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New from Loral Microwave

MIL-SPEC quality comes to
commercial wireless.

The same semiconductor products we designed
to meet MIL-SPEC standards - TVARS, PINS, SRDs,
multipliers and others - are now available for
commercial wireless. Applications include PCNs,
cellular base stations, antenna switching, LANS,
WANS and others.

Units come in SOT-23, MELF and EPSM (Enhanced
Performance) surface mount packages. Prices are
highly competitive with products designed to
meet commercial specs.

For more information, or to request samples,
call or fax, Loral Microwave-FSI, 16 Maple Road,
Chelmsford, MA 01824. Tel: (508) 256-4113.

Fax: (508) 937-3748.
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e

SOT-23 to 1 GHz

¢ Popular VHF/UHF PINS
and Varactors

« Ideal for pick-and-place

CER-MET"(MELF)
to 2.5 GHz

* Excellent power handling

e Low series inductance

¢ Hermetically sealed ceramic
package

» Ideal for pick-and-place

EPSM*to 5.0 GHz

¢ Low series inductance

¢ Available in SOT-23 footprint

¢ Tough epoxy-on-alumina
construction

¢ Ideal for microstrip or
pick-and-place

-
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Model AN930
9 kHz to 22 GHz

Model AN920
9 kHz t0 2.9 GHz

Model AN940

9 kHz to 26.5 GHz ! N 9 U D
S +B E S

’ VING PEKFUKVIAN N VE

THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS

With frequency coverage of 9 kHz to 2.9 GHz for the AN920, An automatic trace limits test function performs unattended
9 kHz to 22 GHz for the AN930, and 9 kHz to 26.5 GHz for monitoring and detection of erroneous signal conditions.
the AN940, the AN90QO series of spectrum analyzers can match Captured signals can be automatically stored in memory with
your RF and microwave testing requirements. time and date stamp for later recall and analysis or sent directly

In addition to being full-featured, portable spectrum analyzers, to a plotter via the standard RS-232 or IEEE- 488 interfaces.
each AN90O series model provides unique measurement A logical front panel control layout that avoids the use of
features never before available on any spectrum analyzer. menus or shift keys simplifies operation and enhances user

A wide 30 MHz resolution bandwidth filter provides productivity. For field use, a rugged portable design is comple-
unequalled measurement capability on wideband or spread mented by the ability to operate from DC power sources or
spectrum signals. When used in combination with the built-in from an optional rechargeable battery pack.
FM/AM receiver and modulation measurement scales, direct Other optional built-in features, including a 2.9 GHz tracking
measurement of wideband signal modulation components, generator, quasi-peak detector, and 0.02 ppm time base,
including frequency agile signals, is possible. expand each model’s possible uses.

A 25 MHz digitizing rate enables zero span measurements on
pulsed RF and digital signals at sweep rates as fast as 200 ns/div. Contact IFR for more information
Pretrigger and posttrigger delay allow precise time interval or or to arrange for a demonstration of
gated measurements. the AN920, AN930 or AN940.

I « IFR SYSTEMS, INC.

Hiyacp iy Il 10200 West York Street/ Wichita, Kansas 67215-8935 U.S.A.
Phone 316/522-4981/ 1-800-835-2352 / FAX 316/522-1360
INFO/CARD 2




FILTERS




dcto 3GHz .. ST1%5

lowpass, highpass, bandpass

¢ less than 1dB insertion loss ® greater than 40dB stopband rejecticn ®surface-mount ® BNC, Type N, SMA available

¢ 5-section, 30dB/octave rolloff ® VSWR less than 1.7 (typ) ®rugged hermetically-sealed pin models ®constant phase
* meets MIL-STD-202 tests ®over 100 off-the-shelf models ®immediate delivery
low pass, Piug-in. dc to 1200MHz
| Passband | Stopband, MHz Passband Slopband MHz
Model | MHz loss loss Model MHz
No _loss < 1dB J 2008 > 400B No loss < 1dB 1 > 2 1d8 2 >40dB
*LP-5 I DC-5 8-10 10-200 *LP-250 DC-225 320-400 400-1200
*LP-107 DC-11 19-24 24-200 % LP-300 DC-270 410-550 550-1200
*LP-214 DC-22 32-41 41-2( % LP-450 DC-4 580-750 750-1800
*LP-30 DC-32 47-61 61-20 * LP-550 DC-520 750-920 920-2
%*LP-50 l DC-48 70-90 90-200 * LP-600 DC-680 840-1120 1120-2000
LOW PASS *LP-70 DC-60 | 90-117 117-300 *LP-750 DC-700 1000-1300 1300-2000
*P-90 DC-81 121-137 167-4( LP DC-720 1080-1400 1400-2000
Y *LP-100 DC-98 146-189 189 4 *LP -850 DC-760 1100-1400 1400-2000
© *LP-150 DC-140 210-300 00-600 % LP-1000 DC-900 1340-1750 1750-2000
© *LP-200 | DC-190 | 290-3%0 390 -800 *LP 1200 OC 1000 1620-2100 2100-2500
§ Price (1-9 qty} all medels plug-in $1495 BNC $3295 SMA $3495 Type N $3595
S /
2| Surface-mount, dc to 570MHz
5 ‘ SCLF-214 DC-22 32-41 41-200 SCLF-130 DC-19 290-390 390-800
g SCLF-30 DC-3C 47-61 61-200 SCLF-380 DC 580-750 750-1800
e e e ~ SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000
SCLF-135 DC 135 210-300 300-600
frequency Price. (1-9 gty) all mode!s $1145
Flat Time Delay, dc to 1870MHz
Passpand | Stopband VSWR Group Defay Varations ns
MHz MHz Freq Range DC thru Freq Range DC thru
Model \ loss loss 02tco Q6fco fco 2tco 2 67fco
. No L loss<12dB | > 10dB >20dB X e 2 (! X ~— X -
. eny % BLP-39 DC-23 78-117 17/ 131 231 07 40 50
A *BLP-117 DC65 234-312 312 Te3S1 241 035 14 19
1 *BLP-156 | DC-94 312-416 416 031 114 03 11 15
3 Ve P %BLP200 | DC-120 400-534 534 161 191 04 13 16
£ ol ) : %BLP-30C DC-180 600-801 801 1251 221 02 06 08
: t—#———- ~ * BLP-467 DC-280 934.1246 1246 1251 221 015 04 055
3 ABLP-933 | DC-560 | 1866—2490 2490 1,31 221 009 02 028
I ABLP-1870 | DC-850 3740-6000 501 1451 291 005 01 015
Price, (1-9 qty). all maodets plug-in $1995, BNC $3695, SMA $3895 Type N $3895
L B NOTE A -933 and 1870 only with connectors, at additional $2 agove other connector models
P high Pass, Plug-in, 2756 to 2200Mz
Stopband Passband VSWR Slopband Passband, | VSWR
MH; MHz Pass MH MHz Pass
Modet loss loss loss band Mode! loss loss band
HIGH PASS No | <40c8B < 20dB i < 1dB L Typ . No | < 4048 < 20dB <1d8 R Tyr
*HP-25 DC13 13-19 | 275-200 181 *HP-400 | DC-210 210-290 395-1600 | 171
H—i % HP-50 DC-20 20-26 41-200 151 *HP-500 | DC-280 500-1600 181
© *HP-100 | DC-40 40-55 90-400 181 *HP-600 C-350 350440 201
° *HP-150 | DC-70 70-95 133-600 181 *HP-700 | DC-400 400520 161
€ *HP-175 | DC-70 70-105 | 160-800 151 *HP-800 | DC-445 445570 | 211
3 *HP-200 | DC-90 90-116 185-800 161 *HP-300 C-520 520-660 181
] *HP-250 | DC-100 100-150 225 1200 131 *HP 1000| DC-550 550-720 191
§. *HP-300 | DC-145 145-170 290 i3, 3}
S Price, (1-9 qty). all models plug-in $14 95 BNC $3695 SMA $3895 Type N $3995
el bandpass, Elliptic Response, Constant Impedance,
10.7 to 70MHz 21.4 10 70MHz
| Center | Passband 3dB Stopbands Center | Passband | Stopband | VSWR
| Freq ‘\ IL15d8 | Bandwidth L i tL Freq MHz | loss 131
BANDPASS Mode! i Max Typ >20dB 35d8 Model loss >20dB |Total Band
No (MHz) (MHz) (MHz) | atMHz | atMHz _No | MHz | <1dB | atMHz | MHz
S *BP-107[ 107 ] 96-115 | 89127 | 75815|06& 50-1000 *IF-214 214 | 1825 [13&150 | DC-220
© ‘ *BP-214 214 192-236 179-253 | 155829 (30& 80-1000 *IF-30 30 25 1 DC-330
! *BP-30 [ 300 270-330 25-35 22840 (32& 99-1000 *IF-40 42 3549 |2 DC-400
s * BP-60 600 550-670 495-705 44879 (46&190-1000 *IF-50 50 41-58 3 DC-440
= *BP-70 700 630-770 680-820 51894 160 & 193-1000 ::g §,8 (758 | %gg 3 Dg X
d Price, (1-9 qty), all models plug-in $18 95
s ; £ Price, (1 9qty\ all models plug-in
: BNG 54098 'SWA 94295 Type N 34395 BNC 53695 ‘SMA $3895  Type N 53995
"e")u'encv NOTE' xAdd Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement.
- - | ] ] ®
Mini-Circuits
INFO/CARD 3

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.



DAICO

High Density Intg_gration

o

DAICO DAICO DA Reduced Size
« Switches « Bit Detectors frr : ICO : »OA Superior Quality
« Attenuators + « Couplers = HighD eqsnty . Lower Cost
+ Phase Shifters + Modulators Integration Improved Reliability
« MMICS « Amplifiers

DAICO INDUSTRIES, INC.
Please call to discuss your particular application. é 2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220
Telephone 310/631-1143 ¢ FAX 310/631-8078

WE ACCEPT VISA AND MASTERCARD INFO/CARD 4

SWITCHES ~ ATTENUATORS ~ PHASE SHIFTERS ~ MMICS  BITDETECTORS  COUPLERS  MODULATORS  AMPLIFIERS

e
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Digital IF Processing
Subsampling and faster analog-to-digital
converters and enable designers to replace
a second IF section with digital signal pro-
cessing. This article describes some of the
issues associated with sampling, and digital
processing of an IF signal.

— Clay Olmstead and Mike Petrowski

Ultra Wide Band Analog

Signal Processor Products
This article presents descriptions and perfor-
mance data for a number of data conversion
and signal processing modules from Hughes
Aircraft's Advanced Circuits Technology
Center . — William W. Cheng

tutorial

62

78

81

Printed Circuit Board
Considerations for
Low Cost Design

Manufacturing processes today require more
performance from printed circuit board mate-
rials; both physical performance and price
performance. This tutorial discusses some of
the characteristics required of circuit board
materials, and compares some material
types. — Gary A. Breed

A Design Method For Unequally Terminated
Elliptic Filters

This article presents a non-iterative method for designing elliptic filters that
see source and load impedances which are different.
— Michael G. Ellis, Ph.D.

Utility Programs Simplify RF Analysis
in SPICE

This pair of programs is used to simplify SPICE analyses. SSWEEP allows
DC bias conditions to be stepped through a range of values while an AC
analysis is performed for each step. SSTRIP strips-out S-parameter results
from PSPICE™ and HSPICE™ analysis data and converts it to a Touch-
stone®-type S-parameter data file. — David K. Lovelace
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DECADES AHEAD

HIGH POWER
DUAL DIRECTIONAL
COUPLERS

—

WE,
»,

RLaTON, ;
e, i Ine.

* DIRECTIONAL COUPLERS
* POWER COMBINERS
* HYBRID JUNCTIONS

| [P.O. BOX 47 « ROUTE 22 » BREWSTER, N.Y. 10509
| 914.279-6187 » FAX 914-279-7404

L

MULTI-OCTAVE
BANDWIDTH
TYPICAL
SPECIFICATIONS
FREQ. RANGE ....... 80-1000 MHz

INS. LOSS ..0.1db
FLATNESS ... ..4+/-0.5db
DIRECTIVITY .. 20 db min.
VSWR ML .... .. 1.2:1max.
MODEL C3240

GCOLUREING. & wr. bt 40db nom.
OV EIRT (G S 200 watts
MODEL C3271

COUPLING ..o 50 db nom.
POWERCW ................ 1500 watts
BROADBAND HIGH POWER
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RF editorial

Enough
Politics —
Let’s Talk
Technology

By Gary A. Breed
Editor

For this month’s column, | was tempt-
ed to write about the half-billion doliars
that were bid for nationwide paging
licenses in the new PCS band. The
FCC’s mid-stream changes in the fees
for pioneer's preference PCS licensees
crossed my mind, too. And, | thought
briefly about a commentary on proposed
changes to the patent law.

But I've gotten on my socio-techno-
political soapbox often enough in the
past few months! Let's talk technology.
Specifically, let’s talk DSP.

Digital signal processing is getting to
be a big player in electronics of all sorts.
DSP compresses, expands and
enhances video so we can send more
images to more places. DSP enhances
our test instruments by adding a degree
of precision that analog processing just
can’t accomplish. Computer modems
use DSP to recover high-speed data
from our narrow-band phone lines —
quite a challenge. (I'm still not sure how
they get 28.8 kbits/sec into a 4 kHz
voice-grade bandwidth!)

As RF engineers, not all of us are
familiar with the mathematics of the time
domain. At best we had an introduction
in a linear systems class, and maybe
there was a chance to investigate some
basic DSP filter designs. Fortunately,
there is a growing group of RF engi-
neers who have become expert in this
realm, who are adding powerful new
capabilities to the analog signal pro-
cessing that RF engineers have so artis-
tically applied for many years.

What does DSP offer? In all of its
applications, the attraction is twofold:
mathematical precision and stability.
There are very few, if any, functions that
cannot be performed using either analog
or digital processing techniques. But, for
example, analog filters are not practical

when very high order responses are
necessary. Plus, changing filter parame-
ters means that a bunch of analog filters
are needed to select from. DSP makes
filtering a snap with its programmability.

DSP also very attractive for perform-
ing modulation and demodulation. All
modulation techniques are readily
defined in mathematical terms, an ideal
match for DSP’s computational engine.
This is especially valuable with the com-
plex modulation techniques being
applied to high-speed digital communi-
cations.

But before we get totally enamored
with DSP, we need to remember a few
things that is can’t do — at least, not
yet. DSP is digital. It's quantized nature
means that continuous functions are not
handled as well as analog circuits will
handle them. The sine wave is a good
example of such a function. DSP needs
anti-aliasing filters to reduce (but not
eliminate) the signal distortion artifacts
that are a necessary result of a finite
number of bits of resolution.

The same limitation in resolution also
limits dynamic range. High performance
DSP may have 75 dB spurious-free
dynamic range at IF, and 90 dB at base-
band frequencies. However, 100-115 dB
SFDR performance is readily obtained
by analog circuitry, which is much closer
to the range of signals found in real-
world radio transmissions. If dynamic
range is important, systems must use an
optimum combination of analog and dig-
ital processing.

Still, let’s get excited about DSP for
RF applications! It's not an intrusion of
digital technology into our familiar ana-
log world — it's another powerful tool to
get those analog RF signals transmitted
and received with the greatest possible
performance.

September 1994



ULTRA-BROADBAND
RF POWER AMPLIFIER

MODEL 7100LC

EMI-EMC-RFI

AC Operation

Fully Protected

Drive Mismatched Loads
No VSWR Shutdown

ALC Flat Gain Response
Remote Functions
Lowest Prices

IEEE Interface Capability

RIS

ENG/NEE/?/NG

1-800-344-3341
(206) 485-9000 1(206) 486-9657
21820-87th S.E.  Woodinville, WA 98072 USA

JOUNTRY REPRESENTATIVE TELEPHONE NO. _ FAGSIMILE NO.

RANCE KMP ELECTRONICS 33146450945 33146452403
RMANY EMCO ELEKTRONIK 49898562071 49898597785
bWEDEN MAT & TEST TEK. 4687926100 4687923190

ALL SOLID-STATE MOS-FET RF AMPLIFER SYSTEMS

SPECIAL
MODEL __ RF OUTPUT __ FREQUENCY RANGE  GAIN  USA PRICE

700LC 1.5WCW .003-1000 MHz  33dB L7
704FC 4W CW .5-1000 MHz ~ 33dB $ 2,095
210LC 10W CW .008-225 MHz  40dB $ 2,495
710FC 10W CW 1-1000 MHz  40dB $ 6,695
*727LC 10W CW .006-1000 MHz  44dB $ 7,950
713FC 15W CW 20-1000 MHz  42dB $ 5,680
225LC 25W CW .01-225 MHz  40dB $ 3,295
*737LC 25W CW .01-1000 MHz ~ 45dB $ 9,995
712FC 25W CW 200-1000 MHz  45dB $ 6,950
714FC 30W CW 20-1000 MHz  45dB $ 9,350
250LC 50W CW .01-225 MHz ~ 47dB $ 5,550
715FC 50W CW 200-1000 MHz  47dB $ 14,990

707FC 50W CW 400-1000 MHz ~ 50dB $ 10,990

716FC 50W CW 20-1000MHz  47dB $ 17,950
*747LC 50W CW .01-1000 MHz  47dB $ 18,550
116FC  100W CW .01-2256 MHz  50dB $ 9,500

709FC  100W CW 500-1000 MHz  50dB $ 16,990
717FC  100W CW 200-1000 MHz  50dB $ 19,500

718FC  100W CW 20-1000 MHz  50dB $ 29,800
7100LC  100W CW 80-1000 MHz  50dB $ 19,500
*757LC 100W CW .01-1000 MHz  50dB $ 29,950

122FC  250W CW .01-225 MHz  55dB $ 19,950

723FC  300W CW 500-1000 MHz  55dB $ 29,995
LA500V  500W CW 10-100 MHz  56dB $ 12,900

LAS00UF  500W CW 100-500 MHz 57dB $ 46,000
LA500G 500W CW 500-1000 MHz  57dB $ 55,000
LA1000V 1000W CW 10-100 MHz  60dB $ 22,500
LA1000UF 1000W CW 100-500 MHz 60dB $ 75,000
LA1000G 1000W CW 500-1000 MHz  60dB $ 99,000
IF-488 Interface $ 2,000
RUGGED VACUUM TUBE DISTRIBUTED AMPLIFIERS
116C 100W CW .01-220 MHz  50dB $ 9,995
122C  200W CW .01-220 MHz  53dB $ 12,950
134C  500W CW .01-220 MHz  57dB $ 20,500
137C 1000W CW .01-220 MHz  60dB $ 28,950
140C 2000W CW .01-220 MHz  64dB $ 46,500

Warranty: Full 18 months all parts. Vacuum tubes 90 days
* = Indicates Dual-Band System (coaxial band switching)

Mare Then 200 Standerd Medels
to Choose From

INFO/CARD 6



High Power RF

Amplifiers and Power Generators

r specialty is producing quality CNC machinery.

high power RF amplifiers, power
ﬁ%erators and transmitters in the

uency range of 1 MHz to 250 MHz

and at power levels up to 5000 watts.
We can deliver amplifiers from
stock, custorn build your design or

design a product to your specifications.

e manufacture from start to
finish using modem CAD tools and

Whether you need one or OEM
uantities, you'll get the lowest prices and
e fastest delivery in the industry.

For more information, call toll-free

800-647-1801 and ask for Steven Pan.

I~
Free Information
Write or call Steven Pan . . . 800-647-1501

This FET linear amplifier covers VLF 1o
VHF with 200 watts continuous power output
or 1500 watts output in pulse applications.

200 Watt FET Linear Amplifier Module is
ready-to-use. Can

be combined 1o

produce several F.

kilowatts.
Modules available

Jfor 2-30 MHz;
30-120 MHz;
120-250 MHz
Evaluate one today!

The rugged Eimac® 3CXI500A7 tube in this HF
amplifier delivers over 750 watts of continuous
power or up 1o 4 KW of puised ouput power.

We sell Eimac® tubes
Call toll-free 800-647-1801

AMERITRON’

... the high power RF specialists
921 Louisville Road + Starkville, MS 39759
(601) 323-8211 » FAX: (601) 323-6551

8 am. - 4:30 p.m. CST, Monday-Friday
Prices and Specifications subyect to change © 1994 Ameritron, Inc.
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“Coaxial relay reliability
has always been a problem.
About five years ago, we
switched to TohTsu Coaxial
Relays in our high-power
amplifiers. Since that time
we have not experienced a
single relay failure.”

“TohTsu offers traditional
Japanese quality and workman-
ship. The contact designs are
exceptional, making a relay that
has proven itself both electrically and
mechanically reliable.”

“Henry Radio will now distribute a
full line of TohTsu Coaxial Relays.
Most common configurations and con-
nectors are available AT VERY
REASONABLE PRICES. Please call
or write today for complete informa-
tion, prices and specifications.”

. CX-600N

Y RADIO

2050 South Bundy Drive
Los Angeles, CA 90025
Phone (800) 877-7979

REF design

Estabiished 1978
President — Argus Business
Jerrold France

Editorial and Advertising Offices
6300 S. Syracuse Way, Suite 650
Englewood, CO 80111

(303) 220-0600 Fax: (303) 267-0234

Vice President and Group Publisher
David Premo (303) 220-0600

Editor and Associate Publisher
Gary A. Breed (303) 220-0600

Technical Editor
Andrew M. Kellett (303) 220-0600

Consulting Editor
Andy Przedpelski, The Shedd Group

Editorial Review Board

Madjid A. Belkerdid, University of Central Florida
Alex Burwasser, RF Products

Dave Krautheimer, MITEQ, Inc.

Ed Oxner, InterFET Corporation

Jeft Schoenwald, Rockwell International
Raymond Sicotte, American Microwave Corp.
Robert J. Zavrel, Jr., Metricom

Corporate Editorial Director
Robin Sherman (404) 618-0267

Account Exectives

Jessica Caid (303) 220-0600

Gordon Henderson +44 (0)1737 768611
Mike Henry (703) 257-1202

Tisha Hill (303) 220-0600

Jeff Peck (303) 220-0600

Dan Rowland (212) 613-9700

Cindy Solomonson (303) 220-0600

Classified Advertising Manager
Carmen Hughes (404) 618-0298

Vice President — Production and Promotion
Cherryl Greenman (404) 618-0302

Production Manager
Jenny Tague (404) 618-0401

Reprints Manager
Vivian Peterson (303) 220-0600

Vice President — Marketing Research Director
Tina D'Aversa-Williams (404) 618-0337

Vice President, Clrculation
Doug Florenzie (404) 955-2500

Creative Director
Brian Buxton (404) 618-0108

Art Director
Alan Kohn (404) 618-0368

List Rental Manager
Etta Davis (404) 618-0266

Argus Business Corporate Offices
6151 Powers Ferry Rd., NW.
Atlanta, GA 30339-2941

Tel: (404) 955-2500
\ V/BRA.
£
ARGUS

A Division of
Argus Inc

President — Argus Inc.
Scott Smith (404) 618-0286

Vice President, Finance — Argus Inc.
Wayne Otterbourg, C P A (404) 618-0153

Senior Vice President — Argus iInc.

— Ted S. Henry F‘}\' 331103582351727330 Arthur E. Sweum (404) 618-0109
President — Argus Trade Shows
Dennis Corcoran (404) 618-0485
INFO/CARD 8

Subscription inquiries: (708) 647-0756



With A Focus On #
MMIC Integration!

CALL MERRIMAC for CaseFree
Chip Compatible Components hl Merrlmac

Wes Cad NJ 07006
T 8135 (20 5 5-0831
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(GIGATRONICS

SYNTHESIZED

RF SiGNAL

(GENERATORS

Yes, Giga-tronics is a new name in
RF synthesizers.

But this new choice may be
your best choice.

Because an RF synthesizer
from Giga-tronics is an incredible
value. You get proven performance
and reliability at a low price,
backed by an experienced service
organization.

Here are the specifics.
Performance.

Check the charts. Giga-tronics
offers four instruments, each with
its own unique combination of
performance and capability.

The 606IA is ideal for
accurate and affordable gen-
eral purpose RF testing.

The 6062A adds the
modulation capability you
need to generate complex

© 1994 Giga-tronics Incorporated

signals for communications and
radar testing.

And the 6080A and 6082A
give you the performance and
capability to test sophisticated
systems accurately and quickly.

It’s easy to command the
power and capability of each

instrument from the front panel.

And the low profile, standard
rack size and |EEE-488 interface
make each instrument ideal for

ATE applications.

Giga-tronics offers you a full line of RF synthesizers
with proven performance and reliability at low prices.

SSB PHASE NOISE (dBc/Hz} AT 1 GHz

Giga-tronics May Not Be The First Name
You Think Of For RF Synthesizers,
But It Should Be.

a0 010 100 1000 10000

OFFSET FREQUENCY FROM CARRIER (kHz)

Reliability.
The John Fluke Manufacturing
Company initially developed and
introduced this line of synthe-
sized RF signal generators. To
date, thousands have performed
flawlessly in
the field.
The
instru-
ments
incorpo-
rate self-
testing,

o~




Giga-tronics ’ Giga-tronics

Specifications Giga-tronics Giga-tronics |
6062A | 60824
Frequency
Range 0l to 1050 MHz 1 10 2100 MHz 0l to 1056 MHz J 102112 MHz
Switching speed <100 ms <100 ms <100 ms <100 ms
Spectral Purity*
Spurious <-60 dBc <-54 dBc <-100 dBe <-94 dBc
Subharmonics None <-45 dBc None <-45 dBc
Phase Noise®
@ 20 kHz offset <117 dBc/Hz <-110 dBc/Hz <-131 dBc/Hz <-125 dBc/Hz
Residual FM* <12 Hz <24 Hz <I.5Hz <3 Hz
internal diagnostics and modular (Bandwidth) (.5 to 3 kHz) (5 to 3 kHz) (3 to 3 kHz) (3 to I kHz)
design for easy fault isolation. o
! Range* +3t0-147dBm | +|3to-147dBm | +I7t0-140dBm | +13 to-140 dBm
Service. Accuracy tl dB >127 dBm | £1.5dB >-127 dBm | t| dB >127 dBm | | dB >-127 dBm
If a problem occurs, our technical Reverse Power Protection 50 Wates/50 Vde | 25 Watts/25 Vdc 50 Waus/50 Vde | 25 Wates/25 Vdc
support staff can often help you Amglidle i
. Depth 0-99.9% 0-99.9% 0-99.9% 0-99.9%
find and fix it over the phone. Distortion @ 30% <% ax <1.5% <15%
If you need to return an Frequency Modulation
instrument for Service' we can Max. Deviation* 100 kHz 400 kHz 4 MHz 8 MHz
! z Distortion <I% <1% <I% @ 50% Dev. | <I% @ 50% Dev.
take care of it at our factory in
lif 4 f Phase Modulation NA
California, or at one of our Max. Deviation* 40 Rad. 401400 Rad. 801800 Rad.
worldwide service centers. P ai NA
Experience. On/off >80 dB >40/60 dB >80 dB
. 2 Risefall time <I5ns <15 ns (Typ 7.5 ns) | <15 ns (Typ 75 ns)
Granted, Glga tronics may be a Minimum Pulse Width < ps <30 ns <30 ns
new name for RF synthesizers, Incerral Modulation Source | | 400, 1000 Hz 400, 1000 Hz | 0. Hzto 200 kHz | 0.1 Hz to 200 kHz
but it’s a trusted name to Level Range NA NA 0to 4 Vpk 0 to 4 Vpk
microwave test pr ofessionals. Waveforms Sine Sine Sine/Sq/TrilPulse Sine/Sq/TrilPulse
Gi ies h 14 hi Programmable Yes Yes Yes Yes
Iga-tronics has a -year his-
8 y Memory Locations (NVM) 50 Full Function 50 Full Function 50 Full Function 50 Full Function
tory of building test and measure- |

ment gear for the most demand-
ing requirements. We've shipped

thousands of instruments for use

*Specifications for the 606 1A and 6080A are at | GHz, and specifications for the 6062A and 6082A are at 2 GHz. Phase noise is

typical for the 6061A and 6062A.

in testing communications, radar may be your best choice.
Call us toll free at 800 726
GIGA (4442). We'll send you

more information and arrange

and EW systems.

Value.

What makes a
Giga-tronics RF for a demonstration.
Signal Generator

such an incredible

Giga-tronics
value is its blend of
proven performance Giga tronics Incorporated
4650 Norris Canyon Road
San Ramon, California 94583
Telephone: 800 726 4442 or
510 328 4650
Telefax: 510 328 4700
INFO/CARD 10

and reliability at a
low price.
Take a closer look
at Giga-tronics. The new
choice for RF synthesizers




REF letters

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

Another Note on ECL for RF
Editor:

I have the following comments on "A
Note on ECL for RF" in RF letters in the
June, 1994 issue of RF Design by David
Freedman of Exetron. He was address-
ing the article on analog use of ECL by
R.N. Mutagi in the April, 1994 issue.

Generation of Vgg in ECL circuitry is a
problem. The Vgg output of the few
devices which provide it generally cannot
be heavily loaded. | have used the circuit
of Figure 1a, similar to Mr. Freedman's,
with the following reservations:

1. It may oscillate if the gain of the gate
is unusually high and/or if the Vgg
bypass capacitor has poor high frequen-
cy characteristics.

2. It produces a voltage approximately
equal to the gate's internal Vgg, an
unspecified parameter. With 2 kQ resis-
tance in the feedback path as shown by

Ves

nnr
b (‘ S

/\/\
VBBQ‘—l d
l

JLE

vrT
VEE

I

Mr. Freedman a 50 pA bias yields an
additional 100 mV offset .

3. It may not "track” changes in the
logic high and low levels caused by tem-
perature and Vg changes.

The circuits of Figures 1b and 1c pro-
duce a Vgg equal to the average of the
logic high and low levels and by and
large overcome the above objections.
The input in Figure 1c is a logic square
wave, or a delay-line oscillator could be
used. These circuits correct some over-
sights, but they still should not be consid-
ered rigorously analyzed.

In addition, Mr. Freeman states that
the circuit of Figure 1a (or similar to it)
"has become a standard for developing a
digital clock from a sine wave reference."
This is problematical if the duty cycle of
the digital signal is not 50% (it seldom
is). It is preferable to use a device with
differential inputs such as a line receiver,

Figure 1. ECL circuits for producing DC bias and digital clock signals.

as in Figure 1d, or a comparator. Incor-
poration of hysteresis is recommended.

Pat Conway
Rancho Palos Verdes, CA

Dinged-Up Diagram

The schematic for Dominic Ciardul-
lo's fast envelope detector, (July 1994,
pg. 34, Figures 2a and 2b), contained
several printing errors. Rather than
print the diagram in this small space,
we invite readers interested in studying
or building the circuit to send a SASE
to RF Design. 6300 S. Syracuse Way,
Ste. 650, Englewood, CO 80111, to
receive the full-size schematic. The
schematic contains all component val-
ues and important notes. We apolo-
gize for any inconvenience the original
schematic may have caused.

14
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The  Hummingbird They are widely used We have been

1s acclaimed as the epitome in master and slave clocks providing frequency

of stability. This it achieves in telecom networks control products

by beating its wings at and as precision of the utmost reliability

frequencies up to 80 references

to many of the world’s

beats per second. for frequency and leading manufacturers of
; time measurement communications equipment
C-MAC’s qp
mstruments. for nearly 50 years.
frequency
control -

products are

PERFECT STABILITY

equally renowned for

their perfect stability,
even at frequencies up to =

2.6 GHz.

This we  achieve
through growing flawless
synthetic quartz  and
combining 1t with

expertise in design and

Our ASIC  design We will continue to
expertise has enabled us to build strategic partnerships
produce the world’s smallest with our customers and
high stability, low power, suppliers, to pioneer new

manufacture to  produce temperature controlled oscil- markets and set the pace

a range of frequency lator (TCXO), which is n frequency control

control  products highly successful in .’ » products.
with  exacting tactical radios and satellite 7 C-MAC Quartz Crystals
4709 Creckstone Drive Suite 311
stability and navigation and positioning Riverbirch Building Momsille NC 27560 USA
Tel: (919) 941 0430 Fax: (919) 941 0530
precision tilning' equipment fOI‘ GPS. C-MAC Quartz Crystals Lid
Edinburgh Way Harlow
C-MAC oscillators are B (s AN g
Further development Tel: +44 (0) 1279 626626
o . . : +44 (0) 1279 454
used worldwide in SONET / of our ASIC technology is in 7 © Eees
SDH systems and now in the progress for a new generation [ ‘ ",lM A‘ :X
latest ATM applications. of miniature oscillators.
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Actual size

Oscillatek manufactures OCXO’s
in a wide assortment of packages.
This SMALL PACKAGE OCXO is
available from:

1.0 to 50.0 MHz
t<— 1 07—-1
AL
2 e
Pin DIA. .030 T e

PIN '1|2[3|4|5

Function |OUT |GND|VCO-IN| VCO-REFlSUPPLY

Output  TTL, HCMOS or SINE
Stability To 1x10® 0° to 50°C
or 5x10° -40° to +85°C

Supply 45,12, 15 0r 24.0 VDC
Supply <3 watts at turn-on
Tuning  Electrical

Oscillatek manufactures a
complete line of military,
aerospace and commercial:

OCXO'’s & OVCXO'’s
TCXO'’s & VCXO'’s
HYBRID CLOCKS
QPL CLOCKS

OSCILLATEK

A TECHNOLOGIES COMPANY

620 NORTH LINDENWOOD
OLATHE, KS 66062
FAX (913) 829-3505
PH. (913) 829-1777

INFO/CARD 13

16

RF calendar

September
27-29

27-29

October
3-7

13-15

25-26

25-27

November
2-5

15-17

Wescon 94

Anaheim, CA
Information: Wescon/94, 8110 Airport Blvd., Los Angeles, CA
90045. Tel: (800) 877—-2668 or (310) 215-3976. Fax: (310)
641-5117.

16th Piezoelectric Devices Conference

Kansas City, MO
Information: Electronic Industries Association, 2001 Pennsyl-
vania Avenue, N.W., Washington, DC 20006. Tel: (202)
457-4930. Fax: (202) 457-4985.

Antenna Measurement Techniques Association

Long Beach, CA
Information: 1994 AMTA Symposium, School of Engineering
and Computer Science, Center for Research and Sciences,
California State University, Northridge, 18111 Nordhoff St. -
SECS, Northridge, CA 91330. Tel: (818) 885-2146. Fax:
(818) 885-2140.

World Media Expo

Los Angeles, CA
Information: National Association of Broadcasters, Eric Udler.
Tel: (202) 429-5336.

Radio Solutions, Exhibition and Conference for the Low
Power Radio Industry

Birmingham, England
Information: Radio Solutions, Low Power Radio Association,
The OId Vicarage, Haley Hill, Halifax, HX3 6DR, UK. Tel:
0422 380397. Fax: 0422 355604.

Microwaves '94

London, England
Information: Anna Tapster, Nexus Business Communications,
Warwick House, Swanley, Kent BR8 8HY, United Kingdom.
Tel: 44 322 660070. Fax: 44 322 614898.

Intelecom 94

Turin, ltaly
Information: Kelly Muese, Microwave Journal, 685 Canton
Street, Norwood, MA 02062. Fax: (617) 762-9230.

Second Adaptive Antenna Systems Symposium

Long Island, NY
Information: Tom Campell, P.O. Box 36, Greenlawn, NY
11740-0036. Tel: (516) 757-3008.

RF Expo East

Orlando, FL
Information: Argus Trade Shows, 6151 Powers Ferry
Road, NW, Atlanta, GA 30339. Tel: (800) 828-0420. Fax:
(404) 618-0441
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File Options Window Help
= Attenuator Group vlalll= Switch Group [wla
Rotary High Power Bench Top I I
SPDT SP4T SP8T
S = o=
Programmable Fixed Switched Matrix Loss Of Signal Subsystems
Filter Group vialll= Passive Components Group vla

i@}@a

Surface Mount

Tubular

D DN

Tunable High Power

T .

