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HAS MORE THAN
300,000 WIRELESS LAN
DEVICES INSTALLED
WORLDWIDE

Nobody has more spread spectrum radios installed worldwide than Aironet. And nobody offers a broader
line of products for creating wireless local area networks.

From OEM radios for your wireless devices to our patented ARLAN" network architecture, Aironet can
be your full line supplier of quality components for a complete, seamless wireless LAN solution.

AIRONET’S WIRELESS OEM PRODUCTS

OEM RADIOS OEM WIRELESS LAN MODULES WIRELESS LAN
INFRASTRUCTURE PRODUCTS

A 2.4 GHz Direct Sequence A 2.4 GHz Frequency Hopping
Spread Spectrum PCMCIA at 1&2 Mbps” A ARLAN' Patented Wireless
A 900 MHz Direct Sequence A 2.4 GHz Direct Sequence LAGNNEtwork Sofiwar
Spread Spectrum at 1&2 Mbps A Access Points for Ethernet,
A 2.4 GHz or 900 MHz A 900 MHz Direct Sequence gk, arnd IEgeal Tl
Low Power MicroRadios at 860 Kbps A |SA, Microchannel and

PCMCIA LAN Adapters
A Wireless Bridges and Repeaters

@ Aironet

AIRONET WIRELESS COMMUNICATIONS, INC.
Call: 1-800-3-WIRELESS 4 818-361-4918 A Information via fax at 818-837-4341 ext. 291 & Visit our Web site at http://www.aironet.com

ARLAN s a registered trademark, MicroRadio and the Aironet logo are trademarks of Aironet Wireless Communications, Inc.

All other product or trade references are the trademarks or registered trademarks of their respective owners. ©1995 Aironet Wireless Communications, Inc.
*This device has not been approved by the Federal Communications Commusston.

Circle 75 for free literature ~ Circle 76 forimmediate requirements.



RFICs.

Everything points
to the largest
selection of
the smallest

Introducing more of the
world’s smallest 3V RFICs
- with the price, perfor-
mance and size you need
for wireless applications.

Now there’s an easy way to get
the building blocks you need for
emerging higher-frequency
applications, such as PCS, PHS,
wireless data and Wireless Local
Loop .

We've expanded our SOT-363
RFIC family with cost-effective
downconverters and driver

amplifiers that complement our
LNA and gain block lines.

The versatile new MGA-81563
and MGA-82563 medium-power
amplifiers deliver excellent
dynamic range and high effi-
ciency.

And our new IAM-91563
downconverter provides high
conversion gain and linearity,
with surprisingly low noise figure.

Plus, you can specify our new
RFICs with confidence because
they’re backed by HP quality and

“Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM”
Typical Performance

Part Description Frequency Voltage Current NF Gain IP3
Number Range (MHz) (V) (mA) (dB) (dB) (dBm)

» IAM-91563 Downconverter 800-6000 3 9 8.5 9 +2.5
INA-51063 Gain block DC-2400 5 12 3.0 20.5 +6
INA-52063 Gain block DC-1600 5 30 4.0 22 +15

» MGA-81563 Driver amp 100-6000 3 42 2.7 12 +27

» MGA-82563 Driver amp 100-6000 3 84 2.2 13 +31
MGA-86563 LNA 1500-6000 5 14 1.6 22 +15
MGA-87563 LNA 3 45 1.6 14 +8

500-4000

P New produet for ‘96

INFO/CARD 12

CGCM39601

proven high-volume manufac-
turing capability.

Our stocking distributor
Penstock has 20 offices nation-
wide staffed with engineers to
support your design applica-
tions.

Call HP at 1-800-537-7715,
ext. 1430 for a Selection Guide
and Data Sheets.

Or get right to the point
and call 1-800-PENSTOCK
for information on

Sfree samples.

In Northern California, (108) 745-8100
In Canada, (613) 592-6088

PENSTOLK

AF/MICROWAVE DISTRIBUTION
AN AV COMPANY

HEWLETT®
PACKARD
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Choose from over 480 standard off-the-shelf models from

2-way to 48-way; 0°, 90° and 180°; 50 and 75 ohms; covering

2kHz to 10GHz. Mini-Circuits will also supply your special needs such as wider
bandwidths, higher isolation, lower insertion loss, and phase matched ports...all at catalog
prices with rapid tumaround time. Models include surface mount, plug-in, flat-pack and
standard connectorized designs such as SMA, N, TNC, C, and F connectors as well as
custom designs. Ultra-miniature surface mount units provide excellent solutions in

cellular communications, cable systems and countless wireless applications. Al units
come with a 1year guarantee and "skinny” 4.5 sigma repeatability unit-to-unit and
production run to production run. Catalog models are guaranteed to ship within one week.

Mini-Circuits...we’re redefining what VALUE is all about!



Mini-Circuits RFAF Surface Mount Designer's Guide features
48 pages of the most up-to-date and complete product and
specification information about Mini-Circuit rface mount
components. The RFAF Microwave Handbook is packed with
740 pages of articles, selection guides and detailed
specifications for Mini-Circutts components.

Call, write or fax for your free Surface Mount Designer’s
Guide and Handbook today!

[JMini-Circuits @ 6

CIRCLE READER SERVICE CARD

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com
For detailed specs on all Mini-Circuits products refer to * 740- pg. HANDBOOK « INTERNET * THOMAS REGISTER ¢ MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 194 Rev Orig




DCto8GHz %179

| w (up to +19dBm outout)  From (1000 aty)

Mini-Circuits ushers-in a new era of technology and economy with ERA

monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in
amplifiers cover your applications to 8GHz with higher gain, more output, and
flatter response. Characterized with S-parameter data, these amplifiers are very
easy to use. Simply sketch an interconnect layout, and the design is done.

And ERA'’s are engineered with wider bandwidths to eliminate your need for costly
compensation networks and extra gain stages. So, review your present design

and replace with Mini-Circuits new ERA technology. Lower overall cost,

wide bandwidth stability, and lots to...gain!

Mini-Circuits...we’re redefining what VALUE is all about!

*Freq Gain Max. Power Qut Oynamic Range ®Price
Mode! (MHz)  (dB) (dBm, @ 1dB Comp)  NF(dB) IP3(dBm) $ea (10 Qty)
ERA-1 DC-8000 116 13.0 70 26 1.80
ERA-1SM DC-8000 110 130 70 26 1.85
ERA-2 DC-6000 149 140 60 27 1.95
ERA-2SM DC-6000 131 130 60 2 200
ERA-3 DC-3000 20.2 1.0 45 23 210
ERA-3SM 0C-3000 194 1.0 45 23 215
ERA-4 DC-4000 139 a191 52 a3 415
ERA-4SM DC-4000 139 a19.1 52 a3 420
ERA-5 DC-4000 190 4196 40 a3 415
ERA-5SM DC-4000 190 a194 40 a3 420

Note: Specs typical at 2GHz, 25°C.

a Typ. numbers tested at 1GH2. At 2GHz, Max. Pwr. Qut may decrease by 0 4dB & IP3 by 3 to 40B
* Low frequency cutoft detesmined by external coupling capacitors.

@ Price (ea.) Qty 1000 ERA-1$1.19, -2 $1.33, -3 $1 48, -4 or -5 $2.95 SM option same price

DESIGNER'S AMPLIFIER KITS:

K1-ERA: 10 of each ERA-1,-2,-3 (30 pieces) only $49.95

K1-ERASM: 10 of each ERA-1SM,-2SM,-3SM (30 preces) only $49.95
K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95

K2-ERASM: 10 each ERA-4SM,-55M (20 preces) only $69.95

Chip Coupling Capacitors at 12¢ each (50 min.)
Size {mils) Value

80x50 10, 22, 47, 68, 100, 220, 470, 680, 1000,
2200, 4700, 6800, 10,000 pf
120x60 .002, .047, .068, .1 uf

- e,
bi ed)
Typical Biasing e, *aaed

Conﬁguranon ERA v

cc
I RFC{Opnonan
. Q € bioc € piock
\ 3 IN .»_' » OUT
— E¥alLERR-ISM 2 Va
- — ACTUAL For ERA models, pin 1
SiZE = identitied by Red dot.

m Mini-CirCUits® 89 6

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com C/ACLE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to + 740- pg. HANDBOOK « INTERNET + THOMAS REGISTER » MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS...Let Our Experlence Work For You. F 214 RevA
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Considerations and Trade-
Ofts for Specifying,
Designing and Installing
Wireless Systems

This article address considerations and
trade-offs which are important when
selecting a wireless system, specifically
unlicensed spread spectrum, for any specif-
ic application. —David J. Beal.

56 An Inexpensive Receiver
Preselector
Inexpensive transistors, not expensive RF
relays, perform band-switching in this HF
receiver preselector. Insertion loss and lin-
earity are good. — Eric Kushnick
cover story
62 Anritsu Wiltron’s Site Master Drops Cell Site
Maintenance Costs
Anritsu Wiltron’s Site Master S113 can measure subtle changes in an
antenna system. The portable analyzer can measure vector quantities
and can be used in the presence of strong signals, making it possible to
find degradations, not just failures. —Ken Harvey
tutorial
76 SAW-Based Frequency Control Products for
Modern Telecommunication Systems
Presented here are three SAW-based devices - A timing recovery cir-
cuit, a discrete SAW filter for timing recovery, and a voltage-controlled
oscillator. — C.S. Lam, D.S. Stevens, and D.J. Lane
79 Pull-Out Range and Noise Bandwidth

of Third Order PLL

Calculating the pull-out range and noise bandwidth of third order phase-

locked loops is difficult. This article presents a series of graphs and

approximations which can make it easier to calculate these parameters.
—Fu-Nian Ku

engineer's notebook

85

Controlled Bypassing Sets
Limiter Threshold

Are you looking to control the limiting threshold of an IF amplifier? This
article demonstrates a simple technique.
—Gary Breed

RF Design
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Sprague-Goodman
RF editorial

=8 L | | Telecommunications
Growth Brightens the
Future for RF Engineers

Airtrim®
Air Dielectric
Multiturn Trimmers

* Q (min): 5000 at 100 MHz

* Nine mounting styles including
surface mount

¢ Designed to meet MIL-C-14409D

» Operating temp: -65°C to +125°C

* Standard cap ranges: 0.35 to 3.5 pF,
0.6 to 6 pF, and 0.8 to 10 pF

e Multiturn resolution

* Extremely stable over temperature,
frequency, voltage, etc.

* Rated voltage: 250 VDC

* Self-resonant frequency: >5 GHz

* Insulation resistance: >10® MQ

Phone, fax or write today for

Engineering Bulletin SG-660.

By Don Bishop
Editorial Director

[éiﬁnéué‘
| so00man

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 » Fax: 516-334-8771

INFO/CARD 1

Sapphire
Pistoncaps’

* Q to 4000 at 250 MHz
¢ 6 mounting styles suitable for all
RF structures

¢ Designed to meet MIL-C-14409D

¢ Operating temp: -55° to +125°C

* Cap ranges: 0.3-1.2 pF t0 0.8-8.0 pF

* Subminiature size

* Multiturn resolution

* Extremely stable over temperature,
frequency, voltage, etc.

Phone, fax or write today for

Engineering Bulletin SG-207

SPRAGUE
G0oDMmAn

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 ¢ Fax: 516-334-8771
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When it comes to opportunity, hard-
ly any other field compares with RF
engineering. Burgeoning market
demand for consumer devices that rely
on RF allows entrepreneurs to start
new manufacturing companies to
make products for avariety of telecom-
munications services.

Wireless local loop services that
replace wired exchange telephone ser-
vice hold promise for growth in elec-
tronic products. The next-generation
cellular, also known as wideband per-
sonal communications services
(WPCS), requires fixed and portable
RF products to carry voices and data
messages. Advanced messaging ser-
vices, also known as paging and as
narrowband personal communications
services (NPCS), blur the line between
numeric, alphanumeric and voice pag-
ing and wireless computer networks.
Direct broadcast services require addi-
tional RF support, as do vehicle loca-
tion and monitoring services.

Passive devices for recording vehicle
toll charges, monitoring over-the-road
vehicle operating conditions and con-
trolling inventory from ship to ware-
house rely on short-distance sensors to
carry and report data.

“Our graduates have plenty of offers
to choose from,” a professor at a uni-
versity with a comprehensive RF engi-
neering curriculum told me. That’s
good news for RF engineers and for
the readers of RF Design.

More about editors
Our new technical editor, Gregg

Miller, joined us during the week of
the combined RF Expo and Interna-
tional Wireless Communications Expo
trade shows and the April RF Design
seminar series. What an introduction
that was!

Gregg comes to us as a graduate of
the University of Colorado with a
B.S.E.E. His experience includes work
at the U.S. Patent and Trademark
Office in Washington, examining
patent applications for various RF
devices for both wired and wireless
use, and work with a manufacturer of
printed circuit boards.

At the same time we welcome Gregg,
we have to say goodbye to our assis-
tant editor, Stacey O’Rourke, who has
been lured back te the video industry
where she previously worked. She did
a tremendous job with RF Design, and
we wish her well in her new position.

Looking for RF?

The National Telecommunications
and Information Administration has
published an updated table of U.S.
radio frequency allocations.

Copies of the 1996 spectrum wall
chart cost $3.25 and can be obtained
from the Government Printing Office,
732 N. Capitol St. NW, Washington,
DC 20401; Tel: (202) 512-1993.

This is a terrific chart. Someone
grabbed mine as soon as it arrived. I
got a glimpse of it, though, and if you
want to know where your slice of the
spectrum (or someone else’s slice) fits
in the grand scheme of things, you’ll
find it on the NTIA chart. RF

June 1996



KALMUS: A TRADITION
OF HIGH PERFORMANCE,
VALUE-PACKED

Kalmus
RF AMPLIFIERS ol
over 120
hen Kalmus began designing and ruggedly
anufacturing RE amplifiers in 1971, built RF amplifiers for use in EMC testing,
the vision was to produce the hest high medical, communications and general laboratory
performance product pessible for the best pussible price.” applications. A comprehensive line of RF
amplifier modules and custom amplifier options
“As we adress the needs of the engineerning commmunity are also available.
in the 2 st century, we never lose sight of this tradition
At the sume tin wever, we are takin eratio RF AMPLIFIERS

¢ Stock and Custom Amplifiers and Modules
® Meets RF Immunity Standards, including IEC
1000-4-3 and 1000-4-6

naple, our engincenng EMC Test Amplifiers
W desien capability enahle o RF power levels from 1 to 3000

us to respond mapidly to custome STRAIGHT o

e Covering the frequency spectrum
requirements. And with improved Romloklz ol Gl
fer handli d produ TALK Communications Amplifiers

bility, we are contin o RF power levels to 1000 Watts

¢ Covering communications bands
ABOUT

to 1IGHz
Pulsed Amplifiers

‘With the resources of Therm o RF power levels to 12 KW
Violtek behinad us, Kalmus R F POWE R o Fast rise and fall times, high

; efficiency
= ‘;" "”'”l gy ]mill '; Dual Band Amplifiers
technica Ivan * RF power levels to 100 Watts
unplifiers upon whi stomer A M PLl Fl E RS . o Offers operator convenience

T .ndl. and w0 exnanding and cost savings without

e ey ! p— technical/capability compromise

its leadership position.” Distributed Tube Amplifiers

o RF power levels to 2000 Watts
/ Z Z e Cover 14 octaves from 10KHz to 220MHz with rise
Oaélcualkimels ;)f be&er dthlan 3 nanoseconds
\ L .E.M. Amplifier Modules
lin 1. W. Buster, Presiclen e RF power le‘ifels from 1 to 250 Watts
I ¢ Many stock and custom modules can be tailored for
specific O.E.M. applications
For detailed information about the full line of Kalmus RF
amplifiers, please contact: 1-800-344-3341

u mprecedented level of engimeering and
nanufocturing excellen

ny delivery times.”

Kalmus 21820 - 87th S.E. ¢ Woodinville, WA 98072 USA
Tel: (206) 485-9000 ¢ Fax: (206) 486-9657

Distributor:

KeyTek *» One Lowell Research Center ® Lowell ® MA 01852-4345 USA
(800) 753-9835 o Tel: (508) 275-0800 o Fax: (508) 275-0850
htep:/fwww.thermovoltek.com

Kalmus and KeyTek are divisions of Thermo Voltek Corporation, a Thermo Electron Company.
Offices and service centers worldwide. ©Thermo Voltek Corporation. Specifications subject to
change withaut notice.

Thermo Voltek
COMTEST BENELUX © COMTEST fTALIA « COMTEST UK » KALMUS « KEYTEK ¢ VERIFIER « UVC
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If all that mattered were
power and bandwidth,
almost anyone could build
these amplifiers.

But you know better—perhaps through
bitter experience. For example: Is the
power you're receiving nowhere near the
power you were promised? Is the band-
width not available full-time, or do you
have to bandswitch or tweak to get it?
There is still black magic in the design
of broadband high-power amplifiers. In
twenty-five years of building these things
especially for use in unpredictable load-
VSWR situations, we at AR have amassed
a rather imposing fund of knowledge
about keeping the rf output power up to
at least the minimum level we promise—
across the full
bandwidth.
And a look
at the power
curves shown
here will teil
you that the
typical output
power is
most often

ten percent or more above the promised
minimum.

The amplifiers shown on this page—
our “W” series—are completely solid-
state, with minimum cw output from one
to 1,000 watts, all operating Class A with
a top frequency of 1,000 MHz. Not
included in the curves is a 40-watt model
that operates from dc to 1 GHz. Our full
line includes models up to and beyond
ten kilowatts.

So, if rf power that doesn’t fold back
when you need it most is important to
you. you should talk it over with one

of our applications engineers.
who will answer the phone
himself when you call, toll-free,
1-800-933-8181.

For engineering assistance,
sales, and service throughout
Europe, call EMV:

* Munich, 89-614-1710

¢ London, 01908-566556

® Paris, 1-64-61-63-29.
WWWw.ar-amps.com

ggss 8 B

100W1000M1A

POWER (watts)
Ngey B

3

Nominal CW Output

S= N owan

FREQUENCY (MHz)

05 01 02 05 1 2 0w 2 50 100 200 500 1000 2000

160 School House Road + Souderton, PA 18964-9990 USA * TEL 215-723-8181 « FAX 215-723-5688
16686
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The Giga-tronics 8540B is the World’s Best
Power Meter for Communications Testing.

But Don’t Take Our Word for It.

¢ power meters generally fare well when characterizing simple
continuous wave (CVV) or pulsed RF/microwave signals. But
modern communications signals, with digital information on
phase—, frequency—, and amplitude-modulated carriers, pose
problems for most power meters. The exception is the 85408
from Giga-tronics. The latest version of this high-speed
measurement tool performs true average power measurements

even on multitone signals with digital modulation. **

Microwaves & RF
June 1995

Gigatranics 85428 Unvesal Power Mels:

il 1
L LR
- - 2 :

>
~ e
s bronitS REEy

Call 800-726-GIGA (4442)

or fax 510-328-4700 for more information for a demonstration.

Giga-tronics Incorporated w 4650 Norris Canyon Road ® San Ramon, California 94583 = Telephone: 800-726-4442 or 510-328-4650 = Telefax: 510-328-4700

© 1995 Giga-tronics Incorporated
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WHEN IT COMES TO
RF SAW FILTER TECHNOLOGY,
THE CHOICE IS CLEAR.

You want your wireless designs to outperform the competition, so you need a

wide range of superior RF SAW Filter technologies. That’s why Fujitsu delivers
the most comprehensive selection of unparalleled, low loss, subminiature SAW

Filters in the industry—internally matched to 50 Q for system design simplicity.

Fujitsu’s extensive research and development supports the integration
requirements of increasingly smaller, lighter, and higher performance
wireless systems—enabling you to create viable products for leading wireless
applications. Our Lithium Tantalate Bandpass SAW Filters provide broad
support for wireless applications from 200 MHz to 2.5 GHz and offer
compatibility with major cellular standards including GSM, AMPS, NMT,
ETACS, NTACS, PDC and NTT. While mecting stringent performance

requirements in a small footprint.

FUJITSU MICROELECTRONICS, INC., 3545 North First Street, San Jose, CA 95134,



BUILDING THE SMALLEST SOLUTION

Our latest product developments include a revolutionary
Antenna Duplexer, the smallest in the industry, for
AMPS, TDMA and CDMA cellular systems. Also our
high-performance SAW Filters for PCS and DCS1800
systems and wireless LANS feature 3.0 x 3.0 mm packages
for space critical applications. In addition, we offer
standard SAW Filter products for two-way paging and

messaging applications.

We’re working hard to meet all of your future
price/performance needs with exceptional SAW Filter
solutions. So if you’re looking for the best way to

achieve high performance while reducing size and

Chips are shown at actual size.

weight, choose Fujitsu. We’ll deliver the products
you need to rcach the smallest system solution. Call
Fujitsu Microelectronics today at 1-800-866-8608,
or visit our web site at http: //www.fujitsumicro.com.

©
FUJITSU

COMPUTERS, COMMUNICATIONS, MICROELECTRONICS

©1995 Fujitsu Microelectronics, Inc. All trademarks or registered trademarks are the property of their respective holders.
INFO/CARD 8



NS
Your Key to
High-Frequency
Test

Tools for High-Frequency
Automated Test and Measurement
from National Instruments

Instrument Control

¢ GPIB and VXIbus Controllers -
Your connection to any instrument

* Instrument Driver Library -
More than 500 software modules
to control instruments from Anritsu
Wiltron, Hewlett-Packard, Rohde &
Schwarz, Wandel & Goltermann,
and 45 other vendors

Test Development
¢ LabVIEW' - Revolutionary graphical
test development environment
- Graphical programming decreases
test development time
* LabWindows*/CVI - Interactive C
development software
- Integrated ANSI C programming
tools
* Features
- Easy GPIB, VXI, and serial
instrument control
- Numerical analysis and data
visualization
- Built-in graphical user interface

Production Test Automation

¢ Test Executive - Test sequencing
and report generation

* SQL Toolkit — Database connectivity

¢ SPC Toolkit - Monitor results and
improve quality

For more information on

these products and a FREE
catalogue, call (800) 433-3488.
(U.S. and Canada)

¢ NATIONAL
>

INSTRUMENTS

The Software is the Instrument
6504 Bridge Point Parkway ® Austin, TX 78730-5039
Tel: (512) 794-0100 * Fax: (512) 794-8411
E-mail: info@natinst.com
WWW: http://www.natinst.com
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RF calendar

June
24-25

26-28

July
21-26

August
19-23

21-23

Time and Frequency Seminars: Introduction-Level 1
Boulder, CO

Time and Frequency Seminars: Fundamentals-
Level 2

Boulder, CO
Information: Wendy Ortega Henderson, National Institute of
Standards and Technology, 325 Broadway, Boulder, CO 80303-
3328. Tel: (303) 497-3593; Fax: (303)497-6461; E-mail: ortegaw
@boulder.nist.gov.

1996 IEEE AP-S International Symposium and URSI
Radio Science Meeting

Baltimore, MD
Information: Mr. Jon Moellers, Steering Committee Chair, 445
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331. Tel:
(410) 993-6774; Fax: (410) 993-7432.

IEEE International Symposium on Electromagnetic
Compatibility

Santa Clara, CA
Information: Gherry Pettit, Intel Corporation. Tel: (503) 696-
2994; Fax: (503) 640-6411.

Wireless Communications Workshop

Boulder, CO
Information: Dr. Roger Marks, National Institute of Standards
and Technology, 325 Broadway, MC 813.06, Boulder, CO 80303.
Tel: (303) 497-3037; Fax: (303) 497-7828; E-mail: marks@nist.
gov.

September

19-20

24-26

October
21-23

Electromagnetic Compatibility: Planning for Compliance

in the U.S., Europe and Japan

Phoenix, AZ
Information: Seminars Department, Underwriters Laboratories
Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096. Tel: (847)
272-8800, Ext. 43481; Fax (847) 509-6235; E-mail: seminar
@ul.com.

Electrical Manufacturing & Coil Winding (EMCW)'96
Rosemont (Chicago), IL

Information: Electrical Manufacturing & Coil Winding '96, Dept.

77-5053, Chicago, IL 60678-5053 Tel: (708) 260-9700, (800) 323-

5155; Fax (708) 260-0395.

RF Design Seminar Series

Wakefield, MA
Information: Kelly Huber, Intertec Presentations, 6300 S.
Syracuse Way, Suite 650, Englewood, CO 80111. Tel: (303) 741-
8721; Fax: (303) 267-0234.
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New 3 Volt Downconverters: -

From RF to IF for 99¢

~ N EC miniature downconverters are the latest addition
trines il - h to CEL's growing family of 3 Volt RF ICs.

Need low distortion? Our new UPC2758T delivers
+5dBm output IP3 Low current application? Choose

25 -
i the LPC2757T. 1t provides 13dB of conversion gain
guiid | from only 5.6 mA. Both feature a mixer, LO and IF
T %0 TR g :
2 UPC2758T buffer amplifier, and a Power Down function to
3 | UPC2757T Nh\ prolong battery life.
15 o —
§ UPC2756T %\ Another low current device, the {/PC2756T, helps
g’ simplify your designs by combining mixer, IF amplifier
B ' and oscillator — all on a single chip.
J| ‘ All three feature 3dB RF bandwidth to 2.0GHz, with
(317 S| Ry ] !
g i it | o0 =3 =% 3dB IF bandwidth of 10 to 300 MHz.
LO Frequency (MH2) Housed in miniature packages no bigger than a
S P R ~ SOT-143, these devices are available now on tape and
. reel and priced in quantity from only 99¢.
RECEIVER LINEUP Best of all, they can be combined
with CEL's other MMICs and discretes 1o
UPC2756T UPC2753GR
provide complete GPS, PCN or 2.4 GHz 3
1575 wireless LAN solutions. :
GHz Y EERC O G B OUNAAEEEELEE =~ 3= 00 s e e e e e s e e e s e e a0 s e e o0 0 e e
Need a higher level of integration? The 3 Volt
— UPC2753GR IF downconverter combines an RF input
: amplifier, Gilbert cell mixer, LO input buffer, IF
» amplifier with AGC, external filter port, and IF output
TR AL SRR ERGEA TS limiting amplifier — all in a miniature 20 pin SSOP
PART: OPERATING lcc CONVERSION OUTPUT | package. This device features DC to 400 MHz RF
VOLTAGE GAIN 1P3
Pt crroas response, DC to 20 MHz [F response, and typical overall
UPC2758T' 3V 11ma 17dB  +5dBm |
= e . : conversion gain of 79dB.
- uPC2757T 3V 5.6ma 13dB  0dBm
— ——— e — For data sheets and a Silicon MMIC Product
UPC2756T2 3v 5 9 14dB  0dBm
Il — Selection Guide, call your nearest CEL Sales Office, or
1.Measured at 2.0GHz 2.Measured at 1.6 GHz
circle the number below.
* Need Product Information Fast? :

Use CEL's 24-Hour Fax Sytem!

v R el - [@8N california Eastern Laboratories

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054 1817, (408) 988-3500 FAX (408) 988-0279 http//www.cel.com
Sales Offices Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985 San Diego, CA {619) 450-4395 Bellevue, WA (206) 644-3307
Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Timonium, MD (410) 453-6600
Middleton, MA (508) 762-7400 Hackensack, Nj (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774- 7682
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RF courses

Training Program for Cellular, PCS Staff

Independent Learning Program
Information: Virginia Polytechnic Institute and State Uni-
versity, Mobile and Portable Radio Research Group, 840
University City Blvd., Pointe West Commons, Suite 1,
Blacksburg, VA 24061-0350. Tel: (540) 231-2970; Fax: (540)
231-2968.

RF and Wireless Made Simple

July 8-9, 1996,. Los Altos, CA
Applied RF Techniques |

July 15-19, 1996, Los Altos, CA
Information: Besser Associates, 4600 El Camino Real, Suite
210, Los Altos, CA 94022. Tel:(415) 949-3300; Fax: (415)
949-4400.

Communications Technology Training

duly 9-10, 1996, Orland Park, IL

August 6-8, 1996, Orland Park, IL

September 3-5, 1996, Orland Park, IL

October 8-10,1996, Orland Park, IL

November 5-7, 1996, Orland Park, IL

December 3-5, 1996, Orland Park, IL
Information: Andrew Corp., Dept 355, PO Box: 9000, San
Fernando, CA 91341-9978. Tel: (800) 255-1479, ext. 117.

DSP Without Tears

June 19-21, 1996, San Jose, CA
Information: Z Domain Technologies, Inc., 325 Pine Isle
Court, Alpharetta, GA 30202. Tel: (800) 967-5034; (770) 5817-
4812; Fax: (770) 518-8368; E-mail: dsp@mindspring.com.

Grounding & Shielding Electronic Systems, and Circuit
Board Layout

August 14-16, 1996, San Jose, CA
Information: Continuing Education, University of Missouri-
Rolla, 103 ME Annex, Rolla, MO 65409-1560. Tel: (314) 341-
4132; Fax: (314) 341-4992.

Switching to wireless PABXs

July 9-12, 1996, Toronto

July 9-12, 1996, Los Angeles

July 30-August 2, 1996, Washington, D.C.
Information: Learning Tree® International, Reston Town
Center, 1805 Library Street, Reston, VA 22090-9919. Tel: 1-
800-THE-TREE((R)) (1-800-843-8733); Free Fax 1-800-709-
6405;E-mail: uscourses@learningtree.com.

Applied RF Techniques: Linear Circuits

September 30-October 4, 1996, Cambridge, UK
Adaptive Synchronous Receiver Structures for Mobile
Communications

September 30-October 4, 1996, Cambridge, UK
Wireless Digital Communications: Mobile, Cellular, Per-
sonal, Voice and Data Networks

September 30-October 4, 1996, Baveno, Italy
Mobile and Wireless Personal Communications Networks

October 14-18, 1996, Baveno, Italy
Modern Digital Modulation Techniques

October 14-18, 1996, Baveno, Italy
Far-Field, Anechoic Chamber, Compact and Near-Field
Antenna Measurement Techniques

October 15-18, 1996, Baveno, Italy
Frequency-Time Signal Processing: Applications and
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Algorithms for High Resolution Spectral Analysis and
Time Series Analysis
October 15-18, 1996, Baveno, Italy
Bandwidth-Efficient Coded Modulation: Theory and Appli-
cation
October 21-23, 1996, Baveno, Italy
Speech and Channel Coding for Mobile Communication
October 21-23, 1996, Baveno, Italy
Digital Cellular and PCS Communications: The Radio Inter-
face
October 21-25, 1996, Baveno, Italy
Spread Spectrum and CDMA
October 21-25, 1996, Baveno, Italy
VSAT Networks
October 23-25, 1996, Barcelona, Spain
Mobile Cellular and PCS Telecommunications Systems
November 11-13, 1996, Barcelona, Spain
Personal Mobile Satellite Communications
November 18-20, 1996, Barcelona, Spain
Satellite Communication Systems
November 11-15, 1996, Barcelona, Spain
Information: CEI-Europe, PO Box: 910, S-612 25 Finspong,
Sweden. Tel: 46 122 175 70; Fax: 46 122 143 47; E-mail:
cei.europe@one.se.

Reliability: A Practical Approach
June 17-21, 1996, Washington D.C.
Digital and Analog Communication Systems for Non-Engi-
neers: The Fundamentals
June 17-19, 1996 Washington, DC
Digital Cellular and PCS Communications: The Radio Inter-
face
June 24-28, 1996, Washington, DC
Digital Cellular and PCS Communications
June 24-28, 1996, Washington, D.C.
Communications Satellite Systems
August 5-8, 1996, Washington, D.C.
Cellular and Wireless Telephony
August 12-16, 1996, Washington, DC
Wireless Infrastructure Network Engineering for Cellular,
PCS, LEO, and WPBX
October 21-25, 1996, Washington, DC
Wireless Infrastructure Network Engineering for Cellular,
PCS, LEO, and WPBX
October 21-25, 1996, Washington, D.C.
Satellite Communications Engineering Principles
November 5-8, 1996, Washington, DC
Grounding, Bonding, Shielding, and Transient Protection
November 11-14, 1996, Washington, DC
Satellite Communications With Emphasis on Mobile Sys-
tems
December 2-4, 1996, Washington, DC
Information: The George Washington University, Continu-
ing Engineering Education, Academic Center, Room T-308,
801 22nd Street, N.W., Washington, DC 20052. Tel: (202)
994-6106 or (800) 424-9773. Fax: (202) 872—-0645; E-mail
ceepinfo@ceep.vpaa.gwu.edu.

Electromagnetic (EM) Simulators

July 9-12. 1996, Los Angeles, CA
Information: UCLA Extension, 10995 LeConte Ave., Suite
542, Los Angeles, CA 90024. Tel: (310) 825-1047; Fax: (310)
206-2815; E-mail: mhenness@unex.ucla.edu.
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WORLD’S FIRST 27GHz fr ANALOG ARRAY
OPTIMIZED FOR RF APPLICATIONS!

For Instance, You Can Design a 3V LNA @ 900MHz (1.8dB Noise Figure) OR
a 3V Downconverting Mixer @ 1.8GHz (Output IP3 = +9dBm)
and Integrate Them in Your RF ASIC.

Maxim's newest QuickChip array,
implemented on our 27GHz fr GST-2
process, is ideal for a variety of RF
applications, including low-power,
wireless products running at 3V.
QuickChip 9-60D offers different tiles
optimized for various RF functions
which are placed to simplify routing.
The QuickChip semi-custom approach
provides short prototype lead time,
low NRE cost, and high probability of
first-pass success.

@ STTH

This 3V 900MHz quadrature modulator with VCO
and prescaler is one of many mixed-signal appli-
cations realizable with the QuickChip 9-60D.

Maxim offers you these 3V RF subcircuits for the QC9-60D to cut your design time. Custom
metal masks can be used to implement and interconnect these subcircuits on the QC9-60D,
resulting in a high level of integration.
e 900MHz LNA o Phase Detector
e Single Balanced Mixer o Operational Amplifier
o IF AGC Amplifier with 60dB Gain Range e Transconductance Amplifier
e 900MHz VCO with -85dB Phase Noise @ 10kHz e TTL Input Buffer
o Divide-by-64/65 Prescaler » Bandgap Supplies
Typical GST-2 Process Specifications Devices Available on QuickChip 9-60D Array
and Fealures: for Your Own Design:
& 27GHz NPN f1 @ Vg = 4V ¢ 1,022 NPNs
¢ Veeg = 4.3V Min. ¢ 176 Lateral PNPs
o NPN 3 =150 + 138 Schottky Diodes
¢ 170Q/ ! and 600€2/] Poly Resistors ¢ 2,008 Poly Resistors (>6.8M€2 Total)
+ 3-Layer Metal Gold Interconnect + 158 MQS Capacitors (116pF Total)
¢ Trimmable Nichrome Resistors + 36 Bond Pads

P —

" mmemmer . T0 get your ASIC design started, call a Maxim Applications Engineer at 1-800-809-0840.
ssicorveLoPwedt | He'l| help you select the optimum solution for your high-frequency design. And don’t
™| forget to request Maxim’s High-Frequency ASIC Development Handbook.

ComPLTS et
»
-~

AT

— WA X1/

—
— -
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RF news

National Electronics
Manufacturing Initiative
Consortium

Richard C. Jensen, vice president
and general manager, Assembly and
Advanced Products, announced Dex-
ter Electronics Materials’ participation
in a consortium created to ensure the
sustained growth and competitiveness
of U.S. electronics manufacturing. The
National Electronics Manufacturing
Initiative, Inc. (NEMI), located in
Arlington, VA, is an industry-led, pri-
vate/public partnership that brings
together the largest electronics equip-
ment manufacturers in the United
States, their key suppliers and govern-
ment agencies to foster development of
the world’s best electronics manufac-
turing supply chain. NEMI’s mission,
to rapidly advance the U.S. electronics
manufacturing infrastructure, will
improve manufacturing technology by
establishing development and imple-
mentation projects between users and
suppliers. Key research and develop-

ment activities will be identified that
require the coordination of its mem-
bers and outside organizations. The
initial projects will focus on five areas:
interconnection substrates, board
assembly, final assembly, flip chip
packaging and energy storage sys-
tems. Dexter will participate in
NEMTI’s Flip Chip Technology Imple-
mentation Group.

Patent Awarded For
Cellular Directory
Assistance Call
Completion

VoiceTech Communications Inc. has
been granted patent approval for its
VoiceCue (trademark) Directory Assis-
tance Call Completion (DACC). First
introduced in August 1995, DACC
offers cellular customers fast, easy-to-
use call completion from a single,
multi-application platform. The DACC
application provides direct connection
to the Regional Bell Operating Compa-

ny’s (RBOC) directory assistance ser-
vice. By building a shell around the
RBOC 411 service and utilizing speech
recognition technology to determine
the dialing digits, the DACC system
provides the support for the carrier to
complete the call using its own switch-
ing equipment. Carriers may also cus-
tomize introduction messages with the
DACC system, as well as choose from
several methods for customizing the
connection of the call, including the
offer to complete the call for a fee.
DACC also provides carriers with all
necessary billing information.

