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Noise/Com.
Technology that puts you in the driver’s seat.

At Noise/Com, all of our communications testing
instruments are designed and built with customer
requirements in mind.

So whether you're testing for
the cellular, PCS, CATV, or
satellite industries, for voice,
data, or multimedia, you can
rest assured we will make
your job easier...and faster.

Noise/Com also takes the lead when it comes to
uncompromising customer support. That means when
you need answers, you can count on our people to
respond to your requests in high gear.

Turbocharge your testing cycle.
The UFX-BER delivers a winning combination
of stability, repeatability, and ease of use. It’s fully
automated, capable of setting and maintaining a
precise ratio between a user-provided carrier
and internally generated noise.
The instrument calibrates and
displays the ratio as either C/N,
C/No, or Eb/No. Accuracy of
0.21 dB RSS is maintained over a
wide range of frequencies and carrier
output power levels. All at the touch of a single button.
And since the UFX-BER is turbocharged, you
can see actual measurement results instantaneously -
instead of waiting days to catch an error that occurs
once every billionth bit cycle. By injecting known levels




In the BER Test Race, Noise Com
leaves the others in the dust.

of noise into your digital communications link, you can
accelerate the meesurement of BER as a function of
carrier-to-noise ra-io.

The UFX-BEK supports many of today’s most
popular applications such as CDMA, SATCOM, and
CATV, as well as meeting IS-95 and 15-54 requirements.
It's available in a wide range of frequencies and can be
customized to mezt your specific application.

Here are a few samples:

Model No. Frequency Range Applications
R 50 to 90 MHz ceal purp
FXBERCATY 50 to 8¢ Cobla TV
3 09 5% 10 72 L A
BERES/IDR . . ¥ el
o 1595 [COMA]
UFXBER-892 8221 MH e ARERL
UFXBER-1545
UFXBER 185 710 15 1990 MH JECT, BCS

For information on UFX-BER circle #1

For a FREE copy of our application

notes and details on all our products for ~ =====22"
wireless communications testing, contact |
""'iﬁ"z.,.,
NOISE/COM. Your global partner R
for wireless, telecommunications, FEE— | g
and noise testing products. & s
Noise Com, E. 49 Midland Ave,, - |
Paramus, NJ 07652. 'iﬂ = R

Tel: (201) 261-8797.
Or fax us at (201) 261-8339.

NOISE,EOM

A WIRELESS TELECOM GROUP COMPANY
For Application Notes circle #69



THE WORLD’S LARGEST SELECTION

S

2""1' 'OG"’Z from$295

Choose from over 480 standard off-the-shelf models from

2-way 10 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 suriace 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. All units
ome with a Tyear 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.
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Mini-Circuits...we’re redefining what VALUE is all about!



Mini-Crrcutts RFAF Surface Mount Designer's Gude features
48 pages of the most up-to-date and complete product and
specification information about Mini-Circu urface mount
compoenents. The RFAF Microwave Handbook is packed wi
740 pages of art chion g nd deta
specifications for Mini-Crrcutts components

Call, write or fax for your free Surface Mount Designer’s
Guide and Handbook today!
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Mini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661

For detailed specs on all Min-Circuits products refer to « THOMAS REGISTER +« MICROWAVE PRODUCT DATA DIRECTORY « EEM * MINI-CIRCUITS' 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 194 Rev Orig
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VNA Ampifiers +17.5dBm, 051025GHz . $295 .,

Very New Amplifiers...at a very affordable oc
price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very Q1
small, yet incredibly powerful (+17.5dBm typ. output at 1dB
compression). The SOIC-8 pin surface mount units operate
directly from a +3V to +5V single DC supply with 18dB typ.
gain and cover the popular 0.50-2.50GHz wireless band.
These units are very easy to use because all capacitors are
internal and RF/DC connections are separate, eliminating the
need for both external coupling capacitors and an RF choke. You can buy these very
new amplifiers for the low price of just $2.95 ea., gty. 1000. Development qty. 10, only
$4.95¢ea.! So, call Mini-Circuits today for immediate off-the-shelf availability and
guaranteed 1 week shipment.

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

Freq.(GHz) 5-8 810 1.0-20 2025

Gain (dB) typ 140 170 180 16.0
Max. Output (dBm)

@1dB Comp. typ. +18.0 +185 +175 +17.0
| P 3rd Order

{(dBm) typ. +27 +27 +27

VSWR Output typ.  1.5:1  1.7:1  1.7:1

VSWR Input typ.  6.4:1  2.8:11  2.0:1

DC Power.: +5.0V for specified performance
Current,(mA): 85typ., 105 max.

Thermal Resistance. Junction-to-case: 125°C/W
Price (3) ea. : 2.95 (qty. 1000), 4.95 (qty. 10).

*All specs at 25°C (case temp. 35°).

eAvallable in Tape and Reel

*MTTF at 150°C max. junction temp.: 3x 10" hrs.typ.
Case’ is defined as mounting surface of leads.

- = - = ®
Mini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661

For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY = EEM * MINI-CIRCUITS' 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.

INFO/CARD 3

F 180 Rev Orig




design

contents

featured technology

30 Use Programmable Logic
Devices to Enhance
Phase-Locked Oscillator
Performance
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and performance of an entire oscillator can
be improved. — Larry Martin

cover story

42 Four-Chip Set Supports High-Speed DSSS
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The chip set described in this article provides many of the functions
needed for an IEEE 802.11-compliant WLAN adapter.
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Oscillators

If you are -hinking of designing an oscillator around a few GHz, this arti-
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lator, and will demonstrate a method of simulating coaxial-resonator
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WERLATONE

DECADES AHEAD

HIGH POWER
DUAL DIRECTIONAL
COUPLERS

* HYBRID JUNCTIONS

[PO.BOX47 s ROUTE 22 # BREWSTER, N.Y. 10509
] ! 914-279-6187 » FAX 914-279-7404

MULTI-OCTAVE
BANDWIDTH
TYPICAL
SPECIFICATIONS

INS. LOSS 0.1db
FLATNESS .... +/-0.5db
DIRECTIVITY 20 db min.
VSWR ML 1.2:1max.
MODEL C3240
COUPLING ..........c........ 40db nom.,
POWERCW .................. 200 watts
MODEL C3271
COUPLING .................. 50 db nom.
POWERCW ................ 1500 watts
BROADBAND HIGH POWER
* DIRECTIONAL COUPLERS
|« POWER COMBINERS
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RF editorial

Interference
Threatens
Wireless’
Success

By Gary A. Breed
Editor

There is a potential environmental
disaster lurking in the shadows
beyond the wild success of wireless
communications — interference. The
rapidly growing use of electrical and
electronic equipment of all types is
causing a corresponding increase in
the noise level in urban areas.

Just like smog limits our visibility
and creates discomfort, this “electronic
smog” restricts the range and reliabili-
ty of wireless communications devices.
If that new PCS multi-function com-
municator doesn’t work like it’s sup-
posed to, customers will be very
unhappy. Interference is a real prob-
lem, requiring analysis and action.

Where does this noise come from?

Some interference sources are obvi-
ous, like the AM radio station that is a
mile-and-a-half from my house. A cou-
ple of my telephones have music in the
background, and I have to be careful
in my home electronics lab to be sure
measurements aren’t being affected.

Other causes of interference are
unseen and often unexpected. Any
common electrical apparatus can be a
big problem — kitchen appliances,
power tools, doorbell and furnace
transformers, waterbed heaters and
aquarium heaters all can create an
arc. These arcs generate lots of RF
energy (that’s how the first radio
transmitters created signals!). As con-
sumers, we buy and use more electri-
cal devices than ever, so this kind of
noise will continue to increase.

The amount of electronic equipment
in our homes and offices is increasing
faster than electrical appliances. We
have computers on our desks, and

computer circuits in places we don’t
expect. Microwave ovens have micro-
processor controllers, as do television
sets, cable TV boxes, video games, CD
players and other audio equipment.
Every one of these devices has digital
signals that create RF energy, with at
least a little bit being radiated despite
FCC Part 15 requirements. Some of
these units can have problems, be
tampered with, or simply be put close
to other equipment that picks up their
unwanted signals.

Finally, we have to add up the
effects of all radio devices that are
supposed to create signals. A typical
household can easily have ten or more
wireless devices — cordless phones,
garage opener, baby monitor, inter-
com, extension speakers, radio control
toys, security system, etc.

Individually, each of the above
sources may be benign, but taken as a
whole, they can create a substantial
soup of RF energy that can prevent
them from operating as we expect.
And this is just in our homes! Can you
guess the effect of large numbers of
new paging transmitters, microcells
and PCS base stations?

The challenge is to create products
that resist interference and create as
little unwanted energy as possible.
With current market demands, is
there any motivation to do this? Will
the FCC be able to help control the
problem in the face of pressure for de-
regulation? Or, will things come crash-
ing down when we finally get to the
point where our wireless devices choke
to death in the “electronic smog”?

Think about it.

October 1995



ver the last couple of years, we’ve seen EMC

issues evolve from technical “what” questions
to regulatory “when” statements. EMC is now,

and at Kalmus we're addressing it head on.”

“Our new Model 7100LC 100 watt RF power amplitier Designed specifically
is a case in point. It has been designed specitically for for EMC testing,
EMC test applications. And, true to the Kalmus we believe Kalmus

tradition of manufacturing highly functional, yet 7 |
3 : e ot AR Model 7100LC is the smallest lzghtest and least expensive I OO

extremely cost competitive amplifiers, the 7100LC, we

believe, is the smallest, lightest and least expensive 100 watt RF amplifier on the market. Al functions can be remotely

wartt RF amplifier for EMC testing on the market.” controlled via the optional Kalmus Model IF488, pictured
(IEEE-488/RS-232 Interface), or hardwired.

throueh our new affiliation with Thermo Voltek MODEL 7100LC

Corporation, a company focused upon all aspects of .
p ; 100 Watt Broadband RF Power Amplifier
EMC. As a member of the Thermo Voltek P

family, we share their mission and can o Frequency range: 80-1000 MHz
now offer our customers enhanced sales Broadband

and service capabilities through Thermo ST RAIGHT o WIOSFET circuitry

Voltek’s worldwide organization.”

“As we move closer to global EMC TAL K

regulations, Kalmus remains steadfast to
its engineering heritage and is committed ABOUT ¢ Remote functions: all front panel

to producing reliakle and cost effective RF controls - AC, Gain, Output Limit,
amplifiers for EMC testing. Call Kalmus E M c ALC Speed, Blanking, VSWR Protection

or your Thﬂ:mu V(}lt(:l: distributor for o +0.8 dB typical ALC gain flatness
complete information.
AMPLIFIERS. ¢ VSWR tolerance: infinite, without damage

@ X * Protection: open, short, temperature,
- M _ excessive drive power

¢ Forward and Reflected Power meter

“Another very important way we're addressing EMC is

¢ Power output: 100 watt CW minimum

¢ Remote capability and outputs

Frank Kalmus

Tehaitalii et o Automatic Level Control (ALC): output level may be set

to a fixed level of +1/2 dB, with input variation up to
Fronk Kalimws is the tounder of Kaling riowerdy Kalma ,
Engmeerme Incd, a division of Thermo Vohiek Cerporanon 10 dB, selectable response time

As Kalimuos' principal desgn neer. he has deogned onver 208 ;.
RE ammplifrers used for EMC et medical/MRI, genieral ¢ Size:48cmx48cm x 17.8 ecm

e All Kalmus products are supported through Thermo Voleek’s
exclusive worldwide network of service and calibration facilities.
Please call Kalmus or an authorized Kalmus distributor for
complete information on this model, as well as other EMC test

systems for EFT, SURGE, ESD, and PQF. 1-800-344-3341

= 7 77 [.-n.-,-

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

Distributor:
KeyTek ¢ 260 Fordham Road ¢ Wilmington, MA 01887 USA
(800) 753-9835 » Tel: (508) 658-0880 ¢ Fax: (508) 657-4803

Kalmus and KeyTek are divisions of Thermo Voltek Corporation and Thermo Electron Corporation
Offices and service centers worldwide. ©Thermo Volek Corporation. Specifications subject to
change without notice.

Thermo Voltek
COMTEST BENELUX » COMTEST ITALIA « COMTEST UK ® KALMUS » KEYTEK * VERIFIER « UVC
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EMC Testing Made EASY

The EASY 1 1s a pre-compliance system
designed to test the conducted
and radiated emissions of products

. during development and production

"to ensure EMC compliance.

The EASY 1 works with Windows 3.1
and consists of a Wayne Kerr
SSA1000A Spectrum Analyzer, GPIB
card for the PC, near field probe kit,
Line Impedance Stabilization
Network and a specially designed

broadband antenna, cables and
documentation.

The EASY 1 system allows for
open area testing from 30 MHz to
1GHz, and the near field probe
" pinpoints the emissions source. Use
EASY 1 10 meet FCC/VDE/CISPR/

For more details, EN/CENELEC/EMC standards.

call 800-933-9319
WAYNE KERR ===

i e A i 11 Sixth Road
ELECTRONICS Woburn, MA 01801-1744

TEL: 617-938-8390 » FAX: 617-933-9523

Wayne Kerr, Inc.

INFO/CARD 6

0 Reliability

Custom Crystals

70 KHz - 200 MHz

'Lifetime
Warranty

Elements,
—

Oscillators &

Accessories : i,
Customer Service

¢ Sales

svee |LIL]l | 18007251426

1951 TURING CO l: Fax

PO. Box 26330, 10 North Lee 1-800-3229426

Oklahoma City, OK 73126-0330
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" JFW Industries,

75P-082 BNC

75 Ohm, Solid-State
Programmable Attenuator

50-1000MHz

0-63db in | db steps

SOP-870 BNC
DC-1000MHz
0-63db in | db steps

50P-893 SMA
Solid-Staze Attenuator
10-500MHz

50P-329 SMA
DC-1500MHz
0-127db in

Idb steps

S50P-909 SMA
9KHz-3000MHz
0-56db in 8db steps

50P-814 SMA

50 Ohm, Solid-State Programmable
Attenuator

115-125MHz

127db in Idb steps

We offer the most complete line of application specific
and standard programmable attenuators in the industry.

For more information or for a free catalog, contact:

JEW Industries, Inc.

5134 Commerce Square Drive * Indianapolis, Indiana 46237

Tele. (317) 887-1340 Fax (317) 881-6790
INFO/CARD 8



HE ROADMAP TO
EAMLESS RF INTEGRATION

Fujitsu Microcelectronics, a world leader in UHF bandpass
SAW filter technology, introduces a master-slice, semi-custom
LSI capability, ideal for integrating IF/RF front-end circuits.
This “frame” based technology, a collection of RF building
blocks defined at metallization, provides a migration path
from our world-class standard RF technologies to a highly

integrated monolithic solution. Allowing you to create
semi-custom designs from our extensive family of cost-effective,
RF technologies—including prescalers, super analog, PLL,
and super PLL.

Fujitsu’s advanced BiCMOS process produces high-speed
digital functionality with unmatched analog performance,

FUJITSU MICROELECTRONICS, INC., 3545 North First Street, San Jose, CA 95134.
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BUILDING THE ONE CHIP SOLUTION

delivering up to 28 GHz ft in a highly integrated
single-chip solution. Our advanced technology
allows you to go from concept to silicon within 6
months, without the high costs and risks associated
with full-custom designs.

Our unparalleled SAW filter technology compliments
this new development for optimum design integration
—reducing design cost, size, weight, and time to
market.

What’s more, you’ll get the comfort and stability of
Fujitsu’s extensive history as a premiere manufacturer
of state-of-the art RF solutions. Our complete line

of standard products are tested rigorously to ensure
design quality and performance—so that you get a
solid foundation from which to build an integrated
design solution.

Get on the fast-track to seamless integration—call
Fujitsu Microelectronics today at 1-800-642-7616.

=5
FUJITSU

COMPUTERS, COMMUNICATIONS, MICROELECTRONICS

INFO/CARD 9
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RF letters

Letters should be addressed to:
Editor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111. Letters may be edited for
length and clarity.

Experience vs. Credentials
Editor:

I enjoyed your recent article in RF
Design magazine, [“A Review of Classic
Filter Responses” July 1995]. What
caught my attention was your phrase,
“In keeping with our philosophy of pre-
senting concepts that assume a BSEE
and no experience...”. I quite often expe-
rienced the opposite side of the coin
before starting my current job about a
year and a half ago. When I had left
Motorola after nearly ten years, the
reaction to the résumé I circulated dur-
ing my job search came in two stages. In
the first stage, prospective employers
reacted negatively to my associates
degree, with comments like, ... actually,
we're looking for someone with a higher
degree...”, but after reading the rest of it

(and a lot of raised eyebrows), they
changed their tune. By the time they got
finished reading the résumé, a few inter-
viewers thought I was over-qualified for
the position I had been applying for.

Certainly, I'm not the only one with
good, solid practical experience, so the
$64,000 question is: when will people
realize a degree isn’t the cure-all, be-
all, and end-all to mark a person’s
qualifications?

Klaus Spies

Design DéjaVvu
Editor:

Recent letters to the editor reminded
me that reinventing is more common
than inventing. One of my client's adver-
tising slogans is “We Reinvented it
First.” The U.S. Patent office has issued
a patent on a method of using a diffrac-
tion grating to correct for lens imperfec-
tions that was invented and published
140 years earlier. It recently issued a
patent on a method of broadcast audi-
ence surveying that was used 70 years

ago and is described in books on the sub-
ject in current use.

The most prolific area of reinvention is
DSP, where the most famous case is the
FFT which is improperly named after
the reinventors instead of the inventors.
I have seen the binomial FIR tap weight
reinvented three times. It was first used
before WWII in phased array antenna
beam forming.

James Long, Ph.D., P.E.

Belated Ackowledgement

In July’s article, “AM Receiver for Low
Power Wireless Systems,” two contribu-
tors were inadvertently left off. Califor-
nia Eastern Laborartories would like to
thank Earl Clark of RF Monolithics in
Dallas, TX for his technical assistance
with the SAW resonators in the applica-
tions circuit for the UPC2768. CEL
would also like to thank Mike Handfield
of Animatronics in Rochester, MI. His
efforts in the development of the oscilla-
tor external tank circuit helped make
the application of this product a success.

MICROWAVE COMPONENTS
DIVISION

Division of Mifa BV

MIFA
Aluminium bv

P.O. Box 3111
NL-5902 RC Venlo
Deltakade 4-6
NL-5928 PX Venlo
Tel.: +31-77-898888
Fax: +31-77-898989
per 10-10-'95:

Tel.: +31-77-3898888
Fax: +31-77-3898989

extrusion

;ﬁdéhiniﬁg
Hinisoies

casting
assembly

Technology
Is our
business. ..
Try us!
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Now you can leave the stacks of expensive, complex equipment back

1 th at the lab and get the job done at a fraction of the time and cost.

o Gt Pornerfor e S Cemn.— A yritsu Wiltron’s Site Master has all the capability you need to com-
mission an antenna system right at your fingertips, including: *Precision VSWR and
Return Loss measurements *Accurate fault location *sImmunity to live site interference
*Frequency range that covers all PCS/PCN and cellular bands.

Site Master incorporates advanced measurement and analysis performance that
other tools can’‘t touch. Its exceptional noise immunity means accurate measurements at
live sites. Once you’ve made the measurements, powerful software helps you quickly
track down faults, monitor RF performance over time, and view data
in Smith chart format.

If you want to commission your sites for a fraction of the cost, size and weight of
more complex systems, call us today for more information or a hands-on demonstra-

tion of the most easy-to-use, portable cable and antenna tester available.

/inritsu

wWith Site Master, you’ll no longer have to haul

=5
your TDR, spectrum analyzer/tracking generator ' e -
or network analyzer to a site. WI Itron

All those who want a hetter way
to commission sites, raise yvour hand.

United States: (800) 230-2972, Canada: (613) 828-4090, Europe: 44 (1582) 418853, Japan: (03) 3446-1111, Asia-Pacific: 81 (3) 3440-2770, South America: 55-21.286-9141, Singapore: 65-2265206
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The Giga-tronics 8540B is the World’s Best
And Here’s the Proof.

The Giga-tronics 8540B Series Universal Power Meters give you EXTE N S I V E for directly

CAPABILITY

measuring complex communications signals. You can measure the average power of AM, two-tone, pulse and

digitally modulated signals. You can measure the average power during the pulse ‘on’ period of anmﬂburst.
W

You can measure the instantaneous peak power of a pulse modulated signal, and the meter will compare the

peak power with the average power and automatically give you the crest factor. And because all of the

measurements are direct and accurate, the need for inherently inaccurate duty cycle calculations is eliminated.

Eq s ' responding sensors plus innovative digital signal processing achieve up to 200

MEASUREMENT SPEED COMPARISON

readings per second over GPIB. Or use our fast buffered mode to further i

reduce processor overhead and capture up to 4,000 readings per second. [l

© 1995 Giga-tronics Incorporated



Power Meter for Communications Testing.

Sensor Measurement Range And you can measure a variety of signals over aw-’E

Range

with a single sensor, thereby reducing measurement time, eliminating the

| cost of extra sensors, and simplifying your test system.

The Giga-tronics 8540B Power Meter will increase your throughput, improve your yields, and give you the

confidence in your measurements

ﬁgatrm 85428 |

required for testing sophisticated g : i

communications systems.

g oo trors

~ JER SENSOR

Call 800-726-GIGA (4442)

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

Giga-tronics Incorporated w 4650 Norris Canyon Road w San Ramon, California 94583 w Telephone: 800-726-4442 or 510-328-4650 m Telefax: 510-328-4700
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SATCOM
TCXO0
+0.1 PPM!

. - t.,.

“Shown actual size 1.5" x 1.5" x .5”

OscILLATEK has designed a family
of TCXO's for SATCOM and
BASE STATION applications.

Field proven with
over 100,000 units produced!

These TCXO's provide the excellent
short-term  stability and Alan
Variance required for Satellite
Communications.

#1 x 10° /1 second Peak to Peak
<1 x10™ at tau = 1 second
Available specifications at 10 MHz:
STABILITIES TO: 0.1 ppm 0 to 70°C
$0.5pPm 0 to 70°C sTD
+1.0 pPm -55 to 85°C

<0.2ppM/ year

< 0.5 pPMm [ year sTD
SINEWAVE or HCMOS

STOCK TO 4 WEEKS FOR STD PARTS

AGING TO:

Oscillatek manufactures a complete
line of crystal based oscillators.

OSCIATEK

A TECHNOLOGIES COMPANY

620 NORTH LINDENWOOD
OLATHE, KS 66062
FAX (913) 829-3505
PH. (913) 829-1777
INFO/CARD 13
18

RF calendar

October
22-26

24-25

28-1

November
7-9

30-1

December
10-13

11-15

January

17-19

International Symposium on Microelectronics

Los Angeles, CA
Information: (800) 535-4746, (703) 758-1060, fax: (703) 758-
1066, e-mail to ISHM®@aol.com

Radio Solutions '95

Birmingham, UK
Information: LPRA Secretariat, Brearley Hall,
Luddenden Foot, Halifax, HX2 6HS. Tel./Fax: +44
(0)1422 886 950.

IPC 1995 Fall Meeting

Providence, RI
Information: Nancy Feaster, IPC, 2215 Sanders
Road, Suite 250, Northbrook, IL 60062-6135. Tel.:
(708) 509-9700. Fax (708) 509-9697.

Applications Conference on Communcations
Techology at Wescon 95

San Francisco, CA
Information: Wescon 95, 8110 Airport Blvd., Los
Angeles, California 90045. Tel.: (800) 877-3668 or
(310)215-3976. Fax: (310) 641-5117. World Wide Web:
http: //wescon.com/wescon. E-mail: wescon@ieee.org.

46th Conference of the Automatic RF Techniques
Group

Scottsdale, AZ
Information: Harmon Banning. Tel.: (302) 368-3700.
Fax (302) 292-4607.

IEEE International Electron Devices Meeting
Washington, D.C.

Information: Melissa Widerkehr, 101 Lakeforest

Blvd., Gaithersburg, MD 20877, Tel.: (301) 527-0900.

Fax: (301) 527-0994.

20th International Conference on Infrared and
Millimeter Waves

Orlando, FL
Information: Dr. Jim Wiltse, Georgia Tech Research Insti
tute, Georgia Institute of Technology, Atlanta, GA 30332-
0801. Tel: (404) 894-3494. Fax: (404) 894-9875.

RF Design Seminar Series

Dallas, TX
Information: Argus Trade Shows, 6151 Powers Ferry Road,
N.W., Atlanta, GA 30339. Tel.. (800) 828-0420.
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Pick a card,
any card.

If you're designing
cellular modems for computer
powered PC Cards, you know the
ante it takes to get into the CDPD
game. Your cards have to be small.
Thin. Reliable. Stable. And efficient.

Your ace in the hole? ITT’s
1.0 and 1.2 watt power amplifiers.
With 16-pin narrow body SOIC
plastic packages, they’ll fit on any
PC card you design.

These devices operate from a
4.6 or 5.8 volt drain supply. If need
be, they can operate under battery
charging levels as high as 8.5 volts.
They operate in the 824 to 849 MHz
AMPS /CDPD frequency band,

easy to match output impedance
and Class AB Bias. Plus, they deliver
a healthy 55% efficiency.

And to help you trump the
competition, these little 1.0and 1.2
watt power amplifiers employ ITT's
MSAG?®-Lite Self Aligned Gate
technology...so you can deliver more
of the features your customers want
in less space.

So before you pick out your
power amplifier, play your cards
right and check out the deal on
any ITT RFIC . Call 540-563-3949
or fax us at 540-563-8616.

ITT GTC
7670 ENON DRIVE
ROANOKE, VA 24019

feature 50€2 input impedance, [acTuaL

@ ITTecrc
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P
mex Electronics
Yfilters
ors: We
1 line of
Hz and
lithic filte
rcompa
may requitesWe cover a
frequency range of 3.0
“MHz to 200.0 MHz. With
.our computer aided
-designs we can realize
most types of filters with
_realistic components and
A manufacture them at a
Monolithic Crystal \yery competitive price.
Filter Prototyping Plus, we’ve been in
Kits ! business 12 years.

askK about out




10‘?{:1!
; Eﬁ? U J (J U U U cl U
NO. T P/
POLES = P/N dB
) TE5000 3 3.7%
4 TE5010 3  3.75 %
N| & TES5020 6 375 6
8 TE5030 6 3.75 _
m 2 TE5040 3 650 20
4 TE5050 3 6.50 30,
6 TES5060 6 650 60 "1
8 TE5070 6 650 60 .
l‘, 2 TE5080 3 750 20%‘
e 4 TES5090 3 7.50 30
N o TE5100 6 7.50 w**
8 T 6 750 60 .
TES1
TE5140
8 TE5150
NO. TEMEX Bl
POLES  P/N _dB-
) TES5180 1.
4 TE5190 ‘ 2.0§ |
6 TES5200 20
8 TE5210 20
p) TES5220 1.0
| 4 TE5230 2.0 70 1400//0
6 TE5240 W 4 2.0 90 1400//0
- | 8 TES5250 ) AT 5. 4 2.0 100 1400//0
] Fefd TES5260 3 45 20 =00 2 3.0 50 1500//0
- 4 TES270 37.50 30 250 - - 3 2.0 70 1600//0
ay| 6 TE5280 6 7.50 60 250 - - 4 2.0 90 1600//0
8 TE5290 6 .7.50 60 200 80 250 4 20 100 1600//0
2 TE5300 3 150 15 500 - - 2 1.0 45 3000//0
4 TE5310 3 150 30 450 - - 3 2.0 60 300041
6 TES320 6. 15.0 60 45.0 3 20 90 3000//-1
8 TES330 6 15.0 60 33.0 80 450 4. 20 100 3000//-1
NO: TEMEX . MODE PASSBAND  STOPBAND  LOSS RIPPLE ULT, REJ. - TERM.(Rp/Cp)
N{PQLES PN 4B KMz dB tKHz . ¢gB- dB-MAX' dB-MIN. OHM/PF .
2 TEQ420 ' 3-OT 37 3.75 18160 % 1 40 2000//-1.0
= 4 TE9310, - 3-OT 3375 30 125 3 1 70 2000//-1.0
2 TE7420.  3-OT 3 750 18 28.0 2 1 40 3000//-1.0'
o 4 TE7430  3-OT 3 750 40 300 3 1 70 3000//-1.0
o} TE7440 . 3-OT 3 ..150 15..47.0 2 1 40 8000//-1.5
il TE7450  3-OT 3. 150 30 °50:0 3 1 70 8000//-1.5
2 TE7730  FUND 3150 15 50.0 2 1 40 1100//+1.5
4 TE7740 ~ FUND 3 15.0 60.0 3 1 800//+1.0

3030 W. Deer.Valley Rd. Phoenix AZ. 85027
(602) 780-1995 - FAX (602) 780-2431



RF'courses

RF and Wireless Engineering

October 24-27, 1995, Atlanta, GA
Principles of Modern Radar

November 6-10, 1995, Atlanta, GA
Far-Field, Anechoic Chamber, Compact and Near-Field
Antenna Measurements

November 28-December 1, 1995, Atlanta GA
Radar Signal Processing: Theory, Technology and
Application

January 31-February 2, 1996, Atlanta, GA
Coherent Radar Performance Estimation

February 5-8, 1996, Atlanta, GA
Information: Continuing Education, Georgia Institute of
Technology, Atlanta, GA 30332-0385. Tel: (404) 894-2547.

Antennas and Antenna Systems: Practical Design, Imple-
mentation, and Testing
October 23-26, 1995, Washington, DC
Analog and Digital Cellular Networks: CDMA versus TDMA
October 30-November 1, 1995, Washington, DC
Wireless Telecommunications: An Introduction
November 13-15, 1995, Washington, DC
Terrestrial Microwave Communications Engineering
November 13-16, 1995, San Diego, CA
Digital Transmission Systems
November 13-17, 1995, San Diego, CA
Electromagnetic interference and Control in Modern
Communications Systems
November 13-17, 1995, Alexandria, VA
Video Transmission and Broadcasting Via Satellite
November 20-21, 1995, Washington, DC
Satellite Communications Engineering Principles
November 28-December , 1995, Alexandria, VA
Advanced Developments in Radar
December 4-7, 1995, Washington, DC
Modern Digital Modulation Techniques
December 4-8, 1995, Alexandria, VA
New HF Communications Technology: Advanced
Techniques
December 4-8, 1995, Washington, DC
Satellite Communications with Emphasis on Mobile Sys-
tems
December 6-8, 1995, Alexandria, VA
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.

DSP Without Tears™

December 4-6, 1995, San Jose, CA

January 8-10, 1996, Atlanta, GA
Information: Z Domain Technologies, 325 Pine Isle Court,
Alpharetta, GA 30302. Tel.: (800) 967-5034 or (404) 587-
4812. Fax: (404) 518-8368. E-Mail: dsp@mindspring.com

Engineering the Telecommunications Network

October 30-November 2, Madison, WI
Information: Francis P. Drake, Program Director, Universi-
ty of Wisconsin—Madison/Extension, The Wisconsin Center,
702 Langdon St., Madison, WI 53706. Tel.: (800) 462-0876
or (608) 262-1299. Fax: (800) 442-4212 or (608) 265-1299.
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Networks for Digital Wireless Access

November 8-10, 1995, Burlingame, CA
Information: University of California, Berkeley Extension,
South Bay Program, 800 El Camino Real, Suite 220, Menlo
Park, CA 94025. Tel.: (415) 323-8159.

Short Course on Microwave and RF Measurements for
Wireless Communications
November 28-29, 1995, Scottsdale, AZ
Short Course in Electromagnetic Interference Metrology
January 22 & 23, 1996, Anaheim, CA
Information: Robert M. Judish, NIST, 325 Broadway, Boul-
der, CO 80303. Tel.: (303) 497-3380, Fax: (303) 497-3970, e-
mail: judish@boulder.nist.gov.

MPEG-2 & Alternative Video Compression Standards &
Techniques

November 6-8, 1995, Palo Alto, CA
Error Correcting Codes with Applications to Communica-
tions Systems

December 11-14, 1995, Washington, DC
Information: University Consortium for Continuing Educa-
tion, 16161 Ventura Boulevard, M/S C-752, Encino, CA
91436. Tel.: (818) 995-6335. Fax: (818) 995-2932.

EMC Workshop — Immunity Measurements

October 24 & 25, 1995, Surrey, England
Pre-Compliance and Diagnostic Emissions Tests

October 26 &27, 1995, Surrey, England
EMC Testing

November 21, 1995, Bristol, England
Information: Ms. Nikki Harris, Conference Group, Technical
Services Division, ERA Technology Ltd., Cleeve Road,
Leatherhead, Surrey, KT22 7SA England. Tel.: 44 (0)372-
367027. Fax: 44 (0) 372-3779217.

