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GaAs MMICs: easy to
order, easy to get!

With TI's new Easy-GaAs order processing system, and Ga
Pack method of waffle-packing standard devices, your shipment
of standard devices can be on its way to you in 48 hours. That’s
real turnaround time!

Here is how Easy-GaAs works:

Place your order — when TI receives your order for standard ‘ -

GaAs devi it’s entered into the \'Ys'er % visually inspected to MIL-STD-833, M
. I o ~ 1009, e

Your order is proc Ti < 1ac I )C auto-prc TP Def. - ‘

preinspected and prepac 2o dlrLLtl\ to shipping ¢ quatity proc i fense S)SFC“]S & Electronics

Questions — they're handled i v, with just a phone orld-class and nationally recognized, as evidenced by

A ) )3l a « . ( b y o ; . . . . 3 . L ’
call; no waiting for P uality Award. T
Your order i ped — w 1t hin 48 hours your standard

ice order is on its w ay

hod 2

Instruments is committed to meeting your product and deliv
expectations, so you can meet your program’s design requirements,
on time and within specifications.

For more information, please call 1-800-1TS-C
Instruments Incorporated, Gallium Arsenide Division, P.O. Box 17774
Dept. GMAT10, Denver, Colorado 80217-985

All GaAs-Pack devices meet TIs strict standards for qualit

ard GaAs MMV ; s are on the shelf, in eas ’
easy-to-ship GaAs come in waffle-packs, I sl B
increments of fiv , and ready to ship. XAS Qu ality
! Award
»
A’ A\



MIAER
UNPRECEDENTED

4.5 SIGMA

AUTOMATED ASSEMBLY
REPEATABILITY GUARANTEED

for low-costand
1 week shipment guaranteed

ALL-CERAMIC PACKAGE
cover pull strength ™
in excess of 20 Ibs. ULTRA-REL™ MIXERS

e

SYEAR GUARANTEE

RUGGED CONSTRUCTION
passes MIL-M-28837
SURFACE MOUNT shock and vibration tests

board area 25x.30" =

tape and reel available

SOLDER PLATE
OVER NICKEL METALIZATION
improves solder reflow reliability
and eliminates leaching

ALL-WELDED
INTERNAL CONSTRUCTION
withstands up to 240°C for 5 minutes

actual size

ALL-CERAMIC 510 3000MHz .*3%5,

Midband, dB
Now you can buy very low-cost, high-performance Model LO Freq. (MHz) Conv. lsol $ea.
commercial mixers with the ruggedness and reliability (dBm) LORF IF Loss L-R L-I (10-49)

required for military applications. That's value! RMS-11X  +7 51800  5-1000 7.1 29 31 3.95

1
..Only from Mini-Circuits. RMS-11F +7  350-2000 DC-400 5.5 31 30 4.9
RMS-30 +7  200-3000 DC-1000 6.5 26 22 6.95

RMS-25MH  +13 5-2500  5-1500 7.5 32 32 7.95

finding new ways ...
setting h|gher standards

m M I n l c I rc u Its WE ACCEPT AMERICAN EXPRESS AND VISA

P.O.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945 ~ EUROPE 44-252-835094 Fax 44-252-837010

For detailed specs on all Mini-Circuits products refer to ® THOMAS REGISTER Vol. 23 ® MICROWAVES PRODUCT DIRECTORY ¢ EEM o MINI-CIRCUITS' 740-pg HANDBOOK.
CUSTOM PRODUCT NEEDS.. LetOurExperience Work For You. F166 REV. ORIG.
CIRCLE NO. 301



A M l The result of years of breeding by design
Ot orowa and technical evolution. The Motorola R-2600
T hOI‘ 0ug hbl‘ (4 d. has the sleek quality of a thoroughbred and

' : ~quick manners of a well trained quarterhorse.
R 2 600 It knows what’s needed with only a soft touch.
i The R-2600. Computerized, digital accuracy,

analog feel. Dependable on the job.
Well bred. :

-

ye

-
i3

§

‘M‘\‘

= AM /FM Signal Generator = Soft Keys and Windowing
» Duplex Offset Generator s PL/PDL Encode/Decode
m See & Hear " Spectrum Analyzer = SINAD Distortion Meter
m Off-the-Air Sensitivity Receiver s Oscilloscope

m Relative Signal Strength Meter  m Digital Voltmeter

s Auto-Tune s Frequency Counter
» Terminated RF Wattmeter m Serial Printer Interface
» Tracking Generator (optional)  ...and More

For Communicatons System Analyzer information:
Call 1-800-235-9590.

@ MOTOROLA

The sculptured horse, “ Magnificent Beast”, is the work of George-Ann Tognoni, Phx., AZ.
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WHAT DO THESE FILTERS HAVE IN COMMON?

4 4

nununum_

COMPLETE SET OF DISTRIBUTED STRUCTURES
+ lowpass, bandpass, highpass & bandstop
# Microstrip, stripline, coax & slabline (machined)
# €dge coupled, end coupled, direct coupled
# Hairpin, combline, interdigital, elliptic, stepped-Z

START TO ART 3 Design began at 11AM on four
# Complete design including synthesis & simulation microstrip filters and HFG files were
# Output layout to plotters & laser printers ready for board suppliers by 1 PM. Using

- HPG DXF files for rd suppliers T-Tech's Quick Circuit milling platform,
b and ready for boa PP boards were ready for test by 5PM.

=M/FILTER= files were tested by several
=OSCILLATOR= STATE-OF-THE-ART ALGORITHMS board suppliers to insure compatibility.
7 Automatic end, bend, tee and cross absorption
+ Corrects dispersion & differential phase velocity
# Accurate design bandwidth
# N-coupled line models

EAGLEWARE

Eagleware Corporation # 1750 Mountain Glen # Stone Min, GA 30087 7 USA

=SuperStor=

HIGH-SPEED  SIMULATOR
“=scHemAx= LT
INTEGRATED SOFTWARE TOOLS " mtan snonconienen TEL (404) 939-0156 # FAX (404) 939-0157

SAME PRICES INTERNATIONALLY

CIRCLE NO. 222



Now that EEsof has merged
with HP’s high-frequency
design software operation,
you're probably wondering
what’s going to happen to your
software investment.

Plan on getting the most from it.

Right from the start, HP-EEsof
will support and enhance both
the MDS and the Series IV pro-
duct families. So the software
you're using today will evolve
with your changing needs.

In the future, we plan to
combine the best technology
from each set of tools, without

© 1993 Hewlett-Packard Co. TMSRSD404

sacrificing key features. Your
design databases and software
customizations will be migrat-
ed forward. And simulators,
models, and libraries will be
retained. All within a design
environment that’s easy to
learn and use.

Of course, whether you've
been using HP or EEsof soft-
ware, you'll benefit from our
combined R&D resources,
industry knowledge, and global
sales and applications support.
In fact, you'll have a broader
selection of high-frequency

design capabilities to choose
from than ever before.

So, plan on getting the most
from your software investment.
Call 1-800-343-3763. And we’ll
mail you more information
about HP-EEsof solutions for
high-frequency CAE.

[

HEWLETT®
PACKARD
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The Microphase “Low Profile” contiguous-channel Diplexer and Multiplexer Series is avail-
able over the 0.5 to 40.0 GHz range and offers a number of features:

SIZE / PERFORMANCE
Compact and light weight, all
models are 0.400" thin, yet the
recognized exceptionally high
Microphase product performance
has not been compromised.

@D MICROPHASE

DESIGN FLEXIBILITY

The Low Profile series has the de-
sign flexibility of eleven specific
crossover frequency choices
(from 1.0 to 26.0 GHz) that define
the most popular allocated EW-
bands from 0.5 to 40.0 GHz. En-
gineers and systems planners
may select and specify almost any
combination of multiplexed bands
to easily satisfy their requirements
in a standard Microphase catalog
model.

TEMPERATURE STABILITY
All multiplexers are temperature
stabilized from —54°C to +95°C.
Over this temperature range, the
crossover frequency shift is less
than +0.5%.



An alpha-numeric part number identifies thé
characteristics. Thirteen frequencies have been
letters A-M, covering 0.5-40.0 GHz (see examples)

e First two letters give the total operatirgg'b;and (l
 Second group of letters are crossover frequenc
low-to-high order) offset by adash
* Atwo number suffix indicates if rejection i
the end channels: No end channal

PART NO. AL-J-01
Diplexer

1
PART NO. AJ-CF-11
Triplexer

e

T
A c
0.5 2

)
PART NO. CJ-EGI-10
Quadruplexer l

A
PART NO. AM-CFJL-00
Quintaplexer




Unfortunately
or Our Competition.
We've Just Unleveled
The Playing Field.

The politically correct talk today is that “we have to level the playing field so w
can compete fairly” At RF Micro Devices, we always play fair, but now, because ¢
our Optimum Technology Matching™, the playing field, especially the RF I
playing field, will never be level again. And since it’s our field, we know how t
play it perfectly.

Optimum Technology Matching uses three different process technologies fo
radio frequency wireless applications exactly answering your desig
requirements when they call for high performance, low power, small size, ans
lower cost. Bipolar Silicon, Gallium Arsenide, and Heterojunction Bipola

Manufacturers of Quadrature Modulators / Programmable Attenuators / Linear PA.’s /



Transistor (HBT) are joined in cutting edge designs throughout our integrated
circuits. So cutting edge, in fact, that no one else today even comes close. We
know that’s a pretty strong statement. But when you do something that’s not
politically correct in these times, you'd better have the goods to back it up.

Call 919-855-8085 today and find out how we’re taking the wireless

communications industry to a totally 7341.D W. Friendly Ave.

new level on our recently unleveled RF ))))))))))) Greensboro, NC 27410

playing field. Phone: 919-855-8085
MICRO-DEVICES FAX: 919-299-9809

It's How You Play To Win.
Low Noise Amplifier/Mixers / Gain Controlled IF Amplifiers / Quadrature Demodulators

CIRCLE NO. 254



POWER
SPLITTERS
COMENERs

the world's largest selection
2KHz to T0GHz from $295

With over 300 standard models, from 2-way to 48-way, 0° 90° and 180°

50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s
largest selection of off-the-shelf power splitter/combiners. And, with rapid
turnaround time, we'll also supply “special”’ needs, such as wider band-
width, higher isolation, lower insertion loss and phase matched ports.

Available for use in military and commercial requirements, models
include plug-in, flat-pack, surface-mount, connectorized standard
and custom designs. New ultra-miniature surface mount units
provide excellent solutions in cellular communications, GPS
receivers, Satcom receivers, wireless communications, and
cable systems.

All units come with a one-year guarantee and unprecedented
“skinny” sigma unit-to-unit and production run-to-production run
repeatability. All catalog models guaranteed to ship in one week.
Mini-Circuits ... dedicated to exceed our customers'expectations.

finding new ways ...
setting higher standards

L) o fol - ™
WE ACCEPT AMERICAN EXPRESS AND VISA

P.O.Box 350166, Brooklyn,New York 11235-0003  (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-259-837010



For detailed specs on all Mini-Circuits products refer to
e THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY
e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK
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L-Band Low Noise, High Speed Synthesizer
The unit pictured here was custom-built for an airborne radar application. It includes two independent
channels which can be switched in as little as 500 nanoseconds.

It’s just one example of TRAK’s 30-plus years’ experience in engineering. So, next time you need a
synthesizer that just doesn't fit “off the shelf” specifications, call us.

SPECIFICATIONS

Frequency Range:

Frequency Step Size:

Switching Speed:
Between channels:

Output Power:

Spurious:

Harmonics:

Reference:

Size:

g w1 3on currier 1w e 19 md 100 KHZ - 102 dBe/Hz
“ef 1 kHz - 110 dBc/Hz
of 10 kHz - 112 dBc/Hz
o 100 KHz - 110 dBc/Hz
e 1 MHz - 126 dBc/Hz
B S e ;
u it i L
12 - JaE3) l:dSc/Hz] vl:Kf [Hz] - "
. sl ] 5 us to within 500 kHz
;_SMOEf; 800 MHz | 20 us to Phase setting
25 usec ]
500 nanoseconds 232 BBBMY l N
+12 dBm l '
-60 dBc 1 f
-30 dBc l J
L Band e U
6"x9"x1.2" P
5.808ps/div

Call or write for our Free Components Catalogs. See EEM or MPDD for other TRAKe products.

TRAKe MICROWAVE
CORPORATION
Microwave Sales

4726 Eisenhower Blvd.
Tampa, FL 33634

Tel: (813) 884-1411
TLX: 52-827

FAX: (813) 886-2794

TRAKs EUROPE 2 TRAK. MICROWAVE
Microwave Sales CORPORATION
Dunsinane Avenue THINK

Dundee, Scotland DD2 3PN TEAK

Tel: (44) (382) 833411

FAX: (44) (382) 833599

TOTAL QUALITY
LEADERSHIP
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Device termination
To the editor:

In the article “Quickly convert S-
parameters to add applications” (No-
vember 1992, p. 91), the author
shows how to convert transistor S-
parameters, measured in one two-
port configuration, to the other two
configurations that can exist. How-
ever, the article ignores the fact that
the conversion relies on the transis-
tor being a three-terminal device.
Kirchoff's current law applies to ter-
minals, not ports. A packaged device
will have significant capacitance to
ground and is actually a four-termi-
nal device including ground.

The conversions should be good
enough for chip S-parameters at fre-
quencies where the very-small ca-
pacitance to ground can be ignored.

The moral is: if you are using two-
port transistor S-parameters in
Touchstone, Compact, or HP-MDS
[CAE software packages], do a good
job of de-embedding the transistor
from its package.

Brian S. Farley
Principle Research Engineer

BNR Ewurope
Harlow, England

Giving credit
To the editor:

I noted with interest the article
“Technique measures gain for differ-
ent antenna polarizations” (July
1993, p. 94). This field was my spe-
cialty 40 years ago. My interest was
further heightened by realizing that
the three drawings you published as
Fig. 1 were originally drawn by me
in 1958 using a T-square, a triangle,
and the top of my wife’s sewing cabi-
net as a drawing board. These draw-
ings appeared in the original edition
of the Antenna Engineering Hand-
book, published by McGraw-Hill.

It seems to me that it would have
been appropriate for your publica-
tion to cite the Antenna Engineer-
ing Handbook as a reference, espe-
cially since the copyright for the
illustrations is owned by McGraw-
Hill.

Warren Offutt
W&B Observatory
Cloudcroft, NM

Cell coverage
To the editor:

Thank you very much for your
coverage of the WTEM cell in your
R&D ROUNDUP section (“Wire ar-
ray forms a novel EMI test device,”
July 1993, p. 58). However, I ob-
served some important inaccuracies
about the performance of the cell.

It is reported that “The device’s
cutoff frequency was found to be
154.3 +1 MHz, while the input
VSWR was less than 1.80:1 at fre-
quencies up to 3 GHz.” The reference
quoted is from the paper “Compari-
son of analysis of the WTEM cell
with standard TEM cells for gener-
ating KM fields,” IEEE Transac-
tions on Electromagnetic Compati-
bility, Vol. 35, No. 2, May 1993, p.
255. The reported cutoff frequency
(154.3 =1 MHz) is referred to a cell
without the anechoic material inside,
but for the complete WTEM cell,
the frequency band extends well
above 1 GHz.

Lorenzo Carbonini
ALENIA Sistemi Difesa
Caselle Torinese, Italy
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Serenade” PC for Windows"™

Super-Compact’, Microwave Harmonica®, and Microwave Scope”
RF, Microwave, and Lightwave Circuit Simulators
Integrated with Schematic and Layout Editors

lllllll SIEARRIEEERIEE
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Super-Compact®

Co m paCt Linear Circuit Simulator
Microwave Harmonica®
o a re Nonlinear Circuit Simulator

201 McLean Boulevard

Paterson, NJ 07504
Tel: (201) 881-1200

Microwave Scope®
Lightwave Circuit Simulator




Serenade® PC for Windows™

File Edit Settings Analyze Reports Utilities Window Help

rad [=R N = AN T

Open | Print Accm ;\.fpmb Linear | Nonlin Ana

A |1

Tune

Opim

MICROWAVE SCOPE PC V6.0 |v I -
L > ) =
Stat Tile |Cascd | Graph | Table Lock | Help

* Schematic Editing
* Netlist Extraction

* Symbol Editing

* Schematic Back-Annotation

* Layout Generation and Editing

Super-Compact, Microwave Harmonica, and Scope for Windows allow you to interact with
powerful linear and nonlinear circuit simulator “engines” using superbly intuitive and easy-to-use
interfaces. Simple menus, dialog boxes, and “fill-forms” are used, in addition to a new netlist
editor, to make the product very easy to learn and use.

Simulators link to Serenade Schematic and Layout Editors

Serenade PC is a suite of CAD tools for schematic entry and automatic generation of circuit and
subsystem layouts. Each engine can be used as a stand alone or inside a design system.

n order to receive complete literature and a free demo software kit, please fax or send this page to
Compact Software, or to the representative in your country.

-uropean Support Center

\ustria, Denmark, Finland, France, Germany, Italy, Luxembourg,

lorway, Portugal, Spain, Sweden, Switzerland
“echnical Software Service (Germany)
"AX: 49-7309-3275 - PHONE: 49-7309-5075

3elgium — See The Netherlands
reland — See United Kingdom

srael
J.S.1.E. Ltd.
"AX: 972-3-93-02558 - PHONE: 972-3-93-45979

Japan
seki Technotron Corp.
-AX: 81-3-3820-1433 - PHONE: 81-3-3820-1714

"he Netherlands
3F| Ibexsa Electronics, S.A.
-AX: 31-20-65-31-353 — PHONE: 31-20-65-350

south Africa
Microwave & Electronic Technology
-AX: 27-12-663-2978 - PHONE: 27-12-663-2975

[aiwan
-vergo Corporation
-AX: 886-2-712-2466 - PHONE: 886-2-715-0283

[urkey
Vlomentum Projects & Consulting
-AX: 90-1-257-7663 - PHONE: 90-1-257-7170

Jnited Kingdom
3F| Ibexsa Electronics, S.A.
-AX: 44-622-882469 - PHONE: 44-622-882467

VISITUS AT ROOTHS #1102 1102 1104 AT THE

Name:

Title:

Company:

Address:

Fax #:

Phone #:

Interested in:
___ Super-Compact
___ Microwave Harmonica
___ Microwave Scope
___Serenade Schematic Editor
___Serenade Layout Editor

Platform: _ Workstation __PC

CSBQOO1F

Compact Software®
201 McLean Boulevard * Paterson, NJ 07504

Tel: (201) 881-1200 » FAX: (201) 881-8361



When you're out in front,
ces areyou’ll oet there

From cellular base stations to automotive sensors, from

the global positioning system to pen-based computers,

you'll find M/A-COM’s components, subsystems and

systems wherever you find today’s most

> advanced RF and microwave technology.
Since we combine technological

expertise with high-volume, low-cost

manufacturing capabilities, M/A-COM

Unique
HMIC™

silicon is the partner of choice for the world’s most
process

competitive companies.

We cover the spectrum.

Our semiconductor-based design,
manufacturing and packaging technologies
offer customers unequalled advantages.

We use predictive, physics-based,
computer-integrated modeling and design
methods to reduce development risk and
expense. And link on-wafer testing with
continuous flow manufacturing to cut production costs
and enhance performance.

As a result, our products surpass both market and
budget requirements.

We speak digital.

We are creating the seamless communications and
transportation networks of tomorrow.

As applications for wireless
technology increase, the interface

M/A-COM's GaAs technology
sets the industry standard.

Microwave coaxial
surface mount connector

between microwave and digital technology becomes
increasingly important. Our high-speed digital 51gnal
processing capabilities transparently link

microwave technology to the digital world. Our
expertise in areas such as miniaturization, voice
and data compression, and end-to-end systems -
modeling and simulation is creating the '
integrated, multifunction solutions which
will be the standards of the wireless indus

Switch,
Limiter
and LNA
integrated
into a

Choose your partner.

The most important technological choices

are made in the earliest stages of the

product development process, and

demand an understanding and awareness
of each system and its technological needs.
This is when M/A-COM’s strengths and
experience are of greatest benefit. Our
expertise, our ability to adapt to the changing
needs of both commercial and government industries,
and our commitment to our customers make us your
best choice as a technology partner. A partner you can
count on to help you get to your destination first.

To learn more, call us at 1-800-366-2266. In Europe,

+44 (0344) 869 595. In Asia, +81 (03) 3226-1671.

HMIC is a trademark of M/A-COM, Inc

common
medium
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TESTING THE WATERS
IN A WIRELESS WORLD

Test-equipment manufacturers
have always held a rather unenviable
position in this field: damned if they do
and damned if they don’t. Device man-
ufacturers will always complain that
the test gear is limited when evaluat-
ing their latest developments. But
makers of measurement equipment
can only provide performance as good
as the best devices available when de-
signing an instrument, not necessarily
the best devices available when the
instrument is finally introduced.

The frantic pace of emerging wire-
less markets and technologies has not made the test manufacturer’s task any
easier. Instead of the five-year design and development cycle equipment man-
ufacturers once enjoyed when supplying instruments for a largely defense-
oriented customer base, these same manufacturers must now cater to the
needs of commercial customers with applications that seem to change on an al-
most monthly basis. In many cases, the equipment supplier must anticipate
the needs of a customer who is not really sure what he wants because of
the chameleon-like nature of many wireless markets.

Ironically, certain instruments that appeared in need of an application a few
years ago are being revisited by wireless engineers as possible measurement
solutions. At the time of their introduction several years ago, the modulation-
domain analyzers from Hewlett-Packard Co. (Palo Alto, CA), for example,
mystified customers by providing unfamiliar measurements: frequency and
phase as functions of time. Like a cross between an oscilloscope and a fre-
quency counter, customers were slow to find needs for these instruments—
until such things as wireless transmitter turn-on parameters needed to be
characterized.

In some cases, it is the smaller test-equipment houses that achieve the de-
sign and production agility required to stay even with, if not ahead of, the
needs of emerging wireless applications. Two examples are RDL, Ine. (Con-
shohocken, PA) and NOISE/COM, Inc. (Paramus, NJ). The former, with a
background of mostly military sales, discovered that phase sensitivities re-
lated to multitone intermodulation-distortion (IMD) measurements. Their so-
lution is a series of multitone signal generators in which the phase of each tone
can be controlled and aligned for more representative IMD tests. The latter,
which for years has supplied noise sources and instruments for noise-figure
device and component testing, has learned what the military has known for
years: that white noise is a near-ideal test signal for most communications
applications.

Most test-equipment suppliers find themselves taking gambles when trying
to guess which particular wireless standards will be adopted for a given ap-
plication, such as personal communications services (PCS). It is not simply a
matter of providing more than enough performance, since modern commercial
customers demand reasonable prices and operating simplicity. The world has
changed, but test-equipment suppliers are still in that unenviable position.ee

Ghowme
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Ultra-Low
Noise...

\ Hi-Rel/Military

Commercial \

Amplifiers for
Every Application

JCA12-FO1 1.0-2.0 22 12 $395
JCA24-F01 2.0-4.0 22 15 $495
JCA48-FO1 4.0-8.0 22 18 $495
JCA812-101 | 8.0-12.0 22 2.5 $495
JCA1218-F01| 12.0-18.0 22 3.5 $495

M 2:1 VSWR In/Out M Options:

B +10dBm Output - Higher Gain
B Removable SMA - Lower Noise
Drop-in Packages - Custom Packages
W +15 VDG - Temperature Compensation

- Integrated Power Supplies
— Limiting Amplifiers

JCA

TECHNOLOGY

Delivery in 30 Days ARO
Call (805) 498-6794

3529 Old Conejo Road + Newbury Park, CA. 91320
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Electronic Research Co.

RC

Precision Crystal Oscillators -

Established in 1958, Electronic Research
Company has grown by a firm commitment to
design and produce reliable precision crystal
oscillators for both military and commercial
applications.

Precision Crystal Oscillators are most often
unique to the particular application, requiring
a custom design. To provide for the flexibility
necessary in custom designs, Electronic
Research manufactures its own precision
crystals and has in-house mechanical
packaging and printed circuit board facilities.

What does your new oscillator design require?

[J Output Frequency
5 MHz, 10 MHz, 16.384 MHz, xxx MHz
Is it the best choice?
L Warm-Up Time
Fast, Medium, Long
2.5 minutes? From what temperature?
L] Frequency Stability
1x10-7, 1x10-8, 1x10-9, 1x10-10
1 Second, 1 Day, 1 Year? How long?
U] Phase Noise
—120 dBc/hz, —145 dBc/hz
What offset? No requirement?
(1 Input Supply Voltage or Power
+5 Vdc, +12 Vdc, 2 Watts, 10 Watts
None of the above? What is it then?
If you're just starting to write an oscillator
specification, let us help. /f you have an
existing specification, give us a call; we can
still help.

For more information contact:

Electronic Research Co._ RC

Precision Crystal Oscillators —

Address: 7618 Wedd Avenue
Overland Park, KS 66204-2259 U.S.A.

Phone: (913) 631-6700 * Fax: (913) 631-7849
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FOLLOW THE

| EADER

high isolation, low insertion loss and,

low VSWR, from DC-40 GHz&¥

All of RLC’s high quality,

Types: SPST to SP12T, performance &% switches
Transfer, Terminated, i
High Power
Frequency Range DC to 40 GHz
Operating Power
Failsafe: 12VDC, 28VDC, 115VAC
Latching: 12VDC, 28VDC, 115VAC
Switching Time: 15 msec max.
Life: 1,000,000 cycles min.
Environmental
Conditions: MIL-S-3928D, MIL-E-5400
Operating Mode: Failsafe, Latching,
Manual, Manual Override
B Indicators, TTL, CMOS,
P ‘ BCD, Voltages and Currents
Connectors
RF: SMA, N, TNC, BNC,
SC, HN, EIA 7/8, EIA 1-5/8
Power: Feedthrough solder

lugs (standard)
Multi-pin connectors
(optional)

RLC ELECTRONICS, INC.

83 Radio Circle, Mt. Kisco, NY 10549
(914) 241-1334 « FAX: 914-241-1753

Send for our
- new catalog.




S +M Siemens Matsushita Components

T COMPONENTS

Surfaces tuned to modern wavelengths

When it comes to surface-
acoustic-wave filters for high
frequencies, there is nothing
that can put us out of tune
or touch. We long ago saw
the signs of the times and
know what is asked for: the
smallest dimensions, high
signal-processing capability

for weight and volume, long
useful life and machine-
automated placement in the
circuit. Not forgetting quality
of course. Top quality, the
kind we have not only mas-
tered but are also constantly
enhancing by practical Total
Quality Management, from

design through to despatch.
The way we see it, such stan-
dards should be the rule. And
our customers think so too.
How else would we be able to
ship more than 300,000 SAW
filters daily from our clean-
room fabrication, for use in
applications worldwide ?

Write to

Siemens Matsushita Components
Marketing Communication

P0O.B. 801709

D-81617 Munich

guoting “SAW”



Low-loss SMT filter for
mobile radioc. As an

|F filter c. 45 to 300 MHz,
as an RF filter c. 800 MHz
to 1.9 GHz.

ROSE & REINARTZ A19100-PR401-X-X-7600

Section of a wafer fora
low-loss filter. Fine, fingerlike
electrodes interweave and act
as piezoelectric transducers.

We produce more than 200
different devices, special-purpose
ones too

e |Ffilters for entertainment
electronics

e |F and RF filters for mobile
telephones

® resonators

e clock-recovery filters

The components make it -
Siemens Matsushita Components



A Hot New
Band Member.

b4 | _
:i .’ I 6-18 GHz
=

210 6 Coverage, 2.5 dB NE W] Reliability;

Pou | Reverse | DC Current W-] VERSA-AMP® am Flifiers cover
Model Gain | Flatness NF @ -1dB |Isolation | +15VDC >
Number | (dB, min) | (dB, max) | (dB, max) |(dBm,min)| (dB) | (mA, max) [he frequency,spe.cnum or b‘TnChtOp to

TEED B airborne applications. Featuring low-
6881-812 | 17 10 45 18 40 150 cost, advanced hybrid technology, these
e & . i s = o broadband GaAs FET amplifiers exhibit

.60 GH : : outstanding performance in small, light,

| 6882100 | 26 1.0 25 12 40 | 120 | hermetic housings.
2.0-8.0 GHz | ! W-J's high standards of reliability
6882812 | 22 08 4.0 20 40 185 -

6382-813 | 33 10 40 20 55 265 are assured through 100 percent screen-
6882814 | 44 1.0 40 20 65 325 ing and final testing, and they're backed
o A 18 Ag & o L up by a two-year warranty. Ideal for appli-

684812 1 16 08 48 18 35 150 cations demanding high performance,
6884-813 | 25 0.8 48 18 50 220 small size and low cost, the VERSA-AMP
fagedle | M s 0 1 = = family is available from stock.
6884-824 | 30 1.0 4.8 23 65 450 ;

§0-16.0 GHz For a product line brochure call
6885-813 | 18 10 6.0 15 45 210 (415) 493-4141, fax (415) 813-2402 or
odgos | 18 o o i £l write Watkins-Johnson Company, 3333
6885-815 | 30 15 6.0 15 65 310 e .

| 6885816 | 38 18 BD 15} 7D 360 Hillview Ave., Palo AITLO. CA 94304-1223.
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Hughes launches DBS satellite

LOS ANGELES, CA—Hughes Aircraft Co. last
month launched a direct-broadcast satellite (DBS)
capable of feeding up to 150 television channels
into homes across North America. Service is
scheduled to begin in 1994.

At virtually the same time, Thomson Consumer
Electronics began production of the RCA-brand
digital receiving system to be used by Hughes’s Di-
recTV subsidiary for DBS. The Thomson system,

The Thomson/RCA system will enable consumers to access up to
150 channels of TV programming from Hughes’ direct-broadcast
satellite.

which carries a suggested retail price of $699,
consists of an 18-in. (45.72-cm) satellite dish, a
compact receiver/decoder, and a hand-held re-
mote control. DirecTV and United States Satellite
Broadcasting (Minneapolis, MN) will provide the
programming for the new DBS system.

Thomson expects to begin delivering its system
to retailers in April and will gradually build up to
a capacity of 100,000 units per month. Thomson
will retain exclusive marketing rights to the sys-
tem through the first 18 months of availability or
until one million units are sold.

Thomson officials believe the market for their
system is huge, noting that cable television is un-
available for 10 to 15 million US homes while an-
other 20 to 30 million homes in cable areas re-
main unconnected.

OKI enters comm IC market
SUNNYVALE, CA—OKI Semiconductor says it

plans to introduce a new family of integrated cir-

cuits (ICs) for cellular, fiber-optic, and infrared

(IR) communications applications. The new prod-
ucts, which include GaAs digital devices, will be
introduced to the North American market over the
next nine months.

“The over-800-MHz wireless communications
market in the US is about to explode,” says Clff
Vaughn, OKI marketing manager. “No one is bet-
ter positioned to offer GaAs devices with 3-V,
high-efficiency output drive capability than OKI's
Electronic Component Group.”

Initially, the new products will fall into three
categories: GaAs RF communications devices such
as low-noise microwave amplifiers; high-speed
digital and high-speed logic devices for wireless
communications applications such as cellular
phones; and laser, fiber-optic, and IR communica-
tions products, including laser diodes and optical
transmitter/receiver modules.

Vaughn says the first product in the series will
be a GaAs FET MMIC, broadband feedback, AGC
amplifier.

TRW to make cordless chips

REDONDO BEACH, CA—In its first move into the
all-digital cordless-telephone market, the TRW
Space & Electronics Group has agreed to fabricate
GaAs integrated circuits (ICs) for RF Micro-De-
vices (Greensboro, NC).

Under terms of the three-year agreement, TRW
will fabricate a majority of the GaAs heterojunc-
tion-bipolar-transistor (HBT) chips developed by
RF Micro-Devices for wireless communications
products. RF Micro-Devices is already supplying
devices based on TRW technology to AT&T for its
new all-digital cordless phones.

The HBT chip that TRW is currently fabricating
is a linear power amplifier designed by RF Micro-
Devices.

NATA projects growth

WASHINGTON, DC—Mobile-communications
revenue will grow 20 percent per year through
the 1990s while personal-communications-ser-
vices (PCS) equipment sales are expected to ex-
plode from $14 million in 1993 to almost $600 mil-
lion by 1997, according to the 1993/1994 edition
of the Market Review and Forecast published by
the North American Telecommunications Associa-
tion (WATA).

Looking at the international market, the NATA
believes aggregate cellular subscriber growth in
the Asia-Pacific region increased to approximate-
Iy $5 million in 1993 from $1 million in 1990, and
should reach $17 million in 1997.

The NATA also expects the total annual US
telecommunications-equipment market to almost
double by 1997, jumping from $59.5 billion in
1993 to $103.8 billion in 1997.
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MMIC On-Wafer Vector Analysis

Unmatched Performance, Coax or Waveguide

3636 Pulse/CW Test Set

Analyze high power MMICs on-wafer without heat sinks
using Wiltron's high dynamic range pulse sampling
technique.

coProbe" is a registered trademark of GGB Industries, Inc.

CIRCLE NO. 248

Theres more to the Wiltron 360B
performance advantage than just the widest
dynamic range and widest frequency

range in the industry.

@® Ultra Low-Loss Wafer Connection

® Time Gated Sampling & Pulsed Signal Testing
® Thermally Stable Calibration

® 67 GHz In Coax

® 110 GHz In Waveguide

Low-Loss Wafer Probing

In some vector analysis systems, excessive
test port attenuation reduces stability,
directivity, and dynamic range. Wilfron’s
low loss connection systems won't lose
your test signal in the noise.

Preserve Your Investment

The 360B modular test set architecture
adds new capability without affecting the
control unit or source. You are only a test
set away from SSB Noise Figure Analysis
or Transceiver Group Delay. Your 360B
system grows with you.

Wiltron 360B

Performance, Versatility and Proven Reliabili

Contact your local Anritsu Wiltron Technical
Specialist today for innovative vector test
systems.

Superior Waveguide and Coaxial Performance
Increased input drive power from high performance wafer
probes and test cabling preserve the 360's exceptionally
wide dynamic range and stability.

/Inritsi

S.Sales  North West (408) 776-8305 + North East (201) 227-8999
nters: South West (310) 715-8262 + South East (301) 590-0300

Europe 44 (582) 418853 - Japan (03) 3446-1111
Asia-Pacific 81 (3) 3440-2770
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Wireless advances semicon sales

LOS ALTOS, CA—The total number of digital
wireless terminals in worldwide operation will
increase from 16.2 million at the end of 1993 to
185 million at the end of 1997, according to Ken-
neth W. Taylor & Associates’ Digital Wireless
Communications Strategic Industry Information
Service.

“Many portable/mobile terminal manufacturers
and their semiconductor suppliers are missing
several of the medium- and high-volume wireless-
market segments which will actually drive future
cost trends and competitiveness,” says Taylor,
president of the research and strategic-planning
organization. “Many firms who have established
a singular business migration path from digital
cellular and cordless telephones to wireless local-
area networks (WLANs) and wide-area networks
(WANSs) are going to be in trouble.”

Taylor’s 420-page report, Worldwide Outlook
for Digital Wireless Communications—Applica-
tions, Technologies, and Markets, indicates co-ex-
istence and interdependence between silicon and
GaAs semiconductor technologies. Interestingly,
the report indicates that digital wireless terminal
manufacturers who use GaAs are likely to be
more profitable in the long run. “This is at-
tributable to the greater performance and logisti-
cal advantages provided by GaAs-enriched equip-
ment,” says Taylor.

Apple Newton attracts DOD

CUPERTINO, CA—Apple Computer, Inc. has re-
ceived a $l-million contract from the US Depart-
ment of Defense (DOD) to explore and validate
the application of Apple’s hand-held Newton Mes-
sagePad personal digital assistant (PDA) for med-
ical use by the military.

In collaboration with KPMG/Peat Marwick (New
York, NY), a management consulting firm, Apple
will lead the ProMED project until August 1994,
investigating how the DOD can improve health-
care services, streamline processes, and lower the
cost of health care by incorporating Newton tech-
nology into the DOD’s health-care practices.

Since its introduction in August 1993, more
than 50,000 Newton MessagePad units have been
sold in North America and the United Kingdom.

Analog Devices, IBM join forces

NORWOOD, MA—Analog Devices and IBM have
announced plans to work together to develop and
market RF and mixed-signal integrated circuits
(ICs) for wireless communications applications.
The devices will be based on IBM’s chemical-va-
por-deposition silicon-germanium (SiGe) manu-
facturing process.

Initially, the devices will be produced at the IBM

Microelectronics Advanced Semiconductor Tech-
nology Center (Hopewell Junction, NY). The pro-
cess enables silicon transistor speeds of over 60
GHz. It can be integrated with digital CMOS into
BiCMOS. Using IBM’s 8-in. (20.32-cm) wafer-pro-
duction facility is expected to provide cost advan-
tages over RF-industry-standard 4-in. (10.16-cm)
wafers.

Analog Devices and IBM began discussing the
potential of the SiGe process for mixed-signal and
RF applications in April 1992. Their initial efforts
resulted in the fabrication of a 1-GHz, 12-b digital-
to-analog converter (DAC).

Analog Devices plans to introduce, within the
next nine months, a family of RF and mixed-sig-
nal circuits for wireless communications based on
the SiGe process. The process will also be used to
produce high-speed circuits, such as the 1-GHz
DAC that enables broadband video over fiber op-
tics or coaxial cable, for multimedia telecommu-
nications and data-commmunications markets.

Cadence, Siemens reach accord

SAN JOSE, CA—In an agreement that Cadence
Design Systems, Inc. values at more than $15 mil-
lion over five years, the design-automation soft-
ware and services company has signed Siemens
Semiconductor Group (Munich, Germany) to a
contract under which Cadence will provide Sie-
mens with consulting services and assistance in
migrating Siemens’ existing databases and tools
to the Cadence design environment.

The agreement covers digital logic design, ana-
log/mixed-signal circuit design, simulation, inte-
grated-circuit (IC) physical design, verification,
and local engineering support and services. It
also covers Cadence’s Comdisco Signal Processing
WorkSystem tools for digital-signal-processing
(DSP) design. Siemens is also collaborating with
Cadence in the development of advanced verifica-
tion solutions.

Cadence has also agreed to sell its Automated
Systems Division (Brookfield, WI) to a corporation
owned by members of ASI management. ASI,
which manufactures design services for complex
printed-circuit boards (PCBs), had annual sales of
about $12 million.

“When we acquired ASI in 1990, we were pri-
marily interested in the Prance line of advanced
PCB physical design software,” says Joseph B.
Costello, president of Cadence. “With Cadence
having successfully integrated the Prance-XL
autorouting technology and its Allegro Correct-
by-Design system, ASI is now focused exclusively
on designing and fabricating complex PCBs.”

As primarily a hardware manufacturer,
Costello says that ASI is no longer a good strate-
gic fit with Cadence’s overall business.
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The State-Of-The-Art
Solid State Product Line:

| Series BHE/BHC | Series AM/AR Series 3500 and T-3500

| Air-Cooled High | Class A Linear Up-Down Frequency Converters:
| Power Amplifiers’ | Amp]ifier Modules |Dual Conversion, Synthesized; Super-Low Phase

| . . | Noise & Spurious; For all Domestic & International

| Elass A1B5 }lgg(?lfdﬂz ﬁggggxgsunt Systems: INTELSAT, INMARSAT, EUTELSAT, DOMSAT, ASIASAT
| Frequency 1.5 to H :

| Power 100 to 1000 Watts | Frequency 1 to 4000 MHz;

P e | Power 2 to 100 Watts - B ] f: o= e ocosoge
- _] : Series T-3500 "Thin-Line":
4 - 4 Series 3500: Single Rack Unit Package
: 1KHz Step Size 125KHz Step Size

« Local Keyboard or RS232 Remote Control
« Low Intermodulation Distortion

- i E € ; q » No Spectral Inversion

. ] ol l , — g - 10 Pre-Programmed Frequencies

g ﬂ . .
; \= “ * Multi-Octave Bandwidths | For complete specifications, request Product Data 4010 & 4020
| = Modular Maintainability e ————
| « High Rellability | - Reduced Spares Series CS-3500 . _
| « Wide Bandwidth | « High Gain Ratings '1:1 and M:N Converter Protection Switches:
| « Thermal Protection | - Low Bandpass Ripple Direct, Continuous Communication . .
| « Load VSWR Protection | . Automatic | Between On-Line & Standby ' HH ‘ 1‘
| | Converters; Automatic,Manual Mode : i
| = Graceful Degradation . Circuit Protection '
|« Low MTTR ‘ « Buiit-In ' For complefe specifications, request Product Data 4030
| « Built-In Test Diagnostics | Thermal Protection Series 3 and 5

| « IEEE 488 Bus (optional) + IEEE 488 Bus (optional) | gyp.System Microwave Synthesizers:

| - RS232 (optional) | For complete specifications, | Similar to Those Used in !

| For complete specifications, | request Product Data 1010 | PST Up-Down Converters
| request Product Data 2010 | | For complete specifications, request Product Data 3010

ALSO AVAILABLE FROM PST:

® Pulse Power Amplifiers ® EMI/RFI Susceptibility Test
up to 4000 watts peak, 1400 MHz. Amplifiers, 1-2000 MHz, 1000 watts.

® S5-Band Pulse Radar Driver & RF Watt Meter Calibration System,
Amplifiers, Class C circulator protected. 2-400 MHz, 200 watts.

CUSTOM-DESIGN AMPLIFIERS PER YOUR SPECS,
FOR POWERS UP TO 10 KW, FREQUENCIES UP TO 8.4 GHz

POWER SYSTEMS TECHNOLOGY INC.

A SUBSIDIARY OF COMTECH 40E DAVI IC DAAD RMECIVHIE NV 11747
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Cellular health research

WASHINGTON, DC—The Scientific Advisory
Group (SAG) on Cellular Telephone Research has
commissioned a series of initial studies on possi-
ble health effects from portable cellular tele-
phones and is requesting proposals for additional
studies in specific areas.

Initial dosimetry, epidemiology, and laboratory
studies will investigate possible effects in humans
of exposure to RF energy from portable cellular
phones, according to George L. Carlo, an epidemi-
ologist and chairman of the SAG.

The SAG is requesting proposals for research in
the following areas:

* in vivo studies examining possible genetic ef-
fects of typical exposures from cellular telephones
in the frequency bands and power levels approved
by the Federal Communications Commission
(FCOC) for these types of communications systems
(800 to 900 MHz and 1880 to 8200 MHz). Both
continuous waves (CW) and pulsed waves will be
studied.

* Concept papers critically evaluating the rele-
vance of experimental promotion studies to hu-
man-health risk assessment of RF.

