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Silicon-Germanium
Technology Reaches
Mass Production

.0 {,\
e
¥

~
<~

S

T
i R I
i .
"
,

¢

P
N

Circuit Design

Broadband Transmission Line Hybrid Design
Wireless Systems

Requirements for Sharing Microwave Sites
Design Ideas

Mechanical Design Tips for EMI Shielding



What Do These Numbers Mean to You?
24 29 35 1.0

d A. Legal Alcohol Content in California Beer?

d B. Your College Grade Point Average?

J C. Designations for Hard-to-Find High-Frequency
Connectors and Adapters!

If you checked “C” call us today
to receive your free SRI
Connector Gage High Frequency
Connectors catalog.

_Connector Gage Company

We are proud to offer the full line
of products from SRI Connector
Gage Company, which specializes
in the design and manufacturing of
custom and standard connectors,
adapters and interface gages.

C.W. Swift & Associates 1s the
original RF and microwave
stocking distributor, providing o R Reaie) Sl et
delivery and personalized sales
and service for over 40 years.

Call 1-800-CW SWIFT (1-800-297-9438)

In-stock orders received before 4:00 p.m. PST are shipped the same day!

C.W. SWIFT & Associates, Inc.

15216 Burbank Blvd., Suite 300, Van Nuys, CA 91411
800-CW SWIFT ¢ 818-989-1133 « 818-989-4784 (fax)
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New Phase Stable

Coaxial Cable Assemblies
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IW has developed a new series of low loss, phase diameters, lighter weight, lower insertion loss and
stable cables (diameters from 0.1" to 0.480") which enhanced electrical stability, come to the fechnology
exhibit excellent stability under both temperature leader with the broadest line fo solve your most
changes and repeated flexing. Now, when you demanding requirements for both military and
need flexible cable assemblies with saller commercial applications.

Just give us a call or visit us at www.insulatedwire.com

Since 1970 ... Specialists in the manufacture of
bigh-performance microwave transmission lines.
20 East Franklin Street « Danbury, CT 06810
Tel: 203-791-1999 » Fax: 203-748-5217
e-mail: iwconn @insulatedwire.com
www.insulatedwire.com

MICROWAVE PRODUCTS DIVISION
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THE WORLD’S LARGEST SELECTION

2kHz 1o 10GHz ., 99¢

Choose from over 550 standard off-the-shelf moedels from 2way and 3way to 48way; 0°, 90°, and

180°: 50 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will alse supply your special needs and custom
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports...all at catalog
prices with rapid turnaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connecterized. ..
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent
solutions in cellular communications, cable systems, and countless wireless applications. And all units come with a

1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run.
Add fast delivery, unsurpassed applications support and value pricing, and the decisian is easy. Call Mini-Circuits today!

Mini-Circuits®is proud to be a sponsor of the 1999 U.S.Interplay Chess Championships
= SaltLake City, Utah



see us on the web
http://www.minicircuits.com

Mini-Circuits .

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com LE READER SER A0
For detailed specs on all Mini-Circuits products refer to » 760- pg. HANDBOOK « INTERNET « THOMAS REGISTER ¢ MICROWAVE PRODUCT DIRECTORY « EEM

ISO 9001 CERTIFIED F 194 Rev B




As low

as 35¢

in quantity

Silicon Germanium (SiGe), Stanford PRODUCT SELECTION GUIDE
Microdevices' latest RF semiconductor General Purpose Amplifiers
process, offers benefits not attainable by

Id 3dB P1dB IP3 Gain@ Gain@ NF
conventional silicon-bipolar technologies: : (mA)  BW  (dBm)  (dBm) Hz 2 GHz 50 Ohm
lower noise figures, lower power SGA-2186 2.2 200 DC-5.0 470 +20.0 105 10.2 4.1
consumption, high output power at high SGA-2286 2.2 20 DC-3.5 470  +200 150 14.0 3.2
efficiency, and high integration level. SGA-2386 2.7 20 DC28 470 4200 174 164 29
As part of a series of Stanford SGA-2486 2.7 20  DC-20  +7.0 4200 196 180 25
Microdevices' initiatives to apply silicon SGA-3286 2.7 35  DC-3.6 +120 4260 148 134 3.5
germanium techn0|ogy to a broad SCA-3386 2.5 35 DC-3.6 +12.0 +25.0 17.4 16.2 3.0
spectrum of communications applications, ~ SGA-3486 2.9 35 DC-20  +12.0 4250 215 194 20
we are now offering the wireless market SCA-4186 3.2 45  DC-60 +150 4290 104 10.2 4.6
devices built using a patented silicon SGA-4286 3.2 45  DC35 4150 290 138 126 3.3
germanium manufacturing process. As SCA-4386 3.3 45  DC-25 4150  +29.0  17.0 5.2 2.8
these devices enter the marketplace, SGA-4486 3.2 45  DC-2.0  +15.0 4290 190 168 25

consumers will benefit from cellular
phones, pagers, and other wireless
communications devices that have
extended battery life, carry out multiple
functions, and are smaller, lighter, and
less expensive.

SGA-5286 3.5 60 DC-4.0 +17.0 +30.0 13.5 12.7 4.1

SGA-5386 3.6 60 DC-3.2 +17.0 +31.0 17.3 16.0 3.5

SGA-5486 3.5 60 DC-2.4 +17.0 +31.0 19.7 18.0 2.8

SGA-6286 4.2 75 DC-3.5 +20.0 +34.0 13.8 12.4 3.9

SGA-6386 5.0 80 DC-3.0 +20.0 +34.5 15.4 13.8 3.8

SGA-6486 5.2 75 DC-1.8 +20.0 +34.0 19.7 16.7 2.9

SGA 2000 through 4000 series are also available in SOT-363
SGA 5000 and 6000 series are also available in SOT-89 & SOT23-5



POWER GAIN vs. FREQUENCY

SGA-6486
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SGA-5286
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35
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SGA-2186
SGA-2286
SGA-2386

Call for Ev‘a;i;.lation Kit
1-800-764-6642

SGA-5486
SGA-6286

SGA-6386
SGA-6486

For performance, reliability and value,

count on Stanford Microdevices.
Circle 25

Stanford Microdevices
produces the highest performance
products utilizing cutting edge
technology at the lowest possible
cost. All Stanford MMICs are
100% tested and qualified
annually to ensure reliable field
performance even under the
harshest environments, making
Stanford Microdevices a favorite
among major OEMs worldwide.
Over the past five years Stanford
Microdevices has become the
preeminent leader in the design
and manufacturing of GaAs,
LDMOS and SiGe amplifier and
switch products.

® 000090000 EEL0ESG0E0000 0

ALSO COMING SOON!
DISCRETE SiGe HBTs and
LOW NOISE SiGe MMICs

L N O N NN ]

[== Stanford

] Microdevices

1-800-764-6642
Dept. SGAP1

Visit our web site at
www.stanfordmicro.com/sige

DISTRIBUTED BY:

=—=AVYNET

=== clectronics marketing

800-332-8638 www.em.avnet.com

Richardson
Electronics

Engineered Solutions

800-348-5580 www.rfpowernet.com
All company and/or product names are trade-
marks and/or registered trademarks of their

respective owners.
©1999 Stanford Microdevices




Only $3 62a§qty.1-49)

2WsmMA DC to18GHz ATTENUATORS

How can you buy attenuators that combine world renowned engineering expertise with
high quality stainless steel construction, low cost, and off-the-shelf availability? Specify

Mini-Circuits fixed attenuators! Built tough to handle 2 watts average with 125 watts
peak power, this attenuator series supplies precision accurate 1dB to 40dB -
attenuation values with high temperature stability and excellent phase linearity

in the wide DC to 18GHz band. Call Mini-Circuits and capture this next
generation of value for your system integration today!

Mini-Circuits®is proud to be a sponsor of the 1999 U.S.Interplay Chess Championships
Salt Lake City, Utah

Mini-CirCuitS®K !

Celebrates | l
B“Ytl,ei 1Free:
Buy Up To 25 Units Of Each Model At The Regular Price

Get An Equal Amount FREE!
Offer expires January 31, Year-2000

Model

BW-S1w2
BW-S2wW2
BW-S3W2
BW-S4W2
BW-S5W2

BW-SBW2
BW-S7W2
BW-SBW2
BW-S9wW2
BW-S10W2
BW-512W2
BW-S15W2
BW-S20W2
BW-S30W2
BW-S40W2

Attenuation (dB)

Nominal

OO~ s WhN =

10
12
15
20
30
40

Accuracy*
+0.40
+0.40
+0.40
+0.40
+0.40
+0.40
+0.60
+0.60
+0.60
+0.60
+0.60
+0.60
+0.60
+0.85
+0.85

Length

(Inches)
85
.85
.85
.85
.85
.85
.85
.85
.85
.85

99

Equipped with SMA male and female connectors
.312" across hex flats.

*At 25°C includes power and frequency variations up 10
12.4GHz. Above 12.4GHz add 0.5dB typ. to accuracy.

ALL VALUES IN STOCK

mMinj-Circuits®

P.O.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to pro
&w};w?’he Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At. http://www.minicircuits.com

() Q00 CRTIFIED

us 84 INT'L 94
CIRCLE READER SERVICE CARD
duct information see MINI-CIRCUITS CATALOG & WEB SITE

E 278 Rev D
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On Our Cover
Silicon-Germanium
ICs Offer Price
and Performance
Advantages

Stanford Microdevices is
one of the first companies
to offer mass production
quantities of SiGe inte-
grated circuits. This tech-
nology offers a significant
performance improveme-
ment over conventional
silicon processes with only
a small difference in cost.
Cover photo courtesy of
Stanford Microdevices
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A New Approach to Broadband Transmission Line
Hybrid Design

The bandwidth of a transmission line hybrid can be nearly doubled
when constructed using a third winding instead of the conventional
two winding technique.

— Simon Y. London, Advanced Power Technologies, Inc.

Choosing the Right Diode for Your AGC Detector

The performance characteristics of Schottky diodes are reviewed for
their applicability in automatic gain control (AGC) applications, using
DC biased or self-biased configurations.

— Raymond W. Waugh, Hewlett-Packard Company

An Analytic Method for Impedance Matching
Using MATLAB

In this article, the author shows us how the popular mathematics soft-
ware package MATLAB can be used to provide in-depth analysis of
impedance matching problems.

— Nestor E. Artas, Universidad Nacional de Tucuman

Design Ideas — Mechanical Design Tips for
EMI Shielding

Following these basic shielding guidelines can help you design products
that will pass RFI/EMI radiation and susceptibility requirements.
— Fred Broekhuizen, Holland Shielding

Requirements for Sharing Sites in Terms of
Microwave Radiolinks

Here is a complete review of the procedures and requirements that
must be followed for successful sharing of microwave sites with a min-

imum of interference.
— Marcello Praca, NEXTEL Telecommunications Ltd.

Product Focus — Devices Offered for Specific
Modulation Formats

Highlights of new products targeted to meet specific wireless systems’
requirements.
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Bluetooth Radio Transceiver and Development Kit
are now Available

11 “Last Mile” Connections are Provided by mm-Wave
Broadband Systems

112 High Frequency Fundamental Crystals Extend
Range to 200 MHz

114 GaAs Switches and Attenuators Offer Greater
Control Product Selection
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120 Restoring the Visibility of Motorola’s RF/IF Technology
Changes in the structure and emphasis of some Motorola
Semiconductor divisions resulted in a temporary reduction in those
operations’ industry visibility. The Technology Manager for the RF/IF
Division expains those changes and how the company’s product design
and delivery resources are stronger than ever.

— Olivier Lauvray, RF/IF Division, Motorola Semiconductor
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AMPLIFIERS

MODEL
NUMBER

JCAQ08-201
JCAQ08-202
JCAQ08-203
JCAQ08-301
JCAQ08-302
JCAQ08-303
JCA0010-201
JCAQD10-202
JCA0010-203
JCAD10-301

JCAO118-201
JCAO118-202
JCAO118-203
JCAO118-301
JCAO118-302
JCAO118-303

10 MHz to 18 GHz Ultra-Broadband
for Fiberopticand .
Telecommunications , .\

FREQ.
RANGE
6Hz
01-80
01-80
0180
01-80
01-80
01-80

01100
01:100
01-100
01-100
01-100
01-100
01-120
01-120
01-120
01-120
01-120
01-120

J-180
180
180
1180
1180
A-180

GAIN - NOISE FiG.
B

MIN
%
i
2
35
i
32

a8
MAX

**5

**5
**5
**5

**5

**5

GAIN

Yo

168

FLATNESS  COMP. PT.
+-dB  dB MmN

20
20

* Noise Figure is specified above 300 Mhz '
** Noise Figure is specified above 500 Mhz

0
5
10
0
]
10
0
5
10
0
b

3rD ORDER:
icp
TP,

USWR D0
INJOUT  CURRENT
WAX  MA

R
200 20
b
201 30
2 ol
201 30
209 1
0r A0
w25
e
1 35
200 30
201
2011
201
20:1
201
201
2011
201
201
20:1
2011
201

o |deal for Fiberoptic, Telecommunications,
and Test Equipment

e Drop-in Style Packages

e [Multi-0ctave Operation

e Compact Size

e Competitively Priced

DELIVERY IN 2-4 WEEKS ARO

JCA

TECHNOLOGY

4000 Via Pescador, Camarillo, CA 93012
(805) 445-9888 Fax: (805) 987-6990

email: jca@jcatech.com e www.jcatech.com
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VT-1200 PLL Instruments

1.75" Chassls
= Excellent spectral purity
= Fine Resolution
= 110V ac, +12VDL supply
= Counter, Power Meter
» GPIB, RS-232
= Many Standard Configurations

1305-2630 MHz
— 640-1305 MHz
==~ 160-320 MHz

-=== 320-640 MHz
seeee 80.0-160 MHz

b~ @18GHz

Narrow & WIde band
= lp to 50% bandwidth
= 3"x4"x .5"
= DC to 80 MHz - DDS
= CMOS technology
= Exellent spectral purity
= SPEED

'« TRAINING
= MARKETING REPORTS

Wireless, Communications,
Training and Technical Marketing
35271 Mercer Lane

San Diego CA 92122

Cell: (619) 846-1071
Fax: (619) 452-6649
Pager (619) 340-9898
email: gioral8@tns.net
www.vitacomm .com
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Editorial

Visit Our Redesigned
and Expanded
Web Site

By Gary A. Breed
Publisher

Linguistics scholars and Wheel of Fortune fans know that the most com-
” Of course, that was in
— as in

mon letter in the English language is the letter “e
the past. Now the most common letter on the whole planet is “w”
www.anything.com! =

As part of that trend, we have com-
pletely redesigned www.amwireless.com to
include more information resources for
our readers and advertisers, along with
the potential for expansion to add many
more features as the need arises. Here are
some the things you can find:

Index of past articles and archives —
Did you see an article from 1995 refer-
enced in a recent paper? Do you want to
see what was published before you became
a subscriber? Just point your browser to
our web site and take a look. All recent
articles and many popular past articles are downloadable as PDF files. We
will continue to add articles to the archives until the entire ten-year collec-
tion is online.

Link to our advertisers — Click on any company in our alphabetical list
of advertisers and view their web site. There is no need to go look up all
those web addresses yourself.

News and events — You can check out industry news from our most
recent issue, then plan your conference and trade show schedule with our
extensive calendar of events.

Subscription form — Sign up for a new subscription or enter your renew-
al quickly and easily.

Author information — Want to write an article? Our web site has our
policies and procedures.

Complete advertising information — Our entire Advertising Guide is on
our web site. A prospective advertiser can conveniently review our editori-
al calendar, reader statistics and advertising options.

Of course, some of the above features have been in place for more than
two years. And, there are more improvements and new features in the
works as we further develop our web site. Among the new features we are
preparing are selected links to other sites with technical resources for our
readers and a convenient way to obtain new product information.

Our web site is meant to be entirely service-oriented. We think you’ll
agree that it adds value to our magazine beyond its printed pages. B




Situation: You need microwave test accessories ASAP.

HP switches and attenuators offer 0.03 dB repeatability over 5 million cycles and are available through
QuickShip. HP amplifiers offer ultrabroad bandwidih from 10 MHz to 50 GHz, which simplifies test set-up.

Call 1-800-452-4844 No matter what accessory you need to
. complete your test system, HP DIRECT is an easier way to get it.
Option 2 plotey 4 vtog

With a simple phone call, you can choose from more than 800 accessories
—from switches to amplifiers to attenuators and more, including the NEW HP
87222C transfer switch. All offer lower cost of ownership by providing
superior performance over millions of cycles, and our QuickShip program puts
them in your hands fast. We can even connect you to an HP engineer who can
answer technical questions you have.

So the next time you consider “borrowing” HP DIRECT

an accessory, try a faster plan of attack: 1-800-452-4844 " Ext. 6351
pick up the phone. ’

Visa

www.hp.com/go/mta

(ﬁﬂ HEWLETT®

PACKARD

©1999 Hewlett-Packard Co. TMSRSD901F/AMW
¥In Canada call 1-877-894-4414, Ext. 6351
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Letters

Mixer transformers can be baluns

Editor:

I read the July 1999 issue and
found the article on page 80 to be
somewhat misleading to your read-
ers. I'd like to present my views on
the subject to help expand on the
topic.

The article is titled “Under-
standing Transformer Operation in
Double-Balanced Mixers,” by Jerry
Sevick. In it, the author states that,
while both T1 and T2 are commonly
called baluns in this application,
they are not baluns. I'd like to point
out this interpretation is true for the
narrow viewpoint his article pre-
sents, but a double-balanced mixer
is a very versatile device, able to be
used in many capacities besides its
well-known use as a downconverter.
It can, for example, be used equally
well as a bi-phase modulator.

In this alternative application,

the IF port is used to input the diode
bias signal (a function wusually
assigned to the signal at the LO
port). Operated in this manner, the
diodes that simultaneously conduct
are either the D1/D3 pair or the
D2/D4 pair. One can quickly see that
this either connects the back-to-
back pair of baluns in-phase (D1/D3
biased on), or directly out-of-phase
(D2/D4 biased on). T1 and T2 are
hence operating exactly as transmis-
sion line baluns.

Thanks for your attention, and
for an excellent publication.

Jim Luschen
REMEC, Inc.

A further clarification is that true
transmission line balun operation is
limited to the IF connection to the
diodes. Signals at the other two ports
are coupled by conventional trans-
former action — Editor.

INFO. SOURCE

Circle 32
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A reminder that diodes are hoth
linear and nonlinear

Editor:

I sure have enjoyed your maga-
zine over the past years, and espe-
cially appreciate the good review of
basics.

In the brief article on page 80 of
July 1999, the statement “... due to
the diodes’ nonlinearity” reminded
me that this aspect of diode modula-
tors/demodulators is often greatly
misunderstood. A prevalent misun-
derstanding is that the “nonlineari-
ty” is that of the diode’s forward
characteristics, which couldn’t be
farther from the truth! It is the for-
ward vs. reverse conduction which
makes up the nonlinearity in these
circuits. Even a simple diode detec-
tor is linear due to R;>>R 4,4, in
the standard detector.

Franklin Swan

Mr. Swan is correct, and we
should note that he was not accusing
the author of making this mistake,
Just taking a cue from his seemingly
simple statement. The issue of diode
nonlinearity in the on/off transition
region has been covered very well in
the literature, yet it was not until
around 1985 that its effect in mixers
was widely discussed. An example of
that discussion was the suggested
use of square-wave LO signals to
minimize the time that the diode
operates in its nonlinear on/off tran-
sttion region, thus maximizing
mixer linearity. — Editor

Letters should be addressed to:

Editor
Applied Microwave & Wireless
4772 Stone Drive
Tucker, Ga 30084
Fax: 770-939-0157
E-mail: amw(@amwireless.com

Letters published may be edited
for length and clarity.




Stellex MicroYIG™

The MicroYIG™ is designed
for applications where small
size and cost combine with low
phase-noise demands. An ideal
replacement for DROs.

« Very low cost (as low as $99 in 10K
quantities for board mount config.)

* Low phase noise performance

-9508c @ 10kHz
-125d8c @ 100kHz

+ Small package (footprint is smaller
than a dime. T0-8 style)

* Through-hole board mount or SMA
connectorized configuration

* Heaterless design

 +50MHz tuning range from 2-10 GHz
with permanent magnet construction

Typical MicroYIG Phase Noise

10 GHz

110
120
) W

FREQUENCY OFFSET 100K

$SB PHASE NOISE -dBc/Hz

MicroYIGs
and MiniYIGs

Designed to Shrink

Your System Cost

Stellex is committed to providing
competitive low-cost, high quality
commercial YIG oscillatiors for LMDS,
VSAT, digital radio, test equipment
and any other application where low
phase noise is critical. Low cost is
achieved through extensive assembly
automation and the use of molded
metal cases. Stellex has invested in
state-of-the-art Metal Injection
Molding (MIM) technology to dramat-
ically reduce cost over traditionally
machined packages. This in-house
capability yields low-cost, high
quality products unmatched in

the industry.

For more information, call our
800 number, or fax us at
650-813-2525.

P tellex

MICROWAVE SYSTEMS
www.stellexms.com

CALL 1-800-321-8075

Stellex MiniYIG

The MiniYig excells where
low phase-noise, broad tuning
range, and low tuning power
consumption are required.

* Low cost (as low as $225 in 5K
quantities)

 Low Noise Perfarmance:
-95d6c @ 10kHz
-12008c @ 100kHz

* Tunable to +1GHz from 2-14 GHz
(permanent magnet configuration)

* Also available in multi-octave tuning
range (electromagnet tuned)

« Standard 1" X 1" footprint
« SMA Connectorized
* Heaterless design

Typical MiniYIG Phase Noise

-100

120

$5B PHASE NOISE -dBc/Hz

10 GHz

135 T T T T
10K 100K
FREQUENCY OFFSET

Stellex Microwave Systems, Inc. » 3333 Hillview Avenue, Palo Alto, CA 94304-1223 « email: sales@stellexms.com
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Calendar

CONFERENCES

September 8-10, 1999
ART 99 — Second Annual International Symposium on
Advanced Radio Technologies

Boulder, CO

Information: Dr. John Lemmon

Tel: (303) 497-3414; Fax: (303) 497-3680

E-mail: jlemmon(ntia.its.bldrdoc.gov

September 15-17, 1999
1999 Antenna Applications Symposium
Monticello, 1L
Information: Ann Wilson
Tel: (413) 545-0779
Fax: (413) 545-4652
E-mail: awilson@ecs.umass.edu

September 20-21, 1999
1999 CDMA Technology Conference
New Orleans, LA
Information: WIT
Tel: (210) 344-6660
Fax: (708) 570-3825
E-mail: witmail@bigfoot.com
Internet: http://www.bigfoot.com/~witmail

September 21-24, 1999

PCS ’99 — Personal Communications Showcase
New Orleans, LA
Information: Registration
Tel: (800) 759-0300 (U.S., Canada); (703) 739-0300
Fax: (708) 344-4444
Internet: http:/www.pcs99.com

September 22-27, 1999
WCNC "99 — IEEE Wireless Communications and
Networking Conference

New Orleans, LA

Information: WCNC 99

E-mail: wene99@comsoc.org

Internet: http://www.comsoc.org/confs/wene/99

OCTOBER

October 4-8, 1999
European Microwave Week — European Wireless ’99,
European Microwave Conference and GAAS99
Munich, Germany
Information: Nicola Jedrej
Tel: +44 171 861 6391
Fax: +44 171 861 6251
E-mail: eumw@unmf.com
Internet: http://www.eumw.com

14 - APPLIED MICROWAVE & WIRELESS

October 11-13, 1999
ICECOM 99 — 15th International Conference on
Applied Electromagnetics and Communications
Dubrovnik, Croatia
Information: Mrs. Nena Stambuk-Borsic
Tel: +385 1 612 9 869
Fax: +3851 612 9 870
E-mail: korema@fer.hr
Internet: http:/www.rasip.fer.hr/korema

October 13-15, 1999
TELSIKS '99 — 4th International Conference on
Telecommunications in Modern Satellite, Cable and
Broadcasting Services
Nis, Yugoslavia
Information: Dr. Bratislav Milovanovic
Tel: +381 18 529 320; Fax: +381 18 46 180
E-mail: telsiks@elfak.ni.ac.yu
Internet: http://www.telsiks.org.yu

October 17-20, 1999

1999 IEEE GaAs IC Symposium
Monterey, CA
Information: Brad Nelson
Tel: (650) 852-6843; Fax: (650) 852-7128
E-mail: nelson.brad@ssd.loral.com
Internet: http://www.gaasic.org/

October 29, 1999

1st European Workshop on Conformal Antennas
Karlsruhe, Germany
Information: Mrs. Lehmann
Tel: + 49 721 608 6262; Fax: + 49 721 691865
E-mail: wea@ihesamoa.etec.uni-karlsruhe.de
Internet: http://ww-ihe.etec.uni-karlsruhe.de/
weca_index.html

NOVEMBER-DECEMBER

November 15-17, 1999
MOMUC 99 — 6th IEEE International Workshop on
MobileMultimedia Communications
San Diego, CA
Information: MOMUC ’99
Tel: (212) 854-3109
E-mail: campbell@comnet.columbia.edu
Internet: http://cwe.ucsd.edu/momuc99

December 13-17, 1999
ISRAMT °99 — 7th International Symposium on Recent
Advances in Microwave Technology

Malaga, Spain

Information: Banmali Rawat

Tel: (702) 784-6927; Fax: (702) 784-6627

E-mail: rawat(@ee.unr.edu

Internet: http:// www.isramt99.ic.uma.es/



ENVIROFLEX"...

The new green cable.

The world of RG cables has changed

forever. The European Community

already demands low-smoke, zero
halogen emission cable; similar
North American mandates won't
be far behind. ENVIROFLEX
coaxial cable from
Huber+Suhner is available
now for your next
telecommunications
installation.

Since they are
fully compatible
with all the
popular connector
types, you can
quickly switch to the
halogen-free alternative...

ENVIROFLEX.

This environmentally friendly
cable is also more flexible and

even costs less than teflon cable!
Don't settle for yesterday's cable
technology! This blue and black cable

is truly “green”.

Visit our web site for complete
information.