Electronics Acquisition
The management of Schaffner Elek-
tronik AG, the international electron-
ics company, purchased the Schaffner
Group of companies from Elektrowatt
AG. The MBO team consists of four
long-standing members of Schaffner’s
senior management with solid finan-
cial backing from investment institu-
tions. The buy-out will enable further
consolidation of the group’s leading

Business Briefs

Call For Papers—The 1996 IEEE International Electron
Devices Meeting (IEDM) will be held December 8-11, 1996
at the San Francisco, CA, Hilton & Towers. Papers are
requested in the following areas: CMOS devices and relia-
bility; detectors, sensors and displays; device and intercon-
nect technology; integrated circuits; modeling and simula-
tion; solid state devices; and quantum electronics and com-
pound semiconductor devices. Deadline for receipt of tech-
nical paper abstracts is July 1,1996. Paper abstracts should
be sent to: Melissa Widerkehr, IEDM, 101 Lakeforest
Boulevard, Suite 270, Gaithersburg, MD 20877, USA.

Intelligent Traffic System for Today—Technology
already widely used by American motorists is the basis for
a low-cost safety warning system that will inform drivers of
highway hazards such as traffic accidents, approaching
emergency vehicles, construction delays or visibility prob-
lems. With support from a consortium of consumer elec-
tronics companies, researchers at the Georgia Tech
Research Institute (GTRI) have developed a transmitter
and messaging system capable of sending a wide range of
emergency warning to motorists using advanced radar
detectors. The Safety Warning System will also provide a
general warning to the older radar detectors not capable of
displaying text messages.

Wafer Sourcing Deal—Philips Semiconductors has
signed a wafer sourcing agreement with TriQuint Semicon-
ductor, a leading U.S. supplier of radio frequency, gallium
arsenide (RF GaAs) components. Philips Semiconductors
will develop all the GaAs ICs at Philips Microwave, Limeil,
France, drawing on its 20 years of experience in GaAs IC
R&D and foundry service. Wafer production will be carried

out at TriQuint and Philips Microwave Limeil. TriQuint
will produce wafers to Philips Semiconductors’ specifica-
tions at its plant in Beaverton, OR. Philips will assemble
and test the products and supply them, through its world-
wide sales organization. The products will serve markets
such as cellular and cordless phones, wireless local area
networks, base stations, high-speed transmission equip-
ment and satellite communications.

Printed Circuit Board Market—To cope with
consumer demands, OEMs have increasingly relied upon
home-grown components in building finished goods. In a
report about to be issued by Allied Business Intelligence
(ABI), a strategic consulting firm in Oyster Bay, New York,
the printed circuit board industry is considered from sever-
al perspectives. “Printed Circuit Board Fabrication to
2001: US and World Markets, Technologies & Competitors”
examines the influences that have shaped the continuing
recovery of an industry that was about to be gobbled up by
Pacific Rim countries.

Lab Group Formed to Address Europe’s EMC Direc-
tive—American Council of Independent Laboratories
(ACIL) has officially launched a new association to help
U.S. independent and manufacturers’ laboratories address
technical questions relating to electromagnetic compatibili-
ty (EMC) regulations and standards for electronic and
telecommunications devices used in Europe. The group, the
United States Council of EMC Laboratories (USCEL), has
already held organizational meetings in Washington and
Chicago. For more information contact ACIL, 1629 K
Street, N.-W., Washington, D.C. 20006; Tel: (202) 887-5872;
Fax: (202) 887-0021; E-mail acil@ix.netcom.com.

18

INFO/CARD 13 —»



—

Global solutions...
tor all your

communications
testing needs.

Noise Com noise products and test instruments are
being used throughout the world to evaluate the perfor-
mance of cellular, satellite, and radar communications
and data transmission systems.

Whether you require noise sources, modules, or
generators, or are interested in our state-of-the-art test
instruments such as our multipath fading emulator
or Interference Test Set™, we have the
products to suit your application.

Every Noise Com product is
backed by years of research and
testing where it counts...in the
field. That translates to products
that deliver outstanding stability
and quality...in the toughest
applications.

At Noise Com, the only thing
better than our products is our ¢
dedication to providing the best technical
service and support in the business. We
also realize that time is money, so you can
count on receiving your custom ¢ompo-
nent, test equipment, or an entire turnkey
syslem on tume...every time.

Pictured here are some of our standard products.
For more details, ask for our Complete Line of Broadband
Noise Products catalog. 1If you're interested in our critically-
acclaimed test equipment, make sure you request a copy
of our Test Equipment For Wireless & Telecommunications
catalog. Whatever you decide...we'd love to hear from
you.

T

N
> S

Noise Com. Your global partner for noise, wireless,
and telecommunications testing solutions.

For more information
and a quick response,

call NOISE COM,
the experts in testing,
at 201-261-8797.




need a company
to provide
solutions to

your noise
testing needs...
all points

lead to




Chips and Diodes

TYPICAL STANDARD MODELS
_ MODEL FREQUENCY RANGE
NC 302 10 Hz - 3 GHz
- NC 305 10 MHz - 11 GHz
NC 401 100 MHz - 18 GHz
NC 406 18 GHz - 110 GHz
All Noise Com diodes deliver symmetrical white
Gaussian noise and flat output power versus frequency.
Noise Com diodes are available in a wide variety of
package styles, and in special configurations on request.
BITE Modules
TYPICAL STANDARD MODELS |
MODEL FREQUENCY RANGE | OUTPUT ENR

NC 501/15 0.2 MHz - 500 MHz 31dB
. = NC 502/15 0.2 MHz - 1000 MHz 31dB
i

e NC 503/15 0.2 MHz - 2000 MHz 31dB

_ o _ NC 506/15 | 0.2 MHz - 5 GHz 31d8B
The NC 500 series drop-in noise modules in TO-8 cans NC511/15 | 0.2 MHz - 500 MHz 51 dB
and flat packs for surface mounting are an economical NC 513/15 | 0.2 MHz - 2 GHz 51 dB

solution for built-in test requirements. These devices contain
complete biasing networks and need no external components.
Also available are TO-39 packages.

Broadband Amplified Modules

TYPICAL STANDARD MODELS |
MODEL FREQUENCY RANGE | OUTPUT
NC 1101A 10 Hz - 20 kHz +13 dBm
NC 1107A 100 Hz- 100 MHz +13 dBm
NC 1112B 20 MHz - 2 GHz 0 dBm
NC 1126A 2 GHz - 6 GHz -14 dBm
The NC 1000 series amplified noise modules produce
white Gaussian noise from -14 dBm to +13 dBm at
{requencies up to 6 GHz. They are designed for coaxial
test systems, and are available with several bias voltages
and connector options.
| TYPICAL STANDARD MODELS
So%aSY \ _ MODEL FREQUENCY RANGE | OUTPUT
WoS\SE NC 2101 100 Hz - 20 kHz 0.15 Vrms
NC 2105 500 Hz - 10 MHz 0.15 Vrms
NC 2201 1 MHz - 100 MHz +5 dBm
NC 2601 1MHz - 2 GHz -5 dBm

The NC 2000 series amplified noise modules are an

excellent choice when a high level noise output is desired
and the noise source is to be mounted on a circuit board.
24 pin packages are standard; 14 pins are also available. N

A Wircless
Telecom Group



Broadband Precision, Calibrated Coaxial

TYPICAL STANDARD MODELS J
MODEL FREQUENCY RANGE OUTPUT ENR
NC 346A 0.01 GHz - 18 GHz 6 dB
NC 346B 0.01 GHz - 18 GHz 15 dB
NC 346C 0.01 GHz - 26.5 GHz 15 dB
NC 346D 0.01 GHz - 18 GHz 25 dB
NC 346Ka 0.1 GHz - 40 GHz 15 dB
Noise Com’s NC 346 series is designed lor precision
noise figure measurement applications. These products
are available with coaxial or waveguide outputs. For
OEM applications, the NC 3200 series provides high
performance in a small ruggedized package.
Broadband Calibrated Millimeter-wave
TYPICAL STANDARD MODELS {
) ) MODEL FREQUENCY RANGE WAVEGUIDE
; The NC 5000 series noise sources NC5142 | 18 GHz - 265 GHz WR-42
& feature outstanding stability and NC 5128 26 GHz — 40 GHz WR-28
convenience in waveguide bands NC 5122 33 GHz - 50 GHz WR-22
up to 110 GHz. NC 5115 50 GHz - 75 GHz WR-15
NC 5110 75 GHz - 110 GHz WR-10
Broadband Noise Generators
The NC 6000 and NC 8000 TYPICAL STANDARD MODELS y
series noise-generating
= instruments are designed for MODEL | FREQUENCY RANGE | OUTPUT POWER
applications on the test bench NC 6107 | 100 Hz - 100 MHz +13 dBm
or incorporated with other NC 6108 | 100 Hz - 500 MHz +10 dBm
equipment to provide a wide NC 6110 | 100 Hz -1500 MHz +10 dBm
variety of functions. Each instrument NC 6124 |2 GHz - 4 GHz -10 dBm
contains a precision noise source, amplification, and step NC 8107 | 250 kHz - 100 MHz +30 dBm
. . . NC 8111 5 MHz - 1 GHz +30 dBm
attenuators to provide repeatable symmetrical white
Gaussian noise with variable output power.
B TYPICAL STANDARD MODELS
series noise-generating
instruments are MODEL FREQUENCY RANGE | OUTPUT POWER
extremely easy to use, UFX-7107 | 100 Hz-100 MHz +13 dBm
combining dedicated UFX-7108 | 100 Hz - 500 MHz +10 dBm
tions and programming, with a large 4 x 20-character 3&;;32 f S/ITiZ = .’133063:! gg ggm
LCD display. Control of output power, filter settings, g 2 £ £ W
and attenuator step size for both the noise and the signal
(for units with internal combiners) is performed {rom the
front panel or by remotely using the 1IEEE-488 interface.
Your global par[ner for noise, A Wireless Telecom GTOUP Company
wireless, and telecommunications E. 49 Midland Ave., Paramus, N] 07652

testing solutions. Tel: 201-261-8797 » Fax: 201-261-8339



DESIGN FROM START-TO-ART

1 GENESYS synthesis
modules make it easy to
create initial designs for
L-C filters, matching
networks, active filters,
oscillators, printed and

Z Schematics make it easy to enter your own designs. modify
synthesis created designs and merge subcircuits. Schematics and
simulation are integrated
for back annotation. The

machined filters. GENESYS schematic
amplifiers and group delay module also writes
equalizers. The many design alternatives and Touchstone and Spice
quick evaluation of each help you save time files. 4
and achieve higher performance. iiylis /
=0SUUWATOR= //
=MFILTER
=MATCH: /

-
=FILTER=
=

=SuperStar=

HEHSOND SMULATOR
e N E ; ; '
[ ®

4 The new layout

module creates artwork

3 et L el L V(o 1 e on your plotter or
=ouperdtar= rofessron.a re e}fmest e.CI{‘CUIt simu fztor P’i" terand in . DXF:
standard. Step up to real-time tuning, statistical analysis, (AutoCad) and

unrestricted global noise analysis, adaptive optimization. optimized Gerber file formats. Discontinuity and

transmission line dimensioning. coplanar ground pours,
multilayers, arbitrary polygons and user footprint libraries

accurate models. unparalleled execution speed and the
industry’s easiest to use interface. Non-linear and time

domain analysis is supported through the Spice interface. make RF and microwave layout easier than ever before.

i GENESYS
Odur first program shipped in 1985. VERSION 5.4
Ith Aun_i‘wrsary Today._with thousandf of users . :
worldwide, Eaglewarc is a =SuperStar= Professional simulator $999
recognized leader in RF and microwave Simulator with schematic entry and layout $1990
e AP Complete GENESYS package with synthesis 85990

Here arc a few reasons why we fee]l GENESYS

provides uncqualed value: Layout upgrade for current customers $699
« Start-to-art solution including synthesis (Upgrade discounts available for a limited time)
* Onc casy to learn interface for all programs
» Industry’s fastest execution means less waiting / %
* Accuracy verified with in-house lab BEDE Fﬂq L \é Hhtx Y
* Reads industry standard S-parameter files FHE A XS -
s 3 SAME PRICES INTERNATIONALLY
* Free technical support with no annual fees 170 RS EX T MKI-1-1 DIRECT SALES & USER SUPPORT
* Low cost TEL 03-3988-1731 FAX 03-3988-1706 BY FAX, PHONE OR LETTER

* 30 day money back satisfaction guarantee

Eaglewarc products run on standard IBM and E n G Le w ﬂ n e
compatible PCs under DOS. Windows 3.1, S5 1 K= .
Windows NT and Windows 95. Windows Eagleware Corporation # 1750 Mountain Glen # Sone Min, GA 30087 * USA

versions are 32-bit for even faster execution. http://www.eagleware.com * eagleware@eagleware.com

TEL (770) 939-0156 #* FAX (770) 939-0157
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RF news

position world-wide in electromagnetic
compatability (EMC) components, test
instrumentation and services.

Private Financing
Completed

Digital Radio Communications Cor-
poration, a local leader in wireless and
wired communications, and electronics

manufacturing, announced it has
secured more than $500,000 in a
round of private placement financing.
The financing has been allocated to
continue funding of Digital Radio’s
research and development projects
related to its core wireless communica-
tions business, in addition to its
design, development, and manufactur-
ing services. Formerly known as Elec-

Stop

Wasting Board Space

\ 4
- - 1 .
inductanc {0)

in other miniature pax':kages, Toko LLs give

your design important advantages:

© 0402, 0603 and 0805 packages
are available

© E-12 series inductance from 1.0 to
470nH allowing for ease in modify-
ing and correcting designs

Start

Using Toko LL Chip Inductors

()

tape and reel pnn§ for low cost

automated manufacturing

Samples and prototyping kits are currently
available. Call 1-800-PIK-TOKO (1-800-
745-8656) and ask for the LL Family
Brochure, for complete specifications on
The World's Smaillest Chip Inductors,

= TOKO

Toko America, Inc., 1250 Feehanville Drive, Mt. Prospect, IL 60056
PH: 1-800-PIK-TOKO FAX: 847-699-1194
Visit our website at: http: // www.tokoam.com

See Us At MTT-S Booth Number 1306
INFO/CARD 14
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tronic Technology, Digital Radio Com-
munications Corp. was founded in
1992 and specializes in designing and
manufacturing wired and wireless
communications products, as well as
providing contract design, develop-
ment, and manufacturing services.

European Office

Bird Electronic Corporation has
opened a new European sales office in
Hertfordshire, England. The new
office will support the company’s cus-
tomers and manufacturer’s represen-
tatives throughout Europe. The open-
ing of the Hertfordshire office will pro-
vide direct technical sales support,
product training and applications
assistance to Bird’s European cus-
tomers and representatives.

Plant Expansion

3M announced that it will be invest-
ing an additional $40 million in its
recently expanded manufacturing
plant in Columbia, MO. According to
3M plant manager Martyn Tiplady,
the $40 million will expand the build-
ing just completed last year and
install more equipment to supply the
electronic interconnect market. The
investment will increase the size of
the plant by more than 30,000 square
feet. 3M expects the number of jobs at
the plant to increase by between 80
and 100 over the next two years.

Wetted Reed Switch

Business Acquired

CP Clare Corporation, a world
leader in the semiconductor and
electromechanical relay marketplace,
announced the acqusition of the
wetted reed switch business of NEC,
Japan. This purchase positions the
company as the last major supplier
and manufacturer of mercury wetted
Form C reed switches. CP Clare
currently markets solid state relays,
dry and wetted reed switches and
relays, surge protection and magnetic
products.

New Communication
Services Division

E.F. Johnson Company announced
the formation of E.F. Johnson Ser-
vices, a wholly owned division which
will offer a variety of communications
facility installation and construction-

(continued on page 55)
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RF industry insight

Broadcast Industry Eyes

New Transmission Technologies

By Gary A. Breed
Consulting Editor

After a long period of anticipation,
new program transmission methods for
broadcasting are imminent. HDTV
(High Definition Television, also
referred to as Advanced Television, or
ATV) and DAB (Digital Audio Broad-
casting) have reached the final stages of
technical and regulatory development.

HDTV promises to deliver picture
quality roughly equivalent to 35 mm
film, a dramatic improvement over cur-
rent television transmission standards.
The viewer will no longer find it easy to
see the individual lines that make up the
picture. DAB will combine Compact Disc
(CD) quality sound with transmission of
additional data. Although current FM
broadcasting can provide excellent quali-
ty in strong-signal areas, and can handle
data transmission, DAB will be notice-
ably higher in quality throughout a sta-
tion’s coverage area, even where recep-
tion conditions are not perfect.

Development with Difficulty

The road to development of new radio
and television broadcasting formats has
been a minefield of engineering chal-
lenges and domestic and international
regulations. Particularly in the case of
HDTYV, the technological evolution has
been far too rapid for either regulators
or marketplace analysts to keep up
with. On the technical side, problems
with image compression, data format,
occupied bandwidth and interference
have arisen, been addressed, and some-
times reappeared. It has seemed that, as
soon as an acceptable standard has been
developed, someone had come up with a
better way to get the job done, making
some part of the previous work obsolete.
Even after competing HDTV proponents
Jjoined forces in the Grand Alliance, dis-
agreements concerning technical stan-
dards continued.

Field testing of HDTV and DAB
exposed additional technical issues. One
was the coverage area within which
acceptable picture or sound quality could
be received. A broadcasters’ market
potential is based on the number of peo-
ple served. To establish appropriate
transmission power levels and antenna
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height standards, minimum signal levels
must be determined. In HDTV, trial
transmissions did not effectively reach as
far as predicted. DAB had similar evalu-
ations to re-think after field testing. Both
systems appear to have those issues
resolved, and are ready to move into the
final stages of the regulatory process.

The Regulatory Battleground

Like other new radio-based communi-
cation services, HDTV and DAB need
spectrum space. Even if the old technolo-
gy channels are later vacated, both old
and new need to be accommodated for a
period of several years. DAB will be
implemented in L-Band by most coun-
tries. In this frequency range, coverage
will be a bit less thorough than in the
current 100 MHz region, but the effects of
the difference in propagation characteris-
tics will also depend on authorized power
levels and the quality of the receivers.

HDTV has a more elegant approach,
permitting HDTV on unused UHF tele-
vision channels. This, of course, gives
rise to arguments on the subject of
potential interference between HDTV
and current TV broadcasting. Are the
two systems dissimilar enough to mini-
mize interference, as is generally
claimed, or will some viewers see degra-
dation of quality? There is no real con-
sensus, but most HDTV experts think
this arrangement will work acceptably.

Getting the Federal Communications
Commission and the equivalent agen-
cies in other countries to give final
authorization for HDTV and DAB is
another part of the story. Canada, and
soon much of Europe, is ready to imple-
ment DAB. In recent weeks, it looks like
the final hurdles for HDTV in the U.S.
have been cleared and the FCC only
needs to put the technical and business
requirements into codified form. Howev-
er, even if the technical issues have been
addressed successfully, there is much
disagreement on how the transition to
HDTV or DAB should be accomplished.
What priority do existing broadcasters
have? What about new entrepreneurs?
Do we have auctions or fixed fees? What
is the timetable for licensing, construc-

tion, and eventual phase-out of the “old”
technology? Tough questions still must
be answered.

Marketplace Acceptance

All the discussion so far assumes that
consumers will buy new HDTV sets and
DAB receivers! While this is inevitable,
the rate at which those consumers will
make the changeover is only a guess.
One view is that consumers are especial-
ly excited about new technology right
now, following the boom in personal
computers, video games and cellular
phones. Acceptance of the CD as a
replacement for vinyl records started
slowly, but accelerated faster than many
experts expected.

The contrary view is that consumers
have spent a lot of their income on these
high-tech toys, and new products will
dilute the market even further. Direct
Broadcast Satellite (DBS) systems,
expanded cable service, a monthly Inter-
net access bill, and new PCS phone ser-
vice are new entries into the market.
Their effects on the implementation of
HDTYV and DAB can only be guessed.

The rebuttal is that hardware is get-
ting cheaper, and quickly. The costs
come from the services provided. The
key example is cellular telephones,
which are often free (or nearly so) when
the customer signs up with a service
provider. An avid movie and sports fan
can have an annual cable TV bill that
exceeds the cost of a 27-inch set. A dozen
CDs matches the cost of the disc player.
The indirect charges of “free” TV and
radio advertising may actually be wel-
comed by the consumer. The improve-
ments brought by HDTV and DAB won’t
require a monthly fee. (Although we
must see what cable companies do to
their rates when they add HDTV and
DAB programming!)

Where does this leave us? At the risk
of being proven wrong by more technical
and regulatory wrangling, we are on the
verge of getting these new broadcast ser-
vices. As one more part of the continuing
growth of wireless communications, we
will all find HDTV and DAB fascinating
to watch as their markets develop. RF
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RF system design

Considerations and Trade-offs for

Specifying, Desighing and Installing
Wireless Systems

By David J. Beal
Axonn Corporation

This article addresses considerations
and trade-offs which are important
when selecting a wireless system,
specifically unlicensed spread spec-
trum, for any specific application.
Though many of the issues discussed
here are intuitive, they are often either
assumed or completely overlooked,
resulting in poor system performance
and /or increased time to the field. The
ability to identify and define these
issues during the system requirements
and definition phase will reduce many
of the problems associated with getting
a new product to market.

Basic System Definition

Low cost wireless systems often
replace wired systems which provide
unidirectional status information from
an application specific sensor to the
outside world. This type of wireless
system, as shown in figure 1, can be
very cost effective since numerous low
cost transmitters are supported by a
single receiver which interfaces to the
world through either the standard
interface of the receiver, or through a
custom system controller and interface
assembly such as a security panel.

Another common type of wireless
system is necessary when bi-direction-
al command and status information is
required within the system. This type
of system utilizes multiple trans-
ceivers and is illustrated in figure 2.

Before attempting to purchase or
design any system, the engineer must
adequately define the specific system
requirements based on: cost (manufac-
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turing, maintenance and lifetime),
performance, size, the problem to be
solved, and the feasible solutions with
respect to regulatory and other issues.

Spread Spectrum Wireless
System Fundamentals

As a greater number of wireless
devices are deployed, the airwaves are
becoming increasingly crowded,
increasing the chances of interference
and jamming since each device forms a
potential jamming threat to the others.

In order to correctly receive and
decode the transmit message, every
receiver requires that the strength of
the desired signal (relative to the
strength of background noise) meets
or exceeds the noise level. The
amount by which the signal exceeds
the noise level is called the signal to
noise ratio (SNR). SNRs lower than
the threshold result in substandard
communications performance, while
higher SNRs increase the communica-
tions link reliability.

Communications systems effectively
discern undesired signals as noise. As a
consequence, it is good to reduce the
level of interfering signals in every way
possible. Through the same process
which is used to receive the wanted sig-
nal, spread spectrum systems lower the
level of interfering signals. This
decrease in noise power allows the
receiver to more easily detect and
demodulate signals from its own trans-
mitters and provides an inherent resis-
tance to unwanted signals.

As a result, spread spectrum tech-
niques are well suited for applica-
tions where the need to operate in
dense environments exists and when
conservation of frequency spectrum
is important.

What types of spread spectrum tech-
niques are employed? - There are
three types of unlicensed spread spec-
trum transmission allowed by the FCC
per part 15.247, Direct Sequence, Fre-
quency Hopping, and Hybrid (a combi-
nation of the two).

During transmission, the circuitry
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artificially increases (spreads) the sig-
nal’s bandwidth by modulating the
signal (either in phase or frequency)
with a pseudo-random sequence which
occurs at a rate far greater than the
rate required for the data alone. Dur-
ing signal reception, the receiver
requires synchronization of its inter-
nal pseudo-random generator to the
pseudo-random sequence of the trans-
mit signal in order to fully recover the
available power and to decode the data
message. This synchronization is gen-
erally referred to as correlation.

Direct sequence systems pseudo-ran-
domly modulate the phase of the RF
carrier signal at a rate at least ten
times that of the data rate. This
results in a signal spectrum which is
much broader than would be occupied
if the RF carrier signal were modulat-
ed by only the data stream. Direct
sequence techniques tend to result in
low cost transmitter designs since only
the phase of the transmitted signal is
modulated and the carrier frequency
remains constant. Consequently, the
transmitter’s oscillator can be of a
fixed frequency crystal design. Cost
savings are also evident in the receiv-
er since a fixed Local Oscillator (LO)
frequency can be used there as well.

Frequency hopping systems dwell at
one frequency for a portion of the mes-
sage before tuning (hopping) to the
next frequency. Frequency hopping
systems are divided into two cate-
gories, fast and slow.

Fast hopping takes place at a rate
much faster than the data rate. This
method is very secure, highly resistant
to multipath, requires quick and pre-
cise frequency control at both the
transmitter and receiver ends, and is
unfortunately expensive.

Slow hopping, traditionally used by
low cost, spread spectrum systems,
takes place at a rate much slower than
the data rate. Multiple data bits are
transmitted at each dwell frequency.

Both fast and slow hopping systems
require that the frequency source for
each transmitter be tunable, and that

the receiver is able to tune in synchro-
nization to maintain correlation. This
frequency agility requirement leads to
higher transmitter and receiver costs
than is typically exhibited by a direct
sequence system.

Hybrid techniques combine proper-
ties of both direct sequence and fre-
quency hopping systems and are, in
general, implemented at high cost.

Process gain, What is it? and How
much does the system really
need /get? — Process gain essentially
indicates the amount of observed
SNR increase when comparing the
signal amplitude measured before
correlation to the signal amplitude
measured after correlation.

Process gain provides spread spec-
trum’s immunity to jamming from
unwanted co-channel (adjacent) radio
sources, where a higher value indicates
greater immunity to jamming. The
same mechanism which raises the
amplitude of the spread spectrum sig-
nal (during correlation) also causes a
decrease in the amplitude of a co-chan-
nel CW signal. Unfortunately, the level
of a non-correlated spread signal (of
similar code length and chipping rate)
is not generally further decreased in
amplitude by this process.

When discussing process gain with
wireless vendors, the designer should
be aware that there are two types:
Code process gain and system
process gain.

Code process gain is essentially
meaningless when determining the
system’s resistance to jamming and is
simply a mathematical calculation of
10 log (chipping frequency/data fre-
quency) which typically equals 18 dB
in many low cost systems.

System process gain accounts for real-
world implementation and is always
lower than code process gain. System
process gain includes the degradation
caused by the receiver’s actual IF filter
which must be wider than the ideal fil-
ter in order to pass all desired signals
with respect to unit-to-unit frequency
variations over temperature and aging.
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System process gain can be closely
approximated based on 10 log (chipping
frequency/final IF bandwidth) and is
mandated by the FCC (Part 15.247), to
be no less than 10 dB. One method
accepted by the FCC for determination
of process gain (Gp) is given by the fol-
lowing equation [1]:

Gp:S/N + Mj + LSys )

where:

S/N = signal to noise ratio required for
a specified bit error rate

M; = J/S ratio (equivalent to the level
of the CW jamming signal relative to
the correlated signal peak minus the
required signal to noise level)

LSyS = system losses (FCC requires

this number to be <2 dB).

How can a Direct Sequence Spread
Spectrum link take advantage of Time
Simultaneous Multiplexing? — A com-
mon misconception with direct
sequence spread spectrum systems is
the belief that the use of different
pseudo random chipping codes from
unit to unit will automatically allow
time simultaneous (code multiplexed)
operations. In fact, this is not practical
without the addition of real-time
transmitter power control.

Recall that a specified Signal to
Noise Ratio (SNR) is required to
demodulate data; that the desired sig-
nal is, upon correlation, increased by
the system process gain value; and
that another spread spectrum but non-
correlated signal remains at essential-
ly the same level.

If two signals (the desired signal Pd
and the undesired signal Pj) of differ-
ent pseudo random sequence arrive at
the receiver at the same time, then
Pd will increase by the process gain
(Gp) and Pj will remain at approxi-
mately the same level (ignoring cross
correlation). In order to decode data,
the sum of Pd plus Gp must exceed Pj
by the required SNR (plus any link
margins). This can be simplified to
the following equation:
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Pd + Gp - SNR = Pj @

where:

P4 = Power of the desired signal (dBm)
Gp = System Process Gain (dB)

SNR = SNR required to decode data to
the specified BER (dB)

P. = Power of the non-desired signal
(dBm).

Given a system with a process gain
of 18 dB, a required SNR of 12 dB, and
given a desired signal level (Pd) of -
105 dBm, we can determine that the
level of Pj must not exceed -99 dBm.
Thus, in order for both signals to be
received simultaneously, neither must
exceed the signal level of the other by
more than 6 dB. In practice, without
real-time power control, this is impos-
sible to execute due to each transmit-
ter’s varying losses due to distance
from the receiver, multipath/shadow-
ing effects, and unit-to-unit output
power variation.

How secure is the system? — FM and
AM transmissions may easily be
recorded or otherwise captured from
standard receivers in an effort to
decode the message contents later.
Spread spectrum signals are much
more difficult to capture since inti-
mate knowledge of the pseudo random
spreading code, data modulation and
message format is required in order to
extract the original data signal.

A mature wireless system should
include built-in provisions which stop
or greatly reduce interference between
similar systems on the same frequen-
cy. These provisions should additional-
ly allow the system controller to deter-
mine if a false transmission has been
substituted for a real transmission.

Won’t Direct Sequence spread spec-
trum eliminate multipath interference
and fading? - One of the frequently
noted advantages of direct sequence
spread spectrum communications is
its ability to discriminate against
reflected (multipath) signals which
travel further and arrive at a later
time and with a different phase than

the desired signal.

Multipath interference results when
two (or more) reflected components of
the same signal arrive at an antenna at
the same time but out of phase. The
two signal phasors add, resulting in a
composite signal of weaker, unchanged,
or greater amplitude when compared to
either of the two components. Signal
fading is defined as multipath interfer-
ence in which the signals combined
amplitude is lower than either of the
individual signal amplitudes.

Direct sequence spread spectrum
signals offer immunity to multipath
since, during the receiver’s process of
correlation, synchronization between
the receiver and the incoming signal
provides an increase in the desired
signal while maintaining or reducing
the level of reflections which arrive at
a different time and thus out of corre-
lation. To see maximum benefit, the
reflected signal must arrive at least
one chip (a chip is one bit of the pseu-
do-random sequence which applies the
spreading modulation) offset from the
desired signal. Direct sequence sys-
tems have the ability to reduce the
level of fading due to multipath over
the full duration of the message. How-
ever, when multipath that cannot be
separated by the chipping rate is pre-
sent, reception of the complete mes-
sage can be degraded.

Frequency hopping systems reduce
the effect of multipath information by
virtue of the desired signal’s varying
wavelength (changing inversely to the
frequency at every hop) which com-
bine at each hop with different phasor
addition results. Slow frequency hop-
pers must adopt different redundancy
and forward error correction schemes
than do fast hoppers since multiple
bits of information can be lost on each
hop due to an unfortunate phasor
addition. Slow frequency hopping sys-
tems are more likely to miss a portion
of the data message (which could be
significant at 0.4 seconds dwell time).
However, it is statistically unlikely
that the complete message will
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become degraded.

Research indicates that the signal
delay spread (due to reflections) in a
building will generally vary from 15 to
200 nSec [2], and in an urban location
from about 1.2 pSec to 10 uSec {3].
These figures allow the designer to
determine the bounds for require-
ments best suited to multipath reduc-

tion in specific applications.

While spread spectrum transmission
is not the perfect answer, it does pro-
vide a degree of immunity to a multi-
path environment. Additional tech-
niques such as antenna diversity can
also be used to mitigate the effects of
multipath interference and fading.

What is Antenna Diversity? — Suffi-
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cient link margin must be provided to
maintain communications even in the
presence of signal variations caused
by fading. Antenna diversity tech-
niques take advantage of the fact that
a change to the physical location or
polarization of an antenna results in a
composite signal (of the multipath
components) of a different amplitude
than was seen before the change.
Since physically moving an antenna is
not practical, common antenna diver-
sity techniques switch between two
(or more) fixed antennas which are
placed spatially apart or are posi-
tioned with different polarizations.
The receiver samples each antenna to
determine which provides the
strongest signal or best signal to noise
ratio, and remains on that antenna
until the next antenna switch and
comparative sample is performed.

When using a single antenna at 915
MHz, signal fade depths can exceed 21
dB. A good dual antenna diversity
algorithm can reduce signal fading to
about 10 dB. As a consequence, only 12
dB of fading margin is required for sys-
tems which employ a robust antenna
diversity algorithm and over 23 dB of
margin for those systems which do not.

In what frequencies may the system
operate? — It is important to ensure
that the selected license free wireless
system is compliant with the latest
FCC rules and regulations. Presently:
902-928 MHz, 2400-2483.5 and 5725-
5850 MHz each allow for license free
spread spectrum communication. As a
rule, both device cost and complexity
increase with frequency.

PR Docket No. 93-61, which was
recently passed by the FCC, places
additional restrictions on the Part 15
wireless community operating in the
902-928 MHz band (shown in Table 1).

Multilateration systems are
designed to locate vehicles or objects
by measuring the difference in time-of-
arrival or a difference in phase of sig-
nals transmitted from a unit to a num-
ber of fixed points or from a number of
fixed points to the unit to be located.
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Non-multilateration systems are
defined as systems that employ any
technology other than multilateration
to transmit information to or from
vehicles. The most common example of
a non-multilateration system is an
electronic toll reader that automatical-
ly interrogates a tag on a vehicle and
debits the owner’s account.

Transmitter Considerations

There are many key parameters
which specifically address the require-
ments or characteristics of a low cost
wireless system’s transmitter.

What information should the trans-
mit message contain? — The transmit
message should minimally answer the
questions who, what, and how.

Who is readily answered with a fam-
ily ID and transmitter ID number,
both of which are programmed unique-
ly for each individual transmitter.

A family ID number can be very
helpful in a situation where two sepa-
rate and independent systems are
installed adjacent to and within recep-
tion range of each other. The family ID
allows the receiver to immediately
ignore the remainder of that message
if the transmitter is not from the same
family as the receiver. The transmitter
ID tells the system controller which
individual within that family broad-
cast the message.

What is answered by including the
status of all external sensors which
are attached to the transmitter. This
ensures that the system controller is
able to determine the status of each
individual element and perform all
necessary action.

How refers to the health of the
transmitter and should include an
indication of low or normal battery
conditions.

Ideally, the transmitter will also
have the capability to calculate and
append additional data which may be
specific to the customers protocol or
implementation and to append a
Cyclic Redundancy Check (CRC) word
to the message for receiver error detec-
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Frequency(MHZ)

Band Use

902.000 - 904.000 A
904.000 - 909.750 B
909.750 - 919.750 C
919.750 - 921.750 D
921.750 - 927.250 E
927.250 - 927.500 F
927.500 - 927.750 G
927.750 - 928.000 H

Non-multilateration

Multilateration

Non-multilateration

Multilateration and Non- multilateration
Muitilateration

Narrow band associated with sub-band E
Narrow band associated with sub-band D
Narrow band associated with sub-band B

Table 1: Additional FCC restrictions placed on the Part 15 wireless community

operating in the 902-928 MHz band.

tion and correction.

Supplementary information can
include a sequence number which
increments by one for each subsequent
transmission. The sequence number
provides the ability to determine if
messages have been missed and adds
another variable to enhance system
security.

How much RF output power is
required? — Unless system require-
ments are very well known and
repeatable from site to site, the sys-
tems designer generally wants as
much power as possible. RF output
power, like many other parameters,
revolves around three essential points:
battery life, board space and cost.

Determination of required RF output
power should be based on the answers
to a few primary considerations:

1. What is the environment in which
the system will operate?

2. How much range is required?

3. What is the receiver’s sensitivity
at the specified Bit Error Rate?

4. How much battery life is
required?

5. What type of battery and power
supply is used?

6. How much link margin is required
for fading and performance degrada-
tion over time?

What type of external interface does
the transmitter require? - The trans-
mitter may require any combination of
on-board sensors (e.g., tamper switch
and magnetic reed switch) and off-
board sensor inputs.

Many systems need to detect only a
contact closure, opening, or change at
the transmitter interface. These sys-
tems are lowest in cost since analog to
digital (A/D) inputs are not required
and a very basic microcontroller can be
used (provided that some of the tasks
can be off-loaded to external compo-
nents). In these applications, it is criti-
cal that the device wake-up and trans-
mit the alarm condition immediately
upon any of the defined conditions.