“\Yf

\/ Feed}hrqugh
Detectors Terminations Terminations
Impedance gs |

Matching Pads Mismatches

DC Blocks J

Trilithic ... Today's Icon in RF and Microwave Components

ouble click on our attenuator group to select units with
equency ranges as high as 18 GHz. Types offered include
‘ogrammable step, rotary step. bench top. pushbutton,
echanically swiiched. or tixed.

@ 50 or 75 OHM impedance

@ Fixed values from 1 to 60 dB

¥ Power ratings from 0.5 1o 500 Watts

@ Dynamic ranges to 127 dB

@ Step sizes as low as 0.1 dB

Al down our switch menu for a diverse assortment of
ectromechanical RF switches and switching/control
ibsystems. Ideal for RF, video switching and data routing
plications.

® 50 0r 75 OHM impedance

® Frequency range of DC to | GHz

@ Typical isolation is 70 dB

® Voliages of 5. 12, and 24 VDC

® Options of TTL control or latching relays

eturn to the filter group and there will be an unsurpassed
Jlection of surface mount L/C (first introduced by Trilithic),
wvity. tubular, tunable and high power filters.

Highpass. lowpass, bandpass and bandstop

Power ratings to 2 Kilowatts

For high reliability, military and wireless
communications

High volume production capability

Connectorized. PC. or surface mount

INFO/CARD 14

Find help in our passive component group with a useful
mixture of detectors, matching pads, high and low power
terminations, feedthrough terminations, calibrated
mismatches and DC blocks for many production and
lab tests.

@ Terminations to 1000 Watts

® 50.75.93 and 600 OHM matching pads

@ 1.0:1 through 5.0:1 calibrated mismatches

® 50 and 75 OHM RF detectors

@ Many items available from stock

Call 1-800-344-2412
for our new 93 page
catalog and a free
copy of TRICAT. a
DOS-based filter
catalog on a disk for
your PC.

TRICAT version 2.1

1s now available on
a3 1/2” diskette!

@ TRILITHIC
9202 E. 33rd Street
Indianapolis. Indiana 46236
(317) 895-3600 (800) 344-2412 FAX (317) 895-3613



Now you can rent or lease

Noise Com test equipment from
AT&T Capital Corp.,
Instrument and Data Services.
All of your test equipment needs can be

answered immediately for short-term rental or
long-term leasing from AT&T Capital. The
UFX-BER Precision Carrier-to-Noise Generator
and the MP2400 Multipath Fading Emulator are
in stock for immediate delivery. Also available is
our standard line of noise-generating products,
the UFX-7000 series programmable instruments
and the NC6000 series noise generators. Together,
Noise Com and AT&T Capital can give you the
outstanding service and support you have come

to expect.

New products for wireless.

One example of the technology available is
the MPP2400 Multipath Fading Emulator. The
instrument can test GSM, DCS, CDMA, TDMA,
and most other wireless systems. It emulates
up to two multipath faded RF channels, meeting
the requirements of mobile telephone standards.
Extremely easy to use, the MP2400 takes
advantage of Microsoft Windows;™ an intuitively
easy graphics interface. Plus, a built-in 486DX-33
computer with keyboard, mouse, and VGA
display makes the MPP2400 powerful and
flexible enough to control an entire system!

We're better at BER.

BER testing can be very time consuming,

so we designed an instrument to let you do it




Noise Com and
AT&T Capital Corp.,
Instrument and

Data Seruvices,
have tied the knot!

faster. Our UFX-BER series Precision Carrier-to-
Noise Generators set C/N, C/No, C/I and Eb/No
ratios accurately, and can slash the time it takes to
evaluate BER performance by orders of magnitude.
These are just two examples of the powerful
test tools in Noise Com’s family of instruments
dedicated to wireless product and system testing.
We also offer an E/S and cell site monitor, BER
testers, jitter generators, and AWGN generators.

To receive a FREE copy of our application
notes and details about any of our
products for wireless testing,
contact Bent Hessen Schmidt at
Noise Com, E. 49 Midland Ave,,
Paramus NJ 07652. e =
Tel: (201) 261-8797. -
Or fax us at (201) 261-8339.  sgt=r)

e
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%%q(: Wireless International Corp.

A DIVISION OF NOISE COM




RF news

Short-range wireless toll collection
systems are seeing increased use.
These electronic toll collection (ETC)
systems are poised for widespread
application at toll roads, bridges and
tunnels. According to Electronic Toll
Collection: Technology Update and
Market Analysis, a report by Waters
Information Service, the aggregate
market for ETC systems will be $1.75
billion by the year 2005. Estimates for
the current market are $225 million,

Report Predicts $1.75 Billion
Electronic Toll Collection Market

but within 10 years, more than 15 mil-
lion vehicles are expected to be
equipped with ETC transponders. The
report contains forecasts for: (1) toll
lane equipment, including automatic
vehicle identification antennas, video
enforcement and vehicle classification
equipment; (2) ongoing maintenance
costs; and (3) in-vehicle transponders
and smart cards. More information can
be obtained from Waters Information
Service, (212) 925-6990.

ANSI Calls for U.S. to Focus
on Global Standards

The American National Standards
institute (ANSI) has called for a greater
emphasis on global standards by Ameri-
can business. The role of ANSI and its
members is to promote, accelerate and
coordinate timely development of volun-
tary consensus standards. ANSI is
establishing an Information Infrastruc-
ture Standards Panel within the national
voluntary standards system to support

rapid development of a national and
worldwide electronic superhighway.
"Standards are all about global market
access, strategic corporate advantage
and a constructive cooperation between
business and regulatory agencies
throughout the world," according to
ANSI president Sergio Mazza.

Call for Papers on Computa-

tional Electromagnetics
The Applied Computational Electro-

Market research firm Frost & Sulli-
van predicts that wireless office equip-
ment will increase from virtually zero to
20 percent of the office telephone mar-
ket by the year 2000 (see chart), heip-
ing fuel an overall growth of nine per-
cent. Details are included in their

Wireless Office System Growth Predicted

report, "WORLD PBX, KEY, WIRE-
LESS, PC-BASED AND SWITCH
TELEPHONY MARKETS." The full
report is available for $2295; For more
information, contact Amy Arnell at
(415) 961-9000. Frost & Sullivan is a
subsidiary of Market Intelligence.

18+

164 @ Revenues in $Billions
a % Growth Rate

14

12
10

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
[Compounded Annual Growth Rate (1994-2000): 8.8%)]

Total PBX, wireless, PC-based and switch telephony market: revenue forecasts
(worldwide) 1990-2000. Source: Frost & Sullivan.
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magnetics Society (ACES) announces
the Call for Papers for the society's 11th
annual conference to be held March 20-
24, 1995 at the Naval Postgraduate
School in Monterey, Calif. Papers may
address general issues in applied com-
putational electromagnetics, or may
focus on specific applications, tech-
niques, codes, or computational issues.
Prospective authors should contact the
Technical Program Chairman: Ray
Luebbers, Department of Electrical
Engineering, Pennsylvania State Univer-
sity, University Park, PA 16802; tel:
(814) 865-2362; fax: (814) 865-7065; e-
mail: lu4 @psuvm.psu.edu. A 300-500
word summary is due by October 3,
1994.

EIA Reports Jump in Med-

ical Equipment Exports

U.S. electromedical equipment
exports increased by nearly 20 percent
during the first quarter of 1994, to $1.1
billion, according to the Electronic Indus-
tries Association (EIA). Leading the way
were electro-surgical instruments and
appliances, with a 36 percent increase.
Apparatus based on X-ray uses were up
25 percent, and ultrasonic scanning
equipment was up 20 percent. Japan
was the largest U.S. export market dur-
ing this period, with Canada, the Nether-
lands and France showing the largest
percentage increases. Combined with a
6 percent fall in imports of this type of
equipment, the positive U.S. trade bal-
ance was $540 million for the first quar-
ter of 1993. For comparison, the trade
balance for all of 1990 was $587 million,
which has risen to $1.2 billion for 1993.

Student Engineers Revive
105-foot Radio Telescope

For two years, students at Georgia
Tech have had a unique hands-on engi-
neering opportunity. They have been
working to restore to operation two large
dishes at a former AT&T satellite track-
ing facility in Woodbury, Georgia. Origi-
nally built in the 1970s for defense-relat-
ed satellite work, the facility was aban-
doned in the 1980s, and later acquired
by the Georgia Tech Research Institute
(GTRI), a non-profit research facility
operating in conjunction with Georgia
Tech. Using the help of about 50 stu-
dents and donations of replacement
equipment from AT&T, the facility has
become operational once again, and
was used to observe the impact of
comet Shoemaker-Levy on Jupiter using
the 5 cm wavelength microwave band.

September 1994



OQur chip caps fit in

a pager so small, it comes
clipped to a 4-inch belt.

These days, when design engineers think big, theyre usually
thinking small. So they need highly miniaturized components
like Murata 0402 ceramic chip capacitors. Murata has led the
world in setting standards for quality and miniaturization in chip
capacitors. So it should be no surprise that the world’s largest
manufacturer of ceramic capacitors introduced the smallest size
currently available, the 0402. Our array of capacitors includes

monolithic ceramic capacitors, microwave capacitors, ceramic

disc capacitors and variable capacitors. And whether your design
includes high voltage or high frequency applications, or requires
superior performance and stability under high temperatures, you
should depend on the quality of Murata capacitors. Especially
when you're designing a product to go on the wrist, instead of the

waist. For more information, call 1-800-831-9172, ext.153.

multata

® A small part

in your success
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Only Compact Software
offers a complete family

of RF and microwave design tools for Windows!

Frequency-Domain Simulation - Compact Software offers a
complete family of linear and nonlinear circuit simulation tools
for the PC. The Super-Compact linear simulator offers
accurate analysis and optimization of circuits from DC through
millimeter-wave frequencies. The Microwave Harmonica
nonlinear simulator builds on this foundation by adding
harmonic-balance nonlinear analysis and optimization.
Microwave Scope completes the family by adding models of
optoelectronic devices including laser diodes, detectors, and
fiber-optic links.

Time-Domain Simulation - Compact's Super-Spice
simulator combines the traditional capabilities of SPICE with
high frequency models for active devices and microstrip
discontinuties. A unique electromagnetic field solver provides
accurate modeling of inter-trace coupling effects.

Schematic Capture - Compact’s Serenade Schematic
Editor makes capturing RF and Microwave designs quick and
easy. Complete symbol libraries are included for both device
and layout features, allowing designers to drive the complete
capture-simulate-layout process.

Physical Layout - Serenade Layout, based on AutoCAD,
uses information from the designer’s schematic to
automatically generate a finished layout. Data is quickly
post-processed to popular manufacturing formats.

System Simulation - The Microwave Success system
simulator allows entire systems to be simulated and optimizec

Device Modeling - Compact’'s Netcom and Scout programs
allow data to be acquired from popular vector network
analyzers and fitted to popular device modeils for simuiation.

Best of all, Compact’s entire family of high-performance
PC CAD software is available NOW!

Compact
Software

MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS

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




For more information and
a free demo disk . ..
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Name:
Title:
Company:

Address:

Country:
Fax #:

Phone #:

Compact Software products are sold and
supported through a large network of
International Reps and Distributors.

To find the name of the Compact Sales
Representative for your area, please call:

North and South America
Compact Software

201 McLean Boulevard
Paterson, NJ 07504
201-881-1200
201-881-8361 FAX

Europe

Electronic Software Components GmbH
Alpenstrasse 20, D-85614

Kirchseeon, Germany

+49-8091-6845

+49-8091-4804 FAX

Asia-Pacific

Compact Asia-Pacific Sales Center
764 Dailey Avenue

San Jose, CA 95123
408-362-0363

408-362-0507 FAX

or complete this form, then mail or fax it to

Area(s) of Interest:

Frequency Domain Simulation

Super-Compact Linear Simulator
Microwave Harmonica Nonlinear Simulator
Microwave Scope Optoelectronic Simulator

Time-Domain Simulation

Super-Soice Simulator

Schematic Capture and Layout
__ Serenade Schematic Capture
__ Serenade Layout

System Simulation
__ Microwave Success System Simulator

Device Modeling and Extraction
__ Netcom VNA Communication Package

Scout Device Model Extraction Program

Compact
Software

MICROWAVE. RF and LIGHTWAVE CAD SOLUTIONS

201 McLean Blvd. « Paterson, New Jersey 07504

us at one of the above locations. TEL: (201) 881-1200 * FAX: (201) 881-8361
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RF News e

RF Business Briefs

Penstock Adds Comlinear Line — Penstock has become a nationwide distribu-
tor for Comlinear's full line of analog signal processing components, including
amplifiers, track and holds, A/D converters, multiplexers and buffers.

RF Power Components Makes a Move — RF Power Components, Inc. has
moved to larger facilities at 125 Wilbur Place, Bohemia, NY 11716-2482. Their
telephone number is (516) 563-5050 and the fax number is (516) 563-4747.

Cadence Establishes R&D Laboratory — Cadence Design Systems has estab-
lished Cadence Berkeley Laboratories, an advanced research and development
laboratory located in Berkeley, Calif. The lab will focus on applications that will
rapidly advance computer aided design technologies. Cadence customers will be
able to participate in selected research projects are Associate Scientists, and
close cooperation has been established with the faculty of the University of Califor-
nia, Berkeley.

JCA Technology Relocates — Thin-film hybrid manufacturer JCA Technology
has moved to a new facility featuring a class 100,000 clean room for its MIC line.
The new address is 1090 Avenida Acaso, Camarillo, CA 90312; tel: (805) 445-
9888; fax: (805) 987-6990.

Tektronix Spins off P.C. Board Facility — Merix Corporation was founded earli-
er this year following three decades as a manufacturing facility for Tektronix, Inc.
Merix employs 700 at its 174,000 square foot facility in Forest Grove, Ore.

Varian Expands Japan Operations — Varian Japan Ltd. recently dedicated a
new headquarters building in the Minato-ku district of Tokyo, housing representa-
tives of the Health Care Systems, Instruments and Electron Devices businesses.
48 employees will be employed a the facility, 25 of them dedicated to service and
support. Varian also operates an office in Osaka.

Unisys and Micron Team Up for RFID — Unisys Corporation and Micron Com-
munications, Inc. have entered into a teaming agreement to develop markets for
Radio Frequency |dentification (RFID) products and related services. The agree-
ment combines Unisys' experience in communications devices and system inte-
gration with Micron's semiconductor foundry and CMOS IC capability.

Teklogix Reports Growth — Teklogix Inc., a manufacturer of wireless data com-
munication technology, reports a 62 percent increase in revenue and a 168 per-
cent increase in operating profit for the first quarter of their fiscal year 1995. Sales
through value-added resellers represented 48 percent of North American rev-
enues.

RF Group Expands in the U.K. — The RF Group has purchased and moved into
larger premises, a result of demands brought on by its entry into the GSM cellular
market, particularly on the African continent in South Africa, Namibia and Zimbab-
we. The RF Group is now located at Whitmore House, London Road, Ascot, Berk-
shire SL5 8DH. Their telephone is +44 (0344) 886909, fax: +44 (0344) 886936.

Bell Atlantic Introduces the "Information Sidewalk" — Not a superhighway,
the "PCS Now" (sm) local service from Bell Atlantic has been launched in three
Eastern U.S. test markets. The company hopes to establish a new class of wire-
less services that cater to value-conscious customers who need around-town
mobile communications. The new service combines the convenience and econo-
my of a home cordless phone with the enhanced mobility of cellular service. The
test operations use existing cellular networks.

Magnum Microwave Acquires Avantek Products — Magnum Microwave has
acquired product lines from Hewlett-Packard's Avantek subsidiary, and will pro-
duce connectorized microwave mixers, mixer preamplifiers, PIN diode switches
and dielectrically stabilized oscillators formerly manufactured by Avantek.

24

Contract News

EST to Provide Wireless Lighting
Control — Electronic Systems Technol-
ogy Inc. (EST) announces that their
ESTeem wireless modem was selected
to provide wireless lighting control for
more than forty Navy and Marine Corps
airfields in the continental U.S. The
Naval Air Systems Command has fund-
ed a program to standardize and
replace obsolete airfield lighting control
systems. Anticipated sales of EST hard-
ware for the system is more than
$130,000.

Scientific-Atlanta Installs Earth Sta-
tion in Chile — A new 18-meter INTEL-
SAT Standard A satellite earth station
has been installed for BellSouth Chile.
The Scientific-Atlanta system is located
in the small town of Placiila, about 70
km from Santiago. The station will link
BeliSouth Chile's network with other car-
riers in North America, providing voice,
data and fax services.

Washington State Patrol Expand
mobile Data System — Dataradio
announces that the award-winning pilot
mobile computer project for the Wash-
ington State Patrol is being expanded
with Dataradio's modem equipment. The
Washington State Legislature has fund-
ed the project in a six-year implementa-
tion program.

SoftWright Announces Installations
in Mexico — SoftWright LLC has suc-
cessfully installed their Terrain Analysis
Package (TAP™) engineering software
in three prominent Mexican companies:
Motorola Mexico, Comision Nacional del
Agua, Comision Federal de Electricidad,
Enlaces Radiofonicos and Codime. The
software is used for digital mapping and
RF coverage analysis.

EIP Receives VXibus Order — EIP
Microwave Inc. has received initial order
releases from Grumman Aerospace
Corp. for VXlbus broadband microwave
synthesizers and pulse/CW microwave
frequency counters for use in the new F-
15 DST for the U.S. Air Force. EIP esti-
mates the order volume to be more than
$2 million over the next two years.

Rohde & Schwarz Gets Radio Modem
Order — Bell South, a co-operator of
the Dutch Mobitex radio data network,
has made an initial order for 5000 mobi-
tex radio modems from Rohde &
Schwarz Netherlands B.V. The adaptive
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Volt Downconverters:

From RF to IF for 99¢

= N EC miniature downconverters are the latest addition
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TYPICAL SPECIFICATIONS

PART OPERATING lcc CONVERSION OUTPUT
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to CEL's growing family of 3 Volt RF ICs.

Need low distortion? Our new UPC27587 delivers
+10¢Bm output 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 UPC27567, helps
simplify your designs by combining mixer, IF amplifier
and cscillator — 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 priced 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 LAN solutions.

Need a higher level of integration? The 3 Volt
UPC2753GR TF 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 20MHz IF 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.

el A et . 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 Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307
lchardson, TX (214) 437-5487 Ofathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Cockeysville, MD (410) 667-1310 Peabody, MA (508) 535-2885 Hackensack, N} (201) 487-1155 Palm Bay, FL (407) 727-8045 Snellville, GA (404) 978-4443
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Wireless Quality by Design
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RF news ..nes

RF Business Briefs continueo

Hybrids International Expands — A major expansion has been completed,
adding 20,000 square feet to Hybrids International’s manufacturing operations for
custom hybrids and frequency control products. The original 8,600 square foot
facility will be used for turnkey assembly services.

Motorola and Maxon in Pager Agreement — Motorola Paging Products Group
has granted Maxon America a FLEX™ protocol manufacturing license for world-
wide use. Maxon will manufacture a new line of pagers capable of receiving high
volumes of data for numeric and alphanumeric messages.

Soft Ferrite Users’ Conference Update — The Magnetic Materials Producers’
Association will hold a conference on October 24-25, 1994 at the Westin Hotel —
O’Hare in Rosemont, lllinois. The conference will feature sessions on the basics of
soft ferrites, as well as applications in power electronics, EMI supression and spe-
cialty applications.

Texas Instruments TIRIS Program Catches the Bus — City officials in Leeds,
England are evaluating a new system to speed up public transportation through
congested areas. Using RFID technology, buses will trigger traffic signals, giving
them priority over other vehicles.

Linear Technology Reports Record Sales — Linear Technology Corp., a maker
of linear integrated circuits, reports that its recently-concluded fiscal year saw
sales pass the $200 million mark, an increase of 33 percent over 1993 sales.

data modem ADAM is designed for use
in the 405-460 MHz frequency range.
The unit uses an RS-232C interface to
the digital equipment (computer, bar
code reader, or data terminal) with
selectable data rates of 1200, 2400,
4800 and 9600 b/s.

Stanford Telecom Receives VSAT
Contract — The ASIC and Custom
Products Division of Stanford Telecom
has received a contract from Main-
stream Data for 6,000 VSAT receiver
modules. The STEL-9236 modules pro-
vide a L-band to data stream receiver
solution for Direct Broadcast Data appli-
cations providing background music and
digital information to businesses.

American Superconductor Gets SBIR
Grant — A $600,000 SBIR government
research grant has been awarded to
American Superconductor Corp. for
methods of refining high temperature
superconducting wire, for use in com-
mercial electric power applications. The
work will be done in partnership with Los
Alamos National Laboratory. RF

LAP-TECH inc.

v

FREQUENCY
CONTROL
PRODUCTS

¢ QUARTZ CRYSTALS 2 - 250 Mhz
Precision glass encapsulation
Cold Weld and Resistance weld holders
Leaded and surface mount styles
Standard and custom design

o CLOCK OSCILLATORS 0.25 - 170 Mhz
TTL, HCMOS AND ECL
Hermetic packages with through hole
and surface mount configurations

* EMERGENCY SERVICE DELIVERY
cQUALIY .+ %
JSO 9002 pendihg y
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LAP-TECH ic.
230 SIMPSON AVE.
BOWMANVILLE, ONTARIO
CANADA L1C 2J3

TEL: 905-623-4101

FAX: 905-623-3886
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RF Design

VARIABLE BANDWIDTH
FREQ 20 Khz TO 200 Mhz

V' 220 SPECTRUM ANALYZER

90% of the
FUNCTIONALITY

10% of
the COST

NOW FOR $395, USING YOUR
OSCILLOSCOPE DISPLAY:

DYNAMIC RANGE >90DB TRACKING GENERATOR

MARKER GENERATOR
AC AND DC OPERATION

see our entire product line at RF EXPO EAST

TO ORDER CALL:
DC TO LIGHT

(406) 586-5399 fax (406) 586-6556 M
P.O. BOX 7140 BOZEMAN, MT 59771
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RF industry insight

Government and Industry Labs
Advance RF Metrology

By Andy Kellett
Technical Editor

Metrology is the study of measure-
ments. RF engineers depend on metrol-
ogy to ensure that whatever quantities
they measure with their instruments,
they have a well defined correspon-
dence to standards, that is, to ensure
that their equipment is calibrated. This
report looks at some of the work being
done at the National Institute for Stan-
dards and Technology (NIST) and in
metrology labs in industry.

On-Wafer Testing

Making accurate on-wafer measure-
ments of semiconductor parameters is
the goal of work by Drs. Dylan Williams
and Roger B. Marks of NIST.

The two NIST researchers have
developed methods for characterizing
transmission lines and other devices in
lossy dielectrics, and have created pro-
cedures for testing the accuracy of on-
wafer microwave measurements.

The lossy transmission line models
developed by Dr. Williams and Dr.
Marks handle lossy and inhomogeneous
dielectrics and yield frequency depen-
dent transmission line parameters,
which makes analysis in the frequency
domain much easier. "Conventional the-
ories don't include [lossy and inhomoge-
neous dielectrics] as properties unless
they are very small order, in other
words, they will include loss as a pertur-
bation but not as a significant factor,”
says Dr. Marks.

“One of the reasons we are interested
in these transmission line parameters is
not only to characterize the transmission
line itself, but also to do accurate S-
parameter and impedance measure-
ments," says Marks, "In order to accu-
rately measure the impedance parame-
ters you have to know the characteristic
impedance of the transmission line."

Ultimately, the new technigue will pro-
vide accurate models of various test fix-
tures and packages, allowing the effects
of the fixtures or packages to be sub-
tracted from device measurements. The
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work was funded by the NIST/industrial
MMIC Consortium, whose members
include TRW, Cascade Microtech,
Texas Instruments, Raytheon Corpora-
tion, ITT, and Newark Air Force Base.
Many of the recent advances in elec-
tronics metrology that have come from
NIST labs are listed in a publication
titled, Electronics and Electrical Engi-
neering Laboratory: 1993 Technical
Accomplishments. Also mentioned in
the NIST publication are new calibration
services offered by NIST, such as high
accuracy power measurement, S-para-
meter measurements for devices with
2.92 mm connectors, improved power
comparison measurements, and mea-
surements of standard gain antennas.

What's Happening in Industry
Labs?

While NIST's task is to be the ultimate
source of calibration, many companies
have their own metrology labs whose
purpose is to be an in-house source of
calibration.

Benny Smith, Metrology Manager for
Hewlett-Packard's Microwave Instru-
ments Division says his customers
come from both inside HP and from HP
customers. According to Smith, the
three most important parameters for
people who request work from his lab
are power, attenuation, and frequency.

Smith says his lab handles many
tasks, from answering customer's ques-
tions about the NIST-traceability of their
equipment, to assisting in the develop-
ment of new instruments, ensuring that
instrument precision doesn't exceed
capabilities of normal calibration labs.

Not every company has an explicit
metrology department, however, calibra-
tion techniques are developed by com-
pany's design and manufacturing engi-
neers. Hank Pfizenmayer, Principal
Member of the Technical Staff and Prod-
uct Manager for Linear Modules at
Motorola Semiconductor says his group
gets accurate de-embedding matrices for

precise fixtures by simulating them on
HP's High Frequency Structure Simula-
tor.

“We think that if its done properly, its
probably more accurate than trying to do
an open-short-through type of calibra-
tion for fixture de-embedding," says
Ptizenmayer.

Calibration of RF instruments is as
important as ever, and NIST and indus-
try labs are working together to make
RF measurements more precise and
accurate. RF

Make Your Know-How
NIST-Traceable

NIST publishes several items
which describe their calibration ser-
vices and research work.

The NIST Calibration Services
Users Guide describes all of NIST's
calibration capabilities and all its
standard calibration services. its
appendix, a separate document, con-
tains the fee schedule for the calibra-
tion services. It can be ordered by
writing NIST at Rm A-104, Bldg.
TRF, NIST, Gaithersburg, MD
20899-0001.

The Electronics and Electrical
Engineering Laboratory: 1993 Tech-
nical Accomplishments (NISTIR
5355), describes some of the
research advances made by NIST
scientists in the fields of microwaves,
EMC, semiconductors, superconduc-
tors and other fields. NISTIR 5355 is
available for $17.50 prepaid from the
National Technical Information Ser-
vice, Springfield, VA 22161, or by
phone at (800) 553-6847. Order by
PB 94-136777.

Finally, a quarterly publication from
NIST can keep you informed about
NIST's activities. Technology at a
Glance can be ordered from NIST by
writing to: Public Affairs, A-903,
NIST, Gaithersburg, MD 20899-
0001.
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High Frequency
With Low Frequency

Combine High Frequency With

Low Frequency: The High frequency
portion can be imbedded within the Low
frequency portion. coplanar. Using
plated thru holes, both frequencies can
communicate. Interconnects hetween high
and low frequency circuits are eliminated.
Lower transmission loss. Smaller package
size. Reduce assembly lahor costs and
parts count.

Flexlink

We fabricate the PTFE circuit and heat
sink and bond them using PCI 1000.
No more sweat soldering or epoxy gluing
circuits to heat sinks. No more costly
pre-bonded material to fabricate. Two
circuits with different €r can be

combined in one package.

Lower Costs: Fabricated at higher speeds
and yields.

3D Designs: Create circuits, pads, etc. on
both sides. Access to the back side of
the circuit. Bond inside cavities.

Reliable Ground Vias: No plated holes
through the heat sink.

MIL-P-55110 D

215 Park Street
Bensenville, Illinois 60106

;m Phone 708-860-3560
CITCUI+5

Fax 708-860-5350
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RF featured technology

Digital IF Processing

by Clay Olmstead and Mike Petrowski
Harris Semiconductor

With the expansion of wireless com-
munications into new arenas, for exam-
ple, CDPD, PCS, and wireless LANs,
radio designers feel increasing pressure
to keep overall system cost low while
crafting high performance systems. For-
tunately, advances in technology are
making it possible to eliminate portions
of the circuit that classical design tech-
niques made necessary. Cutting stages
reduces the cost and size of the radio
and eliminates the time spent debug-
ging the circuit and testing it in manufac-
turing. Because the receiver often con-
sumes the buik of the design effort, the
greatest gains can be made in concen-
trating on this part of the circuit.

nalog errors that arise in traditional

IF processing could be reduced by
implementing as much of the receiver as
possible with digital parts, but doing this
creates its own problems. The A/D con-
verter would have to be moved to one of
the higher IF stages, which would result
in a much higher sample rate. Because
more of the input band would be digi-
tized, the power of the input signal to the
sample-and-hold (S&H) would be great-
ly increased, requiring a much larger
dynamic range for the A/D converter.

Such a converter would be more
expensive and consume more power
than the one in the conventional design.
In many cases the demands on the con-
verter would be such that it would be
impossible to build with current technol-
ogy. Moreover, even if an acceptable
A/D converter were available, the output
sample rate would be too high for the
microprocessor.

There is another alternative, however.
Instead of sampling the signal at twice
the IF frequency, the signal can be
undersampled that is, sampled at a fre-
quency that meets Nyquist's criterion
with respect to its bandwidth, rather than
its frequency. This creates a special set
of considerations for the designer, but in
many cases allows elimination of one or
more IF stages, producing a circuit that
is smaller, often consumes less power,
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and is less expensive than the tradition-
al solution.

Anti-aliasing

Before turning to subsampling a review
of anti-aliasing filter considerations is in
order. (To simplify the arithmetic,
assume that a real, as opposed to a
complex, signal is digitized.)

Traditional baseband sampling digi-
tizes a signal that theoretically has spec-
tral content limited to the region from DC
to the Nyquist frequency, or one-half the
sampling rate. (In the figures, the flat
topped, non-aliased areas are useful
areas of the spectrum.) The input spec-
trum requires a low-pass anti-aliasing fil-
ter with an infinitely sharp transition band
(Figure 1a), which is physically impossi-
ble. In a “textbook” anti-aliasing filter
(Figure 1b), the filter’s transition band
begins at some point in frequency before
the Nyquist frequency and reaches the
required attenuation (which is related to
the required dynamic range of the sys-
tem) at the Nyquist frequency. In most
practical systems, the anti-aliasing filter
can be designed so that the filter’s transi-
tion band can alias back on itself. This
eases the requirements on the anti-alias-
ing filter (Figure 1c).

in many applications, anti-aliasing filter
performance trades off transition-band
roll-off characteristics for nonlinear
phase, and thus group-delay characteris-
tics. An example is the choice between a
Butterworth or an elliptic active filter. A
Butterworth filter has relatively flat group
delay but also relatively slow roll-off
characteristics. An elliptic filter, by con-
trast, has comparatively fast roll-off char-
acteristics but more severe group delay
characteristics.

The greatest amount of group delay in
a filter typically occurs at the transition
region between the passband to the
transition band(s). (This phenomenon is
a direct result of a filter's pole locations.)
One common method of compromise is
to design the anti-alias filter to have a
passband wider than the final band of
interest. Then the transition band reach-

Lower Spectral Sideband | Upper Spectral Sideband
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Figure 1. Increasingly realistic
passband shapes.

es the required attenuation at frequen-
cies that alias into the band of interest.
The filter is also designed so that the
group delay falls to within allowable toler-
ances at frequencies in the band of inter-
est (Figure 1d,). in the graph, the group
delay is above allowable values in the
dark shaded areas. These areas must
be attenuated by baseband processing.

Digitizing

Digitizing analog signals requires two
components: a sample-and-hold or
track-and-hold (T&H) and an A/D con-
verter. (We use the term S&H generically
to mean either sample-and-hold or track-
and-hold. The primary difference is that a
track-and-hold continuously tracks the
input signal, while a sample-and-hold
samples the value of the input signal
during a finite period before the sample
is taken.)

The S&H captures the signal at equally
spaced sampling intervals and holds
those values to within one-half of the
A/D’s least significant bit (LSB) of accu-
racy during the A/D’s conversion time.
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The Standard for Performance

For over fifteen years engineers and
OEMs alike have relied on PTS
frequency synthesizers for unmatched
stability, speed and spectral purity.
These direct analog and direct digital
synthesizers meet the most challenging
systems development requirements...
ATE systems, satcom, wireless, medical
imaging, secure communications, and
more. You'll also find them in
production environments, where they
play a key role in quality assurance.

Our synthesizer models cover the
100 KHz to 1 GHz band with 0.1 Hz

Frequency
Synthesis
Handbook

FREE OFFER

resolution. They are available with
switching times from Ipisec, spurious
outputs as low as -75 dBc and
outstanding phase noise characteristics
(SSB phase noise at 1GHz, 1 KHz offset,
-110 dBe/Hz).

The Standard for Reliability

PTS svnthesizers were designed
from the outset to deliver the best
reliability in the business. We adhere to
conservative derating practices, keep
power consumption and internal heat
buildup to an absolute minimum and
subject finished systems to rigorous
temperature cycling and electrical
testing. The result: 4 field-proven
25,000 hr MTBE. Since 1985 we've
offered a full 2 year warranty and a
flat-rate repair fee of just $350 for
vears 3 through 10.

It's time you had the best of both
worlds. The best performance-price
and the best reliability. Call today for

more information and we'll also send
vou i free copy of the RF Design
Frequency Svnthesis Handbook.

Features and Options
*BCD or GPIB remote control
*DDS with phase-continuous switching

*(QCXO, TCXO or external
frequency standard

*Resolution to 0.1 Hz

«Digital phase rotation

*Qutput power 10 +13dBm

*Proven 25,000 hr MTBF

2 yr warranty

*$350 repair fee, yrs 3 - 10
($500, Model PTS 1000)

=

PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road, Littleton, MA 01460
Tel: 508 486-3008 Fax: 508 486-4495
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COMPLETE HIGH-FREQUENGY

MIXED SIGNAL WITH 60K DIGITAL GATES ¢ CUSTOM < HYBRIDS
Get High-Frequency Designs Quick with QuickChip Design Automation

& Maxim's QuickChip design automation approach consists of several “core” array families of
high-speed bipolar transistors, capacitors, and resistors, optimally configured for interconnec-
tion. QuickChip arrays are easy to use, and since there are only a few masks to design,
QuickChip is less expensive and less time consuming than the full custom approach. Once final
designs are completed and approved, finished wafers can typically be delivered within 4 weeks.

This QuickChip 7 array on the GST-1 process has one digital (ECL) macro-tile and four analog macro-
tiles for a total of: 592 NPNs, 56 PNPs, 64 Schottky diodes, 64 ESD diodes, 1,408 resistors, 48 MOS
capacitors, and 40 pads.

QuickChip Project Flow

Determine feasibility, establish objective specifications, choose
process, order software.

Maxim engineers will train you to use QuickChip Design Tools included
in the QuickTools package: ADS (Analog Design System), QUERC, and
QuicKic.

Using ADS, you design and simulate the circuit, check electrical rules
with QUERC, and layout IC with QuicKic. Maxim will review both
design and layout.

.
' ot -

Using your QuickChip design, Maxim packages ICs. Over 95% of 1st Final prototypes can be

Maxim will manufacture die. Up to pass ICs meet the original objective evaluated in your system.
four custom masks required. spec. Production testing available.

World-Class Design Tools and Process Capabilities

Maxim's design tools shorten design time and help meet target specifications on the first pass.

QuickTools is a powerful software package that provides design engineers with complete IC, schematic, simu-
lation, and layout capabilities. It includes:

¢ ADS, an integrated schematic capture, circuit simulation, results processing, and display environment.
* QuERC, a bias analysis electrical rules checker.

* QuicKic, a fast, error-free netlist-driven layout editor that checks process design rules, connectivity,and inter-
connect parasitics as the layout is being accomplished.