Cable and Assemblies
You Can Count On

@ HUBER:SUHNER

U.S.A. 802-878-0555 www.hubersuhnerinc.com
Canada 613-271-9771 www.hubersuhner.ca
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Calendar

SHORT COURSES

University of Missouri-Rolla
Grounding & Shielding Electronic Systems — How to
Diagnose and Solve Electrical Noise Problems

Detrott, MI . ........... September 13-14, 1999

Denver, CO . ........... September 21-22, 1999

Austin, TX ............ November 3-4, 1999

Houston, TX ........... November 8-9, 1999
Circuit Board Layout to Reduce Noise Emission and
Susceptibility

Denver, CO . ........... September 23, 1999

Austin, TX ............ November 5, 1999

Houston, TX ........... November 10, 1999
Information: Buddy Poe, Tel: (573) 341-6061; Fax: (573)
341-4992; E-mail: buddyp@umr.edu; Internet:
http://www.umr.edu/~conted/ee.html
RTT Programmes Limited
Digital Cordless Design

Burnham, UK . ......... September 13-15, 1999
Digital Cellular Design

Burnham, UK .. ........ September 20-22, 1999
RF Power Amplifier Design

Burnham, UK . ......... October 11-13, 1999
RF Oscillator Design

Burnham, UK . ......... October 18-20, 1999
Rx/Tx RF/IF Processing

Burnham, UK . ......... November 1-3, 1999
RF System Engineering

Burnham, UK . ......... November 15-17, 1999
3G Technology

Burnham, UK . ......... November 22-24, 1999

Information: Lorraine Gannon, Tel: +44 181 844 1811,
Fax: +44 181 751 2616; E-mail: seminars@rttsys.com;
Internet: http://www.rttsys.com

The George Washington University Continuing
Engineering Education Program
Spread Spectrum Communications Systems:
Commercial and Government

Washington, DC .. ... ... September 13-17, 1999
Satellite Communications Systems Planning, Design
and Operation at C and Ku Bands

Washington, DC .. ... ... September 14-17, 1999
Microwave Radio Systems

Washington, DC .. ... ... September 20-22, 1999
Fundamentals of Video Technology for Communications
and Broadcasting

Washington, DC ... ..... September 27-30, 1999
Satellite and Wireless Telecommunications: Strategic
Planning Issues

Washington, DC ... ... .. October 4-7, 1999
Digital Cellular and PCS Communications: The Radio
Interface

Washington, DC . ... .... October 4-8, 1999

16 - APPLIED MICROWAVE & WIRELESS

Analyzing Communications Systems Performance

Washington, DC .. ... ... October 4-7, 1999
Satellite Network Planning Essentials

Washington, DC ... ... .. October 18-20, 1999
Mobile Wireless Telephony

Washington, DC .. ... ... October 25-29, 1999
Communications Satellite Systems: The Earth Station
Practical Approach to Implementation

Washington, DC .. ... ... October 26-29, 1999
Satellite Communications Engineering Principles

Washington, DC .. ... ... October 26-29, 1999
Interoperability in Military Tactical Communications
Using MIL-STD-188-220 and VMF

Washington, DC ... ... .. November 1-3, 1999
Global Positioning System: Principles and Applications

Washington, DC ... ... .. November 2-5, 1999
Wireless Telecommunications: An Introduction

Washington, DC ... ... .. November 15-17, 1999
Multiple Access Techniques for Wireless
Communications Systems

Washington, DC ... ... .. November 15-17, 1999
Modern Receiver Design

Washington, DC .. ... ... November 15-19, 1999
Digital Television

Washington, DC ... ... .. November 17-19, 1999
Information: The George Washington University
Continuing Engineering Education Program, Tel: (800)
424-9773; Fax: (202) 872-0645; E-mail: ceepinfo(
ceep.gwu.edu.

Besser Associates
Mixed-Mode and Four-Port S-Parameters: Theory,
Measurement and Applications

Boston, MA .. .......... September 14, 1999
High-Efficiency Power Amplifiers

Boston, MA . ........... September 13-15, 1999

Mountain View, CA...... November 1-3, 1999
Wireless Digital Communication

Boston, MA ... ......... September 13-15, 1999
Applied RF Techniques 1

Boston, MA . ........... September 13-17, 1999

Mountain View, CA. ... .. October 25-29, 1999
RF and Wireless Made Simple

Boston, MA . ........... September 16-17, 1999

Mountain View, CA...... October 14-15, 1999
Frequency Synthesis and PLL Design

Boston, MA .. .......... September 16-17, 1999
Signal Integrity of High-Speed Digital Design

Mountain View, CA. ... .. Sept. 30-Oct. 1, 1999

Companies, organizations and institutions may sub-
mit information for our Conference and Short Courses
Calendar to: Shannon O’Connor, Managing Editor,
Applied Microwave & Wireless, 4772 Stone Drive,
Tucker, GA; Fax: 770-939-0157; E-mail: amw@
amwireless.com




HP ESG-DP Series RF Signal Generators

Being an engineer isn’t just something you do, it’s
who you are. As such, it demands your complete

focus. And the last thing you need is the distraction

of test equipment that won’t do what you need it to.

OUR CDMA SIGNAL GENERATORS
ARE MADE FOR ENGINEERS WHO
NEVER STOP BEING ENGINEERS.

So we set out to ask R&D engineers what

they need when it comes to testing CDMA

base station and mobile components.

What we found was traditional signal generators
don’t simulate realistic CDMA signals. So we
designed our ESG digital signal generators to
provide internally generated, statistically correct,
multichannel CDMA signals to qualify components
under realistic worst-case conditions. In addition,

both CDMA and TDMA formats

are supported —in one box— |_ntr0ducing
high spectral
up to 4 GHz. purity models

Because an uncooperative Robby
the Robot is one thing. But an uncooperative signal

generator is completely unacceptable.

For a free application note, “ Testing CDMA Base Station
Amplifiers,” call HP DIRECT at 1-800-452-4844
Ext. 5865, or visit our Web site:

www.hp.com/go/esg

©1999 Hewlett-Packard Co. TMMID822/AMW
*In Canada call, 1-877-894-4414, Ext. 5865

(D vy

Circle 20



Calendar

RFIC Techniques for Wireless Applications
Mountain View, CA...... October 6-8, 1999
RF Wireless System Design Fundamentals

Dallas, TX ............ October 18-20, 1999
Behavioral Modeling

Dallas, TX ............ October 18-20, 1999
DSP Made Simple for Engineers

Dallas, TX ............ October 18-20, 1999

Mountain View, CA . .. ... December 6-8, 1999
Multitone Amplifier Design

Dallas, TX ............ October 21-22, 1999

RF Circuit Design Using EM Field Simulators

Dallas, TX ............ October 21-22, 1999
RF Test Equipment Operation (laboratory course)

Mountain View, CA . ..... November 3, 1999
RF Testing for the Wireless Age (laboratory course)

Mountain View, CA ... ... November 4-5, 1999
RF Transceiver Design

Mountain View, CA . . . ... November 8-11, 1999
Short-Range Wireless Communications

Mountain View, CA . . .. .. November 15-16, 1999

Information: Annie Wong, Tel: (415) 949-3300; Fax:
(415) 949-4400; E-mail: info(@bessercourse.com; Inter-
net: http://www.bessercourse.com/

University of California at Los Angeles Extension
Advanced Digital Communications: The Search for
Efficient Signal Methods

Los Angeles, CA ........ September 22-24, 1999
Digital Signal Processing Applications in Wireless
Communications

Los Angeles, CA ... ..... Sept. 29-Oct. 1, 1999
Integrated Circuit Design for Wireless Tranceivers

Los Angeles, CA ... ..... October 19-22, 1999
Charge-Coupled Devices, Cameras and Applications

Los Angeles, CA . ....... October 25-29, 1999
MEMS for Optical and RF Applications

Los Angeles, CA ........ November 1-3, 1999
Information: UCLA Extension, Short Course Program
Office, Tel: (310) 825-3344; Fax: (310) 206-2815.

University of Wisconsin at Milwaukee
Testing Surface Mount Technology: Practical Bareboard
Vision and In-Circuit Strategies
Milwaukee, WI . ... ... .. September 22-24, 1999
SMT Implementation: New and Emerging Technologies
Milwaukee, WI ... ...... September 27-29, 1999
Introduction to EM Compatibility Design Practices
Northbrook, IL . ........ October 7-8, 1999

Besser
Associates

For information, contact:
Besser Associates

201 San Antonio Circle
Building E, Suite 280
Tel: 650-949-3300

Fax: 650-949-4400
www.bessercourse.com

Copyright ©1999 B
Al

"The best-known tutorial on wireless technology

and applications is now available on a CD-ROM"
—Jack Browne, Microwaves and RF Magazine

*Pentium-90 running Windows 3.1 or better with 16-bit SVGA display, 4x CD-ROM,
16-meg RAM, Quicktime (on CD), 1Mb+ HD space. Sound card recommended.

The only compact, comprehensive
introduction to RF and wireless
technology. For the first time ever, it's
genuinely simple to bridge the
knowledge gap between the technical
and non-technical professionals in the
RF and wireless industry.

The RF and Wireless Made Simple
computerbased training on CD-ROM,
accessible to anyone with a Pentium
PC*, includes eight separate topics
covered by a learning tool, reference
tool, and administration tool, replete
with pre-tests, post-tests, cross-
referenced definitions, and the capability
to track progress for multiple students.

Demonstration available online at:
http://www.bessercourse.com/cbt.html.

Contact us for pricing at 650-949-3300.
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WHEN YOU NEED YOUR CABLE ASSEMBLIES
RIGHT AND RIGHT NOW, CALL THE LEADER.

To be more efficient and more competitive, call a company that's more efficient
and competitive. Dynawave. For over ten years, we've been designing and manu-
facturing low cost, superior quality cable assemblies, delay lines, and harnesses for
the wireless and military markets. Our on-demand and just-in-time delivery systems
can satisfy the most stringent procurement requirements. And - BF & MICROWAVE
we can deliver prototypes, short runs, and high volume produc- :
tion with the same efficiency.

For high quality flexible, semi-rigid, delay lines, phase matched,
and harnesses when you need them, call us today. Or send for
a free brochure. Either way, it's time to switch to Dynawave.

duynawaue

INCORPORATED

®

135 Ward Hill Ave., PO. Box 8224, Haverhill, MA 01835 U.S.A.
Tel: 978-469-0555 / Fax: 978-521-4589 / E-mail: connect@dynawave.com / Website: www.dynawave.com
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Calendar

Design Techniques for Controlling Radiated Emissions
Northbrook, IL . ........ October 11-12, 1999
Information: Mark Schmidt, Program Assistant, Tel:
(888) b545-4700; Fax: (888) 545-4600; E-mail:
dschmidt@uwm.edu; Internet: www.uwm.edu/dept/ccee

University of California at Berkeley Extension
Phase-Locked Loop (PLL) Systems

San Francisco, CA ... ... October 14-16, 1999
Design of Analog Integrated Circuits for Mixed-Signal
Integrated Systems

San Francisco, CA ...... October 28-30, 1999
Information: Continuing Education, Tel: (510) 642-
4151; Fax: (510) 642-6027; E-mail: course@unx.berke-
ley.edu; Internet: http://www.unex.berkeley.edu/enroll

Henry Ott Consultants
Electromagnetic Compatibility Engineering

Palo Alto, CA ... ....... October 25-27, 1999
Information: Henry Ott Consultants, Tel: (973) 992-
1793; Fax: (973) 533-1442.

Georgia Institute of Technology
RF and Wireless Engineering

Atlanta, GA . .......... October 25-29, 1999
Information: Georgia Tech Distance Learning, Tel:
(404) 894-2547; Fax: (404) 894-7398; E-mail: conted@
gatech.edu; Internet: http://www.conted.gatech.edu/

R.A. Wood Associates
Introductory RF and Microwaves

Niagra Falls, NY ....... October 4-5, 1999
RF Power Amplifiers, Class A through S: How They
Operate and When To Use Each

Niagra Falls, NY ....... October 4-5, 1999
RF and Microwave Receiver Design

Niagra Falls, NY ....... October 6-8, 1999
Phase Lock Loops and Frequency Synthesis for Wireless
Engineers

Niagra Falls, NY ....... October 7-8, 1999
Contact R.A Wood Associates, Tel: (315) 735-4217; Fax:
(315) 735-4328; E-mail: RAWood@ rawood. com;
Internet: http://www.rawood.com

CALLS FOR PAPERS

IEEE International Radar Conference

May 7-12, 2000 — Washington, DC

Topics: Ground penetrating radar, traffic monitoring
and control, automotive radar, synthetic vision, weather
radar, industrial applications, airport surveillance,
remote sensing, active aperture systems, ultra-wide-
band radar, interferometric SAR, photonics, submillime-
ter wave, foliage penetration SAR, polarimetric radar,
bistatic radar, wideband digital exciter/receivers,
advanced signal processors, moving target detection,
false alarm mitigation, resource management, process-
ing algorithms, digital beam forming, space-time adap-
tive processing, automatic/aided target recognition, sim-
ulations, clutter measurements.

Submit a 2,000- to 3,000-word draft including exam-
ples of dates and illustrations to be presented. The draft
should be typed, double-spaced, and the cover page
should include title, names of authors, contact person,
address, telephone and fax numbers, e-mail address and
organizational affiliation. Preferred submission format
is by e-mail attachment in Microsoft Word format.

Send one copy to:

RADAR 2000

Attention: Clay Stewart, Program Co-Chairman

SAIC

4001 North Fairfax Drive

Arlington, VA 22203

Tel: (703) 276-3118

Fax: (703) 522-6006

E-mail: Clayton.Stewart(@cpmx.saic.com
Deadline: September 15, 1999
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IEEE International Conference on Phased Array
Systems and Technology

May 20-26, 2000 — Dana Point, CA

Topics: Conventional phased arrays, active (MMIC)
arrays, adaptive arrays, multi-beam arrays, smart
antennas, digital beam-forming, neural-network beam-
forming, optical beam-forming and signal distribution,
limited-field-of-view arrays, array-element enhance-
ment, array measurement and calibration, element fail-
ure detection/correction, array error/accuracy analysis,
synthetic-aperture arrays, beam-scanning reflector feed
arrays, high-power transmit and low-noise receive
arrays, low-mass/compact/deployable arrays, time/
power/scan management and scheduling, system design,
tradeoffs, optimization, analysis, applications including
ERIEYE, iridium, THADD, THURAYA, Globalstar,
COBRA, Teledesic, Phalcon, ACTS, SIR-C, wireless
communications.

Authors should submit a camera-ready manuscript of
a four-page paper, along with a cover letter containing
the topic area, complete contact information, and any
audio-visual requirements for presentation. Send to:

Dr. Michael Thorburn

The Aerospace Corporation

PO. Box 92957, M1/135

Los Angeles, CA 90009-2957

Tel: (310) 336-2197

Fax: (310) 336-6225

E-mail: m.a.thorburn@ieee.org

Internet: http://www.ieeeaps.org/ISPAST00
Deadlines: December 5, 1999 (electronic)

December 15, 1999 (regular mail)



Now in Production
ckaged pPHEMTs!

Product Features:
Noise Figure: 0.5 dB @ 1800 MHz* |
Gain: 15dB @ 1800 MHz |
P 29 dBm @ 1800 MHz |
IP3: 46 dBm

Filtronic Solid State is now in production with Low Noise and High Dynamic Range
low-cost SOT-89 packaged pHEMTSs. Filtronic Solid State is offering Millennium-leading
technology for the year 2000 and beyond for Base Station, Wireless Local Loop, and
W-CDMA applications from 500 MHz to 4 GHz.

If this isn’t surprising enough, call (800) 737-6937 and ask about our volume pricing
available through Richardson Electronics Distribution, in quantities up to 10,000 each.

Model Number | Noise Figure Gain P.4s IP3

LP750S0T89 0.7 dB* 14 dB 24 dBm 40 dBm
LP1500S0T89 0.5 dB* 16 dB 27 dBm 44 dBm
LP3000SOT89 0.5 dB* 15dB 29 dBm 46 dBm

*with optimum Noise Figure biasing
Base Stations

Wireless Local Loop “W-CDMA/IMT 2000

{3\ FILTRONIC
SOLID STATE

3251 Olcott Street, Santa Clara, CA 95054-3095 / (408) 988-1845 / FAX (408) 970-9950
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fast, easy, affordable

EAGLEWNARE

RF and Microwave Design Software
tel: 770.939.0156 | fax: 770.939.0157
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News

BRIEFS

* Piezo Technology Inc., a frequency |
control manufacturer based in Orlando,
FL, now provides technical data on its
high precision products through its web

site, www. piezotech.com.
* DuPont Microcircuit Materials,

based in Research Triangle Park, NC,

has added a new page to its web site

offering information on the company’s

thick film and Green Tape™ Low

Temperature Co-fired Ceramic (LTCC)

materials. The new page is located at
www. dupont.com/mem/autosol.html.
e SUSS MicroTec AG, based in

Munich, Germany, has opened a new

training center in Bangkok, Thailand, to

provide training and support to cus-
tomers in Asia.

* Anadigics, based in Warren, N4, has

started operations at its new 6-inch

GaAs analog fab facility, providing both
GaAs MESFET and PHEMT processing.

* Marlboro, NJ-based Celwave, a
division of Radio Frequency Systems
Inc., has begun base station antenna
production at a new facility in Embu,
Brazil, a suburb of Sao Paulo.

IEEE broadband access group
completes initial meeting

Charter details and an inital vot-
ing membership were among the
primary topics of discussion at
Session #1 of the new IEEE 802.16
Working Group on Broadband
Wireless Access Standards.

The session was held July 6-8 in
Montreal, Quebec, Canada, with 130
in attendance. Initial voting mem-
bership was established at 106, and
two ad hoc committees were
appointed to cover IF interface and
patent procedures.

During the session, the group’s
charter was defined as “to develop
standards and recommended prac-
tices to support the development
and deployment of fixed broadband
wireless access systems.” The group
also approved a project authoriza-
tion request to formally establish an
IEEE standards project titled
“Coexistence of Broadband Wireless
Access Systems.”
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Report: Digital broadcast services to continue fast growth

A new report from Allied Business Intelligence predicts that the
worldwide market for digital broadcast services, including digital tele-

vision, will have a 43 percent compound annual growth rate from 1999

through 2005. Growth will be driven by the convergence of computers
with television, the report says.

The report estimates that global penetration of digital televisions

per household with
television service will

Worldwide Digital TV Household Penetration

grow from 2.5 per- | 1999-2005

cent at the end of 25 ;

1999 to about 21 per- |8 20

cent by the end of | & 15

2005. Global digital | &

TV and set-top box | 2 10

sales are expected to | 5 -

rise sharply by 2003, | & |

sparking a  sharp 9 00 0L 02 03 04 05
annual growth rate o Vous

of 121 percent for

digital terrestrial services. The report predicts that 15 percent of all

new television set sales in 2005 will be digital televisions.
In the US, the current penetration rate of 16 percent for digital ser-

 vices for all television households stems primarily from DBS sub-
scribers. The report forecasts that the total US digital services pene-
tration rate will climb to 60 percent by 2005.
Ninety-two percent of all digital subscribers are now located in
North America and Europe, led by the US and UK.

A System Requirements docu-
ment received extensive debate at
the session, with the System
Requirements Task Force approving
the meeting’s output as a working
document. The task force planned to
further develop the document at its
August meeting.

The group’s next meeting is
scheduled for September 13-17.

Ceramic “roadmap” from IMAPS
outlines industry future

The  Ceramic  Interconnect
Initiative (CII) of the International
Microelectronics and Packaging
Society (IMAPS) has developed a 10-
year ceramic industry "roadmap," a
document that describes how ceram-
ic technology can benefit a variety of
electronic packaging and intercon-
nect appliances.

The roadmap analyzes the cur-
rent state of the industry and fore-
casts future requirements. It is
intended as a reference document

detailing the competitive advan-
tages of ceramic technologies and
their potential uses in microelec-
tronics applications.

Copies of the document are avail-
able online from both the National
Electronics Manufacturing Initia-
tive, at www.nemi.org, and the IPC,
at www.ipc.org.

Anadigics, GCS to develop
HBT wafer production

Anadigics Inc. and Global
Communications Semiconductors
Inc. (GCS) have teamed to develop
internal heterojunction bipolar
transistor (HBT) capabilities.

Under the agreement, GCS will
provide Anadigics with 4-inch GaAs
HBT fully processed wafers. All
products developed will be designed
and tested at the Anadigics facility
in Warren, NdJ.

Anadigics manufactures RFICs
for the broadband and wireless com-
munications markets.



Introducing a new series of Low Noise
and High Dynamic Range FETs

FH1
For wireless
applications

to 3GHz

FHF1
For wireless
applications
above 3GHz

Cutting-edge performance at

an amazingly low price

v

AN NN

DC-6GHz

IP3 up to 45dBm

Noise Figure Down to 1.5dB
Low Cost SOT-89 Package
Proven WJ Quality and Reliability

W]J's new series of FETs combines low noise, high dynamic
range, and up to 20 dB of gain.Call our toll free number, fax us
at 650-813-2447 or e-mail us at wireless.info@wj.com to request
data sheets and a complete catalog.

The Wirelesﬂs Edge’“‘ 1'800'WJ1'ZI-401

Distributed In U.S.A. by Microwave Components: 800-282-4771; Nu Horizons Electronics: 888-747-6846; Richardson Electronics: 800-348-5580.
In Europe call WJ: +44-1252-661761 or your local Richardson Electronics Office: France: (01) 55 66 00 30; Germany: (089) 800 21 31: Italy: (055) 42010 30 UK: (017583) 733010;
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News

BUSINESS AND FINANCE

HP unveils new Agilent Technologies brand identity

Hewlett-Packard has launched a new technology company, Agilent
Technologies, which will incorporate HP’s Test and Measurement,
Chemical Analysis, Healthcare Solutions and Semiconductor Products
groups. The new company will be headquartered in Palo Alto, CA.

Agilient Technologies offerings will include test systems for semicon-
ductors and electronic printed-circuit boards; communications network
infrastructure products and services; test and measurement instrumenta-
tion; analytical instrument systems for chemical analysis; clinical mea-
surement and diagnostic products and services; and semiconductor com-
ponents, modules and assemblies for communications.

Hewlett-Packard, based in Palo Alto, will continue to provide computing
and imaging solutions under the Hewlett-Packard brand name.

Motorola awarded contracts for GSM networks

Motorola Inc’s Network Solutions Sector (NSS) has been awarded two
new contracts worth more than $57 million to provide GSM network
improvements in both Germany and Oman.

Under a $47 million agreement with German network operator T-Mobil,
Motorola NSS will upgrade and enhance the company’s T-D1 GSM mobile
communications network, enabling the introduction of high-peed data
applications over General Packet Radio Service (GPRS). In addition,
Motorola NSS will upgrade T-Mobil's existing countrywide mobile data
network, doubling its capacity to handle growing demand.

Under a separate $10.5 million contract from Oman's Ministry of Posts,
Telegraphs and Telephones General Telecommunications Organization
(GTO), Motorola NSS will deploy GSM infrastructure to provide extra
capacity and enhance coverage in the Batinah Coast area of Oman.

Motorola, based in Schaumburg, IL, provides semiconductors, electron-
ics systems and components.

ProTek acquires wafer fab facility

ProTek Devices of Tempe, AZ, has announced the acquisition of Silica
Tek, a wafer fab facility also located in Tempe. Terms of the transaction
were not disclosed.

ProTek manufactures silicon Transient Voltage Suppression (TVS)
products. Silica Tek can process 4-, 6-, 8- and 12-inch silicon wafers, and
will be used primarily for new products currently under development at
ProTek. The facility also has complete thin film capability.

Srico awarded contract for modulator component

Columbus, OH-based Srico Inc. has won a $100,000 contract from the
U.S. Air Force to develop a unique optical chip-based modulator component
that will reduce the noise figure of high frequency communications sys-
tems to almost 0 dB.

Srico manufactures optical modulators, sensors and fiber optic links for
communications systems and test and measurement equipment.

Catapult announces 3G test product order

Catapult Communications has received an order for a third generation
wireless protocol test product from Fujitsu Ltd. of Tokyo, Japan, a provider
of information technology and network solutions.

Catapult, based in Mountain View, CA, provides software-based test sys-
tems for telecommunications.

28 - APPLIED MICROWAVE & WIRELESS

Nokia, Protection One Mobile
to develop "smart car" services

Nokia and Protection One Mobile
Services Group have entered into an
agreement to jointly develop wire-
less-based emergency, navigational
and information products and ser-
vices for both the automotive indus-
try and consumers.

The “smart car” telematics
industry allows car manufacturers
to provide consumer safety, security
and information services, as well as
voice communications. Automatic
and manual emergency calls, road-
side assistance, traffic information
and route guidance are some of the
services that can be offered.

Wireless-based telematics ser-
vices can offer advantages over
other options because of the existing
wireless network infrastructure,
lower car terminal costs and real-
time location-specific information.

Nokia, based in Helsinki,
Finland, supplies mobile phones,
mobile, fixed and IP networks and
related services. Protection One
Mobile Services Group, headquar-
tered in Irving, TX, is a division of
Protection One of Culver City, CA,
and provides technology and
response for the delivery of emer-
gency, navigation and information
services in mobile applications.

Companies preview
new E911 technology

Six wireless industry companies
have unveiled a new network-based
technology that makes it possible to
pinpoint the origin of emergency
calls made by wireless users.

The new technology, called
Enhanced 911 Phase II, works by
allowing local authorities to home in
on the signal emitted by the wire-
less phone iteself. No user interven-
tion is required, and the system
works regardless of the wireless
provider and handset used. Because
it is network-based, the new system
also represents a significant
advance over emerging handset-
based technologies that require
wireless subscribers to install a spe-
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News

BUSINESS AND FINANCE

Bowthorpe adds DLS Testworks

Bowthorpe plc has announced the puchase of the xDSL simulator divi-
sion of Consultronics Limited. The transaction is valued at $25 million.

The new division will be restructured as a separate company, DLS
Testworks, within the Bowthorpe Telecoms Group. Other companies in the
group include Telecom Analysis Systems Inc. of Eatontown, NdJ, and Global
Simulation Systems inc. of Paignton Devon, England.

Bowthorpe, based in Sussex, Engalnd, supplies advanced test instru-
ments and systems for telecommunications testing. DLS Testworks, locat-
ed in Ottawa, Ontario, Canada, develops xDSL test solutions.

Berkeley Varitronics receives Motorola contract

Berkeley Varitronics Systems Inc. has been awarded a contract by
Motorola to provide CDMA test transmitters that will be used to aid in
CDMA system build-out in Buenos Aires, Argentina.

Berkeley Varitronics is based in Metuchen, NJ.

MCE adds DML to company holdings

MCE Companies Inc., based in Ann Arbor, MI, has announced the acqui-
sition of DML Microwave Ltd., formerly Densitron Microwave Ltd., of
Essex, England. Terms of the transaction were not disclosed.

DML, a supplier of ferrite isolators, circulators, solid state low noise and
power amplifiers, will be restructured as a wholly-owned subsidiary of
MCE. Other MCE companies include Inmet Corporation, KDI/Triangle
Corporation, Metelics Corporation and Weinschel Corporation.

