the MAX177, have
a 5 us conversion time with 215
mW power consumption and 8.33
us conversion time with 180 mw
power consumption respectively.
The MAX177 also has on-chip
track-and-hold.
Maxim Integrated Products
INFO/CARD #185

Ceramic Capacitor De-
sign Kit

Single layer chip ceramic MIC
capacitors ranging in value from

MINIATURE RF AMPLIFIERS

tions include airborne equip

test instr

sweep

analysers, freq| 1

Y s,
or a convenient all around test bench amplifier.

Bach stage is ¢t fi

mer
distortion. Selective feedback is used to maintain fl

q e
pled for high .
amd i d

the entire bandwidth.

P

MODELS AVAILABLE

Models A82 and AB2A are amplifiers of ultia wide bandwidth, extreme
i dance match.
Models A82L and AS2LA offer a more limited or fic band

f and 1.

p

stringent flatness specifications.

Models A82/RP, AB2A/RP, AB2A/RP, and AB2L/RP arc remote power option

P P

amplifiers which may be remotely powered through the output connector.
O.E.M. and quantity pricing available. Consuit faczory with specifications.

A: Model AB2A

PICTURED
B: Mode! A82A/RP

Ct antenna mounting. Applica-
quip spectrum
Y, radio astronomy, wide band communications,

power output with minimum
match over

with less

C:  Model A82

T .
Wi
z 2006 vHOOM 3
\ o QF AMPLIFIER
B model AB2®

0.5 pF through 2000 pF are
available in this kit from Murate
Erie. The customer selects the
required values in groups of 5
10, 15, or 20 and orders the kit
with the selected capacitors in-
cluded.

Murata Erie North America
INFO/CARD #184

20 dB Coupler

Sage Laboratories has an-
nounced Model FC4545-2 couple
built for use at altitudes up to

70,000 feet. Typical features in-
clude insertion loss of less than
0.25 dB, from 950 - 1230 MHz
and isolation of greater than 40
dB to 1500 MHz.

Sage Laboratories, Inc.
INFO/CARD #182

>
’w“ -
- M
20Lb V500
as AMPLIER “h

z
- model AS2Y

/et <
RE AMPURER
modet A82

Freq. Range
(Full Spec.)

Approximate
3 dB points
MHz

Output
Capability
in V output

for 1 dB

Compression

Power
Requirements
+12 VDC
@ mA

1-500

.3-650 .18

ok 28

7dB
max

45 dB
typical

20 dB

Stable <) 7/ 28
+.5 dB

.050-150 40 . 170°F 48S 1.0 50
3-100 1.5 1.0 50

WIDE BAND ENGINEERING COMPANY, INC.

BOX 21652, PHOENIX, AZ 85036 TELEPHONE: (602) 254-1570

1-500
.1-50

.3-650

4-30
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Custom Telemetry Amplifier

50 kW HPA Subsystem

SGS-THOMSON Microelectronics has the capability and experience to design, develop & manufacture
RF & microwave power amplifiers and high power amplifier (HPA) subsystems to your exact needs. From
straightforward power amplifier modules for INMARSAT terminals or microwave radios to
complex Medical, Industrial, Radar or Avionics subsystems with built-in test functions, power
supplies and other accessory features. Need a power amplifier for your application?

Look to the people with more than 20 years RF experience-

s G s .m o M so N SGS-THOMSON Microelectronics
Commerce Drive
ST B s o
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The Art of EMI

This art is also functional. We begin with proven designs, use the
highest quality materials and complete the picture with the latest
manufacturing techniques. For 15 years this attention to detail has
enabled industry and government to rely on A. H. Systems for the finest
EMI test antennas and site hardware.

We offer a complete line of equipment to let you easily perform
FCC/MIL-STD/VDE and TEMPEST testing. Our antennas and probes
cover frequencies from 20Hz tc 18GHz. Each comes with individual
antenna factor and gain calibrations using ANSI, SAE, and NBS stan-
dard procedures performed on equipment traceable to the NBS.

See how precision equipment can brighten your testing picture.

INFO/CARD 52

Why pay more? Why wait 30—-90 days when you
want to test now? We can generally ship your
order the day it is received.

A.H. Systems
9710 Cozycroft Ave., Chatsworth, CA 91311
Phone: (818) 998-0223 Fax: (818) 998-6892
Telex: 182640

SYSTEMS
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RF emc corner

Superimposing Low-Phase Noise,
Low-Drift Instrumentation Techniques
on RF Design

By C.M. Felton
National Institute of Standards
and Technology

The information required to do good
low-phase noise design is, for the most
part, already in the literature under
different titles. Low-noise audio design
is concerned with optimizing amplitude
signal-to-noise ratio. Instrumentation am-
plifier design isolates the desired signal
using bridge configurations, (control of
common mode rejection ratio (CMRR)
and power supply rejection ratio (PSRR))
from interfering noise and line harmon-
ics (1,2,3). Concerns with operating
point stability at the microvolt level lead
to awareness of dielectric quality, ther-
mal stability, and bias balance require-
ments. At a large laboratory there are
numerous sources of electromagnetic
interference. Switching power supplies,
clock and computer radiation, motor
start-up surges, and fluorescent light
spikes are as hostile an electromagnetic
environment as a power utility substa-
tion. Critical applications require that
such interference be considered in the
basic circuit design. A balanced circuit
resembles (or can be successfully en-
couraged to do so by the designer) a
parallel, two wire transmission line,
providing for rejection of external elec-
tromagnetic noise.

he focus of this paper is integrating

these considerations into basic de-
signs. A radio frequency (RF) isolation
amplifier will be used to illustrate the
concepts. | will discuss component se-
lection and circuit details of the com-
pleted device and show how these affect
both AM and phase noise (PM) perform-
ance.

RF Design in a Phase Noise
Context

It is important to have full-time access
to a relatively low-noise source (crystal
oscillator), and equipment to measure
amplitude and phase noise. Good low-
amplitude noise design is not the same
as low phase noise design, although the

RF Design

two are related. To aid my own visualiza-
tion, | think of phase modulation occur-
ring in series and shunt modes (Figure
1).

To the extent that a circuit element
or stage is nonlinear with frequency,
that stage forces a phase shift in
whatever signal passes through it. Base-
band noise and thermal drift, present
with the desired signal, will act as
variables in the modulators (Figure 1)
and therefore modulate the desired
signal.

Standard microwave radio frequency
(RF) amplifier designs, (as presented
by computers — variation on the micros-
trip matched, grounded emitter, capaci-
tance coupled, single ended (class A or
C configuration), present their basic
characteristics as reasons for me to
suspect them of being poor phase noise
performers.

High-Q (= 1) resonant circuitry is
unaesirable because a major mecha-
nism of phase modulation is the reactive
slope at any one point. The steeper the
slope is, the higher the modulation
efficiency and the higher the tempera-
ture coefficient.

Some form of emitter or source de-
generation is crucial to obtaining low
phase-noise performance. Resistance,
emitter to ground, improves operating
point or baseband stability and improves
signal linearity. Thermal instability is a
major contributor to low frequency noise,
below a few hertz, and amplitude non-
linearity reduces power supply rejection
as well as introducing an unstable
element into the modulators (Figure 1).

Bipolar transistors have more gain at
low frequencies than at radio frequen-
cies. Capacitively coupled bipolar ampli-
fiers can accumulate baseband noise
faster than desired signal, with each
succeeding stage affecting amplitude
modulations (AM) to phase modulation
(PM) conversion of the amplified base-
band noise.

The single-ended ampilifier stage has
no low frequency power supply noise
rejection, and no common mode noise
rejection (Figure 5). This is because
signal currents share the ground return

SHUNT

Circuit
Resistance |

!

!

|

|

| CorlL
{ Reactance [
|

I

|

!

Phase Modulator
{Some AM)

{
SERIES i
[

Cor L
Reactance

T o
I
o |
Circuit |
Resistance !
{

Phase Modulator 1
(Some AM)

Circuit
: —Z
Resistance

| Amplitude Modulator |

Figure 1. This is an aid to visuali-
zation. In a practical circuit, all
three of these will be occurring
simultaneously to one degree or
another.

with operating (B+) currents and input-to-
output signal-ground currents (assum-
ing capacitor coupling).

Transmission line transformers are a
good solution for interstage coupling at
radio frequencies. When impedance
matched and compensated, these de-
vices can give a flat reactive slope
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Steal 150 watts of rf power.

At a price

1

AMPLIFIER
RESEARCH

Oh yes—the price. The new Model

assuring freedom from burnout, fold-
150L is truly a steal. The cost-per-
watt has just plummeted by 30%!

shorted or open output terminals—
back, or oscillation.

arf

ge contains
100 H_ous'e Road, Souderton, PA 18964-9990 USA « TEL 215-723-8181 TWX 510-661-6094 « FAX 215-723-5688

-tube amplifier.

s total immunity to load mis-

Latest FET technology has en-
hanced the linearity and phase re-

sponse of the lower-power stages,

and the final output sta
an advanced vacuum

in wattmeter calibration, antenna
There’

testing, or countless other rf tasks.
match from sky-high VSWR—even
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roug
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nportant when
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um of 150 very clean and

you'd gladly pay for only
watts, the new Model 150L deliv-
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8547

[
[Py 2 1
Figure 2. A simple
reduce rail AM noise.

oy
R/C filter to

around design center, while at the same
time, affect impedance transformation
and phase inversion, necessary for
balanced amplification. Because of their
transmission line construction, they also
cancel external field pickup and radia-
tion (4,5).

The balanced ampilifier configuration
allows use of emitter/source-coupled
pairs, the basic instrumentation ampli-
fier form which provides isolation from
power supply rail noise and common
mode ground plane noise (2,3). The
transformer coupled push-pull pair also
allows:

- Direct current paralleling of devices
to reduce device generated noise.

- Common mode isolation from input to
output.

- Low amplitude-distortion for a given
power dissipation.

- Cancellation of even order harmonics.
- Circuit stray capacitances are in series
in a push-pull stage and not direct
shunts to ground. This allows wider
bandwidth for a given impedance level.
- Relatively high reverse isolation from
output to input.

- A large resistance or constant current
source can be used in the emitter circuit
without appearing in the signal path.

Ground path continuity and mass are
so important that they almost cannot be
used for design trade-off. When we start
looking as low as 170 dB below the
signal, ground path resistance and reac-

| current
Source

100 uF

TR

Figure 3. Phase noise reduction
circuit.

—Ll e — 1

tance, adequate for lesser dynamic
ranges, can allow development of com-
mon-mode noise and signals that will
compromise the noise-floor. While a
balanced RF amplifier can achieve a
useful degree of common-mode isola-
tion, this reduces but does not eliminate,
requirements for control of common-
mode signals and noise.