All processes are available for full custom work. C-Pi/fSHPi and GST-1 have QuickChip arrays in various configu-
rations to meet your requirements.

SHPi 8 : 9 9 0.1 YES 3K OXIDE 2 YES YES
C-Pi 9.5 9 10.5 5.5 YES 3K OXIDE 2 YES YES
GST-1 8.5 13 == 0.1 NO 20K TRENCH 3 YES YES
GST-2 4.5 27 == 0.1 NO 60K TRENCH 3 YES YES

» C-Piis a recessed-oxide-isolated high-speed complementary bipolar process optimized for analog signal
acquisition, amplification, and sourcing. Without the vertical PNP option, C-Pi is designated as SHPi.

* GST-1 is a high-speed self-aligned double-polysilicon bipolar process ideally suited for highly integrated,
mixed analog, and digital ICs. GST-2 offers the highest speed and device density, with 27GHz frs and up to
60K gates/IC.



DESIGN SOLUTIONS UP T0 27GHz

Maxim’s Full Custom Approach

' 1 In addition to the QuickChip approach, Maxim also offers a high-frequency full custom capabil-
ity. This method is ideal for high-volume products where optimized unit cost reduction and ulti-
mate high frequency performance are key factors. Full custom offers complete flexibility in
{ choosing individual devices and location. Your custom IC can be fully designed by either
| Maxim's experienced design staff or by your own skilled analog designers using Maxim's
design tools.

This 8-bit 500 Msamples/sec A/D converter is a full custom design. it has full flash topology and
greater than 500MHz small signal bandwidth.

Hybrid and Module Development

Our high-frequency hybrid design and manufacturing group can develop your com-
plete system. Using HCAD-III, an internally developed hybrid software design and lay-
out system, multi-chip modules (MCMs) can be developed that will work right the first
time. Process capabilities include: thick film, thin film, multilayer ceramic, MCM, chip
and wire, mixed technologies, electro-optic, and electrical test and trim up to 60GHz.
Examples of previously designed hybrids include 350MHz video display drivers and
ATE pin drivers for 100MHz test systems. Our high-frequency packaging and assembly
expertise is second to none! Let Maxim help you with high-frequency problems.

This multichip module uses two full custom Maxim ICs and two custom CMOS ICs. It represents a complete 200MHz analog
oscilloscope on a board.

A's".%":}f,'}i?é'ﬁﬂ%t Our Free High-Frequency ASIC Development Handbook
takes you through all the steps to integrate your
23 "‘!§ circuitry on high-performance ASICs and Modules.

To get started, call Maxim Toll Free at 1-800-809-0840
/M':, to discuss your specific application.

Another Success Story: Maxim’s ASIC Used in the SEIKO® MessageWatch™

Case History #3: Maxim manufactures a fully
integrated FM subcarrier receiver ASIC for SEIKO
Communications' MessageWatch one-way pager.
This ASIC, developed using Maxim’s processes, is
capable of operating from a single 3V lithium
watch battery (lasting an average of 18 months).
Power consumption and operating voltage are
critical performance parameters for mobile
wireless communications devices.

M AXIV
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TESLA

Award Winning
Communications
Simulation

“You have no idea how much
effort this package has saved
me.”? — A.C. Brookfield, CT

Microwaves & RF and Spread
Spectrum _Scene have each
awarded TESLA top honorsfor its
contributions to RF engineering.
What makes TESLA so special?
It’s simple and easy to use, yet it
has the power you need. Does
full nonlinear, mixed analog &
digital simulation. Built-in spec-
trum analysis shows you the
results.You get the best tech sup-
port in the business and a 30-day
trial. At $695 it's a steal! Ask
about TESLA's powerful options.
Why notsee for yourself? Call:

800-631-1113

U.S. and Canada

Intl: 404-751-9785 Fax404-664-5817
TESOFT Inc. PO Box 305 Roswell GA 30077
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The A/D converts the sample into a digi-
tal value. The S&H and A/D can be
thought of as a single component, which
we will refer to as the digitizer.

The accuracy of the combined S&H
and A/D functions are characterized in
signal-to-distortion ratio (SINAD) or effec-
tive number of bits (ENOB). The standard
equation for ENOB is:

SINAD(dB)-1.76
6.02

ENOB = (1M

This is somewhat imprecise because
SINAD is typically measured using pure
sinusoidal inputs with synchronous sam-
pling of the output, while the numerator of
the equation assumes randomly distrib-
uted errors. However, this equation does
provide a worst-case measure.

SINAD can be broken up into signal-to-
noise ratio (SNR), and total harmonic dis-
tortion (THD). In most communication
system applications the main concerns
relative to the digitizer are SNR and
derivatives of THD, which include single-
tone, two-tone, or three-tone spurious
free dynamic range (SFDR) and second-
and third-harmonic levels.

In these specifications, SNR is the ratio
of a full-scale input sinusoid to the sum of
the noise components that are not, or
can not, be easily identified as harmonics
of the signal. (In an ideal digitizer, all
noise is harmonically related to the input
signal.) THD is the total power in the har-
monics of a full-scale input sinusoid.

SFDR is an instantaneous measure-
ment of power levels between a full-scale
input and the largest resulting harmonic.
Single-tone SFDR is measured with a
full-scale single-tone input. Two-tone
SFDR characterizes intermodulation
characteristics and is measured with two
tones at the input, each 6 dB below full
scale. Three-tone SFDR is a less com-
mon method of characterizing intermodu-
lation characteristics that uses three input
tones.

SNR and THD are dominated by differ-
ent parameters in different digitizer archi-
tectures. SNR is typically affected by
aperture jitter and wideband noise in the
S&H and differential nonlinearities (DNL)
in the A/D. THD is typically affected by
slew rate, clock skew and circuit nonlin-
earities in the S&H and by integral nonlin-
earities (INL) in the A/D. All of these
parameters are a function of frequency.
For example, the equation for maximum
allowable aperture jitter for a given reso-
lution is:

Praste )

dtmax m2N+1

where N is the desired ENOB and f is
the highest frequency into the S&H [1].
Traditional sampling (analog to digital
conversion) assumes that the waveform
to be sampled is positioned between DC
and the Nyquist frequency, so both S&H
and A/D are designed to operate on sig-
nals in that frequency range. For exam-
ple, it a baseband waveform has a pass-
band of 5 MHz and is sampled at a rate
of 12.5 megasamples per second
(MSPS), both the S&H and A/D must be
designed to provide the required SNR
and SFDR for an input signal of up to 5
MHz in frequency. The A/D must be
designed to provide these characteristics
at a sampling frequency of 12.5 MSPS.

Subsampling

Subsampling is the process of sam-
pling a bandpass waveform at a rate that
meets Nyquist's criterion for the signal’s
bandwidth but not for its absolute fre-
quency. If the bandpass signal is posi-
tioned so that it is attenuated by the
required amount by the time it crosses
integer multiples of the Nyquist frequen-
cy and folds back into the band of inter-
est, then the band of interest will alias to
baseband without any destructive inter-
ference. Interestingly, if the lower edge
(in terms of frequency) of the passband
is the edge closest to an odd multiple of
the Nyquist frequency, the resulting
spectrum is reversed.

As an example, if the sampling rate of
the A/D is again 12.5 MSPS. The
Nyquist frequency is f./2 or 6.25 MHz.
Thus any bandpass signal must lie
between [6.25 n] MHz and [6.25 (n+1)]
MHz, wheren=0, 1, 2, --- . If nis odd,
the spectrum is reversed in the process.
That is, frequencies in the lower portion
of the bandpass signal are aliased into
the upper portion of the baseband sam-
pled result and frequencies in the upper
portion of the bandpass signal are
aliased into the lower portion of the
baseband sampled result (Figure 2).

Destructive aliasing occurs when sub-
sampling takes place with transition
band folding (Figure 3). In the figures,
the shading depicts areas of destructive
aliasing and the unshaded regions depict
the band of interest.

Because signals that originate at RF
are bandpass in nature, both the upper
and lower ends of the band of interest
are affected by bandpass anti-alias filter-
ing. As a result, the band of interest does
not extend to DC but rather to the start of
the lower transition band as in Figure td.

Subsampling shifts most of the perfor-
mance burden of the digitizer to the

September 1994



Richardson Electronics Presents:

he New Motorola MRFIC Line

pplications: CT-1/CT-2 cordless telephones, remote control, video
vd audio short range links, low cost cellular radios, and ISM spread
bectrum receivers.

MRFIC2001

- Low Supply Current Drain 5 mA UHF LNA/Mixer

» Low Operating Supply Voltage Down Converter
(2.7 - 4.0 volts) 800-1GHZ

« No Image Filtering Required

MRFIC2002

+ Supply Current Drain 5.5 mA 1 GHz up Mixer
IXZ 002 - Low Operating Supply Voltage
XAIR (2.8 - 4.0 volts)
» No Matching Required for RF OUT Port
+ All Ports are Single Ended

MRFIC2003

» Surface Mount SOIC 8 package UHF GaAs
lX 2003 + Low Power Consumption Antenna Switch
XBIR - 50 mW Power Handling Capacity
+ Single Source Low Operating Supply
Voltage (2.8 - 6.0 volts)
- Low Cost

MRFIC2004

+ 45 dB Gain Drive, Ramp and Inverter
< On Chip Inverter Function
» Low Operating Supply Voltage
(2.7 - 5.0 volts)
 Input/Output VSWR Unaffected by
Gain Control

MRFIC2006

Typical Gain = 20 dB at 900 MHz + 900 MHz 2 Stage PA
X2 006 Bias Current Externally Adjustable ,*‘-
I XAIS Class A/AB Operation w—
Low Operating Voltage (2.9 - 5.1 volts)
SOIC Leaded Plastic Package

est Kits Available:

Richardson Electronics Ltd. has avail-
able from stock the entire line up of
new Motorola RF IC's. Also available:

» Spec Sheets

- Test Kits Richardson

+ Test Fixtures

TESTKITRFIC Stock Devices E'QCtrOnic by

" AR Motorola's Largest REDistributor

Call 1-800-RF POWER inu.s.)
5580 (In Canada)

INFO/CARD 26




r =t
a 'mlfz ‘k‘,z DC. ":/\I nfs2

Ay Mgy iz e
: F_%
fp DC.  hp
! r&%

Figure 2. Original spectrum of
bandlimited signal (a) and result
of subsampling for n even (b) and
n odd (c).

S&H. This is because the A/D is operat-
ing at a rate consistent with the band-
width of the band of interest while the
S&H must operate with a bandwidth con-
sistent with the IF location of the band of
interest.

To illustrate this, extend the above
example, still using a 12.5 MSPS A/D.
Consider a 3.125 MHz-wide band of
interest centered at a 71.875 MHz IF.
The band of interest extends from
70.3125 to 73.4375 MHz. The band of
interest is spectrally reversed in the sub-
sampling process and extends from
1.5625 to 4.8125 MHz in the discrete
baseband frequency domain. Therefore,
the S&H must be designed to meet the
SNR and SFDR specifications for signals
of up to approximately 73.5 MHz in fre-
quency while the A/D must meet them
only for input frequencies up to approxi-
mately 5 MHz.

Another important consideration for
subsampling is the relationship between
the S&H clock and the A/D clock. The
S&H must be designed for high-speed
signal capture, a requirement that is

a

|
‘J\F | |
fp 0C 4, nfy2
(n-1)fs/2

|
T
“(n+1)ig2  (n-1)tg2

b | ! |
fsp [vX o] fap

(n+1)sf2

0 DC. fsp

Figure 3. Original spectrum of
bandlimited signal (a) and resuit
of subsampling for n even (b) and
n odd (c) with transition band
folding.

incompatible with extended hold times.
Thus, even though the time interval
between samples is relatively long, the
A/D must capture the sample immediate-
ly after the S&H samples the input sig-
nal. Otherwise sample droop before ana-
log-to-digital conversion will cause signal
distortion. If clock relationships can not
be guaranteed, a secondary long-term
hold circuit can be included in the S&H to
prevent signal droop before the A/D cap-
tures the signal.

There are two major advantages to
subsampling. First, it increases the
allowable conversion time for the A/D
Converter. Second, it performs a part of
the downconversion task. As in the
example above, the input passband sig-
nal is brought closer to baseband by the
proper choice of sampling frequency.
Because of this, the second IF stage can
be eliminated in some cases (Figure 4).
Note that the final IF stage is now a digi-
tal circuit, where a multiplier is used as a
mixer, a numerically controlled oscillator
(NCO) reptaces the VCO, and digital fil-
ters are used instead of analog filters.

VCO

70 MHz S&H A/D X

D

Anti-alias filter

—~

10.7 MHz | DSP

i
Nco H HP

I

Figure 4. Receiver architecture using subsampling.
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Practical subsampling

There are two keys to real-life imple-
mentation of subsampling: the S/H must
have a wide input bandwidth, so that the
S/H and A/D converter together maintain
a high ENOB over a useful range of
input frequencies, and there must be a
way of processing the sampled signal.

Sampling A/D converters are available
with 8-, 10-, and 12-bit resolution, con-
version rates to 500 MSPS, and input
bandwidths to 300 MHz. The graph (Fig-
ure 5) shows the effect of input frequen-
cy on ENOB for Harris’ HI5702 10-bit,
40-MSPS A/D converter. Introduced in
July of this year, this converter is a good
indicator of the current state of the art.

Digital IF Processing

Once the IF signal has been digitized,
additional digital signal processing often
includes fine frequency tuning, real-to-
complex signal conversion, channel
selection filtering, matched filtering, and
phase/frequency tracking of the carrier.

For example, to process narrowband
input signals at low input sample rates (<
5 MSPS), an ultrahigh dynamic range
down-converter may be constructed
using two HSP43124 Serial 1/O Filters
(Figure 6). These ICs process serial data
streams with word widths from 8 to 24
bits using a filter compute engine that uti-
lizes 32 bit coefficients. The extended
length coefficients provide floating-point
filter performance that makes possible
down-converter designs with well over
100 dB of dynamic range. The IC is
called a serial I/O filter because it inter-
faces with the serial port of most com-
mon DSP processors. One advantage
of this arrangement is that the serial /O
filter can off-load the downconversion
function from the DSP pP when either

HI5702 ENOB vs INPUT FREQUENCY
10.0
9.5
9.0
8.5 Y
8.0
7.5 1
7.0 -
6.5
6.0
55 +—

5.0 43
10° 10! 102
INPUT FREQUENCY (MHz)
ENCODE 40 MHz

ENOB

Figure 5. Effect of input frequen-
cy on ENOB of HI5702 ADC.
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HSP43124 Serial I/O Filter

HSP50016 Digital Down Converter
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Figure 6. Ultra-high dynamic range digital down

converter.

performance or processing burden is an
issue.

For tuning, the user mixes the incom-
ing data with a mix factor that is either
input via a 2-pin serial interface or select-
ed from an on-chip look-up table. The
table provides fixed down conversion by
supplying mix factors derived from a sine
wave sample at Fs/4.

Using these mix factors, the upper or
low sideband of the input signal is trans-
lated to DC. The choice of upper or
lower sideband depends on vector rota-
tion. Following this frequency translation,
the in-phase and quadrature compo-
nents are filtered by a cascade of up to
five decimate-by-two halfband filters and
a programmable FIR of up to 256 taps.
The IC supports decimation by factors
from 1 to 256.

Alternatively, for applications that

HSP50016

require the digital IF processor to extract
narrow channels within a wideband
input, the HSP50016 Digital Down-Con-
verter (DDC) may be used (Figure 7).
Using this chip, a real input sampled at
up to 75 MSPS is mixed with the in-
phase and quadrature components of a
complex NCO. The tuning operation cre-
ates a complex signal in which the band
of interest has been translated to DC. A
two-stage filtering process is then used
to extract the baseband signal. The first
stage, a high-decimation filter, performs
coarse filtering while providing decima-
tion by a programmable factor from 16 to
32,768. The second stage is a fixed-
coefficient FIR filter that has a narrow
transition band to reject all but the
desired signal. It also performs an addi-
tional decimation by four. Together, the
high order decimation filter and the FIR

Figure 7. Single chip digital down conversion using

can extract signal bandwidths from 320
Hz to 654 kHz from a wideband IF sam-
pled at 75 MSPS. The quadrature base-
band signal resulting from this process is
then output in a serial format appropriate
to the selected DSP microprocessor

The power of DSP algorithms is illus-
trated by the DDC’s tuning and filtering
performance. For example, the complex
NCO maintains an SFDR > 102 dB
while providing a tuning resolution <
0.02 Hz (at 75 MSPS input rates). In
addition, the tuning frequency and phase
can be updated in as little as 4 us via the
microprocessor interface. The two-stage
filtering section provides an overall
shape factor of 1.25-to-1 with less than
0.04 dB of passband ripple, over 104 dB
of stopband attenuation, and constant
group delay. In addition, the filtering sec-
tion reduces the output sample rate to

1000\
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Figure 8. Digital IF processing of wideband signals.

match the frequency content of the base-
band signal by providing decimation
ranging from 64 to 131,072. This reduc-
tion in sample rate is what allows inter-
facing the wideband sampled IF to slow-
er baseband DSP microprocessors.

In the two examples above, the band-
width of the output signal is relatively
low. In applications requiring wider band
outputs, specialized processing architec-
tures must be capable of performing
down-conversion and filtering of a high
data rate input (tens of MSPS) without
significantly reducing the data rate of the
output. One possible solution uses a
chip called the HSP43216 Halfband Fil-
ter, followed by separate HSP43168
Dual FIR Filters (Figure 8).

In operation, the upper or lower side-
band of a real input signal is translated in
frequency to DC by mixing the input with
a sinusoid at 1/4 the sample rate. The
real and imaginary components of the
resulting complex signal are then filtered
by identical, decimate-by-2, 67-tap half-
band filters. This process preserves the
bandwidth of the input signal while
changing the representation from that of
a real signal to a complex signal at half
the data rate. The task of spectrally
shaping the output is performed by the
dual FIR filters, which are used to realize
between 16 to 256 taps, depending on
decimation rate selected.

Conclusion

Traditionally, the use of DSP in various
receivers has been limited to baseband
processing by a DSP microprocessor. In
general, this approach has done little to
modify the design methodologies associ-
ated with the RF processing chain. ICs
designed specifically for digital down-

conversion allow higher IF sampling
rates, which relaxes the requirements on
RF filtering and mixer LOs. Shifting part
of the tuning and filtering burden to IF
DSP chips releases some of the DSP
uP’s processing bandwidth for other
more value-added tasks.

With this approach, the use of under-
sampling techniques to capture band-
limited signals after the first IF stage
becomes more feasible. This architec-
ture allows eliminating the second IF
stage, reducing component and manu-
facturing costs. Further, the task of fine
tuning and channel filtering is shifted into
the DSP domain, which is better suited
for those tasks. RF
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RF cover story

Ultra Wide Band Analog Signal
Processor Products

By William W. Cheng
Hughes Aircraft Company
Advanced Circuits Technology Center

Hughes Aircraft Company’s Advanced
Circuits Technology Center (ACTC) has
been providing leading edge data con-
verters since the late 1960’s for the
company’s radar, missile, and telecom-
munication systems, particularly when
required performance lies beyond com-
mercially available devices. ACTC is
one of the leading circuit design centers
in the US with numerous patents in data
conversion, receivers, and analog circuit
techniques. Expanding on the unique
expertise developed for Hughes’ core
defense electronics operations, ACTC is
now offering cost-effective commercial-
ly-oriented solutions to the global mar-
ketplace in light of defense conversion
objectives. This article describes a
series of ultra wide band analog signal
processor products that have been
introduced, for the RF and microwave
communication systems that are part of
today’s information superhighway.

Hughes ACTC has developed data
conversion building blocks for
today’s high speed, high performance
communication signal processing sys-
tems that require high dynamic range
and wide bandwidth analog to digital
(A/D) and digital to analog (D/A) con-
verters. A new family of signal processor
products includes the HAC 94M12 Dual
12 Bit 50 MSPS Analog to Digital Con-
verter Module with >80 dB SFDR at 10
MHz video, the HAC 94SC08 Program-
mable IF Frequency 8 Bit 400 MHz I/Q
Synchronous Converter Module with
200 MHz RF bandwidth, and the HAC
94M14 Dual 14 bit 1 GHz Digital to Ana-
log Converter with >75 dB spur-free per-
formance at low video frequency. These
building blocks are highly integrated and
compact in size yet incorporate many
supporting functions to simplify system
interface. These products can be easily
inserted into commercial or military sys-
tems and can significantly simplity and
lower the cost of the overall system inte-
gration and implementation.

42

The Hughes high resolution A/D con-
verter and 1/Q A/D converter modules
can be applied to radar and communica-
tion systems where the signal is digi-
tized in the front end, before digital sig-
nal processing or compression. These
converters are ideal for digital receivers
that require wide signal bandwidth for
multi-channel data processing. Applica-
tions include wireless communication
systems, cellular base receivers, satel-
lite transmission, test instrumentation,
guidance and control systems. The
Hughes high resolution D/A converter is
ideal for frequency synthesizer and
waveform generation applications. It
offers the highest spur free dynamic
range at the specified sample rate.

Dual 12 Bit 50 MSPS A/D
Converter Module

The HAC 94M12 module, Figure 1,
includes two identical channels of a

Figure 1. The HAC 94M12 Dual 12 Bit A/D Converter Module.

Hughes developed analog to digital con-
verter hybrid with supporting functions
that can be clocked up to 50 MSPS.
Some of the key features in the A/D
module include offset adjust, clock
buffering circuit, phase alignment
between channels, output buffers for
standard differential ECL levels, and
power supply filtering. All digital outputs
and power to the module are through a
standard 96-pin Eurocard interface con-
nector. Analog input signals and option-
al analog offset inputs are through SMA
connectors.

The A/D offset can be adjusted by
either analog or digital means. The A/D
offset can be corrected through a pair of
offset adjust SMA terminals with exter-
nal analog voltages. Alternatively, a dual
12 bit serial digital to analog converter
(DAC) in the module can be configured
to accurately correct the offset. The
DAC is easily connected to an external
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Figure 2. 12 bit A/D module at 1 MHz video, 51.2 MHz clock.

offset correction loop through the control
lines in the interface connector. A cor-
rected A/D can have the offset in frac-
tions of an LSB.

In 1/Q synchronous converter systems,
phase match is an important considera-
tion between the two A/D converter
channels. When the analog input paths
are not exactly equal, an error appears
as a phase mismatch that could range
from a few tenths of a degree to a few
degrees. This error occurs when the
analog signals are sampled at different
points in the two A/D’'s at a specific
instance of time. By sampling the analog
signal in one channel at a slightly later
time, the phase mismatch can be com-
pensated accurately. A digital delay cir-
cuit is inserted in front of each A/D clock
input to delay the clock signal for sam-

12 BIT A/D MODULE SN101 @ 51.2 MHz CLK
95
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- [I-SNR

90 1

85

SNR - SFDR (dBc)

80

L ey e

: —

65 41— ‘ [———]
P —
] |

60 . ¢ —
(] 5 10 15 20 25
FREQ (MHz)

Figure 3. 12 bit A/D SNR and
SFDR summary at 50 MHz clock.

RF Design

pling the analog signal at a particular
instant where the phase is optimally
matched. Typically this method can cor-
rect phase error to better than half a
degree over the operating frequency
band. With this compensation, the out-
put data for one channel will be shifted
by the same amount as the input clock
is delayed. Since this is typically small
compared to the clock period, there is
no impact on timing skew if the data for
both channels are strobed in the middle
of the valid data window.

The A/D data outputs are buffered by
fully differential ECL output drivers con-
figured to drive 100 ohm terminated
loads. The output drivers buffer the A/D
converters from any external system
noise that may corrupt the performance
of the A/D conversion. The output cod-
ing is in two’s complement.

The A/D module is housed in a EMI
shielded enclosure of the size 5.87 x 5.7
x 0.75 inches. A heat sink is mounted on
the back of the housing to adequately
dissipate the power in the unit. The A/D
module uses £7.5V and £5V power sup-
plies.

Dynamic Performance Summary
The A/D converter module is charac-
terized by capturing its digital outputs
into a buffer memory at speed and pro-
cessing the FFT spectrum analysis in a
desktop computer. Histogram and wave-
form reconstruction can be extracted
from this analysis. The HAC 94M12 A/D
Converter Module has been optimized

Leading edge microwave technology . . .
Stiil searching for the boundry . . .

CHESAPEAKE MICROWAVE

TECHNOLOGIES, INC.

11 Industrial Rd
Glen Rock, PA 17327
PH (717) 235-1055
FAX: (717) 235-2501

PCS POWER AMPS

Model APG 1819 - 150
Rugged - Protected from
User Abuse

Freq. 1.8-1.9GHz
Pout 150 Watts
Gain 50 dB

IPs + 67 dBmtyp

SAMPLES OF OTHER
AMPLIFIER FREQUENCIES

850 - 960 MHz 200 W CW
2.5-2.7 GHz 100 W CW
470 - 860 MHz 200 W CW
140-145GHz 10WCW
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Let’s get nown to

Fundamentals. . .

If you need high frequency
fundamental crystals for
SONET and ATM applica-
tions, look no further.

OSCILLATOR CRYSTALS
Our 155.52 MHz fundamental
oscillator crystals are available in
production quantities to fill all your
requirements for high quality
telecommunica-
tion applications.

Avatilable in
HC-45 coldweld
packages. as well.

FILTER CRYSTALS

Also available in production quanti-
ties are filter crystals up to 90 MHz
fundamental with low spurious and
very closely controlled C,.

m All crystals are available as blanks
or packaged.

OSCILLATORS
For applications in communications
or instrumentation, we manufacture
a complete line of Clocks, VCXO's.
TCXO's and OCXO’s.

® Additionally. a line of crystal
filters is produced.

PACKAGING

As a user of our own glass-to-metal
sealed packages, we understand your
requirements for hermeticity.
solderability and the need to meet
MIL-STD testing.

For more information on our products
or a catalog, call us at 717-243-5929.
FAX 717-243-0079.

DIVIB\ON DYNAMICS CORPORATION OF AMERICA

400 W. NORTH STREET

i
.|l||

CARLISLE, PA 17013 USA

WE'RE STILL THE BEST KEPT
SECRET AROUND
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for Spur Free Dynamic Range (SFDR)
of greater than 80 dB to 10 MHz video
sampled at 51.2 MHz. Signal to Noise
and Distortion Ratio (SNR) is greater
than 65 dB to 10 MHz and better than
63 dB to Nyquist bandwidth. FFT data in
Figure 2 shows 86 dB SFDR and 65 dB
SNR for 10 MHz signal sampled at 51.2
MHz. The Integral Non-Linearity (INL)
and Differential Non-Linearity (DNL)
errors are better than 0.75 Q levels. The
FFT summary illustrating SFDR and
SNR sampling at 51.2 MHz is shown in
Figure 3. This product offers the highest
spur free performance at the specified
sampling frequency than any device in
the market today. The HAC 94M12 pro-
totype has been independently evaluat-
ed by MIT-Lincoln Laboratory validating
the performance results [1].

Programmabile IF 8 Bit
400 MSPS I/Q Synchronous
Converter Module

The 8 bit I/Q Synchronous Converter
Module, HAC 94SC08, Figure 4, con-
sists of a synchronous detector and sep-
arate | and Q channel 8 bit anaiog to
digital converters with 1:2 demultiplexed
data outputs. The IF frequency can be
programmable from 350 MHz to 300
MHz with 200 MHz of RF bandwidth.
The 8 bit A/D converters can be sam-
pled at up to 400 MHz.

Figure 4. HAC 94SC08 8 Bit I/Q Synchroous Converter Module.

A \ -

A dual wide band active mixer is the
core of the synchronous detector unit.
The LO into the I/Q mixer is split from a
quadrature element for a particular fre-
quency range. The mixer is fed into a
low pass filter to eliminate high order
products. The filtered RF outputs are
amplified by low distortion video ampli-
fiers before digitizing by the 8 bit A/D
converters.

Supporting features in the module
include offset adjust, sample clock
buffering, phase match alignment, and
differential ECL output interface. The LO
and IF inputs are through SMA connec-
tors to the synchronous detector unit
that is shielded from the video data con-
version section. Power is supplied
through a 21 pin miniature connector
while the I/Q multiplexed digital data are
provided through two separate 51 pin
miniature connectors. The synchronous
converter is housed in a low profile EMI
shielded enclosure of the size 5.5 x 4.75
x 0.5 inches.

The offset of the analog path through
the A/D converter can be compensated
by a 12 bit serial interface DAC in the
module. In this mode, the offset DAC is
programmed through the output connec-
tor from an external offset correction
loop.

The phase match between the 1/Q
channels can be compensated using the
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SOLID STATE POWER FOR:

« EMC/RFI Testing

* Susceptibility Testing

¢ | aser Modulation
¢ HF Transmitters

* TV & Signal Distribution

e Ultrasonics

Model

 General Laboratory Use

...Fast Fax...

Freq. Range

Gain

1040L
1140LA
AP-400B
240L
2100L

A25-25PA
A-150
A-300
A-500
A-1000

325LA
3100LA
3200L

400AP
403LA
411LA
525LA
550L
5100L
604L
607L
630L
6100L

é;)>)>)>)>>)>)>)>> >>»r P> >>roomo

10kHz-500kHz
9kHz-250kHz
80kHz-2.7MHz
20kHz-10MHz
10kHz-12MHz

300kHz-30MHz
300kHz-35MHz
300kHz-35MHz
300kHz-35MHz
300kHz-35MHz

250kHz-150MHz
250kHz-150MHz
250kHz-120MHz

150kHz-300MHz
150kHz-300MHz
150kHz-300MHz
1MHz-500MHz
1.5MHz-400MHz
1.5MHz-400MHz
0.5MHz-1000MHz
0.8MHz-1000MHz
400MHz-1000MHz
400MHz-1000MHz

400W
1100W
400W
40W
100W

25W
150W
300W
500W
1000W

25W
100W
200W

3W
3w
10W
256W
50W
100W
4W
W
30W
100W

55dB(+10B)
550B(+1dB)

550B(+1.5dB)
50dB(x1.5dB)
550B(+1.5dB)

51dB(+1.5dB)
55dB(+1dB)
55dB(+1dB)
60dB(+1dB)
+1.5dB)

50dB(+1.5dB)
550B(+1.5dB)
550B(1.5dB)

37dB(+1dB)

37dB(+1dB)

40dB(x1.5dB)
500dB(+1.5dB)
50dB(+1.5dB)
500dB(+1.5dB)
40dB(+1.5dB)
43dB(+2dB)

51dB(+2dB)
51dB(+2dB)

Copy and fax this ad to us at

(716) 427-7839

Fill in your name, address and fax
or phone in the spaces below!
Place a o/ in the far left column for
specifications on specific models.
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[] Fax:

Check here to receive complete catalog in mail: i
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PHONE: (716) 292-7440 * FAX: (716) 427-7839

WORLD HEADQUARTERS

ENI » A Division of Astec America, Inc. « 100 Highpower Road * Rochester, NY 14623
Tel: (716) 292-7440 « Fax: (716) 427-7839

SALES & SERVICE OFFICES

:

FREMONT, CA « Tel: (510) 353-4ENI (4364); AUSTIN, TX « Tel: (512) 339-8949; WELWYN GARDEN CITY, UK » Tel: (0707) 371558
GERLINGEN, GERMANY e Tel: (0715) 621095; TOKYO, JAPAN ¢ Tel: 0425 229011; OSAKA, JAPAN ¢ Tel: 06 367-0823
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Figure 5a. 8 Bit A/D module SNR performance.

delay sampling method described in the
above 12 bit A/D converter. Typical
phase match can be corrected to less
than 1 degree for full RF bandwidth.

Each of the two 8 bit A/D converters
are programmable to demultiplex into
two paths, channels I-A, I-B and Q-A, Q-
B, at half the speed to ease data inter-
face. The output data can also be
selected to convert in single I/Q chan-
nels at full sampling rate.

Dynamic Performance Summary

The HAC 94SC08 synchronous con-
verter module has been extensively test-
ed in the laboratory and also in systems
in the field. The inputs require +7 dBm
LO power and —12 dBm IF power. The
power supplies require =12V and +5.2V
through the miniature connector.

The dynamic performance of the unit
is characterized by its FFT spectrum
analysis when the IF frequency is swept

Figure 5b. 8 Bit A/D module SFDR performance.

in the Nyquist Band of the sampling rate
from the LO. The unit is tested at 350
MHz sampling rate with the LO at 900
MHz. The IF is swept from 800 to 1000
MHz with a 200 MHz RF bandwidth.
SNR for both | and Q channels is shown
to have a peak SNR of 45 dB and an
average of 44 dB across the half band in
Figure 5a. SFDR has an average of 56
dB across half the band, Figure 5b.
Other characteristics of interest are the

AN V4
- L~
~newZ B
’//’I

FG CRYSTAL

* Wide frequency range
10 ~ 250MHz

* Pkg. size 5.2 x 6.7 x 1.5mm

* Tightest tolerance
+10ppm @ 25°C
z4ppm -10 to +60°C

See us at
Wescon 94
Booth 2184 & 2186

* High fundamental
frequencies available

* PCMCIA, Dot Clocks,
GPS, and RF Designs

Fox Electronics
* 5570 Enterprise Pky. * Ft. Myers, FL. 33905 o
813-693-0099 ¢ Fax 813-693-1554
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EMI Spring Gaskets

For Demanding EMI-RFI Applications
AREEEER

ey s

Axial For EMI Gasketing

Radial For Grounding Shafts

Patented Canted-Coil Spring Design
» Excellent conductivity across metal interfaces
® Unique electrical & mechanical properties
®» /deal shielding effectiveness in low and high frequency service
8 Available in beryllium-copper alloys and stainless steels
Coil heights as small as .015" allows packaging in tight spaces

® Available in continuous lengths or welded to almost
any diameter

For free literature or design assistance calil
Tel: 800-366-1006 » 714-557-5192 or FAX: 714-241-0185
BAL SERL

620 WEST WARNER AVENUE + SANTA ANA, CALIFORNIA 92707-3398
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2.4 GHz Diversity Patch
Antenna For Wireless LAN
Applications

This hemispherical/omnidirection-
al antenna has a gain of +4 dBic @
zenith. The diversity patch antenna
switches between two individual
antennas to achieve optimum gain.
Typical application is connecting
laptop computers into a local area
network. Polarization: RHCP.

P/N 3396-8008-0029

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.72

New Broadband Drop-in
Circulator

Low cost, broadband circulator for
cellular base station applications.
Covers the full cellular band
(US. & Europe). 860-960 MHz
with < 0.3 dB insertion loss and
> 23 dB isolation. Isolator versions
also available.

P/N 7N251-D1

M/A-COM, Inc., 1-800-366-2266
CIRCLE READER SERVICE NO.71

0OSX Connectors

These sub miniature snap-on
connectors are designed for GPS
automotive and wireless communi-
cations. 30 % smaller than stan-
dard SMB connectors, the OSX
type allow more densely packaged
coaxial connections. 711 mm nom-
inal separation between PCBs, and
0.254 mm stand-offs per connector.

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.73

Low Cost E-Series
Transformer for Wireless
Applications

This 0.5-800 MHz RF transformer
is designed for impedance maich-
ing, voltage step-up or step-down.
Impedance ratio of 4:1, insertion
loss of 3 dB max. (full freq. range).
Surface mount units available in
tape and reel packaging.

P/N ETC-4-1-2

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.74

It's easy to see why M/A-COM is one
of the world’s leading manufacturers of
wireless components.

Of course, we're experts at making
ever smaller, lighter components that con-
sume less power. But that's just one of the
reasons you should be working with us.