According to Carlo, the primary goal of the SAG
is “to develop a research agenda outlining a
course of study which will definitely address the
question of possible health effects from cellular
telephones.”

Loral buys IBM Federal Systems

NEW YORK, NY—Loral Corp. has signed a
definitive agreement with IBM Corp. to purchase
IBM’s Federal Systems Division for $1.875 billion
in cash.

Following the acquisition, which is expected to
be completed during the first quarter of 1994,
Loral will have a combined annual revenue of
approximately $6 billion, with a backlog of $7
billion.

The IBM Federal Systems Division has broad
experience in avionics; communications, com-
mand, and control (C®); and space applications; as
well as a systems integrator for commercial and
government applications.

About 60 percent of the Federal Systems’ busi-
ness is defense-related, while 40 percent goes to-
ward systems-integration applications for such
agencies as the Federal Aviation Administration
(FAA) and the US Postal Service. The IBM division
also has a substantial international business.

FCC grants three PCS awards
WASHINGTON, DC—The Federal Communica-
tions Commission (FCC) says it will grant three
companies essentially free access to spectrum for
personal communications services (PCS) under its

“Pioneer’s Preference” rules, which the FCC es-
tablished to help companies that developed inno-
vative technologies for PCS.

American Personal Communications (Balti-
more, MD), Omnipoint Communications (Colorado
Springs, CO), and Cox Enterprises Inc. (Atlanta,
GA) were selected among 50 companies which ap-
plied for Pioneer’s Preference status. The other
companies will have to compete for spectrum in
an auction beginning in May or June. Several of
the companies not attaining PCS innovator status
by the FCC are expected to challenge the com-
mission’s decisions, either through appeals or
lawsuits.

Bach of the three companies, which had already
received tentative preference status from the
FCC, will be awarded 30 MHz of spectrum in three
of the biggest markets in the auction: New York;
Washington, DC; and Los Angeles. The FCC an-
nounced in September that it would award two
30-MHz blocks of spectrum in each of 49 regions,
as well as awarding blocks of spectrum in 487
smaller regions.

American Airlines tests GPS

DALLAS, TX—American Airlines, ARINC (An-
napolis, MD), which provides voice- and data-com-
munications services for the air-transport indus-
try, and the Federal Aviation Administration
(FAA) have installed a global positioning system
(GPS) at Dallas/Fort Worth International Airport
to establish GPS-certification requirements for
commercial aircraft.

Specifically, the facility will be used to develop
baselines for the operational capabilities of dif-
ferent aircraft and avionics equipment. Aircraft
to be tested include American Airlines’ Boeing 757
and American’s McDonnell Douglas Super 80 air-
craft. Vendors providing GPS equipment include
Litton Aero Products, Trimble Navigation, and In-
terstate Electronics Corp.

CableLabs turns to more RF

BOULDER, CO—Cable Television Laboratories,
Inc. (CableLabs), the research and development
(R&D) consortium of cable-television system op-
erators, has decided to shift more of its $12.4-
million budget in 1994 to wireless data and video
projects.

“We will concentrate in 1994 on hiring new per-
sonnel in key competency areas in order to gain
and retain their knowledge for the benefit of our
members,” says Richard R. Green, CableLabs
president.

Vacancies expected to be filled in the near-term
include project managers for new multimedia pro-
jects and RF and digital-signal-processing (DSP)
programs.
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dcto 3GHz .. $T1%5

lowpass, highpass, bandpass

® |ess than 1dB insertion loss ® greater than 40dB stopband rejection ®surface-mount ® BNC, Type N, SMA availabl
® 5-section, 30dB/octave rolloff ® VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models ® constant phas
®* meets MIL-STD-202 tests ®over 100 off-the-shelf models ®immediate delivery

low pass, Piug-in, dc to 1200MHz

Passband Stopband, MHz Passband Stopband, MHz
Model MHz loss loss Model MHz loss loss
No. loss < 1dB > 20dB > 40dB No. loss < 1dB > 20dB > 40dB
*LP-5 DC-5 8-10 10-200 *LP-250 DG-225 320-400 400-1200
*LP-107 DC-11 19-24 24-200 *LP-300 DC-270 410-550 550-1200
*LP-214 DC-22 32-41 41-200 *LP-450 DC-400 580 750 750-1800
*LP-30 DC-32 47-61 61-200 * LP-550 DC-520 0-920 920-2000
*LP-50 DC-48 70-90 90-200 *LP-600 DC-680 840 1120 1120-2000
LOW PASS *LP-70 DC-60 90-117 117-300 *LP-750 DC-700 1000-1300 1300-2000
*P-90 DC-81 121-137 167-400 *LP-800 DC-720 1080-1400 1400-2000
*LP-100 DC-98 146-189 189-400 *LP-850 DC-760 1100-1400  1400-2000
© *LP-150 DC-140 210-300 300-600 *LP-1000 DC-90f 1340-1750 1750-2000
° *LP-200 DC-190 290-390 390-800 *LP-1200 DC-1000 1620-2100  2100-2500
s Price, (1-9 gty), all models: plug-in $14.85, BNC $32.95, SMA $34.95, Type N $35.95
2 Surface-mount, dc to 570MHz
S SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800
SCLF- SO DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800
o SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000
SCLF-135 DC-135 210-300 300-600

frequency

Price, (1-9 qty), all models: $11

45

Flat Time Delay, dc to 1870MHz

Passband Stopband VSWR Group Delay Variations, ns
MHz MHz Freq. Range, DC thru Freq. Range, DC thru
Model loss loss 0.2fco 0.6fco fco 2ico 267fco
No. loss < 1.2dB > 10dB > 20dB X X X X X
maEATION 1633 *BLP-39 DC-23 78-117 117 1.31 231 0.7 40 50
o} | DC-65 234-312 312 131 241 0.35 14 19
/ DC-94 312-416 416 0.31 111 0.3 1.1 15
A e f DC-120 400-534 534 161 191 04 1.3 16
§ ol \_, / DC-180 600-801 801 1.25:1 221 0.2 06 08
H —— DC-280 934-1246 1246 1.25:1 2.21 0.15 04 055
o \ DC-560 1866-2490 2490 131 221 0.09 02 028
%l / g ABLP-1870 DC-850 3740-6000 5000 1.45:1 291 005 01 0.15
L 7\ . Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $3895 Type N $39.95
- \ NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models.
high pass, Piug-in, 275 to 2200MHz
Stopband Passband, VSWR Stopband Passband, VSWR
Hz MHz Pass- MHz Hz Pass-
Model loss loss loss band Model loss loss loss band
No. < 40dB < 20dB < 1dB Typ No. < 40dB < 20dB < 1dB Typ
*HP-25 DC-13 13-19 27.5-200 181 *HP-400 | DC-210 210-290 3395-1600 171
*HP-50 DC-20 20-26 41-200 1.51 *HP-500 DC-280 280-365 500-1600 1.81
© *HP-100 | DC-40 40-55 90-400 1.81 *HP-600 | DC-350 350-440 600-1600 201
° *HP-150 | DC-70 70-95 133-600 181 *HP-700 | DC-400 400-520 700-1800 161
3 *HP-175 | DC-70 70-105 160-800 1.51 %*HP-800 | DC-445 445-570 780-2000 211
£ *HP-200 DC-9 90-116 185-800 181 * HP-900 DC-520 520-660 910-2100 181
§ *HP-250 | DC-100 100-150 225-1200 1.31 *HP-1000| DC-550 550-720 1000-2200 191
® * HP-300 DC-145 145-17 0-1200 1.71
° Price, (1-9 qgty), all models: plug-in $14.95, BNC $36.95 SMA $3895, Type N $39.95

bandpass, Elliptic Response, Constant Impedance,

frequency
10.7 to 70MHz 214 to 70MHz
Center | Passband 3dB Stopbands Center | Passband | Stopband | VSWR
Freq IL.15dB | Bandwidth IL 1L Freq MHz loss 1.31
BANDPASS Model Max. Typ. > 20dB > 35dB Model loss > 20dB |Total Banc

No. | (MHz) (MHz) (MHz) at MHz at MHz No MHz | <1dB | atMHz MHz
L et . *BP-107| 107 96-11.5 89-127 | 75&15|06& 50-1000 *IF-21.4[ 214 18-25 |13&150 | DC-220
o© *BP-214| 214 192236 | 179253 |155&29 [30& 80-1000 *IF-30 | 30 25-35 | 19&210 | DC-330
= /CONSTANT *BP-30 30.0 27.0-330 25-35 22&40 |32& 99-1000 *IF-40 42 35-49 | 26&300 | DC-400
s IMPEDENCE * BP-60 60.0 55.0-67.0 495-705 44879 |46 &190-1000 *IF-50 50 41-58 | 31 &350 | DC-440
5 \ f \ *BP-70 | 700 | 630-770 | 680-820 | 51&94 |60&193-1000 *IF-60 | 60 50-70 | 38&400 | DC-500
RS 1 / Price, (1-9 qty), all models: plug-in $18.95, F’,‘;l'c'::ﬂ 9 th;(i al o2  lug- f};"ﬁs‘f‘ 490 | DC-550

£ N y BNC $4085, SMA $4295, Type N $4395 BNC $3695, SMA $3895, Type N $39.95
" ;;]Jencv NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement.
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Model AN930
9 kHz to 22 GHz

Model AN940
9 kHz to 26.5 GHz

Model AN920
9 kHz to 2.9 GHz

~ THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS

With frequency coverage of 9 kHz to 2.9 GHz for the AN920,
9 kHz to 22 GHz for the AN930, and 9 kHz to 26.5 GHz for
the AN940, the AN9OO series of spectrum analyzers can match
your RF and microwave testing requirements.

In addition to being full-featured, portable spectrum analyzers,
each AN90O series model provides unique measurement
features never before available on any spectrum analyzer.

A wide 30 MHz resolution bandwidth filter provides
unequalled measurement capability on wideband or spread
spectrum signals. When used in combination with the built-in
FM/AM receiver and modulation measurement scales, direct
measurement of wideband signal modulation components,
including frequency agile signals, is possible.

A 25 MHz digitizing rate enables zero span measurements on
pulsed RF and digital signals at sweep rates as fast as 200 ns/div.
Pretrigger and posttrigger delay allow precise time interval or
gated measurements.

CRAFTED WITH PRIDE IN

An automatic trace limits test function performs unattended
monitoring and detection of erroneous signal conditions.
Captured signals can be automatically stored in memory with
time and date stamp for later recall and analysis or sent directly
to a plotter via the standard RS-232 or IEEE-488 interfaces.

A logical front panel control layout that avoids the use of
menus or shift keys simplifies operation and enhances user
productivity. For field use, a rugged portable design is comple-
mented by the ability to operate from DC power sources or
from an optional rechargeable battery pack.

Other optional built-in features, including a 2.9 GHz tracking
generator, quasi-peak detector, and 0.02 ppm time base,
expand each model’s possible uses.

Contact IFR for more information
or to arrange for a demonstration of
the AN920, AN930 or AN940.

® IFR SYSTEMS, INC.

York Street/ Wichita, Kansas 67215-8935 U.S.A.
6/522-4981/ 1-800-835-2352 / FAX




SUPPLIERS PROBE
WIRELESS TEST NEEDS

Wireless communications requirements
are testing the ability of instrument
manufacturers to meet market demands.

RON SCHNEIDERMAN
SENIOR EDITOR/NEWS

IRELESS COMMUNICATIONS MAR-
kets are hot, and instrument manufacturers are warm-
ing to the challenge with new and improved products.

“Wireless is a very good opportunity for the fu-
ture, not only for RF, which has been a real player
in cellular for years, but in microwave,” says Duane
Hartley, general manager of Hewlett-Packard’s
Microwave Instruments Division (Santa Rosa,
CA). Indeed, HP, which has seven divisions de-
voted to wireless communications markets and
publishes a brochure with more than 30 wireless
test and measurement (T&M) products, is already
looking beyond today’s markets to new T&M op-
portunities, such as wireless cable for “last-mile”

Giga-tronics has doubled the speed of its 8540 series universal power meters.

applications, mobile satellite communications,
emerging multi-media applications, and digital
cellular.

Already a force in Europe’s Global System for
Mobile Communications (GSM) digital cellular sys-
tem (HP was the first company to deliver T&M
equipment for GSM) HP, Advantest Corp. (Tokyo,
Japan), and SAFCO Corp. (Tokyo, Japan) have
signed licensing agreements with QUALCOMM,
Inec. (San Diego, CA) to manufacture and sell test
equipment worldwide based on QUALCOMM’s
digital code-division-multiple-access (CDMA)
technology.

“We are seeing significant steps toward the com-
mercialization of CDMA in the personal-communi-
cations-services (PCS), cellular, and wireless local-
loop markets,” says Marv Blecker, vice president
and assistant general manager of QUALCOMM’s
wireless telecommunications business group.
“Meeting the equipment demands in these mar-
kets will require CDMA test equipment.” Accord-
ing to Blecker, Advantest, HP, and
SAFCO will provide a “full comple-
ment” of test equipment, from the
manufacturing floor to coverage in
the field.

Rodger C. Tracy, marketing man-
ager at the HP RF Communications
Division, says HP has been working
on the development of the CDMA
test equipment for some time. “Our
plans are to have appropriate test
equipment available to carriers and
manufacturers to facilitate early roll-
out of CDMA networks.”

HP also expects to get help from
its in-house GaAs capability in Santa
Rosa. Hartley says the facility will

MICROWAVES & RF »« JANUARY 1994
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play a significant role in the next few
years in HP’s efforts to develop new
products for wireless applications.

Tektronix is taking a different ap-
proach to the market. With so much
at stake, Tom Brinkoetter, market-
ing manager for the Tektronix Fre-
quency Domain Instruments Divi-
sion (Beaverton, OR), believes most
companies will use standard in-
struments to fulfill their wireless
requirements, at least for awhile.
“There will be a few applications for
which people will build eustom
testers, and that capability will then
be wrapped into standard products.”

However, Rohde & Schwarz
GmbH & Co. KG (Munich, Germany),
which entered into a marketing al-
liance with Tektronix in August 1993
(more than doubling Tektronix’s
addressable market in the growing
telecommunications sector), is al-
ready responding to the market
with several products designed
specifically for the GSM standard.
But Rohde & Schwarz, says Brin-
koetter, is in a different position than
Tektronix. “They helped define the
GSM standard. They know the
modulations and the market, and
they feel comfortable making that
investment.”

Rohde & Schwarz also claims to be
the first Kuropean company to im-
plement fully-automatic trimming
and test equipment in the produc-
tion of CT-2 (second-generation
cordless telephones) and Digital Eu-
ropean Cordless Telecommunica-
tions (DECT)-standard phones.

The Tektronix marketing man-
ager says, “The hottest thing going
for us now is the Rohde & Schwarz
SMHUS5S arbitrary waveform gen-
erator; it goes to 3 GHz. We're seeing
some action in the ISM (industrial,
scientific, medical) band for this unit
at 2.4 GHz.”

As more wireless-specific T&M
equipment is developed, Brinkoetter
believes the big trick will be to lower
the cost and shrink the size of the
product to gain market share.
“That’s the challenge. We're not re-
inventing measurement instruments
as much as we're defining products
that are appropriate for the size and
range of a specific market.”

WIRELESS TESTING

NOISE/COM’s cell-site
| monitoring system is
" available in several
frequency bands.

IFR Systems’ spectrum analyzer series provides frequency coverage to 26.5 GHz.

Tektronix also helped its position
in the market when it joined forces
earlier this year with Advantest
Corp. The agreement allows Tek-
tronix to distribute and service Ad-
vantest’s telecommunications and

BK Precision’s model
1856A microwave
multi-function counter
extends to 2.4 GHz for
use in personal-
communications-
services (PCS)
applications.

industrial T&M products, as well as
its general-purpose benchtop instru-
ments, in the US, Canada, and Mex-
ico. Advantest has a modulation
adapter for its R3265 spectrum ana-
lyzer, which measures phase and can




GUARANTEED SAVINGS...YEAR INANDYEAR OUT!

How the program works

Wouldn't it be nice to plan next years
budget based on costs that decrease
instead of increase? When you're a
member of Mini-Circuits new Partner
Program®, you can do just that! It’s as
easy as 2 +2 =4.. here’s how it works.

The minute you join the partner
program, the first time you purchase a
Mini-Circuits model, the quantity price
you pay is based on the sum of all your
previous yearly purchases of that
model. If you purchased 200 of a
particular unit last year, and need
another 200 units this year, the price
you pay today would be based on a 400
unit quantity discount!

Yes, with the Partner Program®, your
quantity discounts accumulate year
after year as your total purchases jump
from one quantity discount bracket to
another.

CIRCLE NO. 283
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Now that's guaranteed savings!

With Mini-Circuits Partner Program™
you can enjoy a lifetime of volume
quantity price reductions on all our

catalog and most of our custom products.

The Pariner Program®"' makes sense

Today, everybody is talking about the
highly competitive business environ-
ment and the global challenges of the
90’s. In typical Mini-Circuits tradition,
we're not talking...we’re taking action.
The Partner Program® is our way of
sharing risks and earning the rewards
of doing business with you.
Mini-Circuits is committed to a total
partnership for improving quality and
reducing manufacturing thru-put time.
The end result, lower costs. As Partners,
we both share in these savings.
That’s what true partnership is all about.

Mini-Circuits

P.O.Box 350166, Brooklyn,New York 11235-0003
Distribution Centers/ NORTH AMERICA 800-654-7949  417-335-5935 Fax 417-335-5945

Joining the Partner Program™

The program is limited to qualified
customers at no cost or obligation.
Simply request a Partner Program™ kit
to receive details, terms and conditions,
and registration form.

We'll take care of all the details and
manage the statistics for your account.

You can place your orders in the
usual manner with Mini-Circuits or any
Mini-Circuits Distribution Center, or
authorized participating distributor.
Your purchases will be tallied and
tracked in the Mini-Circuits computer.
In 1994, you will be eligible to receive
automatic discounts based on your
purchases starting from 1990.

Details
On Back

(718) 934-4500 Fax (718) 332-4661

EUROPE 44-252-835094 Fax 44-252-837010

For detailed specs on all Mini-Circuits products refer to ® THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK.
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TERMS & CONDITIONS

This program is offered to qualified customers for the
purpose of maintaining a mutually beneficial long
term relationship.

As a participant of this program, you will share in the
results of Mini-Circuits’ commitment to quality by
earning cumulative annual quantity price break
reductions on all of your Mini-Circuits purchases.

As the cumulative total enters into a higher quantity
price break, the unit price of your present purchase
is lowered, and it never stops. You can enjoy a life-
time of volume quantity price reductions on all of our
catalog, and most of our custom products.

For a particular purchase of quantity C in the present
year, the price shall correspond to quantity A
according to the following formula.

QTYA=QTYB+QTYC

where QTY B = cumulative annual quantity pur-
chased in preceding years as of
January 1, 1990.

joining the program

Qualified customers automatically join the Partner
Program by making a purchase of a Mini-Circuits
model” from a Mini-Circuits distribution center, autho-
rized local distributor, or from the factory direct.

qualified customers

The program is limited to original users. Companies
reselling Mini-Circuits products do not qualify.
Original users shall mean approved companies, uni-
versities, schools, organizations, a division or sub-
sidiary of a corporation, and a department or loca-
tion of a government agency. For corporations issu-
ing a corporate contract to Mini-Circuits, a division of
the corporation may combine quantities purchased
by other divisions for cumulative total quantity calcu-
lations. In absence of a corporate contract, each
division must join the Partner Program® individually.

maintaining qualification

A good credit standing with Mini-Circuits is a criteria
to remain a participant of the program.

purchase location eligibility

Purchases from Mini-Circuits or a Mini-Circuits distri-
bution center qualify for the program. Purchases

from an authorized participating distributor qualify for
the program when documentation of purchase is
supplied to Mini-Circuits.

product eligibility

All catalog models and most special models are
included in the program.

product ineligibility

Purchases made for the following do not qualify for
the program: special testing, lot testing, serializing,
source inspections, and qualification testing.
Furthermore, purchases during special promotions
or for multi-year or special contracts do not qualify.
Highly specialized custom designed models may not
be included in the program. Please consult with the
Partner Program manager.

purchase quantities

Quantities credited to the program include only the
net quantity of each model shipped to the customer
in a specific calendar year. Different models may not
be combined.

minimum purchase
quantities

The base year quantity equals the total cumulative
consecutive annual quantity purchased in preceding
years as of January 1, 1990. However, if the quantity
purchased for a model in a year is less than 2% of
the guantity purchased in the previous year, then the
cumulative total for the previous years shall revert to
zero, i.e., base year quantity equals zero.

partner program
changes

Mini-Circuits reserves the right to make changes to
the program without prior notice.

partner program validity

The partner program is void where prohibited by law.

'Subject to the provisions of the terms and conditions given herein.

“All catalogs and most special products are eligible.
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Fluke's Wireless
Logger can transmit
data up to 800 ft. (244
m) to a personal
computer for analysis.

do the phase-modulation measure-
ments for US digital cellular phones,
Japan’s Personal Handy Phone
(PHP), and Japan Digital Cellular
(JDC) phones. “The product has not
actually been announced, but we
have sold several in the US,” says
Brinkoetter.

Tektronix’s most-recently pub-
lished Comm Test Topics newsletter
lists 46 “wireless products” that are
available from Tektronix, Advan-
test, and Rohde & Schwarz.

IMPROVED PRODUCTIVITY

Giga-tronics, Inc. (Pleasant Hill,
CA) introduced its 8540 series uni-
versal power meter about 18 months
ago, but David White, vice president
of marketing and sales, says he did
not realize just how big an opportu-
nity the wireless market could be for
the 8540 until six months ago. “At
that time, power meters were mak-
ing 2500 to 3000 readings per second.
Based on input from cellular-phone
manufacturers, we upped the speed
of the 8540 to 4200 readings per
second. We actually changed the
product to address this particular
market.

“[Mobile-phone] manufacturers
get measured on two things: the
number of units they can turn out
per hour and the number of phones
they produce per square foot.” White
says the faster 8540 can save 15 to
20 seconds in a 30-second test.

White will not comment on Giga-

tronics’ future plans for the wireless
market. “This is a very competitive
market. We just don’t want to indi-
cate where we're headed.”

Malcolm Levy, Racal Instru-
ments’ (Irvine, CA) vice president of
sales and marketing, has the same
attitude. “This is a big market. Ev-
eryone wants to have as much lead
as possible on the competition.”

Racal, through its parent Racal
Instruments Limited (Slough, Berk-
shire, England), is a major supplier
of GSM test equipment. “Our posi-
tion is that we are probably the num-
ber-one supplier of digital test sys-
tems to GSM,” says Levy.

Racal introduced its first GSM test
set in March 1990 and followed it a
year later with two other GSM prod-
ucts designed for engineering, pro-
duction, and base-station testing.

Hewlett-Packard’s
portable analog and
digital cell-site test
sets are designed to
guide the user through
recommended
procedures.

Early in 1993, Racal Instruments
launched the 6102, a GSM mobile
tester. Since then, the company has
introduced two base-station models
for DCS-1800, the GSM-based 1.8-
GHz digital communications system
which is currently in use in the
United Kingdom and Germany.
Racal Instruments is also involved
in the DECT and mobile satellite
systems. “We expect to make some
new product announcements in four
to five months,” says Levy.

SUCCESSFUL SALES

Some T&M manufacturers are
having some success selling their
current product line to wireless com-
ponents and systems developers.

“We have been talking to our
mainstream customers about wire-
less applications for about two years,
and in the past two months there
has been an exponential acceleration
in the interest level,” says Steve
Devino, a product manager at Tera-
dyne, Inc. (Boston, MA).

Most of the interest at the mo-
ment is in GSM. “It’s becoming a
reality,” notes Devino. “That seems
to be the immediate market for
T&M. PCS will probably be next—
that’s where most people think the
real volume is.”

When it is not looking at the mar-
ket, Devino says Teradyne is consid-
ering the technical issues, such as
what the baseband and modulation
format will look like. “Once you get
past the front end, it doesn’t matter
if it’s DECT, CDMA, or whatever.
The baseband is what changes and
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that's all being accomplished with a
generic DSP (digital-signal-process-
ing) device. You rewrite the pro-
gram to accommodate the standard.”

Devino says Teradyne has begun
delivering a new tester—designated
the 8530RF—which has not been
formally announced. “It’s a variant
of technology that we are currently

WIRELESS TESTING

delivering.”

Art Pini, a product manager at
LeCroy Corp. (Chestnut Ridge,
NY), says his company’s wideband
oscillators with bandwidths to 4 GHz
work well in many wireless applica-
tions, but the products were not de-
veloped with wireless in mind.

“Most people don’t think of us

America’s Finest
Microwave Filters

e Frequency Ranges:
0.3-26.0 GHz

e Waveguide/ Coaxial

¢ Tunable/Fixed Tuned

* Band Pass/Band Reject

¢ High Pass/Low Pass

¢ MIL Approved

Designed and

" Manufactured in

Edinburg, VA—

Call Today with Specific Requirements.

c.» COLEMAN MICROWAVE COMPANY
P.0. Box 247 - Windsor Knit Road * Edinburg, VA 22824
+C (703) 984-8848 - TWX: 710-830-0704 ¢« FAX: 703-984-4561

when they look at high-frequency
testing,” says Mark Hoersten, mar-
keting manager of Keithley Instru-
ments, Inc.’s Instrument Division
(Cleveland, OH); however, Hoersten
says that Keithley counts mobile-
phone manufacturers among its cus-
tomers, mainly for the company’s
frequency counters and its model
7001 and 7002 switching products
that are used to route test signals
up to 500 MHz.

ENHANCED PRODUCTS

Others are moving into the wire-
less market by enhancing existing
products.

NOISE/COM, Inec. (Paramus, N.J),
for example, recently introduced a
series of earth-station and cell-site
monitoring systems. They are capa-
ble of monitoring the output power,
antenna VSWR, and noise figure of
up to four cellular, satellite, or radar
channels. The instruments are avail-
able at 30-, 60-, and 70-MHz interme-
diate frequencies (IF's) as well as in
frequency bands up to 18 GHz, 824
to 928 MHz, 1710 to 1930 MHz, and
2400 to 2500 MHz.

BK Precision (Chicago, IL) has
nearly doubled the bandwidth of its
model 1856A microwave multifunc-
tion counter (5.0 Hz to 2.4 GHz),
which puts it into the PCS applica-
tions realm. The unit’s sensitivity at
2.4 GHz is 50 mV. Optional acces-
sories include an accessory antenna
for checking transmitter frequency
and a 10:1 probe. It also continues to
be priced at $499.

IFR Systems, Inc. (Wichita, KS)
has introduced a spectrum analyzer
with frequency coverage to 26.5
GHz. The three models in the AN900
series were developed specifically
for remote or field service use; they
can be powered from 12-to-30-VDC
sources or from an optional re-
chargeable battery pack. Standard
RS-232 and GPIB interfaces allow
remote-control operation or direct
hard-copy output to a plotter. The
units also feature an optional, built-
in, 2.9-GHz tracking generator,
quasi-peak detector, and 0.02-PPM
time base.

Fluke Corp. (Everett, WA) has ac-
tually introduced a wireless prod-




12 GHz f; Bipolars:
5 one third the size of a SOT-23!
IS t S \)‘/ at Need performance, but short on real estate?
Our new bipolars from NEC deliver up to 9 dB Gain and 1.5 dB
Noise Figure at 1.9 GHz — in an ultra-super mini mold "19"
package that's just 1.6 X 0.8 mm!

These bipolars operate below 3V and at low current to reduce
battery size and increase battery life for your wireless applications.
TE CHNOLO GY Want the performance, but not quite ready for the miniature

package? They're also available in traditional SOT-23, 323, and 143
style packages — and a new high performance 4 pin "18" package

has finally Come that delivers MAG of 13.0dB at 1V, 1 mA, 900 MHz.

They're available now, on tape and reel, and priced to meet your

? needs. For Data Sheets and a copy of Automated Assembly of
Miniature Parts, call your nearest CEL Sales Office or circle
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uct—a data logger for quick and easy
data collection and transmission to a
personal computer (PC) from remote
locations. Developed to monitor a
variety of parameters in testing,
process-improvement, or other veri-
fication-based applications, the
Fluke 2625A/WL portable 21-chan-
nel spread-spectrum-based unit can

WIRELESS TESTING

transmit data up to 800 ft. (244 m) to
a PC for analysis. Each of the chan-
nels is user-programmable for any
of several inputs: thermocouples,
AC/DC voltage or current, resis-
tance, and frequency.

Marconi Instruments (Allendale,
NJ), which about two years ago
offered a family of radio test sets

COUPLERS

COAXIAL COUPLERS FOR OCTAVE BANDWIDTHS 225 MHz TO 12 GHz
WAVEGUIDE COUPLERS FOR 2.2 GHz TO 22 GHz

SINGLE SECTION TRANSMISSION LINE
TWO SECTION TRANSMISSION LINE
WAVEGUIDE CROSSGUIDE

STRIPLINE

A wide range of couplers for
commercial applications are avail-
able to meet custom or standard
requirements for small or large
program orders.

Custom designs can be specified to military, environmental and
quality assurance specifications, with special connector configura-
tions to meet your needs.

For more information, ask for the COUPLER data sheet.

M

MICROWAVE FILTER COMPANY

6743 KINNE STREET

EAST SYRACUSE, NY 13057
800-448-1666 » 315-437-3953
FAX: 315-463-1467

with AMPS, N-AMPS, and D-AMPS
adapters, now has a digital- and vec-
tor-modulation option for D-AMPS,
JDC, and TETRA (a proposed Euro-
pean time-division-multiple-access,
or TDMA-based, standard) modes
for its 2030 series 10-kHz-to-5.4-GHz
signal generators. So far, however,
the company has no instruments
dedicated specifically to wireless
applications.

From at least one chip manufac-
turer’s point of view, T&M suppliers
are not meeting manufacturing
needs.

“The rack-mounted stuff is sort of
build-as-we-need,” says Bob Lus-
sier, the wireless local-area-network
(WLAN) engineering manager for
GEC Plessey Semiconductor (Scotts
Valley, CA). “My perception ig that
for most applications, it may be
cheaper to do it yourself than to buy
a multi-million-dollar shielded-room-
type tester that would work for
many applications.”

However, Brent Wilkens, GEC
Plessey’s WLAN manager, says the
industry is in a chicken and egg situ-
ation. “We have to provide them
with the fastest technology we can so
they can build their testers. We have
to test those products before they
develop a tester. So, we have to be
at the cutting edge before they’re
at the cutting edge.”

There are other concerns, such as
standards. “We think that’s a real
challenge,” says HP’s Duane Hart-
ley. “The standards are being de-
fined at the same time the products
are being developed.”

And that creates time-to-market
problems, which Teradyne’s Steve
Devino calls “the life and death in
this market.” Bottom line, Devino
says, “There are too many competi-
tors for the size of the market.” ee
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FINALLY!
3VOLT
RFICs

FOR HANDHELD

WIRELESS
PRODUCTS

NEC'S NEW LOW CURRENT SILICON ICS not only
reduce power consumption in your 3 Volt

designs, they reduce the parts count, improve
the reliability, and simplify the assembly.
NEC is committed to 3 Volt Silicon technology;
these parts are just an introduction.

There are more on the way. Soon.

If 5 Volt ICs are the solution, NEC has a wide
selection of them as well, all available right now.

And don’t forget NEC’s huge family of discrete
devices. Many are characterized at 2.5 Volts and they're
available in a variety of packages, including a new
ultra-small SMD that's a third the size of a SOT 23!

For a FREE Product Selection Guide, call your
nearest CEL Sales Office. Or circle the number below.

California Eastern Laboratories

New 3 Volt NEC Silicon ICs

UPC2745 UPC2747

Ultra Broad Band Broad Band
Amplifier Low Noise Amplifier
DCto 2.7 GHz 100 MHz to 1800 MHz
12 dB Gain 12 dB Gain
-1 dBm Psat 3.3dB NF,5mA Icc
7.5mA Icc
UPC2748
UPC2746 High Gain
High Gain Amplifier Low Noise Amplifier
DC to 1500 MHz 200 MHz to 1500 MHz
19 dB Gain 19 dB Gain
0 dBm Psar 2.8 dB NF
7.5 mA lcc 6 mA Icc
UPB1502 UPB587
Frequency Divider Frequency Divider
0.51t0 2.2 GHz 50 to 1000 MHz
Divide by 64/65, 128/129 Divide by 2/4/8
6 mA lcc 5.5mA lcc

...plus dozens of Bipolar Transistors
characterized at 2.5 Volts, including:

f= 1500 MHz f=2.5GHz f=1000 MHz
NE68519 NE68030 NE68039
1.3dB NF 1.90 dB NF 1.0 dB NF
10.0 dB Ga 7.2dB Ga 11.6 dB Ga
@only3mA Ic @only 3mA lc @only 1TmAlc
P) * -
Surface Mount packages shown actual size

...and a wide variety of 5 Volt RF ICs including:

UPC2708 UPC2710 UPC2713
Wide Band  Wide Band Amplifier Wide Band
Amplifier DC to 1000 MHz Amplifier
DCto 2.9 GHz 33 dB Gain DC to 1200 MHz
15 dB Gain 3.5dB NF 29 dB Gain
10 dBm Psat 3.2dB NF
uUPC2723 UPC2721 UPC2726
AGC Amplifier Down Convertor Differential
100 MHzto 1100 MHz ~ RF=0.4 to 3.0 GHz Amplifier
38 dB AGC IF=50-600 MHz 400 MHz to 1400 MHz
13 dB Gain Conversion Gain=15 dB 15 dB Gain

NEC

Typical Performance af 25°C, Frequency Range is 3dB Bandwidth
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GT 9000

MICROWAVE
SYNTHESIZER

Even When It Comes
At The Lowest Price.

No microwave signal generator gives

you better signal quality from 10 MHz
to 20 GHz than the GT 9000.
Want proof! Compare the phase

noise, harmonics, output power

SSB PHASE NOISE AT 2 GHz
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OFFSET FREQUENCY (kHz)
Low phase noise assures
you of more accurate narrow-
band measurements.

and the
other criti-
cal specifica-
tions of the
GT 9000
with those
from any of
our com-
petitor’s

microwave

For Those Who Demand
The Highest Performance.

signal generators — including ones
that cost over $40,000.

And after you see how much bet-

For example.

Phase noise at 2 GHz is
-120 dBc/Hz at 100 kHz offset, mak-
ing the GT 9000 ideal for measur-

ing critical narrow-band character-

ter our specs are, compare prices.
Not only does the GT 9000 give

you far better per- istics such as adjacent

HARMONICS AT +6 dBm

formance than their '56 channel sensitivity.
60
. . ) } | .
highest priced boxes, = ’I . Output power is
but it does so for g,/ f i AV W\V\ Win fh“uf‘”v‘ +13 dBm or greater
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priced box — well

under $30,000.
The key to the

Harmonics are less than -65 dBc at to overcome most

+6 dBm and -55 dBc at +13 dBm for
more accurate measurements over a
wide bandwidth.

system losses with-

out adding the signal
performance of the
GT 9000 is a new single RF module

degradation and extra
cost of external power amplifiers.
With harmonics less than
-65 dBc at +6 dBm and -55 dBc at

design. This unique design gives

you several significant advantages.
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S ENTRY MENU

DATA ENTRY

The GT 9000 gives you outstanding performance

and proven reliability at the lowest price available
for a broad-band synthesizer.



MAXIMUM OUTPUT POWE

0123458 7’8“ 9 10 1112 13 14 15 16 17 18 19 20
OUTPUT FREQUENCY, GHz
+13 dBm, you can accurately test
over a wide bandwidth with confi-
dence that the measurements you
make are a result of the system under
test, and not your synthesizer.

And since more and more test
applications require signals below
| GHz, the GT 9000 starts with stan-
dard coverage from 500 MHz to
20 GHz. And if you need even lower
frequencies, we've got a model that
covers 10 MHz to 20 GHz.

In addition to standard internal
pulse modulation, you can add
internally generated AM and FM,
eliminating the need for costly
external generators. And for really
complex patterns, we offer fast

scan modulation with 60 dB depth.

The unique single RF module design
is more reliable and less costly than
multiple module designs.

Output power greater than

+13 dBm lets you overcome most
system losses without having to
add external amplifiers.

situations — some less than ideal.
Giga-tronics has a |3 year
history of building test and mea-
surement gear for the most
demanding requirements. We've
shipped thousands of microwave
test instru-
ments to
commercial
and military
customers
for use in
radar testing,

electronic plex patterns for simulating

dynamic operating conditions.

warfare,
satellite and telecommunications
systems.

So why pay more for what you
need or settle for less than you
really want! Demand the broad-

band microwave synthesizer with

But all this e MODULATION s, the best perfor-
performance % | mance, proven
and capability % i reliability and

is useless if you

o

can’t rely on

the instrument

the lowest price.
Demand the

Giga-tronics

Built-in pulse, amplitude and frequency

to perform in

a variety of

generators give you modulation capability
without costly external generators.

GT 9000 Micro-

wave Synthesizer.

Use the built-in fast scan modu-
lation option to generate com-

Call your local Giga-tronics

representative. They'll send you
more information and arrange

for a demonstration.

Giga-tronics Incorporated
2495 Estand Way

Pleasant Hill, California 94523
Telephone: 800 726 4442
Telefax: 510 680 7736
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IS0 9000 GENERATES
DEBATE AMONG
INDUSTRY COMPANIES

Opinions on ISO 9000 certification standards are
mixed, but almost everyone is getting on board.

RON SCHNEIDERMAN
SENIOR EDITOR/NEWS

HETHER they want to
or not, a growing number of industry
companies are getting on the IS0 9000
bandwagon, and for good reason: Not
only are European customers requiring
their US suppliers to beeome IS0 9000
certified, but so are many of their US
customers. At the same time, the US
Department of Defense has indicated
that it may require its suppliers to meet
the IS0 standard.

Many companies, however, partic-
ularly the smaller ones, are not hap-
py about the ISO 9000 program.
They view it as more of a financial
burden and a distraction than as an
opportunity to improve quality.

“It is a burden,” says David T.
Kenney, director of quality at ADC
Kentrox (Portland, OR), which has
already been certified under I1SO
9001. [ISO 9001 is the most stringent
and comprehensive of the ISO re-
quirements, covering design, pro-
duction, test and inspection, repair,
customer service, field service, and
quality management systems.] “If I

| was running a small company, I

wouldn’t rush into it. This is not
something you have to do in the next
six months. It’s like everything else;
you have to consider what your cus-
tomers are asking of you and what’s
your competitive situation.”

Nevertheless, George Winn, pres-
ident and chief operating officer of
Fluke Corp. (formerly John Fluke
Mfg. Co.), which received ISO 9001
certification for all of its North
American service and manufactur-
ing facilities in July 1993, says, “It
is becoming increasingly difficult for
companies to sell products interna-
tionally without having I1SO 9001
registration.”

European companies got a run-
ning start in meeting the objectives
of the standard. Today, more than
20,000 companies in the United
Kingdom alone are registered. In
the US, the number only recently
topped 1000. According to Bill All-
red, Fluke’s corporate ISO coordi-
nator, more than 200,000 companies
are expected to apply for registra-
tion in the next five to 10 years. “This
estimate is based on comparisons of
the economies of the UK and the
US,” says Allred.

K&L Microwave (Salisbury, MD)
is well along in the process, but does
not expect to become ISO 9001 certi-
fied until the third quarter of 1994.
Meanwhile, Jack McNally, K&L’s
ISO 9000 management representa-
tive, says the company is working
with the Maryland Department of

Economic and Employment Devel-
opment to organize an ISO 9000 con-
sortium to help companies in the
state achieve ISO 9000 certification.
The state has already agreed to pay
half of all ISO 9000 training costs of
Maryland-based companies. Dela-
ware and Pennsylvania have similar
programs.

McNally says K&L expects ISO
9000 certification to cost about
$20,000, plus $10,000 for each addi-
tional semi-annual audit. Still, he
says he is positive about the pro-
gram. “Now, we can have people on
the [manufacturing] floor write
down how they do their jobs instead
of having me, as the quality man-
ager, look at the MIL-I and MIL-Q,
which we have been using for 25
years. We now have a document that
gives us some flexibility.”

Kenney agrees. “There is enough
leeway in this program to tailor it to
vour needs. For example, I think
we're overdocumented. As we go
through the improvement cycles,
we'll actually reduce the amount of
documentation that we have.”

MORE TEAMWORK

Key facilities of Scientific-At-
lanta’s Electronic Systems Division
and Network Systems, Instrumen-
tation, and Broadband Communica-
tions Groups (Atlanta, GA) have also
won certification to ISO 9001. “One
of the biggest benefits of this pro-
cess,” says Vino Mody, the Broad-
band group’s vice president of qual-
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We'd Like To Add One
Sweep.

$2,000 more than o .

synthesizer.

No microwave sweep generator
gives you better performance from
10 MHz to 20 GHz than the
GT 90008S.

Sound familiar?

That’s because the GT 90005

Sweeper uses the same single RF

Need speed? How abotita |
sweep speeds up to 600 MHz and
| dB per ms. Need precision? Select
digital sweep for precise | Hz and

0.01 dB steps and
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ity assurance, “has been the team-
work required to successfully carry
out our quality commitment.”

Burr-Brown Corp. (Tucson, AZ),
whose products range from linear in-
tegrated circuits to data-collection
systems, has received certification in
the US and Europe simultaneously
from AT&T Quality Registrar. “For
Burr-Brown, it means fewer and
simpler customer audits, source in-
spections, print reviews, and ques-
tionnaire activities,” says Michael
E. Paugh, vice president of quality.
“For our customers, [SO 9001 certi-
fication means lower costs associ-
ated with the same activities.”

Silicon Systems (Tustin, CA) has
also been awarded ISO 9002 certifi-
cation at its Singapore Technical
Center, site of virtually all of the
company’s application-specific,
mixed-signal, integrated-circuit as-
sembly and test operations. ISO 9002
is a production and installation sub-
set of ISO 9000.

A survey published in August by
the Institute for Interconnecting
and Packaging Electronic Circuits
(TPC) shows broad acceptance of
ISO 9000 certification throughout
the electronic-interconnection sup-
ply chain. IPC surveyed printed-wir-
ing-board manufacturers, electronic
manufacturing service providers and

1S0 9000

their suppliers, and OEMs who are
members of IPC. Among the sur-
vey respondents, more than 18 per-
cent of the companies had already re-
ceived ISO 9000 certification and an
additional 64 percent of the compa-
nies were preparing for or seeking
certification.