Ohm’s law (E=IR) describes what
happens. | will expand that a little for
these purposes:

(CMRR)(E) = Ix (Common-mode ground

Circuit gain path resistance + reac-

tance)
where

E = acceptable limit of interfering signal
or desired circuit noise floor.

I = common mode noise current that will
produce E.

CMRR = In this case, this a complex
term including, but not necessarily domi-
nated by, a calculated figure. The ampli-
fier physical ground path, as a percent-
age of the overall ground path (the path
along which common mode signals are
conducted), and the angular orientation
of that amplifier ground path relative to
noise current flow, will determine the
percentage of noise signals generated
by common mode currents which will
be injected into the amplifier. Then, the
amplifier’'s CMRR (if any) will act to

CRYSTAL FILTERS

TEMEX ELECTRONICS
TEMEX

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

(Tel) 602-842-0159

(Fax) 602-939-6830
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Figure 4. Two low noise clean-up
followers and one regulator. Noise
measured at 30 mA current.

isolate the desired signal from this ‘
resultant noise. A real number for total
CMRR, in this case, is more accurately I
arrived at experimentatly.

Circuit requirements will fix the noise
floor and circuit gain. Control of environ- '
ment will reduce interfering signals to
some unavoidable minimum. At radio
frequencies, common-mode isolation is
limited by relatively unstable stray reac-
tances. After the other terms are opti-
mized, what is left to manipulate is the
found path characteristic.

For example, take three sets of points
5.08 cm (2 inches) apart. One set is
connected by a printed circuit trace
1.575 mm (0.062 inches) wide. Another

RF Design

When it comes to commercial
and Industrial applications,
engineers develop a
sweet tooth for Sprague-Goodman'’s
Plastic Dielectric Filmtrims®.

And Tge are plenty of good reasons why they savor these Filmtrims. Our
tempting assortment of 4 dielectrics features low loss at low cost,
h:gh temperature capability, cost effectiveness, compact size. broad
capacitance ranges, and the most stable TCC for single turn trimmers.
Call or write for Engineering Bulletin SG-402E, plus data on other trimmers
for virtually every variable capacitor requirement.

SPRAGUE
Go0DMAnN

The World's Broadest Line Of Trimmer Capacitors
134 FULTON AVENUE, GARDEN CITY PARK, NY 11040-5395
TEL: 516-746-1385 « FAX: 516-746-1396 » TELEX: 14-4533
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FEED-TRRU'S

POWER FILTERS
STANDARD HI-REL AND COMMERCIAL DESIGNS AVAILABLE
OR CALL WITH YOUR CUSTOM REQUIREMENTS.

— BN

“"
%

,'.
T3

B ™
“

RF, VOICE, DATA,
SINGLE PHASE, THREE ANALOG SIGNALS.

PHASE, DC TO 400 Hz

MIL-SPEC, TELECOM,
CURRENTS TO 150 AMPS & HI-PERFORMANCE
VOLTAGES TO 480VAC COMMERCIAL

WE DESIGN MULTI-FUNCTION MQDULES INCLUOING: FILTERS, CONNECTORS,
CIRCUIT BREAKERS, OVER VOLTAGE PROTECTION, SWITCHES.

Texqs|5pectrum oo
€lectronics .. [

9110 AUTOBAHN DR. TEL: 214-296-3699 ASK FOR OUR FREE

DALLAS, TX 75237 FAX: 214-296-7881 DESIGNERS WMIOY
REPRESENTATIVE TERRITORIES AVAILABLE IN THE USA AND EUROPE
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is connected by copper wire of 0.635
mm (0.025 inches, #22), diameter. A
third set is centrally located on the
unetched copper foil of a 7.62 cm (3
inch) by 12.7 cm (5 inch) printed circuit
card. 100 mA of direct current and then
4.5 mA RMS at 10 MHz was applied
between the three sets of printed circuit
board pads to obtain approximate val-
ues for resistance and reactance.

Conclusive RF measurements across
5.08 cm (2 inches) of a continuous
copper ground plane were not possible
in the time available. All indications were
that the reactance is very small, approxi-
mately 0.1 ohm or less at 10 MHz.
Experimental estimates of the trace and
wire over ground plane were not so
difficult because they are much larger
— 1.5 ohms and 0.5 ohm at 10 MHz.

Durable In-Line
Attenuators

Depend on Kay In-Line Attenuators to stand-up to your
requirements on the job. Each provides: B high accuracy, B low
insertion loss, I} durability, @ good VSWR, W broader frequency

range and M long operational life.
attenuator models.

Listed below are some typical

— . — _ <

This can function as a matching
circuit for pouer supply

- noise at L/C resonance, and

provide substantial voltage gain.

N g W—
) Lo S
| [ YLl ==
Device ¢ C Supply
I E
Ground Returns |
[ |

Figure 5. Capacitors used as high
frequency ground returns and fil-
ters will be completely transpar-
ent at very low frequencies.

Estimates of the DC resistances are
0.0006 ohm for the ground plane, 0.0015
ohm for the wire, and 0.015 ohm for the
trace. This is a relatively large trace.
The difficulty of breadboarding these
measurements puts these figures in the
—50 percent to +100 percent range of
error. They do, however, give a good
indication of the large difference be-
tween a single conductor and the con-
tinuous ground plane when it comes to
controlling common-mode noise.

For example, you've got a single
ended amplifier with a gain of x10, and
a maximum allowable interfering signal
of 1 V. If you have been able to get the
current of common mode line harmonics
down to 0.1 mA, the required total
ground plane resistance would by 0.001
ohms.

Active Device Considerations
Available devices require some form
of paralleling within the device structure
to get a low noise corner. Large gate
area in junction field effect transistors
(JFET) produces the lowest noise but
the highest capacitance, limiting fre-
quency response (3). The U310 FET die
is a good compromise between noise
and speed. The multiple emitter site,

Model No. Impedance Freq. Range Atten. Range Steps ballasted bipolar transistor configura-
837 50Q DC-1500MHz ~ 0-102.5dB  .5dB tion, desireable for stability at micro-
839 50Q DC-3000MHz 0-101dB 1dB

1/839 50Q DC-1000MHz 0-22.1dB 1dB =
847 75Q DC-1000MHz 0-102.5dB .5dB
849 75Q DC-1500MHz 0-101dB 1dB
1/849 75Q DC-500MHz 0-22.1dB .1dB s
860 50Q DC-1500MHz 0-132dB 1dB
870 75Q  DC-1000MHz 0-132dB  1dB

Kay also offers a complete line of Program-
mable and Continuously Variable Attenuators.
For more information or to place an order call Kay’s

Product Specialist at (201) 227-2000. — et ‘
{ oM SOKHz 100kHz !
K Av Kay Elemetrics Corp. !
12 Maple Avenue
Pine Brook, NJ 07058 USA —

Figure 6. Noise floor peak ob-
served during phase noise testing
of circuit.

Tel. (201) 227-2000
TWX: 710-734-4347 \
FAX: (201) 227-7760

—
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!
1 + 15U amplitude i, Device = Phase L8
| Select R for 30 mA u431 | modulated (Phase Detector Spectrum
[ drain current Dual FET = sional source Modulator) Analyzer
l 25 to 100 ohms) Siliconex 100 [ ¥ [}
(sole source) 9 100 oF Changes Can be
Input: +10 dBm ! | Output: | I Here Observed
at 1 - 10 MMz ﬂ_{q + = 418 dBa e e == S S ST
S0 ghe | : T3} _S0che Figure 8. Real-time feedback on effects of circuit
[}
: E : changes.
' : i L — — =
| | !
= ' S “ i 3
I 1 257 1 | ' Low noise _ . El e =
| i J s”,dn,m'“'“ Coupler mw Device |
Iso—|
' SRR, VSN ; |

Figure 7. Isolation amplifier for lower clock frequen-

cies.

wave frequencies, can also be stable
and exhibit low noise at baseband.
Since high-Q circuitry will produce a
high AM to PM conversion factor
and phaseltemperature instability, de-
vices with low interelectrode stray
capacitances are desireable at RF.
Small capacitance values can be
absorbed into the compensating capaci-
tance of the transmission line trans-
formers allowing for the flattest possible
response (4). Moderate to low operating
impedances are desireable because
less inductance is required for a given

Figure 9. Block diagram of test setup for evaluation

of FET iso-amplifier.

frequency response in transformers.
| have experienced trouble obtaining fiat
high frequency response at the higher
impedances above 400 ohms. The lower
the circuit impedance, the less the
effect of the unavoidable stray capaci-
tive reactance also. Strays are by
their nature unpredictable and un-
stable.

Junction Field Effect Transistors are
limited to the common-gate configura-
tion to keep impedances as low as
practical and eliminate adverse effects
of reverse transfer capacitance. Micro-

wave bipolar transistors are most useful
in the common emitter, emitter-couple
pair configuration now, but better low
impedance transformer designs may
extend bipolar possibilities by allowing
efficient use of common base configura-
tions.

Capacitor Considerations

- Capacitance temperature stability.

- Dielectric loss temperature stability.

- Absorption (environmental stability),
aging, internal and package mechanical
stability (microphonics).

'High Reliability |
Precision OCXO

\m P

FTS 9000 SERIES

| Frequency: 4to 160 MHz
Radiation Hardened
Military and Space qualified ‘
designs

Aging/day to 1x 10" (5 MHz)
Low Phase Noise

0 FTS

FREQUENCY AND TIME SYSTEMS, INC. |
34 Tozer Road

| Baverty, MA 01915

(508) 927-8220
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A handful of Bird’s
unique 7-level plug-in
elements and a 4410A
series THRULINE® watt-
meter, lets you cover wide
power and frequency ranges
anywhere — engineering lab,
production floor, service bench
or in the field.

Inside Bird’s 4410A directional
wattmeter is a
balancing bridge detect-
ing scheme that permits
fast, accurate readings
from 2mW to 10kW over
frequencies from 200 kHz

® Copynght 1990 Bird Electroric Corp

VERSATILITY! MEASURE POWER FROM
2mW to 10kW WITHIN 5% OF READING.

atented, self-
who else but

it

30303 Aurora Rd., Cleveland, Ohio 44139 « (216) 248-1200 « TLX: 706898 Bird Elec UD
Western Sales Office: Ojai, CA (805) 646-7255

Available in 4 versions: battery port-

(or as low as 50 kHz
with a special ele-
ment) to 2.3 GHz.
The secret is in the new
4410 series elements pro-
viding seven power ranges
instead of one, with +5% read-
ing accuracy. Simply select the
range you want with a front-panel
rotary switch.

able, AC and battery
portable, rechargeable
portable, or AC and battery
rack mount. Carrying case
optional.
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ADVANTAGES

WRELINE" and

WIREPAC* give you more
design flexibility, greater
power handling capability
and less loss. You get the
handling characteristics of
wire with the performance
of a machined hybrid.