There's also our wide range of solu-
tions. Everything from GaAs and silicon
MMICs to transceiver chip sets. Which
means that no matter what type of wire-
less portable product you are producing-
handsets, PDAs, computers, bar code
scanners, whatever—- chances are, we’ve
got the components that can help you
get to the market faster.
Another advantage to

PCMCIA-mountable antennas and
surmount components
for wireless data
transmission.

Now, To See All The Advanced Features
Of Our Wireless Components,
You'll Have To Take A Closer Look.

- -
-

Place nose here.

AY
)
)

doing business with M/A-COM
is our experience with both
analog and digital technology.
What's more, our in-depth
knowledge of RF and microwave
technologies is vital to helping
our customers get products
right the first time. And you'll
be pleased to find that M/A-COM
components are always priced very

Components
for cellular

" handsets,
competitively. PCN and
i private radio
To see how our tiny components 2=

could make a big contribution to

your success, call M/A-COM today at
1-800-366-2266, or the distributor nearest
you. In Europe, +44 (0344) 869 595.

In Asia, +81(03) 3226-1671.
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Figure 5c. 8 Bit A/D module gain flatness.

gain flatness, gain match and phase
match between | and Q channels over
the frequency band. The gain flatness is
within 0.5 dB for 160 MHz band and is
less than 1 dB for full 200 MHz band-
width in Figure 5c¢. Typical amplitude
match is within 0.2 dB over full band.
The phase match between | and Q
channels is better than 1 degree over
the entire bandwidth in Figure 5d.

The HAC 94SC08 module uniquely

combines the function of synchronous
detection and 8 bit data conversion in a
low profile compact unit. It offers the
highest SNR and SFDR performance
and the lowest gain and phase match
errors between channels in its RF fre-
quency band.

Dual 14 Bit 1 GHz Digital To
Analog Converter Module
The HAC 94M14 is a dual 14 bit Digi-

Figure 5d. 8 Bit A/D module phase match.

tal to Analog Converter (DAC) Module,
Figure 6, that can be independently
clocked up to 1 GHz for generating
spectrally pure waveforms and signals.
Two channels are provided to interface
with direct digital frequency synthesizers
for generating orthogonal signals. The
core circuit is a single chip silicon IC
implementing a segmented unary archi-
tecture to minimize major transition
glitches that are characteristic of binary

ﬂllAIIIY

EXCELLENCE
PERFORMANCE

Reliability

50R-083 SMA  0-10 x 1dB steps ¢ DC-2000 Mliz
75DR-013 F * 0-30 x 1dB steps » DC-1000 Milz

Many standard models » 50 and 75 Ohm o Extremely flat « Long life

% JFW Industries, Inc.
e

We Are The
Last Word In

5134 Commerce Square Drive

Rotary
i L, e Attenuators.
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The SUPER-SPICE® time-domain
simulator from Compact Software is
now available for PCs running
Microsoft Windows™!

SUPER-SPICE provides powerful
time-domain simulation for RF,
microwave, and high speed digital
applications. It combines a high
performance simulation engine with
an easy-to-use graphical interface
and a special high frequency model
library. SUPER-SPICE is integrated
with the Serenade Schematic
Editor to provide a complete
solution for design capture and
analysis.

SUPER-SPICE provides accurate
simulation of signal propagation in
various transmission media. High
accuracy models are included for
different media including microstrip,

Compact Software products are sold and supported through a large
network of International Reps and Distributors. To find the name of the
Compact Sales Representative for your area, please contact:

North and South America

Compact Software

201 McLean Blvd  Paterson, NJ 07504
Phone: 201-881-1200 ¢ Fax: 201-881-8361

Europe
Compact Software @ Electronic Software Components GmbH
Alpenstrasse 20, D-85614 ¢ Kirchseeon, Germany

stripline, coplanar  waveguide,
multiple  coupled lines and
discontinuities  including bends,
tees, steps and crosses.
SUPER-SPICE also includes a
unique electromagnetics module
that computes electromagnetic
coupling between traces in complex
multi-layer media. Designers can
use SUPER-SPICE to quickly and
accurately model crosstalk effects
in high-speed digital designs. Fast
time-domain calculations of layout-
related factors provide valuable
insight into the operation of
high-speed PCBs, MCMs and

Phone: +49-8091-6845 « Fax: +49-8091-4804 device packages.

SUPER-SPICE is available for
popular UNIX-based workstations
and IBM PCs running the Microsoft
Windows operating environment.

Asia-Pacific

Compact Asia-Pacific Sales Center

764 Dailey Avenue  San Jose, CA 95123
Phone: 408-362-0363 * Fax: 408-362-0507

=
Super-Spice is part of Compact Software’s family of ‘&;'&i:,-: CO I paCt
integrated products for RF, Microwave, and Lightwave ! ’ S f t e

design. Compact’s Windows-bhased product offering also
MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS

includes schematic capture, linear and nonlinear
simulation, electro-optical simulation, physical layout,

201 McLean Blvd. » Paterson, New Jersey 07504
TFEI - (2N1) Q119NN e FAY- (D01} QR1_RIR1

system simulation and device modeling / extraction tools.




Figure 6. HAC 94M14 Dual 14 Bit DAC.

weighted DAC's. The output response is
fast settling to ensure a clean signal
synthesis at high frequencies.

The on chip reference amplifier loop
regulating the output current enables
an easy user interface. The differential
output current is designed to drive at
40 mA full scale into doubly terminated
50 ohm resistive loads to 1V signal
swing. The standard differential ECL
inputs and clocks are terminated to the
option of either 50 ohms to -2V or 100
ohms shunt between the differential
inputs.

The DAC IC and termination resistors

RANGE 5.0 dBn

\Hﬁmﬁmhdhmnmh " -

TART .0 Hz
MHz clock

52

STOP 2 000 000.0 H
Figure 7. 14 bit DAC SFDR for 0.15 MHz video at 640

are housed in a multi-layer ceramic
package with controlled impedance lines
to ensure signal integrity at high fre-
quency. Adequate heat sinking from the
module is provided to prevent thermal
changes from affecting dynamic perfor-
mance. High frequency control imped-
ance interconnect cables are used to
interface the DAC module to system
applications. SMA connectors are pro-
vided for the analog outputs. Power is
brought into the module through a stan-
dard 15-pin D-connector. The DAC IC’s
in the module are powered by -5V and
—-12V supplies.

318.8 o=

MARKER [

980 MHz clock.

ATTEN 39 &

245.5 MHz
40, 80 @B

Dynamic Performance Summary

Spur Free Dynamic Range (SFDR)
performance is the principal criteria in
rating the quality of a high speed digital
to analog converter. The SFDR is the
magnitude difference between the fun-
damental tone being generated to the
highest harmonic and spur in the
Nyquist band. Most systems generally
band-limit the signal before any signal
mixing and post-processing. In particu-
lar, a common output frequency band of
interest is the 1/8 to 3/8 ratio band of the
clock frequency. The two specific 1/8
and 3/8 frequencies are the most strin-
gent cases in measuring the SFDR
because all out of band harmonics for
these frequencies are all aliased back
on top of each other in the base band.
The 3/8 case is a worst case because
the tone being synthesized is a high fre-
quency to slew and settle. The other fre-
qguencies in the band have better SFDR
than these two cases because the har-
monics and spurs are being spread out
in the base band. In particular, the 2/8
case has harmonics aliased on top of
the fundamental and DC term, which
shows the upper bound of the SFDR.
SFDR can also vary significantly with
different initial sinusoidal phase for a
particular frequency because different
DAC codes are sampled at different
times for various phases. The SFDR
over frequency has been thoroughly
characterized for the HAC 94M14 DAC
module.

A 1 GHz pattern generator is
employed to synthesize the sinusoidal
patterns to evaluate the dynamic perfor-
mance of the DAC. The clock source is

MR A -243.3 W
-40.00 @

STOP 490.0 Mg
S 10 ses

Figure 8. 14 bit DAC SFDR for 367.5 MHz video at
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Synefgy's new product line of Voltage Controlled Oscillators covers the
spectrum of 200 MHz to 2000 MHz. These low cost, high quality models exhibit
extremely low phase noise along with linear transfer characteristics. These new
Voltage Confrolled Oscillators con be supplied in surface mount or plug-in
package styles. Additional information and specifications are available frem the

Synergy Microwave Sales and Applications Department.
STRERGY

MICROWAVE CORPORATION

ODA ODA ODA ODA ODA OOA

ynergy Microwave Corporation
01 McLean Boulevard, Paterson, N.J, 07504 USA
hone {201) 881-8800 or FAX (201) 881-8361 INFO/CARD 42
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Figure 9. 14 bit DAC SFDR for 62.5 MHz video at 500

MHz clock.

a ultra-low phase noise frequency syn-
thesizer squared up by a ultra-fast low
jitter pulse amplifier to ensure a clean
sample clock waveform. Any jitter in the
clock is directly reflected in the degrada-
tion of SFDR performance.

The DAC output frequency is synthe-
sized to step through the entire frequen-
¢y band and the harmonics and spurs
are observed in a spectrum analyzer
from the unfiltered DAC output. Low fre-
quency sine wave generation can be
generated spectrally pure to 79 dB
SFDR as shown in Figure 7. Typical

HAC 14 Bit DAC @ Fclk = 480 MHz
40
o
Q
=
£ -
™3
7]
.60-
704
Spurs Max Hoid For All Phases
80 =T T Tty
0 20 40 60 80 100 120 140 160 180 200
1 (MHz)

Figure 11. 14 bit DAC worse case
phase SFDR at 480 MHz clock.

s 7,5 seoe

500 MHz clock.

SFDR for 1/8 and 3/8 tones at 500 MHz
clock are 58 dB and 47 dB respectively;
see Figures 9 and 10. The 3/8 tone is 40
dB at 980 MHz clock, Figure 8. When
the sinusoidal phase is slipped at a par-
ticular frequency, the worse case SFDR
can be observed using the max hold
function on the spectrum analyzer. The
typical SFDR for worse case phase per-
formance at 480 MHz clock is summa-
rized in Figure 11.

The HAC 94M14 module offers the
highest sampiing rate high resolution
dual digital to analog converter in the
market today characterized by outstand-
ing dynamic performance.

Summary

Hughes data conversion technology
has produced a product line of high per-
formance I/Q A/D and D/A converter
modules that can be applied to today’s
RF and microwave signal processing
communication systems. The high reso-
lution A/D and D/A converter modules
are characterized by their exceptional
high SFDR at high sampling rates. The
8 bit synchronous converter module
offers a compact I/Q detector with high
performance demultipiexed quantizers.
These converter products have been
installed and tested in systems requiring
high quality and performance. All these

Figure 10. 14 bit DAC SFDR for 187.5 MHz video at

units are available from the Advanced
Circuits Technology Center of GM
Hughes Electronics.

More information for the above prod-
ucts can be obtained from Hughes
ACTC New Business Development
Manager John Burns at (310) 517-6700
or by circling Info/Card #180.
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RF products

Quadrature Digitizer

Maxim Integrated Products
introduces the MAX2101, a 6-bit
quadrature digitizer that combines
quadrature demodulation with
analog-to-digital conversion on a
single bipolar silicon die. The
device accepts input signals from
400 MHz to 700 MHz and applies
adjustable gain, providing at least
40 dB of dynamic range. The
ADC provides greater than 5.3
effective bits at sampling rates of
60 Msps and F;, = 15 MHz. It
also features fully integrated low-
pass filters with externally vari-
able bandwidth (10 MHz to 30
MHz), a programmable counter
for variable sample rates, and a
signal detection function. Each
baseband is filtered by an on-

chip, 5th-order Butterworth low-
pass filter, or the user can use an
external filter. Baseband sample
rate is 60 Msps. Offset binary or
twos-complement output data for-
mat can be selected. The
MAX2101 also offers a signal-
detection function, and automatic
baseband offset cancellation.
The device is designed for digital
communications such as those
used in DBS, TVRO, WLAN, and
other applications. The MAX2101
is available in a 100-pin MQFP
package in the commercial (0 to
+70 °C) range. Prices start at
$17.95 for quantities of 1000 and
up.

Maxim Integrated Products
INFO/CARD #250
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Vector Network
Analyzers

Anritsu Wiltron announces the
37200A series of vector network
analyzers. The 37200A series
combines designs of Anritsu’s
360B VNA with modern architec-
tures that optimize productivity
and measurement throughput. All
models feature fast sweep speeds
after 12-term calibration, wide
dynamic range, and 1 Hz frequen-
cy resolution. For long-term relia-
bility, all models incorporate an

electronic transfer switch. The
series covers the 22.5 MHz to 40
GHz range, and offers full IEEE-
488.2 compatibility, fast GPIB
data transfers, an intemal 85 Mb
hard drive and segmented limit
lines for pass/fail testing. An inter-
nal 1.44 Mb MS-DOS floppy drive
can be used for uploading and
storage of setups. A large selec-
tion of calibration methods are
available to the operator, and the
series can also be used with
Anritsu's new AUTOCAL system,
which automatically makes full 12-
term calibrations with a single
connection. Prices for the series
start at $41,000.

Anritsu Wiltron

INFO/CARD #249
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uP-Controlled

Power Amplifier
Designed for wideband high-
power application in the 200 to
500 MHz frequency range, GTC'’s
GRF5006 is microprocessor con-
trolled. This rack mounted amplifi-
er utilizes fully isolated, class AB,
silicon RF power MOSFET

devices for high gain and wide
dynamic range. Typical harmon-
ics are —=25 dBc at 1 dB compres-
sion, and spurious are > 60 dBc.
The microprocessor controls the
multi-function LCD display, ALC
feedback, VSWR protection, cali-
bration, and IEEE-488 remote
control and remote monitoring.
Output power is 500 W at 1 dB
compression. Gain is 57 dB
(min.) and the noise figure is 9 dB
{max.). Protections and fault
monitoring include thermal over-
load, load VSWR with graceful
degradation, out of band drive,
fan failure, over/under voltage,
and over current. The amplifier is
self contained with a power sup-
ply and cooling system. Each
unit undergoes extensive burn-in
prior to its final test and Q/A.

GTC

INFO/CARD #248

Drop-in Coupler

RF Power Components has
introduced a dual directional cel-
lular coupler with solder tabs for
drop-in applications. The unique
package design offers welded sil-
ver tabs for microstrip mounting
in a moisture-sealed case. Model
RFP-6031 operates from 800 to
1050 MHz, with up to 500 W CW
power and covers the full cellular
band. The broadband design of
the RFP-6031 delivers precise
coupled power levels that can be
maintained over the cellular spec-

trum during channel hopping,
reducing the need for additional
signal leveling. In addition, the
coupler has has a 509 internal
termination. Maximum coupled-
port VSWR is 1.25:1, nominal
coupling is 20 +1 dB, and direc-
tivity is typically 25 to 30 dB. Cou-
pling flatness is +0.25 dB. Model
RFP-6031 is housed in a pack-
age measuring 3.00 x 1.50 x 0.25
inches. Connectorized units are
also available. The device sells
for under $95 in quantities of 100.
RF Power Components, Inc.
INFO/CARD #247

900 MHz Receiver
MMIC

ANADIGICS’ AWRO0900 is a
fully monolithic downconverter
intended for cordless telephone
and wireless LAN applications in
the 900 MHz range. Features of
the GaAs MMIC include an on-

chip oscillator/image filter, 3 dB
noise figure, 15 dB conversion
gain, single +5V supply, and
power-down capability. In addi-
tion, a small surface mount pack-
age and low current consumption
make the AWRO0900 ideal for
both hand-held and battery oper-
ated applications. The device's
input third order intercept point is
-5 dBm and image rejection for a
110 MHz IF is 13 dB. Output IP3
varies from about —6.5 dBm to -1
dBm as supply voltage varies
from 8.5 to 7 V. The LO’s VCO
covers a 20 MHz range with a
tuning voltage of 0 to 4 V. Cost
for the new receiver MMIC is $5
for quantities of 1000.
ANADIGICS

INFO/CARD #246
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YIG Oscillators

Watkins-Johnson Co. has introduced two
new models of YiG-tuned oscillators
(YTOs) designed specifically for commer-
cial and industrial applications. Both mod-
els cover the 3.7 to 8.0 GHz frequency
range with +16 dBm output power, mini-

mum. The WJ-6703-036F is housed in a
hermetic case and uses capacitive
feedthroughs, while the WJ-6755-206F is
housed in a non-hermetic package using
non-capacitive feedthroughs.
Watkins-Johnson Co.

INFO/CARD #245

Compact OCXO

Oak Frequency Control Group's 4899
oven controlled crystal oscillator (OCXO) is
designed to provide superior performance
in a compact, 1.5 inch square by 0.5 inch
high package. The 4899 utilizes a precision
SC-cut crystal to attain a temperature sta-
bility of +8x10°® from -20 to +70 °C and
aging of only +5x10710 per day. The 4899

Product Spotlight: Oscillators

covers 7 to 20 MHz and offers Sine or
HCMOS output.

Oak Frequency Control Group
INFO/CARD #244

Surface Mount VCXO

Champion Technologies introduces the
K1526 series of voltage controlled crystal
oscillators, available in compact ceramic
packages for surface mount applications.
The series operates at frequencies from 2.0
to 33.0 MHz, with frequency stability of +50
ppm over an operating temperature of —40
to +85 °C. The K1526 series offers a devia-
tion control range of 0.5 to 4.5 V, centered
at 2.5 V, with a standard deviation sensitivi-
ty of «50 ppm/V. The package measures
0.56 x 0.36 x 0.16 inches.

Champlon Technologies, Inc.
INFO/CARD #243

3.5t0 4.0 GHz VCO

The VOOOMEOQ1 from Z-Communications
covers 3500 to 4000 MHz with a control
voltage of 2 to 18 V. The device delivers 6
+3 dBm into a 50 Q load with a nominal 8V
supply while drawing less than 35 mA.
Phase noise at a 10 kHz offset from the
carrier is specified at —90 dBc/Mz. Pushing
is less than 7 MHz/V. The V900MEO1 is
packaged in Z-COMM'’s industry standard
MINI surface mount package measuring 0.5
x 0.5 x 0.2 inches. Prototypes are available
from stock for $55/VCO.
Z-Communications, Inc.
INFO/CARD #242

AMPLIFIERS

Broadband, 50 W Amp.

Amplifier Research has introduced a solid
state RF power amplifier that delivers a mini-
mum of 50 watts CW power across a fre-
quency range of 1 to 1000 MHz. Model
50W1000A, weighing 45.0 Ib and measuring
19.8 x 8.0 x 18.0 inches, joins nine other
standard RF amplifiers in the ultra-broadband
W-Series. Price is $19,000.

Amplifier Research
INFO/CARD #241

Miniature 225-400 MHz Amp.
LCF Enterprises offers an amplifier that
delivers 50 W CW power and operates from
225 MHz to 400 MHz in a module measuring
4.84 x 2.0 x 1.0 inches (excluding mounting
feet and connectors). The amplifier delivers a
minimum gain of 35 dB and operates from a
28 VDC supply with high efficiency. Another
member of the same series delivers 100 W.
LCF Enterprises
INFO/CARD #240

RF Design

1.85-1.98 GHz, 125 W Amp.

CMT has introduced an S-band, 125 watt
PCS base-station amplifier. The CW amplifier
uses GaAs FET technology and achieves
gain of 55 dB, 1 dB compression output of
50.5 dBm and typical IP3 of +67 dBm.
Designed for class A, class A/B operation,
the unit operates from a 12 VDC power sup-
ply, drawing 30 A quiescent, and 47 A at
maximum output. The amplifier is available in
OEM or rack/chassis configurations.
Chesapeake Microwave Technologies, Inc.
INFO/CARD #239

Feedforward Amp.
The Q-bit model QBS-101 is a low gain, low
noise, high intercept point feedforward amplifi-

Surface Mount
Trimmer Capacitors

* 2 sizes:

32x45x1.6 mm

4.0 x 4.5 x 2.7 mm (sealed)
* 4 mounting configurations
e Carrier and reel, or bulk pack
* 1.7 to 50 pF in 7 cap ranges
* Operates to 85°C

Phone, fax or write today for
Engineering Bulletin SG-305B.

SPRAGUE
GooDmAN
134 Fulton Ave Garden C'ty Park, NY 11040

Phone: 516-746 1385 + Fax 516-746-1396
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Ceramic Dielectric
Trimmer Capacitors

Rugged 5 & 7 mm types
Operating temp: -55° to +125°C
Cap ranges: 1.3-2.0 pF to 12-160 pF
Miniature types suitable for hybrids
Operating temp: -25° to +85°C
3 series: 2.0x 1.2 mm; 3.0 x 1.5 mm;
5.0x2.0 mm
Cap ranges: 2.5-10 pF to 5.5-40 pF
Microwave types
Operating temp: -55° to 85°C
Cap ranges: 0.5-2.0 pF; 1-4.0 pF; 2.0-10 pF
Q > 500 at 100 MHz
Plastic encased 4 x 4.5 mm and 5 mm types
Designed for volume applications
Surtface mount and printed-thru-hole models
Cap ranges: 1.7-3.0 pF to 10-50 pF
Phone, fax or write today for
Engineering Bulletin SG-3058.

SPRAGUE
GOODMAN

134 Fulton Ave., Garden City Park, NY 11040
Phone: 516-746-1385 » Fax: 516-746-1396
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0/50°C | +5x10°
-20/+70°C | +1x10°

| +5x100

+2x10°

Warm-up (3x10*) | 10 minutes

3 minutes

Freq. Range | 32kHz-50MHz

32kHz-32MHz

Input/Output | 15 Volts/7 dBm into 50Q

or 15V/5V HCMOS

er operating over the 2 to 70 MHz range. At
25 °C, the amplifier has 4.0 dB noise figure,
12.5 dB gain, +58 dBm OIP3, +93 dBm OIP2
and 44 dB reverse isolation. Packaged in a
3.0 x 3.5 x 1.23 inch housing, the amplifier
operates from 24 VDC with 350 mA of current.
Q-bit Corp.

INFO/CARD #238

Pulse Amplifier

The ZPUL-21 50Q pulse amplifier from
Mini-Circuits has a bandwidth from 2.5 kHz to
700 MHz, with usable gain up to 1 GHz. Typi-
cal flatness characteristic is +0.6 dB, and
rise/fall times are 1.1 ns. The unit can typically
handle pulses as wide as 15us. The 24 V, 350
mA amplifier has a typical delay time of 1.5 ns
and can be supplied in inverting configuration.
Pricing for the ZPUL-21 is $249 each.
Mini-Circuits
INFO/CARD #237

TEST EQUIPMENT

TOOLS,
MATERIALS &
MANUFACTURING

To order a Free catalog, or for complete
engineering assistance, call:

(203) 853-4433
Fax: (203) 849-1423

¥ Ay
VECTRON

The Crystal Oscillator Company

A

VECTRON LABORATORIES, INC.
P.0. Box 5160. Norwalk, CT 06856-5160.

A TECHMNOLOGIES COMPANY
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Teflon Substrate

The Advanced Dielectric Division of Tacon-
ic Plastics now offers a new, low-cost, copper
clad, PTFE/woven glass substrate called
TLC. Dielectric constants of 2.70 +0.05, 3.00
+0.05 and 3.20 +0.05 are available, as are
electrodeposited, ultra low profile electrode-
posited, and rolled/annealed copper
claddings. TLC has high rigidity, very low
moisture absorption, high peel strength and
low loss tangent.
Taconic Plastics, Inc.
Adv. Dielectric Div.
INFO/CARD #236

Magnetic Shielding Kit
Magnetic Shield Corp. has introduced an

improved model LK-120 magnetic shielding

lab kit. Available for $129, the kit includes a

selection of CO-NETIC and NETIC magnetic

shielding alloys, a magnetic field evaluator

probe, and complete design and technical lit-

erature.

Magnetic Shield Corp.

INFO/CARD #235

AI203-Matched Material

Rogers introduces an isotropic formulation
of its TMM® temperature stable microwave
circuit material which has a 9.8 dielectric con-
stant matched to that of high-purity alumina
(Al,05). The material is designed for miniatur-
ized, portable antenna applications, such as
the antennas used in two-way pagers and
PCMCIA cards, and patch antennas. The
TMM10i material offers an anisotropy of
dielectric constant of less than 3% across the
x-, y- and z-axis.

Rogers Corp.
INFO/CARD #234

Multipath Channel Emulator

Noise Com introduces model MP2400 mul-
tipath fading emulator for COMA, GSM and
PHS applications at frequencies up to 2500
MHz. The MP2400 can contain up to 12
paths on one or two channels (2 x 6 paths).

Specifications, as well as customer generated
two-dimensional map models can be run via
a built-in 486 PC. A power meter AGC is also
built-in to calculate output power from —10 to
~100 dBm with +1 dB accuracy.

Noise Com, Inc.

INFO/CARD #233

GSM Test Set

Model 6102 from Racal Instruments is a
test set for GSM mobile units. The test set
permits testing in the unsynchronized mode,
which allows the generation of signals to sim-
ulate either the transmitter or receiver. This
permits a level of fault diagnosis not previous-
ly available, and permits transmitters to be
tested and adjusted without being in conver-
sation. In addition, the test set has two inde-
pendent, agile signal generators and can
accommodate wide variations in input level
from the handset. Prices begin at $35,000.
Racal Instruments
INFO/CARD #232

High-Frequency Test Contact
Johnstech International has announced the
development of a test socket contact
designed specifically for high performance
testing of microwave IC devices. The 1/2-size
Short Contacts™ are based on patented
technology that combines outstanding electri-
cal performance with superior contact reliabil-
ity and integrity in automated and manual
testing of microwave devices.
Johnstech International
INFO/CARD #231

CDMA Spectrum Analyzer
Hewlett-Packard has announced a CDMA
spectrum analyzer that offers customized, one-
button transmitter measurements and interac-
tive troubleshooting capabilities. Tests include
power timing and frequency-interference mea-
surements. All tests meet EIA\TIAVS-95, -97
and -98 CDMA standards. The CDMA portable
spectrum analyzer combines the HP 85725A
CDMA measurements personality and an HP
8590 E-series spectrum analyzer. A typical
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EPSON

The Crystalmaster

CRYSTALS

More Epson Crystals to
choose from

THRU HOLE
C-2

Low frequency tuning fork type

32.768 KHz
20 to 165 KHz

CA-301
AT-Strip High frequency type
4.0 t0 64.0 MHz

SMD
MC-405/6 —

has heat resistive C-2H crystal
L10.4xW4.06xH3.56mm
20 t0 165 KHz

MA-406 and MA-505/6
have heat resistive CA-303
crystal

4.0 t0 64.0 MHz

MINI-SMD
MC-306 ’

utilizes new advanced EPSON
tuning fork technology
L7.9xW3.8xH2.5mm

392.768 KHz

MA-306

employs new AT-strip
technology
L7.9xW3.8xH2.5mm
17.7 t0 40.0 MHz

EPSON Sales Representatives: AL-GA-TN Concord Components 205 772-8883 -«
CO-UT Wn. Region Mktg. 303'428-8088 -«
Rosen Assoc. 617449 4700 « MD-VA Tech Sales Assoc. 301 461-7802 « MI-IN-KY C C Electro 317'921-5000 - MN Electromark 612/944-5850 « NC-SC Envision 9192319939 « NJ JMR
« OH J D. Babb Assoc. 216/934-4454 -

714957-3367 -

Sales 908 525-8000 -

NY Elcom Sales 716385-1400 - METRO-NY Niktronix 516929-4671

OSCILLATORS

Latest technology Epson
Crystal Oscillators

THRU HOLE

SG-51
Full Size E
SG-531 %

Half Size
Auto-insertable
Frequency range 1.025 to
67.0 MHz

SMD
SG-615

has internal heat resistive CA-303
crystal

L14.0xW9.8xH4.7mm

1.025 t0 67.0 MHz

MINI-SMD [
SG-636

utilizes new advanced EPSON
AT-strip technology
L10.3xW5.8xH2.8mm

2.20t0 67.0 MHzZ

Request your copy of the
Crystalmaster Catalog today.

®

EPSON AMERICA, INC.
COMPONENT SALES DEPARTMENT

TEL: (310) 787-6300, FAX: (310) 782-5320

FL Dyne-A-Mark 407'660-1661 -

215244-4000 + TX-OK Component Tech 214 783-8831 « CANADA Dynasty Components. Inc. 613'596-9800
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AZ-NM Fred Board Assoc. 602'933-9388 -«
IL-WI LTD Technologies 708,773-2900 «

Founder of the crystal-timing era and
master of the latest crystal technology,
Epson has the broadest lines available
for Crystals, Crystal Oscillators, and Real
Time Clocks.

REAL TIME CLOCKS

Epson Real Time Clocks. ..
built-in Crystal for every
application

DIP and SOP Iype RIC's... Second-to-year
and day-of-the-week

RTC-4553 Serial data bus, miniature
package, user SRAM (30 x 4 bit).

RTC-58321/3 4 bit parallel bus, /O
connection.

RTC-62421/3 4 bit parallel bus, low
standby current consumption.

RTC-72421/3 4 bit parallel bus, low
standby current consumption.

RTC-63421/3 4 bit parallel bus, alarm
function.

RTC-64611 8 bit parallel bus, alarm
function.

RTC-65271 8 bit parallel bus, 4K bytes
SRAM, battery holder.

RTC-658X 8 bit parallel bus, 114 bytes
SRAM, battery holder.

RTC-659X 8 bit parallel bus, 114 bytes
SRAM, alarm, battery holder.

CA-No. Costar 408446 9339 -
KS-MO-{A Microtronics 913/262-1444 -

OR-WA Matrex 503/245-8080 «

CA-So. Bager Electronics
MA-NH-CT

PA Omega Sales
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One
Million
VCXO0s.

Champion Technologies has become a
proven leader in the development and
manufacture of VCXOs for today’s
increasingly demanding applications.
Available in both surface mount and
through-hole configurations, Champion
VCXOs provide the stability and
performance you require, with the
experience and service to back it up.

With a broad VCXO product line that
keeps growing, Champion can provide
the right VCXO for you, whether it is for
a WAN or SONET application.

A K1523... Industry standard; general
purpose applications to 52.0 MHz.

A K1524... Wide deviation VCXO;
+300ppm min.

A K1525... Low profile device for
applications to 40.0 MHz.

A K1526... Surface mount VCXO

A K1527... Bipolar control voltage;
applications to 66.0 MHz.

A K1528... High frequency VCXOs to
82.0 MHz.

A K17155... Up to 155.5 MHz TCVCXO
for SONET, FDDI and CEPT.

A K1700... £10ppm, +15ppm stability
to 35 MHz.

Would you rather specify a less
experienced VCXO manufacturer or one
that has delivered over 1 million VCXOs to
the industry?  Choose Champion
Technologies for proven performance and
“best-in-class” levels of support.

One Millionth VCXO Dellvered
in 1994,
Non-Stop - = SERVICE

&

CHAMPION
TECHNOLOGIES, INC.
A 2553 N. EDGINGTON STREET A

A FRANKLIN PARK, IL 60131 A
A 708-451-1000 A FAX:708-451-7585 A
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IzEpI' O d u Ct continued

CDMA spectrum analyzer configuration with
frequency coverage to 2.9 GHz is $20,000.
Hewlett-Packard Co.

INFO/CARD #230

Crystal Stability Test

Model PC-100 from CCI/USA measures
long term frequency stability and short term
Allen variance in individually temperature-con-
trolled cavities. Various crystal types and
sizes, with Allen variances better than
1x10-12 seconds and drift rates of better than
5x1011 per day are accurately measured with
this instrument. Model PC-100 holds up to 100
crystal devices from 4.0 MHz to 180 MHz.
Crystal Complete Interface USA, Inc.
INFO/CARD #229

Power Meter

Boonton introduces the model 4500 digital
sampling power analyzer which allows pre-
cise analysis of digital communications prod-
ucts. When used with a peak power sensor,
like the model 56518, peak power dynamic
range exceeds 60 dB. This dynamic range is
achieved without ranging, using a 12-bit A/D
converter. Peak power range is —40 to +20 dB
and average power range is =50 to +20 dBm.
The 4500 has a statistics mode and can per-
form 14 measurements automatically in the
pulse mode. A single channel version of the
model 4500 sells for $15,000.
Boonton Electronics Corp.
INFO/CARD #228

500 MHz Spectrum Analyzer
Hameg Instruments introduces the
HM5005/HM5006 spectrum analyzer family.
Both units offer a 0.5 to 500 MHz frequency
analysis range, with continuously-variable
center frequency tuning and selectable dis-
play scan width. Both also include a four-digit
LED numeric display and on-screen marker.
The HM5006 contains an integral tracking
generator. The HM5005 and HM5006 are
priced at $1048 and $1398, respectively.
Hameg Instruments
INFO/CARD #227

DISCRETE
COMPONENTS

High Frequency Crystals

Reeves-Hoffman announces the availability
of production quantities of its 155.52 MHz
fundamental oscillator crystals for use in
SONET telecommunication applications. The
crystals are manufactured utilizing the invert-
ed mesa technology. They are available in

-~y
e

”

HC-45 cold-weld packages.
Reeves-Hoffman
INFO/CARD #226

Short Glass Trim Caps

A new series of shorter glass dielectric trim-
mer capacitors have been added to Sprague-
Goodman’s PISTONCAP® line. The GDT
series requires only 9.4 to 16 mm clearance
above a circuit board mounting surface,
depending on the model chosen. Models are
available for surface or through-hole mount-
ing. Six capacitance ranges are offered: 1.0 to
5.5 or 8.5 pF, and 1.5 to 10, 20, 30 and 40 pF.
Sprague-Goodman Electronics, Inc.
INFO/CARD #225

Multi-Turn, Sealed Trimmer
Voltronics is in production of a new 40 pF
high voltage, sealed multi-turn trimmer
capacitor. Dimensions are 1.0 inches long by
0.3 inches in diameter. Tuning is from 1.5 to
40 pF, with DC withstanding voltage of 2000
and DC working voltage of 1000. Q is over
1500 at 100 MHz. With a non-rotating piston,
the trimmer’'s O-ring seal withstands 40 psi.
It is available for printed circuit, panel and
surface mount. Prices are $11.99 in quanti-
ties of 1000.
Voltronics Corp.
INFO/CARD #224

CABLES &
CONNECTORS

Stable, Low-Loss Cables
MICRO-COAX has introduced a family of
low-loss, semi-rigid coaxial cables that provide
exceptionally low loss and high phase stability
with temperature. The special PTFE dielectric
used in the cables yields less attenuation, bet-
ter phase stability with temperature, and more
power handling capability. The cables are
available with outside diameters of 0.047,
0.070, 0.0865, 0.120, and 0.141 inches.
MICRO-COAX
INFO/CARD #223

SQ Connectors

A line of quick connect-disconnect SQ con-
nectors that replace 7/16-type connectors in
high power applications is being introduced
by Tru-Connector Corp. The SQ connector
features a 7/16 center contact combined with
a positive-locking quick-change design. The
SQ connector can be supplied as a plug, jack,
and mating receptacle in straight and right-
angle configurations.
Tru-Connector Corp.
INFO/CARD #222

502, Hermetic Feedthrough
Balo’s 50 ohm, laser-weldable (MIL-C-
39012), hermetic plug accepts standard
threaded adapters. The family of
feedthroughs include an RF plug which
accepts standard 0.25” x 36 thread SMA jack-
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to-jack adapters, an RF plug which accepts
3/16” x 36 thread SSMA jack-to-jack
adapters, and an EMI-filtered plug.