IS0 9002 is the standard of choice
for most TPC members responding
to this survey; however, 73 percent
of the OEMs reported seeking or
receiving certification to ISO 9001.
Those companies that have already
received ISO 9000 certification re-
ported on average that they invested
nearly $100,000 to prepare and
achieve ISO 9000 certification.

According to Thom Dammrich, ex-
ecutive director of the IPC, the top
three reasons for seeking ISO 9000
certification were: becoming more
competitive, improving quality, and
meeting customer demands.

To assist its members in attaining
ISO 9000 status, the IPC has pub-
lished the General Requirements for
Implementation of ISO 9000 Quality
Systems, IPC-QS-95, which explains
the product-conformance specifica-
tions for suppliers and manufactur-
ers of electronic components, base
materials, printed boards, and re-
lated products.

The Electronic Industries Associ-

ation (Washington, DC) has taken a
similar, if not more aggressive, ap-
proach, creating the Electronic In-
dustries Quality Registry (EQR).
The EQR received its accreditation
from the Dutch Council for Certifica-
tion as an ISO 9000 registrar in July
1993. Since it was announced, the
EQR has formed an alliance with the
ATE&T Quality Registrar to offer US
and European registration from a
single assessment.

Eli Lesser, the EQR’s executive
director, sees the process as a way to
“level the playing field.” He says the
industry is “being forced to become
ISO 9000 certified by marketplace
demand.”

So far, 33 US electronics compa-
nies have become ISO 9000-regis-
tered through the EQR. The EQR
is also working with several Asian
companies. “Most companies don’t
understand what is required of
them,” notes Lesser. “They are more
comfortable working with us. Euro-
pean companies prefer to work with
European registrants.”

But Lesser admits that small com-
panies do not like the ISO 9000 ef-
fort. “They’re complaining. They see
it as an added burden and expense,
particularly the on-going surveil-
lance requirement.”

Despite the complaints, Lesser

to quality, Japanese compa-
nies are moving aggressively

to become ISO 9000 certified.
Translated verbatim in October
1991, the ISO 9000 quality-relat-
ed standards have been widely
adopted by Japanese industry.
While the initial impetus to ISO
9000 certification has been the
fact that many European Commu-
nity (EC) customers require it as
a condition for qualifying as a sup-
plier, Tokyo-based John Stern,
vice president for Asian Opera-
tions of the American Electronics
Association, says the ISO 9000 se-
ries has also been embraced as a
model for intracompany use and

Long praised for their attention

JAPAN IS QUICK TO ADOPT ISO 9000

domestic transactions in Japan.
Several offshore Japanese facili-
ties have also been certified. “In
fact, hardly a week goes by with-
out a Japanese electronics com-
pany taking out an advertisement
in the Japanese press crowing
about ISO 9000 certification of its
factories,” notes Stern.

ISO 9000 is a big business: the
Keidanren, Japan’s largest cham-
ber of commerce, has established
an organization to help companies
cope with certifications. JMI, one
of the testing organizations, certi-
fied only three facilities in 1990; as
of September 1, 1993, JMI has is-
sued 247 ISO 9000 certifications.
(Some Japanese electronics com-

panies use foreign registrars for
ISO 9000 certification, mainly
Lloyd’s Register Quality Assur-
ance and the British Standards
Institution.)

NEC, which has already certi-
fied 83 of its facilities (the NEC
Microwave Division was SO
9002-certified in May 1992), in
July 1993 formed a new company,
NEC Factory Engineering Inc.,
that hopes to do $25 million of
business in its first year as an
IS0 9000 consultant.

Says Stern: “ISO 9000 will re-
main a factor in competing with
Japanese companies in Japan and
the EC for at least the next five
years.” ee
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says he expects the pace of IS0 9000
certification to increase signifi-
cantly. “There will be a lot more ISO
9000 certifications in 1994.”

Some companies manage to save
money. Maxim Integrated Products
(Sunnyvale, CA) recently received
IS0 9001 certification. Ken Huening,
vice president of Maxim, says his

IS0 9000

company spent only $25,000—far
less, he claims, than most companies
to attain ISO 9001 status—because
many systems were already in place.
“The importance of ISO 9001 certifi-
cation is measured by economic and
strategic benefits. One major benefit
is reduced supplier auditing. The
certification demonstrates to the

and I make sure they're built right. If anything goes wrong I
take it very personally. A while back I decided that we were
having more long term failures than we should. No more than
anybody else in the business, but still... it wasn’t right. So, I
developed a new test that gets us fewer long-term failures than
anyone around, under four per million device hours.

I’m convinced we’te the better supplier for your porce-
lain chips, so I've put together a package with our new test
data that will convince you too. Don’t take my word, call and

check it out for yourself.

You need more information, or have a problem -

talk to me! I'm sitting right next to the production
 line so I can get you the answer you need, fast. Like I
said, [ take this very personally.

Ask for me, Mark, 315-655-8710, and I'll send

you our test data and sample kit.

W The best quality control is the right attitude.

dielectric

laboratories
Il“l Inc.

Cazenovia, NY 13035
Tel: 315-655-8710
FAX:315-655-8719

VISIT US AT BOOTH #704 AT THE WIRELESS SYMPOSIUM & EXHIBITION
CIRCLE NO. 451

customer that Maxim has a sound
and reliable quality-assurance sys-
tem in place.” Another benefit, he
says, is Maxim’s inclusion in a direc-
tory of ISO-compliant companies,
providing greater visibility and
accessibility.

US GOVERNMENT’S ROLE

The US government’s role in ISO
9000 has been peripheral, but some
help is available. The National Insti-
tute of Standards and Technology
(NIST) maintains a list of more than
50 organizations which offer ISO
9000 registration, but the NIST has
made no attempt to evaluate any of
these programs.

However, the NIST operates sev-
en regional Manufacturing Technol-
ogy Centers which serve as resource
facilities to help manufacturers im-
prove their competitive position by
improving their manufacturing facili-
ties. Several of these centers have
sponsored workshops on ISO 9000.

The Department of Commerce’s
International Trade Administra-
tion’s Single Internal Market Infor-
mation Service (SIMIS) offers an
information package on ISO 9000
featuring a booklet, Questions and
Answers on Quality, the ISO 9000
Standard Series, Quality System
Registration, and Related Issues.
SIMIS estimates that more than
10,000 companies have already re-
quested the ISO 9000 information
kit. [To obtain the package, call
SIMIS at (202) 482-5279.]

Also, the Commerce Depart-
ment’s Economic Development Ad-
ministration funds a Trade Adjust-
ment Assistance Program to help
ailing companies. The program funds
12 regional centers which provide fi-
nancial assistance to companies, in-
cluding assisting them with costs as-
sociated with ISO 9000 registration.

[Information on accreditation bod-
ies operating in the field of quality-
system registration in the US (as
well as on the registrars that they
have aceredited) can be obtained
from The Registrar Accreditation
Board (RAB), ¢/o American Society
for Quality Control (ASQC), 611
East Wisconsin Ave., Milwaukee,
WI 53202; (414) 272-8575, and from
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A superior manufacturer of quartz crystals
and quartz crystal oscxllators, M-tron Industries

has been registered to the following quality syste ﬂw?.gg
ISO 9001, EN 29001 and BS 5750: Part 1. B
FM 24957
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1-800-762-880(3’”i Fax 605-665-1709
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ONLY ONE SOURCE SHEDS
LIGHT ON ALL THE LATEST
PRODUCTS AND SERVICES!

Focus your specifying efforts with the
high-frequency industry’s most complete guide.

Take a look at the
new Directory Issue
of Microwaves & RF
(formerly the Product
Data Directory)—the
high-frequency indus-
try’s only complete
guide to products and
- services. The 1993/
1994 Directory Issue
features more than
1500 companies and
showcases more than
400 product categories—all of which
offer vital information to speed the
specification process. All company list-
ings include addresses and telephone
numbers; many offer comprehensive
data sheets and catalog pages to help
specifiers make an informed selection
quickly and easily:.

The high-frequency industry’s only
complete buyer’s guide works hard all
year round. It provides instant access

to information and
practical solutions
to design problems.
Many specifiers begin
and end their search
for a product or ser-
vice with the Micro-
waves & RF Direc-
tory Issue.

If you don’t have a
copy of the new 1993/
1994 Microwaves &
RF Directory Issue, or if a co-worker
has already “borrowed” your copy, do
not waste time. Simply send a check
or money order for $75 each (US),
$80 (Canada, Mexico, and Central
America), or $100 (all other countries)
to:

Microwaves & RF
Directory Issue
Penton Publishing

611 Route #46 West
Hasbrouck Heights, NJ 07604

MNMICROVAVES 0, PE = TANTTADY 10041




FASTER THERMAL TESTING...

of flat packages and microelectronic devices. Guaranteed
to be the finest thermal platforms available. Sigma Systems
has developed an impressive list of satisfied customers
with a 30 year continuous history of quality thermal pro-
ducts and a most responsive service attitude.

Call us for your thermal platform (cold plate) needs.
Sizes range from 48 to 2555 sq. cm. Controllable ramp rates
available to 100°C per minute!

We welcome the opportunity to help with your thermal
testing problems. COLD PLATES, OVENS, CHAMBERS,
CONTROLLERS.

Become accustomed to Sigma quality. It’s a pleasure.

SIGMA SYSTEMS CORP.
3163 ADAMS AVE., SAN DIEGO, CA 92116

(619) 283-3193
Fax: (619) 283-6526

N E W S

CIRCLE NO. 453

Moving?
1. For FASTEST service you must attach
old mailing label in space below.

Please allow
6 weeks for
change to
take effect
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3. Mail to:
Microwaves & RF
Penton Publishing
1100 Superior Ave.
Cleveland, OH 44114

IS0 9000

Raad voor de Certificatie, Station-
seg 13F, 3972 KA Driebergn, The
Netherlands; Phone: +31 34 381 26 04
or Fax: +31 34 381 85 54.]

According to ISO procedures, all
ISO standards, including those in the
ISO 9000 series, must be reviewed,
revised, or reaffirmed at least once
every five years. ISO has already
begun to revise and supplement
the ISO 9000 series. The first revi-
sions are expected to be published
in 1994.

In most cases, the changes will be
structural. For example, the num-
bering system will be changed to
make room for the revisions. Also,
the term “purchaser” which now ap-

i
According to ISO
proeedures, all ISO
standards must be
reviewed, revised,
or reaffirmed at
least once every

five years.
3

pears in ISO 9000 documentation
will be changed to “customer.” In ad-
dition, customer satisfaction will be
introduced for the first time into the
standard. Design validation, which
did not appear in the original 1987
ISO 9000 standard, will be clarified
in the revisions. [Copies of the ISO
draft/final standards and European
standards can be purchased from the
American National Standards Insti-
tute; (212) 642-4900.]

With more than 50 registrants to
choose from, David Kenney of ADC
Kentrox says it may make sense for
companies to shop around for a qual-
ified registrar, and not only just to
get the best price. According to Ken-
ney, an informal network of quality
professionals has begun to rate the
ISO 9000 registrants. “What we
have found,” he says, “is that some
are easier than others.” ee




Delivering The Solutions To Wireless Communications

1.8 GHz and 2.4 GHz

The Right Solutions At The Right Price...

aAs MMIC Amplifiers for PCS & WLAN Applications [T F g Sy W o Y R L XA L)
cleritek has developed a new family of GaAs MMIC amplifier- P— Power AT 1o LNA

itches for wireless PCS, WLAN and other wireless systems. Power  Added  Signal VSWR Control Insertion Switching
‘ Output  Efficiency Gain  In/Out Range Loss Speed
%)

, . , dB ) a8

+23 dBm Output Power e T e i), i O
High Efficiency for Longer Bartery Life 1.7-2.0 GHz

Integrated T/R Switch Reduces Board Size 822138; g;g ggg

Power Control Eliminates Near/Far Problems CMM1301™ 235 24.5
. . . 2.3-2.5 GHz
Samples and Evaluation Board Available From Stock CAS2401 22 23

SOIC-16 PCMCIA-Compatible Plastic Package e, o8 5

In-House Fabrication Guarantees Quality znd Reliability - — ,
d ’ 0.5 mA current required for switching. ™~ Amplifier without switch.

all, fax or write today for more information:
leritek, 3236 Scotr Boulevard, Santa Clara, CA 95051 ':' :D'r:"

lephone (408) 986-5060 Fax (408) 98G-5
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RF— RF+DC

Easily combines RF+DC signals
for your modulation or
test requirements
DC

Now up to 200mA DC current 100KHz-6GHz

Now you can DC connect to the RF port of an active device,
and modulate a laser over a very broad frequency range. Mz Loss, dB (HF)_“.DC) Tye
Using statistical process control and a patent-applied for Typ (RF+DC)-(DC)

technigue of combining magnetics and microstrip, large DC Typ.

currents may pass through the Bias-Tee without saturation [ f L M U L MU

and degradation of performance. At '/ fo /4 the price of ~ ZFBT-4R2G 10-4200 0.15 06 06 32 40 50

competitive units, these new Bias-Tees are packaged in ~ ZFBT-6G 10-6000 015 06 1.0 32 40 30

an aluminum case, available with SMA connectors.  zFBT-4R2GW | 0.1-4200 015 06 06 25 40 50

So Why Walt solve yOUr connection pl’Oblems with ZFBT-6GW 0.1-6000 015 06 10 25 40 30
Mini-Circuits’ Bias-Tees. Available from stock.

Model Freqg Insertion Isolation dB | VSWR

L=lowrange M =midrange U = upperrange

M : : g § !
I n l ' rc u Its WE ACCEPT AMERICAN EXPRESS AND VISA

P O Box 350166. Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers/NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945 ~ EUROPE 44-252-835094 Fax 44-252-837010




CROSSTALK

Charles Schaub s president of K&L Microwave
(Salisbury, MD), a leading manufacturer of filters,
switches, and integrated subassemblies for commercial
and military applications. This interview was
conducted during a plant tour.

MRF: K&L is often thought
of as the country’s largest filter
house. But when one walks
around the company, it is ap-
parently much more. How is
the company structured?

Schaub: K&L, which em-
ploys about 500 people, actu-
ally consists of many compa-
nies within a company. Groups
or divisions are devoted to dif-
ferent types of high-perfor-
mance filters, switches, inte-
grated assemblies, commercial
products, space applications,
and the high-volume filters
manufactured in the Keli-
COM Division. As we've seen,
these groups may be further
divided into manufacturing
cells, with each cell accounting
for its own assembly, quality control,
and production testing. Everyone in
the cell is being trained to do all of
the tasks involved, from working
with designers to final performance
testing. In many cases, we have even
moved inventory away from a cen-
tral location and more into the con-
trol of each manufacturing cell. Each
cell can then monitor the parts that
it requires and order more parts as
the flow of production dictates.

MRF: Who has been one of your
most difficult customers over the
years?

Schaub: Hewlett-Packard is cer-
tainly one of our most demanding

customers, so much so that seven of
our employees have visited their
plants in California and Scotland to
see how we could improve our rela-
tionship with them. Hewlett-Pack-
ard has a rating system for its ven-
dors that encompasses what it takes
to be a world-class supplier. By fo-
cusing on systems and processes
such as customer service, technical
support, delivery time, business
practices, environmental practices,
and cost, our rating has vastly im-
proved. By satisfying one of our
most demanding customers, K&L
has been able to better serve all of
our customers.

MREF: What is your relation-
ship with Dover Technologies?

Schaub: Dover is a $2.5-bil-
lion company with more than
50 operating companies divided
into five business segments.
We are part of Dover Technolo-
gies, which is one of the five
units. Dover Technologies is a
$500-million subsidiary serving
the electronies industry. The
company has 23 people at cor-
porate headquarters and only
four at the Dover Technologies
office. The relationship with
Dover is one of trust, open com-
munication, and individual au-
tonomy. The basic focus within
Dover is on growing the vari-
ous business units, concentrat-
ing on niche markets, and
achieving market leadership.

MREF: Even though not everyone
agrees with obtaining ISO 9000 certi-

fication, you appear to have taken

the guidelines seriously at K&L.
Schaub: We take it so seriously
that we have appointed Jack Mec-
Nally as the director in charge of
leading the company to certification
of ISO 9001. He and our steering
committee are working to ensure
that all of our processes are docu-
mented to the ISO 9000 guidelines.
He has trained a staff of auditors to
verify that we operate in compliance
with our procedures. One of the ben-
efits of ISO 9000 is that it forces a

MICROWAVES & RF = JANUARY 1994




company to take a hard look at its
processes. The resulting changes
provide a system necessary to com-
pete in the global markets.

Adopting ISO 9000 is just a part of
the way that people here take pride
in what they do and in the level of
quality that they try to achieve. No
one here works in a vacuum. Every-
one tries to learn how their efforts
can contribute to the final product.
The people within our cells, for ex-
ample, will often visit our plating fa-
cility and printed-circuit-board facil-
ity to discuss and work out processes
to improve the methods and proce-
dures necessary for new products.
Processes are monitored throughout
at different test stations and within
the cells so that we can expose any
problems early in the manufacturing
cycle before value is added to the
product.

We have implemented statistical
process control (SPC) throughout
K&L and are getting everyone in-
volved. Anyone within a cell can stop
the production process at any time
for any reason that interferes with
quality. We keep complete records of
any problems in our process so we
can eliminate them. When we get
people together from our different
cells and have everyone talking
about solutions that turn out to be
mutually beneficial, there is a sense
of a team trying to solve problems
together, rather than adversarial
working relationships that are com-
mon within large companies.

MREF: The company appears to be
Jairly diversified in terms of capa-
bilities. Is there much need for out-
side services?

Schaub: We've actually tried to
make K&L as self-contained as pos-
sible, with our own environmental
test facilities, plating facilities, mi-
crowave test laboratories, and com-
puter-controlled (CNC) machinery
throughout the company. This level
of integration exists solely to create
cyele-time reduction to allow us to
provide timely solutions for our cus-
tomers. In the environmental facil-
ity, for example, we have two vibra-
tion tables, a shock test station,
thermal-shock stations, thermal-cy-

(ROSSTALK

cling equipment, a humidity cham-
ber complete with a dedicated HP
85108 vector network analyzer from
Hewlett-Packard Co., hermeticity/
leak testers, a salt-spray test sta-
tion—in short, all the equipment
needed for full MIL-STD-883 test-
ing. We can even perform vibration
testing over the full military tem-
perature range. We have our own
laser-welding equipment for sealing
hermetic packages. Our testing ca-
pability is such that we occasionally
sell our services to local firms.

MRF: K&L appears to be struc-
tured much differently than it ap-
peared several years ago. What
changes have you implemented since
becoming president of the company?

Schaub: The basic structure of
the company can be attributed to our
founder, Richard Bernstein. How-
ever, with the many changes our in-
dustry continues to undergo, we are
constantly evolving and growing.
For one thing, you will notice that a
great many more computers are be-
ing used now than just a few years
ago. We are currently in the midst of
a project to link our computer design
stations, by means of a company-
wide network, directly to our CNC
machines. We are using three-di-
mensional design software that se-
lects the machine tools and creates
the programs needed for the CNC
machines. Once the network is
hooked up, we will be able to take a
design directly from software to
hardware with none of the usual
setup time needed to program the
CNC equipment.

Another thing we have done is to
utilize our wealth of CNC machinery
better than in the past. Rather than
have a totally-dedicated machining
equipment area, we have moved a lot
of that equipment within cells or pro-
duction areas so that there is better
access to the equipment by the peo-
ple that use it every day. In doing
this, we have eliminated some of the
bureaucracy within K&L that con-
tributed manufacturing inefficiency.
Other investments within the com-
pany include more than 80 state-of-
the-art network analyzers, advanced
software tools for design, and new

information system technology. This
investment helps maintain the lead-
ership position we enjoy in the mar-
kets we serve. .

The most significant change is the
training and education of our associ-
ates to meet the accelerated pace in
today’s market. We have instituted
internal training and used university
programs to achieve this goal. Our
training and educational efforts ac-
count for about 5 percent of the work
week.

MRF: When we first discussed the
conecept for KeL-COM (see Micro-
waves & RF, February 1993, p. 138),
you were starting with four Kel. -
COM employees that were hand-
picked from the ranks of K&L per-
sonnel. How is KeL-COM currently
faring?

Schaub: KeL-COM’s sales have
really expanded all year. We will
have 10 employees with additional
staffing required for next year. In
fact, we are looking for more than
100-percent growth for 1994, a fan-
tastic pace. Of course, that growth
has to slow down sometime. But we
think that 100-percent growth rate
for 1994 could be conservative. The
interesting thing is that through
KeL-COM, which has a truly com-
mercial reputation, we have been
able to add customers that we
haven’t served before. In fact 90 per-
cent of the customer list for Kel.-
COM is different from that of K&L..

MRF: What types of new products
can be expected from K&L?

Schaub: We are about to release
a family of surface-mount dielectric
resonator filters. The filters, which
achieve high quality-factor (Q) val-
ues over standard communication
bands, measure only about 0.5 X 0.5
in. (1.27 X 1.27 em) with RF leads. A
complete line of switch matrix prod-
ucts (from audio through micro-
wave) is planned for 1994. Other
products such as cellular subsystems
are under development, with proto-
types being evaluated by several
customers. The explosive growth in
wireless communications is creating
a great growth opportunity for our
industry, and we will be a major
player with many new products.ee




Is Fastest Amplifiers
Linear Log Limiting

Narrow Band

aand PaSS

Ultrawideband DC & AC to 26.5GHZ!
Power 0.001 to 5000W

B &H Electronics Manufactures all Thin Film components used to produce our microwave products

We start the process with a full CAD Simulation of a particular design with close detail of which B&}
technology will be brought to bear on the problem, Al
areas of concern are addressed with particula
attention given to the following areas:

Frequency range, Noise figure, SWR, Power level
Thermal management Shock & Environment.

To solve these areas B&H has at its disposal our owi
Thin Film Fab where we integrate resistors
capacitors & conductors on various ceramif
substrates to support our needs for the highes
quality thin film components. Our own component:
are at the cutting edge of technology!

Utilizing 1 micron design rules we are able to achieve
consistent & reproducible results. Not only are the
electrical components given such care but al
mechanical components are also produced by ou
own Full NC machine shop. Our amplifiers pas:
through very few hands on their way to ou
customers assuring very tight control of the results
Quality doesen't just happen, we make it that way!
mllf you need amplifiers, B&H can satisfy your price
and performance requirements; we may have i
standard model or if not we can design exactly what you need ( surface, pin or connectorized ). And o
course all B &H wide band amplifiers are phase linear and have low overshoot, with risetimes fr’am 33(
[0 14ps. No matter what the combination of Noise Figure, Ultra High IM, High Gain, High Power or Lov
Power out, we can meet your requirement!

Call us for literature or applications assistance
) Let us Fax. Data To You.

@@ Electronics Corp.

Rt17M Monroe New York 10950
Tel. 914 782 5000 Fax. 914 782 0470

CIRCLE NO. 232
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TriQuint IPO raises $22 million

(Beaverton, OR) raised $22 mil-

lion in its initial public offering
(IPO) of two million shares of com-
mon stock in December.

The stock, which opened at $11,
traded as high as $13 in late Decem-
ber on the NASDAQ national stock
exchange. TriQuint is traded under

TriQuint Semiconductor, Inc.

the symbol “TQNT.”

Steven J. Sharp, TriQuint’s presi-
dent and chief executive officer, says
the company expects to use the pro-
ceeds from the sale of common stock
to retire some debt and, along with
cash anticipated from operations, to
help satisfy the company’s projected
working capital and capital expendi-

Methode

High Frequency
Microwave
Printed Circuit
Boards

For microstrip
and stripline
application

Line and spacing

tolerances of
+ 001"

Plated board
edges

Mode suppression
holes down to
.013”

All base and
precious metal
platings

Combine low loss characteristics,

dimensional stability and economy, and ten
years of precision manufacturing, and your choice for
I microstrip and stripline boards is clearly Methode. Certified to
MIL-P-55110iand surveyed to MIL-1-45208, Methode offers single,
_ double and multilayer boards with a wide range of dielectric constants,
dissipation factors and finishes, all custom tailored to your application.

For more information or to discuss your requirements with a microwave
circuit board specialist, call 609/871-3500 or fax us at 609/871-0061.

THODE ELECTRONICS, INC.

Methode Electronics East » 10 Industrial Drive * Willingboro, NJ 08046
Some Territories Open

ture requirements through at least
the end of 1994. “We'll also pay off
about $2 million on a bank line guar-
anteed by Tektronix.”

According to Sharp, about one-
fourth of the proceeds from the stock
sale went to Tektronix as the only
selling stockholder. However, with
the stock sale and the purchase of
part of Tektronix’s holdings just
prior to the TPO, Kleiner, Perkins,
Caulfield & Byers IV (the Palo Alto,
CA-based venture capital firm)
emerges as the largest stockholder
in TriQuint.

The second largest stockholder in
TriQuint is now AT&T. In August
1993, TriQuint and AT&T Micro-
electronics entered into an agree-
ment involving the development,
production, and marketing of GaAs
integrated circuits (ICs). Specific fi-
nancial terms of the arrangement
were not discussed; however, the
companies expect to jointly develop
a process based on AT&T's GaAs
technology for wireless and next-
generation fiber-optic communica-
tions applications. AT&T will con-
tinue to design and market GaAs
ICs for both internal and OEM
customers. AT&T also gains a seat
on TriQuint’s board of directors.

TriQuint’s revenues have grown
steadily over the past several years,
but the company has only recently
begun to report profits. TriQuint had
net losses of $5,869,000 in 1989,
$5,846,000 in 1990, and $4,928,000 in
1991. TriQuint’s total revenues for
the nine months ended September 3
were $23,770,000 with a net income
for the period of $512,000. According
to the company’s prospectus, sales
outside of North America accounted
for about 11.5 percent of TriQuint’s
total revenues for those nine months,
Although they represented a de-
creasing portion of the company’s
business, defense-application prod-
ucts represented about 12 percent
of TriQuint’s revenues in the first
nine months of 1993.

The prospectus also notes that
TriQuint’s largest customer, North-
ern Telecom, accounted for about 16
percent of the company’s total rev-
enue in 1992 and 27 percent in the
first nine months of 1993.ee




EIP Introduces Something Else
That Counts: Full 3-Year Warranty:

EIP redefines quality in microwave

instruments!
Now, every new EIP product

comes with a comprehensive 3-year

standard warranty — full parts and

labor, shipping both ways, and 3-day

turnaround guaranteed.

This unique warranty couldn’t
be more straightforward. And it
couldn’t be more like EIP to
introduce it. After all, EIP has a 20
year record of innovation in the
microwave test market. Only EIP

CIRCLE NO. 221

counters isolate and measure weak
signals among stronger signals. And
survive system-busting 200W peak
power inputs.

There’s a model for any job you
have. Counters for continuous wave,
pulsed or unstable signals. Models
that cover 10 Hz to 170 GHz. Models
for automatic testing, including
VXlIbus ATE applications. Models for
lab work and field service, including
our rugged, new 20 GHz and 26.5
GHz portable counters with built-in

SUPERIOR SOLUTIONS IN SIGNAL ANALYSIS

power measurement capabilities.
Our record for innovation is
surpassed only by our record for
reliability. Now you can count on EIP
not just for the best products in the
business, but also the best warranty.
For information on any EIP
product, as well as full warranty
details, call or write today. EIP
Microwave, Inc., 1589 Centre Pointe
Drive, Milpitas, CA 95035, Tel: (800)
232-EIP1, Fax: (408) 945-0977.

Pictured from left to right: Karen Okumura-Customer Service Rep., Sumi Nakagami-Lead PCB Assentbler, Pete Pragastis-Sr. Microwave Engineer, Rick Bush-Dir. of Sales, Chuck Russell-Lead Final Assembler
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Contracts

Hughes Network Systems—An estimated $400
million from BellSouth Cellular Corp. for cellular-net-
working equipment. Under terms of the multi-year
agreement, Hughes will deploy its GMH 2000 network
in more than 50 markets in the southeastern US.

Texas Instruments—3$42.2 million to TI's Defense
Systems & Electronics Group from the US Naval Air
Systems Command for additional High-Speed Anti-Ra-
dar Missile (HARM) hardware.

Beech Aircraft Corp.—$17.9 million to the Ray-
theon Co. subsidiary from the US Navy for 92 AQM-37C
target missiles. Also, $3.6 million to Raytheon from the
US Naval Systems Weapon Center to develop a module
foundry service, as well as $500,000 from the US Naval
Avionies Weapons Center to develop a high-density gold
connector for use on the next-generation of standard
electronic modules.

California Microwave, Inc.—$16.4 million from
Singapore Telecom to design, build, and install two In-
telsat Standard-A earth stations.

Nokia Telecommunications—$50 million from the
Czech Republic’s Eurotel Prague and Slovakia’s Eurotel
Bratislava to expand their cellular networks. Also, $25
million from Pannon Global System for Mobile Commu-
nications (Pannon GSM), a Hungarian digital cellular-
network operator, to supply a GSM network in East
Central Europe. Pannon GSM is a consortium of three
Hungarian companies, four Nordic telecommunications
operators, and the Dutch Post Telephone and Telegraph
(PTT) system. Also, $20 million from Centertel, the Pol-
ish network operator, for extension of its cellular-phone
network.

Electronic Space Systems Corp.—$10 million
from the Federal Aviation Administration (FAA) to
manufacture and install radomes to protect primary
and secondary surveillance systems at FAA facilities
nationwide.

Aydin Corp.—$5.5 million from a US defense con-
tractor for airborne transmitters, receivers, and power
amplifiers for missile applications.

TRW Space & Electronics Group—$3.8 million
from the US Air Force Space and Missile Systems Cen-
ter to develop system architecture and design concepts
for future military satellites.

Alcatel Network Systems—5$2.4 million from
Smart Information Technologies, Inc., a cellular-tele-
phone service provider in the Philippines, to build a cel-
lular telecommunications network.

MPR Teltech Ltd.—$2 million from New Delhi-
based Himachal Futuristic Communications Ltd. to de-
velop prototype 7-GHz digital radio systems for use in
rural villages in India.

Fresh Starts

Scientific-Atlanta, Inc.—Has formed a joint ven-
ture with ANTEC Corp. to provide a range of broadband
network communications products and services to cable-
television and telephone companies in Latin American
markets.

Proxim, Inc.—Has filed a registration statement
with the Securities and Exchange Commission (SEC) re-

lating to the proposed initial public offering of 2 million
shares of common stock. The initial public offering is ex-
pected to be between $9 and $11 per share. The offering
will be managed by Volpe, Welty & Co. and Unterberg
Harris.

Varian Associates, Inc.—Has announced that its
subsidiary, Varian Canada, Inc., has acquired the assets
of Quality Hermetics Co. (1990) Ine. (Toronto, Ontario,
Canada), a privately-held company which designs and
manufactures glass-to-metal hermetic seals. Terms were
not disclosed.

Plexsys International Corp.—Has been selected
as a major equipment supplier to the CTI consortium,
which Argentina’s National Telecommunications Board
has named to provide cellular networks for the northern
and southern regions of Argentina.

LeBLANC Communications, Inc.—Has relocated
its Portland, OR office to Vancouver, WA. Its new ad-
dress is 600 S.E. Maritime Dr., Suite 190, Vancouver,
WA; (206) 694-1204.

California Microwave, Inc.—Has filed a registra-
tion statement with the Securities and Exchange Com-
mission (SEC) in connection with an offering by the
company of $50 million principal amount of 10-year
convertible subordinated notes. Bear, Stearns & Co.
and Oppenheimer & Co. will be the underwriters of the
offering.

Thomson Tubes Electroniques—As part of an
agreement between Thomson-CSF and ABB (Asea
Brown Boiveri), Thomson has taken control of ABB’s
electron-tube production center at Lensburg, Switzer-
land. Thomson has also taken control of Siemens’ coaxial
tubes for radars and television transmitters and travel-
ing-wave tubes (TWTs) manufactured at Siemens’ facil-
ity in Munich, Germany. Production of the Siemens prod-
ucts will be transferred to Thomson facilities during 1994
and 1995.

Spectrum Information Technologies, Inc.—
Has signed a letter of intent to acquire C.P.U. (Roches-
ter, NY), a software company. C.P.U. has annual reve-
nues of about $18 million. Terms were not disclosed.

Norsal Industries Inc.—Has moved to a new 4000-
sq.-ft. facility at 95G Hoffman Lane, Central Islip, NY
11722; (516) 234-1589.

Superconductor Technologies Inc.—Has an-
nounced that it will double its high-temperature-super-
conductor (HTS) manufacturing capability through the
purchase of a new deposition system.

Illinois Superconductor Corp.—Has announced
the public offering of 1.35 million shares of its common
stock at a price of $11.25 per share. The initial offering
is being managed by Gruntal & Co.

Spectrum Thin Films—Has been established to
manufacture thin-film resistor, conductor, and multi-
layer products for the hybrid mieroelectronic and opto-
electronic industries. The new company is located at
One Wall St., Hudson, NH 03051; (603) 598-9094.

ISHM (The Microelectronics Society)—Has
moved to 1850 Centennial Park Dr., Suite 105, Reston,
VA 22091; (703) 758-1060.

IVHS America—Has moved to 400 Virginia Ave.
S.W., Suite 800, Washington, DC 20024; (202) 484-TVHS.




DIGITAL STEP
ATTENUATORS

up to 35dB

Finally...precision attenuation accurate over 10 to
10 to 1OOOMHZ 1000MHz and-55°C to +100°C. Standard and custom

models are available in the TOAT(pin)- and ZFAT(SMA)-
5995 series, each with 3 discrete attenuators switchable to provide

FROM 7 discrete and accurate attenuation levels.
The 50-ohm components perform with 6usec switching
TOAT-R512 | TOAT-124 | TOAT-3610 | TOAT-4816 | TOAT-51020 speed and can handle power levels typically to +15dBm.
gFAT-HEﬂ 2 iFAT424 iFAT-SE‘ﬂO iFAT—4816 iFAT -51020 Rugged hermetically-sealed TO-8 units and SMA connector
ccuracy ceuracy ccuracy couracy Ceuracy versions can withstand the strenuous shock, vibration, and
(si) (+o/;iB) (fs) (Ho_:B) (dB) “gia) (d? “ﬁB) (di) “/'ZB) temperature stresses of MIL requirements. TOAT pin models
o %2 (20 2|80 o3 M D200 o8 are priced at only $59.95 (1-9 gty); ZFAT SMA versions are
; ‘g 0.035 g.g g.g 19000 8'2 1 gg g.s ; 50 06 $89.95 (1-9 qty).
! . X . . . . 5 (200 04 : e ;
55 032 |50 05 [130 06 |200 08 |0 07 Take advantage of this striking price/performance
30 04 |60 05 [160 06 |240 08 |300 07 breakthrough to stimulate new applications as you
35 082 |70 07 |190 08 |280 11 |350 10 implement present designs and plan future systems. All units
Price $ (1-9 qty) TOAT $59.95/ZFAT $89.95 are available forimmediate delivery, with a one-yr. guarantee,
bold faced values are individual elements in the units and three-sigma unit-to-unit repeatability.

finding new ways ..

setting high
etting higher standards CIRCLE NO. 289

m M ' n I = c I rc u lts WE ACCEPT AMERICAN EXPRESS AND VISA

P.0.Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers/NORTH AMERICA 800-654-7948 » 417-335-5935 Fax 417-335-5945  EUROPE 44-252-835094 Fax 44-252-837010

For detailed specs and computer-automated performance data (CAPD). refer to Thomas Reaqister Vol. 23. MicroWaves Product Directorv. EEM or Mini-Circuits’ 718-pa Handbook



MILLIMETER
WAVEGUIDE
PRODUCTS

‘WR-42 WR-28
‘WR-22 WR-19
*WR-15 +WR-12
*WR-10

18 to 110 GHz

+ Adapters, Waveguide/Coax (to 50 GHz)
+ Antennas, Gain Horn

« Attenuators, Fixed

+ Attenuators, Direct Reading

* Attenuators, Variable

+ Bends, E-Plane & H-Plane

+ Crystal Detectors

+ Circulators (Waveguide & Microstrip)
+ Couplers (Directional & Crossguide)
* E-H Tuners

+ Ferrite Phase Shifters

« Filters, Ferrite Tunable

* Harmonic Mixers

+ Isolators (High Power to 10 kW)

+ Isolators (High Performance)

* Isolators (Microstrip)

+ Phase Shifters

+ Power Meter 26-320 GHz (one unit)
+ Shorts, Tunable

+ Slide Screw Tuner

+ Switches, Ferrite

* Tees, E-H (unmatched)

* Tees, E-Plane and H-Plane

+ Terminations, Low Power

« Terminations 10W/100W/200W & 500W
+ Terminations, Tunable

+ Transitions, Waveguide/Waveguide

« Twists, 90°

+ Waveguide Straights (17,2", 3", 4", +)

SEND FOR CATALOG
AND PRICE LIST

DORADO

Call or Fax for Details

DORADO INTERNATIONAL
270 S. Hanford Street
(M/S #204)

Seattle, WA 98134 USA

Phone: (206) 583-0000
Fax: (206) 583-0345

P E O P L E

Raytheon Co.—Raymond S.
Pengelly to MMIC design and prod-
uct development manager at Ray-
theon’s Advanced Devices Center;
formerly vice president of marketing
at Compact Software, Inc.

Novellus Systems, Inc.—
Richard S. Hill to president and chief
executive officer; formerly president
of Tektronix Components Corp.

Wiltron Co.—Vince Lutheran to
vice president and general manager
of the Microwave Measurement Di-
vision; formerly head of the Semi-
conductor Test Systems Division at
Tektronix.

)

LUTHERAN CARTER

Burr-Brown Corp.—John L.
Carter to executive vice president;
formerly a management consultant
to the company.

Harris Farinon—Denis Cote to
vice president for worldwide mar-
keting and sales; formerly vice pres-
ident for marketing and North
American sales.

MCI Communications Corp.—
Laurence E. Harris to general man-
ager of wireless communications ser-
vices; formerly president and CEO
of International Telecom Systems
Ine., an importer and distributor of
Ericsson pagers.

Superconductor Technolo-
gies, Inc.—Donald Sharpe to direc-
tor of contract marketing; formerly
general manager of Honeywell’s
Santa Barbara Microwave Center.

Microwave Development
Laboratories, Inc.—William F'.
Berry to president; formerly vice
president of administration. Also,
Edward J. Scollins to manager of
sales and marketing; formerly vice
president of Dimond Antenna and
Microwave Corp.

Florida RF Labs, Inc.—Dou-
glas C. Sampson to chief executive
officer; formerly treasurer. Also,
Gerald G. Fenex to president; for-
merly marketing manager.

DAICO Industries, Inc.—Bry-
an Takamiya to regional sales mana-
ger; formerly a sales and applications
engineer.

LeBLANC Communications
Inc.—Richard E. Elliott, Jr. to sales
manager in Dallas; formerly a sales
manager at Microwave Networks,
Inc.

Loral Corp.—Lt. Gen. Wilson A.
Shoffner (USA-Ret.) to vice presi-
dent of planning and development of
Loral’s Missiles Group; formerly
commander of the Combined Arms
Command.

Applied Science and Technol-
ogy, Inc.—Paul Blackboro to direc-
tor of business development; for-
merly president of Oxford Plasma
Technology.

Lucas Industries—George
Simpson to chief executive officer;
formerly deputy chief executive of
British Aerospace Ple and chairman
of the Rover Group.

Electronic Devices, Inc.—
Donald Bedell to national sales man-
ager; formerly director of marketing
of the Power Semiconductor Divi-
sion of General Instrument Corp.

Watkins-Johnson Co.—Law-
rence W. Wong to vice president and
manager for defense technology ap-
plications; formerly an engineering
manager in the company’s San Jose,
CA facilities.

WONG HERNANDEZ

Microwave Networks Inc.—
Otoniel Hernandez to director of
sales for Mexico; formerly regional
manager of Mexico.

Cellular Telecommunica-
tions Industry Association—
Edward A. Hall to director of net-
work operations; formerly a senior
analyst at PRC, Inc.

Federal Communications
Commission—Reed E. Hundt to
chairman of the FCC; formerly a
partner in the law firm of Latham
& Wilkins.




EXCEPTIONAL!

ANA TEST

CABLE ASSEMBLIES

To 26 5 GHz

“lexco's new Series 40000 flexible ANA test cable
assemblies represent a true breakthrough in test cable
serformance vs. pnce

Designed for precise, repeatable measurements, these
-ables are built tough enough to stand up to demanding
sroduction test requirements, while Flexco's patented
Jesign allows for a greater range of flexibility with stability.

All Flexco connectors are specifically designed for very low
VSWR and high integrity.

The NATVAR braid in conjunction with the corrugated Kynar .

a;:ket p_roduces a_,hg_ht weight, but rugged assembly.

~lexco Series 40000 Test Cables can be produced in
various lengths and are available with all popular connector
“ombinations, including, APC-7, N, TNC, 3.5 and SMA's.

Please call our Technical Sales Department to get pricing
and deliv_e.ry .On your exact spec’iﬁcations‘

AMPLITUDE STABlLITY VS. FREQUENCY
TYPICAL 3 FT. FLEXCO NETWORK ANALYZER CABLE

Al
‘ MOVEMENT
e ¥ (WITH 3" DIA. LOOP)
7 oion k
_ RECOVERY
=4 i SSIRE IRY TS
FREQUENCY (GHz)

Change in amplitude measures less than .05 dB when
- flexed and returns virtually to zero when uncoiled.

PHASE MOVEMENT AND RECOVERY VS. FREQ.
TYPICAL 3 FT. FLEXCO NETWORK ANALYZER CABLE ¢

MOVEMENT
g ¥ (WITH 3" DIA. LOOP)
% ( PR ‘ﬁ
{¥if
& \_
RECOVERY
7 6 10 14 22 2%

FREQUENEY (GHz)

All Series 40000 test cables exhibit excellent phase stability
when flexed permitting truly accurate measurements.

VOLTAGE STANDING-WAVE RATIO VS. FREQ.
TYPICAL 3 FT, FLEXCO NETWORK ANALYZER CABLE

1.40
MAXIMUM VSWR
180 e — — — — — — —
£ TYPICAL
@ 1.20
>
1.10N
1.00

2 6 10 14 2e » 28
- FREQUENCY (GHz) ;

Typucal VSWR compared to maximum specification. VSWR
remains constant during flexing.