WHAT An octave band hybrid

IS A narrow band hybrid

A directional coupler

WIRELINE

HC2&JC23dB + .72 — .6
f2/f1 = 2.0 L(inches) = 1850/FMHz

HC1 & JC13dB + .32 — .25
f2/f2 = 1.25 L(inches) = 1850/FMHz

A 2"lengthisa 10 = 1 dB
coupler from 175 to 229 MHz

WIREPAC

KC2 & LC23dB + .53 — .45
f2/1 = 2.0 L(inches) = 1970/FMHz

KC1&JC13dB + .22 — 19
f2/f1 = 1.25 L(inches) = 1970/FMHz

A2"lengthisa 10 = 1dB
coupler from 186 to 244 MHz

OFFERS Low VSWR

THESE
KEY

Good isolation
Low insertion loss

FEATURES

Handles average power

Handles peak power

Frequency range

QOutside dimensions

High rehability product

1.2 MAX

20 dB MIN

0.3 dB MAX

HC 100 Watts / JC 200 Watts
2000 Watts

100 MHz to 5 GHz

[RIC =eE7 LS =347

Used in communication satellites

1.1 MAX

30 dB MIN

0.2 dB MAX

500 Watts

2500 Watts

246 MHz t0 6.5 GHz

KC = .25" dia round
LC = .25" square

Used in high power amplifiers

PLUS
THESE

It's easy to use

You can bend it

You can buy it in bulk

You can buy it cut and trimmed

It's inexpensive

We'll send you a free sample

Call or write today for your
copy of our Designers Guide
to WIRELINE & WIREPAC.
Ask for Sage's handy slide
rule calculator for use with
TEM couplers and hybrids.

jsage

LABORATORIES,

INC.

11 Huron Drive ’ Natick, MA 01760-1314
TEL: (508) 653-0844

TWX: 710-346-0390

FAX: (508) 653-5671

To trim, use a razor blade
and thermal strippers

HC min radius of curvature .15”

| JC min radius of curvature .30"

Comes in 5’ lengths

Minimum length .5"

Comes cut to length

1 Stiraight lengths only

Furnished only to length
See below

Any Iength_.3" to 8”

Call us for a quotation

Send us your requirement

SAGE WIRELINE
SAGE WIREPAC

WHEN YOU NEED
THAT LITTLE EXTRA
FOR YOUR BEST
SOLUTION.
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- Capacitor value reactance at fre-
quency of interest, case and lead reac-
tance.

- Capacitor reactance at baseband.

- For use in signal path, stacked foll
Mylar, wound foil Mylar and polypro-
pylene are low inductance and high
dielectric quality.

- Use solid tantalum only where an
electrolytic is required.

Inductor Considerations

- Inductance temperature stability.

- Control of radiation and rejection of
external magnetic fields.

- Microphonics.

- Resonance effects at signal center
frequency and baseband.

- The ferrite loaded transmission line
transformer optimally applied resolved
most inductor considerations and also
allows implementation of a balanced,
non-resonant RF amplifier.

Resistors
- Because of their superior noise and
thermal performance, | use 1 percent
metal film, conservatively rated resistors
everywhere.

Power Supply Considerations
Three-terminal regulator broadband-
noise output is approximately -135 dBV/
Hz as viewed on an audio spectrum
analyzer out to 400 kHz. Depending on
the power supply rejection ratio and the
AM to PM conversion factor of the circuit
in question, this could easily set the
broadband phase noise floor. Single-
ended circuitry almost does not have a
PSRR. Class A and C amplifiers and
most forms of logic are offenders in this
way (Figure 5). If the power supply
situation can accommodate the addi-
tional voitage drop and power dissipa-
tion, and if the remaining close-in noise

't
|
[

Frequency Levels
Input: +10dBm @ 5MHz  Input:

5MHz +10dBm +7dBm |

Hz from  dBV/Hz
the carrier Output: |
| 1 -136 SMHz  +18dBm +15dBm [
10 -146 10MHz  -81dBc  -79dBc |
| 100 -156 15MHz  -65dBc  -68dBc |
1000 -166 20MHz  —Signals below— |
[ 10000 174 25MHz  measurement floor |
25000 -174 ]
{
| l
Table 1. SSB phase noise and

harmonic distortion data.
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is not a problem, a simple resistor/
capacitor (R/C) filter will reduce rail AM
noise below where it will be a major
contributor to circuit phase noise per-
formance (Figure 2).

When output shunt capacitance ap-
proaches some fraction of input capaci-
tance or there is reactance on one of the
legs, three-terminal regulators can oscil-
late. They are, after all, gain blocks. This
oscillation may not be obvious or even
visible with an oscilloscope. But it will
get into sensitive circuitry and cause
increased noise, instability, and even
intermittent thermal shut-down of the
regulator. If phase noise is a major
consideration, a better solution is to
build a discrete regulator using a preci-
sion reference, low-noise operational
amplifier, and a pass device. This can
produce a power supply noise floor of
approximately 160 dBV/Hz, but even
here, the most critical situations will
require some kind of postfiltering (Fig-
ures 3, 4).

Simple additional active low-pass fil-
tering can be added after the regulator
when current or close-in noise specifica-
tions require. This circuit also isolates
the regulator from any large shunt
capacitor required for a single-ended
stage (Figure 4).

Baseband resonances in the B decou-
pling networks can generate noise
peaks. Common-mode or bias currents
circulate equally in the active device,
decoupling circuitry, power supply, and
ground path. These are all in series for
low-frequency noise. Capacitors used
as high frequency ground returns and
filters will be completely transparent at
very low frequencies (Figure 5).

Figure 6 is a representation of a noise
floor peak initially observed during phase
noise testing of a circuit. The same peak
was observed on the power supply rail.
Eliminating an accidental resonance in
decoupling circuitry removed both
peaks.

RF Isolation Amplifier

Here is an isolation amplifier for the
lower clock frequencies (1 to 10 MHz)
using readily available commercial com-
ponents (Figure 7).

Input and output need not be ground
referred; this allows very high input-to-
output common-mode isolation.

Substituting optimized custom trans-
formers for the commercial units can
substantially expand the bandwidth.

Considerations
e Gain: +8dB, 1 to 12 MHz (—1dB, 80

RF Design

kHz to 15 MHz; —3dB, 50 kHz to 26
MHz)

* Reverse Isolation: > 34dB, 10 kHz to
670 MHz

* PSRR: for drain volts, +1V, (at output
18 dBm) <+1MV

* Input level for compression at 10
MHz: +11 dBm/0.1dB, +16 dBm/dB

* Phase change with temperature at
10 MHz: < 0.1 degrees/10 degrees C to
60 degrees C

* Phase noise: see Table 1.

s Linearity: see Table 1.

Testing Notes

At the lower signal levels, accidental
common-mode ground noise, both co-
herent line harmonics and broadband
noise, will probably be the biggest
obstacle to a repeatable test setup. Also,
slow line variations will disturb long
sweep time measurements. In my own
laboratory, | run all equipment involved
in a particular test off one line-condition-
ing ferro-resonant transformer. Then, in
addition to signal grounds, | run chassis-
to-chassis ground straps.

After a carrier has been phase-
detected, the resultant information is
amplitude noise, equivalent to the phase
noise. The relationship between the two
is the phase-detector sensitivity (6,7).
Almost any indicating device can be
used after a low-noise preamplifier.
Values indicated by various analyzers
or even a single frequency (for example
1 Hz center frequency) operational am-
plifier filter (8) can be normalized to a 1
Hz bandwidth to provide interchange-
ability of numbers. There is a limitation
in that filter bandwidth must be equal to
or less than one tenth of the filter’'s
center frequency (9). Resultant calibra-
tion can be verified using the precision
noise source described in NIST paper,
“‘Accuracy Model for Phase Noise
Measurements.” (10) This and some
other papers relevant to phase noise
analysis are listed in the references.

To observe the AM-to-PM conversion
of an RF amplifier, amplitude modulate
the RF signal at some low level (—80
dBc) with a high quality modulator, then
measure the resultant phase noise side
bands at the amplifier output. This can
give real-time feedback on the effects
of circuit changes (6) (Figure 8).

Figure 9 is a block diagram of the test
setup used to evaluate the FET iso-
amplifier. | used two iso-amplifiers to get
the same conditions at both inputs of the
phase detector. The resultant figure is
the sum of the noise of the two amps.
Phase noise coherent to the two amplifi-

ers under test, such as phase noise
induced by common power supply noise,
will cancel in the phase detector. This
has been known to give painfully mis-
leading test results.

Figure 10 shows a block diagram of
a common form of quadrature phase
noise measurement system. Measuring
original oscillator phase noise is some-
what complicated in that at least two
identical oscillators that can be phase
locked to each other are required (6, 10)
A single oscillator and —3dB coupler will
provide the two coherent signals for
other tests. However, a second, non-
critical oscillator will be required for
calibration (7,10).

The amplitude noise test results re-
ported for Figures 2, 3, and 4, have a
repeatability range of + 1 to 2 dB. The
phase noise figures quoted for the
amplifier in Figure 7 are + 2 to 3 dB.
More time with the same equipment will
yield better accuracy.

Low-Amplitude-Noise Preampli-
fier

Figure 11 is a low-noise video pream-
plifier using standard parts which can
be used in front of a standard or fast
Fourier transform (FFT) spectrum ana-
lyzer to evaluate amplitude noise. It can
also be used after a phase detector for
the evaluation of phase noise.

All amplitude measurements in this
paper used this pre amp. It is the limiting
factor on some of them. An “M” by a
figure means measurement limited.

Conclusion

When signal considerations extend
160 dB or more below the carrier,
calculated incremental design solutions
can reach a point of diminishing returns.
Attempting to optimize as many design
parameters as possible right from the
start will save a lot of time. Since
amplitude noise is a major source of
phase noise, a good beginning is to
design the lowest amplitude noise circuit
possible. Then make the reactive slopes
of that circuit as flat as possible, and
allow some form of emitter/source de-
generation.

Use of phase-noise measurement
equipment to obtain reai-time empirical
feedback, as regards the effects of
design changes, is important in this area
of design that is not yet fully understood.
Using this paper and the reference
publications, fabrication of a basic phase-
noise measuring system capable of
producing verifiable documentation can
be accomplished in the average analog
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Figure 10. Block diagram of quadrature phase noise

measurement system.
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Figure 11b. Negative voltage regulator.

laboratory using existing equipment.

Initial design, component selection,
layout, power supply requirements, and
control of environment are each crucial
in a high performance situation. Since
phase noise is cumulative (multiplica-
tive) for an entire system, system per-
formance will be somewhat worse than
the single worst gain block or device in
a system. Achieving low phase-noise
system performance requires careful
attention to every individual function
block in that system.
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Constant Reactance Voltage
Controlled Oscillator

By Raymond T. Page
Wenzel Associates, Inc.