Many systems need to measure an
analog level and then either immedi-
ately transmit that value or perform a
calculation to determine what further
action to take. These systems are
equally as easy to implement as those
described above. However, the trans-
mitter cost is increased due to the
requirements for either an external or
on-board A/D converter. The disad-
vantage with the simplest implemen-
tation of these systems is that the cir-
cuit must wake-up and take a sample
to determine whether an alarm condi-
tion has occurred (as opposed to the
above circuit which wakes itself on an
alarm condition). Fortunately, there
are alternative methods, such as the
inclusion of an on-board comparator,
or by basing the next wake-up and
sample time on the previous sampled
reading, which may be used to either
work completely around or greatly
reduce this limitation.

How should the data stream be mod-
ulated onto the RF frequency? — Data
can be modulated on a spread spec-
trum signal using many of the tradi-
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NO. ' TEMEX | PASSBAND STOPBAND LOSS| RIPPLE | ULT. REJ.! TERM.
POLES, PN dB | tKHz | dB#KHz | dB |+tKHz | dB | dB-MAX| dB-MIN. QIPF
2 TE5000 3 | a7 20 [ 180 | - 3 2 | 1.0 50 1800/+4
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| 6 | TESe20 | 6 | 375 | 60 128 | - - 4 1 20 70 1500//+3
N 8 TES030 6 | 375 60 | 100 | 90 | 125 5120 80 1500//+3
x 2 TES040 3 | 650 20 | 30.0 - - 1 1.0 | 50 2700//0
= 4 TES050 3 | 650 30 (150 | - : 2 2.0 75 3100//0
6 TES060 6 | 650 60 | 195 - : 3 2.0 90 3100//0
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8 TES110 6 | 750 60 {150 | 80 | 200 3 2.0 100 W, 3300//0
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POLE P/N dB | +KHz dB | tKHz | dB 'tKHz | dB | dB-MAX dB-MIN. QIPF
2 TES180 3 [ 375 15 | 125 5 - 7% 5| G0 50 850//+6
4 TES190 3 | 375 30 | 125 . 2 3 2.0 70 850//+5
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— 2 TE5260 3 | 750 15 | 25.0 . - 2 1.0 50 1500//0
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tional techniques used for non-spread
spectrum communications.

Typically, one of three techniques is
used by a low cost wireless system.

The first technique is used in direct
sequence spread spectrum systems
and consists of the data stream which
is exclusive-or’d with the much faster
pseudo random spreading code. This

results in a continuous transmission of
the spreading modulation superim-
posed with 0/180 degree phase shifts
corresponding to the data stream. This
technique provides excellent security
since no data information can be
extracted without full knowledge of
the spreading code. This also means
however, that the receiver must

Pullablllty
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“pullable” crystal :
for your ISDN
Network. Whether
your application
requires:

120.480MHz
15.360MHz.

25.088MHz.
i/ 376MHZ
or a totally unique

frequency. design in Hy-Q's
highly pullable crystals.

“Koalaty” in
C rystals

Prototytpes available in as little as 48 hours. Local manufacturing
facility for that fast delivery you require and offshore manufacturing
facilities for those high volumes and competitive pricing.

In business since 1969. Hy-Q International offers the highest
“*koalaty” crystals with proven design and engineering support.

Call or fax us today. Hy-Q Crystals . . .

one species that will never be
on the endangered list! i

International (USA)

Crystals » Oscillators ~ Filters

1438 Cox Avenue
Erlanger, Kentucky 41018

Phone: (606) 283-5000
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include an analog or digital phase
tracking loop.

The second technique can be used by
direct sequence or by frequency hop-
ping systems and consists of on/off key-
ing (OOK) of the data on top of the
pseudo-random spreading code. Typi-
cally, a zero data bit is represented by
the absence of the RF carrier and a one
data bit is represented by the presence
of the RF carrier. Phase tracking is not
necessary since the receiver needs only
to detect a specific amplitude change
from the previous bit to the current bit
to determine if the current bit is a zero
or a one. This offers the advantages of
lower transmit current consumption
(since for an average packet 50% of the
data is a zero and consequently out-
putting no RF power), improved receiv-
er sensitivity (phase tracking loops
generally require a higher signal to
noise in order to extract data), and the
ability to operate well above the com-
pression point of the receiver’s RF
front-end for more effective dynamic
range (since the amplitude change
imposed by the OOK greatly exceeds
the amount by which the receiver is
saturated). The largest disadvantage of
OOK is that is lacks the security of
BPSK modulated data. Since the data
is on/off keyed, it is possible for a per-
son to decode data output from the
transmitter if they are located suffi-
ciently close to the transmitter with
the proper test equipment (e.g., a spec-
trum analyzer), and they are fully
aware of the transmission packet pro-
tocol and timing. However, in order to
duplicate that transmission in a man-
ner as to fool the receiver, they still
must determine the spreading
sequence which is a non-trivial task.

The third technique is generally
used by frequency hopping systems
and involves frequency shift keying
(FSK) where at each dwell frequency,
the frequency will be further modulat-
ed at an offset to the expected frequen-
cy to indicate the value of the corre-
sponding data bit.

What data rates should be used by
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the transmitter? — The data rate must
be determined as a function of several
items including system throughput
and latency requirements, system
process gain, battery life, and poten-
tially. FCC issues revolving around
on-air message duration and its effects
on restricted band emissions. Since
higher data rates require a wider final
IF filter bandwidth, it is inadvisable to
specify a data rate higher than what is
actually required. This increased
bandwidth results in an increased
noise floor which decreases the sensi-
tivity of the radio.

The system designer should be
aware that any increase in the data
rate should be met with an equivalent
(%) increase in chipping rate. If this
does not occur, then the radio will
exhibit decreased process gain and
reduced jamming margin at higher
data rates.

What is the estimated battery life for
each transmitter? — The fundamental
parameters which affect battery life
are of course operating, sleep, and
transmit mode currents. However,
transmitter parameters such as oper-
ating temperature, supervisory trans-
mission interval, active mode wake-
up interval (during which time the
transmitter may emerge from sleep
mode to sample each of its sensors
and perform some housekeeping
chores before going back to sleep),
how frequently an alarm burst
occurs, how many messages are
broadcast on each alarm burst, bat-
tery type, battery capacity, and the
minimum operating voltage all play
an important role in the expected bat-
tery life. Consequently, when a ven-
dor quotes battery life estimates, care
must be taken to find out exactly
what operational and hardware para-
meters have been specified.

Since replacement of the battery is
an expensive proposition in terms of
time, battery cost, and customer nui-
sance level, transmitter battery life is
especially critical when determining
system costs. If a fresh battery is
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Scientific Atlanta
Stanford Telecomm
Watkins-Johnson

DCSIgIl, dCVCIOP and test:  of the design cycle, from system definition  minutes of installation. And our new
through hardware prototype testing. selection of feature-rich libraries for DSP,
* DSP systems SystemView by ELANIX enables you to design, Communications, Logic, and RF/Analog
» Communications develop and test not only subsystems, but  design gives you the flexibility to cus-
« Signal processing fully integrated end-to-e:nd systems. tomize the tool to your specific applica-
Intuitive and powerful, SystemView by tions.
* Control systems ELANIX offers tools for analog, digital, and I short, SystemView by ELANIX will
Why have so many successful companies  mixed-mode system development, linear  dramatically increase the efficiency of
adopted SystemView by ELANIX for DSP,  and non-linear system design, and Laplace your entire design team. And all at a
communications and signal processing  and z-domain linear system specification.  remarkably low cost.
system development? Simple. SystemView  These features are made accessible But don't just take our word for i,
by ELANIX, running under Windows.., through our breakthrough user interface,  judge for yourself. Try SystemView by
helps designers develop products faster  which makes you truly productive within ~ ELANIX now!
while dramatically reducing software,

i 5 For your free evaluation kit call:
platform, and maintenance costs. S ‘ /
SystemView by ELANIX is a key element rJ/_*S_tQ_m___W 1-800-535-2649

B Y ELANIKX http://www.elanix.com

Extensive Communications,
DSP. Logic, RF Analog. and

Tdems o almer, BNtk %
User Code design libraries

5655 Lindero Canyon Rd. Suite 721 « Westlake Village, CA91302 » 818-597-1414 « Fax: 818-597-1427 ¢ e-mail: SystemView@elanix.com OELANIX, inc. 1995. SystemView by ELANIX is a registered trademark of ELANIX, Inc.
European Distributor: EnTegra, Lid. « 2 Waltham Rd.  Maidenhead, Berkshire SL6 3NH. England o (44) 01628 829061 + FAX: (44) 01628 824790 » Windows is a trademark of Microsoft Corporation
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DROP-IN
AMPLIFIERS

This family of amplifiers has been
designed to give the system designers
all the advantages of the larger
amplifiers in a smaller package.

These drop-in amplifiers provide
internal voltage regulation, reverse
polarity protection and unconditional
stability at a lower cost and better
space efficiency. What more could
you ask for?

l SINGLE STAGE

MODEL# Freq. _Gain Pout N.F.
MSH-3143302-DI 18-24 90 150 50
MSH-4173401-DI 2.0-60 11.0 16.0 3.5
MSH-5056601-DI 4.0-8.0 50 27.0 7.0
MSH-6144401-DI 8.0-12.0 7.0 20.0 5.0
MSH-7044401-DI 12.0-180 4.5 20.0 5.0
MSH-8044201-DI 18.0 -26.0 4.5 10.0 5.0

DUAL STAGE

MODEL # Freq. Gain Pout N.F.
MSH-4352302-DI 2.0-4.0 23.0 9.0 2.7
MSH-4227602-DI 4.4-50 14.0 30.0 8.0
MSH-4227603-DI 53-59 14.0 30.0 8.0
MSH-5218601-DI 5.9-6.4 14.0 30.0 8.0
MSH-5218602-DI 6.4-7.2 14.0 30.0 8.0
MSH-5218603-DI 7.1-7.7 14.0 30.0 8.0
MSH-6245301-DI 8.0 -12.0 14.0 12.0 5.0

TRIPLE STAGE

MODEL # Freq.  Gain Pout N.F.
MSH-4455502-DI 2.0-4.0 28.0 22.0 6.0
MSH-4552203-DI 2.0-4.0 350 10.0 2.7
MSH-5452202-DI 4.0-8.0 28.0 10.0 3.0
MSH-5455402-DI 4.0-8.0 26.0 20.0 6.0
MSH-7344401-DI 10.5-15.0 20.0 20.0 5.0
MSH-7344203-DI 12.4-18.0 200 10.0 4.5

. 1181111111
For additional models and

customized designs, please contact
our sales dept. @

1-800-9MSI-AMP (967-4267)
3200 Highland Ave. Suite 3A
National City, CA. 91950
Tel:(619)474-6906
Fax:(619) 474-7003
http://www.mwsolns.com/
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required too frequently, or if the user
neglects to change the battery when
required, the system is perceived poor-
ly. Unfortunately, even when the sys-
tem is down due to neglect on account
of the user, the user generally considers
the product to be unsatisfactory rather
than consider their own negligence.

What type of battery should the
transmitter use? — Battery type is con-
tingent on six main parameters: Cost,
physical packaging, temperature
range, peak and average current
requirements, voltage output, and
battery capacity.

Due to their high volumetric capaci-
ty and low self discharge rates, lithi-
um batteries have seen extensive use
in wireless designs. The cost of these
batteries can be quite attractive if the
transmitter can be designed around a
battery which is already in very high
volume production and has multiple
sources (such as a standard 2/3 A size
camera battery).

When selecting a lithium battery,
you must ensure that it is capable of
supplying the needed currents over
the full temperature range. Also, be
sure to investigate both the bobbin
wound construction (which operates at
very low temperature due to decreased
ESR) and the spiral wound construc-
tion (which is less expensive than the
bobbin) batteries as they both have
very different cost and temperature
parameters.

With the advent of low voltage RF
devices and microcontrollers, trans-
mitter circuits can be designed to oper-
ate at 3.0 VDC, however these devices
are still relatively expensive and thus
unattractive for the high volume, low
cost commercial markets.

Many vendors are producing designs
which use two 3.0 or 3.6 VDC cells in
series to provide the needed voltage to
the circuit. The disadvantage of this
method is two fold: a voltage regulator
(at additional cost and current con-
sumption) is required, and the sleep
mode current is greatly increased
(since the CMOS devices increase

their current consumption non-linear-
ly with respect to operating voltage).

To work around the limitations
described above, an on-board DC to
DC converter is extremely useful. The
converter provides low sleep currents
at 3 VDC as well as, typically, 4.5
VDC for normal circuit operation.

A decrease in sleep current may
seem insignificant given the circuit’s
low current consumptions, but battery
life calculations show the first operat-
ing at 6 VDC and with 20 uA of sleep
current, would operate for approxi-
mately 4 years. The second circuit
with the DC-DC converter and 4.5 uA
of sleep current would operate for
about ten years from the same type
camera battery.

When should a low battery be
detected? — It is important to detect
and transmit a low battery message
prior to complete discharge and the
failure of the supervisory/status
transmissions. To ensure that the
user has adequate time to replace the
battery before full battery failure, the
low battery voltage trip point should
be set such that a specified amount of
minimum capacity (and consequently
transmitter operational life) remains
at time of the first low battery alarm.
This level should be adjustable so
that changes in battery selection can
be supported by a change in the low
battery indication.

Since the open circuit voltage of a
lithium-manganese-dioxide cell drops
very little as the storage capacity
decreases, measurement of the battery
terminal voltage should be conducted
while the transmitter draws the high-
est current, which generally occurs
during transmit mode.

Receiver Considerations

This section addresses key parame-
ters regarding the requirements or
characteristics of a low cost wireless
system’s receiver.

What parameters should the receiver
output to the system controller? — At
first it appears that only the demodu-
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Peregrine's UTSi" technology
offers microwave speeds, inherent
isolation, and the economy of
CMOS. Join us as we grow to
become a leading manufacturer
of high-performance wireless
communications ICs.

Compensation packages include
early-stage equity participation.
Positions are open in the San Jose
and San Diego offices.

Please send resume to:
Dept. 242-6
Fax: 619-455-0770

jobs@peregrine-semi.com

6175 Nancy Ridge Drive,
San Diego, CA 92121

Become part of the
future of wireless

communications ICs!

Senior RF IC Design Engineer (san jose)

Requires BSEE or MSEE with a minimum of seven years
experience in the complete IC design process. Applicants
should be skilled in the development of highly integrated
functions including amplifiers, mixers, and V(0Os, with a
practical understanding of matching techniques and radiated-
coupling issues. Knowledge of circuit design techniques
should extend from DC to 2.5 GHz. Experience in cellular
communications as well as RF test and measurement
technigques preferred.

Analog IC Design Engineer (san jose)

Requires BSEE or MSEE with four years experience in the
complete ICdesign process. Experience with C(MOS PLLs, high-
speed mixed-signal IC circuit design, and converters (ADCs,
DACs). SPICE simulation and modeling skills. Requires good
communication and interpersonal skills. Experience in analog
test and measurement techniques preferred.

Senior RF Test Engineer (san jose)

Requires five years directly related test engineering
experience. Working knowledge of RF IC testing methods.
Experience with 800-MHz to 2.5-GHz frequencies. Working
knowledge of programming languages (UNIX script, C,
Pascal). BSEE preferred.

Senior RF Field Apps Engineer (san Diego)
Requires a BSEE or MSEE with five years experiencein PLL and
prescaler IC applications and design. Understanding of
communication systems theory. Familiarity with radio
architectures and knowledge of common pitfalls of RF
systems. Must be able to understand customers' system
design issues and be able to implement solutions. Excellent
communication and presentation skills.

RF Lab Engineer (san biego)

Requires five to seven years experience in hardware laboratory
environment. Experience in building electronic boards and
fixtures, RF and electronic testing. BSEE preferred.

Stop by and see us at booth # 147 at MTT-S

Peregrine Semiconductor Corp.”

6175 Nancy Ridge Drive, San Diego, CA 92121
300 Orchard City Drive, Suite 142, Campbell, CA 95008
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NEC Silicon

Solutions...

Want to make life simpler? Reduce the parts countin ~ and on tape and reel. And their quality and relia-

your design with low cost Silicon MMICs from NEC.  bility is proven. With a production rate exceeding
But be aware of the side effects! 20 million MMICs a month, no one knows this
Reducing the parts count can also make your technology like NEC.

design more reliable. Your QC easier. And your Our Siticon MMIC Selection Guide lists

assembly faster and more efficient. specifications for these and dozens of other devices.
NEC MMICs come in a variety of package For a copy, call your nearest CEL Sales Office, circle

styles, including low cost plastic, surface mount, the number below, or call our 24 hour fax line.

0000000000000 00000000000000000000000000000000000000000000000000000000060000000000000000000000000000000000000000000000000000081(

. ‘ ’ 5V WIDEBAND MMIC AMPS —FROM 35¢

Q ‘ PART FREQ. RANGE  GAIN(dB) NF(dB) P,4p (dBm) Icc (MA)  FrEST o
g ‘ UPC1676G S50MHz-1.3GHz 22 4.5 +1 19 500MHz
; | UPC1678G S50MHz-1.9GHz 23 [ +15 49 500MHz
250 | UPC1688G 50MHz-1.0GHz 21 4 ] 19 500MHz
| UPC2708T 50MHz-2.9GHz 15 6.5 +7.5 26 1.0GHz
UPC27467
uPC2771T ‘ UPC2709T S50MHz-2.3GHz 23 5 +7.5 25 1.0GHz
UPC2710T 50MHz-1.0GHz 33 3.5 +7.5 22 500MHz
15 ORCZTGIT N UPC2711T 50MHz-2.9GHz 13 s -3 12 1.0GHz
UPC2712T 50MHz-2.6GHz 20 4.5 -2.5 12 1.0GHz
) S LS | UPC2713T 50MHz-1.2GHz 29 3.2 -4 12 500MHz |
10
UPC2747T UPC27457
9 | f PART FREQ. RANGE  GAIN (dB) NF (dB) Pydg (dBm) Icc (mA)  fTEST 1
e S 0 b G S Joiracay(GEn) UPC2745T S5OMHz-2.7GHz 12 6 a7 7.5 S00MHz
GAIN vS. FREQUENCY UPC2746T S5SO0MHz-1.5GHz 19 4 -4.5 7.5 500MHz
' UPC2747T 100MHz-1.8GHz 12 3.3 -11 5 900MHz |
] UPC2748T 200MHz-1.5GHz 19 2.8 -8 6 900MHz
UPC2749T 100MHz-2.9GHz 16 4 -12.5 6 1.9GHz

| UPC2762T 100MHz-2.9GHz 14.5 7 7 27 1.9GHz
N E' UPC2763T 100MHz-2.4GHz 19.5 5.5 6.5 27 1.9GHz
UPC2771T 100MHz-2.1GHz 21 6 11.5 36 900MHz

Prices at 100K quantity



Visit us at

MTT-s
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3V FREQUENCY CONVERTERS —FROM 99¢

3V AND 5V PRESCALERS —FROM $1.30

RF Frequency Conversion Output IP3 l
f PART (MH2) Icc (mA) Galn (dB) (dBm) i
L UPB586 + 256/512 i !
— - = ] -+ . uPC2756T" 100 - 2000 5.9 14 o
| | 1
i |
UPB1502(1) (3V) + 64/65/128/129 UPC2757T" 100 - 2000 5.6 13 o
- A S o m e - - - —
uPC2758T" 100 - 2000 11 17 +6
UPB1505 + 64/128/256
| UPC2753GR’ DC - 400 6.9 79 -17
i} PBS88 <
{ L 55/128 UPC2768GR’ 10 - 450 7 80 -17
i UPB582 + 4
I . . UPC8106T" 100 - 2000 9 9 1
uPB585 + 4 UPC8109T” 100 - 2000 5 4 -4
- am w = W= = 4= .
UPB587 (3V) + 2/4/8 . 1. Downconverter
) o 2. Upconverter
| UPB581 + 2 .
.
.
UPBS584 = 2 .
. D
L I} : A\’ECS
[1] 0.5 1.0 1.5 2.0 25 3.0 Freq. (GHz) 0 UPCS104GR
o
o Quadrature
. 7
0 Modulator with
. up converfer
5
. X 24 o)
.
H

g
.
.....'m.......'............'..... ...
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CEL IS ALSO YOUR SOURCE FOR NEC
DISCRETE BIPOLAR TRANSISTORS

These new devices are ideal for
amplifier and oscillator applications
in your portable wireless designs.
Priced from 31¢.

NE686 BiPOLAR TRANSISTORS !

* High f; (15 GH2) o g
® Low Noise RF 0

* Excellent Insertion Power Gain kro Q Oa
our 5 .

NE687 BiPOLAR TRANSISTORS =~ tai (5L0q

* Low Noise (1.3 dB @ 2 GH2) -

® High Gain Bandwidth

* Noise match close to 50 ohms UPC8104GR UPC2766GR

NE688 BIPOLAR TRANSISTORS

* Low Phase Noise Distortion

* Low Noise, High f;

¢ Large Absolute Max Collector Current

All are available in six different low cost
surface mount packages.

QUADRATURE MODULATOR
wW/UPCONVERTER

* 3-5 Volt operation

* Ports for IF filter

* 10 MHz 1/Q BW

* 400 MHz IF Bandwidth

¢ 1.9 GHz RF Output

California Eastern Laboratories

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com

QUADRATURE DEMODULATOR
* RF & LO —DC 10 1 GHz

« [F (1Q)—DC to 100 MHz

* 35 dB typ AGC dynamic range

* 30 dBc typ distortion

* Need Product Information Fast?
Use CEL's Antomated Fax System!

(I FAX

800-390-3232

(US. and Canada Only)

Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307

Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Timonium, MD (410) 453-6600

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682
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lated data stream is required as out-
put from the receiver. However, addi-
tional data can greatly simplify sys-
tem installation, performance, and
trouble-shooting.

Ideally, the receiver should provide
the following information to the system
controller for each received message:

1. Demodulated data stream

2. CRC check information

3. Signal level: Knowledge of the sig-
nal level allows you to plot trends to
determine fast and slow signal fading
and a general RF health status of each
transmitter.

4. Noise level: The noise level allows
you to easily determine if the system
is being jammed (intentionally or
unintentionally) without the need for
expensive test equipment.

5. Key-off level: For on/off keyed sys-
tems, the key-off level provides an indi-

cation of the transmitter’s RF health
by displaying the signal level present
during a zero bit interval. This level
should normally be: the higher of the
received signal level minus the on/off
isolation provided by the transmitter
circuitry, or the receiver noise level.

6. Signal to noise level: This value
shows how much communications mar-
gin exists during that transmission.

7. Correlation level: This value
shows the increase in signal strength
after correlation relative to that signal
strength before correlation; this is a
rough indication of process gain.

8. Low battery indication: To ensure
that the battery can be replaced prior
to full discharge, it is important to
advise the system controller each time
any of the transmitters (or the
receivers) experience a low voltage
condition.

What is the significance of receiver
sensitivity? — Receiver sensitivity is
generally specified as the minimum
signal level presented to the receiver
which is necessary to give a specified
Bit Error Rate. In more fundamental
terms, it defines how low of a signal
can be received and decoded with the
specified level of success.

During system specification, the
designer must determine what the
vendor’s quoted Bit Error Rate (or
Packet Error rate) at the specified sen-
sitivity level is, and if that bit error
rate is inclusive or exclusive of system
protocol inserted data.

Generally, as fate would have it,
each manufacturer specifies receiver
sensitivity levels at different Bit Error
Rates (BER). When two manufactur-
er’s reference two separate BER val-
ues, and a direct comparison between

Just because our quality is high, doesn’t

At Vectron, we’ve automated our
manufacturing, aging and testing so
you can enjoy high quality and

low prices. So when you’re selecting
oscillators, spec Vectron,
and get the best for less!

catalog.

Call now for our
Free 100 page

#/.o‘

-
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A

* Superior Aging: lx10'7/year 0 2x10'8/ywr @ SMHz
+ Ultra-High Stabilty: £1x109 over 0°C to +50°C
+Very Fast Warm-Up: 3x10™ n less than 4 min.
» Subminiature Size: 1.4” x 1.06” x 0.76”

European CO-08 package

IGH QUALITY

A Typical Vectron Value:
Subminiature PC Board Mount

j__

June 1996



specifications is required, the appro-
priate BER vs. Eb/No curves (avail-
able in many digital communications
texts) can be consulted to determine,
with pretty good accuracy, what the
performance of each radio will be at
the other’s BER value.

Why is a radio with superior sensi-
tivity performing poorly in the real-
world? — Receiver sensitivity is always
measured within an environment pro-
viding maximum isolation to real-
world signals which may form a jam-
ming threat resulting in degraded
receiver performance.

In a quiet RF environment,
increased receiver sensitivity obvious-
ly results in longer range which means
that fewer receivers are required to
support the same number of transmit-
ters. Unfortunately, the 902-928 MHz
unlicensed spread spectrum band (as

formula:

Packet Error Rate = 1 — (1-BER)N

Calculation of Bit Error Rate from Packet Error Rate:
The Bit error and Packet error rates can then be related using the following

where N is the packet length in Bits. When N is relatively large, this can be
approximated by PER=BER * N. Note that N the packet length consists of all
the data contained in the message including system protocol (e.g. transmitter
ID) or other coded information. If the user inserts 16 bytes of data into a
stream consisting of 7 additional bytes of system protocol data the bit error
rate should be calculated based on a packet of 8%(16+7) or 184 bits per packet.

well as the other ISM bands) is located
far from a quiet RF environment.
Licensed services within and adjacent
to this band (paging, cellular, SCADA,
amateur radio, and Automatic Vehicle
Location and Monitoring systems, to
name a few) can easily raise the noise
floor in the receiver far above that
noise floor which is present during an
ideal laboratory sensitivity measure-

ment. In a mid-city area, ambient
noise levels of -75 dBm into a 300 kHz
bandwidth have been observed within
the 902 to 928 MHz ISM band. This
high noise level emphasizes the need
for narrow channel bandwidths which
are facilitated by the specifying the
application’s minimum data rate
rather than taking the more is better
approach.

ASSUME

mean our prices are ... they’re not!

)LOW PRICES )

A Typical Vectron Value:
Low Profile PC Board Mount

~ OCXOs

+ Outstanding Stability: £5x10°8 over 0°C to +30°C
+ Aging Characteristics: lxl0’8/day, 2x10‘6/_vear

@ 10MHz
+ Low Profile: 2 x 2° x 1” (reduced height available)
* Low Cost

AN y 4
VECTRON

The Crystal Oscillator Company

VECTRON LABORATORIES, INC.

P.O. Box 5160 ¢ Norwalk, CT 06856-5160
Tel: 203-853-4433 » Fax: 203-849-1423

A TECHNOLDGIES COMPANY

& $100(1000 qty) /

-
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115MHz to 1880MHz from $19.95

18Q Modulators and Demodulators . . . another smart offering from MiniCircuits
that's pushing industry standards to new heights (and prices to new lows)!
Infuse your cellular, radar and communication system project with the
powerful new I8Q Modulator and Demodulator, surface mount and
plug-in units. Units so reliable, the specified statistical data on
performance holds up with rock-solid repeatability unit-to-unit.
For high speed assembly operations, 1&Q Modulators and
Demodulators are available in tape and reel format, so you can bank
on consistent assembly performance for production efficiency time
after time . . . and with prices starting at just $19.95, these powerful and
compact units truly are the next generation of value on the market today.
So, call your Mini-Circuits distribution center at a number listed
below for guaranteed one week shipment or, tum to our applications
department with your special specs for custom units at catalog prices.

We’re redefining what VALUE is all about!

1
|
Lo-w{ooq [} =rr 1/Q MODULATORS
| E | CONV.  CARRER SDEBAND HARM PRICE
LS FREQ LOSS  REJ REJ SUPPRESS $
da MHz) (dB) (-dBc) {-dBc) (-08c) Typ
AQDEL f f © Typ Tyo 3Q 5x/Q
MQA10M 9 41 58
MIQA 21M 48
MQA 70M 48
MIQA 70ML 18
MQA-9TM 48
MQA 100M 48
48
MIQA 195M 48
MIQC 38M 38 54 4995
MIQC-88M 2 1( L: 49.95
MQC-176M 104 176 4 54.95
MIQC-895M 5 £ 99.95
MIQC 1785h 5 4 99.95
MIQC 1880M 8 99.95
O MQy-7oM 4 19.95
O MQY-140M 143 34 19.95
Surface Mount Models
0 JCQ8sm €
r 1 45 65
LO-=-fo0r] [ 1/Q DEMODULATORS
CONV.  AMP. PHASE HARM PRICE
f LOSS UNBAL UNBAL SUPPRESS $
MHz) dB) (dB) Deg.} {-dBc) Typ Qty.
L f X .3 Typ Typ 3Q 5dQ (1-9)
1 9 1 5( 49.95
DA-21D 49.95
MIQA-70D 66 49.95
M 34 49.95
M 60WD 20
8 868 €
a 1 1.1¢
a 700 37 3
] Y- 140D
Surface Mount Models
L 76l €
(0] D5( 6 X
O 2-1785( 65 99
0O Jco & 188 65 99.95

[0 NON-HERMETICALLY SEALED

MIQA case .4 x .8 x .4 in. MIQY case .8 x .8 x .4 in
MIQC case .8x .8x .41n. JCIQ case .9 x .8 x .25 in.

All Models Available in New  , | ar
J-LEAD Surface Mount Package. &
Consult Factory for Details.

[JMini-Circuits @ -8

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com  CPCHE READER SERVICE CARD
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK ¢« INTERNET « THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM

CUSTOM PRODUCT NEEDS...Let Our Experlence Work For You. F 156 Rev C



Downconverter
MRFIC2001

Antenna Switch

MRFIC2003 MRFIC2001 Down Converter LNA/Mixer (S0-8)

PLL * Frequency 500 to 1000 MHz
* Supply Voltage 2.7 10 5.0 Vdc
 Supply Current (On Mode) 4.7 mA (typ)
* Conversion Gain 23 dB {typ)

* Single Sideband Noise Figure 5.5 dB (typ)
Baseband - P out; 1dB Gain Compression  -10 dBm (typ)

Upmixer/PA
MRPIC2101

S AL ol e

A Typical 900 MHz ISM Block Diagram

MRFIC2003 GaAs Antenna Switch (SO-8)

* Frequency 100 to 1000 MHz
 Supply Voltage 2810 6.0 Vdc
* Supply Current <10 mA (typ)
* Recommended Input Power 17 dBm ca" 1'800 P o
« Insertion Loss {RF1 to RF2)/ e s EN \ ]
(RF1 to RF3) 0.8/05 dB {typ) If’; ’3 s, s‘rock fo
* Isolation (RF1 to RF2)/{RF1 to RF3) 23/20 dB (typ) A /l 1" I) 1 r S" £
N
MRFIC2101 Tx-Mixer/Exciter (SO-16)
* Frequency 900 MHz
To receive your NEW RF Selector Guide, Fax to 602-966-6122 - SRR < o
« High Linearity IP% = 23 dBm {typ)
¢ Low L.0. Drive Required = -15 dBm (typ})
¢ Power Down Supply Current= 2.0 pA (typ)
NAME TITLE (& ¢ Externally Adjustable Exciter Bias Current
COMPANY [ RF
PHONE FAX
ADDRESS §
CITY, STATE, 2IP o
APPLICATION EST. QUANTITY

“Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM™”

A -
4 . 1-800 PENSTOCK.
pE”s rn:K In Northern California Call 408-745-8100 MOTOROL/

RF/MICROWAVE DISTRIBUTION k
AN AVNET COMPANY In Canada call 613-592-6088 Today. Semiconductor Products Sector

© 1996 MOTOROLA, INC. ALL RIGHTS RESERVED. MOTOROLA AND ‘M ARE REGISTERED TRADEMARKS OF MOTOROLA.
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In the same mid-city area, adjacent
cellular, paging and SCADA signals
peaked at -30 dBm, further emphasiz-
ing the need for robust receiver front-
end design since a poorly designed
receiver front-end can also quickly
become saturated and desensitized due
to these adjacent, high power signals.

The receiver must include good engi-
neering principles which limit inter-
modulation and the effects of adjacent
channel interference on the noise level
of the receiver. If these measures have
not been taken, then copious amounts
of sensitivity will yield no additional
performance advantage.

Antenna Considerations

What polarization should the receiv-
er and transmitter antennas have? - In
a typical non-line-of-sight environ-
ment (such as indoors or outside below
building top level), the polarization of
the transmit signal is quickly lost
because the signal undergoes multiple
reflections before finally arriving at
the receiver. Since additional signal
paths can arrive at the receiver with
different polarizations altogether, it is
highly advisable to employ antenna
polarization diversity techniques as
previously described.

Should the transmitter | receiver use
internal or external antennas? — The
answer to this question lies with the
answer to three further questions:

What will the added performance
advantage of an external antenna be?
With a good antenna design and with
proper plastics selection for the receiv-
er or transmitter housing, an internal
antenna’s radiation and efficiency
characteristics meet and in some cases
exceed those characteristics of avail-
able external antennas.

Will the installation allow the use of
an external antenna? Generally, an
external antenna is ugly and calls
attention to the fact that a wireless
system is installed.

What is the additional cost associat-
ed with this antenna vs. the cost of an
internal wire or planar antenna?

RF Design

External antennas procured through is provided by the system? - Like any
an outside supplier and installed at communications system, it is impor-
time of system installation are gener- tant to identify messages which have
ally more expensive than an wire or been received but include one or more
planar antenna fabricated and bit errors. Depending on the specific

installed at time of unit manufacture. application, the system may decide to
correct or discard those messages
Miscellaneous Considerations showing errors. Any system should

What error detection and correction minimally include error detection pro-
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WE’VE GOT A LOT
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questions. We've got answers. If you're wired to the Internet, come visit
our web site or e-mail any questions to ecliptek-sales@ecliptek.com
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visions and ideally include error cor-
rection capability.

What is the expected operational tem-
perature and life span of the wireless
system? — The designer must have a
good grasp on the wireless device’s
environmental and lifetime operational
requirements and must ensure or veri-
fy that the receiver has been designed
to function even after temperature and
aging induced frequency variation in
the transmitter oscillator, the receiv-
er’s Local Oscillator(s), and the front-
end and IF filter circuitry. Alternative-
ly but at increased maintenance cost,
frequency drift caused by aging (but
not by temperature variation) may be
ignored or minimized if periodic trans-
mitter and receiver frequency re-tun-
ing/maintenance is scheduled.

What is the intended RF environ-
ment foreseen for this wireless system
and is a wired solution available as a
contingency for specific environments
which prove to be unsuitable for wire-
less systems? — For any system opera-
tion, it is critical at the time of instal-
lation to determine specific areas of
RF coverage and shadowing. Due to
differing construction layouts and
techniques, RF waves propagate very
differently within any building, from
building to building, or from neighbor-
hood to neighborhood. Consequently,
it is highly advisable to conduct sys-
tems pretesting in environments simi-
lar to the typical and worst case
installations to determine the required
system performance issues such as
receiver sensitivity, receiver selectivi-
ty, transmitter RF output power, and
antenna placement. Line of sight test-
ing should only be used as a bench-
mark for relative system performance
since this testing has little applicabili-
ty to the propagation of radio waves in
the real world. A system which per-
forms very well in a line of sight envi-
ronment could suffer severely degrad-
ed performance in a real world envi-
ronment if measures to reduce inter-
ference due to high powered adjacent
channel signals and multipath are not
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incorporated into the design.

What is the probability of success for
each transmit message? — Many wire-
less (and wired) networks function
within the constraints of the ALOHA
equation which allows you to deter-
mine the statistical probability of suc-
cess of any one message being received
based on: how many transmitters are
within reception range, the length of
each message, how frequently each
transmitter broadcasts, and how many
redundant messages are broadcast for
each alarm occurrence.

The ALOHA calculation assumes the
following: a constant noise level, that
each transmission is broadcast based on
a +25% dithered value of a standard
interval, and that if two signals overlap
then both are lost. The modified
ALOHA equation is listed below and
was derived from equations listed in [4]:

P =1-[1-elNTM 3

where:

P_= Probability of Success

L = l/transmission time interval (sec-
onds)

N = number of transmitters - 1

T = time duration of transmission (sec-
onds)

M = Redundancy; the number of times
the same message is rebroadcast (#
redundant messages).

Redundancy is calculated by divid-
ing the minimum required supervisory
interval (as determined by the regula-
tory agency e.g., UL) by the number of
transmissions which are actually
transmitted in that interval. For
example: If your system requirements
dictate that a supervisory message
must be received at least every 30
minutes and the transmitter is pro-
grammed to broadcast every 5 min-
utes, the redundancy is 30/5=6.

Pe=1- Pg @

where P = Probability of Collision.
You will need to determine the val-

ues of these variables based upon the
requirements of your application.

The probability of success can be
improved by a receiver algorithm
which does not discard both signals
during an overlap (i.e. time simultane-
ous) condition.

