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Wireless International Corp.
solves tough test problems.

As test engineers and designers, you
understand the importance of efficient
and effective testing for development
and production testing. Poor test
methods and inaccurate measurements
can bring the production of the best
designed equipment to a crawl. Wireless
International Corp. (WIC) has answered
these problems with plug-in-and-run
test systems which provide stimulus,
control, and measurement capabilities
at your fingertips. Here are just a few of
the test solutions.

CDMA Multipath and AWGN

test station.

For CDMA testing, WIC's MP-CDMA
test system generates multipath and additive
noise as specified by IS-98. This system is
comprised of the multipath emulator, a
precision carrier-to-noise generator, an
integrated 486DX /33 computer, and control
software with a graphics user interface.

The precision carrier-to-noise generator has
been designed specifically to operate with
extreme accuracy even under the difficult
conditions of slow fading for which CDMA
systems must be tested. Available frequency
ranges are between 800 and 2500 MHz.



With its new inteqrated test system,

Wireless International Corp. steps to
~ the head of the class.

Multichannel Eb/No versus

BER test station.

If you are performing BER versus Fb/No curves
for multiple devices simultaneously, then here is your
test equipment answer. WIC's Series 800 test stations
can generate these curves for up to 8 channels simul-
taneously, all under the control of a single integrated
computer or via the IEEE-488 interface. Each channel
contains a precision carrier-to-noise generator and a
programmable bit error rate tester. Bit errors and bit
error rate data are stored to disk for analysis. Eb/No
versus BER curves are generated in both tabular and
graphical form for hard-copy output. Data rates up to
8 X 10 MBPS are programmable with error insertion
rate, bit slip, and PN code length selections.

A look into the future.

WIC’s products are modular to provide easy
upgrading. So the instrument that you === —.vw
buy today won’t be obsolete tomorrow.

To receive a FREE copy of our
application notes and catalog, e
contact Bent Hessen Schmidtat
Wireless International Corp., L S
E. 49 Midland Ave,, Paramus, N] @& = =
07652. Tel: (201) 261-8797. -
Or fax us at (201) 261-8339.

Wireless Telecom Group
NO|S%M "VIC Wireless International Corj
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RUGGED CONSTRUCTION AUTOMATED ASSEMBLY
passes MIL-M-28837 for low-cost and
shock and vibration tests. 1 week shipment guaranteed!

4.5 SIGMA
REPEATABILITY

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

ALL CERAMIC PACKAGE
cover pull strength
in excess of 20 Ibs.

ol L
P e 7 3¢
- % AR ' W s
F g 1 et [ e <2 “Sylir P e )
SURFACE MOUNT 3 T £y ) s T 0 A+ s !
.28"x.31” board area. 4 ! y
Available in tape and reel.

ULTRA-REL™ MIXERS
5 YEAR GUARANTEE

J-L

improves reliability of the
solder connection. Leaching and
thermal stress is significantly reduced.

Mini-Circuits RF/IF Surface Mount Designer's Guide features 48 pages of the most up to-date and
complete product and specification information about Min-Circuits sudace mount cormponants

The RF/IF Microwave Handbook is packed with 740 piages of articles, selction gudes avd detiied
specifications for Mini-Circuits components.

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




MIXERS
UNPRECEDENTED

IN VALUE.

$A 25

\ All Ceramic 2 to1900MHz o K (qty. 1049
' Mini-Circuits JMS mixers are at the forefront of the industry for performance,
‘ reliability and value! With all-welded construction, these low cost ceramic
mixers feature the functional J lead designed for strain relief...and set the
pace for ruggedness required to go through surface mount reflow soidering
/ and agueous wash.
F 4 From cellular to satelite applications, this is the tough, reliable surface
\ mount mixer you demand! JMS...from Mini-Circuits! &3
\/ Mini-Circuits...we’re redefining what VALUE is all about!
b - SPECIFICATIONS Midband (d8, Typ.)
% P a LO Freq. (MH2) Conv. Isol. $ea.
N w w‘ Model (dBm) LO/RF IF loss LR L1 (qly. 19)
E_""ru B R
e " ‘, “ % JMS-1MH +13 2-500 DC-500 5.75 60 45 9.45
‘- ~ - ‘ JMS-1H +17 2-500 DC-500 590 50 50 11.45
> JMS-2L +3 800-1000  DC-200 7.0 24 20 7.45

e V JMS-2 +7 20-1000 DC-1000 70 50 47 7.45
<] e~ JMS-21LH +10 20-1000 DC-1000 6.5 48 35 9.45
“ = JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45
— ‘ JMS-2H +17 20-1000 DC-1000 70 50 47 12.45
U JMS-2W +7 5-1200 DC-500 6.8 60 48 7.95

JMS-11X +7 5-1900 5-1000 6.7 35 37 4.25*

Note: *10-49 qty.

[ JMini-Circuits’

P.O Box 350166, Brooktyn, 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 Experlence Work For You.
INFO/CARD 2
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VOLTAGE CONTROLLED

OSCILLATORS

W.MHZ g il
E

%Hz * ‘
!

25 10 1025MHz (+7dBm output) From s , , (9'5

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

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

Features include wide-band models with near octave bandwidth and linear No. Min. SSB@i0kHzTyp.  Typ.  Cument mA ea.
tuning. Low SSB phase noise characterized at 100Hz to 1MHz offsets.  png 50 25-50 110 19 17 11.95
Excellent harmonic suppression, typlcgl_ly more than 25dB. .RF power  pos.75  37.5-75 -110 .27 17 11.95
output typically +7dBm, excellent for driving level 7 mixers. Miniature size, POS-100  50-100 -107 -23 18 11.95
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed ~ POS-150  75-150 -103 -23 18 11.95
for tough environments. Best of all, Mini-Circuits high performance, highly refiable  POS-200  100-200 -102 -24 18 11.95
VCO's can be yours at value prices starting at only $11.95 each  P0OS-300  150-280 -100 -30 18 13.95
(gty.5-49). To order from stock, call Mini-Circuits today. POS-400  200-380 -98 -28 18 13.95
Mini-Circuits...we're redefining what VALUE is all about! POS-535  300-525 -93 -26 18 13.95
POS-765 485-765 -85 -21 22 14.95
DESIGNER’S KITS: POS-1025 685-1025 -84 -23 22 16.95

X1 Notes: Tunl | 11016V Ired f )

K-POS1 $124.95 (contains 1ea. all models). Al o‘gﬁlxg‘ti%ew;we rmeS,', 55:9;?;%5'?8 ——

K-POS2 $79.95(contains 1ea. all models except POS-75,-150,-300).

- - » = ®
[JMini-Circuits
P.O Box 350166, Brooktyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
For detailed specs on all Mini-Circuits products refer to e THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK.
CUSTOM PRODUCT NEEDS...Let Our Experlence Work For You. F 195 Rev A
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A UHF Delay Equalizer

This article describes the effects of unequal

delay on a signal and describes a circuit

using a transmission line transformer to

implement a delay equalizer at UHF.
—Eugene E. Mayle

Active Filters Using
High Speed Op Amps

This article focuses on the effects of using
current-feedback or voltage-feedback op
amps in active filter designs. The simulat-
ed and measured results of two filters, one
using a voltage feedback and one using a
current feedback op amp are compared.

— Anthony D. Wang

cover story

44

Simulator Package Models a

Spread Spectrum System (Part 1)

The block-level models of ELANIX' SystemView software package are
used to produce functional models for a mixer, a phase detector, and a
biphase modulator. — Stephen Kratzet

tutorial

60

Image Reject and Image Canceling Mixers

Unless some sort of suppression 1s used, the mixing process converts
both the intended frequency and its image to an IF. Image reject and
image canceling mixers use the properties of quadrature signals to
suppress the image frequency. — Louis Pandula

design awards

66

Linear Circuit Analysis Program Uses
Two-Port Method

LINC (for LINear Circuit analysis) is a circuit simulation program writ-
ten for Microsoft Windows™. The program uses linear two-port analysis
techniques to analyze circuits, and provides a number of graphical out-
puts and the ability to tune components while watching output results.
— Dale Henkes

Special Pull-Out Section

The April edition of EMC Test & Design is
included with this issue of RF Design. Arti-
cles about suppression of electrical noise
from DC motors and about an antenna for
EMC immunity testing are included in the
pull-out section.

RF Design
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HIGH POWER
QUADRATURE
HYBRIDS

FREQ. RANGE 100-1000 MHz
POWER 250 WATTS CW

TYPICAL SPECIFICATIONS

MODEL QH3198 100-300 MHZ
MODEL QH3199 300-1000 MHZ
LEOSSEt. e ey e 0.5db. max.
..* 0.3db max.

............................ 20db typ.
..................................... 90 + 2deg.

V[ ] N S e 1.3:1 max.
CONNECTORS. .......ccevveeeeercet e N

WERLATONE offers a full
line of quadrature hybrids
covering the 2-1000MHz fre-
quency range at power lev-
els to 1000 watts.

BROADBAND HIGH POWER
* DIRECTIONAL COUPLERS
* POWER COMBINERS
* HYBRID JUNCTIONS

WERLATONE INC.
DECADES AHEAD
P.O. Box 47
Brewster, NY 10509
Tel. (914) 279 6187
FAX. (914) 279 7404
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RF editorial

New Column
Features
Great Ideas
for RF
Engineers

By Gary A. Breed
Editor

The exploding demand for state-of-
the-art information on RF technology
and design methods has made it very
hard for us to publish all the things we
know you want to read about. To get
one important type of information into
print, we're getting ready to introduce
a new addition to our magazine —
something both fun and useful.

Starting this June, RF Design
begins a new pull-out section called
the “Engineer’s Notebook.” In this sec-
tion, we will include those “great little
ideas” that RF engineers are always
inventing to make their jobs easier, to
get a little extra performance out of a
circuit, or just to “see how it works.”

We encourage you and your col-
leagues to simply jot down an idea,
sketch a diagram, and send it in! As
we say in our announcement on page
71, it isn’t your writing we want, it’s
your ideas! Anything remotely related
to RF is fair game — from amplifiers
to zero-crossing detectors.

We’'ll also track down some ideas
ourselves, like circuit examples from
manufacturer’s application notes or
past contest entries that we haven’t
yet had an opportunity to publish.
We'll also get back to publishing book
reviews on recently released titles.

The RF Design Awards Contest

To make our new Engineer’s Note-
book even more fun, every idea will be
an entry in the next RF Design
Awards contest! We're tracking down
prizes right now.

Also, the contest will become an
audience participation event — you,
our readers, will be the judges! Every

[N,

issue’s top vote-getter will win a prize,
and each year, a panel of editors and
past contest winners will select the
best idea of the year as our Grand
Prize recipient. If our prize support is
as good as expected, we’ll award some
runner-up prizes, too.

We'’re excited to be able to bring RF
engineers a new “grass roots” idea
exchange. Even in this era of high-
level computer simulation and one-
chip radios, an idea sketched on the
back of the latest company reorganiza-
tion memo can be a powerful catalyst
for a creative engineering solution.

Plan Now for RF Expo East

Our readers in the eastern U.S. have
a new opportunity to attend RF Expo
East — August 21-23 at the Baltimore
Convention Center. We’ll have a top-
notch lineup of technical papers, with
special emphasis on applications at
the top of your priority list. We’ll also
have our ever-popular full-day tutori-
als on RF basics, oscillators, filters,
and a new class on frequency synthe-
sizers that was first presented at RF
Expo West.

We're also introducing new presen-
tations directed to marketing, sales
and purchasing personnel. RF Expo is
a terrific place to see a lot of suppliers
in one place, so we're offering support
for RF buyers and sellers, updating
them on trends in the technology, com-
ponent developments and future mar-
ket possibilities.

I hope to see you at the beautiful
Baltimore Inner Harbor, where RF
Expo East is this year’s number one
place for RF business and technology!

April 1995



ULTRA-BROADBAND

RF POWER AMIPLIFIER SYSTEMS

MODEL 7100LC WITH IEEE 488

EMI-EMC-RH

AGC Operation

Fully Protected

Drive Mismatched Loads
No VSWR Shutdown

ALC Flat Gain Response
Remote Functions
Lowest Prices

IEEE Interface Capabhility

1-800-344-3341
(206) 485-9000  1(206) 486-3657
21820-87th S.E Woodinvile, WA 38072 USA

QUNTRY REPRESENTATIVE TELEPHONE NO. _ FACSIMILE NO.

FRANCE KMP ELECTRONICS 146450945 146452403
GERMANY EMCO ELEKTRONIK 898562071 898597785
SWEDEN MAT & TEST TEK. 87926100 87923190

~11 SOLID-STATE MOS-FET RF AMPLIFIER SYSTEMS

SPECIAL
MODEL __ RFOUTPUT  FREQUENCY RANGE  GAIN  USA PRICE
700LC  1.5WCW .003-1000 MHz  33dB 705
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
715FC 50W CW 200-1000 MHz  47dB
707FC 50W CW 400-1000 MHz  50dB 3
716FC 50W CW 20-1000MHz  47dB $ 17,950
*747LC 50W CW .01-1000 MHz ~ 47dB $ 18,550
116FC  100W CW .01-225 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
LS-1000 1000W CW  .01-1000 MHz 60dB $230,000

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)

PPAPBDAPLRPRLAANLD
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The World's Most Complete
Line of RF Power Ampilifiers
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M Reliability

Custom Crystals

70 KHz - 200 MHz

Lifetime

Warranty

Elements,
Oscillators &
Accessories

1IEm

4
Fax
P.0. Box 26330, 10 North Lee

6330, 1-800-322-9426
_leahi()}na City, OK 73126-0330 o W S b UL

—_—

Customer Service
< Sales

1-800-725-1426

SINCE
1951
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HF POWER AMPLIFIERS

Hicr Recingiry, Gonmereiar Quaciry

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

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

If you require trouble-free,
24-hour-per-day, year-round

operation, call or write today
for prices and specifications.

TOLL-FREE (800) 877-7979

2050 South Bundy Drive

Los Angeles, CA 90025

&,— » Phone (310) 820-1234
—

FAX 310-826-7790
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What have you
got to lose?

Want to lose a few ounces technology, our power amplifiers
from your next PCS design? deliver the 3V performance the

Or reduce power consumption  marketplace demands with the
while extending the talk time on ability to perform all the RF

your next cellular phone design? functions you need.
Or maybe add a few features And at the right price.
to your next RF PCMCIA card So, forget bulky, low efficiency
without adding weight? Si discretes and modules for your
Done. Just tell us what you 3V applications and check out ITT’s
want to gain! power amplifier RFICs.
We'll provide the right You've got nothing to lose.

RFIC power amplifier for the job.  And everything to gain.
Based on ITT’s MSAG®-Lite [ acruar | Call us at 703-563-3949.

SIZE |

¢ TTTGrc
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7X SMALLER!

Pertformance of a 2"x2"x4” OCXO is
now available in a 1.3"x1.3"x1.3” cube.

Oscillatek’s Model 8066 OCXO is a
FAST WARM-UP, RUGGEDIZED
OCXO Ideal for:

GPS

SATCOM

BASE STATIONS
TEST EQUIPMENT

Available from DC to 100 MHz
Standard specifications at 10 MHz:

Stability <Ix10*

Op Temp -40° 10 +85°C
Aging/day <3x10"
Aging/Year <5x10*
Warm-up <2 minutes

Oscillatek manufactures a complete
line of crystal based oscillators.

OSCILLATEK

+ [DOVER) TECHNOLOGIES COMPANY

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

June

23-26

25-27

25-28

21-24

31-2

1-2

13-15

21-23

IEEE Instrumentation/Measurement Technology
Conference

Waltham, MA
Information: Robert Myers, 3685 Motor Ave., Suite
240, Los Angeles, CA 90034. Tel: (310) 287-1463.
Fax: (310) 287-1851, or Dan Sheingold, Analog Devices,
P.O. Box 280, Norwood, MA 02062. Tel: (617) 461-3294.
Fax: (617) 329-1241.

International Wireless Communications Expo 95
Las Vegas, NV

Information: IWCE 95, Registration Coordinator,

6151 Powers Ferry Rd. NW, Atlanta, GA 30339.

Tel: (800) 828-0420. Fax: (404) 618-0441.

Internepcon/Semiconductor Shanghai 95

Shanghai, China
Information: Joe Nemchek, International Sales Force,
Reed Exhibition Companies, 383 Main Avenue, Norwalk,
CT 06851. Tel: (203) 840-5398. Fax: (203) 840-9398.

IEEE/MTT-S Microwave Symposium

Orlando, FL
Information: 1995 IEEE Symposium, c/o Horizon House
Publications, 685 Canton Street, Norwood, MA 02062.
Fax: (617) 762-9230.

45th Electronic Components and Technology
Conference

Las Vegas, NV
Information: Jim Bruorton, Publicity Chairman,
c/o KEMET Electronics Corporation, P.O. Box 5928,
Greenville, SC 29606. Tel: (803) 963—-6621.
Fax: (803) 963-6521.

1995 Virginia Tech Symposium on Wireless
Personal Communications

Blacksburg, VA
Information: Jenny Frank, Administrator, Mobile and
Portable Radio Research Group. Tel: (703) 231-2958.

ENDIEL - The Portuguese Electric and Electronic
Products Exhibition

Lisbon, Portugal
Information: Silicon Electronica E Telematica, Edificio
Pascoal de Melo, Rua Pascoal de Melo, N. 3, 1100 Lisboa,
Portugal. Tel: 8151234. Fax: 8130796.

Nepcon East

Boston, MA
Information: Reed Exhibition Companies, 383 Main
Avenue, Norwalk, CT 06851. Tel: (203) 840-5398.
Fax: (203) 840-9398.

Electro/International 1995

Boston, MA
Information: Miller Freeman, Kathryn Piersall,
13/6D Noel Road, Suite 500, Dallas, TX 75240.
Tel: (214) 419-7969. Fax: (214) 419-7915.

April 1995
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ACTIVE FREQUENCY MULTIPLIERS

CUSTOM DESIGNS FROM 1 TO 40 GHz
INPUT POWER RANGES FROM 3 TO 16 dBm
CUSTOM DESIGNS AVAILABLE

ITEQ’s Signal Processing Group’s

AX3, MAX4 and MAXS series of active

equency multipliers offer excellent conversion
bss and harmonic rejection, plus a wide variety of
equencies and multiplication factors. Our various
odels can be modified and/or customized to meet
lour every requirement.

Input Output
Model Frequency Frequency MAX3MO050055 - OUTPUT POWER VS. FREGUENCY
Number {GHz) (GHz) o
FREQUENCY TRIPLERS § ‘
MAX3MO4505 5-5.0 8"
MAX3MO500 1 .0-55 98 .. D
MAX3MO55060 1.83-2.0 5.5-6.0 2 18 T
MAX3MOBOOBS 20216  6.0-65 Bk | !
MAX3MOB65070 2.16-2.33 6.5-7.0
MAX3M070075 233_25 7.0-7.5 5000 $100 5200 5300 5400 5500
MAX3MO75080 2.5-2.66 7.5-8.0 O s ECUED S IV
MAX3MO80085 2.66-2.83 8.0-8.5 COMMON ELECTRICAL SPECIFICATIONS
MAX3M0D43052 1.43-1.73 4.3-5.2 Gaih 3 dB typical
MAX3MO47056  1.56-1.86  4.7-5.6 B v e iy
MAX3MOB3074 2.1-2.46 6.3-7.4 C’]‘p“ I'Ve O e BA L drB"
MAX3MO70083 23276 7083 L g e 3 ,m.
Spurious rejection....... 60 dBc minimum
FREQUENCY QUADRUPLERS Input harmonic rejection 60 dBc minimum
7 Harmonics of output 15 dBc typical
MAX4MOSO,O ; f 0-5.5 Output power flatness .. +1d8 tyrt);:/cal
Mo Liddiv R ' " Ea VSWR, in/out ’ al
MAX4MOB0065 1.5-1.625 6.0-6.5
MAX4MOGB5070 1.625-1.75 6.5-7.0 ENVIRONMENTAL SPECIFICATIONS
MAXAMO70075 1.785=1.875 7.0-7.5 Operating temperature -30° to +70°C
Storage temperature. -30° to +85°C
LA e Humidity ... 95% relative humidity,
MAX5MO8 1 5-8.0 noncondensing
MAX5MO800 8.0-8.5 Vibration 7 Gs RMS,
MAX5M0O95105 1.9-2.1 9.5-10.5 50-5000 CPS,
MAX5M105115 2.1-2.3 (@RSSHNNS per MIL-STD-8108,
MAX5M115125 2.3-2.5 11.5-12.5 Method 514,
MAX5M125135 2.5-2.7 12.5-13.5 Procedure 5
MAX5M135145 2.7-2.9 13.5-14.5
MAXSM114127 298-256 11.4-12.8 ADDITIONAL INPUT POWER OPTIONS
MAX5M127142 2.54-2.84 BT )l ) Option Input Drive (dBm) Output Power {dBm)

J 3-8 6-11
H 12-16 12-16

In addition to the frequency multipliers listed here, MITEQ offers a line of
passive and active frequency doublers and higher order muitipliers to 40 GHz.
For additional information please call Dave Krautheimer at extension 187.

2%
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RF courses

High-Frequency Analog Circuit Design for Communication
Systems
June 12-15, 1995, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson.
Tel: (46) 122-175-70. Fax: (46) 122-143-47.

Antennas and Antenna Systems: Practical Design,
Implementation, and Testing

April 24-27, 1995, Washington, DC
Modern Digital Modulation Techniques

May 1-5, 1995, Washington, DC
Modern Receiver Design

June 12-16, 1995, San Diego, CA
Information: The George Washington University,
Continuing Engineering Education, Academic Center,
Room T-308, 801 22nd Street, N.-W., Washington, DC 20052.
Tel: (202) 994-6106 or (800) 424-9773. Fax: (202) 872—0645.

Applied RF Techniques Il
May 1-5, 1995, Middletown, NJ
Applied RF Techniques
May 8-12, 1995, Los Altos, CA
Fundamentals of Communication Technologies
May 10-12, 1995, Los Altos, CA
Wireless RF System Design
May 15-19, 1995, Los Altos, CA
RF/MW Measurement Techniques |
June 12-16, 1995, Cambridge, UK

Applied RF Techniques I

June 12-16, 1995, Cambridge UK
RF Component Modeling

June 19-22, 1995, Cambridge UK
Information: Besser Associates, 4600 El Camino Real,
Suite 210, Los Altos, CA 94022. Tel: (415) 949-3300.
Fax: (415) 949-4400.

Wireless Digital Communications

May 8-12, 1995, Tempe, AZ
Information: Arizona State University, Center for
Professional Development, Box 877506, Tempe, AZ
85287-7506. Tel: (602) 965—-1740. Fax: (602) 965-8653.

RF IC Design for Wireless Communication Systems

April 24-28, 1995, Santa Clara, CA
Information: MEAD Microelectronics, Inc., 7100 NW
Grandview Drive, Corvallis, OR 97330. Tel: (503) 758—0828.
Fax: (503) 752-1405.

Real-Time Digital Signal Processing

May 16-18, 1995, Kansas City, KS
Design of High-Performance Wireless Communication
Systems

May 16-18, 1995, Kansas City, KS
Information: The University of Kansas, Attn: Lorene
Damewood, Continuing Education Building, Lawrence, KS
66045-2607. Tel: (913) 864-3284. Fax: (913) 864-5074.

EFjohnson

COMPONINTS

MCX Connectors

by E.F. Johnson Company

With the shortage of real estate - why give up valuable board
space to larger RF connectors? Our MCX is 30% smaller than
SMB connectors and an excellent choice for high density packaging
requirements. With a rugged snap-on mating design, these crimpable
contact connectors allow for fast and dependable crimp-crimp assem-
bly. Our MCXs employ .020" standoffs for improved board cleaning
and are available with .100" leg spacing. The original E.F. Johnson
Company end launch connector is also part of the MCX family.

CALL US TODAY!

1-800-247-8256

E.F. Johnson Company. 299 Johnson Ave., Waseca, MN 56093 Fax: (507) 835-6287
INFO/CARD 11
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ELISRA COMMUNICATION PRODUCTS

SYNTHESIZED
UPCONVERTERS /DOWNCONVERTERS

SERIES MW-DC/UC

-

* Low phase noise models

* 5/(/X/Ku-Band modules

© 70 MHz or 140 MHz IF

© INTELSAT and EUTELSAT standards
© Low microphonic design

® 3.5 inches high, 19-inch rack

ELISRA MICROWAVE DIVISION

Oun le.;am waue é’em;té
lirra s,

48 Mivtza Kadesh Street, Bene Beraq 51203, Israel

Tel: 972-3-7545655/5639, Fox: 972-3-7545299
INFO/CARD 12
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If you’ve done any hobby computer-aided design, you’ve R A i
probably used CAD mainly for designing and enhancing e Nmm@m:m A ey
your antenna system. Now with your PC and ARRL Radio (P s e e
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radio circuits without warming up your soldering iron, e R | swwiz
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Here’s what you and ARRL Radio Designer

will accomplish quickly and easily:

ARRL Radio Designer simulates and reports
® Model passive and small-signal linear circuits from audio to RF. *S, Y, Z, group delay and voltage probe parameters for

® Do “what if” circuit modifications without tedious cut-and-try :rg:;:z(e;v;cgl;; by [l irovebse TOTGHOLG)! e, Vobage
i i , » INV y! ) , V
experimentation and measurement. gain, and stability parameters for two-port networks;

% P‘redict and analyze the Performange Of. Iingar, Srf‘a|"5ign?! * Magnitude of reflection coefficient, phase of reflection
active and passive dc, audio and RF circuitry, including amplifiers, coefficient, VSWR and return loss parameters for one-port
filters, matching networks and power splitters and combiners. networks;

® Enter circuits in netlist form using the text-based Circuit Editor. * Gain, gain matching and noise parameters; and

* Complex S, Y, Z, H, G, chain (A), gain matching, noise

® Optimize circuit performance to meet goals you specify. EGRRG and volas.pieh e R AL O

® Display the signal level at any point in a simulated circuit with
Volitage Probe. ARRL Radio Designer reports can be—
® Rectangular and polar graphs—onscreen and via any

® Simulate component value variations due to temperature and Miaaitwe™ compatibla pritrin tha baars; {6A1E ant line

tolerance with Monte Carlo statistical analysis. weights you specify
® Simulate circuit performance in response to a steady-state ® Tables—onscreen, in file form and via any Windows™
time-domain signal using impulse, step, pulsed carrier or user- compatible printer
defined stimuli. Minimum
) p : - R . S
¢ Synthesize matching networks with Circles, an interactive ARRL RadiYStem requirements for

0 Des;
Smith® Chart utility. esigner 1.9:

® Use manufacturer-supplied noise and S-parameter device data
for highly realistic circuit simulations.