A need exists for a very wide range
voltage controlled oscillator that exhibits
good frequency and amplitude stability
over its entire frequency span without
complex band switching. Applications
include wide pull phase locked loops
which incorporate a single continuously
tuned VCO, broadband sweep genera-
tors with good stability at the high end
of the frequency range and network
analyzer oscillators with extremely flat
output level over frequency.

raditional wide-range VCOs vary only
the capacitance in an oscillating
tank. The reactance of this varactor and
an inductor increase with frequency
since the operating frequency is in-
versely proportional to the square root
of the capacitance. Consequently, these
VCOs have been limited to a tuning ratio
of about 3 to 1 and the loaded Q and
resulting circuit stability become de-
graded at the end of the frequency
range. Some designs have incorporated
complex switching circuits to select a
more appropriate inductor as the fre-
guency increases. Such circuits do not
tune continuously from one end to the
other. Varactors combined with satura-
ble core inductors have also been used
to obtain better than 3 to 1 tuning
ranges, however, these circuits have
been found to be hopelessly unstable,
noisy and exhibit substantial hysteresis
due to core magnetization.
A new approach in VCO design, a
Constant Reactance VCO, (CRVCO)

[ ' ]
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Figure 1. Q and inductance of a
ferrite inductor in a magnetic field.
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can be realized which exhibits the
stability of a varactor-only tuned VCO
while providing the wide continuous
tuning range (7.5 to 1) of a varactor/
saturable core reactor VCO. By actively
holding the inductor’s reactance con-
stant in a feedback system that tracks
the tuning varactor, high Q and excep-
tionally constant output power are main-
tained over frequency.

The saturable core reactor consists
of a ferrite toroidal inductor placed in the
field of an ordinary electro-magnet. As
the magnetic flux increases, the 4C4
core loses permeability without signifi-
cant changes in Q (Figure 1). This
CRVCO employs a modified Wabash
reed relay (P/N: 208-31-1) with a soft iron
rod replacing the switch to direct the
saturating magnetic field to the VCO
coil, which uses seven turns of 30 gauge
wire on a Ferroxcube core (P/N:
135T050-4C4). This combination re-
quires less than 100 maA to fully saturate
the inductor.

The MC 1648 is selected as the VCO
because it contains an automatic gain
control which precisely sets the voltage
across the tank, allowing the inductor’s
reactance to be determined by measur-
ing its current. This current is metered
by connecting the ground end of the
coil to the synthetic ground at the
collector of a grounded base stage. A
voltage proportional to the emitter cur-
rent appears at the collector which is
amplified and detected. The low imped-
ance collector resistor and MMIC ampli-
fier provide very flat wide-band re-
sponse.

' Volts
Level

Tuning Votts

20 40 60 80 100 120 140 160

1 MHz

|
W—|

Figure 2. CRVCO’s frequency and
amplitude characteristics.

P————— = 4 s
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[
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1 MMz J

Figure 3. Transresistance ampli-
fier frequency response.

Once detected, the inductor current
results in a DC voltage which is scaled
by a 50 kilo-ohm pot before it is applied
to the reference pin of a TL431 shunt
regulator. In this unique application the
TL431 modulates the current into its
cathode in an attempt to keep the
reference pin at 2.5 volts DC.

As an increasing voltage is applied to
the varactors, the VCO’s frequency
begins to rise which makes the inductor
current start to drop. Since this drop in
inductor current shows up as a propor-
tionate drop in RF voltage at the detec-
tor, the voltage at the reference pin of
the TL431 will attempt to increase
causing the cathode to sink more cur-
rent. More current through the electro-
magnet increases the saturation of the
saturable core reactor which lowers its
inductance bringing the current back
up to its preset level thereby satisfying
the feedback loop. The compensation
network consisting of a 620 ohm resistor
in series with a 0.001 uF capacitor
assures that the frequency response of
the TL431 is slower than the frequency
response of the electromagnet for good
loop stability.

Performance Data

With a tuning voltage of 1 volt to 24
volts, the CRVCO tunes from 20 MHz to
150 MHz - an incredible 7.5 to 1 tuning
ratio (Figure 2)! Nearly as impressive
is the output flatness, a barely detect-
able + 0.04 dBm from end to end (Figure
2).

The combined performance of the
grounded base stage and MMIC stage
play a crucial role in just how well the
saturable core reactor’s reactance can
be regulated. Figure 3 testifies to the
transresistance amplifier’'s capability of
being used out to 400 MHz.
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Figure 4. 20 MHz to 150 MHz CRVCO.

Summary

This CRVCO implementation need
not be restricted to high ratio tuning
applications. Smaller ratio designs can
still benefit from its inherent stability.
Other applications of the tracking satu-
rable core reactor include high Q track-
ing filters or tanks with a fixed resonant
frequency which alter the components’
reactances. Insightful applications of
this technique should lead to some very
promising circuit solutions. RF

Figure 5. Photograph of CRVCO.
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dent, Besser Associates Inc.
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RF expo

RF Expo East Features an

Outstanding Technical Program

RF Expo East will be held November
13-15, 1990 at Marriott’'s Orlando World
Center in Orlando, Florida. This year's
Program Chairman, Dr. Frederick H.
Raab of Green Mountain Radio Re-
search Co., has organized an outstand-
ing program, covering both traditional
and advanced RF topics. Overall partici-
pation is at an all-time high, including
more international speakers than any
previous Expo. With these papers, and
the addition of a fifth day-long short
course (see facing page), attending
engineers will find RF Expo East 1990
to be a stimulating and rewarding expe-
rience.

Tuesday, November 13 —
8:30to 11:30 a.m.

Session A-1: Receivers | (Tutorial)
Chair: Peter Chadwick, Plessey
Semiconductor

Design of Receivers tor Electronic Warfare
Sherman R. Vincent, Raytheon

This tutorial provides a review of the charac-
teristics of the five basic EW receiver archi-
tectures and a review of the basic analysis
equations and calculations used by the EW
receiver designer.

Session A-2: Power Amplifiers
Chair: Steven J. Samay, Trontech

VSWR Performance of Transistor RF Power
Amplifiers

Richard W. Brounley, RF Engineering Con-
sultant

The ability of an RF power amplifier to
operate into a SWR depends upon a number
of factors including the reflection coefficient,
magnitude and phase, transistor power dissi-
pation, and amplifier stability. These factors,
along with protection methods, will be dis-
cussed with emphasis on applications which
have severe VSWR requirements.

A Novel Technique for Analyzing High-
Efficiency Switched-Mode Amplifiers
Kazimierz Siwiak, Motorola

A novel circuit analysis technique was devel-
oped for investigating the performance of
high efficiency amplifiers operating in the
switched mode. The analysis gives insight
into the practical implementations of high
efficiency RF amplifiers, particularly at high
frequencies.

RF Design

RF Power Transistors for 200 W Multicar-
rier Cellular Base Station

Korne Vennema, Philips Components

The new generation of cellular systems
requires multi-channel amplifiers with a high
peak power capability. This paper describes
the design and application of new common-
emitter class-AB transistors with output power
levels up to 200 W for 860-960 MHz base-
station transmitters.

Session A-3: PLLs and Synthesiz-
ers |
Chair: Rob Gilmore, Qualcomm

The ‘‘Approximation Method’ of Fre-
quency Synthesis

Albert D. Helfrick, Tel-Instrument Electron-
ics Corp.

There is a method of frequency synthesis
which uses a phase locked loop with a
reference frequency significantly greater than
the minimum frequency resolution. The im-
provement in resolution is achieved using a
unique method of direct digital synthesis to
vary the reference frequency of the phase
locked loop by minute amounts.

A Comparison of Techniques for Phase-
Stability Measurement

Lisa M. Moder, Erbtec Engineering

Phase shift across a pulse in an amplifier
offers a measurement challenge. This paper
compares three techniques for making such
a measurement.

Ten-Bit 350 MHz DAC for Direct Digital
Synthesis

Perry Jordan, Analog Devices

A ten bit 300 MHz DAC has been tailored to
the Direct Digital Synthesis (DDS) Market.
This DAC combined with a 300 MHz phase
accumulator and the appropriate RAM will
yield a complete DDS system.

Session A-4: Microwaves
Chair: R.W. Livingston, Rockwell
International

System Design Considerations for Line-of-
Sight Microwave Radio Transmission

G.M. Kizer, Rockwell (Dallas)

This tutorial will focus on four major areas:
System performance objectives, both na-
tional and international; Analog and digital
radio transmitter/receiver performance char-
acteristics; Site location considerations such
as frequency planning and antenna charac-
teristics; and Path Considerations.

Phase Shifter Based Upon Reflectively

Terminated Multiport Coupler

M.H. Kori, Centre for Development of
Telematics (India)

A reflection phase shifter, which is comprised
of a reflection circuit and coupler, convention-
ally has the two parts designed separately. A
comprehensive analysis which takes both
units together reveals that the coupler also
introduces phase error, making the design
of a reflection phase shifter a delicate task
of balancing the various parameters to obtain
optimal performance.

Reflectivity Measurement Instrumentation
D.J. Kozakoff, C.W. Sirles, D.A. Thompson
and R.S. Banks, Millimeter Wave Technol-
ogy

This paper focuses on the design criteria
implemented to develop a portable reflec-
tometer instrument.

Tuesday, November 13 —
1:30t0 4:30 p.m.

Session B-1: Receivers Il
Chair: David Krautheimer, RHG
Electronics

Spread Spectrum with Digital Signal Proc-
essing

Robert J. Zavrel, Jr., Stanford Telecom
This paper will explain how several existing
custom ASIC devices perform in spread
spectrum systems. Although several SS
techniques will be discussed, the direct
sequence method is the most applicable to
this design solution.

GLONASS: The Soviet L-band Spread Spec-
trum Navigation System

James Danaher, Structured Systems &
Software

The operation of GLONASS, details of the
GLONASS spread spectrum signal structure,
comparison between GLONASS and GPS,
and results of using GLONASS/GPS signals
from satellites currently in orbit will be
discussed.

Detection and Sorting of Frequency-
Hopped Signals

J. Eric Dunn and Steve F. Russell, lowa
State University

Advances in high speed digitizers and proc-
essors make feasible a digital system de-
signed to detect and dehop or “‘sort” fre-
quency hopping signals. A theoretical system
is developed where signal detection is ac-
complished using a combination of wide and
narrowband FFTs.
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Session B-2: MMICS
Chair: Sheryl Johnson, Motorola

GaAs MMIC Switch Products - Daily Appli-
cations

Michael Smith, Anzac

A simple overview of GaAs MMIC devices,
their packaging styles, applications, and
configurations will be presented. In particular,
low cost switches, configurations and their
replacement of pin diode circuits.