Price is based on our par's #40006-36, 3 foot flexible ANA test cable assembty with a mggecﬂzed 3.5mm and a standard 3.5

FLEXCO Mlcrowave, Inc.
- P.O. Box 174, Karrville Rd.
Port Murray, NJ 07865
1-800-84 FLEXCO + (908) 689-30
FAX (908) 689-6851
CIRCLE NO. 208



MICROWAVE
TUNERS

Stub tuners
Line stretchers
Slug tuners

Trombone phase
shifters

L J

Whether you require
laboratory instruments
or system installations,
quick rough tuning or
the last 1.001 of VSWR...

our tuners can also:

* Maximize RF coupling
into plasma cavities

* Increase the efficiency of
UHF TV power
amplifiers

* Phase match multiple
antenna systems

* Quantify mismatch load
effects

Our vast experience
in tuner design and
manufacture can
provide your solutien.

Call or write for Tuner
MICROLAB MEMO.

®

MICROLAB/FXR
The Reliable Source
10 Microlab Road
Livingston, NJ 07039
(201) 992-7700
FAX: (201) 992-0513

==

o N T H E

A G E N D A

Short Courses

Symposium on Optical Microwave
Systems Using Fiber Optics

February 22 (San Jose, CA)

IEEE MTT-S/Optical Society of America

2010 Massachusetts Ave., NN-W.

Washington, DC 20036; (202) 416-6100

Antenna Parameter Measurement by
Near-Field Techniques

March 21-25 (Boulder, CO)

National Institute of Standards and
Technology (NIST)

Electromagnetics Fields Division

Carl Stubenrauch

NIST

325 Broadway

Boulder, CO 80303; (303) 497-3927

Meetings

Second Annual WIRELESS
Symposium & Exhibition

February 15-18 (Santa Clara, CA)

Santa Clara Convention Center

Mary Begley

Penton Publishing

611 Route 46 West

Hasbrouck Hts., N.J 07604

(201) 393-6289

IEEE International Solid-State
Circuits Conference

February 16-18 (San Francisco, CA)

John H. Wuorinen

2 School St.

P.0O. Box 304

Castine, ME 04421; (207) 326-8811

Wireless 94

March 2-4 (San Diego, CA)

Cellular Telecommunications Industry
Association

P.0O. Box 3379

Frederick, MD 21705; (301) 694-5596

NAB '94

March 20-24 (Las Vegas, NV)

National Association of Broadcasters

1771 N St., N.W.

Washington, DC 20036; (202) 429-5353

RF Expo West

March 22-24 (San Jose, CA)

6300 S. Syracuse Way, Suite 650

Englewood, CO 80111; (303) 220-0600

Third International Conference on
Multichip Modules

March 29-31 (Denver, CO)

ISHM

1861 Wiehle Ave., Suite 260

Reston, VA 22090

4th Annual IVHS America

April 17-20 (Atlanta, GA)

1775 Massachusetts Ave., N.'W.

Suite 510

Washington, DC 20036; (202) 857-1202

Electro/Electronics USA '94

April 26-29 (Sao Paulo, Brazil)

Marlene Ruffin, Project Manager

US Department of Commerce

Technology & Aerospace Industries

Room 1015

Washington, DC 20230; (202) 482-0570

Custom Integrated Circuits
Conference

May 1-4 (San Diego, CA)

clcc

Suite 610

1545 18th St., N.W.

Washington, DC 20036

(202) 986-2166

1994 US Conference on Gallium-
Arsenide Manufacturing
Technology

May 2-5 (Las Vegas, NV)

c/o Terri S. Lockart

P.O. Box 13113

Reading, PA 19612

IEEE MTT-S International
Microwave Symposium

May 23-27 (San Diego, CA)

MTT-S Symposium 1994

c/o Microwave Journal

685 Canton St.

Norwood, MA 02062 (USA)

IEEE Frequency-Control Symposium

June 1-3 (Boston, MA)

Lute Maleki

MS 298-100

Time & Frequency Systems Research
Group

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, CA 91109; (818) 354-3688

AFCEA International Convention
and Exposition

June 7-9 (Washington, DC)

AFCEA

4400 Fair Lakes Court

Fairfax, VA 22033; (703) 631-6200

IEEE AP-S International Symposium
and URSI Radio Science Meeting

June 19-24 (Seattle, WA)

Jan Kvamme, Conference Manager

University of Washington Engineering
Professional Programs

3201 Fremont Ave. North

Seattle, WA 98103; (206) 543-5539

Conference on Precision
Electromagnetic Measurements

June 27-July 1 (Boulder, CO)

IEEE Instrumentation and Measurement
Society

Gwen E. Bennett, Conference Secretary

National Institute of Standards and
Technology (NIST)

325 Broadway

Boulder, CO 80303; (303) 497-3295

Vehicle Navigation & Information
Systems International Conference

August 31-September 2 (Tokyo, Japan)

IEEE Vehicular Technology Society

VNIS 94 Secretariat

REN Associates, Inc.

2-12-14 Hamamatsucho,

Minato-ku, Tokyo 105, Japan

Fax: 81-3-3433-3904

Call for Papers

Automatic RF Techniques Group
(ARFTG) Conference

May 27 (San Diego, CA)

IEEE MTT-S

S.D. Phleger

TRW Space and Electronics Group

Measurement Engineering

Mail Stop S/2767, One Space Park

Redondo Beach, CA 90278; (310) 812-4667

Deadline for abstracts: February 18

Government Microcircuit
Applications Conference (GOMAC)

November 7-10 (San Diego, CA)

Sven A. Roosild, Technical Program Chair

ARPA

3701 North Fairfax Dr.

Arlington, VA 22203; (703) 696-2235

Deadline for abstracts: March 15




Model 50BR-001

i Frequency Range
Available 50 and 75 Ohms b
Model 50R-043 Attenuation Range
Frequency Range 0-110dB in | dB steps
DC-1000 MHz
B Attenuation Range
e 0-100 dB in 10 dB steps

Model 50BR-017
Frequency Range
DC-1000 MHz
Attenuation Range
0-81 dBin .| dB steps

Model 50DR-00: : '
Model 50R-084

Frequency Range Standard or

DC-1000 MHz Special Configuration Frequency Range
Attenuation Range DC-2000 MHz
0-50 dB in |dB steps ; Attenuation Range

0-60 dB in 10 dB steps




DIELECTRIC
RESONATOR
OSCILLATORS
7 4 Ghz to 23 Ghz

7 +23 dBm Output Power

I Low Phase Noise

1 Excellent Stability

FREQUENCY
SYNTHESIZERS

7 DRO & VCO Technology
-1 Modular MIC and SMT Assemblies

I Exceeds INTELSAT Phase
Noise Requirements

Low Incidental FM
Internal Frequency Decoding
7 External 5 or 10 MHz Reference

- |

PHASE LOCKED
OSCILLATORS

7 100 MHz to 23 GHz

7 DRO & VCO Technology

7 +21 dBm Qutput Power
Excellent Phase Noise
MIC & SMT Technology

VOLTAGE
CONTROLLED
OSCILLATORS

0.5t0 18 GHz
Octave-Bandwidths

I 600 MHz/nsec Tuning

1 60 MHz Modulation
Settling Times to £2 MHz

1 MIC Technology

delphi

Components, Inc.
A Division of Aura Systems, Inc.

FOR IMMEDIATE RESPONSE
| 27721-A La Paz
| Laguna Niguel, CA 92677 USA

> Phone: 408. 280.7073
; Fax: 408.280.1633
TWO YEAR WARRANTY ON ALL PRODUCTS

VISIT US AT BOOTH #924 AT THE
WIDEI ECC CVMDACIHIM 2 EYHIRITIAN

NEWS UPDATE

TRACKING STORIES PREVIOUSLY REPORTED IN MICROWAVES & RF

GETTING CLOSER TO A WIRELESS LAN STANDARD. After
more than two years of meetings, the IEEE 802.11 group working to de-
velop a standard for wireless local-area networks (WLANSs) has made some
progress, announcing its support of a unified medium-access control (MAC)
“foundation” for WLANs. The foundation protocol represents a basic
framework upon which enhancements and refinements will be added in fu-
ture 802.11 meetings. To accommodate this protocol, all current vendors
will be required to modify their existing products to ensure compliance. The
new standard will support more than 1000 nodes operating within several
hundred meters of each other at transmit speeds up to 20 Mb/s (current
wireless products support up to 2 Mb/s.) But there is more work to be done
on both the MAC and physical layers of the WLAN standard. Phil Be-
langer, director of cordless products for Xircom (Calabasas, CA) and a
802.11 subcommittee member, says, “We're at least a year away from a
draft standard.”

CONGRESS PASSES IVHS APPROPRIATIONS BILL. [t is not a lot
of money by federal government standards, but Congress has approved In-
telligent Vehicle Highway Systems (IVHS) spending levels for the US De-
partment of Transportation for Fiscal Year 1994. IVHS funding for the
Federal Highway Administration (FHWA) totals $203 million, an increase
of $4 million from the House of Representatives’ original recommendation
but $10 million less than the Clinton Administration’s request. The funding
provides the FHWA with $33.5 million in discretionary funding for IVHS
research and operational tests. Advanced technology applications received
$15 million and automated highway systems obtained $10 million.

PCS FACILITY PLANS INITIAL TESTS. US WEST has completed
construction of a personal-communications-services (PCS) testbed in Boul-
der, CO that will be used to assess various microcell systems currently un-
der development. The facility will be in operation in the first quarter of
1994. The testbed is designed to evaluate radio, network, and operations
equipment in a variety of environments. Initial tests of PCS equipment are
being conducted on Ericsson Digital European Cordless Telecommunica-
tions (DECT), Japan’s Personal Handy Phone (PHP), and Bellcore Wire-
less Access Communication Services (WACS) radio technologies. The
testbed will be available to members of the PCS Technology Advocacy
Group (PTAG) as a common testing facility. The PTAG has been estab-
lished to help advance technical standards and open interfaces for PCS sys-
tems. The group includes Bell Atlantic Corp., BellSouth Corp., Pacific Bell,
Stentor, Time Warner, and US WEST. The PTAG plans to work with man-
ufacturers and established standards-setting bodies to speed the develop-
ment process. The Federal Communications Commission (FCC) has issued
an experimental license for the Boulder facility at 1850 to 1990 MHz.

DEFENSE AEROSPACE SALES SLIP—AGAIN. In 1987, when ac-
tual outlays for aerospace programs began to decrease, defense product
sales (both foreign and domestic) accounted for 62 percent of total aero-
space industry sales. According to a 1993 mid-year review of the US
aerospace industry by the Aerospace Industries Association (AIA), that
figure is now at 45 percent. Through the first half of 1993, aircraft sales to
the US military were 8 percent lower than they were during the same
period a year earlier. Missile procurement experienced a similar decline.
Defense exports were also lower, by 17 percent.

—RON SCHNEIDERMAN




Everything you expect from
a powerful new generation of

HP spectrum analyzers.

Except the price.

Introducing the HP 8590 &
8560 E-Series: more
performance than anything
at their price — less price
than anything with their
performance.

If advancing technologies and
receding budgets make life
difficult, it's time to look at HP’s
new generation of portable
spectrum analyzers.

Start with the new HP 8590
E-Series, which offers surprising
measurement power at an
economical price. Since there
are 5 models, you buy exactly the
frequency range you need. And

get a spectrum analyzer that's easy
to use and can be configured for
your specific application.

The remarkable HP 8560 E-Series
delivers the kind of performance
that until now was found only on
expensive benchtop models. Yet
for its extremely affordable price
you get lower phase noise,
narrower resolution bandwidths,
and improved sensitivity. Clearly,
this level of performance doesn't
exist in any other spectrum
analyzer at this price.

Of course, you'll want more details
than we can provide here. So call
your local HP office or one of the
numbers listed below to get an

CIDCIENG %40

© 1992 Hewlett-Packard Co. TMSAD250

ordering guide with detailed
product information. Plus one
very important thing.

An early start on the next genera-
tion of test solutions.

There is a better way.
K

United Kingdom (0344) 362-8G7 ® Spain (900)
123-123 = France (1-69) 82-65-00  Italy (02)
95-300-134 » Netherlands (020) 547-6669 »
Germany (06172) 16-0  Singapore (65)
291-8554 » Taiwan (886-2) 714-8740  Hong
Kong (852) 848-7070 » Korea (82-2) 784-2666

HEWLETT
PACKARD



3 Volt Power Amplitier PM2102 (era™P

KEY SPECIFICATIONS
* 3.0 Volt Supply
+27.5dBm Output Power
50% Efficiency
1900 MHz
16 Lead Plastic SOIC Package

APPLICATIONS
DECT
PHP
PCS/PCN
Digital Wireless Communications
Wireless LAN
PCMCIA compatible

You take

Finally...
a wireless

power amplifier
with Guts!

the Glory...

The “Wizards™ at Pacific Monolithics have just
solved the most difficult portion of your wireless
design task. PM2102 is a new GaAs MMIC
power amplifier developed for :
applications at 1900MHz. It provides +27.5dBm
output power @ 3.0 volts with 50% efficiency
and our cost-effective 16 pin plastic SOIC
package will fit your budget.

No matter what your wireless design challenges
are, PM has a solution! Call Steve Canning or
Component Sales at 1-408-732-8000 for more
information on our newest generation of GaAs
MMIC’s available in a variety of frequency bands
and functions. Let our Guts provide your Glory...

CIRCLE NO. 245

M Demo board, application notes and

engineering support is available.

Visit us at the
Wireless Symposium
February 15-18, 1994

I

PACIFI
MONOLITHIC

Solutions For Wireless Communication

fic Monolithics, Inc.,
Ana Court, Sunnyvale, CA 94086-4512.



R&D ROUNDUP

Multilayered
CPW structures
minimize leakage

High-aspect-
ratio lines
form off-chip
interconnects

InP-hased HEMT
amp delivers high
power at Q-band

Josephson tunnel
junction provides
microwave
attenuation

Quasi-optical
switch serves
radiometry
applications

Conductor-backed coplanar waveguide (CPW) provide good mechanical strength and
heat-sinking ability, but suffer from leakage in the transverse direction. This leakage
can result in unexpected coupling with neighboring lines or devices. Y. Liu and T. Itoh
at the University of California at Los Angeles propose two multilayered structures
that can control the leakage: one has an additional top layer whose dielectric constant
is higher than that of the substrate; the other has a similar additional layer placed be-
tween the metal and substrate. The added layer produces an effective CPW-mode di-
electric constant that is greater than that of the dominant parallel-plate mode. See
“Leakage Phenomena in Multilayered Conductor-Backed Coplanar Waveguide,”
IEEE Microwave and Guided Wave Letters, Vol. 3, No. 11, November 1993, p. 426.

As an electronic system’s operating frequency increases, the skin effect becomes more
pronounced, resulting in attenuation and dispersion that distort the propagated signal
waveform. A potential method of reducing distortion is to employ high-aspect-ratio
lines, which achieve low distortion at higher planar densities. H.C. Blennemann at IBM
Networking Systems (Research Triangle Park, NC) and R.F.W. Pease at Stanford
University (Stanford, CA) overview the fabrication and performance of high-aspect-
ratio, off-chip interconnects. Several lines were fabricated and tested, with a typical
line of 13.5-um height and 4.5-pwm width (i.e., 3:1 aspect ratio) exhibiting an attenua-
tion of 0.6 dB/em at 1 GHz. See “High-Aspect-Ratio Lines as Low-Distortion, High-
Frequency Off-Chip Interconnects,” IEEE Transactions on Components, Hybrids,
and Manufacturing Technology, Vol. 16, No. 7, November 1993, p. 692.

Indium-phosphide (InP)-based high-electron-mobility transistors (HEMTSs) promise
several performance advantages, including low noise figure, high gain, and high power-
added efficiency. W. Lam, A. Kurdoghlian, and A. Igawa at Hughes Microelectronic
Circuits Division (Torrance, CA) and M. Matloubian et al. at Hughes Research Labo-
ratory (Malibu, CA) describe a MMIC amplifier that uses 0.15-pm InP-based HEMTSs
to provide +24-dBm output power and 33-percent power-added efficiency at 44 GHz.
The amplifier features small-signal gain of 8.6 0.2 dB with a 1-dB input compression
point of +14 dBm. The MMIC chip measures 1.9 X 2.0 mm. See “High-Efficiency InP-
Based HEMT MMIC Power Amplifier for Q-Band Applications,” IEEE Microwave
and Guided Wave Letters, Vol. 3, No. 11, November 1993, p. 420.

The use of semiconductor-insulator-semiconductor (SIS) mixer receivers at mi-
crowave frequencies has received considerable attention. In order to optimize the per-
formance of SIS mixers, the applied local-oscillator (1.LO) power must be adjusted with
an accuracy of about 1 dB. V.P. Koshelets ef al. at the Institute of Radio Engineering
and Electronics (Moscow, Russia) and G.M. Fischer and J. Mygind at the Technical
University of Denmark (Lyngby, Denmark) describe a circuit, termed the supercon-
ducting attenuator, that provides on-chip tuning of high-frequency signal amplitudes
using the change in microwave impedance of a small Josephson tunnel junction. Mea-
surements performed at 70 GHz indicate a dynamic range of 15 dB for a single stage.
See “Josephson Tunnel Junction Microwave Attenuator,” Applied Physics Letters,
Vol. 63, No. 23, December 6, 1993, p. 3218.

Radiometric imaging systems operating in the 94-GHz range have shown promise in a
variety of remote-sensing applications. These systems employ Dicke switches to com-
pensate for receiver gain drift, which can appear as noise in the images. K.D. Stephan,
F.H. Spooner, and P.F. Goldsmith at Millitech Corp. (S. Deerfield, MA) present a
quasi-optical Dicke switch that provides 1-dB reflection loss and 20-dB isolation in hy-
brid form, with a monolithic version delivering comparable results in a smaller archi-
tecture. The core of the switch design is an array of PIN diodes embedded in a con-
ducting metal grid. The hybrid switch employs a circular pattern of 464 diodes, while
the monolithic version uses a square array of 625 diodes. See “Quasi-Optical Millime-
ter-Wave Hybrid and Monolithic PIN-Diode Switches,” IEEE Transactions on Mi-
crowave Theory and Techniques, Vol. 41, No. 10, October 1993, p. 1791.
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TEGHNIQUE VERIFIES
LRRM CALIBRATIONS
ON GaAs SUBSTRATES

A multi-line GaAs TRL calibration is used as a benchmark
for verification of automated LRRM wafer-probe calibrations.

NGINEERS in the on-wa-
fer microwave measurement field have
long sought a method to quantify S-
parameter ealibration inaccuracies. A
powerful verification technique devel-
oped by the National Institute of Stan-
dards and Technology (NIST; Boulder,
(0) determines error bounds for a
working ealibration through compari-
son with the NIST multi-line GaAs
through-reflect-line (TRL) calibration.

Traceability of on-wafer calibra-
tion standards has been an issue
among microwave test engineers for
some time. The great diversity of
calibration standards and methods
used throughout the high-frequency
industry has made traceability of
these standards to some physical
reference impractical. The novel cal-
ibration procedure and software
package developed by the NIST
enables calibration verifications to
be performed, thus making it possi-
ble to demonstrate the traceability

JOHN E. PENCE, Product Marketing
Manager, Cascade Microtech, Inc.,
14255 S.W. Brigadoon Ct., Beaverton,
OR 97005; (503) 626-9222, FAX: (503)
626-9255.

832200
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. An alumina-based

- verifies on-wafer LRRM
alibrations from 1 to
40 GHz.

esana“‘w‘
e w © 1992 ..,

of a calibration rather than the trace-
ability of the individual calibration
standards.

The verification technique is ap-
plied to automated line-reflect-
reflect-match (LRRM) calibrations
with load-inductance compensation
performed on commercially-avail-
able alumina coplanar-waveguide
(CPW) standards over a frequency
range of 1 to 40 GHz. Two experi-
ments are performed. In the first
analysis, 10 automated calibrations
are made using 10 different sets of
standards on the same impedance
standard substrate (ISS). In the sec-
ond test, 10 automated calibrations
are made using a single set of stan-
dards. Each of the calibrations from
the two experiments is then com-

pared with a manual NIST, multi-
line GaAs CPW reference calibra-
tion. The worst-case error bounds
for each automated calibration are
calculated using the NIST verifica-
tion software.

PROBING SYSTEM

The probing-system configuration
employed for this investigation
makes use of commercially-available
equipment. In both experiments,
the automated calibrations are per-
formed on a semi-automatic wafer-
probe station from Cascade Micro-
tech, Inc. (Beaverton, OR) capable
of £3-um placement repeatability.
All calibrations contain 51 data
points obtained with an HP 8510C
vector network analyzer (VNA)

MICROWAVES & RF =« JANUARY 1994
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LRRM VERIFICATION
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2. Worst-case S-parameter error bounds (a) and load-inductance compensation (b) were determined

for 10 calibrations using 10 sets of standards.

from Hewlett-Packard Co. (Palo
Alto, CA) over a 1-to-40-GHz range.
The averaging factor is 256. Elec-
tronic alignment of the ISS, probe-
station control, VNA control, and
automatic load-inductance compen-
sation is performed by the probe
station’s automatic VNA calibration
software.

For each calibration, raw data is
read from the VNA. The calibration
software then calculates the induc-
tance-compensated error coeffi-
cients and stores them back into the
network analyzer, The two wafer
probes employed have a standard
ceramic-tip, ground-signal-ground
(GSG) configuration with 100-pm
pitch. Flexible 2.4-mm RF cables are
used to connect the wafer probes to
the VNA.

The automated calibrations em-
ploy commercially-available, alumi-
na-based CPW standards from Cas-
cade Microtech, Inc., including

1.15-ps-long, 50-2 CPW lines, shorts
(metallized bars), opens (open-cir-
cuit probe tips in air), and precision
50-Q) loads. The load standards are
trimmed at DC to be 50 Q) =0.3 per-
cent. Alignment marks on the ISS
(Fig. 1) set the contact force, separa-
tion, and initial position of the wafer
probes.

NIST STANDARDS

The NIST benchmark-calibration
standards consist of a 550-um CPW
through line, an offset short, and four
CPW lines with additional lengths of
2.135, 3.200, 6.565, and 19.695 mm,
respectively. These standards are
fabricated on 500-pm-thick GaAs.!
The NIST software is run on an HP
9000 series 300 computer under HP
Basic 5.1. The specific programs
used in the experiments are DEEM-
BED revision 4.04 and VERIFY
revision 1.03.%

The first step in the verification

procedure is to make an on-wafer
calibration. With this correction ap-
plied to the VNA, an NIST bench-
mark calibration is performed using
the DEEMBED software. Each of
the five NIST standards is measured
and the data is stored on disk. The
program de-embeds this data, calcu-
lating the effective dielectric con-
stant and the “error boxes” for ports
1 and 2.

In effect, a two-tier calibration is
performed, with the error coeffi-
cients representing the differences
between the working calibration and
benchmark calibration. The VERI-
FY program then calculates and
plots the worst-case deviation after
the reference plane of the bench-
mark calibration is adjusted to be as
close as possible to the reference
plane of the working calibration.

VERIFICATION RESULTS

For each of the 20 working cali-
brations in the two verification ex-
periments, the load-inductance-com-
pensation value is recorded and the
VNA error coefficients are stored
on disk. The time required to com-
plete both sets of calibrations and to
store the test data is approximately
50 min.

Following the verification tech-
nique, a benchmark GaAs TRL cali-
bration is performed using the DE-
EMBED program. Each of the six
NIST standards is contacted with
the wafer probes only once. Every
standard is measured using each of
the 20 stored calibration sets, with
the test data stored on disk. This
procedure minimizes the number of
required probe contacts, thus reduc-
ing uncertainty in probe-placement
repeatability.

After all of the standards are mea-
sured, there are six data files for
each working calibration, for a total
of 120 files. This portion of the veri-
fication procedure is particularly
slow, with a total time of about 2
hours and 45 min. required to com-
plete the process. Thus, the total
time needed to collect all of the veri-
fication data is 3 hours and 35 min.

The NIST DEEMBED program
then uses the six data files for each
working calibration to calculate new

MATMDOAIITAYVLGO .01 o TANTTADY 1004
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error coefficients. Three output files
are stored on disk: the error box for
port 1, the error box for port 2, and
the effective dielectric constant.
These files are used by the VERIFY
program to calculate the worst-case
deviations between each working
calibration and the NIST benchmark
calibration.? These deviations are
expressed as the magnitude of the
largest value of S-parameter mea-
surement uncertainty IS;; - S;'l,
where S;; and S;;' are the S-parame-
ters from the LRRM working cali-
bration and the NIST benchmark
calibration, respectively.
Verification results (Fig. 2a) for
the LRRM calibration with load-in-
ductance compensation indicate that
the calculated upper bounds increase
linearly with frequency. The aver-
age worst-case deviation is 0.067,
which occurs at 34.5 GHz. The worst-
case deviation for any single cali-
bration is 0.079 at 37.7 GHz. The

L L

4. Upper-bound terms
ohtained with a manual
LRRM verification
technique tend to
increase linearly with

frequency.

0.15 —— LRRM (EG 8/3/93)
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worst-case total variation is ob-
served to be less than 0.032, also
occurring at 37.7 GHz.

The load-inductance compensation
calculated for each working calibra-
tion (Fig. 2b) exhibits an average
value of 5.63 pH with a variation of
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3. These plots illustrate the worst-case error bounds (a) and load-inductance compensation (b) for 10

calibrations made with a single set of standards.

+15 percent. It is interesting to note
that the inductance-compensation
values increase from column 1 to col-
umn 5 in rows 7 and 8. This can be
attributed to the *3-mm mechanical
placement uncertainty. In addition,
the calibrations which exhibited the
greatest deviations in Fig. 2a had the
largest associated load-inductance-
compensation values.

The calculated load-inductance-
compensation values from the sec-
ond verification experiment (Fig. 3a)
exhibit upper bounds that increase
linearly with frequency. The average
worst-case deviation is 0.063 at 34.5
GHz, while the worst-case total vari-
ation is an impressive 0.005 at 28.3
GHz. The worst-case deviation for
any single calibration is 0.064 at
34.5 GHz.

Once again, the load-inductance
compensation value was calculated
for each working calibration (Fig.
3b). The average value obtained was
5.66 pH with a variation of only *5
percent.

EVALUATION OF RESULTS

When evaluating the results of the
automated LRRM calibration verifi-
cations, it is helpful to compare this
data with verification results ob-
tained from manual LRRM verifica-
tion experiments. Figure 4 presents
results from manual LRRM verifica-
tions performed by Williams at the
NIST." Again, the calculated upper
bounds increase linearly with fre-
quency. The worst-case deviation for
these measurements ranged from
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0.060 to 0.125. Although the accuracy
of three of the four calibrations is
comparable to that obtained with
automated calibrations, the large
variation suggests that repeatability
is much more difficult to achieve with
the manual calibrations. In fact, the
repeatability of the automated cali-

brations appears to be an order of
magnitude better than that obtained
with the manual calibrations.
Instrument drift is the biggest
concern in both manual and automat-
ed LRRM verification experiments.
The automated verifications re-
quired nearly 4 hours to complete,

and the temperature and relative
humidity in the room where the mea-
surements were performed was un-
controlled. In order to assess the
possible impact of instrument drift
on the results, a calibration stability
test was performed at the end of
each experiment and at the comple-
tion of the verification procedure.
This test determines the change in
[S1; — Sy, for an open-circuit probe
tip, where S;;' is measured periodi-
cally after the initial S;; data has
been recorded.

The results of the calibration sta-
bility test (Fig. 5) indicate that the
system will generally produce more
drift at higher frequencies. This ex-
plains why the curves in Fig. 5 all
tend to slope upward. A new calibra-
tion is usually performed when the
worst-case IS;; — S;;'l reaches —40
dB. This corresponds to a 1-percent
error in the S;; measurement of the
open-cireuit probe tip.

At the completion of experiments

HEWLETT
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1 and 2, the system had a worst-case
stability of better than —40 dB. How-
ever, due to the extended period of
time required to perform the verifi-
cation procedure, the worst-case
system stability at the completion of
verification was only -27 dB. This
corresponds to a measurement accu-
racy of about 4.5 percent. Based on

LRRM VERIFICATION

this data, it is quite likely that sys-
tem drift had a significant effect on
the verification results. Reducing
the time required to perform the
verification would probably improve
the results.

The results presented in Fig. 3a
indicate that the contact repeatabil-
ity of the automated calibrations is
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very good, so its impact on verifica-
tion results is very subtle. If the ISS
is not properly aligned, probe place-
ment errors will occur. These errors,
in conjunction with the subtle con-
tact-repeatability errors, may help

]
The effeet of
system drift on
verification
results may be
decreased by
reducing the time
needed to perform

the verifications.
B

explain the apparent increase in load
inductance across the ISS in Fig. 2b.
It has been observed® that the load
inductance varies by about 0.14 pH
per micron change in probe place-
ment. It is likely that slight ISS
alignment errors contributed to the
accuracy variation observed in Fig.
2a. However, the data is still highly
reproducible and is probably repre-
sentative of what a typical user

would observe.ese
Note

A version of this paper was presented at the 42nd
ARFTG Conference, which was held on December 2-3, 1993
in San Jose, CA.
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APPLICATIONS DRIVE

THE EVOLUTION OF

NETWORK ANALYZERS

These sensitive receivers continue to add

microwave measurement power and versatility

VER the past decade, mi-
crowave eircuit designers and test en-
gineers have benefited from major
improvements in network-analyzer per-
formance, With the help of instruments
such as the HP 8510A network analyzer
from Hewlett-Packard Co. (Palo Alto,
(CA), measurements that were once
time-consuming and diffieult to per-
form are now commonplace and are no
longer the exelusive dominion of the in-

house mierowave test “gurn.”

For example, the state of the art
in the early 1980s was the HP 8409
vector automatic network analyzer
(VANA), which was based on the HP
8410C network analyzer (Fig. 1). The
HP 8409 employed an HP 9845 com-
puter and provided vector-error-
corrected measurements, covering
bandwidths of 110 kHz to 18 GHz in
a single sweep. Although the 8409
was a basic piece of equipment in
every microwave lab, it took many
minutes, even hours, to perform a
single fully-corrected measurement.

PHILIP LORCH, Hewlett-Packard Co.,
Santa Rosa Systems Division, 1400
Fountaingrove Pkwy., Santa Rosa, CA
95403-1790; (707) 577-1400.

The early 1980s saw a peri-
od of incredible growth in
the microwave component
industry. Fueled by rapid
expangion in the military and
aerospace industries, there
was a worldwide demand for
new technology in defense
electronics, especially in the
US. This activity begged for
a faster and more-usable
approach to performing stim-
ulus/response and phase
measurements on the micro-
wave components and sub-
systems that are crucial to
any communications system,
radar, jammer, or other high-
frequency military or com-
mercial applications.

In January 1984, Hewlett-
Packard Co. announced the
world’s first mieroprocessor-
based network analyzer, the
HP 8510A (see “Ten Years
with the HP 8510A”). This
instrument allowed the mi-
crowave component or subsystem
designer to make fast and conve-
nient magnitude or phase-response
measurements in near-real-time
across previously unheard-of fre-
quency ranges. For the first time,
the S-parameter-based technique
for network design, analysis, and
measurement became practical for
everyday use.'

For many designers, however,
just having a high-speed measure-
ment engine for network measure-
ments wasg not enough. Designers

1. The predecessor to the HP 8510, the HP 8410 network
analyzer formed the hasis of the HP 8409 ANA. More than
10,000 8410s and 8409s were sold worldwide, with many of
these instruments still in use today.

wanted the ability to measure de-
vices without coaxial connectors,
whether in-fixture or on-wafer. En-
gineers wanted to measure at fre-
quencies above 26.5 GHz or under
pulsed-RF conditions. Once the de-
sign of a particular device, compo-
nent, or subsystem went into pro-
duction, many test departments
wanted the same type of measure-
ment performance that the R&D
personnel had access to, so the need
for remote computer control and
higher measurement speed became
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more important.

As the demands of analyzer users
evolved, the need to expand the in-
strument’s capabilities became evi-
dent. Within a year of the original
HP 8510A introduction, work began
on a second-generation version
aimed at meeting some of the afore-
mentioned requirements. New cali-
bration techniques were imple-
mented based on work originally
proposed by Engen and Hoer?
(through-reflect-line calibration).
The ability to measure non-insert-
able devices, such as coax-to-waveg-
uide adapters or coaxial devices with
same-sex connectors on hoth ports,
was added. A more user-friendly
system extension was developed to
allow convenient millimeter-wave
measurements.

Specialized applications of the HP
8510 have been developed, including
mixer testing, antenna and radar-
cross-section (RCS) measurement,
and material measurement using S-
parameter-to-permeability/permit-
tivity conversion software. Ironical-
ly, some of these utilizations where
not even considered during the orig-
inal design of the HP 8510. One fav-
orite application was the use of the
HP 8510 by a well-known diaper
manufacturer to measure the ab-
sorptive properties of different wad-
ding materials. The result of these
design-enhancement efforts was the
introduction of the HP 85108 in 1987,
followed in 1988 with the addition of
a fundamentally-mixed S-parameter
test set and optional wideband in-
phase/quadrature (I/Q) detectors,
which allowed fully-synchronized
network measurements under
pulsed-RF conditions.

Hewlett-Packard was not alone in
the automatic-network-analyzer
(ANA) market for long. In the sum-
mer of 1987, Wiltron Co. (Morgan
Hill, CA) introduced the 360 network
analyzer. The 360 contributed en-
hanced usability features, such as
guided calibration, a four-channel
color display, broadband frequency
coverage to 40 GHz, and a tuned-
receiver architecture that allowed
the use of a low-cost, swept-RF
source while maintaining synthe-
sized frequency accuracy.

NETWORK ANALYZERS

EIP Microwave (Milpitas, CA)
introduced their Measurement and
Computation Tools™ modular work-
station shortly thereafter. Initially
using an ANA feature set, the EIP
solution included an innovative mod-
ular approach that distributed the
instrument into its main compo-
nents: an external personal comput-
er which served as the system con-
troller, an intermediate-frequency
(IF) processing section, a stimulus
source, and external removable “test
heads” which housed the test ports
and RF downconverters.

More recently, Scientific-Atlanta
(Atlanta, GA) added network-analy-

2. The HP 8510C is

the third-generation
version of the HP 8510
VANA. The latest
version covers a

wider range of test
applications than its

. predecessor, which
celebrates its 10th
anniversary this month.

sis capability to their model 1795
microwave receiver, which was orig-
inally aimed at antenna and RCS
measurement applications.

ECONOMY FAMILY

Another major contribution to
network-analysis instrumentation
was the development of the HP 8700
family of network analyzers. Even
before the HP 8510A was intro-
duced, engineers at HP's Network
Measurements Division (Santa
Rosa, CA) were hard at work lever-
aging some of the key technologies
developed for the HP 8510 (see
“Core Technologies Improve Net-

world was revolutionized in
January 1984 with the intro-
duction the HP 8510A network
analyzer (see figure). This analy-

The microwave component

The HP 8510 network analyzer
revolutionized the way in which microwave
component designers tested their devices.

TEN YEARS WITH THE HP 8510A

sis tool provided near-real-time S-
parameter measurements with
high accuracy and broadband fre-
quency coverage, With the use of
microprocessors, the HP 8510A
became much more versatile than
its predecessors, giving the user
access to powerful capabilities
such as accuracy enhancement
(12-term vector error correction)
and time-domain measurement
by performing high-speed inverse
Fourier transforms on frequency-
domain measurement data. The
HP 8510A became a workhorse of
the microwave component indus-
try and the standard in network
analysis. Many newer versions
have been introduced (the most
recent in December 1993), adding
more features and enhanced RF
performance.ee
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work Analysis”). The sampler archi-
tecture and much of the analyzer’s
operating-system firmware and
error-correction algorithms were
ported to the HP 8753A, the first
self-contained RF ANA [300 kHz to
3 GHz (and later to 6 GHz)], and its
microwave counterpart, the HP
8720A. These alternatives to the
more-flexible, higher-performance
HP 8510 added to the array of ANAs
available to the designer or produc-
tion test technician.

The advent of modern analyzers
helped spawn many small, highly-
specialized companies that provided
complementary hardware and soft-
ware to augment the standard net-
work analyzer’s capability. All of
these companies continue to advance
the state of the art in their respec-
tive areas of expertise. Some notable
examples are:

* Cascade Microtech (Beaverton,
OR): coplanar probe tips and ana-

NETWORK ANALYZERS

lytical wafer-probing stations.

® Intercontinental Microwave
(Santa Clara, CA): high-repeatabili-
ty broadband test fixtures for pack-
aged devices and chips.

* ATN Microwave (Billerica, MA):
device-characterization systems for
noise-parameter or large-signal
measurement applications.

* Flam and Russell (Horsham,
PA): far-field antenna and RCS mea-
surement systems and software.

® March Microwave (Eindhoven,
The Netherlands): compact far-field
antenna ranges and RCS software.

* Nearfield Systems (Carson, CA):
near-field antenna measurement
systems and anechoic-chamber char-
acterization,

USING WORKSTATIONS

By the mid-1980s, it became clear
that the measurement needs of de-
signers trying to invent new micro-
wave devices were evolving. The

advent of high-performance work-
station computers at affordable
prices allowed the microwave circuit
designer to take advantage of cir-
cuit-simulation software. Computer-
aided-engineering (CAE) products
gave the designer a powerful tool for
performing the first few design iter-
ations before the costly first pass
through a wafer process or microcir-
cuit thin-film process. Design cycle
times were substantially reduced.
This lessened the need for high-
performance network analyzers in
every microwave design lab. Hew-
lett-Packard soon entered the mi-
crowave design software market
with its own CAE product, the HP
85150A Microwave Design System,
in 1987. With built-in links to net-
work analyzers, the software could
collect actual measurement data for
model and device optimization and
verification.

The HP 8510 and its family of re-

the HP 8510 were several key

improvements in fundamen-
tal microwave and data-process-
ing technology. Those of major
importance include:

Broadband samplers: The HP
8510 uses a proprietary, patented
step-recovery-diode-based comb
generation architecture for mi-
crowave signal downconversion.
The use of samplers allowed the
original HP 8515A S-parameter
test sets employed with the HP
8510 to cover frequencies up to
26.5 GHz. Since then, sampler-
based (and now fundamentally-
mixed) test sets operating to 50
GHz have been introduced.

RF bridge at 26.5 GHz: The S-
parameter test sets used with the
HP 8510 employed a first-of-its-
kind resistive broadband RF
bridge. The use of the bridge for
signal separation provided the
test sets with excellent impe-
dance match (raw test-port re-
turn loss and directivity were
each better than 20 dB), outstand-
ing stability, and flat frequency

crucial to the development of

CORE TECHNOLOGIES IMPROVE NETWORK ANALYSIS

response down to 45 MHz, A 45-
MHz-to-50-GHz directional cou-
pler with similar performance
was later developed with the aid
of CAE software tools.

Precision coaxial connectors:
Coinciding with development of
the HP 8510 was the engineering
of a rugged coaxial connector that
could be mated with standard
SMA connectors and operated to
26.5 GHz. The 3.5-mm-diameter
design was further improved,
resulting in 2.4- and 1.85-mm con-
nectors that could operate mode-
free to 50 and 65 GHz, respective-
ly. Metrology-grade versions of
the 3.5- and 2.4-mm connectors
featured slotless female center
contacts for highly-predictable
and repeatable geometries that
resulted in extremely-high accu-
racy. Recently-developed connec-
tor designs with a 1.0-mm line
diameter allow coaxial operation
to 110 GHz.

Microwave synthesized source:
A companion stimulus source for
the HP 8510, the HP 8340A syn-
thesized sweeper was actually

introduced 18 months before the
network analyzer. This synthe-
sized source featured excellent
output power, 1-Hz frequency
resolution, and 26.5-GHz frequen-
cy coverage. In addition, it could
perform analog “ramp” sweeps,
allowing the HP 8510 to display
swept device response with full
12-term error correction up to
1000 times faster than the HP
8409. The 8340A was later re-
placed with the HP 8360 series
of synthesized sweepers, which
offer coverage to 110 GHz.
Time-domain transformation:
The HP 8510A included an option-
al capability to view swept fre-
quency-domain data in the time
domain. A proprietary implemen-
tation of the Chirp-Z inverse
Fourier transform allowed the
user to view the impulse response
of the device under test. When ap-
plied to frequency-domain data,
the user-specified “gating” and
“windowing” functions allowed the
viewing of device response free
from discontinuities caused by
connector or fixture transitions.ee
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lated products (test sets, microwave
sources, and accessories) have
evolved tremendously since the orig-
inal introduction 10 years ago. Cur-
rently available in its third-genera-
tion version as the HP 8510C, the
instrument is the basis for many
types of component test systems.
Systems based on the HP 8510C
(Fig. 2) and its high-speed compan-
ion, the HP 8530A microwave receiv-
er, are employed throughout the mi-
crowave component industry in an
increasing variety of applications.
Enhancements to the HP 8720 (Fig.
3) and 8753 families have also
evolved to cover a wider range of fre-
quencies and to serve more diverse
applications, including mixer testing
and material characterization. The
Wiltron 360 is now available in a “B”
model, with coaxial broadband cov-
erage to 62.5 GHz.

THE NEXT 10 YEARS

The microwave world has greatly
changed in the past 10 years. Mili-
tary expansion has slowed and the
corresponding expenditures for
defense electronics have been signif-
icantly reduced. However, that is
not to say that the market for de-
fense and aerospace applications of
high-frequency technology is dead.
There will continue to be a stream of
modernization programs, as well as
more focus on C°I applications, that
will demand the best available
microwave components and subsys-
tems. The coming information age
will bring explosive growth in com-
mercial and consumer communica-
tions, with abundant opportunities

NETWORK ANALYZERS

3. The HP 8700 family
of ANAs leveraged
technologies developed
for the HP 8510. This
line of analyzers has
recently heen extended
to 40 GHz with the
introduction of the HP
722C.

for any company that possesses a
core competency in high-frequency
circuit and system design. Many of
the fundamental technologies and
platform concepts currently used in
military applications will be lever-
aged into commercial applications.

On the R&D side, the next 10
vears will see further expansion of
the use of microwave CAE tools,
augmented by customized network-
analyzer-based parameter-extrac-
tion systems for model development
and verification. Eventually, the
same CAE software may include
extensions that can generate the test
vectors used to drive network ana-
lyzers once the parts being designed
reach production.

The demand for general-purpose
benchtop analyzers will be combined
with the need for custom-tailored
systems that bridge the gap between
circuit-simulation software and actu-
al parametric measurements on pro-
totype devices. Designers will want
to perform system simulation using
the complex modulation formats
being proposed for new communica-
tions standards. These customer
needs will result in the basic RF
stimulus sources being augmented
by or replaced with more-flexible
sources capable of complex or
pulsed-RF modulation to perform
functional testing of the new devices.
High-current, precision, pulsed-DC
supplies will be required for high-
power device testing.