* 8 Mbytes of RAM

* Microsoft Windowsm™
* 3.5-inch, high-density
* hard disk with at least
* Mouse or €quivalent p

3.10or higher

floppy drive

§ Mbytes of free space
ointing device

ARRL Radio Designer 1.0’s 28 Circuit elements include

¢ Active devices (bipolar and field-effect transistors, operational amplifier)

¢ “Black box” elements (two-terminal impedance specified by resistance
and reactance; two-terminal one port specified by admittance, impedance
or reflection coefficient; three-terminal two-port specified by admittance,
impedance or S parameters)

* Controlled sources (current-controlied current, current-controiled
voltage, voltage-controlled current, voltage-controlled voltage)

* Lossy capacitors, inductors, coaxial cables and transmission lines
* Transformers (ideal two- and three-winding types, specifiable in terms of
turns ratio or impedance)

We re pleased to offer
ARRL Radio Designer as your doorway into a new
phase of ham radio’s growing computer tradition.
The package includes two 3.5” diskettes, circuit
examples and a comprehensive reference manual.

ARRL Order No. 4882 Retail $150 (add $5 for UPS delivery).

Technical Specifications for ARRL Radio Designer 1.0 Analysis:

Maximum number of nodes per circuit block* 250

Range of node-number values 0 through 999
Maximum number of ports per circuit block 30

Maximum number of frequency steps 512

Maximum number of statistical histograms 20

* The number of circuit blocks allowed depends on their complexity;
generally, 50 or more circuit blocks may be defined in a single ARRL Radio
Designer netlist.

ARRL Radio Designer is a derivative of Super-Compact®, an industry-standard linear
circuit simulator by Compact Software of Paterson, New Jersey.

ARRL 225 Main St. « Newington, CT 06111-1494
Phone (203) 666-1541

INFO/CARD 13




RF news

Battelle researchers have produced a
list of the top ten strategic technologies
for 2005. “One of the most striking
overall advances will be in the area of
miniaturization,” said Stephen Millett,
Managing Principal of the Battelle
Technology Management Group.

The choices for the ten strategic
technologies were based on three cri-
teria. They must: provide benefit to
the end user, i.e. will someone buy
it?; enjoy a protected and sustainable
competitive advantage in such areas
as quality, uniqueness, or price; and
support business goals.

The top ten strategic technologies,
in order of importance, are:

1. Mapping of the human genome
for genetic-based personal identifica-

Report Lists Top 10 Technologies

tion and diagnosis.

2. Super materials.

3. Compact, long-lasting and highly
portable energy sources, including
fuel cells and batteries.

4. Digital high definition television.

5. Miniaturization of electronics for
personal use.

6. Cost-effective systems that inte-
grate power, sensors, and controls.

7. Anti-aging products and services.

8. Medical treatments, with highly
accurate sensors and problem loca-
tors, and drug delivery systems that
will be highly specific to precisely tar-
geted parts of the body.

9. Hybrid fuel vehicles.

10. Edutainment - educational
games and computerized simulations.

NIST Upgrades FMAS

The National Institute of Standards
and Technology’s Frequency Measure-
ment and Analysis Service (FMAS)
has been upgraded in resolution, accu-
racy and capabilities. The FMAS now
offers better than 40-picosecond sin-
gle-shot resolution; one part in ten
trillion (1 x 10713) accuracy over 24
hours; and it now computes short term
stability using the Allan variance.

Subscribers to the FMAS are provid-
ed with all necessary equipment,
including a 486-class computer and
monitor, GPS receiver and antenna,
time interval counter, modem, unin-
terruptible power supply, tape backup,
and printer. Training at the NIST
Boulder, CO site and complete techni-
cal support is also provided.

Thermo Voltek Acquires

Kalmus Engineering

Thermo Voltek Corporation has
announced that its KeyTek Instru-
ment Division has acquired substan-
tially all of the assets of Kalmus
Engineering Incorporated and its
subsidiary, R.F. Power Labs, Inc.
Kalmus is a manufacturer of radio
frequency power amplifiers and sys-
tems used in determining the immu-
nity of other electronic products to
radiated or conducted radio frequency
interference, and in medical imaging
and telecommunications. Thermo
Voltek Corp. designs, manufacturers,
and markets instruments that test
electronic systems and components
for immunity to electromagnetic

16

interference and provides related dis-
tribution and consulting services.

Call for Papers

A call for papers has been released
for the Sixth International Conference
on Signal Processing Applications and
Technology, ICSPAT ’95. The confer-
ence will be held October 24-26, 1995
in Boston, MA. Application areas for
papers include aerospace, audio and
speech, comm. and telephony, con-
sumer products, data acquisition, DSP
hardware, DSP software, geophysics,
image processing, industrial applica-
tions, instrumentation and testing,
medical electronics, multimedia, neur-
al networks, parallel processing,
radar, radio, SATCOM and NAV, real-
time O/S, robotics, speech processing,
underwater/SONAR, and VLSI archi-
tectures. Mail, Fax or E-Mail 400 word
abstracts by April 15, 1995 to ICSPAT
Staff, DSP Associates, 49 River Street,
Waltham, MA 02154. Tel: (617)
891-6000. Fax: (617) 899-4449. E-
Mail: icspat@dspnet.com.

Contest Winners

Paul Peterzell of Qualcomm and Guy
Tant of The County of San Diego were
the winners of the airline tickets that
were awarded for the RF Design video
contest held during the RF Expo West
— EMC/ESD International Confer-
ence, January 29-February 1, 1995 in
San Diego. Special thanks to Jennifer
Green of JFW Industries who drew the
winners. And, thanks to all who
attended the show and participated.

Contracts

Motorola to Build Phone System
in Columbia — Motorola’s Pan Amer-
ican Market Division has signed two
separate contracts to deploy three
fixed wireless phone systems in
Columbia. The installation of Motoro-
la’s Wireless Local Loop (WILL®) prod-
uct will bring phone service for the
first time to many residents in remote
areas and complement the country’s
existing telephone systems in the
cities of Bogota, Cali and Subachoque.

Milcom Awarded Contract for
First CDMA System in Korea —
Milcom International, Inc. has been
awarded multi-million dollar contracts
from two major electronics firms for
Linear Amplifiers for the world’s first
CDMA system in Seoul, Korea. Ship-
ments of the linear MCA8000-250 will
commence in the first quarter of 1995.

Centurion and Ericsson Sign
Agreement — Centurion Internation-
al, Inc. signed a four-year $100 million
agreement with the cellular phones
division of Ericsson, Inc. Centurion
will provide $100 million in nickel cad-
mium and nickel metal hydride batter-
1es to meet all of Ericsson’s world wide
battery requirements.

$2.5 Million for Wireless Communi-
cations Research — Two grants
totaling $2.5 million to improve wire-
less communication technology were
awarded to Virginia Tech’s Mobile and
Portable Radio Research Group
(MPRG). The Advanced Research Pro-
Jects Agency has awarded MPRG a
$1.7 million contract over the next
three years. And the Office of National
Drug Control Policy is funding another
$800,000 for the MPRG to develop a
new surveillance and tracking software
for installing wireless communication
systems in law enforcement and mili-
tary applications.

GTE and ATG Sign Purchase Con-
tract — Allen Telecom Group has
reached a 3-year, non-exclusive open
purchase agreement with GTE Com-
munication Systems Corporation. The
multimillion dollar contract provides
an open procurement avenue for all of
GTE’s domestic and international
business units whenever and wherev-
er the need for wireless communica-
tions equipment should arise.
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1/2 Watt Discrete FETs Broadband LNAs

S : -

éﬂichardson Electronics, Ltd.

named Worldwide Distributor
for Stanford Microdevices

Stanford Microdevices has signed a
distribution agreement with
Richardson Electronics for worldwide
coverage. Richardson will carry all of
Stanford Microdevice's standard
products including both discrete and .
MMIC product lines.

Sea® TR L RSP

COMING SOON!? Designed for operation in wireless

Richardson Electronics is an applications operating in the 100-4000
international distributor of power A new line of power MESFETSs offering MHz frequency range , these LNas are
semiconductors used primarily in 1/2 Watt to 5 Watts with high efficiency. also an ideal choice for applications
industrial and telecommunications Call 1-800-RF-POWER for technical requiring flat gain, low noise figure and
applications. information. low VSWR over a very wide band.

% a4 Er n Gain P1dB
Stanford specializes in discrete and INFO/CARD 117 nli.dui ae-qzu-g—é'!_'z B Edd_lsm

MMIC amplifiers with output power in
the half-watt to 10 watt range.

SMM-010 0.1-40 GHz 18dB 15dBm

INFO/CARD 116

4 Watt Amp

Stamf&td |

E‘tl; Microdevices =
IMMIC POWER AMPS

Part Number | Frequency | Gain P1dB TOIP Min Supply
(GHz) dB) | (dBm) | (dBm) Voltage (V) Package
SMM-208 1.5-2.5 25 +28 +37 +3.0 plastic so-8
° R 0 SMM-210 1.88.5 25 +30 +39 +5.0 10-pin ceramic

Designed for operation in wireless SMM-280-2 1625 25 +33 a2 +7.0 0.6 x 1.0" llange "
systems operating in the 1500 to 2500 SMM-280-4 1.5-2.5 25 +36 +45 +7.0 0.6 x 1.0 flange X o
MHz frequency range, this amplifier has §S::N6:o12 g-g:g-: g; :gg ::g I?,'g o‘g‘f‘":‘ gf’;;’::e e
26 dB of gain with 36 dBm of output SMM-1620-1 5.0-18 11 +27 +36 16.0 0.6 x 1.0° flange | 2
power at P1dB. " SMM-1820-2 6.0-18 11 +30 +39 +8.0 0.6 x 1.0° flange
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BROADBAND MMIC AMPS

1 Watt, 2 Watt and 4 Watt

Amplifier
: Frequency | Gain | Noise Figure | Min Supply P1dB )
Part Number| _ (GHz) | (dB) (dB) Voltage (V) | (dBm) | Package |
SMM-008 OL1=25 18 2.4 +5.0 +15 plastic so-8
SMM-010 0.1-4.0 18 22 +5.0 +15 10-pin ceramic
SMM-108 0:6=2.0 18 3.5 +5.0 +12 plastic so-8
[ SMM-110 0.5-3.0 € 812 +5.0 +12 10-pin ceramic
SMM-808 2.0-7.0 3 5.0 +12 +17 plastic so-8
SMM-810-1 2.0-8.0 4 5.0 +12 +17 0-pin cefamL
SMM-810-2 2.0-80 27 5.0 +12 +17 0-pin ceramic__|
SMM-1810 6.0-18 2 5.0 +5.0 +12 0-pin ceramic |
SMM-2010 2.0-18 7/ (%) +5.0 +20 0-pin ceramic
DISCRETE PHEMT 'S
Ga@ 1GHz [ Nf@ 1GHz| Ga @ 2GHz | Nf @ 2 GHz | P1dB
Part Number (d8) (dB) (d8) (dB) (dBm) Package
SPF-284 18 0.5 16 0.8 +10 85 mil plastic
SPF-484 18 0.3 16 0.5 +10 85 mil plastic
Ga @ 4GHz| N @ 4 GHz | Ga @ 12 GHz ([Nf @ 12 GHz| P1dB
Part Number (dB) (dB) (dB) (dB) (dBm, Packag
SPF-684 15 0.7 9 1.6 +10 85 mil plastic
PF-884 15 0.5 9 A +10 85 mil plastic
| SPF-1076 16 0.4 1 Tl +15 70 mil ceramic
PF-1276 16 0.4 1 1.0 +10 70 mil ceramic
. SPF-1376 15 0.3 0 0.8 +9 70 mil ceramic
These high-performance GaAs MMIC SPF-1476 15 0.3 10 0.7 +9 | 70 mil ceramic |
devices are housed in copper-tungsten SPF-1576 15 0.2 10 0.6 +8 | 70 mil ceramic

packages for efficient heat-transfer and
are 100% tested at +85°C to ensure
reliable field performance.
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Stanford Microdevices Distributed by Call

Frequency  Gain® PidB" - {800} 348'5580
:mm;g_z 1525GHz 25dB 30 dBm Rlchardson

1.5-25 GHz 25dB 33 dBm

or
SMM-280-4 1.5-2.5 GHz 25dB 36 dBm Electronics, Ltd. {708) 208-2200

*Minimum at 2 GHz. INFO/CARD 14




455KHz/10MHz Filter
Offers excellent sensitivity,
optimum stop band attenu-
ation and high stability for
radio applications.

SAW Resonator

Highly miniaturized, very
lightweight, exceptionally
stable. For use in RKE
applications.

GYROSTAR

100 times the precision of
other vibrating gyroscopes,
for navigation and ride
stabilization systems.
Ultra-compact angular
velocity sensor.

e.

SMD Low Profile Trim
Pot — SMT POZ3 Series

Our ultra-low profile com-
ponent for radio tuners —
Jjust 1.8mm high with a
3mm footprint.

a «a
<

SMD Resonator

Very small and lightweight
with high stability. Available
in frequencies up to 33MHz.

A few of the important compon

What goes into an ideal weekend drive? A sunny day, a winding
country road, a sizable number of Murata components. In fact,
the average automobile could easily contain more than 300
Murata electronic components — from microwave VCOs and

ceramic resonators to vibrating gyroscopes and chip capacitors.

Our commitment to research (we spend more than 7% of sales
on R&D — nearly twice the average in our industry) has made
us the world leader in passive component technology. That
technology optimizes every step of our vertically integrated

manufacturing process, from raw ceramic material production

©1995 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved.
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SMT Ferrite Chips —
BLM Series

Effectively prevents oscill-
ation in HF circuits, to
several hundreds of MHz.
Sizes down to 0603.

4

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

Compact VCOs

Small size and low power
consumption. Frequency
range from 400MHz-

Monolithic LC Chip Filter

A cost-effective alternative to

SAW filters for cellular and
GPS applications. As small
as 4.5 x 3.2 x 2.0mm.

Circuit Module (Hybrid IC)
For multiplexing/node
wiring system, power
windows, ECU and airbags,
backed by Murata’s 25 years
of thick film technology.

2.5GHz. Stability of +2MHz
from -35°C to +80°C.

1ts of a pleasant Sunday drive

o the design and fabrication of complex modules like
ybrid ICs for sophisticated automotive systems. You
ee, we not only want to be an important component
f your Sunday drive. We also want to be a vital part

f your designs from Monday through Friday.

ext. 214.

INFO/CARD 15

as Murata catalogs. 1-800-831-9172,

multata

Call for a free automotive poster, as well

®

mnovator in Electrondes
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POSITIVE
SNAP-ON MATING

MICRO-MINIATURE SIZE

¢ 1.15 max up to 6 GHz per mated pair

o Solid outer contact prevents RF leakage
* 500 mating cycles guaranteed

® 9.5 mm mated height

» Designed for semi-rigid or flexible cable

o J-Leg design for optimum adhesion

Huber + Suhner’s
micro-miniature MMCX
connectors provide the ideal
coaxial interconnect
solution for handheld and
portable electronic
equipment. Surface mount
receptacles are available in
tape and reel packaging
while cable connectors fit
most popular cables.

Call today for the

Huber + Suhner

MMCX brochure.

@ HUBER-SUHNER, INC.

ONE ALLEN MARTIN DRIVE » ESSEX, VT 0545{
TEL: 802-878-0555 FAX: 802-878-9880
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RF news ...

Business Briefs

Savi Technology and Digital Wireless Corp team up on Inventory
Management System — Savi Technology Inc. and Digital Wireless Corpora-
tion announced that Savi has incorporated Digital Wireless’ spread spectrum
radio technology into Savi’s Asset and Transportation Management systems.
Savi uses Digital Wireless’ WIT915 Recombinant Spread Spectrum™ trans-
ceiver to create a wireless information network for tracking and managing
critical inventory.

Kay Elemetrics Moves — Kay Elemetrics Corp. has moved to 2 Bridgewater
Lane, Lincoln Park, NJ 07035-1488.

ITT Cannon and Elcan Technologies Sign Distribution Deal — ITT
Cannon Datacom has signed a nationwide reseller agreement with Elcan
Technologies. The agreement will allow Elcan to provide sales, installation
and technical support services in critical, high-growth markets for ISCS, ITT
Cannon’s Structured Cabling System based on Screened Twisted Pair cabling
technology.

Scientific-Atlanta Selected by Korea Telecom — Scientific-Atlanta has
been selected as the preferred provider of satellite communications equipment
for Korea Telecom’s new cable television distribution network. The Korea Tele-
com network will provide cable television programming via satellite to cable
headends throughout the Republic of Korea.

AEG and Andrew Join Forces — AEG Transportation Systems, Inc. and
Andrew Corporation, Communications Systems Group, have teamed up to
develop a communications based advanced automatic train control system
(Flexiblok™). When completed, the spread spectrum radio based system could
replace the traditional track circuit approach which employs electrical track
shorting for vehicle detection, positioning and speed code transmission.

Glenayre to Merge with Western Multiplex — Glenayre Technologies, Inc.
and Western Multiplex Corporation have signed a definitive agreement to
merge the two companies. Western Multiplex design, manufacturers and sells
digital and analog point-to-point microwave radios for a variety of markets.
They will operate as the Western Multiplex Division of Glenayre and will con-
tinue to market products under their brand name and trademarks.

Epitronics Announces Contract Award — Epitronics Corporation
announces a recent Phase Il SBIR (Defense Small Business Innovation
Research Program) contract award sponsored by Advanced Research Projects
Agency. The award to continue investigation of Indium Phosphide based
device structures for microwave and millimeter wave monolithic integrated
circuits centers around developing and characterizing InP based HEMT and
PHEMT structures.

Arnold Announces Plant Upgrade — Arnold Engineering Corporation has
announced the completion of a $5 million upgrade of the MPP Core facility. |
The major benefits of the upgrade include: increased manufacturing capacity,
reduced lead times, and a more uniform product with superior magnetic prop-
erties.

SGS-Thompson Opens New Design Center — SGS-Thompson Microelec-
tronics has set up its own building to house its design center in Noidi, India.
The 5000 sq. m, building will carry out a variety of projects, providing quality
solutions to SSG customers worldwide.

Racal Drops Prices — Increased volumes enable Racal Instruments to
announce a considerable price reduction on high-power 13-slot VXIbus chassis
and three of the best selling switches.
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MRF166W - Class A, 40 W, 500 MHz,
Broadband Power MOSFET

Motorola’s rugged 40 watt RF Power
MOSFET is designed primarily for wideband
large-signal output and driver stages to 500
MHz. The MRF166W's excellent thermal
stability makes it ideal for Class A operation.
Its push-pull configuration reduces even
numbered harmonics. Other features
include a 13 dB minimum gain and 50%
efficiency at 40 watts.

Richardson Electronics, Ltd.

40W267 Keslinger Road, LaFox, IL 60147.
1-800-348-5580.

INFO/CARD 113

MRF861 - Class A, 800-960 MHz,
27 W (CW) RF Power Transistor

Motorola's 27 watt (CW) RF power
transistor is designed for 24-volt UHF large-
signal common emitter, class A linear
amplifier applications in industrial and
commercial equipment operating in the 800-
960 MHz range. Features include a 9.5 dB
minimum gain, an output capacitance of 45
pF at 24 Vdc, a minimum ITO of +53.5 dBm
and typical noise figure of 6.5 dB. The
MRF861 will withstand RF input overdrive of
8 WCW. ltis in a push-pull flange package
(case 375A).

Richardson Electronics, Ltd.

40W267 Keslinger Road, LaFox, IL 60147
1-800-348-5580.
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)
MRF862 - Class A, 800-960 MHz,
36 W (CW) RF Power Transistor

Motorola’s 36 watt (CW) RF power
transistor is designed for 24-volt UHF large-
signal common emitter, class A linear
amplifier applications in industrial and
commercial equipment operating in the 800-
960 MHz range. Features include a 9 dB
minimum gain, an output capacitance of 75
pF at 24 Vdc, a minimum (TO of +55 dBm
and typical noise figure of 6.5 dB. The
MRF862 will withstand RF input overdrive of
13.6 W CW. It is in a push-pull flange
package (case 375A).

Richardson Electronics, Ltd.

40W267 Keslinger Road, L.aFox, IL 60147
1-800-348-5580.
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MRF858 - Class A, 800-960 MHz,
3.6 W (CW) RF Power Transistor

Motorola's 3.6 watt (CW) RF power
transistor is designed for 24-volt UHF large-
signal common emitter, class A linear
amplifier applications in industrial and
commercial equipment operating in the 800-
960 MHz range. Features include an 11 dB
minimum gain, an output capacitance of 6.5
pF (typ) at 24 Vdc, a minimum ITO of +44.5
dBm and typical noise figure of 6 dB. The
MRF858 will withstand RF input overdrive of
0.85 W CW. ltis in an SOE flange package
(case 319).

Richardson Electronics, Ltd. 40W267
Keslinger Road, LaFox, IL 60147
1-800-348-5580.
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MRF860 - Class A, 800-960 MHz,
13.7 W (CW) RF Power Transistor

qy

Motorola’s 13.7 watt (CW) RF power
transistor is designed for 24-volt UHF
large-signal common emitter, class A linear
ampilifier applications in industrial and
commercial equipment operating in the 800-
960 MHz range. Features include an 11 dB
minimum gain, an output capacitance of 21
pF (typ) at 24 Vdc, a minimum ITO of +51.5
dBm and typical noise figure of 6.5 dB. The
MRF860 will withstand RF input overdrive of
3.25 W CW. lItis in a push-pull flange
package (case 395B).

Richardson Electronics, Ltd.

40W267 Keslinger Road, LaFox, IL 60147
1-800-348-5580.
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Depend on Motorola.

Count on Richardson.
Motorola's Largest RF Distributor

Reliable. Dependabie. Knowledgeable. Motorola recognizes the traits
of its largest North American RF distributor, Richardson Electronics.
For these same reasons, you too can rely on Richardson Electronics
for Motorola RF Devices.

Maybe you didn't realize Richardson Electronics has been distributing
electronic components for nearly 50 years. As a design engineer
we're certain you'll be impressed by our portfolio of RF, microwave
and power semiconductors and related components.

RF & Microwave Focus
Because of our specialization on niche markets and products,
Richardson has become the world's largest RF transistor distributor.
We're Motorola's largest North American RF distributor and the largest
worldwide distributor for many other component manufacturers.

Just how have we grown into a $200
million distributor and reliable resource
for design engineers like you?

Inventory
Currently a $10 million RF semiconductor inventory housed in 14
worldwide stocking locations. In most cases, Richardson can ship the
RF, microwave or power semiconductors you need the same day.
This extensive inventory also enables us to handle your midstream
production increases.

Technical Sales Support
We've brought together sales and marketing people from leading
manufacturers in the RF and microwave industry. We're capable of
assisting OEMs with new designs as easily as suggesting the proper
replacement to service dealers and end users.

Value-added Services
Stocking programs, electronic data interchange, special testing,

selecting, matching and bar coding are available. Richardson routinely
provides the extra services you demand.

@ MOTOROLA

Richardson
Electronics, Ltd.

Motorola’'s Largest RF Distributor

Call 1-800-RF Power (in the U.S.A.)
1-800-348-5580 (in Canada)
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RF industry insight

Antennas See Bigger Markets,
Better Design Tools

By Andy Kellett
Technical Editor

Antennas are the quintessential RF
device. Wires can transmit all kinds of
signals, and ICs are built that flip bits,
but when you see an antenna, you
know you are dealing with an RF sys-
tem. As more people use wireless
devices, manufacturers have to pro-
duce antennas more economically and
have to produce antennas with con-
sumer's requirements and prejudices
in mind. At the same time, the
demand for antennas for larger scale
communications such as broadcasting
and satellite communications are in as
great a demand as ever.

Antenna Markets

The most active antenna markets
are of course those that serve the most
active RF markets. Many antenna
makers are looking forward to the
boom that should come with the instal-
lation of PCS systems across the coun-
try. At the same time older markets
supply at least a steady stream of
orders for antenna makers to fill.

The cellular market continues to
demand more antennas as more cells
are added and service providers
expand their digital cellular systems.
Broadcasters are steadily replacing
VHF television and radio antennas.
UHF television is experiencing a
boom, particularly Fox network affili-
ates, and those stations are upgrading
their antennas to improve coverage.
The same expansion of UHF has
caused a slight elevation in trans-
portable satellite stations as UHF sta-
tions expand their programming to
include news. On a smaller scale,
antennas for intra-office communica-
tions via wireless LANS and wireless
PBXs are currently a small market,
but promise to grow.