EMC Training Courses

October 24, 1995, Warwick, England

October 25, 1995, Reigate, England

October 26, 1995, Sheffield, England

November 14, 1995, Luton, England

November 15, 1995, Gloucester, England

November 16, 1995, Manchester, England
Information: Nigel Harvey, SGS EMC Services, Hutton
Building, St. Michael’s Way, Sunderland, SR1 3SD. Tel.: 44
(0) 191 515 2663. Fax: 44 (0) 191 5125 2670

Applied RF Techniques |
October 23-27, 1995, Los Altos, CA
Applied RF Techniques Il
October 30-November 3, 1995, Los Altos, CA
RF and Wireless Made Simple
(For Technical Managers and Marketers
November 6 & 7, Los Altos, CA
Wireless RF System Design
November 6-10, Los Altos, CA
Information: Besser Associates, 4600 E1 Camino Real #210,
Los Altos, CA 94022. Tel.: (415) 949-3300. Fax: (415) 949-
4400.
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At only $9,500,

some features on this RF network analyzer
will surprise you.

3.5-inch
disk drive exports
DOS data to a PC. O,
automate your testing
with built-in
IBASIC.

Large
two-channel display,
pass/fail limit lines, and
marker functions make
testing easy and
consistent.

If you thought you could never afford
this kind of performance, think again.
The HP 8711B family of network ana-
lyzers puts it well within your grasp.

Starting at just $9,500, select from
four models in your choice of
scalar or vector, 1.3 or 3 GHz. Each
complete system has an integrated
synthesized source and test set. So
you can tune and test your RF
communications devices faster and
more economically than ever before.

To find out about all the features the
HP 8711B network
analyzer family

has to offer, call
HP DIRECT. It’s
the fast, easy

Tuned

receivers
provide over
100 dB of
dynamic
range.

Synthesized
source has 1 Hz
resolution — yet
updates up to
35 times per
second.

amaze you.

1095 Hewlen-Packard Co FTMMIDUSLI/RID

way to get all
your questions
answered.
With one sim-
ple call, you
can get quick
product
\ specifica-
tions or any
technical
literature
you may
need to make the right
decision. Or if you want one-on-
one technical support, you can speak
to an engineer who has firsthand
experience with HP products. And,
of course, if you're ready

to order, we
can help you  “Find out how you can
do that, too. get high performance

] for a low price. Call HP
So giveusa ‘prppep gy
call. You'll be
surprised how 5582%:8 e
affordable HP %

Ext. 9658.

performance .
can be. W

In Canada. call
1 SN0-450 2271, Degn. |

There is a better way.

(ﬁﬁ HEWLETT

PACKARD
INFO/CARD 16



RF news

New Technology Will
Shrink Microchips

A new form of microlithography
replaces light with neutral atoms to
write patterns on silicon. Demonstrat-
ed by Harvard University and Nation-
al Institute of Standards and Technol-
ogy (NIST) scientists in August, the
new method offers the promise of one-
day manufacturing integrated circuits
or other microfabricated objects about
10 times smaller than currently possi-
ble with light-based lithography meth-
ods, according to NIST. The scientists’
results are reported in the Sept. 1
issue of Science.

Nickel-Based EMI
Shield Developed

A research team at the State Uni-
versity of New York in Buffalo, NY
reports that it has developed a poly-
mer containing nickel-coated carbon
filaments that can effectively shield
electronic devices from electromagnet-
ic interference. Deborah Chung, prin-
cipal investigator for the team, said
the material achieves 87 dB of shield-
ing at 1 GHz. By comparison, solid
copper insulation achieves 90 dB
shielding. Chung also described the
polymer-based shield as being much
lighter and more moldable than cop-
per. The 0.4 micron-diameter nickel
fibers constitutes only 7 percent of the
body material of the shield. Chung
said she has a patent pending on the
polymer and it is currently in the
process of commercialization.

Frequency Control
Abstracts Now On-Line

The abstracts of all the papers ever
published in the Proceedings of the
Frequency Control Symposium since
1956 are now available on-line via the
Internet. Instructions for download-
ing are as follows:

ftp: 144.252.1.1 (ftp Ftmon.ARL.mil)

login: anonymous

password: (use e-mail address)

cd ieee_fcs

cd abstracts

get: (enter filename).

The file names are
ABSTRACT.EXE, OTHER.EXE,
which are self-extracting compressed
files (for PCs), and a READ-ME TXT,
which is a text file explaining what
the .EXE files contain. Uncompressed
text ASCII files are also available in

24

the same directory: ABSTRACT.TXT
contains all the abstracts,
AWARDS.TEXT contains information
about the Cady, Rabi and Sawyer
awards, CHAIRMAN.TEXT contains a
list of symposium chairmen since
1956, PROCDGS.TXT contains infor-
mation for all the Frequency Control
Proceedings since 1956.

FCC Expands Role of
GTEM Cells

The Federal Communications Com-
mission announced that it will accept
GTEM cells as alternate sites for mak-
ing radiated emissions measurements
for equipment authorizations beyond
Part 15 of the FCC rules, which nor-

Call for Papers: CEEM °96 Asia-
Pacific Conference on Environ-
mental Electromagnetics — In an
effort to promote the exchange of new
research and to foster friendship and
scientific cooperation, environmental
electromagnetic experts from China
and Japan and other countries will
host CEEM ’96 in Xi’an, China next
November 3-7. The sponsors, China
Institute of Communications, Beijing
University of Posts and Telecommu-
nications and the Institute of Electri-
cal Engineers of Japan, have invited
paper submissions on the following
topics: antenna theory; CAD in anten-
na; scattering; EMI sources; lighting
surge, EMP and ESD; EMI coupling
and crosstalk; EM wave propagation
theory; space electromagnetics; elec-
tromagnetic field theory; application
of propagation model to telecommuni-
cations; EM environment; EMC mea-
surement; EM sensor; shielding and
grounding — technique and material;
EM energy, absorber, anechoic mater-
ial; filter, transformer and isolatator;
immunity and susceptibility/system,
device and component; EMI predic-
tion, analysis and reduction tech-
nique; spectrum management and
monitoring; biological effects; EMC in
wire communications; EMC in radio
communications. Authors should sub-
mit three copies of a 35-50 word
abstract and a 500-700 word summa-
ry by June 20, 1996. The submission
should include the author’s name,
address and affiliation. Send submis-
sions to CEEM ’96, c/o Prof. Gao
Yougang, P.O. Box 171 Beijing Uni-
versity of Posts and Telecommunica-
tions, Beijing, 100088, China. Tel.:
86-10-2019988 ext. 722. Fax: 86-10-
2028643.

Virginia Tech Symposium Issues
Call for Papers — Sponsors of the
1996 Virginia Tech Symposium on
Wireless Personal Communications
invite authors to submit abstracts for
technical papers describing original

Conference News

work in wireless communications.
The symposium will be held June 5-7,
1996 in Blacksburg, VA. Examples of
appropriate topics include: novel
wireless products, applications of
DSP techniques to wireless communi-
cations, diversity and multiple access
techniques, simulation and perfor-
mance analysis of wireless systems
network issues, propagation measure-
ment and prediction, supporting tech-
nologies for wireless systems, and
business opportunities in wireless.
Authors should send a 200-400 word
abstract to Dr. Brian D. Woerner,
MPRG - Bradley Department of Elec-
trical Engineering, Virginia Tech, 850
University City Blvd., Pointe West
Commons, Suite 1, Blacksburg, VA
24061-0350. Or call Jenny Frank at
(540) 231-2958. E-Mail: mprg@vt.edu.
http: /www.ee.vt.edu/ee/research.
Deadline for submissions is December
15, 1995.

Call for Papers: Microwave Sym-
posium — The 1996 IEEE-MTT-S
International Microwave Symposium
week will be held in San Francisco,
California, June 16-21. Papers
describing original work in the
microwave field are currently sought.
Any paper concerned with the utiliza-
tion and application of microwave
theory and techniques will be consid-
ered. Authors should indicate their
preference for presentation length:
Full length (20 minutes), short (10
minutes), or interactive forum. Full-
length papers should report signifi-
cant contributions, advancements or
applications. Short papers typically
report specific refinement in the sate-
of-the-art. The interactive format
gives authors the chance to present
theoretical or experimental material
in poster format, display hardware,
perform demonstrations, and conduct
informal discussions. Mail submis-
sions to MTT-S Symposium 1996, c/o
LRW Associates, 1218 Balfour Drive,
Arnold, MD 21012.
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Four believable

features of this
RFE spectrum analyzer.

The HP 8590L spectrum analyz-
er family gives you the superior
performance you probably
expect from HP. At a price you
probably don't.

With a frequency coverage from
9 kHz to 1.8 GHz and a +1 dB
frequency response, you get the
added confidence you need in
amplitude measurements. Plus
you get an easy-to-use interface, |
color print capability, and
an optional built-in tracking
generator.

m om0

Discover just how easy it is to
afford all this HP performance

by calling HP DIRECT at ;
1-800-452-4844, .
Ext. 9651'.

The engineers of HP
DIRECT will give you all
the specifications you need
to choose the model that’s
right for you. And you

can learn more about our
entire HP 85%0L spectrum
analyzer family.

“Find out how much per- SO give us

Jormance you can get from
this spectrum analyzer for a'call. And
stuch an unbelievable price. discover the

Call HP

DIRECT performance
at 1-800- you can
4524844,

get for an
unbelievable
price.

In Canada, call
1 $50-2271, Dept. 147.

- 4 e ) -
e - 430 AL ol ’

. Andonethat’s
sl Unbelievable.

PACKARD
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M‘ neWS (continued)

mally are obtained at an open area
test site. In 1993, the FCC began to
allow GTEM cells as alternate test
cites for equipment authorization for
Part 15. The GTEM cells, however,
must be used under limited conditions.
According to the FCC, GTEM test cells
have several benefits, including a
faster time for measurements, reduced
testing costs and an alleviation of test-
ing delays due to poor weather. Ques-
tions regarding GTEM cell testing can

be addressed to Thomas Phillips at
(301) 725-1585, Ext 218. Fax: (301)
344-2050. Internet: tphillips@fcc.gov.

Contracts

PAC/AMP to Provide Multi-Cou-
plers to Canada’s CDC — Pacific
Amplifier Corporation was awarded a
development contract from Computing

These high performance monolithic HBT Darlington amplifiers are for
use as a general purpose 50 Ohm gain block for commercial applica-
tions. They are available in chip form or ceramic packaging.

: Cascadable |
O GaAs MMIC |
— oo [ Amplifiers
-] - r
T e —
£ W =< 4
B 16 S
0 - —
14 |22 ~ LS
S e L N, >~
12 — - e
10 =1 e,
8
il 6.5 10
Frequency (GHz)
FEATURES:  AH-B102D-1  AH-B102D-2 AH-B102D-3
Gain 12 dB typical 16 dB typical 22 dB typical
RF Frequency DCto 10 GHz DCto 6.5 GHz DCto 3 GHz
Noise Figure <7 dB <6 dB <5dB
PidB >13 dBm >14 dBm >10 dBm
Stability Unconditionally Unconditionally Unconditionally
stable slable stable

Get superior performance
from the latest MMIC tech-
nology, backed by the
high quality engineerin
and manufacturing exce?—
lence of TRW.

TEL: 516-784-4500 » FAX: 516-794-4340

F FElI Communications, Inc. ==
@ E A Subsidiary of Frequency Electronics, Inc. 8l
55 Charles Lindbergh Blivd., Mitchel Field, NY 11553
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Devices Canada (CDC) on the Iris pro-
gram to provide a broadband RF active
multi-coupler subsytem last August.
The active multi-coupler will signifi-
cantly reduce co-site interference gen-
erated when multiple transceivers are
used in co-located environments.

Amplica, Inc. Wins $1.4 Contract
— Amplica, Inc. of Newbury Park, CA
announced in August that it has been
awarded a $1.4 million contract from
Litton Systems, Inc. Amplica will man-
ufacture major assemblies for the APX-
109 IFF system. Founded in 1972,
Amplica designs, manufactures and
markets RF/microwave components,
sub-assemblies and sub-systems used
in commercial communications and
microwave defense equipment.

Scientific Atlanta to Provide
Ground Systems for Space Imag-
ing, Inc. — Scientific Atlanta received
$7.6 million from E-systems, Garland
Division to provide three ground sta-
tions to support Space Imaging, Inc.’s
(SII) remote sensing program. Thorn-
ton, Colorado-based SII provides satel-
lite imagery of the earth to commercial
users. SII will launch its first commer-
cial satellite in late 1997.

Market News

Automotive Electronics Market
to Increase — The total demand for
automotive electronics is expected to
reach $16.1 billion by 1999, a $4.8 bil-
lion increase from 1994, according to
BIS Strategic Decisions. High technol-
ogy applications such as head-up dis-
plays and collisior warning systems
are predicted to become the fastest
growing segment with 16 percent
annual growth, increasing from $470
million in 1994 to $970 million in 1999.
Vehicle-security applications such as
keyless-entry, alarm and electronic
vehicle immobiliser systems are
expected to grow at 13 percent a year
from $588 million in 1994 to $1.08 bil-
lion by 1999, according to the report.

Digital Wireless Communica-
tions Market for IC’s Booming —
The global market for semicustom and
custom integrated circuits used in digi-
tal wireless communications (DWC)
terminals and RF base station equip-
ment carriers is expected to “skyrock-
et” from $974 million in 1994 to $5.1
billion in the year 2000, according to
Kenneth W. Taylor & Associates.
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You never thought you needed the

extra performance
and expense of HP

e -

The HP 8648 RF signal generator series

interface provides N\ without it?
access to 300 storage

registers, up to 10
sequences, as well us
RF and modulation

Optional
high power up
to +20 dBm.

Superior level
accuracy: +1 dBm for
frequencies up to 2.5 GHz
and power levels us
low as -127 dBm

order, we can
help you do
that, too.

So give us

a call. And
get higher
performance.
At a lower
price.

*In Canada, call
1-800-450-2271, Dept. 148.

How about
just the extra

performance?’

1 rwiste Packard Co TMMITMSL YRFT

O

Like all of our signal generators,
the HP 8648 series offers the
superior performance you probably
expect from HP, but thought you
couldn’t afford. At $5,865, how-
ever, can you really afford to do

The HP 8648 family gives you
uncompromised performance,
with clean +10 or +13 dBm output
power, and a simple user interface
that lets you tackle a variety of
applications. And the HP 8648A
offers an electronic

attenuator

that reduces
the risk of
failure.

To find out
about all the
features the
HP 8648
signal gener-
ator family
has to offer,

call HP DIRECT. It's the fast, easy
way to get all your questions
answered. With one simple call,
you can get quick product specifi-
cations or any technical literature
you may need to make the right
decision. Or, if you want one-on-
one technical support, you can
speak to an engineer who has first-
hand experience with HP products.
And, of course, if you're ready to

“Find out how affordable
HP performance really
can be. Call 1-800-
4524844, Ext. 9665,
and Tll help
you find
the signal
generator
that’s
right

or N,
you.”

There is a better way.

HEWLETT
PACKARD
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m:‘ n eWS (continued)

According to the recent 225-page
study, custom ICs will be particularly
important for reducing size, weight,
and power consumption of advanced
hand-held terminals associated with
DWC applications.

Collision Warning Systems See
Promising Road Ahead — A study
released by the Allied Business Intelli-
gence, Inc. estimates a $200 million
U.S. market for automotive collision
warning systems by the end of the cen-
tury. The figure is based on U.S. pro-
duction of approximately 10 million cars
and light trucks, an insertion rate of 5
percent by the year 2000 and an aver-
age selling price of $500 per system.

Expansion of European Mobile
Communication Markets Expected
— European mobile communication ser-
vices and equipment markets are
expected to reach US$30.1 billion by
1998, according to BIS Strategic Deci-
sions. Mobile communication equip-
ment is predicted to reach US$8.1 bil-
lion within the same time frame. The
mobile communications market is one of
the fastest-growing sectors of European
telecommunications market, BIS said.

Asian, Mideast Markets Lead
Electronic Warfare Growth —
According to a report from Frost & Sul-
livan, non-U.S. sales of electronic war-
fare systems will grow from $3.67 bil-
lion in 1994 to $5.36 billion by the year
2001 at a 6 percent compound annual
rate. The western European share of
sales will dip from 39 percent of the
market in 12994 to 37 percent in 2001
and that of eastern Europe from 16 to
10 percent while the Asia-Pacific share
rises from 29 to 30 percent and the Mid-
dle East from 12 to 15 percent in the
same period, the report stated. “Chip
and wire” modules are being replaced
by gallium arsenide microwave inte-
grated circuits (MMICs).

Major Growth for SiC Markets
Predicted — A new study on silicon
carbide (SiC) technology and market
applications predicts that SiC-based
optoelectronic devices will increase.
This year’s $4 million market will rise
to $90 million by 2000 and to $200 mil-
lion by 2005, according to the report
released by Strategies Unlimited. The
figures represent a 48 percent annual
growth rate for SiC-based components.
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Business Briefs

Fluke Corp. Achieves National
Lab Accreditation — The National
Institute of Standards and Technolo-
gy (NIST) has accredited the Fluke
Corporation for its Primary Stan-
dards Laboratory. The NIST Nation-
al Voluntary Laboratory Accredita-
tion Program (NVLAP) evaluates the
quality standards and technical com-
petencies of public and private labo-
ratories that provide testing and cal-
ibration services. Fluke is accredited
for electrical parameters including
DC volts, AC/DC difference, AC
volts, AC current, DC current, ther-
mal voltage and resistance.

Daden to Merge with TRAK —
TRAK Microwave Corporation of
Tampa, Fla. and Daden Associates of
San Clemente, Calif. announced in
August they have entered into an
agreement in which TRAK will
acquire Daden’s assets, pending
approval of the boards of directors of
both companies as well as Daden’s
shareholders.

BCP Awarded Pre-Scramble
Encoding Patent — Broadband
Communications Products, Inc.
(BCP), has received a patent on a
pre-scramble encoding method and
device for digital communications.
According to BCP, the purpose of the
invention is to ensure scrambled
data signals, which might be sent
over fiber optic lines, have adequate
signal balance and frequent data
transitions.

Vectron Acquires Efratom’s
Product Line — Vectron Laborato-
ries of Norwalk, Conn. announced
last August that it has acquired the
EMXO product line from Efratom of
Irvine, Calif. The product line con-
sists of oven-sized crystal oscillators
for low-power and fast warm-up
applications. Because of its cold-
weld, vacuum-sealed enclosure and
unique design and construction, the
EMZXO line of oscillators can achieve
significantly better performance
than other technologies, according to
Vectron.

Fujitsu and LXE to Jointly
Develop Wireless LAN Products
— Mobile computing manufacturer,
Fujitsu Personal Systems, Inc.

announced in August that it has
teamed up with LXE, a developer of
wireless data communication sys-
tems, to develop high-performance
wireless LAN solutions. The two
companies said they plan to inte-
grate LXE’s LAN radio and internal
antenna with Fujitsu’s Stylistic 500
high-performance tablet computer,
which is designed for mobile workers
involved in decision support activi-
ties. The resulting wireless LAN will
be capable of running Windows
applications at 1.6 Mbps, according
to the companies.

Scientific-Atlanta Announces
Corporate Consolidation — Scien-
tific-Atlanta, Inc. announced in
August that it has consolidated its
factory services, technical services,
training, spares and after-market
customer programs into one world-
wide organization. Donald Upton,
former president of the company’s
Private Networks Division, has been
appointed president of the new
World Wide Service Organization
reporting to Larry Enterline, presi-
dent of International Division for the
Broadband Communications Group.

Proxim to Integrate Wireless
Technology with Kalidor — Sup-
plier of wireless data communication
products, Proxim, said in July that
will integrate its RangeLAN2™ 2 .4-
GHz, frequency-hopping, spread-
spectrum wireless LAN technology
with Kalidor’s K200 family of rugged
pen-based computers. The new prod-
uct is designed for mobile applica-
tions requiring a durable, water-
resistant solutions such as health-
care, warehousing, manufacturing
and field inspection.

Varian Announces Sale Com-
pletion — Varian Associates, Inc.
announced last August that it has
completed the sale of its Electron
Devices business to an investor
group for approximately $200 million
in cash, and the assumption of cer-
tain liabilities. Varian’s chairman
said that most of the proceeds from
the sale will be used to buy back
shares of the company’s stock. The
company currently has approximate-
ly 22.8 million actual shares out-
standing.
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RF industry insight

More Radios in Consumers’
Shopping Baskets

By Andy Kellett
Technical Editor

Recently, the RF industry has been
driven by PCS and cellular - large-
scale, capital-intensive systems. Howev-
er, inexpensive transmitter receiver
pairs meant to operate over distances of
just a few meters are showing up more
and more on consumers’ shopping lists.
These devices are regulated under Part
15 of the FCC’s regulations, and they
are just as likely to be purchased at a
hardware store or toy store as an elec-
tronics store. Everyday, new RF “gad-
gets” are joining cordless telephones,
wireless doorbells, garage door openers,
wireless stereo headphones and other
short-range RF devices in the consumer
market.

An Established Success -
Cordiess Phones

Cordless phones are an early example
of a successful Part 15 device. As the
accompanying graph illustrates, cord-
less phone sales have steadily increased
since they were first given spectrum by
the FCC.

Early cordless phones operated on a
single channel around 46 MHz. As more
people bought these phones and they
started to interfere with each other,
manufacturers have had to build
phones using more than one channel.
Models with as many as 25 channels
have been manufactured, while many
cordless phones are now using the 900
MHz band. Recently, manufacturers
have introduced phones which operate
near 2400 MHz, and a BIS Strategic
Decision report predicts that replace-
ment of 46 MHz cordless phones with
900 and 2400 MHz models, along with
upgrades to models with more fea-
tures, will maintain the positive sales
growth cordless phones have enjoyed
since their introduction.

Piggybacking on the

Cellular/PCS Boom
Cordless telephones are sold in large
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U.S. Cordless Telephone Unit Sales (thousands)
actual (pre-1995), and predicted (1995 and beyond)
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Actual (pre-1995) and predicted (post-1995) unit sales for cordless telephones.

enough numbers that devices are man-
ufactured specifically for that market.
However, many of the new RF products
being produced owe their commercial
viability to the cellular/PCS boom.

The devices developed for the cellular
industry are being produced in such
numbers that their price has been dri-
ven down to the point that they can be
used in inexpensive consumer items,
says Norm Hilgendorf, a product man-
ager for Richardson Electronics. “The
parts are exactly the same,” says
Hilgendorf of the devices used in both
cellular phones and low-cost consumer
devices.

An example of the types of wireless
products whose commercial viability
has piggybacked on the success of cellu-
lar are wireless stereo headphones.
One maker of these headphones is Reco-
ton, who produces a set of headphones
using a low-power, narrowband trans-
mitter tunable from 912 to 914 MHz.

Recoton’s wireless headphones use
discrete transistors and a standard

radio IC, says a Recoton R&D techni-
cian. Though standard parts are used,
Recoton has added enough engineering
to get patents on parts of their head-
phone design. “To design the circuitry to
be reliable and at low cost was not an
easy accomplishment,” says Peter Ildau,
Vice President of Corporate Communi-
cations for Recoton.

Interference had to be dealt with in
the increasingly crowded 900 MHz band
where the headphones operate. “Most of
the cordless phones at 900 MHz are
spread spectrum,” says Ildau, “but we
made the headphones tunable so the
user could get away from non-spread-
spectrum transmitters.”

Conclusion

“We are really just beginning to see
these applications take hold,” says
Richardson’s Hilgendorf. Whether any
new low-cost RF device will become a
“killer application,” with widespread
success no one is sure, but there do
seem to be plenty of new candidates. RF
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RF phase-locked osclllators

Use Programmable Logic Devices
to Enhance Phase-Locked
Oscillator Performance

By Larry Martin
Consultant

A recent project required an 800
MH: phase locked oscillator. The orig-
inal concept for the block diagram of
this loop is shown in Figure 1. The
system required a 10 MHz reference
oscillator, a 40 MHz output, and an
800 MHz output, both derived in some
manner from the 10 MHz reference.
The 40 MHz output was derived by
multiplying the 10 MH:z reference,
and the 800 MH:z output was generat-
ed by phase-locking a low-noise 800
MH: oscillator to a reference frequen-
¢y that was also derived from the 10
MHz frequency reference. The loop
was to be designed with a minimum
number of components to keep the
PCB real estate at a minimum. Other
concerns were the phase noise of the
800 MHz signal and the spurious out-
puts on both the 800 MHz output and
the 40 MHz output.

t appeared as if a Programmable

Array Logic (PAL) device could be
used to implement the counters and
phase detector in a single part. (Before
this implementation was developed, a
breadboard of the loop was construct-
ed using conventional ECL and
ACMOS logic functions which served
as a baseline design and provided a
phase-noise and loop-performance
benchmark).

The logic in the PALs and PLDs
(Programmable Logic Devices) dis-
cussed in this article was designed
using the Tango suite of design tools
from Accel Technologies, Inc.
Schematics of the desired logic were
drawn using Tango Schematic and the
components were taken from the
Tango PLD parts library. A netlist
was generated after the logic was
designed. Then, using a vendor-sup-

plied program, this netlist was con-
verted to the proper input format for
the Tango PLD program. The PLD
program used this file to generate a
JEDEC-standard file that was used to
program the PAL. For more on PLDs,
see the accompanying sidebar (pg. 37).

Implementing the
Phase/Frequency Detector

One of the first concerns was how to
implement the phase/frequency detec-
tor portion of the loop. Many small
PALs do not have sufficient internal
feedback paths to allow an easy imple-
mentation of the logic, which was
taken from the Motorola 4044
datasheet [1]. The digital logic of this
phase/frequency detector was imple-
mented in a GAL16V8-7, an electroni-
cally-erasable, 20-pin EECMOS PLD
manufactured by Lattice Semiconduc-
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; 2 P3
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: ' P16 D1
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= »l. 1 [ 5MHz Us P15
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Figure 1. 800 MHz phase-locked oscillator block diagram.
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detector.

Figure 2. Logic gate implementation of a phase/frequency

October 1995



VOLTAGE CONTROLLED

CILLATORS

25 10 1025MHz (+7dBm output) rrom $ ' ' (9'?

It's a fact! With Mini-Circuits new POS family of shielded, laser sealed

voltage controlled oscillators, you pay less but get more... top notch Freq. Range Phase Noise Harmonics Power  Price
quality, superior performance and value pricing. Model (MHz) {dBc/Hz) (dBc) 12VDC (Qty.5-49)

Features include wide-band models with near octave bandwidth and linear ~ No. Min.  SSB@10kHzTyp.  Typ. CumentmA  §ea.
tuning. Low SSB _phase noisg charaqterized at 100Hz to 1MHz offsets.  p5g.50 25.50 110 149 17 11.95
Excellent harmonic suppression, typically more than 25dB. RF power  pos.75  37.5-75 -110 27 17 11.95
output typically +7dBm, excellent for driving level 7 mixers. Miniature size, ~ POS-100  50-100 -107 -23 18 11.95
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed =~ POS-150  75-150 -103 -23 18 11.95
for tough environments. Best of all, Mini-Circuits high performance, highly reliable ~ POS-200  100-200 -102 -24 18 11.95
VCO’s can be yours at value prices starting at only $11.95 each  P0S-300 150-280 -100 -30 18 13.95
(aty.5-49). To ordzr from stock, call Mini-Circuits today. POS-400  200-380 -98 -28 18 13.95
Mini-Circuits...we're redefining what VALUE is all about! POS-535  300-525 -93 -26 18 13.95
POS-765 485-765 -85 -21 22 14.95
DESIGNER'’S KITS: POS-1025 685-1025 -84 -23 22 16.95

4 Notes:Tuning voltage 1 to 16V requi freq. b

K-POS1 $124.95 (contains Tea. all models). g 2 Ui A e L e

K-POS2 $79.€5(contains tea. all models except POS-75,-150,-300).

JMini-Circuits’

P.O Box 35C166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM * MINI-CIRCUITS' 740- pg. HANDBOOK.

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 195 Rev A
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tor [2]. This part is specified with
input-to-output delays of 7.5 nsec and
clock-to-output delays of 5 nsec. The
logic in the part can be configured as
combinatorial circuits or logic contain-
ing up to eight flip-flops. The combina-
torial logic mode was used in this cir-
cuit.

Several iterations were required
before the logic implementation of the
phase/frequency detector shown in
Figure 2 was arrived at. Because these
types of parts do not provide sufficient
internal feedback paths, additional
external feedback paths were added to
it to provide the latch functions neces-
sary for the phase/frequency detector
operation. These paths do add to the
logic delay times because the signals
must go on and off the chip, but the
pulse widths at the outputs of the
phase detector were measured to be
about 5 nsec when the loop was
locked.

The initial implementation of the
phase detector used a minimum of out-
put pins in an attempt to minimize
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Figure 3. Phase noise as a function of
reference frequency for the PLD
implementation of the phase detector.

ground bounce and stray spurious sig-
nals from the sharp logic edges. Extra
logic was to be used to implement the
counter circuits. This initial imple-
mentation did not work due to the
part’s internal race conditions. A
NAND gate, (U8 of Figure 2), was
added to create added logic delays. I
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Figure 4. Analog to CMOS converter.

also added the logic complements of
the normal outputs, which served two
functions. The first was to provide dif-
ferential outputs to minimize power
supply and ground current spiking
(one output turns off while the comple-
mentary output turns on, thus balanc-
ing the switching currents). The sec-
ond was that this allowed the loop to
be constructed using either the true or
the complement outputs to see if
either of the pairs of outputs had bet-
ter noise performance.

Phase Noise Measurements

The PLD phase-detector replaced
the detector in Figure 1 and the inputs
to the detector were connected in turn
to the 2.5, 5.0, 10 and 20 MHz outputs
of the counters. The phase noise of the
loop was measured at 1 kHz and 10
kHz offsets and is summarized in
Table 1. Though the divider number
was changed, no compensation for the
loop bandwidth was made because the
data were only taken to determine the
phase noise floor of the loop (to evalu-
ate the phase detector and frequency
divider noise effects). The loop band-
width was deliberately made large so
that the phase noise of the VCO would
not be a contributing factor. This
phase noise was comparable to the
noise measured when the phase detec-
tor was constructed using discrete
ACMOS logic.

The loop response was also swept to
determine if the phase detector had
any significant nonlinearities that
could affect the loop bandwidths. No
discontinuities in the outputs of the
phase detector were found in the
breadboard circuit. The inputs to the
loop amplifier were then connected to
the complementary outputs of the
phase detector and the noise re-mea-
sured. Table 1 shows that the noise
levels of the circuit did not measurably
change.

One interesting point that should be

October 1995



Pioneers met the Challenge of the Western range on its own
uncompromising terms, and developed a special breed of survivors

VARIL

42 Years of Excellence
in Manufacturing of
RF & Microwave Components

Mesowave devce kom ma Van

Vari-L microwave devices are pictured with an ancient southwestemn
U.S. Anasazi pot filled with minicture corn and husks. Vari-L offers a
complete line of mixers, transformers, switches and power dividers for a
variety of military, industrial and commercial applications. For more
information, request our NEW 1995 selection guide.

Westeen awa.? €om ¥ S llesr Suleutor. ST 0% v Vol coten

A tum-of-the-century wireless texibook piciured with current, state of-the-ant Vari-L surfiuce mount VCOs and PLL modul

for wireless :

The VCO-190 & VCO-191 Serics of VCOs arc available in frequencies from 45 to 4000 MHz. Both series exhibit exceptional phase noise perfomunu:
and low power consumption in miniature SMT packages. The PLL-300 and PLL-400 Series of Phase Locked Synthesizers are offered in frequency
bands in the 45 10 3000 MHz range. The PLL Synthesizers also exhibit exceptional phase noise and low power consumption in miniature SMT pack-

ages. For more information, request our surface mount VCO/PLL brochures.
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Authenticated from Custer battletield, a U.S. Calvary 45 calibre single
action Peacemaker is pictured with hybrid VCOs for high performance
acrospace, military and industrial platforms. Van-L manufactures hybrid
VCOs from 25 to 5000 MHz. For more information, request our NEW
1995 hybrid VCO catalog.

Vari-L Doubie Balanced Mixers are photographed with a branding iron
from the U.S. West. Vari-L mixers offer excellent performance in inser:
tion loss, isolation, VSWR and intermodulation intercept point in a wide
variety of packages for military, industrial and commercial applications.
For more information, request our NEW 1995 selection guide.

1840°s barbed wire and a rare buffalo skinning tool. pictured with a
Vari-L PS-2-4000F power divider/combiner. The wideband, two-way,
in-phase divider/combiner offers guaranteed performance over the wide
frequency range of 20-4000 MHz. For more information, request a data
sheet for the PS-2-4000F or for other power divider/combiners models,
request the NEW 1995 selection guide.

Vari-L people are a special breed also, thriving on challenges and innovation in the development of
Wireless products. We have a part in your future.

VARI-L Company, Inc.

11101 East 51st Avenue

Denver, Colorado 80239 -
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Competitive

Pricing

Now you can get
selected models of PTI
crystal oscillators from
stock.

OCXOs for ultra-high
stability applications at
10 MHz and TCXOs for
high stability applica-
tions at 10 MHz or 20
MHz. Other frequencies
available on special order.

Call or fax us today
with your specs for a
prompt response.

Ph (407) 298-2000
Fax (407) 293-2979

Piezo Technology, Inc.