How frequently should the system
receive supervisory /status messages
from each transmitter? — The supervi-
sory or status message consisting of
transmitter identification and sensor
status is typically broadcast on a
dithered standard time interval in
order to let the system controller know
that the transmitter is still functional.
Supplemental information within the
supervisory message may include bat-
tery status and a transmission
sequence number. The sequence num-
ber provides an additional level of
security by allowing the system to
determine how many messages have
been missed from one received trans-
mission to the next.

Currently, FCC requirements limit
400 MHz narrow band FM transmit-
ters to 60 minute supervisory inter-
vals while Part 15.247 spread spec-
trum transmitters have no minimum
limit. In a theft or security system, a
supervisory interval of 60 minutes is
clearly non-optimal since a clever thief
could theoretically shield or jam the
transmitter’s alarm bursts from the
receiver. Since these systems are gen-
erally programmed to phone the moni-
toring agency only after two or three
missed supervisories (to program a
system to phone after only one missed
supervisory would result in a high
number of false alarms since signal
collisions or sporadic interference can
easily lead to one lost message), the
thief could have up to three hours to
fill his bags.

How attractive is the installed wire-
less system? — Form versus functional-
ity is often a consideration where exte-
rior antennas or large housings maybe
considered too unsightly for home or
commercial installations. Low visibili-
ty, low cost solutions such as efficient,
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small internal antennas and compact
transmitter circuitry are available
from a number of wireless system
designers.

Cost Drivers

In today’s competitive market, the
ultimate factor which dictates the
market success or failure of a new
product relative to similar products is
the full system cost with respect to the
features and performance offered by
that system. The wireless system is no
different than any other system, so
cost can be divided into four primary
topics: manufacturing, installation,
maintenance, and product lifetime.

What design analysis has been per-
formed to ensure that the manufactur-
ing drop-out will remain within
acceptable limits? — To provide an indi-
cation as to real-world circuit perfor-
mance, Monte Carlo calculations
should be performed to show the cir-
cuit’s performance with respect to
component and manufacturing process
variations. Like every model, Monte
Carlo calculations illustrate perfor-
mance over the bounds of the input
terms most component manufacturers
specify three sigma value tolerances.
Consequently, the validity of greater
than three sigma Monte Carlo calcula-
tions must be understood. Also, as the
required standard deviation value
increases, beware that a larger num-
ber of permutations will be required to
yield the needed resolution from the
calculations as shown in Table 2; this
increased number will of course
require additional time and/or comput-
ing horsepower to calculate.

The complete Monte Carlo calcula-
tion of a circuit for a relatively simple
low cost transmitter can take up to
one minute for each required individ-
ual calculation. Reasonableness must
be maintained when specifying the
desired resolution of Monte Carlo cal-
culations, since a five sigma estimate
requiring 100,000 individual calcula-
tions would take over two months at
one calculation per minute.

RF Design

What provisions are incorporated in
the design for component second sourc-
ing? - The use of single source compo-
nents can of course greatly increase
the risk and cost associated with any

volume production run.

How are the receiver and transmit-
ters tested and tuned after manufac-
ture? — Ideally, an RF device would go

immediately from the manufacturing
floor to the field; unfortunately, the
unit must first be tuned. The following
questions are applicable to the tuning
process:

*How many tunes are required?
+Is the tuning process iterative?
*How often is periodic re-tuning
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Standard Deviation Cumulative # of calculations required
(o) Percentage to reach desired resolution:
3 99.73 10,000
4 99.99 10,000
5 99.996 100,000
6 99.99604 10,000,000

Table 2: Number of Monte Carlo calculations needed for a given ¢ to ensure
manufacturing drop-out rate will remain within acceptable limits.

required?

*What is that procedure?

*What is the system performance if
this re-tuning is not performed?

For high performance systems and
as a general rule, the system designer
should be wary when told that no
tunes are required; especially when
the unit is designed to operate over an
extended temperature range.

What is the installed system cost? —
Many engineers are pursuing wireless
solutions to traditionally hard wired
applications because rules, regula-
tions, and restrictions put in place by
federal or local regulatory agencies
require extraordinary and expensive
measures for compliance when routing
connecting cables and wires.

When considering wireless system
installation costs, the engineer must
evaluate receiver/transmitter perfor-
mance with respect to the number of
receivers which are needed to support
each transmitter. Since these receivers
generally interface to the central con-
trol panel through traditional hard-
wiring, a high transmitter to receiver
ratio is preferred.

A building or other environment
which is outfitted with a wireless sys-
tem consisting of low power transmit-
ters and poor sensitivity receivers
will require a higher number of asso-
ciated receivers. The cost of hard-
wiring each receiver plus the cost of
periodic battery replacement could
ultimately be greater than a tradi-
tional hard wired system.

Why do some wireless systems per-
form so much better (or worse) during
performance trials than they do in the

54

real system installation? — There are
several issues which can affect
installed vs. tested performance.

Holding a transmitter in your hand
during testing could result in greatly
improved (or degraded) antenna radia-
tion characteristics due to coupling
between the antenna and the human
body. It is therefore necessary to place
each transmitter on a representative
surface or location when determining
comparative system performance.

Comparative performance tests are
useful for determining relative system
performance. However, because of the
issues relating to sensitivity and selec-
tivity, better performance by one radio
in one location does not necessarily
mean that it will perform better in all
locations. A radio may have a -110
dBm sensitivity specification but with
a front-end that is very vulnerable and
overloads quite easily in the presence
of in-band or out-of-band jamming sig-
nals. When evaluating any system, it
is important to focus on the entire sys-
tem architecture and design rather
than just one parameter such as sensi-
tivity.

What if the transmitter message
length is increased in the future? -
According to part 15.249 and 15.35(c),
the FCC allows an averaging factor
(based on 20 log of the transmitter
duty cycle within a 100 mSec period)
for application to, and reduction of,
spurious emissions above 1 GHz.
Designs which use the averaging fac-
tor to comply to restricted band emis-
sions may not later support increased
message lengths since the amount of
averaging factor is reduced. If addi-
tional future products are foreseen by

the system designer, it is important to
ensure that the same transmitter con-
figuration will meet FCC require-
ments if later firmware modifications
are performed to increase the message
content and length.

Summary

For best system performance, the
wireless systems designer must clearly
define the system with respect to
many parameters which set the stage
for performance, cost, and reliability.
A good grasp of technical issues
including process gain, sensitivity,
message content, and battery life is
necessary to find the best solution for
specific system architectures. RF
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(continued from page 20)

related services. Target markets for
E.F. Johnson Services include the
emerging personal communications
service (PCS) industry, as well as cel-
lular telephone providers and special-
ized mobile radio (SMR) operators.

New Office in Hong

Kong

Andrew Corporation, a global suppli-
er of communications systems equip-
ment and services, has opened a
regional headquarters in Hong Kong
to better serve its customers in the
Asia-Pacific region. The Hong Kong
facility will incorporate sales, market-
ing, sales support and financial func-
tions for the Asia-Pacific region.
Andrew supplies terrestrial microwave
antennas, satellite earth station
antennas, Heliax coaxial cable, wave-
guide, and Radiax radiating cable to
wireless communications customers.
These include cellular, personal com-
munications systems, land mobile
radio networks and broadcast and
public telephone company operators.

Contracts

Contract for Roamfree Gateway
Awarded—Synacom Technology, Inc.
announced that it has signed a con-
tract to supply RoamFree Gateway
systems to Nokia Telecommunication,
for commercial service in the fourth
quarter 1996. The RoamFree Gateway
is designed to enable seamless roam-
ing between DCS/PCS-1900 (the North
American version or the GSM stan-
dard) networks and IS-41 networks.
PCS operators in North America can
use this product to broaden their
roaming coverage with a dual-mode
PCS phone.

Wireless Subassemblies Order
Awarded—Watkins-Johnson Compa-
ny announced it has received an order
exceeding $11 million for converter
subassemblies to be used in personal
communication systems (PCS), being
built by Lucent Technologies. Lucent
Technologies is the new systems and
technolgy company formed by AT&T
as part of AT&T’s restructuring.

ARPA Contract for MCM Design
Software—The Advanced Research
Projects Agency (APRA) was awarded
a one-year, $1.2 million follow-on con-

RF Design

tract to Tanner Research, Inc., for the
development of software technology
which will enable affordable commer-
cial software tools for the design and
simulation of multi-chip modules
(MCMs). The award, funded by
ARPA’s Application Specific Electronic
Module (ASEM) initiative, calls for
Tanner Research to develop advanced
algorithms to enable performance-

based and other custom routing, tran-
sient thermal analysis and MCM-L
technology support. Under company
funding, Tanner Research will produce
the resulting technology by enhancing
their existing commercial software
suite—Tanner Tools MCM Pro—
to attain power, integration and ease
of use. RF

Every Designer's Dilemma...

QUALCOMM's Single-Chip PLL
beats the cost of discrete alternatives.

For More Information Call (619) 658-GROW or Fax: (619) 658-1556
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RF preselector

An Inexpensive
Receiver Preselector

By Eric Kushnick
LTX Corporation

For many years I have had a desire to
design my own HF receiver. The main
goals of my receiver design project are
reasonably high performance at low
cost. One method of improving perfor-
mance in the significant areas of inter-
modulation distortion and overload
capability is to use a good preselector
ahead of any active stages in the receiv-
er. This paper describes the design of
an inexpensive preselector designed to
be placed between an antenna match-
ing transformer and an RF amplifier.

Specifications

The preselector was designed to
work in a 450 to 500 Q environment, to
be placed between a 1:3 turns ratio
broadband transfer (50 Q : 450 Q) and
an RF amplifier whose optimum source
resistance for best noise figure is

approximately 500 Q. The preselector
response was chosen to be that of a sin-
gle tuned circuit with a Q of 5 to 10 at
switch selected frequencies covering
the range from 1.5 to 30 MHz. This
response allows the frequency range to
be covered with a reasonable number
of switched inductors and capacitors,
while still providing 18 to 20 dB of
attenuation to signals near one half
the selected frequency. (Signals near
one half the desired frequency have the
potential to cause 2nd order intermod-
ulation products that fall within the
bandwidth of the desired signal.) It
was initially assumed that all the
switches would be relays to avoid the
generation of distortion products with-
in the switches of the preselector itself.
It was further assumed that with rea-
sonably high Q inductors and capaci-

tors, and relays as switches, that the
insertion loss of the preselector would
be no more than a couple of dB.

Design History

Figure 1 shows what was the initial
design of the preselector. Four induc-
tors with some initial parallel capaci-
tance set the high end of four frequen-
cy ranges. Binary weighted capacitors
are switched in parallel with the ini-
tial parallel resonant tank circuit to
lower its resonant frequency in appro-
priately sized steps. The largest capac-
itors are not used on the higher fre-
quency ranges, and the smallest
capacitors need not be used on the
lowest frequency ranges. All switches
were inexpensive (about $1) reed
relays with a DC resistance of less
than 150 mQ.

Cores removed from all inductors; all inductors air core
Rs : All inductors air core Rs . Stor=Ten -1 74
S0 il ® R NI o lost 1257 ®
60H _L 2uH J_soonu J_ 125n J_ 64M _J_ 2uH _I_ _L So0n _J_ZOOnl' _L
: 270pf 130pf | 62pf 39pf : 270pf 130pf 100pf | 62pf. 82pf
Source : S :
e el {{{jﬁ?{
+3von n v on
Ovoﬂ l)voff Ov‘o‘;f :)vooﬂ
+15V. _Ll
< our T
ouT  To O
®>— & . g
i SR 5 U W T
330p! lSOpf szpr 9pf
510pf 330pf | 150pf 82pf 39pf 20pf
+
130pf
100K 00K
+3von +3von ¢3v on Jv on +3von ko on
Ov off 6 Ov off Ovoﬂ' Ov off Ov off Ov off
All Capacitors Silver Mica, 5% or better. +15V, J_l
itch 5
Allswitches are reed relays 6 All Capacitors Silver Mica. 5% or better, except . 1uf
- = . < Al transistors 2N3904. All inductors Coilcraft
Figure 1. Initial preselector design using reed relays as

switches. This design had unacceptable insertion loss

above about 10 MHz.
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switching.

Figure 2. Final preselector design using 2N3904s for
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dba MARKER 27 400 000.0 Mz
RANCE ~10.0 d8n ~30.88 dbn

REF -4

0.0
s 49/D1Y

CERYER 20 000 000.0 Wz
[ VBN 30 KH

SPAN 4os$002022é0 N
Figure 3. Preselector response on
range E, 20 to 30 MHz. For this figure
and figures 4 through 7 vertical reso-
lution is 5 dB/division, horizontal
range is DC to 40 MHz, and Input sig-
nal is —15 dBm.

Resonant frequency and Q of the cir-
cuit were calculated assuming lossless

REF -1 MARKER 23 320 000.0
S 48/05Y RANGE ~10.0 d4Bm ~38.80 d48nm

L SPAN 40 000 000.0 HJ
BW 30 KNz 87 .2 SEC

Figure 4 Preselector response on
range D, 14 to 22 MHz.

where L is the circuit inductance; C is
the total capacitance in the circuit; f
is the resonant frequency of the tank
circuit; X; is the inductive reactance of
the inductor, L, at the resonant fre-

REF -10.0 dBa NARKER 9 960 000.0
3 da/01V RANGE ~-10.0 4Bn =~28.90 dBn

SPAN 40 000 000.0 W
T .2 SEC

Figure 5. Preselector response on
range C, 10 to 14 MHz.

to 15 dB at the higher frequencies,
which was totally unacceptable. The
unloaded Q (Q,) of each of the induc-
tors was measured and each was
above 40 at the frequencies of interest.

components, using the equations: g:grc’?," ;mi}ﬁssou(r:c; ;2 tggosogfc?tr‘isfs e RXIT 3
e Yl expected that the insertion loss of the ge
T 9xLC (1)  Preselector would be no more than a where R, .. is the equivalent series
couple of dB due to the losses in the resistance of the inductor at the fre-
Xy, =2naf L @) inductors and in the switches. quency of interqst. With some manipq-
¥ Measurements with a spectrum ana-  lation of equations (3) and (4) and if
RE lyzer showed the actual insertion loss  Q, > 10, the insertion loss can be
Q- & o of the preselector to be as much as 10  shown to be:
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Surface Mount Coaxial Con

Straight SMT PCB Mount Plug Receptacles

Part Quantity Pricing
Number 10 Pcs. Each
2367-5006-54 $2.50

Part

Number

PVC Flexible
Cable (105°C)
9950-1100-23
9950-1200-23
9950-1305-23

min
05X Mwmnector Series

Con

Crimp Attachment Straight Cable Plug

CONNECTORS,

tem
osMT™ Interconnect Syf' -

Part

Number
2381-2241-00
2382-2241-00

Right Angle Jack to Jack Cable Assembly

Between Series Adapters

MICROMINIATURE

Utilized in wireless applications including cellular, PCN, GPS and personal data
communications, DC-6 GHz.

SMA to OSMT

Quantity Pricing
10 Pcs. Each

$55.44 Plug/Plug
$57.75 Plug/Jack

Right Angle Jack Cable Pigtail

Cable Length'  Quantity Pricing  pay Cable Length'  Quantity Pricing
mm/inches 10 Pes. Each Number mm/inchgs 10 Pcs. Each
PVC Flexible
Cable (105°C)

100/4 $7.00 9950-2100-23 100/4 $3.50
200/8 $7.00 9950-2200-23 200/8 $3.50

305/12 $7.00 9950-2305-23 305/12 $3.50

1 Consult Penstock for non-standard cable lengths. Cable length tolerance:
50-2000mm:+(2mm + 1% of cable length}

¥ Consult Penstock for non-standard cable lengths. Cable length tolerance.
50-2000mm 2 (2mm + 1% of cable length)

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

ror wireless applications including GPS, cellular, PCN,
test and measurement and data
communications, DC-6 GHz.

Non-Captured Center Contact f‘_'v : 'f('_' M":':"'
Part Quantity Pricing - W
Number Cable 10 Pcs. Each P‘ n"’" oy dailibtrrin
5831-5003-10  RG-174/, 179/U, $3.45 Na URHITIY Prieg
187/U, 188/U, 316/U Wiither 10 Pos. Each i
; i Y 5862-5007-13 $2.00 ' Available in tape and reel format.
Crimp Attachment Right Angle Cable Plug Surface Mount A1 Angle Jack Receptacle
5837-5003-10  RG-188/U, 316/U, $2.35 5864-5008-13 $7.25 *Available in tape and reel format.
RG-174/U, RG-179/U, Bulkhead Feedihrough Jack Recaplacle
RG-187/U 5858-0000-10 $3.00
g{}g‘;%gg;ah(')nemﬂgu?;h‘;fj‘ géb:%%ck $5.00 Printed Circult Board Straight End Lauoch
~7388- ~174/U, RG-179/U, ~ 62-5018-13 .
RG-187/U, RG-188/U, RG-316/U e Vgl
Printed Circuit Board Straight Jack Receptacle fotwoen Sertes Adapters
Part Quantity Pricing Part Quantity Pricing
Number 10 Pcs. Each Number Description 10 Pcs. Each
5862-5003-10 $1.50 5881-2241-00 0SX Plug $52.80
I to SMA Piug
D B B T o 5882-2241-00 0SX Jack $44.00
to SMA Plug
PRODUCTS AND 10,000 _;lk_g;u = %»

OTHERS IN STOCK AND

READY FOR
IMMEDIATE
DELIVERY.

(1-800-736-7862)
In northern California, contact us at 1-408-745-8100.
And in Canada, call 1-613-592-6088.

“Visit Penstock’s Website: WWW.PENSTOCK.AVNET.COM”
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L] WARKER 8 400 000.0 Mz
RANGE -10.0 dba

F -10.0 40

49708V -38.80 dBn

Figure 6. Preselector response on
range B, 4 to 9.5 MHz.

IL = -201 u 5
OgQ (5)

where IL is the insertion loss of the
circuit in dB assuming the inductor
losses are the dominant losses. To
check if the inductor losses are domi-
nant we can calculate the equivalent
series resistance of the inductors and
compare this value to other stray
resistances in series with the circulat-
ing current of the tank circuit.
Rg

Q 1 Qu )
If Q = 10 and Q, = 40 then Roecni=
1.25 Q and we would expect the induc-
tor losses to dominate. Then the inser-
tion loss should be:

Rseries o

40
10+ 40 1.9 dB 7N

Additional measurements showed the
reed relays to be responsible for the
large insertion losses. Table 1 shows
the resistance and reactance measured
through the closed contacts of a reed
relay on an HP 4275A multi frequency
LCR meter. For comparison, the resis-
tance and reactance of a piece of #24
AWG wire the same length as the relay
are also shown at 1 and 10 MHz.

A new switch was needed, preferably
one that was inexpensive and did not
introduce its own distortion products
into the preselector output. There are

—20log

e r® W Woinissdoviph ot

MARKER 3 €40 000.0 Mz

S d0/D8V RANGE -10.0 dBn -38.99 dba

Figure 7. Preselector response on
range A, 1.5 to 4.0 MHz.

relays that are very good at RF switch-
ing and do not have the problems exhib-
ited by the reed relays, but they are not
inexpensive, and many of them have
very limited lifetimes (measured in
number of operations) compared to the
reed relays. More measurements with
the multi-frequency LCR meter led to
the idea of using the 2N3904 transistor
as an RF switch. It is certainly inexpen-
sive, and has a very long lifetime.
Figure 2 shows the schematic dia-
gram of the final version of the prese-
lector. Because the on resistance of the
transistor is not as low as the on resis-
tance of a good relay, the transistor
cannot switch as large a capacitor in
parallel with the tank circuit as a good
relay could before the losses become

excessive. Therefore the inductance-

values were rearranged and an addi-
tional range was added to allow the
full 1.5 to 30 MHz frequency range to
be covered. Also, because the stray
capacitance of the transistors is much
larger than that of a good relay, a sig-
nificant portion of the tank circuit cir-
culating current at high frequencies
flows through the stray capacitance.
Because these stray capacitances are
lossy (transistor collector-base capaci-
tances), insertion loss of the preselec-
tor at high frequencies is increased.
The 100k resistors from the transistor
collectors to +15 V bias the off transis-
tors to reduce the stray capacitance,

Figure 8a, 8b. a. Two-tone 3rd order IMD test. b. close-up of third-order product.
Vertical resolution is 10 dB/div, center frequency is 20.7 MHz, span is 1 MHz.
Measurement performed using a 20 dB attenuator probe.

60

6 Hz 1x

HP3ISRSA

Spectrum
Analyzer

Figure 10. Test setup for measuring
third-order input intercept point.

and to reduce the intermodulation
products that are produced by signal
voltage appearing across the collector-
base capacitance which is a nonlinear
function of collector-base voltage.

Measured Results

Figures 3 through 7 show the mea-
sured response of multiple binary
weighted steps on each of the ranges.
In all cases the input signal was at the
—15 dBm line on the spectrum analyz-
er, so insertion loss varies from —1 dB
on certain of the lower frequency
ranges to approximately 5 to 6 dB on
the highest frequency range. As can be
seen, the preselector does cover the 1.5
to 30 MHz range.

Figure 8 shows how clean a two tone
test signal looks during a third order
intermodulation product test. This
measurement was taken through a 20
dB attenuation probe. The actual level
of the two input tones at the measure-
ment point is —-0.4 dBm. Figure 9 shows
a very narrow sweep used to see the
third order product which is hidden in
the noise in figure 8. The actual level of
the 3rd order product is —-87 dBm. The
third order input intercept point at 20.7
MHz is +45 dBm. (43 dBm output
intercept plus 2 dB insertion loss.) With
signals at 10.0 MHz and 10.7 MHz, and
the preselector tuned to 20.7 MHz, the
second order intercept point was mea-
sured to be +82 dBm.

The total parts cost for the preselec-
tor can easily be under $3.00, depend-
ing on quantities. RF

About the Author

Eric Kushnick is a Staff Scientist
at LTX Corporation. In 1976, he
received his BS and MS degrees in
Electrical Engineering and Com-
puter Science from the Massachu-
setts Institute of Technology. He is
currently enrolled in a Ph.D. EE
program at Northeastern Universi-
ty. Eric can be reached at LTX
Corp., University Ave., Westwood,
MA 02090
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One for all

SME - universal signal generator for pager testing

If you're in the fastmoving world of radio pagers, menu-driven user interface and memory for standard

you need a fastmoving signal generator. One and user-defined messages. From a recognized

that's easy to operate. One that supports
all three major pager protocols: POCSAG
(Cityruf, Scall), FLEX™, and ERMES. One
that generates tone, numeric, and alpho-
numeric telegrams. With the flexibility to
incorporate new standards as they evolve.
And a level of quality that ensures that
sensitive pagers measure intended test
signals only — not interference.

market leader in communications and
measuring technology.
Interested in hearing more about the SME
family or our complete range of signal
generators 2 Simply call our Hotline on
+49 89 4129 3774 or fax us on +49
89 4129 3777. Or send a brief note to
Rohde & Schwarz, Mihldorfstrasse 15,
81671 Miinchen, Germany. We'll make sure you

The SME gives you all this plus ease of use - like a get the information you need.

ROHDE & SCHWARZ

INTERNET http //www rsd de - FAX: Argentinio (1] 3272332 - Australia 2.7481836 Austria (1) 6026141-14  Belgium (2) 7250936  Broxil (11) 5055793 - Bulgario (2) 656833 - Canada Tektonix
(416) 747.9799  China (10} 8425507 - Chile (2) 2278775 - Cxech Republic (2] 328841 - Denmork (43} 437744 - Finland [0} 531604 - France {1) 41361010 Greece {1) 7215198 Hongkong (2] 8275656
Hungary (1) 2030282 - India (11) 4626324 - Indonesia (21) 8307403/04 - Iron (21) 8730283  Haly (6] 41598270 - Japan Advantest {3) 33420905  Malaysic (3) 7033439  Mexico (5) 5753381
Netherlands [30) 6048122 - New Zealand (4] 2379195 Norway (22) 658021 Pakistan (21} 5680908 = Philippines (2} 8105807 - Poland [22) 6353544 Portugal {11} 4120172 - Romania
(1) 3122013 - Russion Fedaration (095) 9549087 - Saudi Arobio {1} 4656428 Ex 229 - Singopore 2876577  Slovenia (61) 1234611~ South Africa (12) 8042009 ~Spain (1) 7662773 - Sweden
{81 941978 - Switzerland (31) 9218101 - Taiwan (2] 7017068 - Thailand [2) 9532245 - Turkey [216) 3851918  United Kingdom (1252) 811447 - USA Tekwranix (503} 627-2565 - Viemam (4] 346188
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RF cover story

Anritsu Wiltron’s Site Master
Drops Cell Site Maintenance Costs

By Ken Harvey
Anritsu Wiltron

PCS and Cellular installations are
accelerating through record breaking
pace in '96. As the new bandwidth
comes on-line, inevitable pres-
sure on air-time prices will
challenge profit margins. As
more cell sites are installed, cel-
lular service operators must either
a) shrink expense-per-base station
or bl plan for lower earnings.

R:ther than submit to the latter,
ervice engineering managers
must drastically reduce per cell
expenses. It’s not just a matter of doing
more with less. It requires a different
approach to the standard radio mainte-
nance processes — a process that hasn’t
changed much in almost 30 years.

Historically, repairs are conducted
on a fix-after-failure basis; perfor-
mance problems are allowed to degen-
erate into failures. The new mainte-
nance paradigm seeks out the prob-
lems before expensive failures occur.
Thus, the failure prevention concept
simultaneously reduces service costs
and improves quality.

Much has been accomplished

Anritsu Wiltron’s Site Master S113.

already through more reliable radio

transceiver equipment. This article &

focuses on applying Site Master’s Fre- Seo sl L

quency Domain Reflectometry, FDR, Cable Discontinuity p

to the antenna system. Sixty to eighty ~ Damaged/Dented Ground Shield cchivr ot #7

percent of the problems at a typical 4 1 e Rartiali$io0al
cell site are caused by the antenna ~ Moisture and Corrosion [ Eiie
system. As future antenna systems Fasteners Pinch Cable EX

add more transmission line compo-

nents, these ratios will increase unless * Connector Problems i
prevention techniques are utilized. — Corroded Connectors ]
Signal
’ . Low Quality Connectors il
Antenna Failure Prevention S "
The concept of cost savings through — Poor Center Pin Contact
preventative maintenance isn’t new; «  Antenna Problems

however, its application to routine
antenna service is. How can transmis-
sion line problems be detected before -~ Storm/Freezing Damage
they degenerate into failures?

Two basic changes are required.

— Out of Specification

— Water Ingress

First, standard maintenance checks * Damaged Lightning Arrestor
are performed regularly. Second, a -
change in test technology is required. Figure 1: Common antenna system problems.
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PLL - Design Kit
Compact Software Bode plot of 5th order PLL

Synergy's new series of Integrated
Frequency Synthesizers consists of our
low noise miniature voltage controlled
oscillator and an integrated circuit PLL
device. Housed in an all ceramic,
moisture-proof, 0.6" x 0.53" x 0.3",
surface mount leaded package, these
new low-cost synthesizers are most

suitable for portable and base station
applications in the UHF and Cellular
bands. With only +5 volts bias, this
device delivers an output power of O
dBm and typical phase noise of -105
dBc/Hz @ 10kHz offset and 15 msec
settling time with 30 kHz step size.
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Hittite Surface-Mount Mixers

Low-cost double balanced mixers in a small package

Two RF Bands:
4.5-8.0 GHz (HMC168C8)
7-10 GHz (HMC171C8)

Features:

* Low Cost

« Conversion Loss < 9dB
* LO Isolation: >25dB

» Actual Size: @

Hittite's new C8 series of double balanced mixers are provided in ceramic surface-mount
packages thatcan be used as areplacement for carrier-style mixers. The devices are passive
diode/balun type mixers with +16dBm input third order intercept, higher than most active
mixers. MMIC implementation provides exceptional balance in the circuit resulting in high LO/
RF and LO/IF isolations and unit-to-unit consistency. These mixers are ideal for applications
in point-to-point microwave radios and 5.8GHz ISM band circuits where small size and
surface mount compatibility are important.

Electrical Performance:
(with LO Drive of +10dBm)

Package Outline:

-t 0 1970 80y
i~ as o - Parameter HMC168C8 | HMC171C8 | Unit
! RF & LO Frequency 45-80 70-10.0 GHz
! IF Frequency DC - 2.0 DC-20 GHz
Conversion Loss 82 90 dB
Noise Figure (SSB) 8.2 9.0 dB
LO to RF Isolation 33 32 daB
LO to IF Isolation 34 26 dB
IP3 (input) 16 16 dBm
e 1 dB Comp. {Input) 10 10 dBm
LO Drive Level 10 10 dBm

Hittite Product Selection Guide

Both die (shaded) and packaged die (highlighted) are shown below. Packaged die available for most MMICs.

Mixers Switches

HMC128G8 1.8-5 GHz High Isolation, SMT

DC-6 GHz
DC-6 GHz

HMC132G7
HMC132P7

HMC129G8  4-8 GHz High Isolation, SMT SMT Pkg. SPDT
3 Microstrip Pkg. SPDT

HMC15458 D0C-25GHz TXRX SPDT (SOIC)

HMC159514  DC-2.0 GHz  Transfer Switch(SOIC)
HMC160S14 DC-2.0 GHz  Diversity Switch(SOIC)
HMC147S8 1.6-34 GHz  Low cost SOIC pkg. | New | HMC160Q816 DC-2.0 GHZ  Diversity Switch(QSOP)
New | HMC168C8 45-80GHz  Low cost SMT New | HMC165S14 DC-2.0 GHz  SP4T Switch (SOIC)
New | HMC171C8 7-10 GHz Low cost SMT New | HMC167SS8  DC-1.5 GHz TX/RX SPDT (SSOP)
New | HMC175MS8  1.6-3.4 GHz  Low cost MSOP New | HMC174MS8  DC-3.0 GHz TX/RX SPDT (MSOP)
New | HMC179 21 -25 GHz _ Triple-Balanced

Bi-Phase Modulators Variable Attenuators

HMC121G8  DC-8 GHz  SMT Pkg VWA

Uy LO\NL e N

Sensors Sources Variable Gain Amplifiers

Frequency Doublers

Hittite

L ]
VISA

Hittite Microwave Corporation M=

For ordering information, contact:

21 Cabot Road, Woburn MA 01801
Phone: (617)933-7267 Fax: {617)932-8903
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The test equipment must diagnose
problems clearly. Meaning, the accura-
cy and sensitivity must be adequate to
identify small RF problems. Opera-
tional ease is an additional concern.
Experienced RF technicians are in
short supply today. If the equipment
requires use of RF black magic tech-
niques, learned after years of experi-
ence, neither cost savings nor quality
improvements will be realized from
investment in new test gear. The diag-
nosis must be actionable!

Smallish concerns, perhaps. But,
this type of self-critical thinking initi-
ated the technology behind Site Mas-
ter’s unusual capabilities.

Design Requirements

Site Master’s unique combination of
features allows preventative mainte-
nance. The application of microwave
technology developed for military use
to the RF maintenance problem yield-
ed a few obvious characteristics. For
example, Site Master’s frequency
range covers a wide 5§ MHz to 3300
MHz and allows a single Site Master
model to test multiple antenna system
types from television antennas to two-
way radio and PCS systems. A Dis-
tance-To-Fault, DTF, analysis mode
pinpoints problem locations.

The rationale behind Site Master’s
other characteristics are less obvious,
a fact which helps explain why no
other test instrument solves antenna
test problems similarly. It also
explains the historical absence of pre-
ventive maintenance applications for
commercial antenna systems.

Re-thinking RF test equipment
design requirements presented impor-
tant challenges. First, measurement
accuracy is paramount to achieving
repeatable and verifiable results. Sec-
ond, there must be a method of com-
pensating for insertion loss through
the antenna’s cabling because the
cable’s loss will mask return loss prob-
lems of any component mounted up
the tower. Third, high levels of RF
interference must not degrade the
quality of the measurement.

Fourth, sensitivity must be high
enough to detect small dimensional
changes within the antenna cabling.
Fifth, some antennas and other tower
mounted equipment can be either
inconvenient or dangerous to remove;
thus battery power and a small chas-
sis are required.

Sixth, ruggedized construction must
survive routine drop shock and miles of
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HIGH POWER DIRECTIONAL COUPLERS
10 KHz - 1000 MHz

L

HIGH POWER
DIRECTIONAL COUPLER

. WERLATONE INC.
-; BREWSTER, N.Y.

COUPLER
.,'00_ ._- pq'n_
FREQ m MHZ coup - Ga

WERLATONE INC.
BREWSTER, N.Y.

hen your RF Power Measurement requirements
include unpredictable load VSWR applications, such as EMI
testing and plasma research, you need a directional coupler
that's up to the challenge. Werlatone's response is a new line
of Mismatch Tolerant couplers which, through innovative
design techniques, allows our customers 100 percent reserve
power handling capability.

Specify Werlatone Mismatch Tolerant couplers for
uncompromising, high power, multi-octave performance.

DECADES AHEAD

RLATONE Inc. ¢ P.O. Box 47  Brewster, NY 10509 ¢ Telephone: (914) 279-6187 ¢ FAX: (914) 279-74(




CERAMIC RF
CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759
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RF POWER

AMPLIFIERS

2MHz to 2 GHz
Modules 1 Wto 1kW

Rack Mount Amplifiers to 2 kW
Custom Designs

Short lead times
Broadcast/Comm./EW/Industrial/Medical
Fixed/Portable/Mobile

-—'1 Silicon Valley
|

2O %W ER

AMPLIFIERS

The RF People

115 Phelan Av., Unit 10, San Jose, CA 95112
CALL 1-800-986-9700
or fax 1-408-986-1438
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Figure 2: Photo of technicians printing
plot from Site Master. Technicians
compare data to historical perfor-
mance. Current SWR and DTF plots
are stored or printed.

dirt roads in the back of a pickup truck.
Seventh, the front panel controls must
be focused on the specific task of anten-
na system test so that minimal training
is required for site technicians.

Eighth, cost must be at least an
order of magnitude lower than mili-
tary style test gear. Ninth, a Windows
based software program for down load-
ing measurements must provide an
on-line database for comparison to
previous test data. And, when a PC
isn’t available, the operator must be
able to print the test results. Finally,
precision calibration components,
ruggedized for field use, must provide
the same accuracy and NIST traceabil-
ity as a laboratory grade vector net-
work analyzer.

Accuracy

How accurate are existing test meth-
ods? How will adapters and test port
extension cables effect accuracy? Does
measurement accuracy drive the qual-
ity plan or does instrumentation accu-
racy serve instead. Briefly, measure-
ment accuracy includes such factors as
test setup components, ambient tem-
perature, and RF interference in addi-
tion to instrumentation accuracy.
Even in this era of quality emphasis
and ISO-9000 style principles, many
test managers simply locate a suitably
small looking number from a manufac-
turers data sheet as indicative of test
quality. Rarely, however, does field
work match the host of fine print
requirements stated in data sheets.
Further, instrumentation accuracy fig-
ures frequently refer to statistics such
as distance or frequency stability that
are not direct indicators of antenna

system test quality. Namely, the abili-
ty to detect performance changes over
time is not specified.

Site conditions can make the task dif-
ficult. Comparisons to historical data
must show if a connector has degraded
from a 30 dB return loss (SWR = 1.07)
to a 25 dB return loss (SWR = 1.12). A
change of just a few dB in the anten-
na’s return loss may indicate moisture
and corrosion which will cause reso-
nance and hence intermodulation dis-
tortion problems. Or, after a storm, the
antenna may be out of position by a few
degrees — thus changing the site’s prop-
agation pattern.

To solve these problems Site Mas-
ter’s measurement channel receiver is
configured similarly to a vector net-
work analyzer. On site and just prior
to test execution, the operator per-
forms three steps for calibration, each
requiring connection of a different
impedance standard. The standards
are an open circuit, a short circuit and
a precision load. The calibration
requires about 60 seconds, and when
completed, provides NIST traceable
accuracy at the position where the
standards were connected. Since a vec-
tor receiver is utilized, any in-line com-
ponents such as adapters or extension
cables are automatically compensated.
Vector error correction removes the
SWR response of these test setup items
from the final data. Since the calibra-
tion is performed at ambient tempera-
ture, measurements results, performed
at differing dates, at differing tempera-
tures, are directly comparable. Thus,
measurement data is directly compara-
ble to the historical database. If a mea-
surement shows a discrepancy to the
site commissioning data, the cause can
be investigated and repaired.

Cable Loss Compensation
Antenna cables have insertion loss.
Without a compensation technique,
problems up the tower can be impossi-
ble to diagnose. A spectrum analyzer
with tracking generator can measure
return loss, but it is difficult if not
impossible to carry up the tower for
measurement of components like
antennas, jumpers, and duplexers.
Site Master’s return loss display has
the same problem. However, in Dis-
tance-To-Fault mode, Site Master uses
Frequency Domain Reflectometry,
FDR, to compensate for the cable’s
insertion loss. The display shows com-
ponent return loss versus distance
similarly to a time domain reflectome-
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Jesigns Come lTogether

With Microwave Success'!