Antenna Specifications

The specifications that customers
are most concerned with depend on
the type of antenna being considered.
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In the market for cellular and PCS
basestation antennas, customers are
most concerned with cost, of course,
but they are also concerned with
radiation pattern control and gain
says Dr. Thomas Charelton, Head of
the Antenna Section for Andrew Cor-
poration. For subscriber units, the
most important concern is reliability,
which again means concern for gain
and a uniform gain pattern. While the
end user of subscriber unit antennas
may not be savvy to measurements in
dBi, “They are very savvy about
dropped calls,” says Dale W. Horn,
Vice President of Engineering for the
Antenna Specialists Co. division of
the Allen Telecom Group.

Antenna radiation patterns are criti-
cally important to broadcast antenna
users, says Andrew’s Charelton,
because broadcasters are paid to reach
the people in a specific geographic
region. Another concern, of almost
equal concern, is the transmitting
antenna’s power handling capability.
“With the powers being used in these
antennas, they can self destruct when
something goes wrong,” says Charel-
ton. Another concern is intermodula-
tion, particularly for broadcasting
antennas overseas, where often sever-
al stations share the same antenna.

For antennas designed to uplink sig-
nals to C- and Ku-band satellites, side-
lobe control is very important to
reduce the amount of signal inadver-
tently transmitted to satellites adja-
cent to the intended satellite.

Antenna Design

Antenna designers have a number of
software tools available to them to
help them predict the behavior of
almost any collection of conductors
and dielectrics. NEC and its faster,
but restricted version, MININEC, are
in widespread use and are the core of
some commercial antenna design pro-
grams. While algorithms for solving

electromagnetics problems have
improved, the hardware on which
those algorithms are implemented has
been the main reason designers can
simulate more complex antennas in
less time than they have in the past.

Simulation can get a designer closer
to a final design, but rarely does a com-
puter spit out a manufacturable design
on the first try. For that reason, anten-
na test ranges are still important to
the industry. Antenna Specialists’
Horn notes that his company has
taken great pains to equip their anten-
na test range with the best instrumen-
tation available.

Antennas and System Design

While antenna engineers have pow-
erful tools with which to design anten-
nas to the most exacting standards,
many customers do not take advantage
of that fact. The antenna is often one of
the last considerations of system
designers,” says Dennis McGivern,
Director of Marketing for AntennaCo.
Andrew’s Charelton sees much the
same thing, “lAntennas] are left to the
last minute because people think they
are easy.” McGivern notes that many
of the specifications for the electronic
components downstream from the
antenna can be less strict if the proper
antenna is used. Tradeoffs between
mechanical and electrical performance
could also be reduced if mechanical
and electrical engineers on both sides
of the antenna supplier/customer rela-
tionship are involved in the early
design stages of an antenna says Mark
Cockson, Marketing and Strategic
Business Development Manager for
Centurion International.

The function of an antenna cannot be
shrunk and integrated into a nonde-
script black box the way other RF func-
tions can. However, antenna designers
are better able to make sure antennas
work no matter what environment they
are used in. RF
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Quality Crafted

CUSTOM & STOCK
Crystals
Crystal filters
L/C filters
Monolithics
12 years manufacturing

MONOLITHIC CRYSTAL FILTER KITS

10.7 MHz 21.4 MHz
Prototyping kits worth their weight in gold to

the RF designer.

& 1 .4 MHz kits contain:

BW (kH
2 pole qty. 4
b 45 2
18 2
15 2
30 2

45 MHz kit contains:
3 dB BW (kHz)
2 pole qty.

7.5 P
15 2
30 2

4 pole qty.
7.5 2
15 2
30 2

Call or FAX now for
delivery from stock!
MCFPK-10.7 $ 85.00
MCFPK-21.4 $ 95.00
MCFPK-45  $125.00

prces subject to change

z)

pole qty.

7.5 2
13 2
15 2
30 2

Temex Electronics, Inc. K

3030 W. Deer Valley Rd.

Phoenix, AZ 85027

. By
———

45 MHz

(602) 780 - 1995  FAX (602) 780 - 2431
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RF featured technology

A UHF Delay Equalizer

By Eugene E. Mayle
R.L. Drake Co.

High performance and efficient use
of RF requires that energy be band
limited. Band limiting at radio fre-
quencies takes the form of bandpass
filters (BPF). Like all filters, BPFs
may be characterized by their ampli-
tude and phase response versus fre-
quency. A more tangible form of the
latter characteristic can be derived by
quantifying the change of phase divid-
ed by the change in frequency versus
frequency. We call this characteristic
group delay.

Due to the cost and complexity of its
engineering, group delay is often
ignored in favor of the amplitude
response. This approach will soon be
totally unacceptable as transmission
rates in modern day communication
systems are pushed to ever higher lev-
els. While cost may still be an issue, the
complexity of engineering group delay
in a design is simplified by the fabrica-
tion techniques of SAW manufacturers.
Because convenience often leads to
ignorance, the design of a discrete UHF
delay equalizer is presented as a tutori-
al for the interested engineer.

UHF Bandpass Filter
Figure 1 is the magnitude and delay

plot of power transmission through a
UHF BPF. The filter was constructed
with 11 air core inductors and 4 vari-
able capacitors. With a passband rip-
ple of 0.25 dB, a group delay ripple of
21 nsec, the filter has an insertion loss
of 8.1 dB and a -3 dB bandwidth (BW)
of 28.28 MHz. This BW is compatible
with satellite television transmissions
where modulating frequencies of up to
about 4 MHz deviate carriers about 10
MHz. Frequency modulation (FM) of a
carrier is well known to improve
received signal-to-noise ratio (SNR) by
spreading a given amount of power
over a wider BW.

Because the FM process results in
power being transmitted in sidebands
that extend beyond the peak deviation
of the carrier, the “Carson’s rule” BW
is often used in the reception of FM as
a compromise between signal distor-
tion and input noise reduction. The

Carson’s rule BW is given by:
BW(CR) =2f_(1 + M) 1)
where M_ is the peak modulation

index of the highest modulation fre-
quency (or the peak deviation divided
by f ) and f_ is the highest modula-

tion '?requency.

Optimum demodulation of FM is
largely influenced by the preselection
filter i.e. the BPF. A frequency or
angle demodulator is ideally insensi-
tive to minor fluctuations in amplitude
of the carrier. But at low signal levels
amplitude changes affect all real
demodulators. Therefore the passband
should be flat. Adjacent FM transmis-
sions are seen as noise by demodula-
tors and therefore the BPF should
have steep skirts to minimize all out-
of-band noise. Steep skirts in the
amplitude response of polynomial fil-
ters give rise to peaked responses in
the delay of the same. Therein lies the
dilemma, non-constant delay across a
band of frequencies distorts their time
relationship.

Delay Distortion

Most are familiar with the time
delay and overshoot associated with
a squarewave passing through a
steep cut-off lowpass filter (LPF);
fewer are familiar with the distortion
caused by non-constant delay in
wideband frequency demodulation.
Figure 2 illustrates how delay distor-
tion in the frequency domain is
translated into amplitude distortion
in the time domain.
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Figure 1. UHF BPF, magnitude and delay.
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Figure 2. Delay distortion in an FM system.
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New 3 Volt Downconverters:

- N EC miniature downconverters are the latest addition
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Visit us at
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to CEL's growing family of 3 Volt RF ICs.

Need low distortion? Our new UPC2758T delivers
+5dBm output IP3, Low current application? Choose
the UPC27571. 1t provides 13dB of conversion gain
from only 5.6 mA. Both feature a mixer, LO and IF
buffer amplifier, and a Power Down function to
prolong battery life.

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

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

Housed in miniature packages no bigger than a
SOT-143, these devices are available now on tape and
reel and 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 IF downconverter combines an RF input
amplifier, Gilbert cell mixer, LO input buffer, IF

amplifier with AGC, external filter port, and IF output
limiting amplifier — all in a miniature 20 pin SSOP
package. This device features DC to 400 MHz RF
response, DC to 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.

e ese e e CaljfomiaEastem Laboratories
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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) 6450985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307
Richardson, TX (214) 437-5487 Olathe, KS (913) 7801380 Woodridge, IL (708) 2413040 Cockeysvitle, MD (410) 6671310 Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Palm Bay, FL (407) 727-8045 Snellville, GA (404) 978-4443
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FILTERS

low pass, high pass, bandpass

* less than 1dB insertion loss  greater than 40dB stopband rejection ® surface mount o 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

Call, write or fax for your free Surface Mount Designer’s
Guide and Handbook today!
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low pass, Plug-in, dc to 155MHz
Passband

dc to 1200MHz

Stopband, MHz Passband Stopband, MHz
Model M loss loss Modet MHz loss loss
No. loss < 1dB > 20dB > 40dB No. foss < 1dB > 20dB > 40d8
®%LP-1.9 DC-19 3.4-47 4.7-200 *LP-200 DC-190 290-390 390-800
® % P-2.5 DC-2.5 3.8-5.0 5.0-200 *1LP-250 DC-225 320-400 400-1200
*LP-5 OC-5 8-10 10-200 % LP-300 DC-270 410-550 550-1200
*LP-10.7 OC-11 19-24 24-200 *LP-450 DC-400 580-750 750-1800
*LP-21.4 DC-22 32-41 41-200 *LP-550 DC-520 750-920 920-2000
*LP-30 DC-32 47-61 61-200 *LP-600 DC-680 840-1120  1120-2000
*LP-50 DC-48 70-90 90-200 *LP-750 DC-700 1000-1300  1300-2000
*LP-70 DC-60 90-117 117-300 *LP-800 DC-720 1080-1400  1400-2000
*LP-90 DC-81 121-157 157-400 *LP-850 DC-780 1100-1400  1400-2000
*P-100 DC-98 146-189 189-400 %LP-1000 DC-900 1340-1750  1750-2000
*LP-150 DC-140 210-300 300-600 %LP-1200 DC-1000 1620-2100  2100-2500
Al models priced qty. 1-9 ($ea.), Conn. Type P = 11.45, B=3295 S=3495 N=3595
® Exceptions: *LP-1.9P = 13.95 B = 34.95, *LP-25P =14.95 B=35.95
On both models, add following to B price: $3.00 for N, $2.00 for S
75 ohm versions avai
Surface-mount
dc to 108MHz dc to 1200MHz
SCLF-5 DC-5.0 8-10 10-200 SCLF-135 DC-135 210-300 300-600
SCLF-8 DC-8.0 125-165  16.5-200 SCLF-190 DC-190 290-390 390-800
SCLF-10.7 DC-11 19-24 24-200 SCLF-225 DC-225 340-440 440-1200
SCLF-21.4 DC-22 32-41 41-200 SCLF-380 DC-380 580-750 750-1800
SCLF-25 DC-25 36-47 47-200 SCLF-420 DC-420 750-920 920-2000
SCLF-30 DC-30 47-61 61-200 SCLF-550 OC-550 800-1050  1050-2000
SCLF-45 DC-45 70-90 90-200 SCLF-700 DC-700 1000-1300  1300-2000
SCLF-95 DC-95 146-189 189-400 SCLF-1000 DC-1000 1620-2100  2100-2500

Price: SCLF 21.4-SCLF 420 $11.45 ea. SCLF-8, 10.7, 550, 700, 1000 $12.95 ea. SCLF-5 $14.95 Qty. (1-9)

Flat Time Delay, dc o 1870MHz

Passband VSWR Group Delay Variations, ns
MHz MHz Freq. Range, DC thru Freq. Rag?e DC thru
Model loss loss 0.2fco 0.6fco fco co 2.67fco
No. loss < 1.2dB| >10dB >20dB X X X X X
*BLP-39 DC-23 78-117 117 1.3:1 2.3:1 0.70 40 5.00
*BLP-117 DC-65 234-312 312 1.3:1 24:1 0.35 14 1.90
*BLP-156 DC-94 312-416 416 1.3:1 1.1:1 0.30 1.1 1.50
*BLP-200 DC-120 400-534 534 1.6:1 1.91 0.40 1.3 1.60
+*BLP-300 DC-180 600-801 801 1.25:1 2.2:11 0.20 0.6 0.80
*BLP-467 DC-280 934-1246 1246 1.25:1 221 0.15 0.4 0.55
ABLP-933 DC-560 | 1866-2490 2490 1.31 2.2 0.09 0.2 0.28
ABLP-1870 DC-850 | 3740-5000 5000 1.45:1 291 0.05 0.1 0.15
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95
NOTE: 4 -833 and -1870 only with N and SMA connectors.
*
high pass, Piug-in,
13 to 1200MHz 210 to 2200MHz
Stopband Passband, | VSWR Stopband Passband, | VSWR
MHz MHz Pass- MHz MHz Pass-
Modet loss loss loss band Model loss loss loss band
No. > 40dB > 20dB < 1dB Typ. No. >40d8 > 20dB < 1dB Typ.
*HP-25 DC-13 13-19 27.5-200 1.7:1 *HP-400 DC-210  210-290 395-1600 | 1.7:1
*HP-50 DC-20 20-26 41-200 1.5:1 *HP-500 DC-280  280-365 500-1600 | 1.9:1
*HP-100 DC-40 40-55 90-400 1.6:1 *HP-600 DC-350  350-440 600-1600 | 2.0:1
*HP-150 DC-70 70-95 133-600 1.8:1 *HP-700 DC-400  400-520 700-1800 | 1.6:1
*HP-175 DC-70 70-105 160-800 1.5:1 *HP-800 DC-445  445-570 780-2000 | 2.1:1
*HP-200 0C-90 90-116 185-800 1.6:1 % HP-900 DC-520  520-660 910-2100 | 1.8:1
*HP-250 DC-100 100-150 225-1200 | 1.3:1 *HP-1000 | DC-550 550-720 1000-2200 | 1.9:1
+*HP-300 DC-145 145-190 1290-1200 | 1.7:1

Price, (1-0 gty). al models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95. For *HP-25, Add $2 ea. fLoss 1.5 dB max.

Constant Impedance,
21.4 to 7T0MHz

bandpass, Elliptic Response,

10.7 to 70MHz

Center| P 3dB St Center | Passband | Stopband | VSWR
Freq. | IL. 1.5dB | Bandwidth L. L. Freq. MHz loss 1:3:1
Model Max. Typ. > 20dB > 35d8 Model > 20dB |Total Band
No. | (MHZ) (MHz2) (hXIRz) at MHz at MHz No. MHz <1dB | atMHz MHz
*BP-10.7] 10.7 9.5-11.5 89-127 | 7.56815[0.6 & 50-1000 kIF-21.4 [ 21.4 18-26 |1.3&150| DC-220
*BP-214 | 21.4 19.2-236 | 17.9-25.3 (15.5829|3.0& 80-1000 *IF-30 | 30.0 25-35 (1.9&210| DC-330
*BP-30 | 30.0 27.0-33.0 25-35 22840 (3.28&99-1000 *IF-40  42.0 35-49 (2.6&300| DC-400
*BP-60 | 60.0 55.0-67.0 | 49.8-70.5 | 44 & 79|4.6 &190-1000 *IF-50 | 50.0 41-58 (3.1 &350 DC-440
*BP-701 70.0 63.0-77.0 | 58.0-820 | 5189416.0&193-1000 *IF-60 | 60.0 50-70 (3.8 8400 ( DC-500
Price, (1- qty), al models: plug-in $18.95, *!F 70 | 70.0 58-82 4:4 &490| DC-550
BNC $40.95, SMA $42.95, Type N $43.95 Price, (1-9 qty), all models: plug-in $14.95,
BNC $36.95, SMA $38.95, Type N $39.95

NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement.
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Mini-Circuits’

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

For detailed specs on all Mini-Circuits products refer to » THOMAS REGISTER « MICROWAVE PRODUCT DATA DIRECTORY » EEM * MINI-CIRCUITS' 740- pg. HANDBOOK.
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A linear triangle wave linearly devi-
ates a carrier. However, the spectral
components of the modulated carrier
are passed by a Carson’s rule BW fil-
ter with different delays (energy at the
band edges is delayed more). Though
the demodulation process is linear-to-
frequency, the demodulated signal is
distorted and delayed relative to the
unprocessed signal (dotted lines). Fur-
thermore the distortion increases for
increasing frequency input signals.
This is readily seen if we define non-
linearity in terms of the peak to peak
time deviation over the sweep time
(see Figure 2).

Inspection of the demodulated
waveform leads to the conclusion that
a greater portion of power is being
shifted into the harmonics of the origi-
nal waveform. This phenomena is
intentionally used in some radar sys-
tems to produce a pulse output for a
linear sweep input. These high slew
transitions are where a PLL FM
demodulator would be most likely to
lose lock.

Though post-detection filtering could
eliminate some harmonic distortion,
the SNR of the fundamental signal is
already reduced. Inspection also shows
that by reducing the carrier deviation
the incurred delay ripple could be
reduced and thus the distortion could
also be reduced. Unfortunately this
results in less than optimum use of
BW with a resulting reduction in SNR.
Clearly some form of delay compensa-
tion is desired.

UHF Delay Equalizer

A second order delay equalizer (DE)
ideally passes all frequencies unatten-
uated and produces a peaked delay at
the design frequency. The peaked
delay falls off at a rate proportional to

!
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Figure 3. Second order delay equalizer a) Bridged T, b) Semilattice, and

c) realization of equalizer.

the “Q” of the resonant network. The
conventional approach to the realiza-
tion of a second order DE is shown in
Figure 3a. This bridged-T form works
well at lower frequencies but results in
low Q or impractical values at UHF.
Any chance of success at UHF
requires the utilization of the more
basic semilattice form shown in Figure
3b. This form is composed of a differ-
ential transformer, a parallel resonant
and series resonant tank. The differ-
ential transformer performs the task
of equally splitting or combining
power through the resonant arms. It
additionally provides 180 degrees of
phase shift between the arms such
that the transmitted power recom-
bines constructively at the output. The

delay peak is dominated by the higher
of the two resonant tank Q’s, but when
the Q’s are equal is given by:

T(gd,max) = (4Q)/Q, (2)

where Q_ is the resonant radian
design frequency.

A practical implementation of the
semilattice UHF DE is shown in Fig-
ure 3c. A half wavelength of coaxial
cable replaces the differential trans-
former and tapped resonant circuits
are used to maximize component Q
values. Tap points must be optimized
empirically but the variable C’s in the
lower series resonant arm allow some
post construction Q adjustment. Mutu-
al coupling between the coils must be
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Figure 4a. Network response par-
allel arm.
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Figure 4b. Network response
series arm.

Figure 4c. Network response
delay equalizer.
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Figure 5. Cascade response — BPF, 5 dB pad, and

delay equalizer.

avoided for proper adjustment.

Figure 4a is a magnitude and delay
plot of the isolated parallel resonant
arm and Figure 4b is of the isolated
series arm. It can be seen that equal
Q’s were not realized, resulting in a
passband ripple of 0.45 dB in the com-
posite response of Figure 4c. The par-
allel arm, having higher Q, virtually
determines the delay while the lower
Q series arm is responsible (through
feedback) for most of the insertion
loss. The coaxial line was made short-
er than half a wavelength, shifting its
output-shorting-response to a parasitic
resonance of the subject BPF.

Though optimized in a 50 Ohm sys-
tem this DE requires a pad or buffer
for cascading. A buffer amplifier could
also compensate for the 4.2 dB inser-
tion loss incurred. Alignment of the
DE network on an analyzer is fasci-
nating to watch as the delay flips from
negative to positive.

Figure 5 is the composite plot of
magnitude and delay of the BPF of
Figure 1, a 5 dB 50 Ohm attenuator,
and the DE of Figure 4c. The BPF was
readjusted for best response. Passband
ripple is still less than 0.5 dB, the -3
dB BW has been widened only slightly
to 28.38 MHz, and the group delay rip-
ple has been reduced to 6.7 nsecpp or
+3.35 nsec. Commercially available
SAW filters for satellite applications
are often specified with a group delay
ripple of 5 nsec. It should be noted
that though the delay ripple has been
reduced, the total delay has increased
— this is an important consideration
in demodulation circuits that involve
frequency compression feedback as a

RF Design

Figure 6. Amplitude response and delay of buffer,

delay equalizer and BPF cascade.

method of extending threshold.

A difference possibly worth noting is
that this composite delay has three
cycles of ripple across its passband
where a SAW filter may have three
times as many. This would create
three times as many high slew transi-
tions for a sweep across the filter with
three times the probability of a PLL
FM demodulator losing lock. Also the
loss of the DE should not necessarily
be considered a drawback as a clever
person could use the concave ampli-
tude response of a DE to flatten the
convex response of a BPF!

Finally, Figures 6 and 7 show the
amplitude response and delay for a
cascade of a buffer amplifier, the delay
equalizer, and the bandpass filter with
a lowside notch added. The delay rip-
ple is less than 3 nspp at a -3 dB BW
of 26.7 MHz.
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Figure 7. Close-in view of ampli-
tude response and delay of
buffer, delay equalizer and BPF
cascade.

Conclusion

It has been illustrated how delay dis-
tortion of an RF carrier is translated
into amplitude distortion through fre-
quency demodulation. It has also been
demonstrated that a polynomial filter
with steep cut-off skirts has peaks in
its delay response. If both low distor-
tion and high SNR is desired in an RF
system, delay compensation should be
employed. Although at UHF frequen-
cies an ideal DE was not achieved,
delay compensation with negligible
passband distortion was.
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RF featured technology

Active Filters Using
High Speed Op Amps

By Anthony D. Wang, National Semiconductor and

Kenneth Murray, Burr-Brown Corporation

The rapid proliferation of wideband
amplifiers (with gain-bandwidth prod-
ucts approaching 1 GHz) has made
active filter topologies more inviting as
basic system building blocks. However,
there are some configurations that are
more readily suited for current-feed-
back amplifiers while others work best
with voltage-feedback amplifiers. This
article covers topological considera-
tions, some practical construction tips
and presents computer simulation tech-
niques that simplify the design process.

ctive filters using op amps have

traditionally been limited to audio
and industrial process control applica-
tions where the signals to be processed
are (relatively) slow. Additionally,
they helped to eliminate the need for
inductors which can be quite large and
cumbersome (not to mention expen-
sive) at those low frequencies.

The advent of digital signal process-
ing (DSP) and inexpensive analog-to-
digital converters has reduced the
implementation of active filters at
lower frequencies (<100 kHz). Howev-
er, new op-amps have arrived which
allow the implementation of active fil-
ters at frequencies which DSP filtering
is prohibitively expensive.

At the same time, competition in the
op amp market has driven prices down
— for example, the OPA4658, a quad
900 MHz op amp, has a 100 piece price
of $7.55, or less than $2 per amplifier!
These performance and economic con-
siderations make op amp active filters
suitable for high frequency applications.

Amplifier Architectures

One aspect of active filter implemen-
tation that requires consideration is
the selection of the op amp type: Cur-
rent-Feedback Amplifier (CFA) or Volt-
age-Feedback Amplifier (VFA). Tradi-
tional filter topologies were designed
with the VFA as the active element.
Although the CFA uses the same ele-
ment symbol as the VFA, there are
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Figure 1. Op amp with feedback.

some differences that prevent its being
used as a generic replacement.

Why then bother with the current-
feedback amplifier if the voltage-feed-
back variety with similar bandwidths
is available? This question has merit.
However, a brief review of the salient
differences will hopefully provide the
insight needed to make the proper
selection.

Briefly, the CFA has the property of
providing a closed-loop bandwidth that
is (relatively) independent of its
closed-loop gain. The VFA is limited
by the gain-bandwidth product (GBW)
which is the traditional figure of merit
used for comparison.

Another characteristic that differenti-
ates the two amplifier types is the large
signal driving capability of the CFA.
Current-feedback amplifiers have very
good slew rate properties when com-
pared to voltage-feedback amplifiers
and this trait is very beneficial if large
signal distortion is to be minimized.

The CFA does not violate any physi-
cal laws to achieve its properties; the
key to understanding it is to realize
that it is an uncommited amplifier
block whose open-loop gain is set by
the external impedance connected to
the inverting input node.

The VFA, on the other hand, has its
open-loop gain set by design and the
external elements do not affect it. [1]

For the CFA, the same external ele-
ments that set the closed-loop gain

Figure 2. Sallen-Key filter.

(Figure 1) contribute to the open-loop

gain according to equation 1.

Av = —RT
Zgq +Ry

1)

. ioTp

1+ joR.Cq
where

Zpq + Zpl 124

The parameters Ry, C,, and Ry are
inherent to the amplifier and differ
from one product type to another
(much as GBW for VFAs differ). T, is
a mathematical artifice that is used to
approximate the excess phase in the
open-loop response.

If the feedback network is purely
resistive, the open-loop response is
easy to analyze.

R +Rg )
1+ joR;Cy

If either, or both, of the elements in
the feedback network is reactive with
the addition of parallel capacitors, for
instance — the open-loop behavior
becomes more complex (pun is purely
intentional!).
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Figure 3. Negative feedback
bandpass filter.

Ay, = R_BT_
rq + Rin 3)

(1 + joRpoCp ) -¢™ ™D

Ry R
(1+j(oRTCT)[1+ja)— - Gy
! Rpq +Ryy

Equation 3 shows the resulting
open-loop gain expression for this situ-
ation. The parallel combination of the
feedback network resistors has been
relabeled R, and the net parasitic
capacitance has been lumped into C,,.

The altered response has added a
zero and a pole, but the zero will
always occur before the pole. This can
cause stability problems and is the
reason that CFAs are typically trou-
blesome in integrating applications.

The basic points to keep in mind are
that the CFA is optimally used for
high gain and/or fast, large-signal sit-
uations. The VFA is best for integrat-
ing applications. Small-signal situa-
tions with low closed-loop gains could
be satisfied by either.

Active Filter Topologies

The available topologies for active
filters are too numerous to cover in
this article but some well documented
configurations are presented here to
illustrate the ideas presented above,
namely how to select the appropriate
op amp type. The discussion will focus
on the biquadratic filter function
which is best described as the ratio of
two second order functions.

Figure 4. State-variable active fil-
ter.