Zetron acquires Helper Instruments
Zetron Inc. of Redmond, WA, has announced the acquisition of a major-
ity share of Helper Instruments, a manufacturer of test instruments for
the wireless industry. The transaction included rights to the Helper
Instruments name and brand name rights to the company’s products.
Helper Instruments will operate as a division of Zetron, with products
being manufactured as Zetron’s headquarters facility.

Link forms Advanced Microtek subsidiary

Link Microtek Ltd. of Basingstoke, England, has created a new wholly-
owned subsidiary, Advanced Microtek Ltd., to manufacture waveguide
components for military and commercial applications.

Link Microtek is a specialty supplier of RF and microwave components.

Ericsson forms unit for wireless internet services
Ericsson has announced the formation of Ericsson Wireless Internet
Solutions, a new business unit targeting wireless data communications.
The new unit, based in Research Triangle Park, NC, will develop wireless
Internet solutions for cellular operators, service providers and enterprises.
Ericsson, based in Stockholm, Sweden, provides communications prod-
ucts and services worldwide.

ITT combines Roanoake operations

ITT GaAsTEK has announced the merger of its operations with the ITT
Microelectronics Center (MEC), a fully automated module manufacturer.
Both companies are located in Roanoke, VA.

ITT GaAsTEK provides GaAs products and services. ITT MEC produces
commercial, military and space-qualified modules.
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cial device in their phone in order to
help police track their location.

The system also uses traditional
Public Safety Answering Point
(PSAP) equipment and technology
and requires the addition of only
limited equipment by the 911-dis-
patch center. Enhanced 911 Phase
IT is expected to be phased in over
time on a state-by-state basis.

The companies, Rural Cellular
Corporation, CML Technologies,
911 Datamaster Inc., GeoComm
Inc., Independent Emergency
Services LLC. and KSI Inc., pre-
viewed the technology at the
International Association of Public-
Safety Communications Officials
(APCO) '99 Conference.

The Federal Communications
Commission has mandated that all
cellular service providers deploy
Automatic Location Identification
(ALI) as part of E911 services by
October 1, 2001. The commission is
in the process of determining
requirements regarding E911 Phase
IT services.

Ansoft offering seminars
in European cities

Ansoft Europe has scheduled a
series of high frequency seminars in
five European cities from Septem-
ber 28 through October 7.

The workshops will focus on the
application of Ansoft’s EDA soft-
ware tools in high frequency circuit
and system design. Topics will
include optimization, layout analy-
sis and parametric analysis.

The seminars will be led by Dr.
Zol Cendes, Ansoft founder and
Chief Technical Officer, and Dr.
Lawrence Williams, director of high
frequency products.

For information, contact Ed
Lewis, Tel: + 44 181 891 6106; E-
mail: seminars@ansoft.co.uk [ |

Companies, organizations and institu-
tions may submit information for our
News section to: Shannon 0’Connor,
Managing Editor, Applied Microwave &
Wireless, 4772 Stone Drive, Tucker,
GA, 30084; Fax: (770) 939-0157; E-
mail: amw@amwireless.com.
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A New Approach To Broadband
Transmission Line Hybrid Design

A third winding increases the bandwidth of RF transformers

By Simon Y. London
Advanced Power Technologies, Inc.

his article describes the maximum band-
Twidth transmission line 180 degree

hybrid with unbalanced ports and a sin-
gle shunt inductance. This inductance deter-
mines the lowest operating frequency of the
hybrid. The performance over the entire fre-
quency band is determined by the distributed
parameters of the transmission lines.

Properly connected three-conductor trans-
mission lines aid in overcoming the principal
limitations of other hybrids. All magnitude ver-
sus frequency characteristics of the hybrid are
independent of the line lengths. Stray elements
and line parameter tolerances are practical lim-
itations at the highest operating frequency. The
achieved bandwidth is more than twice that of
other types of hybrids. The proposed approach
is validated experimentally.

Introduction

An 180 degree hybrid is a well-known four-
port hybrid that provides equal amplitude in-
phase signals at its two mutually isolated ports
when fed from its sum port (¥), and provides
two equal amplitude 180 degree out-of-phase
signals at these ports when fed from its differ-
ence port (A). The sum and difference ports are
also mutually isolated. These properties permit
the use of hybrids in various applications, such
as power combiners/dividers, beam-formers and
baluns, and as major components of applica-
tions such as RF switches and phase shifters.
Several hybrids may be incorporated into multi-
port beam-forming networks or in N-way power
combiner/ dividers.

The wide range of hybrid applications and
their dominant role in many systems has lead to
the development of many different types of
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L shunt

A Figure 1. Schematic model of typical hybrid at
lowers frequencies.

hybrids [1, 2, 3]. To increase their bandwidths,
these devices are designed to operate as mag-
netic, tightly-coupled transformer-type units at
low frequencies and as properly interconnected
transmission lines at high frequencies.
Interwinding capacitances and leakage induc-
tances are included in the propagation parame-
ters of these lines.

Various hybrids have special properties as
well as advantages and disadvantages. These
broadband transmission line hybrids can be
divided into two categories: those with non-
matched transmission lines and, in most cases,
a single shunt inductance, as in the classical
configuration (Figure 1); and those with
matched transmission lines for increasing band-
width, but having two or more independent
shunt inductances [2, 4].

The matching and isolating properties of
hybrids in the first category strongly depend on
the length of the hybrids’ lines. These proper-
ties deteriorate with increasing line length. This
length should be significantly less than the
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wavelength of the highest operating frequency. As a
result, the first category has serious limitations on band-
width and power handling capability.

Hybrids in the second category do not have principal
line length limitations and operate over a broader fre-
quency band. On the other hand, they generally have
greater size, are more expensive, and usually have less
efficiency at low frequencies because two or more sepa-
rate shunt inductances should be used [2, 3, 4].
Moreover, in real designs, undesirable resonances may
occur due to the influence of stray elements and line
parameter tolerances. Practically, the maximum electri-
cal length of each line should be less then /4 at the
highest operating frequency.

The low performance of existing broadband hybrids
in various practical cases, especially at high and very
high power applications, asks the question: What are the
maximum achievable properties of hybrids having clas-
sical low frequency circuit models with single shunt
inductances, as shown in Figure 1? More specifically, is
it possible to achieve a hybrid having the low frequency
circuit model (Figure 1) and that permits theoretically
unlimited line lengths? At high frequencies, the scatter-
ing matrix describes such a hybrid as:

02><2

S _ SIQ(ZXZ)
4x4 — S
21(2x2)

02x2

Considered in Figure 2 is a hybrid with a single shunt
inductance having the circuit model shown on Figure 1
at lowest frequencies and admitting unlimited line
lengths. It is described by matrix (1) at high frequencies
where we have neglected the influence of stray ele-
ments. It also has flat transfer characteristics and, as a
result, may be called a maximum bandwidth hybrid.

Design principle of maximum bandwidth hybrid

Consider the transmission line hybrid shown in
Figure 2a [2, 5]. [t has two isolated unbalanced ports 1
and 2, an unbalanced sum port 3, and a balanced differ-
ence port.

The inner conductors of the four coaxial cables form
the differential winding, shown in Figure 1, with port 3
at the center tape. The outer conductors of the two
paired sets of cables form the secondary winding, with
the balanced port 4, having terminals 4' and 4". By using
an additional coaxial line operating as an “internal
balun,” this port is transformed to the unbalanced ones,
as shown in Figure 2b.

Uni-polarity ends of lines

The hybrids shown in Figure 2 have two properties
that follow from the symmetry of their structures (if
lines I and II are identical): The characteristics at ports
1 and 2 are identical;, and port 3 and port 4 are com-
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A Figure 2. Broadbhand transmission line with single shunt
inductance and (a) balanced differential port; (b) all
ports unbalanced. Two dots indicate uni-polarity ends of
lines.

pletely isolated and independent of frequency.

Based on these symmetry properties, this hybrid can
be analyzed using equal amplitude in-phase and out-of-
phase excitations at ports 1 and 2. Consider for simplic-
ity the circuit shown in Figure 2a and assume that there
are equal amplitude in-phase sources at ports 1 and 2. In
this case, equi-potential terminals 4' and 4" can be con-
nected. Therefore, the signal from port 1 propagates on
the chain connecting coaxial cables I-1 and II-2 to the
load at port 3, and the signal from port 2 propagates on
the chain connecting coaxial cables 1I-1 and I-2 to the
load at port 3. If the characteristic impedance of each
line is equal to R, and port 3 has a load impedance of
R/2, all lines are matched, and the input impedance at
port 1 and port 2 equals R.

For out-of-phase signals at ports 1 and 2, the potential
at port 3, with respect to ground, equals zero; conse-
quently, this port may be short-circuited. This means
that two short-circuited coaxial cables, I-2 and II-2 at
port 3, are connected at their other ends in a series
between terminals 4' and 4", as it follows from circuit
Figure 2a.

Both two-ports (for in-phase and out-of-phase excita-
tion at ports 1 and 2) may be combined into a common
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A Figure 3. Circuit Fig. 2a represented in modal decomposi-
tion form.

circuit, as shown in Figure 3. This circuit is equivalent
to the one shown in Figure 2a, only with respect to ports
1 through 4.

In this circuit, the line connected to port 3 represents
the two lines I-2 and II-2 connected in parallel. The
short-circuited lines at the secondary winding of the
ideal hybrid represents lines I-2 and I1I-2 for out-of-phase
excitations. They have characteristic impedances equal
to R/4 due to the 2:1 transformation coefficient of the
ideal hybrid.

If we insert in this circuit (as shown in Figure 3) two
identical open-circuited lines between nodes a-4" and
between nodes b-4" correspondingly, the constant-R cir-
cuit will be created. This circuit provides matching for
out-of phase sources at port 1 and port 2. Unfortunately,
the nodes @ and b are absent in the real scheme because
equivalent modal representation (Figure 3) is true only
with respect to external ports 1, 2, 3 and 4. However,
this circuit can help to understand the idea that can be
implemented by modifying the circuit shown in Figure 2
via an additional conductor in each line II, as shown on
Figure 4.

At low frequencies, when the electrical length of each
line compared to a wavelength is very small, this hybrid
operates exactly as a classical one with a single shunt
inductance as its frequency limitation element. The
extra conductors II-2 in identical three-conductor lines
operate as additional unloaded winding and, therefore,
play no role.

Due to the role of the transmission line parameters,
it at high frequencies the two interconnected three-
conductor lines (each having conductors 11-1, 1I-2, and
a common outer conductor) form a constant-R imped-
ance transforming the two-port for certain values of the
line's characteristic parameters. In other words, this
three-conductor line operates as matched 2:1 internal
impedance transformer for out-of-phase excitations at
ports 1 and 2.

Moreover, matching conditions for in-phase and out-of-
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A Figure 4. Schematic diagram of hybrid with maximum
handwidth.

phase excitations at ports 1 and 2 are satisfied simultane-
ously. As a result, all four ports of the hybrid shown in
Figure 4 are matched and, consequently, isolated in pairs.
Therefore, it is described by matrix (1) if we neglect the
influence of stray elements and shunt inductance.

Optimum three-conductor line parameter determination

The wave parameters of each three-conductor line II
in Figure 4 can be described as presented for the char-
acteristic admittance matrix [G] because conditions for
its physical realization are simple.

Elements of this matrix can be obtained by applying
in-phase and out-of phase excitations at ports 1 and 2 of
the hybrid (Figure 4) having the same symmetry prop-
erties as the initial circuit (Figure 2a). For an in-phase
excitation, the output signal will be at port 3, while for
an out-of phase excitation it will be at port 4. The design
remains, if an additional balancing coaxial cable is used,
as in Figure 2b.

Consider first the in-phase excitation at ports 1 and 2
in Figure 4. Both lines may be assumed to have zero-
length if matching is satisfied. Equi-potential terminals
4' and 4" may be connected and grounded (because volt-
age on each outer conductor is equal to zero). Under
these conditions, each three-conductor line II in accor-
dance with its characteristic admittance parameters
forms the circuit given in Figure 5.

From this circuit, it follows that the condition for
matching, assuming the admittance at ports 1 and 2 is
normalized to g=1, is

(o3 ()

The equivalent circuit model for out-of-phase excita-
tion at ports 1 and 2 is shown in Figure 6. It will be a
constant-R circuit if the following condition is satisfied
for normalized (R=1) impedance at ports 1 and 2:
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A Figure 5. Circuit model of three-conductor transmission
line with in-phase excitation at ports 1 and 2 of the hybrid
shown in Figure 4.

for normalized (R=1) impedance at ports 1 and 2:

(Zl(sc) ‘thac))ljiz =1

where Z, ., and Z,,., are normalized impedances at
port 1(2) when port 4'(4") is short-circuited and open-cir-
cuited respectively.

An analysis of the circuit shown in Figure 6, using
standard transmission line equations, shows that
Equation 3 is satisfied only if:

820 = 3412 (4)
and
4-3g,,"°
L0 = 4_{,’12 (5)
812

Equation (4), for example, may be easily verified in
the particular cases when the electrical length of each
line in the circuit is equal to 90 degrees In this case, the
line with characteristic admittance g;, may be excluded
and the two other chain-connected lines operate as an

e
s B

o
A Figure 7. Simplified circuit Figure 6 when length of each
line is 90 degrees.
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A Figure 6. The circuit model of three-conductor line for
out-of-phase excitations at ports 1 and 2.

ideal phase-reversed transformer, with a voltage ratio
Z90/g19, as shown in Figure 7.

According to Figure 6, since the ratio of nominal
impedances at ports 1(2) and 4(4'- 4") equals 2, the ratio
of nominal impedances at port 1(2) and half of the
impedance at port 4 (4'- 0), equals 4. The corresponding
voltage ratio is 2. Under these conditions, it follows from
the circuit in Figure 6 that (4) is valid.

Conditions (2), (4) and (5) are satisfied simultaneous-
ly onlyif g0=1/4, g,=1 and g,;=3. This means that the
normalized characteristic admittance matrix of the
three-conductor line should be:

o)-| &

—812

~812 ]_[5/4 —1}
820 T 812 -1 4

Some particular cases and experimental results

There are two options in the implementation of
Equation 6: a direct realization in a three-conductor
line, as shown in Figure 8a, which is suitable for high
and very high power; and use of non-coupled lines (tri-
axial coaxial line, for example) and an additional line
that realizes this coupling, as shown in Figure 8b.

In this case, Figure 8b for 50-ohm nominal impedance
at ports 1 and 2, the characteristic impedances of lines
are: Z5=50 ohms, Z5,=>50/3 ohms and Z ;=200 ohms,
as follows directly from Equation 7. The 200-ohm line is
not easy to realize, in spite of the relatively low power
transferred through it. The lines with characteristic
impedances Z;5 and Z;; are connected in parallel at
their ends.

In both cases it is inconvenient to implement para-
meter gy, i.e., the coupling between line conductors 1
and 0. If we put g,,=0, only the triaxial line can be used
(Figure 8c).

There are two extremely simplified cases that may be
chosen when g,(=0: Matched sum port 3 (s33=0, i.e.,

(6)
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A Figure 8. Possible realizations of line Il in circuit Fig.4: (a)
with minimum conductors; (b) with extra line that realizes
coupling between lines; (c¢) simplified solution that intro-
duces small mismatch.

port 1 and port 2 are matched at in-phase excitation);
and matched difference port 4 (s,4=0, i.e. port 1 and
port 2 are matched at out-of-phase excitation).

In the case of s33=0 from Equation 4 and g,,=0 from
Equation 2, it follows that gyy=4 and g,=4/3.
Therefore, for a 50-ohm nominal impedance at ports 1
and 2, we have characteristic impedances Zy3=12.5
ohms, and Z,,=37.5 ohms. In the case where s,,=0 from
Equations 4 and 5, we obtain:

820 =2V3 and g, =2/3 (7

For example, Z,,=14.43 ohms, and Z,,=43.3 ohms. In
both simplified cases, there are the same maximum values
|s11]1=1822] * 0.07 and the same minimum isolation
between ports 1 and 2 that equals —20 log |sy;| % 23 dB.

The maximum reflection coefficient sy4 at port 4
when 533=0, and the maximum reflection coefficient s33
at port 3 when s4,=0 both equal about 0.14.

There is also an intermediate case when the maxi-
mum  values of the reflection coefficients
are:|ss3| =|s44| X 0.07, |811]=1899| X 0.037. Minimum
isolation between ports 1 and 2 equals —20 log |sy;| x 24
dB. Corresponding values of Z,, and Z, are: Z5,=13.43
ohms and Z,,=40.3 ohms.

For all of these cases, we keep the same condition (4)
because at the frequency when the electrical length of
each line equals 90 degrees, there is maximum sensitiv-
ity of hybrid characteristics line parameters variations.

A more critical frequency arises when the electrical
length of each line is very close to 180 degrees. In the
vicinity of this frequency, a very small difference in elec-
trical length implies resonance increasing reflection and
decreasing isolation. Losses in lines make this effect
smaller and for lower losses the admissible tolerance is
less than 1.

To verify the idea of the described hybrid, an experi-
mental prototype was fabricated without ferrite and
with long lines. Only a very limited set of standard com-
ponents, coaxial cables RG 142 B/U, RG 188 A/U and
teflon tubing TFT-200-4, were used to implement lines,
according to Figure 8b as the basic. The line with a char-
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A Figure 9. For the “internal” balun shown in Figure 2b, two
RG 188 A/U cables are used in parallel. All cables are
coiled as shown here.

acteristic impedance near 200-ohms was formed by cable
RG 188 A/U without an outer conductor and spaced
from coaxial cables. For the “internal” balun that is
shown in Figure 2b, two RG 188 A/U cables were used in
parallel. All cables were coiled as shown in Figure 9. The
electrical length of each coaxial cable was 180 degrees at
46 MHz. Measured data in comparison to calculated
data, for the initial hybrid (Figure 2b), having the same
line lengths, are shown in Figure 10 and illustrate the
principal effect. To provide a better agreement with cal-
culated parameters, non-standard lines with lower para-
meter tolerances should be used.

Conclusions

To summarize the result, there are maximum broad-
band hybrids that have a single shunt inductance as a
fundamental limitation that permit theoretically unlim-
ited line lengths. This effect is achieved by using three-
conductor transmission lines.

There are simplified solutions with good performance
that admit triaxial lines. In all cases, the nonstandard
line’s characteristic impedances with relatively small
tolerances should be used. This will most adequately
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achieve significantly increased bandwidth
and power capabilities of hybrids.

The preferable domain of application is a
combination of broadband and high power
applications when the electrical line lengths
should be relatively high, especially if the
usage of ferrites is impossible or they intro-
duce additional problems with cooling, non-
linear distortions, and so on.

There is a critical frequency — a 180 degree
line length (twice that of known hybrids) that
has high sensitivity of the electrical character-
istics to small variations of line parameters and

VSWR
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Choosing the Right Diode for your

AGC Detector

Here are the performance characteristics you should know for detector design

By Raymond W. Waugh
Hewlett-Packard Company

utomatic Gain Control (AGC) loops are
A‘l;ksed to control the gain or output power
{ amplifiers in a wide variety of applica-

tions. A typical circuit is shown in Figure 1.

In this circuit, a coupler (distributed trans-
mission line as shown, or lumped element) cou-
ples off a small amount of power from the
amplifier and feeds it to a Schottky diode detec-
tor.. The detector produces a DC voltage pro-
portional to the output power, which is then fed
back to the amplifier’s gain control circuit.
Diode detectors of this type can be externally
biased or self biased [1]. Let us first examine
the self-biased detector.

The typical self-biased detector (sometimes
referred to as “zero-biased”) is shown in Figure
2. A diode is combined with a capacitor of suffi-
cient size on the DC side to present a low imped-
ance (compared to that of the diode), and a
shunt 68 ohm resistor is placed on the RF side.
This resistor serves two functions — it provides
a good impedance match at the input to the
detector circuit and furnishes a return path for
the DC current generated in the diode. The cir-
cuit is completed with a DC load resistor of 1
kohm to 10 kohms.

In the lower half of Figure 2, the diode is
replaced with its linear equivalent circuit, which
can provide insight into the performance of the
detector diode. L., and C, are package parasitics
— little can be done to change their values. The
diode chip itself can be represented by a three-
element equivalent circuit, including R, (para-
sitic series resistance), C; (parasitic junction
capacitance) and R; (the junction resistance of
the diode, where RF energy is converted to DC
voltage). As frequency or junction capacitance
increases, the junction resistance of the diode
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A Figure 1. A typical AGC circuit using a Schottky
diode detector.

P
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Cp=80fF
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A Figure 2. A typical self-biased or “zero hiased”
detector. Below the schematic is the linear equiv-
alent circuit.

will be shorted out and RF energy will be divert-
ed to R, where it is converted into heat. When
this occurs, output voltage will fail.
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A Figure 3. Simulation of the HSMS-282x diode family show-
ing the effect of the relatively large junction capacitance
in high-frequency rolloff.

This analysis becomes more complex because junction
resistance in a self-biased detector is a variable. As input
P, increases, V,, will increase, and thus the magnitude
of the current circulating through R;, will increase. As
this current rises, the value of R; will fall, diminishing
the effect of junction capacitance. The best way in which
to conduct the analysis is with a harmonic balance CAD
program such as ADS [2].

Schottky diodes are available with a variety of char-
acteristics, based upon the way in which they are fabri-
cated. Diodes based upon p-type silicon feature very low
barrier height, making excellent self-biased signal detec-
tors (P;,<-20dBm). However, such devices have very
low breakdown voltage, severely limiting the maximum
value of P;, and very high values of R,. Diodes based
upon n-type silicon offer lower values of series resis-
tance, but their higher barrier height requires a higher
value of P;, before they begin self-bias. Junction capaci-
tance of the diode can be lowered by reducing the diam-
eter of the Schottky junction, but this comes at the
expense of lower yields, lower lot-to-lot consistency and
higher cost.

A typical selection of Schottky detector diodes is
shown in Table 1. This table provides the key SPICE
parameters for the diodes. In addition to C; and R,
(already defined), they are I, (saturation current, an
indicator of diode barrier height), V}, (breakdown volt-
age) and n (ideality factor). Also shown are ratings of
diode cost and lot-to-lot consistency.

Simulations of AGC detectors of the type illustrated
in Figure 2 were conducted on ADS, for values of input
power (P;,) of 0, 10 and 20 dBm and frequencies from
500 MHz to 7 GHz. The results of these analyses are
shown in Figures 3, 4 and 5.

In Figure 3, the effect of the relatively large junction
capacitance of the HSMS-282x family of diodes is seen in
the rolloff of output voltage at high frequencies, partic-
ularly at lower values of input power where junction
resistance is higher. This low cost and consistent diode
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A Figure 4. Simulation of the HSMS-286x diode family show-
ing improved performance above 4 GHz.
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A Figure 5. Simulation of the HSMS-285x diode family of
small-signal zero-bias detectors. Such p-type low-barrier
diodes are characterized by series resistance and low
breakdown voltage, causing the diode to saturate.

makes an excellent AGC detector at frequencies below 4
GHz, but ought not to be used at higher frequencies.

The HSMS-286x family of microwave detector diodes
offers superior performance at frequencies over 4 GHz,
as can be seen in Figure 4. However, the higher cost and
lot-to-lot variation of this part makes it a poor choice for
frequencies below 4 GHz.

Figure 5 presents the results of the simulation for the
HSMS-285x family of small signal zero-bias detectors.
At first glance, it appears that its performance in an
AGC circuit matches that of the n-type HSMS-286x fam-
ily. However, p-type low-barrier diodes are characterized
by high series resistance and low breakdown voltage.
While these characteristics cause no problems in the
performance of a small signal detector, they lead to
severe performance limitations in large-signal AGC
detectors. As shown in Figure 5, low breakdown voltage
causes the diode output to saturate, especially at fre-
quencies above 4 GHz. P-type diodes such as the HSMS-
285x family should never be used for AGC detector
applications (see Table 2).
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In summary, low-cost diodes such as the HSMS-282x
family make excellent self-biased AGC detectors at fre-
quencies below 4 GHz, while the HSMS-286x family of
microwave detector diodes would be a better choice at
frequencies above that limit. P-type low-barrier diodes
are never used in applications where the input power is
higher than -20 dBm. |
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An Analytic Method for Impedance
Matching Using MATLAB

A popular mathematics program can be useful for RF/microwave calculations

By Néstor E. Arias
Universidad Nacional de Tucuman

he analytical solution to a problem in
Ttransmission lines or waveguides is usu-

ally shown adequately using a Smith dia-
gram. Through this process, it is possible to pic-
ture what may happen in different places on the
transmission line, thus anticipating results and
choosing alternative solutions. A simple analyt-
ical solution sometimes lacks these qualities.

This paper proposes a calculus method that
allows us to solve transmission line or wave-
guide problems through a different approach.
This method is based on both the Smith dia-
gram’s graphical criterion and circumference
equations, which define the diagram as “a single
analytical procedure for all solutions.” Thus, it
combines the well-known advantages of the
graphic method (which follows a step-by-step
solution procedure) with the powerful potential
of calculus and graphs from mathematical pro-
grams such as Matlab.

The graphical procedure consists of determin-
ing points that result from the intersection of
constant conductance circumferences, with con-
stant susceptance or conductance, straight lines
and concentric circumference (such as the dis-
placement on a lossless line) and other similar
intersections that lead to a adequate solution.

A analytical method is obtained by means of
the graphic criterion and by applying the cir-
cumference equations. Such a method allows us
to solve different impedance matching problems
on transmission lines and waveguides. In other
words, this method’s analytical contribution to
solving some electromagnetism problems con-
sists of creating and then grouping a set of sub-
routines that solve circumference intersection.

The method is very simple in itself, as the
solution to a relatively complex problem is a
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matter of analytical geometry. Moreover, the
equations to be plotted by a mathematical pro-
gram such as Matlab will be stated will be stat-
ed further in this article.

The Smith diagram is obtained by transfor-
mation of the complex plane Y (admittances)
with respect to an auxiliary plane P + j@. Every
point of the diagram that defines a G conduc-
tance and a B susceptance implicitly defines a
point (B @) as a result of the intersection of G
with B, as shown in Figure 1.

The constant conductance circumferences
are as follows:

2 2
(P-iis) e -(i)
1+G 1+G

(1)
With the center in:
G 1 . 1
o, = m; By = E; and radius R, G

The circumferences of constant susceptance
are as follows:

o3

With the center in:

(2)

o, =18, = Eli; and radius R, :%

For a given value of G and B and by solving
equations (1) and (2), a (P ) value is obtained
that intersects the point of the GG circumference
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with the B circumference, as in Figure 1.