Analysis Types

Single-Sweep Analysis
Dual-Sweep Analysis
Intermodulation Analysis
Mixer Spur Analysis
Budget Analysis
Waveform Analysis
Spectrum Analysis

BER Analysis

FDMA and TDMA *

Output Capabilities

Budget Plots/Tables

Constellation Plots/Tables

Eye Diagrams

Frequency-Domain
Plots/Tables

- Time-Domain Plots/Tables

Channel Models

- Multipath Rayleigh Fading
- Additive & Bandlimited
Gaussian Noise

Analog Components

- Amplifiers
Antennas
Circulators

Filters

Lumped Elements
Mixers

Multipliers

N-port Elements
Oscillators

Path Loss Elements
Transmission Line Elements
Waveguides

Digital Components

- Adders/Subtractors

BER Counters
Complex/Real Equalizers
Data Generators
Encoders/Decoders
Filters

Miscellaneous
Modulators/Demodulators
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Microwave Success provides PC-based system simulation
for Analog/Digital wireless communications systems.
Microwave Success is part of Compact's Serenade family
including schematic capture, frequency and time-domain
circuit simulation and physical layout. Only Compact
Software can turn your PC into a complete solution for
wireless system and circuit design!

o == (OoMmpact
In merg Felleesel Software

A \AJAV/ [ L1 1ALITATA
VICROWAVE, RF and LIGHTW/

201 McLean Boulevard * Paterson, NJ 07504
Tel: (201) 881-1200 « Fax: (201) 881-8361
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ter, TDR. A basic difference between
TDR and FDR technology is the test
stimulus signal. FDR uses an RF fre-
quency sweep instead of a DC pulse.
Since the FDR method uses only the
RF signal frequencies, test data can be
compensated according to the cable’s
RF loss characteristics. This allows
easy identification of problems up the
tower, such as moisture collection or
antennas damaged by lightning. The
antenna’s return loss performance is
displayed accurately, even when the
test is conducted at ground level.

RF Interference Immunity

Hot site tests have always concerned
test technicians; previous test tech-
niques required climbing the tower to
retrieve the antenna and/or to attach a
termination to the end of the feed
cable. Today, service technicians are
frequently prohibited from climbing
the antenna tower due to insurance
restrictions. Further, system opera-
tions dictate that a site’s transmitters
remain active during daylight. A com-

Figure 3: Two adjacent cell towers;
co-location of competing cellular
providers is increasingly common.

petitor with a co-located site—an
increasingly common situation, that
helps, not hurts cellular signal quali-
ty—may not allow the down-time.
Existing test gear doesn’t solve the
problem. TDRs, for example, are use-
less at a hot site. Spectrum analyzers

with tracking generators are margin-
al. And, at sites with higher ambient
RF conditions, such as paging or tele-
vision antennas, even the big, lab
grade vector network analyzers are
overloaded. A TDR can find an open or
short circuit failure, but a preventive
maintenance philosophy requires
rejection of the interference and an
accurate indication of RF performance.

Site Master measures RF perfor-
mance under conditions unsuitable to
traditional test technologies. The syn-
thesized sweep source and novel phase
tracking receiver technology reject
ambient RF interference coming into
the antenna. Spread spectrum tech-
nology helps to see through the inter-
ference. Site Master has the highest
RF interference rejection of any RF
instrument available, commercial or
military. Immunity performance is
enhanced in the 5 to 1200 MHz mod-
els. Thus, the cell site can continue
operating, allowing day time testing.
No one needs to climb the tower dur-
ing maintenance checks.

High Quality ATTENUATORS

ACCURACY, PERFORMANCE, LOW COST, DELIVERY...

839 Manual Step Attenuator

4550 Programmable Attenuator

68

Manual Step Attenuators

837 500 DC-1500MHz
839 500 DC-2000MHz
1/839 50Q DC-1000MHz
847 75Q DC-1000MHz
849 750 DC-1500MHz
1/849 75Q DC-500MHz
860 500 DC-1500MHz |
865 | 6000 DC-1MHz

| 0-102.5dB | .5dB Steps
0-101dB 1dB Steps
0-22.1dB | .1dB Steps

| 0-102.5dB  .5dB Steps
0-101dB 1dB Steps
0-22.1dB | .1dB Steps
0-132dB | 1dB Steps
0-132dB 1dB Steps

Programmable Attenuators

4540 500 DC-500MHz 0-130dB | 10dB Steps
4550 500Q DC-500MHz 0-127dB | 1dB Steps
1/4550 500 DC-500MHz = 0-16.5dB | .1dB Steps
4560 50Q DC-500MHz 0-31dB | 1dB Steps
4580 50Q DC-500MHz 0-63dB | 1dB Steps

For price list and FREE catalog, contact:

KAY

Kay Elemetrics Corp.
2 Bridgewater Lane, Lincoln Park, NJ 07035-1488 USA

TEL: (201) 628-6200 * FAX: (201) 628-6363
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Sensitivity

Frequency Domain Reflectometry
(FDR) technology is used to identify
very small changes in RF impedance
versus distance. FDR sweeps the cable
and antennas over the same RF fre-
quencies as that used for normal oper-
ation. By measuring RF characteris-
tics directly, FDR provides a clear per-
formance indication.

FDR principles involve the vector
addition of the source’s output signal
with reflected signals from faults and
other reflective characteristics within
the tested transmission line. The vec-
tor addition of the signals creates a
ripple pattern versus frequency. The
number of ripples is directly propor-
tional to the distance of the reflective
point on the transmission line. The
measured signal is an interference
pattern, the pattern of ripples in the
return loss measurement. FDR soft-
ware detects the relative magnitude
variations versus frequency: the signal
is well away from the effects of noise.
Thus, the high sensitivity easily

locates conditions such as corroded
connection terminals, partially mated
(untightened) connectors, dented
cables, moisture, and damaged light-
ning arrestors.

The accuracy of the FDR distance
indication matches the precision of the
frequency synthesizer and the known
value of the antenna cable’s electrical
propagation velocity. FDR techniques
inherently detect electrical length and
are accurate by virtue of the physics of
RF propagation. By contrast, TDR
based instruments are careful to cite
distance accuracy limitations: the
need to synchronize the TDR’s inter-
nal DC pulse generator and the A/D
sampler are inherently limited by the
quality of the time base that time the
relative arrivals of the DC pulse
reflections.

Further, the TDR’s DC pulses pro-
vide adequate sensitivity for DC condi-
tions such as open and short circuits;
however, sensitivity to RF frequency
reflection is relatively poor. For exam-
ple, the TDR’s A/D sampler and time

v
T

Figure 4: Site Master with detector.
The optional RF detector outputs sig-
nal power data in Watts or dBm.

TURN

QUICK

AROUND

Our Capacitors Take Your
Requirements To The Limit

High Energy Corporation’s broad range of
ceramic RF capacitors have been designed
for applications requiring high currents,
high KVA ratings and high voltages. With
a capacitance range of 1-10,000 pF and a
voltage range of 1-40 KV, our capacitors
have been used extensively in broadcast
transmitters, antennas, MRI, semiconductor
manufacturing equipment, power supplies
and induction applications to name a few.
All capacitors carry our unconditional
warranty. For the latest in catalogs or
samples, contact us at 1-800-332-2985,
or call one of our sales reps.

4 F HIGH ENERGY CORP.

Lower Valley Rd.e Parkesburg, PA 19365
800-332-2985 ¢ 610-593-2800 ¢ Fax: 610-593-2985

BOMAR CUTS DOWN TURNAROUND

TIME ON CUSTOM FREQUENCIES... STOCKS
COMMON MICROPROCESSOR FREQUENCIES.

201 BLACKFORD AVENUE

MIDDLESEX, NJ 08846
FAX:
800-777-2197

PHONE:
800-526-3935
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base won’t display the small return
loss changes of a corroded connector.
An antenna looks like an open circuit,
whether the antenna is operating
properly or damaged by lightning. For
the purpose of preventive mainte-
nance, the sensitivity of FDR technolo-
gy is equal in importance to accuracy
because it allows the accurate compar-
ison of historical test data.

Up the Tower

Who wants to climb a 300 foot tower,
remove a 50 pound panel antenna and,
between wind gusts, lower it to the
ground so a senior technician can test
it with a network analyzer. And, since
the site is now down, be careful up
there because it’s dark at night! Did
the antenna fail because water froze
inside? If so, remember to wear some-
thing warm.

And it may not be that simple. Large
antennas such as those used for televi-
sion and FM broadcasting can’t be
removed without a helicopter

Site Master’s small size and battery

power can save time and hazard pay.
When someone must climb the tower,
Site Master is small enough to be car-
ried and it can be operated with one
hand. An optional RF detector is avail-
able for use as a power meter for veri-
fication of antenna signal power.

Rugged Construction

Site Master’s 2.2 pound weight is
easily transported, and its ruggedized
construction survives the trip. Simply
put, people drop things, instruments
included. If the instrument can’t han-
dle a drop to a concrete floor or a long
bumpy ride in back of a pickup truck,
it won’t be useful at site.

To meet this challenge, Site Master
is designed on a single PC board using
as much surface mount technology as
possible. The swept frequency synthe-
sizer and phase tracking vector receiv-
er are adjacent. The high frequency
RF bridge is also implemented on the
same circuit board. The circuitry, dis-
play mounting, and internal battery
are securely mounted to the high

impact plastic casework. Corner
bumpers further improve shock sur-
vival. A protective soft carry case,
included as standard, protects against
more extreme drop hazards and pro-
vides a handy, waist-length strap for
one-hand operation up the tower.

Operator Training

When investigating system prob-
lems, test technicians need to focus
their mental energy on the antenna
system, not on the operating proce-
dures of the test gear.

Large, general purpose laboratory
instruments are designed to cover
many applications. Test equipment
manufacturers, particularly the
largest firms, have a profit motive to
apply general purpose products to as
many specific applications as possible.
Frequently, field service managers are
forced to purchase large, bench style
analyzers, but only 10 percent of the
instrument’s functionality is actually
used in the field. This one size fits all
practice also makes the human inter-

Leave nothing
chance.

SN For quick response

to your special needs...

PRECISION CRYSTAL PROI5UCTION * PROTOTYPING
TECHNICAL ASSISTANCE AND ENGINEERING
IN-HOUSE MANUFACTURING AND TESTING

_ 1-800-JAN-XTAL
P.O. BOX 6001 7°FO‘£I MYERS, FLORIDA 33906
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Cellular Scanning Receiver

Model 9333

Frequency Range - 823.98-849.00 MHz
Resolution — 30 KHz
Main Output — RSS1 in dBm (8 Bits)
Secondary Output - Audio 300 Hz to 3 KHz at 0 dBm (600 Ohms)
Image Rejection — 60 dB minimum
IF Rejection — 60 dB minimum
Frequency Switching Speed — 1 mS max. to +1 KHz

Interad Limited
8020 Queenair Drive « Gaithersburg, MD 20879
Phone: 301-948-7172  Fax: 301-977-7559

INFO/CARD 56
June 1996



Figure 5: Four coaxial components.
Precision N and 7/16 connector com-
ponents enhance accuracy.

face more complicated than necessary.

Site Master’s front panel is easily
deciphered because it’s devoted to
antenna systems test. Extra front
panel keys and complicated engineer-
ing jargon are avoided. Not only does
Site Master speak the technician’s lan-
guage, but it is also so much easier to
use that it has improved the language
of some technicians. Additional bene-
fits to a less complicated front panel
include smaller size and drastically
lower cost.

Low Cost

Make no mistake: performing tests,
maintaining equipment, and training
technicians is very expensive. Not per-
forming tests can be much more
expensive. While defective equipment
can be replaced, one can’t replace cus-
tomers who send their dollars else-
where because of poor call quality.
Compared to these concerns, the pur-
chase price of any test gear is a small
fraction of overall test expense.

Historically, TDR techniques have
been popular for testing electrical
cables. FDR based techniques have
been available, but until now TDR
instruments were about an order of
magnitude lower cost than the avail-
able FDR products.

Today, however, all of the FDR ana-
lyzers in the Site Master line are
priced lower than TDRs typically used
by RF technicians. Most Site Master
models also cost less than a spectrum
analyzer’s tracking generator option.
For some, income from the excess
equipment sale can pay for Site Mas-
ter’s purchase expense.

Software Tools

Preventative maintenance plans use
return loss and FDR based Distance-
To-Fault (DTF) measurements to cre-

RF Design

ate a performance history for each the
cable/antenna. Baseline transmission
line characteristics are measured dur-
ing site installation and stored to a PC
database. During subsequent mainte-
nance efforts, performance is com-
pared to the original baseline data.

That’s the purpose of Site Master
Software Tools, a copy of which accom-
panies each Site Master. The Software
Tools contain built-in DTF software.
The DTF display is calculated from Site
Master’s vector (magnitude and phase
data is required) return loss data.

The DTF mode, like return loss mea-
surements, is based upon signal reflec-
tion principles. No transmission line
component is a perfect impedance
match; each reflects some of the RF
signal energy. Each cable/antenna
tends to have a unique DTF Signature
because differing cable electrical
lengths, cable types, dielectric thick-
ness variations, and the position of
components such as connectors,
adapters, and lightning arrestors will
cause different reflections at differing
positions in the transmission line.

Reflections from the transmission
line’s various components are vector
signals which will add and subtract
vectorially depending upon their rela-
tive phases. The relative phases are
dependent upon 1) the individual
characteristics of each device and 2)
their relative physical position in the
transmission line. When measuring at
the end of a transmission line, addi-
tion and subtraction of the various
reflections create an nearly random
pattern of passband ripples on the
return loss display. The net effect is
that each transmission line has a sig-
nature or fingerprint.

Variations in the signature between
maintenance intervals offers a good
indication of damage or damage caus-
ing conditions. A large change indi-
cates a problem. Small changes may
indicate aging, ultra-violet exposure,
or dimensional changes due to season-
al temperature conditions.

Precision Calibration
Components

An instrument’s measurements are
only as good as the calibration that
traces the data to accepted standards.
For accurate data, Site Master, like
any vector network analyzer, relies
upon precision calibration compo-
nents. These components support a
typical 45 dB measurement directivity
up to 3.3 GHz at a cost drastically

DragonWave
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Introducing one of the world’s
smallest common mode EMI filters.

Our M2022-A has an 1812-size
ceramic body and provides more than
20 dB attenuation from 30 to 500 MHz.
Inductance is 4.2 nH per winding.

Compared to equivalent toroidal

We've cut your common mode
EMI problems down to size.

designs, this filter is much smaller
- \ and less expensive.
' DC current capacity is rated at
~— 500 mA, while maximum DCR is
~ only 800 mOhms. Custom filters
with special combinations of imped-
Bas ance, frequency response and current
handling are also available.
-40 \

For our complete EMI/RFI filter
fatryves 100 MHz 6

products catalog, call 800/322-2645.
Cary IL60013  800/322-2645 FAX 847/639-1469
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PRECISION CROs & DROs

FOR TOUGH CUSTOMERS

e Guaranteed
Performance

e On-Time

e Priced Right

Pick the frequency!
CROs from 400MHz to 3GHz
DROs from 3GHz to 42GHz

DELPHI sources use MIC hybrids and surface mount devices to yield high
performance in a small size. When internally phase locked, frequency stability of +2.5
PPM is achieved, with excellent phase noise and low microphonic susceptibility.
Output power levels are available from +10 to +23 dBm or higher. Frequencies for
CROs range from 400MHz to 3 GHz and DROs range from 3GHz to 42GHz. Phase
locked units accommodate internal or external reference oscillators.

Quick delivery of quality products begins with fast crystal procurement, continuous
process control, bar code tracking, and a strong stocking program.

For more detailed information, call DELPHI

°
at (714) 831-1771 or FAX (714) 831-0862 d elphl

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

DELPHI COMPONENTS, INC., 27721A La Paz Road, Laguna Niguel, CA 92677
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lower than comparable network ana-
lyzer calibration kits.

Site Master’s calibration components
are designed for rough field handling.
Drop shock from bench height is typi-
cally survivable to rated specification
with the lone exception that the con-
nector mating surfaces not be
deformed. There are limits however; if
a component is ever dropped from the
top of a cell tower, plan on sending it
back to the calibration lab.

Proof of Concept

Field trails have reiterated the bene-
fits of preventive maintenance. The
savings are surprising. Today, cables
and antennas account for approximate-
ly 60 to 80 percent of base station prob-
lems. Service technicians have drasti-
cally reduced the material and service
labor costs by fixing problems before
they result in permanent damage.
Extending the life of a typical trans-
mission line by a multiple of 2 to 3 cuts
replacement expenses by 67 to 50 per-
cent. Contractors, who are hired to
climb the tower and install the equip-
ment, are used more efficiently. Their
time can be scheduled and prioritized,
avoiding costly overtime and emer-
gency repair service. Further, the con-
tractors are no longer needed for
exploratory, please find the problem,
work orders. For the first time, the typ-
ical site technician can identify prob-
lem’s, prioritize the required response,
and request necessary service.

RF performance also benefits. Equip-
ment failure can be prevented. Down
time is reduced. Transmitter perfor-
mance is optimized. The cell site’s cov-
erage is more consistent, which
reduces customer dissatisfaction.

PCS firms have been the first to
adopt FDR based preventative mainte-
nance procedures. Due to higher oper-
ating frequencies, extensive use of dig-
ital modulation standards, and, most
importantly, the much higher number
of required base stations, PCS firms
are forced to implement new, cost sav-
ing maintenance procedures.

Cellular and two-way radio service
firms have been slower to adopt the
newer methods, a reasonable case con-
sidering that it is more difficult to
change older, existing test procedures
than to simply start from scratch with
new methods. Existing service groups
are also organized and budgeted
around a certain historical level of
maintenance, typically based upon per-
cent of revenue. Buying the new equip-

June 1996



Fix-After-Failure versus Failure Prevention —
Practical Examples From the Field

Cell Site Commissioning

A service provider in Latin Ameri-
ca reported a continuing problem
with a recently installed base sta-
tion. The manufacturer, contracted
for both the equipment and the
installation service, sent RF engi-
neers to ensure that the system
passed the manufacturers’ standard
TDR and SWR tests. The system
passed, but problems persisted.

The TDR test didn’t find the prob-
lem because the antenna always
appears as a large reflection, an
open circuit, on the TDR’s display.
The tracking generator and spec-
trum analyzer didn’t find the prob-

lem because the cable’s insertion
loss masked the poor antenna
return loss. The service provider
continued reporting difficulty with
intermodulation distortion and sig-
nal quality. Swapping radios and
passive combiners didn’t fix it.

Site Master’s vector network ana-
lyzer based technology quickly pin
pointed unusual return loss charac-
teristics in four of the receive anten-
nas. Investigation revealed water
ingress. In an effort to modify the
coverage pattern, the antennas had
been tilted too far forward: the
moisture weep-holes at the anten-
na’s base could not expel the water.

What’s the moral in this story?
Focusing on the intermod “failure”
wasted time, expense, and cell cover-
age quality. A preventive mainte-
nance plan for the antennas easily
would have found the problem early.

Cellular Service

Defective weather seals, all
installed in the same, improper
fashion, allowed moisture to corrode
seven 250 foot cables. For over a
year RF interference masked the
problem from standard TDR and
spectrum analyzer tests. The prob-
lem went undetected as several
months of propagation analysis and

| @ Dimensions (In inch)

| @Features
|+ Low Current Consumption
* Available with Reflow Soldering

B Specifications
Frequencies (option)

2100 series TCXO/VC-

Engineered for palm-top cellular telephones

|+ Miniature Size SMD Version (.45x .38x .15 = 0.43cc)

12.8MHz, 13.0MHz, 14.4MHz, 15.36MHz, 19.2MHz,

R
@-},TRL Technologies, Inc.
v’ —

LET OUR DESIGN ENGINEERS
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WIRELESS PRODUCT

] Stability vs. 2100A = +/-1.5ppm ( -20 to + 70 'C)

Temp. {option) 21008 = +/-2.0ppm ( -30 to + 70°C)
| 2100C = +/-2.5ppm ( -30 to + 70 'C)
2100D = +/-2.5ppm { -10 to + 60 C}

Stability vs. +/-0.3ppm (+5V+/-5%, +3V +/-5%)
Supply Voltage
Qutput 1.0V p-p min. (+5V), Clipped Sine
0.7V p-p min. (+3V), Clipped Sine
Current 3mA Max.
Load 10K ohm//10pf

05 = +5VDC +/-5%
03 = +3VDC +/-5%

+/-1.0ppm/year
+/-3.0ppm min

0 = No VC Function
X = +/-5ppm min, +2.5V +/-2V
Y = +/-3ppm min. +1.5V +/-1V

Input Voltage
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| Aging
Mechanical Trim

Voltage Control
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|
|
1 Sunbridge Corporation
l

TEL: (03) 5800-0343 FAX: (03) 5800-0353
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installation of more sensitive
receivers yielded marginal results.
Eventually, one of the worst
feeds crossed the SWR spec of 1.5
dB and an outside contractor
inspected one of the defective
cables. Subsequent inspection of
the other cables showed defects in
seven of twelve. The contractor
expense amounted three days at
$1,500 per trouble call, and $51 per
installed foot of new low loss cable.
The total repair cost of almost
$100k sounds large, but it’s only
part of the total costs that went
into engineering studies for propa-
gation and the cost of lost cus-
tomers. This ,horror story, is sur-
prisingly common place. Site Mas-
ter DTF mode finds these problems
before the severe damage results.

PCS Installation

Since PCS operates at almost 2
GHz, Site Master is simply the eas-
iest and least expensive way to
measure the antenna’s bandwidth.
The FDR capability is an added
benefit that promises to drastically
reduce per cell maintenance
expense below that of cellular ser-
vice competitors.

Public Service Two-Way Radio

Few organizations rely on the per-
formance of radio equipment so
heavily, but so sorely lack knowledge
of proper RF equipment mainte-
nance. Lower operating frequencies
and use of analog signals allow dam-
aged transmission lines to operate on
a marginal basis for a long period,
only to fail at critical moments, par-
ticularly during storms.

An antenna, filled with water,
can have bandwidth drift of 40
MHz or more. If the antenna or
cables freeze during an unexpect-
edly cold night, communication
quality to dispatch operators will
be poor at best, and non-existent at
worst. A damaged lightning
arrestor will not protect radio dis-
patch equipment during a lightning
strike. The operator would end up
working from a vehicle radio - dras-
tically reducing coverage and sig-
nal quality.

Less troubling concerns such as
pinched cables and loose connectors
simply reduce radio propagation
coverage area. In strong winds,

loose assemblies will vibrate
against the antenna mast inducing
static and further damage until the
cable or connectors break. Each of
these conditions are easily detected
with FDR technology.

Television and Radio

A 600 foot antenna transmitting
50 kW should be maintained with
the utmost care, particularly when
the station doesn’t have an ade-
quate back-up antenna. Most sta-
tions don’t, antennas are expen-
sive. For a commercial broadcaster
that means expense, something to
be cut. But then, perhaps cut is an
ugly word.

Ugly because it actually hap-
pened. The main power divider
feeding an array of four transmit
antenna elements was built with a
defect. Four small pins that were
supposed to hold the center conduc-
tor weren’t installed. Over an eight
month period arcing left conductive
deposits on the surface of the cen-
ter conductor until one day it
failed, reflecting 50 kW straight
back down the feed. It obliterated
the impedance transformer and
damage contaminated 400 feet of 6
inch transmission line before the
amplifier shut down.

When the emergency repair con-
sultants arrived at site, traditional
sweep tests using network analyzers
couldn’t measure the antenna due to
ambient interference. The analyzer
was sending 10 dBm into the line
and measuring 15 dBm coming
back. At the request of a friend,
Anritsu Wiltron shipped a Site Mas-
ter for priority overnight delivery.
Tests, performed with Site Master
showed that the antennas were
okay. The test technician, perform-
ing the tests at night, 700 feet up
the tower, was particularly grateful
for the small size and weight.

Site Master also helped find the
bad power divider located 400 feet
up the tower. After seven days of
heroic efforts of the repair crew and
an antenna parts manufacturer, the
television station was back on the
air. The problem wasn’t visible to
standard test procedures, but could
have been diagnosed easily with
Site Master’s combination of high
interference immunity and high,
FDR based fault location sensitivity.

ment, selling off the old gear, and
introducing new test/maintenance cri-
teria are not perceived as priorities by
maintenance supervisors who are
already struggling to keep pace with
network growth. Changing that infra-
structure overnight is simply unrealis-
tic. For many, the changes will only
occur when revenue shortages and
shrinking budgets leave no alternative.

Conclusion

Site Master identifies the health of
installed transmission lines, even in
the presence of external RF interfer-
ence. As a trouble shooting tool, FDR
techniques pinpoint problems and
impending failure conditions. Service
professionals are able to implement
preventative maintenance plans and
reduce per-cell service expense.

DTF and return loss are key indica-
tors of an antenna system’s perfor-
mance. When these two characteristics
are stable over time, other key charac-
teristics such as insertion loss and
third order intermodulation also tend
to remain stable. Thus, maintenance
tests can be limited to the DTF and
return loss tests, a subset of the com-
plete site commissioning RF tests. The
on-line database provided by the Site
Master Software Tools maintains both
the site history and the data analysis
in one convenient place. Since the soft-
ware is Windows based, graphs and
other data can be copied and pasted
into report documents.

Site Master models start at $4,900
and are available for immediate deliv-
ery. Contact your local representative
or call (408) 778-2000for more infor-
mation. Technical questions or com-
ments can be directed to the Technical
Hotline at (210) 227-8999. RF

You can also get more information
about the Site Master series by circling
INFO/CARD #250.

St

74

June 1996



e
ANDEF!SEN

THE WAVE OF THE FUTURE

Andersen wants to be a part of your future in SAW components. Our goal is
to provide you with a competitive advantage in quality, ease of use and value
throughout our line of SAW filters and oscillators, BAW delay lines, pulse com-
pression and expansion devices, IFF and High Shock Telemetry transmitters and
more. Since our incorporation in 1951, Andersen has earned your trust as a
technology leader. We intend to continue our leadership into the next millennium.
To meet your increasing demands for high volume production we're tripling our
capacity. And we're also increasing our commitment to ongoing R&D to create
new, high performance products that will keep you at the leading edge of product
development.

We invite you to call on our technical and production skills as we ride the wave of
the future. . . . together.

For all the facts on Andersen SAW devices including our new COMA SAW filters
contact Don Lowcavage at (860) 286-3090 or fax us at (860) 242-4472.

D ANDERSEN

Andersen Laboratories, Inc.,
45 Old lron Ore Road, Bloomfield, CT 06002 Telephone (860) 286-3090 « Fax (860) 242-4472

©1995 Andersen Laboratories, Inc. All rights reserved.
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RF tutorial

SAW-Based Frequency Control
Products for Modern
Telecommunication Systems

By: C.S. Lam, D.S. Stevens, and D.J. Lane

Vectron Technologies

1t is confident to assert that we will
enjoy more services using different wire-
less technologies as we enter the next
century. These wireless services will
continue to rely on the wired lines (high
speed optical transmission) which serve
as the backbone to carry and distribute
the information. We will see explosive
growth of both wired and wireless
equipment worldwide.

n this article, we present several

US made SAW-based frequency
control products which find applica-
tions in modern telecommunication sys-
tems like Synchronous Optical Net-
work (SONET), Synchronous Digital
Hierarchy (SDH), and Asynchronous
Transfer Mode (ATM). These products
include timing recovery SAW filters,
SAW-based timing recovery units, and
SAW-based voltage-controlled oscilla-
tors (VCSOs). They play the important
role of frequency synthesis, frequency
translation, data and clock recovery,
and clock signal distribution to ensure
low bit error rate transport of signals in
high frequency optical telecommunica-
tion equipment up to 2.5 GHz.

SAW-Based Timing Recovery Unit

The SAW-based timing recovery unit
(TRUG600) regenerates data and clock
signals from corrupted NRZ digital
data streams, such as those encoun-
tered in fiberoptic data link and
telecommunication applications.
Although there are many suppliers pro-
viding discrete SAW filters for timing
recovery applications, the TRU600
allows an easy drop-in solution for cus-
tomers. There are also many suppliers
of PLL-based modules and transceiver
chip sets with built-in clock & data
recovery functions. SAW-based timing
recovery scheme offers the best jitter
performance in many situations. One
example is in an ATM/SONET/SDH
network interface card application situ-
ation as shown in Figure 1.
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The TRU600

features a high-

ASIC and a SAW

Parallel
speed bipolar | O |= to Serial [ —

filter in a her-

System
SONET | ATM Bus
Layer Layer | gy

Processor | Processor

metically sealed, Timing
28-lead ceramic —»| E/O || Recovery
surface-mount Unit

| Pparallel [P

Serial to

package

(18.5x10.5x3.4 Figyre 1. SONET/ATM Network Interface Card.

mmb3). To extract

a clock signal

from the input data, the data is
first passed through a prefilter
and frequency doubler stage.
This generates pulses containing
significant spectral energy at the
input data rate. A precision nar-
row-band SAW filter, centered at

Nominal Output Frequency 100 to 700 MHz
Supply Voltage 5V

Acquisition Time
Output Clock Random Jitter 10 ps rms
Power Consumption
Operating Temp. Range

< 2us

325 mW
—40 to 85 °C

the clock frequency, substantial-
ly suppresses jitter by rejecting
other frequencies. The extracted

Table 1. Specifications for the SAW-based tim-
ing recovery unit.

clock is then accurately aligned

with the incoming data signal at Incoming st
the input of a decision circuit Digital s
which then retimes the data Data- Power g» | Decision| o
(Figure 2). In addition to pro- Splitter Circuit

ducing outputs with very low jit-

ter, the TRU600 has excellent * _—
stability, fast acquisition time, Clock
and robust operation. It is avail- Prefilter | .| Doubler |5, :ﬁr; o
able with standard SONET/

SDH/ATM frequencies at

155.52, 311.04, and 622.08
MHz. Additional frequencies
(124.416, 125, 139.264, 200,
265.625, and 278.528 MHz) for FDDI,
ESCON, Fiber Channel, ISDN (CEPT
4), and other applications are also
available.

A summary of the specification is
shown in table 1.

To prepare for the increasing capacity
demand in the tele/data communication
market, a similar device which works up
to the STS-48/STM-16 rate (2488.32
MHz) is desirable. Such a SAW-based
clock and data recovery module is pre-
ferred in the emerging high speed opti-
cal communication receiver applications.

Figure 2. A SAW-based timing recovery unit.

Discrete SAW Filters for Timing
Recovery

For customers who prefer to build
their own timing recovery path on
their SONET/SDH/ATM boards, we
offer discrete SAW filters to perform
the clock extraction function. They
are available at 155.52 (18-type),
622.08 (17-type), and 2488.32 (19-
type) MHz. A summary of the specifi-
cation is shown in table 2.

The 155.52 MHz SAW filter is avail-
able in a standard 14-pin, metal dual-
in-line package (20.3x12.7x7.4 mm3).
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(18-type) (17-type) (19-type)
Frequency (MHz) 155.52 622.08 2488.32
Insertion Loss (dB) 17 15.5 19.5
3-dB Q 420 800 750
Phase Slope (*/KHz) -0.72 -0.33 -0.07

Center Frequency 100 to 700 MHz
Absolute Pull Range +50 ppm
Supply Voltage 5V

Control Voltage -05t0-4.5V
Linearity +3%

Spurious Output Suppression -60 dB
Operating Temp. Range -40 to 85°C

Table 2. Specifications for the discrete SAW fiilter for timing

recovery.

The 622.08 MHz SAW filter is avail-
able in a low-profile, 22-pin, metal sur-
face-mount package (15.9x13.6x3.2
mm3). The 2488.32 MHz SAW filter is
available in a compact, surface-mount
microwave package (11.4x10.7x2.1
mma3).

The SAW-Based Voltage-

Controlled Oscillator
The SAW-based voltage-controlled

oscillator (VC0600) is a highly integrated

GGG

11;117171..\‘1‘5‘1'

Picture 1. VTi's VCO 600A.

device which uses an ASIC
with an on-chip phase
shifter for frequency pulling
and a SAW delay line with
a typical 3-dB Q of 400. The
VCO600 has an ECL output
and is available with stan-
dard SONET/SDH/ATM fre-
quencies at 155.52, 311.04,
and 622.08 MHz. Additional
frequencies at 278.528 and
368.64 MHz are also avail-
able.

The VCO600 is housed

Table 3. Specifications for the SAW-based voltage

controlled oscillator.

STS-12 STS-1
622.08 MHz 51.84 MHz
—®| Phase/ oo VCO6M
frequency l':il te‘:' P 622.08
Detector MHz
VCO6
622.08
MHz

Figure 3. The SAW-based voltage-controlled
oscillator.

ture which improves board-level test-

in a hermetically sealed, 28-lead
ceramic surface-mount package
(18.5x10.5x3.4 mm3, similar to the
TRU600 package). Typical applica-
tions are data retiming and synchro-
nization as part of a PLL, as well as
frequency synthesis and frequency
translation .

The VCO600A also has a unique
output disable and clock through fea-

ing. A summary of the specification is
shown in table 3.

~ For more information
an ‘Vectron Technolo 1“’.‘1
ﬁ Roal UQas N.] ,1

1:.[1 h\‘,'st‘ 598-

0070 Rk Saptoe 11

LAP-TECH ic.

FREQUENCY
CONTROL
PRODUCTS

4 Cold Weld and Resis
Leaded and surface mount styl‘g's.
Standard and custom desngn

LAP-TECHInc.
230 SIMPSON AVE. ~ 4

B ANVIL&TARIO A
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Join Mini-Circuits for
Breakfast in
San Francisco

¢
While attending the MTT-S show in San
Francisco, please join us for breakfast...
no strings attached...just have fun,
relax and meet friends.

Everyone is welcome! Enjoy
a hearty breakfast on Mini-Circuits'

Tuesday and Wednesday, June 18 & 19
7:30 a.m. to 9:30 a.m.
Parc Fifty Five Hotel
DaVinci II & I1I (4th floor)
55 Cyril Magnin
San Francisco

¢
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RF phase-locked loops

The Pull-Out Range and
Noise Bandwidth of Third Order PLL

By Fu-Nian Ku

My previous article on PLLs [RF Design, April 1996]
makes calculating the pull-out range and noise bandwidth
possible. The pull-out range is a limitation regarding the
transient processing speed of a PLL. If the frequency (or fre-
quency changing rate) of a reference source is within this
range, the transient process will quickly reach steady state.
Otherwise, the process will be delayed and possibly never
reach steady state. Thus, the pull-out range is an important
factor when designing a PLL.

However, the pull-out range is dependent on the behavior
of the phase detector (PD). In general, there are two
kinds of PDs, analog and digital. An analog PD has its out-
put proportional to sin (8), where 0 is the phase difference of
two input waves. A digital PD has its output proportlonal to
0, when 18] < 180°. When 6 > 180°, sin (8) changes its sign
and reverses its feedback voltage. Us1ng a digital PD, at 6
>180°, the output voltage may not change signs, but it can-
not keep the increasing trend and slow the tracking process.
For example, MCH12140 is a typical digital phase detector.
In this paper, we will assume 0 = 180°. Nowadays, most
PLLs use a digital PD. However, at a frequency above sever-
al hundred MHz, the digital circuit can not offer the same
self-assurance as the analog PD, so the analog PD remains.

Because most users employ a fixed frequency reference
source, we will only deal with a pull-out range which uses
an instantly connecting constant frequency source. This is
equivalent to Case (2) of the preceeding paper [1].

The noise bandwidth of a PLL is defined as the integral:

2y o)) a0 @

where H(jw) is the closed loop transfer function (equations
(1a) and (15) in the preceeding paper [1]).

If the applied noise to the loop is white, the noise power is
calculated simply by multiplying the noise power spectral
density and the noise bandwidth.

Analog PD

The tracking process is described by a non-linear differen-
tial equation. When the phase difference 8 is small, sin(8) =
0, it becomes linear and its solution is approximated by the
digital PD solution. However, when 0 is closer to 180°, its
behavior becomes very critical. This means if the input fre-
quency is large, maximum phase difference 6 is near 180°, a
small increase in input frequency can push the PLL out of
lock. Be advised never to use a frequency near the pull-out
range as only 90 percent of the range may be reliable.

Solution of the non-linear differential equation cannot be
expressed explicitly. All the data is therefore obtained
numerically by computer simulation.

Although the preceeding paper [1] is oriented to a digital
PD, many basic concepts can be used with the analog PD.

Type 2, Third Order — The non-linear equation which gov-
erns PLL is:

d36(t)+ L d 6(t)+ cos(e(t)) e(t)+ @
T
2 PE

KT sin((:.>(t))=—]3—;j 6(t)+ 00

143

where 6;, the initial phase difference, is assumed to be zero.
When the input is a fixed frequency source, the right side of
the above equation equals zero.