Balo Precision Parts

INFO/CARD #221

7/16 Coaxial Connectors
Delta’s 7/16 series connectors conform to
DIN 47223 and other applicable IEC, VG,
and CECC standards. The connectors have
high power handling capability, and VSWR
as low as 1.07:1 at 2 GHz. Delta’s 7/16 con-
nectors are constructed of nickel-plated
brass, with PTFE insulators. The line of con-
nectors includes a variety of plugs and
receptacles, with custom configurations
available as well.
Delta Electronics
INFO/CARD #220

SEMICONDUCTORS

Low Distortion ADCs

Analog Devices' AD9026 and AD9027 ana-
log-to-digital converters deliver true 12-bit
accuracy and exceptional linearity at up to 31
Msps sampling rate. Both offer 72 dBc SFDR
(at 13 MHz) and a full 200 MHz analog input
bandwidth. They are well suited to down-con-
vert band-limited signals with carrier frequen-
cies in the 15 to 30 MHz range and can digi-
tize an entire downcoverted cellular band.
Both parts integrate all necessary circuit ele-
ments, including reference, track-and-hold
amplifier, output logic and internal bypass
capacitors. The AD9027 achieves somewhat
better noise performance for sampling rates

above 26 Msps. Power consumption is 1.6 W
with +5 V and -5.2 V supplies. The A9026
and AD9027 are packaged in 28-pin ceramic
DIP. Their price is $238 in 1000s and are
available from stock.

Analog Devices, Inc.

INFO/CARD #219

RF NPN Power Transistors
Motorola announced an increase in its RF
portfolio today with the introduction of six
new products capable of providing power in
the range of 2 to 36 watts, depending on the
device. The new lineup of class A RF NPN
power transistors is designed to operate in
the 800 to 960 MHz range. intended for use
in 24 V, UHF, large-signal, common emitter,
linear amplifier applications, these devices

RF Design

feature high gain, are silicon nitride passi-
vated and have guaranteed ruggedness
specifications.

Motorola Semiconductor

INFO/CARD #218

Low Noise Op Amps

The CLC426 is a voltage-feedback cp
amp with 230 MHz gain-bandwidth product
and very low noise (1.6 nV/VHz and 2.0
pA/VHz) and low distortion (-62/-68 dBc
2nd/3rd harmonics at 1 Vpp and 10 MHz). in

addition the CLC426 operates from either a
single supply (5 to 12 V) or dual supply (5
V). The CLC428 provides 160 MHz unity-
gain bandwidth with an ultra-low input volt-
age noise density (2.0 nV/VHz), very low
2nd/3rd harmonic distortion (-60/~70 dBc)
as well as high channel-channel isolation
(—62 dB). Prices for the CLC426 start at
$3.95, and the CLC428 start at $5.49, both
in quantities of 1000.

Comlinear Corp.

INFO/CARD #217

No Oscillation.

For fastest delivery of the most reliable high performance
frequency control products, Hy-Q International never wavers.
Hy-Q International is a world leader in the design and manu-
facture of quartz crystal products. Our wide range of quality
products, supplied from five locations world-wide, ensures
your communication or instrumentation needs will be met
quickly and cost efficiently. For your next frequency control

application, choose a consistent performer who never wavers.
Send us your specifications for fast, thorough analysis.

QUARTZ CRYSTALS

* AT cut crystals to achieve frequencies from 1.0 MHz

3.2 MHz to 35.0 MHz.
CRYSTAL OSCILLATORS

FILTERS

to 200.0 MHz in numerous thru-hole holders.
* Surface mount products to achieve frequencies from

» TTL/CMOS Clock Oscillators covering 250.0 KHz to 70.0 MHz.
Surface mount packaging available.
* TCXO'S, VCXO'S AND TCVCXO'S made to custom specifications.

» Discrete and monolithic crystal filters.

e)

International (USA), Inc.

1438 Cox Avenue/Erlanger, KY 41018/ Tel.(606) 283-5000/Fax (606) 283-0883

AUSTRALIA « SINGAPORE » UNITED STATES - UNITED KINGDOM « MAURITIUS
INFO/CARD 49
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RF tutorial

Printed Circuit Board Considera-
tions for Low Cost Design

By Gary A. Breed
Editor

Here is a short summary of the engi-
neering issues surrounding current RF
design practices using printed circuits.
The materials, layout methods and
assembly techniques all are subject to
tradeoffs concerning cost and perfor-
mance.

rinted circuits have been the stan-

dard method for electronic design
and assembly for many years. In the RF
realm, the electronic performance char-
acteristics of p.c. board materials have
been the principal selection criteria.
However, in a changing marketplace,
greater emphasis on cost has required
RF engineers to evaluate materials that
were previously considered low perfor-
mance.

At the same time, p.c. board laminate
manufacturers have been addressing
the performance issues surrounding
their “commodity” materials, as well as
developing lower cost versions of their
traditional RF/microwave materials. In
particular, low dielectric constant materi-
als are being developed that will sell for
a much lower cost than the “classic”
PTFE/glass laminates.

In addition to the materials, design
and assembly methods are also being
reevaluated for low cost RF design.
High volume, low cost products must be
assembled by automatic machinery, and
the component selection and physical
layout must accommodate this require-
ment. Often, however, optimum design
for manufacturing is far less than opti-
mum for RF performance.

Adapting Consumer Electronics
Techniques

Consumer electronics, which general-
ly involves entertainment products like
radio, audio, television and games, is a
good model for low cost, high volume
production. These products almost
exclusively use fiberglass-based lami-
nates (the ubiquitous FR-4 or G-10).
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Second layer: ground plane

Top layer: main circuit

A S S S S S S S ERSSSSSSESSNSSSSSSSSSSSY

.......... RS i Lo e

< BOSNONNSNANNANNNN

Third layer: power bus

Bottom layer: ground plane

Figure 1. Basic concept of separating the power bus from the remain-
der of the circuit using a multilayer p.c. board.

These are high dielectric constant mate-
rials (€, = 5 or greater). They are also
much lossier than laminates that have
been typically used in the higher RF and
microwave range (€, = 2.4 or lower).

For many designers, the cost of mate-
rials and the cost of etching and assem-
bly dictates that FR-4 type laminates will
be used. What are the major tradeoffs,
and how are performance factors to be
dealt with?

If the entire design is to be included
on the board, the designer may have to
adapt the design to allow for practical
impedances of any microstrip lines that
are part of the circuit. Lines on 1/16 inch
FR-4 are much narrower than on
microwave laminate, for the same char-
acteristic impedance. In a few cases,
this will actually help, by making
microstrip structures more compact.
However, the increased dielectric and
radiation losses will decrease the perfor-
mance of those structures.

To combat performance losses, cir-
cuits can be made a small as possible to
minimize the lengths of interconnecting
lines. Localized shielding can be used
where radiation is a problem. The total
gain of the system, and its distribution in
the circuit may be another way to com-
pensate for the lower performance of
inexpensive p.c. laminates.

Critical performance areas may

require special attention. Many circuit
elements are available as preassembled
modules. VCOs, synthesizers, low-noise
amplifiers, couplers and splitters, and fil-
ters are all available as board-mounted
components. A last-resort possibility is
embedding a section of microwave lami-
nate within a larger glass board. This
may solve performance problems when
only one part of the circuit is the prob-
lem area — such as receiver front-end
circuitry.

Multilayer Boards

Increased use of multilayer p.c.
boards is part of the new trend in design
of RF products. Size reduction and per-
formance requirements are the reasons
for using multilayer boards.

A simple example, a four layer board
(Figure 1) might be used. The top layer
contains the main circuit paths for a nor-
mal SMT assembly. Below that is a
ground plane, creating both shielding
and a return path for transmission-line
elements on the top layer.

Below this ground plane is a power
distribution layer, which is used to carry
power and bias voltages to various parts
of the circuit. Again, there is a combina-
tion of shielding and transmission line
effect that greatly helps isolate the
power bus from the operating circuit,
and reduces unwanted coupling that
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SURFACE-MOUNT or PLUG-IN --. 3335

Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock
and vibration stresses of MIL-M-28837, or to 200 cycles of thermal shock from -55° to
+100°C...they'll survive without any change in specs. They are mighty tough mixers!

Available with LO drive levels from +7 to +17d8m, performance features include very
low conversion loss flat over the entire band, high isolation (L-R, L-I), and well-matched
VSWR at all ports.

All-welded internal and external construction is used to assemble and package the
TUF-unitinits tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly.

TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented
"skinny" sigma (&) unit-to-unit repeatability as shown in the Tabie.

Tough, tiny, and with tight repeatability ... Mini-Circuits’ Ultra-Rel™ TUF-mixers with a
five-year guarantee, priced from $3.95...available only from Mini-Circuits.

ULTRA-REL’ MIXERS
5-YR. GUARANTEE

with extra long life due to unique HP monolithic

diode construction, 300°C high temp. storage, 1000 cycles
thermal shock, vibration, acceleration, and mechanical
shock exceeding MiL requirements.

actual size

SPECIFICATIONS

Model LO Freq.
Power LO/RF
(dBm) (MHz)

TUF-3 7 0.15-400
TUF-3LH
TUF-3MH
TUF-3H

TUF-1
TUE-1LH
TUF-1MH
TUF-1H

TUF-2
TUF-2LH
TUF-2MH
TUF-2H

TUE-5
TUF-5LH
TUF-5MH
TUF-5H

TUF-860
TUF-860LH
TUF-860MH
TUF-860H

TUE-11A

TUF-11ALH
TUE-11AMH
TUF-11AH 17
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*To specity surface-mount models, add SM after P/N shown
B X = Average conversion loss at upper end of midband (fy/2)

6 = Sigma or standard deviation

- (=] = @ ®
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 50
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often occurs with unshielded power
traces. Finally, another ground plane is
the bottom layer, competely shielding
the power distribution layer.

This simple example is for illustration
only. Actual circuits may be three layers
or more, depending on the circuit com-
plexity, mainly the number of paths that
must be kept isolated form one another.
Densely packed SMT circuits often can-
not accommodate the required intercon-
nections without multiple layers for
those signal and power paths.

Physical Properties

While the electrical characteristics of
p.c. board materials affect circuit perfor-
mance, their physical properties affect
manufacturability. One key factor is ther-
mal performance. Components must
match the substrate's coefficient of ther-
mal expansion, or tolerate changes that
occur over the operating temperature
range. For example, chip resistors and
capacitors are constructed of ceramic
materials, which typically have very low
thermal expansion coefficients. Yet, the
p.c. board materiais they are expected

Substrate Dielectric Dissipation Coefficient of Thermal Expansion
Material Constant Factor X-Y axis Z-axis
FR-4 4.8 0.022 12-16 ppm/° 80 ppm/°®
Polymide/glass 4.5 0.01 12-14 60
Alumina 9.6 0.0001 6.2 6.2

PTFE (woven glass filled) 2.4 0.0019 15 200
RT/Duroid 5880 2.2 2-3 28.3
RT/Duroid 6002 2.94 0.0012 16 24

Figure 2. Electrical properties and thermal expansion charactersitcs of

some common substrate materials.

to be mounted on may have two or three
times the rate of expansion. Figure 2
lists the thermal properties of some
common substrate materials [1].
Thermal shock is another considera-
tion for ceramic materials in high-volume
manufacturing. Soldering, either wave or
reflow, can cause undue stress on
ceramic components unless it is per-
formed properly. Repeated thermal
stress and rapid changes in temperature
(e.g. from soldering to washing) can
cause damage that may not be
detectable by ordinary visual inspection

methods. It is best to establish industry-
standard procedures for p.c. board man-
ufacturing.

An additonal area of physical design is
packaging. Mounting the p.c. board can
not only impart stress on the compo-
nents, but the board may actually be
part of the supporting structure of the
product, or at least have a stiffening or
reinfocement role. This situation may be
rare in high performance products, but
cost demands may make it necessary to
literally build a substrate into the equip-
ment package.

High Quality ATTENUATORS

ACCURACY, PERFORMANCE, LOW COST, DELIVERY...

Manual Step Attenuators

839 Manual Step Attenuator

4550 Programmable Attenuator
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837 50Q DC-1500MHz 0-102.5dB .5dB Steps
839 50Q DC-2000MHz 0-101dB 1dB Steps
1/839 50Q 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-1MHz 0-132dB 1dB Steps
Programmable Attenuators
4540 50Q DC-500MHz 0-130dB 10dB Steps
4550 50Q DC-500MHz 0-127dB 1dB Steps
1/4550 50Q DC-500MHz 0-16.5dB .1dB Steps
4560 50Q DC-500MHz 0-31dB 1dB Steps
4580 50Q DC-500MHz 0-63dB 1dB Steps

For price list and FREE catalog, contact:

Kay Elemetrics Corp.
12 Maple Ave., PO Box 2025, Pine Brook, NJ 07058-2025 USA
TEL: (201) 227-2000 » FAX: (201) 227-7760

INFO/CARD 51
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WHBE

.5-1000 MHz RF DETECTORS

Typical DC Output for -30 dBM 50 ohm RF Input

Relative Output
——
x1

A mV

A33, A33T Series (1-500 MHz - 1-1000 MHz)
Standard Half Wave Detectors

A33D, A33TD Series (.5-500 MHz - 1-1000 MHz)
Full Wave (Voltage Doubling Detectors)

x8 — A61 Series (1-500, 1-600, or

1-1000 MHz) High Output Detectors

X 14 . A 6] ] 1-200 MHz

High Output Detector

ot
/wei?

RF  HMIGH OUTPUT nC
N RF DEVECTOR OUT
modet A61

/

RF DETECTOR PS

model A33« ey

~

/ WBE
RF DETECTOR
model A33

oc|
out! .,
‘

X 30 ﬁ_ A61H 5-50 MHz

High Output Detector

WIDE BAND ENGINEERING COMPANY, INC.

P. O. Box 21652, Phoenix, AZ

85036

Phone:

INFO/CARD 52

(602) 254-1570

Fax: (602) 254-1570

If the board serves as a reinforcing
structure, its flexure, tension and com-
presison forces must be evaluated.
Board stiffeners are available, as are
eyelets and other mounting hardware
that can relieve some of the stress on
the board.

Another option is to use the enclosure
as the primary support for a flexible cir-
cuit board. Flexible circuitry for RF appli-
cations is not a well-developed tech-
nique. Flex circuits have generally been
limited to interconnecting pathways.

Summary

Although RF designers are familiar
with most types of circui board design
and assembly techniques, increasing
demand for low cost products makes it
important to develop greater expertise.
That expertise is not only for the design
and layout of the circuit board, but also
for selection of components and integra-
tion of the completed board into a fin-
ished unit. RF

References

1. R.L. Barron, W.J. Choe, “Manufac-
turing Considerations for the Design of
RF Products,” RF Design, October
1993.
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Companies That Make Substrate Materials
(Circle the Info/Card number for more information)

Accumet Engineering 181
American Technical Ceramics 182
Aremco Products, Inc. 183
Arlon 184
Barry Industries 185
CTS Corp. 186
Compex Corp. 187
Coors Ceramics 188
Ferro ECA Electronics 189
Harris Diamond Co. 190

P.R. Hoffman Materials Processing191

TDK Corp. of America 205
Taconic Plastics, Ltd. 206
Tech-Ceram Corp. 207
Thin Film Technology 208
Trans-Tech, Inc. 209
Xtalonix Products 210

Additional Suppliers of Printed

Circuit Boards and Related Products:

Hybrids International 192 Atlantic Microwave 211
lon Beam Milling 193  General Services Engineering 212
Kyocera America 194  Goguen Industries 213
MIC Technotogy 195 Injectorall Electronics 214
Micro Hybrids, Inc. 196 Kepro Circuit Systems 215
Microelectronics U.S.A. 197  Labtech Ltd. 216
Mini-Systems, Inc. 198 Methode Electronics 217
Motorola Ceramic Products 199 Microwave Printed Circuitry 218
NTK Technical Ceramics 200 Modular Components National 219
Piconics 201 PRA, Inc. 220
Polyfion Co. 202  Poly-Circuits, Inc. 221
Rogers Corp. 203  RF Prototype Systems 222
Sumitomo Electric U.S.A. 204  Soladyne Div. of Rogers Corp. 223
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REACH TODAY'S NEW
STANDARDS IN EMC/ESD

at EMC/ESD International 1995

January 29 - February 1, 1995
San Diego Convention Center, San Diego, California

When it comes to compliance, electromagnetic compatibility

(EMC) and electrostatic discharge (ESD), standards are
emerging as critically important engineering considerations.

EMC/ESD International lets you reach new standards by
offering four days of high-caliber technical programming
covering today’s most important issues:

m Practical EMI Fixes—Case Histories
m ESD Control Techniques

® EMC Test Methodology

u Specifications and Application
of EMC/ESD Control Components

= EMC-Robust Manutacturing Methods

® US. Regulations—
Mandated and Voluntary

m Evropean and other
Foreign Regulations

= EMI Control in Both Digital
and Analog Design

Take advantage of this opportunity to find out what's going on
in EMC/ESD. For registration details, fax 404-618-0441 or
call 404-618-0499. (Inside the U.S., call 800-828-0420.)

EMC/ESD International

: Joins RF Expo West

- A new alliance with the RF Expo West
. Show adds an essential opportunity

. to find the most current information,

- new products and latest technologies
. shaping the RF industry.

- January 29 through

- February 1, 1995

. San Diego Convention Center
. San Diego, California

Sponsored by: EMC

TEST 8 DRSS



WE GO THE DISTA
1O BRING YOU TO
VWIRELESS TECHNOILQ

THE WIRELESS SHOW THAT

E A S T

GOES THE 'BISTANCE

9 9 4

November 15-17, 1994
Special Courses November 14-17, 1994

Disney’s Contemporary Resort
Orlando, Florida

Sponsored by:
RFdesign &




s YOU WON'T FIND A WIRELESS SHOW
7

THAT COVERS MORE GROUND THAN
RF EXPO EAST. PERIOD.

As today’s wireless technology races ahead, savvy RF engineers like you count on RF Expo East to go
the distance. They know they’ll find the most current information, new products and latest
technologies needed to succeed.

Sponsored by RF design magazine, RF Expo East is the established singular source to help
you design, optimize and implement the smartest wireless products, subsystems and turnkey systems
possible for today’s diverse RF marketplace.

The industry’s leading experts will be there to provide the kind of high-caliber answers, insights
and new ideas that could have an immediate impact on how you tackle the challenges and changes
facing RF engineers now and in the future.

Plus, you'll join RF professionals from around the world for a look at the latest in every RF category
imaginable, brought o you by exhibitors who know their business inside and out.

This November, come to RF Expo East for three information-packed days in Florida — and see for
yourself why it's consistently ranked as one of the top shows in the electronics industry.

Network With Today’s On-The-Move RF Leaders

RF Expo East brings you together with the people most important to your industry. The movers and
shakers in the mix include engineers, engineering managers, reps/consultants, engineering ser-
vices, and owners/officers. Whether you're experienced in RF or a newcomer, RF Expo East has
something to offer you.

i
E X P O

THE WIRELESS SHOW THAT

E A S T

GOES THE DISTANCE

1 9 9 4

Pre-registration and a separate fee is required for these highly

CO U R - SE D popular courses. Please see the registration form for fees.
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New Engineering
Techniques Keep Your
Designs Current

Fullday short courses
will help you get up to
speed on RF techniques
that are essential for
successful designs. You'll
find new courses as well
as our well-known basic
classes on RF circuit
design, oscillators, filters
and matching networks.

CEUs are available
through the Georgia
Institute of Technology
for all courses except
Digital Modulation and
Spread Spectrum.

November 14-17, 1994

Digital Modulation
and Spread Spectrum
(for Personal Wireless
Communications)

Monday, November 14, 1994
8:00 am - 5:00 pm

This advanced-level class
covers an essential topic
for designers of new
wireless communications
systems—the transmission
of digital information.
The course begins with
principles and system
architectures for complex
IQ, QPSK, pi/4 DQSK,
FQPSK, and other modula-
tion schemes. Standards
for specific cellular and
PCS standards are intro-
duced. A theoretical
analysis of spectral and
power efficiency follows,
including adjacent channel
interference, linear/
nonlinear amplification
and BER performance.

Advanced modulation
techniques such as
16-QAM, trellis coding
and multilevel digital FM
are presented. A section
on spread spectrum covers
pseudo-noise sequences,
correlation, direct se-
quence, CDMA and slow
frequency-hopping (TDMA)
principles. The nearfar
problem and operation in
mobile environments are
discussed. The course
concludes with a discus-
sion of performance in
complex mobile, cellular
and PCS systems. The
instructional level of this
class assumes a BSEE and
substantial experience in
RF design.

Instructor:

Dr. Kamilo Feher,
Professor,

University of California,
Davis

Introduction to

RF Circvit Design
Part I: Fundamental
Concepts

Monday, November 14, 1994
8:00 am - 5:00 pm

This course presents the
fundamental concepts of
RF systems, components,
transmission lines and
impedance matching.

RF systems concepts of
gain, bandwidth, linear
and nonlinear circuits are
followed by the network
concepts of resonance,
bandwidth, Q and
maximum power transfer.
Practical components, their
models, specification and
characterization are then
discussed. Transmission
line theory, traveling wave
behavior, the Smith chart
and practical realizations
of transmission lines are
discussed covering the
concepts of impedance,




loss dispersion and
physical construction. The
final topic is impedance
transformation networks
taught by means of a
systematic analytical
approach that covers
design of T-, PI- and
L-networks for specified
phase shift and Q.

The same procedure can
design resistive attenuators
and balanced networks.

Instructors:

Dr. Robert K. Feeney and
Dr. David R. Hertling,
Georgia Insfitute of
Technology, School of
Electrical Engineering

Introduction to

RF Circuit Design

Part lI: Active Circuit
Design

Tuesday, November 15, 1994
8:00 am - 5:00 pm

This course starts off by
reviewing graphical
techniques for impedance
transformation based on
the Smith chart and using
these techniques to design
networks that include both
lumped and distributed
elements. Active device
models are then reviewed
and important concepts
such as power gain,
stability and noise figure
are reviewed. The scatter-
ing parameter formulation
is then introduced and
computer-aided analysis
and optimization methods
are explained. From these
foundations, S-parameter-
based design techniques
are used to design an
example amplifier. The
fundamentals of large-
signal amplifiers are then
developed and important
performance criteria such
as gain compression,
intermodulation distortion,
third-order intercept,
dynamic range, large-
signal impedances and

load-pull measurements
are discussed. Next, a
two-stage UHF power
amplifier is designed. The
final topic summarizes
power splitting and
combining including
directional couplers,
quadrature hybrids and
balun transformers.

Instructors:

Dr. Robert K. Feeney and
Dr. David R. Hertling,
Georgia Institute of
Technology, School of
Electrical Engineering

Practical High-Frequency
Filter Design
Wednesday, November 16, 1994
8:00 am - 5:00 pm
HF Filter Design is a
detailed review of L-C,
printed and machined
filter design and specifica-
tion. Basic terminology
and principles are dis-
cussed followed by design
procedures. Element
models and unloaded Q
are studied. These con-
cepts are then applied to
case studies which match
various filter types to
real-world applications.
Some of the topics
considered are elliptic
filters, determining the
required order, component
realizability, insertion
loss, coupled resonator
bandpass, ceramic
resonators, filter match,
controlled-phase filters,
group-delay equalization,
bandpass symmetry, the
zig-zag bandpass, printed
filters, and required
tolerances. Nearly all
important transfer approxi-
mations and filter topolo-
gies are reviewed.

Instructor:
Randy Rhea,
Eagleware

Oscillator Design ENGINEERS
Principles SHOULD ATTEND
Thursday, November 17, 1994 RF EXPO EAST TO:
LBLDEI =AY * See hundreds of

A unified approach to
oscillator design is pre-
sented which describes
how to create high-
performance oscillators
using any type of resona-
tor and any type of active
device. Oscillators are
demystified and fully
understood so that design
is no longer based on
copying or modifying
existing units. A complete
understanding provides for
known oscillation margins
and design optimization
for state-of-the-art perfor-
mance.

Both negative-resistance
and open-loop Bode
response design tech-
niques are described.
Gain margin, matching,
starting, limiting, output
level, and harmonics are
discussed. The theory is
then applied to several
practical oscillator circuits
using L-C, SAW, transmis-
sion line and quartz
crystal resonators with
bipolar, FET and MMIC
devices. Broadband
tuning VCOs, general
purpose and low-noice,
high-stability oscillators
are covered.

new products

* Keep up with
the latest design
techniques

® Earn CEUs
through RF Expo
Special Courses

e Network with
the leaders in
the industry

Instructor:
Randy Rhea,
Eagleware




Cutting-Edge Experts
In RF Are Ready
To Fill You In

Individual technical
papers are the heart of
RF Expo East. And, the
selection of topics and
technical depth this year
may be the best ever!
Use the following
Technical Sessions to
customize a training
program to meet your
specific needs.

FTECHNICAL SESSEONS

TUESDAY
NOVEMBER 15, 1994

WELCOME

8:30 am - 10:00 am
Opening Session

RF design Awards
Grand Prize Presentation

Keynote Address

AFTERNOON SESSIONS
1:30 pm - 4:30 pm
High Power RF

Chairman: Adrian Cogan,
Micro Wave Technology, Inc.

e A Low Cost, High
Efficiency 13.56 MHz
Power Amplifier

Ken Dierberger, Advanced
Power Technology

® Class-S High-Efficiency
Amplitude Modulator

Dr. Frederick H. Raab,
Green Mountain Radio
Research

Antennas for Wireless
Applications - Tutorial
Chairman: Andy Kellett,
RF design magazine

¢ Engineering the
Characteristics of

Small Antennas to

Suit the Application

Dr. lan Dilworth,
University of Essex

Manufacturing
Technology

Chairman: Dr. Madjid
Belkerdid, University of
Central Florida

* Developments of a New
Line of Low Cost Micro-
wave Components Using
Print and Fire Technologies

Loren E. Ralph, RF Prime

e|mplementation of Design
for Manufacture in a
Semiconductor Fabrication
Environment

Adam Williams, Ricardo

Borges, John Iwanicki,
M/A-COM

WEDNESDAY
NOVEMBER 16, 1994

MORNING SESSIONS
8:30 am - 11:30 am

Power Amplifier
Tutorial

Chairman: Andy Kellett,
RF design magazine

* Classes of RF Power
Amplifiers A Through S,
How They Operate and
When to Use Them

Nathan O. Sokal,
Design Automation, Inc.

Oscillator Design
and Analysis

Chairman: Sigmund W.
Mosko, Oak Ridge
National Laboratory

e Analysis and Optimiza-
tion of Oscillators for

Low Phase Noise and
Power Consumption

Dr. Ulrich Rohde,
Compact Software, Inc.
e Cryogenic Colpitts
Osci?llators for High
Sensitivity Detection

of NMR

Neil S. Sullivan,
University of Florida

* Development and
Advancements in
SC-Cut Crystals

James Griffith,
Piezo Crystal Company

Receiving Systems

Chairman: Dr. H. Clark Bell,
HF Plus

o Efficient Satellite
Receivers Using
TCH Codes

Francisco Cercas,
Instituto Superior
Tecnico (IST)

* Wide Dynamic Range

HF Receiver Amplifier
Uses SST FETs

Adrian Cogan,
Microwave Technology, Inc.
* CW Rejection in

ESM Receivers

Sherman Vincent,
Raytheon

AFTERNOON SESSIONS
1:30 pm - 4:30 pm
Wireless Applications

Chairman: Dr. Ulrich Rohde,
Compact Softwa

re, Inc.

e Automatic Vehicle
Identification
Claude A. Sharpe,
Texas Instruments

* Wide Area RF
Data Systems
Donald J. Marsh,

Il Morrow

¢ Millimetre Wave
Systems and Propagation
Dr. lan Dilworth,
University of Essex

Computer-Aided
Design

Chairman: Sherman
Vincent, Raytheon

e The “Thin-Wire”
Program for Moment-
Method Antenna Analysis
R.P. Haviland,

Minilab Instruments

J Ejuivolenf Circuit
Modeling of Silicon
Bipolar Junction Transis-
tors for Nonlinear CAD
Ricardo Borges,
M/A-COM

elinear Phase Filter
Synthesis: CAD for Extra
Precision Implementation
Alberto Milano, Shlomo

Barash, Isaac Refael,
ELTA Electronics

Circuit Design Topics
Chairman: Claude A.
Sharpe, Texas Instruments
*An Analysis and Imple-
mentation of Square Root
Raised Cosine Filters for
use with PSK Modulated
Data Signals

Bruce H. Williams,

Roy E. Greeft, UNISYS
Government Systems Group
* Llow Noise Design

of a SP8858 Digital

PLL Synthesizer

Philip Knights, GEC
Plessey Semiconductors

® PLL Model Validation

Mike Black,
Texas Instruments



THURSDAY
NOVEMBER 17, 1994

MORNING SESSIONS
8:30 am - 11:30 am

Digital RF Memory

Chairman: Dr. Y.S.N.
Murty, Defense Electronics
Research Lab

e Application of Digital
RF Memory Systems

Dr. Y.S.N. Murty, Defense
Electronics Research Lab

Low Noise Techniques

Chairman: Dr. Joseph Hill,
Hill Engineering

e Ultra Low Noise Signa-
ture Characterization for

Better Systems Design

Perry Bates, Techtrol
Cyclonetics, Inc.

* 900 MHz Monolithic
Low Noise Amplifier
and Mixer

Sang-Gug lee, R.D.
Schultz,

T.D. Brogan,

Harris Semiconductor

Spread Spectrum

Chairman: Donald J.
Marsh, Il Morrow

* A Novel Synchronization
Scheme for Spread
Sprectrum Radio
Communications

A.Z. Tirkel, G.A. Rankin,
Coded Communications
Corp.

L.C. Jenkins,
Les Jenkins Assoc.

C.F. Osborne,
Monash University

HAM RADIO RECEPTION

One of the most popu-
lar gathering places
at RF Expo East is
back with more prizes
and more fun than
ever before. Outstand-
ing door prizes and
munchies, all provided
courtesy of the event’s
sponsoring companies.
Be sure not to miss this
event, 6:30-8:00 pm,
Wednesday, November
16, 1994,

RF EXPO EAST AT-A-GLANCE

MONDAY, NOVEMBER 14, 1994

Registration Open

Special Courses

Registration Open
Special Course
Opening Session
Exhibit Hall Open

Deli Lunch
(in exhibit hall)

Technical Sessions

Cocktail Reception

(in exhibit hall)

Registration Open
Special Course

Technical Sessions
Exhibit Hall Open
Technical Sessions

Cocktail Reception

(in exhibit hall)

Registration Open
Special Course

Technical Sessions
Exhibit Hall Open

Ham Radio Reception

7:00 am - 5:00 pm
8:00 am - 5:00 pm

S TUESDAY, NOVEMBER 15, 1994

TUESDAY, NOVEMBER 15, 1994

7:00 am - 6:00 pm
8:00 am - 5:00 pm
8:30 am - 10:00 am
10:00 am - 6:00 pm
11:30 am - 1:30 pm

1:30 pm - 4:30 pm
5:00 pm - 6:00 pm

WEDNESDAY, NOVEMBER 16, 1994

7:00 am - 6:00 pm
8:00 am - 5:00 pm
8:30 am - 11:30 am
10:00 am - 6:00 pm
1:30 pm - 4:30 pm
5:00 pm - 6:00 pm

6:30 pm - 8:00 pm

THURSDAY, NOVEMBER 17, 1994

7:00 am - 1:00 pm
8:00 am - 4:00 pm
8:30 am - 11:30 am
9:00 am - 1:00 pm
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Creative Products
And Answers Pack
The Aisles

You'll find the latest
products, technologies
and services to help you

& Systems
Software

Systems — Hardware

Components

! e Capacitors
design, optimize gnd Cryps,0|5
implement your wireless Diodes

Inductors

communications sys- -
; 3 Integrated Circuits
tems. Here’s a preview REtiors

to get you thinking. Pons'fotrmers
ransistors
Vacuum Tubes

EMC Products

Absorbers

AC Line Filters

Anechoic Chambers

ESD Control Devices
Gaskets/Finger Stock
Shielded Enclosures
Shielding

Surge & Transient Protectors
Test Equipment & Systems

Materials & Hardware

Cabinets and Enclosures
Ceramics
Component/Hybrid Packages
Crystal Blanks

Electronic Hardware
Equipment Racks

Ferrites, Other Magnetics
Heat Sinks

Insuloting Materials

PC Boards

Sockets

Substrates

Modules & Hybrids

Amplifiers

Detectors

Filters

Frequency Multipliers
Limiters

Mixers

Modulators

Noise Sources
Oscillators
Resonators

O N HOURS
Tuesday, November 15, 1994
Exhibit Hall Open.................. 10:00 a.m. - 6:00 p.m.

Wednesday, November 16, 1994
Exhibit Hall Open.................. 10:00 a.m. - 6:00 p.m.

Thursday, November 17, 1994
Exhibit Hall Open....................9:00 a.m. - 1:00 p.m.

Services

Antenna Measurement
Circuit Assembly
Consultants

Custom Hybrids
Custom ICs and ASICs
EMC Testing
Equipment Calibration
Instrument Rental/leasing
PC Layout/Fabrication
Plating/Coating
Software Development
Training/Education

System Blocks
& Subassemblies

Amplifiers

Frequency Converters
Frequency Synthesizers
Motion/Proximity Sensors
Receivers

RF Modems

Tone Encoders/Decoders
Transmitters

Test Equipment

Amplifiers (Lab)

Antenna Measurement Systems

Calibrators/Standards
Dummy Loads

Field Intensity Meters
Frequency Counters
Modulation Meters
Network Analyzers

Noise Figure Meters
Noise Generators
Oscilloscopes

Power Meters

Probes

Pulse Generators
RLC/Impedance Bridges
Signal Level Meters
Signal/Sweep Generators
Spectrum Analyzers

SWR Meters

Test Fixtures
Wave/Distortion Analyzers

Transmission Components

Antenna Positioners
Antennas

Attenuators

Coaxial Cable
Directional Couplers
Equalizers

Filters
Isolators/Circulators
Loads

Multicouplers
Multiplexers/Diplexers
Phase Shifters

Power Dividers/Combiners
Relays

RF Connectors
Switches

Terminations

Tuners

EXHIBITORS

RF Expo East
List of Exhibitors

(As of July 18, 1994)

American Technical Ceramics

Corp.
Amplifier Research
Anadigics, Inc.

Anritsu Wiltron Sales Company

Applied Microwave & Wireless
Magazine

AT&T Microelectronics

Brennan Associates

California Eastern Labs

Compac Development Corp.

Compact Software Inc.

Component Distributors

Comstron, A Division of Aeroflex

D-Associates, Inc.

Eagleware

E.F. Johnson

Erbtec Engineering, Inc.

Fotofabrication Corp.

GEC Plessey Semiconductors, Inc.

Giga-tronics, Inc.

Harris Semiconductor

Hewlet-Packard Company

HY-Q International (USA}

IFR Systems, Inc.

Integrated Microwave Corp.

JFW Industries, Inc.

J-Squared Marketing Inc.

M/A-COM, Inc.

Marconi Instruments

MCLI Microwave
Communications Laboratories

Merrimac Industries, Inc.

Microwave Journal

Microwave Product Digest

Microwave Technology, Inc.

Morrow Technologies
Corporation

Motorola SPS

Philips Semiconductors

The Phoenix Company
of Chicago

Piezo Technology

Raltron Electronics

Raytheon Company

Reeves-Hoffman

Republic Electronics Corp.

RF Associates, Inc.

RF Circuits, Inc.

RF Monolithics, Inc.

RF Prime Corp.

Richardson Electronics, Ltd.

Sawtek Incorporated

SGS-Thomson Microelectronics,
Inc.

Sokol Crystal Products

Solatron Vector

Sprague-Goodman Electronics Inc.

Statek Corp.

Stetco Inc.

T-TECH, Inc.

Tektronix, Inc.

TRAK Microwave Corp.

Trans-Tech, Inc., a Subsidiary of
Alpha Industries

Trilithic, Inc.