The displacement on the transmission line is pictured
on the periphery of the diagram with standardized val-
ues of x/A, which correspond to the slope of the straight
line passing through the (B @) point and the center of
the diagram. The slope is:

X
=—t 47—
an( na] (3)

oo

Once the (P @) point coordinates are obtained, the
value of x/A can be estimated (3), and it is:

i

t

arc an( P (4)
A %

The circumferences of constant attenuation have the
center in the origin and are as follows:

P?+@*=R* (5)

Many problems with impedance matching in trans-
mission lines and waveguides can be solved using a com-
puting program for equations (1) up to (5).

Two systems of matching are shown in Figure 2. In
(a), matching occurs by means of a single stub, with the
solution procedures designated as (I), (1), and (11I). In
(b), matching occurs through two stubs, as (1), (2), (3), (4)
and (5) are the main solution procedures.

As shown in the diagram, in both cases there are dis-
placements through concentric circumferences with sever-
al intersections, such as conductance, susceptances,
straight lines, and so on.

Thus, knowing the general procedure that creates a
solution to a matching problem or to a problem in the
transmission lines, a set of subroutines can be pro-
grammed in order to give a partial solution to each pro-
cedure. With these solutions, it is possible to work out a
program to obtain the final solution through analytical
geometry.

Subroutines
Subroutine circumferences M-file “doscirc”

This subroutine determines the intersection among con-
ductance circumferences, susceptances and auxiliary circles.
The following parameter circles should be previously defined:

(hy, hy) center of circumference 1,
(k;, ko) center of circumference 2,
r;= radius of circumference 1,

r,= radius of circumference 2.

This gives points (B ) that correspond to the intersection.
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A Figure 1. A point value is obtained that intersects the
point G circumference with the B circumference.
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A Figure 2. Two available matching systems.

% doscire
D1=-2%h1;D2=-2*h2;D=D1-D2;E1=-2*k1;E2=-2%k2;
E=E1-E2;F1=h1"2+k1 " 2-r1"2;

F2=h2"2+k2" 2-r2" 2;F=F1-F2;

aa=1+(D/E) "~ 2;bb=(2*F*D/E ~ 2)+ D1-E1*D/E;
ce=((F/E) ™ 2)-(E1*F/E)+F1;Dis=(bb ™ 2)-4*aa*cc;
p2=((-bb+sqrt(Dis))/(2%aa));pl=((-bb-
sqrt(Dis))/(2*%aa));

ql=(-F-D*pl)/E;q2=(-F-D*p2)/E;

Subroutine straight line M-file “srecta™

Given a point (B @), the angle expressed in x/A (physical
longitude, normalized to the wave longitude) is obtained. One
applies a point (P, @) and the subroutine produces a value of
“xlamb.”

% srecta

if p==0 & q>0,xlamb=.125;end;

if p==0 & q<0,xlamb=.375;end;

if p>0 &q>0, xlamb=.25-xlamb;end;
if p<0 & gq<0,xlamb=.5-xlamb;end;

if p>0 & <0, xlamb=.25+xlamb;end;

Subroutine angle M-file “sa”
For this subroutine, we enter a normal value of line longi-
tude (x/A) “xlamb,” and it gives the sign of the coordinates of
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the point (P Q).

% subroutina “sa”

if xlamb ==.125; p=0;q=1;end;if xlamb ==.375;
p=0;

q=-1;end;if xlamb ==0;p=-1;q=0;end;

if xlamb ==.25;p=1;q=0;end;if xlamb >.5;
xlamb=xlamb-.5;end;if xlamb <.125;p=-p;q=q;end;
if xlamb >.125;if xlamb <.25;p=p;q=q;end;end;

if xlamb >.25;if xlamb <.375;p=p;q=-q;end;end;

if xlamb >.375;if xlamb <.5;p=-p;q=-q;end;end;

Subroutine circle G M-file “subg”

This subroutine solves the conductance associated
with a specific point (B ). We enter a value (B @) and it
gives the value of the conductance G that goes by that
point and also produces the graph that corresponds.

% subroutine “subg”

m=p "~ 2+q " 2;aa=m-(2%p) + 1;bb=2*(m-p);cc=m-1;
Di=(bb ™ 2)-4*aa*cc;

Di=sqrt(Di);G=(Di-bb)/(2*aa);
n=0:100;teta=2%pi*n./100;r=1/(1+G);Q=r*sin(teta);
P=r*cos(teta)+(1-r);plot(PQ,'r");

hold on; axis('square');axis([-1.2 1.2 -1.2 1.2]);

Subroutine circle B M-file “subb”

This subroutine solves the susceptance associated
with a point (F @). We enter a point value and receive
the value of the susceptance B that goes by that point
and also carries out the corresponding graph.

% “subb”

b=2%q/(((p-1) " 2)+(q ™ 2));

if b>0;if b<1;

s=(pi+asin((((-2*b)/(b ™~ 24+1))+1/b)*b)):pi/300:3*pi/2;
p=(1/b)*cos(s)+1;q=(1/b)*sin(s)+1/b;

axis([-1.2 1.2 -1.2 1.2]);plot(p,q,d");

hold on;end;end;

ifb>=1;

s=acos(((((b™2)-1)/((b ™ 2)+1))-1)*b):pi/300:3*pi/2;
p=(1/b)*cos(s)+1;
q=(1/b)*sin(s)+1/b;plot(p,q,'b');axis([-1.2 1.2 -1.2 1.2]);
hold on;end;

if b<0;if abs(b)<1;

s=pi/2:pi/600:(pi-asin((((-2¥b)/(b ™ 2+1))+1/b)*b));
p=(-1/b)*cos(s)+1;q=(-1/b)*sin(s)+1/b;

axis([-1.2 1.2 -1.2 1.2]);plot(p,q,b");

hold on;end;end,;

if b<0;if abs(b)>=1;

s=-pi/2:pi/300:acos(((((b ™ 2)-1)/((b ™ 2)+1))-1)¥b);
p=(1/b)*cos(s)+1;q=(1/b)*sin(s)+1/b;

axis([-1.2 1.2 -1.2 1.2]);plot(p,q,b"); hold on;end;end;

Subroutine marks M-file “sm”
With the entry data of a point, this subroutine uses a
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small circle to indicate the position of a particular point.

“ ”

sm
teta=0:.01:2"pi;rmarca=.03;pmarca=p+rmarca.*co
s(teta);gmarca=q+rmarca.*sin(teta);

hold on;plot(pmarca,qmarca);

Subroutine M-file “stcp”
This subroutine solves and it draws a segment that
unites the center of coordinates with the point.

% "stcp”

if (p>0 & q>0),n=0:.001:p;end,
if (p<0 &q>0), n=p:.001:0;end;
if (p<0 & q<0),n=p:.001:0;end,;
if (p>0 & q<0),n=0:.001:p;end;
if p>0 & q==0,n=0:.001:p;end;
if p<0 & q==0, n=p:.001:0;end;
if p==0 & q>0,n=0:.001:q;end;
if p==0 & q<0,n=0:.001:q;end;

Subroutine M-file “ste”

It solves and it draws a segment in the periphery of
the circle (G=0) that is the angular position of (P @). It
is also helpful to place the outlying indications of x/A.

(y(‘ “Ste”

if (p>0 & q>0) ,n=p:.001:p+.08;end;
if (p<0 &q>0), n=p-.08:.001:p;end;
if (p<0 & q<0),n=p-.08:.001:p;end;
if (p>0 & q<0),n=p:.001:p+.08;end;
if p>0 & q==0,n=p:.001:p+.08;end;
if p<0 & q==0, n=p-.08:.001:p;end;
if p==0 & q>0,n=q+.08:.001:q;end;
if p==0 & q<0,n=q:.001:q-.08;end;
if p<0 &q==0,n=p-.08:.001:p;end;
if p==0 &q>0,n=q+.08:.001:q;end;
if p==0 &q<0,n=q:.001:q-.08;end;

Subroutine M-file “sstcc”

This subroutine solves the longitude in xlamb for a
stub in short circuits. One enters a xlamb equal to
abs(atan(q/p))/(4*pi)), and it solves the position of the
stub in one of the four quadrants.

% “sstee”

if p==0 & q>0,xlamb=.375;end;

if p==0 & q<0,xlamb=.125;end;

if p>0 & q>0,xlamb=.5-xlamb;end;

if (p<0 & q<0),xlamb=abs(.25-xlamb);end;
if p>0 & gq<0,xlamb=xlamb;end;

if p<0 & gq>0,xlamb=.25+xlamb;end;
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FOR ALL YOUR RF INTERCONNECT NEEDS

Frequency Impedance  Cable Type Coupling Body & Contact Finish
Material
BMZ Subminiature Blindmate RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold
Also available: Panel mount receptacles, PC board receptacles, hermetic seal jacks, in and between series adapters.
BZ Miniature Blindmate RF Coaxial Connectors
DCto 124 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold
Also available: Panel mount receptacles, PC board receptacles, in and between series adapters.
BMA Miniature Blindmate RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Copper Gold
Also available: In series jack to plug adapters
SSMA Screw-on Subminiature RF Coaxial Connectors
DC to 26 Ghz 50 Ohms Semi-Rigid Blindmate/ Stainless Steel Pass/Gold
Flexible Slide-on Beryllium Gold

series adapters.

Also available: Panel mount jacks and plugs (hermetic), bulkhead mount jacks (hermetic), surface launch plugs and jacks, in and between

HFSSMA Screw-on Subminiature RF Coaxial Connectors

seals, 27 GHz versions.

DC to 40 Ghz 50 Ohms Semi-Rigid Screw-on Stainless Steel Pass/Gold
Beryllium Gold
Also available: Panel mount plugs and jacks, in and between series adapters.
SMA Screw-on Miniature RF Coaxial Connectors
DC to 18 Ghz 50 Ohms Semi-Rigid Screw-on Stainless Steel Pass/Gold
Flexible Beryllium Copper Gold

Also available: Panel mount jacks and plugs (hermetic and field replaceable), M.I.C. launcher jacks and plugs, bulkhead jacks (hermetic),
surface launcher jacks and plugs, end launcher jacks, in and between series adapters, dust caps, flange mount cable receptacles, glass

TNC Small-size Screw-on RF Coaxial Connectors
DC to 11 Ghz 50 Ohms Flexible Screw-on Brass
Beryllium Copper

and plugs, end launcher jacks and plugs, in and between series adapters, dust caps.

Silver or Nickel
Gold

Also available: Panel mount jacks and plugs (hermetically sealed), bulkhead jacks and plugs (hermetically sealed), surface launcher jacks

PTNC Precision Small-size Screw-on RF Coaxial Connectors
DC to 15 Ghz 50 Ohms Flexible Screw-on Stainless Steel
Semi-Rigid Beryllium Copper

Also available: Panel mount jacks, bulkhead mount jacks, in and befween series adapters, dust caps, hermetics.

Pass/Gold
Gold

TYPE N Large-size RF Coaxial Connectors
DC to 11 Ghz 50 Ohms Flexible Screw-on Brass

Beryllium Copper

Also available: Panel mount jacks, surface end launch jacks and plugs, dust caps.

Silver or Nickel
Gold

PN Precision Large-size RF Coaxial Connectors
DC to 12.4 Ghz 50 Ohms Flexible Screw-on
Semi-Rigid

Also available: In and between series adapters and 18 Ghz versions.

Stainless Steel
Beryllium Copper

Pass/Gold
Gold

Also Available: Cable Assemblies, Attenuators, Terminations and special products.

SN MICRoywavE

RF Connectors = Cable Assemblies « Resistive Products
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Matching with two stubs

As an example, the input impedance matching of a
2N3563 transistor in the 1 GHz frequency band is calcu-
lated, as shown in Figure. 3. With a two-stub system:

Data:
G,=0.327 B,=j 0.089 (Normalized amounts)
H=0.05x/A  A=0.06 x/A

Ap=0.329 wavelength in vacuum
A;= 0.6 A, wavelength on the line

Once executed, the program produces:

1s1=0.3387 [x/A]
1s1=0.067 [m]

1s2=0.0756 [x/A]
1s2=0.015 [m]

The graph that the program produces when using
Matlab is shown in Figure 4. The values of H and A
given above have been chosen to withdraw the forbidden
circle from the load admittance zone. A system with two
stubs presents four solutions to a open circuit stub, and
four more to a short circuit stub. One of the eight solu-
tions was adopted in the example above.

With respect to the concepts of “Forbidden Circle” and
“Auxiliary circle H,” we suggest the reader refer to the refer-
ences listed at the end of the article. However, to summarize,
the forbidden circle is the geometric place that represents the
admittance's group and shows that it does not have adapta-
tion, to A and given H.

When designing a system with two stubs, the admittance's
group that they can be adapted to should move away from the
forbidden circle. This is achieved, when choosing the longi-
tudes A and H appropriately.

Procedures

The set of subroutines can be found in Matlab in the file
C:\Matlab\Bin, each one named as mentioned above as: srec-
ta; sm; doscire;sthbi, ete. To initiate the program, Matlab has
written stbi on the main screen.

Conclusions

The described method and its program aid in matching
and produce corresponding graphs in a step-by-step manner,
thus helping to understand the process and how to choose the
alternative solution. The tests carried out using Matlab 5
have been highly successful.

By arranging the same subroutines with another flow-
chart (as mentioned above), it is possible to achieve differ-
ent kinds of matching on transmission lines and wave-
guides. The author owns calculus subroutines for trans-
mission lines and matching with a single stub, which are

also available. are also available. il
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Programs for Adaption and Calculation with Two Stubs
M-file “stbi”

%Calculation with two stubs
%Ing. Néstor E Arias IIE UNT.
Tucuman,Argentina
Y%enarias@herrera.unt.edu.ar
Joarias@tucbbs.com.ar;

% Input data
g=input('input GR=");b=input(input Br=");
A=input(input A=");H=input(input H="),
hl=g/(1+g);h2=1;k1=0;k2=1/b; Gr=g;Br=b;r1=1/(1+g);
r2=1/b;
doscire;

pr=pl;qr=ql;%Data represent the point Yr;

xlambH=.25-H;X=abs(xlambH);Rh=.5;if H>.25;X=.5-X;
end,;

Angh=X*4%pi;T=abs(tan(Angh));ph=Rh/sqrt(1+T " 2);
gh=ph*T;p=ph;q=gh;xlamb=X

% xlamb=X;
xlambA=X;
%sub angle
sa;

%DATA

alfa=p;beta=q; %DATA coordinated of the center of the
circle H

%Drawing of the circumference H

teta=0:.01:2%pi;;ph=p+Rh.*cos(teta);gh=q+Rh.*sin(teta)
axis([-1.2 1.2 -1.2 1.2]);axis(|'square']);hold on;
plot(ph,qh);

text(p-.1,q+.1,'circle ', FontName', Times new

Roman', FontSize',[9], color','b');text(p-

.1,q,'auxiliary', FontName','Time New
Roman','FontSize',[9],'color','b');

text(p,q-.13,'H");

9edecides if Yr is adaptive, data: Yr,H,A;G,yB

R2=(-((alfa ™ 2)+(beta ™~ 2))+2*alfa+...
(Rh ™~ 2)-1)/(2*alfa-2*(Rh+1));
R=1-R2;
xlambA=.25-A;X=abs(xlambA);if A>.25;X=.5-X;end;
AngA=X*4*pi;T=abs(tan(AngA));
p=(1-R2)/sqrt(1+T "~ 2);q=p*T;
afa=p;bfa=q; % afay befa they are the coordinates of the
center
% of the forbidden circle
xlambA=X; %DATA

xlamb=X;

%sub angle It takes out the quadrant of xlambA
sa;

afa=p;bfa=q;%DATA

%Drawing of the forbidden circle
teta=0:.01:2%pi;pp=p+R2. *cos(teta);qp=q+R2.*sin(teta);
axis([-1.2 1.2 -1.2 1.2]);axis(['square']);hold on;
plot(pp,qp);text(p-.1,q+.1, circle );

text(p-.1,q, forbidden");

Z=sqrt(((pl-afa) ™ 2)+((q1-bfa) ~ 2)),

if Z < R2;

disp("There is not adaption for "A" and given "H");
break;end;

J%sm pl ql)

p=plig=ql;
sm; % It marks Yr

p=plig=ql;

Jostep

step; % It traces a zero straight line to the point Yr
if p==0;p=1%10"-7;end;

t=(q/p).*n;hold on;axis([-1.2 1.2 -1.2 1.2]);plot(n,t);
text(pl+.03,q1+.03,'Yr");

if pr==0;pr=1%10"-7;end;
r=1;P=abs(pr);Q=abs(qr);X=(abs(atan(Q/P)))/(4*pi);
xlamb=X;

srecta; %It takes out the xlamb sign

%DATA

%It determines and it traces the external mark in Yr
pen=abs(tan(xlamb*4*pi));ple=r/sqrt(1+pen "~ 2);
qle=ple*pen; p=abs(ple);

g=abs(qle);

sa;

ste;

t=(q/p).*n;hold on;axis([-1.2 1.2 -1.2 1.2]);plot(n,t);

xlambyr=xlamb;

%rotate from Yr to Yra

R=sqrt(pr ™ 2+qr ™ 2); xlambA=xlamb+A;

AnguA=xlambA*4%pi,

Rra=R; %DATA

T=abs(tan(AnguA));

pll=R/sqrt(1+T " 2);ql1=pl1*T;p=pll;q=qll;

xlamb=xlambA;

sa;

ra=p;qra=gq; %DATA %Point in Yra
xlambyrA=xlambA;if xlambyrA >.5;
xlambyrA=xlambyrA-.5;end; %xlambyrA =>DATA
sm;
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RPEDANGE MATCHING

step; t=(g/p)*n;hold on;axis([-1.2 1.2 -1.2 1.2]);plot(n,t);
plle=r/sqrt(1+T "~ 2);qlle=plle*T;p=plle;q=qlle;
sa;

ste;

t=(q/p)*n;hold on;axis([-1.2 1.2 -1.2 1.2]);plot(n,t);

% Function arch, drawn angles between two

a=xlambyr*4*pi;z=xlambA*4*pi;fi=a:.001:z;
P=-Rra*cos(fi);Q=Rra*sin(fi); axis([-1.2 1.2 -1.2 1.2]);
plot(BQ);hold on;

% it determines the G and the B of the point pra qra

J%sub G;
p=pra;q=qra;

subg; Gra=G;

% Sub B

subb; Bra=b;

D=[pr qr xlambyr pra qra xlambyrA Gra Bra alfa beta ...
afa bfal;

%Gra intercepts with circle H
pG=Gra/(1+Gra);qG=0;h1=pG;k1=0;h2=alfa;k2=beta;
rl=1/(1+Gra);r2=.5;
doscire;
Rl=sqrt(pl ™~ 2+ql "~ 2);R2=sqrt(p2 "~ 2+q2 " 2);Rih1=R1;
Rih2=R2; %DATA
pihl=pl;qihl=ql;pih2=p2;qih2=q2;

%DATA
datos=[pihl qgihl pih2 gqih2 Rih1 RihZ2];
piv=pl;qiv=ql;
p=pihl;q=qihl;
sm;
xlambpih1=abs(atan(qih1/pih1))/(4*pi);
xlamb=xlambpih1;
srecta;xlambpihl=xlamb;
subb; Bih1=b;

%DATA =>xlambpihl

p=pih2;q=qih2;
sm;
srecta; xlambpih2= abs(atan(qih2/pih2))/(4*pi);
xlamb=xlambpih2;

srecta;xlambpih2=xlamb;

subb; Bih2=bh;
r1=Rih1;r2=.5;h2=.5;

pfl=abs((rl ™ 2-r2"2+h2 " 2)/(2%h2));

qfl=abs(sqrt(rl ™~ 2-pfl ~ 2));

p=pfl;q=qfl;
xlambfl=xlambpih1+H;xlamb=xlambf1;sa;pfl1=p;qfl=q;
sm; p=0;q=0;subg;r1=Rih2;r2=.5;h2=.5;

pf2=abs((rl ™ 2-r27 2+h2 ™ 2)/(2*h2));

qf2=abs(sqrt(rl ™ 2-pf2 ™ 2));p=pf2;q=qf2;
xlambf2=xlambpih2+H;xlamb=xlambf2;sa;pf2=p;qf2=q;

s5m;

’

p=-1;9=0;subg;

p=pfl;q=qfl;subb;Bfl1=b;%DATA
p=pf2;q=qf2;subb;Bf2=b;%DATA

%Susceptances of the stubs

BsAl1=Bih1-Bra;

BsH1=-Bf1;

BsA2=Bih2-Bra;

BsH2=-Bf2;a=-1;0=1.15;

text(a,o, narias@herrera.unt.edu.ar');
a=-1;0=1.05;text(a,o0, 'arias@tucbbs.com.ar");
a=-1;0=-1.15;

text(a,0, 'ADAPTATION WITH TWO STUBS);
%There are EIGHT SOLUTIONS:

% 4 FOR STUBS IN short cirec. AND 4 FOR open cir.
%SOLVE FOR open circ. sAl and sA2
rl=1;h1=0;k1=0;r2=1/BsA1;h2=1;k2=1/BsA1;doscirc;
p=pl;q=ql;sm;psAl=p;qsAl=gq;
r1=1;h1=0;k1=0;r2=1/BsA2;h2=1;k2=1/BsA2;doscirc;
p=pliq=ql; psAZ=p;gsA2=q;
xlamb=abs(atan(qsA1/psAl))/(4¥pi);p=psAl;q=qsAl;
srecta; xlambsAlca=xlamb;%open circ. sAl
xlamb=abs(atan(qsA2/psA2))/(4%pi);p=psA2;q=qsA2;
srecta; xlambsA2ca=xlamb;%open circ. sA2

%Solve for short circ. sAl y sA2
xlamb=abs(atan(qsAl/psAl))/(4*pi);p=psAl;q=qsAl;
sstee; xlambsAlcee=xlamb;% short cire. sAl
xlamb=abs(atan(qsA2/psA2))/(4%pi);p=psA2;q=qsA2;
sstee; xlambsA2ce=xlamb;% short circ. sA2

%Solve for short circ. sH1 y sH2
r1=1;h1=0;k1=0;r2=1/BsH1;h2=1;k2=1/BsH1;doscirc;
p=plig=ql;sm;psH1=p;qsH1=q;
r1=1;h1=0;k1=0;r2=1/BsH2;h2=1;k2=1/BsH2;doscirc;
p=pl;q=ql; psH2=p;qsH2=q;
xlamb=abs(atan(qsH1/psH1))/(4*pi);p=psH1;q=qsH1;
sstee; xlambsH1ce=xlamb;% short cire. sH1
xlamb=abs(atan(qsH2/psH2))/(4*pi);p=psH2;q=qsH2;
sstee; xlambsH2ce=xlamb;% short circ. sH2

%Solve for open cire. sH1 y sH2
xlamb=abs(atan(qsH1/psH1))/(4*pi);p=psH1;q=qsH]I;
srecta; xlambsH1ca=xlamb;% CC sH1
xlamb=abs(atan(qsH2/psH2))/(4*pi);p=psH2;q=qsH2;
srecta; xlambsH2ca=xlamb;% CC sH2
text(psAl+.03,qsAl,'stubl’);text(psH1+.03,qsH1,'stub2");
disp('longitude stub1=");disp([xlambsAlcc]);
disp('longitude stub2=");disp([xlambsH1cc]);pause;
z=input('‘continue ?');if z==1,figure;stbh;end;

if z==0;break;end
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Introducing the tirst

wirewound inductors

Little specks. Big specs.

Once again, Coilcraft proves that you
don’t have to give up performance to get

Better Q factors
Qat1.8GHz

100 & Coilcraft 0402
| M Non-wirewound

a smaller form factor.
These new wire-
wound 0402 chip coils
have Q factors that are
comparable to our 0603
chips. And far higher
than competitive parts.
SRFs remain com-
fortably above your op-
erating frequency.

Circle 67

Higher current
IDC max (mA)

Coilcraft 0402
B Non-wirewound

1360,

]

.

e e

And compared to
non-wirewound coils,
our 0402 inductors
handle 200% to 300%
more current!

We'll be happy to
send you free evalua-
tion samples, or you
can order Designer’s

Kit C128 containing +5% tolerance versions

of all 20 inductance values.
For complete specifications and

samples, visit our
call 800-322-2645.

web site or

Cary IL 600

13 847-639-6400 Fax 847-639-1469

www.coilcraft.com info@coilcraft.com
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70 MHz IF filter

Piezo Technology, Inc. (PTI)

offers a 70 MHz filter for wireless
applications. PTI model 8490 fea-
tures a surface mount package

capable of meeting high tempera-
ture reflow requirements and aque-
ous cleaning. This model offers
exceptional flatness with a 1.5 dB
bandwidth of +18 MHz and a 40 dB
stopband +38 MHz wide. The 8490
is housed in a 1.0 x 0.5 X 0.35 inch
hermetic package with 50 ohm
input and output impedances.

Piezo Technology, Inc.

Circle #162

Premium performance
mixers for wireless

Stellex Electronics introduces a
new line of “CSM” mixers covering
cellular, PCS and WLL bands.
These mixers are derivatives of the

company’s Hi-Rel and Space mixer
products with proven field reliabili-
ty. The result is a low cost mixer
family with high performance. The
CSM line is provided in a 0.370 x
0.490 x 0.187 inch package with a
ceramic substrate that has metal-
lization compatible with standard
solder reflow processes. The mixers
are available in standard double-
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balances and load insensitive
designs with LO power levels from
+10 to +23 dBm.

Stellex Electronics, Inc.

Circle #163

IMD-free diplexer

The Model W1856D diplexer
from Wireless Technologies Corpo-
ration was designed to be IMD-free.
The standard two +40 dBm signals

| TWTEEeD
DCS Diplexer

produce less than -130 dBm IMD
products, meeting GSM standards.
Additional features include full
band coverage, <1.2 dB in-band
insertion loss, >95 dB RX/TX isola-
tion and better than —16 dB return
loss. Power capability is 50 watts
minimum. The diplexer is small in
size (2 x 2 X 10 in.) and uses SMA
or type N connectors. Pricing is less
than $160 in small quantities.
Wireless Technologies Corp.

Circle #164

Video signal splitters

A passive splitter from Faraday
Technology Ltd. solves the problem
of providing two SDI video or AES
feeds from one source. For short

runs of cable, it can replace digital
distribution amplifiers. From a
good SDI signal source, the unit

will support approximately 40
meters of Belden 8281 -cable.
Typical applications include small

studios, editing suites and multiple
displays in office environments.
Faraday Technology Ltd.

Circle #165

40 GHz bias tee
Picosecond Pulse Labs has added
a 40 GHz dual inductor bias tee to

its line of wideband products.
Model 5542-LL has a rise time spec-
ification of 7 ps and a -3 dB band-
width of 12 kHz to 40 GHz.
Insertion loss is 0.2 dB midband,
with guaranteed limits of <0.8 dB
from 100 kHz to 8 GHz. The bias
tee uses 2.92 mm 40 GHz connec-
tors, which are mechanically and
electrically compatible with K,
SMA and 3.5 mm connectors. Two
DC inputs provide independent
bias to the two ports. The US list
price is $1,550.