Silicon MMICs: 35 dB - 35dBm - S35

T.E. Boles, D. Osika, and M. Deiss, SGS-
Thomson

SGS-Thomson has developed a line of a
combination of silicon MMICs with a discrete
output device to achieve the technical goals
of 35 dB of RF gain and an output power level
of 35dBm. This was accomplished while
staying within the market driven cost goal of
$35.

Some Design Considerations for L-Band
Power MMICs

Robert Weber, ISU Microelectronics Re-
search Center

1t should be possible to produce high power
(>10 Watts) MMICs. However, several design
constraints and tradeoffs concerning thermal
limitations, chip size, available components,
market, etc. are considerations whenever a
power MMIC is considered.

Session B-3: Filters
Chair: Maura Fox, Phonon

SAW Coupled Resonator Filter Capabilities
and Applications

Allan Coon, RF Monolithics

Problems associated with SAW Coupled
Resonator filters are addressed with a practi-
cal selection guide of filter technologies in the
VHF and UHF frequency ranges. Generalized
guidelines are developed for the optimal
selection of filter technology during system
design.

At Long Last: Modular, Digitally Tuned RF
Filters as Easy as Amplifiers and Mixers
E.A. Janning, Pole-Zero

The design of a new family of digitally tuned
bandpass filters covering 10 MHz to 1 GHz
is discussed. Their excellent selectivity and
wide dynamic range make them ideally suited
for receiver preselection, synthesizer postse-
lection, or transmitter noise cleanup.

Narrow Band SAW Filters for IF Applica-
tions

B. Horine and S. Gopani, Sawtek

Because of the wide selection of narrowband
SAW techniques now available, the receiver
design can flow smoothly from system re-
quirements to choice of architecture and filter
specifications. Several different typical re-
ceiver requirements will be discussed and
SAW solutions developed for each.

Session B-4: Antennas and Propa-
gation



Chair: Alan Victor, Monicor Elec-
tronics

Large Loop Antenna Variations

Robert P. Haviland, Mini Lab Instruments
This paper examines loop antennas of large
size using various geometries and feed
methods. Larger loops, arrays, and non-
planar configurations are also discussed.

VHF Multipath Propagation Causes and
Cures

D.R. Dorsey, Jr., DocSoft Enterprises

This paper will explore the phenomenon of
MultiPath Propagation at VHF frequencies
and above. It will attempt to define the basic
physical causes of multipath propagation and
some of the means that may be used to
overcome it on line-of-sight radio links.

Radio Frequency Identification Systems
for Commercial and Industrial Applications
James Eagleson, Allen-Bradley Company
RF systems can avoid problems that can
prevent proper operation of other methods
of ID *‘tagging,” such as bar codes: obstruc-
tions, distance, or environmental effects.
Methods currently used to implement RFID
systems are presented, including perform-
ance characteristics, advantages, and diffi-
culties.

Wednesday, November 14 —
8:30to 11:30 a.m.

Session C-1: Receivers Il
Chair: M.A. Belkerdid, Univ. of
Central Florida

IF Frequency-Response Considerations for
the Digital Radio

Environment

Richard Roberts and M.A. Webster, Harris
This presentation includes a review of Nyquist
filtering, eye patterns, and SER curves and
their use in digital radio systems. Following
this introduction, the relationships between
IF bandpass performance and intersymbol
interference are discussed, including effects
of phase and amplitude, group delay, impulse
response, and symmetry.

Signal Digitization for Radio Receivers
Steve Russell and J. Eric Dunn, lowa State
University

Digital radio theory and techniques are
becoming increasingly important. The basic
design issues involved in choosing a digitiza-
tion method will be presented and an impor-
tant new technique called sigma-delta analog-
to-digital converters will be described.

A DSP PSK Modem for Satcom SCPC
Voice/Data

Y.S. Rao, R. Asokan, K. Reeta, C-DOT
(India)

A hybrid approach is presented forimplemen-
tation of a DSP modulator directly at 45 MHz
and brought to the 52-88 MHz range and the

RF Design

demodulator through a DSP at 20 kHz (Base-
band frequency) after a single down
conversion.

Session C-2: Transmitters
Chair: Paul Finman, LCF Enter-
prises

Architecture of HF-VHF Radio Transmit-
ters

M.A. Sivers and S.V. Tomashevitch, Lenin-
grad Electrotechnical

Institute of Communications (USSR)

Digital-Feedback Techniques for a Pulse-
Width-Modulated RF Power Amplitier
Harry Direen, Erhorn Technological Opera-
tions

The output of an RF power supply will vary
with load variations, AC line variations, duty
cycle of pulse width modulation, temperature,
and other factors. This paper presents a
microprocessor based feedback loop that
stabilizes the RF power output at any given
level.

Increasing the Efficiency of SSB Transmit-
ters by Envelope-Tracking RF Power Am-
plifier

Leonid Voronov, Leningrad Electrotechni-
cal Institute of Communications (USSR)
The method of envelope-tracking improves
the efficiency of a linear RF power amplifier.
This paper is concerned with the problem of
achieving potential efficiency of envelope-
tracking RF PA with the required IMD level.

Session C-3: SAW Tutorial
Chair: James Yolda, U.S. Army
Center for Signals Warfare

Surtace Acoustic Wave (SAW) Technology
C.A. Erikson, Jr., Oakmont

This 3-hour tutorial provides an overview of
the fascinating technology of surface acous-
tic wave devices. It is geared to a practical
understanding of all aspects of SAW device
design, fabrication and testing.

Session C-4: RF Systems for Re-
search in Particle Physics
Chair: Otward Mueller, General
Electric Co.

RF Systems for the Advanced Photon
Source

James F. Bridges, Argonne National Labo-
ratory

The Advanced Photon Source (APS) is a
positron storage ring from which x-ray beams
of energies up to hundreds of keV are
emitted. The RF system will be described as
well as several lower-power systems at
frequencies of 9.8 MHz, 117 MHz and 2.8
GHz.

RF Applications in Particle Accelerators
C. Hovater, Continuous Electron Beam
Accelerator Facility

Most particle accelerators, either for physics
research or medical applications, use RF
fields to accelerate the charged particles.
This paper discusses RF control systems and
the RF circuits employed by the various types
of particle accelerators.

A Fully Digital RF Synthesis and Phase
Control for Acceleration in COSY
Hermann Meuth, Forschungszentrum KFA
Julich

For carrier frequencies up to 2 MHz and
maximum clock and sampling rates of about
40 MSPS, a fully digital real time RF signal
synthesis, phase control and processing
system is being designed for use on the new
cooler synchrotron accelerator ring, COSY.

Wednesday, November 14 —
1:30t0 4:30 p.m.

Session D-1: Receivers IV
Chair: Mahesh Kumar, AEL

Dynamic Evaluation of High-Speed, High-
Resolution D/A Converters

James Colotti, CSD/Telephonics

Although most manufacturers provide a
comprehensive set of data, often devices will
not be specified under the conditions called
for in the application. However, dynamic D/A
evaluation can uncover the necessary perform-
ance information under the appropriate con-
ditions.

TV Demodulator to Evaluate TV Transmis-
sion Quality

P.R.M. Correa, (Brasil)

This work is based on the development of a
synchronous demodulator for use in televi-
sion service. Its main purpose is to obtain a
demodulation of TV signals, which could
assure all measurements, or the utilization
of that signal in any other service.

Digital Signal Processing Based Spectrum
Monitoring System for the European Broad-
casting Area

Istvan Novak, Design Automation, Techni-
cal University of Budapest

This paper describes a spectrum monitoring
system for the 0.1 to 30 MHz frequency
range. The system is based on a high-
performance, synthesizer tuned receiver and
the digital signal processing (FFT) of its IF
output signal.

Session D-2: Components
Chair: Sam M. Richie, Univ. of
Central Florida

Impedance-Matching Transtormers for RF
Power Amplifiers

David N. Haupt, Erbtec Engineering
Impedance matching transformers are attrac-
tive for many applications. Unfortunately,
transformer behavior at RF, and especially
transmission line transformers, are poorly
understood topics to many designers.
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Temperature Compensating Attenuators
Perry F. Hamiyn, ANZAC

This paper will describe the use of passive
positive and negative coefficient thermistors
in simple resistive networks to compensate
for signal level variations over temperature.

Useful Network Transformations in Filter
Design

William B. Lurie, Consultant

To get practical element values in filters,
exact or approximate transformations, or
equivalences, can be used to achieve realiz-
able designs.

Session D-3: Quartz Crystals and
Applications

Chair: Murat Eron, Compact Soft-
ware

Vibrational Sensitivity and Phase Noise in
Crystal Oscillators

G. Kurzenknabe, Piezo Crystal

A growing concern in the radar, ECM and
communications community is the effect of
vibration on the phase noise of crystal
oscillators as it degrades systems perform-
ance. This paper will review what phase noise
is and why it is degraded with vibration.

Quartz-Crystal Filters: A Review of Current
Issues

M.D. Howard and R.C. Smythe

This paper discusses some of the issues
facing both users and manufacturers of
crystal filters, including performance re-
quired for new applications, requirements for
wide bandwidths, monolithic dual resonators,
plus phase and amplitude matching.

Frequency Correlation of Quartz-Crystal
Resonators

Bruce Long, Piezo Crystal

Quartz Crystal resonators for oscillator appli-
cations must be specified for oscillator load
capacitance. Otherwise a considerable differ-
ence between the crysta! frequency and the
frequency of oscillation can occur.

Session D-4: Modulation
Chair: Brian D. May, NASA LeRC

New Method of Linear Amplitude Modula-
tion

M. Lee, L. Gan and S. Zhang, Wuhan
University (PRC)

Deriving from the conventional non-linear
modulation method, this paper suggests a
linear amplitude modulation method with
mini-signals. The analysis and the experi-
ments show that the method can be applied
to any oscillator.

4-Ghz Multiplied Source for Digital Modula-
tion

D. Balusek, Rockwell (Dallas)

This paper describes a multiplied 4 GHz
source with very low microphonic susceptibil-
ity. This source is suitable for use in Digital
Radio Systems using 64 Quadrature Ampli-
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tude Modulation.

Techniques in Voice Compression and
Synthesis

Paul G. Beaty, Erbtec Engineering

There are several methods for compressing
and synthesizing voice. The quality of speech
varies from being suitable for children’s toys
to being suitable for a telephone conversa-
tion. This paper discusses the implementa-
tion details of such methods.

Thursday, November 15 —
8:30to 11:30 a.m.

Session E-1: Noise Tutorial
Chair: Michael J. Willis, Georgia
Tech Research Institute

Noise Fundamentals

Frank Perkins and Albert J. Ward lll, RF
Monolithics/Avantek

This tutorial paper discusses the nature of
RF noise and reviews the concepts of noise
power, noise bandwidth, noise factor, noise
figure, and noise temperature. Noise calcula-
tions for cascaded RF stages are reviewed
in the context of RF system design. Noise
measurement technigues are discussed along
with facts that affect measurement accuracy.