Vanguard Electronics Company

Vectron Laboratories

Voltronics Corporation

W.L. Gore & Associates

Webb Laboratories

Wireless Design & Development
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November 15-17, 1994

Special Courses
November 14-17, 1994

Disney’s Contemporary Resort

Orlando, Florida

WRAN

To expedite processing of
your registration, please
answer the following
questions:

How many people are
employed at your company?
A.0O 1-50

B. O 51-200

C. O 201-1,000

D. O More

Do you specify or purchase
goods and services for your
company?

A.O Yes B. [J No

What is the approximate
volume of business that your
compony handles each year

{in $$ volume)?

A. O $1-$100,000

B. O $100,001-$500,000

€. O $500,001-$1,000,000
D. (0 $1,000,001-$5,000,000
E. O3 More

Do you attend any other
Trade Shows or Conferences
throughout the year?

A. O RF Expo West

B. 00 Wireless Symposium &
? Exhibition

€. O Wireless World

D. O Other

I am most interested in
(please check one):

A. [ Sessions
B. O Tutorials
C. [ Exhibits

Cancellation Policy: Full refunds will be
Jiven if request is received in writing by
Oct. 25, 1994. No refunds or credits wilt
be given to cancellations received after
Oct. 25, 1994. No refunds or credits
will be issued to no-show registrants.
Argus Trade Shows will not assume
any responsibility for penalties imposed
by other groups in the event that the
conference is cancelled for any reason.
This cancellation policy is strictly enforced.
NO EXCEPTIONS.

i

REGISTRATION FORM

Preferred Rates for Early Registration

Complete the form below. Important! Complete one form per person. If more are needed, please copy.

|

e oo I

1 1 1 ] 1 1 1 ' 1 1 i 1 1 1 1
Last Name First Name
l I:I This is my first time
Trtlel ) TV o S Y, 5 T S ST aﬁendmg RF Expo East
| 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1 ] 1 1 1 1 1 1 1 L 1 1 1 1 1 ]
Company
| 1 i 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 |
Street Address
l 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 l 1 |
City State/Province
l L 1 1 1 1 1 1 | L 1 1 1 ] 1 l 1 1 1 ™ 1 1 1 |
Country Zip Code/Postal Code
= 1 1 ‘.-I 1 1 i | [ | 1 l—L 1 1 I_[ 1 1 1 '
Phone Fax

RF EXPO EAST CONFERENCE REGISTRATION

Fill in your costs below:

My
badge
should

indicate:

{Enter the letter
from the list below
that most closely
describes your
occupation )

A. Broadcast,
CAlV, Video
Equipment

8. Insirument &
Test Equipment

C. Gov't, Military,
Aerospace
ECM & EW
Equipment

D. Communications
Equipment

E. Components
Manufacturer

F. labs &
Consultants

Early-Bird Registration Register me at the following early bird discount rate Euﬂv Dird d
Before Oct. 25, 1994 (check appropriate box): it
On Site Registration F. D Full Registration/Three-Day Pass ......................... $220 $275 ... $
After Oct. 25, 1994 ludes sessions. Pr dings, exhibits, deli lunch and cocktail tickets
1. [] ne-Day Pass (Tues. Nov. 15 0nly) ................... $110 s140 .[..
includes Tuesday sessions, exhibits, deli lunch and cocktail tickets
2. [ one-Day Pass (Wed. Nov. 16 Only) ..................... $100 $125 ... $
includes Wednesday sessions, exhibis, and cocktail tickets
3. [] one-Day Pass (Thurs. Nov. 17 Only) .................._... $100 s125 | $
E. [ Exnibits-Only Pass (Nov. 15-17) ..o GNoON 5 25 .| §
SPECIAL COURSES Check the courses you would like to attend
REGISTRATION sc1 ] Digital Modulation and Spread Spectrum
Monday, Nov. 14, 1994 - Mon. Nov.. 14, 1994,_ 8:0.0 am. - 5:00 p.m. One Course:  $275
Thursday, Nov. 17, 1994 scz[] Introduction to RF Circuit — Two Courses:  $465
) Design Part I: Fundamental Concepts* (save 15%)
You must pre-register for all Mon. Nov. 14, 1994, 8:00 a.m. - 5:00 p.m. Three C . 8660
special courses. Seating is 5 A e ree Lourses:
limited. No on-site registration SC3 Introduction RF Circuit = : (save 20%)
for special courses. Design Part II: Active Circuit Design® Four Courses: $770
’ Tues. Nov. 15, 1994, 8:00 a.m. - 5:00 p.m. (save 30%) L
“Centificates of Attendance  SC4 ] Practical High-Frequency Filter Design* | ... $

will be given to attendees at
the conclusion of these
courses. CEUs are available
through the Georgia Institute

of Technology, School of Electrical Engineering. If you will be

applying for CEUs, fill in your

Wed. Nov. 16, 1994, 8:00 a.m. - 5:00 p.m. Prices include lunch
SC5 D Oscillator Design Principles* exhibits pass and class
Thurs. Nov. 17,1994, 8:00 a.m. - 4:00 p.m. potes where applicable.

Social Security number here:

L= -LIEEE

RF EXPO
PROCEEDINGS
AVAILABLE

If you would fike to order a copy of the Proceedings, please fill out the form above
(name & address) and check tox below. A copy of Proceedings is included in
Three-Day/Full Registration.

[ atiendee price $70

(] Non-Attendee price $145 ......oooiiiiiininnnnn. i

Mail completed form to:

RF EXPO EAST 1994
¢/0 QMS Registration
P.O. Box 675409
Marietta, Georgia 30067
USA

For immediate registration
(credit card payment only) fax

(404) 955-8977

If faxed, please do not mail
additional copy.

QUESTIONS?
(800) 828-0420

REGISTRATION
IS NOT VALID

UNLESS
ACCOMPANIED
BY PAYMENT.

Credit card:

This form

Total Cost: ...

2. |- e

D Check or Money Order payable to Argus Trade Shows
No bills issued and no POs accepted.

not accepted WGCESVIE J4E

by mail or
fax after

fo:

Name of cardholder (as shown on credit card)

I 1 1 1 |

99 1 1 1 ] 1 1 1 1 1 1 i i 1
NovA AN\22a: Credit card number
After

Nov. 1, 1994, I
1 1 1

plan to register
Expiration date

on site., Signature




Hotel Accommodations and Directions

The exhibits and all sessions will be held at Disney’s Contemporary Resort. To reserve your
room at the discounced rate of $155.00/night (single or double occupancy), please call the
hotel directly at {407) 934-7639. You must make your reservation before October 12, 199.
receive the discount and please mention that you are attending RF Expo East.

Directions: From Orlando, take 1-4 west to exit 25 B (Magic Kingdom exit), follow signs to
Magic Kingdom. Take right-hand lanes through toll plaza {no charge if registered guest at
Contemporary, $5 charge for others) continue straight following signs to Contemporary Reso

Airline Information

Car Rental

SHEE AR i

SR A

o aaS-
November 15-17, 1994

Special Courses
ovember 14-17, 1994

Disney’s Contemporary Resort
Orlando, Florida

RF Expo East is
produced & managed by
Argus Trade Shows

Take advantage of special discounted airfares through United Airlines, official airline for
RF Expo East. Call (800) 521-4041 and mention Code # 548CA to get your discounted fare

Hertz has been appointed as the car rental supplier for RF Expo East. Special rates
are available by calling (800) 654-2240 and mention Discount Code CV# 15691.
In Canada, call (800) 263-0600.

Register Now/For More Information:
Call: (800) 828-0420 or Fax: (404) 618-0441
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3R e TR makes RF Expo West

the first RF show of the year—
first with the latest information on today’s
most exciting areas of RF technology:

® Digital Communications & DSP
® Test & Measurement

® Essential RF Circuits

® Wireless Personal Communications

® Specialized Design Technigues

® Wireless Applications

® RF Component Applications

® Next Generation Technology & Technigues

AN ALL-NEW PROGRAM of high-caliber presentations and papers features
the industry’s leading experts sharing their
knowledge and insights.

NEW HOURS & LOCATION give you more time to check out ali the guality RF products
and services in San Diego—the emerging wireless capital
of the world.

AND A NEW ALLIANCE with the EMC/ESD International Show adds an essential
update on electromagnetic compatibility and electrostatic
discharge standards.

These are the improvements you’ve been asking for.
And RF Expo West is the only place you’ll find them.
For registration details, fax 404-618-0441

or call 800-828-0420.

SCSY JANUARY 28 THROUGH FEBRUARY 1, 1995
=Sl SAN DIEGO CONVENTION CENTER, SAN DIEGO, CA

G e < T Sponsored by: bii,

RF design
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TCXO’s IN “NO TIME”

& |

Hy-Q’s "D Series” TCXO

Frequency: 8 MHz. to 30 MHz.
Available Outputs: Clipped Sinewave; TTL; HCMOS
Supply Voltage: 5 vdc
Stability:  +0.5ppm 010 50°C
+2.0ppm  -40°Cto +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

H Y- Q International (USA), Inc.

1438 Cox Avenue ¢ Erlanger, Kentucky 41018
Phone: 606-283-5000 « Fax: 606-283-0883

INFO/CARD 101

260 Series

RF PRODUCT SHOWCASE

MILLIREN
TECHNOLOGIES, INC.

2.03x2.00x1.52"
51 x 51 x 39 mm

Model Number  260-0503 260-0502 260-0504

Freguency 5 MHz 10 MHz 5 MHz
Stabality (-30/70°C)  2x10° 2x10 " 2x10%°
Aging (per day) 5x10 " 3x10*° 5x10"
Phase Noise

1Hz -85 dBc -95dBc -110dBc
100 2 -140dBc  -145dBc  -150 dBc
10 kHz -150dBc  -160dBc -160 dBc

RF POWER AMPLIFIERS

200 W ¢ 150-200 Miiz ¢ 55% Efficiency * 35dB Guin

1 MH..-2Gl W 1KW
¢ Small Size * High Efficiency ¢ Durable
¢ Module and Rack Mount Systems
« Customization Available

—— 651 Via Alondra, #712
LC I Camarillo, CA 90312 USA
= = TEL: (805) 388-8454
RF POWER AMPLIFIERS F,\;\ (805) 38()53()3

INFO/CARD 104

Two New Pasture Road, Newburyport, MA, 01950, USA

Tel. (508)465-6064 Fax (508)465-6637
INFO/CARD 102

CRYSTAL OSCILLATORS

AND THICK FILM HYBRID CUSTOMIZATION

® FREQUENCY RANGE 1Hz TO 1GHz.

® ECL, XO, YCXO, ECL, PECL, MECL, ECL W PS, 10K, 100K
DIFFEREATIAL OUTS FOR SONET, LAN, ATM, DDS, AND OTHER
DATA RECOVERY APPLICATIONS.

® HIGHER L MIT (HIGH FREQUENCY CLOCK OSCILLATORS)
CMOS, HCMOS, TTL, SINEWAVE TYPE OUTPUTS, UP TO 230MHz

(VARY WITH OUTPUT LOGIC).

® TCXO'S, VCXO'S, TCVCXO'S ALL LOGIC OUTPUTS INCLUDING
SINEWAVE IN DIP {.8" X 5" X .47) AND (17 X 1" X .5") PACKAGES.

® CLIPPED SINEWAVE TCXO, VCXQ, TCVCXO FOR CELLULAR
RADIO CaMMUNICATION.

@ CUSTOMIZATION TO YOUR REQUIREMENTS.

HYBRID! 311 N LINDENWOOD DRIVE / OLATHE. KANSAS 58062
O TERNAT Kbl PHONE. (913) 764-6400 » FAX {$13) 784-8409

INFO/CARD 105

RF design

INTRODUCES THE
YeLLow PAGE DIRECTORY SECTION

~ CALL
1-800-443-4969

FOR DETAILS ON AN EXCITING
INTRODUCTORY OFF

ER!_

L

HYW) 311 N LINOENWOOD DRIVE / OLATHE. KANSAS 66082
ARS8, PHONE. (913) 7648400 + FAX (913) 784-5409

CUSTOM

HYBRIDS-MCM
TURN KEY
MANUFACTURING

FAST TURNAROUND

‘d"’ o=

® DIP'S, SIP'S, Cusiom Packages, Choxces hemalic with
Resistors, Capaciiors, Irmuovm:. Mam other mwm
Production and 1esting any vokume. T T Ky Aisamiy

B Hybrids, Dre Aftach, Wire Bond

& Laser Trmmang Services

HYBRID! 310 K. LINDENWOOD DRIVE / OLATHE. KANSAS 66062
LIRS AL PHONE (913) 764.6400 + PAX ($13) 764-6409

INFO/CARD 103

YOUR
PRODUCT
PHOTO

Don’t miss the opportunity to
have your product featured in

the NEW RF PrRODUCT SHOWCASE.

Achieve results with
four-color impact!

Call Carmen Hughes
1-800-443-4969

Classified Department
6151 Powers Ferry Road NW
Atlanta, GA 30339-2941

(404) 955-2500 Fax: (404) 618-0342




Before The
Sun Sets
Tomorrow ...

You need SAW filters and
you need them now!
Get immediate delivery on 70 M.HZ .
any of Sawek's standard SAW Filters SAW Filters
20 or 140 MHz band 3dB Part 3dB Part
or AR Dancpass Bandwidth Number Bandwidth ~ Number
filters. Designed for 0.125 851539 0.25 851900
commercial applications, g'gg gg: g:; g-;g gg: gg;
these field-proven filters 0.75 851543 1.0 851903
offer 72 different bandwidths :g gg:g:g 1.5 851904
and frequency combinations, 20 851546 g:g gg}ggz
from 0.125 to 80 MHz in 2.5 851547 3.0 851907
strategically-chosen incre- = ey 5 B
ments. These units feature 4.0 851550 6.0 851913
typical amplitude variations ;-(5) gg: gg; 7.0 gg }3:;
N . 8.0
of 0.5 dB and phase linearity 55 851553 o dEioT
as low as + 2 degrees. 6.0 851554 10.0 851921
Each device is hermetically ‘7"3 gg:ggz :i-g gg:ggg
sealed in a 6-pin version of a 7:5 851505 16:0 851927
standard 14- or 18-pin DIP. 8.0 851557 18.0 851929
8.5 851558 20.0 851931
9.0 851559 24.0 851933
Select any of the filters 9.5 851560 28.0 851935
from this list, then call for :?’8 gg:gﬁ 2(2,-8 gg:g;;
off-the-shelf delivery from 12,0 851842 40.0 851941
Penstock, our distributor, at 13.0 851843 44.0 851943
800-736-7862. In Northern 1 e =8 o
California, call Penstock at 16.0 851846 64.0 851948
408-730-0300 or in Canada, ;g-g gg: g:g ;g-g ggl%?
24.0 851850 PHST
If your application calls 2667 e OCK
. 28.0 851852 IF/RE/MICROWAVE DISTRIBUTION
for a filter not listed here, 30.0 851853 An AVNET Company _
please contact Sawtek at gg-g gg:gg‘s‘ Sunnyvale, California
407-886-8860 to discuss 36.0 851856 E] SAWTEK
your requirement. 38.0 851857 INCORRPORA
40.0 851858 Orlando, Florida
Sawtek Celebrates 15 Years in the SAW Industry

INFO/CARD 59



RF filters

A Design Method For Unequally
Terminated Elliptic Filters

By Michael G. Ellis
U.S. Army Corps of Engineers

Unevenly terminated passive elliptic fil-
ters can be obtained from normalized
evenly terminated lowpass midshunt pro-
totypes without the need for iterative
techniques. This paper summarizes a
method for obtaining these element val-
ues by modifying the expression for the
input impedance.

he voltage transfer function, G(s), for
any linear filter can be written as

1

G(S)G(—S) S i F(S)F(—S) (1)
P(s)P(-s)
P(s)P(-s) _ P(s)P(-s)

P(s)P( s) + F(s)F(-s)  E(s)E(-s)

If the normalized filter has even termi-
nations, as shown in Figure 1, then its
input impedance is given by

__E(s)+F(s) @
™ E(s)-F(s)

Both E(s) and F(s) contain even and
odd powers of s since Z;,, as defined in
Figure 1, includes the 1 ohm termination
resistance.

If arbitrary source and load resistances
are desired, then the new input imped-
ance becomes

M(s)M(—s) = E(s)E(-s)
4R1R2
A MAINE sl 8
(R1+R2)? AR

Since E(s), F(s), and P(s) can easily
be found for the evenly terminated ellipti-
cal filtar, equation (3) provides the input
impedance for the unevenly terminated
filter from which a new set of element
values can be computed. The extraction
process given in Table 1 will be used in
the fol owing example to find the element
values of the unevenly terminated filter.

(4)

Example

The elliptic filter in Figure 2 is an evenly
terminated normalized lowpass elliptic fil-
ter with 1 dB passband ripple, 50 dB
stopband attenuation, and a cutoff fre-
quency of 1 radian per second. The task
is to modify it for a 2 ohm termination.
Step 1: Find E(s), F(s), and P(s) — E(s),
F(s), and P(s) are normally given by the
computer program in the initial design of
the evenly terminated prototype[2]. There
are other means of obtaining these poly-
nomials such as the one given below.

1) From inspection:

P(s) = K [$? + (1.630707)?]
[s2+(1.273134)9)

where 1.630707 and 1.273134 are the

10
R1 G(s)= P R2
E() 1Q Vout
Zin
Figure 1. Network model for

derivation of the input imped-
ance, Z, .

2) The input impedance, Z;,, for the
evenly terminated filter can be deter-
mined from the element values. E(s) and
F(s) can then be determined analytically
using equation (2).

In this case:

(25) 0.0356362 [s2+(1.273134)7
+(1.630707)?]

and

E(s) = s® + 1.179969s® + 2.234428s* +
1.781004s3 + 1.345695s2 + 0.6026565 +
0.1519941

Step 2: Determine M(s) — Since the
source and load terminations are
unequal, M(s) must be found using equa-
tion (4) with R1 =1 and R2 = 2 such that

R1E(s) + RIM(s) resonznt frequencies of the shunt L-C
Zig = TE(s)-Ms) ) resonant circuits. The value of K can be  M(SIM(=s) = E(s)E(-s) (5)
deterrrined once E(s) is known so that 4.1.2 412 ps)p(-s)
witiete the DC gain of G(s) is unity. (1+ 2)
1.414444 H 1.393034 H 1157516H 3.0740846 H 2983208H 25831443 H

1.127055 F 1.14298 F
0.3336594 H %\o 5397744H

=< 1694950 F

(l) =1273134 (=00

0.589032 F 1.14298 F 20
— 0.5538933 F
6384241 H 1273238 ¥ |

(0,=1.630707

W=1273138  (0);=co

(1,=1.630707
Figure 2. Evenly terminated normalized lowpass
elliptic filter.
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Figure 3. Final design for 6th order elliptic filter with
2Q) termination.
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RF —4

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

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

Now you can DC connect to the RF port of an active device, :I' Semgg 'Sgs"oggB VTSWR
and modulate a laser over a very broad frequency range S il ye
Using statistical process control and a patent-applied for Typ (RF+DC)HOC)

technique of combining magnetics and microstrip, large DC Typ

currents may pass through the Bias-Tee without saturation ot LM U L MU

and degradation of performance. At /3 to '/a the price of ~ ZFBT-4R2G 10-4220 | 015 06 06 32 40 50

competitive units, these new Bias-Tees are packaged in ~ zFBT-6G 10-6020 015 06 10 32 40 30

an aluminum case, available with SMA connectors ZFBT-4R2GW | 0.1-4220 015 06 06 25 40 S0

So wh.y wait, soI\{e your connecti(_)n problems with ZFBT-6GW 0.1-6000 015 06 10 25 40 30
Mini-Circuits’ Bias-Tees. Available from stock L=lowrznge M=midrange U = upper range

- - ] ] ®
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.
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pole removal remainder function
L
1 W s Zii Zin=2Zjn-sL
P - S ls—c
2 C C 1/Zin 1’ + '1' e SC
l S “lk=oo Zin Zln
l 3 L sZi,
54 2 2
3 Srole o o, Lk (sl
c 1 Z, Z, s° +(1)x2
K Lo),(2

Table 1. Removal process for synthesis for elliptic filters [1].

A root-finding routine is used to find all
the roots of the 12th-order polynomial
that results from eq. 5. Taking those
roots that are in the left-hand plane
yields, (computation details can be found
in [3]):

M(s) = s+ 0.6276991s° + 1.735267s +

0.8786084s8 + 0.7858717s? + 0.273009s
+ 0.0506646

Step 3: Find the new input impedance,

Z,, — The input impedance, Z;,, given by

_ R1E(s) + RIM(s)
T E(s)-M(s)

(6)

becomes

Z;, = (25 + 1.80767s* + 2.65961s3 +
2.13157s? + 0.8757s + 0.20266) /
(0.552270s5 + 0.4991s* + 0.90240s3 +
0.55982s? + 0.3296s + 0.10133)

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS

HF_AMPLIFIERS per MOTOROLA BULLETINS

100 WATT 420-450 MHz PUSH-PULL LINEAR

g B~

Complete Parts List for HF Amplifiers Described

AMPLIFIER — SSB-FM-ATV

e

AN758 300W $154.15
ANT62 140W $ 95.15
AN779L 20W § 83.79
AN779H 20W § 93.20
AR313 300W $366.00

2 METER VHF AMPLIFIERS

35 Watt Model 335A.......... $ 79.95 Kit
75 Watt Model B75A ........... $119.95 Kit
Avaiiabie i R Of wiredtesied

VISA |

in the MOTOROLA R.F. Device Data

NEWI! 1K WATT 2-50 MHz Amplitier

MOTOROLA AR347 $1,10055

POWER SPLITTERS and COMBINERS
2—30MHz

600 Watt PEP 2—Port

1000 Watt PEP 2—Por .

1200 Watt PEP 4—Pont

For detailed information and prices, call or write for our free catalog.

el limating

508 Milistone Drive » Beavercreek, OH 45434-5820 » (513} 426-8600
FAX (513) 429-3811

KEB&7—PK (Ki)

KEB67—PC8 (PC Board)
KEB67—! (Manual) ........
We also stock Hard-to-Find parts

CHIP CAPS—Kemet/ATC
METALCLAD MICA CAPS—Uneico/Semco
RF POWER TRANSISTORS
MINI—CIRCUIT MIXERS
SBL=1 (1—500M2)................
SBL—1X (10—1000M2) ........... S

ARCO TRIMMER CAPACITORS

VK200—20/4B RF Choke .............. $ 120
56—590—65—3B Ferrite Bead ...... S 20
Broadband HF Transformers

Add $4.00 for shipping and handling.

. $159.95
.$ 18.00
.S 5.00

EB63 140W § 89.65

EB27A 300W $136.80
EB104 600W 5371.65
AR305 300W $346.82
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 Custom Crystals
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ELECTRO DYNAMICS CRYSTAL CORP.

Oscillators

» Hybrid Clock

« TCXO
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* Custom Oscillators

9075 Cody Overland Park KS 66214
Phone (800) EDC-XTAL
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Step 4: Extract the new element values —
Using the extraction rules given in Table
1, the new filter is shown in Figure 3.
Frequency and impedance scaling can
now be applied, including bandpass
transformations, to convert the lowpass
prototype into a passband, stopband, or
highpass filter.

Summary

Optimization routines that attempt to
find the element values of an unevenly
terminated filter from an evenly terminat-
ed prototype almost always converge to
a sub-optimal solution and should be
avoided. The method given here always
preserves the exact shape of the fre-
quency response regardless of the ratio
of the source-to-load resistance. While
classical methods were used to extract
the element values for the new network,
the permutation method of synthesis due
to Amstutz [4] can be used in higher
order filters without the accumulation of
roundoff errors that eventually destroy
the accuracy of classical synthesis meth-
ods. For elliptic filters where the polyno-
mial P(s) is known from direct inspection
of the trap elements, the polynomials
E(s) and F(s) can be determined analyti-
cally if the first stopband frequency that
meets the prescribed stopband loss is
known. RF
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RF computer tools

Utility Programs Simplify RF
Analysis in SPICE

David K. Lovelace
Motorola, Inc.

With increased use of SPICE for
analysis of RF circuits, techniques are
required to get common RF data into a
usable format. This article describes
two utility programs to be used with
SPICE in the analysis of RF circuits.
SSWEEP is used to command SPICE
to change bias conditions for which an
S-parameter analysis is conducted,
then SSTRIP takes the SPICE format-
ted data and puts it into a Touchstone®
type S-parameter data file.

he first of the programs to be

described is SSWEEP, a SPICE util-
ity written to aid the designer who
requires that an AC analysis be con-
ducted at several DC bias conditions on
a circuit. SPICE does not allow an AC
analysis to be conducted during a DC
sweep. SSWEEP gives the SPICE user
the ability to sweep up to two indepen-
dent DC voltage or current sources and
perform an AC analysis at these user
defined DC operating conditions.
SSWEEP could be used to generate S-
parameters for a device at many differ-
ent DC bias points on the I-V plane, and
perform a noise analysis at several bias
conditions. A description of how
SSWEEP operates is given as follows:

1) The SPICE user writes a circuit file
designed for AC analysis but that is
desired to be evaluated at several DC
bias conditions. A typical example is
shown in file MOS_L.CIR (Appendix A).
This example shows that through the
use of SPICE, S Parameters can be
generated for a device model at many
DC operating conditions as set by the
two independent sources VG and VD
and swept by SSWEEP.

2) The SPICE file should contain a
line with the following syntax:

*SWEEP PARAM1 START1 STOP1

STEP1 PARAM2 START2 STOP2
SERZ

RF Design

‘MOS _L.CIR
* LUMPED RD/CDS OUTPUT TO THE MOS MODEL

* THIS CIRCUIT FILE WILL GENERATE THE S-PARAMETERS FOR A CIRCUIT
“ USING SPICE.

*REFERENCE: “S-PARAMETER WTPUT FROM SPICE PROGRAM”

BY: RAVENDER GOYAL
’ MICROWAVE SYSTEM NEWS AND COMMUNICATIONS TECHNOLOGY
J FEBRUARY 1988, PGS 63 -66.

"ASSUMPTIONS:  TERMINATIONS ARE IN 50 OHMS REAL IMPEDANCE

) (COMPLEX IMPEDANCE TERMINATIONS CAN BE SIMULATED
P THROUGH THE APPROPRIATE CIRCUIT ELEMENTS USED TO
- REPLACE RS AND RL.)

.

* FILE NAME: MOS_L.CIR
* DATE: 23 JUL 91

* B DAVID LOVELACE
5 MOTOROLA, INC.
SEMICONDUCTOR CUSTOM TECHNOLOGIES CENTER
* INSERT THE CIRCUIT TO BE ANALYZED HERE AND USE AS A SUBCIRCUIT TO
* GENERATE THE S-PARAMETERS

R R R R R T R I I T O PPy

* WE WANT TO GENERATE S-PARAMETERS FOR SEVERAL BIAS CONDITONS
*VARY VD 0 - 10V IN 0.5V INCREMENTS AND VG 3 - 5V IN 0.2V INCREMENTS

* THIS IS THE SSWEEP SYNTAX
*SWEEPVD01005VG 3502

D R R R R R R R I s
D R R R N R N R

* MOS MODEL

R R R R R I

.SUBCKT TEST 1 4
L1131MEG

VG30DC4.0

RG 14120

M1 10 4 0 0 NDMOS L=0.9U W=752U
M27 4 10 0 NDDMOS L=0.8U W=752U
CBLOCK 4510.0

RX14 5 1MEG

D CY56Y

RX2 5 6 0.03MEG

CX 6 7 (CAX)

RX3 6 7 IMEG

RNHV 78 0.1

DDS 99 8 CDS

REPI 99020

RD28210.0

L1229 1MEG

vD9075

.ENDS TEST

PARAMS: CAX=(A1°C1)

R R R R e R L

* PARAMETERS SET FOR CAPACITANCES USED IN THE MODEL

P R R L R R L R R R R s

* AREA FACTORS FOR CGD CAPACITANCES

(continued on next page)

Appendix A. A sample SPICE circuit file as used with SSWEEP.
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.PARAM A1=3.5E-6

.PARAM A2=3.5E-6

* C1 CAN BE ADJUSTED +/- 30%

.PARAM C1=66E-9

* C2 CAN BE ADJUSTED +/- 200%

.PARAM C2=56E-9

* CX=A1"C1

* CY=A2'C2

* DISTR=DISTRIBUTION FACTOR FOR THE CDS DIODE

E22 20 0 20 0 2
R22 22 0 1

P L R R R R

* CIRCUIT TO MEASURE S11 AND S21

P L L R T e ]

RLF 4 o] 50

sesamresrrereesestreretatenee ey

.

.MODEL CDS D VJ=0.6 M=0.5 CJO=C(CAPDS*SC)'DI

sevssrerensnecanernretanne .

* SET THE FREOUENCIES TO BE ANALYZED HERE

.PARAM DISTR=1

* SC=SCALING FACTOR FOR CDS, DEPENDENT ON THE P- DOPING E21 21 0 4 0 2

.PARAM SC=3 R21 21 0 1

* CONSTANT FOR THE CDS CAPACITANCE * INSERT THE CIRCUIT TO BE ANALYZED HERE AS A SPICE SUBCIRCUIT
.PARAM CAPDS=4.3E-13 XCKTF 3 4 TEST

.MODEL NDDMOS NMOS LEVEL=3 RSF 3 0 50

+ VTO=0 PHI=0.6 TOX=400E-10 NSUB=1E14 UO=650 VMAX=2ES5 THETA=0.2 n 3 0 AC —20M

.MODEL NDMOS NMOS LEVEL=3 V33 10 1 AC 1

+ VTO=2.8 PHI=0.7 TOX=400E-10 NSUB=1E15 UO=600 VMAX=2E35 THETA=0.2 E33 10 0 3 0 2

.MODEL Y D VJ=0.6 M=0.5 CJO=(A2"C2) R11 11 0 1

* CIRCUIT TO MEASURE S22 AND §12 AC LIN 50 500MEG  5G
....... « HERE IS THE OUTPUT FORMAT SO AS TO COINCIDE WITH THE *TOUCH-
: STONE”

RLR 1 0 50 * FORMAT AND BE CONVERTED FOR USE WITH LINEAR CAD TOOLS

ET2 12 0 1 2 .OPTION WIDTH=132 NODE

R12 12 0 1 3 iIS111 /.S11 IS211 /.S21 IS12l /. S12 Is22l [ S22

* INSERT THE CIRCUIT TO BE ANALYZED HERE AS A SPICE SUECIRCUIT PRINTAC VM(11) VP(11) VM(21) VP(21) VM(12) VP(12) VM(22) VP(22)
XCKTR 1 2 TEST :

ASR 2 0 50 END

12 2 0 AC

V22 20 22 AC

Appendix A (continued). Sample SPICE circuit for SSWEEP.

X05009
OCXO
10 MHz in stock
Available from 3-50 MHz

1.5 x 1.5 x 0.5 inches (Ixwxh)
Test equipment & synthesizer
applications

82

HIGH PERFORMANCE --

| e OSCILLATOR PRODUCTS

LOW PROFILE --

X03022
High Performance TCXO
Available from 16-75 MHz
Ruggedized for shock & vibration
1.25 x 1.0 x 0.2 inches (Ixwxh)
Communication & portable GPS
applications

SMALL FOOTPRINT

X05015
OCXO
10 MHz in stock
Available from 3-50 MHz

1.45 x 1.08 x 1.03 inches (Ixwxh)
Synthesizer & communication
applications
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SSWEEP (c) 1991 David Lovelace
SPICE file name: x.cir

File Name Vi

x0.cir 5.00el+00
x1.cir 5.00e+00
x2.cir 1.00e+01

x3.cir 1.00e+01

Number of DC bias sweeps: 4

3) Start the analysis from the com-
mand line:

11 ssweep file_name

5.00e-06

1.00e—05 Example: ssweep mos_|

5.00e-06 : : 17e
1.00e—05 Where “file name” is the SPICE circuit

file name. This name should not include

Table 1. Bias conditions and resulting file names.

For example:

*SWEEP VCC 0 10 0.5 1B 10E-6 100E-
6 10E-6

This will cause VCC to be stepped 20
times (0-10 volts in 0.5V increments) for
ten values of 1B (10-100 microamps in
10 microamp increments) for a total of
200 analyses!

Note that the line that sets the
SSWEEP parameters starts with a “*".
This will allow the user the option of
running the circuit file in SPICE without
having to use SSWEEP. The key word
“SWEEP” is not case sensitive,
“SWEEP” or “sweep” will work, but do
not mix case by using syntax such as
“Sweep”, “SwEep”, etc.

PARAM1 and PARAM2 are the
names of the independent DC sources
to sweep. They must match the names
of the independent sources given in the
circuit file. SSWEEP will only allow a
DC source to be used in the SPICE cir-
cuit file as:

SOURCE_NAME NODE! NODE2 DC
VALUE

Example: VCC 20DC 10

SOURCE_NAME must be a valid
SPICE source name and the same
name as that given in PARAM1 and
PARAM2. The type of source “DC” must
be included on this line! The VALUE
term can take on any value, this will be
replaced in each iteration of SSWEEP.
START1 and START2 are the DC start-
ing conditions for conducting the AC
analysis. STEP1 and STEP2 are the
increments that the sources will be
stepped until the values of STOP1 and
STOP2 are achieved.

Note that all of the constants: startl,
stop1, etc. must use numerical format
instead of the typical spice syntax used
to express numerical magnitude.

Example: Use 10E-6 instead of 10U,

1E-3 instead of IM, etc. as is typically
done in SPICE.

RF Design

it’'s extension since SSWEEP will

The oscillators
with the quartz
crystals from
KVG measure
absolutely
everything,
even before
you'll see
or hear it.
-

-

Oscillators with
quartz crystals
deliver the
quality you need,
quartz-precise.

A\

Communication
ond measurement
technique.
Worldwide.

KVG.

KVG

North Americo Inc.
Werner Mueller
2240 Woolbright Rd.
Boynton Beach

Fl. 33426-6325

Tel. (407) 734-9007
[Fax (407) 734-9008

Crystals
for GPS, Pager,
Telecommunication

W Crystals W Frequency range | MHz 10 360
MHz @ Low aging @ Tight temperature stability
@ High shock and vibration resistance g Special
glass enclosures @@ SMT solutions @ Reliable and
produced under ISO 9001 certified QS-System.

Crystal
Components
for Telecommuni-

cation Networks

W Oscillators @@ Frequency range
3 kHz 10 622,080 Mliz @ Low aging
W Tigh! temperature stability

W SMT solutions @ Reliable and produce
under IS0 9001 certified QS-System.

Froq(u'my) PXO vao  TCXo DICX0O  OCXO
1 e — —
1.544  T1(0S1) T1(0S1) T1(0S1) T1{0S1) T1(DST) -
12.352 F1(DS1) T1(0S1) T1(DS1) T1(DS1) TI(0S1) -
16.384 DA SDH SDH SDH SDH SDH
SONET ~ SONET  SONET  SONET  SONET  SONET
ISON ISON ISON ISON  ISON  ISDN
38.880  SDH/STM-1 SDH/STM-1 SDH/STM-1 SDHASTMI - -
4443  ATM ATM ATM ATM X -
C T3(0s3) T3(0S3) E@sg)_wr-a(oss)”—/ o\
51.840  SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 —
155.520 ATM ATM ATM ATM g ~

STM-1/ST5-3¢  STM-1/5T5-3¢  STM-1/5TS-3c ~ STM-1/5T5-3¢  — -
SONET/(0C-3¢) SONET/(OC-3c) SONET/(0C-3c) SONET/(0C-3() - -

622.080 - SOHSTM4  — = =
< SONET/STS-12 — L L 4

[ ] Flltcr B Frequency range 1 MHz to 200 MHz

@ Discrete and monolithic types =
B Reliable and produced under 1SO 9001
certified QS-System.

B For superior quartz crystals,
oscillator and filter products from the
IS0 9001 certified source, talk to us.