Picosecond Pulse Labs

Circle #166

FM channel bandpass filter
Communications and Energy
Corp. announces the Model 4634

bandpass filter, available for any
FM radio channel between 88 and
108 MHz. The 3 dB bandwidth is 40
kHz with an insertion loss of 5 dB.
Rejection at +750 kHz is 30 dB.
Connectors are 50 or 75 ohm BNC
female, with other connectors avail-
able. The filter measures 3 x 3 x
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12 inches and weighs one pound.
Power handling rating is one watt.
The filter is priced at $575.
Communications and Energy Corp.
Circle #167

Drop-in terminated circula-

tors for PCS and cellular
KDI/triangle Corp. has designed
its FAN series of terminated ferrite

e h @ o
circulators with aluminum nitride
terminations instead of beryllium
oxide (BeO). The FAN series oper-

ate from 869 to 1990 MHz at power |

levels up to 60 watts. Power levels
to 100 watts will be offered in the
future. Typical insertion loss is 0.3
dB maximum and isolation is 22 dB
minimum. The FAN series also fea-
tures 1.20:1 VSWR and 50 ohm
impedance.

KDl/triangle Corp.

Circle #168

Integrated cellular isolator
and coupler

A new integrated isolator pack-
age from Densitron Microwave does
the work of both isolator and cou-
pler, providing 0.4 dB insertion loss
and 50 dB isolation over 925-960
MHz. It also incorporates two for-
ward power monitor ports and a
reverse coupler with 30 dB directiv-
ity for accurate system monitoring.
The high power termination is sup-
plied with a cable to place the max-
imum heat dissipation away from

e

the isolator assembly. To allow mul-
tiple isolators to be installed in a
close assembly, the isolator is mag-
netically shielded.

Densitron Microwave

Circle #169

tions include:

¢ New Products
* Product Literature

miggiouidglines

Applied Microwave & Wireless covers a wide range of
topics in the RF and microwave industry. Featured sec-

* Short Courses

- \We.Want to Show
You How - -

- Juick Cireuit

- Stacks up.

N

» Calls for Papers
¢ Technical Articles
* Design Ideas

* Industry News
* Conference Listings

Submissions are accepted at any time; deadline for each
issue is six weeks before the publication date. Items may
be sent by mail, fax, or e-mail.

Send Industry News, Conference Listings, Courses,
and Calls for Papers to:
Shannon O’Connor, Managing Editor
amw@amwireless.com

Send New Products, Product Literature, Technical
Articles, and Design Ideas to:
Gary Breed, Publisher
gary@noblepub.com

Applied Microwave & Wireless
4772 Stone Drive + Tucker, GA 30084
Fax: 770-939-0157

k-l

* Accurate Drilling, Milling, Routing
* Plated Through Holes

* Multilayer Capability

* Better Registration and Mechanics

*Sample Boards and Demos
show why we
offer the best solution.

T-TECH, INC.

5591-B New Peachtree Rd. * Atlanta, Georgia 30341 USA
voice: 770.455.0676 fax: 770.455.0970

email: sales(cOt-tech.com ® http:// www.t-tech.com

s
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* Series OX5000

.1 PPM over 0° C
W power consu

BB D

rocessor Crystals and Clocks
X0’s, TCXO's ahd OCX0"s
Crystal Filters s,

® Ceramic Resonators

L SAW Devices

® VCO’s

Internet: http://www.raltron.com
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Combline Filters

Designed to your specifications.

2 Foreign
.. Distributors
Sought.

MICROWAVE FILTER COMPANY, INC.
6743 KINNE STREET « EAST SYRACUSE, NY 13057
800-448-1666 * 315-438-4700 » FAX: 315-463-1467
http://www.microwavefilter.com

e-mail: mfcsales@microwavefilter.com
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Dual channel phase detection subsystem
Model IFS-9830-7086 from Signal Technology
Corporation’s Olektron Operation is a 2-channel phase
detection subsystem with a center frequency of 160
MHz and an operat-
ing bandwidth of 10
MHz. The unit oper-
ates with a phase
range of 0 to 360
degrees with a pulse
width capture of 75
ns minimum. Input
dynamic range is 60
dB and differential
dynamic range is 15 dB. Other features include a fast
video rise time of 25 ns and a phase resolution of 8 bits.
The unit operates from —40° to +85° C and requires =5
and +10 to 15 VDC. It is designed for many EW appli-
cations and passes military screening for vibration and
shock. The price is $8,500 each in quantities of 5 to 9.
Signal Technology Corporation, Olektron Operation
Circle #170

Surface mount GPS diplexer

A new series of filters from Bree Engineering
includes a GPS diplexer. This unit has a loss of 0.7 dB
at the L1 and L2
passbands with chan-
nel-to-channel isola-
tion of 30 dB. The
location of input and
output pads can be
specified at the time
of purchase to accom-
modate many board
configurations. The
diplexer is 1.0 X 0.5 x 0.4 inches in size and will sur-
vive an Sn62 reflow soldering environment.
Bree Engineering
Circle #171

100 dB isolation SP4T switch
The SWN-1170-4DT-AKG- STANDARD Optlon 120
from American Micro- R :
wave is an SP4T
switch capable of 100
dB isolation from 0.1
to 20 GHz. Turn on
time is less that 65 ns
and turn off time is
less than 45 dB.
Insertion loss is less
than 4.5 dB. Operating voltages are +5 and -12 VDC.
American Microwave Corporation
Circle #172
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CALL OR SURF TODAY

# 508-894-1904 ® www.alphaind.com
20 Sylvan Road ¢ Woburn, MA 01801 USA
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FREQUENCY CONTROL
High frequency crystals

Champion Technologies announ-
ces a new series of inverted mesa
high frequency fundamental crys-
tals. The CIM-32 series is available
immediately in frequencies from
51.84 to 155.52 MHz. These crys-

tals offer low series resistance, high
pullability and unit-to-unit repeata-
bility. Pricing depends on frequen-
cy, but will typically range from $12
in hundreds to $10 in thousands.
Champion Technologies

Circle #173

5.4-5.6 GHz VCO

Vari-. Model VC0690-5500T
generates frequencies from 5400 to
5600 MHz with control voltages

from 0.5 to 4.5 volts. The unit typi-
cally requires 7.14 mA of current
from a +5 volt supply. Typical
phase noise at 100 kHz offset is
-100 dBc/Hz. Typical power output

is =1 dBm, second harmonic sup-
pression is —15 dBe and third har-
monic suppression is -20 dB.

Vari-L Company

Circle #174

Miniature SMD crystal

Valpey Fisher has added a minia-
ture crystal to its product line. The |
VF(C232 has a low profile of just 1.0 |
mm, suitable for use in PCMCIA
cards and many portable devices.
Stability is specified at =50 ppm,
frequency tolerance is =10 ppm at
25° C and aging is +5.0 ppm per

year. Available frequencies cover 11
to 150 MHz. Pricing is $1.88 each in
quantities of 1,000.

Valpey Fisher Corporation

Circle #175

Phase locked DROs

NEXYN Corporation offers

rugged phase locked DROs, gener-
ating frequencies in the range of 12

to 16 GHz. Performance features
include low microphonics, +13
dBm output power, -80 dBc spuri-
ous levels and —20 dBc harmonics.
Phase noise at 13.2 GHz is -105
dBe/Hz at 1 kHz offset. The unit
requires a 100 to 200 MHz external
reference signal.

NEXYN Corporation

Circle #176
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Small, light TXCOs

C-MAC Frequency Products has
introduced an ultracompact tem-
perature compensated crystal oscil-
lator offering stability to within
+2.5 ppm over a temperature
range from -30 to +80° C. The

Lt

CFPT-635 is provided in a surface
mount package measuring just 6.0
X 3.5 x 1.7 mm and weighing 115
mg. Current consumption from a
+3 volt supply is 2 mA. The CFPT
635 is available in frequencies of
12.8 MHz, 13.0 MHz, 14.4 MHz and
16.8 MHz. Aging is specified to
within 1 ppm per year and devices
can be trimmed via an automatic
frequency control (AFC) pin.
Pricing ranges from $4 to $6 in
quantities of 1,000 to 10,000.
C-MAC Frequency Products

Circle #177

Frequency translation unit
Vectron International has intro-

duced a series of low jitter frequen-

¢y translation devices for telecom-

munication applications. The
model FX070 is a low noise, nar-
rowband PLL that generates a
2488.32 MHz output from an exter-
nal 12.96 MHz reference clock. The
units have an output level of 0 dBm
minimum into 50 ohms and are
available in a 16-pin surface-
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mountable flatpack measuring 1 x
1 x 0.28 inches. Typical output jit-
ter is <b ps at the output frequen-
cy. The FX070 is designed for clock
frequency translation and clock dis-
tribution in SONET/SDH, ATM
and other applications.

Vectron International

Circle #178

Antenna alignment test set

XL Microwave offers a battery
powered alignment test set weigh-
ing 7 lbs. for on-tower operation by
a technician. The unit consists of a
synthesized signal source tunable
to operating frequencies of 1.8 to
19.7 GHz and includes a full duplex

voice channel so technicians at each
end of the path can communicate
during alignment. An LCD readout
provides direct readout of path loss
with a 0.1 dB resolution. The test
allows installation and alignment
of a microwave antenna system
prior to installation of the equip-
ment, which typically requires a
signal generator and microwave
spectrum analyzer. The Model 2200
is priced at $17,500 (includes two
units).

XL Microwave

Circle #179

Automated harmonic tuner
Maury Microwave now offers the
model MT999 precision automated
harmonic tuner. The tuner is capa-
ble of presenting a high mismatch
over a broad frequency range of 0.8
to 7.5 GHz. Designed to work with
the MT980 series of ATS

(Automated Tuner System), the
MT999 is designed for load pull

measurements requiring very high
mismatch values. With the appro-
priate multiplexer, harmonic fre-
quencies are isolated from the fun-
damental for accurate device char-
acterization measurements.

Maury Microwave

Circle #180

Broadband amplifier for

lab or communications
Mini-Circuits’ ZHL-1010 coaxial
amplifier covers 50 to 1000 MHz
with 10.5 +0.3 dB gain and maxi-
mum power output of 29 dBm
(P1gp). Applications include devel-
opment and implementation of
high traffic cellular and other
VHF/UHF communications. Input

and output VSWR are specified as
1.5:1 maximum. The third order
intercept point is +46 to +48 dBm,
while second order intercept is +68
to +83 dBm. The ZHL-1010 is
equipped with SMA connectors and
heat sink for operation in the -20 to
+65° C temperature range. The
unit is priced at $149.95 each in 1
to 9 unit quantities.

Mini-Circuits

Circle #181



+30dBm IP3 5t 2200MHz .57

The popularity of wireless communication services is soaring, but
when signal overcrowding creates intermodulation distortion...
Mini-Circuits has the solution! Our full range of low distortion high
IP3 mixers provide the muscle it takes to suppress noisy intermods
and clear the air of unwanted signals. At the same time, these
affordable surface mount and plug-in solutions achieve low
conversion loss and excellent L-R, L-I isolation. Developed for
both analog and digital use, applications include airphone, cellular
and cordless phones, radar, satellite, FM Broadcast, ISM, PCS, and
PCN. Achieve the high performance your customers expect.
Specify low loss, high IP3 mixers from Mini-Circuits. It’s the clear choice!

' Mini-Circuits®is proud to be a sponsor of the 1999 U.S.Interplay Chess Championships
Salt Lake City, Utah

For detailed specs on all Mini-Circuits products refer to « 760- pg. HANDBOOK =

95 WOW!

(10-49 aty)

TYPICAL SPECIFICATIONS (LO=+17dBm), Surface Mount

Model
*ADE-10H
*ADE-12H
SYM-18H
SYM-10DH
SYM-22H
$TUF-18DHSM
*ADM 10DH

Freq.

(MHz)
400-1000
500-1200

5-1800
800-1000
1500-2200
100-1800
800-1000

t Innovative Technology
(Patent Pending)

**Quantity 10 to 49
*Plug-in version available, specify TUF-180H
Available in tape and reel.

[ JMini-Circuits

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits.com

ISO 9001 CERTIFIED

IP3
Midband
(dBm)
30
28

30
31
30
27
30

Isol. Conv.Loss

Bandwide  Midband  Price $ea.
L-R L-I(dB) (dB) Qty. 1 9
39 25 7.0 7. 95
34 28 6.7 8.95™
45 40 575 17.95
45 29 7.6 18.95
33 38 5.6 19.95
41 33 7.3 21.95
35 37 6.0 15.95
us 89 INT'L gg
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INTERNET » THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM
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Microwave product guide
The RF Gain Division of
Richardson Electronics has pub-
lished a new RF and Microwave
Product Guide featuring the com-
pany’s custom RF and microwave
power transistors, MMICs and
power amplifiers. The 15-page
guide details key product specifica-

tions for general-purpose ampli-
fiers, FM broadcast amplifiers, HF
and VHF amplifier pallets and low
noise amplifiers. Specifications are
also provided for special-function
modules for broadcast transmit-
ters, demo boards for special-func-
tion broadcast modules, RF high-
power hybrid modules and split-
ters/combiners. Package outline
drawings for RF hybrid modules

S, Multiplexers
ters

Chdose REMEC Magnum as part of your Total Microwave Solution

REMEC Magnum offers a large selection of
Mixers, VCOs, Switch Filters, and Multiplexers
for space applications, and has supplied
these devices for a variety of spacecraft and
launch vehicles.

Mixers cover the bands from 5 MHz to 30

GHz, VCOs from 50 MHz to 20 GHz and Filter
products, including Multiplexers and Switch
Filters, from 100 MHz to 30 GHz.

High performance Mixers are available in
microstrip-carrier or surface mount
packages, and include double-balanced,
triple-balanced, and I/Q mixer-modulators. A
series of VCOs are designed for low phase
noise and low power consumption, using
silicon devices to 20 GHz. Filter and
Multiplexer designs are either combline,
cavity, lumped element, or dielectric
resonator types, depending on frequency
range and bandwidth. Multi-channel Switch
Filters utilize the same filter technologies with
integrated PIN or FET switches.

REMEC Magnum screens devices to
customer requirements and offers a standard
screening option for high-reliability products.

The Total Microwave Solution

Email inquiries to sales@remecmagnum.com
Visit our website at www.remec.com

1-877-66-REMEC

REMEC Magnum, Inc.
1990 Concourse Drive
San Jose, CA 95131
Fax 408.432.1551

R.EME L

Building solutions
through teamwork
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Product Guide
+ Power Amplifisrs

* Passive & Activi
Components i

. #
* Valus-Added 'remn“v/ .

* Contract Manufacturi

Wain, Lfd.

are included, as are schematics of a
variety of RF lineups.

Richardson Electronics, RF Gain Division
Circle #182

Broadeast « Celivior « Pogling + PCS « ISM

Coaxial cable assembly

catalog
MegaPhase has published its
1999 catalog, highlighting the com-
pany’s line of coaxial cable assem-
RF and microwave applica-

TEST « WIRELESS + SPACE « AIRBORNE + DEFENSE

Coaxial Cable for RF & Microwave

w2 1. 57 7-MogaPh 700 HE00
Fox: 1. Al SI0A22EG03T_ > Em

tions through 40 GHz. The catalog
includes color product photos, prod-
uct data and graphs, as well as the
company’s Test & Measurement
Series cables, designed for phase
and amplitude stable measure-
ments through 40 GHz.

MegaPhase

Circle #183
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Mixer chart

The Special Mixer Department
of MITEQ has designed a special
circular chart that allows mixer
users to check for the existence of

the highest-level spur products
(first three harmonics of the LO
and RF) in the block downconvert-
er mode. The chart speeds the
choice of operating parameters that
are then more closely analyzed for
higher order products by a numeri-
cal program.

MITEQ

Circle #184

Microwave component
catalog

Astrolab, Inc. announces its new
1999-2000 product catalog, featur-
ing the company’s line of passive

microwave components for test,
commercial, space and military
applications to 50 GHz. Included
are microwave adapters and con-
nectors, flexible and semi-rigid
microwave cable from .041” to
.500” in diameter, precision phase
shifters, terminations, attenuators
and flexible and semi-rigid cable
assemblies. The catalog also high-
lights the patented minibend cable

assemblies for use to up 40 GHz.
Astrolab
Circle #185

Filter brochure

PTI has released a new LC Filter
brochure, featuring the company’s
line of LC filters available for low-
pass, bandpass, and the band reject
applications. LC filters manufac-
tured by PTI are designed for use in

AF |ast there are BNC connectors
designed and built for the “killer
applications” - Trompeter's new
UPL2000
enaineered for hig i«
L,;':l'm.wl transmissions, these new BNC's
offer a significant performance

24

age over pre ducts from other
8db return

acdvant
suppliers (at 1.485 (,11'1\"3\ ,
loss improvement). Built rugged to
deliver reliable perform: 0

these connectors are competitiv
pric od and available today.

£ 5 SN AEC

This new series includes straight, 45
% By ARy
diameter cable : :
and CATV headends, inc luding

GEPCO cable models.

Don't (,n:mpmnﬂw
Get digital BNC's from Trompeter, to

750hm

and 500hm.PL2000. Specially
h bit-rate digital video

s support transmission In
all popular Belde

. vour signal with yesterday

RETURN LOSS DATA
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a variety of commercial and military
applications. Commercial applica-
tions include wireless communica-
tions infrastructure, point-to-point

i LC Filter Products

£ H N 8 I

i

and multipoint microwave radios,
commercial satellite communica-
tions, navigating systems, instru-
ment and medical applications.
Military uses include aireraft com-
munication and navigation systems,
missile systems, air-to-land commu-
nications and air-to-air communica-
tions.

Piezo Technology, Inc.

Circle #186

Capacitor catalog

Voltronics Corporation announ-
ces its new 40-page catalog, describ-

Voltronics =
CORPORATION -%“%
The Trimmer Capacitor Company

Tuning Solutions For Today’s Technology

ing the company’s complete line of
PTFE, glass, quartz, sapphire and
air variable capacitors. Information
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is included about Voltronics’ latest
solid dielectic trimmer line, which
is designed for GHz frequencies,
and features high Q, small size, low
cost and high reliability. The com-
pany also has catalogs presenting
half-turn ceramic chip trimmers
and will soon be introducing a new
catalog of non-magnetic MRI and
NMR trimmers.

Voltronics Corporation
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Waveguide component
catalog

Mega Industries has released a
new illustrated catalog highlighting
the company’s line of fabricated
waveguide components from DC to
18 GHz. The catalog features wave-

guide components, flexible wave-
guide components and coaxial
transmission line and components.
Mega inventories copper, bronze,
aluminum and invar waveguide
tubing from WR 10 to WR 2300.
Mega Industries
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Electron tube catalog

Penta Laboratories introduces a
new catalog describing its line of
electron tubes. The company’s
product line covers broadcast,
industrial, research, military, med-
ical and high end audio applica-
tions. Penta’s inventory ranges
from small 250-watt drivers to

large 100,000-watt vapor cooled
tubes. Specialties include the man-
ufacture of ceramic/metal tubes,
triodes and tetrodes. The company

Penta Laboratories

World Leader In
Vacuum Tube
Technology

i

offers a full range of receiving tube
types as well as an inventory of
many tube types that are no longer
being manufactured.

Penta Laboratory

Circle #189

Microwave products and
capabhilities catalog

Zeta, a microwave product
provider, has announced the publi-
cation of its new Microwave
Products and Capabilities Catalog.

Microwave
Products

and

Capabilities

Zeta provides solutions that include
a full range of microwave products:
crystal stabilized sources, frequency



Products

multipliers, frequency synthesizers,
comb generators, receivers, fre-
quency converters and microwave
subsystems. These products and
subsystems are specifically designed
for use in missile guidance, ground
support equipment, radar, satellite
communications, data links and
other applications.

Zeta
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Photo-etching brochure
Photofabrication Engineering,
Inc. (PEI) has issued a revised 12-
page brochure describing the com-
pany’s capabilities for photo-etch-
ing a broad variety of metals,
including such metals as pure tita-
nium, zircaloid/zirconium alloy and
beryllium copper. PEI’s warehouse
allows the company to stock more

THE ULniMAare BLEND
OF ART & TECHNOLOGY

@@

PHoToFARRICATION ENGINESRING INC.
QUALITY PHOTOCHIMICAL MACHINING

than 2000 part numbers of materi-
al, in thicknesses from 0.0003 in.
(0.0076 mm) to 0.90 in.(22.86 mm).
PEI’s products can be used for
applications such as heat sinks,
lead frames and oxygen generators,
as well as in the aerospace, telecom-
munications, automotive and med-
ical industries.

Photofabrication Engineering
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SMP series catalog
Dynawave, Inc. has issued a
brochure featuring its RF/
microwave sub-miniature push-on
connectors, the SMP series for DC

RF/Microwave
Sub-Miniature
Snap-On Connectors

SMP SERIES (DC 1o 40 GiHz)

e T ———— A

to 40 GHz. SMP connectors provide effi-
cient packaging for RF and microwave sys-
tems, with easy interface and an insertion
force that can be varied to suit each appli-
cation. The brochure contains electrical,
mechanical and environmental specifica-
tions, along with materials and finish infor-
mation for hermetic and non-hermetic
shrouds, contacts and insulators.

Dynawave, Inc.
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of some tight spots!
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Mechanical Design Tips for EMI Shielding

By Fred Broekhuizen
Holland Shielding

CE/EMI demands. The use of electronics increas-

es, and so do the frequencies. Therefore, these
demands have to be taken into account at an early stage
during the development of new products. In many cases,
it is impossible to solve EMI problems at a PCB level,
and is it necessary to shield the enclosures and cables.

Every company today seems to be involved with

Applications

Shielding is a fast way to comply with legal demands
or to prevent electromagnetic interference. Because no
long-lasting development is required, it is a cost-effec-
tive method. Therefore shielding is used for smaller
series or if a quick market introduction is needed.
Besides that, it is also used for appliances with high
radiation or sensitivity levels or for products of which
little is known in advance, such as modular enclosures.

Radiation and conduction

Electromagnetic interference can be transferred by
radiation and conduction. Conduction plays an important
role for frequencies below 10 MHz. To prevent the inter-
ference transfer, cables and enclosures have to be shield-
ed well with magnetically conductive materials. The
lower the frequency, the thicker the shielding needs to be.
For high frequencies (HF shielding, >40 MHz), only a
very thin layer of highly conductive material is needed.

A Figure 2. Metal tape with conductive self-adhesive to
increase corrosion resistance.

80 - ApPPLIED MICROWAVE & WIRELESS

A Figure 1. Deflection of parts because of too high stiffness
of the gasket.

Avoid gaps

The higher the frequency, the shorter the wavelength.
This means that with increasing frequency, the tolerable
gap dimensions decrease. In other words, doors, panels
and other parts need to be connected electrically on all
sides. The easiest way to do this is with highly conduc-
tive EMI shielding gaskets. Most of them are self-adhe-
sive for easy mounting.

To select the appropriate gasket, several aspects have
to be taken into account, such as the rigidity of the con-
struction, the distance between the fixings and the dis-
tance between the fixings and the construction materi-
als used.

The allowed stiffness of the gasket depends on the
rigidity of the construction and the distance between the
fixings. If the gasket is too stiff, the door, lid or panel will
deflect, causing gaps (Figure 1). Several kinds of gaskets
have been developed especially for doors, combining a
very large compression range, low closure force and high
conductivity. Many of them can be used in existing prod-
ucts without changing the construction of the product.

Galvanic corrosion

The conductive layer on the outside of the gasket
needs to be in the same galvanic range as the construc-
tion materials. Otherwise, galvanic corrosion will occur
and the electrical conduction between the parts will be
reduced, thus decreasing the shielding performance.
Commonly used criteria include: no more than 0.3 volts
for harsh environments (salt spray/weathering) and no
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A Figure 3. Combined EMI/water seal.

more than 0.5 volts for benign environments (indoors,
salt-free condensation only).

To obtain a contact surface within the same range as the
conductive covering of the gaskets, a metal tape with con-
ductive self-adhesive can be applied, such as masking tape
with a smaller width. The paint should overlap the tape to
increase bonding and corrosion resistance (Figure 2).

Another way to avoid galvanic corrosion is to make
sure that the environmental influences do not reach the
EMI shielding gasket by using, for example, a combined
EMI/water seal. (Figure 3).

Some manufacturers of EMI shielding gaskets use car-
bon-containing layers on the outside to prevent corrosion
of the gasket. But be aware that these are not galvani-
cally compatible with many commonly used construction
materials and that corrosion of the construction contact
materials may be inevitable. EMI shielding gaskets with
a conductive layer of reinforced Amucor® foil are much
more compatible with materials like zinc-plated steel and
aluminum and will prevent this kind of corrosion.

Displays and vent panels

Aside from connection between construction parts,
displays and vent panels also need proper shielding.
Displays can be provided with a sputtered, transparent

A Figure 5. Cross-cell honeycomb vents.
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A Figure 4a. Shielded display with transparent conductive
foil.

A Figure 4b. Shielded display with laminated metal wire
mesh.

conductive coating for HF shielding (>30 Mhz, Figure
4a) or a fine metal wire mesh for lower frequency/high
performance shielding (Figure 4b). The conductive sput-
ter layer can be coated directly on the display or on thin
films to form smaller demands.

The shielding of the displays needs to be connected
with the shielding of the enclosure to guarantee optimal
damping. This can be done with a gasket or metal tape
with conductive self-adhesive.

Vent panels are normally shielded with aluminum
honeycomb vents, which provide excellent shielding per-
formance with minimal loss of airflow. For superb
shielding performance so-called cross-cell honeycombs
vents are used. These vents consist of two or more lay-
ers of aluminum honeycomb, which are rotated 90
degrees (Figure 5). Honeycombs are normally applied
with a rigid aluminum frame and a gasket of 2 to 5 mm
for optimal connection with the construction

Cables

To avoid radiation emission, power and signal cables
need to be shielded or filtered. Shielding can be achieved
with ready-made shielded cables, shielding tube and
cable wrapping. Shielding tube consists of hollow braid-
ed metal wire, through which the cable or bundle of



A Figure 6. Entry-shield.

cables can be pulled. Cable wrapping is a knitted metal
wire tape, which is wrapped around a cable or bundle of cables.
Using this wrapping, branches can be made very easily.
Cable shielding always needs to be connected proper-
ly with the shielding of the enclosure, otherwise the
cable will act as an antenna and shielding will be use-
less. For heavy-duty and military applications, shielded
cable glands and special cable entry systems with com-

A Figure 7. Connector gaskets.

pressed conductive rubber seals are commonly used.