This is often used as the basic build-
ing block for higher order filters
because it allows precise placement of
the complex conjugate pairs. By cas-
cading these second order sections,
higher order filters can be easily real-
ized without the associated problem of
interacting pole pairs. Each section can
be designed and tuned independently.

Figure 2 illustrates the popular
Sallen-Key band-pass configuration.
Note that this circuit uses positive
feedback. The Q of this circuit is set by

]!
Q=3 @

where K is the closed-loop gain of the
op amp.

If the amplifier is configured for
unity gain, the Q is 0.5 and a VFA
would be the appropriate choice. (Most
CFAs perform poorly in unity gain.)
For a Q of 0.667 the amplifier has to
be configured for a gain of 1.5 which,
for a VFA, means a bandwidth reduc-
tion of 33 percent! Clearly the CFA
can be much more useful in this appli-
cation even though the closed-loop
gain is not very high.

The drawback to this positive feed-
back filter circuit is that it is sensitive
to component tolerances and gain
accuracy and thus it is confined to
applications with Q less than five.

Figure 3 shows an active filter con-
figuration that utilizes negative feed-
back giving it a lower sensitivity to
component tolerances. The net imped-

ance seen at the inverting input is
complex which makes it a bit tricky to
utilize the CFA in this application. The
obvious choice here is to use a VFA.

Unfortunately, the negative feedback
filter requires larger closed-loop gain
which, for a VFA, means a reduction in
usable bandwidth. This illustrates
once more the penalty of the GBW
limit for voltage-feedback amplifiers.

For high-Q applications, the multi-
ple op amp circuit of Figure 4 is a
more practical implementation
because (1) it has lower sensitivity to
the active and passive components, (2)
Q and o, can be adjusted independent-
ly, (3) the spread of component values
is lower and (4) the gain requirements
are less critical.

This circuit is also known as the
state-variable (universal) active fil-
ter. The three separate op amps give
the low-pass, band-pass and high-
pass responses without having to be
reconfigured. Wideband applications
can be built using a combination of
VFAs and CFAs.

As previously stated, the integrator
is best implemented with the VFA
while the CFA is generally the proper
choice for the summing amplifier, Al.

Computer Simulation

Once the active filter topology has
been determined, the design can be
optimized using PSPICE (or some other
program). The software is not as criti-
cal as are the models of the amplifiers
being considered — the macromodels.

Macromodels are circuit descriptions
of the op amps that are supplied (usual-
ly) by the vendor. They have been sim-
plified to make simulations faster, usu-
ally by minimizing the number of active
components (i.e., the transistors) in the
listing. In high speed designs, the

1.0M0 + : 70 5
10k 4 60
50,
10%” B vm(6)/im(inv) 4 : :
404
e | j Y B BN "SR
301
-180° - ; . 4 - -
100Hz 1.0kHz 10kHz 100 kHz 1.0 MHz 10 MHz 100 MHz 20
avp(6) 100 Hz
C1= 100.000, 790.282K o i
C2= 51.580M, 1.5289K | vm(2)/m(inv)
Figure 5. Measuring open-loop transimpedance

(top), and open-loop phase (bottom).
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Figure 6. Measuring input impedance.
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Figure 7. Modified Sallen-Key
bandpass filter.

degree of simplification is important.

For low frequency designs, the load
resistances are generally higher
because the associated RC time con-
stants do not typically limit the band-
width of the system. Therefore the
amplifier output stages do not have to
supply large variations in current. The
macromodels for these op amps usual-
ly consist of two transistors to accu-
rately model the input stage while the
rest of the amplifier is composed of
passive components and controlled
sources. From the standpoint of simu-
lation, this type of circuit is computa-
tionally efficient.

This is not true for wideband
designs which have another penalty
because parasitic capacitances cannot
be neglected. The amplifiers have to
drive more current at higher speeds
and still minimize distortion. There-
fore, to accurately model these op
amps, more transistors are needed in
the macromodel. These are generally
limited to just the high speed signal
path and output stage. The tradeoff is
a longer simulation time for a higher
confidence level in the results.

Once the appropriate macromodels
are found, simulations can be run. The
passive component values can be
determined with the many filter pro-
grams that are presently available
(e.g., FilterPro which is free from
Burr-Brown). Actual circuit implemen-
tation is straightforward as long as
only VFAs are used. If a CFA is to be
used (for reasons stated earlier), then
there is a little more work involved.

It is usually assumed that by proper
selection of the feedback resistor, the
CFA can be tamed and configured prop-
erly. This is true, but without a clear
methodology, the user can only home in
on an optimum value by trial and error.
Fortunately, after the proper value is
found, straightforward impedance scal-
ing can be used to change the other
passive component values so that filter
performance is unaffected.
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Figure 8. Sallen-Key simulation
results.

There is a direct approach that
makes the resistor selection painless.
As stated previously and shown in
equation 1, the current-feedback
amplifier has its open-loop response
determined by intrinsic characteristics
and the impedance at the inverting
input node. Although these intrinsic
parameters are not always available
from the product datasheet they can
be determined from simulation.

Figure 5 shows the basic approach
and the corresponding response curves
for a generic CFA. The term “current-
feedback” means that the amplifier is
responsive to a current at its inverting
input. Therefore, the proper stimulus
is a current source. The open-loop
response has the shape that is normal-
ly associated with VFAs but the units
are in ochms (volts out/amps in) and it
is referred to as transimpedance.

Ry, the transresistance, is the dc
value of transimpedance. Cr, the tran-
scapacitance, interacts with R, to
cause the open-loop rolloff. It is deter-
mined by noting where the open-loop
phase has fallen 45°. The value of T},
1s calculated to closely approximate
the excess phase at some critical point,
60° phase margin, for instance.

Ry is the dc value of the impedance
looking into the inverting input. Fig-
ure 6 illustrates the simulation tech-
nique for its measurement. Although
the inverting input impedance is com-
plex, the dc portion is dominant over
the CFA’s useful bandwidth.

The PSPICE listing for the simula-
tion is detailed below:

* CURRENT-FEEDBACK OPEN-LOOP SIMULATION *
* file: CFA-OL.CIR

s+¢*2+Simulation Commands *****

.options noecho nomod numdgt=8

.op
.ac dec 20 100 500meg

.probe

Ll 2 1] [‘ibr.ry Pilu (2121

Jib BURR_BRN.LIB

**+#2Circuit Listing *****

vp7056

vin40-5

*** ginv is used to find dc bias value of inv
*ginv2060-1

*** inv is the excitation source for open-loop analysis ***
inv20dc4.097uva ac 1

xcfa 0 2 7 4 6 opa603/bb-x

rl 6 0 100

cl 6 0 10pf

.end

Finding the right resistance to use in
the feedback network can be accom-
plished mathematically, by using equa-
tion 2, or graphically, from the open-
loop curves. The trick is to determine
how much excess phase the design can
tolerate. Once the phase criterion is
known, the frequency, f,, at which it
occurs sets the open-loop transimped-
ance of the amplifier at that frequency.

The desired closed-loop gain should
match the open-loop gain at the fre-
quency which was determined by the
phase criterion. Equation 5 gives the
simplified expression.

R +Rg  |Z2(f))
Rg Ry +Rgg
R, (5)
1+ j2nf,R;Cq
~ Ry +Rgg

Solving this expression gives the
appropriate feedback and gain setting
resistor values. There could be situa-
tions where the computed resistor val-
ues are very low or even negative. In
these situations, a lower frequency
design (higher transimpedance) has to
be adopted.

Design Examples

Figure 7 is a modified version of the
Sallen-Key bandpass filter shown in
Figure 2. The circuit is configured for
a pass-band gain greater than that
required by the filter design equation.
The R, -R, resistive divider is used to
bring the amplifier output back down
to the required level.

The passive component values in the
PSPICE listing below were selected for
1 percent resistor tolerances and 5
percent capacitor tolerances.

* SALLEN-KEY BANDPASS FILTER *
* file: SK.CIR

s*es* Simulation Commands *****

.op

.ac dec 20 10k 200meg

;“.‘ l;ibmfy b‘iles *APRS

lib BURR_BRN.LIB

s#48* Circuit Listing *****
vp705

vm40-5

vin 16 0dcOac 1

xf1 16 3x 2x opa620 filter

xoal 3x 2x 7 4 opa620 opa620x/bb
xf2 16 3y 2y opa603 filter

x0a2 3y 2y 7 4 opa603 opa603/bb-x
L1212 ﬁ]ur mMQl Pl 22
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.subckt filter 16 32 6
rl 16 9 562
2 90 62pf
r3 109 280
c4 9 3 62pf
r5301.13k
ra 6 10 5.62k
rb 10 0 294
62681
rg2020

rl 6 0 160
.ends filter
.end

The simulation compares the design
with two separate amplifiers. The
OPA603 is a 60 MHz CFA while the
OPA620 is a 200 MHz VFA. The
resulting response is shown in Figure
8. The design with the OPA620 falls
short because of its gain-bandwidth
limitation while the design using the
lower bandwidth OPA603 performs as
expected because its closed-loop band-
width has not suffered.

The state-variable filter of Figure 4
is simulated next. The listing below is
for a second order Bessel highpass fil-
ter that was originally designed for -3
dB at 10 kHz. The “rmod” and “cmod”
parameters provide easy frequency
and impedance scaling capability to
move the design up to 10 MHz.

* WIDEBAND UNIVERSAL ACTIVE FILTER SIMULA-
TION *

* file: UAF.CIR

**#** Simulation Commands *****
.options noecho nomod

.ac dec 40 1meg 1000meg

.probe

*EEEE ubrﬂry Filu Ll 1]

.inc opa642x.mod

.inc opa644x.mod

.model rmod res(r=0.005)

.model cmod cap(c=0.2)

*EEes Clmt Listing EEL A

vpl105

vm 100 -6

vin20dcOacl

xfiltl 2 opa642 3x 12x 11 10 uaf

xoal 12x 3x 10 10 opa642 11 11 opa642x
xfilt2 2 opa644 3y 12y 11 10 uaf

x0a2 12y 3y 10 10 opa644 11 11 opa644x
*s#2active filter subcircuit****

.subckt uaf2 133 12 11 10

*node list: 2=in 13=hp 7=bp 1=lp 3=+in 12=-in
rg 2 12 rmod 50k

rfl 13 8 rmod 20.6k

rf2 7 14 rmod 20.5k

rl 12 1 rmod 50k

r2 12 13 rmod 50k

r4 3 7 rmod 50k

rq 3 0 rmod 68.1k

c1 8 7 cmod 1000pf

¢2 14 1 emod 1000pf

xo0a2 8 0 10 10 7 11 11 opa642x

xo0a3 14 0 10 10 1 11 11 opa642x

.ends uaf

.end

The simulation uses the OPA642, a
450 MHz VFA, for the integrating
amplifiers and compares the response
with two different summing amplifiers:
the OPA644, a 500 MHz CFA, versus
the OPA642 VFA. As the simulation
plot in Figure 9 shows, the CFA should
deliver performance out to almost 300
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Figure 9. Simulation resuits for
state-variable filter of Figure 4
using a CFA and VFA.

MHz with less than 0.5 dB ripple while
the VFA does not work at all.

Figure 10 shows the measured
results of actual circuits built using
the schematic of Figure 4. The scan
from 30 MHz to 500 MHz confirms the
simulation prediction that the VFA’s
response would roll off well before that
of the CFA. The bump that shows up
on both traces is a board parasitic.

Construction Tips

High frequency board layout tech-
niques are obviously needed for wide-
band active filters. There are some
special considerations that need to be
taken with high speed op amps.

Surface mount components should
be used wherever possible. This is
especially true for the high frequency
decoupling capacitors which should be
mounted as close to the supply pins as
possible.

As equation 3 indicated, any capaci-
tance at the inverting input of a cur-
rent-feedback amplifier can alter its
open-loop response. It also changes the
characteristics of the feedback net-
work and would thus be detrimental to
voltage-feedback amplifiers as well. It
is usually good practice to remove the
ground plane around the op amp input
pins. The connection of passive compo-
nents to these pins should be made as
close to the pins as physically possible.

Many wideband amplifiers provide
separate power pins for the output
stage. If these are available, run sepa-
rate power supply traces to the pins
rather than shorting the pins at the
package. This has been shown to pro-
vide the lowest distortion performance.

Use the tips that the product
datasheets offer. The vendor’s design,
test and applications engineers have
usually travelled the hard road to
make their products manufacturable.
Many datasheets provide layouts of
demo boards that were optimized for
the associated op amp.

Figure 10. Measured results of
state-variable filter of Figure 4
using a CFA and VFA.

Don’t give up! Many high speed
designs are iterative and involve find-
ing every performance robbing para-
sitic. You can shortcut part of this
process by trying to simulate every
parasitic you can identify.

Conclusion

The availability of low cost, high
speed op amps makes wideband
active filters a viable alternative in
the designer’s bag of tricks. Proper
selection of the op amp type — cur-
rent-feedback vs voltage-feedback —
will pull the highest performance
from your design. RF
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RF cover story

Simulator Package Models a
Spread Spectrum System

Part 1: The Models

By Stephen Kratzet
ELANIX, Inc.

SystemView by ELANIX, Inc. is a
dynamic system simulator software
package that runs on 386/486 and
higher PCs operating with Microsoft
Windows. While SystemView is often
used for simulating DSP systems that
include digital multipliers, FIR filters,
multi-rate sampling, and feedback
paths that allow adaptive loop model-
ing, it is also an excellent tool for the
Analog/RF designer. Here one is inter-
ested in the mixer spurs that a certain
frequency plan may generate, how var-
ious filter types may delay the signal
path, or how a system will respond to
noise at its input.

art 1 of this two part article will

discuss three building blocks — a
mixer, phase detector, and a biphase
modulator. The building blocks are not
intended to have the detail of a SPICE
subroutine but are similar to analog
behavioral modeling [1]. Part 2, which
will appear next month, will use the
building blocks to simulate an entire
transmitted reference spread spec-
trum system.

RF Mixer

This building block (Metasystem)
approximates the operation of a mixer
over a reasonable range of input
amplitudes with its output containing
mixing spurs, and RF/LO port leak-
age. The Metasystem, with its In and
Out tokens does this in the following
manner (Figure 1): Each of the inputs
to the mixer is passed through a Func-
tion Limiter. With the limiters’ Min
Input and Max Output values equal to
each other, a signal with an amplitude
less than the limit value will pass
through unchanged while amplitudes
larger than the limits are clipped. The
gain adjusted LO signal and the RF
signal are fed into a 4-quadrant multi-
plier. The output of the mixer is the
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Function: Limiter
Min Input=0.32
Max Output = 0.32

Gain = 0.0058
or -44.7 dB

—B

Gain=356
or 11.1 dB

Function: Limiter
Min Input= 0.25
Max Output= 0.25

2
o] foa—— B

17 I {en
f=q
mix-111.mta  Simulates a

level 7, diode-ring,
double-balanced mixer. SRA-1-1

Does notinclude bandpass filtering.

20-Dec-1994 shk

Gain = 0.00070
or -63.1 dB

Figure 1. Mixer metasystem.

sum of the multiplier output and the 2
leakage paths. To be consistent with a
hardware mixer that has a negative
output when both inputs are the same
phase, the multiplier output is invert-
ed. This mixer model has no provision
to limit the mixer’s frequency
response.

The value in the GAIN token may be
entered as a linear gain or in dB. This
allows custom mixers to be created
and modified. A limitation of the
model is the mixer performs mixing no
matter how weak the LO becomes.
Figure 2 shows the mixer Metasystem
being fed by two sine waves and its
output going to a “sink” for viewing.
SystemView allows rapid building of
simulations. Just double-click the
mouse on the selected token family
from the left edge of the window. Dou-
ble-click again to define the type of
token within the family, and fill in a

few parameters — amplitudes, fre-
quencies, phases, and gains. The
Metasystem may have been created
and saved as a file earlier, or a Meta-
system may be generated quickly by
using a keyboard-Ctrl, mouse-click-
and-drag to outline a group of tokens.
SystemView runs as a time sampled
system. A click of the mouse on the
CLOCK button at the top center of the
screen allows the setting of the System
Time parameters. In this simulation
4096 samples at 204.8 Mega-samples
per second (Msps) is used to allow for
the mixer spurs. The use of power-of-
two numbers avoids the bin-splitting
effects when the FFT is performed and
gives a cleaner display for this particu-
lar test. To the left of the CLOCK but-
ton is the EXECUTE button, which is
used to run the simulation. The button
to the right of the CLOCK button is
the “OSCILLOSCOPE button” that
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VNA Ampifiers +17.5dBm, 05t025GHz .$295

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

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

Freq.(GHz) 5-8 810 1020 2025
Gain (dB) typ 140 170 180 16.0
Max, Output {dBmy)

@1dB Comp. typ. +180 +185 4175 +17.0
1 P 3rd Order

(dBm) typ. +27 +27 +27 +27
VSEWR Output typ.  1.5:1 1.7:1 1.7:1 1.8:1

VSWR Input typ 6.4 281 201 1.4:1

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

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

»All specs at 25°C (case temp. 35°).

«Available in Tape and Reel

oMTTF at 150°C max. junction temp.: 3x10° "hrs. typ.
“Case" is defined as mounting surface of leads.

C_JMini-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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like roal hardware.

mixist! svu Oenerates spurs that are very much -10

4096 samples @ 204 8 Msps —> 50 Kz resolution
When viewing plots, use FFT, -20
|Bpectrum Analyzer ( mWatis in 50 ohms ), then Logy.

20-Dec-1994 shk

Gain = 0884
( 2-way spiier
-1348)

Qatn = 0.7071
(e | i) .

use TOT1Vzero-to-peak

Figure 2. Mixer test system.

opens the Analysis window for viewing
the results of the simulation contained
in the “sink” token. SystemView has
an alternate way of displaying the but-
tons on either side of the CLOCK. By
selecting Preferences, Toolbar, the
“text buttons” will be replaced with

Mixes spurs: AF = 12 MHz @ -10 dBm. LD = 10 MHz. @ +7 dBm

Figure 3. Mixer test system output plot.

“graphic buttons” and vice versa.
Figure 3 shows the mixer spurs. The
two main sum and difference frequen-
cies of 22 MHz and 2 MHz are each at
—22 dBm. This is due to the -10 dBm
input being reduced by the —3.3 dBm
splitter, -3 dBm pad, and a 5.7 dBm
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’ Address____ = Phone{___) —
You ” Chy R ____State Zip.
Present Employer e ) S L
Title/Position

Want
To Join
Us

Design Engineers

Whether you're currently looking for a new position, or thinking about a
change in the near future, now's the time to consider Motorola’s Land
Mobile Products Sector. Our world leadership in wireless two-way voice
and data communications is creating immediate and future opportunities.
Complete and mail the information below to be part of the excitement.
Positions are available in Schaumburg, Minois.

___ I'minterested in joining Motorola now.
____I'd be interested in joining Motorola at a later date.

Please add my name and background to your Job Sourcing Databank.

Years Of Experience
Education_

Mail or fax to: Professional Sourcing Manager, Motorola Land Mobile
Products Sector, Dept. RF495, 1301 E. Algonquin Rd., Schaumburg,

IL 60196. Fax: (708) 538-7667. An Equal Opportunity/Affirmative Action
Employer. We welcome and encourage diversity in our workforce.

MOTOROLA
Land Mobile Products Sector
Quality Means The World To Us.™
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loss through the mixer. Notice the RF
port leakage, -62 dB at 12 MHz, and
LO port leakage, -57 dB at 10 MHz.
This plot is obtained in a few mouse-
clicks: New Data, FFT, Spectrum Ana-
lyzer (mWatts in 50 ohms), then Log y.
A keyboard-Ctrl, click-and-drag with
the mouse allows a close inspection an
area of interest on the display.

The parameters used in the mixer
Metasystem are the result of measure-
ments taken from a real-world hard-
ware 1-Q down conversion system. Fig-
ure 4 shows the SystemView model of
an I-Q down converter, with a pair of
Bessel lowpass filters. A filter may be
created in SystemView with just a few
steps: Double click the mouse on the
Operator token family at the edge of
the window, double-click again to
define the token as a Linear-system,
then click the following buttons —
Parameters, IIR, Filter library, Bessel,
5 (the number of poles), Lowpass,
enter 2e6 (2 MHz) for the Cutoff fre-
quency. In a few moments the Time
(impulse) response of the newly creat-
ed filter will appear in a window. The
Gain, Phase, Group Delay, Root Locus,
or Bode plot (Figure 5) may also be
viewed. A “Duplicate Tokens” feature
allows the copying of a single token or
a selected group of tokens.

The operation of the down converter
in Figure 4 may be tested with various
inputs. When the RF is -10 dBm and
the LO is +7 dBm, and they are set to
the same 10.0 MHz frequency and
phase, the I output is zero volts, and
the Q output is a constant -27 mV.

In Figure 6 the RF frequency has
been changed to 10.05 MHz causing
the I (In-phase) and Q (Quadrature)
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Electromagnetic Simulation

Antenna
Analysis

Packaged
Device Analysis

Integrated | |
Geometry | - '
Editor =

Current Density
and
Direction Plots
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Microwave Explorer offers /
superior Electromagnetic Simulation "/
in both open and packaged environments!

Compact Software’s Microwave Explorer Electromagnetic Simulator provides superior simulation of EM coupling and
radiation effects in RF and microwave circuits. Only Microwave Explorer allows designers to model both radiating
structures (antennas) and packaged devices using a single EM simulation tool!

Microwave Explorer uses the Method of Moments technique to provide accurate 3D analysis of planar circuits in a fraction
of the time associated with traditional 3D techniques. Advanced simulation techniques require less memory and CPU
time than conventional implementations.

Electromagnetic analysis of complex structures has never been this fast or this easy! The integrated geometry editor
includes GDS Il import capability. To find out more about the unique capabilities of Microwave Explorer and to obtain the
name of the Compact Software Sales Representative for your area, please contact:

| North and South America Europe
| Compact Software Compact Software

201 McLean Boulevard, Paterson, NJ 07504 @ Electronic Software Components GmbH INFO/CARD 77
| Phone: 201-881-1200 * Fax: 201-881-8361 Alpenstrasse 20, D-85614, Kirchseeon, Germany

Phone: +49-8091-6845 « Fax: +49-8091-4804

Asia-Pacific = CO' I IpaCt
Compact Asia-Pacific Sales Center s O Wa re
764 Dailey Avenue, San Jose, CA 95123 = S ft

Phone: 408-362-0363 * Fax: 408-362-0507 MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS

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




CERAMIC RF
CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759
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We make flawless printed circuit
board prototypes for low and
high frequency applications.

“When Iseeit, 9

Tl believe it” ¢
W -

-

of
WANNA SEE IT? 3
CALL 1-800-279-5572

Multi-layers, Quick-Turn or Exotics.
Don't skip the profotype process when you
need printed circuit boards on PTFE,
Teflon, Duroid or GX laminates.

SOUTHWEST CIRCUITS specializes in
prototyping circuit boards for all
MICROWAVE and WIRELESS applications.
Our proprietary fechnologies and processes
give us an edge over ordinary printed
circuit board fabricators.

Make us prove it. Call Now.

(602) 745-8515
FAX (602) 747-8334
Modem (602) 747-5108

3760 E. 43rd P1
Tucson,AZ 85713
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(mixtst3svu 1@ down 308
conversion to baseband, pad
with a normal

MetaSys: mbe-rfi_.mta
(2 places) I, Y-axis

non-saturating input

4096 samples @ 204.8 Msps
---» 50 KHz resolution
20-Dec-1994 shk

-3.30dB
splitter

With RF at 10.05 MHz
0.10 Voit zero-to-peak
(-10 dBm)

After execution, select --
Preferences, Plot Style,

Connected Line Scatter Piot,

Add, OK.

-3dB
pad

Operator. Linear Sys
Bessel Lowpass IR
5 Poles
Fc=2.0+6 Hz
LOAOMEE Quant Bits = None

Init Cndtn = Transient

E] (2 places)

Q, X-axis

Figure 4. 1Q Down converter system.

outputs to be 50 kHz. SystemView can
also plot the X vs Y (Scatter Plot) as

shown in Figure 7. With the RF input

at a relatively low input power of —10

dBm the mixers are operating in a lin-

ear mode and produce a circular plot.
Figures 8 and 9 show a saturated

mode of operation when the RF input
is raised to +13.3 dBm (1.462 volts,
zero-to-peak) (the RF and LO mixer
ports are both operated at +7 dBm).

Types Of Phase Detectors
There are three types of phase detec-

Gaine 1.0p+5

1.0s+6

1+

ned /
1ed
[ ]
|
: V2] ‘l yZ \\ ) /
M3
[ ] 08 Sed 28 hed

Mowr s bogluming Sk 1, 1. goov nopetive  Sink 4, 0. sarte wogutive and hasds poelive.

= ;\ |

o3 Bed . 2e3 .ol
Sk L wihe Vaue Sk 4, 0. iethe Xasle

Figure 6. RF input 50 kHz higher
than the LO input, time plot.

Figure 7. RF input 50 kHz higher
than the LO input, scatter plot.
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Figure 8. RF input 50 kHz higher
than the LO input, time plot.

MMed

1.3

el

Med

pd-tstl.svu Test of a mixer used as a phase detector.
251 samples @ 50 Msps
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Source: Sinusoid
Amp=707.1e-3
Freq=1.e+6 Hz "

Phase = 60 deg
(Token 0)

e Sink Dy Siok & e

e

1ol
-200.0
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40843 2.3 [} med el

Sk D I, e Yass  SeR 3, Q. ke Xewa

Figure 9. RF input 50 kHz higher
than the LO input, scatter plot.

tors [2]: (1) Analog or multiplier
(mixer); (2) Exclusive-OR (digital
equivalent of the analog multiplier);
and (3) Digital phase-frequency detec-
tor (CD4046 or MC4044 type). The
main advantage of the analog phase
detector is its ability to recover a sig-
nal from a low signal to-noise input.
Unfortunately, it will also lock in on
harmonics of the desired input. For
the noise free TTL signals found in a
frequency synthesizer, the third type
of phase detector is a better choice.
The CD4046 responds only to the ris-
ing edges of the inputs, eliminating
the harmonics lock-in problem. (The

Source: Sinusoid
Amp=7071e-3

Freq=1.e+6 Hz
Phase=0deqg
(Token 1)

3-pole, 50 KHz Bessel filter

Figure 10. Mixer operated in the saturated mode as a phase detector.