With RF and microwave devices
becoming more integrated and in-
creasingly complex, network analyz-
ers will be used more extensively in

manufacturing applications such
as RF integrated-circuit (IC) and
transmit/receive (T/R) module test-
ing. As the market for microwave
devices used in commercial, low-cost
wireless communications grows, IC
manufacturers currently focused on
DC or low-frequency functional test-
ing will have an additional need for
RF testing.

The increased need for RF testing
in manufacturing will drive the de-
mand for higher throughput with
“just enough” instrumentation per-
formance. Modularity, scalability,
and upgradability of instruments
will become important factors on the
production floor. As a result, future
high-performance network analyz-
ers used in these applications will be
more modular and might incorporate
digital IF processing, as well as RF
stimulus modulation.

Of course, increased measurement
speed will be critical. Novel IF archi-
tectures will permit the use of a
single receiver for multiple appli-
cations. Newer generations of ana-
log-to-digital converters (ADCs),
combined with improved digital-sig-
nal-processing (DSP) technology,
will allow much faster data acquisi-
tion and processing. Customers will
also demand that test systems be
optimized for their specific needs
and integrated seamlessly with their
existing or newly-implemented
data-management and information
networks.ee
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LEADING-EDGE
THRESHOLD CIRCUIT
AIDS DFD ACCURAGY

Short-duration, high-power RF pulses can be detected
within long pulses or continuous-wave signals.

IGITAL frequency dis-
criminators (DFDs) are employed in a
variety of electronic-warfare (EW) sys-
tems to provide accurate digital fre-
quency data on received pulsed and
continuous-wave (CW) RF signals. By
employing the proper leading-edge trig-
gering scheme, a DFD can detect and
process pulse-on-pulse and pulse-on-
(W signal events at high data rates.

WILLIAM B. SULLIVAN, President,
Wide Band Systems, Inc., 1 Munson-
hurst Rd., P.O. Box 408, Franklin, NJ
07416; (201) 827-5656, FAX: (201) 827-
7300.

Characteristics of the modern
DFD include instantaneous frequen-
cy coverage that can span multiple
octaves in the microwave band and
instantaneous dynamic ranges in
excess of 60 dB. Various designs
have been developed to provide
accurate frequency data on RF pulse
widths as short as 10 ns, with typical
designs providing 50-ns-to-CW cov-
erage. The modern DFD is a fast
digital encoder capable of processing
and outputting measured data at a
rate that can exceed four million RF
pulses per second.

The DFD, by its nature, is a serial
data processor, providing measured
frequency data on the strongest
signal observed within the RF
bandwidth. CW and long RF pulse
widths, therefore, can “capture” the
DFD, often preventing the observa-
tion and measurement of other RF
signals that may be simultaneously
present. In the event that a simulta-

neous signal is of a higher RF power
than the initial RF input, the “cap-
ture” problem can be reduced if the
DFD has the ability to detect the
presence of a measurable simulta-
neous RF input, then performing
the frequency measurement of the
simultaneous signal subsequent to
measurement of the initial RF input.

The utility of a DFD capable of
detecting and processing pulse-on-
pulse and pulse-on-CW signal events
may be offset by the inability of the
host-system processor to accommo-
date the higher data rates that can
result. The impact of the higher dig-
ital data rates can be minimized by
providing a leading-edge trigger
capability where, for example, if a
short-duration, high-power RF
pulse is received during a longer-
duration, low-power RF pulse, the
DFD will respond sequentially to the
two pulses. That is, the DFD will
respond to the frequency data on the

o VVA DFD

RF input

o 5
CW threshold
adjustment

(a) IAGC pulse-on-pulse threshold

(e e == SDLVA DFD e
y Frequency RF input Frequency
data I data
Amplitude |1 | 3
video o P >
Pulse Pulse
trigger trigger
o >
CW trigger  CW threshold CW trigger
adjustment

(b) SDLVA amplitude threshold

1. Two methods for providing leading-edge threshold capability involve instantaneous AGC (a) and SDLVA circuitry (b).
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signal is always at the same frequen-
cy as the direct-path signal (except
for Doppler effects, which can usual-
ly be ignored) but presents an RF
amplitude that may be different. The
leading-edge trigger capability
tends to suppress the effect of RF
multipath, as equal-frequency sig-
nals received subsequent to the
direct path are ignored. Further, if
RF amplitude measurements are
triggered by the DFD for the pur-
pose of amplitude-comparison direc-
tion finding, the leading-edge trigger
circuit will suppress angular mea-
surement errors for all scenarios
except a small geometric area known
as the error-susceptibility region.

A number of approaches have
been used to meet these objectives.
For instance, one technique employs
a voltage-variable attenuator (VVA)
as part of a fast, low-gain, instan-
taneous automatic-gain-control
(IAGC) loop. This loop is designed to
provide an output-RF-level varia-
tion of approximately 15 dB for a
70-dB variation in input RF level.

In operation, a long-duration RF
input is read by the detector. The
detected video output is then provid-
ed to a fast video amplifier, which
increases the VVA loss. Simultane-
ously, the detected video signal is
provided to a pulse threshold com-
parator through a highpass RC filter
and then to a DC-coupled CW com-
parator. Either (or both) the pulse
trigger or the CW trigger is provid-
ed to the DFD to produce a frequen-
cy measurement. A stronger RF
input arriving after the initial signal
will repeat this process, generating
a trigger to the DFD and another
frequency measurement. An exter-
nal voltage is required for the CW
threshold reference to allow the pro-

cessing of slow-rise-time RF signals.

While the TAGC threshold circuit
(Fig. 1a) was largely effective in
providing the appropriate trigger
responses for the DFD, there were
some drawbacks. First, the thresh-
old circuit’s recovery time from
strong signals was poor, requiring
almost a microsecond to return to
full sensitivity. Second, the process
of thresholding frequency data
based on amplitude measurements
has an inherent flaw in that it is
assumed that merely because there
is a measurable amplitude differ-
ence, there will also be measurable
frequency data. This problem is par-
ticularly acute when there is sub-
stantial RF gain between the VVA
and DFD, as the small-signal gain
variation of an RF amplifier will add
to the amplitude margin required to
provide a useful trigger. Since the
setting of the CW threshold is based
on the noise-level input to the DFD,
a band-switched RF front end re-
quires a programmable voltage in-
put to accommodate the RF-noise-

followed by a 100-ns pulse after a 50-ns
interval. The detected-RF, data-ready-strobe,
and coherent-threshold waveforms are depicted
by the top, center, and bottom traces,

respectively.

level variation as the RF input band
is switched.

The sequential-detector-loga-
rithmic-video-amplifier (SDLVA)
threshold circuit (Fig. 1b) can also
provide a leading-edge threshold
capability for the DFD. In this
approach, the SDLVA produces a
voltage output which is proportional
to the logarithm of the RF input-
power level.

This method has the advantage of
providing RF amplitude data along
with frequency data, with the circuit
recovering faster than the TAGC
threshold. Unfortunately, it suffers
from the basic problems of employ-
ing RF amplitude data to trigger an
RF frequency measurement, as well
as having a variable CW threshold.
In addition, the basic process of
resolving a pulse-on-pulse threshold
level with this logarithmic technique
is mathematically different from the
square-law detection and threshold
process of Fig. la. Also, the SDLVA
has an inherent variation of the log-
video-output timing related to the
RF input power level. This can cause
problems in the measurement of
short RF pulses because the timing
of the DFD trigger becomes RF'-
amplitude-dependent.

The problem of providing a useful
leading-edge pulse-on-pulse and
pulse-on-CW threshold capability
for a DF'D may be reduced to three
technical issues. First, the problem
of sequentially sampling the RF
frequency data at a high rate must
be addressed. If the threshold is to
operate on RF pulse widths ranging
from 50 ns to CW, the DFD must be
able to sample at 25-ns intervals to
assure (given the video settling-time
requirements and effective RF-
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pulse-width loss due to delay lines)
that at least one valid frequency
measurement is obtained for each
RF input signal. This requires the
DFD to clock data at a 40-MHz rate.
Second, the validity of each mea-
sured frequency sample must be
determined on a sample-by-sample
basis. This validity question takes
two forms: first, the signal-to-noise
ratio (SNR) must be estimated for
each frequency measurement sam-
ple; second, given that a sufficient
SNR exists, the measurement valid-
ity must be determined. The first
task can be accomplished by the
coherent threshold circuit developed
by Wide Band Systems, Inc. (Frank-
lin, NJ). This circuit provides a sam-
ple-by-sample estimate of the SNR
observed by the frequency-measure-
ment process. Since the coherent
threshold output is only a funetion of
the SNR, the DFD can determine
the threshold (in terms of the RF
SNR) independently of the external

DFD TRIGGERING

ama R

4. DFD response to a typical pulse-on-pulse
situation is shown. The video-amplitude and
data-ready traces are shown at the top and
bottom, respectively.

noise-power level. The second task is
accomplished on a sample-by-sample
basis by the SSD function.

The third major technical chal-
lenge involves a frequency sample
obtained in 25 ns, with the sample
having a sufficient SNR to provide
useful frequency data and being free
from errors due to, for example, a

simultaneous signal at approximate-
ly the same RF input level. Given
these conditions, it must be deter-
mined whether the sample is due to a
new signal. The problem becomes
complex since the frequency being
sampled may correspond to a previ-
ous RF input while there may have
been other frequencies present in
the intervening period, such as
would occur if a short-duration, high-
power RF input is present during a
long-duration, low-power RF input.
The DFD must recognize that the
frequency measurement which fol-
lows the short-duration signal is sim-
ilar to (but not necessarily identical
to) the measurement that occurred
prior to the short-duration signal.
The technical objective is achieved
by the associative processor, which
is a digital circuit that can quickly
recognize that the present frequency
digital sample is similar to a previous
(but not necessarily time-contigu-
ous) frequency sample.

CIRCLE NO. 400
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Figure 2 is a block diagram of the
DFD. The RF input is amplified to
produce hard limiting over the full
dynamic range. A 40-MHz clocked
processor generates a digital fre-
quency sample every 25 ns. Each
sample includes a coherent thresh-
old tag, with the stream of fre-
quency samples clocked through a

DFD TRIGGERING

pipeline circuit. The associative pro-
cessor is active whenever the co-
herent threshold indicates that an
above-threshold signal is present.
When the associative processor
determines that a new RF input is
present, the appropriate sample is
selected in the clocked pipeline for
output and a data-ready strobe is
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issued. The circuit ignores data
resulting from simultaneous signal
errors.

A working DFD with these char-
acteristics has been produced. The
DFD operates from 7.5 to 18 GHz
with 3-MHz resolution over an RF
dynamic range of —-60 to +10 dBm
using an internal RF limiting am-
plifier. Figure 3 demonstrates the
DFD recovery time, showing a 0-
dBm, 1-ps RF pulse followed by a
—60-dBm, 100-ns RF pulse with a 50-
ns interval in between the pulses.
The interval was provided for illus-
tration purposes, as the DFD only
requires that the second signal exist
for more than 50 ns beyond the
strong signal.

Figure 4 presents the DFD re-
sponse to the classic pulse-on-pulse
situation, providing one data-ready
output for each RF input event. The
short-duration RF pulse was 6 dB
stronger than the long-duration RF
pulse. The DFD output data-ready
port was connected to the DFD-
input data acknowledge, causing a
very short data-ready strobe width.

This DFD uses a digital technique
to provide leading-edge pulse-on-
pulse and pulse-on-CW threshold
triggering. This eliminates the need
for VVAs, SDLVASs, and external
CW threshold voltage references,
as the DFD threshold is instanta-
neously self-adaptive to the current
RF SNR. The circuits employed are
entirely digital, using “F”-series
TTL logic. The DFD was tested
over a temperature range of -b4 to
+85°C. The 7.5-t0-18-GHz DFD
uses a standard 7 x 12 X 12 in, (17.8
x 30.5 % 30.5 ¢cm) package, while
the 2-to-6-GHz version employs a
7.3 %X 6.2 x 0.61in. (185 X 15.7 X 1.5
cm) miniature package. Other bands
and physical configurations are
available.ee
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Phase Noise and BER, Part 2

DEFINING THE
RELATIONSHIPS FOR
RANDOM PHASE ERRORS

Random phase errors can be categorized by different
distributions and probability density functions (PDFs).

HASE noise and its relation-
ship to communieations bit-error-rate
(BER) performance was introduced in
last month’s article, The second install-
ment of this series on the mathematies
of phase noise will examine random

phase errors.

In Part 1, relationships were
shown for the degradation of quadra-
ture-phase-shift-keying (QPSK) per-
formance versus the simplified case
of static phase errors. In practice, if
a carrier-recovery circuit creates a
static phase shift (6,) on the local os-
cillator (LO) with respect to the car-
rier, it may be equalized so that this
phase shift is some multiple of 360
deg. (in effect the same as a 0-deg.
phase shift).

Since carrier recovery invariably
requires some form of filtering, static
phase errors must be addressed.
Random fluctuations of phase due to
the different noise contributions in

ROBERT L. HOWALD, Hardware De-
sign Engineer, Martin Marietta Astro-
Space, Building 100, Mail Stop U2312,
230 Goddard Blvd., King of Prussia, PA
19406; (215) 354-3074, FAX: (215) 354-
3040.
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¥
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3. A uniform density function, which is a simple
prohability density function (PDF), implies that
the phase may take on any value of phase at
any instant.

u

the system also need to be charac-
terized, and these errors cannot be
equalized. Because these errors oc-
cur as a random process, they can be
described as a probability density
function (PDF) expressed by p(6,).

As a simple PDF example, consid-
er a source with uniform phase den-
sity. The uniform density implies
that the phase at some instant may
take on any value on the interval —m,
+m with equal probability (Fig. 3).
The area under a PDF curve from
—-% to + must always be equal to
unity, indicating that the sum of the
probabilities for all the possible
events is unity (the phase must have
some value).

As another example, consider a
Gaussian PDF. It is the single most-
important density for communica-
tions engineering (Fig. 4) and is
expressed as:

plx)= 1/0'(2.71')0'5 X

exp[(x~m)2/20'2] (A)
In this example, which is centered
around zero (which is the mean
value, m), a phase error closer to zero
is more likely to occur than a phase
value far from zero. The likelihood of
a particular phase can be determined
by properly using the error-function
integral described by Eq. 3. The vari-
ance, o2, of the PDF is a measure of
the spread of the density around its
mean, and can be evaluated by the
width of the bell-shaped curve. A
tall, thin bell shape has a small vari-
ance, while a bell shape with a large
width at the expense of height indi-
cates more potential for the phase
error to take on a large value. Anoth-
er measure of width is the standard
deviation, which is the square root of
the variance. The variance itself is
significant because it represents the
noise power when the mean is zero.
The mean and variance together
carry extra significance for the
Gaussian PDF because these two
parameters completely characterize
the probability density. Thus, if a
density is known or assumed to be
Gaussian, the PDF can be written
when the mean and the variance are
known, and the PDF will be the com-
plete statistical description of the
random variable. A further crucial
property of the Gaussian PDF is that
if a Gaussian random variable under-
goes a linear transformation (is pro-
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PHASE NOISE/BER

4. The probability
density function for a
Gaussian density
assumes the classic
bell-shaped curve.

cessed through a component de-
seribed by a linear function), the out-
put of the transformation will also be
Gaussian in nature. Finally, another
useful property of Gaussian random
variables is that uncorrelated ran-
dom variables are also independent.

For the average bit-error proba-
bility for a generalized distribution
of phase error, the bit-error proba-

bility for a given 6, is multiplied by
the likelihood of that 6, occurring,
then summed with all the other pos-
sibilities. The bit-error probability
for each possible phase error must
be averaged over all possible phase
errors (—m to +m) by weighting the
sum with the probability that phase
error will occur. For a continuous
PDF, the total probability is:

n
P, = [P(EIB,)p(6,)d0,  (6)
-

Based on Eqs. 4 and 5 for P(E/6,)
for the PSK systems mentioned, the
problem evolves into one of deter-
mining p(b,), the PDF of the phase-
error random variable. More pre-
cisely, the first term in the integral,
P(E/8,), has an exact form for binary
PSK (BPSK) of:

P.(6,)=0Q[(2E,IN,)"" | x

T
IIT [cos[8,(1)]dt (7)
0
which reduces to Eq. 4 when 6, is
constant. Also, if the bit rate 1/T is
much greater than the carrier-loop
noise bandwidth (which is often the
situation since carrier-loop band-
widths on the order of 100 Hz are
common), the 6,(t) variation is very
slow within a bit interval (0, T) and
can be considered constant during
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the bit interval. This allows Eq. 7 to
be approximated by:

P,(6,)=0Q[(2E,/N,)" x
cos(6, )] (8)

The results can easily be extended
to validate the QPSK version of Eq.
8. Slowly-varying phase will gener-
ally be assumed throughout this
analysis since rapid phase variations
complicate the process. The ap-
proach will be described below for a
BPSK system.

If the phase error varies rapidly
with respect to a bit interval, such as
for a very low data rate, the BPSK
case described by the integral in Eq.
7 reduces approximately to the time
average of the cosine of the phase
error, or E{cos[0.(t)]}, where E{ )
represents the expectation operator
whose output is the mean value. The
expectation can be evaluated by not-
ing that the mean of a random-vari-

PHASE NOISE/BER

able function is determined by sub-
stituting the function itself into the
calculation of the integral for the
mean in place of the random variable.
Since the phasge-error process is as-
sumed to be ergodic, this time aver-
age will present a statistical average
phase error.

It no longer makes sense to evalu-
ate the BER as in Eq. 6 since we can
no longer associate a single value of
phase error during detection of a bit.
Instead, a single bit detected sees
an average phase error E[cos(8,)],
so that the analogous expression
for Eq. 8 is:

P.(6,)=Q{[2E,IN,]" x
Efcos(6,)]} (9)

In this case, a Gaussian phase-er-
ror process is assumed. Although a
full explanation of this assumption
will be presented later in this series,
the assumption is used because it has

proven to be a reliable model for per-
formance predictions. The expected
value is defined as:

n
E(6,]= [6,p(6,)d6,  (B)
-
For a function of a random vari-
able, this is:

T
E[8(0,)] = [3(6,) x
(]

p(6,)de, (10)

It is not necessary to know the
complete statistics of cos(6,) to find
its mean. By assuming that the mean
of the random variable 8., is zero (the
Gaussian error fluctuates nominally
around zero), the integral can be
evaluated as:

T
Efcos(8,)] = 1/0'(271’)0'5 _[('05(0(,) X

-

exp(=8,% 12067 )d6, =

Plug A Full-Featured, 1.6 GHz Spectrum
Analyzer Directly Into Your PC!

¢ Plug Directly Into Your PC. The 9052 uses
the power of your PC to give you top-of-the-line
RF spectrum analyzer capabilities at a great price!

¢ Count On Precise Frequency Accuracy. With
fully synthesized tuning and direct digital
synthesis, you're guaranteed speed and accuracy.

* Watch Several Traces At A Time, In Color.
Monitor the active trace plus up to three other
functions all at the same time.

* Markers Simplify Measuring. Four indepen-
dent markers with numerous functions make
measuring easy.

¢ Automate Your Test Procedures. Keep all of
your tedious test procedures on disk and simply
call them up when you need them.

* Monitor Remote Sites From The Comfort Of Your
Office. Call up a remote PC equipped with a 9052
Spectrum Analyzer and have an identical screen
on your office PC.

¢ Excellent Specs. 100 kHz - 1600 MHz, < -120
dBm sensitivity, >80 dB 3rd-order dynamic range,
<5 x 10 - 7 reference frequency stability.

» Need A Spectrum Analyzer Engine For Your
Own Product? The 9052 engine is available as a
stand-alone module for OEM's

Please Call For Details - (813) 531-4000

The Next Step In

Instrumentation

MORROW TECHNOLOGIES CORPORATION e 2210 TALL PINES DRIVE
LARGO, FLORIDA 34641 # 813 531-4000 » FAX 813 531-4026

CIRCLE NO. 420

MICROWAVES & RF = JANUARY 1994

ENGINES

A PRODUCT OF MORROW TECHNOLOGIES CORPORATION




D E s 1

F E A T UTR E

n
lio(2m)"? Jc.\p (j6,) x
-
exp(—0,° /1267 )d8, +
n
l1o(2m)"? j exp (jO,) %

-
a\‘p(—(:)‘,l 1207 )de, =
0.5exp(-67/2) + 0.5 x
z',\‘p(—crj /12)= ('_17)(—0'3 /12) (C)

For the BPSK case, Eq. 9 then
becomes:

P, =Q[(2E,IN,)™ x
(‘.\'[J(—O'J/Z)] (11)

and ¢” is needed. The approach for
obtaining this will be described later
in the analysis. The problem be-
comes more complex for QPSK due
to the crosstalk mechanism as the
phase error progresses. The remain-
der of the analysis will concentrate
on the practical situation of slowly-
varying phase error, considered to
be equal to the loop bandwidth
< 1/10(data rate).

In addition to the assumption of a
slowly-varying phase error in this
phase-error analysis, other impor-
tant assumptions are presented:

1. The analysis assumes perfect
frequency synchronization, with no
dynamic tracking errors (such as
Doppler errors) and no spurious fre-
quencies which contribute to the to-
tal phase error (although they are
treated the same way, as indepen-
dent sources).

2. Steady-state phase error in the
receiver is considered negligible
(zero mean). Modern phase-locked-
loop (PLL) design using a common
second-order PLL with an opera-
tional-amplifier (opamp) integrator
as the loop filter reduces the phase
error at the output of the phase de-
tector to near zero when the fre-
quency is offset but in the phase-lock
range. Additional filtering in the loop
or detection chain must be carefully
arranged to avoid static phase off-
sets between modulated data and
the demodulated LO. Phase-detec-
tion techniques that avoid the “dead

PHASE NOISE/BER

zone” effect, maintaining a linear
transfer response near zero phase
difference, reduce the associated
static phase errors. Linearized dy-
namics are assumed in the analysis,
allowing the use of the Gaussian-to-
Gaussian linear transform property.

3. Bit timing is assumed to be
ideal. This is equivalent to perfect
clock-recovery phase generation so
that detection instants are exactly at
the peak of the matched filter out-
puts. This assumption is made with
the following notes:

* More relative clock phase offset
can be allowed for the same amount
of performance penalty that can be
allowed for the carrier. This makes

%
The mean and

variance carry extra
significance for
the Gaussian PDF
because they
completely
characterize the
prcbabili:y density.

the clock-recovery circuitry general-
ly less critical than the carrier-re-
covery circuits.

¢ Clock-recovery circuits that are
not dependent upon carrier phase
are possible and practical, such as an
intermediate-frequency (IF) enve-
lope detection (a band-limited PSK
modulation). Therefore, it is entirely
practical to analyze carrier-con-
tributed phase noise itself as an
independent contributor to BER
degradation.

¢ In spite of its general subordi-
nate nature to carrier-recovery
loops, the clock-recovery circuitry
should not be considered an insignifi-
cant part of the receiver design. In
fact, very careful selection of clock
filtering must occur to realize good

performance against noise, both ex-
ternal and internal system noise. The
clock filtering selection is more criti-
cal to the performance of the clock-
recovery circuitry than the carrier-
recovery bandpass filtering is in the
performance of the carrier-recovery
loop.

4. Intersymbol interference (IF1),
from the dispersive effects of the
transmission media and filtering
components, should be neglected to
make the analysis tractable with
little effect on the end results.

5. Filter distortion effects, such as
incidental AM and passband flat-
ness, are neglected.

6. Phase ambiguities are assumed
to be resolved. Minimum-PSK sys-
tems require some sort of phase-
ambiguity resolution to set absolute
phase at the receiver. Whenever
carrier recovery from a modulated
signal is mentioned, the phase ambi-
guities will be considered resolved.
There is no such concern for an aux-
iliary carrier transmission. The BER
analysis assumes steady-state loop
operation.

7. Carrier phase modulation also is
neglected. The analysis assumes a
carrier-recovery loop with reference
to an unmodulated carrier sinusoid,
which contains both AWGN and 1/f
Gaussian frequency instability. The
analysis of square- and fourth-order-
law carrier recovery, as well as
Costas recovery loops, will not be
treated. These types of loops deal di-
rectly with suppressed carrier mod-
ulation, such as BPSK and QPSK.
This is equivalent to assuming a tone
of specific noise properties is avail-
able for synchronization purposes
only. The effect of the modulation is
to lower the effective loop signal to
noise ratio by lowering the carrier
power and adding another noise
term. However, it is possible to ana-
lyze the effect of lower loop signal to
noise ratio on the phase-error PDF
in some cases, such as the AWGN
phase error and Tikhonov PDF.

Armed with Eqs. 4 and 5, it is now
possible to search for the missing
ingredient in Eq. 6: the PDF for the
phase error, p(6,.). This will be at-
tacked from the noise characteristics




800 to 2400MHz, to +26dBm from $1 99

In a broadband amplifier, excellent low-noise performance is
generally synonymous with low power output because of design
compromises. Not so with Mini-Circuits' TO-, ZEL-, and ZHL- low-
noise amplifier series, where a noise level less than 1.5dB is
accompanied with up to +26dBm power output. In front-end
applications, it is undesirable for the amplified output to appear back

tthe input; these amplifiers effectively isolate the output signal from
the input by as much as 35dB and use the shortest possible lead
lengths to minimize parasitics and optimize NF performance.
Detailed performance specs are included in our 740-pg RF/IF
Designer’'s Handbook.

Low-noise amplifiers are available in a rugged hermetically-
sealed TO-8 package, or in a tiny (less than one cubic inch) EMI-
shielded case, or a hefty EMI-shielded case for high power models

Available from stock, priced from $199 with better than 1.5dB NF
performance, there's lots to shout about.

finding new ways

setting higher standards

m M I nl-Clrcu lts WE ACCEPT AMERICAN EXPRESS AND VISA

amplifie

SPECIFICATIONS

Pin Model TO TO TO
0812LN 1217LN 1724LN
Connector ZEL ZEL ZEL ZHL ZHL ZHL,
Version 0812LN 1217LN 1724LN 0812HLN 1217HLN 1724HLN‘
Freq. (GHz) 08-12 1217 1.7-24 08-12 217+ 17-24
16 16 16
NF, db, max* 15 15 15 15 15 ir
Gain dB, min 20 20 20 30 30 30
Output Pwr, dBm +8 +10 +10 +26 +26 +26
1dB Comp
Intercept Pt 18 25 22 36 36 36
3rd order,
dBm typ.
Price § (Qty. 1-9) TO $199.00 ZEL $274.00 ZHL $349.95
NOTES

1. NF max. at roc

Incre >
2. SMA coni y, £ and ZHL units
3 \J[l‘ rating temperature: -54°C to +85°C
70mA for TO and ZEL
725mA for ZHL

ZHL TO ZEL

P.O.Box 350166, Brooklyn, New York 11235-0003  (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 ~ EUROPE 44-252-835094 Fax 44-252-837010

For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER Vol. 23 « MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK.



F E AT UR E

of free-running oscillators, phase-
locked oscillators, transmit/receive
subsystems, and complete coherent
transponders. Gaussian behavior
will remain a key for each system de-
scription. Postulation of this model is
based on the central-limit theorem,
the repeated natural occurrence of
the Gaussian density in many appli-
cations, and the straightforward
analysis that results from the many
convenient properties of Gaussian
statistics. The central-limit theorem
qualitatively states that the sum of
random variables with arbitrary
PDF's produces an overall PDF' that
more closely approaches a Gaussian
nature as the number of individual
contributors increases. Therefore,
given the many independent physi-
cal processes that produce the com-
posite oscillator phase noise and,
additionally, the number of individu-
al hardware contributors in a system
that contribute to phase noise, the

PHASE NOISE/BER

Gaussian assumption appears to
have merit. It is further validated by
the comparison of predicted perfor-
mance using the Gaussian model
versus actual performance.

The linearity property is also use-
ful when discussing PLL subsys-
tems. In PLLs, although their be-
havior is inherently nonlinear, the
use of linearized analysis holds up
well for good loop signal-to-noise
ratios (on the order of 10 dB or bet-
ter) where most PLLs need to oper-
ate. Cycle slippage (random unlock-
ing), which must realistically be kept
at a low rate of occeurrence, is a func-
tion of loop signal-to-noise ratio.

The Gaussian PDF is completely
determined by its first two moments.
This can be further simplified by
assuming a zero-mean phase-error
process, as would be the case for a
PLL using an ideal integrator in the
carrier-recovery loop. Since opamp-
based loop filters are the norm, this

is a valid simplifying assumption.
Other than the minute phase error
due to frequency offset, there should
be no particular bias expected for
the phase error created by various
noise processes. For the zero-mean
case, the variance simply defines the
power, which for this case is the
phase-error power. By determining
the power, the PDF can be com-
pletely expressed and used in Eq. 6.

Next month, this series on phase
noise and BER will continue with a
review of the noise mechanisms in
solid-state oscillators. ee
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NEW TECHNIQUE CHEGKS
ACCURACY OF IMPEDANGE
MEASUREMENTS

This method evaluates measurement uncertainties
for vector network-analyzer and calibration standards.

ECTOR network analyzers ean
provide high measurement resolution
with amazing aecuracy, but that aceu-
racy should never be taken for granted.
By properly tracking measurement un-
certainties, it is possible to safegnard
that accuracy with a wide range of eali-

bration standards.

For years, the United Kingdom’s
National Physical Laboratory (NPL)
has been developing automatic net-
work analyzers (ANAs) and re-
flectometers based on the six-port
technique.' A difficulty in the perfor-
mance of these instruments has been
the need to assess the accuracy of
each instrument following design
and development stages. However,
a new evaluation method, which can
be applied to all instruments of this
type, solves this problem.

The technique assesses the accu-
racy of the United Kingdom’s prima-
ry coaxial standards at RF and mi-
crowave frequencies. It has also
been applied to commercial vector

NICK RIDLER and JOHN MEDLEY,
National Physical Laboratory, Microwave
Standards Branch C, Division of Electri-
cal Science, St. Andrews Rd., Malverne,
Worcestershire, England WR14 3PS;
(0684) 89-4645, FAX: (0684) 89-5547.

uncertainty

network analyzers such as the HP
8510 an HP 8753 analyzers from
Hewlett-Packard Co. (Palo Alto,
CA).?>? In principle, the technique
can be applied to any ANA since
minimal assumptions are made
about the instrument itself.

As described in this article, the
technique will concentrate on vector
network analyzers used for one-port
(reflection) measurements. (A more-
detailed exposition of the technique
is available elsewhere.")

1. This complex-plane
plot represents the
uncertainty profile for
reflection-coefficient
measurements at VHF.

140

VRC plane

Numerous processes affect the ac-
curacy of an ANA. These processes
are known as contributions to the
measurement uncertainty, which
represents the doubt about the accu-
racy of the measurement. In accor-
dance with international recommen-
dations,” contributions evaluated
statistically are termed type A con-
tributions, while those evaluated by
other means are termed type B
contributions. For this evaluation
method, measurement and calibra-
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tion repeatability (including connec-
tor repeatability), instrument stabil-
ity, and noise are treated as type A
contributions. Incomplete knowl-
edge of the calibration items’ proper-
ties and detector nonlinearities are
treated as type B contributions.

The evaluation technique uses the
facility available on most modern
network analyzers to send uncor-
rected vector readings to an external
storage medium. Such data is collect-
ed for both calibration artifacts and
devices under test (DUTs). The data
are then processed using in-house
calibration and measurement algo-
rithms. This allows uncertainty con-
tributions to be evaluated off-line in
a controlled manner.

Type A contributions are evaluat-
ed by performing a series of n cali-
brations (cal) and measurements
(meas) sequentially, i.e., cal 1, meas
1, cal 2, meas 2,...cal n, meas n.

The term calibration denotes the
process in which an ANA’s vector
readings are collected for the items
(such as impedance standards) which
will be used to calculate the instru-
ment’s calibration constants at each
frequency. The term measurement
denotes the process in which the
ANA’s vector readings are collected
for a DUT for which the electrical
characteristics (such as reflection
coefficient) are required. The num-
ber n is chosen to enable statistical
techniques to be applied meaningful-
ly, and is usually between 6 and 10.

Results are produced for the DUT

MEASUREMENT ACCURACY

in two stages: (1) the vector readings
for the calibration items are used to
determine the calibration constants
at each frequency, and (2) the vector
readings for the DUT are corrected
using the calibration constants. For
n sets of calibration and measure-
ment data, these readings are com-
bined in the two-stage results pro-
cess to produce n X n permutations.
Care must be taken in the subse-
quent statistical manipulations to al-
low for the interdependence of these
permutations. The interdependence
is apparent if one considers an error
in one of the calibrations; if the re-
sults were truly independent, this
error would affect just one result,
whereas in the new method, all n re-
sults using the calibration containing
an error will be affected. The inter-
dependence affects the choice of the
number of degrees of freedom in the
statistical evaluation (for example,
variance calculations and the choice
of Student’s t-statistic used to ob-
tain confidence intervals).

Gross errors (statistical anomalies
caused by experimental blunders)
can occur during both calibration and
measurement processes. For exam-
ple, a gross calibration error can oc-
cur by a poor connection of an air-line
standard, since these items are noto-
riously difficult to connect properly.
Such errors in calibration and mea-
surement are detected prior to calcu-
lation using a data-validation pro-
cess which examines the dispersion
of all vectors collected for an item,

rejecting vectors which fall outside
of a predetermined range. The re-
Jected vectors play no part in the
caleulation of results.

Different calibration items of the
same class (such as open circuits or
short circuits) are used, when avail-
able, in the multiple calibrations to
allow for item-to-item differences
such as surface finish and asymme-
try. For the same reasons, the orien-
tation of air-line standards is also
varied for each of the calibrations.

An error in the characterization of
the measurement system contrib-
utes to the final uncertainty of a mea-
surement. Parameters used in mod-
eling calibration items (such as the
dimensions and conductivity of con-
ductors, permittivity of dielectric
and source frequency) have associat-
ed contributions to the overall un-
certainty, and these are treated as
type B contributions.

Each such parameter is modeled,
either theoretically or from experi-
mental data, to give an expected
value and estimated error. Two re-
sults are then calculated; the first
using the expected value of the pa-
rameter and the second using an up-
per limit derived from the parameter
model. The difference between these
results is treated as the uncertainty
contribution due to this parameter.
The contributions are calculated
again for each DUT.,

The overall uncertainty is ob-
tained by combining type A and type
B contributions using accepted sta-

Reflection coeﬁ:cients fora Sﬂ-ﬂ reslstor
Frequency ngmtude th (deg.) Uncertainties
(GH2) Mean Uncertainty - Mean Unceﬂamty - Type A Type B
0.1 0.00053 0.00073 +114 180 0.00011 0.00072
0.2 - 0.00073 0.00073 - 478 180 0.00006 0.00072
0.3 000088 0.00073 Sl 55 0.00011 0.00071
1.0 0.00150 0.00078 26 32 0.00030 0.00071
2.0 0.00208 0.00093 o5 27 0.00049 0.00078
3.0 0.00340 0.00150 -68 26 0.00083 0.00118
- Reflection coefﬂcrents for a 1-pF capacitor
0.1 1.00001 0.00013 . 3604 0.007 0.00007 0.00010
0.2 1.00005 0.00022 7918 0.012 0.00008 0.00020
0.3 1.00003 0.00033 -10.807 0.018 0.00013 0.00029
1.0 1.00000 0.00110 -36.045 0.058 0.00040 0.00093
2.0 1.00000 0.00170 -72.385 0.094 0.00049 0.00161
3.0 0.99970 0.00250 -109.230 0.150 0.00124 0.00200
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tistical procedures® and
obtaining an interval about
the mean. A fundamental
problem with uncertainty
concepts applied to ANAs
is that all the data are com-
plex numbers. Conventional
statistical procedures are
adapted to allow for complex
data, resulting in uncertain-
ties which form circles in the
complex plane. An uncer-
tainty expressed as a single
value for a complex parame-
ter (such as the reflection
coefficient) represents the
radius of a circle centered
on the mean, with the circle
representing the region of
uncertainty.

Typical results were ob-
tained using the evaluation
technique applied to an HP
8753B ANA for a nominal
50-{) resistor and a 1-pF
capacitor (see table). Both
items were fitted with preci-
sion coaxial connectors. The
measured voltage reflection coeffi-
cients, with respect to 50 €, are
given at VHF (100, 200, and 300
MHz) and UHF (1, 2, and 3 GHz).
The sizes of the type A and type B
uncertainty contributions are also
shown. The overall uncertainty fig-
ures also contain a contribution due
to rounding errors in the presenta-
tion of the results. All uncertainties
are quoted at a confidence level of
95 percent or higher.

Several interesting observations
can be made about the size of the
overall estimated uncertainties for
the reflection-coefficient magnitude
results. The results are a function of
frequency and nominal value of the
DUT, they are smaller for both items
at VHT' compared to UHF', and they
are lower for the capacitor than for
the resistor at VHF, although this
is reversed at UHF. This can be ex-
plained by examining the uncertain-
ties in the reflection-coefficient mag-
nitude produced by DUTS over the
entire complex plane at both fre-
quency bands. This gives rise to a
surface (for each band) in three di-
mensions representing the size of
the expected uncertainties as a func-

MEASUREMENT ACCURACY

uncertainty
profile
at UHF

0.0015

YRC plane

2. This complex-plane plot represents the uncertainty profile for reflection-
coefficient measurements at UHF.

tion of position in the complex plane.

The height of the surface above
the complex plane at any point is pro-
portional to the measurement uncer-
tainty in the reflection-coefficient
magnitude. Figure 1 shows that the
best resolution (0.0005) is achieved
at 1 + j and -1 + j. The uncertainty at
the VHF origin is typically 0.0008.
The surface in Figure 1 transforms
gradually into the surface of Figure
2 as frequency is increased. Figure 2
shows that, at UHF, the best resolu-
tion (0.0015) is achieved at the origin,
while the worst resolution (0.0030)
occurs around the circumference of
the unit circle.

The shape of the uncertainty pro-
files are dependent upon the method
used to calibrate the ANA. These
profiles were produced using short-
circuit and open-circuit standards as
calibration items.

It is also interesting to note that
measurement uncertainties in the
reflection-coefficient phase results
are =180 deg. at two VHF points for
the 50-) resistor. This indicates that
the region of uncertainty in the com-
plex plane encompasses the origin,
implying that phase information can

not be discerned, which is
consistent with a near-ide-
ally-matched termination.

A further observation is
that the majority of the
reflection-coefficient mag-
nitude measurements for
the 1-pF capacitor are
greater than 1, implying
gain. This obvious error in
the measurement is allowed
for, however, since the un-
certainty accompanying
the measured value pro-
duces a range of suitable
values (including values of
less than 1).

The expected perfor-
mance of the new technique
as applied to an HP 8753A
ANA reveals equivalent re-
turn loss of 66 dB at VHF

14j0 and 56 dB at UHF. Expect-

ed return-loss performance
for a nominally-matched 50-
) load is 62 dB at VHF and
56 dB at UHF . ee

Note
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SPDT SWITGH
SERVES PGN
APPLIGATIONS

Minimal loss, high isolation, and low cost were driving forces
in the design of this battery-powered transmit/receive switch.

HE personal-communica-
tions-network (PCN) market promises
to be huge. Hand-held terminals provid-
ing voice and data transmission in cells
smaller than those used for eellular
telephones are either in the design
phase or undergoing trials in Europe,
Japan, and the US. Various frequency
hands are being used, but most of the
activity will be from 1.7 to 2.0 GHz. In
antieipation of those systems, a single-
pole, double-throw (SPDT) transmit/
receiver (1/R) antenna switch has been
developed for use at 1750 MHz. Basie
design concepts for the switeh can be

applied to other frequencies as well.
Since the switch is for battery op-
eration, it must have low or zero cur-
rent consumption in standby and re-
ceive modes, while having moderate
current consumption in transmit

RAYMOND W. WAUGH, Applications
Engineer, Hewlett-Packard Co., Com-
munications Components Div., 350 West
Trimble Rd., San Jose, CA 95131, and
RAYMOND M. WAUGH, Senior Engi-
neer, ANADIGICS, Inc., 35 Technology
Dr., Warren, NJ 07059.

mode. It should have high isolation in
the receive arm to protect the re-
ceiver front end from damage when
the transmitter is operating, and suf-
ficient isolation in the transmit arm
to isolate the receiver from varia-
tions in the transmitter’s output im-
pedance. The switch should also be
small in size, inexpensive, and able to
support surface-mount assembly.
Such a switch is not necessarily
symmetrical. For example, 10 dB of
isolation in the transmit arm is suffi-
cient to prevent any variation in the
output impedance of the transmitter
(when in standby mode) from affect-
ing the performance of the receiver.
However, to protect the receiver
(input power of less than +10 dBm)
from being damaged by a 1-W trans-
mitter, more than 20 dB of isolation
will be required in the receiver arm.
Putting numbers to these design

0
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=
L 10 -~ //
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s AS
Z 2 /é
25 I
100 1000 2000
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2. These attenuation-versus-frequency
characteristics compare three different
inductors shunting a 50-(2 line.

requirements results in the follow-
ing specifications: insertion loss of
less than 1 dB for both the transmit
and receiver arms, isolation of more
than 10 dB for the transmit arm and
more than 25 dB for the receive arm,
return loss of greater than 15 dB for
both arms, and minimum bias cur-

1. This transmit-receive
switch is designed for
low-current operation
from a battery power
supply.
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5|
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o
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UNDERSTANDING COPLANAR WAVEGUIDE

all conducting elements on the
same side of a suspended sub-
strate. The CPW transmission line
consists of a center strip conductor
with semi-infinite ground planes
running in parallel on both sides,
separated from the center conduc-
tor by a width of exposed dielectric
material (see figure). The charac-
teristic impedance and effective
dielectric constant are analyzed by
modeling the slots between the
conductor as magnetic walls.
Assuming a metallization thickness
of zero, the line capacitance per
unit length can be computed as the
sum of the upper-half capacitance,
€,, and the lower-half capacitance,
€.. The phase velocity, v, is
c/(eo)™”, where c is the speed of
light in a vacuum. The effective
dielectric constant, e.g, equals (e, +
1)/2. The characteristic impedance
of a transmission line, Z,, is 1/Cv,,
where C is the line capacitance.
Within reasonable limits, Z, is
unaffected by substrate thickness
and is solely dependent upon the
ratio 2a/2b. Parameter €.y is rela-
tively independent of Z,, unlike
microstrip. The first assumption is
true provided that substrate thick-
ness D is greater than line spacing
2b. With ground plane S, greater
than line width 3b, it can be consid-
ered semi-infinite and neglected.
Reducing the width of the ground
planes leads to increases in Z,.
Upper and lower metal covers can

coplanar waveguide (CPW) has

be neglected provided that their
distances from the substrate are H,
> 4b and H, > 3b. If not, the covers
will lower Z,. Coupling between
lines is dependent upon the width
of the ground plane between them.
A spacing of S, > 5b avoids cou-
pling between parallel conductors,

CPW offers several advantages
over microstrip, including low radi-
ation loss and shunt connections
that are easy to make as series con-
nections. CPW does have higher
ohmic losses than microstrip due to
the concentration of currents near
the metal edges, although this has
negligible effects at RF,

When laying out CPW designs,
all ground planes should be kept
at the same potential, which can
be done through the use of proper
spacing and conductive bridges.
Anytime there is an intersection of
conductors, or open or short-circuit
stubs, the conductive bridges can
ensure that the ground planes on
either side of the center conductor
remain at the same potential. The
same is true for bends in transmis-
sion lines. The best approach is to
break the line at the bend and allow
metallization on the substrate to
connect the ground planes while
joining the conductors with a con-
ductive bridge. For CPW on plastic
laminate boards such as FR-4, con-
ductive bridges are easily formed
with plated through holes to make
connections to a small etched line
on the underside of the board.ee
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rent for the transmit arm and zero
bias current for the receive arm.