For commercial applications and appliances that do
not need a water seal, entry-shield is used in most cases.
Entry-shield consists of two precompressed flexible
strips of EMI shielding gasket, between which the cables
are entered. This way, many cables can be entered
simultaneously with minimal mounting, and it is very
easy to add cables later (Figure 6).
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Laser Adjustable
Ceramic Capacitors

High Frequency
Ceramic Inductors
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A Figure 8. Shielded box of die-cut foil.

Connectors

Connectors also need to be shielded or filtered and
connected with a gasket. These gaskets can consist of 1
mm-thick die-cut material, which can be manufactured
easily according to customer specifications, with little
tooling costs (Figure 7).

Shielding at the source

If the source of the radiation or sensitivity is known,
shielding should begin at this level. The interfering parts
can be packed in a folded box or envelope of die-cut
shielding foil with an insulating layer on the inside to
avoid short-circuiting (Figure 8). It can also be done by
soldering vertical metal strips on the PCB to create com-
partments. These compartments are closed by placing a
lid of flexible die-cut shielding foil (Figure 9) or by press-
ing a soft foam sheet with a conductive surface against
the strips (Figure 10). This final option allows many com-
partments to be shielded with just one single cover. |

Author information

Fred Broekhuizen has been product manager at
Holland Shielding Systems BV for three years. He is
responsible for the development of new EMI shielding
materials, which combine better shielding perfor-
mances, lower closure forces and easier mounting.

Holland Shielding Systems BV has been developing

and manufacturing EMI shielding materials for 18
years. These materials vary from EMI shielding gaskets
to shielding of military buildings, hospitals and air traf-
fic control towers. The company focuses on cost-effective
shielding methods with short delivery times, and manu-
factures according to customer specifications.
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A Figure 9. Shielding of parts of a PCB.

Holland Shielding’s latest documentation about EMI
shielding in Adobe Acrobat Reader can be downloaded
from www.hollandshielding.com/doc.pdf.

For more information contact Holland Shielding
Systems BV, PO. Box 730, NL-3300 AS Dordrecht, The
Netherlands; Tel: +31 78 6131366; Fax: +31 78
6149585; Internet: www.hollandshielding.com; E-mail:
info@hollandshielding.com

A Figure 10. Compartments of a PCB.
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Requirements for Sharing Sites in
Terms of Microwave Radiolinks

Future expansion of wireless services will require more sharing of

towers and hilltop sites

By Marcello Praca
NEXTEL Telecommunications Ltd.

radio systems are providing communica-

tions directly to users. Examples of such
systems include paging, analog and digital trunk-
ing such as iDEN™, two-way mobile radios, PCS,
WLL, and cellular telephone systems such as
NMT, TACS, AMPS, EAMPS, NAMPS, GSM,
PHS, CDMA and TDMA.

Despite the widespread deployment of fiber
optic systems, there is still a huge demand for the
interconnection of sites using digital microwave
radios (DMRs), not just in rural areas but also in
cities. Reasons for this demand include lack of
existing cable ducts and the high cost of new ones,
the ease of installing radiolinks, their rapid deploy-
ment and expansion, high availability and the ease
of routing reconfiguration. Considering these fac-
tors, interference is an issue becoming more impor-
tant for microwave system engineers.

The necessity of sharing sites is expanding,
mainly because of the high cost of the necessary
infrastructure, such as poles or towers, supporting
structures like masts, grounding, real estate rent-
ing, shelters, air conditioning, power supply and
fire protection systems. However, when sharing
sites it is essential to avoid harmful interference,
not only on radio frequency (RF) systems but also
on microwave (MW) radio systems.

This paper discusses some useful guidelines to pre-
vent damaging interference among microwave radio-
links in order to guarantee maximum usage of towers
and poles (in terms of the number of microwave par-
abolic dishes that can be installed in the same physi-
cal location at the same time).

Presently, many different types of terrestrial

Some useful definitions
Within the scope of this article, the following
definitions will be useful:
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Site — A general term referring to a base sta-
tion or a microwave repeater.

PoP (Point of Presence) — A site with at least
one MW system installed (i.e., a terminal station
with only one MW antenna in nonspace diversi-
ty systems). In a large network, the majority of
stations normally have two directions (i.e., two
antennas, one for each direction, forward and
reverse). Note that, in this context, the word
“site” does not always refer to a PoP, since a PoP
always has a MW radio while a site may have or
not. For instance, a site can be linked via fiber
optics, HDSL (High bit-rate Digital Subscriber
Line) modem or even satellite.

Requesting company — the company that
requests the microwave sharing of a PoP.

Requested company — the company that
receives a request for sharing of a PoP.

Local end — the PoP to be shared

Remote end — the other PoP linked to the
local end via one or more MW radio links.

Objectives and presupposition

The main objective of this article is to estab-
lish technical criteria for sharing sites from a
microwave point of view. The guidelines are
primarily oriented for the 15-; 18- and 23-GHz
bands, as these are the most frequent bands
used by cellular-type TELCOs when they are
interconnecting sites by means of digital
microwave radios.

However, the same methodology is also
valid for other microwave frequency bands,
including the 11- (SDH STM-1), 26- or 38-GHz
bands. According to IEEE, waves between 30
GHz and 300 GHz are termed millimeter
waves instead of microwaves.

As an essential presupposition, we will
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assume the requested and/or requesting company has a
versatile software package, able to perform accurate
microwave interference, performance and availability
calculations, with a specialized and well-skilled techni-
cal team as well as a superb radiolink and equipment
database.

The main purpose of the study is to ensure that the
installation of the requesting company’s radiolink will
not substantially degradate the existing radiolinks at
the PoP and near it. The second purpose is to ensure
that the requested company can authorize new sharings
after this.

The allowed degradation casued by the new radiolink
must be defined by the requested company according to
its interference/availability criteria. Suppose we have an
18-GHz sharing. If the requested company has an objec-
tive of .02 percent of unavailability per annum per link
(due to propagation only; mainly rain), this objective
cannot be exceeded with the sharing addition. From the
point of view of the requested company, the degradation
caused by the new radiolink must keep all of the indi-
vidual unavailabilities of all other radiolinks below the
desired value (.02 percent per annum per link in this
example). This is a sine qua non condition for the
approval of the sharing. It is important to note that this
condition is fundamental but not sufficient for the
approval. Infrastructure and legal questions must
always be taken into account.

Technical documentation

For each sharing, the requesting company always has
two distinet possibilities. The first is to provide the com-
plete microwave design for the link, proving to the
requested company that microwave interference will be
under acceptable limits. This is, of course, the preferable
option, although it is a complex subject for most compa-
nies, due to lack of specialized personnel, design data
and software.

The second possibility is that the requesting company
sends all the technical information to the requested
company, which then completes the frequency coordina-
tion. If frequency coordination is acceptable, sharing is
feasible. Otherwise, some design modifications must be
made in order to approve the sharing.

Notice that, in the second option, only the frequency
coordination will be completed by the requested compa-
ny (and, even so, between its own radiolinks and the
shared radiolinks). Performance calculations and fre-
quency coordination with other companies and systems
(like satellites and radars) are always the responsibility
of the radiolink owner.

For instance, radio-relay systems operating in the 6-
GHz band may suffer interference from uplinks of C-
band satellites, and radio-relay systems operating in the
4-GHz band may cause interference in downlinks of C-
band satellites. Thus, the installation of radiolinks oper-
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ating at 6 GHz or 4 GHz requires frequency coordina-
tion with C-band satellite systems.

In addition, it is the responsibility of the requesting
company to suggest the antenna location (based on the
determination of antenna heights and reflection points)
and to investigate possible interference with existing fly-
ing fields and airports. It is possible, for example, that
there is no physical space for a new antenna at the cor-
rect bearing and height on the tower.

For the second possibility, the requesting company
must provide the following technical information and
infrastructure data:

The remote end — The remote end must be provided
with its name and full address.

The PoP to be shared — The PoP (local end) where the
microwave sharing will occur must be provided.

The positioning coordinates of the remote end — The
geographical (GEO) coordinates (latitude and longitude)
are typically expressed in the sexagesimal form (i.e.,
degrees, minutes and seconds). Sometimes the request-
ing company presents its coordinates in UTM (Universal
Transverse Mercator) format, or in values expressing
north or east, for example. When the positioning coordi-
nates are obtained from topographical charts, they are
normally expressed in UTM format. Usually in this case,
it is necessary to convert from UTM to GEO before
inserting these values in the software package (the soft-
ware typically works with latitude and longitude only).

GEO UTM
Latitude (=¢) = Northing Value (=N)
Longitude (=)L) = Easting Value (=E)

The accuracy of the coordinates must be within 50
meters (=164 ft) of the exact, or ideal, location (with an
error circle with a radius of 50 m). This is the minimum
acceptable accuracy for positioning coordinates to be
used for microwave frequency coordination. It is essen-
tial to be aware of the horizontal or planimetric refer-
ence datum (or HRD) since the geographical coordinates
change when planimetric datum changes.

Geographical coordinates for a PoP may read, for
example:

Site: Icarahy

Latitude = 22° 35’ 23.6” S
Longitude = 45° 14’ 10.2” WGr
HRD = SAD-69

where S stands for south (N for north) and WGr stands
for west of Greenwich (EGr for East of Greenwich).
SAD-69 is an acronym for South American Datum 1969
and is a widely-used horizontal datum for South
America. In North America, we have for example, NAD
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83 (an acronym for North American Datum 1983).

There are numerous other horizontal data such as
WGS-84 (World Geodetic Datum 1984), Yacare (South
America), Tokyo (Japan), Djakarta (Indonesia), Easter
Island (Pacific Ocean) and WGS-72 (World Geodetic
Datum 1972). The right choice of the horizontal datum
is crucial for good path calculations. We do not pay par-
ticular attention here to the positioning coordinates of
the local end because they are obviously known by the
requested company (after all, it is its own location).

Altitude and height (expressed in meters or feet) —
Altitude is measured with reference to the mean sea
level (MSL), and height is measured with reference to
the soil or ground level. In this application, altitudes are
known as AMSL (above mean sea level) and heights as
AGL (above ground level). It is essential to inform the
vertical or altimetric reference datum (or VRD) with the
altitude since altitudes change when the vertical datum
changes.

Height measures the vertical distance from antenna
port to the ground. Presently, the official vertical datum
adopted in Brazil is the tidal station of “Maregrafo de
Imbituba” in Santa Catarina state, south Brazil.

Equipment configuration — Equipment configuration
can be either fully non-protected (both transmitters,
and receivers) or protected. There are several types of
protection schemes and diversity arrangements, includ-
ing (1+1) hot-standby, frequency diversity, quadruple
diversity, space diversity, and so on.

Transmit frequencies (expressed in GHz) — Transmit
frequencies include F Tx Rem, which is the remote end
transmit frequency, and F Tx Loc, which is the local end
transmit frequency.

Link polarization — The radiolink polarization
must be of linear type, either horizontal (H-pol) or
vertical (V-pol). Since V-pol is superior to H-pol (as a
protection against rain effects), it is possible that the
requested company will reserve V-pol, at the local
end, for its own links. In the case of helical antennas
(see next section) circular polarization appears
(either left-hand or right-hand).

Antenna data — This includes model and manufac-
turer (e.g., VHP4-142 ANDREW); diameter
(expressed in meters or feet); and mid-band gain
(expressed in dBi or dBd).

Terrestrial microwave antenna systems use, in most
cases, parabolic antennas (and, for this type of aerial,
diameter is very useful). However, other types of
antennas may be utilized like horns and, in the begin-
ning of microwave frequencies, Yagis and helicals.

There is a theoretical controversy on the beginning
of the microwave frequency band. Some authors claim
that this occurs at 900 MHz, others at 500 MHz, 300
MHz (coinciding with the beginning of UHF band)
and even at 3 GHz (the end of the UHF band or the
beginning of the SHF band).
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For parabolic antennas, the model frequently pro-
vides diameter information. The following examples are
taken from a manufacturer’s catalogue.

Model = UHX10-59W d=101ft (or 3,0 m)
Model = KP8-258 d=8ft (or 2,4 m)
Model = VHP1-570 d=1ft (or 0,3 m)

Normally, for microwave bands, antenna gains are mea-
sured in dBi (decibels over an isotropic radiator) and not
in dBd (decibels over a half-wave dipole). The unit dBd
occurs more frequently in VHF (Very-High Frequency)
and UHF (Ultra-High Frequency) radio systems instead
of SHF (Super-High Frequency) and EHF (Extremely-
High Frequency). The relationship between the two
units, dBi and dBd, is expressed as follows:

X (dBi) = Y (dBd) + 2.15

Other data such as the front-to-back ratio (FBR),
half-power beamwidth angle (HPBW) and cross-polar-
ization discrimination (XPDO0) can be extracted directly
from the RPEs diagrams (see the next section).

Radiation pattern envelopes (RPE) — Four RPEs are
always needed when analyzing the behavior of
microwave antennas: two parallel envelopes (named HH
and VV) and two crossed envelopes (named HV and VH).
RPEs must be sent in tabulated format as well as graph-
ical format for checking. These acronyms mean:

* HH — The response of a horizontally polarized
antenna port (H-port) to a horizontally polarized
microwave radio signal.

* VV — The response of a vertically polarized
antenna port (V-port) to a vertically polarized
microwave radio signal.

* HV — The response of a horizontally-polarized
antenna port to a vertically-polarized microwave
radio signal.

e VH — The response of a vertically polarized
antenna port to a horizontally polarized microwave
radio signal.

Transmit output power (expressed in dBm) — It is
always necessary to define the interface related to
the transmit output power value (e.g., antenna port
or radio port). Without this information, it is impos-
sible to obtain the real gain/loss block diagram of the
radio equipment.

If the radio includes a booster or a high power ampli-
fier (HPA), this issue must be considered in the transmit
output value. The same can be said for automatic trans-
mitter power control (ATPC). In addition, if transmit
output power can be reduced (e.g., -3 or -6 dB below its
nominal value), one must also be aware of it to reduce
interference levels to acceptable limits.
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Bit rate (expressed in Mbit/s or megabits per sec-
ond)— The most correct approach for bit rates is the
use of the gross bit rate (GBR) or the aggregate bit
rate (ABR). GBR is the final result of the bit rate
after inserting the forward error correction (FEC),
voice frequency channel, data channel and con-
trol/monitoring channel via the radio equipment.

Modulation scheme — We have, for example, O-
QPSK (offset quadrature phase-shift keying), 16-QAM
(16-states quadrature amplitude modulation), 32-
QAM, 64-QAM, 128-QAM, 4-FSK (four-level frequency
shift keying) or 4D-TCM (Four-Dimensional Trellis
Coded Modulation).

Receive noise (expressed in dB) — Receive noise is
measured at the receiver input port.

Receive thresholds for a 10E-3 and 10E-6 BER
(expressed in dBm) — The receive threshold is the
receive power level normally at the antenna interface
(equal to antenna port) for a given BER (bit error rate).
Receive thresholds depend on the equipment configura-
tion and bit rate capacity. This is 2E1, 4E1, 8E1, 16E1 in
CEPT hierarchy (Conférence Européenne des
Administrations des Postes et des Télécommunications).
Usually, we use the BER 10E-3 and 10E-6. Sometimes
the receive threshold for a 10E-10 BER, or for other val-
ues somewhat close to this, is also provided.

Transmit spectrum mask (spectrum occupancy) —
All filters and devices (circulators, isolators, transi-
tions, elbows) must be right in the beginning of the
waveguide (elliptical, circular or rectangular) or
coaxial cable in lower frequencies. They must be pro-
vided in the form of a decibel versus frequency offset
curve. The offset represents the positive or negative
frequency offset from the carrier frequency (that is
to say, fy + Af and f; — Af), and is generally expressed
in MHz. In terms of unwanted emissions (spurious
and out-of-band), the equipment must meet the
appropriate specifications (like, in the U.S., FCC Part

101 Section 101.111, emission limitations).

Receive frequency response from RF section to BB
(baseband) section — The receive chain (RF + IF +
BB) filtering is composed by three curves, namely the
receive RF filter frequency response curve, the
receive IF filter frequency response curve and the
receive BB filter frequency response curve. All three
curves show the filter response (in dB) versus the fre-
quency offset (in MHz).

Attenuator (expressed in dB) — When a fixed in-
line attenuator (pad) is used, it is mandatory to rec-
ognize whether the attenuator belongs to the trans-
mit path only, to the receive path only or to both
paths (transmit and receive one).

Additional Losses (expressed in dB) — Additional
losses are divided into two parts. Both parts include the
portion between the antenna interface and the radio
interface. The antenna interface is located between the
antenna and the transmitting line (waveguide or coaxi-
al cable). The radio interface is located between the
radio equipment and the transmitting line.

The antenna interface consists of the transmit path
losses and the radio interface consists of the receive path
losses. Depending on the situation, it is possible that
there are some differences between these two losses.
Overall additional losses are equal to the summation of
losses in the transmission line, flex-twists (or jumpers
for coaxial), hybrid devices, switches, circulators, isola-
tors, straight sections, flange adapters, waveguide to
coaxial adapters, taper transitions, 90 degree E-Plane
and H-Plane elbows, power dividers and the radome.

Infrastructure data for microwave sharing

Supply of power — Power consumption depends on
the equipment configuration. The best choice is the use
of guaranteed maximum wattages for each unit and, as
a direct consequence, for the radio equipment as a
whole. The addition of protection schemes or diversity
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arrangements, service channels,
HPAs (boosters) and other optional
electrical units, such as relay inter-
face modules, increase radio power
consumption.

Power supply main specifications
include operating currents, DC
input voltage range and polarity,
when applicable (some equipment
uses positive or negative ground).
This is typical with the use of 48

VDC systems.

Circuit breakers are the responsi-
bility of the requesting company.
The number of breakers is a func-
tion of the radio configuration.
Generally, one single indoor unit
needs one breaker; two indoor units
need two breakers. If available, the
battery noise level mask must be
provided, showing noise level in the
vertical axis, in volts RMS (root

o Uswmm]

Coup
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ngh Frequency ngh Power
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* [ ow Insertion Loss
* Small Package Size
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APPLICATIONS
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mean square) versus noise frequen-
cy in the horizontal axis (in Hz).

It is a good engineering practice
to install surge protectors on
data/signal lines, telephone lines,
coaxial lines and AC lines. It is
mandatory that coaxial lines enter-
ing shelters or houses have their
own protections (one per coax).

Commonly, we use gas tube surge
protectors for microwaves by virtue
of their low insertion loss, low
VSWR (voltage standing wave ratio),
easy installation and wideband
behavior. Coaxes carrying signals
between outdoor and indoor radio
units operate not only in baseband,
including DC for powering the out-
door unit, but also in intermediate
frequencies like 70 or 140 MHz and
even higher values.

This broadband behavior pro-
hibits the use of quarter-wave stub
protectors for microwave applica-
tions since they can not pass DC sig-
nals and their frequency bands are
generally incompatible with those
bands travelling across the IDU to
the ODU coaxial.

Dimensions and weights for units,
antennas, coaxes or waveguides — It
is essential to have access to infor-
mation on physical dimensions
(height, width and depth) and
weight, both for indoor (IDU) and
outdoor (ODU) units. Sometimes
ODU is known as a radio unit (or a
radio frequency unit, RFU), and
IDU is known as a signal unit (or a
signal processing unit, SPU).
Dimensions are generally expressed
in millimeters (mm) or inches (in),
and weights are expressed in kilo-
grams (kg) or pounds (Ib). At this
point it is appropriate to say that,
strictly speaking in terms of physics,
mass and weight are different physi-
cal quantities (so, they are measured
by different physical units, i.e., kilo-
grams for mass and newtons for
weight in the International System
of Units — S.I.). In this case, we are
speaking about mass, not weight, as
mass is often confused with weight
and vice-versa.

The two previously-mentioned
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units are related by:

1in = 25.4 mm (exact)

1 kg=2.2Ibm

where the suffix m (in Ibm) stands
for “mass,” emphasizing its oppo-
sition to force (pound-mass
instead of pound-force).

The requested company often
limits the diameter of the parabol-
ic dish in its own site in order to
maximize physical space occupa-
tion and to reduce wind loading (in
order to achieve this, a moulded
radome may be needed). It is very
rare but it is possible that there
are restrictions on antenna paints,

Environmental requirements

1. Ambient Temperature Ranges
(in °C or °F)
1.1 Transportation and
Storage
1.2 Full Operational
1.3 Operational but Degraded
(e.g., presence of signal
errors)
2. Percent Relative Humidity
2.1 Operational
2.2 Transportation
3. Altitude (above Mean Sea Level)
3.1 Operational
3.2 Transportation
4. Wind Effects
4.1 Axial Force (= Fjp)
4.2 Side Force (= FS)
4.3 Twisting Moment (= Mry)
. Hail and Snow
6. Ice Accumulation on Outdoor
Parts
7. Aerial Pollutants and Particles
8. Dust and Sand Storms
9. General EMI (Electromagnetic
Interference)
10. Lightning
11. Vibration
11.1 Indoor (installed units)
11.2 Transit (packaged units)
12. Shock (drop / bump)
12.1 Transit
12.2 Handling
13. Earthquakes

n

radome colors (gray, aviation
orange and white) and radome
types (moulded x planar).

Usually the largest acceptable
diameter is 4 feet (or 1.2 meters).
If an antenna with larger diameter
(e.g., 8 ft/2.4 m or 10 ft/3.0 m) is
needed, it must be installed in the
remote end. The presence or
absence of antenna shielding is
also important since the overall

physical dimensions and weight
increase because of cylindrical
shielding.

Some mechanical characteristics
of the coaxial cable interconnecting
IDU and ODU or waveguide are also
important. They include dimensions
over jacket or outer diameter (in
millimeters or inches), distributed
weight (in kgf/m or 1bf/ft), and min-
imum bending radius (in millime-

e -
-
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ters or inches).

For waveguides, the last specifica-
tion is the minimum bending radius
(E plane and H plane), with and
without rebending. This waveguide
is not the flex-twist section used in
15-, 18- or 23-GHz systems, but a
waveguide for lower frequencies
(e.g.,4,5,6,7,8or 11 GHz), making
the connection from the indoor
branching to the outdoor antenna,

generally by dozens of meters.

For coaxial cables interconnect-
ing IDUs and ODUs (operating in
intermediate frequency IF or base-
band BB) the maximum acceptable
length is vital information for the
installation. Usually, the maximum
length is about 300 meters (or 984
feet) due to electrical limitations of
the coaxial cable.

Finally, coaxes or waveguides

80...YOU NEED TO TEST YOUR MODULE,
RAPID-FIRE AT DOZENS OF FREQUENCIES.
CLEAN FREQUENCIES...NO JITTER.

AND YOU DON'T HAVE ALL DAY, YOU DON'T
EVEN HAVE SECONDS...

NO PROBLEM!

MICROSECOND SWITCHING FROM PTS!
PTS FREQUENCY SYNTHESIZERS...
BEST VALUE / BEST RELIABILITY.

PTS, IT’S THAT SIMPLE.

FREQUENCY SYNTHESIZERS

§ PROGRAMMED TEST SOURCES, INC.
§ 9 Beaver Brook Road Littleton, MA 01460
2 Tel: 978 486 3400 Fax: 978 486 4495

W

. e-mail: sales@programmedtest.com
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must be installed inside protection
ducts (of iron or some polymeric
material like polyvinyl chloride-
PVC). When the environment is
hazardous, due to presence of
chemicals, explosive atmospheres,
corrosive environments, risk of
shock, or there are a lot of T1/E1
signals travelling across the line
(such as STM-0 or STM-1), it is a
good approach to seek physical pro-
tection. The duct can also act as an
obstacle against vandalism, the
influence of ultraviolet rays, water
penetration and fire, thus preserv-
ing the cable(s) inside it.
Supplemental installation re-
quirements — If an additional inside
rack is needed, do not forget to
inquire about rack size. Is the access
necessary to the back and/or to the
front of the equipment? This answer
will determine, for example, the
minimum distance from the wall to
the back of the rack. Sometimes the
IDU must be installed as a desktop
unit instead of using a rack (this can
occur when there is no physical
space for a new rack unit and the
existing ones are fully populated).
Be careful when installing rooftop
mounts. There can be serious imper-
meabilization problems. A concrete
base for the rooftop mast largely
reduces this risk. Typically the mast
is 2 meters high and its outer diam-
eter is a function of the antenna
dimensions and type (shielded ver-
sus unshielded, parabolic versus
Yagi or helical, solid versus grid,
radomized versus unradomized), as
well as the associated hardware.
Table 1 shows common pipe outer
diameters versus parabolic diame-
ters for microwave antennas. The
dimensions of the concrete bases are

Pipe Outer Antenna
Diameter (inches) | Diameter (inches)
4 120r18
3or4 0.6
2,24,30r4 0.3

A Table 1. Common pipe outer diameter
versus paraholic diameters for
microwave antennas.
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also a function of the antenna diam-
eter and type.

Next to the outdoor unit, a
110/220 VAC shielded socket and an
illumination lamp are very useful.
Always have them, unless expressly
forbidden.

Another issue is the pressuriza-
tion system for waveguides. It
demands physical space and electric
power for the pressurization equip-
ment (dehydrators, distribution
panels, gas distribution manifolds,
line monitors, extra tanks).

For pressurization equipment,
there are basically two types of
shelves: a wall shelf and a rack shelf.
The wall shelf, of course, becomes
attached to a wall and the rack shelf
to a 19-inch rack. Sometimes, we use
a floor stand for the dehydrator and
the regulating tank.

It is important to remember to
never attach a pressurization equip-
ment directly to a radio-populated
rack unless there is some kind of
vibration attenuation scheme, since
vibration reduces the lifespan of the
electronic equipment.

Some additional technical remarks

If the radio uses FEC (forward
error correction) and the FEC is
enabled, it must be considered when
informing receiving thresholds due to
FEC coding gain. A controversial issue
is the use of typical or guaranteed val-
ues when talking about receiving
thresholds, noise figures, transmit
output powers, wattages, and general
losses. The recommended procedure is
to provide both values for a full tech-
nical analysis.

When the design is completed by
the requesting company, it is impor-
tant to declare what kind of values
were used in the calculations. Two
calculations (the first one using typ-
ical values and the second one using
guaranteed values) must be provid-
ed to ensure that there will be no
problems with the sharing.

It is also important to clearly
define the rules of working/accessing
the local end in order to perform
actions of operation and mainte-

nance. These would include working
hours, who is qualified to access,
what kinds of jobs may be done with-
out previous authorization, respon-
sibilities of both parts, procedures in
emergency situations, contact peo-
ple and phones. L]
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Silicon-Germanium ICs

Offer Price and

Performance Advantages

SiGe technology reaches mass-production with competitive pricing

tanford Microdevices, Inc. recently
Sannounced the immediate availability of
Silicon-Germanium process (SiGe) compo-
nents for high volume wireless and other high
frequency applications. The company’s amplifi-
er product line features high gain, high lineari-
ty at highly competitive market prices. The
devices are packaged in industry-standard
SOT363, SOT89, SOT23-5 and 85-mil diameter
surface-mount types and are available from
Stanford’s distributors, including Richardson
Electronics and Avnet Electronic Marketing.
The high-volume, low-cost marketing experi-
ence of the company has been as asset in
launching a new product line with immediate
availability. A selection guide showing the avail-
able parts in the new SiGe amplifier line is
shown on the following page.