Session E-2: CAD and Simulation
Chair: M. Abdollahain, GTE Labo-
ratories

Spice Modeling and Simulation of an 800
MHz, Class-AB Push-Pull Amplifier

R.Y. LaLau, Mobile Data

A design example of a Class-AB amplifier is
used to illustrate the methodology and results
of modeling RF amplifiers using SPICE and
SPICE-based computer tools.

Computer Programs Design and Optimize
High-Efficiency Switching-Mode RF Power
Amplifiers

Nathan Sokal and Istvan Novak, Design
Automation

Single-ended switching-mode RF power am-
plifiers are difficult to design accurately for
wideband operation or when using non-ideal
components. Complicated interactions
among the component parameters and de-
sign variables yield a set of nonlinear implicit
design equations which can be solved only
by computer.

A Quasi-linear Determination of UHF Power
Device Operation From a Spice Simulated
Nonlinear BJT Model

P.E. D'Anna, MMD

Session E-3: PLLs and Synthesiz-
ers |l

Chair: W.A. Davis, Virginia Poly-
technic Institute

Designing With Direct Digital Frequency
Synthesizers

F. Cercas, A. Albuquerque and M. Tomlinson,
Institute Superior Tecnico (Portugal) and
Plymouth Polytechnic (England)

A complete characterization of Direct Digital
Frequency Synthesizers is made in both the
time and frequency domain. As an application
example of the derived expression for the
power spectrum density with phase quantiza-
tion, an extremely simple algorithm is de-
scribed that sequentially computes the fre-
quency and magnitude of each component
and gives exactly the same result as an FFT.

Direct Digital Waveform Generation Using
Advanced Multi-Mode Digital Modulation
B.G. Goldberg, Sciteq

This presentation defines an optimum wave-
form generation device, the performance of
which has just been validated. In one square
inch, it is a complete DDS (with DAC), that
covers up to 10 MHz with -65dBc spurs, yet
provides true digital AM, PM and FSK - while
consuming a bit over one watt.

Optimum PLL Design for Low Phase Noise
Performance

Stan Goldman, E-Systems

In designing a PLL, the general practice has
been to select damping factor and loop
bandwidth for switching time. But, switching
time design goals are different from low
phase noise level design goals. Optimum
damping factor and bandwidth goals for low
phase noise PLL design will be determined.

Session E-4: Test and Measure-
ment
Chair: Sara Mussman, Wavetek

Design and Development of an RF Data
Acquisition System

Thomas H. Jones and Madjid A Belkerdid,
University of Central Florida

Accurate measurements of scattering pa-
rameters using an automatic network ana-
lyzer and S-parameter test set is a viable tool.
There are several limitations to using a
network analyzer however. These problems
can be solved by developing a completely
computer controfled data acquisition system.

Handheld Probing Techniques for RF PCB
and Hybrid Circuit Characterization

Young Dae Kim, Hewlett-Packard

This paper will address the issues related to
handheld probing in RF network analysis
such as source of error, calibration, and
practical performance limitations.

Using the VXIbus for RF Test Equipment
M. Levy, Racal-Dana

New ATE standards such as the VXIbus are
ideal for RF test systems as they allow the
measurement devices, switches and inter-
faces to sit in one small compact unit. VXIbus
RF chassis performance, RF modules for use
in the chassis and interfaces suitable for test
systems up to 18 GHz will be discussed.

October 19380
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Prize Announcement

Grand Prize
Design Contest

Grand Prize
PC Software Contest

A Macintosh computer system
with RFDesigner™ software!

HP 8591A Spectrum Analyzer!

The design Grand Prize is a HP 8591A portable spectrum
analyzer for design, production or field service. A few key
specs include 9 kHz to 1.8 GHz coverage, stable synthe-
sized LO, —115 dBm noise floor, and 1 kHz to 3 MHz
resolution bandwidth. This prize is provided by Hewlett-
Packard Company.

The software Grand Prize includes a complete Macintosh
SE/30 computer system with 2 MB RAM, 40 MB hard
disk, and ImageWriter Il printer — Plus: RFDesigner
analysis, synthesis and optimization software, including
schematic capture and CAD software, plus auxiliary soft-
ware for word processing, spreadsheet analysis, and more.
This prize is provided by ingSOFT Limited.

* * % Second Prizes * x %

Design —

You can speed up your RF system
design with this software package pro-
vided by TESOFT — TESS block
diagram simulator plus the MODGEN
madel generator option. Accessories
include OrCAD/SDT Il schematic
capture software and Microsoft's

[ 1 | FORTRAN compiler.

Software —

Design filters faster and easier with
software cdonated by DGS Associates
— the student version of their
Passive/Microwave filter package,
which includes S/FILSYN, passive
module, and utilities.

Stock your lab with this RF
component package provided by
Adams-Russell. ANZAC Division.
An assortment of popular ANZAC -
components will be awarded to ‘
the third place winners in both P
categories. ,

Third Prize
Both Contests

Every engineer who enters will
receive a special RF Design Awards
T-shirt. Just include your size with
your entry. This special reward for
all entrants is compliments of
TESOFT.
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Friendly and intuitive user's interface with easy
exchange of information among all applications.
Direct high-resolution text and graphic outputs.

RFSynthesist‘”‘ ...a computer aided

synthesis tool for lumped and distributed struc-
tures, providing the first step in circuit design.

RFDesigner™ .. apoweriul and easy-
to-use analog Simulator. Saves money and time
Lin design of RF & MW circuits. Gradient,
' Random and Yield optimizers allow optimiza-
tion of any number of circuit components.
SCHEMATIC CAPTURE: full-featured, digital
simulation included, produces run-ready files
I used for data entry and as a project data base.

PCB LAYOUT CAD with programing capabilities
essential for design of RF & MW PCB layouts.

NETWORK ANALYZER INTERFACE: sw/hw (SCS
to IEEE488) for S-parameter data acquisition.

Comprehensive User Support: printed and
automatic On-Line Manuals, RFDesigner
Newsletter, and active consulting. ingSOFT soft
ware runs on all Macintosh models with 1 MB
{ RAM min. (4 to 8 MB recommended).

| 1ngSORT Limited

213 Dunview Ave., Willowdale, Ont. M2N-4H9, Canada

TEL: (416) 730-9611 FAX: (416) 733-3884
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RF software

[

Smith Chart Program Up-

grade

Smithsoft Plus is an enhancement of the
previously released Smithsoft program. Im-
provements to the original include network
analysis; circuit cut/paste/tune, component
parasitics; Z-theta chart; H, S, Y, Z, and
ABCD parameter conversions; S-parameter
translation for CB, CE, and CC; and other
additions. It runs on any IBM or compatible
with an EGA or better display, more than 64K
of screen memory, a Microsoft compatible
mouse, at least 512K of memory and running
DOS-2.1 or later. The price is $259 with
discounts for purchases in quantity
Somersoft
INFO/CARD #218

RF Circuit Analysis Software

Lightwave Technologies, Incorporated has
released Personal RF Lab, a low cost,
general purpose, linear simulation software
program that includes features such as
schematic capture, multiple output windows
and online help. The program uses nodal
analysis, and an optional optimizer is avail-
able. Measurements that are available in-
clude scattering parameters, gain and stabil-
ity circles, and other parameters as well.
Circuit documentation capabilities such as
the ability to export schematics, graphs, and

Most popular stan-
dard inductors avail-
able from stock for
immediate shipment.

Full line catalog on
request.

Sample RF coils and RF chokes designed to meet your special requirements are
shipped within 10 days to 2 weeks. Production quantity shipments start within 3 to 4
weeks after approval of samples. Intensive specialization in coil design and manufac-
ture assures a high degree of optimum performance.

tables to page layout and spreadsheet soft-
ware are supported. Prices start at $995
Lightwave Technologies, Inc.

INFO/CARD #217

Signal Creating Software

The HP 8791 Model 100 precision signal
generator is a software package for the HP
8791 frequency-agile signal simulator (10
MHz to 3 GHz). It creates precise and
complex signals modulated with AM (to 20
MHz), FM (to 20 MHz deviation), phase
modulation (to 20 MHz rates) or with fre-
quency hopping speed less than 250
nanoseconds. The software works on instru-
ment-on-a-disk architecture for front panel-
like operation. All modulations may be used
simultaneously, along with other user-defined
formats. The price is $6,000.
Hewlett-Packard Company
INFO/CARD #216

RF Subsystem Evaluator
STRAN is used to calculate the cascaded
noise figure and dynamic range of up to
seventeen elements making up an RF sub-
system. It can perform the cascaded calcula-
tion at any time after data has been entered
on an element and can compare the calcula-
tion with a previously performed calculation.
Joseph C. Thornwall
INFO/CARD #214

SPECIAL RF Coils & Chokes in 2 Weeks

J.W. Miller Division
BELL INDUSTRIES

306 E. Alondra Blvd. = Gardena, CA 90247
(213) 537-5200 = FAX (213) 631-4217

Since 1924, leading manufacturer of standard
and custom inductors.

Al
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PLL Prototyping Boards

RF Prototype Systems has announced a
full product line brochure that provides pho-
tos, block diagrams, and other pertinent
information. Completely updated, the bro-
chure contains the company’s latest designs,
including the PLL Universal Serial Synthe-
sizer Controller Board (PLLCNTRL1).
RF Prototype Systems
INFO/CARD #230

LISN Catalog

Schatfner EMC has introduced a catalog
describing their Schwarzbeck Line Imped-
ance Stabilization Networks (LISN's). These
instruments are required for accurate meas-
urements of equipment conducted emis-
sions, RFI noise conducted back onto the
AC power line from equipment under test.
These units present a stabilized 50 ohm
impedance over the 0.01 to 30 MHz fre-
quency range, and can be used up to 300
MHz.

Schaftner EMC, Inc.
INFO/CARD #229

Frequency Synthesizers
Propenties, specifications, applications, and

prices of the complete synthesizer line span-

ning 0.1 to 500 MHz are given in this catalog

from Programmed Test Sources. Also in-
cluded in this catalog are descriptions of the
options and accessories available to match
customer specifications.

Programmed Test Sources, Inc.
INFO/CARD #228

SMT Chip Inductors

An eight page bulletin describing a line of
SMT chip inductors is no available from
Sprague-Goodman Electronics. Among the
items specified in the charts are inductance,
Q, self-resonant frequency, rated current,
and DC resistance. The bulletin, SG-800B,
also includes sections on reel and carrier
specifications.