2525 Shader Road ¢ Orlando, Florida 32804

Programmable Logic Basics

By Larry Martin

Various types of Programmable
Logic Devices (PLDs) are being
used to replace conventional CMOS
and TTL logic devices in many
applications. In some cases this
results in a smaller printed circuit
board while in other cases a better
performing circuit may be the end
goal. PLDs range in size from sim-
ple Programmable Array Logic
(PAL) parts (PAL is a registered
trademark of AutoVec) that contain
fewer than 100 equivalent gates to
Field Programmable Gate Arrays
(FPGAs) of more than 20,000 gate
complexity. The simple parts may
be in a 20-pin package while the
packages for the more complex
parts may have more than 300 pins.
The propagation delays through the
logic paths range from about 35
nsec for the slowest parts to less
than 5 nsec for the fastest parts.
The parts with internal flip-flops
can be clocked at maximum rates
from less than 16 MHz to high
speed parts that can be clocked at
over 200 MHz.

Semiconductor technologies for
these parts range from factory pro-
grammable GaAs parts to both TTL
and ECL fuse-programmable parts.
In addition, there are a variety of
CMOS parts that may be antifuse
programmed, and there are repro-
grammable parts based on electron-
ically erasable technologies (EEP-
ROM), ultraviolet erasable (UV-
EPROM) technologies and static-
RAM programmable parts. The
reprogrammable parts can be
reused many times to make modifi-
cations as the design progresses,
while the one-time programmable
parts are usually less expensive to
use once a part is in production.
Some vendors offer conversion ser-
vices to produce lower-cost, mask-
programmable parts if the produc-
tion volume is high enough.

There are many vendors of these
parts. Triquint is the only vendor of
GaAs PLDs. while AMD, Cypress,
National, Phillips (Signetics) and
Texas Instruments offer bipolar
and CMOS parts. Actel, Altera,

Atmel, ICT, Intel, Lattice, Xilinx
and others offer various kinds of
CMOS parts. Phillips and National
also offer several ECL PLDs. This
field is rapidly changing, with ven-
dors offering more parts every day.

There are a number of ways to
design the circuit for a PLD imple-
mentation of the circuit. One
method is to create Boolean logic
equations to describe the circuit.
This was one of the earliest meth-
ods of developing these circuits and
is still used for many applications
today. An extension of this method
is to use state-machine concepts to
implement counters and other tim-
ing circuits. Another popular
method is to design the circuit by
drawing schematics of the logic.
These schematics are used to create
a netlist file that defines the primi-
tive parts such as logic gates and
flip-flops and the connections
between the parts. The logic design
is converted to a fuse map file
(known as a Joint Electronic Device
Engineering Council, or JEDEC,
file) by a logic compiler.

Some PLD vendors offer low-cost
(or free) design tools for their spe-
cific parts, while there are a num-
ber of third-party design tools that
are vendor-independent. The PLD
compiler and schematic drafting
program that were used in this arti-
cle are Tango PLD and Tango
Schematic (Tango PLD is no longer
a supported product) from Accel
Technologies. Other vendors
include ORCAD, Minc, Data 1/0,
Logical Devices, MicroSim and
Viewlogic Systems. (This is not a
complete list by any means.)

There are a number of vendors of
logic programmers that can be used
to program these parts. The pro-
grammer used to program the parts
used in this article was made by
Advin Systems. Other vendors
(again, this is not a complete list of
vendors) include BP Microsystems
Data I/0, Logical Devices, Prologic
Systems, Stag Microsystems and
System General.
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455KHz - 10.7MHz Filter
Offers excellent sensitwvity,
optimum stop band a‘tenuation
and high stability for wireless
applications.

o

SMD Trimming Capacitor
(TZV02) Series

Smallest size availabie - just
2.3mm x 3.2mm x 1.45mm.
Excellent stability, rugged
construction. Designed for
auto placement.

Circuit Module (Hybrid I1C)
Excellent HF and heat dissipation
characteristics. The esult of Murata’s
25 years of thick film technology.

4

Monolithic Chip Caps
Ultra-miniature sizes — all the
way down to 0402. Temperature
ranges from -55°C to +150°C.

SAW Filter

Smaller, thinner design with
high performance, even above
1GHz. Zinc oxide printed on
sapphire substrate.
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Compact VCO

Small size, low power
consumption. 400MHz-
2.5GHz. Stability of +2MHz
from -35°C to +80°C.
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SMD iInductor

Ultra-small, tight tolerance
inductor with low DC
resistance and outstanding
high frequency characteristics.
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Microwave Filters (GIGAFIL")
Low insertion loss for high
Q-value dielectric resonators,
excellent out-of-band rejection.

A few of the important components of a

happy conversation with Grandpa.

A clear mountain lake, a grandson with

his first fish and a cellular phone with as
many as 140 Murata components. A simple
combination that makes a nice surprise for
Grandpa. And here’s a surprise for you:

For wireless devices from pagers to PDAs,
you can use Murata components for 70%
of any RF front end — components that

range from multlayer VCOs and high

©1995 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smymna, GA 30080. All rights reserved.

frequency filters to chip
monolithic hybrid couplers
and RF diode switches. You
see, we not only want to be
an important component of
a call to Grandpa. We also
want to be the call you make when
you specify components for your

newest design.
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For a free wireless
poster, as well as
Murata catalogs, call
1-800-831-9172,

ext. 236.
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Hittite Frequency Doublers

* Simple-to-use passive design, 50 Ohm RF ports
¢ 10 to 20dBm input drive level
» Undesired signals suppressed greater than 40dB

HMC158

Output Frequency: 3.2-7.2GHz
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The HMC158 provides an output signal at twice the input signal frequency
with only 13dB conversion loss for input drive levels between 10 and
20dBm. Undesired signals at the fundamental and harmonic frequencies
are suppressed by the on-chip passive diode/balun circuitry. The MMIC
is simple to use, requiring connections only to the input and output RF
ports.

Hittite Product Selection Guide

New

New
New
New

Mixers Switches
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Reference

Frequency Phase Noise (dB¢/Hz)
(MHz) 1 kHz offset 10 kHz offset
2.5 -90 -91

5.0 -91 -93

10 -93 -95

20 -94 -98

Table 1. 800 MHz PLO phase noise
versus reference frequency.

noted is that as the divider number is
decreased by a factor of two, the
phase-noise floor of the loop at the
VCO output does not decrease by 6 dB.
The measured noise, referred to the
phase detector comparison frequency,
is plotted in Figure 3. This noise has
about a 4 to 5 dB/octave slope (as a
function of reference frequency). This
noise would be independent of refer-
ence frequency if the phase detector
were ideal.

Implementing a Phase/Frequency
Detector and Counters on a Sin-
gle PLD

The above data show that a
phase/frequency detector can be imple-
mented in a CMOS PLD. The next
step in this design was to implement
the two counters and the phase detec-
tor in a single PLD. The design was
implemented in a 24-pin part that can
be programmed to contain as many as
16 flip-flops. The part used in the
development of this loop was an Intel
D85C060-10, which is specified with a
clock-to-output delay of 6.5 nsec and
an input-to-output delay of 10 nsec [3].
Unlike the 16V8 type of part, this PLD
is UV-erasable.

The sine wave to CMOS converter
on the reference input and the ECL to
CMOS converter between the divide-
by-twenty and the PLD were also
implemented on the chip to save parts
and to minimize the area of the PCB.
These converters were implemented
using both inverting gates and non-
inverting gates. As shown in Figure 4,
the outputs of the inverting gates were
fed-back to the inputs through a RC
network. This provides DC bias so
that the gates function as linear
amplifiers. This implementation is
used when the output signal swing
matches the logic level requirements
of the input signal.

More Phase Noise Measurements
The counter outputs were again con-
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Figure 5. Phase noise of the 800 MHz PLO with phase/frequency detector and
counters implemented on one PLD. Noise for each reference frequency is

shown, as well as phase noise of the un-locked VCO.
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Figure 6. Optimized phase noise of
the 800 MHz PLO.

nected in sequence to the phase detec-
tor and the phase noise of the loop
was re-measured. This phase-noise
data is summarized in Table 2. This
data is also plotted in Figure 5.
Again, note that the phase noise does
not decrease at the 6 dB rate original-
ly expected. Additional data were also
taken at the 40 MHz reference fre-
quency as well as all of the earlier ref-
erence frequencies. (The noise of the
800 MHz VCO used in this loop is also
plotted in Figure 5 as is the noise of a
multiplied (x8) 100 MHz TCXO. All of
the phase noise data in this article
was measured on an HP 8568A spec-
trum analyzer).

The current that the PLD required
varied little with the phase detector
operating frequency, and was mea-
sured to be 87.5 mA at 5 V (at a 2.5
MHz operating frequency) and
increased to 89.4 mA at a 40 MHz
operating frequency. Some additional
power could probably be saved by
turning off all of the unused counter
outputs, but I could not get the soft-
ware to disable these outputs. Table 2
lists the PLO’s phase noise perfor-
mance as a function of reference fre-
quency.

The data at 1 kHz and 10 kHz off-
sets are restated in Table 3 to provide
a noise floor at the reference frequency
of the loop. I have also included data
from a different phase-locked oscilla-
tor that used the same type of PLD
but was constructed with either a 1
MHz:z or 2 MHz reference frequency.
This data shows that the noise floor of
the loop again varies as a function of
the reference frequency and is not
independent of the operating frequen-
cy of the phase detector.

The loop was again swept to see if
there were any significant interactions
between the frequency dividers and
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Offset Reference Frequency at the Phase Detector

Freq. 2.5 MHz 5 MHz 10 MHz 20 MHz 40 MHz
100 Hz 87 86 86 87 87
200 Hz 88 87 88 88 90
400 Hz 89 91 91 91 92
1 kHz 91 92 93 94 94
2 kHz 92 93 94 96 96
4 kHz 92 94 96 98 97
10 kHz 92 94 98 100 100
20 kHz 93 94 99 101 101
40 kHz 100 96 99 101 102
100 kHz 106 102 101 102 102
200 kHz 111 108 105 102 101
400 kHz 115 112 109 101 100
1 MHz 130 129 130 128 129

Table 2. 800 MHz PLO phase noise as a function of reference frequency,
counter and phase detector circuit implementation.

Reference  Phase Noise (dBc¢/Hz) referred to
Frequency the Phase Detector Frequency
1 kHz offset 10 kHz offset
1 MHz 148 149
2 MHz 144 147
2.5 MHz 141 142
5 MH:z 136 138
10 MHz 131 136
20 MHz 126 132
40 MHz 120 126

Table 3. 800 MHz PLO phase noise as
a function of phase detector frequen-
cy. Data referred to the phase detec-
tor frequency.

phase detectors that could affect the
loop bandwidths. I found no signifi-
cant interactions.

The above data was used to opti-
mize the phase noise of the loop using
the methods outlined in reference 4.
The final reference frequency was cho-
sen to be 10 MHz and the loop band-
width was picked to be 1 kHz, which
was then used to choose the RC com-
ponents in the loop integrator. The
phase noise of this loop was measured
and is plotted in Figure 6. The noise
data for frequencies greater than 10
kHz is probably the phase noise of the
8568A spectrum analyzer. The 10
MHz spurious sidebands were mea-
sured to be < 80 dBc and appear to be
due to the PCB layout or power sup-
ply coupling rather than the tune
path through the loop.

Final Implementation
The low overall noise of the PLO

allowed the block diagram shown in
Figure 1 to be simplified by taking the
40 MHz output signal from the output
of the divide-by-20 circuit. This elimi-
nated the expense of the 10 MHz x4
multiplier and filter circuits, reduced
the size of the PCB, and reduced the
parts-cost of the circuit. The final
phase-lock circuits consist of a 24-pin
SOIC PLD, an 8-pin SOIC divide-by-
20 and an 8-pin SOIC operational
amplifier. RF
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Four-Chip Set Supports High-Speed
DSSS PCMCIA Applications

Wes Kilgore, Al Petrick, Harris Semiconductor

Doug Schultz, Integrated RF Solutions, Inc.

Are you designing a WLAN trans-
ceiver to IEEE 802.11 or similar stan-
dards? Here is a new integrated circuit
chip set developed specifically for prod-
ucts that require a PCMCIA card for-
mat, saving you development time
while providing the necessary data
communications functionality.

he stage is set for rapid growth of

untethered high-speed data com-
munications thanks to global interop-
erability standards for wireless local
area networks (WLANSs), coupled with
innovative chip set solutions employ-
ing spread-spectrum technology.

A spread-spectrum chip set solution
can be a key enabler to the growth of a
variety of wireless data applications
previously impractical. Highly inte-
grated PCMCIA Type-II solutions,
operable from single 3 V supplies and
boasting data rates up to 4 Mbps, will
enable applications such as high-speed
untethered computing, inventory and
point of sale (POS) data management,
medical and industrial telemetry, and
wireless T1/E1 systems. The benefits
of such applications translate to signif-
icant dollar savings for business and
industry as worker productivity is
enhanced and information transfer
efficiencies are optimized.

Harris Semiconductor’s 2.4 GHz, 4-
Mbps PRISM™ chip set, is the first
direct-sequence spread-spectrum (DS
SS), RF-through-baseband solution
targeted specifically at these high
growth applications. PRISM address-
es the nearly complete IEEE 802.11
global standard for wireless local area
networks (WLAN) operating in the
2.4-2.5 GHz ISM band. It is intended
for products as compact as PCMCIA
Type II WLANSs.

Spread-Spectrum
Modulation Schemes

Both frequency-hopping (FH) and
direct-sequence (DS) spread-spectrum
modulation techniques will be used in
the 2.4 GHz ISM band. FH transmit-
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Figure 1. Wireless data transceiver schematic diagram, showing the functions
performed by Harris Semiconductor’s PRISM chipset.

ters change frequency pseudorandom-
ly. A typical FH system consists of a
transmitter with an FSK data modula-
tor, followed by a synthesizer that cen-
ters the narrow-band FSK waveform
on the various frequency channels.
The synthesizer is driven by a PN code
generator. An FH receiver includes a
synthesizer PN code generator and an
FSK demeodulator. Transmitter and
receiver share a common time-syn-
chronized PN code. Narrowband noise
only affects the system during dwell
time at that frequency.

Multiple FH systems can operate
simultaneously over the same total
bandwidth if they all use hopping
sequences that guarantee few frequen-
cy collisions.

In contrast to FH systems, DS sys-
tems spread their energy by rapidly
changing phase, so that the signal is
continuous only for very brief time
intervals, called chips. These chips are
several times shorter than the actual
data bits. In DS, the second modula-
tion is usually phase modulation. If
the bandwidth of the spreading signal
is large relative to the data band-
width, the spread-spectrum transmis-
sion bandwidth is dominated by the

spreading signal and is nearly inde-
pendent of the data signal. Therefore,
the energy of the DS system is not con-
fined within the data bandwidth of the
original PSK narrowband signal, but
is distributed over the spreading band-
width defined by the chips. In most
cases this spreading causes the DS
waveform to be near or below the
noise floor.

DS has potential operational benefits
compared to FH. For example, due to
its low power spectral density (PSD),
DS can operate at, or even below, the
noise floor of a given environment. One
implication of this is that DS wave-
forms are not necessarily disruptive to
other communications on the same fre-
quencies, regardless of whether they
are broadband or narrowband.

Also, in DS, the received signal-to-
noise ratio (SNR), which is a function
of the ratio between the data rate and
the chip rate, can be negative. The
higher the chip rate with respect to
the data rate, the lower the signal
level and the more negative the
spread-signal’s SNR. This ratio of the
two rates is referred as the processing
gain (PG). PG means a DS receiver
can still recover a signal even when
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the interfering signal has a higher
SNR than the spread waveform. Not
only is the signal of interest amplified,
every signal that does not correlate
with the spreading code is attenuated.

Another implication of this is that
multiple DS syst2ms can operate
simultaneously over the same band-
width if each transmitter uses a differ-
ent spreading code. The characteris-
tics of the spreading code are critical
because the neiwcrk code set must
exhibit low cross-correlation charac-
teristics among its individual codes.
For the sake of interoperability, in the
IEEE 802.11 DS system, only one 11-
bit spreading code is used.

To successfully de-spread the
received signal, the receiver not only
needs to use the identical PN code, but
also phase-align it with the incoming
received code. Aufocorrelation mea-
sures the degree cf similarity of the
signal with its phase-shifted replica
over all phases. A PN replica is multi-
plied with the incoming waveform and
the result is integrated to obtain the
correlator output The reference is
shifted in phase un:il the output of the
integrator peaks.

One way to implement code synchro-
nization is by using a state machine as
a matched filter. This implementation
is similar to a digitel FIR filter in which
the coefficient filter taps are PN code
reference (replica) ‘nputs. The impulse
response of the match filter is a time-
reversed replica of the desired signal.
Match filters are generally practical for
short codes, such as those used in IEEE
802.11 and PRISM. As PN codes grow
in length, match filter implementations
become less cost effective.

Practical Direct-Sequence Spread
Spectrum

Until recently, the direct-sequence
approach to spreai-spectrum systems
has primarily been used in sophisticat-
ed, custom and costly military applica-
tions. Consequently, there have not
been any standari off-the-shelf solu-
tions for comme-cial use. Systems
designers were put off by the lack of
ICs specifically designed to support
DS. Even if they elected to create sys-
tems based on s:andard parts and
ASICs, they faced the problems of high
parts count and ircompatibility of sig-
nal and thresholc levels. As a conse-
quence, most proposals and actual
implementations for ISM-band digital
radios have been frequency hopping.

Now, all-silicor PRISM integrates

RF Design

DS functionality from 2.4 GHz to base-
band in four PCMCIA Type-II-compat-
ible packaged ICs that support data
rates from 256 kbps to as high as 4
Mbps. With overall system level per-
formance objectives in mind, such ele-
ments as impedance matching, signal
and threshold level compatibility, gain
distribution and associated perfor-
mance and cost trade-offs have been
optimized for each IC.

General Architecture for Wireless
Data Transceiver at 2.4 GHz

PRISM provides the functionality
depicted in the shaded blocks in Fig-
ure 1. The silicon RF/IF converter
operates at carrier frequencies of 2.4
to 2.5 GHz, supporting receive-signal
low noise amplification and frequency
down-conversion. In transmit mode, it
handles up-conversion and signal pre-
amplification.

The IF/QMOD IC incorporates
broadband, high-gain limiting, demod-
ulation, modulation, and all I & Q
baseband filtering functions necessary
to support half duplex phase shift
modulations including differential
BPSK and QPSK signaling.

Interfacing directly with the
IF/QMOD, the baseband processor IC
integrates A/D conversion functions,
spreading/de-spreading, and other
necessary DSP. It supports PN codes
up to 16 bits long. It also incorporates
a flexible interface to a Media Access
Control (MAC) chip. This interface
was engineered to connect directly to
the IEEE 802.11 media access con-
troller (MAC) IC recently announced
by Advanced Micro Devices, and is
easily adaptable to other MAC chips.

The fourth PRISM chip, a silicon
2.4-GHz RF power amplifier, supplies
the linear amplification required to
meet FCC Part 15 spectral mask char-
acteristics for the 2.4 GHz ISM band.

The four devices form the basis of a
complete DSSS reference design pack-
age including antenna-to-MAC
schematic, component identification,
and detailed application note, to be
available in January, 1996. PRISM
operates with a single 2.7 to 5 V sup-
ply and provides power management,
including support for a sleep mode.

Single conversion minimizes the
number of IF filters and local oscilla-
tors. The transition between analog
and digital was carefully chosen to
exploit the advantages of DSP, while
avoiding the high supply current
penalty commonly associated
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If all that mattered were
power and bandwidth,

almost anyone could build
these amplifiers.

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, 1oll-free,
1-800-933-8181.
For engineering assistance,
sales, and service throughout

Europe, call EMV:

* Munich, 89-612-8054

* London, 01908-566556

® Paris 1-64-61-63-29.

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 fulltime, 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 tell
you that the
typical output
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with high-speed A/D conversion.

Based on this architecture, a highly
integrated IF signal processing IC
with over 400 MHz bandwidth and 84
dB of conversion gain was designed.
Such a wide IF bandwidth makes a
high IF center frequency possible,
which in turn allows image suppres-
sion with economical two- or three-
pole front-end filters. Front-end gain
is sufficient to accommodate moderate
SAW IF filter losses.

PRISM is able to use limiting IF
amplifiers because of its short PN codes
and resulting modest processing gain.
With DBPSK or DQPSK signaling, and
codes of 16 bits or less, the required sig-
nal-to-noise ratio at the limiter inputs
is positive. In consequence, limiting IF
systems actually perform slightly bet-
ter than AGC IF systems in benign
environments. Even when multipath or
interfering signals are present, limit-
ing-IF system performance is only
slightly less than an AGC IF.

The use of limiting IF amplifiers
lowers system cost because they are
not as complex as AGC amplifiers.
Also, AGC feedback loops for CSMA
systems are difficult to close when fast
( less than 1 us) response is required.
Challenges arise because of the con-
flict between fast acquisition to packet
preambles and the need for feedback
loop stability.

Using low cost DSP techniques in
the baseband processor maximizes
overall system performance. For
example, the second LO, used to pro-
vide quadrature demodulation in the
receive path, is not part of a carrier-
recovery loop. Instead, a proprietary
PSK demodulator achieves perfor-
mance levels close to those of a com-
plex coherent system, without the bur-
den of an external loop. The required
simple fixed-frequency LO is easily
implemented.

Other DSP techniques that improve
system performance include the de-
spreading and demodulation scheme,
which is optimized to exploit the
impact of limiting IF amplifiers. This
results in improved receiver sensitivi-
ty at a given bit-error rate (BER).
Another special DSP technique is lev-
eling, providing full utilization of the
internal A/D converter dynamic range.

Transceiver Operation

Dual antennas can be used to com-
bat the effects of delay spread (multi-
path). Delay spread is a general prob-
lem in mobile applications, and in
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environments where there are many
reflective surfaces, such as factory
floors and modern cffice buildings.
With PRISM, dual aatennas may be
utilized at both ends of the link, or
only at one. In small form-factor appli-
cations, such as PCMCIA Type-II
WLAN cards, systems could use a sin-
gle antenna on the PCMCIA card and
antenna diversity at the access point
or base station.

In designs that take advantage of
antenna diversity, a low loss diversity
switch follows the artennas. Antenna
selection is completely automated by
the baseband processor and takes
place during the preamble of each
packet.

A bandpass filter i3 next in the sig-
nal-processing chain. Its passband
covers the entire 2.4 GHz ISM band.
This should be a high-quality, three-
pole dielectric filter because a high-
performance filter at this point allows
lower cost filters ta be used down-
stream. The filter provides receive
image suppression £nd rejects strong
out-of-band signals. During transmit,
this same filter provides harmonic
attenuation and suppression of the
first LO.

The T/R duplex swatch should have a
low insertion loss (—1 dB), low noise Fig-
ure (1 dB), and good solation (20 dB).

PRISM RF/IF Converter

The highly integrated RF/IF con-
verter IC incorporates on-chip spiral
inductors and interdigitated MOS

capacitors to provide internal match-
ing on all high frequency ports (50-
ohm), as well as higher impedances for
the IF ports, thus supporting simple
connection to IF filters. No large, cost-
ly, IF baluns are required. One LO
input is required, with internal con-
nections between the transmit and
receive mixers. The IF passbands
extend well beyond 400 MHz.

In the receive path, a two-stage LNA
establishes the receiver noise figure.
An optional external image rejection
filter (between the LNA and mixer)
can enhance overall system sensitivi-
ty. This filter can be a simple two-pole
monolithic LC filter with up to 3 dB
insertion loss. The single-balanced
receive mixer is optimized for high
conversion gain, low noise figure, and
high third-order intercept. The IF out-
put is a differential signal derived
from two open-collector outputs, a
structure that supports high-gain IF
impedance-matching networks. As an
option, just one of the outputs can be
used with an LC network, for a lower-
cost interface to the SAW filter on the
output.

In the transmit path, the RF/IF con-
verter uses a double-balanced up-con-
version mixer to minimize the amount
of LO leakage in the transmit output.
The chip allows use of an external
sideband-selection filter, with charac-
teristics similar to those in the receive
image-reject filter. An on-chip two-
stage exciter amplifier eases RF power
amplifier gain requirements.

the first quarter o7 1996.

physical layer:
Modulation type:

Processing gain: .0 dB

IEEE 802.11 Standard

The PRISM chip set supports the emerging standard of the IEEE 802.11
(Global) Wireless Local Area Network subcommittee. The committee was
formed to develop standards that allow interoperability of spread-spectrum
wireless products en the U.S. 2.4 GHz ISM band. (The committee also address-
es infrared wireless LAN standards.) A final, approved standard is expected in

Listed below arz the specifications targeted for the 802.11 direct-sequence

DBPSK 1 Mbps (Preamble-PHY header)
DQPSK £ Mbps (Preamble- PHY header and MAC packet data

PN spreading code: 11-bit Barker sequence

Data scrambler: Polynomial 1 + x™ + x~7
Frequency band: 2.4 GHz to 2.4835 GHz
Transmit power-cn and power-down ramp time: 2.0 us.

Receiver minimum input level sensitivity:
—80 dBm for a 8 x 10~ FER, for a packet length of 1024 bytes

RF Design

Turn your
shielded room
into a reverb
chamber

d i
Ytk e

iter uses
the wall or ceiling as its ground-
plane, and delivers field strengths
you usually associate with anten-
nas bigger than your room.

This 4-foot-wide top-loaded
monopole, with typical gain over
5 dB, is especially welcome in the
“difficult” mid frequencies
between 30 and 150 MHz, where
other fractional-wavelength anten-
nas don’t measure up. Accepting
input power as high as 3500 watts,
the Cavitenna cranks out well over
700 volts per meter at 100 MHz,
and even more at 200 MHz.

Magnetic mounting clamps
make installation and relocation in
the shielded room fast and easy.
Easy, too, is the price.

You should talk volts/meter and
rf power with someone who knows
your language and most often
knows your problems. That's one
of our applications engineers,
who'll pick up the phone when you

call, toll-free, 1-800-933-8181.
AMPLIFICR

160 School House Road
Souderton, PA 18964-9990 USA
215-723-8181 ¢ Fax 215-723-5688

For engineering assistance and
service throughout Europe, call

EMV GmbH ¢ Munich ¢ 89-612-8054
EMV Ltd. » London ¢ 908-566-556
EMV S.ARL. ¢ Paris ¢ 1-64-61-63-29
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FEATURES:

5wattpower

High directivity

RF reflected port
Replaceable pins
Internal reference
Rugged construction

Return loss bridges from Eagle cover from .04 MHz to 3.0 GHz. A
robust five watt power rating, unmatched in the industry, allows for
versatile measurements. Optional replaceable center pins allow

uick and economical repair of damaged connectors. Why pay more
? orbridges with fewer features than EAGLE?

FREE APPLICATION NOTE: High Performance VSWR Measurements

Models Available
NUMBER |FREQ RANGE| DIRECT | O/S Ratio| PRICE
RLB150B1 .04-150 MHz >45 dB <0.5 dB $279.00
RLB150N3B | 5-1000 MHz >45 dB <0.5 dB $389.00
RLB150N5A | 5-3000 MHz >40 dB <1.0 dB $595.00

VOICE: (520) 204-2597

‘ “El’ FAX: (520) 204-2568
POBox 4010 Sedona, AZ, 86340

INFO/CARD 36
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HF POWER AMPLIFIERS
Hign Recingiiry, Gommerciar Quauiry

¢ 1.8 to 30 MHz
¢ 1500 to 10,000 Watts

HENRY HF Power Amplifiers
have been the reliability
standard for 30 years.
Thousands are in use at
commercial, government,
and military installations
around the world.

If you require trouble-free,
24-hour-per-day, year-round
operation, call or write today
for prices and specifications.

TOLL-FREE (800) 877-7979

ﬂ X v} i 2050 South Bundy Drive
-x: - J J  Los Angeles, CA 90025

\ N ;‘ /' Phone (310) 820-1234
N’ FAX 310-826-7790
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Figure 2. CASCADED LIMITER SENSITIVITY RESPONSE. Voes 2.7V ‘
Vae

500 mVpp
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nput Power

Figure 2. Cascaded limiter sensitivity
response; V.. =27 V.

IF Filtering

Both the receive and transmit IF
paths use IF filtering. A highly selec-
tive SAW filter provides receiver selec-
tivity. At the recommended 280 MHz
IF, and an 11 Mcps chipping rate, the
filter bandwidth should be approxi-
mately 17 MHz. Insertion loss should
be less than 15 dB, and group delay
should be less than 100 ns.

In the transmit path, the selectivity
of the transmit filter is not as critical,
as only harmonic outputs of the
IF/QMOD need to be removed. There-
fore, a simple two-pole LC transmit fil-
ter may be used.

Frequency Synthesis

In both transmit and receive a dual-
frequency synthesizer provides the LO
signal for both the RF/IF Converter
and the phase splitters in the
IF/QMOD IC. By maintaining identi-
cal IF frequencies in both transmit
and receive paths, there is no frequen-
cy switching and therefore no settling
time requirements. This enhances
transmit/receive turn-around time, a
key issue in CSMA data applications.

PRISM RF Power Amplifier

The all-silicon linear RF power
amplifier matches 50-ohm characteris-
tic impedances and provides 20 dB
variable gain control and a 23 dBm or
200 mW 1 dB compression output
power level. To limit spectral regrowth
(sidelobe energy growth), the amplifier
operates 3 dB below the 1 dB compres-
sion point, that is, at 20 dBm. As a
result, and assuming 4 dB insertion
loss for the antenna diversity scheme,
+16 dBm of linear 2.4 GHz transmit
power is available at the antenna.

PRISM IF/QMOD
In the IF/QMOD IC, a two-stage
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Figure 3. Programmable LPF frequen-
cy response.

limiting amplifier in the receive path
provides sufficient. gain and band-
width to exhibit a -84 dBm -3 dB lim-
iting sensitivity at Trequencies up to
400 MHz. The limit2d output is typi-
cally 200 mV, and is compensated
over temperature. An internal RSSI
(Received Signal Strength Indicator)
provides linear (=3 cB) RSSI coverage
over a 70 dB (mirimum) dynamic

range. Internal RSSI load resistors
support temperature-compensated
performance. The RSSI signal is rout-
ed to the internal 6-bit RSSI A/D con-
verter on the baseband processor,
where it is used for Clear Channel
Assessment (CCA). Figure 2 illus-
trates the cascaded limiter sensitivity
and RSSI performance over various
input power levels.

Following limiting, the IF signal (up
to 400 MHz) is routed to a quadrature
demodulator featuring an internal,
quadrature LO network that achieves
accurate phase performance
(2 degrees) over a of 10 to 400 MHz
bandwidth. The digital divide-by-two
topology that achieves this perfor-
mance requires the applied LO to be
twice the IF frequency.

Proprietary feedback circuits main-
tain phase accuracy over a wide range
of LO input levels (to —20 dBm) and
duty cycles. With a 1 kohm differential
input impedance, the demodulator
input compression point exceeds 1 Vp-p,
making it suitable for use with the lim-

iter output or with any external AGC,
should system designers wish to bypass
the on-board limiters. The I/Q baseband
signals exhibit +2 degree phase balance
and +0.25 dB amplitude balance.

The quadrature modulator utilizes
the same quadrature LO network and
provides an accurate IF output from
10 to 400 MHz. As a result of the
excellent phase and amplitude balance
(identical to the receive performance),
sideband suppression in SSB operat-
ing mode is typically 40 dB.

The IF/QMOD IC also provides pro-
grammable baseband I/Q lowpass fil-
tering. Dual fifth-order Butterworth
filters are internally multiplexed
between the transmit and receive
channels. These filters offer four digi-
tally-selectable cutoffs: 2.2, 4.4, 8.8,
and 17.6 MHz. These cutoffs corre-
spond to DSSS chip rates of 2.75, 5.5,
11, and 22 Mcps. In addition, the fil-
ters may be tuned =20 percent above
or below the fixed cutoffs by an exter-
nal resistor. Figure 3 shows the filter
response for the four filter selections.

ACCURACY, PERFORMANCE, LOW COST, DELIVERY...