This set of specifications formed
the design goal for a recently-devel-
oped SPDT T/R switeh (Fig. 1). When
zero (or a small positive) voltage is
applied to the bias port, both PIN di-
odes are in the high-resistance (re-
verse-bias) state. This isolates the
transmitter from the antenna and
connects the receiver to it.

The application of a negative volt-
age to the bias port causes current to
flow through both diodes. This puts
the diodes into their low-resistance
(forward-bias) state, connecting the
transmitter to the antenna and iso-
lating the receiver. Such a design ap-
proach, using a quarter-wavelength
section to transform the short circuit
formed by the shunt diode to an open
circuit at the common junction, will
operate only over a limited band-
width. However, good performance
will be obtained over a 20-to-30-per-
cent bandwidth, which is more than
sufficient for most applications. Hav-
ing the diodes in series in the bias cir-
cuit conserves current when com-
pared to operating them in parallel.

PERFECTING PLASTIC

PIN-diode switches, operating in
the frequency ranges of HF through
millimeter waves, have been pro-
duced for years. However, in an
application such as this one, cost
considerations require that plastic-
packaged SOT-23 surface-mount
diodes be used in some type of planar
transmission line. Unfortunately,
SOT-23 package leads and bond wire
add approximately 2.0-nH parasitic
inductance to the diode. Even an
ideal diode (R = 0 Q1) with this much
inductance will produce less than 5
dB of isolation when shunt-mounted
in a 50-Q system (Fig. 2).

The HSMP-4890 PIN diode over-
comes excessive SOT-23 parasitic
inductance by using two leads for the
anode contact (Fig. 3). This diode is
a special low-inductance variation of
the standard HSMP-3890 series.
Measured inductance is approxi-
mately 1.0 nH (half the usual value)
with an improvement in isolation
compared to a conventional diode.
However, isolation in the PCN band
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is still less than 10 dB, and other
methods must be sought to bring the
receiver-arm isolation up to the re-
quired design value.

Two circuit-design “tricks” can be
used to extract sufficient isolation
from the shunt HSMP-4890 diode.
The first is to substitute coplanar-
waveguide (CPW) transmission line
for the familiar microstrip.'® This
planar transmission medium (see
“Understanding coplanar wave-
guide”) offers the advantage of hav-
ing the ground plane on the same
(top) surface of the hoard as the con-
ductor. When the HSMP-4890 is
mounted such that it straddles the
CPW (Fig. 4), the availability of
ground potential within 0.006 in.
(0.15 mm) of both sides of the center
conductor reduces the parasitic in-
ductance of the HSMP-4890 to about
0.7 nH. An ideal shunt diode with
this value of inductance produces
more than 10 dB of isolation in the
PCN band. Thus, CPW was chosen
over microstrip for the design of
this switch.

In order to ensure that an SOT-23
package can straddle CPW, the sum
of the line width plus both gap
widths must be less than 0.055 in.

T/R SWITCH

(1.39 mm). A design curve’ for CPW
on HT-2 PCB material (see “Printed-
circuit-board material”) reveals why
this material was selected for the
SPDT switch over FR-4 (Fig. 5).

The second circuit approach which
can be used to realize sufficient isola-
tion in the switch’s receiver arm is to
use two shunt diodes separated by a
90-deg. electrical length. If a single
shunt diode produces 11-dB isolation
at 1.75 GHz, then two in cascade with
90 deg. between them will exhibit (2
X 11) + 6 = 28 dB. At frequencies
below the PCN band, a lumped-ele-
ment, phase-delay circuit (Fig. 6)
offers low losses and compact size.
However, as frequencies approach 2
GHz, the losses in inductors (and, to
a lesser extent, capacitors) become
excessive, making quarter-wave-
length transmission lines more
attractive.

PRODUCING A PROTOTYPE

Using this combination of diode
and circuit design elements, a pro-
totype SPDT T/R switch was de-
signed, laid out, and fabricated (Fig.
7). At frequencies above 1 GHz, care
must be taken to avoid unnecessary
losses in any circuit. Before building
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3. The HSMP-4890

diode achieves low
inductance with two
leads for the anode

Diode

contact.
Lo
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4. The HSMP-4890
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6. This 90-deg. phase-delay circuit with two
cascaded diodes provides low losses and
compact size below 2 GHz.

the prototype, the initial design was
modelled and analyzed using the lin-
ear simulator MMICAD from Opto-
tek (Kanata, Ontario, Canada). In
particular, it was found that the dis-
tance from series diode D1 to the
switch common junction had a signif-
icant effect upon the reverse-bias in-
sertion loss in the receive arm. This
distance was, therefore, kept to an
absolute minimum. An air-core sole-
noid was selected for L1, in that it
provided 50-nH inductance with
high quality factor (Q) and low cost.

Since this is a surface-mount de-
sign, chip capacitors were selected
for bypassing and bias blocking.
However, it was found that many
chip capacitors which show good per-
formance at VHF frequencies can
exhibit losses of 0.2 to 0.3 dB each
when they are used for bypass and
blocking devices in the PCN band.
Several different types were charac-
terized before the final components
were chosen. In order to save board
space, the quarter-wavelength 50-(}
line between D2 and D3 was folded
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T/R SWITCH
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upon itself. The switch’s final width
and length are 1.6 and 1.8 in. (4.06
and 4.57 em), respectively.

CPW brings with it a number of
layout requirements which are
unique. It is essential that the
erounds on both sides of the conduc-
tor are maintained at the same po-
tential. The two anode leads of D2
and D3 serve the purpose of provid-
ing a bridge between ground planes
in the switch’s only long transmis-
sion line (Fig. 8). The common junec-
tion deserved some special attention
because it is a tee junction. Three via
holes were used to connect the three
ground surfaces to a triangular in-

terconnecting patch on the other-
wise blank underside of the board.

Alternatively, the ground plane
could have been interconnected on
the top surface and the conductors
interconnected on the underside.
This need to maintain symmetry in a
CPW circuit is illustrated by the use
of a pair of capacitors to realize the
bypass C4. If only one is usged, touch-
ing the bias conductor at the input
will induce ripples in the passband
responge of the switch.

Finally, any circuit realized in
CPW must, at some point, connect
with conventional microstrip. A
straightforward transition between

the two lines employs twin via holes
to connect the two overlapping
ground planes.

The prototype switch was fabri-
cated and fitted with 142-0701-801
SMA connectors from E.F. Johnson
(Waseca, MN). These end-launch
connectors have ground fingers in
the same plane as the connector cen-
ter conductor, making them ideal
for use with CPW.,

INCREASING ISOLATION

Before final measurements were
made, an HSMP-3892 PIN-diode
pair (two diodes connected in series
in a single SOT-23 package) was sub-
stituted for series diode D1. This was
done to increase the transmitter-
arm isolation by halving the effective
reverse-bias capacitance of D1. The
layout of the circuit board allows
physical interchangeability between
the HSMP-3892 and the HSMP-4890
products.

Swept-frequency measurements
were performed on the prototype
switch, showing return loss at 1750
MHz of greater than 15 dB at all
ports for both bias conditions (+5
VDC and 20 mA). Receiver-arm iso-
lation is 28 dB at the design frequen-

(PCB) materials commonly

used for circuits such as the
SPDT T/R switch include FR-4
and fiberglass reinforced PTFE
(Teflon). The former provides
good mechanical stability and
durability at low cost, but suffers
high losses and a dielectric con-
stant which is poorly controlled
and strongly frequency-depen-
dent. The latter exhibits very
good RF properties, but is expen-
sive, suffers from poor mechanical
stability, and cannot survive cer-
tain surface-mount-technology
(SMT) processing steps.

The proprietary HT-2 board
material from Hewlett-Packard
Co.’s Printed Circuit Operation
[Cupertino, CA; (408) 447-6114]
provides durability and high tem-
perature performance which are

Severai printed-circuit-board

PRINTED-CIRCUIT-BOARD MATERIAL

actually superior to FR-4, with a
controlled dielectric constant (di-
electric constant of 4.3) and a loss
tangent which is one third less
than that of FR-4. These proper-
ties make the proprietary materi-
al ideal for microstrip circuits
operating at frequencies to 6 GHz
and beyond.

To compare the performance of
this material with FR-4 in CPW,
two experimental 50-() lines, with
3.6-in. (9.14-cm) length, were fab-
ricated and tested. Cross-section
dimensions were identical in both
cases, with board thickness of
0.032 in. (0.81 mm), line width of
0.043 in. (1.09 mm), and gap width
of 0.006 in. (0.15 mm). Insertion
loss and return loss were mea-
sured from 10 MHz to 8 GHz
using model 142-0701-801 SMA
connectors from E.F. Johnson.

When the losses due to connec-
tor mismatch were subtracted,
the resulting curve of resistive
loss versus frequency was linear
in both cases. Using an effective
dielectric-constant value of 2.70
for the FR-4 material and 2.57 for
the HT-2, the loss versus frequen-
¢y curve was found to correspond
to constant values of loss per
wavelength (A). For the HT-2 line,
that constant was 0.5 dB/A, much
less than the 0.8 dB/\ of the FR-4
line. It is interesting to note that
similar measurements on micro-
strip lines with heights of 0.032
in. (0.81 mm) have resulted in
identical values of loss/wave-
length, even though the higher
value of effective dielectric con-
stant on microstrip results in
wavelengths which are shorter
than those in CPW.ee
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T/R SWITCH
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8. The T/R switch was laid out on proprietary HT-2 PCB material (a) with microstrip-to-CPW transitions made via plated through holes (b).
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A new way to put 29 years of
diode experience to work for you.

FSI’s new line of modular microwave compo- o For more information,
nents incorporates everything we’ve learned in N call or write Donna Langan,
the last 29 years about diodes. And everything - Product Manager,
we’ve learned about packaging them in an oy, Loral Microwave-FSl,
almost infinite variety of ways. Products span P 16 Maple Road,
0.5 -18 GHz. All meet industry standards in m&%gm:w . Chelmsford, MA 01824.
insertion loss, VSWR, and isolation. % Tel: (508) 256-4113.
compoNENTs | L (508) 937-3748.
¢ SPST, SPDT, SP3T and SPAT Modules oy
» SPST, SPDT, SP3T and SP4T with Bias 0k | Asciorofy free catalog.

* Low Loss RF Limiter Modules

* Improved Leakage RF Limiter Modules

¢ Low Leakage RF Limiter Modules

* ECL Voltage Controlled Oscillators

¢ Comb Generator Modules

¢ Modular Gunn Voltage Controlled
Oscillators ‘
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D E S I G N

F E AT UR E

ANALYZE THIRD-
ORDER IMD IN
POWER AMPLIFIERS

A simplified mathematical analysis method is
applied to an unequal-tone power amplifier.

NTRODUCTION of the 1992
(able Act has generated considerable
interest in defining the performance of
solid-state power amplifiers (SSPAs)
operating with unequal tones. By
extending a simplified mathematical
analysis technique for nonlinear ampli-
fiers, third-order intermodulation dis-
tortion (IMD) ean be determined for an
unequal-tone amplifier operating at 2.5
(Hz with 50-W output power.

Video transmission normally re-
quires the use of two signals (video
and audio) which have unequal levels
and are closely spaced together.
When two such signals are fed into a
power amplifier, the resultant in-
band third-order IMD can create
problems in terms of meeting the
Federal Communications Commis-
sion’s (FCC) mask for television
transmitters.

This is similar to the problem that
appears in digital, line-of-sight, ra-
dio-transmitter power amplifiers,
where the sidebands due to third-

RAFFI ANTEPYAN, President, Wavesat,
Inc., 5607 Ch. St. Francois, Montreal,
Quebec, Canada H4S 1W6; (514) 956-
0817, FAX: (514) 956-0670.

order IMD must be controlled. Pre-
distortion and linearization are pos-
sible ways to reduce the effect of the
sidebands.

A simplified mathematical analy-
sis of a nonlinear amplifier indicates
that the third-order in-band product
variation with the fundamental is
3:1.' This analysis can be extended to
show that two unequal tones (A and
B) operating at frequencies w; and
W, respectively, vary as follows:

2w, —w, varies 1:1 with B

and 2:1 with A (la)
2w, —w, varies 2:1 with B
and 1:1 with A (1b)

The analysis begins by considering
a nonlinear two-port network that
can be approximated by only the

first three terms:
C'():l\'lef +k2€l‘2 +kj€lj (2)

where:
e, = the output voltage,
e; = the input voltage, and
ki, ko, and kg = constants defining
the nonlinear two-port network.
e, is given by:
e; =A cos wit + B cos woi =
BI(AIB)c, + ¢,] (3)
Consequently:

e, =kBl[(AIB)c; +c; ]+
ksB? [(AIB)c)? +¢y° +
2(AIBjc,cs ]+ kB [(AIB) ¢ +
¢y’ +3(AIB)c,cs” + 3(AIB) ¢y ] (4)

This solid-state power amplifier provides 50-W output power from 2.5 to 2.7 GHz.
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ACROTEC
SAW Filters fo_r GSM IF

Specifications
Center Frequency, fc 71 MHz
Band Width (3dB down) 0.330 MHz
Minimum Insertion Loss 6.0dB
Rejection (fc + 800kHz) 50 dB
Ultimate Rejection 50dB
Group Delay Ripple 25 us
Terminal Impedance Around 600 Q
Package (SMD Type) 15.3mm X 6.5 mm X 1.8mm

Other models are available upon request within
center frequency range of 40 MHz to 150 MHz.

SAW FILTERS FOR LOW POWER RADIOS

Specifications (NSRF Series)

Model No. NSRF C250 | NSRF C380 | NSRF S400 Series
Center Frequency 254.4 MHz 380.7 MHz | 421.7 ~ 469.3 MHz
Band Width (3dB down) | 1.2 MHz 1.5 MHz 15 MHz
Minimum Insertion Loss| 1.6dB 1.8 dB 20dB
Stop Band Rejection >60 dB >60 dB >50 dB
Terminal Impedance 50 Q

Package 10.9 mm X 4.5 mm X3.0 mm

Other models are available upon request under fol-
lowing conditions.

Center Frequency : 150 ~700 MHz
Minimum Insertion Loss : <2 dB

Stop Band Rejection :>50dB
Fractional Band Width :02~04 %
(Band Width/fc)

JAPAN ENERGY CORPORATION

Mobile Communication Devices Dept.

O & E Components Div.

2-10-1 Toranomon, Minato-ku, Tokyo 105, Japan
TEL: +81-3-5573-6600 FAX: +81-3-5573-6811

G N F E AT UR E

IMD ANALYSIS

The portion of e, containing the first- and third-order
terms can then be written as:

e, = [k A+(314)k;A% + (3/12)k;AB® Jcos wit + [k, B +
(314)k;B” +(312)k;A’B] cos wat +(314)k;A°Blcos x

(2w, —ws )+ cos (2w, +ws)] +(3/4)k;AB? x

[cos (2w, —w; )+ cos (2w, +w, )] (5)

Therefore, the output for the fundamental and third-
order in-band (2w, — wy) and (2w, — w;) products varies
as shown in Eq. 1.

ANALYSIS EXAMPLE

The analysis can be further illustrated using an ampli-
fier example. The SSPA operates at its 1-dB compres-
sion point (P4p) with two equal-tone third-order inter-
modulation points of about 20 dB (following Ha's
analysis).

The result of this simplified analysis was compared to
measurements taken on a 50-W, 25-GHz SSPA from
Wavesat (see figure). The amplifier front end consists of
four 16-W devices in parallel using a low-loss, four-way
divider/combiner. It is driven by a five-stage, 12.5-W
amplifier. For the high-power devices, both the model
NES2527-20B-4 field-effect transistor (FET) from NEC
(Santa Clara, CA) and the FLM2527L-20 FET from
Fujitsu (San Jose, CA) were tested, with the two devices
producing comparable results.

The GaAs power FETS measured IMD is slightly dif-
ferent from the distortion predicted by the preceding
analysis. This performance depends largely on the man-
ufacturing method employed and can have a variation
greater than 3:1 for a given power range.” This feature is
particularly useful when the amplifier is “backed off”
from its P 4p at a level where the IMD displays such
behavior.

Care should be taken in the amplifier design to avoid
having the driver-stage distortion dominate the overall
IMD when the amplifier is backed off. Harmonic-balance
simulators are useful for analyzing the performance of a
cascaded amplifier. However, since power-FET nonlin-
ear models are not readily available, an accurate model
must be created that fits the measured IMD data.ee

References
L. T.T. Ha, Solid-State Microwave Amplifier Design, Wiley.
2. LA, nggm- ‘Intermodulation Distortion in GaAs MESFETs,” IEEE MTT-S Sym-

posium Digest, 1978, pp. 138-141.

For further reading
R. Schneiderman, “Vendor Picture Brightens in Wireless Cable Television,” Microwaves
& RF, September 1993, p. 42.
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M I C R o w A V E P o w E R itoeruut ats. No else cak

offer you a similar performance! These amplifiers, based on a novel design of waveguide combiners, are available throughout

the whole frequency range from 6to 18 GHz, as well as in a few selected bands beyond 18 GHz. Some typical examples are

shown in the table below, but, due to our modular approach, most of our standard amplifier modules can also be combined

in a similar way, giving rise to a wide choice of bands, power outputs and gains. Also, since we keep a large stock of our basic modules,
delivery times are as short as four weeks for many of the most popular bands. Although a variety of housing configurations is possible
including TWT form f:ttmg » these units are typtcally offered in a standard 19" rack drawer, as shown in the picture below. Of course we
— e : still offer all our

traditional models, with

narrow, medium and

FHE(%%E;QCY (:é?i.) (:é"r%) "’@(R;sv MODEL broad bandwidths. Like
everybody else, wecan

59-6.4 51 50 50 CHN -81110 offer amplifiers of
considerable power in

14-145 50 49 50 cJQ-81110 the standard narrow
bands where internally

8-12 42 41 25 CHJ - 52310 matched GaAs FETs
are available, and we

16-18 45 44 35 CJJ - 32616 can offer them at
competitive prices.

However, thanks to our proprietary monolithic ceramic technology, we can also provide the highest power outputs in the less common, or
much broader bands, where internally matched are not available. Indeed, our solid gold vias, placed directly under the GaAs FETs, allow
for optimal electrical matching and the best possible heat sinking. In the following table we have listed examples of both type. In addition,
we have included a couple of examples taken from our family of low noise, medium power amplifiers, which are especially designed for low-
distortion application in telecommunications, and are available in either narrow or medium bands. Since in many cases the same
performance is available in anumber of different frequency bands, we have listed, nextto a g:ven model various other bands where asnmllar
(or in some cases |dent|cal) perforrnance can be obtained. T EEE A 7 R

FREQUENCY | P P [l,@+15V MODEL OTHER BANDS WITH SAME

) . ” SAT
FREQUENCY | P, | P, MODEL (GHz) | (dBm) | (dBm) | (A) PERFORMANCE (GHz)
(GHz) (dBm) | (dBm) |~ (A) 53_50 564
77-85 M 40 8.0 LIN - 811 DI DO
6-9 35 | 34 25 LHI - 527 64-72 71-77
6-16 34 | 325 55 LHJ - 292 10-12 | 385 | 375 | 75 | LW-571 5-7 6-8 8-10
6-18 315 305 2.5 LHJ -121 85-96 9.0-105
.0~145 40 39 8.0 LJQ - 811 : ' - :
1o 107-117  127-132
6-20 30 28.5 2.5 LHJ-114
16-18 37 36 8.0 LJJ - 393 13-15 14-16
7-11 39 37.5 120 LHJ - 591
8-12 36 35 5.0 LHJ - 553 181 -18.6 35 34 4.5 LJJ - 362 173-177

FREQUENCY | NF P [lL@+15V MODEL OTHER BANDS WITH SAME

(GHz) @8) |@em | *) PERFORMANCE (GHz)
50-55 5.4-60

7.8-84 _ 02 -
25 | 23 NHa-g21 | 3922 S
140-145 | 30 | 23 02 | Nia-s27 | 5796 95-105

109-122 12.7-13.2

19.2-20.2 3.5 22 0.2 NJS -613 183 -194

Most of these amplifiers can be ordered in three different versions: 1. Ina
small case, as an amplifying module to be incorporated in systems where regulated and correct voltages are available. 2. In alarger case,
|nc|ud|ng a power conditioner which regulates the required voltages and provides for their correct sequencing. This is the most popular
version. Generally, it requires a positive and a negative voltage, although a single supply option is available for most models. 3. In atable-
top version, including power supply, ready to be plugged in the wall (the so-called Amplifier Set or AS-version). Whichever version you
choose, you will get fast delivery and competitive price! We have recently moved to a new and larger facility, but cur phone and fax numbers
have remained unchanged:

CALL US TODAY! MICROWAVE POWER INC

3350 SCOTT BLVD., BLDG. 25 SANTA CLARA, CA 95054

CIRCLE NO. 229



Physically Strong... Electrically Stable
Gore Microwave Cable Assemblies

Photo courtesy of Boeing Helicopters

S

W.L. Gore & Associates, Inc.
1901 Barksdale Road, Newark, DE 19711
Dundee Technology Park, Dundee, DD2 1JA SCOTLAND Phone: 44 382-561511

© Copyright W. L. Gore & Associates, Inc. 1993

Gore 1B test cable assemblies
deliver top performance in field
service and flight line testing,

Field service, flight line, and production testing are
tough on microwave cable assemblies. The cables
are dragged over rough terrain, pulled from one end
driven over, stepped on, and exposed to everything

_Mother Nature can dish out. Gore 1B Series micro-

wave cable assemblies were designed from the
ground up to withstand this type of punishment -
and still deliver superb electrical performance to
26.5 GHz.

Our 1B assemblies’ characteristics are vital in field
service, production, and flight line applications. The
flexibility makes them easy to work with and their
electrical stability ensures reliable measurements.
We supply our 1B assemblies with replaceable inter
face connectors for versatility in testing and easy
replacement in the field or on the production floor. .
wide variety of connectors is available. You can eve
have Gore provide a customized field kit equipped
with all the test components you need - cables,
connectors, torque wrenches, and adapters in a
rugged case. Gore 1B assemblies are also resistant t
ozone, chemicals, moisture, petroleum products, sal
fog and abrasion.

All Gore assemblies are backed by the best service
and technical support in the business. Call us now

for more information.

VISA & MasterCard Accepted

1-800-356-4622

GORES|

Creative Technologies
Worldwide

DIGITAL MEDICAL MICROWAVE INDUSTRIAL



APPLICATION NOTES

Employing RF filters

Improved manufacturing processes permit the pro-
duction of compact distributed-constant filters operat-
ing in the UHF and VHF bands, where they provide
lower insertion loss and higher reliability than their
lumped-constant counterparts. The November 1993 is-
sue of Microlab Memo, titled “High-Power Rod-and-
Bead Filters,” describes a line of distributed-constant
“rod-and-bead” filters designed with the company’s pro-
prietary computer-aided-design (CAD) program.

For instance, the rod-and-bead filters feature sym-
metrical shapes and minimal cross sections at RF fre-
quencies, thus preventing launching and propagation of
higher-order waveguide modes. This results in a more
controlled and predictable stopband loss than that ob-
tained with lumped-constant filters.

By designing rod-and-bead filters to pass only the
band of interest rather than all frequencies from DC to a
specified cutoff frequency, they require fewer sections
and employ smaller inductors.

In addition, the novel filters employ a larger outer rod
diameter and smaller inner diameter, resulting in an
increased inductance per unit length. Further length
reduction is obtained from their relatively long beads
and short rods.

A copy of the note is available from: Microlab/FXR,
10 Microlab Rd., Livingston, NJ 07039-1682;
(201) 992-7700, FAX: (201) 992-0513.

CIRCLE NO. 194

Using oscilloscopes

Oscilloscopes are among the most useful instruments
for time-domain analysis of electrical signals. The fea-
tures and applications of these analysis tools are out-
lined in a bulletin titled “The XYZs of Oscilloscopes.”

Oscilloscopes can be classified into two types: analog
and digital. Analog scopes apply the voltage being mea-
sured to an electron beam moving across the screen. The
voltage deflects the beam up and down proportionally,
thus tracing the waveform on the screen. Digital scopes
sample the waveform under test and use an analog-to-
digital converter (ADC) to transform the measured
voltage into digital data, which is used to reconstruct
the waveform on the screen.

Digital oscilloscopes use either of two methods to
measure test waveforms. In real-time sampling, the
scope measures a few sample points in a gingle pass and
then uses interpolation to obtain an estimate of the
waveform. In equivalent-time sampling, waveform in-
formation is obtained in several sampling repetitions, so
a picture of the waveform is built over a period of time.

The choice of an oscilloscope probe can also influence
measurement accuracy. Passive probes usually provide
some degree of attenuation and are used to minimize
circuit loading. Active probes provide amplification or
some other type of processing of the test signal before it
reaches the oscilloscope. Current probes are used to di-
rectly observe current waveforms (rather than voltages).

While the wide variety of oscilloscope types offer a
broad range of user controls, the handbook outlines
some of the more popular scope controls. For instance,
display controls are used to adjust the trace brightness,
focus, and alignment with the sereen’s horizontal axis.
Vertical controls are employed to tune the trace’s verti-
cal position and scale factor. In addition, some scopes in-
clude controls that set the input coupling, limit the mea-
surement bandwidth, and add or subtract waveforms.
Horizontal controls are used to adjust the waveform’s
position, time base, or magnification. Trigger controls
are employed to stabilize repeating traces or to capture
one-shot waveforms.

Since oscilloscopes’ vertical and horizontal scales rep-
resent voltage and time, respectively, these parameters
form the basis of all scope measurements. For instance,
by gauging the amount of time a pulse takes to move
from a low voltage to a high voltage, the pulse’s rise time
can be obtained. If the scope’s horizontal-control section
has an XY mode, an input signal (rather than the time
base) can be displayed on the horizontal axis. The shape
of the resultant trace (which is known as a Lissajous
pattern) can then be used to determine the phase differ-
ence between the input and test signals.

For a copy of the handbook, contact: Tektronix,
Inec., P.O. Box 500, Beaverton, OR 97077-0001;
(800) 426-2200.
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Deciphering noise

Noise in electronic circuits can be divided into three
categories: transmitted noise, which is received with the
desired signal; intrinsie noise, which originates within
devices forming the circuit (i.e., shot noise); and inter-
ference noise, which is picked up from outside the cir-
cuit. The causes of interference noise are overviewed in
application note AN-346, titled “Understanding Inter-
ference-Type Noise,” which is included in Analog De-
vices’ Applications Reference Manual

Interference noise is produced by a wide range of
sources. For instance, noise can be generated from an
impedance that is common to several circuits. The origin
of this noise can often be determined from its repetition
rate, since the noise and its source are synchronized. An-
other source of interference noise is capacitive coupling.
This is often produced when signals with fast rise/fall
times or high-frequency content are in close proximity
to high-impedance circuits.

Strong magnetic fields, such as those found near ma-
chinery or power transformers, produce coupling that
results in interference noise. In addition, interference
noise can be produced from high-voltage transients in
inductive circuits, such as relays or solenoids.

A copy of the note can be obtained by contacting:
Analog Devices, One Technology Way, P.O. Box
9106, Norwood, MA 02062-9106; (617) 329-4700,
FAX: (617) 326-8703.

CIRCLE NO. 196
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TEST SET

" COVER FEATURE _

SPEEDS NPR
MEASUREMENTS

This self-contained instrument characterizes a wide range of
communications amplifiers under multiple-signal conditions.

MPLIFIER linearity is a
key parameter in wireless communica-
tions systems. The low-noise amplifier
(LNA) in a hand-held receiver and the
power amplifier in base stations are
both loaded simultaneously with a mul-
titude of carriers. These many carrier
signals generate intermodulation dis-
tortion (IMD) in the amplifiers and
cause spectral regrowth, Fortunately,
the UFX-NPR test set from NOISE/COM,
Ine. (Paramus, NJ) helps characterize
these amplifiers under such conditions
with automatic noise-power-ratio

(NPR) measurements.

IMD manifests itself in two pri-
mary ways. In a receiver LNA, adja-
cent-channel signals cause in-band
distortion products. In a transmitter
power amplifier, distortion of the
primary signal will spread the signal
BENT HESSEN-SCHMIDT, Marketing
Manager, NOISE/COM, Inc., E. 49 Mid-

land Ave., Paramus, NJ 07652; (201)
261-8797.

1. The UFX-NPR test set incorporates a white-noise generator to emulate multi-signal conditions.

power and cause interference in ad-
jacent channels—a phenomenon
known as spectral regrowth. Both
cases are closely related and are
functions of amplifier loading. NPR
tests reproduce these effects and ac-
curately determine an amplifier’s
performance under different loading
conditions. In the UFX-NPR test

set (Fig. 1), the device under test
(DUT) is loaded with white noise to
emulate a situation with many si-
multaneous signals.

When two uncorrelated tones of
equal power levels are simultane-
ously present at the input of a DUT,
they may at times add in-phase and
create peak voltages that are 2 (2°°)

fa

h

IMD—dB

fo-14 |

2. Test tones f;

and f, generate
intermodulation
products in ranges that
are ahove and below

f2+ the original signals.

Frequency—MHz

l 5 B




P R O D UCT
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times the average power of each of
the individual signals. The ratio of
the peak power to the RMS power of
the combined signal is called the
crest factor. For the above example
with two tones, this is 20log[2(2"")/
(2°”)] = 6 dB. When, as in many mo-
bile-telephone systems, n uncorre-
lated signals of equal level are si-
multaneously present, the crest
factor is 20log[n(2"*)/(n"")] dB, or
10log(2n) dB.

According to the central-limit
theorem, the resulting voltage ap-
proaches a Gaussian distribution
function when many uncorrelated
signals are added, provided that
none of the signals dominate the
sum. A DUT will perform differently
when loaded with many signals, as
opposed to just two signals.

True white noise, which is em-
ployed in the UFX-NPR test set,
covers a frequency range of interest
continuously, unlike discrete signals.
This is important because the spec-
tral regrowth and the amplitude of
the intermodulation products are
strongly dependent upon the fre-
quency spacing of the test signals
and the DC properties of the DUT.!

In the case of two tones, f; and f,,
applied to a DUT, third-order inter-
modulation products will be gener-
ated at 2f; - f; and 2f; - f,. However
there will also be second-order in-
termodulation products at f, + f;
and f, - f; (Fig. 2).

The f, - f, second-order intermod-
ulation product falls close to DC. The
DC bias for the DUT is often applied
through a circuit having a lowpass
filter response. The f, — f; product
may therefore be rejected by this
lowpass filter response or by any

NPR TEST SET

-10r
?—zu-
E—aﬂr
-40f
—50 A 1 1
0.001 0.01 0.1 10  1a
Separation—MHz

3. The level of IMD can be plotted as a function
of the separation between the two test tones.

resonances in the bias circuitry. The
energy which would normally have
been present in the f, — f; product
must be transferred and added to
the amplitudes of the other inter-
modulation products. These will be
strongly dependent upon the spacing
of the input signals, f; and f, (Fig. 3).
In the UFX-NPR, the white-noise
test signal automatically fills out all
spacings between f; and f,, thus all
combinations of carrier frequencies
are taken into account and a true
worst-case measurement is made.

Third-order IMD products always
fall above and below the frequencies
of the test tones, which is why spec-
tral regrowth causes interference in
the adjacent channels. The NPR test
measures the amount of IMD power
between the two frequency ranges
of white Gaussian noise.

If the upper-side spectral re-
growth of the two frequency ranges
are considered to be identical and the
two lower sides are algo identical,
then the NPR is the measurement of
the total spectral regrowth from one
of the ranges. The measurement of
NPR versus input noise power, or
loading, can, in addition to determin-
ing the compliance with spectral-re-
growth specifications, be used to de-

Noise Lowpass i
source [ | filter Swm:h

Noise-generator section

Input O— Step

attenuator [ SWitch

Receiver section

— Output
| (e | Step Ll g
stop = Switeh [ 5ntenuator
filters i |
o Level
Up to 3 filters T’“§ controller
Switch (— AM
— Band- L P et
hass meter
filters

4. The UFX-NPR series test set consists of signal-generation and signal-analysis sections at

customer-specified frequencies.

fine the optimum operating point for
maximum signal-to-noise ratio.

Within the UFX-NPR test set, an
internal generator applies an accu-
rate level of white Gaussian noise
power with known bandwidth to the
DUT (Fig. 4). A bandstop (notch)
filter is then inserted to create a
“quiet” channel. The noise power
measured in the “quiet” channel at
the output of the DUT is due to ther-
mal noise and IMD introduced by the
DUT (Fig. 5). The generator auto-
matically corrects the loading power
level for the insertion loss of the
notch filter. The level control main-
tains the applied noise power within
+0.1 dB of the initial setting at con-
stant ambient temperature when
switching filters.

The receiver section of the NPR
test station measures the output
power of the DUT within the notch
bandwidth. The NPR is the ratio be-
tween the noise power measured
without the notch filter inserted be-
fore the DUT to that measured with
a notch filter.” The NPR value is cal-
culated and displayed in decibels on
the front panel. The result is auto-
matically separated into intrinsic
and distortion components.

NPR DEGRADATION

NPR is degraded primarily by two
factors. One is the distortion prod-
ucts which are produced under high
loading conditions. The second is the
noise floor of the amplifier which
will become dominate under very-
low loading conditions. By making
numerous measurements at differ-
ent loading levels, a curve will be
generated.

The NPR is poor at low loading
levels because the amplifier is being
operated near its own noise floor.
This noise is also known as the in-
trinsic noise. The NPR will improve
approximately 1 dB for every 1 dB
the loading level is increased above
the intrinsic noise. The NPR is also
poor at very-high loading levels, but
the slope on this side of the curve is
steeper since the distortion products
dominate. If these are third-order
distortions, then the intermodula-
tion products increase 2 dB for every
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NPR TEST SET

Frequency

A Measurement -
: 5. This is the output-
handwidth : noise spectrum of a
. - < ,I DUT-generated noise typical NPR
5 Injected noise measurement.
| ~ =
NPR
R :

1 dB increase of the loading level.

The UFX-NPR test set automati-
cally sweeps the loading between
user-entered start and stop levels,
with up to 25 steps of noise output
power for data generation of NPR
curves. The data is stored in non-
volatile memory and the largest
measured NPR value and associated
noise-power loading level are auto-
matically displayed. The results can
be viewed on the front panel or
transferred via GPIB.

Simultaneous automatic measure-
ments of noise figure and gain are
available as an option. This option in-
cludes internal noise and gain cali-
bration, plus corrections for second-
stage effects, ete. Noise figure and
gain are displayed simultaneously
with the result of the NPR measure-
ment, providing comprehensive data
for amplifier evaluation all from one
test station.

The noise-figure and gain mea-
surements are made by using a noise
source and several simple power-ra-
tio measurements. Noise figure (NI")
is defined (in dB) as:

NF = 10log[(T, + 290)/290] (1)

where T, is the noise temperature
of the DUT.

Using the Y-factor method, NF
(in dB) is then equal to:

NF = ENR - 10log(Y — 1) (2)

where Y is the ratio of the output
power of the DUT with the noise
source in an “ON” state to the output
power of the DUT with the noise
source in an “OFF” state:
Y = Pon i/ Porr = k(T), +
1,BG,G,/k(T. + T,BG,G, (3)

m>=a m=a

where:
k = Boltzmann’s constant (1.38 X

107%%) (J/K),

T, = the output power of the noise
source when it is turned on {290[1 +
10(ENR/10)]} (K),

T. = the ambient room tempera-
ture when the noise source is turned
off (K),

B = the noise bandwidth of the
measurement system,

G,, = the available gain of the test
setup (not in dB), and

G,, = the available gain of the DUT
(not in dB).

Two additional measurements are
performed in order to calculate the
gain. The noise source is connected
directly to the test setup, while the
power levels Pgys and Popps, re-
spectively, are measured with the
noise source turned on and then off.
These measurements, which are
performed as part of the test-setup
calibration, eliminate the bandwidth,
gain, and noise figure of the test set-
up from the gain equation:

G, = (Fony = Forri)/
([)()N_’ - PUI'.FJ) (4)
where:

P()NZ = k(Th + Tm)lg(}m!

Poppe = K(T¢ + T,)BG,,, and

T,, = the noise temperature of the
test setup.

The condition for the elimination
of the bandwidth from the gain equa-
tion is that the bandwidth of the test
setup is smaller than the bandwidth
of the DUT. Since the bandwidth of
the UFX-NPR is specified by the
customer, measurements can be
made on very-narrow-band compo-
nents, including those intended for
wireless communications.

For ambient temperatures much
different than 290 K (17°C), a correc-
tion factor (10logA) should be added
to the right side of the Y-factor

noise-figure equation, with A de-
fined as:
A=1-[(T.7/290)—1] x
[Y/IO(ENR/10)] (5)

The correction is most significant
when measuring low noise figures
and can, in most cases, be disre-
garded in order to simplify the mea-
surement. Corrections for second-
stage effects (the test-setup noise
figure) are made by use of the fol-
lowing equation:

F,

actual —

[(F, —1D/G,] (6)

m

F,

measured —

where:

F.ctuar = the actual noise factor of
the DUT (not in dB), F cacured =
the measured noise factor (not in
dB), and

F,, = the noise factor of the test
setup (not in dB).

Impedance mismatch between the
DUT, the noise source, and the test
setup may lead to measurement un-
certainty. Thus, the impedances
should be kept as close to 50 Q) as pos-
sible by using a well-matched noise
source with minimum variation of
the output impedance as it is turned
from on to off. Noise sources with
built-in isolators are ideal for less-
than-octave frequency ranges, while
noise sources with built-in attenua-
tors are best for wider-than-octave
band applications.

Instruments in the UFX-NPR se-
ries simplify IMD and, optionally,
noise-figure and gain measurements
in mobile analog/digital telephone,
satellite, and other wireless commu-
nication systems operating in multi-
signal environments. The program-
mable instruments are available in
specified frequency ranges from 10
MHz to 40 GHz and can be supplied
with a wide range of options for ad-
ditional measurement capabilities.
NOISE/COM, Inc., E. 49 Mid-
land Ave., Paramus, NJ 07652;
(201) 261-8797.
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- With proven,
{ state-of-the-art,
low noise,

sub-microsecond
switching

ﬁequemy s_‘ynt/aeszzers!

Replace your ancient VCO's and crystal
based, limited frequency generators
with Comstron’s modular FS-5000:

® 300 MHz to 40 GHz or Sub Bands
*-80 dBc Spurious

® Phase Noise: =120 dBc @ 1kHz offset
@ 10 GHz Center Frequency

* Modular & Sub Modular Consfruction
» Fits Existing Footprint,
» Easy to Reconfigure,
* Improved MTTR

UPGRADE YOUR RADAR
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"Off-the-Shelf" chi Switching Drop-In
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our catalog.
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A Division of Aeroflex Laboratories

35 South Service Road ® Plainview, NY 11803
(516) 694-6700 o Fax (516) 6946771

Comstron International, 4, Centre Administratif
des 7 Mares, 78990 Elancourt, FRANCE
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B O O K M A R K

SOLID-STATE MICROWAVE POWER OSCILLATOR DESIGN

Eric L. Holzman and
Ralston S. Robertson

Microwave power oscillators are
employed as sources in a wide vari-
ety of communications, radar, and
electronic-warfare applications. The
characteristics of these key compo-
nents are outlined in Solid-State Mi-
crowave Power Oscillator Design.

Appropriately, the book begins
with a review of electromagnetic
theory. Maxwell's equations are out-
lined and applied to the analysis of
transverse-electromagnetic (TEM)
and quasi-TEM transmission lines
and rectangular waveguide. Propa-
gation analysis using the Smith chart
and network analysis using Y-, Z-,
and S-parameters are discussed.

An overview of oscillation theory
follows the electromagnetic review.
As the authors note, an oscillator
contains two basic parts: the active
device and the passive circuit. After
the onset of oscillation, the RF
power level increases from zero
until it reaches a steady-state value.

Resonance is achieved using induc-
tive and capacitive energy-storing
elements. Typical microwave reso-
nators include dielectric, waveguide,
and yttrium-iron-garnet (YIG)-
sphere types.

Oscillation conditions are derived
using both impedances and reflec-
tion coefficients. Multiple-port oscil-
lation is discussed, along with ampli-
tude modulation (AM), phase noise,
and pulling figure.

The next chapter provides more
detailed coverage of active devices.
Semiconductor theory is reviewed
and applied to two- and three-termi-
nal devices (including bipolar-junc-
tion and field-effect transistors).

Oscillator design is the focus of
the following four chapters. For in-
stance, single-device oscillators
(SDOs) are either fixed to a single
operating frequency or mechanically
tuned to a frequency range. These
devices are generally categorized by
the circuit medium from which they
are fabricated: planar SDOs employ

two-dimensional microstrip circuits
while cavity SDOs use three-dimen-
sional waveguide cavities.

External stimuli are sometimes
used to control oscillator operation.
For instance, a DC voltage may be
used to control the oscillating fre-
quency. Alternatively, an RF signal
can be applied to the input of a free-
running oscillator to cause the oscil-
lation frequency to shift or lock to
the applied signal’s frequency. This
is known as injection locking.

The book’s final chapter presents
an overview of power combiners, the
designs of which are based on SDO
and injection-locking concepts.