Sprague-Goodman Engineering, Inc.
INFO/CARD #227

RF Capabilities Brochure
Richardson Electronics, Ltd. now offers a
brochure listing the dimensions, specifica-
tions, pricing and applications of its line of
RF products. Products featured include tran-
sistors, power FETs, power modules, amplifi-
ers, microwave transistors, microwave and
RF passive power products, and semiconduc-
tors.
Richardson Electronics, Ltd.
INFO/CARD #226

RF Design Software Service

Computer programs from RF Design. provided on disk for your convenience
All disks are MS-DOYPC-DOS compatible, unless otherwise noted

Disk RFD-1090: October 1990

compiled)

“Microstrip CAD Program.”” by Thomas Cefalo of MITRE Corp Computes micro
strip impedance, delay, inductance, capacitance, and other factors (BASIC

Disk RFD-0990: September 1990

‘Split Tee Power Divider”” from article by S Rosloniec Performs matrix computa
tions for analysis of this type of circuit (BASIC)

Disk RFD-DR90: Directory Issue

‘Noise Bandwidth Calculations” from arucle by Richard Bain Computes filter
noise bandwidth by integrating data from passband graph (QuickBasic, compiled)

Still Available: RFD-1989-SET

All 11 disks from 1989 1ssues of RF Design
Price includes postage Foreign orders add $8 00 [outside US and Canada)

$74.00 (5%°) or $82.00 (3V:

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

include postage and handing

order to:

Disks are $9 00 each (5% i) or $I000 (32 in) Outside US and Canada, add $8 00
per order Foreign checks must be in US funds, and must be payable in the US Prices

Annual subscriptions are available, providing 13 disks for $9000 (5% n) or $100.00
{3V ) Specify starting date For subscribers outside the US and Canada add $50 00
Payment must accompany order...specify disks wanted...send check or money

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

mments shauld be directed to RF Dy

FREQUENGY
OfNTHESIS

VDS-1400

DDS+PLL

VHF/UHF SYNTHESIZER

+ 20-235MHz

< any octave BW

» 1Hz steps

+ 5 msec switching
- -60dBc spurs

phase nolse (dBc/Hz)

SRR
1 10 100 1A 108 100k 1M
offset {Hz)

for

- automatic test equipment

- clock generators

» core of higher frequency units
« downconverters

- radar

+ SATCOM (70MHz or 140MHz)

- simulators

« NMR

= navigation

* HF/VHF/UHF/ Tx and Rx

v |\
SCITEQ ELECTRONICS, INC. .
8401 Aero Drive
San Diego, CA 92123 "o
TEL 619-292-0500 -
!
FAX 619-292-9120
TLX 882008
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EVERYTHING!

DDS-1
Waveformer™

This complete one-chip DDS
covers over 10 MHz in fine steps,
with oM. FM. and true digital AM.,
plus a unigue auto-FSK mode.
Add it to a PLL synthesizer 1o
reduce division ratios while
improving modulation capabilities.

mm A complete DDS, with DAC
B | .5 square inch flatpack
mmm phase modulation
mm digital AM
mm 32-bit frequency control
e Automatic FSK
m -60 dBc spurs
mm 25 MHz Fc__ (>10 MHz BW)
N | 25W total (£5V)
Sciteq offers many svnthesizers
that feature advanced-technology

DDS designs, DDS+mixifilter.and
DPS+PLL.

y
/ SCITEQ Electronics, Inc.
\ 8401 Aero Drvo
4 San Diego. CA 92123
2 Phone 619:292:0500 Fax 619-292 9120
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m‘ llter awr e continued

Monolithic Ceramic Capaci-

tors

Catalog C-01-A from Murata Erie North
America provides complete electrical, me-
chanical, and environmental specifications
on the Murata Erie line of chip, axial and
radial leaded monolithic ceramic capacitors.
Also included is detailed information on the
company’s line of monolithic ceramic capaci-
tors designed to replace aluminum and
tantalum electrolytic devices.
Murata Erie North America
INFO/CARD #225

Low Noise/Medium Power
Amplifiers

Miteq has released a brochure describing
selected models of its AFS Series of amplifi-
ers. Features include: ultra miniaturization in
size, ultra low noise to medium power,
moderate to wide bandwidth, low power
consumption, and appropriate packaging
styles for different uses.

Miteq
INFO/CARD #224

Guide to RF Connectors
A new catalog from AMP Incorporated
covers its complete product line and offers

information on connector selection, theory
and application. Included are BNC, TNC, N,
C, SHV, UHF, SMA, SMB, and SMC connec-
tors, blindmate connectors, triax connectors,
and twin-ax connectors. The catalog also
contains information on basic RF theory and
cable and connector types.

AMP Incorporated

INFO/CARD #223

Test Instruments

Hewlett-Packard Company has released
HP Direct, a catalog of test instruments and
accessories. Listed are oscilloscopes, fre-
quency counters, function generators, ca-
bles, attenuators, and other equipment.
Hewlett-Packard Co.
INFO/CARD #222

RF Amplifiers

Featuring the newest solid state amplifiers
for NMR spectroscopy and magnetic reso-
nance imaging, ENI’s RF power amplifiers
catalog provides specifications and informa-
tion on RF products for industrial, medical,
and research applications. New sections on
impedance matching transformers and broad-
band power multicouplers are also included.
ENI
INFO/CARD #221
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RF engineering opportunities

Design Engineer

Encsson Radio Systems, Inc., a world leader in advanced cellular
System technology, is cumently looking for a Cellular System
Design Engineer.

You'll prepare cellular system design analyses, verify cellular
designs, and perform various intermodulation and other field
testing based on customer needs. In addition, you'll analyze,
develop and document test procedures, as well as compile
technical documentation for cellular customers and systems data

in relation to FCC Carey analysis, radio propogation, and C/1
predictions.

You must have a BSEE or equivalent and at least 3 years’ telecom-

munications engineering experience, preferably in RF system
design of cellular systems. Previous field testing experience and a
willingness to travel (35-40%) is also required. Knowledge of RF
test equipment coupled with a software background is
prefemed.

Ericsson offers challenging opportunities on the cutting edge of
cellular technology. Send your confidential resume with salary
history to: Encsson Radio Systems, Inc., Dept. TB, 709 N. Glenville
Dr., Richardson, Texas 75081.

ERICSSON

Radio Systems, Inc.

An Equal Opportunity Employer m/f/v/h.

\

IOWA%MIDW
+ ENGINEERS W e - DESIGN
* MANAGERS » SYSTEMS
PROFESSIONAL ENGINEERING RECRUITING
TOP COMPANIES — RADIO - COMMUNICATIONS » AVIONICS

DON GALLAGHER, MSEE, PRESIDENT
Gallagher & Associates
1145 LINN RIDGE RD. MT. VERNON, IA 52314
(319) 8958042 (319) B9S-6455 FAX
35 Years Engineeting Exper. — Co. Paid Fees

RF ENGINEER

Are you an experienced EE with a sohd

mechanical background who gets satisfaction
| from quickly turning creative ideas into products?

Then join Centurion, the leading manufacturer
of antennas, batteries and earcom Our rapid
growth has created a position with opportunity for
advancement for a results-oriented engineer

BSEE, 2 years experience designing or
building antennas, mechanical background
Salary commensurate with ability and ex-
perience. As a member of Centurion, you will en-
Jjoy a full benefit package, wages based on work
performance, and excellent working conditions at '
an 1deal Midwestern location.

Send resume and salary requirements to:

| ):{ ENTURON = l

INTERNATIONAL, 10C.

P.O. Box 82846
Lincoln, NE 68501
EOE/AA

We're Throwing
The Telecommunications

World for a Loop.

At Raynet, we're launching a whole new industry. We're
developing, manufacturing, and selling high-performance,
cost-effective, resource sharing fiber optic distribution
systems for local loop applications throughout the world.

If you're an adventurous professional who's ready to ex-
plore new opportunities in your field, join the team that's
turning the industry inside out! And discover how at
Raynet, we see telecommunications in a whole new light.

RF DESIGN ENGINEERS

You will design and develop low noise, low distortion RF
circuits and components for fiber optic based communica-
tion systems. A BSEE with 8+ years' experience in RFand
analog circuit design are necessary. Component level RF
design in the UHF frequency band is desirable. Please
respond to Job Code: RFE.

VIDEO
SYSTEMS ENGINEERS

You will define performance criteria for fiber optic based
video transmission. You will also perform lab experiments
and theoretical calculations as well as analyze data to de-
termine overall performance. Interface with Marketing/
customers in system definition will be involved. You must
be familiar with electro-optic systems, communications
theory, modulation techniques, and systems distortion
mechanisms. A BSEE (MSEE desirable) and 4-6 years'
directly related experience are required. Please respond to
Job Code: VSE.

We offer an excellent compensation and benefits pack-
age, including a bonus plan for all our employees. Please
send your resume (indicating job code on envelope) to
Raynet, Human Resources, Dept. RFD/DL-31, 181
Constitution Dr., Menlo Park, CA 94025-1164. PRINCI-
PALS ONLY. NO PHONE CALLS, PLEASE. We are an
equal opportunity employer.

Raynet

1

Telecommunications

In A Whole New Light




DISTRIBUTION REDEFINED:

penitently

imprsonnient and reformatory discipune;