839 Manud Step Attenuator

4550 Programmable Attenuator

RF Design

Manual Step Attenuators

837 50Q DC-1500MHz 0-102.5dB .5dB Steps

839 500 | DC-2000MHz  0-101dB  1dB Steps

- 1/839 500 DC-1000MHz | 0-22.1dB | .1dB Steps

847 75Q DC-1000MHz | 0-102.5dB | .5dB Steps

849 75Q DC-1500MHz | 0-101dB | 1dB Steps

1/849 75Q DC-500MHz | 0-22.1dB | .1dB Steps

860 50Q DC-1500MHz 0-132dB 1dB Steps

865 = 600Q DC-IMHz | 0-132dB | 1dB Steps
Programmable Attenuators

4540 500 DC-500MHz | 0-130dB | 10dB Steps

4550 50Q DC-500MHz | 0-127dB | 1dB Steps

1/4550 500 DC-500MHz |, 0-16.5dB _ .1dB Steps

4560 500 DC-500MHz 0-31dB | 1dB Steps

4580 500 DC-500MHz 0-63dB | 1dB Steps

For price list and FREE catalog, contact:

INFO/CARD 38

Kay Elemetrics Corp.
2 Bridgewater Lane, Lincoln Park, NJj 07035-1488 USA
TEL: (201) 628-6200 * FAX: (201) 628-6363
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RECEIVER TRANSMITTER

Frequency range: 2.4 - 2.4835 GHz Frequency range: 2.4 - 2.4835 GHz
Step size: 1 MHz Step size: 1 MHz
Noise figure: 10dB Output power: +16 dBm
Sensitivity: < -87 dBm @ 105 BER Spurious outputs: ISM
Input intercept: -15 dBm IF frequency: 280 MHz
IF frequency: 280 MHz TX/RX switching speed: <1lps
IF bandwidth: 17 MHz Supply voltage: 27t05.5V
RX/TX switching speed: <1lus Supply current: 400 mA, 100% duty cycle
Supply voltage: 2.7t055V

Supply current: 150 mA

Table 1. System specifications for the reference design using the PRISM set.

| sYNC SFO-UNIQUE WORD
Type 0 | Progupio2ssvs 16 BITS |

| / Continous Data Mode DBPSK only

Type 1 Prog .:v:cm s 16 BITS

SFD-UMIQUE WORD CCITT-CRC18
18 BITS

NGTH FIELD

I SYNC SFD-UNIQUE WORD | LE!
Type 2 Prog up 10 285 's [ 168ITS lL 1eBITS

CCITT-CRC16
18 BITS I

/802.11 mode

SYNC
Type 3 | Prog up t0 265 1's 16 BITS

SFD-UNIQUE WORD | SIGNAL FIELD | SERVICE FIELD | LenarELD | conrcrers |
| 8BTS 8BITS 18 BTS 16 BITS

1 SRR TR P4

PHY Header ——>|

Figure 4. Preamble and PHY — Header configuration.

The filter response was selected to
meet FCC transmit spectral mask
requirements. Specifically, the first
sidelobe attenuation of the transmit-
ted, spread DBPSK and DQPSK signal
is typically —35 dBc relative to the
peak sin(x)/x signal.

The relationship between data rate,
symbol rate, chip rate and filter band-
width selection is best illustrated with
the following examples :

Example A:

Data rate = 2 Mbps QPSK

Symbol rate = 1 Msps

Chip rate = 11 Mcps (using 11-bit
Barker Code)

To meet a spectral reshaping of 35
dBc from main lobe to side lobe, the
ratio of the fifth-order Butterworth 3
dB cutoff frequency to the chip rate
must be 0.80. Therefore the filter
bandwidth should be 8.8 MHz.

Example B:

Data rate = 280 kbps QPSK

Symbol rate = 140 ksps

Chip rate = 2.75 Mcps (using 16 bit
PN code)

e

50

In this case, using the same
approach, the filter bandwidth should
be 2.2 MHz.

In the receive path, the filter func-
tions as an anti-aliasing baseband fil-
ter. Buy using the external resistor
adjustment, systems designers can
trade transmitted spectral mask per-
formance for received ISI (Inter-Sym-
bol Interference) performance.

In receive mode, the demodulated,
filtered I and Q signals (up to 500
mVp_ ) are routed to the baseband
processor IC. In transmit mode, the
digital I and Q signals from the base-
band processor feed to the IF/QMOD
IC. To avoid spectral regrowth, once
the transmit single-bit inputs are fil-
tered by the fifth-order Butterworths,
the rest of the transmit chain must
operate linearly. In other words, all
further transmit elements must be
operated well below their 1 dB com-
pression points. Despite this charac-
teristic of BPSK and QPSK modula-
tion, the improved receiver perfor-
mance over simpler non-coherent mod-
ulations such as GFSK results in an
overall system performance advan-
tage, especially at high data rates.

PRISM Baseband Processor

In the baseband processor, the ana-
log I and Q signal outputs from the
low-pass filters are digitized by 3-bit
A/D converters at 22 Msps, twice the
chip rate. An AGC control signal is
available for designs that use an AGC
amplifier in the IF strip.

The quantized I and Q baseband
paths are correlated against a refer-
ence PN code, using separate matched
filter correlators. The reference PN is
programmable from 11 to 16 chips.

The correlators de-spread informa-
tion of interest back to its original
data rate and spreads interfering sig-
nals and noise. To demonstrate pro-
cessing gain to meet the requirements
of FCC Part 15.247, the baseband
processor IC allows spreading to be
disabled and the magnitude monitored
via an 8-bit test port .

After the digitized I and Q signals
are converted to polar form, the phase
information is processed by the DPSK
demodulator, which supports both
DBPSK and DQPSK. In IEEE 802.11
packet protocols, DBPSK is used for
preamble and physical layer packet
header information, and DQPSK is
used for data packets. Signal acquisi-
tion is performed using DBPSK. Oth-
erwise, selection of either modulation
scheme is determined by the signaling
field in the header. A digital phase
locked carrier tracking loop allows
coherent QPSK data processing.

Once signal acquisition is achieved,
symbols are processed through a self-
synchronizing de-scrambler, which is
pre-programmed with the same poly-
nomial used at the transmitter. Under
IEEE 802.11, the DS physical layer
uses the polynomial: 1 + x4 + x~7.
Data bits are processed by the PHY
header-detection state machine, where
each of the fields in the header is
processed in real time and checked for
transmitted CRC errors. The PHY
header-detection state machine is pro-
grammable, supporting the four PHY
header formats in Figure 4.

Flexible MAC-PHY Interface

A bi-directional high-speed serial
interface between the baseband
processor and the MAC layer (Figure
5) handles data packet information,
and a serial control port is used for
configuring and reading the status of
the baseband processor’s 57 internal
registers. The PHY header can be gen-
erated from either the internal regis-
ters or from the MAC.
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Test Port (7:0) [ Testing
TXE =
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TXCLK * Packet
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RXCLK Fe————8-\packet
MD_RDYn -+ Data
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SD ™ Serial
SCLK ——— Control
R/Wn £ Intertace
AS

aged in SSOP and TQFP packages
compatible with PCMCIA Type-II
form factor.

Use of PRISM within the DS refer-
ence design for a 2-Mbps application
should results in the performance lev-
els listed in Table 1.

This performance levels are suitable
not only for IEEE 802.11 applications,
but for other applications at data rates
ranging from 256 kbps to 4 Mbps. The

PRISM reference design should reduce
system design time and development
cost by more than 80 percent, and the
resulting faster time-to-market will
provide OEMs with the benefits of
early market penetration and associat-
ed early revenue.

For more information on the PRISM
chip set, contact Harris Semiconductor
at 1-800-4-HARRIS (1-800-442-7747),
ext. 7354, or circle Info/Card # 250. RF

Figure 5. Interface between the base-
band processor and the MAC layer.

Transmitting packetized data is ini-
tiated by the MAC. Using IEEE
802.11’'s CSMA/CA -ransmit protocol,
the medium is monizored prior to data
transmission to miaimize data colli-
sions. To accomplish this, the base-
band processor menitors the RSSI
output from the IF Within the base-
band processor, this RSSI signal is
quantized with a 6-bit ADC and
processed by the CCA state machine,
which determines when RSSI has
been below a certain threshold for a
given time- out period. The CCA ener-
gy-detect and watchdog timers are
programmable. The CCA can also be
bypassed.

System Specifications
PRISM operates from single sup-
plies from 2.7 to 55 V and are pack-
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PHASE LOC
DIELECTRIC RESONATOR OSCILLATORS

PHASE LOCKE

'DROs

COAXIAL RESONATOR OSCILLATORS

MOLTAGE CONTROLLED OSCILLATORS

EMF SYSTEMS, INC. designs,
develops, and manufactures
Solid State Oscillators for both
the military and commercial
markets. Our expertise has
been applied to some of the
most advanced electronics

systems in present use.
Please call our engineers

with your technical

D

RF Design

SYNTHESIZE

specifications in the
area of Solid State
Microwaves and
Associated Circuitry.
At EMF, your

call gets a quick
response.

IF2ANSIGIEINICIE PIASRIK
STATE COLLEGE, PA 16803

814-237-5738 ¢ FAX 237-7876
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RF products

CDMA Test Set

Tektronix has introduced the
CMD80 Digital Communica-
tions Test Set, the world’s first
stand-alone test set to estab-
lish and sustain Code Division
Multiple Access (CDMA) calls.
The CMDS80 is designed to pro-
vide comprehensive manufac-
turing and field-service testing
of digital cellular and Personal
communications Services
(PCS) mobile phone using
CDMA technology. Develop-
ment of the CMDB80 is the first
joint engineering effort
between Tektronix and Rhode
& Schwarz. The CMD80 essen-
tial acts as a base station in a
box. It supports receiver quali-
ty measurements, including
FER (frame error rate), frame
errors and frames transmitted.
It also performs transmitter

quality measurements such as
Rho (p); error vector; Tx mag-
nitude; frequency and phase
error; Tx origin offset; and car-
rier feedthrough. The CMD80
also features power control
measurements, including open-
loop timing and gated power,
and hand-offs, such as analog
hand-off for dual-mode testing.
The test set utilizes a Qual-
comm CDMA chip set, and con-
forms with TIA IS95 and 1S98
performance qualifications,
with measurement coverage for
800 MHz cellular frequencies.
The CMD8O0 is available for
immediate ordering and is U.S.
priced starting at $48,000,
with delivery four weeks from
receipt of order.

Tektronix

INFO/CARD #250

695 to 810 MHz
VCO

Z-Communications has intro-
duced the V504MC02 miniature
surface mount VCO for basesta-
tions and applications operating
in the 695 to 810 MHz region.
The 115 MHz bandwidth is
tuned with a 1 to 11 volt control
voltage; average gain for the
V504MCO02 is 15 MHz/V. Typi-
cal phase noise performance is
—100 dBc/Hz at 10 kHz offset
from the carrier. The VCO

Y =

delivers 13 +2 dBm into a 50
ohm load when powered by a 12
VDC supply voltage. Current
draw is less than 35 mA over
the operating temperature
range of 0 to 70 °C. The VCO
exhibits high linearity in the
output frequency with respect
to tuning voltage. The pushing
figure for the V504MCO2 is less
than 2 MHz/V with a change in
nominal supply voltage. The
unit measures 0.50 x 0.50 x 0.20
inches and is IR reflowable.
Z-Communications, Inc.
INFO/CARD #249
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MPEG 2 Transport

Demultiplexer
The VES2020 is a digital video
broadcast (DVB)-compliant

MPEG 2 transport demultiplex-
er IC for set-top applications.
The new device from VLSI Tech-

nology accepts MPEG 2 trans-
port streams and packetized ele-
mentary streams (PES) of up to
60 Mbps, parsing the streams to
frame them as MPEG 2 packets.
The VES2020 supports up to 32
different packet IDs . The pack-
ets are then routed to either an
MPEG 2 video decoder, MPEG
audio decoder, or host microcon-
troller for downstream process-
ing. An optional MPEG 2 refer-
ence platform is also available,
which accepts MPEG 2 transport
packets and outputs NTSC/PAL
composite output. The VES2020
will sample in October, with pro-
duction quantities available in
early 1996. The device comes
with firmware and will be avail-
able in either a 160- or 208-pin
MQFP package. Prices in the
U.S. will be $40 in 1,000 unit
quantities.

VLSI Technology, Inc.
INFO/CARD #248

PCS-Band

Power Divider
Anaren’s model 4A1305 is an
in-phase, two-way power divider
operating from 1.75 to 2.3 GHz.
The power divider has a mini-
mum isolation of 16 dB, a maxi-
mum insertion loss of 0.35 dB
and maximum VSWR of 1.38:1
(input) and 1.38:1 (output).
Maximum amplitude imbalance
is specified at 0.2 dB and 1.5
degrees, respectively. Maximum
input power handling is 5 W
average/CW (when terminated
into a 1.2:1 VSWR). The surface
mount package measures only
0.65 x 0.48 x 0.075 inches (1 x w
x h) and has edge plated chan-
nels for reliable soldering and

inspection. Prices range as low
as $4.95 in large quantity
orders and are available on tape
and reel.

Anaren Microwave, Inc.
INFO/CARD #247

2-18 GHz, 50Q-
Matched Amp

Amplica has introduced a low-
noise broadband microwave
amplifier in the company’s new
20 GHz, 50 ohm EZ-Pak® sur-

face mount package. The EZ-
Pak architecture supports
multi-stage topologies, with
each stage soldered to the moth-
er board. The amplifier provides
16 dB gain (nominal), with £1.5
dB (maximum) gain flatness
and a +10 dBm power output at
1 dB compression across the full
2 to 18 GHz bandwidth. The
package measures just 0.63 x
0.40 x 0.12 inches. In Amplica’s
new EZ-Pck SMT package, the
amplifier’s 50 ohm input and
output impedance is held to a
VSWR of 2.5 to 1 across the
entire 2 to 18 GHz band. Nomi-
nal power consumption for the
device is 100 mA at 8 £0.5 V.
The new 2 - 18 GHz amplifiers
are availzble at unit prices
under $400 in quantity.
Amplica, Inc.

INFO/CARD #246
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ANECHOIC CHAMBERS
& ABSORBER
MATEFRIALS

Standard Chambers

Lindgren RF Enclosares introduces five
standard anechoic chamber configurations
as part of their new FACTS (Free-Space
Anechoic Chamber Test-site Systems) line.

u
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Each of the five stendard FACTS are
designed to accomplish standard, interna-
tionally-recognized, electromagnetic com-
patibility testing. All FACTS are construct-
ed from double steel laminated shielding
modules which are de-mountable, allowing
them to be moved and reconstructed with
no loss in performanece. FACTS chambers
are available from smnaller chambers for
pre-compliance scanring, up to chambers
that are FCC listablz for full compliance
testing at 10 m distances.

Lindgren RF Enclosures, Inc.
INFO/CARD #245

Low Profile Absorber
FerroSorb™, a low profile composite of
high performance amechoic absorber and
precision manufactered ferrite tile, has
been successfully installed and tested by
Rantec in a 3 m / 1{ m EMC chamber at
Compaq Computer Corp. in Houston, TX
and at IBM in Research Triangle Park, NC.
These chambers have been tested to both
ANSI C63.4 emissien and IEC 1000-4-3
immunity standards. Since it is dramatical-
ly smaller than the typical eight-foot
absorber it replaces, suter chamber dimen-
sions can be reduced oy 25 percent and con-
struction costs drop ty up to 30 percent.
Rantec
INFO/CARD #244

SIGNAL SOURCES

Standard-Package TCXOs
MTI offers a comp ete line of TXCO prod-

ucts in 14-pin DIL packages. The 440-

series, through-hole TCXOs are available

RF Design

at frequencies from 9.9 MHz to 40 MHz.
The series' phase noise measures -65
dBc/Hz at 1 Hz offset and a noise floor of
—150 dBc/Hz. The 440-series measure only
0.72 x 0.465 x 0.20 inches, with sinewave
outputs to +7 dBm.

MTI - Milliren Technologies, Inc.
INFO/CARD #243

Comb Generator

EMF Model 96085 comb generator con-
sists of a fundamental 200 MHz crystal
controlled oscillator, amplifiers, and a step
diode multiplier. The standard stability is
+5 ppm from 0 to +60 °C; options for wider
temperature ranges, frequencies, and sta-
bilities. Phase noise is 135 dBc at 1 kHz off-

set. A voltage-tuning option and a phase-
locked option are also available, allowing
the Model 96085 to be phase-locked to a
system reference oscillator.

EMF Systems, Inc.

INFO/CARD #242

3.3V, 110 MHz Oscillators

SaRonix has expanded its surface-mount,
3 volt oscillator product line with new
ACMOS parts specified up to 110 MHz. The
STA Type F series oscillators are available
from 50 to 110 MHz and come in standard
10 x 13 mm SMT plastic packages. The
S1703 series is intended for lowest-profile
PCMCIA-applications, with a total height
of 1.75mm. The series is available from 1.5
to 50 MHz. Both series are specified for
both 3 and 3.3 V operation. In 100-piece
quantities, prices for the series range from
$4 to $5 for the NTH Type F series and $5
to $7 for the S1703 series.
SaRonix
INFO/CARD #241

AMPLIFIERS

Bi-Directional Amplifiers
3dbm announces the availability of its
RADCom (Redundant Amplifier For Distrib-
uted Communications) series of bi-direction-
al amplifiers. The amplifiers are designed to
with leaky-coax or distributed antenna sys-
tems. The series features "hot standby"” in
the forward direction, fanless cooling, local
alarm displays, and small foot prints.
3dbm, Inc.
INFO/CARD #240

Sprague-Goodman

% 395

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

* 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.

SPRAGUE
GOODMAN

1700 Shames Drive, Westbury, NY 11580
Tel: 516-334-8700 * Fax: 516-334-8771

INFO/CARD 40

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 to 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
G00DMAN

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

INFO/CARD 41



Broadband Ampilifiers

The PSPL 5800A series of ultra broad-
band amplifiers are well suited for both
pulse or RF applications. All are stable, 50

%,

ohm amplifiers which can be cascaded for
higher gain. Various models are available
to allow the user to optimize risetime,
bandwidth, noise figure, VSWR, or maxi-
mum power output. All are AC-coupled.
The highest performance amplifier (the
5830) has 12 GHz bandwidth, 28 ps rise-
time and 12 dB gain.

Picosecond Pulse Labs, Inc.
INFO/CARD #239
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Multi-Octave

Class AB Amp

Model BHE88967-400 from Comtech
Microwave is a class AB amplifier covering
the 800 to 960 MHz frequency range with
an output power of 400 W PEP. Typical
gain is 60 dB, with IMD products of —28
dBc at full power output. Power require-
ments are +24 VDC at 28 amps. The ampli-
fier measures 16 x 16 x 7 inches.
Comtech Microwave Products Corp.
Power Systems Technology Div.
INFO/CARD #238

500 - 2500 MHz,
18 dBm Amp

Mini-Circuits has introduced an amplifier
covering 500 to 2500 MHz with typical out-
put power of 18 dBm. The unconditionally
stable ZFL-2500 typically has a 6.5 dB noise
figure in the cellular band. The amplifier
operates from +5 VDC, has typical gain of
31 dB (with typical flatness of +1.0 dB), and
maximum input/output VSWR of 2.5:1. The
SMA-F connectorized ZFL-2500 sells for
$99.95 in quantities less than 10.
Mini-Circuits
INFO/CARD #237

PROTOTYPE CIRCUIT BOARDS
WITH THRU-HOLE PLATING....
FABRICATED AT YOUR BENCH

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 ©

results for a full range of board materials.

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

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

B Solderable thru-hole plating with
conductive epoxy.

B 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.

0:%

.s‘o
(;;9

CALL TODAY 1-800-345-LPKF

6190 S.W. Arctic Drive Beaverton, Or. 97005
(1-800-345-5753) or FAX to: 1-503-643-3662

CAD/CAM
SYSTEMS INC.

INFO/CARD 42

54

TEST EQUIPMENT

Arbitrary

Waveform Generator

Racal Instruments has introduced a 100
MHz, C-sized, VXIbus arbitrary waveform
generator. The 3151 ARB offers program-
mable output voltages, up to 1 ppm inter-
nal reference, external clock input, nine
standards waveforms, multiple trigger
modes, multiple-unit synchronization, and
50 MHz arbitrary waveforms. The Model
3151 is fully compliant with the latest revi-
sion of both the VXIbus and VXIplug&play
specifications. The 3151 starts at $3,500.
Racal Instruments, Inc.
INFO/CARD #236

Dielectric Measurement

The Damaskos Model 1000-T, two-port
scalar coax fixture measures €', €", and ¢
of dielectric materials from 1 to 1000
MH:z. The fixture comes with a carrying
case and a verification sample. Data
reduction is performed by Damaskos'
"SCALEPS" software.
Damaskos, Inc.
INFO/CARD #235

Signal Generators

The 2023 and 2024 signal generators
from Marconi Instruments offer a wide
range of fully-programmable modulation
formats, GPIB and RS232 interfaces, and
frequency coverage from 10 kHz to 1.2 GHz
for the 2023, and 10 kHz to 2.4 GHz for the

2024. Phase noise is guaranteed at —121
dBc/Hz at 20 kHz offset from a center fre-
quency of 470 MHz. Modulation formats
include amplitude, frequency, phase and
pulse. An internal programmable source
has a frequency range of 0.01 Hz to 20 kHz.
A VXI version of the 2024 is also available.
Marconi Instruments, Inc.

INFO/CARD #234

RF Antenna Measurement

A low-cost, fully automated, RF antenna
test system form Hewlett-Packard mea-
sures, plots and analyzes antenna perfor-
mance. The automated HP 85375 system
can perform antenna pattern comparisons
in about half the time of manual systems.
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uccessful engineers like yourself are constantly searching for information to keep them up-to-date on the
rapidly changinz world of electronic technology. Twice a year, this vital information is presented in the
technical sessions ard complete tutorial series at the RF EXPOs.

If you were unable to attend a show or particular session — you can now obtain the same information in the RF
Expo Proceedings. These proceedings cover almost every paper presented at the shows, topics including:

... PIN diodes, transistors and other RF components ... Direct Digital Frequency synthesizers ... amplifier and
oscillator design ... test methods ... and many other essential RF topics.

Now a special opportunity to purchase your own copy of the RF Expo Proceedings at reduced prices.

‘ uy2 supplies are limited

For editions from 1992 and prior — only $15 each*
Original price: $145 each

Please send me the following Proceedings: Name
RIBAEXDOAVIES RO S Fotuntarm-amin it brmentasosts- oot el fctcs 5 $145
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R E XD OAN SR A Ve padioc o 15 8- ot 4 4 sl e $15%  Address
R B X D OB S (0 2 o i e bt abo o o = e e o e g $15*
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RIFIEXDOIEAS RO/ Sl s il &l o poie sconcn ' Hiisye e e ot $15%
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RENERD O WESE BO% ety osirveias 5% by oy ¢ et s S $15*  Country Postal Code

RF Expo East 89....... SOLD ©UT 315
[0 RFExpoWest 88..... SELED ©OWUY $15*

Payment: (Payment must accompany order)

Check enclosed Visa/MC AMEX
RF Expo West 87 ..... . SOLD OUT SISE
M REIEXDONEAS R 7/ arain s R S . T $15*  Card #

REIEXDOJEASTBE. .ccmiat. - cniomen i e S8 9050 o ot s romiirtns $15* Exp.
Shipping Charge:
$5 each domestic — outside U.S., add $30.00 for first proceed- Signature
ings and $10 for each additional proceedings

Date

SEND TO: ARGUS Direct Marketing ® 6151 Powers Ferry Rd NW e Atlanta, GA 30339
OR FAX TO: (404) 618-0347



The system includes Windows-based soft-
ware, and a network analyzer which can be
used independently of the antenna mea-
surement system. U.S. price for the HP
85375A is $65,000.

Hewlett-Packard Co.

INFO/CARD #233

SIGNAL PROCESSING
COMPONENTS

Helical Filter

PTI's Model 8138 is a high Q filter hav-
ing a center frequency of 1618 MHz, with
less than 1.0 dB insertion loss. The mini-
mum 3 dB bandwidth is 50 MHz. Rejection
at 1410 MHz and 2070 MHz is 40 dB.
VSWR is less than 1.3:1. Frequencies and
bandwidths can be customized for other
applications.
Piezo Technology, Inc.
INFO/CARD #232

Four-Pole Hopping Filters
New Four-Pole MAXI-POLE™ digitally-
tuned hopping filters from Pole/Zero are
well suited to co-site applications and
other high-interference situations. Higher
selectivity (as compared to their standard
two-pole products) with wider passband is
provided by the four-pole response. The
line covers 1.5 to 1000 MHz. The tunable
filter bands are 1.5 - 4, 4 - 10, 10 -30, 30 -
90, 90 - 200, 200 - 400, 400 - 700, and 700
- 1000 MHz. Typical insertion loss/band-
width product is 18. Power handling capa-
bility is one W inband and 5 W in the
stopband. Prices start at $1,650 for a sin-
gle unit.
Pole/Zero Corp.
INFO/CARD #231

CDMA IF SAW Filter

Thomson Microsonics has developed an
85.38 MHz SAW filter, part number FB
E528, in a hermetic SMT package. Compat-
ible with code division multiple access

(CDMA) phone architectures, it has typical
insertion loss of 15 dB and a 5 dB band-
width > +630 kHz. The part has excellent
out-of-band rejection and no discernable
triple transit. It is currently available in
high volumes.

Thomson Components and

Tubes Corporation

INFO/CARD #230

User-Configurable

Lowpass Filters

The Shape Shifter Model SL55 is a user
re-configurable lowpass filter with cut-off
frequencies from 800 to 5500 MHz. The
stepped-impedance tubular filter can be
configured with up to 11 sections and has
typical insertion loss of 1 dB at 5 GHz and
0.2 dB at 1 GHz. The specific parameters
of the kit's hardware are embedded in the
synthesis routines of the included design
software, allowing for rapid design and
construction of the lowpass filters. No sol-
dering is required for re-configuration.
Gatewave
INFO/CARD #229

150 W Isolator

SMT announces an isolator covering the
frequency range of 5.85 to 6.425 GHz with
150 W power handling capability. Mini-
mum isolation is 23 dB, maximum inser-
tion loss is 0.3 dB, and maximum VSWR
is 1.15:1.
Sierra Microwave Technology
INFO/CARD #228

Crystals

* Microprocessor

* Military Spec/QPL
» Communication

* Custom Crystals

FREQUENCY PRODUCTS

ELECTRO DYNAMICS CRYSTAL CORP.
Oscillators
 Hybrid Clock

» TCXO

* VCXO

 Custom Oscillators

9075 Cody Overland Park KS 66214
Phone (800) EDC-XTAL

Fax (913) 888-1260

INFO/CARD 44
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High Isolation Mixer

MITEQ's DMX0418 and DMY0418 series
of mixers feature RF and LO operation
from 4 to 18 GHz with an IF from DC to 4
GHz. These devices have conversion loss of
6 dB and 30 dB of IF to RF isolation at the
RF/IF crossover (4 GHz). They perform as
up- or downconverters covering most EW
bands and communication applications.
MITEQ offers a medium/high dynamic
range option (-M, LO = +16 dBm) (-H, LO =
+20 dBm).
MITEQ
INFO/CARD #227

SEMICONDUCTORS

Quadrature Modulator

Maxim Integrated Products introduces
the MAX2452, a very low power quadrature
modulator operating from a single supply of
3 V and drawing only 4.1 mA. A CMOS-
compatible shutdown control lowers the
supply current in the off state to only 2 pA
typically. The MAX2452 comes with an
integrated oscillator and divide-by-8
prescaler. The modulator accepts I and Q
baseband signals with amplitudes up tc
1.35 Vpp and bandwidths up to 15 Mhz. It
produces a differential IF output as high as
80 MHz. The modulator is available in a
16-pin narrow SOIC; prices start at $3.23.
Maxim Integrated Products
INFO/CARD #226

Digital Wireless Receiver
Philips Semiconductors has announced
the availability of its SA639 IF receiver.
The SA639 features low power consump-
tion - only 8.3 mA at 2.7 V minimum - and
offers very high sensitivity. The part can be
used with both single- and dual-conversion
architectures with input frequencies as
high as 1 GHz. The bandwidth of the IF
amplifier is approximately 40 MHz, with 44
dB (V) gain from a 50-chm source, and &
limiter bandwidth of 28 MHz with about 5&
dB (V) gain from a 50-ohm source. Output
range is greater than 90 dB. The SA639 is
available in a 24-lead TSSOP package
Price is $2.12 per unit in 25,000-piece
quantities.
Philips Semiconductors
INFO/CARD #225

GaAs Power Amp IC

ITT GTC announces the availability of &
high-gain RFIC power amplifier operating
in the 898 - 942 MHz frequency band. The
ITT334104BD is a two-stage amplifier witk
27 dB power gain, and 1.2 W power output
Typical power added efficiency (PAE) of the
device is greater than 55 percent and it is
possible to attain PAE > 60 percent under
selected operating conditions. The device
can withstand 10:1 VSWR under CW condi-
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microwave f‘requencies?
Spice-based simulator that provides microwave-q

Having trouble finding a transient analysis tool that provides accurate resuits at RF and
Take a close look at Compact Software's Super-Spice, the only

| Super-Spice allows you to accurately analyze transient and start-up conditions for circuits
- | operating at frequencies up to 10 GHz. Best of all, Super-Spice uses a state of the art graphics
interface and is compatible with your existing Spice 2G6 netlists and models!

uality active device and discontinuity models.

Advanced Graphice Inerface - Super-Spice uses a
multiple-window graph cal interface with a toolbar that
provides immediate access to commonly used functions.
Output displays include tabular, rectangular, polar, Smith
Chart and spectral domain output plots. Users can “"zoom in"
on areas of the display quickly and easily to examine circuit
behavior in detail. Users can set their own preferences for
menu and line colors, line widths and font selection.

Special High Frequency Device Models - Super-Spice
includes microwave-qality diode, GaAs MESFET, JFET,
MOSFET, and BJT device models. Models for step, bend, tee
and cross junction discontinuities in microstrip, stripline and
coplanar waveguide media accurately model the behavior of
distributed elements. Super-Spice's unique multi-layer
coupled line model prcvides accurate simulation of signal
crosstalk in high speed designs.

INFO/CARD 45

Integration - Super-Spice is part of Compact's complete family
of RF and microwave analysis tools available on both PCs
and workstations. Compact's Serenade integrated
environment for circuit design includes tools for schematic
capture, layout, frequency and time-domain simulation.

e

‘ Want to see for yourself?

Ask for your free Super-Spice for Windows demo disk!
| Call (201) 881-1200
] or contact us by email [sales @comsoft.com].

o —
S w—
.7,

® - Compact
== Software

MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS

201 McLean Bivd.  Paterson, New Jersey 07504
TEL: (201) 881-1200 « FAX: (201) 881-8361




battery voltage, load VSWR and RF drive
signal. The ITT334104BD is mounted in a
standard 16-pin narrow SOIC plastic pack-
age. Production is slated for 4Q95 and the
part is priced at less than $10.00 in quanti-
ties of 1,000.

ITT GTC

INFO/CARD #224

SS IC Evaluation Kit

American Microsystems offers an evalua-
tion radio for their S20043 direct sequence
spread spectrum transceiver IC. The
S20043ERU will transmit or receive data
messages in the 915 MHz ISM band at data
rates of 2.4k, 100 k, and 400k bits per sec-
ond. The S20043-radio is priced at $3,000
per unit, including license to use the radio
design and complete Gerber files and
schematics.

American Microsystems, Inc.
INFO/CARD #223

3.6 to 4.2 GHz

Class A MESFETS

A new series of NEC power GaAs MES-
FETs is now available from California
Eastern Laboratories. Designed for C-
Band power applications, these NEZ3642
series Class A devices are internally

matched (in/out) and deliver high P_,,
high efficiency, and high gain. Pout for the
NEZ3642-15D is 42.5 dBm, 39.5 dBm for
the -8D, and 36.5 dBm for the -4D. Linear
gain is 10.0, 11.0, and 11.5 dB for the -15D,
-8D, and -4D, respectively. Power added
efficiency is 37, 40, and 43 percent for the -
15D, 8D, and 4D.

California Eastern Laboratories
INFO/CARD #222

58

Power Amp ICs

Celeritek has announced a series of low-
cost power amplifiers for PCS base station
applications in the 900, 1,950, and 2,450
GHz frequencies. The CFK2162-P series is
a family of high-gain FETs with +33 dBm
power output and efficiency greater than
45 percent. The devices operate from a +5
V supply and offer high linearity at 2 W.
The series is packaged in the standard
SOIC-8 power package. Production quanti-
ties of 500 are available 30 - 45 days ARO
and are priced at $29.00 per unit.
Celeritek
INFO/CARD #221

High-Speed Op Amp

A voltage-feedback amplifier with unity-
gain bandwidth of 100 MHz and current
consumption of only 2.5 mA is offered by
National Semiconductor. The LM6171 has
a slew rate of 3,600 V/ps and low distortion
for both AC and DC. The op-amp operates
from £15 V power supplies for large output
swings and greater dynamic rang and sig-
nal-to-noise ratio. A-grade versions of the
LM6171AIM, in 8-pin SOIC packaging,
and the LM6171AIN, in an 8-pin DIP
package, are priced at $1.49 each in quan-
tities of 1,000.
National Semiconductor
INFO/CARD #220

Low Forward Voltage
Schottky Diode

A new family of low forward voltage
Schottky barrier diodes from Toshiba
America Electronic Components operate
from one to three amps. Maximum forward
voltage is 0.37 V, with a blocking voltage of
30 V. The family is geared toward battery-
operated equipment requiring the lowest
possible forward voltage drop. Part num-
bers U1FWJ44N, U2FWJ44N, and
U3FWJ44N have operating currents of 1 A,
2 A, and 3 A, respectively. In 5000-piece
quantities, the 1 A device sells for $0.30,
the 2 A device for $0.41, and the 3 A device
for $0.53.