MC4044 responds to the falling edges
only.) The digital phase detector is not
perfect, an extra or missing pulse gen-
erates a large error for a short time,
and the polarity of its feedback con-
nection is important.

Analog Phase Detector

By operating the mixer in a saturat-
ed mode it can perform analog phase
detection without being amplitude
sensitive [3] (Figure 10). When both
inputs are in-phase (zero degrees) the
output will be at its maximum nega-
tive value. With the inputs at +180
degrees phase difference the output
will be at its maximum positive value.
With the inputs at +90 degrees phase
difference the output will be zero. Fig-
ure 11 shows the phase detector out-

put for a phase error of 45 degrees.
When this type of phase detector is
used in a phase-locked-loop (PLL), the
loop will lock-in regardless of the feed-
back polarity.

Biphase Modulator

For testing and comparison a hard-
ware version of a modulator was built
as shown in Figure 12 [4].

The Metasystem created for this
modulator approximates the operation
of a diode-ring, doubled balanced
mixer used as a biphase modulator.
The saturation and leakage effects are
not modeled, but there is a highpass
filter used to simulate the transformer
coupling of the mixer. Figures 13
through 16 demonstrate the model
and simulation results.

900.¢0-3

400.e-3

-800.¢-3

o 1leb 2e6

3e6
Sink 4 is offset by zero degrees. sink 3 ia offset by +60 degress. The fikered output is negative.

+5.0 Votts

4
= GND

406

RF carrier input
case 2 |4 ls 8
* IF IF LO
= u2
6 % % SAA-1-1
¢ O G MIXER
R1 DOT [RF_IF_IF_G
_6
499 ohms VR pEP —I
)
Biphase Modulation output

Figure 11. Two 1 MHz signals, 60 degrees apart,

yields a negative output.

50

Figure 12. Schematic of a biphase modulator.
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Conclusion

SystemView is available now for
$2450.00. Optional add-on packages
include a user C-code interface, Comm
library, Logic library, available now. A
DSP library, and a RF library are

scheduled for release in the 1st quar-
ter of 1995.

For more information on Sys-
temView simulation software contact
the author at address given below, or
circle INFO/CARD #251. RF

Based on a SRA-1-1 mixer.

mod-bip.mta Models a Bi-phase modulator without saturation or leakage effects.

20-Dec-1994 shk

Gain= 0.78
or -2.16 dB

[Reinou] [ [

Operator: NOT
Threshold=1.2
True= +1
False= -1

mmodulation inputl

L1 BT

Operator: Linear Sys
Butterworth Highpass (IR
1 Poles

Fe=1.e+5 Hz

Quant Bits = None

Init Cndtn = Transient

Figure 13. Model of a biphase modulator with RF and TTL inputs.

Logy for testing the spurs.

mod-tstl.svu Use 512 samples for testing the function and polarity

the bipolar modulator. Use 4096 samples and FFT (50 ohms),
Sample rate = 204.8 Msps
20-Dec-1994 shk

Source: Sinusoid
Amp=0.1

[Metasys: mou.bip.mta—lﬁ

Freq= 4.e+6 Hz
Phase = 0 deg

Source: Puise Train
Amp=1
Freq=1.e+6 Hz

%

=

PulseW=5.¢8-7 sec

Bias=-0.5 Operator: NOT  Converts square

Phase = 0 deg Threshold= 0 wave into TTL
True=24 levels.
False=0.2

Figure 14. Test circuit for the biphase modulator.
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Figure 15. RF input: 4 MHz; TTL
input: 1 MHz.
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Figure 16. FFT plot of 4096 sam-
ples.
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Erase your design
problems with the
industry's smallest 3V
and 5V Si and GaAs
RFIC amplifiers.

When it comes to cost effec-
tive RFIC amplifiers for your
wireless applications, we've
got your size.

Our ultra-miniature SOT-363
(SC-70) package requires half
the board space of the next

smallest package on the
market—and only 15% of the
space of an SO-8 package.
Making it ideal for compact,
handheld designs.

Extend battery life with these
low-current 3V and 5V gain
blocks for applications to 6
GHz. All backed by HP's
reputation for quality and our
track record of shipping
millions of building block
RFICs per month.

Typical Performance

Part Frequency Voltage Current NF  Gain IP3 Package
Number Range (4%) (mA) (dB) (dB) (dBm) (IEC)
INA-30311 DC-1000 3 6.3 3.5 13 - 2 SOT-143
INA-50311 DC-1000 5 17 3.6 19 +10 SOT-143
INA-51063 DC-2400 5 12 3.0 2056 + 6 SOT-363
INA-62063* DC-1600 5 30 3.5 20 +17 SOT-363
MGA-86563 500-6000 5 156 1.6 20 +15 SOT-363
MGA-87563 5004000 3 4.5 1.6 14 + 8 SOT-363

*March availability
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RF products

3V RF Devices

Low-power gallium arsenide
(GaAs) microwave RF products
operating from 850 MHz to
more than 2 GHz for cellular,
voice and data communications
were announced by Oki Semi-
conductor. The high efficiency,
3V devices have been optimized
and characterized to provide the
necessary functions for portable
UHF transceiver circuits.
Among OKI's new low-power
GaAs RF building blocks are —
low-noise, high-gain, small sig-
nal MMIC amplifiers,
(KGF1175B, KGF1521,
KGF1522); high gain , high iso-
lation broadband amplifiers,
(KGF1191); mixers featuring
high conversion gain and high
local isolation, (KGF1203,
KGF1531); digital 1/128-129

(KGL2135); GaAs MMIC drivers
and power FETs for maximum
legal power for high efficiency
UHF transmitters, (KGF1256B,
KGF1284, KGF1313). The
devices are available in the four-
pin, low cost SOT 143, minia-
ture eight-pin small outline sur-
face mount, and SC62 plastic
power packages. The devices
can also be specified in low-loss,
high-performance ceramic pack-
ages. Prices range from $1.76
per unit in quantities of 100 to
1,000 for the KGF1175 low-
noise, high gain front end ampli-
fier, to $6.24 per unit in quanti-
ties of 100 to 1,000 for the
KGF1313 plastic FET, with 27
dBm output power at 1.9 GHz
and 3V,

OKI Semiconductor

prescaler for low-power PLLs, INFO/CARD #250
100 MHz Ceramic Spectrum Through-Holes
SMT Xtals Resonator Filters Analyzer for Prototypes

Available in a new low profile,
fully surface mountable package,
the CMX 5000 series of quartz

crystal resonators from C-MAC
Quartz Crystals covers the fre-
quency range of 10 to 250 MHz.
Fundamental frequencies up to
50 MHz can be achieved with
conventional lapping and polish-
ing techniques, while fundamen-
tal frequencies up to 100 MHz
can be achieved with C-MAC’s
own plasma etching technology.
Achievable frequency stabilities
range from 5 ppm from -10 to
+60 °C to =50 ppm from -55 to
+105 °C. Long term aging is typ-
ically 1 ppm per year. The sur-
face mount packages are based
on a ceramic enclosure design
with a maximum overall height
of 2.7 mm. Internally, the crys-
tals are mounted at four points
rather than two, resulting in
typical frequency shifts of less
than 1 ppm after bump, shock
and vibrations tests to IEC 68
standards.

C-MAC Quartz Crystal Ltd.
INFO/CARD #249
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RLC Electronics introduces
the Model CDF-900-10-4, band-
pass filter. This unit is a ceram-
ic dielectric resonator filter
designed to achieve a low loss,
temperature stable, bandpass
response at 900 MHz. Model
CDF-900-10-4 features a four-
section response with a 3 dB
bandwidth of 10 MHz and a 20
dB bandwidth of 20 MHz maxi-
mum. The insertion loss at 900
MHz is less than 6 dB and the
passband VSWR is 1.5:1 maxi-
mum. The unit is specified to
operate over the full -54 to +95
°C military temperature range.
Other ceramic dielectric res-
onator filters are available with
3 dB bandwidths of 0.7 to 12
percent of the center frequency.

K8 ntmmms Ace b Wy

R

Standard products feature two
to seven sections and are avail-
able in SMA, connectorized, sur-
face mount, or PC mount config-
urations. Prototype units are
available from two to four
weeks and prices start at
$195.00 in unit quantities.

RLC Electronics, Inc.
INFO/CARD #248

Wandel & Golterman’s latest
addition to the their SNA line of
spectrum analyzers provides
coaxial measurements from 20
Hz to 26.5 GHz. The SNA-33 is
based on fundamental frequency
mixing using a unique local
oscillator frequency to achieve a
90 dB dynamic range with mini-
mal filtering. The swept phase
lock synthesizer design trans-
fers the frequency accuracy of
an internal crystal reference
oscillator to all frequencies in a

swept measurement. The instru-
ment offers an extremely low
noise floor, typically better than
-115 dBm across the full mea-
surement range and typically
better than -127 dBm at fre-
quencies below 3.2 GHz. The
SNA-33 features frequency accu-
racy of 0.01 ppm. The instru-
ment covers an amplitude mea-
surement range of —115 to +30
dBm with a 0.1 dB resolution
and 2.7 dB amplitude accura-
cy. Price for the SNA-33 is
approximately $50,000.

Wandel & Golterman, Inc.
INFO/CARD #247

LPKF CAD/CAM Systems has
introduced the AutoContac Sys-
tem for automating through-

hole plating of circuit boards.
This system dispenses an epoxy
conductive ink with a filler of
solderable copper grains (patent
pending). The ink that LPKF is
using has been formulated to
maintain solderability. The
AutoContac System is auxiliary
to and may be mounted on all
models of LPKF systems and is
field installable by the user. The
system consists of a dispenser,
controller and interface connec-
tor. The whole plating process,
including a 130 °C cure cycle,
takes less than one hour. The
resulting plated hole has a side-
wall thickness of about 4 mils
and through hole resistance of
200 milliohms (28 mil hole) to
50 milliohms (52 mil hole). The
AutoContac System is $2950.
Ink costs about eight cents per
hole and comes in a premix car-
tridge.

LPKF CAD/CAM Systems Inc.
INFO/CARD #246
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SEMICONDUCTORS
2.4 GHz Chip Set

Motorola has introduced a three chip set
of GaAs integrated circuits designed as an
integrated solution for the wireless data
market in the 2.4 to 2.5 GHz ISM band.
The MRFIC2401 downcoverter consists of a
low noise amplifier and mixer with provi-
sions for off-chip
filtering after
the amplifier.
The MRFIC2403
power amplifier
has two stages
with provision M
for power con-
trol. The
MRFIC2404 sin-
gle stage exciter amplifier is intended to
drive the MRFIC2403, but can be used in a
variety of amplifier applications from 2 to 3
GHz. In low volume quantities, pricing for
the MRFIC2401 is $7.29, the MRFIC2403
is $6.67, and the MRFIC2404 is $4.03.
Motorola, Inc.

INFO/CARD #245

Phase Locked Loop IC

Hitachi America has introduced the first
in its series of frequency synthesizer devices
that meet the need for energy efficient cel-
lular systems. The HD155001AT typically
consumes 6 mA when operating, and 100
pA when in standby mode. The chip
requires only an external loop filter and
VCO to form a complete PLL synthesizer.
The HD155001AT has fast lock-up times
and a prescaler with division modes pro-
grammable for 64/65 or 128/129. In quanti-
ties of 10,000, the HD155001AT is $2.95.
Hitachi America, Ltd.
Semiconductor & I.C. Div.
INFO/CARD #244

CATV Converters

Anadigics’ 860 MHz GaAs chip-set offers
an integrated alternative to the use of tra-
ditional discrete components for CATV
applications. The ACU50750 upconverter
IC accepts TV signals in the 50 to 860 MHz
range and converts them to an IF in the
900 to 1200 MHz range. The ACD0900
downconverts an IF the 900 to 1200 MHz
range to a second IF between 35 and 150
MHz. Both ICs feature an on-board oscilla-
tor /phase splitter and double balanced
mixer. The chip set is priced starting at
$5.20 for quantities of 10,000 per month.
Anadigics
INFO/CARD #243

GSM Baseband Chips

A kernel processor and vocoder which
comprise a two-chip solution for GSM base-
band signal processing has been introduced
by VLSI Technology’s Wireless Products
Division. The VP22002 kernel processor

RF Design

integrates Type Approved GSM functional
blocks, such as channel coder, equalizer,
GMSK modulator and timing generator.
VLSI Technology, Inc.

INFO/CARD #242

GaAs MMIC Amplifier

The AH-B102D-3 series of low cost,
monolithic HBT GaAs MMIC amplifiers is
part of the family of cascadable HBT Dar-
lington amplifiers from FEI Communica-
tions. The AH-B102D-3 features typical
gain of 22 dB, RF frequency of DC to 3
GHz, < 5 dB noise figure, 1 dB compression
point of > 10 dBm, and typical input/out-
put VSWR of 2.0:1 (below 1 GHz). Price
starts at $3.25 in 100k quantities.
FEI Communications, Inc.
INFO/CARD #241

Wireless Baseband Chip

The AD7015 integrates the multitude of
mixed-signal components required for a
GSM, PCS, or PCN handset into one IC.
The chip operates from a 3V supply and
includes eleven converters, together with
digital filters, modulator, amplifiers, muli-
plexers, references, and logic to implement
all the complex signal conversion required
in a wireless
handset. The
AD7015 contains
three independent
sections: a voice-
band codec, base-
band codec, and
an auxiliary stage
which performs
| control and moni-
- toring functions.
The device is sampling now and will be
available in volume in mid-1995. It will be
priced at $13 in OEM quantities.
Analog Devices, Inc.
INFO/CARD #240

AMPLIFIERS

Power Amplifier Hybrid
Microwave Technology has announced
the MPS-093011, a surface mountable, lin-
ear power amplifier module for base sta-
tion/infrastructure applications. The hybrid
amplifier operates from 800 to 1000 MHz,
has a P, g of +30 dBm, IP3 of +45 dBm,
and a small signal gain of 16 dB. It oper-
ates from a single +7.5 V supply and typi-
cally consumes 400 mA. The amplifier has
50 Q input/output impedances.
MicroWave Technology
INFO/CARD #239

Improved Wideband Amp

IFI has completed a major redesign of the
M410, 2200 W tube amplifier, and now offers
the half-sized, more power efficient TCCX
2200. The single cabinet, user serviceable
amplifier offers 2200 W linear CW power at

Surftrim

Surface Mount
T > u c L4 |
* 4 sizes:
32x45x1.7mm
3.2x38x1.5mm
4.0 x 4.5 x 2.7 mm (sealed)
5.2 x 4.3 x 3.2 mm (sealed-
split stator)
* 6 mounting configurations
e Carrier and reel or bulk pack
¢ 0.4 to 50 pF in 17 cap ranges
* Operates to 85°C

Phone, fax or write today for
Bulletins SG-305 and SG-310

SPRAGUE
GOODMAN

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

INFO/CARD 28

Sapphire
Pistoncaps’

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

* Designed to meet MIL-C-14409D

* Operating temp: -55° to +125°C

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

* Subminiature size

* Multiturn resolution

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

Phone, fax or write today for

Engineering Bulletin SG-207

I sPrRAGUE |
1 GoopmAn

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

INFO/CARD 29
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In Today’s Market,
It’s Safety First

TUV Rheinland of North America, Inc. offers product safety testing
that can help you obtain certification preferred by customers and demanded
by regulators. By responding to your specific needs, our engineers can
make your company more competitive, more efficient and more
profitable in markets worldwide. Call TUV Rheinland today!

* Product Safety and EMC Testing
* GS, EMC, Ergonomics and other test marks
* Notified Body/EC Directives/CE Marking
¢ |S0 9000 Registrar
¢ Offices in Over 30 Countries -
14 in North America
e Seminars and Consultation

TUV Rheinland

TUV Rheintand of North America, Inc.
12 Commerce Road, Newtown, CT 06470
(203) 426-0888, ext. 123

INFO/CARD 31

1 dB compression over an instantaneous
bandwidth from 0.01 to 220 MHz. The TCCX
2200 offers improved passband flatness and
is air cooled using IFI's Quiet Cool™ design.
Instruments for Industry

INFO/CARD #238

Low Noise, Digital Data Amp
Model HA-103-35 from Hypres is a high
gain, wideband amplifier module with a
gain of 60 dB into a 50 Q load. The amplifier
gain is flat to 0.2 dB from DC to 20 MHz and
has a -3 dB point at 35 MHz. The amplifier
has an input noise level of 1.4 nV/VHz.
Model HA-103-35 is optimized for the ampli-
fication of low level digital data and has a -1
dB compression point at 1.8 mV. Pricing is
$595 for quantities less than 10.
Hypres, Inc.
INFO/CARD #237

Linear Cellular & PCN Amps

Phoenix Microwave has introduced a line
of ultra linear modular amplifiers for use in
cellular and PCN/PCS systems. PA1062
covers the 850 to 925 MHz frequency range
with +34 dBm output power, 27 dB gain,
1.8 dB noise figure and 3rd order intercept
of +49 dBm. PA1074 covers the 1800 to

2000 MHz PCN band with performance lev-
els slightly reduced as compared with the
PA1062 module. The entire family is
packed in miniature flanged plastic pack-
ages for surface mount assembly.

Phoenix Microwave Corp.

INFO/CARD #236

Ultra-Broadband, 30W

A solid state RF power amplifier from
Amplifier Research delivers 30 W of CW
power across a frequency range of 25 MHz
to 1 GHz. Model 30W1000M7 is specially
designed for susceptibility and other RF
testing applications requiring level, consis-
tent output power over the test bandwidth.
At maximum gain setting, the amplifier
provides 30 W minimum over the entire
bandwidth, even in cases of infinite VSWR
or open or shorted terminals. Gain is con-
trollable over a 10 dB range. Price is $9,000.
Amplifier Research
INFO/CARD #235

TOOLS, MATERIALS
& MANUFACTURING

RF Prototyping
ProtoCell is a modular prototyping sys-
tem designed for rapid fabrication and char-
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acterization of RF signal processing circuits.
The patent pending design consists of a
rigid aluminum frame with 36 cell positions
to accommodate circuit boards which fit a
wide variety of circuit functions and compo-
nent packages.
Each cell con-
tains a circuit
function such
as a mixer,
amplifier, fil-
ter, etc. These
individual cells
attach to the
frame and the
cells are then
joined by a
simple solder bridge. The RF Frame sells
for $250.00, individual boards vary in price,
but sell for an average of $12.00 each.
Innovative Technology

INFO/CARD #234

Microwave Substrates

New CTLE (Controlled Low Thermal
Expansion) laminated microwave substrate
materials using ARLON’s proprietary for-
mulation have reduced Z-direction thermal
expansion. The materials also exhibit high
thermal conductivity and minimal change
in €, caused by PTFE'’s second order phase
transition at 19°C. The dielectric constant
of CLTE materials is 2.94. The laminates
are supplied with 0.5, 1, or 2 ounce elec-
trodeposited copper on both sides; other
platings are available.
ARLON
INFO/CARD #233

Circuit Board Material

Rogers introduces RO4003™ high frequen-
cy circuit board material. The material,
which is based on a ceramic filled thermoset
dielectric, can be fabricated by nearly any
board shop using nearly standard material
fabrication processes for epoxy glass boards.
RO4003 offers a ¥’ of 3.38, dissipation factor
of 0.0022 at 10 GHz, and a thermal coeffi-
cient of expansion in the Z-axis of < 35 ppm.
The material is priced at $8.00/ft2 for 0.020”
laminates in high volume.
Rogers Corp.
INFO/CARD #232

TEST EQUIPMENT

CDMA Signal Source

The CDMA Coder for the SMHU.58 sig-
nal generator produces CDMA signals with
a chip rate of 1.2288 MHz. Up to two chan-
nels of a CDMA-coded PCS base station can
be emulated, with channel 1 as the pilot
channel and channel 2 configurable for
pilot, sync, paging, or traffic channel cod-
ing. Channel coding is according to 1S-95,
and calculation of CRC, the encoder tail,
convolution encoding, block interleaving,
and Walsh coding are included. The CDMA
Coder is priced in the U.S. at $6,340, or it

RF Design

may be purchased installed in a SMHU.58
signal generator for $49,240.

Tektronix, Inc.

INFO/CARD #231

Channel Emulator

The TAS 4500 FLEX™ emulates the
delay, fast and slow fading and path loss
characteristics of RF mobile communica-
tion channels. The emulator offers car-
tridge style local oscillators, RF front-end
modules, and IF signal processing modules.

The 4500 FLEX also features a built-in RF
attenuator. The list price for the 4500
FLEX base unit is $40,000

Telecom Analysis Systems, Inc.
INFO/CARD #230

DDS Function Generator
Pragmatic Instruments announces its
Model 1404A, a direct digital synthesized
20 MHz function generator. The generator
covers 100 mHz to 20 MHz with 10 mHz
resolution and offers frequency sweeps over

Pack more components into smaller
designs with the world's smallest
chip inductors. Available in a wide
range of inductances, these low
profile devices give your design
important advantages.

0805 package for higher Qs
# E-12 Series pitch NOW from 1.2
to 470nH

Two of the World’s
Smalle§t Footprints

The North American Ant

But Only Toko Has the Inductance You Need

= 0603 package for smallest size and

® Ideal for high frequency designs up
to 3GHz eliminates coupling between
parts, delivering the highest possible
SRF. Inherently more reliable and
consistent versus wire wound types

® Tape and reel packaging for high
volume, low cost automated )
manufacturing

& 5% tolerance available

= TOKO

VToko America, Inc. 1260 Feehanville Drive Mt. Prospect, IL 60056

i
The TOKO LL1608 Chip Inductor
Actual Size

Call 1-800-PIK-TOKO today for
specifications, samples, and
prototyping kits. We'll also include a
FREE RF Spectrum Chart, your
complete product guide to
applications across the RF Spectrum.
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this entire range with linear or logarithmic
profiles going both up and down in frequen-
¢y. The user has direct access to modula-
tion parameters and can generate a variety
of modulation types. Model 1404A has a list
price of $1,295.

Pragmatic Instruments, Inc.
INFO/CARD #229

Xtal Product Analyzer
Hewlett-Packard’s 300 MHz network
analyzers focus on the final testing and
plating process in the production test of
crystal filters and resonators. The analyzer
covers 10 kHz to 300 MHz with 1 mHz res-
olution. Output power is -9 to +11 dBm,
with an optional —48 to +22 dBm range. IF
bandwidths from 10 Hz to 30 kHz are selec-
table. The HP E5100A is priced starting
from $15,000.
Hewlett-Packard Co.
INFO/CARD #228

VXlbus Synthesizers

Communications Techniques has intro-
duced a narrowband VXIbus synthesizer
designed specifically for cellular and WLAN
test applications. The single slot, C size
module operates at frequencies from 820 to
960 MHz and 2.4 to 2.5 GHz. Typical phase
noise for a 900 MHz unit with 10 kHz reso-
lution is =115 dBc at 1 kHz. Spurious levels
are less than —80 dBc. The products are in
full compliance with VXIbus specification
rev. 1.4 and are SCPI compatible.
Communications Techniques, Inc.
INFO/CARD #227

SIGNAL PROCESSING
COMPONENTS

8-Way Power Divider

Pulsar model P8-06-303 is an 8-way, 0.1
to 2.0 GHz, flatpack power divider with 16
dB isolation, 4.5 dB insertion loss, VSWR
<1.7:1 and phase unbalance less than 10°.
A 12-way divider is also available.
Pulsar Microwave Corp.
INFO/CARD #226

Frequency Doublers

A series of MMIC frequency doublers,
introduced by Hittite, produces an output
signal at twice the input signal frequency.
The MMICs use no DC bias, requiring only
connections to input and output ports. The
HMC156 output frequency is 1.6 to 3.4 GHz,
the HMC157 covers 2.4 to 5.2 GHz, and the
HMC158 output frequency is 3.2 to 7.2 GHz.
Conversion losses are 18, 15, and 13 dB for
the 156, 157, and 158, respectively.
Hittite Microwave Corp.
INFO/CARD #225

Temp Compensating
Attenuator

The Thermopad® is an absorptive
microwave attenuator which provides
power dissipation that varies with temper-
ature. Both positive and negative tempera-
ture coefficients of attenuation are avail-
able. The TVA and DTVA configurations
handle average power of 2 W and cover DC
to 6 GHz. The MTVA and DMTVA configu-
rations handle average power of 0.2 W and
cover DC to 18 GHz. A number of metal-
lization options are available.

EMC Technology, Inc.
INFO/CARD #224

Now you can get the high Q of an air
core inductor. Plus the convenience
and cost savings of a true surface
mount component.

Coilcraft springs come in values
from 2.5 to 43 nH with Qs at high
frequencies that reach 200 and higher.

Need more Q? Try ournew
surtace mount spring inductors.
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Our 2% tolerance versions can help
you eliminate circuit tuning altogether!

They're tape and reel packaged
and have a jacket with a flat top tor
auto insertion. We even tin the leads
for reliable soldering,

Order our $60 C102 Designer's
Kit with 10 spring values. Or call us
for our complete RF and surface
mount product catalogs.

1102 Silver Lake Road, Cary IL 60013

EAST COAST
USER MEETING
EAGLEWARE=

< OPEN TO ALL ATTENDEES ©

You are invited to the Eagleware
user’s meeﬁng dun'ng RF Expo East
in Baltimore, August 21-23, 1995.