We use the same restriction on T,, T, and T, as in the pre-
ceeding paper [1] and define:

A h Jellr _ KT,
TS—TS.Tz—TS.[henk— Tl (3)
resulting in:
cos(0) g
o) P

400}
12,6719
Tg 300 F
S
()
=
g 200}
(=
@
[
£
A 100}
& 12,6710
1]
F =
a
0.1 0.2 03
-100} Time ¥/T,

Figure 1. 8, from equation 8 calculated for ten different val-
ues of f,T.
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Pull-out Range of Type 2

Legend
4 = 20.00 degree

A

v

p ¢ = 53,135 degree

§ 3 40.00 degree

°

A
7 by
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Max. Reference Freq. * Ts

,;,/”,/ 4 = 9000 degree

] 2 4 s [} 10
SF (Scaled Fraquency)

Figure 2. Pull-out range of Type 2 analog phase detector.
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@(sr.0)= Z{[(1+5)B0)-1) 4]+ 5

\.[(l +SF2)(1— ('1>))+4]2 —16(1 +SF2):|

, I P G (6)
Ty'(SF.0)= o (SF,0)+4n
T,'(SF.0) = T5'(SF.0)B(6) )
k(SF,0)=

Ty (SF,0)a’(SF,0)4n*(1+SF) ®

The non-linear equation is then con-
verted to the following equation by
using the above substitutions:

a3 1 d?

0%y TSN b Gy ¢)]
500+ Ty e
K(SF’¢) y _i

——Ts' (5F.0) T, (Sl",q))cos(ee (‘t)) T 0.(t)+

K(SF) o o
msm(ee (‘C)) =10)

where SF and ¢ are the two parame-
ters and 1 is time t in unit of T,.

Solve the above equation for different
SF and ¢. The 10 curves of 6, in Fig. 1
is calculated at ¢=20° and SF = 6.0,
where the input frequency foTs =
12.6710,12.6711, .....12.6709 respective-
ly. When f;T < 12.6716, 6, curves have
maximum value 180° ané converge to
zero. The other three 0, curves, f;T, >
12,6717, have maximums bigger than
180° (it should be 3 x 180°) and may
converge tremendously later.

From Figure 1, we can conclude that
for an input reference frequency f; <
12.6716/T,, the phase difference 8, is
not larger than 180° during the entire
tracking process. However, for f;, >
12.6717/T,, the phase difference is
greater than 180°, resulting in a slow
tracking process. Thus the pull-out
range is 12.6716/T,.

Next, we calculate the pull-out range
at ¢ = 20°, 40°, 53.135°, 70°, and 90°.
SF is varied from 0.1 to 10 on the X-
axis. The Y-axis is the reference fre-
quency time T,. The results are shown
in Figure 2.

At ¢=53.135°, the curve is like a
straight line. It can be described as:
1.7 + 1.95(SF) (10)
For a better approximation, the same
curve can be described as:
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Pullout Range of Type 3

Max. Referance Freq * Te

SF(Scaled Fraquency)

Figure 3. Pull-out range of Type 3
analog phase detector .

1.57 + 1.983(SF) + 0.39¢"10SF (11)
At ¢ = 90°, 3rd order degenerates to
2nd order and we can assume the fol-

lowing approximations:

: (12)
1.55+1.99(SF)+2.26¢~SF

3 + 2(SF) (13)
The pull-out range of a 2nd order is [2):
1.80n(1 + &) 14)
It is also the result of a computer sim-

ulation. With our symbol, it is equiva-
lent to:

1.8(1+\1-;Sl;2) (15)

Type-3, Third Order — The non-lin-
ear differential equation is:

ie(mx [T2 cos(e(t))i9(1)+ (16)
dr? a3l 2 di?

(2T2 cos(6(1))-[T3 sin(e(t))dite(t))%e(t)+
. a3

sin(8(1))] = Fei(t)

where 6, the initial phase difference,
is assumed to be zero. With:

K; = K/T12 a7
we take:
T, T
t = and t,=—% 18
\/E(Ts 1.5 E ( )

Making the same transformation as in
the preceeding paper [1], we get:

V2 \.'1+\/1+SF2 (19)

(2x)°  1+SF?

4(SF) =
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Pull-out Rangs of Type 2

Max. Reference Freq = Te
8

0 2 4 . 0 10
SF{Scated Frequency}

Figure 4. Pull-out range of Type 2 dig-
ital phase detector.

2 A 1 (20)
1+SF? |14 5F2
with the resulting non-linear differen-
tial equation being:

t»(SF)®
t,(SF)?

2(2( )cose -
[ sz

t2(SF)*
tl(SF) sn(e(t)) 9(1)) o(t)+

(S )——[

d? d?
Fe(r)+ cos(e(t))F(-)(t)+

(21)

sm(9) 0
t1( )

where SF is the only parameter and
variable 1 is time t in unit of T

We can find a solution 6 f?)r every
SF when a reference fixed frequency f
is applied. We can then find the
threshold of f that can make 6 > 180°
at the tracking process. Figure 3 is the
result and is defined by the equation:

-0.47 + 1.5(SF) + 1.3¢1-25F (22)

When SF > 1, the curve resembles a
straight line. Thus we can simulate
this part of the curve as:

-0.1 + 1.42(SF) (23)

with SF between 1 and 10

Digital PD

The output of a PD is proportional to
the input phase difference 0. It can be
depicted with a linear differential
equation of 6, and solved using the
Laplace transform. The solution is
shown by equation (al) in the appen-
dix of the preceeding paper [1].

RF Design

Pul-out Range of Type 3

Max. Reference Freq * Ts

] 2 0 [} 0 1
SF{Scaled Frequency)

{;m g:(aes:tor vco Out
Ky %
iR
R C,
Ty

Figure 5. Pull-out range of Type 3 dig-
ital phase detector.

When 0] > 180°, the output of the
PD does not change signs. The resul-
tant change at 6 = 180° is not as big as
with the analog PD. We can full use of
the pull-out, if necessary.

To locate the pull-out range, we must
find the threshold of input reference
frequency f, at which the maximum
deviation during the tracking process of
0 is 180°. Because the solution is linear
to input f, when we know one value of
maximum 6 at respective input f,, the
pull-out range is defined as f;180°/6.

Type-2, Third Order — Figure 4
shows the result. At ¢ = 53.135°, the
curve resembles a straight line. It can
be depicted as:

3.7 + 3.41(SF) (24)
or
5.3 + 3.2(SF) — 1.7¢0.35F (25)

At ¢ = 90°, 3rd order degenerates to
2nd order. The second order has an
exact solution for pull-out range [2].
With our symbol it is equivalent to:

Pull —out Range =nV1 +SF%e

Checking with our data, the above
equation gives exactly the same value
with no error. This proves the above
curves are correct. However, you may
believe the above equation is too com-
plex to evaluate.

I suggest using an approximation
formula that is composed of only three
terms:

A + B(SF) + CeDx 27

arclan(SF)

(26)

The equation then becomes easy to
calculate with a tolerable error.
Type-3, Third Order — Figure 5
shows the result. I suggest using the
following formula to approximate the

Figure 6. Block diagram for example
phase-locked loop.

above curve:

0.24 + 3.14(SF) + 2.27¢1.55F (28)

Example

Figure six is taken from the recent
literature [3] and shows the block dia-
gram for a PLL used in a DECT appli-
cation. The output of the digital PD is
a current which produces voltage at
the shunt, R, C branch. Converting
his notations to our symbols, we get:

¢, is symbol T, (29a)
t, = r{cj+cy) is symbol T, (29b)
ty = rcy is symbol Ty (29¢)
K, isK, (29d)
K, =270.56 x 106 A/rad (29e)
Kv 1.256637 x 108 rad/s/V (29f)
= 1025 (29g)
e A F
=—t-2a90__¢¥_3317
N N (30)

Assuming SF=1, ¢=45° and T, =
0.0002135 sec, and using either the
graphs or formulas from the preceed-
ing paper [1], we get:

T, = 4.623 x 108 sec (31a)
T, = 5.800 x 105 sec (31b)
T3 =9.952 x 106 sec (31c)

with the phase margin being 45°.
These results are the same as those in
the example paper.

This illustrates that my structured
design is correct and provides more
freedom than any other method.

Noise Bandwidth

As mentioned before, we need to cal-
culate a complex integral. The inte-
grand is the square of the close loop
transfer function. This function is
transformed with parameters SF and
¢ for type 2, and only SF for type 3.
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Noise Bandwidth of Type 2

“Te

Frequency
&

/ i
[t
0 1 2 3 4 0 . T 0 DT
$F(Scawd Frequency)

Noise Bandwidth of Type 3

&

Frequency * Ts

2 4 [ 1

[
SF{Scaied Fraquency}

Figure 7. Noise bandwidth of Type 2
phase-locked loop.

We can separate T_ from the integral
by making it a divider.

Type 2, Third Order — Figure 7 is the
result. When ¢ = 90°, the 3rd order
degenerates to the 2nd order. The
noise bandwidth of the 2nd order has

Figure 8. Noise bandwidth of Type 3
phase-locked loop.

in our notation. Checking the corre-
sponding curve in Figure 8, we discov-
er it agrees with the above formula.
Type 3, Third Order — The result is
Figure 8. The above curve can be
approximated by the following formula:

I hope these curves and formulas
wiil be useful to you. RF
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a distinet formula {3], which is:

2
Noise Bandwidth = 2n(0.5+ 1+:F J (32)

Noise Bandwidth = 2.96+1.7¢~5F
+1.68(SF)+0.63(SF?)

(33)
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ENGINEER’S!

NOTEBOOK |

Controlled Bypassing Sets Limiter Threshold

Gary A. Breed
Consulting Editor

Limiting IF amplifiers are commonly available from inte-
grated circuit manufacturers as stand-alone ICs, or com-
bined with various mixers, detectors and other ancillary
functions. Some applications may benefit from control of the
limiting threshold — to maximize dynamic range, reduce
noise sensitivity, or to provide additional linear gain before
limiting occurs. This note demonstrates a simple technique
for controlling the limiting threshold over a range that can
be as large as 40 dB, depending on the device used.

Figure 1 shows the diagram of a typical integrated circuit
limiting IF amplifier. The circuit consists of a cascade of dif-
ferential amplifiers, with feedback resistors around the
entire chain. The input is normally applied single-ended to
one of two differential inputs, with the other input
bypassed. A low impedance bypass capacitor effectively
grounds that connection at the signal frequency to allow a
single-ended input.

If that terminal is left unbypassed, the gain of the IF
chain is reduced, since the unused input is referenced to the
output, not to ground. This gain reduction can be as much
as 40 dB (observed with the Motorola MC3362 and MC3363
family of receiver ICs). If the impedance of the bypass net-
work can be varied from an AC short-circuit to an open cir-
cuit, the gain of the IF can be controlled over a 40 dB range.
In Figure 1, the resistor/capacitor bypass option represents
this kind of variable impedance. The graph in Figure 2
shows the effect of controlling amplifier gain, and therefore,
limiting threshold.

My first application of this technique was to get as much

linear range as possible in a CW/SSB receiver application.
40 dB of linear IF gain was acceptable, and the onset of lim-
iting served to protect following circuits (and ears!) from
excessive signal levels, acting as a rudimentary AGC. In a

higher threshoid

?

~40 dB max.
|

Output
Level

increased
linear -
range

normal limiting *

>

Input Level

Figure 2. Increased linear range delays the onset of limit-
ing to a higher input signal level.

minimum-component design without critical performance
specifications, this arrangement worked well.

Another application where this technique has been used
in in a cable-based data transmission system. Again, a mini-
mum-component design was implemented, with an FM
receiver IC used for FSK demodulation. The full 100 dB of
limiting IF gain was not needed, given the constant signal
levels of a closed-circuit system. The gain was reduced for
better noise rejection by actually eliminating a part (the
bypass capacitor) from the standard receiver configuration.

In summary, this technique allows you to control the lim-
iting threshold, or get maximum linear amplification range,
from a common FM IF amplifier. This control is achieved by
modifying the bypass configuration of the unused input,
requiring no more than one additional component. RF

& feedback

AAAY

P
1500-2200Q

To Quadrature
Detector

MV

R feedback_‘

Gain/threshold adjusted by resistor
Bypassed for normal operation

Rectifier

Unbypassed for maximum linear range

l

RSSI out

Figure 1. Typical IC limiting IF amplifier. Controlled bypassing of the unused input is used to adjust the limiting threshold.
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RF products

Synthesized Signal Generator

Telulex's SG-100 synthesized
signal generator is based on
Direct Digital Synthesis (DDS)
technology, generating a variety
of complex waveforms at precise
frequencies from DC to 20 MHz
with 0.1 Hz resolution. A Digi-
tal Signal Processor (DSP) has
direct control over every aspect
of the SG-100 DDS system. Fre-
quency, phase, level, and the I
and Q rails are all controlled in
the digital domain, resulting in
clean, precisely controlled mod-
ulated waveforms. This combi-
nation of DSP and DDS technol-
ogy also makes possible signal
analysis functions which
process and analyze an exter-
nally applied signal. The SG-

100 offers Linear/Log sweep,
AM, FM, PM, SSB, BPSK, FSK,
Burst, DTMF generation,
DTMF detection and power
level measurement. For each
modulation mode, the user may
select a modulating waveform
that is either internally gener-
ated or externally supplied. The
SG-100 uses flash memory to
hold its operating software,
enabling the unit to be field
upgradable for adding new
functions. An RS232 remote
control is included. Priced at
$795 with discounts available
for quantity purchasers and
educational institutions.
Telulex Inc.

INFO/CARD #210

DBS Receiver
Downconverter

California Eastern Laborato-
ries has added another NEC
MMIC device to its wireless IC
family. The UPC2782GR silicon
MMIC downconverter combines
a Gilbert cell mixer, two stages
of LO buffering, local oscillator,
external filter port, a high-out-
put, variable-gain IF amplifier,
and a temperature compensation
circuit in a single 20 pin SSOP20
package. Performance features
include a frequency range of 900-

2500 MHz, a 3 dBm input 3rd
order intercept point, an AGC
range of 25 dB, and an RF con-
version gain of 10 dB. The device
is designed specifically for digital
satellite receivers, WLANs, and
other digital receiver applica-
tions. It is priced at $1.50 in
production quantities. The
UPC2782GR is also available as
part of an NEC chip set which
includes an IQ demodulator, a
low noise broadband amplifier,
and a prescaler in addition to the
downconverter.

California Eastern
Laboratories

INFO/CARD #211
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Low-Profile EMI

Filter Plate

Spectrum Control Inc. intro-
duces the Easy Mate Jr.™, a
line of low profile, easy to install
EMI filter plates that provide
EMI filtering through 18 GHz.
Easy Mate Jr. features a 0.260”

plate height, are available in
either 0.990” or 1.240” plate
lengths, in standard 0.100” den-
sity or high 2mm density cen-
ters, and with up to 10 lines per
plate. The filter plates incorpo-
rate staggered, dimpled fingers
that deliver high contact force,
reducing RF impedance to
ground. The Easy Mate Jr. line
addresses varied filtering
requirements by allowing mixed
capacitance values and schemat-
ics within a single plate. Filter
elements can be specified for
straight-through connections,
right angle or double bend. They
are designed to snap into the
chassis of electronic systems for
installing feed-thru filters into
small hardware applications
such as PCS linear power ampli-
fiers and RF transmitters.
Spectrum Control
INFO/CARD #212

High Accuracy
VCXO

MF Electronics introduces
VCXOs guaranteed to have
less than 25 ppm deviation
from the specified mid-point
frequency. Models M2031,
M2032, and M2033 provide fre-
quency capture ranges of 75,
100, and 150 ppm, respective-
ly, provided by =2 V control
voltage variation around 2.5 V.
The oscillators are available
for center frequencies from 1 to
175 MHz and are manufac-
tured in dual inline packages.
They are available in ECL and
HCMOS logic families.

Designed for 4.5-5.5 DC supply
voltage, they provide full scale
capture with 0.5-4.5 V control
voltage, and draw 30-60 mA
depending upon logic family
and operating frequency. Typi-
cal jitter is less than 40 ps

peak-to-peak, and control volt-
age bandwidth extends to 75
kHz. Oscillator startup time is
less than 5 ms. Priced at
$14.75 in quantities of 1000.
MF Electronics

INFO/CARD #213

Connectorized
GPS LNA Amps

Microwave Solutions’ wide
dynamic range, low noise ampli-
fiers (LNA’s) are unconditionally
stable and are designed for GPS
applications. Using a balanced

input utilizing quadrature cou-
plers to improve VSWR perfor-
mance, they maintain noise
match across the frequency band
and provide RF open/short protec-
tion. The LNA's feature a low
noise figure of 1.2 dB over the fre-
quency range of 1200 to 1600
MHz. Gain can be specified within
the range of 14 to 43 dB, gain
variation is +0.5 dB. Minimum
VSWR is 1.8:1. Minimum output
power is 7 to 15 dBm min, IP3 is
guaranteed 10 dB higher of the 1
dB compression point, typical cur-
rent is 60 to 180 mA dependent on
the gain and output power specifi-
cation. All units include an inter-
nal voltage regulator and can be
specified to operate with a single
input voltage of 8 to 28 V DC
while providing over-voltage and
reverse-polarity protection.
Microwave Solutions
INFO/CARD #214
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UNPRECEDENTED
IN VALUE.

l All Ceramic 2to1900MHz o (qty. 10-49)

JMS mixers mean unparalleled performance and reliability. Solder plated
J leads provide improved reliability of the solder connection while
significantly reducing thermal stress and leaching. All-welded

. internal construction withstands reflow temperatures up
v to 240°C for 5 minutes, and rugged construction enables
JMS mixers to pass tough MIL-M-28837 shock and

vibration tests. Additionally, the all-ceramic surface mount
package has a cover pull strength of 20 pounds! Other quality
features include 4.5 sigma repeatability unit-to unit,

automated assembly for low-cost and fast, guaranteed 1 week
shipment, tape and reel availability plus a 5 year Ultra-Rel™
guarantee. If value is a must...specify JMS mixers from Mini-Circuits.

Mini-Circuits...we’re redefining what VALUE is all about!

SPECIFICATIONS MIDBAND (dB, typ.)
Lo FREQUENCY (MHz) Conv. Isolation Sea

MODEL (dBm) LO/RF IF Loss L-R L1 (gty. 1-9)
JMS-1 +7 2-500 DC-500 SVS) 45 45 4.95
JMS-1LH +10 2 DC-500 5.75 55 45 8.45
JMS-1MH +13 2-500 DC-500 5.75 60 45 9.45
JMS-1H +17 2-500 DC-500 5.90 50 50 11.45
JMS-2L +3 800-1000 DC-200 74i0) 24 20 7.45
JMS-2 +7 20-1 DC-1000 7.0 50 47 7.45
JMS-2LH +10 201 DC-1000 6.5 48 35 9.45
JMS-2MH +13 20-1 DC-1000 7.0 50 47 10.45
JMS-2H +17 20-1000 DC-1000 7.0 50 47 12.45
JMS-2w +7 5-1200 DC-500 6.8 60 48 7.95
JMS-11X +7 5-1900 5-1000 6.7 35 37 425"

Note: *10-49 qty

L_JMini-Circuits’ ® .8

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com ROLE READER SERCE CARD
For detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK « INTERNET » THOMAS REGISTER » MICROWAVE PRODUCT DATA DIRECTORY + EEM

CUSTOM PRODUCT NEEDS.. Let Our Experience Work For You. F 205 Rev Orig



M prO d U CtS continued

SIGNAL PROCESSING
COMPONENTS

GPS Notch Filter

K&L Microwave Inc. has introduced model
number 4DRN10-1575/U100-N/N, a ceramic

GPS notch filter at 1575 MHz with four sec-
tion response. The 1 dB bandwidth is less
than 100 MHz and the 40 dB bandwidth is
greater than 20 MHz. The package includes
N-connectors.

K&L Microwave

INFO/CARD #219

Variable Attenuators

Piher International Corporation has
announced a line of variable attenuators.
The AA type, 3 turn variable attenuator is
particularly suited to applications where
variable attenuation at constant impedance
is needed. The attenuators are offered with
attenuations of 10 dB and 20 dB and impe-
dences of 50, 75, and 150Q. The attenuators
are provided in dust-proof enclosures.
Piher International
INFO/CARD #220

Dual Directional Coupler
Merrimac Industries Inc. has introduced
model CGN-30-1.8G, a 500W dual direction-
al coupler designed to monitor both forward
and reflected power on a PCS radio base
station antenna feed. Specifically developed
for placement between final transmitting
amplifier and the antenna, it comprises two
opposed 30 dB directional couplers on each
side of the main line. Insertion loss is 0.05
dB with VSWR better than 1.02:1 on either
main line port.
Merrimac Industries
INFO/CARD #221

Surface Mount Filter

Lark Engineering Company has intro-
duced model MS1333-106-3CC, a 3 pole
lumped element filter measuring
0.5x0.5x0.3 inches. This filter has a center
frequency of 1333 MHz with a minimum 3
dB bandwidth of 106 MHz. Minimum
rejection is 26 dB at 1093 and 1573 MHz,
and VSWR is 1.5:1 over the center 50 MHz
of the passband. Center frequency inser-
tion loss is less than 1.8 dB. Other designs
are available with center frequencies rang-

88

ing form 1 to 2000 MHz and bandwidths
from 3 to 100%.

Lark Engineering

INFO/CARD #222

Harmonic Generator
Switchable Filters

KW Microwave introduces a new series
of integrated harmonic generator switch-
able filters covering a frequency range
from 160 to 1600 MHz. They consist of a
160 MHz harmonic generator and a four-
channel switch filter selecting frequencies
in the range of 320 to 800 MHz with 160
MHz frequency step and two outputs at
800 and 1600 MHz. It utilizes GaAs FET
switches and a SRD harmonic generator.
The maximum switching speed is 200 ns,
an ultimate rejection of 70 dBc up to 2.0
GHz and 40 dBc up to 3.0 GHz, and a typi-
cal size of 3.25"x2.25”x0.60”. The filter is
designed to meet or exceed the require-
ments of MIL-STD-202F.

KW Microwave Corp.
INFO/CARD #223

AMPLIFIERS

100 Watt VHF Amplifier

LCF Enterprises model number 100-30-
100-35-A3 has an output power level of 100
watts CW from 30-100 MHz. The power
amplifier measures 6.0"x2.0"x1.0” (for 35 dB
gain) and achieves 50% to 70% efficiency
depending on power. The amplifier is also
available as a full rack-mount system with
power supply, meters, cooling, and additional
gain.
LCF Enterprises
INFO/CARD #224

GaAs Power Amplifier

Motorola has announced the addition of
the MHW9014, a GaAs FET power amplifier,
to its RF device portfolio. The MHW9014
power amplifier offers new biasing and con-
trol techniques that provide dynamic range
and control circuit bandwidth ideal for PCN
applications. The device operates from a 6
volt supply in the 1710-1785 MHz frequency
range and requires only 1.0 mW of RF input
power. It is priced at $64.35.
Motorola Semiconductor
INFO/CARD #225

TEST EQUIPMENT

Spectrum Analyzers

B+K Precision introduces four new spec-
trum analyzer models. Models 2615 and
2620 are ideal for applications up to 500
MHz. Both models include a scanwidth selec-
tor that can adjust the frequency display
width from 50 kHz to 50 MHz per division
and a four digit numeric LED readout that
can selectively display either the center or

marker frequency. Models 2625 and 26!
have AM and FM demodulation to allow t.
user to listen to and identify RF signal
These models enable frequency-domain me
surements from 100 kHz to 100 MHz p
division and include a 4-1/2 digit numex
LED readout. These models are guarante:
to drift less than 0.150 MHz per hour. T
family is priced at $1795 (2615), $21¢
(2620), $2595 (2625), and $3395 (2630).
B+K Precision

INFO/CARD #226

High Density
VXlbus Switch Card

Racal Instruments has introduced t}
1260-45 high density switch card. The 126
45 is configurable as eleven different mat
ces from four 4x16 two-wire to one 16x:
two-wire. It offers a high-density switchi
matrix in a single-slot C-size VXI module. |
3 dB bandwidth is 25 MHz, crosstalk
—50dB at 1 MHz and path resistance is le
than 0.5 ohms. The 1260-45 is part of tl
1260 series of switching systems, whic
offers modules in configurations from mat:
ces to multiplexers, and frequencies from L
to 26.5 GHz. It is priced at $4075.

Racal Instruments
INFO/CARD #227

mm-Wave Fixtures for
Dielectric Constant

Measurements

Damaskos, Inc. has introduced precisic
mm-wave fixtures for measurement of € of
and U materials from 26-110 GHz. The fi
tures feature clam shell holders for goc
sample contact and easy placement. Comp
nents include TRL/LRL standards and re
tangular cavities. They are available wit
software for instrument control and data pr
cessing for common vector and scalar ne
work analyzers. In addition to solids, pot
ders may be measured with the aid of a cor
pacting ram.
Damaskos
INFO/CARD #228

Real-Time, DSP-Based Data

Acquisition Boards

Analog Devices’ newest PC-based (IS
bus) data acquisition board family provides
complete, state-of-the-art integrated har
ware/software solution at an affordable pric
The RTI-2100 offers on-board simultaneot
sample and hold, along with programmab
gain amplifiers on each input channel. T}
RTI-2100 Series provides sampling range
from 500 kHz to 1 MHz at 12-bit resolutio
plus programmable gain amplification fc
accomodating full scale signal ranges fro
millivolts to +5 volts. Other features incluc
12- and 16-bit digital-to-analog (D/A) char
nels and 24-bit digital I/O lines. The board
priced from $1260.
Analog Devices
INFO/CARD #229
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SIGNAL SOURCES

Voltage Controlled
Oscillator

Mini-Circuits has introduced the new
JCOS-1100LN voltage controlled oscillator for
cellular base stations in the 1079 to 1114
MHz frequency range. This VCO provides lin-
ear tuning, -150 dBc¢/Hz phase noise at 1 MHz
offset, typical harmonics of -16 dBc and oper-
ates from a 5V supply. It is priced at $49.95.
Mini-Circuits
INFO/CARD #230

Programmable Master
Clock Oscillator

Microelectronics manufacturer Micro Net-
works has introduced the industry’s first
digitally parallel-programmed master clock
oscillator with a range of 40 MHz to 1 GHz.
In addition to programmability, the M115
series features less than 5 psec (rms) typical
output jitter, 35 ppm stability, and 0-70°C
operation, with extended temperature
ranges and even greater stability available
to customer specs. Standard M115 devices

are packaged in 24-pin, double-wide, ceram-
ic DIP packages. The different models fea-
ture progammable frequency ranges from 40
to 1000 MHz with resolutions ranging from
100 to 200 kHz. The clocks are designed for
high performance computer, telecommunica-
tions, ATE, and data communications sys-
tems. The M115 series is priced at $155 in
sample quantities and under $100 for OEM.
Micro Networks

INFO/CARD #231

Voltage Control Oscillators
Connor-Winfield announces the P8R and
PL14R families of voltage control oscilla-
tors covering a frequency range of 100 kHz
to 1.2 GHz. The product line is available
with either HTC, PECL, or sinewave out-
puts. The oscillators are designed for use in
phase loop applications such as telecommu-
nications, video imaging, and frequency
synthesis applications.
Connor-Winfield Corporation
INFO/CARD #232

Surface Mount Oscillator
Ecliptek Corporation announces its EC2500

and EC2600 sub-miniature ceramic oscilla-

tors. Available in 3.3 or 5.0 V, they measure

7.5x5x1.8mm. They have a frequency range of
1.5 to 66.667 MHz. Applications include PCM-
CIA cards, disc drives, PDAs, and laptops.
Ecliptek Corporation

INFO/CARD #233

Fast-Switching Synthesizer
to 15 GHz

MITEQ’s SLS series synthesizers utilize
a fast-tuning phase-locked loop architec-
ture to provide a balanced combination of
exceptionally low phase noise and tuning
speed. They are ideal for wireless and sat-
com applications over the frequency range
of 1-15 GHz, with tuning bandwidth of up

THE RIGHT DIPLEXER?
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See us at MTT-S, Booth 1411
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RF Design

PROTOTYPE CIRCUIT BOARDS

WITH THRU-HOLE PLATING....
FABRICATED AT YOUR BENCH

results for a full range of board materials.

» Windows software with programmable
insulation width, multiple tool rub out,
and full tool management.

» Solderable thru-hole plating with
conductive epoxy.

» Tool speed to 60,000 RPM on FR-4,
Duroid™, PTFE, G10 materials.

» Enviromentally safe - all mechanical,
no etching chemicals

Fast payback - typically 3 - 9 months.

The LPKF Protomat 93S System with optional
automated AutoContac thru-hole plating system
fabricates complete boards in less than four hours. ==
Fully programmable speed control provides superior &

» Input Gerber, Excellon or HPGL files and produce Analog,
Digital, RF and Microwave prototype circuit boards.

CALL TODAY 1-800-345-LPKF
6190 S.W. Arctic Drive Beaverton, Or. 37005

(1-800-345-5753) or FAX to: 1-503-643-3662

SYSTEMS INC.

INFO /CARD 85
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RF products e

to half octave and step sizes down to 200
kHz. These synthesizers have been ruggedi-
zed for guaranteed spurious performance
over shock and vibration.

MITEQ

INFO/CARD #234

Ultra Low Noise Synthesizer
RF Prototype Systems introduces an
ultra low noise synthesizer. This synthesiz-
er offers a frequency range of 825 to 1025
MHz:z. The phase noise is better than -102
dBc¢/Hz at 1 kHz offset and -110 dBc at 10
kHz offset. It has its own internal reference
oscillator and will accept an external refer-
ence as well.
RF Prototype Systems
INFO/CARD #235

DISCRETE
COMPONENTS

Air Core Inductors

The Develan Division of American Preci-
sion Industries has introduced a family of air
core inductors with values ranging from 2.5
to 43.0 nH and an average Q of 100+. The
inductors feature a small footprint to con-
serve board space, and a cap for automated
pick and place assembly. Custom configura-
tions are available upon request.
API'Develan
INFO/CARD #236

GPS Receiver Crystals

Bliley Electric Company has introduced

their BK3 series of quartz crystals for GPS
receivers and navigational guidance sys-
tems. Available in both standard and spe-
cially designed versions, the standard series
specifications include a frequency of
16.368327 MHz and an initial accuracy of
+5/-10 ppm at 25°C.

Bliley Electric Company

INFO/CARD #237

SEMICONDUCTORS

Integrated
Digital Video Encoders

Analog Devices has introduced models
ADV7175 and ADV7176, integrated digital
video encoders which include four 10-bit
video DACs and convert digital YUV compo-
nent video data into standard analog NTSC
and PAL signals. Housed in 44-pin packages,
the models provide 10-bit resolution for
encoded video channels, programmable
NTSC/PAL digital filters with low-pass/notch
characteristics, and complete on-chip timing
generation. The encoders can also drive RGB,
S-video (Y/C), and YUV analog video signals.
It is priced at $9.92 in quantities of 1,000.
Analog Devices Incorporated
INFO/CARD #238

10-Bit Triple Video Digital-To-
Analog Converter

Signal Processing Technologies introduces
SPT5230, a 10-bit video DAC which supports
conversion rates of 50 million words per sec-
ond (MWPS) with power dissipation of 280

mW. The DAC also features -49 dB chann
to-channel crosstalk isolation and =1 Lf
differential linearity in a package measuri
10x10 mm. The SPT5230 is designed f
high-speed DAC, high-resolution color grag
ics monitors, high-performance desktop vid
processing and digital TV applications and
priced at $23.80 in quantities of 1000.
Signal Processing Technologies Inc.
INFO/CARD #239

Monolithic
Bias-Generating System

Linear Technology Corporation has dev
oped model LT1166, a monolithic bias-gener:
ing system used for controlling the bias
Class AB high-power amplifiers. The LT1166
a unique product with no equivalent functi
available on the market today and is suited 1
driving power devices because it eliminat
quiescent current adjustments and the need
match FETs in the output stage. The LT11
corrects for device mismatches automatically
no adjustments to the amplifier bias netwo
are required. In addition, the LT1166 delive
the benefits of reduced component count, su
plified layout, and short-circuit protectic
Priced at $2.35 in quantities of 1000.

Linear Technology Corporation
INFO/CARD #240

One-Chip Digital Satellite

Receiver Front End
SGS-THOMSON Microelectroni
announced its STV0196 digital satelli
receiver front end. The chip integrates all t
functions needed to demodulate incomi
digital satellite TV signals from the tune
including Nyquist filters, a QPSK demodul

Wide Band
3.7 to 10 GHz Mixer

Mini-Circuits introduces the new ZMX-
10G, a wide band 3.7 to 10 GH:z
microwave mixer with 5 dB conversion
loss. The mixer features a LO-RF and LO-
IF isolation of 37 dB and 17 dB, respec-
tively and an IP3 of 11 dBm. Equipped
with SMA connectors, it measures

Product Focus - Mixers

1.0"x0.75”x0.58” and uses a shielded
metal case. Ideal for use in satellite
up/down converters, line-of-sight links,
and radar. Priced at $81.95.
Mini-Circuits

INFO/CARD #215

Double Balanced Mixer
Merrimac Industries, Inc. introduces a
double balanced mixer to minimize inter-
modulation products falling in adjacent
channels, as required in cellular radio sys-
tems. The DMH-4R-1000 Double Balanced
Mixer operates at drive levels from 7 to 17
dBm. The half relay package used may be
mounted directly to the PCB or the leads
may be conformably formed to be in the
same plane as the header.
Merrimac Industries, Inc.
INFO/CARD #216

Mixers from 2 to 18 GHz

Device Technology has developed a mixer

product line featuring double balanced mix-
ers, triple balanced mixers, and frequency
doublers available in the 2 to 18 GHz range.
These mixers operate at drive levels from 7
to 20 dBm and are available in multiple
package styles.

Device Technology

INFO/CARD #217

GaAs Double Balanced
Mixer-Oscillator

Richardson Electronics, has announced
the availability of a new 0.5 to 3.0 GHz
GaAs double balanced mixer-oscillator
manufactured by Philips Microwave
Limeil. The MX0-052A is a mixer-oscillator
IC comprising a RF splitter amplifier, dou-
ble balanced mixer, dual phase oscillator
and an IF combiner. The IC operates with
single-ended RF inputs and IF outputs and
requires only a single, positive supply volt-
age. It is designed for use in satellite TV
tuners and 2.4 GHz wireless LANs. The
MXO0-052A is priced at $4.80 in 10,000
piece quantities.

Richardson Electronics, Ltd.
INFO/CARD #218
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tor, a signal power estimator, automatic
gain control, a Viterbi detector, a de-inter-
leaver, and a Reed-Solomon decoder and
energy dispersal descrambler. Designed for
the DBS digital TV receiver market, it is
packaged in a standard PQFP 64 package.
SGS-THOMSON Microelectronics
INFO/CARD #241

Complete Chip Set for
Analog Cellular Telephones

GEC Plessey Semiconductors introduces
the ACE chip set which integrates the func-
tions of up to 10 integrated circuit devices
required for designing an analog cellular tele-
phone. Components in the ACE chip set
include an RF front end with VCO, receiver
and transmitter interface, radio interface and
twin synthesizer, audio processor, and com-
bined system controller with data modem.
The only additional ICs needed with the ACE
are external memory, an IF amplifier, and a
power amplifier. The chip set is priced at
$28.00 in quantities of 100,000.

GEC Plessey Semiconductors
INFO/CARD #242

SUBSYSTEMS

Remote Data Control

The Skyline-RTU from RF Neulink is a
Supervisory Control and Data Acquisition
device comprising a UHF radio transceiver,
RS-232 modem interface, and a digital/ana-
log /O board, all in a 3"x3"x2.5” stainless
steel enclosure. The standard device allows
for eight opto-isolated digital inputs/outputs,
and two analog to digital converter termi-
nals. The I/O modules are stackable up to 8
units, providing the capabilities of up to 64
digital /O and 16 A/D terminals. The radio
modem platform is the Neulink 9600, a 9.6
kbps transceiver modem that allows up to 64
RF channels to be programmed into internal
memory and can be configured for point to
point and point to multi-point networks.
RF Neulink
INFO/CARD #243

Digital Video Compression
Command Center

The PowerVu command center, offered by
Scientific-Atlanta, provides network manage-
ment, security, and subscriber management
for digital video compression systems. The
PowerVu command center allows the user to
set up or change parameter values such as
video, audio, and utility data rates as well as
sampling rates with the click of a mouse. The
network monitoring feature provides for auto-
matic redundancy switching in the event of
component failure. Security is controlled with
B-MAC encryption systems which allows
scrambling to be controlled globally or on a
per service basis. Subscriber management
capabilities include the ability to authorize
subscribers on a individual, group, or global
basis. The PowerVu command center is avail-

RF Design

able in different models depending on num-
ber of subscribers.