Toshiba America
Electronic Components, Inc.
INFO/CARD #219

SUBSYSTEMS

30 - 2,000 MHz,
VME Receiver

EDGE Industries has teamed with Inter-
ad, Ltd. to create the Model 8901 VMEbus
receiver. Packaged in a single 6U-wide
VME card, various versions of this receiver
are available to cover frequency bands
within the 30 to 2,000 MHz range. The
receivers have 1 Hz resolution and can
switch frequency within 200 ps. Dynamic

range is 80 dB, and both AM and FM
detection are provided.

Edge Industries, Inc.

INFO/CARD #218

Noise Modules

Noise Com has enhanced its NC 500
series with the introduction of surface-
mountable noise modules. The series
delivers symmetrical white Gaussian
noise and flat output power. The modules
contain complete biasing networks and do
not need external components. Modules
covering 0.2 - 500 MHz, 0.2 - 1 GHz, and
0.2 MHz - 2 GHz are available. Output
ENR is either 31 dB or 51 dB. Prices start
at $49.
Noise Com, Inc.
INFO/CARD #217

335 - 2,500 MHz Antennas
Andrew Corp. announces the availability

of its GRIDPAK® microwave antenna

series for wireless applications in the 335

/—— iz

=
to 2,500 MHz frequency bands. GRIDPAK
antennas feature a patented grid rod
retaining design that securely locks the
grid rods to the antenna's outer frame. The
construction reduces windloading. They are
available with air-dielectric feeds featuring
7/8-inch EIA flange input, or with foam
dielectric feeds that require either a 7/8-
inch EIA connector, a Type F female flange,
or a Type N female input.
Andrew Corporation
INFO/CARD #216

70 MHz Dual-Channel ADC
Pentek has introduced a dual-channel,
high-speed, 10-bit A/D converter board that
operates at sampling rates up to 70 MHz
for high-frequency bandwidth signal pro-
cessing. Model 6472 is a single-slot 6U
VMEDbus board featuring both signal condi-
tioning and clock generation circuitry. The
converter provides front panel access to the
receiver through a standard flat ribbon con-
nector, rather than the VMEbus, conserv-
ing bus bandwidth and eliminating on-
board memory buffering. Model 6472 is
priced at $7,995.
Pentek, Inc.
INFO/CARD #215
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Go With the Leader!

(f' Prime

LRFMS Mixers, 0.5 to 2000 MHz | i \

from 2.4 25-49 pcs ‘ /J
r $ 9 ( pcs) :,:\\
Improve the reliability of existing designs with '

the original, stress-relieved surface mount
mixer from RF Prme. The LRFMS series

has been in prod iction for over 3 years, f\
-

oftering proven p2rformance for your designs:
+ Standard 6-Pin surface mount

footprint and pin-out. g\
Stress-Relief over temperature. -

« Improved solderability and inspectability.
Withstands 26C°C (10s). A

No_Height Increase (0.195 max.) -

IN STOCK...AT THE BEST PRICES...FROM RICHARDSON!

Midband (dB, Typ.)

LO Freq. (MHz) Conv. Isolation Price
ITEM (dBm) LO/RF IF Loss L-R L-I (1-9 pcs)
LRFMS-*L-SM6 +3 2-500 DC-500 6.0 32 30 $ 495
LRFMS--L-SM15* +3 2-500 DC-500 6.0 32 30 $ 495
LRFMS-1-Su6 +7 0.5-500 DC-500 6.0 32 30 $ 295
LRFMS-*A-13-SM6 +13 2-500 DC-500 6.0 44 36 $ 7.95
LRFMS-1A-17-SM6 +17 2-500 DC-500 7.0 44 35 $ 9.95
LRFMS-2L-SM6 +3 500-1000 DC-1000 5.6 30 20 $ 595
LRFMS-2-Sv6 +7 5-1000 DC-1000 7.0 35 30 $ 13195
LRFMS-2X-3M6 +7 800-1000 DC-500 7.0 30 25 $ 2.49
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RF tutorial

Antenna Basics for
Wireless Communications

By Gary A. Breed
Editor

Antennas are essential in order for
radio communications to happen.
Maybe your antenna is a common cel-
lular antenna with a coil in the center,
a loop printed around the edges of a
pager’s circuit board, or a multi-ele-
ment directional array for a PCS base
station. Each of these antennas has a
Jjob to do and a set of design parame-
ters that can be quite restrictive. This
tutorial describes some of the common
wireless antennas, with notes on the
environmental, cost, and size factors
that influence their design.

our basic antenna types are pre-

dominant in wireless communica-
tions: dipole, monopole, loop and
patch. First, let’s look at a brief sum-
mary of the primary characteristics of
each antenna type:

The dipole antenna (Figure 1) —
The dipole is the smallest self-reso-
nant antenna structure, a conductor
that is one-half wavelength long at the
frequency of operation. The mechani-
cal length of a dipole is always shorter
than a half wavelength in free space,
due to the effects of conductor size,
dielectric constant of the surrounding
medium, coupling to the antenna feed-
line or nearby objects, and “end effect”
(a behavior associated with the abrupt
change at the tips of the dipole con-
ductor). A dipole usually has its feed-
point connection at the center, which
has a nominal free-space resistance of
73 ohms for conductors with diameters
that are small in terms of wavelength.
This value can vary significantly with
large conductors and with the effects
of other conductors (including ground)
within one or two wavelengths.

The monopole antenna (Figure 2)
— A monopole is a dipole with half of
its length replaced by an “image” cre-
ated by an infinite (or very large)
ground plane. The length of a resonant
monopole is one-quarter wavelength,
with the same factors that affect
mechanical length as those noted
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current distribution
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feedpoint typically
at center

L = 1/2 wavelength ———
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distribution
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wavelength
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\

GROUND PLANE

Figure 1. Configuration of a basic
dipole antenna showing the normal
feed point location at the center.

above for a dipole. In the ideal case of
an infinite, perfectly conducting
ground plane, a monopole includes the
“reflection” of the missing half of the
corresponding dipole, and its radiation
is in half-space (see note on terminolo-
gy). Therefore, the feedpoint resis-
tance is half that of a dipole, or about
36 ohms, and its theoretical radiated
power density is twice as much as a
dipole since the same driving power is
now radiated into half the volume.
These theoretical behaviors are essen-
tial for analysis, but in actual use,
such ideal conditions may only be

Figure 2. The monopole is half of a
dipole, with a conducting ground
plane representing the other half.

approached in the nearby environ-
ment. When considering performance
at a significant distance, these condi-
tions never exist.

The loop antenna (Figure 3) — A
closed loop is self-resonant when its
circumference is one wavelength. For
wireless communications, it is most
useful to discuss small loops, since a
one-wavelength lnop will have the rel-
atively large sizes of 34 ¢cm circumfer-
ence at 900 MHz and 204 cm circum-
ference at 150 MHz. Small loops pri-
marily create anc respond to the mag-
netic field component of an RF signal.

Circumference at

one wavelength

/

feedpoint

resonance = OR

Total perimeter at
resonancs =
one wavelength

f

feedpoint (can oreak loop
and feed at any location)

Figure 3. A loop configuration is resonant when the circumference or perimeter
equals one wavelength, and its feedline can be attached at any location.
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feedpoint (access from below,
via hole through
/ cround plane)

patch conductor

dielectric
substrate

L = 1/2 wavelength

ground plane

Circular patch diameter =
0.6 wavelength

Figure 4. Patch antennas use a conducting surface shape, usually round or
square, with a dielectric substrate between the patch and a ground plane.

This can be a useful advantage, since
most man-made interference sources
create predominantly electric field
radiation, which is the characteristic
of a short dipole. Small loops have a
very low radiation resistance, which
requires an impedance-transforming
network of some type to be of any
practical use.

The patch antenna (Figure 4) —
The basic microstrip patch is a square
or round “island” of a conductor on a
dielectric substrate, backed by a con-

ducting ground plane. Patches are
usually etched or machined from dou-
ble-sided printed circuit board materi-
al. The feedpoint is either at the edge
or through a hole in the ground plane
at a specific off-center point which
results in a practical feedpoint resis-
tance. A square patch exhibits reso-
nance when it is one-half wavelength
on a side, and a circular patch is reso-
nant when its radius is about 0.3
wavelength (0.6 wavelength diameter).
Because a ground plane is part of the

antenna, radiation characteristics are
generally analyzed in half-space like
the monopole.

Numerous other antenna types may
be used in wireless communications
(e.g. horns, log periodics, slot antennas
and others), but these four represent
nearly all portable uses, with base sta-
tion applications typically using
arrays of these basic types.

Hand-Held and Body-Worn
Antenna Examples

Here are some of the common anten-
na configurations for wireless commu-
nications that have been developed to
meet a specific set of performance and
convenience requirements.

The “rubber duck” antenna is
unquestionably the most common type
used in portable communications. It is
a monopole that uses a lumped or dis-
tributed inductance to obtain reso-
nance at a length much shorter than
one-quarter wavelength (Figure 5).
The inductance is usually a coiled
wire, encapsulated in a flexible plastic
sleeve that gives the antenna its
unusual name. In a classic two-way
radio operating at 160 MHz, a quarter
wavelength is 47 cm. A rubber duck
style antenna will rarely be more than

Antenna Terminology

Current distribution — The manner in which antenna
current varies along the length of an antenna.

Directivity — The concentration of radiated energy in
one or more directions; the degree that an antenna’s radia-
tion varies from that of an isotropic radiator (see gain).

Gain — Gain is a measure of the degree of concentration
of energy radiated by a given antenna. Although different
expressions of the same concept, gain tends to be used for
quantitative discussion, while directivity is used mostly in
qualitative descriptions.

Half-space — The space above a surface, intended to rep-
resent antennas operating in conjunction with an idealized
flat earth and the space above it. Radiation in half-space
can be visualized as being projected onto a hemisphere,
while isotropic radiation is projected onto a sphere.

Feedpoint impedance (or just impedance) — The com-
plex impedance seen at the feedpoint of an antenna. Many
antenna structures have impedance transforming proper-
ties; only in some simple antennas will the resistive com-
ponent of the feedpoint impedance be the same as the radi-
ation resistance.

Free space — The idealized location of an antenna with
no external influences, including ground. In practice, sepa-

ration of an antenna from ground or other objects by sev-
eral wavelengths will approximate free space for most
impedance and basic radiation characteristics, but not for
propagation over distance.

Ground plane — A plate, surface, or group of wires, that
provides the “image” half of a monopole antenna, approxi-
mating an infinite flat conducting surface.

Isotropic radiator — A fictional point-source antenna
that radiates equally in all directions (spherically), used as
a reference when describing antenna radiation patterns,
gain and directivity.

Polarization — The orientation of the wavefront trans-
mitted from an antenna, also the optimum orientation for
received signals. Polarization can be linear (vertical, hori-
zontal, or any angle in between); circular (with “right
hand” or “left hand” sense as the waves spiral through
space); or elliptical (like circular, but asymmetrical).

Radiation resistance — The resistive component of the
intrinsic impedance of an antenna.

Wavelength — The distance required for a complete cycle
of the radiated sine wave, either at the speed of light (free
space) or reduced by the dielectric constant of the medium
containing the antenna.
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1/4-wavelength
monopole
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/

18-28-1994 12:14:46
Freq = 880 MHz
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"rubber duck”
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Outer Ring = 18.9808 dBi

Max. Gain = 8.285 dBi

Figure 5. Inductive loading, often as a continuously-wound
coil, shortens the physical length of the “rubber duck.”

16 cm long. The effect of shortening
the antenna is reduced efficiency due
to losses in the inductive loading cir-
cuit. Reduced efficiency means
reduced communications range and
reliability compared to a full-size
monopole, but the tradeoff is usually
acceptable. A few antenna models are
offered with an extendable mast, con-
verting the shortened antenna to near-
ly a full one-quarter wavelength,
improving coverage in marginal com-
munications situations.

Pagers are generally restricted to
antennas that are contained inside the
case. Such an antenna may be a ran-
dom-length conductor, in essence a
“scrunched” or bent monopole, or it
may be a loop. Either type can be
etched onto the perimeter of the print-
ed circuit board, minimizing manufac-
turing steps and cutting product cost.
Since pagers are receive-only (two-way
paging is coming soon), low antenna
efficiency can be mitigated by adding
circuit gain, within the practical limits
of current consumption and suscepti-
bility to interference (a low input IMD
intercept point). Also, matching net-
work components can be small and
inexpensive since they do not have to
withstand transmitted RF power.

A significant factor in antenna effec-
tiveness in all hand-held or body-worn
applications is the ground plane or
counterpoise provided by the device’s
case and the body of the person using
it. At VHF and UHF, the radio case is
much smaller than the one-quarter
wavelength that would comprise the
“other half” of a dipole. Capacitive cou-
pling to the user’s body provides a sig-
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nificant improvement. Measured data
have shown a typical increase in sig-
nal strength of 3 to 10 dB when the
radio equipment is used as intended,
either hand-held or body-worn, com-
pared to the same equipment operated
in free space. You may have noticed a
similar effect with a portable FM
broadcast receiver, getting better
reception while holding the radio, or
when placing it on a conducting sur-
face such as a automobile body.

Hand-held cellular phones usually
have either a one-quarter wavelength
monopole, or some variation of the
inductively-shortened monopole.
Although the shorter wavelength
reduces the dependence on coupling to
the hand or body of the user, com-
pared to lower frequency equipment,
the varying position of the unit causes
shifts in the polarization of the anten-
na. Combined with the effect of multi-
path reflections experienced in all
mobile and portable communications,
the unit will experience a wide varia-
tion in signal levels, which can cause
audible fading and drop-outs.

Mobile Radio
Antenna Examples

The most common antenna for
mobile cellular installations is a glass-
mounted whip with a phase-reversing
coil in the center. This design is a one-
quarter wavelength monopole below
the coil, and a half-wavelength end-fed
dipole above the coil, each having in-
phase currents. This antenna has a
gain of 8.3 dBi (assuming a perfectly
conducting ground plane), as shown in
Figure 6. The improved directivity in

Trace: C,D,S,R
finy other to ret

Elevation Plot
Azimuth Angle = 98.8 Deg.

Figure 6. The typical cellular whip with center coil has a
radiation pattern of this general shape.

the horizontal plane provides better
communications performance than a
simple monopole, but at the modest
cost of increased size.

VHF/UHF mobile antennas are pre-
dominantly one-quarter wavelength
monopoles. This antenna type is both
electrically and mechanically simple,
keeping cost to a minimum. Perfor-
mance is good since this is a self-reso-
nant antenna with no additional lossy
reactive components for matching or
length compensation. There are a few
specialized mobile antennas offering
low-profile mounting or other reduced
size and reduced visibility advantages,
but they are not in widespread use.

Microwave mobile communications
is presently a small part of the wire-
less market. Global Positioning Sys-
tem (GPS) receivers and the coming
Personal Communications Services
(PCS) operate at frequencies once con-
sidered microwaves, where shorter
wavelengths change some of the con-
straints that must be considered. GPS
receivers most often use some varia-
tion of crossed dipoles to obtain omni-
directional coverage and relative
insensitivity to polarization changes.
Patch antenna designs are also used
in a significant number of GPS instal-
lations. GPS differs from cellular or
PCS in that signals arrive from over-
head rather than on the horizon. An
optimum GPS antenna pattern is
hemispherical, while PCS should have
a pattern emphasizing horizontal radi-
ation. Smaller versions of cellular-
style antennas are anticipated for
PCS, but we will likely see some inno-
vative new designs.
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moved from place to place, fixed
antennas are often directional, with
patterns chosen to cover a particular
area. For example, a fixed antenna
placed in the corner of a room can
have full coverage of the area using a
90-degree beamwidth (in the horizon-
tal plane). Or, the antenna can be
placed in the center of a wall and
cover a room with a 180-degree
beamwidth.

Summary

This has been just a brief overview
of antennas used in wireless communi-
cations systems. By describing how
the basic antenna types have been
used or adapted for wireless, it is
hoped that you will improve your
understanding of these systems
beyond circuit design considerations.
The references listed below are excel-
lent sources of additional information
on this subject. RF

Bibliography

1. Kazimierz Siwiak, Radiowave Prop-
agation and Antennas for Personal
Communications, Artech House, 1995.

2. K. Fujimoto and J.R. James, edi-
tors, Mobile Antenna Systems Hand-
book, Artech House, 1994.

3. Richard C. Johnson, editor, Antenna
Engineering Handbook, McGraw-Hill,
1993.

4. John Kraus, Antennas, McGraw-
Hill, 1988.

5. Gerald L. Hall, editor, The ARRL
Antenna Book, 17th edition, American
Radio Relay League, 1994.

6. Garry C. Hess, Land Mobile Radio
System Engineering, Artech House,
1993.

7. Thereza Macnamara, Handbook of
Antennas for EMC, Artech House,
1995. (Although not intended for wire-
less communications, this book con-
tains excellent tutorial material on
basic antenna theory and design.)

Figure 7. Constraction of a vertical
dipole, with a tubular sleeve having
the dual purpos2 of providing the
lower half of the dipole, while isolat-

ing the feedline .

WLAN Antenna Examples
for Portable and Base Operation

Most WLAN equipment in operation
today operates in the 915 MHz or 2.4
GHz unlicensed bands. Antennas for
these systems are vtsually based on
dipole designs, with some use of mono-
pole and patch antermas. The number
of systems in operation is still quite
small, so the presert antenna selec-
tions may not prove o be the solution
of choice as this wireless application
grows. Many WLAN installations
today use a vertical dipole at the indi-
vidual computers, with the feed con-
nection made through the lower half of
the dipole radiator (Figure 7). The ver-
tical dipole is usually shosen in order
to put some distance between the
antenna and the computer, minimiz-
ing the effect of the enclosure on the
antenna pattern. The vertical orienta-
tion also provides omnidirectional cov-
erage in the horizontal plane.

The fixed antennas that connect to
the wired portion of the network and
its associated server is likely to be
either a dipole array or a patch anten-
na. While WLAN portable unit anten-
nas are generally emnidirectional,
intended to serve computers that are
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RF oscillators

Design Method for a
Coaxial-Resonator Oscillator

By Danny 1. Polidi
Space Systems/Loral

This article describes a method for
designing a coaxial-resonator oscilla-
tor (CRO)J. By modeling the oscillator
as a cascade of a resonator and an
“active circuit,” any linear simulator
can be used to optimize the circuit for
the best S parameters for oscillator
operation. This article illustrates that
a CRO is not only smaller and easier
to tune than a dielectric-resonator
oscillator (DRO), but its design can
also be completed quickly and efficient-
ly. Data for a 2.3 GHz CRO is also pre-
sented.

t low frequencies the CRO is
preferable to a dielectric-resonator
oscillator (DRO) because the disk-
shaped dielectric-resonator in a DRO
can be quite large and difficult to tune.
A DRO employs ceramic material as
a resonator. This resonator is com-
monly in the shape of a puck. For pur-

poses of this discussion, a DRO is an
oscillator that has a resonator with
this shape. A CRO uses a resonator in
the shape of a coaxial line, or tube,
with metalization through the center
as well as on the outside. The length
of the coaxial-resonator depends on
the frequency of interest and can be
either a 1/4-wave resonator with met-
alization at the far end or a 1/2-wave
resonator with no metalization on
either end.

To give an example of the relative
sizes of these two types of oscillators, a
DRO at 2.3 GHz would require a puck
with a diameter of approximately one
inch. By comparison, the dimensions
of a coaxial-resonator for a CRO at 2.3
GHz are 1.05 cm long and 0.60 cm
wide.

In a DRO, the height of the puck
determines the frequency of oscilla-
tion, and is therefore critical. Tuning

Y1 + V tune

COAXIAL
RES I !
C

+ V supply

LOW PWR
OUTPUT Rt1
=3 — il
104 OUTPUT
+ V supply

Figure 1. A coaxial resonator oscillator designed using the techniques discussed
above. This design also incorporates an amplifier and hybrid power splitter.
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is achieved by grinding the puck and
changing its height. In contrast, the
length of a resonator in a CRO
remains constant. Tuning is achieved
by altering the surrounding circuit ele-
ments. The latter method is both
faster and less subject to error.

A Design Method for CROs

The design of a CRO begins with the
transistor. Once a suitable transistor
has been selected, the next step is to
check for stability (K) and maximum
possible gain (G_, ). It is possible to
“customize” these parameters with
various circuit elements. The coaxial-
resonator has a mounting foot which
can be soldered directly to the circuit.
A capacitor can then be used to control
the coupling of the resonator to the
circuit. By decreasing the capacitance,
the resonator will be lightly coupled
and therefore will not load the circuit.
A second capacitor can be used to con-
trol the coupling of a varactor to the
resonator and the rest of the circuit.
The varactor can be used with a con-
trol voltage in a phase-locked loop to
tune the frequency of oscillation and
maintain lock. By increasing the
capacitance at the varactor, the tuning
bandwidth can be increased. Matching
is added using distributed elements.
The circuit frequency can be made
tunable by adding a high-impedance.
1/2-wave transmission line between
the transistor and the resonator.

The circuit design can be simulated
with a linear analysis program, desig-
nating the “active” circuit as a two-
port with port one being the output
and port two being the resonator port.
The “resonator” should be designated
a one-port, low-impedance, 1/2-wave
transmission line, and the entire
“oscillator” a one-port circuit that com-
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JMS-1LH +10 2-500 DC-500 5175 55 45 8.45
JMS-1MH +13 2-500 DC-500 5175 60 45 9.45
JMS-1H +17 2-500 DC-500 5.90 50 50 11.45
JMS-2L +3 800-1000 DC-200 7.0 24 20 7.45
JMS-2 +7 20-1000 DC-1000 7.0 50 47 7.45
JMS-2LH +10 20-1000 DC-1000 6.5 48 9.45
JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45
JMS-2H +17 20-1000 DC-1000 7.0 47 12.45
JMS-2W +7 5-1200 DC-500 6.8 48 7.95
JMS-11X +7 5-1900 5-1000 6.7 35 37 425"

Note: *10-49 qty.
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Figure 2. Physical layout of oscillator printed circuit board, showing location of
coaxial resonator and external bias resistors.

bines the “active” circuit and the “res-
onator.” The circuit file can then be
optimized to get “active” S11 < -10 dB,
“active” S22 > 10 dB, and “oscillator”
S11 > 10 dB. The circuit can then be
built on an alumina substrate using
packaged parts. Once assembled, tun-
ing can be added to the high-imped-
ance, 1/2-wave, transmission line to
tune the circuit to the center frequen-
cy, fo.

A 2.3 GHz Example

As a practical example, a CRO was
designed using the above method
using an NPN bipolar transistor in a
MICRO-X package that has two emit-
ter leads. The circuit was built on a
25-mil alumina substrate with e, = 9.9.
All simulations were done using a lin-
ear analysis program. A 2.3 GHz coax-
ial-resonator was chosen. For the tran-
sistor, the simulations indicated the
best starting point would be a com-
mon-base configuration. Ideally, it is
desirable to have a transistor with 0 <
K < 1 for f;#20%, K< 1 for all other
frequencies, and G, =12 dB at f,.

To optimize the K for the “active”
circuit, a series resistor and capacitor
from the emitter to ground and a
capacitor from the base to ground
were added to the transistor. Later,
the resistor value was doubled and one
was put on each emitter lead for bal-
ance. On one emitter lead, a high-
impedance, 1/4-wave stub to ground-
was added for biasing purposes. The
other emitter lead is the output of the
CRO. To the collector were added
matching stubs, a capacitor C3, the

68

resonator port, a capacitor C2, and a
capacitor to ground for the varactor,
(see Figure 1). The capacitor C3 was
chosen sufficiently small so as to not
over-couple the resonator to the circuit
and pull it off frequency. The capacitor
C2 was chosen sufficiently large to
allow for enough tuning range to com-
pensate for temperature variation and
aging effects, yet small enough to have
an acceptable amount of phase noise.
The “resonator” was simulated as a
one-port, low-impedance, 1/2-wave
transmission line. The “oscillator”
combined the “active” and “resonator”
circuit files and was then optimized to
get “active” S11 < -10 dB, “active” S22
> 10 dB, and “oscillator” S11 > 10 dB.
For my purposes, I needed more out-
put power and two outputs, so I added
an amplifier using the same transistor
and a coupler. I used externally
mounted, leaded resistors for the bias
so that bias changes could be made
without disturbing the circuit. The
existing DRO cavity dimensions were
approximately 1 x 2 inches. The CRO
was made on a 1 x 0.75 inch substrate.
It was made this size to accommodate
the inputs and outputs. Had this not
been the case, the substrate could
have fit in roughly half that space.

The layout of the substrate was done
using a CAD program and the mask
was made directly from the CAD file.
The circuit design and the layout are
shown in Figure 2.

The completed oscillator was assem-
bled without the resonator and mea-
sured using a network analyzer. Once
the two-port parameters had been

Frequency 2.3 GHz
Voltage Controlled Bandwidth 32 MHz
Output Power Port 1 12.9 dBm
Output Power Port 2 2.9dBm
Output Return Loss -30dBm
Harmonics —20 dBc
Supply Voltage 12V
Tuning Voltage 0-12v
Supply Current 62 mA
Substrate Size 1in. x0.75 in.
Phase Noise at 10 kHz -84 dBc
Phase Noise at 100 kHz -114 dBc

Table 1. Measured performance of the
2.3 GHz oscillator.

measured and verified, the resonator
was installed and the oscillator was
measured on a spectrum analyzer as
well as a microwave frequency
counter. The frequency of oscillation
was low, but by shorting across the
1/2-wave line the frequency was
increased to 2.3 GHz. It was deter-
mined that the tuning bandwidth was
too broad, so C2 was decreased. The
result was that it worked right at 2.3
GHz after it was tuned in. Table 1 dis-
plays measured performance of the
oscillator.

Conclusion

The design method works quickly
and easily. The only change I would
make in future designs of this type
would be to substitute board-mounted
chip resistors for the externally-mount-
ed biasing resistors used in this design.
Because of its smaller dimensions and
ease of tuning, I feel a coaxial-res-
onator oscillator is a good alternative
to using DROs at low frequencies.
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RF electromagnetic interference

An EMI Noise Reduction Technique

By Kevin P. Slattery and James Garrison

FF Developments

This article describes a method devel-
oped for reducing conducted noise seen
at the I/0 of an automotive electronic
engine controller. Conducted noise at
open I/0 pins have been seen to closely
correlate with radiated emissions from
the vehicle. Therefore, the reduction of
conducted emissions at the module level
is a cost effective procedure since the
module is typically ready for measure-
ment long before the vehicle.

he complexity and functionality of

today’s automotive electronics have
come a long way in terms of complexity
and functionality. It is not unusual to
find several processors and ASICs in
transmission and engine controllers.
Reduction of noise at the source IC can
lead to parts reduction in that special-
ized ferrites and filters are not
required at the I/O connector. This
paper describes a method of directly
measuring the noise density at each
pin of the processor/ASIC IC set.

Measuring the Noise Density at
the Processor

The technique to be described in this
paper grew out of the EMC develop-
ment process for an engine controller.
This controller utilizes several proces-
sors and a “glue” ASIC. Many mea-
surements of the conducted emissions
at the I/O pins, and preliminary mea-
surements in a vehicle, indicated that
there were radiated problems in the
range 60-170 MHz, with the peak com-
ing at approximately 128-136 MHz. A
means of comparing the effectiveness
of various fixes was necessary. One of
the methods developed arose from
modifications to the actual test soft-
ware. The test software was originally
written to show the maximum mea-
sured level, in dB, over a specified
limit. Also given was a number called
the noise density.

Noise Density (ND) refers to the
summation of all measured peaks over
a given specified limit level. Typically,

72

HC16

2800

2400
2200

uVIMHz 1800

1400
1200
1000 39

ASIC

s
hhhhh

R

Figure 1. Noise density at individual
processor-pins.

we will measure these peaks in micro-
volts. To arrive at the density, we then
divide the summed peaks by the fre-
quency span (in this case, 2-200 MHz).
The resulting noise density is then
given in micro-volts per MHz.
where Tpks is the total number of indi-
vidual peaks over the limit and f is
NP
f
n=T/ks
E peaks(in uV) > limit
n=1

max ~ fmin

given in MHz.

This quantity was modified some-
what, and the frequency range of
interest, (in this case 2-200 MHz), was
divided into four equal quadrants. The
software then gave out a total ND and
the ND for each quadrant. This
allowed us to compare fixes as a func-
tion of what frequency quadrant was
affected. In addition to the quadrant
ND, we also measured the ND in the
band 88-108 MHz, the FM band. An
example of the data’s form is shown in
Table 1.

Table 1 indicates which pin is being
measured, the maximum peak over
the limit, given as a negative value,
the total noise density, the frequency
at which the maximum level was seen,
the four quadrant ND values and

Figure 2. Noise density at individual
ASIC-pins.

finally, the noise density in the FM
band.

Breaking the data down into this
form allowed us to concentrate on fixes
directed at the frequency ranges con-
sidered to be problem areas. As men-
tioned, this area was 120-140 MHz,
which was seen to be due primarily to
the processors. This led to measuring
the same quantities directly at the IC
pins, and implementing fixes aimed at
the frequencies indicated.

The equipment used included a Tek-
tronix P6156 wide-band probe(10X),
an HP 12 step attenuator set to 40 dB
attenuation, an Amplifier Research
LN1000 pre-amplifier, and an HP
8568B spectrum analyzer. The resolu-
tion bandwidth was set to 10 kHz and
the video bandwidth to 30 kHz. The
sweep time was set to 10 seconds for a
frequency span of 198 MHz. In addi-
tion to the hardware, a program devel-
oped for conducted emissions was used
to take the scans and interpret the
data.

Two of the processors in the IC set
were seen to have noise numbers
below a certain level and were
ignored. The processor with the high-
est measured numbers was a Motorola
HC16. The ASIC also showed fairly
high levels, but only on the data and
two of the address lines. The mea-
sured numbers are shown in Figures 1
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and 2. The distribition follows the IC
pin-out.

The noise density number was
derived as a figure >f merit when mak-
ing conducted emissions measure-
ments at the module I/O. As an exam-
ple, if you measured a single peak over
the limit, the ND number would be
approximately 0.1 1V per dB over the
limit. Typical values for /O pins with
signals over a —80 dBV limit are in the
range 1-10 uV/MEz. Because we are
making this measurement directly at
the processor pins, the ND numbers
are going to be much higher. Figure 1
has been modified to show only those
pins with noise density levels greater
than 1000 uV/MHz. It was decided
that this was a reasonable cutoff level.
Any pin with low2r measured levels
was not considerec for modification. It
should be emphasized that the noise
density is a derived number refer-
enced to a specific limit level. The lev-
els measured at tte IC pins are refer-
enced to a limit selected for compari-
SON purposes.

Figure 2 shows the levels for the
ASIC. Most of the high ND pins were
associated with the data and address
lines. Certain manufacturing con-
straints, and layout density, precluded
us from modifying the data lines. In
the case of the adcress lines, our mea-
surements showed that only the two
lower order lines needed to be modi-
fied. Figure 3 shows the measured lev-
els for the address lines. Measurement
of the data lines showed that all data
lines have approximately the same
level at 2100 uV MHz, which corre-
sponds to the requirement for transfer
of information. Figure 4 shows the
data lines as measured at the HC16.

After measuring all of the processor
pins, we then reviewed the pin func-
tionality. It was ‘ound in most cases
that the offendirg pins were either
open pin or tied o ground through a
resistor. For the ooen pin instances we
inserted a 500 pF capacitor to ground.
For those pins tied to ground through
a 10k resistor we added a 500 pF
capacitor in parallel. The results are
shown in Figure &

For the two lcwer order address
lines, 220 ohm resistors were placed in
series at the ASIC. The ASIC lines
were chosen simply because it is not a
fine pitch device and was therefore
more amenable tc modification. CMOS
outputs provide v.rtually no current in
the high or low state. However, during
the state transition, current can be

RF Design

pin| max. level | ND frax | Q1 Q2 Q3 Q4 FM
(dB over uV/MHz | MHz | 2-50 50-100 100-150 150-200 88-108
limit) MHz MH:z MH:z MH:z MHz

al | 4.8 2.96 148 0 0.12 1.26 1.57 0.04

a2 | -9.8 8.04 168 | 0 0.62 0.57 6.85 0.1

Table 1. Total noise density and noise density in various frequency ranges for

two example pins on the processor.

significant. Add to this the fact that
CMOS loads are capacitive, and that

the packages have intrinsic induc-
tance, and you can see that there is

High Stability Ovenized Oscillator

The SC10 10 MHz quartz oscillator uses an SC cut crystal to provide an
extremely low aging rate, high thermal stability and very low phase noise.
For the most critical frequency and timing applications, the SCI0 is the

ultimate solution.