< DESIGN TIPS

< WHAT'S NEW

< WHAT'S COMING
< USER FEEDBACK

RF EXPO

tas

THE WIRELESS SHOW THAT

EAST

GOES THE DISIANCE

TO RESERVE A SEAT PLEASE

800/322-2645 FAX 708/639-1469
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CALL (404) 939-0156
o FAX (404) 939-0157
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oes Your Work Involve WIRELESS
TECHNOLOGIES & COMMERCIAL APPLICATIONS?

IEEE MTT-S International Microwave
Symposium/Exhibition
May 14-18 1995 in Orlando, FL

Featuring Technical Sessions and Workshops on:

» ICs for Wireless Communications
 Field Theoretical Problems for Wireless Technology
+ Microwave Vehicular Technology
« CAD Design Methology for Commercial Applications
« Power Devices and MMICs for Wireless

and Military Applications
+ EDA Requirements for Wireless

Telcom System Design
« Wireless Communication Systems and Technologies
« Power Amplifiers for Wireless Applications
» Subsystems for Commercial Communications

and Auto Applications

In addition, visit the World's Largest Microwave
Exhibition, featuring more than 300 industry innova-
tors displaying their newest wireless and commercial
products and services.

1995 IEEE MTT-S INTERNATIONAL
MICROWAVE SYMPOSIUM

For more information fill out coupon below and return it to Kelly Fleming
Microwave Journal, 685 Canton St., Norwood, MA 02062

Yes, | would like additional information on attending MTT-S '95. Please send it to:

Name Title

Organization

Address N

City State Zip
Country Telephone

Are you an MTT-S member? Yes [ No

Have you ever attended MTT-S before? Yes No How many times? =

Microwave Journal®, 685 Canton Street, Norwood, Massachusetts 02062
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Image Reject and
Image Canceling Mixers

By Louis Pandula
VLSI Technology, Inc.

As levels of radio IC integration
increase, image reject and image can-
celing mixers are finding renewed use
in low cost, radio systems. The effective
design and use of image reject and
tmage canceling mixers requires an
understanding of their basic principles
of operation. This article presents the
theory of operation for both mixer types
by outlining the mathematics govern-
ing their operation and by encouraging
an intuitive understanding of the fun-
damental principles embodied in the
equations.

mage reject and image canceling mix-

ers have historically found limited
usefulness in consumer radio applica-
tions. These have been restricted to
niche radio architectures that warrant-
ed their additional complexity. Some
applications included satellite receivers
with low IF frequencies for the image
reject mixer and single-sideband trans-
mitters for the image canceling mixer.

With present trends towards ever
higher levels of IC integration gradu-
ally spilling over into radio system
design, radio architectures that were
once considered impractical for low
cost consumer applications are quickly
finding renewed usefulness. This is
especially true as the requirements of
more complex modulation formats and

duplexing techniques outstrip the
capabilities of conventional, low cost,
radio design approaches.

This is typified by the introduction
of two chips; an RFIC as presented at
ISSCC 94 by Hewlett Packard and the
SA900 from Philips. Both chips pro-
vide a highly integrated radio trans-
mit section suitable for AMPS, NADC,
and CDPD applications as well as
other systems requiring complex mod-
ulation capability that operate near
900 MHz. Key to the operation of both
chips is an image canceling mixer used
in an offset loop architecture.

Certainly even more highly integrat-
ed radio chips will follow as semicon-
ductor manufacturers learn to exploit
the capabilities of these two versatile
building blocks.

Image Reject Mixer

The image reject mixer allows a het-
erodyne radio receiver to suppress RF
energy at the image frequency without
the use of an RF filter. Historically,
the image reject mixer has been used
in receiver applications with a very
low first IF where the RF front-end fil-
ter provides little attenuation at the
image frequency. This is typical of
satellite receivers and a number of
industrial, scientific, and medical
(ISM) receiver designs.

In conventional heterodyne receivers,
a bandpass filter provides some level of
image suppression by attenuating all
frequencies outside the band of inter-
est. As an example, a heterodyne radio
designed to receive signals in the 902 to
928 MHz ISM band might use a first
intermediate frequency (IF) at 70 MHz.
With a low-side local oscillator (LO) at
832 to 858 MHz, this places the image
frequency band at 762 to 788 MHz, or
140 MHz away from the desired fre-
quency. As illustrated in Figure 1, a
bandpass filter centered at 915 MHz
can provide some level of image sup-
pression, typically 20 to 40 dB.

An image reject mixer also provides
image frequency suppression, however,
it uses phase cancellation rather than
frequency selective attenuation to
achieve it. In practice, however, it may
be necessary to use a bandpass filter in
conjunction with the image reject mixer
to prevent high power, out of band sig-
nals from overloading the RF front end
and generating spurious products that
could fall into the IF passband.

When used together, the combina-
tion of bandpass filter and image
reject mixer provides superior image
suppression over either technique
used independently. In addition, the
image reject mixer achieves a lower
receiver noise figure by suppressing

Figure 1. Traditional heterodyne radio receiver and

frequency plan.

60

Figure 2. Heterodyne receiver with image reject mixer.
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SURFACE-MOUNT or PLUG-IN ... $377

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

Available with LO drive levels from +7 to +17dBm, performance features include very
low conversion loss fiat over the entire band, high isolation (L-R, L-1), and well-matched
VSWR at all ports.

All-welded internai and external construction is used to assemble and package the
TUF-unitin its 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 (6) unit-to-unit repeatability as shown in the Table.

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

5YR. GUARANTEE
with extra long life due to unique HP monolithic
diode construction, 300°C high temp. storage, 1000 cycles
thermal shock, vibration, acceleration, and mechanical
shock exceeding MIL requirements

actual sze

SPECIFICATIONS
Model LO Freq. ®Conv.lLoss Isol.
Power LO/RF _(dB) L-R
(dBm) (MHz) X 6 (dB)
TUE-3 7 015400 498 034 46
TUE-3LH 10 48 037 51
TUF-3MH 13 50 033 46
TUF-3H 17 5.0 0.33 50
TUFA1 7 2-600 582 0.9 42
TUF-1LH 10 60 017 50
TUF-1MH 13 63 012 50
TUF-1H 17 59 0.8 50
TUF-2 7 50-1000 573 030 47
TUF-2LH 10 52 03 44
TUF-2MH 13 60 025 47
TUF-2H 17 62 022 47
TUF-5 7 20-1500 658 040 42
TUF-SLH 10 69 027 42
TUE-SMH 13 70 025 41
TUF-5H 17 75 017 50
TUF-860 7 860-1050 62 037 35
TUF-860LH 10 63 027 35
TUF-860MH 13 68 032 35
TUF-860H 17 68 031 38
TUF-11A 7 1400-1900 683 0.30 33
TUF-11ALH 10 70 020 36
TUF-11AMH 13 74 020 33
TUF-11AH 17 73 028 35

*To specify surface-mount modeis, add SM after P/N shown
W X = Average conversion 10ss at upper end of midband (fy/2)
& = Sigma or standard deviation

[ ] [ ] -, - ®
L JIJMini-Circuits
P.O Box 350166, Brookiyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661

For detailed specs on all Mini-Circuits producis 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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noise components at the image fre-
quency. A conventional heterodyne
receiver would require a second band-
pass filter following the low noise
amplifier (LNA) to achieve an equiva-
lent noise figure.

Figure 2 shows that the image reject
mixer consists of a pair of mixers dri-
ven from a quadrature LO source, a
pair of lowpass filters, a 90° phase
shifter, and a power combiner.

To understand the reject mixer’s
operation it is important to examine
how both the desired frequency and
the image frequency are affected by
the quadrature down-conversion
process. For simplicity o is used
throughout to represent 2nf.

The in-phase mixer product equals:
I(t) = cos(w;t) - cos(myt) (1)
and this can be rewritten as:

I(t) = 1/2cos(w; + wy)t (2)
+ 1/2cos((oi -yt

The quadrature mixer product
equals:

Q(t) = cos(w;t) - cos(wyt — 90°) 3
and this can be rewritten as:

Q(t) =1/2cos(mt + wyt — 90°) 4)
+ 1/2cos(coit -yt + 90°)

After lowpass filtering only the dif-
ference frequency terms remain and
the outputs become:

I(t) = 1/2cos(w; — Wyt (5)
Qf(t) = 1/2008(((1)i - (oo)t + 90°) (6)

Now let’s assume a low side LO and
lets see what happens when we run
the two signal frequencies through
equations 5 and 6 above. For the
desired signal, o, is greater than o
and the difference frequency (o; —
yields a positive value. Substituting 0y
for [(w; — @y)| the previous equations
can be rewritten as follows:

I{t) = 1/2cos(w4t) (7
Q) = 1 /2cos(myt + 90°) (8)

The quadrature path can be rewritten
as:

Q(t) = ~1/2sin(wg4t) €)]
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1) and Qt
Qg

t=0 t=+

Figure 3a. Relative waveforms for
1(t), Q(t), and Q(t) for o, > .

and after applying an additional —90°
phase shift, its output becomes:

Qy(t) = -1/2sin(w,t — 90°) (10)
which simplifies to:
Q4(t) = V2cos(w,t) (11)

After summing the in-phase and
quadrature signals in equations 7 and
11, the composite signal becomes:

S(t) = 1/2cos(wyt) + 1/2cos(w4t) (12)
which reduces to:
S(t) = cos(wyt) (13)

From the results above, it is clear
that the received signal combined con-
structively after passing through the
image reject mixer and was simply
translated to an IF frequency corre-
sponding to wy. This can be seen in
Figure 3a with the quadrature signal
leading the in-phase signal by 90° and
the phase shifted quadrature signal
becoming superimposed on top of the
in-phase signal.

Now let’s examine how the image
reject mixer processes a signal at the
image frequency. In this case w, is less
than w, and the difference frequency
(w; - wog yields a negative value. Again

1)
Q)
Qq(t)

t=0 t=+

Figure 3b. Relative waveforms
I(t), Q((t), and Q(t) for w; < w,.

substituting w; for ABS(w, — ;) the
outputs after filtering become:

Ifit) = 1/2cos(—w4t) = 1/2cos(wyt)  (14)

Qf(t) = 1/2cos(—w t + 90°) (15)
= 1/2sin(o4t

Again applying a —90° phase shift to
the quadrature channel:

Qq(t) = 1/2sin((wyt — 90°) (16)
which simplifies to:
Qq4(t) = —1/2cos(w4t) 17

Finally, summing the in-phase and
quadrature signals, the composite sig-
nal becomes:

S(t) = 1/2cos(agt) + —1/2cos(wyt)  (18)
which reduces to:
St)=0 (19)

As we expected, for the case of the
image frequency, the signals through
the image reject mixer combined
destructively causing complete cancel-
lation of the signal. This can be seen
in Figure 3b with the quadrature sig-
nal now lagging the in-phase signal
and the phase shifted quadrature sig-

270°

270°

Figure 4a. Vector diagram of I (t),
Q((t), and Q(t) for o, > w, at t=0.

Figure 4b. Vector diagram of i(t),
Q((t), and Q(t) for o; < w, at t=0.
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1GHz RF Signal Generator
Ideal for In-Channel Testing — PSG10008

Portable synthesized AM/FM/@OM signal generator
(pulse modulation optional) 10KHz to 1GHz.

2.4GHz RF Signal Generator
Designed for Wireless Applications - PSG2400A

Portable synthesized AM/FM/M signal generator
(pulse modulation optional) 100kHz-2.4GHz (2.5GHz

Internal AF synthesizer
10Hz-10kHz and 1 kHz
tone. RF output
-133dBm to +13dBm.
SINAD & sweep
facilities. IEEE-488.2
standard.

Farnell/Wayne Kerr 800-933-9319

Modulation Meter
{150kHz-2.4GHz)

Accurate Analysis of RF
Broadband and Narrowband RF
Signals - AMM2000

Portable modulation analyzer for
two way radios and broadcast sys-
tems. Measures AM/FM/OM,
power meter, RF/ AF frequency
counter, automatic distortion. AF
voltmeter. IEEE-488 standard.

Farnell/Wayne Kerr 800-933-9319

2GHz Automatic Deviation
Meter

Ideal for Two Way Radio
Applications - AMM257
Lightweight/portable modulation
meter with AM/FM measurement
capabilities. Fast and simple opera-
tion. 1 to 100kHz deviation FS. Audio
filter 25kHz to 60kHz. [EEE-488
optional.

Farnell/Wayne Kerr 800-933-9319

1GHz Spectrum Analyzer
Ideal for EMC Pre-Compliance
Applications - SSA1000A

A compact, portable instrument for
measurements to 1IGHz with a range
of -120dBm to +20dBm. Featuring
synthesized frequency accuracy,
AM/FM receiver, Quasi-peak
detector and built-in printer/ plotter.
IEEE-488.2 standard.

Farnell/Wayne Kerr 800-933-9319

extended). Comprehensive
modulation, two wide-
band 0.1Hz to 500kHz
audio synthesizers.
Digital signaling/DTMF
SINAD and Sweep v
Facilities. IEEE-488.2 standard.

Farnell/Wayne Kerr 800-933-9319

RF Test Instrumentation

Put Our Experience
To Work For You
“Built to Last” is more than our company tag line,

_ it’s our commitment to provide you with superior

RF test instrumentation. All Farnell/Wayne Kerr systems are manufac-

tured under 1SO-9001 and strict Quality Assurance requirements and are
supported by a comprehensive warranty and service policy. These instru-
ments are gaining an industry-wide reputation for long-term stability and

high accuracy in RF testing applications.
Farnell/Wayne Kerr RF instruments have technical
specifications and features that deliver the best
price/performance value for your testing requirements. Additionally, our
test systems are easy to use, have high test speeds and provide measure-
ment confidence. You benefit from true performance.
Farnell/Wayne Kerr is recognized world wide for

_ their dedication to producing high quality test

instruments. Our extensive experience is available to help you solve
your measurement problems.

Farnell

For your FREE brochure on our complete
line of RF Test Instrumentation,
Farneli/Wayne Kerr contact us today
11 Sixth Road
Woburn, MA 01801-1744
Phone: 617-938-8390

Fax: 617-933-9523
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Figure 5 Image canceling mixer
for single sideband generation.

nal taking on the exact opposite phase
as the in-phase signal.

For a more intuitive understanding,
let’s examine Figures 4a and 4b for a
graphical representation of the equa-
tions above. The instantaneous phase
of the signals at the two filtered out-
puts I{t) and Q(t) is represented by a
vector rotating around the origin at a
rate w;. The vector’s direction of rota-
tion depends on the sign of (w; — )
with positive values causing a counter
clockwise rotation and negative val-
ues causing a clockwise rotation. The
extension of the vector onto the hori-
zontal axis is equal to the real, instan-
taneous magnitude of the signal as
would be observed on an oscilloscope.

Figure 4a illustrates the vector posi-
tions at t = O for the desired signal
case, when o, is greater than w,. From
equation 7, the I(t) output is shown
starting at 0° and having a counter
clockwise rotation. From equation 8,
the Q(t) output is shown starting from
+90° and also having a counter clock-
wise rotation. Now if we apply a -90°
phase shift to the Q(t) vector, this is
graphically equivalent to retarding the
Q(t) vector 90° clockwise from its
starting position. As a result the Q4(t)
vector falls on top of the I{t) vector
and the two sum constructively.

Figure 4b illustrates the image signal
case, when o, is less than wy. From
equations 14 and 15, the initial vector
positions at t = 0 are the same as above.
However, now their rotation is in the
clockwise direction. This is a very signif-
icant difference. Again applying a ~90°
phase shift to the Q(t) signal causes it
to be retarded in the counter clockwise
direction to a position at 180°. As a
result, for the image frequency case, the
Q4(t) vector is 180° out of phase with
the I(t) vector and the two cancel.

Of course amplitude and phase bal-
ance between the I and Q paths ulti-
mately determine the amount of image

270°

90°

+
180° =Rl (g

270°

Figure 6a. Vector diagram for I-
channel sum and difference terms
at t=0, shown relative to o,

frequency rejection that is achievable,
but 20 to 40 dB is feasible with practi-
cal devices. With DSP implementa-
tions on the other hand, the perfor-
mance is only limited by the available
arithmetic precision.

Image Canceling Mixer

The image canceling mixer allows a
signal to be translated from one fre-
quency to another in a manner that
generates a single-sideband signal. In
other words, either the sum or differ-
ence frequency is generated but not
both. Traditionally, this mixer has
been used for single-sideband trans-
mission but recently its properties are
being harnessed in radio architectures
that use an IF frequency in the trans-
mit path. Here the image canceling
mixer allows the IF signal to be trans-
lated up to the carrier band without
the need for highly selective filters to
suppress the unwanted image.

The image canceling mixer, as illus-
trated in Figure 5, uses a structure
almost identical to the image reject
mixer except for the position of the
phase shifter in the signal path is
moved to the input side. Again, the
heart of the structure is a quadrature
driven mixer pair with a combining
network at its output.

To understand the operation of the
image canceling mixer it is important
to examine what happens to the input
signal in both the in-phase and quad-
rature signal paths. The in-phase
mixer product equals:

I(t) = cos(wyt) - cos(w t) (20)
and this can be rewritten as:

I(t) = 1/2cos(w, + w )t (21)
+ 1/2cos(wy — o)t

Figure 6b. Vector diagram for Q-
channel sum and difference terms
at t =0, shown relative to (8

The quadrature mixer product
equals:

Q(t) = cos(wyt — 90°) - cos(ow, t —-90°)(22)
and this can be rewritten as:

Qt) = (23)
1/2cos(wyt — 90° + @t — 90°)
+ 1/2cos(wyt — 90° — w_t + 90°)

Simplifying the quadrature product
above yields:

Q(t) = 1/2cos((wy + o, )t — 180°)  (24)
+ 1/2cos(wy ~ o)t

Rewriting the first term in the above
equation gives:

Q(t) = —1/2cos(03 + )t (25)
+ 1/2cos(wy — o)t

Summing the in-phase and quadra-
ture signals from 9 and 11 above:

S(t) = 1/2cos(0, + @)t (26)
+ 1/2cos(wy — @ )t
- 1/2cos(wy + @ )t
+ 1/2cos(w — )t

Notice that the two sum frequency
terms cancel leaving:

S(t) = 1/2cos(wy — o )t (27
+ l/gcos(m0 - o)t

Finally, simplifying leaves only the
lower sideband:

S(t) = cos(wy — w )t (28)
Figures 6a and 6b provide a pictori-
al view of the equations above. Again,

the instantaneous phase of each signal
term is represented by a rotating vec-
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tor, but now instead of using zero
Hertz as a reference, the vector rota-
tion is shown relative to .

When using this notation it can be
shown that the instantaneous magni-
tude of the composite signal represent-
ed in the vector diagram is equal to
the sum of the real components of the
individual vector magnitudes calculat-
ed with respect to an axis rotating
clockwise at a rate o,

Figure 6a uses this notation to illus-
trate the two terms in equation 21 for
the I channel. The difference frequen-
cy term is shown as a vector rotating
in the clockwise direction while the
sum frequency term is shown rotating
in the counter clockwise direction.

As expected, if we were to observe
this signal on an oscilloscope, it would
appear as the carrier signal at o, mod-
ulated by a sinusoidal signal at a rate
equal to o, with a modulation index
of 100 percent.

Similarly, Figure 6b shows the two
terms for the Q channel output
derived in equation 25. Again the sum
and difference components are repre-
sented by counter-rotating vectors, but
now their phase is shifted by 180° rel-
ative to each other.

Observing this second composite sig-
nal on an oscilloscope we would see
that both the carrier phase and enve-
lope phase would exhibit a 90° phase
lag relative to the I channel signal.

Finally by superimposing Figure 6a
on top of Figure 6b, it is apparent that
the I and Q channel sum terms are
opposite in phase and cancel while the
difference terms add constructively. In
essence, the upper sideband is can-
celed while the lower sideband is
passed unaltered as predicted by equa-
tion 26.

About the Author

Louis Pandula
is a Staff Design
Engineer with
VLSI Technolo-
gy’s Wireless
Product Divi-
x sion. He immi-

grated to the
United States
from the former Czechoslovakia in
1969 and received his BSEET
degree from DeVry Institute of
Technology in 1984. He can be
reached at VLSI Technology, 1109
Mckay Drive, MS 21A, San Jose,
CA 95131; tel. (408)434-7613.

RF Design

Amplitude and phase unbalance
between the I and Q paths limit the
amount of image frequency cancella-
tion that is achievable in practice,
with devices achieving 20 to 50 dB
available in both hybrid and monolith-
ic form.

Conclusion
The theory of operation for both
image reject and image canceling mix-

ers has been provided. This included a
derivation of the mathematics govern-
ing their operation and an explanation
of the fundamental principles embod-
ied in the equations. By encouraging
both a theoretical and an intuitive
understanding this article hopes to
promote the effective design and use of
these two key radio building blocks in
the next generation of low cost, radio
systems. RF
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RF design awards

Linear Circuit Analysis Program
Uses Two-Port Method

By Dale Henkes
Phillips Consumer Electronics Co.

This program, called LINC (for LIN-
ear Circuit Analysis), is a circuit simu-
lation program written for the
Microsoft Windows™ graphical operat-
ing environment. The program uses
linear two-port analysis techniques to
evaluate electrical circuits described in
a well established two-port circuit lan-
8guage. A rich set of analysis tools and
circuit performance indicators are pro-
vided. Additionally, the program offers
many ways of displaying output,
including Smith Charts, rectangular
graphs, tabulated numeric data as
well as printed output of the above.

LINC version 1.1 features a built-in
full-screen text editor for generating
circuit files, S parameter data and cir-
cuit file importation and exportation,
and a set of 18 analysis responses and
performance indicators. Among those
analyzed responses are: magnitude
(dB or linear) and phase of forward
gain (S,,), reverse gain (S,,), input
reflection coefficient (S,,), and output
reflection coefficient (S,,). The program
also calculates group ielay, maximum
stable gain (MSQ), stability indicators
K and Delta, input impedance (R;, and
X;,), output impedance (R, ¢ and &out)’
and input and output VSWR.

LINC also produces Smith chart dis-
plays of S;; and S,,, and stability cir-
cles on the input and output reflection
coefficient planes.

How The Program Works

This program is based on the princi-
ple that if the overall circuit and its
components are linear and time
invariant, then each component can be
treated as a linear two-port “black
box”. The overall circuit can then be
constructed from the individual com-
ponent two-ports. This requires that
all components in the circuit be
thought of as two-ports and that their
interconnections be expressed as con-
nections of two-ports. This is done by
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Figure 1. Examples of simple two-
port components.

creating a circuit file that identifies
each circuit element as a two-port
along with its connect code.

Circuit Files

A circuit file is a text description of
an electrical circuit in a format that the
circuit analysis program can interpret
and analyze. The circuit description for-
mat used in this program is similar to
that used by several commercially
available circuit analysis and simula-
tion programs of the past and present.
In fact, circuit files can be written that
will run interchangeably without modi-
fication on this program and programs
such as Eagleware’s STAR and Super-
Star Professional ™. This program was
designed to have a high degree of com-
patibility with the earlier STAR and
SuperStar programs by Eagleware. Cir-
cuit files that have the “CIRCUIT
OLD” and “WINDOW?” block descrip-
tors will also run on the latest version
of SuperStar Professional.

The body of the circuit file is a series
of three letter mnemonics or codes
that represent all the circuit elements
(electrical components), operations to
be performed on the circuit elements,
and connect codes describing how the
components are connected. There is an
OUTPUT statement that specifies the
resultant two-port circuit to be ana-
lyzed and the system impedance or
terminations at the source and load.
Finally, there is a sweep specification
that defines the frequencies over
which the circuit will be analyzed.

Table 1 contains the list of circuit

GENERATOR AA BB LOAD

477 nH

I
I
)
i
1

|
|
1
1
[ a1

IND AA SE 477 CAPBBPA 48

T—CASAABB—T

AA(100,1000)

Figure 2. Example of cascaded
two-ports

components supported by this program.

Circuit Components As
Two-Ports

Two terminal components that are in
series with the signal flow path are
given an SE designation. Figure 1A
shows a two-port constructed from a
100 ohm resistor in a series orientation.
Below the figure is the circuit file code
required to describe it to the program.
The first three letters indicate the type
of part (resistor, capacitor, inductor
etc.). The next two letters can be
thought of as an identifier tag, uniquely
labeling it from other similar parts.

Two terminal components that are
in parallel with the signal flow path
are given a PA designation. Figure 1B
shows a two-port constructed from the
same 100 ohm resistor in a parallel
(PA) orientation. Again, the circuit
codes are shown below the figure.

Circuit components that have more
than two terminals are not given an
SE or PA designation. The transistor
in Figure 1C is an example. The trans-
former, transmission line and trans-
mission line stub section, are other
examples of components that are not
designated as SE or PA.

The “TWO” code in Figure 1C directs
the program to import S parameter
data from an external file and store it at
the location BB. In Figure 1C the two-
port data is contained in a file named
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8GHz AMPLIFIERS

(3 Piece Set)

Expand laboratory capabilties and put a full spectrum of power
at your fingertips with Mini-Circuits 2.5KHz to 8GHz medium
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CAP ideal and finite Q capacitor
IND ideal and finite Q inductor
OST open circuit stub transmission line section

PLC ideal and finite Q parallel LC resonator

PRC parallel resistor and capacitor combination

PRL parallel resistor and inductor combination

PRX parallel resistor, inductor and capacitor

RES resistor

SLC ideal and finite Q series LC resonator

SRC series resistor and capacitor combination

SRL series resistor and inductor combination

SRX series resistor, inductor and capacitor

SST short circuit stub transmission line
section

TRF ideal transformer

TRL transmission line

TWO two-port from external data file

XTL crystal resonator

Table 1. Circuit components sup-
ported by LINC.