KVG North America Inc.
Together for quality.

Y
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* SPAR.CIR R2 3 0 100MEG
* THIS CIRCUIT FILE UILL GENERATE THE S-PARAMETERS FOR A CIRCUIT c2 3 0 3.76P

* USING SPICE Cc3 3 4 1.75P

N C4 4 0 9.1P

* REFERENCE:  “S-PARAMETER OUTPUT FROM SPICE PROGRAM" L2 4 0 36.81N

. By: RAVENDER GOYAL Cs 4 5 1.07P

9 MICROWAVE SYSTEM NEWS AND Ccé 5 0 3.13p

9 COMMUNICATIONS TECHNOLOGY L3 5 6 233.17N
;. FEBRUARY1988, PGS 63-66. c7 6 7 5.92P

* ASSUMPTIONS: TERMINATIONS ARE IN 50 OHMS REAL IMPEDANCE R3 6 0 100MEG
P (COMPLEX IMPEDANCE TERMINATIONS CAN BE R4 7 0 100MEG
Y SIMULATEDTHROUGH THE APPROPRIATE CIRCUIT .

4 ELEMENTS USED TO REPLACE RS AND RL.) c8 7 0 4.51P

u) Cc9 7 8 1.568P

* FILE NAME: SPAR.CIR 23 JUL 91 c10 8 0 8.866P
REYe DAVID LOVELACE L4 8 0 35.71N

" MOTOROLA, INC. c11 8 9 2.06P

: SEMICONDUCTOR CUSTOM TECHNOLOGIES CENTER C12 9 0 4.3P

¢ 2100 EAST ELLIOT ROAD LS 9 10 200.97N
N TEMPE, AZ 85284 C13 10 1 2.97P

* INSERT THE CIRCUIT TO BE ANALYZED HERE AND USE AS A SUBCIRCUIT RS 9 0 100MEG
* TO GENERATE THE S-PARAMETERS R6 10 0 100MEG
* A FILTER EXAMPLE FROM THE REFERENCED ARTICLE IS USED {ENDS TEST

* LARGE RESISTORS WERE USED TO ALLOW SPICE TO HAVE A DC PATH TO %

" GROUND AT ALL NODES .

* IF AN ACTIVE DEVICE IS USED, APPROPRIATE BIAS MUST BE APPLIED! * CIRCUIT TO MEASURE S22 AND S12
.SUBCKT TEST 1 11 s

C1 1 2 3.168P V160 0 DC1.0

L1 2 3 203N L1 60 1 MEG

. L2 70 2 IMEG

R1 2 0 100MEG V2700DC 10 (continued on page 86)

Appendix B: SPAR.CIR — Example SPICE circuit file for SSTRIP.

RFM's new group delay
compensated low-loss
SAW filters are ideal
for GSM, INMARSAT,

Uncompensated PCN, and many other
Group Delay
digital radiotelephone

Introducing RFM/s Group Delay Compensated Low-Loss SAW Filters
IF applications. RFM

technology holds group
delay virtually flat

Compensated
Group Delay

across the filter's 6 dB

bandwidth, assuring
low intersymbol inter-
ference. RFM offers
these filters in both DIP

and SMT packages.

n ’ m

[ l n I
RF Monolithics, Inc.
4441 Sigma Road,

For further information

allas. Texas 75244 USA Phone: (214) 233-2903 Fax: (214) 387-8148 please contact RFM.
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assume an extension of .CIR. The
“file_name” cannot exceed five charac-
ters in length!

Limiting the file name to five charac-
ters allows for up to 999 bias conditions
to be evaluated since DOS allows a
maximum of eight characters in a valid
file name.

4) SSWEEP will start a SPICE analy-
sis for each of the bias values given by
the ““SWEEP ...” line of the circuit file.

5) A new SPICE circuit file and output
file will be generated for each of these
DC operation points.

Example: The circuit file MOS_L.CIR
(see Appendix A) will generate the fol-
lowing files:

MOS_LO.CIR MOS_L0.OUT
MOS_L1.CIR MOS_LIL.OUT
MOS_L3.CIR MOS_L3.0UT

6) The file RESULTS.SWP will be
generated giving a table of the DC oper-
ating points and the names of the files
that resulted from SPICE.

Example: A
RESULTS.SWP file:

sample of the

The SPICE file included the following
“*SWEEP ...” line:

*SWEEP V1 5105 |1 SE-6 10E-6 5E-6

This caused an AC analysis to be per-
formed at each of the bias conditions
that are shown by the results file:
RESULTS.SWP

SSTRIP Program Description

SSTRIP will strip out S-Parameter
results from PSPICE and HSPICE two
port network analysis and convert them
to a “Touchstone” compatible two port
S-parameter data file. SSTRIP converts
data in the SPICE output files, .OUT for
PSPICE and .LIS for HSPICE, into S-
parameter data files with the same
SPICE file name with the exception of a
.S2P extension. Some important infor-
mation concerning the successful use of
SSTRIP is given as follows:

PSPICE — Although PSPICE was
used in this example, most any SPICE
program will function with SSTRIP
including HSPICE, ISPICE, UCB
SPICE, etc. A template circuit file that
should be used with SSTRIP is given in
Appendix B. This circuit file, SPAR.CIR
was derived from previous work by

RF Design

other users of SPICE [1,2]. [3]
describes how 2-port S-parameter data
are derived from SPICE. Comments
located within SPAR.CIR will describe
any specific details concerning its use.
SSTRIP assumes that the name of the
PSPICE output file has a .OUT exten-
sion.

HSPICE — HSPICE users are less
confined as are other SPICE users.

HSPICE has a “NET” command that
will allow it to generate two port S-para-
meters. Users of SSTRIP need only do
the following to their circuit file (this is
based on the proper use of the .NET
command; readers should refer to the
HSPICE users manual):

1) Include the statements: CO=132
INGOLD = 2 in the .OPTION line. This

Relax! (kb has solutions to your surface mount problems ..

Q-bit offers a broad line of surface mount amplifiers in a
variety of packages. The amplifier specifications shown
below represent some of our current products.
Please call Q-bit with your specific requirements.

- 7 0.625" Flatpack

Guaranteed Specs 25°C

Q-bit Frequency Gain  Compression VSWR NF Isolation 3rd/2nd DC Power
Model MHz dB dBm Rato dB dB aBm Volits/mA
QBH-210 5-380 150 9.0 1.51 3.0 250 23/33 150729
QBH-215 10-500 1288 260 1E5: 7.8 250 35/42 15.0/168
QBH-217 5-100 16.5 4.5 1253 1.5 35.0 17/24 15.0/11
QBH-231 15-700 14.6 16.0 157 6.5 270 29139 16.0/44
QBH-233 5-500 10.5 150 1.5:1 4.2 25.0 29/45 15.0/61
QBH-236 10-200 200 21.0 53 40 260 35/45 15.0/70
QBH-238 5-150 1515 210 1.6 3i5 26.0 37/49 15.0/99
QBH-254 200-1200 128 8.0 201 26 230 213 15.0/23
QBH-261 10-150 13.3 27.0 201 315 16.0 45/55 15.0/175
QBH-271 10-150 13.5 270 151 6.5 270 39/45 15.0/106
QBH-277 10-300 16.0 120 1.581 2.6 30.0 22/32 5.0/26
QBH-280 5-150 290 19.0 161 3.8 50.0 32/42 16.0/59
QBH-284 5-100 19.8 240 1:5:1 4.0 270 38/48 15.0/82
QBH-287 10-1500 B 20.0 1.5:1 6.0 135 32/42 15.0/100
N "
... 0.450" SMD (SMTO-8)
Guaranteed Specs 25°C

Q-bit Frequency Gain  Compression VSWR NF Isolation 3rd/2nd  DC Power
Mode! MHz dB aBm Ratio dB fo/] dBm Volts/mA
QBH-5119 10-500 15.0 12.0 1:5:1 30 220 26/36 15.0/33
QBH-5122 10-500 17.0 20.0 1.8:1 42 220 30/38 16.0/65
QBH-5147 20-1100 13.5 9.0 1.6:1 3.7 210 22/32 15.0/27
QBH-5237 10-200 12.7 220 1.8:1 4.5 15.0 38/50 15.0/97
QBH-5255 5-250 14.8 22.0 1.6:1 5.5 16.0 37/48 15.0/94
QBH-5271 10-150 13.2 26.0 1.7:1 6.0 150 39/48 15.0/148
QBH-5284 10-100 19.8 220 1.5:1 40 210 38/48 15.0/82
QBH-5407 50-2000 10.0 27.0 2.0 6.0 20.0 39/50 16/225
QBH-5804 10-100 20.0 240 1.5 40 27.0 38/48 15/82
QBH-5811  200-1200 12.8 8.0 2.0 26 23.0 21731 15.0/23
QBH-5817 10-1500 13.5 20.0 1.5 6.0 13.5 32/42 15.0/100
QBH-5819 2-1000 16:5 18.0 201 6.0 16.0 30/42 15.0/84
QBH 5857 10-200 81 11.0 2.0 2.0 100 25/38 15.0/15
QBH-5870 10-200 7.9 20.0 L&l 2.9 10.0 36/49 16.0/31

MIL-STD-1772 Qualified s

Q-bit Corporation

2575 Pacific Avenue NE Palm Bay, Florida

Main ‘@ 407/727-1838 ¢ Toll Free Sales T 800/226-1772 « FAX #== 407/727-3729

INFO/CARD 60
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RF POWER AMPLIFIERS

HIGH PERFORMANCE
1MHZ-2GHZ  TW-1KW

MODULES - SMALL SIZE - HIGH EFFICIENCY

484"x2.0"x1.0° - 200Watts « 150-250 MHZ
55% Effeciency + 35db gain

SYSTEMS - LOW COST - RUGGED PROTECTION

10MHZ - 1200MHZ = 10 Watts
Automated Current Limiting

j— LCF ENTERPRISES
Lcrm 651 Via Alondra, Unit 712
Camarillo, CA 93012 USA
Tel: 805-388-8454
Fax: 805-389-5393

"F PewWER AMPLFERS

INFO/CARD 61
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WIDE-BAND VCO

Low cost and hermetically sealed

The 06128 series of surface mount.
voltage controlled oscillators covers
the 600 to 1200 MHz frequency
range in an inexpensive. ruggedized
package. Product features include:

* Wide-Band frequency coverage
to over 1300 MHz.

* Linearized tuning improves PLL
stability.

¢ Low phase noise.

¢ No dropouts or moding over tem-
perature. 2:1 VSWR. any phase.

¢ Consistent output power over
temperature (+15 dBm + 2 dB).

* Applications include modems.
synthesizers. GPS. DBS. VSAT.

Price is $69.00. single piece quantity.
Contact Eliot Fenton. Integrated
Component Systems Inc., 5440 N.W.
S5th Bivd. Ste 11-105. Coconut
Creek. FL 33073. 1-800-396-5185.
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RLR 1 0 50

E12 12 0 1 0 2

R12 12 0 1

* INSERT THE CIRCUIT TO 8E ANALYZED HERE AS A SPICE SUBCIRCUIT
XCKTR 1 2 TEST

RSR 2 0 50

12 2 o] AC —20M

V22 20 22 AC 1

E22 20 o] 2 0 2

R22 22 0 1

* CIRCUIT TO MEASURE S11 AND S21

L3 60 3 1MEG

L4 70 4 1MEG
RLF 4 0 50
E21 21 0 4 0 £
R21 21 0 1
* INSERT THE CIRCUIT TO BE ANALYZED HERE AS A SPICE SUBCIRCUIT
XCKTF 3 4 TEST
RSF 3 0 50
n 3 0 AC —20M
V33 10 11 AC 1
E3310 0 3 0 2
0 1

R11 1"

.

* SET THE FREQUENCIES TO BE ANALYZED HERE
.AC LIN 100 200MEG  300MEG

.MODE_ TEST NPN

* HERE IS THE OUTPUT FORMAT SO AS TO COINCIDE WITH THE
* “TOUCHSTONE” AND “MMICAD" FORMAT AND BE CONVERTED FOR USE

* WITH LINEAR CAD TOOLS

.OPTION WIDTH=132

o IS111 /.S11 I1S211  /.S21 iS21  /.S21 S22l /S22
PRINT AC VM(11) VP(11) VM(21) VP(21) VM(12) VP(12) VM(22) VP(22)
PROBE

END

Appendix B (continued).

* MOS MODEL EVALUATION - AC CHARACTERISTICS

* FILE NAME: MOSFET.CIR
* DATE: 1 AUG 91

HEY DAVID LOVELACE

d MOTOROLA, INC.

3 SEMICONDUCTOR CUSTOM TECHNOLOGIES CENTER

. 2100 EAST ELLIOT ROAD

¥ TEMPE, AZ 85284

VI10DC4.0AC 10

V230LC5.0

M1 3 1€ 0NDMOS L=2.5U U=752U

-MODEL NDMOS NMOS LEVEL=3

+ VTO=2.7 PHI=0.7 TOX=400E-10 NSU8=1E16 W=600 VMAX=2E5 THETA=0.2

* USE THIS STATEMEMENT IF WE ARE DOING JUST A SWEEP OF S-PARAMETERS
.AC LIN 101 100MEG 10G

* MEASURE S-PARAMETERS
.NET I(V2) V1 ROUT=50 RIN=50

* MAKE 3URE THAT THE OPTION STATEMENT HAS THESE PARAMETERS SET
.OPTION CO=132 INGOLD=2

* PRINT OUT THE S-PARAMETER VALUES THAT WERE SIMULATED
- 1S111 /1_S11 18211l /_S21 18121 /_812 1822(
.PRINT AC S11(M) S11(P) S21(M) S521(P) S12(M) S12(P) S22(M)

.END

/_S22
S22(P)

Appendix C: HSPICE example file.
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is done to allow all four of the two port
S-parameters to fit onto one output line
and to format the output to a form read-
able by SSTRIP. For example:

.OPTION CO =132 INGOLD =2

2) Include the .PRINT statement as
follows:

PRINT AC SIl(M) SII(P) S21(M) S21(P)
S12(M) S12(P) S22(M) S22(P)

An example circuit file is shown in
Appendix C. SSTRIP assumes that the
name of the HSPICE output file has a
.LIS extension.

SSTRIP Syntax:
sstrip -<h | p> spiceout

Where:

“h" or “-p” is used to identity the type of
SPICE output file

-h = > HSPICE

-p = > PSPICE or standard SPICE

“spiceout” identifies the SPICE output
file name. Note that the extension is not
used. SSTRIP will automatically deter-
mine the proper file name extension
based on the use of the “-h” or “-p”
parameter.

SSTRIP will use the “spiceout” file
returned from a successful SPICE
analysis to create the name of the
resulting S-parameter fite.

Example: sstrip-p mos |

This will cause the two port S-para-
meter data embedded within the
PSPICE output file “mos_l.out” to be
converted to the newly created S-para-
meter data file “mos_l.s2p.”

SSTRIP was written for a DOS based
machine using the Borland C++ compil-
er, but the code was intentionally writ-
ten so that a migration across any C
compiler could be possible. The author
intends to port the code to a workstation
environment as soon as possible.

Notes

HSPICE is a trademark of Meta Soft-
ware, Inc.; PSPICE is a trademark of
MicroSim Corp.; and Touchstone is a
trademark of EESof, Inc.

The SSWEEP and SSTRIP programs
are available on disk from Argus Inc.,
Direct Marketing Department. See the
advertisement on page 97 for ordering
information. RF

RF Design

References

1. Ravender Goyal, “S-Parameter Out-
put From Spice Program,” Microwave
System News and Communications
Technology, February 1988.

2. Thomas B. Mills, “S-Parameters n
Spice,” RF Design, June 1989.

3. Fred Bonn, “Derivation of S-Parame-
ter Circuit,” Internal Memo, Motorola,
inc., November 1990.

About the Author
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neer in the RF Development Group at
Motorola Inc., Semiconductor Custom
Technology Center, 2100 East Elliot
Road, MD: EL609, Tempe, AZ 85284.
David has previously published the
QSPLOT S-parameter comparison
and evaluation program.

A Special Commitment

Since 1965, COMET has been committed to one objective —
keeping our customers satisfied with the highest quality

vacuum capacitors available.

Our experienced technical staff is dedicated to the
advancement of capacitor technology, and will meet your
custom requests with a design proposal in a matter of days.
And, while we do specialize in made-to-order designs, we
also stock a number of popular capacitor types for your

off-the-shelf needs.

Call COMET when you have a special design request, want
expert technical service, or need a replacement capacitor now.

- e

COMET NORTH AMERICA, INC.

11 Belden Ave. ¢« Norwalk, CT 06850

INFO/CARD 63

(203)852-1231 « FAX (203) 838-3827
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RF product forum

Custom ICs and ASICs Provide
Wireless Design Solutions

Custom and application-specific inte-
grated circuits are seeing a rapidly
growing level of interest from engineers
who are designing new wireless prod-
ucts. Many variations of digital, analog
and RF functions are required to meet
design goals for a diverse collection of
new radio-based communications prod-
ucts. In addition, the need to make
those products small, with low power
consumption, also leads many design-
ers to investigate custom integrated
components.

Basically, there are two general direc-
tions to follow: full custom and semi-cus-
tom. Full custom means that a specific
integrated circuit is designed “from the
ground up” to perform the desired func-
tions. This is the same process used to
develop standard catalog ICs, and has
the greatest design flexibility, but by far
the greatest engineering cost.

Semi-custom ICs can be divided into
two further groups: configurable transis-
tor arrays and standard-cells. Transistor
arrays typically contain an assortment of
single transistors, matched pairs and
emitter-coupled pairs, perhaps repre-
senting a couple different speed/power
levels, plus some resistors. The transis-
tors are interconnected with additional
metallization layers, which also include
additional bias resistors. Standard cells
are pre-designed amplifiers, mixers,
gates, flip-flops, etc., with layouts that
can be “glued” together to combine
functions to meet the customer’s needs.

The choice of whether to design with
standard ICs or to pursue a custom IC is
typically complex, relating to size of the
production run, performance require-
ments of the product, time-to-market
concerns, and short-term costs versus
costs over the lifetime of the product.

Here are summaries of custom and
semi-custom IC capabilities of just a few
companies capable of handling RF
applications:

Maxim Integrated Products

With their acquisition of Tektronix-
developed high frequency IC processes,
Maxim adds RF capabilities to their well-
established lower-frequency analog

88

expertise. Their QuickChip design
automation approach is an array of tran-
sistors, capacitors and resistors that can
be configured for a wide range of func-
tions using Maxim’s QuickTools design
software package.

Full-custom high frequency ICs are
also available for high-volume, perfor-
mance-critical applications. Design tools
are provided for this approach as well.
Available semiconductor processes
have NPN F; ranging from 9 GHz to 27
GHz.

Raytheon

Raytheon has a wide range of IC ser-
vices, drawing from the company’s
experience in high performance military
applications. Their RPA90 and RPA160
precision grid/tile arrays are suited for
high speed analog and digital systems
requiring NPN transistors with 4 GHz F+
and PNPs with 1.5 GHz Fy.

The RSC4000 standard cell capability
uses a complementary BiCMOS
process with similar speeds to the RPA
arrays, but with greater design flexibility
for mixed signal ICs. A wide variety of
analog and digital standard cell circuit
functions is intended to provide rapid
development time.

Raytheon also has GaAs MMIC capa-
bilities for high performance ICs with
devices having F; up to 27 GHz.

Hitachi America Ltd.

Hitachi offers ASIC technology in
CMOS and BiCMOS. Somewhat better
equipped for high speed digital circuits
like PLLs, counters and dividers, Hitachi
has developed the greatest number of
customers in computer and disk-drive
businesses. IC design. Design support
is provided by third-party design cen-
ters: Locus Inc., Micral, Indiana Micro-
electronics Center and Digital Equip-
ment Corp.

Harris Semiconductor

The Harris FastTrack design system is
the highlight of this company’s custom
and semi-custom IC program. Com-
bined with high performance bipolar and
CMOS processes, the focus is on com-

bining the performance of an IC design
with the modularity of RF circuit design.
To ease the design process, the soft-
ware includes numerous RF building
blocks that can be used as designed by
Harris developers, or modified to opti-
mize performance. One specific feature
is scalable transistors, allowing opti-
mization for noise figure, gain, and
power handling capability.

Hughes Microelectronics

Hughes ASIC capabilities are cen-
tered around their CyberCell library,
which provides an extensive selection of
analog and digital circuit functions.
Included with a complete package of
analog and digital cells, which includes
nonvolatie EEPROM capabilities, is an
RF library with amplifiers, PLLs, quadra-
ture detector, oscillators, Gilbert cell, PN
generator and others.

Hughes ASICs have been widely used
in the RFID industry, where small size
and power consumption are critical
design parameters. Spread spectrum
applications are also an area where
Hughes ASICs have been developed.

Walmsley Microsystems

A new entry into the U.S. market,
Walmsley (of the U.K.) has a 20 GHz F;
silicon bipolar process, offering arrays of
100 to 3000 transistors, including
devices with peak F; at 1 mA and 5 mA.
The larger arrays also include 0.25 mA
devices. Their high speed bipolar
process is well suited to RF and high
speed digital applications. RF

For more information on ASIC capa-
bilities, circle the Info/Card number
next to company of interest:

AT&T Microelectronics 170
Harris Semiconductor 171
Hitachi America 172
Hughes Microelectronics 173

M/A-COM Microelectronics Div.174
Maxim Integrated Products 175

Mitsubishi Electronics 176
Raytheon 177
Stanford Telecom 178
Walmsley Microsystems 179
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D(C-2000 MHz

AMPLIFIERS

In plastic and ceramic packages, for low-cost solu-
tions to dozens of application requirements, select Mini-
Circuits' flatpack or surface-mount wideband monolithic
amplifiers. For example, cascade three MAR-2 monolithic
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz
amplifier for less than $4.50. Design values and circuit
board layout available on request.

I's just as easy 10 create an amplifier that meets
other specific needs, whether it be low noise, high gain,
or medium power. Select from Mini-Circuits’ wide
assortment of models (see Chart), sketch a simple inter-
connect layout, and the design is done. Each model
is characterized with S parameter data included in our
740-page RF/IF Designers’ Handbook.

All Mini-Circuits’ amplifiers feature tight unit-to-unit
repeatability, high reliability, a one-year guarantee tape
and reel packaging, off-
the-shelf availability, with
prices starting at 99 cents.

Mini-Circuits’ monolithic
amplifiers...for innovative
do-it-yourselt problem
solvers.

q
g MAV- MAvV MAR VAM RAM

Models above shown actual size

C__JMini-Circuits’

9¢ Unit price $ (25 qty)

++VAM-3 SVAM-6  ++VAM-7
SURFACE MOUNT 145 1.29 1.75
add suffix SM MAR-1  MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8
0 model no. 104 140 1.50 1.60 1.34 1.80 1773
(ex. MAR-ISM) MAV-1  +MAV-2 +MAV-3  MAV-4 MAV-11
1.15 1.45 1.55 1.65 2.15
CERAMIC RAM-1  RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8
SURFACE-MOUNT 495 495 4.95 4.95 495 495 495
PLASTIC MAV-1 +MAV-2 +MAV-3 +MAV-4 MAV-11
FLAT-PACK 1.10 1.40 1.50 1.60 210
MAR-1  MAF-2 MAR-3 MAR4 MAR6S MAR-7 MAR-8
0.9 1.35 1.45 1.55 1.29 1.75 1.70
Freq.MHz,DC to 1000 2000 2000 1000 2000 2000 1000 1000
Gain, dB at 100MHz 185 125 125 83 20 135 325 12.7
Output Pwr. +dBm 15 45 100 125 20 55 12,5 175
NF, d8 55 6.5 6.0 6.5 30 5.0 a3 36

++ Gain 1/2 d8 less than shown

chip coupling capacitors at 12¢ each
(50 min.)

Notes: + Frequency range DC-1500MHz

designer's amplifier kits

DAK-2: 5 ot each MAR-model (35 pcs), only $5995

DAK-2SM: 5 ot each MAR-SM model (35 pcs) only $61 95 ‘%éz(()e (vgn(l)s) thf?ez SR s
-3: R- x pi
DAK-3: 3 of each MAR, MAR-SM, MAV-11 MAV-11SM 20 x 50 1000. 2200, 4700, 6800, 10,000 pf

(48 pcs) $7495

120 x 60 022 047, 068, .1puf
designer's chip capacitor kit

KCAP-1: 50 of 17 values, 10pt 10 0 1uf (850 pc). $99 95

Typical Circuit Arrangement

Roias
W—e 'CC
COLOR DOT T Spfonal)
block \ K
IN o—{L—o—«> {F—e OUT

P.O Box 350166, Brooklyn, New York 11235-0002 (718) 934-4500 Fax (718)332-4661
For detailed specs on ali 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.

F154 REV A
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RF marketplace

Classified display ads are available at $115 per column inch. Frequency rates available for multiple
insertions. Please call for further information, 1-800-443-4969, ask for Carmen Hughes. Or fax your ad
copy for a rate quote to (404) 618-0342.

— _iowaERMiowesT
RFMICROWAVE o~ WIRELESS

WORK WITH AN RF ENGINEER IN YOUR MOVE TO THE MIDWEST!

RF POWER CONSULTING
Engineer with over 20 years of experience in high power
HF-VHF designs is available for consuftation.

My clien's need 1op-notch RF Design Engineers and Managers,
3 to 10+ years experience, HF to 3.0 GHz, Receivers, Transmit-
ters, Power Amplifiers. Synthesizers. Spread Spectrum.
{Recendy retited from a major semiconductor manutacturer) ASIC/MMIC Design. Modems. Communications DSP.
Specialties. MOSFETs, ampifiers (classes A-D), power combiners, RF DON GALLAGHER MSEE
transformers, filters, PC lay-outs, directional couplers, ETC. Phone:  319-895.8042 Fax:  319-895-6455
Modern RF lab is available at the premises. 1145 LINN RIDGE RD. MT. VERNON, 1A 52314
H.0. Granber ) YEARS O HF ENGINEERING, MANAGEMENT, AND PLACEMENT OF ENGINEERS

Y
Phone: 692-943-0401 Fax: 602-944-5019 INFO/CARD 81
INFO/CARD 80

Nationwide opportunities in the
\ CELLULAR/WIRELESS industry.
Debra Sola-Furnari
TELE-TECH SEARCH
7 Canada Goose, 1st Floor Software.
Hackettstown, NJ 07840 whobn o Only §149.95
(gcs) 852'8896 FAX (908) 852‘8907 (507) RIS-T429 *  Plcase cali or wrile for informalion

G{F Design

Marketplace

Full-Featured Conversion System Design

Waypoint =70 TxRx Designer

\1.800.443.4969 INFO/CARD 83

INFO/CARD 82

QO Lead Engineer-Synthesizer/VCO : Prowde technical directicn and leadership
(o= Jaw L ) for all aspects of base station and handset synthesizer design, including synthe-
(o= Yow Yo sizer controt foop, VCO's and reference frequency generation and distnibufion.

Develop detailed subsystem specifications for top-level systems requirements
D D BSEE/MSEE 10 plus years desigring VCO's and synthesizers.

...YOUR CAREER

Spread Spectrum Design: Responsible for design development and test of RF cir-

cuits and systems for spread-spectrum wireless systems. Designed 1.8/2 4 GHz

wideband frequency synthesizer and VCO and GAAS linear power amplifiers. Ana-
\ J lyzed and simulated communications system performance. Assisted in producibility
redesvgn and system mntegration

P.A. DESIGN ENGINEERS

Harris, a $3 billion Fortune 200 Corporation, is seeking
World Class candidates for an RF Solid State P.A. Design
Engineer, at their Broadcast Division Headquarters, a
worldwide supplier of radio and TV broadcast equipment
and integrated systems, in QUINCY, IL.

Product Marketin, 3 Manager: Our client, a well known communications firm, seeks an expenenced
professional to perform classical marketing functions for a product line: i.e., develop short and long
term business plan, determine marketplace, etc. Excellent compensation package along with execu-
. . e . n tive benefits.

This challenging position calls for a driven, RF engineer, v
Director Wireiess Technology: Scope of fields: PCS (Personal Communicatiions Services)

90

with at least five years of experience in the design of lin-
ear, class A/AB, RF amplifier systems and circuits, power
dividers and combiners, and control/monitor circuits for
high power VHF/UHF application. Must be experienced in
solid state design utilizing MOS FET’s, and a champion of
design for low cost, manufacturability, and high reliability.
The desired candidate will have the skills to manage small

project teams, as well as the capability of being a hands-on,

individual contributor. This position requires a BSEE or
equivalent experience; MSEE preferred.

Harris Corporation offers a competitive starting salary,
with a comprehensive benefits package and opportunities
for growth and advancement. If qualified please send
resume (including salary history/requirements) in confi-
dence to: William G. Kellner, Supervisor, Human
Resources, Harris Corporation, Broadcast Division, Dept.
PA, P.O. Box 4290, Quincy, IL 62305-4290.

) HARRIS

An Equal Opportunity Employer, M/F/D/V

INFO/CARD 84

and its applications :

* New PCS systems compatible with FPLMTS (Future Public Land Mobile Telecom Systems}
* PCS Intrastructure of new inteltigent network for PNS

« GPS (Global Position Systems)

= Anti Collision Systems — Ph'd with 5 pius years.

RAF Design Engineer: Design and develop vanous RF circuits {including but not limited to PA's
LNA’s, mixers and filters). Perform subsystem and system level lesnng BSEE/MSEE 5-7 years RF
circuit design expefience with proven track record of developing RF subsystems trom concept
through manufacturing introduction

RFIC Design: MS or PhD in E ical ing with mini 5 years related experience
terred. The candidate should have a good knowledge and experience in Linear Bipolar High
quency IC deslgn and measurement lechnlques in design IC’s like Amplifiers, Mixers, Oscnllators
8, Limiting A s, etc. operating up to 2 GHz in Blpolar or BiC-

's,
MOS lechnologles

MMIC Design Engineer: Develop /S band GaAs MMIC Eowev amplifiers for
commercial wireless communications. Requires: M.S. or BSEE, +2 years expen-
ence with GaAs MMIC design, simulation, packaging and test

RF System Design: Deslgn of analog and RF systems and circuits
for consumer and commerclal digital wireless products. Five to ten
years experience in RF system design. Exrerlence with low cost
design techniques for frequency syntheslzers, power amplifier,
up/down converters and baseband circuits for digital communica-
tions systems. Must be able to derive RF systems an module require-
ments to meet overall performance and cost goals. Familiarity with
time division duplex or COMA a plus.

COMMUNICATIONS
‘ EXECUTIVE SEARCH

800 Turnpike St. » North Andover, MA 08145
We specialize in the placement of communications both nationally and internationally.

FOR THESE AND OTHER OPENINGS

CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627
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CAREER OPPORTUNITIES

TECHNICAL /
COMMUNICATIONS

AXONN Corp. is the leading supplier of high
performance, low cost, embedded spread spectrum
technology. Axonn’s Fortune 500 customers integrate

3 A q\ our SW and HW designs into an impressive array of * VP of Facilities Management
o innovative, very high volume applications. Our and Engineering
designers work hand-in-hand with engineers This position is accountable for ensuring
worldwide to create future product lines. Axonn continually researches the readiness and suitability of all commu-

nication site facilities which includes all
managed, leased and owned facilities.
This position will ensure that client needs
with regard to these facilities are anticipat-
SENIOR & STAFF RF DESIGN ENGINEERS =——=—==———— | o0 and orsalisfied. In addition this posi.

tion oversees and directs the construction
of new tower facilities.

new, patentable RF communication techniques. If you want challenge,
variety, design creativity and the growth available in a smaller
company, call or FAX your resume.

Hands-on design experience required with freq. synthesizers, rcvr.

design, X-mitter design and 900 to 2400 MHz. Must be proficient with * VP of Site Acquisition -
RF modeling software such as Touchstone or Eagleware and familiar Managed Facilities
with surf, mount. 5 to 10 years experience required for Sr. position. This position is accountable for the loca-

tion of suitable facilities for AAT to man-

Phone: (504) 282-8119 Fax: (504) 282-0999 age. We are seeking an individual with a
strong background in contract negotiation.
INFO/CARD 86 Knowledge of the telecommunications

industry a significant plus. This position
will require travel.

Interested Candidates please submit
R F D e s i n your resume complete with salary
g history to:

MJ. Peseau » Corporate Headquarters
1-800-443-4969

AAT Communications Corporation
1854 Hylan Boulevard
Staten Island, New York 10305

or FAX to: 1-800-622-2669

Senior Microwave INFO/CARD 107
Design Engineers
Successful candidates will have three Ericsson GE MosiLE pommumcmous. Lgup
plus yars hand-on exprience in RF ENGINEERING || | jon: b 0vson v b rons
design RF/microwave circuits a,pd/or MANAGER level engineers for our RF Hardware design
subsystems. Must be familiar with - e e o and systems. B.S.E.E. or M.S.E.E. required
microwave circuit simulation and Fort \ng;ﬁzfm ,?as";‘,’,'}mmedia,e Rotd ¥ti1th 5-1?] iearslH:rdw?rf deds;an ;fpgi?ce.
i i i- foran RF Engineering Department Man- orough knowledge of Land Mobile Radio a
layout IS el ager who will lead and develop a strong plus. Candidates must be proficient in design
wan. RF design team involving VHF and and test of one of the following RF modules;
Microwave Hybnid Circuits Testing / microwave products. Power amplifier, receiver, synthesizer or
Y i p The individual selected must be able to system.
bl o Bl phr b Ak el L We are also currently seeking qualified devel
more technical professionals, and en- u 7
Successful candidates WII'] have. three sure adherence to, and improvement opmental and staff engineers responsible for
plus years hand-on experience in of design processes. the design and test of RF modules for
design MIC circuits testing or have BSEE, MSEE preferred and 12 or more terminal and base station products.
i H years of directly related engineering - - - _
tl:le k{lowle(‘ige .Of mlcrowave hybm.i experience including a significant For immediate consideration please call
circuit fabrication. Will work in Tai- amount of experience in a leadership (804) 948-6540 or send resume to:
wan. ’°.'|‘?t' P’ecfg:n;’:‘pnﬁé':t?gﬁswé:‘uit:rgg‘r’]?' Ericsson GE Mobile Communications
- . mifitary cc ! Ly Mountain View Road, Room 1401
Reglonal Sales El‘lgl- and experience modeling \I/HF/:rcu;ts. Lynchburg, VA 24506
We offer a competitive salary/benefits Fax: (804) 948-6543
neer / Manager package and an attractive relocation e
. Please fax or send your re- We are a leading company in Mobile
cessful candidates will have five pISg[am : : ; g pany
PReC l sume along with salary history to: communications and experts in EDACS. We
plus years experience in Microwave Manager Recruiting, ITT Aerospace/ also offer attractive benefit packages
IC and components sales. Will work Communications Division, 1919 ivs ot meent :
. y p . West Cook Road, P.O. Box 3700, Fort competitive salary, an incentives.
in United States. Wayne, IN 46801, Fax: 219-487-6124.
. » -
Send Resume with salary history to: \ TTT Aeroseace / ERICSSON = @
HEXAW AVE INC ~ DEFENGE 8 Communications -~
P.O.B 7’205 ELECTRONICS  Division B e =2
.0. Box ricss obile Communications, Inc. is an
Fairfax Station VA 22039_7205 We are an Equal Employment Opportunity (M F H} Employer equal opportunity employer.
4
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CAREER OPPORTUNITIES

UNBELT OPPORTUNITIES

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

1) BSEE- RF Receiver design, Sat Comm, Commercial wireless product
Design/Development

2) BSEE - RF Test Engineer - 50 MHiz to 1 MHtz. Spectrum analyzers,
Network analyzers

3) BSEE - RF Circuit Design Engineer - Frequency Synthesizers

4) BSEE - Section Manager Analog IC Design

5) MSEE - MMIC for Military Systems - L Band thru KU Band (2-18 GHtz) —
Knowledge of non-linear modeling.