usually, a State prison; also, in the Kom. Cath Ch,anofficer | Furopean mint,

cases of conscience reserved for the

appointed to dcal with
i also, an ofhie of

bishop of a diocese or for the papal court;
the
tentiary’) having jurisdiction over such cases
pen-i-tent-ly ([;cn’i-\cnt-li), ade. In a penitent manner
pen-knife (pen’nif), n.; pl. -knircs (-nivz). A small pocket-
knife, orig. one for making and mending quill pens.
pon-man (pen’man), n.; pl. -men. Onc who uscs a pen,
as in writing; onc skilled in the use of the pen; also, a writer
or author.—pen’man-ship, n.
pon-na (pen’y), n.; pl. pennz (). I, feather: sce pendl)
In orm'll).c a contour-feather, as distinguished from a down-
{eather, p'lume, ctc.
penanamo (pen’nim), n. A nom de plume. Sce nom.
pen-nant {pen’ant), n. [Var. of pendand, assotinted also
with pennon) A flag of distinctive form (as long and
tapering, short and swallow-tailed, or triangular) and special
significance, borne on naval or other vessels or used in
signaling, ctc.; any flag scrving as an cmblem, as of success
in an athletic contést; also, in music, a hook (stroke attached
to the stem of an cig‘nh-notc, ctc.).
pen-nate (pen’dt), a. [L. pennatus, winged, < Jjenna,
feather.] Winged; feathered. Also pon-nat-od ({)cn a-ted).
pon-nat-u-la (pe-nat/Q-14), n.; pl. us or dx (-le). [NL,
prop. fem. of LL. pennatulus, dim. of L. pennalus, winged:
see permalc.l A sca-pen (polyp) of the genus Pennatula.
pen-nor (pen’ct), n.  One who pens or writes something.
pon-ni-less (pen’i-les), a. Wil&xout a penny; destitute of
moncy. —pen’ni-less-ly, adr.—pon’ni-loss-ness, n.
pen-non ?pcn' n), n. [OV. F. penon, < penne, < L.
nna, fc:llhcr‘.z] A distinctive flag in various forms (taper-
ing, triangular, swallow-tailed, ctc.), orig. cne borne on the
lance of a knight below the runk of banncret;
a pennant; any flag or banner; also, n wing or
pinion (poctic: as, “Fluttering his pennona vain,
plumb down he drops Ten thousand fathom
deep,” Milton’s “Paradise Lost,” ii. 933).
pon-non-col (pen’gn-sclj, n. [OF. penoncel, dim.
of penon, E. pennon.) A small pennon; a pen-
cel. [Archaic.]
pen-noncd (pen’gnd), a. Bearing a pennon.
Penn-syl-va-ni-a (pen-sil-va’ni-§) Dutch, Seeunder Duteh, n.
Ponn-syl-va-ni-an (pen-sil-vi’nign). L a. Of or per-
taining to the State of Pennsylvania; in geal, noting or
pertaining to a geological period or a system of rocks which
comprises the upper or later portion of the Carboniferous
rod or system in North America. IL n. A native or
nhabitant of Pennsylvania; in gecol., the Pennsylvanian
period or system.
pen-ny (pen’i), n.; pl. pennies (pen’iz) (individual coins)
or ¢ (pens) (o sum or amount in this denomination).
{AS. penig, pening, pending, = D. penning = G. pfenni
= Jcel ningr = Sw. penning, penny.] An ‘unglisl
bronze coin equal to one twelfth of a shilling, or about 2
U. S. cents; any of varlous coins of other countries, as the
Roman denarius (sce Luke, xx. 24)
or the U. S. cent; in genernl, a coin;
a plece of money; a sum of money
(small or large: as, a pretty penny,
that is, a considcrable sum). Also
used in composition to form adjec-
tives denoting price or value, as in
Jourpenny, ficepenny, etc. (as used in
Jourpenny nails, fivepenny nails, etc.,
formerly meaning nails costing four-
pence, fivepence, ¢tc., & hundred, but
now nalls of certain arbitrary sizes).
—pen’nysaslin’er (-q-ll'r:zr). n.
One who writes, as for a newspaper,
at a peany & line or some low rate;
a hack writer.—pon’/ny=an’te, n.
The game of poker when the amount
of the ante s limited to one penny
(one cent). ot ¢ Lrolal) C
pen-ny-coy-al (pen-i-rot’al), n. (A
par. a corruption of obs. puliol roy‘:l s

Medleval
Kuight s
i*enpoa.

in the U S,| (OF. pulid, dim. < L. pule

pal court (presided over by the ‘cardinal grand peni- | pen-ny-wort (pen’i-wert), u.

| pon-ny-worth (pen’i-wérth), n.  Asmuch

1276

ium, pennyroyal).] A low
Mentha pulegium; also, an American
menthaceous plant, Hedeoma pulegundes, used medici-
nally and yiclding a pungently aromatic oil (sce cut).

Any of several plants with

as the navelwort, Cotyledon um-
aria (see

round or roundish leaves,
bilicus, and the Kenilworth ivy, Cymbalaria cyn
iry), and a small American plant, Olxda-
ria virginica, of the gentian fam-
ily.

as may be bought for a penny; hence.
small quantity or amount; also, value for
the moncy given, or rcturn for onc's\}
money or trouble (as, “Ilave once more
with hail shot. I will have some pen-
nyworth, T will not lese [lose] all”:
Udall's “Ralph Roister Doister,” iv.
7); a bargain (good, bad, etc.).
po-nol-o-gy (p§-nol’y-ji), n.  [Gr. wown,
fine, penalty: sce Hogy] The science
of the punishment of crime, in both its
deterrent and its reformatory aspects;
the scicnce of the management of prisons.
~po-no-log-i-cal (p&-nd-loj’i-kal), a.
—po-nol’o-gist, n.
pon-pc;‘lnt (pen’point), 1. A small steel
or other pen, for inscrtion in a pen  papywor -
holder. [l"rm'., Eng. and U. 8.) l '"'u-::;.'—-'a.(:u;o,‘:e‘:
pon-sion (pen’shgn), n. [OF. F. pension, < L. penaio(n-),
payment, < pendere (pendére), weigh, pay: of. pend] A
payment made or exactedt; also, a fixed periodical payment
made in consideration of past services, injury or loss sus-
tained, merit, poverty, etc.; an allowance or annuity; also
(F. pot-sy6n), in France and elscwhere on the Continent, a
toarding-house or boarding-school.—pen’sion, r. t. To
grant a pension to; cause to retire on a pension (with off).
—pon’sion-a-ble, a. Entitled or entitling to a pension. —
pen’sion-a-ry (-§-ri). [ML. permwnarius] I.a. Of the
nature of a pension; also, receiving a pension; hence, hire-
ling. IL n.; pl. -riea (-riz). A pensioner; in the Nether-
lands, formerly, the chief magistrate of a city (as, “Jean
Scrsanders, the penaionary of Ghent”: J. . Kirk’s “Charles
the Bold,” iii. 1); specif. (usually ‘grand pensionary’),
the chief minister ofpcthc statc.—pon’sion-er, n. Onc
who reccives a pension; hence, a hireling; also, a member
of n body-guardt; a gentleman-at-urmst; also, at Cam-
bridge University, a student who pays for his commons,
etc., and is not supported by any foundation.
pon-sive (pen’siv), a. [OF. F. pensif, < penaer, think, <
L. penaarc, weigh, ponder, freq. o ndere, weigh: see
nsion.] Deceply, scriously, or sadly tmughﬁul (as, “Their
earts . . . with thoughts of vanished ycars Were penaive’”:
W. Morris's “Juson,” x. 555); grave; sober; melancholy;
also, expressing or inducing thoughtfulness and sadncss (as,
“the pensive shade of the Italian ruins”: G. W. Curtis’s
“Prue and 1,” ii ). — pen’sive-ly, ade. — pen’sivo-ness, n.
pounsstab (penstab), n. An article for a writing-desk,
commonly a small vessel containing a brush with the bristles
turned upward, for thrusting a pen into after using.
pen-stock (pen’stok), n. TScc pen'] Technical value
added RF & microwave components distributor
with over $6,000,000 inventory of Avantek, Am-
phenol, AVX, Comlinear, EZ Form, FEI Micro-
wave, Hewlett-Packard, Johanson, EF Johnson,
Lucas Weinschel, Mini-Circuits, Omni Spectra,
Penstock Engineering, Precision Tube Company,
Sawtek, Toko American, and Tusonix. In StocK:
Amplifiers, Attenuators, Cable Assemblies,
Capacitors, Connectors, Couplers, Detectors,
Diodes, Filters, Limiters, Mixers, MMIC Compo-
nents, Oscillators, Power Splitters/Combiners,
Semiconductors, Semi-Rigid Cable, Switches,
Transformers, Transistors, Value Added Engineer-
ing. For more information call (800) PENSTOCK
or circle reader service number. Sales offices
throughout the U.S. and western Canada.

fat, fate, fir, {1, dsk, fire; net, me, hér; pin, plne; not, ndte, mdve, nér; up, late, pull; o, ofl; ou, out; (lightened) avigry,

tloct, aglny, ioty, Qaite; (obscured)

emant, oper§, ardent, acter, natgre; ch,

p; € go; th, thin; #=&, then; y, you;

INFO/CARD 69



f o

RF Design Simplified.
Use Toko’s RF Building Blocks
and Stop Going to Pieces!

Now you can reduce your RF design and
component sourcing problems with just one phone
all. Toko can supply more than 75% of the com-
ponents required for most RF design projedts, with
“building blocks” that save time and space.

Toko is the world's largest manufacturer

of small coils, with radial and axial
leaded-indudtors ond SMT inducors— adjustable
or fixed, in single or multiple coil configurations.

We have what you're looking for.
Why design a complex LC or helical
fiter when Toko already makes it! We
offer o wide variety from 4mm SMT styles to
helical filters large enough to handle RF power
signals—all in single or multiple configurations.

:’_ For I-F amplification and detection,
Toko offers a variety of ICs to simplify
design and reduce produd size. Other available

types indude: compandors for noise
redudion, equalizers, analog switches and
voltage regulators.

—{ B For I-F or osdillator dircuits,
Toko ceramic filters and oscillating

elements are an alternative to more costly
technology. These High Q devices are also

extremely compad and stable.
. With over 36 stock types in a wide
range of capacitance volues, Toko has
the varacor diodes you need, in SMT or SIP
packages. An exdusive manufacturing process
eliminates tracking errors in matched sets.
The fastest way to design and produce

D your next RF design projet is with
Toko RF modules. Utilizing the latest hybrid circuit
technology, these circuits will also save space and
cost. Custom variations are also available.

INFO/CARD 70
See us at RF Expo East, Booth #515.
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B cost less!
%1&*}‘ o Molded Sample Kit: 82 values (123 parts)

COIL PROTOTYPE/SAMPLE KITS
Toko sample kits give you more choices and

=5 30MHz-150MHz; 0.0393-1.173 pH
=17'e Tmm Sample Kit: 54 values {108 parts),
70kHz-50MHz; 0.1-220 mH

= lomm Sample Kit: 68 values {136 parts),

79kHz-75MHz; 0.08 H-56 mH
PRICED AT ONLY $49 EACH. ORDER TODAY!

Let Toko put the pieces together for you. For
a free catalog or information on samples,
contact Toko America today.

(708) 297-0070; FAX (708) 699-7864.

[X= TOKO

A
TOKO AMERICA,INC.

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



1+1=1
State-Of-The-Art Breakthrough Combines

Constant Phase Log Amp and Limiter
ini ture Package

m Operating frequency:
30+5,60+10,160 +40,0r 450 £ 50MHz

® Simultaneous power & phase information
®m Accurate amplitude & phase'comparisons
®-For monopulse and multi-channel systems
® Phase-tracked sets available

OPERATING SPECIFICATIONS, MODEL HLL160

Operating frequency (MHz) 160+ 40
Input dynamic range (dBm) Oto-70
~ DC power(mA) 140@ -12VDC;75@ +12VDC

LOG VIDEO CHARACTERISTICS: IF OUTPUT CHARACTERISTICS:

Slope, nom.(mV/dB) Power, nom.(dBm) ............. NooreesConsans +10
Voltage out, nom. @ 0dBm(mV) 1500 Insertion phase over temp. (deg) ....... *12
Linearity @25°C(dB) .........ceevvvenune. +0.75 Phase variation @ 160MHz, over

Video rise time(nsec) dynamic range, @25°C(deg) ......... +3

ENVIRONMENTAL: Operating temperature —55°C to + 85°C; hermetically sealed package; meets
applicable’requirements of MIL-E-5400

PSS
RHG ELECTRONICS LABORATORY, INC. =G

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