2n5179.605. SP 50 indicates that the
data is 50 ohm S parameter data in
industry standard format. Imported S
parameter data is usually, but not nec-
essarily, active device data. S parameter
data from any measured device (active
or passive) can be imported. Also, previ-
ously computed data as output from
this or other programs can constitute a
valid data file. In fact, entire circuits
can be saved as S parameter data and
later imported as subassemblies to be
reused in larger circuits.

Interconnections Of Two-Ports

The most common connection of two-
ports is the cascade. The three letter
mnemonic is CAS. The CAS statement
connects any two two-ports in cascade.
The two-ports do not have to be alpha-
betically consecutive. The CAX state-
ment is similar. However, the CAX
statement is used to connect two or
more consecutive two-ports in cascade.
The word cascade is used here because
a series connection means something
entirely different in two-port lan-
guage. The series (SER) connection
will be explained later.

The CAS operation is illustrated in
Figure 2. The circuit file required to
run this simulation is as follows:

IND AA SE 477
CAPBB PA 4.8
CAS AA BB
OouUTPUT
AA(100, 1000)
SWP 75 125 51

Two-port AA is a 477 nH inductor in
series (SE) orientation. Two-port BB is
a 4.8 pF capacitor in parallel (PA) ori-
entation. Execution of the CAS AA BB
command generates a single new net-
work that is equivalent to the cascade
combination of AA and BB. The new
network is stored as two-port AA and
the previous contents of AA are over-
written. Two-port AA now represents
the entire “L” match network between
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Figure 3. Example of series con-
nection of two-ports.

the 100-ohm generator and the 1000-
ohm load.

The OUTPUT statement indicates
which two-port is to be analyzed. In
addition, the output statement indi-
cates the source and load termina-
tions. The last line is the sweep state-
ment. In this case a frequency sweep
of 51 points between 75 and 125 MHz
is indicated.

The SERIES (SER) connection of
two-ports AA and BB is illustrated in
Figure 3. This is called a series con-
nection because both sets of input
(port 1) terminals and both sets of out-
put (port 2) terminals are connected in
series. The resultant network, shown
in Figure 3B, replaces two-port AA.

The PARALLEL (PAR) connection is
illustrated in Figure 4. The PAR AA
BB statement connects both the input
and output terminals of each network
in shunt (parallel). The resultant net-
work, shown in Figure 5B, replaces
two-port AA.

A broadband amplifier can now be
designed using all the techniques pre-
viously discussed. Consider the
schematic in Figure 5. Below is the
circuit file describing this circuit:

CIRCUIT

‘Broadband RF Amplifier
CAP AAPA 2.71C1

IND BB SE 6.44 ‘L1

TWO CC SP 50 ‘MRF901.615
CAP DD PA 2.71 ‘C2

IND EE SE 2.93 ‘L4

RES FF PA 5.1 ‘R1

SRL GG SE 259.07 6.04 ‘R2 L2
IND HH SE 7.98 ‘L3

CAS CC HH

SER CC FF

PAR CC GG

CAX AAEE

OUTPUT

AA(50)

FREQ

SWP 50 950 91

The first eight lines after the CIR-
CUIT header identify all eight compo-
nents as two-ports AA through HH.
The next four lines are connect codes.
The first connect code (CAS CC HH)
connects transistor Q1 to inductor L3
and stores it as CC. The second con-

Figure 4. Example of parallel con-
nection of two-ports.

nect code (SER CC FF) connects resis-
tor R1 in series with the cascade com-
bination of Q1 and L3. All three com-
ponents (R1, Q1 and L3) are now
stored as two-port CC. The third con-
nect code (PAR CC GG) connects R2
and L2 in parallel with CC. The result
is that two-port CC has been modified
to include Q1, R1, R2, L2 and L3. The
rest of the circuit is in simple cascade
with CC. Therefore, the last connect
code (CAX AA EE), connects C1 (AA),
L1 (BB), CC, C2 (DD) and L4 (EE) in
cascade. This completes the circuit
which is now contained in two-port AA.

The OUTPUT statement AA(50)
directs the program to analyze the cir-
cuit in AA with 50 ohm source and
load terminations. And finally, the
SWP statement indicates an analysis
sweep in 10 MHz increments between
50 and 950 MHz.

Output from the program can be
viewed in four different analysis win-
dows via the pull-down View menu.
Representative output for the broad-
band amplifier above is displayed in
Figures 6, 7, 8 and 9. These are the
Smith Chart, Plot, Results and Stabili-
ty windows respectively.

The cluster of curves and frequency
markers around the 50 chm point at
the center of the Smith Chart in Fig-
ure 6, indicates a good impedance
match over the entire band. Figure 7
shows forward gain and phase versus
frequency. Here it can be seen that the
phase is quite linear with frequency
and that the gain remains flat at 14
10.75 dB over the 900 MHZ band. Fig-
ure 8 is a tabular numerical display of
all 18 analysis indicators. From this

L4

2.92nH

— c2
271 pF

Figure 5. Broadband amplifier
example.
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Low Cost Surface Mount
Transformers

Broad product offering of imped-
ance matching devices. 10 MHz -
2.5 GHz. Small size (0.15 in./3.81
mm sq.) ETC Series transformers
are designed for communication
applications. Balun transformer
steps up or down impedances or
transitions from balanced to unbal-
anced systems.

ETC Series

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO. 41

g

New 3-Piece SMA Connectors
Fewer component piece parts and
crimpable center contacts reduce
installation costs up to 70%. Stain-
less steel construction ensures reli-
able, consistent performance. These
connectors are available for flexible
RG/U and double braided RD-316
cables .They can be crimped using
industry standard tooling,

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.40

Nomex Braided Test Cables
with Interchangeable
Connectors

DC - 18 GHz cables with VSWR
1.15:1, 7mm connectors and
1.25:1 N, SMA, ETNC or 35 mm
connectors (male / female). Field
replaceable interfaces allow variable
connector combinations. Tapered
boot design provides strong junc-
tion without decreasing flexibility.
Standard and custom length
assemblies available.

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO. 42

Square Outline Surface
Mount PIN Diode

Square surface mountable PIN diode
in a non-rollable, metal electrode
leadless faced (MELF) package.
Designed for lower loss and lower
distortion in moderate power
2-100 waut TR switches used in
VHF through L-band radios and
cellular systems. The MA4P1250
has Rg >0.5 ohms and harmonic
distortion -90 dBc typ. @ 30 watts.
P/N MA4P1250 series

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO. 43

Piease See us at MTT-S Booth #801

No one gives yo
than M/A-COM y

design choices
it comes to building the
wireless infrastructur® that today’s market-

station components.

m m: That's exactly what you'll
powseameten  find at M/A-COM. We're
investing millions of dollars annually to develop
the next generation of sophisticated base

Our unique combination of talent, drive
and experience has helped make M/A-COM the
world’s largest independent designer and

ToPutOurErtrehne
Of Base iatlon O nentshﬁoOneAd

the distributor

manufacturer of RF, microwave
and millimeter waye semi-
conductors, components and

3 g5

place demands- We're talking about hundreds subsystems.
of different. Proven products, already hard at M/A-COM products
work in base stations around the world. range from discretes t0 ICs; from
4 However, these days you're ! connectors to cable assemblies;
looking for more than a supplier. _’ from isolators and circulators wo
You want a strategic filters and attenuators. And, as you &
partner who is already can see above, much, much more.  wadiionsl base
P> working on solutions for Of course, this is proof that a ::w
ne . the microcell- and picocell-  single ad just can’t handle everything
d based systems of tomorrow.  we could tell you about our base station components.

Which is why we also make lots of big, thick, sturdy
catalogs. To get yours, or simply to learn more about
us, call M/A-COM today at 1-800-366-2266, or contact
st you. For information in Europ

call +44 (0344) 869 595. In Asia, +81 (03) 3226-1671.
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Figure 6. LINC output showing magnitude and phase
of S11 and S22 at various frequencies.

data we can get numerical values for
return loss (S;, and S,, > 20 dB),
VSWR (1.2), input/output impedance
(42/58 ohms) and gain (13.8 dB), etc.
Finally, the stability analysis of Fig-
ure 9 shows that all stability circles
completely enclose the Smith Chart
and that the stable region is the entire
input/output reflection coefficient
plane. This ensures unconditional sta-
bility over the band.

One of the most important tools in
this program is the ability to tune any
circuit component while observing the
effects it produces on any circuit
response or performance parameter.
Tuning is straight-forward and easy to
use. All parts entered into the circuit
file with a question mark preceding
their value are marked for tuning. Any
number of parts can be ganged together
with the EQU (equate) statement so
that tuning one will tune them all. Any
part so marked can be selected for tun-
ing by a pull-down Tune menu in the
Plot Window. Once selected, a part can
be tuned up or down in value by simply
tapping the up or down arrow keys.
The tuned response is shown as dashed
lines while the initial response remains
on the screen as a solid curve. This
allows an instant visual comparison

00 100
N,
~
M2y ”
180 0
.
100 N 0O
50.00 0000 #60.00
Fraquency Mea)

results.

between initial and tuned responses.

Significant insight into circuit
behavior can be gained when the tun-
ing simulation is as quick and interac-
tive as it is in this program. The sensi-
tivity of a circuit to component toler-
ances can be quickly evaluated by tun-
ing a part’s value and noting the
degree of movement in the response.
Tuning is not limited to adjustment of
component values. Component para-
meters such as Q, transformer turns
ratio, transmission line length and
characteristic impedance etc., can also
be tuned. The value of interactive cir-
cuit simulation becomes apparent
when noting that these parameters
would be virtually impossible to tune
on the bench.

System Requirements

The following system requirements
are not a minimum specification but
only a suggestion for good windows
performance. The program will run on
a 4 megabyte 386SX machine with
degraded performance.

486-DX processor (or Pentium™),
local bus desirable (math coprocessor
required for adequate performance),
VGA monitor (standard 640x480), win-
dows accelerator helpful, 8 Meg bytes
RAM, Windows compatible graphics

N e
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Figure 7. LINC output showing
rectangular plot of magnitude and
phase of forward gain.
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Figure 9. LINC output showing
stability circles for the example
broadband amplifier.

Figure 8. LINC output showing tabulated analysis

printer for hardcopy output, Microsoft
Windows™ 3.1 or later.

LINC is available through Argus
Direct Marketing. To order, see the ad
on page 130. RF
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Engineering Ideas!

Here is a new forum for those “great little ideas” that make an engineer’s
job a lot easier! The Engineer’s Notebook will cover all areas of electronics
with an RF application — circuits, systems, control and interface, testing, etc.
Analog or digital, it doesn’t matter as long is it's related to RF engineering.

If your ideas can be explained on two pages or less, send it to us! We
expect to publish most ideas submitted. Diagrams can be hand-drawn sketch-
es and your notes don’t need to be great prose. It's your ideas we want, not
hours of your labor in fancy documentation. We'll take care of drawings, editing
and layout.

All ideas published in the Engineer’s Notebook are automatically

entered in the RF Design Awards Contest! Our readers’ will be the

primary judges, voting for their favorite design ideas. Each issue’s

top vote-getter will win a prize, with an annual Grand Prize B ’J/,/\
awarded to the best of the monthly winners. ‘ e

Look for details in the first issue. = L

o
—

X0° \
o eaS
So, jot down \ \10‘“ \d \

that design shortcut you came up with, the
problem you solved, or the circuit that worked
out perfectly.

from the editors of RF design




RF product forum

RF Connectors see Changing Needs

This month’s Product Forum high-
lights market changes affecting the RF
connector industry.

RF Industries, Ltd.

Total connector shipments to the
U.S. market will exceed $8 billion by
year-end 2000 according to a study by
Leading Edge Report. Coaxial connec-
tors shipments will amount to $820
million or 10 percent of the overall
market. The anticipated growth in
these vertical markets is approximate-
ly $100 million per year for the next
five years.

The driving force behind this
tremendous growth is the increased
demand for communications equip-
ment, computers and their networks,
and general microwave equipment. In
many cases the connector used will not
be standard. It will, however, be RF
and connector manufacturers will
strive to provide new offerings. Both
price and delivery will become
extremely competitive in coming years.

Penstock

In the ever-changing world of coaxial
RF connectors, smaller size and higher
frequency requirements are driving
the industry. The connector companies
that comply to customer demands are
growing at rates of up to 30 percent,
along with the increasing “wireless”
market. The $350 million (per calen-
dar year 1994) RF connector market is
changing so rapidly because customer
design to market cycles have gone
from 2-4 years to 6 months-1 year.
Most connector companies are used to
dealing with the military/industrial
marketplace and find the consumer
marketplace extremely fickle.

Distribution is increasingly being
used by OEMs to meet new commercial
design-in requirements because of the
short design cycles. Distributors are
participating in high volume business
that would have been OEM directed
only a few years ago.

AMP Incorporated

We expect to see good growth oppor-
tunity in the RF market over the next
few years with major focus in the
telecommunications market and the
key applications of the cellular tele-
phone and the cellular base station
markets. PCN/PCS and the wireless
communications markets are also

72

expected to be major contributors to the
growth. A similar growth is occurring
in the medical industry for applications
in diagnostic and imaging equipment.

Over the past few years, the RF coax
market has experienced slow growth
in both the European and Pacific Rim
regions. However, during the past
year, we have seen improvement in RF
activity as the economies of these
regions are improving.

Today’s technology is generating
packaging requirements for smaller
and smaller components. These trends
toward miniaturization and surface-
mount technology are playing very
important roles in the RF market.

Andrew Corporation

DIN connectors for coaxial cable, once
only popular in Europe, are now gain-
ing in popularity in the U.S. In many
cellular, LMR, trunking and PCS/PCN
applications, DIN connectors are
replacing the time-tested N connector.

Intermodulation (IM) performance of
passive devices is more critical than
ever. DIN connectors, when used in
conjunction with coaxial cable con-
structed with solid inner and outer
conductors, provide superior IM per-
formance. They do not use ferromag-
netic materials, such as nickel, which
can produce IM. In addition, higher
contact pressures, resulting from their
robust design, break through thin sur-
face oxide layers, resulting in a reduc-
tion of IM generation. DIN connectors
are now available in sizes ranging from
1/4” superflexible cable to 2 1/4” low
density foam cable.

E.F. Johnson

By prohibiting the use of standard
coaxial connectors for antenna mount-
ing, the FCC has greatly affected the
growing wireless market. E.F. John-
son Company recommends the stan-
dardization of reverse (left-hand)
threaded SMA connector bodies for
antennas to eliminate user error by
mismatching the antenna. Unlike
reverse thread connectors, reverse
polarity contacts are not foolproof as
they can be forced — causing damage
to the connector and violation of FCC
Rule 15. With snap-on connectors, an
extended contact and insulator design
is recommended to preclude forced or
accidental connection with the center
contact of a standard connector. The

cost-effectiveness of these recommend-
ed options greatly outweigh the total
redesign costs of reverse polarity con-
tact mating options. You may contact
E.F. Johnson Company for a detailed
evaluation at 1-800-247-8256.

M/A-COM, Inc.

The commercial communications
marketplace has been fueled by the
global growth of wireless communica-
tions, and connector manufacturers
have responded with smaller, more
robust interconnects capable of han-
dling a variety of miniature cables and
frequency requirements.

Traditional suppliers of high relia-
bility, rugged, mil spec type connectors
have turned their technology expertise
to smaller, higher frequency, robust
designs with desired features like sur-
face mount capability, pick and place
assembly, ease of handling and test,
and a very low cost. A range of prod-
ucts exist today that enable intercon-
nections to take place on boards with
mated height profiles ranging from 3.7
mm to 9.5 mm handling frequencies
from 2 to 8 GHz, accommodating a
variety of miniature cables.

Coaxial Components Corp.

Commercial application in all facets
of wireless communications is driving
increases in the miniature and micro
miniature RF connector markets. The
key to success for the RF connector
manufacturer in the commercial mar-
ket will be to reduce package size, and
cost while increasing volume. As new
requirements for the commercial mar-
ket continue to emerge We have some
reservations as to how long market
growth will continue for some items;
we feel it is inevitable that functions of
some components using the RF con-
nector will become hybridized and
eliminate the use for those RF connec-
tors in the future. Coaxial Compo-
nents Corp. manufacturers a complete
line of RF connectors ranging from DC
to 26.5 GHz.

The Phoenix Company
of Chicago Inc.

The market for interconnect is grow-
ing but the amount of interconnect per
unit produced is shrinking. RF and
microwave separable interconnect
development is being driven by high
volume commercial applications such
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as cellular, personal communications,
and GPS. Tra ditional manufacturing
technologies 1ike screw machine and
stamping haves been enhanced in order
to meet the re quirements for high per-
forming, down ssized components.

The Phoenix Company of Chicago has
created its PM IMX series surface mount
RF connectior2 system to meet these
new demands. This system will accom-
modate standard, low loss, flexible RG
and semi-rigid cable designs. The sur-
face mount cube is machined from brass
in order to maximize RF performance.
This connector series allows for 500
mating cycles and is rated to 6 GHz.

As system designers are striving to
eliminate se parable interconnect
where possible, the connector maker is
challenged to produce a small size,
high performance, and low applied
cost connector.

Lucas Weinschel

In our opinion, the Blind-Mate RF
connector market is growing but at a
modest pace. Its key applications are
in automatic test equipment and sys-
tems, repetitive testing of RF modules
and those areas of aerospace and
telecommunications where package
densities are high and conventional
connections via connector coupling
nuts are inaccessible.

We see this product category to be
very price sensitive since major busi-
ness developments are rapidly shifting
to the aggressively competitive com-
mercial arena. High reliability, envi-
ronmentalized versions of blind-mate
connectors will still have their place in
military applications, where perfor-
mance and ease of use will be the dri-

For more information on RF Connector compa-
nies, circle the INFO/CARD numbers below:

Company INFO/CARD
AMP 205
Andrew Corp. 204
Applied Engineering Products 203
Applied Specialties, Inc. 202
Atlantic Microwave Ltd. 201
Aviel Electronics 200
Cablewave Systems 199
Coaxial Components Corp. 198
Component Distributors, Inc. 197
Connecting Devices, Inc. 196
Connectronics, Inc. 195
E.F. Johnson Co. 194
Gilbert Engineering Co., Inc. 193
Huber + Suhner AG 192
Huber + Suhner, Inc. 191
ITT Canon RF Products 190
ITT Pomona Electronics 189
Kings Electronica Co., Inc. 188
LEMO RF, Inc. 187
Lucas Weinschel 186
M/A-Com, Inc. 185
Marshall Electronics, Inc. 184
Micro Communications, Inc. 183
Nemal Electronics, Inc. 182
Oakbury Components, Ltd. 181
Pascall Microvave Ltd. 180
Pasternack Enterprises 179
Penstock, Inc. 178
The Phoenix Co. of Chicago 177
Quality Hermetics Co. 176
R.F. Industries, Ltd. 175
Radiall, Inc. 174
Specialty Consector Co., Inc. 173
Spectrum Control, Inc. 172
Stetco, Inc. 171
Trompeter Eletronics 170

RF Design

ving factors - not price. A particular
area of growth will be in the surface
mounted blind-mate connectors with
higher operating frequencies than
presently available.

Huber + Suhner, Inc.

Coaxial RF connectors are playing a
more significant role in the electronics
marketplace due to more stringent
electrical and mechanical require-
ments, lower unit and installed cost,
quality levels measured in parts per
million, and service levels equivalent
to L.L. Bean. Critical customer needs

today include microminiaturization,
higher performance, and vendor and
cost reduction initiatives.

Huber + Suhner supports all RF con-
nector market segments worldwide, and
is positioned to support the exploding
wireless communications segment from
the cell site to the PDA. As an antenna,
cable, component, and connector manu-
facturer, Huber + Suhner understands
the total system performance require-
ments to ensure optimum performance.
Due to this, Huber + Suhner has out-
paced the market growth rate over the
last five years. RF

Crystals

* Microprocessor
 Military Spec/QPL
» Communication

* Custom Crystals

FREQUENCY PRODUCTS

ELECTRO DYNAMICS CRYSTAL CORP.

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

Oscillators

» Hybrid Clock

* TCXO

* VCXO

¢ Custom Oscillators

Fax (913) 888-1260
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Kit includes:

* #724 Handheid

Driver

* #24 Cutter Head

: #~ * #726 NI-CAD
S e TE Battery Pak

N . * AC/DC

) g Charger
1 * ABS plastic
carrying case

S

Coastel Cable Tools introduces
their latest portable hand-held
coaxial cable stripper, the
Port-a-Strip. This precision tool
is powered by a removable
Ni-Cad Battery Pak or an
optional A/C Power Supply.

1 Tool makes all three cuts

simultaneously (in three
seconds)

U Interchangeable Cutter

Heads available for ALL
CONNECTOR and CABLE
TYPES

Coastel Cable Tools, (Intl.) Corp.
4855 Executive Drive

Liverpool, New York 13088 USA

Phone: 315-451-7614 Fax: 315-451-0988
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REF literature

Crystal Oscillators

Milliren Technologies' short form catalog
contains specifications for over thirty of
MTTI’s low noise, high precision quartz
oscillators, including OCXOs, TCXOs and
VCXOs. The catalog is available from the
factory free of charge.
MTI - Milliren Technologies, Inc.
INFO/CARD #216

SAW Products

and Applications

Sawtek's 1995 product catalog includes
product listings, a section of specifying a
custom SAW filter, application-specific
SAW devices, and PC board layout tips to
assist the RF designer. The 60-page catalog
also has a section that explains the funda-
mentals of SAW transversal filters for those
who are unfamiliar with SAW technology.
Sawtek Incorporated
INFO/CARD #215

Ceramic Chip Capacitors

The 20-page catalog from Johanson Tech-
nology Inc. describes in detail a wide vari-
ety of RF/Microwave ceramic chip capaci-
tors. The catalog features the Johanson
LASERtrim™ surface mount tuning capac-
itor, a laser adjustable monolithic ceramic
surface mount devices for precise tuning of
RF circuits. Also included are a variety of
high-Q types, single layer microwave chip
capacitors as well as a section on high volt-
age capacitor arrays.
Johanson Dielectrics, Inc.
INFO/CARD #214

Power Amplifiers

A 6-page short form catalog entitled RF
Power Amplifiers is now available from
ENI. The catalog contains primary specifi-
cations for thirty different broadband and

pulse power amplifiers, with power outputs
ranging from 3 to 8000 Watts and frequen-
cy coverage from 9 kHz to 1000 MHz. ENI
amplifiers feature RF stability, +13 dBm
overdrive protection and solid state design.
ENI

INFO/CARD #213

MMIC Amplifier Data Sheet
FEI has released a two-sided data sheet

on its Model AH-B102D-3 series of low cost,

cascadable HBT GaAs MMIC amplifiers.

Drawings illustrate size, packaging, a rec-

ommended bonding scheme, typical biasing

configurations and a simplified schematic

of the MMIC.

FEI Communications, Inc.

INFO/CARD #212

Microwave Components

RLC Electronics, Inc. has available its
1995 full-line catalog. This edition features
surface mount packages for switches and
filters, waveguide bandpass filters, and an
expanded line of power dividers.
RLC Electronics, Inc.
INFO/CARD #211

Data Book

RF Monolithics, Inc. has published a
comprehensive data book detailing its 210
standard products. The 528-page data
book, available at no cost, details the com-
pany’s products in three major product
categories: low-power wireless, high-fre-
quency timing, and telecommunications.
The book features short-form catalogs,
individual product specifications and case
dimensions.
RF Monolithics, Inc.
INFO/CARD #210

Wireless Products

K & L Microwave’s latest catalog fea-

tures its wireless product line. The W jr..
less Products catalog highlights K & 1,
capabilities and products. Products cove y.¢(
include: ultra high “Q” base station fil . gp
and duplexers, wireless transmit g
receive filters, mobile duplexers, Dielec ¢y
resonator and ceramic filters, the KEJ1.-g5)m
disc, integrated subassemblies, and coaxig
switches.

K & L Microwave Inc.

INFO/CARD #209

Measurement Instruments
Precision PC instruments are includeq jp

Guide Technology’s measurement instpy-

ments catalog. Some instruments incluged

are a 2 GHz time interval analyzer, a 90

MHz digital oscilloscope, a 5 1/2-digit m yl-

timeter, and a 1.3 GHz counter.

Guide Technology Inc.

INFO/CARD #208

Communications Equipment
Andrew Corporation has published a pew
edition of its general catalog. The 620-page,
full-color catalog has major sectiong on
microwave systems; broadcast and satellite
earth station antenna systems; HELIA X®
coaxial cable, connectors and accessorjes;
waveguide; towers and equipment shelters.
Andrew Corporation
INFO/CARD #207

EMI Filter/Chip Inductors

Catalog no. E-06-B has been releaged
from Murata Electronics North Amerijca.
The 110-page catalog contains detaj]ed
information on Murata’s line of surface
mount EMI filters, surface mount inquc-
tors, EMI leaded filters, EMI filter connec-
tors, AC EMI filters, noise filters, and EMI
filter/inductor design kits.

Murata Electronics North America, Inc.
INFO/CARD #206
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The RF People
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THE

INTERNATIONAL
EMC MARK:

YOUR SOLUTION TO
FMC COMPLIANCE

TUV Product Service GmbH,
Underwriters Laboratories, Inc.
and VDE Testing and Certification
Institute — three of the world’s
leading testing and certification
organizations — have teamed
up to offer you the International
emc Mark.

This program incorporates
European, Japanese, and U.S.
electromagnetic compatibility
(EMC) requirements and gives
you an easily identifiable
declaration that your product

meets these regulations. Since
the multiple certification process
is streamlined, the International
emc Mark can save you time
and money.