Scientific-Atlanta

INFO/CARD #244

Hybrid PWM Amplifier

Apex Microtechnology has developed the
industry’s first product line of hybrid PWM
amplifiers ~ the SA01, SA50, and SA51. All
three amplifiers require two square-inches of
board space and are 97% efficient. The SA01
is capable of 20A of continuous output on a

16-100 V single supply, switches at 42 kHz,
and has a maximum power dissipation of 200
W. The SA50 and SA51 are both capable of 5
A of continuous output on a 16-80 V single
supply and maximum power dissipation of
120 W. The SA50’s switching frequency is at
45 kHz. The SA51 requires an external sig-
nal be provided but can produce a maximum
switching frequency of 500 kHz. The PWM
amplifiers are priced at $85 for the SA51,
$95 for SA50, and $250 for the SA01 in 100s.

Apex Microtechnology

INFO/CARD #245

FREQUENCY PRODUCTS

ELECTRO DYNAMICS CRYSTAL CORP.

Crystals Oscillators

» Microprocessor » Hybrid Clock
+ Military Spec/QPL * TCXO

« Communication e VCXO

 Custom Crystals + Custom Oscillators

9075 Cody Overland Park KS 66214
Phone (800) EDC-XTAL  Fax (913) 888-1260

INFO/CARD 86

Cut Your RF “Losses” with
Hitachi Metals’ Components

Hitachi Metals’ RF and microwave components
can increase your product performance and com-
petitiveness in this tough international market.

Want better impedance matching perfor-
mance? Hitachi components are optimized to
provide better matching. Specify Hitachi.

Want to save circuit board area and package
volume? Designed with our superior
“Multi-Layered” technology, Hitachi
components require minimal volume and
circuit board area. Specify Hitachi.

Specify Hitachi, a major international
supplier of electronic components.
Hitachi, setting the highest quality J
and reliability standards in the world. 4

RF TRANSFORMERS
CIRCULATORS, ISOLATORS
COMBINERS AND SPLITTERS
COUPLERS

DOUBLE AND SINGLE
BALANCED MIXERS

LOW PASS FILTERS
ANTENNA SWITCHES

Hitachi Metals America, Ltd.
2101 $. Arlington Hts. Rd., Suite 116
Arlington Heights, IL 60005
Tel: (847) 364-7200 Fax: (847) 364-7279
INFO/CARD 87
See us at MTT-S Booth Number 302,
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RF letters

Letters should be addressed to Edi-
tor, RF Design, 5660 Greenwood Plaza
Blvd., Suite 350, Englewood, CO
80111. Letters published may be edited
for length or clarity.

2.3 GHz CRO
Editor

A note to the article of Mr. Polidi
(page 66 of RFD-Oct. 95). He claims

for a 2.3 GHZ CRO with a bandwidth
of 1.5% and a phase noise of -86 dBc @
10 KHz.

The author seems very satisfied; but
really these are poor results if one con-
siders that Mizar Microwaves has
produced in the last 3 years over
60,000 2.5 GHs CRO with 5% BW, -95
dBc @ 10Khz, second harmonic @ -35
dBc, the same power output and the

a company built on proven reliability

MICROWAVE Chip Capacitors
» Bond Strength — exceeds Mil Std-883, Method 2011
» Sheer Strength — exceeds Mil Std-883, Method 2019
* Metalization — Gold, Mil-G-45204 Type lll Grade A
» Quality Control System approved to Mil-1-45208
* Established Reliability Testing available to Mil-C-49464 as
well as testing and screening to customer specification.
* Meet or exceed Mil-Std-883, Method 5008, Element Evaluation

Custom Designs
* Dielectrics
* Electrodes Configurations
* Metalization

@%

Two electrode — CSA

~ e

Multiple Values, Custom — CAX

Row Caps — CRO

XA -
AL S

Split electrode — CSB

Step Adjustable Array — CAD

Margin Caps — CSM

“We offer the broadest variety of chip types,
sizes, values, and tolerances available. This
along with individualized attention, quality

and on time delivery has helped create a

wonderful bond of loyalty between COMPEX

and our many customers.”
Gerald C. Gordon, President

comeex CORP

clectronic components
Taunton Professional Parke, 238 Taunton Blvd.
Medford, New Jersey 08055
(609) 596-9388 @ FAX (609) 596-3482

INFO/CARD 88
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same substrate size.

Our solution is cheaper because it
utilizes less and less expensive parts
(1. E. the transistors are SOT-23), uses
a PCB substrate rather than an alumi-
na substrate and does not require
adjustments on the assembly line.

Roberto Tosini, Sr. Eng.
Italy

High-Frequency Active Auroral
Research Program (HAARP)
Editor:

The HAARP’s “Ionospheric Research
Instrument (RI) ... will include 360
antennas (and) is designed to tem-
porarily modify a 830 mile diameter
patches of the upper atmosphere by
exciting or heating their...electrons
and ions.” “The local heating effect of
the HAARP transmitter is expected to
raise the electron temperature by 40
(degrees) F, according to the Air Force,
and to endure as long as three
months.” A “bank of six 2.5-megawatt
...generators” operate the full scale
IRI, with a 2.8-10 MHz radio band.
The IRI will beam 1.7 billion watts,
gigawatts effective radiated power
3000 times more powerful than the
biggest commercial AM broadcast
radio transmitters.”

The information was extracted from
“MYSTERY IN ALASKA,” Popular
Science (PS) magazine, Sept. 1995, p.
20. It is reported the research program
started in 1990, spending about $58
million to FY-95’s end. The spending
is projected to reach about “$200 mil-
lion by FY-1999’s end. The spending
rate was $9.7 M/yr., for six years, and
will jump to about $36 M/yr. in the
next four years.

The program management office
(PMO) for the research, is the USAF’s
Phillips Lab., Hanscom AFB, MA. The
USAF has been in the forefront, the
crusade to develop practical electro-
magnetic (EM) beam weapons. The
program lead of the Strategic Defense
Initiative (SDI), the Star Wars
knights, and the present Ballistic Mis-
sile Defense Organization, the
renamed SDI, is the USAF. It sounds
like beautiful scenario of the beam
weapon knights.

The power generators of the IRI, can
supply 15 megawatts (MW) of AC-
power powers. With 15 million watts
AC input, it is impossible to output 1.7
billion watts of EM power. Assuming
excellent AC-to-DC and DC-to-EM
conversion efficiency, low losses to the
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RF/MICROWAVE CONNE
CABLE ASSEMBLIES
ACCESSORIES

SMA SMB SMC MCX BNC TNC N MHV UHF MINI-UHF FME(SAP) TWINAX CELLULAR ADAPTORS

NEARSON INC.

7806 Preakness Lane, Fairfax Station, VA 22039
Tel: (703 ) 690-7850 Fax: (703 ) 690-8308
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antenna, very good antenna efficiency;
the IRI could output 4 MW of average
EM power. The IRI’s “power P.R.,” 1.7
gigawatts (GW), is virtual power.
Assume each of the IRI's 360 phased
array antenna elements, after all loss-
es, have gain of 1.2 (relative to an
isotropic radiator). When well done,
360 elements have a net gain of 1.2 x
360 = 432. When supplied 4 MW aver-
age power, the array’s effective radiat-
ed power is (432 x 4 MW) = 1,720 MW,
or 1.7 GW. The P.R. power is refer-
enced to a virtual antenna, its the
power which is virtual. In commercial
AM-radio station transmitters the key
power specification is its average
power; the 3000:1 [3000 or 8000 please
look in story] IRI comparison is spurious.
The target of the HARRP is the F2-
layer of the ionosphere. It has a virtu-
al altitude of 200 mi, day and night.
With a 30 mi patch diameter, a circu-
lar IRI beam spot must be about 200
mi overhead; the beam’s angle width
is about 8.5(degrees), indicating the
IRI’s gain slightly less than 432. The
area of the beam spot is about

2x10(9th) square-meters (m2). Spread-
ing the 1.7 GW effective power across
that area; the HAARP could attack
with only 0.85 watt/m2 (85 uW/cm2)
power density.

The upper atmosphere has been
holed by man’s stupidity, and the
power P.R. of the IRI has set off the
alarms of environmentalist. They are
fearful a 1.7 GW beam will violate
Mother Nature’s delicate skin. But,
the Sun rains down many kilowatt per
square-meter, and the IRI’s radiation
is not worth consideration. The con-
cern should be, that US taxpayers are
paying for overstated, big science
research project.

The Sun makes ions, and the excited
ions migrate to higher altitude, form-
ing 10 miles or more thick layers (D,
E, F1 and F2) in the ionosphere. The
D-layer contains many ions, and very
little of the IRI's radiation goes beyond
55 mi altitude during the day. The
surviving radiation is absorbed by the
E-layer (65-75 mi). About three hours
after the Sun passes overhead, ion
production fall at a high rate, and the

D through F1 layers start to vanish.
About eight hours after local midday,
the F2-layer approach minimum ion-
ization, the D through F1 layers disap-
peared hours before. In a few more
hours, the Sun comes around again,
and starts another heating cycle.

The IRI is “expected to raise electron
temperatures by 40(degrees)F (22
degrees C), according to the Air Force,
(for) as long as three months.” That is
a beautiful science beautiful scenario
(BS2). The Sun’s multi-thousand times
stronger radiation, makes and redis-
tributes ions about 12/24th of every
day. How do the HAARP players
expect to isolate their warm electrons
from the rest, and track their sur-
vivors for up to three months? If they
did, does this knowledge have $200-
million payback?

The U.S. military’s beam weapon
quest cost exceeds $40-billion, and for
over a quarter century a practical
beam weapon has not been developed.
Why go on? The typical, high power or
high energy EM big science quest is
for paychecks.

94

such features as:

Valpey-Fisher
75 South Street

Perfect Timing.

VCXOs from Valpey-Fisher are the most advanced oscillator solution
for demanding telecommunications and computer applications. Whatever
your product design, our VCXOs can meet your exacting standards with

¢ Virtually no phase jitter
* Wide pullability (up to + 1000ppm)
* Tight stability to (+ 20ppm)

* Industrial temperature range
(-40°C to +85°C)

For custom requirements, our application engineers are

available to help you design specialized VCXOs tailored to

your exact needs. If you need rapid turn-around on tight
schedules, Valpey-Fisher can also provide quick delivery

of oscillators in a choice of packages, including full-size

DIP and miniature ]-lead ceramic surface mount.

Valpey-Fisher. When nothing less than perfect
timing will do. For more information, contact

Hopkinton, MA 01748.
Voice: (800) 982-5737 ext. 285.
Fax: (508) 497-6377.

A SUBSIDIARY OF

VALPEY-FISHER %}

e since 1931

Technology and servi

INFO/CARD 90
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RFsoftware

High-Frequency Design
Software

High-frequency circuit designers now can
:reate simple, efficient designs on personal
zomputers (PCs) with the full circuit-simu-
lation power of HP Series IV/PC electronic
design automation (EDA) software. The
software provides a fully integrated
schematic editor, multiple circuit simula-
tor, component libraries, analysis presenta-
tions and physical design tools for RF- and
microwave-circuit designers who do high-
frequency circuit design for commercial
wireless and defense applications on a per-
sonal computer. HP Series IV/PC is sup-
ported on the new 32-bit multitasking
Microsoft® Windows 95 and Windows NT
Version 3.51 operating systems.
Hewlett-Packard Company
INFO/CARD #246

Electromagnetic Analysis
Software

Version 4.0 of their industry standard
electromagnetic analysis software is avail-
able from Sonnet. New features include
automated optimizations, embedded netlist
analysis (using a familiar netlist format),
dielectric brick analysis and completely de-
embedded internal ports. The automatic
optimizer takes a given circuit geometry
and automatically tunes dimensions to
yield a design which meets the user’s
requirements. The netlist capability allows
the user to include lumped element net-
works and measured data within an elec-
tromagnetic analysis. Automatic intercon-
nection of the results of separate electro-
magnetic analysis is also provided. With
dielectric bricks the user can specify
regions of different dielectric constant with-
in a given layer.

Sonnet Software, Inc.
INFO/CARD #247

Testing Software

New from Amplifier Research, SW1000
testing software permits computer-control
of AR power amplifiers, signal generators
and other equipment for a broad range of
immunity testing requirements, including
IEC-1000-4-3. The software utilizes an
1IEEE-488 communications link with a
power meter or field monitoring system to
level by power or field strength. The soft-
ware also permits extensive monitoring of
the EUT and testing to IEC-1000-4-3
requirements, in the method called for lev-
eling by output power from the amplifier.
The software permits an AR-powered sys-
tem to automatically perform the 16-point
field calibration, immunity test sequencing,
data collection, and report preparation for
IEC-1000-4-3 testing, and for a variety
ofuser-specified procedures. The SW1000
software package is available as a stand-
alone program under Windows 3.1 and 95.
Amplifier Research
INFO/CARD #248

RF Design

RF literature

Updated Products Selector

Guide

The RF Selector Guide has been updated
to reflect new and current products of
Motorola, Phoenix, Toulouse (France) and
Hong Kong. It is separated into major cate-
gories such as power Fetes, power bipolar,
small signal, monolithic integrated circuits,
and low and high power amplifiers. Also
provided are a listing of application litera-
ture and case dimension information. The
new RF Device Data book is contained in
one volume. All data sheets for low and
high power discrete transistors, hybrid cir-
cuits for power amplifiers, linear amplifiers
and monolithic integrated circuits have
been combined into one section and are in
alphanumeric order. Revision 7 features
changes including the addition of new prod-
ucts introduced since the last printing.
Case dimensions and a cross-reference are
also provided in the data book.
Motorola, Inc.
INFO/CARD #249

ClockChip®
Oscillator-Building ASIC

A new four page brochure describes MF
Electronics’ 0.046” x 0.035” x 0.02”
ClockChip® ASIC for building time/fre-
quency reference sources. Used with cus-
tomer’s own crystal, ClockChips® create
precision 1.5 MHz - 66.6 MHz surface
mount clock oscillators. Features include
two built-in frequency dividers (/2 and f/4),
plus tri-state logic for ATE bed-of-nails
testing. ClockChip® ASICs operate from
2.8V to 5.5V DC, provide 48/52 waveform
symmetry and are compatible with TTL
and CMOS logic families. The ASICs are
available in MSOP, SOIC, and Waffle pack-
ages, as well as 4-inch wafers. Prices range
from $ 0.29 to $ 0.69. Built-in frequency
divider enables the user to select one of
three (f, f/2, f/4) output frequencies for a
given crystal. This freedom lets users stock
fewer crystals for a given frequency range.
The divider also gives users and alternative
to hard-to-get crystals. Substitute a 20
MHz crystal, if 10 MHz or 5 MHz crystals
are costly or unavailable. Another divider
benefit: its output waveform has 50/50
symmetry.

MF Electronics Corp.
INFO/CARD #250

Wireless Communications

Products Brochure

Look Who’s Big in Wireless is the first
brochure to integrate Philips Semiconduc-
tors’ entire wireless product portfolio into a
single document and showcase Their core
competency in wireless communications.
The brochure begins with a four-page prod-
uct design tree which displays our broad
product offering, from discrete transistors
to integrated circuits and hybrid power
amplifier modules. The design tree also ref-
erences our integrated chip sets for major

cellular, cordless and paging standards.
The brochure includes key feature and ben-
efit summaries for Philips RF front ends,
IF receivers, frequency synthesizers, power
amplifiers, compandors, baseband proces-
sors and cellular/cordless/paging chip sets.
Philips Semiconductors

INFO/CARD #251

New Edition of EMC Guide
EMC for Product Designers, Second Edi-
tion is the new EMC (Electro Magnetic
Compatibility) reference guide from Butter-
worth-Heinemann. The second edition,
authored by Tim Williams provides all the
information necessary to meet the require-
ments of the EMC Directive. Most impor-
tantly, it shows how to incorporate EMC
design principles into products, avoid cost
and performance penalties, and meet the
needs of specific standards; resulting in a
better overall product. This new edition
includes the latest developments which are
essential for anyone complying to the regu-
lation. In particular new basic, generic and
product-specific test standards, new stan-
dards on measurement methods and revi-
sions to existing standards, and changes to
the standards generating process are cov-
ered. New measurement techniques are
also described.
Butterworth-Heinemann
INFO/CARD #252

Matched-impedance Coaxial

Connectors Brochure

Applied Engineering Products has devel-
oped a number of innovative subminiature
coaxial connectors which not only match
the 75-ohm impedance requirement, but fit
in confined spaces as well. A four-page
brochure has been released which features
new products in this category, including: A
series of SMB connectors and adapters
which use an air-dielectric interface to pro-
duce a 75-ohm characteristic impedance
while retaining the SMB series’ small and
convenient snap-on mating. A companion
series of 75-ohm SMB connectors for use in
applications which require a more robust
interface, such as repeated mating and
unmating of connector pairs. This series
features telescoping insulators to support
the inner contacts and guide them together
during the mating process. The red Teflon
insulators of these connectors allow easy
identification after installation. Precision
type F plugs for systems which require this
interface, but need better electrical and
mechanical performance than commodity-
grade type F connectors, as well as
adapters from type F to standard 75-ohm
snap-on connectors. Complete cable assem-
blies to customer specifications using these
connectors and matching coaxial cables.
Applied Engineering Products is ISO-9001
verified as well as qualified to MIL-C-
39012.
Applied Engineering Products
INFO/CARD #253
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B RF LITERATURE/PRODUCT SHOWCASE "l

RF POWER AMPLIFIERS

200 W e 150-200 Mliz 55
| Miiz 2GH
 Small Size ¢ High Efficiency * Durable

I fliciency ¢ 35dB Gain

¢ Module and Rack Mount Systems

e Customization Available

LCr':i -~

“AMPLIRIERS

651 Via Alondra, #712
W)\ Camarillo, CA 90312 USA
TEL: (805) 388-8454
FAX: (805) 389-5393

RF  POWER

SysCalc 3.1 for Windows

+ Organize system block
diagrams into subsys-
tems using unique
NoteBook metaphor.

+ Drag and drop block
icons from the ToolBar

« View Noise figure and

l [;'I | intermodulation “bottle-

- g necks" displayed on a
|
|
1

! block-by-block basis.
+ Specify BER require-
ments for various mod-
| ulation schemes (BPSK,
I\ QPSK, Pl/4 DQPSK,
DPSK, FSK, OOK, MSK).

+ Do "what if* scenarios
instantly J
—

hitp://www.inmind.com/ati
for a fully functional demo

only $249%

{rden Technologies, Inc.
PO Box 286 + Forest, VA 24551
Voice 804-525-6837 Fax 804-525-5376

e-mail: arden@inmind.com

Vacuum Capacitors

COMET is a worldwide recognized supplier
of high voltage/high vacuum capacitors for
the broadcast, semiconductor, RF
heating/drying, medical (MRI), scientific, and
military marketplaces. Our rugged ceramic
envelope capacitors are available in capaci-
tance ranges from 3 pF to 6600 pF, current
ratings to 1000 amperes, and peak test volt-
ages to 100 kV. Most are interchangeable
with competitive types, and we provide
design proposals for custom requests within
a matter of days.

INFO/CARD 100

LOW COST
HIGH PERFORMANCE
FREQUENCY SOURCES

CRYSTAL OSCILLATOR-MULTIPLIER

v MODEL VSA - $195.00 .016H:70 1.0 GHz

v MODEL USA - $245.00 1.0 61z 70 1.5 GHz

v MODEL SSA — $295.00 1.6 6z 70 4.2 GHz

RF OUTPUT: +8dBm min., at any spot frequency
in above ranges

FREQ. STABILITY: £30ppm, -20°c to +60°c

B+: +12 to +16 VDC

5350 Kazuko Court, Moorpark, CA 93021
(805) 523-2390 FAX (805) 523-0065

INFO/CARD 103

Wilmanco

‘ i

INFO/CARD 101

v ¥

— ldeal for Wireless Products

L 1008 & 0805 Models \
- High Q & Self Resonant Frequency
M S-Parameters data on disk

N

USA « Tel: 619 674 8100 « FAX: 619 674 8262
Europe * Tel: 353 93 24107 « FAX: 353 93 24459
Asla * Tel: 65 741 5277 « FAX: 65 741 3013
World Wide Web * hitp://www.pulseeng.com
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Congratulations Jake!
You found the perfect Signal Generator!

$795

Quantity 1
MadeinUSA

Features:
¢ DC-20 MHz. .tHz steps
* Fully synthesized

* 10 Setup save/recall

* DC offset
¢ RS§232 remote ctrl
* Field upgradable

Modes:

* Sinewave * Linear/Log Sweep
¢ InvExt AM ¢ Int/Ext FSK

¢ Int/Ext FM ¢ Burst

* [nt/Ext PM ¢ DTMF Generation
¢ Int/Ext SSB ¢ DTMF Detection
* Int/Ext B * Power Level Meas

Telulex Inc 2455 Old Middlefield Way S
Mountain View, Ca. 94043

Tel: (415) 938-0240 Fox: (415) 938-0241
\DHtp://www.telulex.com

) Eclipse 4.0

J

Windo vs

Comprehensive
Element Library

User-defined
Equations

|

Flexible Sweep
- Capability

Muitiple Graph
Sheets

|
' * Manual Element/
|
i

Variable Tuning

-

Tt

{' Jt { | *+ Optimization
=\ " | |+ Customizable
5 iyl ! Graphs
R Gl ~ |<vvork Analyzer

e style Markers

An Unparalleled RF Microwave Linear Simulator

: only $795%

&

http://www.inmind.com/ati |
for a fully functional demo

trden Technologies, Inc.

PO Box 286 - Forest, VA 24551
Voice 804-525-6837 Fax 804-525-5376
e -mail: arden@inmind. com
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Programmable Switching Systems

* Matrix or Multiplexer Configurations using Cytec
Switch Modules for applications from DC 10 1.3 GHz.

* Microwave and RF relay systems available for
applications up to 24 GHz.

* Microwave and RF relay systems available for
applications up to 24 GHz

* BNC, SMA, or other connector options

* GPIB, RS232, PC, TTL or Manual Control.

* LED Display of laiched switch points.

* Full Status Feedback through Control.

* Software support for many popular platforms

¢ Full Five year warranty

For a full product catalog or application
assistance call 1-800-346-3117.

l i I EE CORP.

A $.
TARGET YOUR MARKETING!

\PRODUCT SHOWCASE INFO.)

INFO/CARD 105

CALL TODAY
1-800-848-4237
FOR RF LITERATURE/
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RF marketplace

>lassified display ads are available at $125 per column inch. Frequency rates available for multiple
nsertions. Please call for further information, 1-800-848-4237 or 303-793-0448. Or fax your ad copy
or a rate quote to (303) 793-0454.

MICROWAVE ENGINEER

Daico, a leading designer and manufacturer
of MIL-SPEC RF hybrid components, has an
immediate opening for a Design Engineer.

RF EXPLOSION

RF state of the Art Developer seeks degreed engineers to join R EC R U I TM E N T

expanding staff Positions available for the following: Fiber Optics, E F FO RT

CATV. Cellular, Wireless, Analog/Digital, Test, MMIC, Mgmt
Additional oppts. availablg for Packaging, Mechanical Design, S H O U L D ST A RT
Power Supply, Acoustic, HW/SW, Systems Integration. H E R E The ri ght candidate will have 5 years of
design experience in MIC hybrids and the
ability to use Touchstone, Libra, Super-
Compact CAD software.

For consideration send your resume to:
Louis Schwartz, Technical Employment Consultants
52 E. Street Road * Suite C1 « Feasterville, PA 19053

Go with one of the nation's most
established search firms, the leader in the
Wireless Industry. We have earned the
respect of America's Wireless

This full-time design position will develop
organizations through a reputation built on new amplifiers, switches, attenuators and

Ph: 2I5-396-1840 * Fax: 2I5-396-I150I
experience, integrity and results. byte detectors. Reports to Director of

MIDWEST ( &/ OPENINGS
o Let F-O-R-T-U-N-E work for you. Eng. & Mkt.
RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS 800.875.2230 "
BS/MSA2-8+yrs.expe‘?ence‘ base-b:;ndto&OGhz,unanyonhe Please send resume along with salary
following: Receivers, Transmitters, Power Amplifiers, Synthe- 3 4
sizers, Spread Spectrum, RF ASIC/MMIC Design, Modems ﬂ;ﬁ;ﬁ:ﬁ;%’(g - history to:
& I

ations DSP. Requires strong analyticat skilis and .
experience in RF circuit simulation using RF CAE tools. Reply Div. of Fortune Personnel Consultants
18552 MacArthur Blvd. #345

with assured confidentiality to:

Daico Industries
2453 E. Del Amo Bivd.

Don C. Gallagher i
Gallagher & Associates Fer{r;ﬁ,“C;\s%ngl; Compton, CA 90220
2033 McCoy Road Suite 206, Sun Prarie, Wl 53596 ax:714.250.8535 EOE; M/F
(608) 837-5647 Fax (608) 837-6096 Fax:714.250.8046 a

Review many of our engineering openings on the Web at
hitp:/Avww.midwestcareers.com - —

Detection Systems Inc. manufactures security equipment, which “
includes RF data links. The openings listed below are at our |

facility in Fairport, NY, which is located outside of Rochester. |

RF DESIGN ENGINEERS J

COMWAVE a worldwide leader in the design and manu
facture of wireless transmission systems, has great career
opportunities for the following positions.

COMMUNICATIONS
HARDWARE/FIRMWARE ENGINEER

Will be responsible for the development of digital and ana-
log baseband functions for new and existing microwave
transmission systems, including digital hardware/firmware
for both embedded microcontroller and signal processing
applications. MSEE preferred. Will consider BSEE with 1
year experience. Familiarity with communications and sig-
nal processing desirable.

MICROWAVE CIRCUIT DESIGN ENGINEER

Responsibilities include development of microwave mod-
ules and S-band power amplifier subassemblies. MSEE
greferred BSEE with minimum 2 years experience in

F/microwave circuit design and CAD techniques consid-
ered. Working knowledge of up/down conversion and syn-
thesizer sub-assy design and development.

Competitive salary and benefits. Send resume including

salary history to: /\
com

waove
\V,

P.O. Box 69, Mountaintop, PA 18707
FAX 717/474-5469

F Design

We are looking for 2 to 3 persons with 3 to 5 yrs. experience in
low cost, low power, RF transmitter/receiver designs, meeting
FCC part 15. Application includes multiple handheld and fixed
point battery powered transmitters, and multiple receivers
using narrow band 300 to 500 MHz.

Preferences for individuals with experience in spread spectrum,
designing with frequencies up to 2.4 GHz, design experience
using electrically small antennas, and experience working with |
RF factory test equipment fixtures.

Interested candidates should FAX or send resumes to:
Detection Systems, Inc.

130 Perinton Parkway
@ Fairport, NY 14450

®
or fax to: (716) 421-4263
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ithout TeaS®

' Learn DSP and put your knowledge to work
IMMEDIATELY!

To receive an informative brochure on this popular seminar, call

Z Domain Technologies, Inc. at 1-800-967-5034 -

770-587-4812. Hours: 9 - 5 EST. Or E-mail dsp@mindspring.com
Also, a 3-day ADVANCED class in DSP is available on a
limited basis -- call for more details.

By taking this 3-Day Course, you will really
learn DSP. Guaranteed!

Coming to a City Near You:
Ft. Lauderdale FL - Boston MA - San Jose CA

Join The PCS Revolution!

Join the world's leading companies with Teleconsult. Teleconsult, Inc., is an estab-
lished intemational engineering company and has been providing services to its For-
tune 500 clients for over 25 years. Great compensation and career opportunities
available immediately for expenenced wireless professionals (2+yrs exp.).

Donmesrtic & INTERNATIONAL PosiITIONS
Permanent and Contract

CELLULAR -~ PCS - GSM

* RF Engineers * Interconnect Engineers

* Systems Engineers ¢ RF Technicians

* Switch Engineers * Network/Traffic Engineers

* Design Engineers * Program Managers/Directors

Send confidential resume to:

Director - Wireless * Fax: (202) 337-7534
Email 7222652@mcimail com

Teleconsuls

Teleconsult, Inc. 2715 M. Street, N.W., * Washington, DC 20007
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CRYSTAL
AND
OSCILLATOR

BN -G TN BEERSE

> Crystal Design and Process Engineers
Experience in the design and
manufacture of AT cut resonators
required. Strip or inverted mesa
resonator experience a plus.

> Crystal Oscillator Engineers
Experience in the design and
manufacture of TCXO's and VCXO's
required. Hybrid design and
manufacturing experience a plus.

Hy-Q International is a worldwide
manufacturer of frequency control
products. If you are an experienced
engineer looking for the opportunity
to use all of your talents. then we
would like to talk with you.

Please send your resume. with salary
requirement (o:

Hy-Q International (USA), Inc.
James Buchanan

1438 Cox Ave.

Erlanger. KY 41018

WE ARE AN EQUAL OPPORTUNITY EMPLOYER

| HAVE 30 YEARS EXPERIENCE

A

L-Band, KU-Band, Satellites, Antennas, Audio, Video,
Telecomm, CATV, Wireless, VHF, UHF, Radio, Commercial
or mititary Communications.
Call, Fax, Mail Resume to: Bill Elias, Dept. RF
P.O. Box 396, East Brunswick, NJ 08816
Phone: 908-390-4600 Fax: 908-390-9769

ELIAS ASSOCIATES

Annually A National Award Winning Search Firm

Career Networks

Recruiters for the Wireless
& Telecom Industries

800-JOB LINK"™

Specializing in Sales, Marketing,
Technical, Engineering, Operations
& Executive Placements
Gables One Tower, Suite 801
1320 S. Dixie Highway
Coral Gables, FL. 33146
joblink@aol.com

Fax Resume to (800) JOB-FAXX

INFO/CARD 91 —»
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Drop-In And SM MMIC Amplifiers
Boost Signals Past 8 GHz

INEXPENSIVE signal gain is often required by system designers tc

overcome losses from passive circuit elements and components. The
ERA line of monolithic-microwave-integrated-circuit (MMIC,
amplifiers from Mini-Circuits (Brooklyn, NY,

provides generous levels of gain past 2 GHz (and usable pas.

8 GHz) in drop-in and surface-mount packages.

Based on heterojunction-bipolar-transistor
(HBT) technology, the ERA amplifier line
includes models ERA-1, ERA-2, and ERA-3
with 11.6, 15.0, and 20.0 dB typical gain
levels, respectively, at 2 GHz. At frequencies
as high as 10 GHz, the gain of the three
amplifiers is still usable at respective levels of
typically 9, 8, and 10 dB (Graphs A and B).

Graph A Graph B
GAIN: ERA-1,-2,-3 GAIN: ERA-1SM,-2SM,-3SM
27 27
23
S 19
zZ
5 15

, |
o o
S8 EgEEREEE SEEgEEEEEE
FREQ. (MHz2) FREQ. (MHz)
A1 |} era-2 [l ErA-3 [l ERA-1SM I Era-2sM [l ERA-3SM [l
The gain of the ERA’s extend to frequencies as high as 10 GHz.
Graph C Graph D
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The ERA-1’s output power at 1 dB compression extends
to better than +10 dBm at frequencies through 10 GHz.

Amplifier dynamic range-the differenc:
between the highest and the lowest possibl
signal levels-is characterized by :
component’s noise figure for low-leve
signals and its output power (at 1 dE
compression) and third-order intercep
point for high-level signals. In the case o
the ERA-1, the noise figure is a moderate
7 dB at 2 GHz, while compressed outpu
power is +13 dBm and third-order intercep
point is +26 dBm at 2 GHz. The ERA-Z
sports a slightly better noise figure of 6 dE
at 2 GHz, with +14 dBm compressed out-
put power and +27 dBm third-orde:
intercept point at 2 GHz.

“...these low-cost MMIC amplifiers
can provide performance comparable
to higher-priced hybrid amplifiers...”

The ERA-3 amplifier achieves an even
better noise figure of 4.5 dB, with some-
what reduced output-power capabilities
of +11 dBm compressed output power
and +23 dBm third-order intercept point
(Graphs C and D). Note that the third-order
intercept point of these amplifiers is
about 13 dB higher than the 1 dB
compression point, or about 3 dB better
than comparable lumped-element or
hybrid amplifiers. As a result, these
low-noise MMIC amplifiers can provide
performance comparable to higher-
priced hybrid amplifiers, especially in
multicarrier applications requiring
wide-dynamic-range capability.
Broadband Matching

The ERA series amplifiers feature good
broadband internal impedance matching
to 50 Q source and load connections.
The typical input and output VSWR for
the amplifiers is 1.80:1 for frequencies
to 2 GHz and 2.00:1 for frequencies to 8 GHz
Such effective broadband impedance
matching allows easy cascading and interface
with other circuits without the need for
additional elaborate matching networks.



VSWR: ERA PLUG-IN AND
SURFACE MOUNT MODELS

the RF output power. An RF choke can be
added in series with the biasing resistor in
order to minimize the effects of the resistor

Fig. 1

TYPICAL BIASING CONFIGURATION

A .
L Tyoi L bias (Required)
(FMrel-?z') lnERA-C1)ut InERA-1301ﬁt on the loss of gain and output power as mﬂ‘ﬁ"gfmﬁﬁ‘ﬁ'gﬁ,\ v
100.00 167 148 171 154  well as on the output VSWR. The RF o - =8
2363.20 148 139 206 280  choke should have a reactance that is at T RFC (Optional)
3494.80 1.55 1.48 1.97 180 least 10 times that of the load impedance C block € piock
4060.60 162 162 219 24? (or at least 500 Q) at the lowest operating N o—] f— ourt
S LR ClE e frequency and it should be free of resonances Vg
6889.60 191 19 209 210 510 the highest operating frequency. 2 For ERA models, pin 1 identified
7455.40 212 216 198 197 1 byRedoat
8021.20 252 232 227 203 : -
9152.80 298 235 244 244 Reliable Perf orme_rs . In this typical biasing configuration, DC
1028440 323 221 219 177 The ERA amplifiers are designed for 4 004ing capacitors are added to the
Freq. ERA-2 ERA-2SM long-term, trouble-free operation. .Thexr input port (pin number 1 on the
(MH2) In  Out In Out reliability is determined by the maximum .4 a0eq amplifier) and the output port.
100.00 156 1.40 162 145  junction temperature of the MMIC
2207558 ]g? lg; 38(7) ;g(‘) devices, which is in turn determined by the An ambient temperature of +85°C results
43035150'00 155 158 190 203 Mmaximum operating temperature. The in a junction temperature of +185°C, which
5158.00 150 203 145 1.41 following formula is used for calculating translates into a mean time to failure
6857.40 177 265 181 170  junction temperatures: (MTTF) of more than 10 years. A junction
7714.80 222 3.06 209 1.73 temperature of just 5°C less results in a factor
8143.50 252 303 277 .77 of four improvement in MTTF, while an
Tj = Tamp+ (PsX 6c) (2 . p ent wn WL
18229% igg ggg g;g ;gg where 4 amp + (Pa X Gc)  (2) increase of 15°C in junction temperature
’ ’ ’ ’ ’ : . . o (over +185°C) drops MTTF to just 5 years
Freq. ERA-3 ERA-3SM Ty = thejunctwr.t t.emper ¢.lture ( C)’. (Graph E). As is obvious from these results,
(MHz) In Out In  Out P, =the power dissipated in the amplifier  the MMIC amplifiers should provide long-
2&%% 1(758 1% 1?2 }?g (in W), and term performance under normal operating
3263.60 148 164 164 1.89 6;c = the thermal resistance from the  temperatures. ' .
4106.00 121 1.66 1.44 2.1 Junction to the case (in °C/W). The ERA series amplifiers are available
625362% 1.: ; 12; 1-:8 123 For example, for the ERA-I amplifier: ' both drop—m and §urf_ace mount packages
70;4-40 :36 o e o I T for ease of installation in most commercial
8318.00 290 192 166 160 d =9 0o =0 ’ systems. At +3.8 VDC, the ERA-1 and
9160.40 257 1.72 210 1.70 6o =531°C/Wat +25°C  (3) ERA-2 typically draw about 50 mA current
10002.80 268 1.55 461 1.41 while the ERA-3 draws about 35 mA current.

In a typical biasing configuration, DC
blocking capacitors are added to the
input and output ports (Fig.1). This

T; =25+ (0.19 X 531) =+125 °C (4)

All of the amplifiers are rated for operating
temperatures from -25°C to +85°C.

configuration features common output Fig. 2
and bias terminals, so an RF choke is ERA Resistor Values At Different
added in series with a biasing resistor at Bias Voltages
the output port. Common values for Supply Voltage
these resistors span a broad range (Fig. 2). Model +5VDC +9VDC +12VDC +20 VDC
Additional bias resistor values can be ERA-1 240 1040 1640 3040
calculated from:
Ra ¢ 1000 (V. -V )/l () ERA-2 24Q 104Q 164Q 324Q
bias = ce”"d bias ERA3 340 1490 2340 4630
where:
V.. = the supply voltage,
V4 = the device voltage (typically Graph E

+3.8 VDC), and
Ipiqs = the bias, current (in mA).