With its detailed explanations and
emphasis on fundamental concepts,
Solid-State Microwave Power Oscil-
lator Design is useful as an intro-
ductory textbook for both engineers
and students. (1992, 462 pp., hard-
cover, ISBN: 0-89006-487-3, $88.00).
Artech House, Inc., 685 Canton
St., Norwood, MA 02062; (617)
769-9750.

gunGp.

goin ripple A Gp-
output power af 1dB
compression P g4
Input return loss MS |, :
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noise figure NF
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SHFdesign - Bruchsaler Strafe 15 - 10715 Berlin - Germany
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L-band
C-band
Ku-band ....

20 dB typ., 12dB min.

Power Amplifiers

e |-, C-, Ku-, and custom
frequency bands

* Power levels to

300 W

Solid-State Amplifiers

Low Noise Amplifiers
el- S- C- X- Ku-, and
custom frequency banc
*1:1,1:2, and Dual 1:1
redundant configuratior
* State-of-the-art HEMT/
GaAs FET design

150 W

sow

Other MAXTECH products include:
e Line Drivers and Line Driver Systems

e Converters
e Other related products

MAXTECH, Inc.

i

2120 Old Gatesburg Road ¢ State College, PA 168
Phone (814) 238-2700 » FAX (814) 238-6589
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ACTUALSIZE

With the $2000 WJ-6300 sampling downconverter iou can save both development

= =

Here’s an extremely compact MMIC sub-
system providing remarkable performance over
tge full 2to18 GHzrange.

Units can be selected for downconverting
using LO frequencies from 180 MHz to 1.6 GHz.

VHFLOs
reduce local
K * I oscillator
b 2 O B costs.
; Other
& features
. include high
LOto
"” RF isolation
12 YV ‘ to minimize
b 1 v A A noise and
s spurious
B T S T R TR TR VIR TR reSpOﬂSﬁThe

Frequency (GHz) 3
units oper:
IF Output the Old Fashioned Way Pe ?te
overa-40’to

+20

+10

o

IF Output (dBc)

+85°C baseplate temperature range.

For only $2500, units with high-reverse-
isolation RF amplifiers can be selected to improve
LOtoRFisolation by 35dB.

These very compact,1.5'x 1.1'x 0.36"
units are hermetically sealed for greater
reliability, and have removable connectors for
microstrip mounting,

EXCELLENCE IN ELECTRONICS [BU10) RADRRCRIEENEIN

time and hardware cost for phase-loc

ed applications.

R ST S ey A

L A

+20
+10 ‘;*
M

0

IF Qutput (dBc)

-1
02 4 6 8 10 12 14 16 18

Frequency (GHz)
Typical IF Output of the WJ-6300-350 Sampling Downconverter

Ask forapplicationsdata.

For more information, including a new data
sheet and application note, please contact
Watkins-Johnson Company, 3333 Hillview Ave.,
Palo Alto, CA 94304. Phone (415) 493-4141.

Fax (415) 813-2402.

W]J-6300 Series Specifications

Model LO Frequency Conversion Loss L-R Leakage | IF Frequency
Number (MHz) Max (dB) Max (dBm) (MHz)
6300-310 200 = 20 D -40 10-70
6300-311 200 + 20 22 -75 10-70
6300-320 500 = 50 20 -35 10-175
6300-321 500 + 50 17 -70 10-175
6300-330 750 = 50 20 -30 10-260 |
6300-331 750 + 50 17 -65 10-260
6300-340 1000 = 100 15 -25 10-300
6300-341 1000 = 100 15 -60 10-300
6300-350 1250 = 100 13 -20 10-440
6300-351 1250 + 100 13 -60 10-440

~ 6300-360 1500 £ 100 | 13 15 1~ 10-500 -]
6300-361 1500 = 100 13 -50 10-500

" 6300-370 1000 - 1500 22 -15 10-500
6300-371 1000 - 1500 22 -50 10-500

All units operate across the 2 to 18 GHz frequency range; R-Port
and L-Port VSWR: 2.8:1 (max); Spurious Suppression: 15 dBc (min);
Second Harmonic: 10 dBc (min)
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GEAR GENERATES
AND ANALYZES
MICROWAVE SIGNALS

This “short-form catalog” provides a quick glance at who
makes what in the world of microwave test equipment.

ALAN CONRAD
SPECIAL PROJECTS EDITOR
JAGCK BROWNE
ASSOCIATE PUBLISHER/EDITOR

ICROWAVE test-
equipment specifiers enjoy the greatest
selection of equipment this field has
ever seen, With coaxial signal sourees
and analyzers pushing well beyond 40
(:Hz, test stations can be assembled for
extremely-hroadband measurements in
the frequency and time domains.

Test equipment designed for mi-
crowave applications can generally
be divided into instruments that pro-
duce stimuli and those that analyze
those stimuli. Of course, some equip-
ment, such as the 6200 series of Mi-
crowave Test Sets (MTS) from Mar-
coni Instruments, does both. These
units (which integrate scaler net-
work analyzers, synthesized signal
generators, power meters, fre-
quency counters, and programmable
current/voltage sources) range in
frequency from 10 MHz to 46 GHz.
The latest addition to the line, the
70-MHz-t0-20-GHz model 6145, adds
pulse-modulation capability to the
integral frequency synthesizer for
radar measurements.

The 6200 MTS units actually bor-

row, in concept, from RF communi-
cations service monitors, such as
those available from Motorola, Inc.,
IFR, and Hewlett-Packard Co. Such
monitors integrate 1-GHz signal
generators, power meters, modula-
tion analyzers, and various other
instruments into a portable unit
designed for remote transmitter/
receiver testing.

Among the workhorse microwave
test instruments, the oscilloscope
and spectrum analyzer offer two dif-
ferent views of similar signals. The
oscilloscope displays voltage ampli-
tude as a function of time (the time
domain), while the spectrum ana-
lyzer shows signal power level (usu-
ally logarithmically) as a function of
frequency (the frequency domain).

Microwave test equipment at a glance

Manufacturer Instruments Frequency range Comments
Advantest Corp. (available from Tektronix, Inc.). spectrum analyzers 100 Hz to 26.5 GHz
CIRCLE NO. 360 network analyzers 100 kHz t0 3.5 GHz
Alessl, Inc., 35 Parker, Irvine, CA 92718. (714) 830-0660. wafer-probe stations i
CIRCLE NO. 361
Ampliﬂei' Research, 160 School House Rd., Souderfon, PA EMI antennas 10 kHz to 40 GHz
18964-9990; (215) 723-8181, FAX: (215) 723-5688. -
CIRCLE NO. 362 EMI amplifiers 10 kHz to 1.5 GHz GPIB
EMI/RFI analyzers 10 kHz to 40 GHz
Anritsu-Wiltron Sales Co., 685 Jarvis Dr., Morgan Hill, CA 95037-2809: scalar network analyzers 10 MHz to 40 GHz
(408) 776-8300, FAX: (408) 776-1744.
CIRCLE NO. 363 vector network analyzers 10 MHz to 62 GHz coax
swept-signal generators 10 MHz to 40 GHz
frequency synthesizers 10 MHz to 60 GHz
April Instruments Co., P.O. Box 62046, Sunnyvale, CA 94088-2046; signal generators 10 MHz to 60 GHz
(4156) 964-8379, FAX: (415) 965-3711. :
CIRCLE NO. 364




1 watt amplifier family, 10 MHz o 4.2 GHz...from $895

Now is the time to rethink your design decisions—if you
require up to 1 watt output for low-distortion intermodulation
testing... broadband isolation...flat gain over wide
bandwidth—or if you need much higher output level from
your signal/sweep generator or frequency synthesizer—
you can now specify Mini-Circuits’ new ZHL Series,
power amplifiers ... from only $895.

Using ultra-linear Class A design, these state-of-the-art
amplifiers provide up to 40 dB, flat (+1.0dB), are
unconditionally stable, include overvoltage protection, and
can be connected to any load impedance without
amplifier damage or oscilation.

One week delivery...and, of course, one year guarantee.

SPECIFICATIONS

Frequency, GHz 07t042 ...... 07t042
Gain, dB min ....30 ..

+10 ..
Power Out @ 1 dB CP, dBm min ..+29
VSWR in/Out, max. ............. 251
Noise Figure, dB typ
Power Supply, V/ma
Third Order Intercept, dBm min
Second Order Intercept, dBm min..
Size, in 7x3%x2 LT x3% x2%Bh ..
Price . .$895.00 $1395.00
*+ 28dBm, 10MHz to 700 MHz, 3500 MHz to 4200 MHz
“*Below 100 MHz increases to 15dB at 10MHz

ZHL-42 ZHL-4240 ZHL-42-W

..... 0011042

finding new ways ...
setting h1gher standards

m M I n ' - c l rc u Its WE ACCEPT AMERICAN EXPRESS AND VISA

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers/NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010

CIRCLE NO. 322

ZHL-4240W

C97 REV.E
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Tektronix, Inc., a pioneering com-
pany in the development of the os-
cilloscope, offers a wide range of
portable spectrum analyzers with
coaxial coverage to 33 GHz. (The op-

erating range of most spectrum ana-
lyzers can be extended through mil-
limeter-wave frequencies by down-
converting test signals with external
waveguide mixers.)

The spectrum analyzers from Tek-
tronix and many other suppliers,
such as Advantest America, Anritsu
Wiltron Sales Co., IFR, Hewlett-
Packard, and Rohde & Schwarz, of-

Microwave test equipment at a glance

Manufacturer Instruments Frequency range Comments
ATN Microwave, Inc., 11 Executive Park Dr., Billerica, MA 01862; device test systems 0.3 to 40 GHz
(ARO[ OO0 sofe . CIRCLE NO. 365 load-pull test sets 0.3 to 40 GHz diode based
BK Precision, Div. of Maxtec Int. Co., 6470 W. Corfland St., Chicago, microwave counters 5 Hz1o 2.4 GHz
IL 60635; (312) 889-1448, FAX: (312) 804-9425.
CIRCLE NO. 366
Boonton Electronics Corp., 791 Route 10, Randolph, NJ 07869; power meters 30 MHz to 40 GHz
(201) 584-1077, FAX: (201) 584-3037. CIRCLE NO. 367 modulation analyzers 100 kHz 10 2.6 GHz
Cascade Microtech, Inc., 14255 S.W. Brigadoon Ct., Beaverton, OR on-wafer test probes DC to 110 GHz
Q7005; 626-9231, FAX: 2 ; o
Oto: (o03) 626 PV €603) 02640129 CIRCLE NO. 368 | Noise-figure fest sefs DC to 26.5 GHz
Colby Instruments, Inc., 1810 14th St., Santa Monica, CA 90404; signal generators 100 kHz to 1 GHz
(310) 450-0261, FAX: (310) 452-0027. RELE NG, 0 pulse generators 100 kHz to 8 GHz
programmable delay lines DC 1o 18 GHz
Comstron, Div. of Aeroflex Laboratories, Inc., 35 South Service Rd., frequency synthesizers 10 MHz fo 18.4 GHz
Plainview, NY 11803; (516) 694-6700, FAX: (516) 694‘63;7';0[.'5 - phase-nolse fest sets 5 MHz fo 18 GHz PC batar
EIP Microwave, Inc., 1589 Centre Pointe Dr., Milpitas, CA 95035; frequency synthesizers 0.01 10 20 GHz
(800) 232 3471, FAX: (408) 945-0977.
CIRCLE NO. 371 CW/pulse counters CW o 170 GHz VXI
frequency synthesizers 0.01 to 20 GHz VXI
Electronics Development Corp., 9055F Guilford Rd., Columbia, MD range simulator 0.8to8 GHz
21046; (410) 312-6650, FAX: (410) 312-6653.
CIRCLE NO. 372
Focus Microwaves, Inc., 227 Lakeshore Rd., Pointe Claire, Quebec, load-pull test sets 0.4 to 100 GHz
Canada H9S 4L2; (514) 630-6067, FAX: (514) 630-7466.C|RCLE NG, 373 | loacHpul funers 0.410 100 GHz
General Microwave Corp., 5500 New Horizons Bivd., Amityville, NY radiation-hazard meters 200 kHz to 40 GHz
11701; (616) 226-8900, FAX: (516) 226-8966. CIHOLE NO. 394 peak power meters 0.75 to 40 GHz
Giga-tronics, Inc., 2495 Estrand Way, Pleasant Hill, CA 94523-6015; peak power meters 10 MHz to 40 GHz
S1hies0 olad. CIRCLE NO. 375 | S'9nal sweepers 10 MHz to 40 GHz
frequency synthesizers 100 kHz to 40 GHz
scalar network analyzers 10 MHz to 40 GHz
Hewlett-Packard Co., Direct Marketing Organization, P.O. Box synthesized generators 0.1to6CGHz
58059, Mail Stop 51L-SJ, Santa Clara, CA 95051—8059.CIRCLE G R ept-signal sources 0.0140 110 GHz
milimeter-wave sources 26510 110 GHz
digitizing oscilloscopes DC to 50 GHz
vector network analyzers 300 kHz to 110 GHz
scalar network analyzers 10Hz to 110 GHz
frequency/time-interval DC to 18 GHz
analyzers
frequency counters DC to 46 GHz
power meters 10 MHz to 50 GHz
spectrum analyzers 10 Hz to 26.5 GHz coax
comm test sefs DC 10 2.5 GHz
fransition analyzers 10 kHz to 40 GHz
phase-noise fest sets 5 MHz to 18 GHz




SPDT switches with built-in driver
ABSORPTIVE or REFLECTIVE dc to 5GHz

SPECIFICATIONS
(typ)

Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive
switches with built-in driver, available in pc plug-in or SMA connector models,
from only $14.95. So why bother designing and building a driver interface to
further complicate your subsystem and take added space when you can
specify Mini-Circuits’ latest innovative integrated components?

Check the outstanding performance of these -
units. .. high isolation, excellent return loss (even in the
“off” state for absorptive models) and 3-sigma
guaranteed unit-to-unit repeatability for insertion loss.

These rugged devices operate over a -55° to

+100°C span. Plug-in models are housed in a tiny

plastic case and are available in tape-and-reel format

(1500 units max, 24mm). All models are available for

immediate delivery with a one-year guarantee. finding new ways

setting higher standards

[ JMini-Circuits

P.O.Box 350166, Brooklyn, New York 11235-0003
Distribution Centers NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945

CIRCLE NO. 297

Frequency
(MHz)
Ins. Loss (dB)
Isolation (dB)
1dB Comp. (dBm)
RF Input (max dBm)
VSWR "on’
Video Bkthru
(mV.p/p)
C}

Absorptive SPDT

YSWA-2-50DR
ZYSWA-2-50DR
de- 500- 2000-
500 2000 5000
1.1 14
42 31
18 20
— 20 —
125 135 15
30 30 30

22.5

3 3 3

" YSWA-2-500R (pin) 23.95

Reflective SPDT

YSW-2-50DR

ZYSW-2-50DR

de-
500
09
50
20
22
14
30

3

500-  2000-
2000 5000
13 14
40
20
22
14
30

3

YSW-2-50DR (pin) $14.95

ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95

WE ACCEPT AMERICAN EXPRESS AND VISA
(718) 934-4500 Fax (718) 332-4661
EUROPE 44-252-835094 Fax 44-252-837010
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ten integrate some of the traditional
microwave stand-alone instruments,
such as power meters and frequency
counters. In doing =o, the need for
those separate instruments has de-
clined somewhat in recent years.
Long a leader in microwave test
equipment, Hewlett-Packard popu-

TEST EQUIPMENT

larized the use of vector network
analysis with the introduction of the
HP 8510A analyzer in 1984 (see p.
79). While that analyzer operates
with a separate signal source, the
company’s later HP 8720 series of
analyzers includes both a frequency
synthesizer and analyzer in a com-

pact configuration. In addition to
the HP 8510, the 360 series of vector
network analyzers from Anritsu
Wiltron Sales Co. offer coaxial mea-
surements past 60 GHz with the
company’s 1.85-mm V connector.
Hewlett-Packard and Marconi of-
fer two of the more comprehensive

Microwave test equipment at a glance

Manufacturer Instruments Frequency range Comments
IFR Systems, Inc., 10200 W. York St., Wichita, KS 67215-8935; spectrum analyzers 9 kHz to 26.5 GHz
(916) 5220981, FAX: (316) 524-2623, CIRCLE NO. 377 service monitors 100 kHz to 1 GHz
instmfnents For Industry, Inc., 731 Union Pkwy., Ronkonkoma, NY TEM-mode test chambers DCto 1 GHz
11779; (516) 467-8400, FAX: (516) 467-8558.
: CIRCLE NO. 378
Inter-Continental Microwave, 1515 Wyatt Dr., Santa Clara, CA test fixtures DC to 40 GHz
950564; (408) 727-1596, FAX: (408) 727-0105.
CIRCLE NO. 379
LeCroy Corp., 700 Chestnut Ridge Rd., Chestnut Ridge, NY digitizing oscllloscopes DCto4 GHz
10977-6499; (914) 425-2000, FAX: (914) 425-8967.
CIRCLE NO. 380
LNR Communications Inc., 180 Marcus Bivd., Hauppauge, NY spread-spectrun 081025 GHz
11788; (616) 273-7111, FAX: (616) 273 7199. generators
CIRCLE NO. 381 spread-spectrum 0.81025GHz
analyzers
Loral Microwave-Narda, 435 Moreland Ave., Hauppauge, NY 11788; | radiation-hazard monitors 300 kHz to 40 GHz
KBI0H AN A A, FROE (010) 201-1711, CIRCLE NO. 382 cell-site monitors 800 fo 1000 MHz
Marconi Instruments Co., 3 Pearl Court, Allendale, NJ 07401; signal generators 10 MHz to 40 GHz
(201) 934-9050, FAX: (201) 934-9229. i 4y | Powerm Stars 10 MHz to 40 GHz
frequency counters 10 MHz to 40 GHz
microwave test sets 10 MHz to 46 GHz
Maury Microwave Corp., 2900 Inland Empire Blvd., Ontario, CA impedance tuners 0.21026.5 GHz
Q1764; (909) 987-4715, FAX: (909) 987-1112. Sl e load-pull fest sets 0210265 GHz
noise-gain analyzers 10 MHz to 2 GHz
Micronetics, Microwave Div., 26 Hampshire Dr., Hudson, NH 03051; noise generators customer-specified
(603) 883-2900, FAX: (603) 882-8987.
CIRCLE NO. 385
Micro-Now Instrument Co., Inc., 8260 N. Elmwood St., P.O. Box 1488, | milimeter-wave sources 210 170 GHz
Skokie, IL 60076; (708) 677-4700, FAX: (708) 677-0394.
CIRCLE NO. 386
NOISE/COM, Inc., E. 49 Midland Ave.. Paramus, NJ 07652; precision C/N generators DC t0 2.5 GHz
(201) 261-8797, FAX: (201) 261-8339. BER testers DC to 2.5 GHz
st s e e calibrated noise sources 10 kHz to 60 GHz
noise-figure test sets 10kHz to 18 GHz
noise generators 10 MHz to 40 GHz VXI
Nearfield Systems, Inc., 1330 E. 223rd St. No. 524, Carson, CA 90745; near-field antenna test 2 o 40 GHz
(310) 518-4277, FAX: (310) 518-4279, ranges
CIRCLE NO. 388
Programmed Test Sources, Inc., 9 Beaver Brook Rd., P.O. Box 517, frequency synthesizers 100 kHz to 1 GHz direct
Littleton, MA, 01460; (508) 486-3008, FAX: (508) 486-4495.
CIRCLE NO. 389
Racal Instruments, Inc., 4 Goodyear St., P.O. Box C-19541, Irvine, frequency counters 0.1 fo 1000 MHz
CA 92713; (800) 722-3262, FAX: (714) 859-2505. switch matrices
CIRCLE NO. 390
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TEST EQUIPMENT

lines of microwave test equipment,
both representing products in all
the traditional function areas: signal
generators, frequency counters,
power meters, spectrum analyzers,
and scalar network analyzers. In re-

cent years, Hewlett-Packard has
also developed new microwave mea-
surements, such as the modulation-
domain analyzer, which ig, in a sense,
a frequency-based offshoot of an
oscilloscope.

Instruments for producing mi-
crowave stimuli generally fall into
two categories: signal generators or
sweepers (which are not phase-
locked) and frequency synthesizers
(which are phase-locked).ee

Microwave test equipment at a glance

Manul‘ctcim: Instruments : Fiequancy mnge Comments
RDL, Inc., 7th Ave. and Freedlev St Conshchocken PA 19428 ' signal generators . 081025GHz multitone
_(215) BQS—S?SG . e ;
: CIRCLE NO. 391 -
Rohde & Schwarz cuvcuobte from Tekironix, Inc.). radio fesfers ~ 100kHzto 1 GHz
CIRCLE NO. 392 signal generators 100 kHz fo 26.5 GHz
| EMIreceivers . 5Hz10265GHz
Scisniﬁc—Aﬁm m:: 3845 Pl@usaﬁtdale Rd Aﬂoﬁ?d, GA30340- | onfennafestinstruments | 0025 fo 140 GHz
4266 (Sm) 348 7921 FM (404) 903 2320 , : wafer test sysfems i 0025 1o }40 GHz
e CIRCLE NO. 393 programmable recelvers 011040 GHz
programmable sources - 0.110 60 GHz
Sonumn iﬂsﬁwnanf(:o., P O &ox QG'F'I s::mta ROSG, CA 95405 | low-noise amplifiers 10kHz to 2.5 GHz
707 $42:8569. :
G‘IRCLE NO. 394
Tekhonix, lnc P.O. Box 500 Beavertcrn OR 970?7 (503) 627- ??99 comm signal analyzers DC to 50 GHz coax
- CIRCLE NO. 395 | spectrum analyzers 100 Hz to 33 GHz
transient-event analyzers DC1o4.5 GHz
digital oscilloscopes DC to 50 GHz
analog oscilloscopes - DCto 400 MHz
aynt Korr, 11 Sixth Rci Wobmn MA Ol&OI 1744 : signal generators 100 kHz 10 2.4 GHz
(617) 938-8390, FA)( 617 933~9523 i spectrum analyzers 10kHz to 1 GHz
’ emcuz NO. 396 :
Walnschol Asuoclufos, 42 Cesno Courf, Goifhersbufg MD 20879; slotted lines 210 18 GHz
@0 948“8342 FAX: (301) 869-9783. i impedance standards DC fo 40 GHz
CIRCLE NO. 397 e .
XL Microwave Co., 5811 Racine St., Oakland CA, 94609- 1519; frequency counters 10 MHz to 40 GHz
(510) 428-9488, FAX: (510) 428-9460. 2 .
CIRCLE NO. 398

SURFACE MOUNT

DEVICE
TEST FIXTURES
& CAL STANDARDS SOIC-8 pin THRU-28 pin SURFACE MOUNT CHIP
DC - 26.5 GHz DC - 3 GHz CAPACITORS

SOIC universal test fixtures allow pinout
changes as required with "personality
boards" to RF, DC, bypassed RF or DC,
or Ground, all near the device lead.

Surface Mount Chip Capacitors, resistors

. and inductors tested in series or shunt con-
1515 Wyatt Drive, Santa Clara, CA 95054 figurations. S-parameters, Q and reso-

Tel.: (408) 727-1596, Fax.: (408) 727-0105 nance tests, DC - 26.5 GHz.

VISIT US AT BOOTH #1105 AT THE WIRELESS SYMPOSIUM & EXHIBITION {
| CIRCLE NO. 445
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AUTOMATED TUNER
SYSTEM AIDS
IMD TESTING

Based on electromechanical impedance tuners, this system
automatically measures a wide range of output parameters.

MPEDANCE tuners such as the
MT980 series mechanieal tuners from
Maury Mierowave (Ontario, CA) ean now
he combined with power-characteriza-
tion software and newly-written test
software for automated two-tone, third-
order intermodulation-distortion (IMD)
testing. The new program, whieh is
written in Microsoit C for use on a per-
sonal computer, quickly delivers a vari-
ety of additional measured parameters,
such as output power, available gain,
and power-added efficiency. The auto-
mated system can also be used to mea-
sure device response to swept- and
fixed-power inputs at user-selected

source and load impedanees.

Such electromechanical slide-
screw tuners (Fig. 1) have been used
in the past for characterizing the
noise and nonlinear parameters of

WILLIAM E. PASTORI, Marketing Ap-
plications Manager, and GARY R.
SIMPSON, Engineering Section Man-
ager, Maury Microwave Corp., 2900 In-
land Empire Blvd., Ontario, CA 91764;
(909) 987-4716, FAX: (909) 987-1112.

active devices,"” but the units are
just as suitable for third-order IMD
measurements. The tuners are based
on a coaxial slide-screw design which
utilizes a slab line as the primary
transmission structure. The slab line
is inherently broadband and the use
of two permanently-mounted tuning
probes provides for a typical match-
ing capability often exceeding 20:1
(equivalent VSWR) over very broad
frequency ranges of generally a
decade or more.

Tuners are available from 0.2 to
26.5 GHz.” The tuner is a non-con-
tacting design; that is, even though it
is capable of generating very high
mismatches, the probe does not con-
tact the center conductor or the side
walls. This improves performance,
extends operating life, and allows
for high-speed tuning.

Load- and source-pull measure-
ments require moving the appropri-

1. Slide-screw
electromechanical
tuners in the MT980
series cover bands
from 0.2 to 26.5 GHz.

ate tuner to a variety of positions to
establish known terminating condi-
tions. In IMD and power characteri-
zation, development of parameter
contours requires that source and
load tuner(s) be moved to many dif-
ferent, pre-characterized positions.
Measured results, therefore, are
highly dependent upon the repeat-
ability of these tuners.

The repeatability of these tuners,
such as the 0.4-t0-4.0-GHz model
MT981B unit, is specified at -50 dB,
although the actual measured re-
peatability of the tuner is better than
—60 dB. Repeatability is defined as
the worst-case vector difference be-
tween the measured value at a given
tuner position and a reference value
stored in memory.

Two-tone IMD generally refers to
the spurious mixing products gener-
ated by the nonlinearity of an active
device when simultaneously stimu-

MAAT A TIAAIITAIITICY © 19T . TAMRNTITATOYY 103y A
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ynergy has introduced
a selection of high per-
formance, low cost
standard catalog and
custom highpass, lowpass and
bandpass filters covering pass-
bands within the DC to 2000
MHz range. These filters are
readily available in standard pin
packages as well as the newest
Synergy patented metal surface
mount package with either leaded
or flush mounting configurations.

Most importantly, when you
specify Synergy, you benefit from
our Sales and Applications team
to assist you in the wide choices
of available filters.

For a copy of our latest catalog,
contact:

SYNERGY MICROWAVE
CORPORATION,

483 MclLean Boulevard,
Paterson, NJ 07504.
Phone (201) 881-8800 or
FAX (201) 881-8361.
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We are an established manufacturer and exporter
founded in 1981. We strive to meet every customer
request promptly and satisfactorily. Contact us today
for further information on our products and service.

Product lines: SMA, SMB, SMC, BNC, TNC, N,
Mini-UHF, UHF, Twinaxial and flex-
ible cable assemblies.

FOREGO CO., LTD.
CHUNG - YAN CO., LTD.

No.433, Chungyang Rd., Nankang Taipei, Taiwan, R.0.C.
Tel: 886-2-6512371 (Rep.) Fax: 886-2-6512152
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CIRCLE NO. 405

Simple as X-Y-Z

...the New EZ-Probe™
Positioner.
Probe in

any Position
You Want.

The EZ-Probe Positioner holds any handheld probe on

an articulated arm that reaches anywhere within 12 inches
from the base. Its unique 3-D joystick operation and rapid adjustment
allow precise positioning in anything from card cages to MCMs.
Easier for you. Safer for your circuits.

1590 Order now and take advantage of our

30-day money back guarantee.

1-800-550-EASY

M\ cnscapeE microTECH:

Copyright © 1994 EZ-Probe is a trademark of Cascade Microtech, Inc. Patent Pending.
CIRCLE NO. 403—FOR INFORMATION ONLY

CIRCLE NO. 404—HAVE A SALESMAN CONTACT ME NOW

TUNER SYSTEM

lated by two signals. Third-order intermodulation (which
results from mixing the fundamental frequency of one
signal with the second harmonic of another signal) is par-
ticularly troublesome because the difference signal is
often in close proximity to the frequency of the funda-
mental signal, which can cause adjacent-channel inter-
ference in a communication system.

The automated tuner system (ATS) and new IMD soft-
ware simplify the process of measuring IMD (Fig. 2). Be-
cause the new IMD software is appended to an existing
power-characterization program, the IMD results are
available along with any of the standard power parame-
ters, including available input power, measured input
current and voltage, delivered input power, carrier
power, measured output current and voltage, delivered
output power, intermodulation power, transducer gain,
carrier-to-intermodulation ratio, third-order intercept
point, and power gain. The system even includes the
means by which the user can actually define an output
function, such as power-added efficiency.

SYSTEM CALIBRATION

Prior to system calibration and measurement, the S-
parameters of all elements are characterized over the
measurement frequency range and stored. The software
incorporates several vector-network-analyzer drivers, a
general-purpose S-parameter measurement program,
and a module for both automatic and manual characteri-
zation of the tuners to facilitate generation of these files.
If the measurement results are to be de-embedded (.e.,
referenced to the device-under-test (DUT) interfaces),
the test fixture containing the DUT can be defined in the
form of models of the input and output halves (such as
with a model MT950 test fixture) or S-parameter files.
This latter feature accommodates on-wafer measure-
ments since the files can be made up of the S-parameters
of the input and output probes.

Optional output filters and attenuators can be used to
prevent harmonics from affecting the power-meter mea-
surements and to avoid overdriving the output-power
sensor. The transmission characteristics of these ele-
ments must be accounted for by inclusion in the tuner
characterization or adjustment of the output-power-
sensor efficiency file.

The system is calibrated by inserting a pre-character-
ized in-circuit throughline in the fixture and measuring
the output power over a range of input powers with the
tuners in the matched position. This data is then used to
calibrate the output coupler/spectrum analyzer and de-
termine the available power. Moving the source tuner to
a variety of positions then permits calibration of the in-
put coupler. During measurements, this information is
used to determine the reflected and, therefore, the de-
livered power. Once calibration is complete, the system
may be used for load- and source-pull measurements or
swept- and single-power measurements at user-selected
source/load impedances.

At the completion of the calibration process, the user
can select a measurement frequency and a specific DUT.
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TUNER SYSTEM

A 386/486 computer display
sereen shows the types of
measurements available and
the measurement parame-
ters, which can be selected
by a mouse. The distribution
of available impedances is
shown at both the source
and load DUT interfaces.
Cursors show the user-se-
lectable, current-terminat-
ing impedances used for a
swept or single-point mea-
surement, as well as the
DUT S,; and S,, conjugates,
which are convienent when
searching for impedances for
a given optimum parameter
value. If the stability factor
(k) of the DUT is less than
unity, the regions of poten-
tial device instability are
shown on both source- and
load-impedance plots. When
the mouse pointer is within
the boundary of one of the
Smith charts, its position is
continuously displayed di-
rectly below the chart.

The IMD-measurement
software display permits a
good deal of user interaction.
In addition to setting up the
conditions for a pull mea-
surement, the operator can
determine device perfor-
mance at specific terminat-
ing conditions (e.g., determi-
nation of the compromise in

Reflected-

sensor

Power
meter o

meter o

MT986A02/02A
U tuner conlrallerl] Attenuator

MT98X

automated Filter

(optional)

power

MT9508
test fixture

MT960A
bias supply

Spectrum
= analyzer

1
1
-
1
. e
o Signal generato 1
1
|
|
4
|

o Signal generator |-

GPIB connection

AUTOMATED
TUNER
SYSTEM

o OROADBAND TURERS

® Gl CONTROLLER

& POWERFUL SOFTWARE

@ MULTIPLE APPLICATIONS

MT993D
software

opening measurement dis-
play or simply left at the op-
timum positions established
by the pull measurements.

The software instrument
library contains a wide vari-
ety of all instruments re-
quired for power and IMD
measurements; however,
occasionally the user may
wigh to use an instrument
(a special bias supply, sig-
nal source, spectrum ana-
lyzer, ete.) not represented
in the supported list. All
instrument control is by
means of drivers incorpo-
rated in small, stand-alone
modules. The Microsoft C
source code for these mod-
ules is available and can be
edited by the user. Drivers
for instruments not sup-
ported in the standard soft-
ware can be easily devel-
oped by using an existing
driver as a template. The
new drivers can then be ac-
tivated in the configuration
file that establishes the
measurement setup in the
software.

The software also incor-
porates the means by which
the user can write a func-
tion (using any of the mea-
sured or calculated values
in the program) and define a
scalar output. The user-de-

device performance when
the optimum terminating
conditions for two parame-
ters are not coincident and it is nec-
essary to terminate the device at
some intermediate position) and ver-
ify the results of a pull measurement.

A load- or source-pull measure-
ment is made by varying the appro-
priate impedance (load or source)
and measuring the effect on the de-
sired parameter. Through the use of
a random contouring algorithm,
these data can be used to develop
contours of constant carrier power,
power-added efficiency, and inter-
modulation power.

The measurement frequency,
available input power, and source
termination are set by the user from

2. The slide-screw tuners form the heart of an automated IMD test system.

the opening measurement display.
The readouts on the left of the screen
also show the parameter optimum,
the reflection coefficient for the opti-
mum, and the contour scaling. The
number of contours and the step size
are all controllable by the user. The
program also permits adjustment of
the contour resolution. Of course,
finer resolution results in smoother
contours, but takes longer to calcu-
late than coarser resolution.

The software also has a swept-
power mode which provides for mea-
surements over a range of input
powers. The input and output termi-
nating conditions can be set from the

fined function can be used
to develop a specific out-
put required for a unique
application. A typical user-defined
function would be simple efficiency
which may be required for histori-
cal comparison purposes, but has
been largely displaced by power-
added efficiency. Maury Micro-
wave Corp., 2900 Inland Em-
pire Blvd., Ontario, CA 91764;
(909) 987-4716, FAX: (909) 987-
1112.

References

1. R.D. Pollard et al., “Programmable Tuner System
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AMP DRIVES TESTS
AND COMMUNICATIONS
FROM 2 T0 8 GHz

This medium-power amplifier features low power consumption
while delivering flat, generous gain across its bandwidth.

ROADBAND amplifiers
with flat gain across irequency and tem-
perature find a host of applications in
both measurement and communiea-
tions systems, The ZRON-8G amplifier
from Mini-Circuits (Brooklyn, NY) is
sure to fill many of these needs, boast-
ing a bandwidth of 2 to 8 GHz with 0.8-
dB gain flatness. The gain also varies
only +0.9 dB at temperatures from 0 to
+60°C. The amplifier is designed for
typical output power of +22.5 dBm at

1-dB gain compression.

The ZRON-8G amplifier (see fig-
ure) is a versatile +15-VDC compo-
nent with extremely linear charac-
teristics, usable over broad or
narrow bands for optical links, mea-
surements, line-of-sight communica-
tions systems, and satellite commu-
nications. It is rated for minimum
gain of 20 dB and typical gain of 22
dB. Minimum output power is rated
at +20 dBm for 1-dB compression
(although the measured compres-
sion at this output level is less than
0.5 dB).

The typical noise figure is 6 dB,
dropping to less than 5.5 dB over the

The medium-power ZRON-8G amplifier
operates from 2 to 8 GHz with at least +20-dBm
output power at 1-dB compression.

upper-half of the frequency range.
The typical third-order intercept
point is +30 dBm. Input and output
VSWRs are 2.00:1. When connected
to aload, the amplifier can withstand
maximum input levels of +10 dBm
without damage; without a load con-
nected, the maximum input level is
+1 dBm without damage. Measured
directivity, which is the difference
between amplifier isolation and gain,
is typically 35 dB and at least 32 dB
across the full bandwidth. The am-
plifier draws 310-mA maximum cur-
rent and can operate from power
supplies as high as +18 VDC without
damage.

The ZRON-8G is supplied with
stainless-steel, field-replaceable
SMA connectors and is encased in a
laser-welded, hermetic package. A
specially-designed internal voltage
regulator protects the amplifier
against transients caused by aceci-
dental shorting of the power-supply
voltage.

HEAT-SINK OPTION

The basic ZRON-8G amplifier
(without heat sink) measures 1.05 X
1.01 X 0.30 in. (2.67 X 2.57 X 0.76
cm). An integral heat sink increases
the height to 1.6 in. (4.06 c¢m). The
heat sink can also be omitted and the
amplifier can be mounted on any
heat-dissipating surface. During
normal operating conditions, the
typical rise in temperature is 27°C
above the ambient temperature, al-
though the amplifier can withstand
operating case temperatures as high
as +95°C.

The amplifier is 100-percent
sereened with 24-hour burn-in per-
formed at a case temperature of
+100°C and applied voltage of +15
VDC. Gross leak testing is con-
ducted according to the require-
ments of MIL-STD-202 Method 112,
Condition D, while 10 cycles of ther-
mal shock are conducted at extremes
of —55 and +125°C. P&A: $495; stock.
Mini-Circuits, P.O. Box 350166,
Brooklyn, NY 11235-4500; (800)
654-7949, (718) 934-4500, FAX:
(718) 332-4661.
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SURFACE'MOUNT or P‘-"G"" FROM 310qty

Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock
and vibration stresses of MIL-M-28837, or to 200 cycles of thermal shock from -55° to
+100°C...they'll survive without any change in specs. They are mighty tough mixers!

Available with LO drive levels from +7 to +17dBm, performance features include very
low conversion loss flat over the entire band, high isolation (L-R, L-1), and well-matched
VSWR at all ports.

All-welded internal and external construction is used to assemble and package the
TUF-unitinitstiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly.

TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented
“skinny” sigma (&) unit-to-unit repeatability as shown in the Table.

Tough, tiny, and with tight repeatability ... Mini-Circuits’ Ultra-Rel™ TUF-mixers with a
five-year guarantee, priced from $3.95.. available only from Mini-Circuits.

ULTRA-REL’ MIXERS

5YR. GUARANTEE
with extra long life due to unique HP monolithic
diode construction, 300°C high temp. storage, 1000 cycles
thermal shock, vibration, acceleration, and mechanical
shock exceeding MIL requirements

actual size

finding new ways ...
setting higher standards

SPECIFICATIONS
Model LO Freq. ®mConv. Loss Isol.
Power LO/RF _(dB) L-R
(dBm)  (MHz) X & (dB)
TUF-3 7 015-400 498 034 46
TUF-3LH 10 4.8 0.37 51
TUF-3MH 13 5.0 0.33 46
TUF-3H 17 50 033 50
TUF-1 7 2-600 582 019 42
TUF-1LH 10 6.0 017 50
TUF-1MH 13 6.3 012 50
TUF-1H 17 59 018 50
TUF-2 7 50-1000 573 030 47
TUF-2LH 10 52 0.3 44
TUF-2MH 13 6.0 0.25 47
TUF-2H 17 6.2 022 47
TUF-5 7 20-1500 658 040 42
TUF-5LH 10 6.9 027 42
TUF-5MH 13 7.0 0.25 41
TUF-5H 17 75 017 50
TUF-860 7 860-1050 6.2 0.37 35
TUF-860LH 10 63 027 35
TUF-860MH 13 6.8 0.32 35
TUF-860H 17 6.8 0.31 38
TUF-11A 7 1400-1900 6.83 0.30 33
TUF-11ALH 10 7.0 0.20 36
TUF-11AMH 13 74 0.20 33
TUF-11AH 17 73 028 35

*To specify surface-mount models, add SM after P/N shown.
B X = Average conversion loss at upper end of midband (fy/2)
& = Sigma or standard deviation

m M l n I c l rc u lts WE ACCEPT AMERICAN EXPRESS AND VISA

P.O.Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

Distribution Centers/NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945

EUROPE 44-252-835094 Fax 44-252-837010

Pnce $
10 qty

—“—aa
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©
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For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK.
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LOW-COST SUBSTRATES
GHALLENGE PTFE
PERFORMANGE LEVELS

These materials blend PTFE electrical properties with
the cost and mechanical characteristics of FR-4 substrates.

ICROWAVE substrate
materials have served traditional mili-
tary markets with high performance,
albeit at high prices. The TLC-32 sub-
strate material from Taconic Plastics
Ltd. (Petersburg, NY), however, oifers
good performance at relatively low cost,
making it suitable for a wide range of

emerging commercial applications.
The TLC-32 material (see figure),
with a typical dielectric constant of
3.2, provides performance compara-
ble to PTF'E substrates but at 25 to

JACK DANIELS, Technical Service En-
gineering Manager, Taconic Plastics
Ltd., Microwave Dielectrics Div., Coon-
brook Rd., P.O. Box 69, Petersburg, NY
12138; (518) 658-3202, FAX: (518) 658-
3204,

TLC-32 substrates combine the electrical
properties of PTFE materials with the cost and
mechanical advantages of FR-4 substrates.

40 percent less cost per square foot.
The TLC-32 material is fabricated
with technology borrowed from FR-
4 substrate manufacturing, using
different plies of a commerecial style
of glass cloth as the base material

The TLC-32 at a glance

Dielectric constant (at 1 MHz) )
Dissipczti_c_m; factor (at 1 MHz) 0.003

Volume resistivity 107 MQ/om
Surface resistivity 107 MQ

Peel strength 12 Ib./in.
Moisture absorption <0.02 percent

rather than the more expensive
fiberglass cloth incorporated in
PTFE substrates.

These cloths are also more rugged
on a per ply basis than the cloths
used in standard PTFE material
manufacture. In addition, they are
readily available due to use in FR-4
production. This low-cost cloth is
coated with PTFE resin and then
laminated with various thicknesses
of copper foil.

With its structural strength and
low coefficients of thermal expansion
(see table), the TLC-32 materials
have a reduced need for thick metal
heat sinks and board-edge stiffening
compared to traditional microwave
substrates.

The material has been used in a
wide range of designs to 15 GHz, in-
cluding personal-communications-
network (PCN) antennas, vehicle
tags for automatic toll-collection
booths, C- and Ku-band low-noise
block downconverters (LNBs), and
power dividers. The most common
application is power amplifiers for
digital cellular and paging-system
base stations. In fact, TLC-32 with
FR-4 in a multilayer hybrid con-
struction allows RF and digital cir-
cuits to be fabricated on the same
printed-circuit board. The material
is available in thicknesses of 14 mils
and greater. Taconic Plastics
Ltd., Microwave Dielectrics
Div., Coonbrook Rd., P.O. Box
69, Petersburg, NY 12138; (518)
658-3202, FAX: (518) 658-3204.
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DC-2000MHz

AMPLIFIERS

In plastic and ceramic packages, for low-cost solu-
tions to dozens of application requirements, select Mini-
Circuits’ flatpack or surface-mount wideband monolithic
amplifiers. For example, cascade three MAR-2 monolithic
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz
amplifier for less than $4.50. Design values and circuit
board layout available on request.