Product example — the SGA-6486

To illustrate the performance offered by the
new line, we will examine one of the amplifiers
at the upper end of the available power levels.
The SGA-6486 is an 85-mil diameter “pill” pack-
aged amplifier rated for +20 dBm power output
(P4p) over DC-2400 MHz with a +5.2 volt sup-

Small Signal Gain vs. Frequency
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A Figure 1. Gain versus frequency for the SGA-6486
over 100 MHz to 5 GHz.
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A Stanford Microdevices’ SiGe amplifier line rings
a new price/performance standard to market.

ply. The third order output intercept (IP3) is
typically +34.8 dBm, indicating the part’s good
linearity performance.

The device features a SiGe Heterojunction
Bipolar Transistor (HBT) process with 1 micron
emitters and f up to 65 GHz.

Small-signal gain versus frequency is shown
in Figure 1. Typical gain is 19.7 dB at 1000
MHz, 16.7 dB at 2000 MHz and, although out-
side the recommended operating range of the
device, gain is 12.3 dB at 5 GHz. Input and out-
put VSWR are 1.5:1 over the entire frequency
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range. The SGA-6486 has a noise figure of
3.0 dB and draws 75 mA in a typical
application circuit (Figure 2).
Recommended bias resistor values are 11
ohms for the +6 volt supply shown, 31
ohms for a +7.5 volt supply, 51 ohms for
+9 volts and 91 ohms for +12 volts.

The SGA-6486 uses a darlington pair &

S0 ohm
microstrip

11 ohms

AN \NN—C0 Vec=+6V

topology with resistive feedback for
broadband performance and stability
over the entire rated temperature range

§22nH
50 ohm
2 microstrip
|| ! *{ [
R 3 | ©
68pF 7 68pF

of —40° to +85° C. The device is internally
matched to 50 ohms, requiring only DC
blocking capacitors and supply bypassing
capacitors for operation. Typical applica-
tions for the SGA-6486 include buffer amplifiers for
oscillators, final power amplifiers in low power applica-
tions, IF/RF buffer amplifiers and CATV drivers.

Other devices in the SiGe amplifier line provide out-
put powers from -4.0 to +20.0 dBm, with devices oper-
ating from +2.2 volts to +5.2 volts. Third order inter-
cept points are offered from +7.0 to +34.5 dBm. 1 GHz
gain specifications range from 10.4 to 21.5 dB with 2
GHz gain from 10.2 to 19.4 dB. Eight of the nineteen
models listed in the Selection Guide below feature noise
figures below 3.0 dB.

For designers, complete s-parameter characterization

A Typical 1900 MHz application circuit for a +6 volt supply.

is available for these amplifiers, downloadable from the
company’s web site. 2l

For more information, contact:

Stanford Microdevices, Inc.

522 Almanor Avenue

Sunnyvale, CA 94086

Tel: 800-SMI-MMIC

Internet: www.stanfordmicro.com

Or circle Reader Service #200

Part vd| Id 3dB | P1dB | IP3 | Gain@ |Gain@| NF ity
Number | (V) | (mA)| BW | (dBm)|(dBm)| 1 GHz | 2 GHz | 50 Ohm |SOT-363 . 8 @ | sorss fff |soT25 | Features
SGA-11 | 45| 12 | DC60| 40 | +70 | 116 | 112 33 SGA-1163 S12 »45dB
SGA-12 | 26| 10 | DC-40| -50 | +50 | 138 | 130 28 SGA-1263 S12 >45dB
SGA-21 22| 20 | DC-50| +7.0 | +200| 105 10.2 41 SGA-2163 SGA-2186 +/-0.3dB response to 3 GHz
SGA-22 | 22| 20 |DC-35| +70 | +200| 150 | 140 32 SGA-2263 | SGA-2286 Can operate at 2V
SGA-23 [ 27| 20 | DC-28| +7.0 | +200| 174 16.4 29 SGA-2363 | SGA-2386 Excellent Noise Figure
SGA-24 | 27| 20 | DC-20| +7.0 | +200| 1986 18.0 25 SGA-2463 | SGA-2486 Excellent Noise Figure
SGA-32 | 27| 35 |DC-36| +12.0 | +26.0| 148 | 134 35 SGA-3263 | SGA-3286 Flat response to 3 GHz
SGA-33 | 25| 35 | DC-36| +12.0 | +250| 174 | 162 30 SGA-3363 | SGA-3386 >20% PAE
SGA-34 | 29| 35 | DC-20| +12.0 | +250| 215 | 194 26 SGA-3463 | SGA-3486 Excellent Noise Figure
SGA-41 32| 45 | DC-60| +1560 | +290| 104 102 46 SGA-4163 | SGA-4186 +/-0.3dB response to 4 GHz
SGA-42 | 32| 45 | DC-35| +150 | +290| 138 | 126 33 SGA-4263 | SGA-4286 >20% PAE
SGA-43 | 33| 45 | DC-25| +150 | +29.0| 170 | 152 28 SGA-4363 | SGA-4386 Excellent Noise Figure
SGA-44 | 32| 45 | DC-20| +150 | +290| 190 | 168 25 SGA-4463 | SGA-4486 Excellent Noise Figure
SGA-52 | 35| 60 | DC-40| +17.0 | +30.0| 135 | 127 4.1 SGA-5286 | SGA-5289 | SGA-5225 Flat response to 3 GHz
SGA-53 | 36| 60 [DC-32| +17.0 | +31.0| 17.3 16.0 35 SGA-5386 | SGA-5389 SGA-5325 25% PAE, High TOIP
SGA-54 | 35| 60 | DC-24| +170 | +31.0| 19.7 | 180 28 SGA-5486 | SGA-5489 | SGA-5425 25% PAE, High TOIP
SGA62 | 42| 75 | DC-35| +20.0 | +34.0| 138 124 39 SGA-6286 | SGA-6289 SGA-6225 >30% PAE, High TOIP
SGA-63 | 50| 80 | DC-30| +20.0 | +34.5| 154 | 138 3.8 SGA-6386 | SGA-6389 | SGA-6325 High TOIP
SGA64 | 52| 75 | DC-18] +200 | +340| 197 | 167 | 29 SGA6486 | SGA6489 | SGAsazs | MO BRI ACOINE

A Selection guide for the SiGe amplifier product line.
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SPECIAL
INTRODUCTORY
OFFER

$89

shipped FREE within
US and Canada
($109 shipped worldwide)

This is a limited time offer

Announcing HELP files for your career

ELEKTA is a knowledge-based system for electrical
o : engineering. It is an encyclopedia of electronics, but
D ———— i with interactive examples and

woud cthesase reaure the
this combitation s fasy camman and functions up fo about OMH: The lowe:

T e st ol 0 s s 52 : : | supplemental tools that offer
more than any printed book.
From tutorials on hundreds of
topics to SPICE simulation,
from basic engineering compu-
tations to advanced mathemati-
cal functions, ELEKTA can help you with routine or
advanced engineering tasks.

ELEKTA is organized just like familiar HELP files.
But, instead of helping you with operation of a com-
puter program, it helps with your job! With a few
simple clicks you can get tutorial background infor-
mation, interactive design utilities, modeling and
simulation support and a whole lot more. For $99,
this is a must have for any wireless professional.

For information or to order contact:
Noble Publishing, 4772 Stone Drive, Tucker GA 30084
Tel: 770-908-2320 ¢ Fax: 770-939-0157

www.noblepub.com Circle 39 * Dealer inquiries invited
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Product Focus —

Devices Offered for Specific
Modulation Formats

ith new systems and upgrades to exist-

‘ ;‘ ; ing systems, wireless communications
uses dozens of different modulation
formats. It seems appropriate, then, to highlight
a group of new products by their applicability to
a specific modulation format or family of similar
formats. Here are some of the latest products to

be introduced that fit this category.

Synthesizer supports cahle modem and set-top
box applications

Anadigics’ new ACS2301 is a dual-frequency
synthesizer, manufactured using a CMOS
process to provide maximum cost savings over
more complex BiCMOS designs. The ACS2301

is equipped with two on-board voltage-con-
trolled oscillators (VCOs) to handle two inter-
mediate frequencies (IFs). The device has two
fully programmable RF dividers that operate up
to 1.1 GHz and 2.0 GHz respectively. The VCO
output is divided down to a reference frequency
and locked using a DC tuning voltage. The
ACS2301 also has two on-chip dual modulus
prescalers that divide by 64/65. The frequency
of operation covers 400 MHz to 2.0 GHz.
Manufactured by Taiwan Semiconductor
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Manufacturing Company Ltd., the IC is offered
in a TSSOP-20 surface mount package. Pricing
is less than $2.00 each in quantities of 10,000.
Anadigics

Circle #193

Low jitter VCX0 meets SONET transmitter
specifications

The new PVL541 series 3.3 volt VCXO from
Connor-Winfield is designed to meet the strin-
gent SONET chip manufacturer specifications
for SONET, SDH and ATM applications. This

% z:ﬁg“ : ‘%‘%‘; - ,‘ %‘ . . ,Xg >

series of oscillators is suitable for the AMCC
53041 and S3043 OC-48 transmitter chips, with
a total frequency tolerance of less than 20 ppm
and jitter performance guaranteed to be less
than 1 ps in the 12 kHz to 20 MHz band. This
jitter performance is achieved by using a funda-
mental frequency source rather than a multipli-
er to reach the output frequency of 30 MHz to
155.52 MHz. For 5 volt applications, the PV541
series also performs with the same jitter specifi-
cation. Packaging is a standard hermetically
sealed, welded style with pins that match a 14-
pin DIP layout.

Connor-Winfield Corporation

Circle #194



Consider Synergy's full range of _
LOW COST, very HIGH PﬁRFQRMANCE
VOLTAGE CONTROLLED OSCILLATORS.

CRO, CFO and MFO series - Ceramic resunatbr based with exiefnely low phase
noise and hlgﬁ stabmty Frequency range ( 350 MHz to 2100 MHz %

axceiient phase noise and good stabmty.
Available from 50 MHz to 1 moptimmed bandwidths.

All models are availab ious surface mount and through hole
packages ideally suited for automate ufacturmg techniques.
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Dual-band power amplifier module supports three
transmission modes

Raytheon’s RMPA1940-73 is a 3.5 volt power amplifi-
er containing two monolithic high efficiency power
amplifiers for AMPS/CDMA dual-mode operation in the
824 to 849 MHz
cellular band, plus
PCS CDMA appli-
cations in the 1850
to 1910 MHz band.
Each amplifier cir-
cuit uses a single
ended configura-
tion that uses har-
monic tuning for
increased efficien-
cy and linearity. External output matching is required.
In the cellular band, the RMPA1940-73 provides 30 dB
small signal gain and 32 dBm power output. At 31.5
dBm output, the device exhibits 55 percent efficiency. At
28.5 dBm output, efficiency is 35 percent, with an ACPR
of 46 dBc at +900 KHz and 65 dBc at =1.98 MHz. In the
PCS band, small signal gain is 28 dB with 29 dBm min-
imum power output. ACPR at +=1.25 MHz is typically 49
dBc at the rated output power.
Raytheon Microelectronics
Circle #195

Transmitter tester offers third-generation formats
R&D engineers developing third generation (3G)
wireless components are the intended users of the
Hewlett-Packard
HP E4406A VSA-
series transmitter
tester. The unit
now offers stan-
dards-compliant,
one-button testing
for W-CDMA and

cdma2000  prod-
ucts, along with previously-available cdmaOne, GSM,
PDC and NADC formats. The basic E4406A transmitter
tester is priced at $27,800. Option BAF for W-CDMA
testing and Option B78 for cdma2000 are each $5,500.
Hewlett-Packard Company

Circle #196

Stratum 3 timing mndules

TF-Systems
announces its
Stratum 3 Timing
Modules, offering
an integrated clock
subsystem and a
single module syn-
chronization solu-
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tion meeting all timing, phase jitter and wander require-
ments. Applications include many high speed digital
communication systems such as ATM, SONET, SDH,
voice over IP PBX, giga- and tera-routers, Edge switch-
es and add/drop multiplexers. The modules can be sup-
plied with custom features like phase hit detection and
multiple PLL time constants. They meet ETSI, Bellcore
GR-1244-5.2 and SONET standards and are available in
T1, E1, DS3 16.384 MHz, 19.44 MHz, 38.8 MHz and
77.76 MHz. The 2 X 2 inch module has 18 pins and fits
a standard footprint.

TF-Systems

Circle #197

W-CDMA power amplifier for IMT-2000

Spectrian Corporation introduces a new W-CDMA
broadband single carrier amplifier for IMT-2000 equip-
ment. The amplifi-
er covers 2.11 to
2.17 GHz with 25
watts power out-
put for this data-
intensive 5 MHz
bandwidth system.
The amplifier can
be supplied in
standard rack systems with up to four 25 watt amplifiers
per shelf.
Spectrian Corporation
Circle #198

Noise and interference emulator extends range for
new systems and standards

Telecom Analysis Systems (TAS) now offers the
4600AH Noise and Interference Emulator. For this
model, TAS has
extended the RF
carrier frequency
range to 2.5 GHz
to cover PCS, IMT-
2000 and 2.4 GHz
ISM applications.
The 4600AH is an
integrated test
instrument for performing accurate carrier-to-noise and
carrier-to-interference tests. By extending the frequency
range, the 4600AH accommodates precision C/N charac-
terization for wireless devices such as PCS handsets and
base stations, mobile satellite handsets, wireless local
loop, wireless LAN, smart antenna systems and 2.4 GHz
transceivers. The unit accurately measures the power of
an incoming signal, then adds the specified amount of
noise (AWGN) or interference to obtain a specified C/N
or C/I ratio.
Telecom Analysis Systems, Inc.
Circle #199




1:Q MODULAIORS

DEMODULATORS

115MHz to 1880MHz from $19.95 (. 1-9)

Infuse your cellular, spread spectrum, and communication system projects
with the performance and reliability of Mini-Circuits 1&Q modulators
and demodulators. Surface mount and plug-in units feature excellent
3rd and 5th order harmonic suppression, low loss, and “skinny” 4.5 sigma
repeatability unit-to-unit. With small quantity prices starting at only
$19.95, these compact units truly are the next generation of value on
the market today! Call Mini-Circuits for guaranteed 1 week shipment,
or contact our applications department for custom designs at catalog prices.

Mini-Circuits®is proud to be a sponsor of the 1999 U.S.Interplay Chess Championships
Salt Lake City, Utah

LO =] [o]-=pF 1/Q MODULATORS
CONV. CARRIER SIDEBAND HARM. PRICE
FREQ LOSS REJ. REJ. SUPPRESS §
(MHz) _ (dB) (-dBc) (-dBc) (-dBc) Typ
MODEL f, f X I Typ. Typ. 3/Q 5Q
MIQA-10M 9 11 58 020 41 40 58 68
MIQA-21M 20 23 5.2 014 50 40 48 65
MIQA-70M 66 73 5.2 0.10 38 38 48 68
MIQA-70ML 66 73 57 0.10 38 38 48 68
MIQA-91M 86 95 55 0.10 38 38 48 58
MIQA-100M 95 106 556 0.10 38 38 48 88
MIQA-108M 103 13 55 0.10 38 38 48 58
MIQA-195M 185 206 56 0.10 38 38 48 58
34 38 656 0.10 48 37 54 65
52 88 > 0.10 41 34 52 66
104 176 0.10 38 36 47 70
868 895 0.10 40 40 52 58
785 1710 1785 0.30 35 35 40 65
MIQC-1880M 1805 1880 0.30 35 35 40 65
O MIQY-7OM 67 73 0.20 40 36 47 60
O MIQY-140M 137 143 £ 0.20 34 36 45 60
Surface Mount Models
O JCiQ-88M 62 88 66 01 40 35 45 65 49.95
0O JCIQ-176M 04 176 66 01 35 35 45 65 54.95

CONV. AMP. PHASE HARM PRICE

A
wo-m oo ;;‘.,1 - 1/Q DEMODULATORS

FREQ LOSS UNBAL UNBAL SUPPRESS $

ye MHz) (@B (@B) Deg)  (-dBc) Typ. Qty.
MODEL f fy % o Typ Typ HQ HVQ  (1-9)
MIQA-10D 1" 6.0 0.10 0.15 1.0 50 685 4
MIQA-21D 23 6.1 0.15 0.15 0.7 64 87
MIQA- 700 73 6.2 0.10 0.16 0.7 56 58
MIQC-38D 34 38 558 0.10 Q.10 0.5 60 65
/ 20 60 53 0.10 Q.15 1.0 55 a7
868 895 8.0 0.20 0.15 1.5 40 565
O ™MiQy-1.25D 1.15 1.35 0.15 1.0 59 67
0O MIQY-70D 67 73 0.10 0.5 52 66
O MIQY-140D 137 143 5.6 0.25 0.10 0.5 a7 70
Surface Mount Models
0O JCQ-176D 104 176 5.6 0.1 0.15 2 52 65
0O JCQ-8950 868 895 8.6 01 2 1 45 65
0O JCiQ-1785D 1710 1785 8 0.2 0.2 2 50 65
0O JCIQ-1880D 1805 1880 8 0.2 0.2 2 50 65
0] NON-HERMETICALLY SEALED

MIQA case .4 x .8 x .4 in. MIQY case .8 x .8 x .4 in,
MIQC case .8 x .8 x .4 in. JCIQ case 9 x .8 x.25in,

All Models Available in New JoL / D
J-LEAD Surface Mount Package. Py
Consult Factory for Details.

[ Mini-Circuits 80

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http:/www.minicircuits.com CIRCLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to « 760- pg. HANDBOOK ¢ INTERNET « THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM
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Bluetooth Radio Transceiver
and Development Kit are

now Available

ricsson  Microelectronics offers a
EBluetooth Development Kit, enabling
early adopters of the Bluetooth technolo-
gy to build applications with reduced develop-
ment time. The development kit, designed by
Ericsson in cooperation with Symbionics, con-
sists of a toolbox of equipment that provides a
complete and flexible design environment for
engineers to integrate Bluetooth technology
into information appliances. It demonstrates
the core features of Bluetooth, allowing develop-
ers to focus on core competencies rather than
learning the new technology from scratch.
Priced at $15,500, the Bluetooth
Development Kit contains two boards, each with
a complete Bluetooth radio, for effective end-to-
end testing of application software.
Documentation includes information from a
novice’s introduction to wireless connectivity to
a comprehensive description of the Bluetooth
Packet structure, link types and protocols.

Modular radio transceiver

Ericsson also announces the availability of
the PBA31301/2, a short range radio transceiv-
er operating in the 2.4 to 2.5 GHz ISM band.
This radio supports Bluetooth communications
applications in portable equipment such as
mobile phones and laptop computers. To achieve
a complete wireless link, the radio requires the
addition of an antenna, a 13 MHz reference and
a baseband control circuit (such as the Ericsson
Bluetooth Baseband), flash memory, a host com-
puter and application software.

The PBA31301/2 allows digital system
designers to create effective wireless data links
simply and quickly. The module is a compact 34
Ceramic Ball Grid Array package that requires

108 - APPLIED MICROWAVE & WIRELESS

A Ericsson announces products for 2.4 GHz
Bluetooth wireless systems.

no external RF shielding. RF power output is 1
mW for communications up to 10 meters. 2]

For more information, contact:
Ericsson Microelectronics

Tel: 877-ERICMIC (877-374-2642)
Outside the U.S.: +46 8 757 5000
Internet: www.ericsson.com/microe

Or circle Reader Service #201



‘Ok RF Micro Dévyvites Pirasants

=2 Great Moments in
Wireless Communication

o

1861 A.D. - St. Joe to Sacramento... you with a full line of highly inte- North Ameri-

history’s greatest relay. grated components. can and Euro- ¥ g g

A cloud of dust trails across Components like our RF2510 and pean ISM band vy ¥ ¥
the plain as man and pony race RF2917, a fully functional transmitter FM/FSK
to deliver the mail. Pounding and receiver pair. These monolithic ICs  applications. Both components require
hooves send echoes bouncing off are low-cost, silicon-based and ideal for only the addition of an external crystal
canyon walls. to provide complete phase-locked

Abead, the Sierra Madres and IMMED l A'TE oscillators. Best of all, they're ready-

treacherous territory...bebind, a

to-ship.
loose lock and an open flap. DELIVE RY When you're racing against time, call

Envelopes go flying. REMD...we deliver.

Airmail...1861-style. . =
1998 A.D. —1t’s all up to you. ))))) 7625 Thorndlkc‘ Road .
There’s no time to backtrack — you Greensboro, NC 27409-9421
either deliver this design today or gg)(n; ???2%2}235
you're history. AU L )
' You need help to reach the finish, MICRO .DEVICES Online: http://www.rfmd.com
so hand off your specs to REMD. Proprietary, State-Of-The-Art Mention NSG#5 when contacting us.
We're waiting and ready to supply RF Integrated Circuits ©1998, RF Micro Devices, Inc.
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“Last Mile” Connections
are Provided hy mm-Wave
Broadband System

adiant Networks plc has developed a new
Rmesh architecture to provide cost-effec-

tive “last mile” connections hetween
trunk networks and subscribers. This broad-
band fixed wireless access system operates in
the 28 to 40 GHz range and can deliver up to 25
Mbps full duplex connections to subscribers
with near 100 percent coverage.

Line of sight problems are overcome by rout-
ing around obstacles using an Internet-style
mesh configuration based on intelligent nodes
with small roof-mounted directional antennas.
Each node transmits to and receives from other
nodes, with multiple paths available for each
customer. If one path fails, service is not inter-
rupted. Internode paths are ATM paths, and the
nodes act as small ATM switches.

A further benefit of the mesh structure is
that it uses spectrum up to 50 times more effi-
ciently than point-to-multipoint. Narrow radio
beams provide the links between nodes, allow-
ing increased frequency re-use.

The system is targeted at SME applications
where there is increased traffic demand for wide
bandwidth applications like videoconferencing
and multimedia. Radiant’s system is also
designed for the residential market, where it is
capable for handling video-on-demand and
interactive television, as well as Internet access,
e-commerce and telephony services.

For the network operator, Radiant calculates
that its mesh would incur as little as 15 percent
initial infrastructure investment compared to
an equivalent point-to-multipoint system. It
eliminates the need for costly base stations and
towers that may be deemed unsightly. The sys-
tem is scalable and can grow based on demand.

Design work aimed at practical implementa-
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A Radiant Networks is developing a commercial 28
to 40 GHz system based on an Internet-like mesh
architecture.

tion has been underway for nearly two years. A
demonstration network has been built, which is
successfully operating at 40 GHz with full-sys-
tem data rates. Trials of commercial equipment
will begin shortly. Initial applications are
expected to be in US 28 GHz local microwave
distribution systems, although the technology is
also suited for other bands.

For more information, contact:
Radiant Networks plc

Tel: +44 (0) 1799 508700

Fax: +44 (0) 1799 508701
E-mail: ns@radiantnetworks.co.uk

Or circle Reader Service #202



Mismaitch Tolerant
HIGH POWER WIDEBAND COMBINERS

1.5 - 30 MHz

Type Power Level(s)
2-Way 3000W
2-Way 6000 W
4-Way 1000 W
4-Way 7000 W

20 - 100 MHz

Type Power Level(s)
2-Way 200, 500, and 1500 W
4-Way 400 W

4-Way 3000 and 7000 W

Insertion Loss
0.1 dB
0.25 dB
0.2dB
0.3dB

Insertion Loss
0.3dB
0.4dB
0.3dB

20 - 500 MHz

Type Power Level(s)
2-Way 100 and 500 W
2-Way 1500 W
4-Way 100, 500 and 750 W

100 - 1000 MHz

Type Power Level(s)
2-Way 300w
4-Way 100 W
4-Way 250 and 400 W

Note: All units are isolated and withstand at least one input failure at rated power.

High Power Couplers
10 kHz - 4.2 GHz

High Power Combiners
10 kHz - 2.4 GHz

Insertion Loss
0.4dB
0.5dB
0.7 dB

Insertion Loss
0.5dB
0.6 dB
0.8dB

URING A FUTURE OF

s HIGH PO WE R moki-ocave

PERFORMANCE

DECADES AHEAD

Werlatone Inc. * P.O. Box 47 * Route 22 « Brewster, NY 10509 Telephone: 914.279.6187 * Fax: 914.279.7404
E-mail: sales @werlatone.com * Web Site: www.werlatone.com
Circle 41
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High Frequency Fundamental
Crystals Extend Range

to 200 MHz

icro Crystal has extended the frequency

‘ \ / I range of its high frequency fundamen-

tal (HFF) crystals to 200 MHz. The

crystals are A'T-cut quartz resonators using

inverted-mesa construction. The CC1F (ceramic

lid package) is suitable for the latest high speed

communication systems that require high fre-

quency references, including fiber optic telecom-

munications, gigabit Ethernet, 10baseT and
frame relay applications.

Micro Crystal’s inverted mesa processing
technologies were improved to extend the fre-
quency range from a previous high of 160 MHz
up to 200 MHz. In response to industry demand,
the CCI1F is available in large quantities at a
commercially attractive cost. The crystal fits
applications where low jitter and high pullabili-
ty are required.

The CCI1F is offered in a frequency range of
30 MHz to 200 MHz. The crystal resonators are
very rugged, due to single ended mounting and
encapsulation in a hermetically sealed SMD
ceramic package with dimensions of 8.1 x 3.8 x
1.8 mm.

* Low power dissipation

« Stability over temperature range

 High shock and vibration resistance

* Low spurious modes

« Large pulling range

« Tight jitter performance

« Excellent phase noise

« Operating temperature of —40 to +85°C indus-
trial or -55 to +125°C military

A Key features of the CC1F crystals.
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A Micro Crystal has increased the frequency range
of its high frequency fundamental crystal res-
onators from 160 MHz up to 200 MHz.