The bias resistor appears in parallel with
the 50 Q output load. For example, with a
+5 VDC supply, the bias resistor is 24 €2 for
the ERA-1 and ERA-2 amplifiers. The RF
current through the resistor is twice that of

MTTF vs. Junction Temperature

Years

¥
!
!

160

180 220

200

Junction Temp. (°C)

[JMini-Circuits’
In Stock...Immediate Delivery

For custom versions of standard models consult our applications dept.
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www. minicircuits. com
For detailed specs on all Mini-Circuits products refer to * 740- pg. HANDBOOK = INTERNET « THOMAS REGISTER ¢ MICROWAVE PRODUCT DATA DIRECTORY * EEM



DC to 8 GHz
50 2 Monolithic Ampilifiers

P!

ERA-SM

DROP-IN & SURFACE MOUNT
Up to 25mW (+14 dBm) output

All Specifications at 25°C

A GAIN, dB Typical MAXIMUM |DYNAMIC VSWR MAXIMUM|  DC
FREQ. POWER, dBm | RANGE Typ. RATING |POWER ot el Price
GHz 26 ot 2 GHz Pin3 RESIS- $
°“'(| :‘ mowt | NE O IP3 In* ou* 25 °C) TANCE
over frequency, GHz
MODEL' ' d Min.  Fainess | Comp.) o | d dBm (OC3 3-8 DC3 8 | ! P | Curvent vor | ®ic, typ.

NO. [""fw|01 2 3 6 8 @2GHzDC-26Hz| Typ.Min. damage) Typ. Typ. |Gz GHz GHz GHz | MA) (MW)| MA) Wp. | ‘C/W | (Siy 30)
ERA-1 DC-8 | 11.8 11.6 112 105 9.6 9 015 [ 13 N 15 702 | 141221181 21| 75 330 | 50 38 531 137
ERA-2 DC-6 [ 160 149 139 11.8 — 12 0.6 14 12 15 6 27 | 151181181 20:1 [ 75 330 | 50 3.8 531 1.52
ERA-3 DC-3 | 222 202 182 — — 17 211 n o8 13 45 23 | 171 — 181 — |75 330 | 35 38 432 1.67
ERA-1SM | DC-8 | 11.8 11.0 105 8.8 8.2 84 105 13N 15 7 02 { 181221170 22175 330 | 50 38 536 1.42
ERA-2SM | DC-6 | 156 13.1 11.8 100 — 02 109 1312 15 6 27 | 1811V 190 75 330 | S0 3.8 536 1.57
ERA-3SM | DC-3 | 22.1 19.4 173 — — 162 215 n s 13 45 23 | 181 — 190 — |75 330 | 35 38 437 .72
Features

* Miniature microwave amplifier

® Available in drop-in & surface mount
(sm) versions

* Frequency range, DC to 8 GHz, usable
to 10 GHz

* Excellent match 1.6:1 typ. below 3 GHz

Absolute maximum ratings

Operating temperature: -25° to 85°C.
Storage temperature: -65° to 150°C.
Device voltage: 3.2 V min. & 4.4V max.

L-‘——-r MIN TYP, e

Maximum case temperature: 200°C RIPRRAL o, P SEWERINT
(for continuous operation). ,1 é -
Notes:
*  Up to 6 GHz for ERA-2 & ERA-2S5M inch
A Low frequency cutoff determined by — A 8 ¢ _ D E F__G H mmn WI.Gams

external coupling capacitors. AZILD 25 P9 0 a8 @0 2% 015
A, Units are non-hermetic unless WW 107 020 10 020 092 085 .060 .08 .026 015

otherwise noted. ' ‘
B. Prices and Specifications subject to Pin Connections & Port:  RFIn RFOut DOC  Gnd Ext

change without notice. 1 3 3 2,4
@ Model number designated b Marking ID: Model ERA-1,-1SM  ERA-2,-2SM  ERA-3,-3SM

alphanumeric codelgr)nark/ng Y ® Alphanumeric Code Et E2 =
2. ERA-SM models available on tape & regl.
3. RFinput lead (1) identified by diagonally Designer’s Kits Available

cut lead and orientation dot.. Mool Kit Model No. of Units Price $

g/?)ignzumber lde.ntlﬁcabon by No. Type In Kit Description Per Kit

K1-ERA ERA 30 10 of ea. ERA-1,-2,-3 49,95
K1-ERASM  ERA-SM 30 10 of ea. ERA-1SM, -25M,-3SM  49.85
- - - - ®
[—JMini-Circuits
In Stock...Immediate Delivery
For custom versions of standard models consult our applications dept.
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com AN-60-003

For detailed specs on all Mini-Circuits products refer to ¢ 740- pg. HANDBOOK « INTERNET « THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY « EEM
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f Check out our
i wireless network.

ACT links you to the hottest
wireless opportunities in the country.

If your interests lie in advanced
communication technologies for PCS,
cellular, cordless, spread spectrum and wireless
industries, we can provide you with over 15 years
of professional expertise in career development,
resume evaluation and salary negotiations.

We have the contacts to make
your next move a success.

Call, fax or e-mail us to discuss your career objectives:

Advanced
' Communication
Technologies

Career Consullants/Search Specialists

25492 Hillsboro Drive m Laguna Niguel m CA 92677
714/365-9090 Fax: 714/365-9191  Fees paid by employers
E-mail: weact4u@exo.com Please ask for John Kratz

ENGINEERING

RF APPLICATIONS ENGINEER
BEND/CENTRAL OREGON

Leading semiconductor firm engaged in Power RF
MOSFET manufacturing has an outstanding
opportunity for a qualified Applications Engineer for
technical and marketing support.

Requires BSEE/equivalent, and 3-5 years’ experience
in the design of power RF amplifiers in the frequency
and power range of 1 to 150 MHz, 100 watt and
above. Must be proficient in the use of RF test
equipment and RF test procedures. Must have
excellent writing and presentation skills. Some U.S.
and international travel is required.

You'll discover Bend is a friendly community in a
beautiful setting with year-round outdoor activities
including skiing, fishing, hiking, biking and camping.
We offer excellent career growth and benefits. For
confidential consideration, please send your resume
to: Don Stangland, Human Resources Manager,
Advanced Power Technology, Inc., 405 SW Columbia
Street, Bend, OR 97702. FAX (541) 388-0371; e-mail:
kd@bendnet.com APT is a drug and alcohol-free
workplace. An equal opportunity employer.

' ADVANCED
PoweEnr
‘ TECHNOLOGY °

— e ——

RF Design

Defining

The Next
Generation

Harmonic Lightwaves is a major supplier of broad-
band and video transmission systems for cable and
telecommunications companies. We are technical
leaders in hybrid/fiber coax (HFC) CATV networks,
high data rate communications, and advanced video
and data transmission systems. Join us as we define
the next generation in technology.

ANALOG DESIGN ENGINEERS

Requires: BSEE ¢ 3+ years experience for in circuit
and systems level design ® Solid theoretical and
practical knowledge in analog signal processing

¢ Proficiency with CAD and simulation tools such as
SPICE » Experience in designing for manufacturability
and transferring products into manufacturing.

RF ENGINEERS

Requires: BSEE ¢ 5-10 years experience in RF/
microwave design/integration ® Solid theoretical
and practical knowledge in RF/microwave design
¢ Proficiency with CAD tools ¢ Direct experience in
wide bandwidth PCB/circuit design ® Experiencein
designing for manufacturability and transferring
products into manufacturing.

SYSTEMS ENGINEERS

Requires: MSEE e 3 years experience ® In-depth
knowledge of RF communication systems ¢ Exper-
tise in development of system models for predicting
performance of RF transmission systems ¢ Knowl-
edge of a broad range of technology including trans-
mission of standard analog format TV signals, digital
compression, efficient modulation techniques for
transmitting digital data over RF links (e.g. QAM)

¢ Fiber optic background a plus.

We also have a variety of other openings
available for R&D Engineering Professionals.

Harmonic Lightwaves, Inc. offers excellent compen-
sation and benefits including health insurance, 401(k)
and employee stock purchase plan. For consider-
ation, mail/fax resume and salary history to:

Harmonic Lightwaves, Inc.

Dept. RF696

3005 Bunker Hill Lane

Santa Clara, CA 95054

FAX (408) 235-1690

email: hr@harmonic-lightwaves.com

Equal Opportunity Employer.

Harmonic L/ightwaves
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AREER UPPORTUNITIES '

When Success Is Your Only Option...

...your best choice is an engineering career with Harris RF Communications Division. We continue to
set new standards for excellence in strategic and tactical communications for the U.S. Department of
Defense, and for govemment agencies and industrial firms in over 120 countries worldwide.

Harris Corporation is a Fortune 500 company with sales of over $3.4 billion. RF Communications
Division is the market leader in firmware-driven, digital signal processing-based HF/VHF and UHF
radio equipment and systems. Harris is committed to the application of advanced technology to pro-
vide customers with innovative solutions for increased productivity and a competitive advantage —
today and beyond. You can be part of this exciting environment if you meet the requirements of one
of the following immediate openings:

PRINCIPAL RF ENGINEER

Responsible for the development of RF hardware to support advanced HF/UHF/VHF tactical radio
products. Will be a leader and/or major contributor to a cross-functional development team with
hands-on responsibility for the design of RF systems, circuitry and hardware from the definition of
requirements through the integration and testing of the completed product to release to manufac-
turing. BSEE (MSEE preferred) with 10+ years experience in the development of RF circuitry
required. Knowledge and application of computer simulation of RF circuitry are highly desired.
Must have experience planning, executing and tracking challenging tasks, and the demonstrated
ability to successtully complete them.

SENIOR RF ENGINEERS

As a member of a cross-functional development team, you'll have hands-on responsibility for the
design of RF circuitry and hardware from the definition of requirements through the integration and
testing of the completed product to release to manufacturing. BSEE with 4+ years experience in
the development of RF circuitry is required. Knowledge and application of computer simulation of
RF circuitry are highly desired. Your background must demonstrate the ability to undertake a tech-
nically chaltenging task and successfully complete it.

Our Rochester location in picturesque upstate New York offers a progressive, modem city with a
recognized high quality of life. Forward your resume including salary history and indicating position
of interest to: Harris RF Communications Division, HR Department, 1680 University Avenue,
Rochester, NY 14610. FAX: 716/242-4711 or 716/242-4067. e-mail: Ibd @ rfc.comm.harris.com

http://www.harris.com/rfc

We are an equal opportunity employer
that values a diverse work force.

Job opportunities
from coast to coast

Searchtek has over 30 yeors experience
tecrviting ond placing high technology electronic
engineers with industries on the forefront of
emerging technology. One phone call can put you
in touch with the right company of companies that
can fulfill your objectives, whether it be technolo-
gy level, location, of coreer growth potential. We
guarantee personal atfention and prompt action.

Some of our current requirements include:

RF Design Manager
RF Qesiqn Engineers

DSP Firmware /Software
Cellular Embedded Software
Digital ASIC_video chips
Modem Design, controllers
Logic Design, embedded controllers
Telecommunications Hardware
Telecommunication Software
Analog CMOS IC Design
RF Manufacturing Engineer

RF Test Engineers

For more information, contact
Jerry Otten at 612-531-0766

Searchtek

4900 North Highway 169 Suite 309
Minneapolis, MN 55428 Fax 612-531-0740

Stop by our booth af the IWCE Coreer Expo in Las Vegas

———

I -x72x21 RF ENGINEER

A self starter degreed engineer. Must have successful design analysis
and testing of RF circuitry including Amplifiers Filters.

Hands on experience in using modern CAD circuit design and layout.

SEND RESUMES AND SALARY HISTORY TO:

AEROANTENNA TECHNOLOGY, INC.

20542 PLUMMER ST. « CHATSWORTH,CA 91311
(818) 993-4525

16540 East Ashbr

i

PCS/PCN/CELLULAR/CDPD
RF/HW/SW/FW/DSP
Terminals/Systems

Dr « Fountan Hills AZ 85268-2632

E Mail. FITZPAT @ix netcsm.com
FAX: (602) 956-7644

100

‘ MANAGEMENT

RECRUITERS®
OF BOULDER, INC.

The search and recruiting specialists

WINDY BRADFIELD

RF / MICROWAVE SPECIALIST

CONTINENTAL BLDG., SUITE 301
1401 WALNUT STREET, P.O. BOX 4657
BOULDER, COLORADO 80306
(303) 447-9900
FAX(303) 447-9536

ENGINEERING
 OPPORTUNITIES

Nationwide positions avaiiable for
Engineering, R & D and Management
candidates with our Communications
Clients in Venture Capitol to Fortune
100 corporations.

Reply confidentially to: |

EXECUTIVE SEARCH NETWORK
7 1AE. Milner St. - Dept. RF3
Arlington Heights, IL 60004

Fax (847) 394-1841 / 1891 (alternate)

E-mail: esn@ais.net

RF DESIGN

radio - data - phone
RF design from circuit to
éstern levei. Analog, digital,
IC, DSP, spread spectrum.

Lanni Johnson, CPC

)
A

OF ALBUQUERQUE, INC.
505-262-1871
FAX 505-268-4954
Excel of Albuquerque, Inc.
excelalb @ix.netcom.com
1700 Lovuisiana NE, Suite 210
Albuquerque, New Mexico 87110

FERH O e L DT RRRRRRRRRY
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Perlssue  Total/Year  All orders must be prepaid. You can forward
Regular Listing $22.00 $264.00  your check or charge your ad to:
‘" Additional Line $13.00 $228.00 -

The Buyers' Guide is a convenient guide to suppliers  Bold Listing $25.00 $300.00 == a u

of products and services available for design and Additional Line $21.00 $252.00  For information on closing dates and details on a

development engineers. Buyers' Guide listings are 1"Ad $200.00 $2,400.00  special Introductory Offer, call 1-800-848-4237.

sold on &n annual basis at the rates shown. Drop Out In White $25.00 $300.00  Ask for your yellow page representative.

DISCRETE COMPONENTS MODULAR COMPONENTS
CAPACITORS ol o
Vacuum = i ;
COMETNorth America, 11 Belden Ave., Norwalk, CT 06850........................ (203) 852-1231 R g b it o +49-2002-71091 Fax: (-71085)
Surcom Assoslates, Inc., 2215 Faraday Ave., Suite A, Carlshad, CA 92008 ....... (6189) 438-4420 4 ! d L et k
Variable FILTERS
COMETNorth America, 11 Belden Ave., Norwalk, CT 06850............c...cocouunnc (203) 852-1231 Delta Microwave Inc., 840 Vira Alondra, Camarillo, CA 93012 ....................... (805) 987-6892
tal

CRYSTALS/RESONATORS Reeves-Hoffman, 400 W, North St., Carlsle, PA 17013.......................ooor... (717) 243-5929
Jan Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017 .............cccoeeucned (800) JAN-XTAL RF Microwave

SC-cut Crystal Resonators

rystals requirement frequency 4-20 Mhz 3rd overtone, High Q, low
1x10" per day, calibration 0.5 ppm, G-sensitivity up to <3x10'%/g
Holders HC37, HC40.

11 Beith Hadfus St., Jerusalem 95483 Israel Tel. +972-2-6510082 Fax. +972-2-6510292
Quartz

@ American KSS Inc.

Corporate Office Eastern Regional Office
3295 Scott Blvd., Suite 100 401 E. Louther St.
Santa Clara, CA 95054 Carlisle, PA 17013

Tel: (408) 986-9577 Tel: (717) 243-6008
Fax: (408) 986-1717 Fax: (717) 243-4343

QuARTZ CRYSTAL
PRoODUCTS

Southern Regional Office
5696 Peachtree Parkway
Norcross, GA 30092

Tel: (770) 263-3768

Fax: (770) 263-3769

Dak Frequency Control Group,
100 Watts 81 PO Box B, Mt. Holly Springs, PA 17065 ............c..ocveviennnnne (717) 486-3411

=1 j REEVES-HOFFMAN

For your AT Crystal requirements, including High
Frequency Fundamental Oscillator Crystals up to
155.52 MHz and Filter Crystals to 150 MHz HFF.

| 400 W. North St,, Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

FUNDAMENTALLY Better! - IV IR A QIRTY= > ‘]

‘AT’ Crys-als for alt of your FILTER A SUBSIDIARY O

and OSCILLATOR requirements « fdeal for SONET - SDH - ATM

. \é\/ildebslpur-free a;ggz « Superior spurious suppression

* Pullability up to ppm g DER_

* Fundam.ental Crystals to 350 MHz Eg;‘.‘ 7711 77_2255!?55; 423
489 East North Street « Carlisle, PA 17013

DIODES
Loral Semicomductor Division, 75 Technology Dr., Lowell, MA 01851 ...(508) 256-4113 ext.3311
Varactor
Knox Semiconductor, Inc.

13 Quarry Rd., P.0. Box 609, Rockport, ME 04856...................

HIGH POWER DIODE SWITCHES
Hill Engineering, 461 Boston Rd., Topsfield, MA 01983 ............ (508)887-5754 Fax 887-7244

(207) 236-6076 Fax(207) 236-9558

INTEGRATED CIRCUITS/MCM

California Eastern Laboratories,
4590 Patrich Henry Dr., Santa Ciara, CA 95054-1817....... (408) 988-3500 Fax (408) 988-0279

Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763...............cccooocoiiovervcenn

(516) 732-3448

RF, Analog & MIixed-Signal ASICs

Full-Custom Designed ICs: Bipolar, CMOS, BICMOS
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switched Cap Circuits

R TG Inc

RF Design

TEL: (310) 534-3016 « FAX (310) 534-3728
P.O. Box 3986, Torrance, CA 90510 « E-MAIL sales@rtg.com

Microwave Circuits, Inc., 6856 Eastern Ave., NW, Washington, D.C. 20012....... (800) 642-2587
Saw

Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070 ...................... (203) 651-0211
SAW Components & SubSystems ...........cc.ccovirriviiimiiinisicieciiniicenns Fax (203) 651-8618
Rl
IR, 7 e
. . exas WAL
RF 1\VIOIIOIIthICS, Inc. Tel: 21472332903, Fax: 21473878148

SAW-based RF Components and Modules for the Low-Power
Wireless, High-Frequency Timing, and Telecommunications Markets

Transmitters * Receivers » Resonators ¢ Oscillators ¢ Clocks = Filters
Call, write, or fax for a free product data book.

OSCILLATORS
=2 REEVES-HOFFMAN

For your Crystal Oscillator requirements, Clocks,
TCXO's, VCXO’s, OCXO's, Hybrid & Discrete.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

VALPEY-FISHER %]

A SUBSIDIARY OF MATEC

CRYSTAL OSCILLATORS

a ACMOS TTL to 200 MHz
a HCMOS TTL to 80 MHz
m ECL to 630 MHz

m VCXOs to 200 MHz

|
FUNDAMENTAL Crystals to 350 MHz

m SMD to 300 MHz 800-982-5737 (ext. 244)
Valpey-Fisher Corporation » 75 South Street » Hopkinton, MA 01748 Fax: 508-497-6377
Crystal
0ak Frequency Control Group,
100 Watts St., PO Box B, M1. Holly Springs, PA 17065 .........coooeviininincncd (717) 486-3411

.(415) 856-6900 (800) 227-8974

i Ln., Palo Aita, CA 94303
Saronix, 151 Lawra Ln e <

Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 ...........ccocmviiscvnesed

Phase Lacked
Mode Space Digita!
235 Circle Drive, State College, PA 16801

SYSTEM SUBASSEMBLIES

IT BOARDS
mm%gcﬂﬁf Inc., 601 N. Main, Warrensburg, MO 64093

................ (816) 747-2236
P&WEST CIRCUITS NOW!

[(814)466-3327 FAX:(814)466-6577

CALL SOUT (800) 279-5572
« PROTOTYPES ANCR SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS
ROWAVE LAMINATES: PTFE ~TEFLON — DUROID - GX
ICK TURN - EXOTICS

60 E. 43rd Place, Tucson, AZ 85713
FAX (602) 747-8334 MODEM (602) 747-5108

* ALL POPULAR MI
* MULTI-LAYERS -

Southwest Circuits, 3
TEL (602) 745-8515

ANTENNA ‘
SmclaElr ‘gchsnologles ,n\ Oriskang Dr., Tonawanda, NY 14150 .................... (800)288-2763
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RF TRANSMISSION COMPONENTS

Custom & Specialty

Myers Engineering International, Inc.

P.0. Box 15908, Ft. Lauderdale, FL 33318 ........corsscusmrrnerc. (954) 345-5000 Fax: (954) 345-5005
Site
Dapa, Deleware Park Centre, Suite 6, Olean, NY 14760 ..................oooocoemvvcrrerrneens (800) 325-DAPA

ATTENUATORS
Coaxial
SV Microwave, 3301 Electronics Way, West Palm Beach, FL(407) 840-1800 Fax (407) 844-8551

CABLE ASSEMBLIES
SRC Cabies, 5590 Skylane Bivd., Santa Rosa, CA 95403 ...................ccoovennn.n. (707)573-1300

Cable Interconnect Systems
C&M Corporation, 51 S. Walnut St., Wauregan, CT 06387

FILTER ASSEMBLIES

: REEVES-HOFFMAN
ASION DYNAMICS CORPORATION OF AMERICA

= OMsx

(203) 774-4812

For your Crystal Filter requirements from 1 KHz to
150 MHz Fundamentals and up utilizing Overtone
Crystals.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

Low Pass
Coit Specialty Co., 2730 Caroiean Ind. Dr., PO Box 978, State College, PA 16801 .. (814)234-7044

ISOLATORS/CIRCULATORS
AEROTEK COMPANY LIMITED
?' “TOP QUALITY, REASONABLE PRICE”
1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand.

Manufacturers of Circulators and Isolators
AEROTEK Tel: (662) 3114448, 332-5035 Fax: (662) 3325034

Coaxial and Drop-in types, 400 MHz-18 GHz

Airtron Corp., 200 E. Hanover Ave., Morris Plains, NJ 07950 ..............ccoovevennn. (201)539-5500
MICROWAVE CONNECTORS

Applied Engineering Products, P.0. Box 510, New Haven, CT 06513.................. (203)776-2813
Coaxial Connectors, Inc., 1580 N.W. 62nd St.,Ste.501, Ft. Lauderdale, FL 33309 ...... (305)772-2664
Southwest Microwave, Inc., 2922 S. Roosevelt St., Tempe, AZ 85282 ............... (800) 587-5995
PRECISION

RF CONNECTORS

Molex, Inc., 2222 Wellington Ct., Lisle, IL 80532 ..............coovvoeoooe o 800-MOLEX78

Specialty Connector Company,
2100 Earlywood, Franklin, rN 46131

SURGE & TRANSIENT PROTECTORS

Lightning Suppressors - D.C. - 26 GHz
Coaxial - Powerline - Digital

FISCHER CUSTOM COMMUNICATIONS, INC. - (310)891-0635 I

(317) 738-2800 Fax: (317) 738-2858

SWITCHES
Electromechanical

Dow-Key Microwave Corp., 1667 Watter St., Ventura, CA 93003 .......{805) 650-0260
Matrix Systems corp., 5177 N. Douglas Fir Rd., Calabasas, CA 91302 ..(818) 222-2301
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542......... . .. -...(501}) 856-2685

SYNTHESIZERS
Novatech Instruments, ’
1530 Eastlake Ave. E., 303, Seattle, WA 98102 .(206) 322-1562 fo (206) 328-6904

TELEMETRY '
t

v’:/;y} Lrnrser Flesemmon duc

TEL (702) B45-2705
v Verdl. Nevada USA FAX (702Y 345-2484
Will customize to your requirements:
Transmitters & Receivers {

Telemetry o Video e Digital ¢ Command  Bleqeon
Command Encoders & Decoders Since 1978

TEST SOCKETS & TEST FIXTURES
Condel Microwave Technology, 19925 Stevens Creek Bivd., Cupertino, CA ¢ 014 ... (408)253-1811

104 /

i

RF TRANSMISSION COMPONENTS

VACUUM CAPAC:TORS
COMET North America, 11 Belden Ave., Norwalk, CT 06850 ...................

VACUUM TUBES

crerrireenne - 203) 852-1231

RUSSIAN POWER TUBES
RUSSIAN MICROWAVE TUBES
Quality Engineering and Manufacturing

Tel. (800) 578-3852  Fax. (415) 233-0439
ﬂﬁlgﬂﬂ 3000 Alpine Road « Portola Valley. CA 34028
WATTMETERS & LOADS

By

HENRY RADIO TOLL-FREE (800) 877-7979

2050 S Bundy Or., Los Angeles, CA 90025 - Phone (310) 820-1234 - FAX 310-826-7790

Wattmeters, Hements, Directional
Couplers, Loads, Attenuators, etc.

WAVEGUIDES & COMPONENTS
Electromechanical

MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542.. ... ....(501) 856-2685
MATERIALS AND HARDWARE

CRYSTAL BLANKS

Reeves-Hoffman, 400 W. North St., Carliste, PA17013.........ccooovveeevnrrrennnn, (717) 243-5929

MOBILE DATA TERMINALS

DIRESICE (AN B/ GRSl . i st . ntbemammmaons s (619) 724-5355 Fax: (619) 724-6209

PACKAGING/CRYSTAL HOLDERS
Crystal Holders
United Glass to Metal Sealing, Inc, 11A Executive Park Dr., North Billerica, MA 01852.... (508)670-6494

Components/Hybrid Packages
Reeves-Hoffman, 400 W. North St., Carlisle, PA17013...........c..oovveeneeeeeennnnnd (717)243-5929

PC BOARDS
Laminates, Polyester Copper Clad

Glasteel Industrial Laminates, P.0. Box 910, Coflierville, TN 38027...... .(901) 853-5070

TEST EQUIPMENT

Racal Instruments, 4 Goodyear St., Irving, CA 92718..............cccooovvvvvvernne.

ANTENNA TEST & RF INSTRUMENTATION
Anritsu Wiltron Co., 430 Jarvis Dr., Morgan Hill, CA 95037 ........(408) 776-8300 Fax (408) 776-1744

RF TEST & MEASUREMENT EQUIPMENT
COAXIAL DYNAMICS, INC.,

15210 Ind. Pkwy., Cleveland, OH 44135 ........................ (216) 267-2233 Fax (216) 267-3142
Grayson Electronics, 306 Enterprise Dr., Forest, VA 24551....(800) 800-746 3 Fax (804) 385-7692

SERVICES

e (800) 722-2528

CONSULTANTS

Matrix Micro Systems, Inc., P.0. Box 675, Northport NY 11768 .........cooovvvvirriied (516) 754-1155
RF/Microwave Circuit Design, RF Design, Prototyping ............... email fk@ix.netfcom.com
OEM PRODUCTS

Locus, Inc., 1842 Hotfman St., Madison Wl 53704 ............ccccovrieieennennnennsd (608) 244-0500
RECRUITMENT

Technical Employment Consultants, 52 East St. Rd., Suite C-1 Feasterville, PA 19953
Refer fo advertisement on page 94..............c..ccccccovcccccrnoncr..(215) 396-1840 Fax (215) 396-1501

TELEMETRY SYSTEMS & ENGINEERING

Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471 .(713) 344-9000

SOFTWARE & SYSTEMS CAD/CAE

SOFTWARE

Design Automation, Inc., 4 Tyler Rd., Lexington, MA 02173

ingSoft Ltd. — the providers of the RF Designer® Solution...
213 Dunview Ave., North York, ON M2N-4H9, Canada; ......................

Waypoint Software,
5540 Manor Court, Woodland Park, CO 80863-9084..........(719) 687-5458 (Waypointsw@aol.com)

SYSTEM SIMULATION
RHR Laboratories, 207 Harding Bivd. W., Richmond Hill, Ontario,CN L4C 8x6 ...... (905) 884-2392

(617) 862-8998 Fax (617) 862-3769
e e 416) 730-8611
. FaX:(416) 226-0861

Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 ...................cocuveeenl (800) 631-1113
Makers of TESLA Com Simulator ...............oeecvneneees Fax (770) 664-5817 Intl (770) 751-9785
June 1996



EMG

TEST & DESIGH

Procusts ¢ Services Dirsciory

The Products & Services Directory is a convenient
guide to suppliers of products and services for the
EMC/ESD industry. Products & Services Directory
listings are sold on an annual basis.

For information on rates, closing dates and details
on a special Introductory Offer, call 1-800-848-4237.
Ask for your yellow page representative.

ELECTRONIC COMPONENTS AND EQUIPMENT
EMI SUPPRESSION COMPONENTS
EMI/RFI Filters

RiroN Corp., P.0. Box 743 Skokie, IL 60076..............cccovuereimeeiriiiiirracneene (708) 679-7180
Ferrite Beads, Rods, Forms
Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589...............ccovivrvrinnnnnnnnnd (800) 836-0427

ESD AND SURGE CONTROL COMPONENTS

Lightning Arrestors
Fischer Custom Communications, 2905 W. Lomita Bivd, Torrance, CA 90505....

CABLE AND CONNECTORS

Connectors And Adapters
ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 .................. (800) 366-3891 X3000

Optical Fibers And Connectors

.....(310) 891-0635

ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 ..................(800) 366-3891 X3000
EMC TEST EQUIPMENT - EMISSIONS

Absorbers

Advanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072- 1719.................. (619) 449-9492
Microsorb Technologies, Inc., 14A Airport Dr. Hopedale, MAO1747 _.........cccooovvvivriv (508)634-1900
Rantec, P.0. Box 1546, Austin, TX 78767 (512) 835-4684
Anechoic Chambers

Advanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072- 1719................. (619) 449-9492
Rantec, P.0. Box 1546, Austin, TX 78767 (512) 835-4684
Antennas

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888
EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
Antennas Above 30 MHz

Antenna Research Assaciates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888
EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
Antennas Masts

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... {301) 937-8888

Current Probes

Fischer Custom Communications, 2905 W. Lomita Blvd, Torrance, CA 90505.................. (310) 891-0635
lon Physics Corp., 11 Industrial Way, Atkinson NH 03811 (603) 893-6687
Ferrite Absorber Tile

Rantec, P.0. Box 1546, Austin, TX 78767 (512) 835-4684
GTEM Cells

Antenna Research Associates, Inc., 19317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888
Line Impedance

EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
Line Impedance Stabilization Network:
EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684

Fischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505.................
Rantec, P.0. Box 1546, Austin, TX 78767

Near Figld Probes
EMCO, P.0. Box 1546, Austin, TX. 78767..............cccooce.cce

Shielding Effectiveness Testers
EMCO, P.0. Box 1546, Austin, TX. 78767

EMC TEST EQUIPMENT - SUSCEPTIBILITY
Antennas
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888

(310 891-0635
(512) 835-4684

....(512) 835-4684

...................... (512) 835-4684

EMCO, P.0. Box 1546, Austin, TX. - R S A e M S (512) 835-4684
E-Field Probes
EMCO, P.0. Box 1546, Austin, TX. 78767.............. ...(512) 835-4684

You won't get

any calls if .\ 22
no one y
knows your —
number.

RF Design

ELECTRONIC COMPONENTS AND EQUIPMENT

GTEM Cetls
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888

EMCO, P.0. Box 1546, Austin, TX 78767 (512) 835-4684
EMC TEST EQUIPMENT - SUSCEPTIBILITY

Power Amplifiers

Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 ........ .(817) 249-4180
Pulse Generators

EMCO, P.0. Box 1546, Austin, TX 78767 . (512) 835-4684

Sheilded Fiber Optic Links
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....... (301) 937-8888

ESD TEST EQUIPMENT
ESD Event Detectors

TREK INC., 3932 Salt Works Rd., P.0. Box 728, Medina, NY. 14103....... (800) FOR-TREK
Surtace & Volume Resistivity Meters
TREK INC., 3932 Salt Works Rd., P.0. Box 728 Medina, NY. 14103 (800) FOR-TREK

MATERIALS, HARDWARE AND PACKAGING

SHIELDING MATERIALS
Antenna Towers

EMCO, P.0. Box 1546, Austin, TX 78767
C ive A :

(512) 835-4684

i
Venture Tape Corp., 30 Commerce Rd., Rockiand, MA 02370......... (800) 343-1076 Fax: (617) 871-0065
Conductive Fiber/Fabric
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370......... (800) 343-1076 Fax: (617) 871-0065
Gasketing Materials
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370......... (800) 343-1076 Fax; (617) 871-0065
Laminates
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370......... (800) 343-1076 Fax: (617) 871-0065
Positioning Controls
EMCO, P.0. Box 1546, Austin, TX 78767....
Sheilding Foils and Tapes
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370........ (800) 343-1076 Fax: (617) 871-0065

.(612) 835-4684

Tripads
EMCO, P.0. Box 1546, Austin, TX. 78767

(512) 835-4684
Turntables

EMCO, P.0. Box 1546, Austin, TX. 78767..... ...(512) 835-4684
ESD PACKAGING

Antistatic and Conductive Pglyurethanes

Pad-Tastics, Inc., P.0. Box 50479, Cicero, IL 60650 .............. (708) 780-8402 FAX (708) 780-1636

ESD ENVIRONMENTAL CONTROL
Antistatic or Conductive Flooring

®] ESD Safe Rubber Fiooring for Work Areas
nora | 1-800-332-NORA [P iey
TEST LABORATORIES AND CONSULTANTS

Nora Rubber Flooring

LABORATORIES
TUV Product Service, Inc,, 1775 Old Hwy. 8, New Brighton, MN 55112... . ... (800) 472-7999
CONSULTANTS
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul, MN 55108.......................... (612) 330-3728

EMC Design/Troubleshooting-Medica!, Industrial, ITE, Vehicles & More-50+ years exp.

But the RF Design and EMC Test and Design
Directory can help solve that problem. Our
directory will put you in touch with over
40,000 decision makers in the RF Design and EMC
industry. There are fantastic introductory offers
that make advertising even easier.
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DIGITAL STEP
ATTENUATORS

up to 35dB

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

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

FROM 7 discrete and accurate attenuation levels.
The 50-ohm components perform with usec switching

TOAT-R512 |TOAT-124 | TOAT-3610 |TOAT-4816 | TOAT-51020 speed and can handle power levels typically to +15dBm.
ZFAT-R512 IZ\FAT-124 iFAT—3610 }Z\FAT-4816 ;Z\FAT-51020 Rugged hermetically-sealed TO-8 units and SMA connector
ez lCo) ceuracy Ll el g versions can withstand the strenuous shock, vibration, and
(_g%) (+o/ ;284(1(’5) u&ia)tﬁ(:s) W.,";@*%’ iU g%%?ﬂ’(;‘;ﬂ temperature stresses of MIL requirements. TOAT pin models
10 02 |20 02 |60 03 |80 03 (100 03 are priced at only $59.95 (1-9 qty); ZFAT SMA versions are
BO%% B | 8 m 0k & PR0tm . .

58 035 |50 05 130 06 |200 08 |250 07 Take advantage_of this striking p(lce(performance
30 04 (60 05 (160 06 |240 08 |300 07 breakthrough to stimulate new applications as you
35 052 |70 07 [190 09 |280 11 [350 10

implement present designs and plan future systems. All units
Price $ (1-9 qty) TOAT $50.95/ZFAT $89.95 are available forimmediate delivery, with a one-yr. guarantee,
bold faced values are Individual elements in the units and three-sigma unit-to-unit repeatability.
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L JMini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits. com

or detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK ¢ INTERNET » THOMAS REGISTER + MICROWAVE PRODUCT DATA DIRECTORY « EEM
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.
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CHARGE
PUMPS

GO

PLLatinum.

PLLatinum™: the industry's
highest performing PLLs.

w*

Best Sink and Source
Current Matching

Widest VCO
Tuning Range

Charge Pump Current (mA)

VCO Tuning Voltage (V)
(PLLatinum PLLs feature exceptional charge pump balance and tuning range.)

How do you build the world's best PLL? You
start with the world's best charge pump. Just check
out the spurious output of National Semiconductor's
single and dual frequency synthesizers.

Because you need a low leakage charge pump
National has designed the best. We guarantee the
lowest TRI-STATE® leakage spec in the industry.

With wider VCO rtuning range and highly repeat
able PLL loop performance, you can turn the volume
down. No need for extra filtering requirements that
add more parts.

Plus, our PLLatinum family of PLLs are so well
balanced, they absolutely eliminate dead-zone.

Pumped? Call us for a complete information kit
with a product selection guide and free samples.

1-800-272-9959, Ext.67 1*

‘f.n Europe call +49:(0) 180 532 78 32 (English) or +49 (0) 180 530 85 85
(German); in Japan cll 81-43-299-2300; in Southeast Asia call 852-2737-1600.

National Semiconductor

Moving and shaping the future

© 1996 National Semiconductor Corporation. PLLatinum is a trademark
and TRI-STATE is a registered trademark of National Semiconductor
Corporation. All rights reserved.
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