It's just as easy to create an amplifier that meets
other specific needs, whether it be low noise, high gain,
or medium power. Select from Mini-Circuits’ wide
assortment of models (see Chart), sketch a simple inter-
connect layout, and the design is done. Each model
is characterized with S parameter data included in our
740-page RF/IF Designers’ Handbook.

All Mini-Circuits’ amplifiers feature tight unit-to-unit
repeatability, high reliability, a one-year guarantee, tape
and reel packaging, off-
the-shelf availability, with
prices starting at 99 cents

Mini-Circuits’ monolithic |
amplifiers...for innovative
do-it-yourself problem
solvers.

MAV- MAV' MAR VA
Ay MAR VAM RAM

Models above shown actual size

¢ Unit price $ (25 qty)
from
PLASTIC ++VAM-3 +VAM-6  ++VAM-7
SURFACE-MOUNT 1.45 1.29 175
add suffix SM MAR-1 MAR-2 MAR-3 MAR-4 MAR6 MAR7 MARS8
to model no. 1.04 1.40 1.50 1.60 1.34 1.80 175
(ex. MAR-ISM) MAV-1 +MAV-2 +MAV-3  MAV-4 MAV-11
1.15 1.45 1.55 1.65 2.15
CERAMIC RAM-1 RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8
SURFACE-MOUNT 4.95 4.95 495 4.95 4.95 . 4.95 495 i
PLASTIC MAV-1 +MAV-2 +MAV-3 +MAV-4 MAV-11
FLAT-PACK 1.10 1.40 150 1.60 2.10
MAR1 MAR2 MAR3 MAR-4 MAR-6 MAR7 MAR-8
0.99 1.35 1.45 1.55 1.29 175 1.70
Freq.MHz,DC to 1000 2000 2000 1000 2000 2000 1000 1000
Gain, dB at 100MHz 185 125 125 83 20 135 325 127
Output Pwr. +dBm 1.5 45 10.0 125 20 55 125 175
NF, dB 55 6.5 6.0 65 30 50 33 36

Notes: + Frequency range DC-1500MHz

designer's amplifier kits

DAK-2: 5 of each MAR-model (35 pcs), only $59.95
DAK-2SM: 5 of each MAR-SM model (35 pcs) only $61.95

++ Gain 1/2 dB less than shown
chip coupling capacitors at .12¢ each

DAK-3: 3 of cach MAR, MAR-SM, MAV-11, MAV-115SM

(48 pcs) $74.95

designer’s chip capacitor kit
KCAP-1: 50 of 17 values, 10pf to 0.1f (850 pc), $99.95

finding new ways ..
setting higher standards

- - L - ™
WE ACCEPT AMERICAN EXPRESS AND VISA

P.O.Box 350166, Brooklyn, New York 11235-0003
Distribution Centers/ NORTH AMERICA 800-654-7949  417-335-5935 Fax 417-335-5945

10, 22, 47, 68, 100, 220, 470680 pf
1000, 2200, 4700, 6800, 10,000 pf

Typical Circuit Arrangement

Rpias
cc

RFC (optional)
Colock

(50 min.)
Size (mils)  Value

80 x 50

80 x 50

120 x 60 022, .047, 068, 1puf

COLORDOT
Chlock 3
IN o—{

(718) 934-4500 Fax (718) 332-4661
EUROPE 44-252-835094 Fax 44-252-837010

F—= out

For detailed specs on all Mini-Circuits products refer to ® THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK.

F154 REV. A
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For further information circle the

New and Current
Products Presented
By The Manufacturer

FREE CATALOG
OF HIGH
QUALITY SMA
CONNECTORS
AND ADAPTERS o

LEMO RF has introduced a new catalog
highlighting their line of high quality 18 GHz

BEiBlock
I E S I A Diagram
Simulator
Simulate/€omplete Communications
Systems/East!

appropriate number on the Reader Service Card.

To Advertise Call Joanne Reppas (201) 393-6081

HIGH PERFORMANCE RF
POWER AMPLIFIERS

and 26 GHz SMA connectors and adapters. 1 MHz - 2GHz
As well, LEMO RF offers design and fab- ¢« 1W-1KW
rication of special microwave/mm-wave « Module or Rack-Mount Systems
connectors per customer requirements. : : :
LEMO REF is prepared to meet the chal- Sall : glglzoefﬁ(!l:.ﬂcy, sg.jijlﬂb?lze
langes of addressing the higher frequency Only ustomiza .lon avaliable
specialty connector requirements of its Modéns, PCS, GPS; Controls, 56951 Call, write or FAX fqr our Free
customers. synthesizers, DSP — any;system! brochure, and technical notes.
Nonlinear simulation with blocks like filters, mixers - .
g e : e 651 Via Alondra #710
L LEM” nc and vco's. Test performance without breadboarding! - "
MICROWAVE TECHNOLOGISTS Easy to learn, I','lsl simulation and powerful graphics. ch gam@ang)o’ CA 93012
Call for demo disk 404-751-9785 fax404-6645817 H 388-8454
Phi(r?é ‘2%‘7‘) 1 547388_'895??“’ FRO?(S%- 0%?53584—(?2 o TESOFT Inc, PO Box 305, Roswell, GA 30077 RF POWER AMPLIFIERS ~FAX: (805) 389-5393
LEMO RF INC. CIRCLE 550 CIRCLE 565 LCF ENTERPRISES CIRCLE 5
MICROCELL ANTENNAS
HUBER & SUHNER has developed a series of MILLIREN
PATCH AICROC |
PLA-NN'—? PAT (I:H.AF\TENNAS for MICROCELL : @M TECHNOLOGIES, INC.
applications within the 400 MHz to 2.5 GHz |
frequency range. |
The radiating patch technology yields electrical and
mechanical design benefits: 100 MHz from STOCK
® direct mounting onto any flat |
surface | 245-0501
ALESS! REL-4300 N Iightweighl 1 Miniature Package
MICROWAVE PROBE STATIONS @ enhanced public acceptance | 1.5 x 1.5 x 0.52"
Alessi's REL-4300 cormbines precision movement, superior of antenna sites Specifications:
optics, and rigid stability to provide the ideal microwave ®  low mechanical profile
probing system It accomodates Tektronix, Cascade, and Pico ® hahoain — Isi | Frequency 100 MHz
Probe microwave probe heads that address frequencies up to . hg gain — smal sge | Stability (-30/70°C)  2.00E-06
70 GHz and mount to Alessi's new MH5 mircropositioners. high front to back ratio 1 Aging/day 5.00E-09
Alessi also offers the REL-4500/M probe station for automat- ® excellent coverage in a g"f::“"“ 50 aBe
ed microwave probing and on-wafer microwave measure- typical office environment @ 100 Hz 110 dBe
ments. Engineered for ease of use, the Alessi REL-SERIES (wall board/steel stud wall ™ @ 10 kHz 155 dBe
microwave probe stations are unsurpassed in operation, con- construction, modular office cubicle) ‘
venience, and dependability. | Price (
\ gty 1 - 100) $245
A Dukane Compan [ \
@ 35 Parker pany \H’ HUBER*S_UH"ER, ,'Nc' Two New Pasture Road, Newburyport, MA, 01950, USA
Irvine, CA 92718 One Alilen Martin Dave Tel: (508) 465-6064 Fax (508) 465-6637
alessi JuR & | L s
_ALESSI INC. — A DUKANE CO. CIRCLE 556 HUBER+SUHNER _ CIRCLE 555 MTI-MILLIREN TECHNOLOGIES, INC. ~ CIRCLES?
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« FULLY SYNTHESIZED LFM

« 230 MHz BW
+ ~30 Hz granularity
* 2 nanosecond y|

+ -50 dBc spurs
+ 12-b phase control

DC to 6 GHz

4 YES

PENSTOCK INC.

CIRCLE 551

DAS00 WAVEFORM CAPTURE BOARD

ISA (PC/AT) compatible board

2 analog input channels

350 MHz analog bandwidth

500 MHz 8 bit digitizer

7.0 effective bits at 250 MHz signal
256K bytes memory on board
Memory expandable to 1 Gigabyte!
200 MB/SEC Auxiliary Bus
External clock and trigger inputs

‘We supply solutions! Call us to discuss your
application with one of our engineers.

355 N. Sheridan St., #117

- Corona, California 91720
W Phone: (909) 734-3001

FAX: (909) 734-4356

CAPTURE SIGNALS TO 350 MHZ!!

SIGNATEC

CIRCLE 558

FEATURE
MANUAL
PRIGE

NEW FEATURES!

AR
Fi"er DeSign = Design rectangular and
Software

50% Off!

* Plot from the optimizing
pre-processor

= GUI simplifies operation

= Easier to use manual
complete with many designs

= Users Guide for PC users

Call our NEW telephone number and
ask about the 50% off discount!

a1 5-325-4373

-7278

DGS ASSOCIATES

- 1-400MHz
» <1 Hz steps

» -45 dBc spurs typical

+ <30 nanosec switching

* ~B
* QUADRATURE OUTPUT

SCITEQ Ele tronics »
San Diego, CA 9212

SCITEQ ELECTRONICS

COAXIAL Muw/Epsilon
COMPACTORS Measurements

Power/Liquids/Solids
Soils/Grains/Asphalt
Sizes - 1.5", 1.0°, 14mm, 7mm
Software - HP & Wiltron

P.O. Box 469 M Concordyville, PA 19331
(215) 358-0200 FAX (215) 558-1019

_ DAMASKOS, INC. CIRCLE 575
MICROWAVES & RF + JANUARY 1994

SEAVEY ENGINEERING

 SCITEQ ELECTRONICS

HIGH POWER - HIGH FREQ

RF & MICROWAVE
CAVITY OSCILLATORS
100-4000 MHz @ up to 100 kW pK

PULSED RF POWER
PULSE WIDTH TO 50 uSEC
SINGLE KNOB TUNING
TOTAL SYSTEM CAPABILITY
STANDARD / CUSTOM
COMMERCIAL / MILITARY

PRO~COMM, INC.

1105 INDUSTRIAL PKWY, BRICK, NJ 08724
908-458-3333 — FAX: 908-458-1919

PRO-COMM, INC. CIRCLE 559
ANTENNA
: 7 DESIGN AND DEVELOPMENT

SEAVEY ENGINEERING ASSOCIATES, INC.
PHONE: 617-383-9722

14" Tx/Rx Ku-BAND ANTENNA
135 King St. « Cohasset, MA 02025
FAX: 617-383-2089

CIRCLE 557

LOW COST

* 4.65 to 5.25 GHz output

+ 2.5 MHz step size

» Low power (<5 W)

* ¢ noise @ 1 kHz, <-75 dBc/Hz
» Dual outputs @ +17 dBm

SCITEQ Electronics »
San Diego, CA 92123 « (619) 202-0500 « (619)

CIRCLE 571
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Direct Connection Ads

MICROWAVES & RF
Penton Publishing, Inc.
611 Route 46 West « Hasbrouck Heights, NJ 07604
FAX (201) 393-6297

DIRECT CONNECTION AD 1994 SCHEDULE
(Microwaves & RF and Product Extra)

Issues Closing
January Dec. 3
February Jan. 14
Jan./Feb. P.E. Jan.7
March Feb. 4
April March 11
March/April P.E. March 4
May April 1
June May 13
May/June P.E. May 6

Issues Closing
July June 3
August June 15
July/August P.E. July 1
September Aug. 5
October Sept. 9
Sept./Oct. P.E. Sept. 2
Novemver Oct. 7
Nov./Dec. P.E. Nov. 11
December Nov. 4

« Introduce your new products and literature

- Build awareness in your marketplace
« Generate MORE sales leads from prospective customers

FOR RATE INFORMATION CALL
Joanne Reppas (201) 393-6081

PSA-65A PORTABLE SPECTRUM ANALYZER

The PSA-65A covers frequencies through 1000 MHz in
one sweep with a sensitivity greater than —95 dBm at
narrow spans. The light weight, battery or line operated
PSA-65A Portable Spectrum Analyzer from AVCOM is
the ideal Instrument for.2 way radio, cellular, cable, LAN,
surveillance, educational, production, and R & D work.
Options include frequency extenders to enable the PSA-
65A to be used at Satcom and higher frequencies, audio
demod for monitoring, log periodic antennas, carrying
case (AVSAC) and more. Unit Price $2855.00.

For brochure and spec sheet contact:

AVCOM of VA,, Inc.
500 Southlake Bivd., Richmond, VA 23236
Phone (804) 794-2500 FAX: (804) 794-8284

|
AVCOMOFVA,INC. ) CIRCLE554 | | WAVECON

'- Coupled Line Filter Design

Software

B NN N

|
i
,—4/”

T

‘Get Sharper Filter Skirts with Less Passband Loss

- SYNTHESIZE ALL DIMENSIONS: INTERDIGITAL

i COMBLINE INTERDIGTAL
HAIRPIN HALFWAVE
ANALYZES AND PLOTS:

INS. LOSS S-PARAMETERS

| RETURNLOSS  GROUP DELAY

VARIETY OF STRUCTURES: INOUT  INJOUT
ROUND ROD RECT. BAR

STRIPLINE MICROSTRIP "
SHIELDEDMS  SUSPENDED WAVEC ON

STRIPLINE
EM WAVE CONTROL SOFTWARE

5 FORMERLY SOUTHWEST MICROSYSTEMS / P.0. BOX 2897, ESCONDIDO, CA 92033

PHONE (619) 747-6922; FAX (619) 747-5270

CIRCLE 560

The Leader in Quality

Locus
Solid State
Power

Amplifiers

® C-Band :
Models to ‘Lunts Power Amplifiers
incorporate the latest in solid
50 watts state technology to bring you
® Ku Band reliable, affordable, ignal
Models to quality systems. Our Power
30 watts / elector System
fication and pricing
© Temperature q ick and easy process. Locus
Compensated has a power amplifier to meet

. your need—today!!
 International
Power Supplies See the Locus Difference

ILOCUS, Inc.
P0.Bax740 KAMAN
State College, PA
16804 FAX 81

The Leader in Quality

FEEDFORWARD
AMPLIFIER

RF-2800
Series
©1-88 MHz
® +65 dBm
oIp,
© +120 dBm
orP,
© 4.5 dB Noise
Figure
© 16 dB Gain
© Lower Gains il
Available Related HDR Products
* Quality at oM $
Low Cost «RF
See the Locus Difference
Kaman Sciences Corporation
& Locus

KAMAN

Next Generation
CW and Pulse TWT Power Amplifiers

| The EPA Series of CW and Puise TWT Amplifiers provide CW po
©  levels up to 500 Watts and Pulse power levels up 1o 3 kW over
frequency range of 1 to 40 GHz. The Solid State Power Suppt

completely modularized, compact and light weight. The units feaf
built-in keypad control and complete monitoring of power supply ;
RF output characteristics as well as extremely low power su
induced noise. Eight different series of Enhanced Performance Am
fiers are available to allow easy matching of your application to
“Off-The-Shelf* TWTA.

For further information please contact:

LOGIMETRICS, INC.

121-03 DUPONT STREET, PLAINVIEW, NY 11803
Phone: (516) 349-1700 1-800-969-1L.C
Fax: (516) 349-8552 Telex: 7608152 Logme

=
| LOGIMETRICS, INC. CIRCLE!
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OCXOs feature
-120-dBc/Hz phase noise
The 840 series of oven-controlled
crystal oscillators (OCXOs) exhibit
-120-dB¢/Hz phase noise offset 10
Hz from a 10-MHz carrier. Generat-
ing sine-wave output signals in
standard units, the oscillators con-
sume 1.5-W power from a +15-VDC
supply. Aging is less than 0.1 PPM/
yr. Mechanical frequency adjust-
ment is =1 PPM minimum. The
sources measure 2 X 2 X 1 in. (5.08
X 5.08 X 2.54 em). Oak Frequen-
cy Control Group, 100 Watts
St., P.O. Box B, Mount Holly
Springs, PA 17065; (717) 486-
3411, FAX: (717) 486-5920.
CIRCLE NO. 111

CATV lasers
operate at 1310 nm

The 3620 series of community-ac-
cess-television (CATV) lasers and
board assemblies offers up to 16-
mW output power and is available
in 600- and 860-MHz versions. The
series, which operates at 1310 nm,
includes a high-performance dis-
tributed-feedback (DFB) laser and
an RF predistorter board. Ortel
Corp., 2015 Chestnut St., Al-
hambra, CA 91803; (818) 281-
3636.

CIRCLE NO. 112

Diplexer crosses
at 1.0 GHz

The DP1G-21SS diplexer covers a
passband range of 0.5 to 2.0 GHz
with maximum VSWR of 2.00:1.
Crossover frequency is 1.0 =0.01
(GHz. Maximum insertion loss at the
crossover is 5.5 dB, while passband
insertion loss at the crossover is 1.5
dB. Minimum attenuation is 60 dB.
FSY Microwave, Inc., 1055
First St., Rockville, MD 20850;
(301) 294-8950, FAX: (301) 294-
3007.

CIRCLE NO. 113

Circuit offers
50-MHz clock rate

The model AD7008 monolithic di-
rect-digital-synthesis (DDS) circuit
combines a numerically-controlled
oscillator (NCO) and a 10-b digital-
to-analog converter into a single 44-
pin PLCC housing. Clock rates up
to 50 MHz are supported. A power-
down pin provides 100-mW power

from a +5-V supply. Spurious-free
dynamic range is 70 dB, signal-to-
noise ratio is 50 dB, and total har-
monic distortion is -55 dB. Typical
integral and differential nonlineari-
ty is +1 least significant bit. Ana-
log Devices, Inc., 181 Ballard-
vale St., Wilmington, MA
01887; (617) 937-1428, FAX:
(617) 821-4273.

CIRCLE NO. 114

Cellular coupler
handles 600-W CW

Model CEL30243 is a 50-dB direc-
tional coupler designed for cellular-
transmitter power-monitoring ap-
plications. Minimum directivity is 25
dB, with typical values exceeding 30
dB. Input VSWR is 1.10:1, while
insertion loss is 0.25 dB. The cou-
pler is rated at 600-W CW input
power. Loral Microwave-Narda,
435 Moreland Rd., Hauppauge,
NY 11788; (516) 231-1700, FAX:
(516) 231-1711.

CIRCLE NO. 115

Filters tune
174 and 512 MHz

A bandpass cavity filter is avail-
able in two models. The VHF model
covers the frequency range of 132
to 174 MHz while the UHF model
operates from 406 to 512 MHz.
Frequency stability is typically 0.6
PPM/°C for the VHF model and 0.4
PPM/°C for the UHF model across
a —40 to +70°C temperature range.
Both models have adjustable loops
from 0.5 to 3.0 dB. RELM Com-
munications, 7707 Records St.,
Indianapolis, IN 46226; (317)
545-4281, FAX: (317) 545-2170.

CIRCLE NO. 116

Power sources
are ruggedized
The PA and PB series of power
sources are available in single- and
three-phase models. Nominal VDC
output ranges from 24 to 270 V. The
models feature 0.99 power-factor
correction and a temperature coeffi-
cient of 0.01 percent/°C from -55 to
85°C. Mean time before failure
(MTBF) is 350,000 hours. Arnold
Magnetics Corp., 4000 Via Pes-
cador, Camarillo, CA 93012;
(805) 484-4221, FAX: (805) 484-
4113.
CIRCLE NO. 117

LEADERS
IN
LOG AMPS

BUT...

DO YOU KNOW?
WE'RE BIG IN ...
I & Q NETWORKS
ATTENUATORS

RF SWITCHES

DISCRIMINATORS

MIXERS
SUB-SYSTEMS
AND MORE..

10kIHz - 3GHz

CALL DIRECT

TEL +44 983 568444
FAX +44 983 564708

RFPRODUCTS

PASCALL ELECTRONICS Ltd.,
PARK ROAD, RYDE, LO.W.
PO33 2BE
UK.

QUALITY RF TECHNOLOGY
ISO 9001

MICROWAVES & RF = JANUARY 1994

CIRCLE NO. 421




(BADS-431f Low Cost!!!

Step SIZe .ooevrvireeiennene, <1 Hz
Spurs ............. <-45 dBc typical
Output ..... quadrature, -4 dBm
Control ......cccocevveinennne. Parallel
Power ... <6 W
Switching .....ccocoeoeeee. <50 nsec

¢ continuous

Integrated!!!

ADS-432 is similar, with power
conditioning, reference generator,
output amplifier, etc.

= Self-contained

* Ippm internal clock, or external

* +6 dBm output power

SCITEQ'S standard products
include advanced-technology DDS,
PLL, direct-analog, and combination
synthesizers. Formats include chips,
boards, modules, and chassis.
Custom designs combine proven
modules to minimize

risk, cost and time. = e

SCITEQ Electronics. Inc. .

4775 Viewridge Ave.

San Diego, CA. 92123

(619) 292-0500

Fax (619)292-9120

lall=Tal BB \Nla . L]
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Equalizers have
+0.5-dB linearity

Field-adjustable and fixed gain
equalizers in the SME series fea-
ture *0.5-dB linearity from 2 to 18
GHz. Maximum attenuation ranges
from 5 to 6 dB, while maximum in-
sertion loss ranges from 0.6 to 1.0
dB. The adjustable units are typi-
cally rated at 5-W CW and the fixed
units are rated at 0.25-W CW. The
series operates from -55 to +95°C.
Sierra Microwave Technology,
One Sierra Way, Georgetown,
TX 78626; (512) 869-5007, FAX:
(512) 869-2730.

CIRCLE NO. 118

TCXO generates
16 to 75 MHz

Model X03022C is a tempera-
ture-controlled crystal oscillator
(TCXO0) operating across a 16-to-
75-MHz frequency range. Tem-
perature stability is +0.5 PPM from
-25 to +75°C. The TCXO offers 3-
mA current from a 5-V supply. The
oscillator measures 0.20 x 1.00 x
1.25 in. (0.51 X 2.54 X 3.18 ¢m).
Piezo Technology, Inc., P.O.
Box 547859, Orlando, FL 32854-
7859; (407) 298-2000.

CIRCLE NO. 119

Power systems
deliver 550 W
The PS-3 series of power systems
is specifically designed for continu-
ous operation in gas-plasma process
applications. The series comes in
100-, 300-, and 550-W models. Out-
put frequency is 13.56 or 40.68 MHz,
while output impedance is 50 (). All
even and odd harmonics are at least
60 dB below the fundamental fre-
quency. Input power is 115 or 230
VAC. Manitou Systems, Inc., 12
Lower South St., Danbury, CT
06810; (203) 792-8797, FAX:
(203) 792-7097.
CIRCLE NO. 120

GaAs MESFET
suits L-band

Suitable for L-band applications,
the NE3451L.-10B power GaAs
MESFET features typical output
power of 10 W (40 dB). Power-
added efficiency is 40 percent at 1.6
GHz and 37 percent at 2.3 GHz.
Linear gain is 12 dB at 1.6 GHz and
9 dB at 2.3 GHz. Third-order inter-

modulation distortion is —45 dBe.
Total power dissipation is 50 W.
California Eastern Labora-
tories, Inc., 4590 Patrick Hen-
ry Dr., Santa Clara, CA 95056-
0964; (408) 988-3500, FAX: (408)
988-0279.

CIRCLE NO. 121

VCXO ranges
from 60 to 150 MHz
Surface-mount voltage-controlled
crystal oscillator (VCXO0) model
VXS-1815C operates from 60 to 150
MHz. The VCXO is able to handle a
standard load of 50 () =10 percent.
The aging rate is =1 PPM/year,
while harmonics are —20 dBe. The
oscillator has a supply current of 5
mA and supply voltage of +5 VDC.
TEW North America, 5903-B
Peachtree Industrial Blvd.,
Norcross, GA 30092; (800) 762-
0420, FAX: (404) 441-3076.
CIRCLE NO. 122

Filter ICs
dissipate 95 mW

The 32F810X series of digitally-
programmable filter integrated cir-
cuits (ICs) boasts a typical power
dissipation of 95 mW and less than
1 mW in idle mode at 5-V operation.
The filter ICs offer 0.5-deg. linear
phase and programmable boost/
equalization of 0 to 13 dB. The ICs
are available in four frequency
ranges: 9 to 27 MHz, 6 to 18 MHz,
4 to 12 MHz, and 3 to 9 MHz. Fre-
quencies are accurate to within =10
percent. Silicon Systems, 14351
Myford Rd., Tustin, CA 92680;
(800) 624-6999.

CIRCLE NO. 123

Amplifier spans
cellular band

A multichannel, cellular microcell
amplifier, model LWA 880-30/14288,
is designed for low intermodulation,
multicarrier operation from 869 to
894 MHz. Linear output power is
44 dBm at 1-dB gain compression,
while the third-order intercept
point is 54 dBm. The amplifier has a
built-in digital attenuator that pro-
vides 30-dB control in 1-dB steps.
Microwave Power Devices,
Inc., 49 Wireless Blvd., Haup-
pauge, NY 11788; (516) 231-
1400, FAX: (516) 231-8081.

CIRCLE NO. 124
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ANTENNA MEASUREMENT
SYSTEMS

AL-2000

Complete antenna measurement systems
including Hardware and Software.

The AL-2000 Antenna Measurement System
provides Near-Field and FarField solutions
and compliments ORBIT and other
manufacturers' instrumentation.

USA ISRAEL
905 Sheehy Drive  P0.B. 3171,
- Building 6 Industrial Zone
.ORNT . Horshum PA19044 Netanya 42131
'ADVANCED © Tel:(215)674-4220 Tel: 97253333 247
TECHNOLOGIES INC, - FAX: (215) 674-1102 FAX:972 53 621 701
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MESFET features
20-W output power

Model NES1818-20B is an L-band
GaAs MESFET with a typical out-
put power of 20 W (43 dB). Power-
added efficiency is 44 percent and
linear gain is 14 dB. Third-order
intermodulation distortion is —45
dBe. Total power dissipation is 100
W. California Eastern Labora-
tories, Inc., 4590 Patrick Hen-
ry Dr., Santa Clara, CA 95056-
0964; (408) 988-3500, FAX: (408)
988-0279.

CIRCLE NO. 125

Cellular diplexer
hits 824 to 849 MHz

Featuring maximum VSWR of
1.40:1, a dielectric-resonator di-
plexer channels frequency bands
from 824 to 849 MHz and from 869
to 894 MHz to one common port.
Maximum insertion loss is 3 dB
across the entire band and 2 dB at
the midbands. The receiver portion
is followed by a low-noise amplifier
(LNA) which can be incorporated
into the cellular unit. Dimensions

are 3.50 X 1.33 X 0.80 in. (8.89 X
3.38 X 2.03 em). K&L Microwave,
Inc., 408 Coles Circle, Salis-
bury, MD 21801; (410) 749-2424,
FAX: (410) 749-5725.

CIRCLE NO. 126

Isolators/circulators
handle 50-W power
A family of drop-in isolators and
circulators handles 50-W peak
power from 8.6 to 18 GHz. Minimum
isolation is either 17 or 20 dB. Maxi-
mum insertion loss ranges from 0.4
to 0.7 dB and maximum VSWR is
1.50:1. The models operate from -54
to +95°C and are available in cireu-
lar or rectangular packages. Sierra
Microwave Technology, One
Sierra Way, Georgetown, TX
78626; (512) 869-5007, FAX:
(512) 869-2730.
CIRCLE NO. 127

Broadband amps
output +10 dBm

Broadband amplifier models MSH-
7475201-PS and MSH-3494201-PS
operate from 6 to 18 GHz and 0.1 to

3.0 GHz, respectively. The ampli-
fiers have a typical output power of
+10 dBm and gain of 26 dB. In-
put/output VSWR is 2.00:1 maxi-
mum, while noise figure is 5.0 dB.
The amplifiers measure 5.4 X 3.0 X
1.9 in. (13.72 X 7.62 X 4.83 cm).
Microwave Solutions, Inc.,
3200 Highland Ave., Suite 3A,
National City, CA 91950; (800)
967-4267, FAX: (619) 474-7003.
CIRCLE NO. 128

LNA provides
+60-dBm intercept
Model RF-2286A is a low-noise
amplifier (LNA) which provides an
output second-harmonic intercept
point of +60 dBm. The frequency
range is 0.5 to 1.5 GHz. Small-signal
gain is 16 dB with =0.5-dB gain flat-
ness. The noise figure at +25°C is
3.5 dB, while output power at 1-dB
compression is +14 dBm. The LNA
requires 250-mA current. Locus,
Inc., P.O. Box 740, State Col-
lege, PA 16804; (814) 466-6275,
FAX: (814) 466-3341.
CIRCLE NO. 129

“Hll

WESTERN
MICROWAVE

N TT 4
<\ CRYSTALS f>

70KHz-200MHz

. OSCILLATORS i
\L 70KHz-200MHz j/
TCXO0, VCXO0, TCVCXO

4 MHz-125MHz
\~~  Alignment Oscillators
/ \~ Crystal and Oscillator ~-._;
. Accessories e

Gall or fax TOLL FREE for information

1Em}

INTERNATIONAL CRYSTAL MFG. CO., INC.
P.0. Box 26330 » 729 W. Sheridan * Oklahoma City, OK 73126-0330 » (405) 236-3741

FAX (405) 235-1904 « Toll Free Phone 1-800 725-1426 « 24 Hour Toll Free Fax 1-800 322-9426

CIRCLE NO. 432

Your source for:

Isolators, Circulators,
Couplers, Filters, Switches,
Switch Filters, Mixers,
Mixer Pre-amps, Converters, Iso-
Mixers, Limiter Mixers, Limiters,
Detectors, DLVA’s, and
Threshold Detectors

% Commercial/Military %

WESTERN MICROWAVE
495 Mercury Drive
Sunnyvale, CA 94086
Phone: (408) 738-2300
Fax: (408) 738-2395

CIRCLE NO. 430
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Resonators/inductors
cover 0.3 to 6.0 GHz

A line of coaxial resonators/induc-
tors offers a typical quality factor
(Q) of 1000 from 0.3 to 6.0 GHz. The
quarter- or half-wavelength compo-
nents feature a dielectric constant
of 38.6 or 90.5. The components
range in size from 2 X 2 mm to 12 X
12 mm. Trans-Tech, Inc., 5520
Adamstown Rd., Adamstown,
MD 21710; (301) 695-9400, FAX:
(301) 695-7065.

CIRCLE NO. 130

Antenna covers
820 to 900 MHz
Covering the 820-to-900-MHz fre-
quency range, the FP-5016 direc-
tional antenna delivers 5 dB of gain.
The unit offers vertical polarization
and 1.50:1 VSWR. Input power is
rated at 100 W and impedance is 50
(). Radiation Systems, Inc.,
Mark Antennas Div., P.O. Box
1548, Des Plaines, IL 60017;
(708) 298-9420.
CIRCLE NO. 131

Transistors feature
1.0-dB noise figure
The BFG500, BEFR500, and BFS-
500 series of RF bipolar transistors
operate from 0.9 to 2.0 GHz. Noise
figure ranges from 1.0 to 1.2 dB,
while gain ranges from 16 to 19 dB.
The series offer optimized perfor-
mance at collector currents as low
as 0.5 mA. Philips Components,
Discrete Products Div., 2001
W. Blue Heron Blvd., Riviera
Beach, FL 33404; (800) 447-
3762, (407) 881-3200, FAX: (407)
881-3300.
CIRCLE NO. 132

Chip capacitors
work to 5000 VDC

A line of surface-mount ceramic
chip capacitors offers voltage rat-
ings from 500 to 5000 VDC. The
capacitors come in six standard EIA
chip sizes: 1206, 1210, 1808, 1812,
1825, and 2225. They are available
with solder-plated, nickel-barrier
terminations and can be packaged
in 8- or 12-mm embossed tape. Jo-
hanson Dielectrics, Inc., 15191
Bledsoe St., Sylmar, CA 91342;
(818) 364-9800, FAX: (818) 364-
6100.

CIRCLE NO. 133

Power amplifier
handles 2 GHz

The PM2102 is a low-voltage
GaAs MMIC power amplifier devel-
oped for digital wireless applica-
tions in the 2-GHz frequency range.
RF output power is +27.5 dBm and
DC-to-RF efficiency is 50 percent.
The PM2102 is able to operate off a
3-V battery. Pacific Monolithics,
Inc., 245 Santa Ana Court,
Sunnyvale, CA 94086; (408)
732-8000, FAX: (408) 732-3413.

CIRCLE NO. 134

Test set spans
45 MHz to 50 GHz

Designed for use with the HP
8510C vector network analyzer, the
HP 8517B test set spans the fre-
quency range of 45 MHz to 50 GHz.
When Option 007 is added to the
test set, available power is -14 dBm
and system dynamic range is 75 dB
at 50 GHz. Other features include
an internal broadband-input ampli-
fier and a tapered attenuator. Hew-
lett-Packard Co., Direct Mar-
keting Organization, P.O. Box
58059, Mail Stop 51L-SJ, Santa
Clara, CA 95051-8059.

CIRCLE NO. 135

Switches cover
DC to 2.2 GHz
A series of electromechanical
switches operates from DC to 2.2
GHz. Insertion loss is 0.2 dB maxi-
mum, while isolation is 80 dB mini-
mum. Switching time is 15 ms maxi-
mum. The switches handle 150 W at
1 GHz with SMA connectors and
400 W at 1 GHz with type N connec-
tors. Loral Microwave-Narda,
435 Moreland Rd., Hauppauge,
NY 11788; (516) 231-1700, FAX:
(516) 231-1711.
CIRCLE NO. 136

SONET filter
passes 2.488 GHz

A 2.488-GHz timing-recovery fil-
ter designed for SONET applica-
tions provides a 6-dB bandwidth of
6.3 MHz. Insertion loss is 20 dB and
first-sidelobe attenuation is 30 dB.
The filter is available in a TO-39 or
surface-mount package. Sawtek,
Inc., P.O. Box 609501, Orlando,
FL 32860-9501; (407) 886-8860,
FAX: (407) 886-7061.

CIRCLE NO. 137
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Vectron’s

VGXO

at 622.08 MHz
1{1]
SONET 0C-12

454Y 2600 Series

Output: ECL or PECL
Jitter: <70 ps rms

Deviation: Maintains lock
for 10 years
Stability: + 20 ppm over
o°c/+70°C
to -40°C/+ 85°C
Size: 24 Pin Double Dip
0.8"x 1.4"x 0.2"
Write/phone/fax
Vectron today
...ask about
Vectron’s Sonet Clock

Recovery Module
Series SCRM-155.

To order a Free catalog, or for complete
engineering assistance, call:

(203) 853-4433 (=
Fax: (203) 849-1423 |

The Crystal Oscillator Company

VECTRON LABORATORIES, INC.

166 Glover Ave., P.O. Box 5160, Norwalk, CT 06856-5160

A 1 DOVER ) TECHNOLOGIES COMPANY
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FOR LOW-COST
180° COUPLERS
DELIVERED FAST,
WE RUN 360°
AROUND THE COMPETITION.

For octave/multi-octave performance, excel-  mixers, antenna feed networks, and more.
lent VSWR, high isolation, and solid amplitude  Plus, we offer J.I.T. delivery and 95% stock
and phase balance, Anaren's rugged, stripline  availability on catalog components. For techni-
3 dB 180° couplers are the ticket. They're  cal data, applications assistance, or help with
ideal for broadband power dividers, phase  custom orders — simply call 315-432-8909.
shifters, polarization networks, multi-octave  You'll discover we're a well-rounded supplier.

Anaren

Anaren Microwave, Inc., 6635 Kirkville Road, East Syracuse, New York 13057

N E W
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FERRATTEN"

LOW COST
Castable Microwave Attenuating Material

It is simple to cast Microwave elements from 2-part
FERRATTEN™ without special equipment.

e Waveguide Loads
e Coaxial Loads

* Attenuators

* Mode Suppressors

ASK FOR CATALOG AND
DESIGN HANDBOOK!

) Y 7395 Taft Park Drive
c v East Syracuse, NY 13057
s Mailing address:
E PO Box 3307
S Syracuse, NY 13220
COMMUNICATIONS Tel: (315) 452-0709
SRS Fox: (315) 452-0732

CIRCLE NO. 415
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Power divider/combiner
goes four ways
Four-way power divider/combin-
er model CEL30373 can combine
power signals of up to 256 W per
channel or take a 100-W CW input
and divide it into four equal levels.
Maximum insertion loss is 0.55 dB
and isolation between channels is 20
dB. Loral Microwave-Narda,
435 Moreland Rd., Hauppauge,
NY 11788; (516) 231-1700, FAX:
(516) 231-1711.
CIRCLE NO. 138

Coaxial protectors
shield DC to 2 GHz
The PTC series of coaxial protec-
tors provides shielding from light-
ning or electromagnetic pulses
(EMP) from DC to 2 GHz. Available
in a variety of connector types
(including BNC, SMB, TNC, and
SMA), the protectors can handle 5,
10, or 20 kA of input current. In-
sertion loss is 0.20 dB and VSWR is
1.25:1 at 2 GHz. NexTek, Inc., 439
Littleton Rd., Westford, MA
01886; (508) 486-0582, FAX:
(508) 486-0583.
CIRCLE NO. 139

Oscillators span
600 MHz to 3 GHz

Surface-mountable phase-locked
oscillators in the PL 3500 series
deliver a typical output power of
+13 dBm from 600 MHz to 3 GHz.
Input harmonic and spurious distor-
tion are —25 and -80 dBe, respec-
tively. A 1.5-GHz oscillator provid-
ed a phase noise of —130 dBe at 100-
kHz offset. T&M Microwave,
2327 16th Ave. N., St. Peters-
burg, FL 33713; (813) 321-7373,
FAX: (813) 323-2376.

CIRCLE NO. 140

Drop-in isolators
deliver 20 dB

Drop-in isolators in the Thin-
Pak™ line deliver 20-dB typical iso-
lation and 0.45-dB typical insertion
loss in seven bands from 4.4 to 21.7
GHz. Minimum insertion loss is 17
dB and maximum input power is 1.0
W for all models. The isolators are
tested to MIL-STD-202. FEI Mi-
crowave, Inc., 825 Stewart Dr.,
Sunnyvale, CA 94086; (800)
822-5864, FAX: (408) 730-1622.
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PIN DIODE
CONTROL DEVICES
PIN DIODE

ATTENUATORS

- 0.1-20GHz

- Broad & narrow band
models

- Wide dynamic range
- Custom designs

Attenuator types offered are: Current Controlled,
Voltage Controlled, Linearized Voltage Control-
led, Digitally Controlled and Digital Diode At-
tenuators.

PIN DIODE

SWITCHES

- Broad & narrow
band models

+ 0.1-20GHz
- Small size

CIRCLE NO. 434

SPST thru SP8T and Transfer type

models are offered and all switches are low loss
with isolation up to 100dB. Reflective and non-
reflective models are available along with TTL
compatible logic inputs. Switching speeds are
1usec.—30nsec. and SMA connectors are stan-
dard. Custom designs including special logic in-
puts, volta?es connectors and package styles
are available. All switches meet MIL-E-5400

CIRCLE NO. 435
PIN DIODE

PHASE SHIFTERS

- 0.5-20GHz
- Switched Line
- Varactor Controlled
« Vector Modulators
+ Bi-Phase Modulators ¥
- QPSK Modulators
- Custom Designs

CIRCLE NO. 436

SUBASSEMBLIES

Passive Components and Control Devices can
be integrated into subassemblies to fit your spe-
cial requirements. Call for more information and

technical assistance.

-

Custom Designs
CALL OR WRITE

waveline

SOLID STATE "¢

P.0. Box 718, West Caldwell, NJ 07006
(201) 226-9100, TWX:(710) 734-4324
FAX:201-226-1565

CIRCLE NO. 437

MT@ than 23 years ago, a transmission-lens
antenna designed for air-to-air and air-to-ground
missile communications suppressed sidelobe
levels by as much as 50 dB from 8.2 to 10.2 GHz.
Developed by Autonetics Avionics and Sensors
Div. (Anaheim, CA), the antenna featured
nterchangeable feeds for multimode operation.

FEBRUARY PREVIEW

DEVICES AND ICS

¢ Understanding IC noise-figure measurements
These tests impact digital communications systems.
¢ A simplified coplanar-waveguide test fixture
This fixture eases calibration requirements.
¢ Improve modeling techniques for RF capacitors
Learn when a capacitor is similar to a transmission line.

WITH MUCH MORE

¢ In the news: Emerging RFID markets
Applications continue to grow for this technology.
* The most exciting new-product developments
New device test fixtures help beat the clock.
¢ Phase noise and its effects on BER performance
Part 3 of this continuing series explores noise models.
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The Best Deal in Town
...from ARRA, of course!

Why gamble? Be awinner
every time with ARRA! Where one good thing leads to another...

and another. ..

\
and another r— and another . . . N q Waveguide
and another. .. — — A Coaxial & Components
an Iy A Microwave W & Components
A Diode Switches ¢ Filters ¢ Dummy Loads
¥ & Pin Attenuators ¢ Directional Couplers ® Cross Guide Couplers
e Coax & Waveguide e 90° & 180° Hybrids ® Attenuators
e Broadband e Band Pass e Fixed Attenuators e Filters
e High Isolation e Band Reject e Power Dividers e Adapters
e 10 nsee e Low Pass ¢ Terminations ¢ Bends & Twists
e Coax or Waveguide * 90 dB Rejection e Phase Shifters ® Special Assemblies
e Step Programmable e High Power e DC Blocks ... and lots more!
o TTL Compatible Tunable e Filters
Low Insertion Loss Spe(‘ial Design . . . and lots more!
- and lots {“‘""3! ... and lots more! -
¢
4 Y
a—

. the last word in variable attenuators

ARRA..

For complete info, write for literature. ANTENNA & RADOME RESEARCH ASSOCIAT E_]
For instant info, see Microwaves & RF
Product Data Directory 15 Harold Court, Bay Shore, N.Y. 11706 ¢ 516-231-8400




INTRODUCING .
ATC COMMERC-IAL LINE PRICING

. FOR 114 SE; IES SLCs

: s
Mil Spec Tested o e : er ican Techm'cai
Millimeter Wavelength - - R . : :
Single Layer.Ceramic h l'ﬁg‘h Quality
: Capacitors © ustry Leader

* Capacitance: 1 pF to 820 pF - e Minimum Order Quantity
* Frequency: DC to 50 GHz Jommer
* Case Sizes: .025” sq., .035” sq., .050” sq ¢ Sample Kits Available ;
* Custom Values and Sizes Available ~ * QUIK PICK 48 Hour System"

* Five Dielectrics ~ Shipment for 5000 pieces or less

CONTACT YOUR ATC SALES REPRESENTATIVE
FOR DETAILS OR CALL DIRECT:
: Phone (516) 547-5700 Fax (516) 547-5748

VISIT US AT BOOTHS #801, 803 AT THE
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