Grade J
Aging
Thermal Stability (0-50° C)
Phase Noise: 10 Hz
100 Hz
1kHz
Operating Range
Allan Variance (1 second)

<+2x10°9

<107

® SMD construction

e Electronic and mechanical
frequency tuning

* +15 or +24 YDC operation

<Ix10°%/day

<-120 dBc¢/Hz
<-1850 dBc/Hz
<-155 dBc/Hz
0°to 50°C

K
<5x1070/day
<109
<-125 dBc/Hz
<-150 dBc/Hz
<-155 dBc/Hz
-10° to +60°C
<Bx10R

A
<2x1070/day
<+5x10710
<-130 dBc/Hz
<-150 dBc/Hz
<-185 dBc/Hz
-20° to +70°C

<2xi01=

e Pin, SMA, 5MB or SMC

connectors

® 5Size: 2" x 2" x 4"

* $250 base price for J grade

(quantity of 100)

STANFORD RESEARCH SYSTEMS
1290-D Reamwood Avenue, Sunnyvale, GA 94089
TEL: (408) 744-9040 . FAX: (405) 744-9Q049

INFO/CARD 51

|
B N

73



address lines on HC16
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Figure 3. Noise density on the processor's address lines.
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Figure 5: Noise density on six different pins before and after either being tied
to ground, capacitively bypassed or both.

the possibility of a resonant condition
during transition. This can cause quite
high instantaneous current demand. It
is precisely these switching currents
that provide most of the noise source
driving the module power and ground
structure. Inserting a series resistor in
the address lines (or data lines)
reduces the Q of the resonant struc-
ture, and therefore reduces the instan-
taneous switching current. A caveat at
this point is necessary: all “fixes” must
not affect the functionality!

It can be seen that a significant

decrease has been effected in the noise
density as measured at the IC pins.
Did this translate into an improve-
ment as seen at the I/O pins?

Figure 6 is a plot of the measured
conducted emissions at pin A25 of the
I/0 of the engine controller. As was
mentioned, the primary area of inter-
est is the frequency range 60-150
MHz, where several peaks are obvi-
ous, and the broadband noise floor is
at, or just over, the limit.

Figure 7 shows the same pin after
the modifications were made. As is

apparent, there has been a significant
reduction in the maximum level mea-
sured, the overall extent of the noise
peaks over the limit, and the noise
floor can be seen to have been reduced
by several dB.

Figure 8 shows a comparison of the
noise density levels measured at each
I/O pin before and after the modifica-
tions. The REV H PO is the unmodified
module. The data has been sorted in
descending order.

Finally, Figure 9 shows a compari-
son of the FM band, 88-108 MHz, for
the first 33 pins of the two modules. It
can be seen that the modifications
made a quite significant improvement
in terms of the noise over the limit.

Summary

This paper has described a relatively
simple procedure for measuring and
addressing noise sources at the IC
level. It has been shown that by mak-
ing these measurements, and subse-
quently performing certain modifica-
tions, a significant improvement in the
EMC performance of the module can
be achieved. No degradation in system
performance was noted after any of
the modifications.

This series of measurements at the
ICs showed that the address and data
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Conducted emmissions at pin A25 of the /O of

the engine controller.

74

Figure 7. Conducted emmissions at pin A25 of the /O of
the engine controller after modifications.

October 1995



g Noise Density in the Band 88-108 MH?z
Noise ‘enstly {hgurr of Mer1t)

90
80 % 5
-
70
4

~60 -' ;3 ——ea— REVHPO
£ = REVHPD H i
340 * REVH({) 2

30 '\h

S2L8885 8
0 N & &~ @ ®
——

* 1
20 | -y
& H‘-\ o
® b~ o o w o~ o

First 33 pins

Figure 8. Noise density levels measured at each pin of the Figure 9. Noise density in the FM broadcast band for the
engine controller module I/O before and after modifica- first 32 pins of the engine controlier module before and
tions. Data are sorzed from noisiest pin to quietest. after modifications.

lines were the most serious contributors
to source noise. Far the address lines,
modification of the two lower order bits
showed significant improvement. Modi-
fying all the data lmes was not possible
in a production module at this time.
However, measurements were made on
a module with mod fied data lines and a
similar reduction in the noise densities
was noted and an overall improvement
in the conducted emissions at the mod-
ule I/O was seen. RF
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RF feature

New GaAs ICs Simplify Wireless
Receiver Design

By Barak Maoz
Anadigics, Inc.

s wireless communication equip-
ent becomes more popular, the
demand for smaller and less expensive
phones, modems and PDAs becomes
increasingly urgent. The importance of
time to market has increased as mar-
kets grow and revenues explode.
Designers of wireless communication
systems are called upon to meet these
new challenges. Using integrated cir-
cuits offers engineers one solution.
Anadigics, which designs and manu-
factures GaAs monolithic integrated
circuits (MMICs), has answered the call
for more integration by marketing a
new family of ICs that perform the
receiving function in wireless communi-
cation radios. A number of monolithic
receivers that cover applications such
as cellular base stations, cellular
phones, new PCS hand-sets as well as
CDPD modem cards and high frequen-
cy cordless phones are available. Their
high level of integration often means
that additional expensive and large
components such as filters or VCO
modules can be eliminated. By using
the integrated circuits, manufacturers
can shorten their time to market while
reducing component count, size and
cost. The receivers offer consistent per-

formance in a plastic, surface mount
package for automatic assembly.

The AWRO0900 Reciever

First in the family is the AWR0900,
a receiver for hand-held applications
operating at 900 MHz, such as cord-
less phones and their base stations
and other applications working under
FCC part 15 regulations. The
AWRO0900 receiver chip is unique in
its level of integration. It incorporates
a low-noise amplifier, a mixer and an
on-chip filter that reduces the contri-
bution of the image frequency to the
overall system noise. In addition, the
chip includes a VCO and buffer ampli-
fiers connecting the VCO to both the
LO port of the mixer and to an output
port for use as an upconverter or
phase lock loop.

The performance of the chip is out-
standing, with a conversion gain of 16
dB, overall RF to IF noise figure of 3.3
dB, third-order intercept point refer-
enced to the RF input of -5 dBm, and
current consumption of less than 13
mA from a +4.5 V supply (good perfor-
mance is maintained at a supply volt-
age of +3.3V). Additionally, it is possi-
ble to shut off the low-noise amplifier

and the mixer while the radio is trans-
mitting. With the use of a high-quality
external resonator, it is possible to
achieve an extremely clean LO signal
featuring very low levels of phase
noise (-95 dBc/Hz at 10 kHz offset),
making the chip suitable for certain
cellular telephones. A variation of this
chip allows the use of an external VCO
in cases where the performance of the
integrated oscillator is not sufficient.

The AWR1900 Receiver

Another receiver currently manufac-
tured is the AWR1900. Similar to the
AWRO0900, this receiver is intended for
wireless hand-held applications, partic-
ularly phones and data radios working
in the 1800 to 2000 MHz band. Such
applications exist today in Europe
(DCS-1800) and are coming to the Unit-
ed States as the new PCS technology is
developed. The AWR1900 includes a
low-noise amplifier, a mixer and an
image-reject filter that eliminates over
15 dB of the image frequency. Ampli-
fiers on the chip strengthen an external
VCO signal and feed it to the LO port
of the mixer and to a buffered LO out-
put pin.

The conversion gain of the receiver is

ANTENNA

LNA

L

DUPLEX

vCO

RESONATOR . ’ >
TSNy WA

IF AMP

Figure 1: A typical application of an MMIC with receiving

function, as used in celluar phones.
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Figure 2: An application circuit for the AWR0900.
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PCS Pavilion — the Personal Communications Services Pavilion is being introduced as
a showcase of new ideas, products and solutions for this emerging technology. It will
attract decision makers looking to negotiate their way through this complicated new mar-
ketplace. Companies or company PCS divisions participating in the Pavilion will be highly
sought out and positioned as a pioneer in providing solutions for new information needs
evolving out of the traditional wireless telecom markets.

Make plans now to be in Las Vegas for the most comprehensive industry event covering
every inch of RF applications and their impact on the fast-paced wireless market!

For more information, contact the
International Wireless Communications Expo
Argus Trade Shows
6151 Powers Ferry Road, NW
Atlanta, GA 30339
404/618-0499 « FAX: 404/618-0441
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12 MODELS
T0 CHOOSE FROM!

1850 MHz - 1330 MH:z
FREQUENCY RANGE

e 1.3:1VSWR
¢ Linear/Vertical Polarization
e 7-18.5 dBi Gain

¢ 15 dB min front to back ratio

Huber + Suhner’s Planar Antenna
technology provides superior
coverage with maximum range in
a small lightweight aesthetic
package. Our standard products
encompass designs for

Microcell PCS/PCN, ISM, and
rural telephones. Should you
have a custom application,

our technical sales team is
supported by application
engineers and antenna
designers to meet the

challenge. Qur designs are
versatile and dependable for

indoor or outdoor use.

@ HUBER+SUHNER, INC.

ONE ALLEN MARTIN DRIVE + ESSEX, YT 05454
TEL: 802-878-0555 FAX: 802-878-9880
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AWRS001 AWRO0900 AWR0901 AWRI1900
Frequency 700-1200 800-1000 i 700-1200 1700-2000
RF (MHz)
Frequency 40-150 50-150 40-150 50-220
IF (MHz)
Gain (dB) 201 16 12! 20
1P, (dBm) -10 -5 +13 -10
NF (dB) | 2.5 3.3 2:5 3.5
1,4 (mA) 12 13 150 15
On-chip filter Yes Yes
On-chip VCO | Yes
! Gain calculated with an image-reject filter of 2 dB loss in place.

Table 1: Performance Summary of Receivers

20 dB and its noise figure is less than
3.5 dB. The third-order intercept point
referenced to the input is —-10 dBm. The
total LO power needed for this perfor-
mance is less than -5 dBm and the chip
consumes less than 17 mA from a +4.5
V supply. An additional feature lets the
user shut off the low-noise amplifier
while transmitting or when a strong
input signal is present.

The AWR0901 Receiver

To complement the product family,
the AWRO0901 brings an integrated
receiver solution to the cellular base
station and other wireless applications
requiring an extremely high dynamic
range. This receiver is unique because
of its combination of an extremely low
noise figure coupled with a very high
linearity, making it an ideal compo-
nent for a quick and cost-effective
design of a high-end radio. These fea-
tures come in especially handy when
considering the small size and low cost
constraints on the new micro and pico
cell base stations being used to expand
the cellular infrastructure (for exam-
ple, in building wireless PABX and
new PCS applications).

The chip includes a low-noise amplifi-
er and a high-performance double bal-
anced mixer as well as LO buffers and
bias networks. An external filter placed
between the low-noise amplifier and the
mixer allows the user to easily re-tune
for different frequency bands. The chip
is optimized for RF frequencies between
500 and 2000 MHz and IF frequencies
of 50 to 250 MHz. The conversion gain
of the receiver is +12 dB assuming a fil-
ter with 2 dB of passband loss. The
receiver features a 2.5 dB noise figure
and +13 dBm third-order intercept
point referenced to the RF input. The

level of external LO drive needed for
this performance is a mere —5 dBm and
the leakage of LO signal to the RF port
is measured at less than —50 dBm.
Another unique feature of this chip is
its superior response to half-IF interfer-
ence. Half IF interference is in-band
interference due to the 2 x 2 spurious
formed by the LO and a signal at the
LO plus half the IF frequency. An
example of this interference would be
seen in a mixer with an LO of 1000
MHz, an IF of 200 MHz and both an
800 MHz signal and an unwanted 1100
MH:z signal at the RF input. The
desired product is 1000 — 800 = 200
MHz, but the the 2 x 2 spurious
{2(1100) — 2(1000)} also falls on the 200
MHz IF frequency. The input intercept
point for this interference is +40 dBm.
The chip consumes less than 180 mA
from a supply of +5 V and less than 5
mA from a supply of 4 V.

These three receivers and their vari-
ations form the basis for Anadigic’s
family of products. These ICs come in
16-pin SOIC packages and are shipped
in tape and reel. RF

About the Author

Barak Maoz is the manager of the
wireless circuits product line at
Anandigics. He is responsible for
developing radio frequency ICs for
wireless communications.

Mr. Maoz has developed products
and product lines using GaAs MES-
FET, GaAs HBT and silicon bipolar
technologies.

A senior member of the IEEE, Mr.
Maoz received his BSEE from the
University of Tel Aviv and MSEE
from Rutgers. For more information,
piease call Jerry Miller or Barak
Maoz at (908) 668-5000.
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New 3 Volt Downconverters:

N EC miniature downconverters are the latest addition
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TYPICAL SPECIFICATIONS

l PART

11maA
uPC2757T7" 3V 5.6ma
UPC2756T° 3V 59ma

OPERATING lcc
VOLTAGE

UPC2758T" 3v

CONVERSION OUTPUT

GAIN 1P3
17dB +75dBm—
13dB $ OdBr_l;r
14dB

0dBm

1.Measured at 2.0GHz 2.Measured at 1.6GHz

to CEL's growing family of 3 Volt RF ICs.

Need low distortion? Qur new UPC2758T delivers
+5dBm ourput IP3. Low current application? Choose
the UPC2757T. 1t provides 13dB of conversion gain
from only 5.6 mA. Both feature a mixer, LO and IF
buffer amplifier, and a Power Down function to
prolong battery life.

Another low current device, the UPC2756T, helps
simplify your designs by combining mixer, IF amplifier
and oscillator — all on a single chip.

All three feature 3dB RF bandwidth to 2.0GHz, with
3dB IF bandwidth of 10 to 300 MHz.

Housed in miniature packages no bigger than a
SOT-143, these devices are available now on tape and
reel and pr-ced in quantity from only 99¢.

Best of all, they can be combined
with CEL's other MMICs and discretes to
provide complete GPS, PCN or 2.4GHz
wireless LA solutions.

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
limiting amplifier — all in a miniature 20 pin SSOP
package. This device features DC to 400 MHz RF
response, DC to 20 MHz [F response, and typical overall
conversion gain of 79dB.

For data sheets and a Silicon MMIC Product
Selection Guide, call your nearest CEL Sales Office, or
circle the number below.

------ ciams oAy California Eastern Laboratories

CEL Headquaners 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 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
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RF product forum

RF Filters Shrink While
Market Grows

This month we asked filter manufac-
turers to tell us how filter technology
and filter markets are changing. The
replys from each company have been
only edited for grammar and spelling.

RF Monolithics, Inc.

The market for SAW RF filters has
been growing rapidly for several years,
and we expect this trend to continue.
Wireless telecom applications account
for a large part of this growth. SAW
filters are used in both RF and IF fil-
tering applications. SAW RF filters
exhibit steep skirt rejection compared
to other RF filter technologies. This is
important to achieving good system
performance on a minimum current
budget. SAW IF filters feature low
group-delay deviation, which is impor-
tant to systems employing digital mod-
ulation. The major challenge for the
SAW industry is extending SAW filter
technology to 2 GHz to support the RF
filtering requirements of PCS and
other wireless systems operating
above 1 GHz.

Cir-Q-Tel/Div. of Trilithic

The RF and microwave filter market
has changed drastically over the last
several years, fueled by post-cold war
commercial wireless markets. Key
markets for filters include cellular,
PCS, broadband telecommunications,
and point to point data links. Filter
manufacturers must provide cost-
effective, high performance bandpass,
lowpass, highpass, or notch filters to
meet new market needs. Gone are the
days of heavy boilerplates, eighteen
week deliveries, and theoretical design
studies; today’s marketplace demands
fast, on-time deliveries of product built
to order but priced for commercial
applications. Some filter “manufactur-
ers” appear to have become an
importer, offering “their” product for
pennies on the dollar. While these
devices are needed, others have avoid-

80

Low profiles are important for handheld and port

Ly “’;L'j'- i
able equipment. The photo on

=

the left shows dielectric filters from Toko, while the photo on the right shows
LC filters from Coilcraft encapsulated in a low profile package.

ed this low-end market and supply
high-end, custom filter for laboratory
or research applications. Trilithic, Inc.
has taken the middle ground, offering
filters designed, built, and shipped
from its Indianapolis factory.

Micro-Coax

The overwhelming growth in com-
mercial communication systems has
fueled the expansion of the
RF/microwave filter market. In addi-
tion, the defense market remains
sound with continued advances in
electronic warfare technology. The
total market for filter products will
continue to grow throughout the
decade, stunted only by the threat of a
U.S. economic recession.

Bandwidth restrictions and the re-
allocation of spectrum will warrent
high-volume applications for filters
with new cutoff frequencies and
greater selectivity. A similar need for
selectivity will extend to military app-
plications, with increased receiver
complexity and airwave traffic.

RF and microwave filter manufac-
turers will continue to face the chal-

lenge of miniaturization. Customers
will demand smaller, lighter packages
without sacrificing performance.
Broad lines of standard products will
give way to customized designs with
reduced development cycles.

Micro-Coax stands poised to meet
these demands with space-efficient in-
a-cable and cable-integrated filters.
When interchanged with pre-existing
cable, they provide the smallest solu-
tions available.

MuRata Electronics
North America

The explosive growth of the wireless
market has triggered an avalanche of
portable and miniaturized products for
both the traveling business executive
and the consumer alike. Reductions in
size, accompanied by demands for
greater performance, point to the need
for corresponding improvements in RF
filter technology, design and produc-
tion. MuRata Electronics has
answered the market call in this area
with the recent introduction of a new
line of dielectric ceramic filters manu-
factured from a single ceramic block of
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Specity NEC Power FETs —
You'll see the difference overnight

Lead times giving you ulcers? Get relief overnight. CEL stocks Power FETS, including those for your
5.9 to 6.4 GHz C-Band VSAT designs, and we're ready to ship 7ow. Available in 4 1/2, 9 and 18 Watt
versions, these NEC devices are package compatible with other suppliers' parts — and more:
They'll give you more power out, better linearity, higher efficiency, or all three. So when you need
Power FETS, spec the parts with better specs, and get on-time delivery from onshore stock.

For data sheets, call your nearest CEL Sales Office, or circle the number below.

POWER OUT @1M3 =-45dBc¢ CURRENT DrRAW @1iM3 =-45dB¢c

NEC 4w

COMPETITOR'S 4W

NEC 9W

COMPETITOR'S 9W

NEC 18 WaATT

COMPETITOR'S 18 WATYT

30dBm

‘\...‘ 24d8m 26dBm 28dBm
Pout(SCL) lds @10V Vqg
”,

IN STOCK, AVAILABLE, AND MORE THAN EQUAL TO THE JOB

NEC
California Eastern Laboratories

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985
San Dwego, 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
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SRS
Your Key to
High-Frequency

L LAN TN

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 4S5 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)

y NATIONAL

INSTRUMENTS

The Software is the Iustrument®

U.S. Corporate Headquarters
Tel: (512) 794-0100 » Fax: (512) 794-8411
E-mail: info@natinst.com « WWW: http://www.natinst.com

© Copyright 1995 National Instruments Corporation.
All rights reserved. Product and company names listed are
trademarks or trade names of their respective companies.

INFO/CARD 58
82

high permittivity. In addition to obvi-
ous advantages offered by reduced size
and complexity, the filter design sup-
presses RF leakage without the need
for additional external shielding, since
the entir outside surface of the filter is
a plated, conductive, grounding layer.
With prices at approximately half that
of filters using earlier technologies,
this filter boasts both volumetric and
electric performance surpassing those
of nearly all dielectric filters available
today.

Coilcraft

LC filters continue to play a major
role in RF filtering applications.
Improvements in inductors make the
LC approach attractive especially at
high frequencies (900 MHz and up).
LCs don’t require up-front tooling
expense and lead times sometimes
encountered for active devices. In high
volume applications the end user is
most often inclined to use discreet Ls
and Cs and design the filter on their
own. Smaller end users may be better
served by buying LC filters complete,
and customs are not prohibitively
expensive. Computer aided design
(CAD) software has made “real world”
design of LC filters easier.

Coilcraft sees growth in the use of
tight tolerance (=1% and +2%), high Q
chip inductors used in filters for wire-
less communications equipment, and
substantial growth in LC filter mod-
ules. Presently, the 0805 and 1008
body sizes offer the best combination
of cost, performance, size, and avail-
ability for LC filter design.

Toko America, Inc.

Improvements in size, performance,
and cost of RF filters has been one of
the forces fueling the market growth
of mobile communications devices.

Now communications makers are
gearing their products toward the
mass consumer market by offering
smaller, multifunctional, and lower-
cost products which is putting heavy
demands on the RF filter component
supplier to continually offer smaller
and lower profile solutions without
sacraficing performance. For example,
over the past ten years, RF filters
have gone from bulky connectorized
devices to miniaturized chip-mount-
able solutions. The issue today is filter
height, not surface-mount. Many pack-
aging layouts require profiles as small
as 2-3 mm.

Toko has introduced several flip-

chip filters with less than 3 mm pro-
files. These are designed for common
world-wide communications systems.
We are continuing development in
this area to provide even lower profile
with smaller footprints. Over the com-
ing year we anticipate introducing
chip multilayer filters which will
approach 1 mm profile.

Piezo Technology Inc. (PTI)

PTI is a volume manufacturer of
leading-edge products in three RF filter
markets: discrete crystal filters, mono-
lithic crystal filters and LC filters. The
growth of all three is tied to cellular
and PCN/PCS market expansion.

Key ingredients of digital cellular
systems are higher frequency, wider
bandwidth crystal filters requiring fun-
damental mode designs. PTI sees con-
tinuing rapid growth in this market
and has developed the technology to
meet current and future demands. the
upper frequency limit has been pushed
to 250 MHz while maintaining out-
standing intermodulation performance.

PCN/PCS systems to transmit data
down existing cable TV lines, now
under development are being supported
by PTI with new, miniaturized prod-
ucts; market growth is six to 12 months
away.

Traditional commercial markets for
LC and crystal filters remain very
healthy, and PTI is committed to con-
tinuing to be the quality supplier for all
three filter technologies.

The RF Design
Seminar Series

- A Unique Learning

Environment for RF Engineers

October 1995



RF marketplace

Classified display ads are available at $125 per column inch. Frequency rates available for muitiple
insertions. Please call for further information, 1-800-443-4969, ask for Shannon Shuman. Or fax your ad

copy for a rate quote to (770) 618-0342.

RF ENGINEERS

AzTech Recruitment provides recruiting services to technical clients mainly in the West
& South-West, but also to other parts of the US, Canada, Europe & the Pacific. We
charge no hiring fees to either applicants or employers. If you have a BS/MS/AA degree
with relevant experience then mail/fax us your resume with salary indicator.

RF IC/RF DESIGN ENGINEERS

To develop state of the ar | ucts which make
use of advanced digital saread spectrum technology in hi aftractive parts in
the US. A minimum of 4+ years experience required for ENGINEER level posts, 8+
years for SENIOR level positions.

RF/ANALOG IC DESIGMERS—for wireless applications up to 2GHz. Silicon bipolar
and/or BICMOS, frequency converters/synthesizers, PAs, LNA, IF strips.

RF ENGINEERS—digital cellular handset development experience preferred. RF Circuit
design experience to incude RX/TX sub-systems, VCO/ synthesizer design, LNAs, PAs,
filters, modulators/demodulators.

ANTENNA DESIGNER—oropogation prediction/characterization experience, plus filter
design, combiners, mutticouplers and RF switches.

RF ENGINEERS

This company develops, manuf ( imunications systems and seeks
several RF Engineers 1o help dev individ ind module designs for satellite
receivers, using LIBRA, and operating in the 25MHz to 1200MHz frequency range. Your
involvement will range from the block diagram to implementation and test, including design
reviews and generation of test procedures. Applicants need BS in Engineering, good
communication skills, and a strong desire to design RF circuits.

RF/POWER SUPPLY DESIGNERS

For an expanding Rocky Mountain company, the technical leader in hi-rel plasma, ion
and magnetron power arocessors for the semiconductor, thin film industries They
seek experienced engiteers to design RF generators, solid state amplifiers and
matching networks; or in high power DC/low frequency AC output SMPS design
30kw-200kw range); or medium power DC SMPS design (300w-10kw range).
andidates require BS/IASEE and a minimum of 5 years relevant design experience,
with strong RF skills, krowledge of regulations (UL, VDE, CSA, etc.) and expertise in
magnetic, EMI and control loop designs

4131 N, 24th Street, Suite A116
z ECH Phoenix AZ 85016
Call (602) 955-8080 or Fax (502) 955-9639

Recruitment Co. E-Mai: aztech @ amug.org

[ [[#1:[6]SYSTEMS, INC.

MICRO S {. INC. T-E INDUSTRY LEADER
IN AERIAL TARGET COMMAND & CONTROL

PORT EXISTING LONG TERM CONTRACTS.
PROJECT ENGINEER (DIGITAL SYSTEMS)
RF DESIGN ENGINEER
WE ARE AN AGGRESSIVE, GROWTH-ORIENTED
COMPANY WITH A FULL RANGE OF BENEFIT
PROGRAMS INCLUDING 401(K) AND PROFIT
SHARING. TO BE A PART OF THIS EXCITING
TEAM SEND A RESUME TO HUMAN RESOURCES,
65 HILL AVE. FORT WALTON BEACH, FL. 32548
PRE-EMPLOYMENT DR JG SCREEN REQUIRED
AAMFVH

OSP Engineers

Project Managers, OSP
CAD/Draft Operations
Call: 800-431-2806
FAX: 914-592-7246
Send Resume to:

RF Design

B " QOQAf

Soo YOUR CAREER

[ Yo Yem X

QO i

= =) Filter Design Engineer: B.S. Minimum 3 years experience in the design and development of Broad

Band, comb-line strip line, interdigital, low pass and high pass filters, multiplexers, diode switches,

Q O (phase shifters), attenuators and microwave Sub-systems desirable.
RF Systems Design: Respensibie for design of analog md'RF systems and r;ucuits for consumer
and commercal dgital vareless products. Experience with low-cost design techniques for fre-
quency power amplifiers, up/down converters and baseband circuits for digital com-
munications systems. Familiarity with time division duplex or COMA a plus.

Wireless Consulting Opportunities: Wireless/Cellular, ASIC/DSP/Signat Processing, Algo-

k g | rithm  Dev./Distributor Proc., Audio, Speech & Video Compression,
Telecommunications/FPGA (XILINX), R.F. Spread fSatellite, M
CDMA/COPD/Freq. Hop., DataCom/TCPIP/Network Management, Full Custom CMOS/

Mixed-Signal/VI, SI, Cellular Engs.Mardware & Sottweare, Analog IC's/MMIC/Device Mod-
eling, Telecom Software/LPOS/PCN/GUI/OOP/ATM/ LAN/WAN/HUB/Ethernet/  Gateway;
located nationally.

Regional Field Sales. Aggressive individuals to create and serve iew accounts. Positions are located throughout the LS A.
An engineer who wants to enter sales world is acceptable. Base safary, commission and car. BSEE.

Cellular Engineers: Design/Develop RF and analog circults for high capacity cellular systems. Requires minimum of 2
years experience In any of the follovang: DSP, ASIC Design, CAE Oevelcpment, Digital Modulation, Digital Mobile Communi-
cations, Channel T Receiv or Audio Design, Digitai Signal Processing.

Wireless Engineers

RF Design Engineers: Design of Si RF-ICs for wireless communication applications (AMPS, DAMPS, GSM, DECT, POS).
| Si RF-IXC design experience in the 400-2400 Mhz; fast RF PLL synthesizer design experience; RF

recervertransmitter/design experience us ng Si bipolar and MOS technologies.

RAF Small Signal and RF Power AMP System Engineers: Requires detailed technical knowledge of cellular and PCS

systems with expenence designing RF XMTRS and RCVRS. Need 5+ years' related expenience in RF.

Design Engineer Communications ICs: Requires 8.5 E.E. (M.S E.E. preferred) and 5+ years experience. Individual will be
responsible for leading the design and charactenzation of high frequency transceiver ICs for wireless communications
apphications. Design includes circuit integration of baseband, converter and RF/IF circuntry.
MMIC Enginser: Develop L'S band GAA's MMIC power amplifiers for commercial wireless
communications. Requires: M.S. or BSEE, +2 years experience with GAA's MMIC deslgn, sim-
ulation, packaging and test.
RF Engineer: Design RF portions of digital video home terminals (set top boxes) in new Video
Entertainment Systems now under development. The engineer will be responsible for the
design of the RF recewvers (tuners)transmitters  The engineer will jan a growing team deveiop-
ing akne of low-cost, high volume terminal for a vaniety of interactive video services. 5-900 Mhz.
You will be for the cellular phone and paper design
from mock up, detail design, protyping through production tooling. You must have
s BSME and 5+ years of Iproduct development experience. High volume, consumer
oS, electronic product refated experience is essentiak

dMICR

871 Turnpike St.  North Andover, MA 08145
We lize in the p of " both nati and
FOR THESE AND OTHER OPENINGS

COMMUNICATIONS
EXECUTIVE SEARCH

CALL COLLECT: TEL: 508-686-2272 FAX : 508-794-5627

- W
Continantal
SYSTEMS HAS IMMEDIATE OPENINGS TO SUP- F ifl D SERVICE CORPORATION

National and International Assignments
RF Engineers/Cellular Installers

CATV Engineers and Strand Mappers

Right Of Way Agents
Contract Specialists

37 East Main St. '
Elmsford, NY 10523

PCS/PCN/CELLULAR/CDPD
RF/HW/SW/FW/DSP
Terminals/Systems

ZPATRICK & RSSOLIARTES

16540 East Ashbrook Dr. » Fountain Hills, AZ 85268-2832
E-Mail: FITZPAT @ix.netcom.com

FAX: (602) 956-7644
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SOMETIMES YOU FIND THE BIGGEST N eI G

Quality/Manufacturing (BSME/IE/EE)

OPPORTUNITY IN THE SMALLEST PLACE. ** FOR BROADBANDICATV

INDUSTRY LEADERS **

Just 30 minutes south of Research Triangle Park, Fugiay-Varina, North Carolina is not exactly
what you'd call a booming metvapolis. We have trees instead of skyscrapers, country roads instead

of freeways, and a lot of peace and quiet. But we also have one of the mosi attractive opportunities “Plus” Backgrounds Include:
in the telecommunications and CATV industnes at Ravchem. Our state-of-the-art products are in Analog/Digital Design
demand around the world. At Raychem, we offer an environment that is relaxed vet innovative, Fiber Optics/Lasers
supportive yet dynamic. As a leader in high-performance welecommunicatiens products, Raychem Amplifier/PIN Diode Circuits

provides cutting-edge opportunities, benefits and professional growth and rewards. If you are inter-

agleware/Spi act
ested in joining a progressive company with an ideal view of the future, we invite you to join the Touchstone/Eagleware/Spice/Compac

Raychem team. CAD/AutoCAD/MathCAD
DEVELOPMENT RF ENGINEER *ASK ABOUT EXCLUSIVE BONUS,
ALL POSITIONS *

Th | candidat ptual sign. prototype, develop, measure and intro-
duce to manufacturing innovative, low-cost, quality products required by the CATV.
Telecommunications markets. The products are developed efficiently using state-of-the-art
hardware and software tools in an interfunctional team environment. Requires a BS or MS in
EE or PHY with a minimum of three years of experience in RF components and

Females and minonities encouraged to apply We
represent equal-opportunity firms  All fees company paid

systems design and measurement. Knowledge of transmission theory and application is HRISTIE
required. Familiarity is required also with RF system components such as: taps, directional
couplers, amplifiers, filters, splitters, traps, etc. Must possess excellent communication, SSOCIATES

interpersonal and team skills and manage time effectively in order to work in a fast-paced
environment. Job #514

To apply, please send resume, including job number, with your cover letter detailing salary 10955 Jones Bndge Road
history to: Recruitment Office, Raychem Corporation, P.O. Box 3000, Fuquay-Varina, Suite 131-264
NC 27526-3000, or via the Internet ajones@raychem.com. An Equal Opportunity Alpharetta, Georgia 30202

Telephone: (770) 772-7175
FAX: (770) 772-7177

Employer M/F/D/V. Disabled applicants capable of performing essential job requirements
with reasonable accommaodation are encouraged to apply.

A Bi Chall ,
e Raychem

WIRELESS ENGINEERING OPPORTUNITIES
with MOBILE SYSTEMS INTERNATIONAL

Mobile Systems International (MSI) currently has engineering positions open for RE and Network engineers. MSI is a world class company
with a reputation for providing high quality advanced consulting support to telecommunications, PCS/PCN, ESMR, Cellular. and Paging
operators, as well as other wireless system operators worldwide. MSI offers a wide range of services covering CDMA, GSM. 1S-54
TDMA, AMPS, MIRS, Paging, and other wireless technologies. Typical services provided to our customers include:

* Radio. Signaling, and Network System Planning and Design * System Dimensioning

» Technology and Vendor Selection » System Design Audits

* New Technology Integration * System Performance Monitoring
» Strategic and Management Consultancy * Technical Training

MSI offers the opportunity not only to be involved with all of the newest wireless technologies but to also work with a group of highly
qualified and experienced engineers. At MSI our engineering team takes pride in holding themselves to the highest engineering standards.
Applicants should possess a BSEE or MSEE degree with a minimum of I year experience in the wireless engineering industry. and must be
innovative as well as highly detail and results oriented. Excellent presentation and technical writing skills are also required. Other useful
skills include knowledge of DOS and UNIX operating systems, microwave engineering, networking of wireless communications systems
including GSM. 1S-41 and SS7, development of RF propagation models, traffic engineering, and knowledge of antenna and receiver design
principles. Travel may be required.

We at MSI are committed to further expanding our RF and Network engineering consultancy by the addition of experienced, well qualified
wireless engineers. Engineers are needed in our Chicago. Dallas, Atlanta and Washington DC offices as well as other customer locations
throughout North and South America and Asia. If you are a highly motivated engineer who meets the above mentioned qualifications MSI
is the career move you are seeking. Please send your resume in strictest confidence to the address below. MSI is an equal opportunity
employer.