4 -o-r-t-un-e
PERSONNEL CONSULTANTS OF RALEIGH, INC.
P.O. Box 98388R ¢ Raleigh, NC 27624-8388

Phone: 919-848-9929 ¢ Fax: 919-848-1062
stan Deckelbaum

INFO/CARD 90
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Letit
work
for you.

40461800217

Learn DSP and
put your
knowledge to
work
IMMEDIATELY!

thot

Tears

X

m S

COMING TO A

Ity M2AR YOU
Washington, DC

r C}’M 7 Domain Technologies, Inc
EO0-G67-5034
AOA-SET- 4512

By taking this
3-Day Course

Rustin, TR San Jose Asliicf)(;lrrsag}-asr;zcsr’)rﬁre you will really
Scottsdale, AZ Our 2-Day Advanced sy DeF,
Atlanta Denuver Guaranteed!

Course is ready. Call for
more info.

Long Beach, CA

= — T

T e ——

PRODUCTS &

SERVICES

* Voltage Controlled Oscillators
* Phase Locked Oscillators
* Frequency Synthesizers
* Radar Receivers
e Subsystems

¢ Integrated Assemblies
o - T -

==delphi:=

A Division of Aura Systems Inc.

27721-A La Paz Road
Laguna Niguel, CA 92677

Ph: 408.280.7073 Fax: 408.280.1633

INFO/CARD 91

ANALOG & RF MODELS

SPICE models from DC to 10 GHZ
Full non-linear models including:
RF pin diodes, class C, opto, & logic.
We also do measurements and consulting.

Give us a call at (602) 575-5323

INFO/CARD 92

A-Comm ELECTRONICS
Refurbished Test Equipment
DC-26ghz HP GR Wavetek Tektronix
« Send for Catalog listing =
7198 S. Quince Street

Englewood, Colorado 80112
303 290 8012 Fax 303 290 8133

INFO/CARD 93

NOLAN LABORATORIES, INC.
Consulting, Design, Test and Manufacture
FOR

RF, Microwave, Antennas,
Electromagnetics, EMI/RFI,
Bioelectromagnetic Sensors

Design and Support for Manufacturability

James A. Nolan, MSEE PO Box 567

President Conifer, CO 80433-0567
(303) 838-0057

INFO/CARD 106

INFO/CARD 94

FREQUENCY CONTROL PRODUCTS
CRYSTAL OSCILLATORS CRYSTAL OVENS

VCXO’s Mo5

TCXO'’s M18

OCXO'’s M43
v LOW PROFILE v SINE OR SQUARE WAVE
v TIGHT STABILITIES v PHASE LOCKING INPUTS

v INTERNAL SMD CONSTRUCTION

Z SOTEMP
RESEARCH, INC.

P.O. Box 3389 Charlottesville VA 22903
(804) 295-3101 FAX (804) 977-1849

COMTRONIX SYSTEMS, INC.

SOLID STATEsHIGH POWERED#VHF/UHF

CUSTOMIZED

AMPLIFIERS

DESIGNED AND BUILT TO YOUR SPECIFICATIONS

UP TO 200 WATTS
HIGHEST QUALITY/BEST PRICES

CALL OR SEND FOR INFORMATION TEL413/785-1313 FAXx413/739-1352

INFO/CARD 95
92

INFO/CARD 96
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: 3, * STD. 5 AND 10 MHZ OCXO
koJ-\-WTMm * CUSTOMIZED CRYSTAL FILTERS
* STANDARD IF FREQUENCYCRYSTALS

+ TCXO » VCXO * TC-VCXO
E Lsc1-§omcs STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ
+ SURFACE MOUNT AND LEADED

" "PRODUCTS & SERVICES
* VCO’s » CLOCK OSCILLATORS
[ e svemr o] * I/C FILTERS
PACKAGE

Call or Fax requirements.
16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Phone & Fax (602) 971-3301

INFO/CARD 97

RSG-10

SIGNAL GENERATOR

The $2495 profit generator
Quality crafted in the USA

Finally, a synthesized signal generator that's S—
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
meant to do- provide a very 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
work done, easier and faster.

At $2495, the Ramsey RSG-10 is your profit generator.

RAMSEY ELECTRONICS

793 CANNING PARKWAY, VICTOR, NY 14584
Fax: (716) 9244555

TELEX: 466735 RAMSEY Cl

ORDER DIRECT—CALL 1-800-446-2295 m

INFO/CARD 98

Switching Power Supply Noise?

We can make your switcher
quieter than a linear!

" REGIONAL FREQUENCY |
DATABASE SYSTEMS

Data Access Program Included
* Easy Installation

* More Fields : Now 61 * Easy To Use

* Many New Program Enhancements

* New Format : Regional / Multi State

* Improved Performance / Faster Radius Search

Call for more information and pricing on our complete product line.
Custom Databases and Services are also available ...

All frequencies within the FCC Master Frequency Database
for the entire US on CDROM -12 Fields $79.95 + $5.00 S&H

PerCon is the official contractor to the FCC for
the Master Frequency Database on CDROM

PerCon Corporation
4906 Maple Springs / Ellery Road
Bemus Point, NY 14712

* New Data

(716) 386-6015 (716) 386-6013 FAX

INFO/CARD 99
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SWITCHING EM LOAD
POWER FILTER
SUPPLY

You can now use a switcher to power your
most sensitive RF, Analog or
instrumentation circuits. Our most effective
filter will attenuate high level noise spikes
(as high as 40V) and ripple

(as high as 1.5V pk-pk) to an output ripple
of typically 30uV to 1mV pk-pk.

Features:

* One, two or three filtered lines
« 428V, -28V, +/-28V 4A standard versions

(613) 269-4247
“We specialize in difficult filter designs”

INFO/CARD 100

CALL

1-800-443-4969

« Equipment wall or through bulkhead FOR

mounting
y icati ; i DETAILS ON

Custom, application specific versions °
avexcrive | RIFdesign
EMC Consulting Inc. INTRODUCTORY Classified D N
P.0. Box 496, Merickville, Ontario OFFER! assitried Department
KOG 1N0, Canada. .

Yellow Page
Directory
Section

6151 Powers Ferry Road NW
Atlanta, GA 30339-2941
(404) 955-2500 Fax: (404) 618-0342

RF Design

93



RFdesign

Regular Listing

Acditional Line
The Buyers’ Guide is a convenient guide to suppliers ~ Bcld Listing
of products and services available for design and Acditional Line

development engineers. Buyers’ Guide listings are 1" Ad
sold on an annual basis at the rates shown.

Drap Out In White

BuyersaGuide

Perissue  Total/Year All orders must be prepaid. You can forward
$22.00 $264.00 your check or charge your ad to:

$19.00  $228.00
$25.00  $300.00 i
~ $21.00  $252.00 For information on closing dates and details

$200.00  $2,400.00 on a special Introductory Offer, call
$25.00 $300.00 1-800-443-4969. Ask for Jon Tuck.

DISCRETE COMPONENTS
CAPACITATORS
Chip
Sprague Goodman , 134 Fulton Ave., Garden City Park, NY 11040-5395 ..[516)746-1385
Variabl

SPRAGUE TRIMMER
SUIABEEE XD TNDUCTORS

134 Fulton Ave., Garden City Park, NY 11040-563¢6
Tel: 516-746-1385 ¢ Fax: 516-746-1396

Vacuum
Richardson Electronics, Ltd., 40W267 Kesiinger Rd., LaFox, IL 60147.... [800)348-5580
Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008....(619)438-4420

CRYSTALS/RESONATORS

H.K. Crystals Co., Unit H, 22/F, Shield Ind. Ctr., 34-36 Chai Wan Kok $t., T.W. H.K.
......................................................... Tel: (852)4120121 Fax: (852)4985908

Quartz
Bomar Cyrstal Co., 201 Blackford Ave., Middlesex, NJ 08846.... ....(300)526-3935
" QuARTZ CRYSTAL
k‘ American KSS Inc PrRODUCTS
Head Office Eastern Regional Office Southern Regional Office
1735 Technology Dr. #790 401 E. Louther St. 5696 Peachtree Parkway
San Jose, CA 95110 Carlisle, PA 17013 Norcross, GA 30092
Tel: (408) 437-9577 Tel: (717) 243-6008 Tel: (404) 263-3768
| Fax (408) 437-1717 Fax: (717) 2434343 Fax: (404) 26C-3769

0Dak Control Group, 100 Watts St., PO Box B, Mt. Holly Springs, PA 17065.(717)486-3411

= REEVES-HOFHIMAN
- d
DIVISION OYNAMCS

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

DIODES

PIN
Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147... (300) 348-5580

INDUCTORS

Ferrite Cores

'S:praque Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395 ...(516)746-1385
ixed

Sprague Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395 ...(316)746-1385

Variable

Sprague Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395 ...(516)746-1385

INTEGRATED CIRCUITS/MCM

Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763.. 516)732-3448

94

RESISTORS
High Power
Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147.... (800)348-5580

TRANSISTORS

RF Power Bipolar

Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147.... (800)348-5580
RF Power FET

Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147.....(800)348-5580

MODULAR COMPONENTS
AMPLIFIERS
Broadband
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724.....(908)542-113Fax:(908)542-1118
Hybrid

Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147.... (800)348-5580
FILTERS
|

Reeves-Hoffman, 400 W. North St., Carlisle, PA 17013.................. (717)243-5929
Saw

Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070........ (203)651-0211
SAW Components & SubSyStems............oeuueveiiieriineninnniennns Fax: (203)651-8618
MIXERS

Merrimac Industries, Inc., 41 Fairfield P1., W. Caldwell, NJ 07006..(201)575-1300 Fax (201)575-0531
MODULATORS

FSK

Merrimac Industries, Inc., 41 Fairtield PI., W. Caldwell, NJ 07006...(201)575-1300 Fax{201)575-0531
1&0Q

Merrimat industries, Inc., 41 Fairfield P1., W. Caldwell, NJ 07006..(201)575-1300 Fax (201)575-0531
OSCILLATORS

E  UVISION DYNAMICS CORPORATION OF AMERICA

For your Crystal Oscillator requirements, Clocks,
TCXO's, VCXQ's, OCXO's, Hybrid & Discrete.

400 W. North St., Carisle, PA 17013, Tel: 717-243-6929, Fax: 717-243-0079

Crysta!
Dak Frequency Control Group, 100 Watts St., PO Box B, Mt. Holly Springs, PA 17065.. .(717)486-3411

Wilmanco, 5350 Kazuko Ct., Moorpark, CA 93021....................... (805)523-2390
SYSTEM SUBASSEMBLIES

AMPLIFIERS

Br nd

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724... (908)542-1133 Fax:(308)542-1118
LNA

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724..(908)542-1133 Fax(908)542-1118
RF Power

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724..(908)542-1133 Fax(908)542-1118
High Dynamic Range

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 . (308)542-1133 Fax(908)542-1118

RF TRANSMISSION COMPONENTS

CABLE ASSEMBLIES
Kaman Instrumentation Corp., 1500 Garden of the Gods Rd., Colorado Springs, CO 80907 (719)599-1821
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RF TRANSMISSION COMPONENTS

DIRECTIONAL COUPLERS
Merrimac Industries, Inc., 41 Fairfield PI., W. Caldwell, NJ 07006.(201)575-1300 Fax(201)575-0531

FILTER ASSEMBLIES

=2 REEVES-HOFFMAN

For your Crystal Filter requirements from 1 KHz to
150 MHz Fundamentals and up utilizing Overtone
Crystals.

400 W. North St,, Carisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

Lowpass
Coil Speciality Co., 2730 Carolean Industrial Dr., PO Box 978, State College PA 16801. (814)234-7044

MICROWAVE CONNECTORS
Southwest Microwave, Inc., 2922 S. Roosevelt St., Tempe, AZ 85282 . (800)587-5995

MULTICOUPLERS
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724, (908)542-1133 Fax(908)542-1118

PHASE SHIFTERS
Menrimac (ndustries, Inc., 41 Fairfield PL., W. Caldwell, NJ 07006 ..(201)575-1300 Fax(201)575-0531

POWER DIVIDERS/COMBINERS
Mermimac Industries, Inc., 41 Fairfield P1., W. Caldwell, NJ 07006 ..{201)575-1300 Fax(201)575-0531

RF CONNECTORS

ITT Cannon RF Products, 585 E.Main ST., New Britain, CT 06051 (800)532-3750
Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532........... ...800-MOLEX78
Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147.....(800)348-5580

CAD/CAE SOFTWARE & SYSTEMS - SOFTWARE

SYSTEM SIMULATION
Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 .............. (800)631-1113
Makers of TESLA Com Simulator.............. Fax: 404-664-5817 Intl: (404)751-9785

MATERIALS AND HARDWARE
COMPONENTS/HYBRID PACKAGES

Reeves-Hoffman, 400 W. North St., Carlisle, PA17013.................. (717)243-5929

CRYSTAL BLANKS

Reeves-Hoffman, 400 W. North St., Carlisle, PA17013.................. (717)243-5929
TEST EQUIPMENT

PRA, Inc., 8320 E. Gelding Dr., #103, Scottsdale, AZ 85260....... Tel{602)991-4180

Quality Reconditioned TEST EQUIPMENT
by

HP, Tektronix, Fluke, Wavetek, Wittron, etc.
Oscopes, Analyzers, Signal Generators, Multimeters
Sales and Rentals
We also buy your surplus test equipment!

Phone: 800-336-7723 + Fax: 707-928-1963

Test & Measurement SYSIEMS.......oovevuerireiieieiiieieerineneeiaeees Fax(602)991-4362
Racal Instruments, 4 Goodyear St., Irvine, CA 92718 (800)722-3262

ANTENNA MEASUREMENT SYSTEMS
Jef Consultants, Inc., 8501 Beck Rd., Bidg. 2227, Bellevilie, Ml 48111-1254........ (313)482-5505

ANTENNA DESIGN & MEASUREMENT

Antenna Design Specialists, 1171 Melayn Dr., Lebanon, OH 45036......................... (513)932-3385

CONSULTANTS

Management Recruiters of Boulder....... Fax: (303)447-9536...... Tel: (303)447-9900

Windy Bradfield CSAM ............cccoceveniieerunirnrereeiienrnnireeinnereasennn Bob Sund

OEM PRODUCTS

Locus, Inc., 1842 Hoffman St., Madison WI 53704....................... (608)244-0500
SERVICES

INSTRUMENT RENTAL/LEASING
Naptech, 12312 Hwy 175, Cobb, CA 95423... (800)336-7723 Fax(707)928-1963
EMC Consulting, P.0. Box 496, Merrickville, Ont. KOGIND............. {613) 269-4247

AMPLIFIERS

LINEAR POWER, RF

PACIFIC AMPLIFIER CORP. (805) 375-5773

* LO-MED-HI-POWER LINEAR AMPLIFICATION
* CELLULAR, TELEPHONY MULTI CHANNEL US
* -30dBc STANDARD; -60 dBc FEED FORWARD

TELEMETRY SYSTEMS & ENGINEERING

Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471.(713)344-3000

EMC PRODUCTS
ACLINE FILTERS
EMC Consulting, P.0. Box 496, Merrickville, Ont. KOGINO............ (613) 269-4247
EMI FILTER COMPONENTS
EMC Consulting, P.0. Box 496, Merrickville, Ont. KOGIND............. (613) 269-4247

Advertising Index
ADVERTISER .................................... READER SVC #

AAT Col I NS COMp.....ocrrcnaas 107
A-Comm Electronics.u WL

Ameritron..............
Amplifier R h.
Analog & RF Models ..
Andersen Laboratories
Axxon Corp..........
Bal Seal Engineering ...
C-Mac Quartz Crystals .....
California Eastern Labs ..

Champion Tech
Chesapeake Microwave
Comet North America.....
Communication Concepts
Compact Software......
Comtronix Systems, Inc... R
D.C.to Light................
Detphi Components, Inc...
Daico Industries...............
Don Gallagher & Assoc
Eagleware... y
Electro Dynamlc Crystal

EMC C Inc
Emhlser Research..

EpSON AMENCa, INC .......oovoiiviemieiecniereeceeeee
Ericsson... oy
Fortune Consuitants of Ralevqn {1130 S
Fox Electronic:
Giga-tronics Inc. ...
Harris Corp ...
Henry Radio ..
, Inc
H 0. Granberg
Hy-Q Internati
Hybrids .
Imegrated Component Systems..
IFR S Ui ATl o e
int’l Crystal qu .......
Isotemp Research Inc........
ITT Detense & Electronics................ccccoe

JFW Industries....
Kalmus Engineeri
Kay Electronics
KVG North Am
KS Electronics
Lap-Tech
LGFERLETPRSESY. ... .. covveeivivivinennnearecanssadsns

Loral Mi
NVA Com (3 divisions)..........
Maxim Integrated Product
Mernimac ......
Micro Cc ications.....
Mini Circuits .
MTi Millirem Technologies....
Murata Electronics North Am
Noise/Com Inc. ... PO
Nolan Labora!ones Inc..

Oscillatek .
Penstock, Inc. ..............
PerCon Corporation
Philips Semiconductors ...
Piezo Technology
Polycircuits
Programmed Test Soucrces............
Q-B1t Corp
Ramsey Electronics......

27,40
6

Reeves-Hoffman .
Repco Sales Inc ..
RF Monolithics, Inc.
Richardson Electronics..... ....
Sawtek, Inc
Silicon Valley Power Amps ...... "
Sprague Goodman Electronics...
Surcom Associates
Synergy Microwave....................
Tele-Tech Search
Temex.
Tesoft, Inc......
Trilithic
2-Domain Technologies, Ic.
Vari-L Company, Inc.............
Vectron
Waypoint SOftWare..........cc....cococnnrinneiirnias
Werlatone, Inc

Wide Band Engineering
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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 65

Radio Links

Eliminate leaseline and wireline
costs

Aggressively priced with quantity
discounts available

Transmitter and receiver links in
VHF, UHF and 900 MHz are
designed specifically for high-
performance data transmission

Utility data system accommodates
audio inputs (modem tones) or
TTL-level digital inputs

RS-232 radio modems available in
VHF, UHF and spread-spectrum
(unlicensed) frequencies

" A two-way radio manufacturer for
more than 30 years

' | Aerotron-Repco Sales, inc.
1-800-950-5633

2400 Sand Lake Road
rland«. Florida 32809

Dealer Inquiries Invited
INFO/CARD 66

96

RF literature

Frequency Synthesis

Catalog

Sciteq’s 90-page, 1994-1995 catalog
includes tutorials on frequency synthesis,
plus technical and application data on the
company's DDS, PLL and fractional-N syn-
thesizer products. !t also includes a line of
microwave prescalers and other components
commonly used in synthesizer designs.
Sciteq Electronics, Inc.
INFO/CARD #210

Trim Cap Bulletin

Sprague-Goodman offers Preliminary Engi-
neering Bulletin SG-310, featuring their new
GPY series of sapphire dietectric trimmer
capacitors. Bulletin SG-310 includes features,
specifications, and a detailed outline drawing.
The GPY models measure 5.2 x 4.3 x 3.2
mm and are available in capacitance ranges
from 0.4 - 2.0 pF to 0.8 - 8.0 pF.
Sprague-Goodman Electronics, Inc.
INFO/CARD #209

Representative Locator

The Electronics Representatives Associa-
tion (ERA) announces publication of the
1994/95 edition of the Locator Directory of
Electronics Industry Manufacturers’ Repre-
sentatives. The Locator contains listings of
member firms and the territory each covers,
categories of products handled, names of
company officers and managers, number of
personnel, branch offices and additional facil-
ities or services.
Electronics Representatives Association
INFO/CARD #208

Network Analyzer News

The letest version of Hewlett-Packard's HP
8510/8720 News includes an article on mea-
suring at rated current densities on-wafer”,
new product news, and a question and
answer column.
Hewlett-Packard Co.
INFO/CARD #207

Amplifier Linearity Note
“Evaluating Amplifier Linearity”, is an illus-

trated, four-page tech note from ENI. The

publicat on explains the different methods

commonly used to evaluate the linearity per-

formance of RF power amplifiers. The tech

note is available at no charge.

ENI

INFO/CARD #206

Software App. Note

"Using Microwave Harmonica PC to Design
and Simulate a Clapp Osciliator" is the titie of
an application note offered by Compact Soft-
ware. The eight-page document describes
the use of nonlinear analysis at all stages of
the design process, from searching for the
frequency of oscillation to determining final
oscillator performance.
Compact Software
INFO/CARD #205

Circuit Design Book

A reprinted edition of Circuit Design Using
Personal Computers, by Thomas R. Cuthbert
Jr., has bee released by Krieger Publishing.
This book is a guide to designing electronic
circuits using small computers and program-
mable calculators. The 512-page, cloth-
bound book sells for $63.95.
Krieger Publishing Co.
INFO/CARD #204

Distribution Systems

Literature

K&L Microwave offers a folder containing
18 individual data sheets featuring model
specifications, photos and individual product
features on switch matrices. Included are:
coaxial, solid state, HF, video, audio, digital
and hybrid switch matrices.
K&L Microwave, Inc.
INFO/CARD #203

Mixer Catalog

Miteq’s 16-page, color short-form catalog
summarizes the important input, output and
transfer characteristics of eight mixer product
groups. Among the product types listed are,
single, double and triple balanced mixers;
high IP3 mixers; mixer/IF ampilifiers; image
rejection mixers; LNA/image rejection mixers;
biphase, 1/Q modulators; biphase, 1/Q detec-
tors; and mixer subsystems. The catalog also
describes Miteq's customization services and
quality assurance testing.
Miteq
INFO/CARD #202

Material Selection Guide
Emerson & Cuming offers an eight-page

brochure describing their microwave materi-

als. The materials described in the selection

guide range from lossy foams, magnetically

loaded rubber sheets and high-loss castable

resins to low loss dielectrics.

Emerson & Cuming

INFO/CARD #201

Chip Cap Catalog

A new 24-page surface mount chip capaci-
tor catalog from Johanson Dielectrics covers
a wide variety of cagacitor types including
new MemoryGUARD® decoupling chips with
overall heights of 0.018 and 0.015 inches,
and MLC'’s for hybrid circuit applications. Also
included is an application note covering SMT
manufacturing, and tape and reel information.
Johanson Dielectrics
INFO/CARD #200

Coaxial Adapter Catalog

Now available from Amphenol
RF/microwave Operations is a 24-page cata-
log detailing 159 coaxial adapters and preci-
sion phase-matched cable assemblies for
use in test, measurement and instrumenta-
tion applications.
Amphenol Corp.
INFO/CARD #199

September 1994



Accumet Engineering 65 Harris Diamond Co. 65 NTK Technical Ceramics 65
Amphenol Corp. 96 Harris Semiconductor 30, 838 Oak Frequency Control Group 57
Amplifier Research 57 Hewlett-Packard Co. 60, 96 Penstock 24
ANADIGICS 56 Hitachi America Ltd. 88 Piconics 65
Analog Devices, Inc. 61 H-P EEsof, Inc. 7 Poly-Circuits, inc. 65
Anritsu Wiltron 56 Hughes Aircraft Co. 42 Polytlon Co. 65
American National Standards Institute 20 Hughes Microelectronics 88 PRA, Inc. 65
American Superconductor 27 Hybrids International 27,65 P.R. Hoffman Materials Processing 65
American Technical Ceramics 65 Injectorall Electronics 65 Q-bit Corp. 58
Applied Computational Intusoft 98 Racal Instruments 58
Electromagnetics Society 20 lon Beam Milling 65 Raytheon 88
Aremco Products, Inc. 65 JCA Technology 24 Reeves-Hoffman 60
Arlon 65 Johanson Dielectric 96 RF Group 24
Atlantic Microwave 65 Johnstech International 58 RF Power Components, inc. 24,56
AT&T 20 Kepro Circuit Systems 65 RF Prototype Systems 65
Avantek 24 K&L Microwave, Inc. 96 Rogers Corp. 58, 65
Balo Precision Parts 61 Krieger Publishing Co. 96 Rohde & Schwarz 24
Barry Industries 65 Kyocera America 65 Scientific-Atlanta 24
Bell Atlantic 24 Labtech Ltd. 65 Sciteq Electronics, Inc. 96
Bell South 24 LCF Enterprises 57 Softwright LLC 24,98
Boonton Electronics Corp. 60 Liberty Labs 98 Soladyne Div. of Rogers Corp. 65
Cadence Design Systems, Inc. 24, 98 Linear Technology Comp. 27 Sprague-Goodman Electronics, Inc. 60, 96
Champion Technologies, Inc. 51 Los Alamos National Lab 27 Stanford Telecom 27
Chesapeake Microwave Magnetic Materials Producers' Assoc. 27 Sumitemo Electric U.S.A. 65
Technologies, Inc. 57 Magnetic Shield Corp. 58 Taconic Plastics, Inc.,
Comlinear Corp. 24,61 Magnum Microwave 24 Adv. Dielectric Div. 58, 65
Compact Software, Inc. 96, 98 Maxim Integrated Products 56, 88 Tanner Research 98
Compex Corp. 65 Maxon Amernica v TDK Corp. of America 65
Coors Ceramics 65 Merix Corp. 24 Tech-Ceram Corp. 65
Crystal Complete Interface USA, Inc. 60 Meta Software, Inc. 87 Teklogix Inc. 24
CTS Corp. 65 Methode Electronics 65 Tektronix, Inc. 24
Delta Electronics 61 MICRO-COAX 60 Texas Instruments 27
EIP Microwave Inc. 24 Microelectronics U.S.A. 65 Thin Film Technology 65
Electronic Industries Association 16, 20 Micro Hybnds, Inc. 65 Trans-Tech, Inc. 65
Electronics Representatives Association 96 Micron Communications, Inc. 24 Tru-Connector Corp. 60
Electronic Systems Technology Inc. 24 MicroSim Corp. 87,98 Unisys Comp. 24
Emerson & Cuming 96 Microwave Printed Circuitry 65 U.S. Amy Corps of Engineers 78
ENI 96 MIC Technology 65 Varian Japan Ltd. 24
Ferro ECA Electronics 65 Mini-Circuits 58 Voltronics Corp. 60
Frost & Sullivan 20 Mini-Systems, Inc. 65 Walmsley Microsystems 88
General Services Engineering 65 Miteq 96 Waters Information Service 20
Georgia Institute of Technology 20 Modular Components National 65 Waypoint Software 98
Goguen Industries 65 Motorola Ceramic Products 65 Watkins Johnson Co. 57
Grumman Aerospace Corp. 24 Motorola Paging Products Group 27 Xtalonix Products 65
GTC 56 Motorola Semiconductor 61, 81 Z-Communications, Inc. 57
Hameg Instruments 60 Noise Com, Inc. 58
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Programs from RF Design provided on disk for your convenience ®
September Program Disk — RFD-0994
“Utility Programs Simplify RF Analysis in SPICE” by David
Lovelace. SSWEEP program sets up various bias condi-
tions for analysis, and SSTRIP converts SPICE data to
Touchstone® compatible S-parameter data. (C++ source . I
code and compiled version that runs on any PC) 948 Yea rs EX perlence H
ok When reliability and accuracy count, call us. 948
August Program Disk — RFD-0894 > years of combined employee crystal experience
Program Calculates Cascaded System Parameters” by 3 " LRGBS 2
i and 43 years of service to businesses like
Raymond Meixner. CHAIN GANG program analyzes a urs {iistates intd ol dedcEonts
chain of RF components by gain, NF, noise bandwidth, 1 y;: llm' 5 d d ==
dB compression point. (FORTRAN, compiled, directly the quality products and customer satis-
executable). faction that you deserve.
© ENGINEERING AND DESIGN SUPPORT
: : * EXPERIENCED SALES STAFF
: ! .S. .00 (foreign
Monthly program disks: $25.00 (U.S.) $30.00 (foreign) « CRYSTAL ANALYSIS
. * EXPEDITE SERVICE
Yearly disk sets: 1989 - 1993, Order #RFD-(year)-SET « CUSTOM CRYSTALS TO YOUR SPECS
$120.00(U.S.) $135.00 (foreign) « MICRO-BALANCED/LAB CRYSTALS
"y * SOON TO BE 1S0O 9001 CERTIFIED
Annual Subscriptions — get every program for a year: o LIFETIME CRYSTAL GUARANTEE
$170.00 (U.S.) $220.00 (foreign) : ;
8 Call or FAX for more information about Crystals,
All orders must be pre-paid by check, money order, or major charge card. All Elements, Oscillators and Accessories.
checks must be in US dollars and payable to a bank located in the U.S.
Lo e WHEN QUALITY COUNTS
RF Design Software
Argus Direct Marketing Dept. INTERNATIONAL CRYSTAL MANUFACTURING. CO., INC.
6151 Powers Ferry Rd., NW Lol 24MDPRIEAX
Atlanta, GA 30339-2941 1-800-725-1426 « 1-800-322-9426
! P.O. BOX 26330 * OKLAHOMA CITY, OK 73126
Tel: (404) 618-0219
Fax: (404) 618-0347
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Just Because
Somebody’s

In Business
Doesn’t Put

Them On The

A-List

No part-timers, no pretenders,
no padding. Mailing lists from
Argus deliver targeted, audited
decision makers to maximize
your marketing investment.
Direct from our blue chip lineup
of niche publications, covering
everything from adhesives to

waste disposal. Don’t just get a list.

Get the A-List from Argus.
For our complete catalog call
Renae or Diane at 404-618-0154
or fax 404-618-0347.

ARGUS

Home of the A List
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RF software

Simulator Runs in Windows
Compact Software is demonstrating a new
version of its Super-Spice time-domain simu-
lator operating under the Microsoft Windows
envirorment. The simulator is fully Windows
compliant and features a flexible graphics
report writer that allows users to graph differ-
ent forms of simulation output in multiple
graphics windows. Super-Spice for Windows
is based on the same 32-bit simulation
engine as the workstation version of Super-
Spice. Super-Spice includes models of lossy
transmission media, accurate models for vari-
ous discontinuities, and an “electromagnetics
moduls” that allows analysis of multi-
layer/multi-strip media.
Compact Software, Inc.
INFO/CARD #195

Vacuum Tube Model Library
Over 40 vacuum tube models are available
in a SPICE library from Intusoft. The devices
have all been characterized in a laboratory
environment using actual devices. The library
comes with a number of examples including
regulated power supplies, preamps, ampli-
fiers and tube test circuits. In addition, a tube
modeling service is available. The library
sells for $525.
Intusoft
INFO/CARD #194

Updated Coverage Software
Softwright LLC has released version 3.0 of
the Terrain Analysis Package (TAP™ ) engi-
neering software. A new batch processing
capability allows users to set up multiple pro-
jects and let the computer prepare multiple
studies without user intervention. The new
multi-user capability enable two or more
users to access TAP on a local area network.
Other new features include the ability to
locate the highest topography near a possible
transm tter site and a very large library of
several hundred antenna patterns.
SoftWright LLC
INFO/CARD #193

Updated System Design
Version 2.10 of TxRx Designer from Way-
point Software offers an innovative 3-D repre-
sentation of frequencies and cascade para-
meters, moveable windows and extensive on-
line help for every screen. Calculations of
dynamic range, filter noise bandwidth, LO
and input power leakage to output, as well as
spur power calculations are performed. The
software comes with a comprehensive manu-
al and costs $149.95.
Waypoint Software
INFO/CARD #192

Test & Measurement

Software

Liberty Labs has released a series of soft-
ware litraries for a variety of measurement
applications. The software was developed
using National Instruments, LabVIEW for

Windows. Among the available program mod-
ules are: |IEC 801-3 Automated RF Suscepti-
bility, HP Series spectrum analyzer software
for emissions/site attenuation, mobile
radio/cellular radio software, and impedance
measurement. The modules are available as
stand-alone executables, or as code along
with the LabVIEW for Windows development
system. A package including the LabVIEW
for Windows development package and two
library modules costs $5750, program mod-
ules consisting of source code and documen-
tation cost $750, and stand-alone executa-
bles cost $500 each.

Liberty Labs, Inc.

INFO/CARD #191

VHDL-A/Verilog-A

Analog Simulator

Cadence Design Systems' SpectreHDL™ ,
accepts both VHDL-A and Verilog-A circuit
descriptions, as well as SPICE netlists. The
package includes a dual-language AHDL
engine, and a language compiler for both
Verilog-A and VHDL-A modeling. It is avail-
able as an option the the Cadence Analog
Artist and Analog Workbench environments.
SpectreHDL's U.S. list price starts at $10,000
and requires purchase of the underlying
Spectre simulator.
Cadence Design Systems, Inc.
INFO/CARD #1390

Analog Optimization

Paragon is a new member of MicroSims'
Design Center family of products which does
analog performance optimization. Paragon
can adjust design parameters simultaneous-
ly, eliminating the process of manually tweak-
ing each design parameter one at a time. It
also offers constrained and unconstrained
optimization (including non-linear con-
straints), interactive circuit exploration and a
model parameter fitter. Paragon, and all
members of the Design Center support Win-
dows NT. Paragon is priced at $1900 on the
PC under MS Windows, and $3900 on the
Sun.
MicroSim Corp.
INFO/CARD #189

ASIC Layout for the Mac

Version 5 of Tanner Research's L-Edit and
L-Edit Pro mask layout editor and chip verifi-
cation system for the Macintosh upgrades L-
Edit's hierarchical edit features and verifica-
tion utilities for ASIC design. Chip designers
can now take advantage of hierarchical edit-
in-place for faster and easier editing, window
stretching, cell and layer locking, cut and
merge capability, group and ungroup as well
as new features and increased performance
in design rule checking, parameter extraction,
and layout vs. schematic comparison. Pricing
for L-Edit 5.0 on the Macintosh starts at
$1495 and ranges up to $5295 with the full
complement of verification tools.

Tanner Research
INFO/CARD #188
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TELEMETRY
MULTICOUPLERS

Exh'blt:

at Irc ng

Single Amplifier

Distribution
Network ol

LUAL & WAL W

Y & Y Eruser FRescancn Ln EMCD- SR5D1 - 5003
& 1438 - 2400 wHz

Other Products:

Miniature Airborne Transmitters

Receivers « Beacon Transmitters « Amplifiers « VCO's

Command Encoders « Command Decoders (Rack Mount Available)

AVAILABLE IN ANY COMBINATION
OF THE FOLLOWING FEATURES:

All Telemetry Bands

4,6, 8, or 12 Outputs

Bandpass / Band-Reject Filters

Extended Dynamic Range Call our engineers with your

Extended Temperature specific requirements
Airborne Packaging

SMA, TNC, or N
Input / Output Connectors

VEV L ppirser /ﬁ‘ﬂ‘ﬂﬁ[ﬁ Lvr

2705 Old Highway 40 West TEL: (702) 345-2705
V P.O. Box 189 FAX: (702) 345-2484
Verdi, Nevada 89439-0189 USA
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You can’t buy

a better precision

timepiece for
under 2.4 GHz.

If you’re operating in a frequency range from 100 MHz
to 2.4 GHz, you can’t buy a better oscillator than an
Andersen VCO. It gives you the highest spectral purity
with the lowest spurious (> -60dB). And typical single
sideband phase noise of > -119dBC @1 KHz offset.

It’s compact. It’s rugged. It operates in temperatures up
to 100°C. It can be tuned up to 1.5 MHz or phase-locked
to a reference. Plus, its low mass and low profile make it
ideal for surface-mount technology, DILS or flatpaks.

Isn’t it about time you discovered the precision, the
versatility and simplicity of designing with Andersen
oscillators? Contact Andersen Laboratories, 45 Old
Iron Ore Road, Bloomfield, CT 06002. Telephone
(203) 286-9090/FAX 203-242-4472.

@ ANDERSEN LABORATORIES
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