The CCIF high frequency crystals are avail-
able from stock to eight weeks, depending on
frequency and quantity. For 1,000 pieces of a
CC1F 100 MHz, +30 ppm crystal, the cost is
$6.30 each. Complete technical data and appli-
cation notes are available as well as application
engineering support. |

For more information, contact:

Micro Crystal

601 Campus Drive

Suite B4

Arlington Heights, IL 60004
Tel: 847-818-9825

Fax: 847-818-9915

Internet: www.microcrystal.com

Or circle Reader Service #203
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SURFACE MOUNT VCO’s .:12%

The big news is Mini-Circuits miniature family of 50 to 7T600MHz ROS voltage
controlled oscillators! Each unit is housed in a shielded 0.5"x0.5"x0.18”
non-hermetic industry standard package for highly efficient wash-thru
capability, reliability, and cost effectiveness. Models with “PV” suffix typically
operate from a 5 volt power supply and require 5V tuning voltage to cover
the frequency range. This makes them ideal for integration with monoalithic
PLL chips and commercial synthesizers working within the 245 to 1600MHz
band. The series also features wide band 12V models optimized for 50 to
1410MHz linear tuning, up to one octave band widths, and low phase
noise. Support your customers demands for smaller size and =~~~
better performance, switch to ROS VCO's today! N”‘

Mini-Circuits®is proud to be a sponsor of the 1999 U.S.Interplay Chess Championships — AcTUAL size
Salt Lake City, Utah

ROS SPECIFICATIONS:

Model Frecluﬂange Viune
(MHz)

ROS-285PV 245-285
ROS-900PV  810-900
ROS-960PV ~ 890-960
ROS-1000PV  900-1000
ROS-1600PV  1520-1600

ROS-100 50-100
ROS-150 75-150
ROS-200 100-200
ROS-300 150-280
ROS-400 200-380
ROS-535 300-5625
ROS-765 485-765

ROS-1410 850-1410

*Phase Noise: SSB at 10kHz offset, dBc/Hz. **Specified to fourth.

[ Mini-Circuits

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 INTERNET http://www.minicircuits.com
RY « WWW.RFGLOBALNET.COM

F 295 Rev Org

For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE « EEM = MICROWAVE PRODUCT DATA DIRECTO

ISO 9001 CERTIFIED

Phase Harmonics+*
Noise*  (dBc)

Typ.
-100
-102
-102
-104
-100
-105
-103
-105
-102
-100

-98

-95

-99

Typ.
-20
-25
-27
-33
-26
-30
-23
-30
-28
-24
-20
-27
-8

Current  Price

Voltage (mA)  $ea.
\% Max. (5-49)
5 20 17.95

4.5 12 19.95
5 12 19.95
5 22 19.95
5 25 18.95
12 20 12.95
12 20 12.95
12 20 12.95
12 20 14.95
12 20 14.95
12 20 14.95
12 22 15.95
12 25 19.95

us 80 INT'L 90
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GaAs Switches and
Attenuators Offer Greater
Control Product Selection

he GaAsTEK Division of ITT Industries
Thas announced a series of new GaAs

switches and attenuators, adding to its
growing line of control products. These products
may be used in wireless handsets, LANs, base
stations and other wireless applications.

Switches
ITT501AJ — An SPDT high power T/R
switch with 1 dB compression point at +35 dBm
and a 5 volt supply, in an MSOP-8 package.
ITT801AN — An SP8T switch with direct 3:8
line TTL control logic and a single +8 volt sup-
ply, in a narrow-body SSOP-24 package.
ITT401AC — An SPA4T switch with on-chip
2:4 line decoder, low power consumption and
non-reflective ports, in an SSOP-24 package.
ITTI140AK — An SPDT reflective switch with
+3 to +5 volt control, 0.5 dB insertion loss and
1 dB compression at +30 dBm, in an SOT-6.
ITTS107AB — An SPDT reflective switch
with +3 to +5 volt control, 0.5 dB loss at 1 GHz
and 1 dB compression of +30 dBm, in an SO-8.
ITTS159AB — A -5 volt high isolation SPST
reflective switch usable from 0 to 5.0 GHz, with
49 dB isolation at 1 GHz, in an SO-8 package.
ITTS250AB — A -3 to -5 volt high isolation
SPDT reflective switch usable from o to 3.5 GHz
with 40 dB isolation at 1 GHz and 1 dB com-
pression at +26 dBm, in an SO-8 package.
ITTS402AH — An SP4T 3 volt non-reflective
switch with positive control voltage, featuring
low power consumption, in a QSOP-28 package.

Attenuators

ITTA402AC — A 4-bit digital attenuator and
integral driver with 1, 2, 4 and 8 dB bit sizes for
15 dB attenuation range in 1 dB steps. It can be
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used from 0 to 2.5 GHz with maximum power
handling of +24 dBm. Packaged in an SO-14.

ITTA403AD — A dual control 4-bit digital
attenuator with a 15 dB range in 1 dB steps,
provided in an SO-16 package.

ITTA503AD — A 5-bit digital attenuator fea-
turing a 15.5 dB attenuation range in 0.5 dB
steps. It is usable from 0 to 2.5 GHz and is pro-
vided in an SO-16 package.

ITTA504AE — A 5-bit digital attenuator with
a 31 dB attenuation range in 1 dB steps. It is
usable from 0 to 2.5 GHz and is provided in an
SSOP-20 package. 22|

For more information, contact:

GaAsTEK Division of ITT Industries
5310 Valley Park Drive

Roanoke, VA 24019

Tel: 540-563-8665

Fax: 540-563-8616

Internet: www.gaastek.com
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“"INFORMATION

VIDEO COURSES

www.noblepub.com

Crestone Technical Books

A Division of Noble Publishing Corporation
4772 Stone Drive

Tucker, GA 30084

Tel: 770-908-2320

Fax: 770-939-0157

RF Circuit Fundamentals

Instructor: Les Besser

This is the first part of the best one-two punch in basic RF
circuit design instruction. It's an ideal introduction to high-
frequency analog design for new engineers, or for engi-
neers from digital or low-frequency specialties. Topics
covered include — RF Concepts, Lumped-Element
Component Methods « Resonant Gircuit and Filters
Transmission Line Fundamentals ¢ The Smith Chart and
its Applications « Small-Signal Amplifier Design with S-
Parameters. The course includes six one-hour tapes, class
notes, and the book RF Circuit Design by Chris Bowick.
This class offers thorough coverage of all the essential
basic concepts specific to RF engineering.

NP-16 ... $595.00

RF/Microwave Transistor

Amplifier Design

Instructor: Les Besser

Amplifier matching, stability and noise techniques are a
cornerstone of RF and microwave engineering. This
course is an outstanding way to learn classical amplifier
technigues — Review of Circuit Fundamentals
Introduction to CAD e Amplifier Design Methods and
Comparisons <« Impedance Matching < Lossless
Transformations = Applying Negative Feedback. Amplifier
design is covered completely, including CAD and Smith
Chart methods, gain and stability analysis, low noise tech-
niques and layout. Real-life examples are used throughout
the course. Six two-hour tapes (12 hours total) and the
book Microwave Transistor Amplifiers by G. Gonzales.
NP-14. ... $1195.00

Discounts

« For any TWO video courses, take 5% off

= For any FOUR video courses, take 10% off
= For any SIX video courses, take 15% off

= For any EIGHT video courses, take 25% off

« Save $1441 - Get the complete set of EIGHT
for just $4323

CRESTONE

TECHNICAL BOOKS

Order today by phone, fax or on the web, using your VISA,
Mastercard or American Express.

Circle 39

RF Circuit Fundamentals Il
Instructor: Les Besser

Instruction continues from the above course,
adding the topics — Microstrip Transmission
Lines = Power Combiners and Dividers -«
Broadband Matching Networks < PIN Diode
Circuits = Broadband Amplifiers = Large-
Signal Amplifiers. The course includes six one-
hour tapes, notes, and the book Transmission
Line Transformers by Jerry Sevick.

NP-17. . .. $595.00

Filter and Matching Networks
instructor: Randall W. Rhea

Complete, well-presented information on prac-
tical filters and matching networks that you will
actually build, not just theory and equations
with no application. Topics — Fundamentals «
CAE Technigues = Real-World Effects e
Matching « Bandpass Filter Symmetry « Group
Delay « Direct-Coupled Microwave Filters
Field-Coupled Microwave Filters. Nine one-
hour tapes and complete notes.

NP-12. ... $895.00

Microwave Filters, Couplers and
Matching Networks

Instructor: Robert Wenzel

Detailed instruction on distributed structures
— Filter Responses and Basic Calculations «
Realization of Practical Filters « Filter Design
Directional Couplers < Distributed Element
Matching Networks. Six two-hour tapes plus
complete class notes.

NP-15. . ... $1195.00

Oscillator Design Principles
Instructor: Randall W. Rhea

No other course gives you as much insight into
oscillator design. All common resonator types
are discussed — LC, coaxial, microstrip, crys-
tal, SAW; and many active devices — bipolar,
FET, MMIC amplifier. Noise performance, oscil-
lator starting, VCOs and mare. Six-hours with
extensive notes.

NP-13. ... $595.00

Microwave Transmission Lines and

Their Physical Realization

Instructor: Steven L. March

Six hours of transmission line education on
striplines, microstrip, coupled lines, suspended
substrates, coplanar waveguide, and mare.
NP18............ $595.00

Introduction to the Smith Chart
Instructor: Glenn Parker

Learn the Smith Chart in 50 minutes. This tape
shows you how to navigate around the chart,
use various lumped and transmission line ele-
ments. A great teaching tool for new engineers.
NP-19 ool s $99.00



Product Spotlight

Our TNF400 tuneable filters
provide <0.7% notch width
with notch depths of >30 dB.
Frequencies available are 10 to
500 Mhz. Units will pass up to
1.0 GHz. Package size is 2"x 2."

Call for FREE application note!

CHAGRF

More Info? Phone: 520.204.2597

SUPER NARROW NOTCH

Circle 101

rsonal Probe
Station

Very Low Cost

. _\ High Function

A compact full featured. modestly priced, manually operated probe station
developed for engineers and scientists

Measure Microwave, RF and DC parameters of Semiconductor Devices,
Packages and Assemblies with NIST traceability .

* BenchtopSize(<11) » Vacuum chuck « X-Y-@ stage »
® X-Y-Z probe pesitioners ¢ Top Plate Z-1ift eVacuum Accessory Manifolde
* 7X-40X Stereo Zoom Microscope * Adjuslable Halogen llluminator =
#Vacuum Accessaries « Compatible with 40GHz+ probes
* Accessories for Thermal Chucks and Probe Cards »

*Test walers, microstrip packages and surface mount componentse

AX)
Tech
@" nology wwie jmicro i v«JL com

A Probe Station On Every Bench

Circle 102

J mieroTechnology
3744 NW Bivegrass PI
Portland, OR 97228

detailed specs at
'llwww.picosecond.com \

PO Box 44, Boulder, CO 80306, USA « phon

+1-303-443-1249 fax: +1-303-447-2236

Circle 104

"’////IABTECH

www.labtechcircuits.com

FP

advanced technology
microwave pri nted Circmfry
email: sa|es@|ubtechcwcmts com

Circle 103 -

WAVEGUIDE DESIGN AND
ANALYSIS SOFTWARE
Windows 95/NT/Alpha
Full EM Field Modeling Based

Filters:

Lowpass, Bandpass, Bandstop,
Evanescent, Dual Mode, Finline
Diplexers & Multiplexers
E/H-Plane, Bifurcated, T, L and Coaxial
Line Common Ports

Transformers
E-Plane, H-Plane & EH-Plane

Power Dividers & Couplers
Hybrids and N-Way
OMT-Polarizers & Horn
Antennas

Consulting services for all types of
filter design including planar

POLAR WAVES CONSULTING
6-425 Pinehouse Drive
Saskatoon, SK S7TK5K2

Tel: (306) 934-6688 Fax: (306) 931-4694
e-mail: pramanick@sk.sympatico.ca
http://www.polarwaves.com
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How to place Product Spothght and Classmed ads
Our Product Spothght section allows you to show Or, if you prefer ﬂnr staff r:an make up the ad

off your company’s products or services in an
economical 1/9 page color ad. Ads may be sent
camera ready, or we’ll make up an ad for you! All
you’ll need to provide is a product photo, compa-
ny logo and a description of the product or ser-

vice you want to advertlse. .

Our Classiﬁeds section is the place to advertise
career opportunities, consultmg services, used
test equipment and just about anything else

| Special Classifieds rates are available and are
agency-commissionable if material is supplied.

0 _fm' you.

Classﬂ'ied dxsplay ads are ava:llable in coler or

- black and white in standard ad sizes, or in black
_and white by column mch (Column—mch ads are
2 1/4 mches Wlde 3

For more mformatmn on advertismg in these
_ two new sections, please contact Applied
Microwave & ereless, 4772 Stone Drive,
~ Tucker, GA 30084; Tel: (770) 908-2320; Fax:
A7 70) 939-0157; E-maﬁ amw@amw1reless com

116 - ApPLIED MICROWAVE & WIRELESS




Product Sp otlight

‘ WAVEGUIDE & COAXIAL ; ) )
m HERALD SWITCH SPEC'ALISTS Don’t You Wish You Had Longer Range or more power
Radio Link "y
Design Software

GO FARTHER with SMARTAMPS

The low cost, patent pending bi-directional SmartAMPs can 3
automatically boost and maintain power to assure optimum
performance of your system for long range applications.

Network Topology. Profile Analysis,
Link Budget, Rain, Multipath, Space
Diversity, Reflections, Repeaters, ...

New Professional Edition

s & + Automatic Wide Range Input Adapting
with Interference Analysis

+ 900 MHz, 2.4 GHz, 5.8 GHz
* Direct Sequence or Frequency Hopping.
+ Wireless Internet/LAN/Modems/Local Loops.

¢ ITU-R / Bell Labs propag. models = 8 :
 Highly productive & user-friendly SWITCH OVER TO:

« OEM Military & International Applications
* Customized Equipment Libraries
Vieit Website - Download b - Omi SECTOR MICROWAVE v e
isit our Website - Downloa emo . INDUSTR‘ES, INC. |ll g
i H H H Call: 301-308-8500
www'radloenglneerl ng'|t 999 Grand Blvd., Deer Park, New York 117229 Teletronics International, Inc. sz: 301-309-8851
Radio Engineering Services, Torino, ltaly : (516)242-2300 - Fax: 516-242-8158 1803 Research Blvd. Suile 404 sales@teletronics.com
E-Mail: herald@alpcom.it ’ Request your “R-F Switch slide Guide” today! Rockville, MD 20850 www teletronics.com
Circle 106 Circle 107 Circle 108

(cal BPF [ MINIATURE CRYSTAL | (.. ¢ 1.
e s ezt | cONTROLLED BLOCK | Classifieds

o | DOWN CONVERTER
ndl B SALES REPS

s Chicago & Dallas Area
e

DYNAWAVE, a leader in the
design and manufacture of RF and
Microwave Cable assemblies,

RF Components
* Order made-Fo.
* Quick Delivery.
* World 2™ source.
* No Q'ty limited.
* No Mask.

* Your best sale v HEATER STABILIZED L.0. Delay Lines and Harnesses, is
Visit us http: ; mgﬁ,f"é#ﬂzﬁ%%’xgﬁ%gm” - | aggressively seeking sales repre-
/itemwell.com.tw " RF INPUT: 50 MHz T0 2.5 GHz .| sentatives for the Chicago and

v/ RF T0 IF GAIN: -7dB TO +40d8B,

| 7 IF ouTPUT: 0.1 T0 500 MHz | Dallas areas.

TEMWELL CORP;; : ' 5
TEMWELL COX CUSTOMER SPECIFIED ; Please contact:
886-2-2565-2287 - H 5350 Kazuko Court, Mi rk, CA 93021 | H
Email temwell@ms12.hinet.net Wllmaﬂcﬂ (sns;szla"-zgy;umx 7;5:;523-0065 ‘} Mark Lewis )
;- VP Sales & Marketing
: oo : é Dynawave
ircle 109 - ircle 110 - |
Do 07 : : : Cr Haverhill, MA
Phone: 978.469.0555
www.dynawave.com
DIRECTIONAL COUPLERS
Single and Dual Models
covering .01-1000 MHz
2 Wto 200 W cw

Standard to Reflectometer Grade

WIDE BAND ENGINEERING COMPANY, INC.
P.0. Box 21652, Phoenix, AZ 85036-1652
Phone/Fax 602-254-1570
http:/lwww.wbecoinc.com

| '!_:fFax 770-393-0157 E it amw@amW'..je.
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Guest Editorial

continued from page 120

We have a partnership with the Institute of
Semiconductor Physics (IHP), which has 10 years’ expe-
rience in SiGe processes and is the leader in SiGe:C HBT
process development. The HBT process is optimized for
low parasitics (deep trench isolation and optimized pro-
files), and offers an efficient signal isolation scheme. The
process in development is CMOS with 0.25 um L.

Motorola has chosen this particular process because it
allows simpler processing, using 22 to 27 masks rather
than typical 35 mask processes. Its ability to use indus-
try standard epitaxy equipment is an advantage, and it
provides a good tradeoff between uniformity and pro-
ductivity. The SiGe:C process slows down the Boron dif-
fusion and provides better control of the base profile,
better reproducibility, a higher early voltage and higher
base doping, leading to a lower noise figure. The f7 is tai-
lored for low current operation.

SiGe alone does not enable extra integration of active
devices, but it does offer better performance and design
flexibility, especially for higher frequency RF front end
functions. Signal isolation improvement and the ability
to integrate high performance passive devices are
believed to be the real enablers for higher levels of inte-
gration.

The Motorola RF/IF Division message
With the changing wireless marketplace, and with

changes in business organization (such as the separation
of the SCG group), Motorola has a renewed focus on RF
integrated circuits and transistors. The strength of sev-
eral different semiconductor processes makes it possible
to craft a solution for a wide range of new wireless com-
munications requirements.

Custom solutions for large customers is a key element
of our message. That customer may be another Motorola
division that manufactures wireless products, or it may
be any other company with requirements for low cost,
high volume, low power ICs, with the right level of per-
formance. Standard products also will be developed for a
wide range of “building block” RF/IF functions. We hope
that this review of the capabilties of Motorola’s RF/IF
Division will plug the “information gap” that has grown
over the past few years. [ |

Olivier Lauvray is the Technology Manager for the
RF/IF Division in Motorola’s Semiconductor Products
Sector. He received an engineering degree in electronics
and microwaves from the Ecole Nationale de I’Avaiation
Civile in Toulouse, France, in 1989. He began his career
in the French Goverment Agency for Promotion and
Research and joined Motorola-France in 1990 as a device
engineer for bipolar and SMARTMOSTM products.
Since 1995, he has worked in the Motorola R&D and
business groups in Phoenix, AZ.

The Guest Editorial column in Applied Microwave & Wireless features commentary, industry observations, and informed
opinions from industry leaders and other interested parties involved in microwave, RF and wireless technology. We wel-
come contributions for future columns: suggestions for editorials should be sent to the Publisher, Applied Microwave &
Wireless, 4772 Stone Dr., Tucker, GA 30084; Tel: 770-908-2320; Fax: 770-939-0157; E-mail: amw@amwireless.com
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Guest Editorial

Restoring the Visibility of
Motorola’s RF/IF Technology

By Olivier Lauvray
Motorola RF/IF Division

e at the RIF/IF Division of Motorola

‘;‘; Semiconductor want to do a better job of publi-

cizing our product and technology capabilities

to show how we are addressing the widely varied needs

of the wireless marketplace. We would like to share some
of our plans in these areas with you.

The products provided by the RF/IF Division are used
in a wide variety of wireless applications such as cord-
less phones, cellular phones, pagers, mobile radios, lap-
top computers, wireless data links, security and posi-
tioning systems and even garage door openers. Specific
functions of our devices include: RF front end ICs such
as upconverters, downconverters and power amplifiers;
RF building blocks including amplifiers and mixers;
RF/IF subsystems ICs for cordless phones, receivers and
transmitters; miscellaneous functions such as ADCs and
DACs and encoders; plus frequency synthesis ICs
including PLL synthesizers, prescalers, voltage-con-
trolled oscillators and phase-frequency detectors. We
also offer low power discrete transistors.

Our sister division, the Wireless Infrastructure
Systems Division (WISD), provides RF power discrete
transistors for wireless base station applications. The
RF/IF Division is expanding its focus on the merchant
market, which is why we need to become more open
with our strategic technology and product plans.

Products use multiple process technologies
Simply put, we are not selling a technology, we are

selling product solutions. We have a broad portfolio of

semiconductor technologies (process, test and packag-

ing) to offer our wireless customers. This wide range of

processes allows us to apply the best fit in cost/perfor-
mance tradeoffs for many different solutions.
Currently, we have four core processes: GaAs,
Advanced BiCMOS, RF LDMOS and SMARTMOS™. A
new SiGe:C (silicon-germanium-carbon) version of RF
BiCMOS is being developed in conjunction with the
Institute for Semiconductor Physics (IHP) in Frankfurt,
Germany. The four current process are all used in prod-
ucts for both Motorola internal designs and for the mer-
chant market. With SiGe:C technology, we expect to
increase our design-in wins in the wireless market.
GaAs — This process is primarily used for power
amplifiers which require high output power at low volt-
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ages with high gain, linearity and efficiency. We now
have MESFET and pHEMT (depletion mode, enhance-
ment mode and zero Vi), and the HBT process will be
on line in early 2000.

RF BiCMOS — High level integration for transceiver
subsystems is the primary application area for BiCMOS.
These products demand low power dissipation at low
voltages, with integration of mixed signal functions on a
single chip. In addition, it allows integration of high per-
formance resistors, inductors and capacitors. Presently,
Motorola’s RF BiCMOS has a qualified 0.25 um L g
process, with 0.15 um to be ready in the third quarter of
2000. The present process has 15-20 GHz and 24-35
GHz fy and offers 5 percent resistors and capacitors,
plus inductors with Qs of 20.

RF LDMOS — The LDMOS process is used by the
RF/IF Division mainly for low voltage, high frequency
transistors. 3.6 volt 1 GHz devices are available now,
with 2 GHz devices coming very soon. The power
LDMOS devices from WISD are now available up to 120
watts at 2 GHz, operating at 26 volts. 50 volt devices up
to 300 watts at 1 GHz are scheduled in early 2000.

SMARTMOS — This process is a cost-effective medi-
um voltage BiCMOS that is ideal for power manage-
ment, audio, digital control and power amplifier control
functions in handheld equipment. A 65 volt, 1.2 um
process is in use, as well as 10, 18 and 65 volt, 0.8 um.
In the first quarter of 2000, our 7 to 65 volt, 0.35 um
process will be qualified. Products to be introduced soon
include power/audio management ICs, which can be pro-
vided with a CODEC.

SiGe:C — The silicon-germanium process being
developed by Motorola will be most cost-effective for use
in RF front end building blocks such as 5.0 to 6.0 GHz
ISM and NII band applications. Exploratory work is
underway for HBT power amplifiers using this process.
The HBT process will be qualified in the second quarter
of 2000, offering 50 to 70 GHz f;. Engineering proto-
types will be evaluated before the end of 1999,

More on SiGe:C

Motorola’s RF BiCMOS processes focus on passive
performance: high Q copper conductors, high linearity
capacitors and high density isolated capacitors. Accura-
cy of these devices is another key area of emphasis.

continued on page 119
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Gain Noise 1/0 Output Power
Frequency | Gain Flatness Figure VSWR |at1dB Comp.*
Model Number (GHz) [ (dB, Min.)| (+dB, Max.) (dB, Max.) (Max.) (dBm, Typ.)
JSW4-18002600-18-5A | 18-26 28 1.0 1.8 2.0:1/2.0:1 5
JSW4-26004000-25-5A | 26-40 25 2.5 25 2.0:1/2.0:1 5
JSW4-18004000-32-8A | 18-40 21 2.0 3.2 2.0:1/2.5:1 8
JSW4-30005000-45-5A |  30-50 21 2.5 4.5 2.5:1/2.51 5
JSW4-40006000-65-0A | 40-60 16 25 6.5 2.5:1/2.5:1 0
* Higher output power options available
. . . n DROD
Frequency (GHz) Conversion |  Noise o LO-RF
- Gain/Loss Figure |Image Rejection | Isolation
: @ Model Number RF LO IF (dB, Typ.) | (dB, Typ.) (dB, Typ.) (dB, Typ.)
/ L LNB-1826-30 | 18-26 Internal 2-10 42 2.5 20 45
: % LNB-2640-40 | 26-40 | Internal 2-16 42 35 20 45
& B ARE3436LC1 34-36 | 15.5-16.5 | 2.7-3.3 25 4 20 60
; ﬁé SBW3337LG2 | 33-37 33-37 DC-4 -7.5 8 N/A 25
®f TB0440LW1 4-40 4-42 5-20 -10 10.5 N/A 20
DB0440LW1 4-40 4-40 DC-2 -9 9.5 N/A 25
SBE0440LWA 4-40 2-20 DC-1.5 -10 10.5 N/A 20

Input Output Fundamental DC current

Frequency (GHz) | ‘W0 Powi:ar* Feed Through Level| @+15VDC

Model Number | Input | Output [ (dBm, min.)| (dBm, min.) (dBc, min.) (mA, nom.)
MAX2M260400 | 13-20 | 26-40 10 12 18 160
MAX2M200380 | 10-19 | 20-38 6 14 18 200
MAX2M300500 | 15-25 | 30-50 10 8 18 160
MAX4M400480 | 10-12 | 40-48 10 8 18 250
MAX3M300300 10 30 10 10 60 160
MAX2M360500 | 18-25 | 36-50 10 8 18 160
MAX2M200400 | 10-20 | 20-40 10 10 18 160
TDO040LA2 2-20 4-40 10 -3 30 N/A

* Higher output power options available

MITEQ also offers custom designs to meet your specific requirements. NOB
For further information, please contact David Krautheimer 1S0 9001
at (516) 439-9413 or e-mail dkrautheimer@miteq.com
100 Davids Drive * Hauppauge, NY 11788
M‘ l‘r—‘_q TEL.: (516) 436-7400 » FAX: (516) 436-7430

www.miteq.com
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Move Up!

to Cost Effective,
High Performance Cable

Diameter Shielding Loss
in Inches Effectiveness @ 2GHz
; " dB !
LMR®400 = (dB) (dB/100")
.405 90 6.0
- 425 60 12.0
405 40 12.0
| MilSpecRG33 390 60 11.0
s NIRRT S00 i — .300 90 9.2
Lo gl ——  .240 20 11.5
LMR®200 - #i= 195 90 15.0
.195 90 17.0
195 40 25.0
195 60 23.0
...... .103 90 35.0
.100 40 43.0
.103 40 41.0

For more information call or visit our web site.

1rTI M ES MICROWAVE SYSTEMS

A Smiths Industries company

World Headquarters: 358 Hall Avenue, Wallingford, CT 06492
203-949-8400, 1-800-867-2629 FAX: 203-949-8423

International Sales: 4 School Brae, Dysart, Kirkcaldy, Fife, Scotland KY1 2XB UK
+44(0)15692655428 FAX: +44(0)1592653162

Circle 75 www.timesmicrowave.com
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