@ MOBILE SYSTEMS INTERNATIONAL
Personnel Department
One Lincoln Centre, Ste 200 * Oakbrook Terrace, IL. 60181
Fax: (708)261-3028
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RF DESIGN

Executive and Technical Openings
Throughout tae United States

Lanni Johnson, CPC

i telecommunications giant that
“says all the right things fo all the right people™

NGINEERS

If you're the person we're looking for - brilliant, competitive, goal focused -
you no doubt want assurances from any company you might consider joining
that it knows where the future is going and has the bandwidth to run circles
around the cybercrowd. We can assure you that we have something very
special going for us.

OF ALBUQUERQLUE, INC.

505-262-1871
FAX 505-268-4954
Excel of Albuquerque, Inc.

excelalb@i<.netcom.com
1700 Louisia1a NE, Suite 210
Albuquerque, New Mexico 87110

Northern Telecom has a reputation for consistently coming up with ‘the big
idea’ in a range of areas from digital switching through optical fiber transmis-
sion - and now wireless and broadband technology. Our world-class
wireless portfolio establishes us as the premier supplier of cellular and PCS
systems - as a matter of fact industry insiders agree that we are ahead of the
technology curve in PCS.

-
——  jowAEMiDWEST ———
MIDWEST S~ OPENINGS
RF COMMUNICATIONS EQIPMENT DESIGN ENGINEERS
B.S/M.S.. 2 to 8+ years experieice, base-band to 3.0 GHz. in any of
the following: Receivers, Tran=mitiers. Power Amplifiers, Synthe-
sizers. Spread Spectrum, RF ASIC/MMIC Design, Modems, Com-
munications DSP. Desire strong analytical skills and experience in
RF circuit simulation using RF CAE 1ools. Multiple openings with
top commercial companies in attractive Midwest locations. Reply

with assured confidentiality to:
DON GALI AGHER MSEE
Gallagher & Associates
1145 Linn Ridge RD. MT. Vernon, 1A 52314
Phone:  319-895-8042 Fax:  319-895-6455
RF Engincering Recruitlng for Midwest CHents Since 1987

After the upcoming FCC spectrum auctions, customers will be scrambling to
build a new generation of PCS systems. Let’s just say we're ideally positioned
to support them - with families of products for each of the new PCS
technologies - 1900 MHz, GSM, CDMA and PDMA to name a few.

Our incredible success and position of dominance in one of today's hottest
technologies means we're here to talk opportunities in Texas, California
and North Carolina.

As a member of our team, you’ll develop expertise in the emerging 1900 MHz
PCS as well as existing cellular technologies. You’re not limited to one tech-
nology or aligned with one carrier who focuses activity on one market sector.

R.F. ENGINEERS: NATIONWIDE

R.F./CELLULAR/\VIRELESS/PCN/PCS
CDMA/TDMA/SPRZAD SPECTRUM/VSAT

Respond to: CTH, Ltd.
440 Harlem Av. - Glenview, Il. 60025
Ph. 708/657-0102 Fax 708/657-0061

email <zth@ais.net

A BS in Electrical Engineering or Physics is required; an advanced degree
is highly desirable. You must have three plus years of experience in telecom-
munications with a minimum of one year in the cellular field - plus a good
understanding of radio technology and system design.

We offer excellent compensation and benefits - and superior career
development opportunities.

To learn more about the opportunities we have available in Texas, California
and North Carolina, simply fax your resume to 1-800-546-8092, Attn:
Job # ENA171RFD.

Or, if you prefer, mail to Northern Telecom/BNR, U.S. Resourcing Center,
Attn: Job # ENA171RFD, P.O. Box 13010, Dept. 1175/NTP, Research Triangle
Park, NC 27709.

northem <

et BNRAP

The research subsidiary

of Northern Telecom

RF DESIGN
MARKETPLACE
WANTS YOU!

Northern Telecom and BNR are equal opportunity
employers proud to support and maintain a smoke and drug-free environment.

SUNBELT OPPORTUNITIES

Several of our growing commercial major electronic companies located in the
southeast have asked us to identify candidates in the mid-level experience range.

1) MSEE - Manager R&D - Analog/RF Circuit Design to 90K
To GET THE MOST FROM 2) BSEE - Manager - Analog IC Chip Design to 85K
YOUR ADVERTISING 3) BSEE - SR RF Design Eng. - Wireless Communications to 70K
4) BSEE - SR Design Eng. - Linear IC Chips to 70K
DOLLAR, THE TIME TO 5) BSEE - MMIC Design Eng. - L Band Thru KU Band to 70K
ACT IS Now! 6) BSEE - RF Test Engineer to 50K

CALL

-o-r-t-u-n-e
1-(800) 443-4969 B L
FOR MORE DETAILS. S e

Stan Deckelbaum /
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R & D
CRYSTAL DESIGN ENGINEERS

Develop and design testing tools for miniatur-
ized quartz resonators. Perform testing and pro-
cessing of prototypes. Support development of
BAW-based crystal products. EE, ME or equiva-
lent with 5+ years experience. Job Code: CDE

PACKAGING ENGINEERS

Perform electrical /mechanical / thermal perfor-
mance evaluation of hermetically sealed metal,
ceramic, or injection molded packages including
their introduction into production. Develop inno-
vative assembly techniques and processes. ME or
equivalent with 5+ years experience.

Job Code: PAC

PROCESS ENGINEER

Develop innovative blank / wafer preparation,
photolithography, etching, thin film deposition,
and liftoff schemes for quartz- and lithium-based
precision BAW crystal /SAW components. ChE,
ME or equivalent with 5+ years experience.

Job Code: PRO

SAW ANALYSIS/DESIGN ENGINEERS

Analyze and design conventional and low-loss
SAW discrete components. Support SAW-based
modules (oscillators, timing recovery units, etc.)
development. EE, ME or equivalent with 5+
years SAW product design/analysis experience.
Job Code: SAD

IC DESIGN ENGINEERS

ASIC product design engineer, responsible for all
aspects of frequency control product develop-
ment from R&D through manufacturing require-
ments. Includes all aspects of analog and digital
circuit design and layout. MSEE preferred and 5+
years of previous experience. Job Code: ICD

PRODUCT ENGINEERS

Interface with R&D and production in new prod-
uct introduction to volume manufacture includ-
ing the resolution of design issues and recom-
mendations for continuous improvement.
Responsible for product design documentation.
Will utilize established design tools to modify
existing product designs and will assess
feasibility of incoming customer requests.

BSEE / MSEE with frequency control product
experience. Job Code: PE

THE EXCITEMENT
OF A START-Up,
THE STRENGTH OF
A LEADER

Maximize your career potential at
Vectron Technologies, Inc., a world
leader in the crystal/Surface Acoustic
Wave oscillator industry.

Our new facility, conveniently located
on the MA border in Hudson, NH,
will house a state-of-the-art
manufacturing process inciuding clean
room facilities. Fueled and strengthened
through its grouping with Dover's other
frequency generation companies,
Vectron Technologies, Inc. will focus on
optimizing in-house R&D, marketing,
administration and manufacturing
capabilities, asserting its leadership in
the global marketplace.

We seek entrepreneurial hands-on
professionals as we continue to define
the future of the oscillator industry with
force and direction.

VECTF!DN
=

A DOVER TECHNOLOGIES COMPANY

TEST ENGINEER

Develop testing strategies and test set designs in
an R&D setting. Strong working knowledge of
data acquisition, data communication, BER test-
ing, computer interfacing. Ability to work well
with production engineering counterparts. BSEE
with frequency control products testing experi-
ence desired. Job Code: TE

QUALITY
QUALITY SYSTEMS ADMINISTRATOR

Responsible for overseeing all quality systems
administration to include documentation
(including 1SO 9001 procedures), and auditing
requirements. Technical degree re?uired; prior
experience in leading an ISO certification process
a definite plus. Job Code: QSA

QUALITY ASSURANCE ANALYST

Provide support for the QA function including
collection and analysis of relevant data. Technical
degree and previous experience in an 1SO certi-
fied environment a plus. Job Code: QAA

SALES &
MARKETING

NEW PRODUCT DEFINITION ENGINEER

Will lead cross-functional team effort to define
next generation product. BSEE required with
MSEE preferred; previous industry-related expe-
rience a definite plus. Job Code: NPD

APPLICATIONS ENGINEERS

Provide post-sales technical support, as well as
pre-sales consultative information, to Vectron
customers in the telecommunications/ data
communications industries. BSEE, excellent
communications skills, and previous experience
in a microelectronics company required.

Job Code: AE

1f you seek the challenges, rewards and
recognition found only in an environment that
encourages innovation and team accomplish-
ment, please send your resume referencing
Job Code to:

Human Resources, Vectron Technologies, Inc.,
267 Lowell Road, Hudson, NH 03051

or send by FAX to (603) 598-0075.

An equal opportunity employer M/F/D/V

think... SOFTWARE ENGINEER,

CUTTING EDGE.: WIRELESS MODULES

think Design and develop MAC/LLC/driver software
for Norand's wireless module products, with an

FIRSTS.
think...

NORAND.

Norand is a leading manufacturer and
marketer of mobile computing systems
and in-premise wireless data communi-
cation networks. For the past 25 years,
Norand of Cedar Rapids, lowa has been
quietly and consistently coming up with
innovative firsts - the first computerized
cash register, the first bar code scanner,
and the first real-time wireless data
communication networks. In Cedar
Rapids you'll find a lifestyle where your
commute will be measured in minutes,
not hours. Where the schools rank
number one in the nation. And where
recreational and cultural activities
abound. So, if you're looking for
cutting edge with a family lifestyle,
think Norand.

emphasis on PCMCIA devices. BSCE/CS/EE
with a minimum of 5 years’ experience in
development of software for real-time, embed-
ded systems. Experience in C, C++, Visual
Basic, and Assembly language are all neces-
sary. Strong software development experience
and a proven track record in meeting quality,
function and delivery objectives necessary.

PRODUCT LINE
DEVELOPMENT MANAGER

Guide Norand’s Premise and Mobile Module
development teams in the development of high
performance data radio modems. MSEE with
10-15 years’ experience or a BSEE with 15-20
years’ experience. Your background should
include commercial radios and data communica-
tions product development, radio and digital
design experience, and experience managing an
engineering staff of more than five engineers for
commercial high volume development programs.

NGRAND’

RF LEAD ENGINEER

Provide technical leadership to a team of Radio
Engineers in the design of high performance
radio data products for portable applications.
MSEE with 6-10 years’ experience or BSEE
with 8-12 years' experience in UHF portable/
mobile commercial radios, preferably data
radios. Must have an extensive background in
technical theory for communication systems
and radio design, as well as solid analytical
skills in design and problem solving.

LEAD MECHANICAL ENGINEER

Provide mechanical leadership to Norand's wire-
less modular group. Responsible for mechanical
design of portable radio modem products from
concept to product. BSME/MSME and a mini-
mum of 8 years’ experience in the design of
small ruggedized radio communication products.

Norand offers a highly competitive compensa-
tion and benefits l_Yackage. lease mail or fax
your resume to: Human Resources, Job Code:
HR/RFPK, Norand Corporation, 550 Second
Street S.E., Cedar Rapids, 1A, 52401. Fax:
(319)369-3791. Intemet: arong@norand.com
We are an equal opportunity employer.

RO




RF Design is THE PLACE
to REACH PRIME PROSPECTS -

more thar 40,000 readers who are design and R&D engi-
neers, engineering managers and corporate staff in the mili-
tary, aerospace, communications and electronics industries.

For rates and closing dates, call Shannon
Shuman at (770) 618-0217 or fax (770) 618-0342.

Share the Spirit
of Global Success

We are GE Medical Systems is the global leader in medical diagnos-
tic imaging. We are looking for a world-class individual to
join an elite group of Thinkers and Doers who are defining
the future for a dynamic competitive business.

We need RF Coil Project Leader - lead the development of RF surface
coils for Magnetic Resonance Imaging (MRI), from concept,
through detail design to introduction to manufacturing and
interface with suppliers. Provide input to sysiem specifica-
tion, prove out and evaluation.

Requires: BS/MS EE and 6 years of RF or antenna design
and a thorough understanding of electromagnetic field
theory and electrical circuits; project leadership and
interpersonal skills.

Project Leader - develop the next generation of RF power
electronic subsystems for MRI systems, with a focus on
quality, performance and cost. Participate in the develop-
ment of design strategies and interface with suppliers.
Requires: MSEE and 5 years of RF and analog circuit design
experience in a product development environment; EMC,
data transmission and interconnection techniques knowl-
edge; project leadership background.

Power Electronics Engineer - design power electronics (RF
& Gradient amplifiers) for MRI systems that meet perfor-
mance, cost, schedule, reliability and producibility goals;
interface with suppliers on design and production issues.
Requires: MSEE and 5 years of analog design experience in
a new product development environment; demonstrated
ability 1o deliver projects on-time and in budget.

Reply to Please send resume to: GE Medical Systems, Dept. RF,
P.O. Box 414 (W-407), Milwaukee, WI 53201. Submit via
fax machine to (414) 548-4920. Replies will be made to
candidates of interest within 30 days.

GE Medical Systems

An Equal Opportunity Employer

Antenna Engineer
Senior Antenna Engineer

Responsible for design of new antenna
systems and the modification of current
products for new requirements in the
Broadcast, Land-Mobile Commun-
ications, Cellular, and PCS fields. The
position requires a BSEE (MSEE and
graduate level antenna courses preferred)
with a minimum of 3 years experience in
antenna design. Practical experience in
the electro-mechanical design of
antennas for commercial applications is
required, and specific experience with
UHF or L-Band frequency antennas is
desirable. Good interpersonal commun-
ication skills are expected in order to
facilitate the passage of designs through
Documentation and Production. A
working knowledge of VERSACAD and
other RF/microwave software is a plus.
Position and salary is commensurate with
experience.

Forimmediate consideration, mail or FAX
your resume and cover letter to: Human
Resources Manager, Scala Electronic
Corporation, PO Box 4580, Medford, OR
97501. FAX: (503) 779-3991. EOE.

| SCALA |

PROFESSIONAL ANTENNA SYSTEMS FOR
BROADCAST AND COMMUNICATIONS

Not All High-Tech
People Qualify
To Be On An Argus
List.

Rent the circulation file of
this publication for your f
direct mail needs. For our

complete catalog, call Kristin ARGUS
at (770) 618-0479.

BUSINESS LISTS

RF Design
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AREER OPPORTUNITIES ""RECRUITMENT |

5 = : SCTE |
Senior RF Design Engineer Sustaining
‘ eter Member
Join the Schlumberger Technology Team F h, h & C
AT roehlic 0.
cutive search

Schlumberger Measurement and Systems

Electricity Division

ineering Positions Available:
To meet the exciting new product development opportunities and the

demands of continued growth in the electric utility metering industry, Senior RF Design,
Schiumberger Industries, Inc., Electricity Division, is looking for key per- Test ® Digital ° Analog
sonnel to fill challenging positions in our manufacturing facility located at

the foothills of the Blue Ridge Parkway. Only minutes from South Carolina's Market DevelODment
most pristine lakes, Jocassee, Keowee and Hartwell, our location is ideal Software App“CEtiOﬂS

for those who seek the beauty of our natural resources and a close
proximity to major cities in the southeast. Atlanta is only two hours west

Fiber Optic Electrical

- Greenville, one hour east of our plant. If your background is suitable for Applications ® Reliability
the following position, we would like to hear from you! Manufacturing e Sales
Your responsibilities will include new product development, and the re-

design of existing products in order to reduce cost and/or improve perfor- : :

mance. |n addition, you will participate in managing RF Technology as it Call or write. Fees paid.
applies to mobile and fixed network automatic meter reading and demand P.O. Box 339 Weatherford, TX 76086
SIS GRETEERRIENG S, (800) 742-4947 ¢ Fax: (817) 594-1337
The ideal candidate will possess a BSEE or MSEE with emphasis on RF E-Mail: 72774.3617 @compuserve.com

design coupled with 5+ years of experience in the design of high pro-
duction, low cost micro-computer based products. Experience in the
design of digital logic, DC power supplies, Opto electrical applications
and the design of circuits for operation in harsh electrical and physical

environments is desired. MANAGEMENT

In return for your qualifications, Schlumberger offers a competitive sal- RECRU'TERS®

ary and excellent benefit programs, which include tuition assistance pro- OF BOULDER, INC.
gram, professional development training programs, plus outstanding The search and recruiting specialists

growth opportunities. Please send, fax or e-mail resume and salary require-
ments to: Personnel Department, 313-B North Hwy. 11, West Union,
SC 29696. Phone: 803-638-4842; Fax: 803-638-4900; E-MAIL:

recruit@oconee.em.slb.com. An Equal Opportunity Employer M/F/D/V. Wl N DY B RA D Fl E L D

RF / MICROWAVE SPECIALIST

CONTINENTAL BLDG., SUITE 301
1401 WALNUT STREET, P.O. BOX 4657
BOULDER, COLORADO 80306
(303) 447-9900
FAX(303) 447-9536

PCS RF NETWORK ENGINEERS TO MID §70's
PCS ANTENNA ENGINEERS TO $80’s
PARABOLIC RF & MECHANICAL ENGINEERS TO §70's
Please fax resume in confidence to

916-349-4168
RANDALL F. CHAMBERS & ASSOCIATES
“Wireless Recruiting Professionals”

; ; ith Out Te a]:'sTM PO Bor 723, Bella Vista, CA 96008 * Tl 916-549-5331

COMMUNICATIONS ENGINEERS
Our clients are hiring RF engineers with the
following skills:
Wireless Telecomm, Cellular, Mobile, Telephony,
NPCS, spread spectrum, DSP, AMPS, SMR,
GSM, COPD, TDMA, CDMA, WLAN, WPBX,
Transmitters, Receivers, modulators, demodula-

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 , D08 syninocmeie SH8Ho00 M orore; e
404-587-4812. Hours: 9 - 5 EST. Or E-mail dsp@mindspring.com o SO LT TR
Also, a 2-day ADVANCED class in DSP is available on a +»~ Send email, fax, or call Randy Brei today!

Brel & Assoclates, Inc.

P.O.Box 445 Marion, 1A 52302-0445
(319)377-9196 FAX(319)377-9219
RBREI@NETINS.NET
http://www.NETINS.NET/showcase/RDBREI/

limited basis -- call for more details.

By taking this 3-Day Course, you will really
learn DSP. Guaranteed!

Coming to a City Near You:
Washington DC - Dallas TX - Atlanta GA - San Jose CA - Scottsdale AZ

(800) 443-4969
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—Sorrware i PRODUCTS & SFRVICES

WHAT CAN

KINTRONIC @ LABS, INC.

OFFER YOU?
HIGH QUALITY, AFFORDABLY PRICED

Whether you order 1 part or OF WHAT?
all 54,123...MOUSER stocks e—
e e i o e and...ships same day!!

:%g%g:ggﬁggmmw CALL... (800) 992-9943 . “““W] |
for your

o Detormans froquency response oa the Graph scroen (aouen scake Wimouse) and

)
spocify up to five stages o the Planamg screen (usmg stage of W0 parameters Custom Antennas

' wo i, | Referocpest ] RF Components (VHF, UHF &

s g | (8 m..":.;ﬁ : FREE (LF, MF & HF Bands) | Microwave Bands)
oD Mo Court T . ¥ ; eInductors *High Gain,
(719)687-8458 Only $199.95 hrwd . C ATALOG *RF Switches Vertically Polarized,
(PRl y 13 e e . - *RF Patch Panels Series Fed Arrays
. ’ B *RAF Chokes *Wide Band,

958 North Main St. *Mica Capacitors* Omnidirectional,

Mansfield, TX 76063 (Cornell Dublier) Vertically Polarized

sVacuum Biconicals
M 0 U S E R Capacitors* *Tunabie Discones
(Jennings) Utilizing A
E L E CT R 0 N l C S *Rigid Transmission | Patented Design
Line & Accessories {+Covert Designs
Sales & Stocking Locations Nationwide For Indoor Or
*In Stock Ready For ] Outdoor
Immediate Delivery Applications
Kintronic Laboratories, Inc.
P.O Box 845
Bristol, TN. 37621-0845
Phone: 615-878-3141
\_ Fax: 615-878-4224 )

PS -2A SERIES

PORTABLE SPECTRUM ANALYZERS
HIGH PERFORMANCE AND EASY OPERATION

(800) 443-4969

bl . RF Systems, Inc.

Price $1895
© 0.1 - 1000MHz rangs in one scan,©-100MHz in 11 selactable san widths|
© Mossurable Rangs -108 dBm to ~ 20 dBm

_ T R ool P90 | Quick Turnaround Design/Manufacture of
T eh e / » Digital Radios; BF Modems
©2/ 1008 LOG scale display wits base ke clioper * Frequency Synthesized Voice/Data Links
& Mutt- .
B - el * Low Cost DBS Frequency Converters
© Digtal controlled center fraquency Jisplay * Wireless Part 15 Communication Product
SArachig(osecatar () apcionall PERA 1601 ) * Military and Commercial Systems

© 3 way power sources ( optional 4+ 12 VOC battery )
® Compact size { 10.3"W x 4.0"H x 12.37D ), Bght weight { approx. 10 Ibs )
© Switchable 18V DC powes out of T RF ingut connection  optional P.O. Box 1184 Monument, CO 80132

V. TECH Instruments. Inc. 171 Burns AveLodi. NJ 07644 Tel: (719) 488-8535 « Fax: (719) 488-8546 ¢ e-mail: szubiel @aol.com
TEL:201-546~7635 FAX:201-546-7651

RF DESIGN
MARKETPLACE
WANTS YOU!

ToO GET THE MOST FROM YOUR ADVERTISING DOLLAR,
THE TIME TO ACT IS NOw!
CALL 1-(800) 443-4969 FOR MORE DETAILS.

RF Design 89



PRODUCTS & SERVICES

1GHz RF
SIGNAL GENERATOR

AM/FM, 100 KHz through 1 GHz
Quality crafted in the USA

meant to do- provide a ve

work done, easier and faster.
At §2495, the Ramsey RSG-10 is your profit generator.

Finally, a synthesized signal generator that’'s EEEEES =
designed to help you generate more than just signals. The Ramsey RSG-10, is the signal gen-
erator you can afford, the signal generator that's designed to do what a signal generator is [
stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz.
For the price, you wouldn’t expect any more. But, there is more to the RSG-10. An intelli-
gent microprocessor controlled/programmable memory, for example, can store up to 20 of
your most commonly used test set-ups. And unlike other units, just one touch of the memory
exchange button is all it takes to quickly shift from one test set-up to another. You get more

RAMSEY ELECTRONICS
793 CANNING PARKWAY, VICTOR, NY 14584
Fax: {716) 924-4555

TELEX: 466735 RAMSEY Ci
ORDER DIRECT—CALL 1-800-446-2295 m

*STD. S AND 10 MHZ OCXO

URTS

- ELECT%DNICB

* TCXO » VCXO * TC-VCXO

* VCO’s « CLOCK OSCILLATORS

* CUSTOMIZED CRYSTAL FILTERS
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ

“Where your dreams tura into reality.”

T L/C FILTERS

Call or Fax requirements.
16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Phone & Fax (602) 971-3301

* STANDARD IF FREQUENCYCRYSTALS
« SURFACE MOUNT AND LEADED
PACKAGE

B RF LITERATURE/PRODUCT SHOWCASE

Vacuum Capacitors

. - 4 » -

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.

INFOI/CARD 70

Communications
Simulation

Still Only $695!

Mixed RF and digital simulation with fast

spectrum analysis. Test performance with-

out breadboarding! Simple, powerful and

reliable. Satisfaction guaranteed. Call now:
800-631-1113

TESOFT Inc. 770-751-9785 Fax770-664-5817

Roswell GA
INFO/CARD 73

PO Box 305 30077

90

We have the

BIAS TEES

" to fit your needs!

* WIDE SELECTION for your
various bandwidth, current, and
voltage requirements

* BANDWIDTHS to 44 GHz

+ STANDARD MODELS and
CUSTOM ORDERS available

* QUALITY PRODUCTS including
pulse generators & amplifiers

PICOSECOND PO Box44

PULSE LABS, Boulder,CO
U.S.A. 80306

Fax: (303) 447-2236

Phone: (303) 443-1249
| ee us at MTT S Booth #1211

RF ENCLOSURES

* From your concept
* To milling machine
* In 30 minutes

ENTECH EXPRESS can speed up your
work and provide you with prototypes or
production quantities quickly at very
reasonable prices.

Advanced Machining Techniques, Inc.
28 Willowdale Ave. » Port Washington, NY 11050
(516) 883-4340 « Fax: (516) 883-8057

INFO/CARD 71

The filter design tool
that does it all...for less.

= Lumped, Distributed and
Hybrid Circuits

— Mechanical Dimensions for
Distributed Circuits

- Pole Placed Transfer Functions

_ Much More

$995 Complete
Domestic Shipping Included

IR FIUROID |

GEESOF

Distributed By
Amber Technologies, Inc.
(508) 369-0515
FAX (508) 371-9692

INFO/CARD 74

INFO/CARD 72

RF DESIGN
MARKETPLACE

(800) 443-4969

October 1995



B RF LITERATURE/PRODUCT SHOWCASE

GaAs MMIC

SPOT Switch

® Positive/Negative Control
Voltage

® DC-2.5 GHz

® For DCS1800,Wireless LAN,
Radio and Cellular Equipmerts

® SMT SO-8 Package
® Tape and Reel available

$1.79¢a

(Q'ty 2500)

Parameter| Test Condmions. Unit | Typ.
Insertion MHz05GHz | dB | 05
Loss. 1Mnz4 GHz | dB 06

1MH22GHz | dB 0.7
Isotabon 1MHz- GHz | dB | 33

1MHz-*GHz | OB 25
VSWR 1MH2. GH2 121

TMHz-- GHz 1.3:1
wpu | O 1dBcompresson dBm | 29
Power with 5V cortrol votage

(>100MHz}

For free samples,
call (703)690-8309 or fax (703)590-8414

Hexawave, Inc. P.0.Box 7205, Fa-fax Station VA22039-7205
“High Isolation model also available, please call for catalog.

INFO/CARD 75

Signal Processing &
Communications Systems

ADVANCED SPREAD SPECTRUM &

DIGITAL DEMODULATION PRODUCTS
ST-101 Spread Spectrum Signal Generator
ST-102 Spread Spectrum Demodulator
ST-202 Spread Spectrum Digital Matched Filter
ST-104 Spread Spectrum Remote Transmitter
ST-105 Fast Acquisition BPSK/QPSK Demodulator

ST-106 Programmable Error Corrector / Frame
Synchronizer

SIGTEK——

9841 Broken Land Pkwy., Ste 206, Columbia, MD 21046
Tel. (410)290-3918  FAX (410) 230-8146

(XX XXX
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[

TCXO’

IN “NO TIME”

&

Hy )" "D Series” TCXO

Frequency: 8 MHz. to 30 MHz.
Available Outputs: Clipped Sinewave; TTL; HCMOS
Supply Voltage: 5 vdc
Stability:  +0.5ppm 0°to 50°C
+2.0ppm  -40°C to +85°C
*other stability options available

Various voltage control options available

Dimensions: Length 0.8
Width 0.8
Height 0.4

Typical Delivery: Stock to 6 weeks ARO ;

r
H [y- Q International (USA), Inc. \

1438 Cox Avenue * Erlanger, Kentucky 41018
Phone: 606-283-5000  Fax: 606-283-0883

INFO/CARD 77

RF/Microwave

® CRO, DRO, LC Microstrip
Designs.

® Free Running or Phase
Locked.

@ Designs Matched to Your
Requirements.

® Cost Effective, High Quality
Custom Design and
Development.

® Fax or Send Requirements
for Quick Response.

. Signal Microwave Electronics

« 4764 Rayford Street

o Jacksonville, Florida 32254
: Phone: (904) 384-7023

s Fax: (904) 384-9144

s934Amos Aouoaonbouag

SINGLE LAYER CHIP CAPACITORS

P W TR >,
Type A \Q\ 7 Type B N

250V 250V
Type C fih )
v N
FOR CAPACITORS WITH:

* Extremely smooth and uniform metalized surfaces

* Pt metalization to withstand 40('C die attach temperature
up to 20 min max

* TiW adhesion layer to prevent diffusion and provide
stability at very high temperatures

TECDIA

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

RF POWER AMPLIFIERS

2000 = 150-200 M1z o 35

MHz 2GH

Flicicney ¢ 33dB Gain

W IKW

* Small Size » High Efficiency ¢ Durable
* Module and Rack Mount Systems

» Customization Available

LCF

RF POWER

651 Via Alondra, #712
W\ Camarillo, CA 90312 USA
TEL: (805) 388-8454
FAX: (805) 389-5393

AMPLIFIERS

INFO/CARC 78

LOW COST

HIGH PERFORMANCE
REQUENCY SOURCES

CRYSTAL OSCILLATOR-MULTIPLIER

v MODEL VSA ~ $195.00 .016m: 70 1.0 61z

v MODEL USA - $245.00 ~.061z10 1.6 6Hr

v MODEL SSA — $295.00 1 5612 10 4.2 61z

RF OUTPUT: +8dBm min., at anr spot frequency
in above ranges

FREQ. STABILITY: £30ppm, -20°c to +60°c

B+: +12 to +16 VDC

Wilmango £ tea tun Mooar 0 oz

(805) 523-2390 PAX (805) 523-0065

INFO/CARD 8°

INFO/CARD 79

INFO/CARD 80

NEC-Win Basic for Windows™
$75.00 !

e A

e

First Integrated Antenna Design & Analysis Program
for Windows Under $100 Supporting NEC2

Features Include:

* Intuitive Graphical User Interface

« Powerful Azimuth and Elevation Plotting

* Three-Dimensional Radiation Patterns

» Automated VSWR. Beamwidth. F/B Ratio.
Input Impedance and Current Calculations

INFO/CARD 82

RF design

Realize the Potential!

Contact: Shannon Shuman

Tel: (800) 4434969
Fax (770) 6180342



design

o

BuyersaGuide

Perissue  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 $19.00 $228.00 . |
The Buyers’ Guide is a convenient guide to suppliers ~ Bold Listing $25.00 $300.00 ; ' m @ E 2 '
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 1-800-443-4969.
sold on an annual basis at the rates shown. Drop Out In White $25.00 $300.00  Ask for your yellow page representative.

INTEGRATED CIRCUITS/MCM

DISCRETE COMPONENTS

CAPACITORS

Vacuum
Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008 ....... (619) 438-4420

Variable
COMET North America, 11 Belden Ave., Norwalk, CT 06850 ............ccccceevvunnnns (203) 852-1231

CRYSTALS/RESONATORS

Custom Crystals
60KHz - 200MHz

Oscillators and Elements

Sales and Service: 1-800-725-1426

Quartz

QuARTZz CRYSTAL
ProbDuUCTS

a American KSS Inc.

Corporate Office Eastern Regional Office Southern Regional Office
3295 Scott Blvd., Suite 100 401 E. Louther St. 5696 Peachtree Parkway
Santa Clara, CA 95054 Carlisle, PA 17013 Norcross, GA 30092

Tel: (408) 986-9577 Tel: (717) 243-6008
Fax: (408) 986-1717 Fax: (717) 243-4343

= REEVES-HOFFMAN
— DIViS0ON DYNAMCS CORPORATION OF AMERICA
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

VALPEY-FISHER %)

A SUBSIDIARY OF AM4A4TEC

Tel: (770) 263-3768
Fax: (770) 263-3769

CRYSTAL OSCILLATORS
® ACMOS TTL to 200 MHz
& HCMOS TTL to 80 MHz
a ECL to 630 MHz FUNDAMENTAL Crystals to 350 MHz
8 VCXOs to 200 MHz

a SMD to 300 MHz 800-982-5737 (ext. 244)
Valpey-Fisher Corporation 75 South Street » Hopkinton, MA 01748 Fax: 508-497-6377

Oak Frequency Control Group,

100 Watts St., PO Box B, Mt. Holly Springs, PA17065 ..............cccocoviiennnnn (717) 486-3411
DIODES
Loral Semiconductor 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.................

INTEGRATED CIRCUITS/MCM

(207) 236-6076 Fax(207) 236-9558

NEC wireless Semiconductor Products
Small Signal & Power GaAs FETs  Small Signal & Power Bipolars
Sthcon & GaAs MMICs: Amplifiers, Prescalers, Downconverters

Callfornu Eastern Laboratories
408-988-3500 FAX 408-988-0279

CA 95054 1817

RF, Analog & Mixed-Signal ASICs

Full-Custom Designed ICs: Bipolar, CMOS, BiICMOS
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switched Cap Circuits

R T G Inc.

AMPLIFIERS

Broadhand

Dressler HF Technik Gmbit,
Werther Str. 14-16, D-52224, Stolberg, Germany ................. +49-2402-71091 Fax: (-71095)

RF Power

Silicon Valley Power Amplifiers, 529 Forman Dr. # B, Campbell, CA 95008 ........ (800) 986-9700
ub Assemblies-Spread Spectrum

Hyperiink Technologies, Inc.,

TEL: (310) 534-3016 + FAX (310) 534-3728
PO Box 3986, Torrance, CA 90510 « E-MAIL saes@rtg.com

6600 West Rogers Circle, Suite 6, Boca Roton, FL 33487 ... (407)995-2256
FILTERS
Deita Microwave Inc., 840 Vira Alendra, Camarillo, CA 93012 ........................ (805)987-6892
tal
Reeves-Hotfman, 400 W. North St., Carlisle, PA 17013........c.ccoeiniiecnnend (717) 243-5929
Saw
Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070 ...................... (203) 651-0211
SAW Components & SubSySIEMS .......ccovcerevimiiiniiriniiienieinnnnincnnees Fax (203) 651-8618

R A
RF Monolithics, Inc.
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.

4441 Sigma Road
Dallas, Texas 75244 U.S.A.
Tel: 214/233-2903, lax: 214/387-8148

OSCILLATORS

% REEVES-HOFFMAN

DIVISION DYNAMICS CORPORATION OF AMERICA

For your Crystal Oscillator requirements, Clocks,
TCXO's, VCXQO's, OCXO's, Hybrid & Discrete.

400 W. North St.. Carlisle. PA 17013, Tel: 717-243-5929. Fax: 717-243-0079

RF & Wireless Microcircuit Assembly
GaAs MMIC « High Speed Analog MCM

Colorado Microcircuits, Inc.
1 106A Boise Ave. Call for Free Proposal
Loveland, CO 80537 (970)663-4145

Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763 (516) 732-3448

92

Valpey-Fisher Corp., 76 South St., Hopkinton, MA 01748.....(508) 435-6831 Fax (508) 435-528¢

Crystal
0Oak Frequency Control Group,

100 Watts St., PO Box B, Mt. Holly Springs, PA17065 ..........cc.ocvveineennned (717) 486-3411
Saronix, 151 Laura Ln., Palo Alto, CA 94303 .............cco....... (415) 856-6900 (800) 227-8974
Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 .............c.coccevvnvnnneenn.(512) 450-1401
Microwave
Electronic Surveillance Co., Inc., 33328 Howe Ln., Creswell, OR 97426 ............ (503) 895-5071

Phase Locked
Mode Space Digital
235 Circle Drive, State College, PA16801.................... (814)466-3327 FAX:(814)466-6577

October 1995



SYSTEM SUBASSEMBLIES

PRINTED CIRCUIT BOARDS
Harmon Electronics, Inc., 601 N. Main, Warrensburg, MO 64093 ................... (816) 747-2236

CALL SOUTHWEST CIRCUITS NOW!  (800) 279-5572

« PROTOTYPES AND SHORT RLNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS
* ALL POPULAR MICROWAVE LAMINATES: PTFE ~TEFLON — DUROID - GX
« MULTI-LAYERS - QUICK TURN - EXOTICS

Southwest Circuits, 3760 E. 43-d Place, Tucson, AZ 85713
TEL (602) 745-8515 FAX (602) 747-8334 MODEM (602) 747-5108

RF TRANSMISSION COMPONENTS

ANTENNAS

Sinclair Technologies, Inc., Oriskang Dr., Tonawanda, NY 14150 .................... 800)288-2763

Syndetix Inc., 2820 N. Telshor Bivd. Las Cruces, NM 88011 ......... PO 05) 522-8762
Custom Antenna Design, High Power, including Flight Certified............ ....Fax (505) 521-1619

ATTENUATORS

X1

SV Microwave, 3301 Electronics Way, West Palm Beach, FL (407) 840-1800 Fax (407) 844-8551
CABLE ASSEMBLIES

SRC Cables, 5590 Skylane Bivd., Santa Rosa, CA 95403 ...............ccceeevinenns (707)573-1900
Storm Products, Advanced Tech Grcup 116 Shore Drive, Hinsdale, IL 60521 ... (708) 323-9121

Cable Interconnect S*slems
C&M Corporation. 51 S. Walnut St., Wauregan, CT 06387 .............ccocveeiersescoiics (203) 774-4812

FILTER ASSEMBLIES

| B2 REEVES-HOFFMAN

DYNAMICS CORFIRATION OF AM|

For your Crystal Filter requirements from 1 KHz to
150 MHz Funcamentals and up utilizing Overtone
Crystals.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

INDUCTORS AND CHOKES
Kintronic Labs, 144 Pleasant Grave Rd., Bluff City, TN 37618...(615)878-3141 Fax (615)878-4224

ISOLATORS/CIRCULATORS
=== AEROTEK COMPANY LIMITED

==== Manufacturers of Circulators and Isolators
Coaxial and Drop-in types, 400 MHz-18 GHz

f “TOP QUALITY, REASONABLE PRICE”

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand.

AEROTEK Tel: (662) 311-4448, 332-5035 Fax: (662) 332-5034
Airtron Corp., 200 E. Hanover Ave., Morris Plains, NJ 07950 ............ccceeeneed (201)539-5500

MICROWAVE CONNECTORS

Applied Engineering Products, P.0. Box 510, New Haven, CT 06513
Coaxial Connectors, Inc., 1500 N.W, 52nd St.,Ste.501, Ft. Lauderdale, FL 3330
Southwest Microwave, Inc., 2822 S. Roosevelt St., Tempe, AZ 85282 .......

PRECISION

....(203)776-2813
305)772-2664
..(800) 587-5995

TELEPLEX, INC. - ALFORD DIVISION
4801 INDUSTRIAL PKWY. - INDIANA®OLIS, INDIANA - 46226-4200 (317) 895 8800

* PRECISION COAX & W/G SLOT ED LINES 30MHZ. T0 40 GHZ.
* LOW V.S.W.R. INTERSERIES CGAX ADAPTERS 6 1/8" T0 2.40mm.
« HIGH POWER - LOW LOSS BIAS TEES 20 AMPS THRU 3.0 GHZ.
* CONSTANT IMPEDANCE LINE STRETCHERS LOW LOSS TO 1€ GHZ.
» ADJUSTABLE COAX TUNERS MATCH S.W.R. > 14:1, VHF TO 3€ GHZ.
» ANDREW ALFORD ANTENNA PRODUCTS VHF-UHF-ITFS-VOR-MIL.

RF CONNECTORS
Molex, Inc., 2222 Wellington Ct., Lisle, IL60532 ..........ccccoovevrrinnccnicririnnnns 800-MOLEX78
SV Microwave, 3301 Electronics Was, West Palm Beach, FL ..(407)840-1800 Fax (407)844-8551

SURGE & TRANSIENT PROTECTORS

nghtmng Suppressors D. C 26 GHz
FISCHER CUSTOM COMMUNICATIONS, INC. = (310)891-0635

Polyphaser Corp., P.0. Box 9000, Minden, NV 89423...................... (800) 325-7170, (702) 782-2511
SWITCHES

Electromechanica]
Dow-Key Microwave Corp., 1667 Walter St., Ventura, CA 93003 .:.(805;650 -0260
Matrix Systems corp., 5177 N. Dougas Fir Rd., Calabasas, CA 91 (818) 222-2301
MBF Microwave, Inc., Rt. 2, Box 252A Hardy, AR 72542 .........cccccccmmunns s (501) 856-2685

SYNTHESIZERS

Novatech [nstruments,

1530 Eastlake Ave. E., #303, Seattle, WA 98102 ..{206) 322-1562 Fax (206) 328-6904

RF Design

TELEMETRY
Yif;’ﬂwfﬂw flsearcy e TEL (702) 345-2705|
v Verdi, Nevada USA FAX (702) 345-2484

Will customize to your requirements:

Transmitters & Receivers
Telemetry » Video e Digital « Command e Beacon

Command Encoders & Decoders

Since 1978

VACUUM CAPACITORS
COMET North America, 11 Belden Ave., Norwalk, CT 08850 .............c............. (203) 852-1231

VACUUM TUBES

RUSSIAN POWER TUBES

RUSSIAN MICROWAVE TUBES
Quality Engineering and Manufacturing

LV OT P Tel (300) 578-3852  Fax: (415) 233 0439

TR CITEIIEE 3000 Alpine Road » Portola Valley. CA 94028

DIGITAL SIGNAL PROCESSING

SYSTEMS DEVELOPMENT, REAL TIME
Adaptive Technology, Inc., 309 Curtis St., Syracuse, NY 13208 .(800) 724-6968 Fax (315) 472-3279

MATERIALS AND HARDWARE
COMPONENTS/HYBRID PACKAGES
Reeves-Hoffman, 400 W. North St., Carlisle, PA17013..........cceevvvivnerinnnad (717) 243-5929
CRYSTAL BLANKS
Reeves-Hoffman, 400 W. North St., Carlisle, PA17013 .................cccoeivennnnd (717) 243-5929
PC BOARDS

Laminates, Polyester Co la
Glasteel Industrial Laminates, PO Box 910 Collierville. TN 38027 ..

TEST EQUIPMENT

Racal Instruments, 4 Goodyear St., Invine CA ... (800) 722-2528
Instrument Repair Labs, Inc., 2100W 6th Ave., Broomfield, CO 80020 . .{800) 345-6140

RF TEST & MEASUREMENT EQUIPMENT
COAXIAL DYNAMICS, INC.,
15210 Ind. Pkwy., Cleveland, OH 44135....................... {216) 267-2233 Fax (216) 267-3142

SPECTRUM ANALYZERS
DC TO LIGHT, P.0. Box 7140, Bozeman, MT 59771 .

ANTENNA DESIGN & MEASUREMENT
Kintranic Labs, 144 Pleasant Grove Rd., Bluff City, TN 37618(615) 878-3141 Fax (615) 878-4224

CONSULTANTS
Goldman Research, 12705 Monfort, Dallas, TX 75230

-..(901) 853-5070

. (406) 586-5399 Fax (406) 586-6556

(214) 788-1122

RF Design & Modeling - Spice, EEsaf, Wireless...................c.............. WNJUBOA@PRODIGY.COM
EMC/EMI TESTING
Liberty BEL EMC SVCS., P.0. Box 5431, MS20, Compton, CA 90224 ................ (310) 537-4235

Above MS20 represents RF Design
TUV Rheinland of North America, Inc.,

12 Commerce Road, Newtown, CT 06470 ..................... (203) 426-0888 Fax (203) 270-8883
EQUIPMENT CALIBRATION
Instrument Repair Labs, Inc., 2100 W. 6th Ave., Broomfield, CO 80620 ............ (800) 345-6140
OEM PRODUCTS
Locus, Inc., 1842 Hoffman St., Madison Wl 53704 ...........coooiviiimiiiirieeennnnns (608) 244-0500
TELEMETRY SYSTEMS & ENGINEERING
Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471 ................. (713) 344-9000

SOFTWARE & SYSTEMS, CAD/CAE

SOFTWARE

ircuit Si
COMET North America, 89 Taylor Ave., Norwalk, CT 06854...........ccccovvrevenneenn (203) 852-1231

Design Automation, Inc., 4 Tyler Rd., Laxington, MA 02173
ingSoft Ltd. - the providers of the RF Designer® Solution...
312 Dunview Ave., North York, ON M2N-4H9, Canada; bbs:

ax (617) 862-3769
416) 730-9611
Fax: 733-3884

Waypoint Software, 1950 Bavaria Drive, #317, Colorado Springs, CO 80 719) 598-9592

SYSTEM SIMULATION

Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 ............c.cccoveerueernennn (800) 631-1113
Makers of TESLA Com Simulator ...........ocveenvecnnnee Fax (404) 664-5817 Intl (404) 751-9785
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EMG

TEST & DESIGN

Procdicts & Sgrvlsss Dlise

The Products & Services Directory is a convenient  For information on rates, closing dates and
quide to suppliers of products and services forthe  details on a special Introductory Offer, call
EMC/ESD industry. Products & Services Directory ~ 1-800-443-4969. Ask for your yeilow page
listings are sold on an annual basis.

—

SO,

representative.

ELECTRONIC COMPONENTS AND EQUIPMENT

EMI SUPPRESSION COMPONENTS
Cables and Connectors

Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA 16506...
EMI/RFI Filters

POTTER PRODUCTION CORPORATION, 3004 Hwy. 51 N., Wesson, MS 39191 ....... (601) 643-2215
Qualtek Electronics Corp., 7675 Jenther Dr., Mentor, OH. 44060 ............ ...{216) 851-3300

.....(814) 835-4000

RtroN Corp., P.0. Box 743 Skokie, IL 60076.................co... ... (708) 679-7180
Santek, 9765 Marconi Dr., #205, San Diego, CA92173 .........oooiiiiiiniininnd (619) 661-8119
Ferrite Beads, Rods, Forms

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589...........cccccniinniinnnnnd (800) 836-0427

Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401

Ferrite Suppression Companents
Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401........(615) 867-4100 Fax (615) 867-4102

Filtered Connectors
Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA 16506...........cc.covorrin (814) 835-400)

Transform er
Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401........

ESD AND SURGE CONTROL COMPONENTS
Lightning Arrestors

15) 867-4100 Fax (615) 867-4102

(615) 867-4100 Fax (615) 867-4102

Fischer Custom Communications, 2905 W. Lomita Bivd, Torrence, CA 90505.............. (310) 891-0635
Polyphaser Corp., P.0. Box 9000, Minden, NV 89423 ................ (800) 325-7170 (703) 782-2511
CABLE AND CONNECTORS

Connectors And Adapters
ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435

Optical Fibers And Connectors
ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435

EMC TEST EQUIPMENT - EMISSIONS

...(800) 366-3891 X3000
...(800) 366-3891 X3000

Absorbers

Advanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072- 1719..............(619) 449-9492
Microsorb Technologies, Inc., 14A Airport Dr. Hopedale, MA 01747............occccccvmvvennee (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....(310) 937-8888
EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
Antennas Above 30 MHz

AH. Systems Inc., 9710 Cozy Croft Ave, Chatsworth, CA 91311..(818) 998-0223 Fax (818) 998-6892
Antennas Above 30 MHz

EMCO, P.0. Box 1546, Austin, TX. 78767
Antennas Masls

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beitsville, MD 20705....(310) 937-8888
Current Probes

Fischer Custom Communications, 2905 W. Lomita Bivd, Torrence, CA 90505.............. (310) 891-0635

(512) 835-4684

lon Physics Corp., 11 Industrial Way, Atkinson NH 03811 ... (603) 893-6687
Ferrite Absorber Tiles
Rantec, P.0. Box 1546, Austin, TX 78767...........c....cooeeen. ..(512) 835-4684

GTEM Cells
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888

EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4634

Line impedance

EMCO, P.0. Box 1546, Austin, TX. 78767 ...........ccocoveermercrirecrirrecns 1 .(512) 835-4634
in dance Stabilization Networks

EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684

Fischer Custom Communications, 2905 W. Lomita Bivd, Torrence, CA 90505.............. (310) 891-0635

Rantec, P.0. Box 1546, Austin, TX 78767 (512) 835-4684

Near Field Probes

Antenna Research Assaciates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888
EMCO, P.0. Box 1546, Austin, TX. 78767 ......... (512) 835-4684
Shielding Effectiveness Testers

Antenna Research Assaciates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888
EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684

EMC TEST EQUIPMENT - SUSCEPTIBILITY
Antennas

EMCO, P.0. Box 1546, Austin, TX. 78767 ...........
E-Field Probes

EMCO, P.0. Box 1546, Austin, TX. 78767
GTEM Cells

EMCO, P.0. Box 1546, Austin, TX. 78767
Power Amplifiers

Applied Systems Engineering, Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 .............. (819) 249-4180

...{(512) 835-4684
{512) 835-4684
(512) 835-4€84

94

EMC TEST EQUIPMENT - SUSCEPTIBILITY
Pulse_Generators
EMCO, P.0. Box 1546, Austin, TX. 78767

Sheilded Fiber Optic Links
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-88t
ESD TEST EQUIPMENT

ESD Event Detectors
TREK INC., 3932 Salt Works Rd., P.0. Box 728, Medina, NY. 14103 ........... (800) FOR-TRE

Field Strength Meters
Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....{310) 937-88!

ELECTRONIC COMPONENTS AND EQUIPMENT

ESD TEST EQUIPMENT

Surface & Volume Resistivity Meters
TREK INC., 3832 Salt Works Rd., P.0. Box 728, Medina, NY. 14103 .(800)FOR-TRE

MATERIALS HARDWARE AND PACKAGING

SHIELDING MATERIALS
Antenna Towers

(512) 835-46¢

EMCO, P.0. Box 1546, Austin, TX. 78767 ...(512) 835-461
Architectural Shielding
Specialty Technical Components, Inc., P.0. Box 2106, Southeastern, Pa 19399...........{610) 647-90(

Broadband EM|

Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401........(615) 867-4100 Fax (615) 867-411

Conductive Adhesives

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370...........ccc.coocovcuemniiiiniccnd (617) 331-59(
onductive Fiber/Fahbric

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370...........cc.ccoooovivirercicmnienn (617) 331-59(

Ferrite Absorber Tile

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589.............c..ccooiiiennee (800) 836-04:

Gasketing Materials

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370..

Laminates

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370..............ccooecoviveccrvinnennn

Magnetic Shielding

Ad-Vance Magnetics, Inc., 625 Monroe St., Rochester, IN 46975

Positionin

ERCORPIONBoX IS SRAUSTINATXT T8TBTL... ...tk eocrtei e secncrocians tonreanen A (512) 835-46!

Sheilding Foils and Tapes

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370......

.(617) 331591
(617) 331-591
. {219) 223-31!

..(617) 331-59t

Tripods

EMCO, P.0. Box 1546, Austin, TX. 78767 .............. ...(512) 835-461
Turntables

EMCO, P.0. Box 1546, Austin, TX. 78767 ............. ..(512) 835-46i

SHIELDING EMI/RFi SERVICES
Vacuum Platers, Inc., 115 S. Union Street, Mauston, Wl 53948 ....................... (608) 847-564

SHIELDED ENCLOSURES - EQUIPMENT
Component/Module Cases
Marmin-Hil Plastics, Inc., 101 Roselle St., Linden, NJ 07036.......... (908) 925-2940 (800) 886-2%

SHIELD ROOMS AND CHAMBERS

Shielded Rooms EMI/RFI/Magnetic
Rantec, P.0. Box 1546, Austin, TX 78767 ...

ESD PACKAGING

Antistatic and Conductive Polyurethanes
Pad-Tastics, Inc., P.0. Box 50478, Cicero, IL 60650............ (708) 780-8402 FAX (708) 780-16:

ESD ENVIRONMENTAL CONTROL
Antistatic or Conductive Flooring
Freudenberg Building Systems, Inc./Nora Rubber Fiooring
94 Glenn St., Lawrence, MA 01843.........c...cooovvvcrerinnenens (508) 689-05!

TEST LABORATORIES AND CONSULTANTS

TEST LABORATORIES
Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA 16506..................

.(512) 835-461

(814) 835-401

TUV Product Service, Inc., 1775 0ld Hwy. 8, New Brighton, MN 55112 ....(800) 472-79:
CONSULTANTS
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul, MN 55108 ...................... (612) 330-37;

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp.

October 1995



RF software

Multilayer Circuit Design

HP EEsof has introduced a picosecond
interconnect-modeling suite that helps
designers create more accurate intercon-
nect models in order to better predict how
printed circuit boards, multi-chip module
substrates, IC packages and ICs will per-
form. The Picosecond Interconnect Model-
ing Suite includes sch2matic entry, model
libraries (including multilayer coupled
lines and input/output drivers), frequency-
domain and transient time-domain simula-
tors, SPICE model generator, and presen-
tation capabilities. U.S. price for the suite
is $40,000, individual modules can be pur-
chased separately.
HP EEsof
INFO/CARD #212

DSP Simuilation

The MathWorks has announced the
availability of SIMULINK with the Digital
Signal Processing (DSP) Blockset. The DSP

UNIX systems. Pricing for the DSP Block-
set starts at $395 for PCs and Macs.

The MathWorks, Inc.

INFO/CARD #211

On-Line Site Calculations
Comp Comm has announced its propri-
etary engineering software is now available
on-line. With minimal data entry, users can
search CompComm’s database of available
frequencies; identify co-channels; access
the antenna survey branch tower file, ter-
rain and airport databases; develop and
store all engineering data and then assem-
ble and print a completed FCC Form 600
with required maps. The sign-up process is
simple, and anyone with a PC, modem and
HP-compatible laser printer can access the
service. Nearly all applications can be com-
pleted for well under $100, at a rate of
$1.25/minute.
Comp Comm Inec.
INFO/CARD #210

and Macintosh computers. The Signal Pro-
cessing Suite includes the Digital Filter
Design Toolkit, the Third-Octave Analyzer
Toolkit, the newly updated Joint Time-Fre-
quency Analysis (JTFA) Toolkit, and the
VirtualBench™-DSA (a dynamic signal
analyzer virtual instrument). The Signal
Processing Suite will be available in Q4
1995 for $995. Individual parts of the Suite
may be purchased separately.

National Instruments

INFO/CARD #209

High-Speed Op-Amp Models

Comlinear Corp. has announced the
newest version (MMD.06) of its PSPICE-
compatible models. This updated version
includes macromodels for 29 of the com-
pany’s high-performance amplifiers.
Available free on a 3-1/2-inch diskette,
these models simulate room-temperature
performance of 29 DC-coupled, high-speed

Blockset is an integrated software environ-
ment that provides engineers with block
diagram simulation and code generation
capabilities built on MATLAB®.
SIMULINK with the DSP Blockset is avail-
able to run on PCs, Macs, and all major

Signal Processing Suite
National Instruments offers a software

suite that gives users ready-to-run signal

processing capabilities for Windows PCs

op-amps with -3 dB bandwidths from 100
MHz to 1 GHz. The SPICE model files are
written in ASCII file format and are com-
patible with PSPICE and other SPICE 2G
simulators.

Comlinear Corp.

INFO/CARD #208
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RF literature

Capabilities Brochure

A complete capabilities brochure is now
available from Chesapeake Microwave
Technologies, Inc. Their eight-page
brochure describes the products and out-
lines the markets in which Chesapeake
participates. Also addressed are the exten-
sive commercial and military experience,
facilities, and quality assurance of the
company.
Chesapeake Microwave
Technologies, Inc.
INFO/CARD #207

PCS/PCN Report

Killen & Associates has produced a
report, PCS/PCN: When It Comes to Mak-
ing Money, consisting of two parts. U.S.
PCS Equipment Markets, Trends, and
Opportunities (a 160-page study) and
PCS/PCN: Markets, Applications, and
Technologies (a 300-page hard-copy report
with 22 video presentations/interviews of
industry leaders and experts). The report
costs $5,000.
Killen & Associates, Inc.
INFO/CARD #206

Switch Catalog

The DMT Division of Jay-El Products
announces the release of catalog no. 13, a
switeh product catalog. The catalog con-
tains information on SPDT, transfer, multi-
position and TOH switches for RF and
microwave applications. Standard models
are featured as well as custom options and
specifications.
DMT Div of Jay-El Products
INFO/CARD #205

Mobile Telephony Report
EDS Communications & Electronics
Industries Consulting has released a
monograph entitled, An Ice Age is Coming
to the Wireless World: A perspective on the
Future of Mobile Telephony in the United
States. This report summarizes the sub-
stantial change EDS expects in the wire-
less industry. The paper explains the fac-
tors and forces driving these changes and
the strategies necessary to stay competi-
tive and profitable. The report is available
free-of-charge to professionals in the
telecommunications industry.
EDS Communications
INFO/CARD #204

Packaging Forecasts

The Institute for Interconnection and
Packaging Electronic Circuits offers The
National Technology Roadmap For Elec-
tronic Interconnections 1995, a six-part
report on the future of interconnection
product and manufacturing technology.
IPC members can purchase the report for
$50, while non-members can purchase it
for $200.
IPC
INFO/CARD #203
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Databooks Online

Motorola has expanded its offering of
technical information available on its
World Wide Web server. Over a dozen data-
books from Motorola Semiconductor Prod-
uct Sector’s Data Library are now available
in a full-text search database. The data-
books contain application notes and data
sheets describing semiconductor devices.
Motorola Semiconductor’s home page is
located at: http://Design-NET.com.
Motorola Semiconductor
INFO/CARD #202

Electronics Catalog

Jameco Electronics has released their
latest catalog. The catalog features over
150 new products, including: new ICs, con-
nectors, cables, test equipment, computer
products and more. Jameco’s product line
now includes over 6000 electronic and com-
puter products and more.
Jameco Electronics
INFO/CARD #201

ITU-T

Recommendations Online
ITU-T Recommendations constitute the
basis for international telecommunications
standards developed by the ITU Telecom-
munication Standardization Sector. A
annual subscription service to online elec-
tronic versions of these Recommendations
is now available. ITU-T Recommendations
Online offers over 1000 texts in English,
French and Spanish. They are available via
network interfaces such as the World Wide
Web, Gopher and FTP.
International
Telecommunication Union

INFO/CARD #200

Interconnection Industry
Electronics Manufacturing
Report

The American Electronics Association
(AEA) and the Electronic Industries Associ-
ation (EIA) have announced the availabili-
ty of the National Electronics Manufactur-
ing Initiative (NEMI) final report titled,
“Electronics Manufacturing Technology
Roadmaps and Options for Government
Action.” The report outlines the steps both
government and the private sector need to
take in the high-volume consumer electron-
ics manufacturing arena. Copies are avail-
able at a cost of $35.00 each.

AEA and EIA
INFO/CARD #199

Wireless
Test & Measurement

Hewlett-Packard has released a brochure
that describes a comprehensive suite of test
and measurement products that evaluate
wireless communications-systems perfor-
mance. The 18-page booklet, “Test and

Measurement Solutions for Wireless Com-
munications” (Literature 5953-9471E), is
available free of charge.

Hewlett-Packard Co.

INFO/CARD #198

Capacitance Meter
Literature

Boonton Electronics has released an
eight-page brochure on its Model 7200
capacitance meter, which offers accurate
and fast characterization of capacitive
devices, including semiconductors. The full-
color brochure details all pertinent fea-
tures, functions and applications of the
meter, including bias capability, automatic
zeroing, bus operation, and versatile plot
capability.

Boonton Electronics Corp.
INFO/CARD #197

EMC Desk Reference
International, Science & Technology

(I.S.T.) an independent RFI and telephone

product compliance test facility has

released the 1995 Desk Reference, Volume

3, issue 1, a booklet containing information

explaining the most commonly asked com-

pliance questions and test-proven design

fixes. The Desk Reference is available free

of charge from I.S.T.

International, Science

& Technology, Inc.

INFO/CARD #196

SAW Product Info

The Summer edition of Sawtek’s SAW
Scene contains an article about using a
family of SAW filters in CDMA basestation
and subscriber unit transmitters and
receivers. In the same issue, a new family
of low insertion-loss SAW filters at 70 MHz
are introduced.
Sawtek, Inc.
INFO/CARD #195

Master Selection Guide
QUALCOMM’s VLSI Products has
released their newly revised Master Selec-
tion Guide, featuring their complete line of
synthesizer, forward error correction and
voice compression products. The colorful,
37-page Guide details the three product
areas with photos, product applications,
block diagrams, and tables.
QUALCOMM Inc., VLSI Products
INFO/CARD #194

Technical Brochure

Wandel & Goltermann has released the
latest installment of its "bits" series of four-
color technical brochures. The new edition,
"bits 71," outlines techniques for testing
SDH/SONET networks, ISDN access, and
base transceiver stations in mobile radio
applications.
Wandel & Goltermann, Inc.
INFO/CARD #193
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RF DESIGN SEMINAR SERIES

Coming in the next issue:

Call for Papers

RF Design Seminar Series — Dallas
January 16-18, 1996 — Sheraton Park Central, Dallas, Texas

Papers are invited for the first RF Design Seminar Series event!
Technical presentatons on any RF topic are encouraged, with spe-
cial attention given to papers on recent engineering developments
in components and techniques for applications of current interest
— Cellular, PCS, WLAN, unlicensed systems, RFID, IVHS, LEO.

Oral Presentations
Oral presentations will be held during the day of January 18. Pro-
posals should indicate whether the paper will require one-half hour
or one hour for presentation, including a question-and-answer peri-
od. Papers may ccver engineering design or analysis, testing,
development case histories, or tutorial material.

Poster Session

A special evening Pcster Session will be held from 4 to 6 p.m. on
January 17. A social reception will be held in conjunction with this
session, providing a relaxed atmosphere for the discussion of your
work. Indicate your preference for this session in your proposal.
Some papers proposed as oral presentations may be invited to par-
ticipate in the Poster Session. RF companies are encouraged to
prepare technical papers or applications notes that can be included
in this interactive session.

Presenter Benefits
All speakers and paster session participants receive free admission
to the technical papers program and a copy of the Proceedings. In
addition, all presenters will be given significant discounts on class
fees for the short courses offered at this event. Your contribution
to the program is appreciated!

Send a one or two paragraph abstract by October 25, 1995 to:

Gary Breed, Editor
RF Design
6300 S. Syracuse Way
Suite 650
Englewood, CO 80111
Tel: (303) 220-0600
Fax: (303) 267-0234

Future Seminars:
Las Vegas, NV — April 24-26, 1996
Wakefield, MA — October 21-23, 1996

The RF Design Seminar Series — A Unique Learning Environment for RF Engineers

(November 1995)

Susceptibility/Immunity
Test Equipment and
Test Methods

European and FCC
Regulatory Update

Product Focus on
Ferrites

For Editorial or
Advertising
Opportunities, call:

EMC Test & Design
(303) 220-0600
Fax: (303) 267-0234

RF Design

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) 4384420
FAX (619) 4384759

INFO/CARD 59
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EXAMPLE GENESYS SCREE

MICROWAVE FILTERS
End coupled
Edge coupled
Hairpin
Stepped-Z
Combline
Interdigital
Elliptic lowpass
Elliptic bandpass
Sub lowpass
Stub bandpass
Stub bandstop
Edge bandstop

OSCILLATORS

L-C series mode

L-C Colpitts

L-C Clapp

T-line and L-C VCO
VCO with xformer
Cavity bipolar and hybrid
Dielectric resonator
Terminal SAW bipolar
Port SAW hybrid

Port SAW MOSFET
Pierce and Colpitts crystal
Driscoll crystal

Butler overtone
Overtone with multiplier

GENESYS includes free technical support,
no annual fees and a money-back guarantee

GENESYS is available for

MICROSOFT -
WINDOWS .

ey

tee

L
vy
L

‘e
e

~

MICROSOFT «
WINDOWS NT

EAGLEWARE

Eagleware Corporafion

with GENESYS, a suite of programs for synthesizing microwave filters
amplifiers, oscillators, active filters, matching networks and L-C filters

for your Touchstone, Spice and =SuperStar= simulator.

MATCHING NETWORKS
L-Cpiand L

L-C tee

T-line quarter wave

T-line single/double stub
General order bandpass

L-C pseudo lowpass

T-line pseudo lowpass

T-line stepped-Z

Custom with R' s and xformers

LUMPED FILTERS
Conventional all-pole
Conventional elliptic
Top-C coupled

Top-L coupled
Shunt-C coupled
Tubular

Blinchikoff flat delay
Zig-zag

Eagleware symmetric

ACTIVE FILTERS
GIC transform

Single feedback
Multiple feedback

Low sensitivity

State variable (biquad)
VCVS

Dual amplifier

FOR SIMULATION
ENGINES..

S

TOUCHSTONE
SPICE
SUPERSTAR

Touchstone is a product of HP/EEsof
GENESYS and =SuperStar= are products
of Eagleware

1750 Mountain Glen « Stone Min, GA 30087  USA

TEL (770) 939-0156 * FAX (770) 9390157
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"
SAME PRICES INTERNATIONALLY
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LW Powe
atinum

PLLatinum™: the industry’s highest performing PLLS.

Our single and dual PLLs are about to take you lower
than you've ever gone before. In fact, the PLLatinum -
family of PLLs consumes just 6mA at 3V. As a result, they MC12202

. . LMX{SOIA
They also offer better noise performance, improved lock ' ‘

[
MB1501
| o

deliver increased battery life for all your wireless designs.

times, and the industry’s widest frequency range. So call
1-800-324-4443, Ext. 604" for a free sample and a product

35 4 15
selection guide. Because isn't it time you went PLLatinum? Vee (V)

LMX1501A | LMX1511 | EMX2314/15| LMX2320 | LMX2325 | LMX2330A | LMX2331A | LMX2332A | LMX2335 LMX2337

RF Input-Main PLL | 1.1GHz 1.1GHz 12GH:z 20GHz 25GHz 25GHz 2.0GHz 1.2GHz 1.1GHz 550MHz
| RF Input-Aux PLL 510MHz | 510MHz | 510MHz 1.1GHz 550MHz

L
1. [typ) @3V | 6mA 15MA | 14mA 8mA 9mA 9mA
| Powerdown (typ) | NA WA J 1WA 1WA 1HA 1WA

National Semiconductor

*In Europe call +49 {0} 180 532 78 32 (English} or +49 (0) 180 530 85 85 (German); in Japan call 81-43-299-2300; in Southeast Asia call 852-2737-1600.
©1935 National Semiconductor Corporatton PtLatinum is a trademark of National Semiconductor Corporation. All rights reserved
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