If you manufacture products
that are affected by EMC
regulations, you can now look
to the International emc Mark
as your one-stop solution to
EMC compliance: Europe (EMC
Directive, mandatory beginning
1 January 1996), Japan (VCCI)
and U.S. (FCQO).

TUV

' PRODUCT SERVICE |
D R o L ey

1 800 472 7999

California ¢ Colorado * Massachusetts ©
Minnesota ¢ Oregon
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Squash EML.

[ literally |

Our new EESeal" filters get bent out of shape
so you don’t have to.

Our EESeal” EMI Filters and Transient

Suppressors are made of resilient silicone
rubber so they can solve your conducted
immunity and emissions problems and sur-
vive everyday handling and abuse.
Take a few seconds to play with one:
roll it between your fingers, twist it,
squeeze it, whatever (this will
take your mind off that nasty
EMI problem). The natural
ability of an EESeal” to adapt to
external stress is why it’s so
well suited for life in a connec-
tor, and why it’s so amazingly
easy to install.

Now plop it into your
connector — just push the
EESeal” over the tips of the

pins with your fingers and then
mate the connector. Don’t

worry about babying it in or
even about misaligned pins. EESeal™ adapts

Installs Easily

to real-world abuse. And once it’s installed,
your connector is watertight.
EESeals™ work with vir- 0o gy
orrm,
tually any connector, and 'M
we can make a filter to
your custom specs. Discrete

capacitors ranging from 50pF @2 0 2
to 0.1pF with DC voltage rat- :ﬁ;ﬂ' s
ings from 25V to over 200V ’

are available, and you can Takes Abfise

add MOVs, resistors, and
other components.

In a rush? We offer rapid prototyping
so you can fix your problems when they’re
discovered and avoid expen-
sive retesting.

Don’t wait another day
to squash your EMI prob-
lems. To get EESeal” Filters
in your connectors, call us
today at (505)243-1423
or by fax: (505)243-9772

Any size, any color

Metatech

Commercial Products Division
2309 Renard Place S.E., Suite 401, Albuquerque, New Mexico 87106
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Your
Assurance

of EMC

Compliance

PEFT

Automation Using
Haefely can provide you with Windows Softwar
individual testers or integrated

systems for EC 1000-4 (IEC 801
Immunity Standards

1000-4-4  EFT/Burst L e =g " A
1000-4-5 Surge = i Jnemm ¥ E"T:
1000-4-8 50/60 Hz Magnetic Field -l i T o e Dirsaten Qranco (RSN
1000-4-9  Pulse Magnetic Field 1 S [t o e
1000-4-11 Voltage Line Interruptions

G 77/ Harmonics

Haefely, Inc.

2616 Morse Lane
Woodbridge, VA 22192/USA
Phone (703) 494-1900

Fax (703) 494-4597 INFO/CARD 50



-

April 1995

Choke Design for DC Motor

Noise Suppression 14
Stuart Gordon and Patrick Cattermole
Meeting regulatory standards for conducted and radiated emissions is re-

The photo on the cover of this issue quired for most electronic equipment. When DC motors are used, the arcing
of EMC Test & Design _ShOWS the between the brushes and commutator creates broadband noise that must be
HMC antenna described in the arti- filtered. This article discusses the ferrite and iron powder material options for
cle beginning on page 20. This an- common mode and differential mode chokes, with guidelines on the proper
tenna was developed for radiated configuration for each choke type, and for low and high frequency ranges.

immunity testing to MIL-STD-
461D, tests RS101 and RS103, as
well as to IEC 801-3.

A New Tool for Immunity
Measurements up to 200 MHz 20

Lorenzo Carbonini

This article describes the theoretical and experimental analysis of a multicon-
ductor transmission line for radiated immunity measurements. The Horizon-
tal polarization MultiConductor (HMC) antenna generates both electromag-
netic fields (10 kHz - 200 MHz) and magnetic fields (up to 1 MHz). The anten-

DEPARTMENTS na generates fields in a large test region of 1.8 m x 1.8 m x 3 m.
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Editorial

Its Time to
Wake Up to
Design-for-
Compliance

Why do I still hear the horror stories?
You know the kind — products that ar-
rive at the test engineer’s office that are
supposed to start shipping in three
weeks, but no one knows whether they
will pass FCC Part 15. Or, despite exten-
sive consultation on the early design, so
many changes were made that all the
EMC-robust techniques have been cor-
rupted by the time the product leaves
the development lab. Or, after success-
ful EMC testing, the product manager
wants to make some last-minute
changes. Aaaaargh!

[ heard the best story just a few days
ago: A product was dclivered to the
EMC test engineer with a short
timetable before shipping — with the
casual remark from the project engi-
neer, “We know there’s a radiation
problem in the clock circuit. In fact,
we’ve known about it for months, but
we’ve been too busy getting the
firmware debugged to look into it.”

Despite many good efforts to avoid
these kinds of problems, they still hap-
pen with alarming regularity. When will
company management get the message
that EMC is part of the whole engineer-
ing mission, not an add-on at the end of
the line? I know they understand how
irate stockholders can get when prod-
ucts don’t make it to market on time; it's
time someone spelled out the strong
connection between “doing the job
right” and making a profit!

In today’s commercial/consumer

ment to doing all the right things — in
product definition, functional design,
manufacturability, reliability, and EMC
compliance. Why is it so obvious to so
many of us, and impossible to grasp for
so many others?

I marvel at some of the small compa-
nies that create top-notch products on a
shoestring budget and small staff. They
have a natural environment that encour-
ages (requires!) teamwork and ongoing
communication among all job functions.
After all, the design engineer might also
do manufacturing, and the V.P. of engi-
neering might be directly responsible
for EMC compliance. Each employee
might be a stockholder, too.

This entrepreneurial atmosphere dis-
appears in many larger companies, so
other methods are substituted, with
mixed success. In some big companies,
design teams have become extremely
effective in creating new products on
time and within budget. Other compa-
nies have become the subject of the car-
toon strip Dilbert — their ineffective
plans ruthlessly parodied to the delight
of anyone who has worked in an inflexi-
ble bureaucracy.

This isn't the first time time I have ex-
horted industry to wake up to need for
EMC as an integral part of engineering
development. And, I will keep preaching
on this subject from my editorial soap-
box as long as necessary! It’s too impor-
tant to ignore.

electronics environment, time-to-market Gary A. Breed
and cost are the most important factors Editorial Director
in product development. These require-
ments can only be met with a commit-
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30 MUGH TESTING,

If you have more EMC testing than hours
in a day, maybe you need a GTEM!™ —
the “EMC Time Machine” from EMCO.
In thirty minutes or less” you can
complete the equivalent of an OATS
emissions test and be ready for the next
EUT. Need an immunity test too? Just
switch N connectors from analyzer input
to amplifier output and go!

The GTEM!’s speed is matched with
performance that’s better than most
rooms, cells or open field test sites.
Usable bandwidth is DC to 20 GHz for
immunity testing, 30 MHz to 5 GHz for

'.-'E

Al
—

emissions testing. Typical VSWR is less
than or equal to 1.50:1. If your applica-
tion is immunity testing, you'll be glad to
know that GTEM!s can generate
equivalent field strengths using less RF
power than rooms or chambers.

Contributing to the GTEM!’s speed is our
specially developed software. It inter-
faces with your test gear and lets you
perform ANSI C63.4, and IEC 1000-4-3
testing right in the cell. Forget about
long learning curves. Qur software runs
under Microsoft Windows 3.x, so it
operates like popular programs you're
probably using right now.

Licensed from Asea Brown Boveri Limited, Baden, Switzerland / United States Patent 4,837,581 GTEM!™ EMCO

EMC Test & Design

INFO/CARD 51

o0 LITTLE TIME.

We've developed a complete family of
time-saving GTEM!s with a variety of
useful options. For information about the
GTEM! or our complete line of antennas
and test accessories, check with your
local representative or call/fax us direct.
Because there’s no time like the present.

* exact time is determined by type of processor used (x86)

UsA Europe
Tel 512.835.4684  Tel 49 89 856 20 71
Fax 512.835.4729  Fax 49 89 859 77 8%

\:,AA;V‘

The Electro-Mechanics Company
An E%e Company

Best Value — Proven Performance

P.0. Box 1546 = Austin, Texas 78767
Einsteinstrasse 35 = D-82152 Planegg = Germany
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Compliance
NET"

The

Service For
Compliance
Professionals

e EMC

e Product
Safety

¢ Quality

Explore Our Extensive

On-Line Resources:
Directories, Management &
Administrative Guidance,
Catalogs, Design Information,
Testing Information, Product
Specifications, and more.

Network with the other
professionals in your field;
post Questions, Answers,
and Messages.

Join Now!

Contact:
The Boxleitner Group

126A Pleasant Valley St., Drawer
414, Methuen, MA 01844, USA

Phone & Fax in the USA
Toll Free: 800-748-2836

(International customers please
use Phone/Fax: 510-279-5698)
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M Calendar

April
23-26

25-27

15-19

19

21-24

31-2

June
1-2

IEEE Instrumentation/Measurement
Technology Conference

Waltham, MA
Information: Robert Myers, 3685 Motor Ave., Suite
240, Los Angeles, CA 90034. Tel: (310) 287-1463.
Fax: (310) 287-1851, or Dan Sheingold, Analog Devices,
P.O. Box 280, Norwood, MA 02062. Tel: (617) 461-3294.
Fax: (617) 329-1241.

International Wireless Communications Expo 95
Las Vegas, NV

Information: IWCE 95, Registration Coordinator,

6151 Powers Ferry Rd. NW, Atlanta, GA 30339.

Tel: (800) 828-0420. Fax: (404) 618—0441.

IEEE/MTT-S Microwave Symposium

Orlando, FL
Information: 1995 IEEE Symposium, c/o Horizon House
Publications, 685 Canton Street, Norwood, MA 02062.
Fax: (617) 762-9230.

Fifth-Annual IEEE Regional Symposium
on EMC
Boulder, CO
Information: Bob German, Henry Ott Consultants, 1410
Moss Rock Place, Boulder, CO 80304. Tel: (303) 444-2472.

45th Electronic Components and Technology
Conference

Las Vegas, NV
Information: Jim Bruorton, Publicity Chairman, 1995
Electronic Components and Technology Conference, c¢/o
KEMET Electronics Corporation, P.O. Box 5928, Greenville,
SC 29606. Tel: (803) 963—6621. Fax: (803) 963—6521.

1995 Virginia Tech Symposium on Wireless
Personal Communications

Blacksburg, VA
Information, Jenny Frank, Administrator, Mobile and
Portable Radio Research Group. Tel: (703) 231-2958.

CEM 95: The 3rd Portuguese Seminar on
Electromagnetic Compatibility

Lisbon, Portugal
Information: Silicon Electronica E Telematica, Edificio
Pascoal de Melo, Rua Pascoal de Melo, N. 3, 1100 Lisboa,
Portugal. Tel: 8151234. Fax: 8130796.

Medical Design and Manufacturing Trade Show
New York, NY

Information: Canon Communications, Inc., 3340 Ocean

Park Blvd, Suite 1000, Santa Monica, CA 90405-3216.

Tel: (310) 392-5509. Fax: (310) 392—4920.
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INCO VaporFab' Nickel Goated Fibers

The INCO VaporFab family of conductive nickel coated
carbon fibers is produced in a proprietary fiber coating
process at INCO’s modern nickel refinery operations.
The coating process yields several unique advantages.
The nickel layer is very uniform, with extremely thin
film coating. It provides for controllable conductivity,
retained mechanical integrity, ease of handling and
processing benefits.

Here are just a few applications for this new product
from INCO. The VaporFab family of conductive nickel
coated fibers provides exceptional shielding properties
of electromagnetic and radio frequency interference
when used in injection molding composites. It is well-
suited for metal matrix composites, providing property
improvement, fiber matrix wetting and processibility.
And, VaporFab conductive nickel coated fiber provides
lightning strike protection for composite structures.

For more information on this remarkable new
product from INCO Specialty Powder Products, call
or fax us today.

INCO SPP

681 Lawlins Road, Wyckoff, New Jersey 07481 USA, 201-848-1012
(Fax 201-848-1022)

Shin-Muromachi Building, 4-3, Nihonbashi-Muromachi 2-chome, Chuo-ku,
Tokyo 103 Japan, 3-3245-0621 (Fax 3-3245-0628)

5th Fl., Windsor House, 50 Victoria St., London SW1H OXB
United Kingdom, 71-932-1505 (Fax 71-931-0175)

15/FI Wilson House, 19-27 Wyndham Street Central, Hong Kong, 521-2333
(Fax 810-1965)

Royal Trust Tower, Toronto-Dominion Centre, Toronto, Ontario MSK 1N4,
Canada, 416-361-7778 (Fax 416-361-7659)
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B Courses

Standards and Calibration Laboratories:
Principles and Practices

May 8-12, 1995, Washington, DC
Electromagnetic Interference and Control in Modern
Communications Systems

May 15-19, 1995, Washington, DC
Information: The George Washington University,
Continuing Engineering Education, Academic Center,
Room T-308, 801 22nd Street, N.-W., Washington, DC 20052.
Tel: (202) 9946106 or (800) 424-9773. Fax: (202) 872-0645.

Grounding and Shielding Electronic Systems - How
to Diagnose and Solve Electrical Noise Problems
April 18-19, 1995, Boston, MA
Circuit Board Layout to Reduce Noise Emission
and Susceptibility
April 20, 1995, Boston, MA
Information: Continuing Education, University of Missouri-
Rolla, Rolla, MO 65401-0249. Tel: (314) 341-4132 or
(314) 341-4200. Fax: (314) 341-4992.

Electronic Design Techniques and Analysis Required
to Meet Electromagnetic Compatibility Requirements
May 3-4, 1995, Novi, MI
Advanced EMC Printed Circuit Board Design
May 5, 1995, Novi, MI
Information: JASTECH, James P. Muccioli, P.O. Box 3332,
Farmington Hills, MI 48331. Tel: (810) 553-4734.

Electromagnetic Compatibility Engineering:
EMC Design and EMI Mitigation
May 22-23, 1995, East Brunswick, NJ
International EMC Standards, Requirements,
Measurements, and the European Union Approach
May 24-26, 1995, East Brunswick, NJ
Information: Registrar, The Center for Professional
Advancement, P.O. Box 1052, East Brunswick, NJ
08816. Tel: (908) 613-4500. Fax: (908) 238-9113.

How to Meet the Immunity Requirements of
the European EMC Directive, and Get Your
CE Mark
May 3, 1995, New York, NY
May 5, 1995, Boston, MA
May 11, 1995, Rochester, NY
Information: The Boxleitner Group, 126A Pleasant Valley
Street, #414, Methuen, MA 01844. Tel: (508) 687—4486.

Producing an EMC Technical Construction File
April 25, 1995, Luton, UK
May 3, 1995, Warwick, UK
May 4, 1995, Reigate, UK
Automotive EMC Approvals
April 26, 1995, Warwick, UK
Information: Nigel Harvey, SGS EMC Services, Hutton
Building, St. Michael’s Way, Sunderland SR1 3SD, UK.
Tel: 0191-515-2663. Fax: 0191-515-2670.
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Clamp Down on EMI...

.. With Fair-Rite’s Full Line of Ferrite Cable Suppressors.

Are you using cables to interconnect your electronic equipment?
These cables often behave like antennas by coupling ambient
electromagnetic noise to and from your system. With new IEC
regulations covering radiated and conducted immunity, it's more

clamped using our electroplated metal clips or with our new Nylon
end caps. Our newest cases for 5mm (0.200") diameter cable are
made from tough, clamp-on Nylon with a streamlined, snag-proof
profile and feature improved captivation to prevent movement of the
core when installed. Our clamp-on ferrite assemblies are manufac-
tured to the same exacting mechanical and electrical process
standards that have enabled Fair-Rite to be the choice of the
world’s best electronics manufacturers.

Fair-Rite Products Corp.

PO Box J, One Commercial Row, Wallkill, NY 12589
Phone (914) 895-2055 [ ]

important than ever for designers to have the tools to stop
EMI without resorting to costly, time consuming product
revisions.

The Fair-Rite line of clamp-on cable suppressors covers
round cable sizes from 0.100" to 0.590" providing
wideband EMI suppression from 10-1000 MHz.
We also offer ferrite suppressors for flat ribbon cable
widths ranging from 20 to 60 conductors (1.0°-3.0%).
For board mounted applications, ribbon cables can be

You can trust Fair-Rite Products for
quality EMI solutions that work.

Call or Fax us today...

FAX (914) 895-2629

INFO/CARD 54
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B News

ICC Accredited by
NVLAP and NEMKO

International Compliance Corpora-
tion (ICC) has received accreditation
in electromagnetic compatibility and
communications under the National
Voluntary Accreditation Program
(NVLAP). ICC’s scope of accredita-
tion includes conducted and radiated
emissions in accordance with FCC
CFR 47 Part 15 Subpart B - Digital
Devices.

ICC also received an EMC Labora-
tory Authorization from NEMKO.
NEMKO is a Nordic independent
testing and certification body offer-
ing documentation on electrical safe-
ty/radio interference in relation to
ITE/office equipment.

CKC Expands

CKC has completed expansion
which added fully-anechoic chambers
to all regional operations. They now
have a 10'x20"x28’ chamber in Hills-
boro, OR and a 10'x10"x20" chamber
in Brea, CA providing testing ser-
vices. The new, fully-anechoic cham-
bers utilize ferrite-tile, RF absorp-
tion technology. They comply with
the new European chamber calibra-
tion standards for radiated immuni-
ty testing between 27 MHz and 1
GHz. Both of the facilities are testing
to the latest immunity standards as
called out by the Generic Standards
EN50081-2 and EN50082-2 and the
emissions standards as called out by

the Generic Standards EN50081-1
and EN50082-1.

ESD Control

Certification Program
The ESD Association has an-
nounced the beginning of the ESD
Control Certification Program. In
order to become qualified as an Elec-
trostatic Discharge Control (ESDC)
Engineer, the applicant must meet
the following requirements: nine
years of experience as an engineer in
the area of ESD control, (Education
can be substituted for some experi-
ence.); endorsements by three engi-

neering professionals in the area of

ESD control; submission of ten test
questions for use in future ESDC en-
gineering qualification tests; submis-
sion of a summary of experience; sat-
isfactory passing of the ESDC Engi-
neer’s qualification test administered
by NARTE; and membership in the
ESD Association. To become an
ESDC Technician the applicant must

meet these requirements: six years of

experience as an engineer in the area
of ESD control (Education can be
substituted for some experience.); en-
dorsements by three engineering/

technical professionals in the area of

ESD control; submission of ten test
questions for use in future ESDC en-
gineering qualification tests; submis-
sion of a summary of experience; sat-
isfactory passing of the ESDC Engi-
neer’s qualification test administered

Testing Facility

TUV Rheinland of North America
has opened a new EMC testing facili-
ty on the grounds of the company’s
North American headquarters in
Newtown, CT. Products that can be
tested for electromagnetic compati-
bility at this facility include home
appliances, computers, peripherals
and RF remote controls, among
many others. TUV Rheinland can
conduct the appropriate testing and
help compile the necessary Technical
File in order to obtain the CE Mark-
ing. The new facility is fully opera-
tional and allows for complete com-
pliance testing for domestic (FCC)
emissions requirements and those of
the EMC Directive 89/336/EEC.

The new EMC building is approxi-

TUV Rheinland of North America Opens EMC

mately 2500 square feet including a
semi-anechoic chamber. The cham-
ber has a six-foot turntable with a
2000-pound capacity. The Open Area
Test Site is a fully heated and air
conditioned, vinyl fabric air-support-
ed structure with a 10-foot diameter,
2000-pound capacity turntable.

by NARTE; and membership in the
ESD Association.

Wyle Laboratories

Changes Name

Wyle Laboratories has change its
name to Wyle Electronics. This
change will more accurately reflect
the company’s business activities fol-
lowing the sale of its Scientific Ser-
vices and Systems Group.

ETC Purchased by

MPB Technologies

The Alberta Research Council
(ARC) has signed an agreement with
MPB Technologies Inc. for the trans-
fer of the Electronics Test Center
(ETC). MPB Technologies resumed
full responsibility for ETC operations
in Alberta on January 3, 1995. ETC’s
new owner will honor existing con-
tractual commitments and maintain
current accreditations. The agree-
ment also calls for the test facility to
be moved to Calgary. The ETC is an
extension of MPB Technologies’
EMIEMC test measurement facility
in Ottawa. The two facilities, along
with its Moiatreal-based activities,
allow MPB to provide complete mea-
surement services nationwide.

Aerovox Establishes
Electrolytic Technical

Center

Aerovox Incorporated has estab-
lished an electrolytic technical center
at its Aero M Group plant in
Huntsville, AL. The test lab for alu-
minum electrolytic capacitors is dedi-
cated to diagnostics, testing and ma-
terial product development. The fa-
cility brings together the technical
and production expertise of two
Aerovox aluminum electrolytic man-
ufacturing divisions, Aero M and
BHC Aerovox Ltd. of England.

PowerCET Expands

PowerCET Corporation has ex-
panded its base of operations to
both coasts with the opening of a
new office in Gainsville, FL. The
new Florida office offers expanded
services to PowerCET’s clients for
education and training, on-site
problem investigations, equipment
and systems evaluations, and light-
ning and surge protection systems
consulting services.

EMC Test & Design

13




Stuart Gordon is
Vice President of
Engineering and
has 30 years expe-
rience at MMG
North America. He
holds a B.S. in Ce-
ramic Engineering
and a Doctor of
Science, Ph.D.
Patrick Catter-
mole is Senior Ap-
plications Engi-
neer. He has been
with MMG for 10
years and has a
BSEE degree.

The authors may
be reached at
MMG North Amer-
ica, 126 Pennsyl-
vania Avenue, Pa-
terson, NJ 07503-
2512; tel: (201)
345-8900.

14

Choke Design for DC Motor
Noise Suppression

By Stuart Gordon and Patrick Cattermole
MMG North America

Due to governmental regulations, there is an
increasing need to limit noise emissions
from DC motors, as well as from other electrical
and electronic devices. Ferrite and powdered
iron can be very effective as core materials for
differential and common mode chokes for use in
controlling both conducted and radiated interfer-
ence. Through selection of material type, core
geometry, and winding configuration, these
chokes can be designed to achieve optimum
noise suppression performance.

Introduction

DC motors generate a significant amount of
radio frequency interference (RFI), due to arcing
at the brush-to-commutator contact points. An
electrical spark produces a wide spectrum of
electromagnetic emissions. There is a need to
prevent these emissions from being conducted or
radiated from the motor, due to their deleterious
affects upon high speed digital and general com-
munications equipment. The elimination of
these spurious signals is a requirement in most
industrial markets including Europe, Japan and
the United States.

Conducted emissions can be controlled by a
combination of capacitors and differential and/or
common mode chokes. Radiated emissions are
usually suppressed with the aid of differential
mode chokes. Some of the factors to be consid-
ered in the design of both common mode and dif-
ferential mode chokes for noise suppression in
DC motor applications will be examined below.

Noise Emissions From DC Motors

Electric currents are initiated and abruptly
terminated at the brush-commutator interface of
a DC motor. This occurs both on a macroscopic
and microscopic level. On the macro level, a cur-
rent initiates as the brush makes contact with a
particular commutator pad and terminates when
contact with the pad ceases. On the micro level,
current paths are initiated and terminated as
the brush wipes across the surface of the pad. A
rapidly changing current generates high fre-
quency components, which in the case of a typi-
cal DC motor can produce an emission band
spanning a frequency range from 10 kHz to over
100 MHz. In most applications, this noise must
be suppressed as its presence may cause inter-
ference to electronic data transmission.

The potential hazard to the operation of so-
phisticated electronic equipment due to electro-
magnetic noise emanating from electronic and
electrical devices, including DC motors, has ne-

Figure 2. Schematic of a common mode choke.

cessitated the development of a body of regula-
tions governing their electromagnetic interfer-
ence characteristics. Measures must be taken to
insure that a device incorporating a DC motor
complies with applicable regulations. A comput-
er peripheral containing motor drives, such as a
printer or data storage drive, is an example of a
device falling under such government regula-
tion. Emissions from a computer system and its
peripherals are regulated by the FCC in the
United States and by similar regulatory agen-
cies in other countries such as VDE in Germany
and CISPR in the European Community. In gen-
eral, the various regulations all define frequency
bands and acceptable levels for both conducted
emissions, that is, those carried along electrical
wiring connected to the device, and radiated
emissions, which travel through free space from
the device. In the case of the FCC in the USA,
conducted emissions are regulated in the fre-
quency band from 150 kHz to 30 MHz. Radiated
emissions must be controlled at frequencies
above 30 MHz and reaching into the GHz region.

Suppressing Conducted and
Radiated Emissions

Conducted noise emissions are propagated
over the electrical power connections to a DC
motor. Inductors and capacitors can be used in
combination, to shunt and impede these undesir-
able currents. Noise currents are quite often
common mode, that is, they are in phase on both
power conductors, but differential mode interfer-
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l Choke Design

ence may also be conducted along the
power line from the motor. Both of
these types of conducted noise pro-
duced by a DC motor may require sup-
pression. If only common mode noise is
present, a common mode choke will
suffice. However, if both common and
differential mode noise is being con-
ducted, a differential mode choke (a
larger and more costly component)
must be employed.

Radiated noise emissions are RF sig-
nals emanating from an electrical de-
vice, such as a DC motor, and travel-
ing through free space. Such signals
may possibly interfere with the proper
operation of telecommunications
equipment, radio and television equip-
ment (both commercial and military),
medical and scientific apparatus, in-
formation technology equipment, as
well as other types of electronic de-
vices. Generally, governmental regula-
tions cover a frequency band starting
at 30 MHz and extending up to 300
MHz. In some cases, the regulated
band may extend to higher frequency,
possibly into the GHz region. Differen-
tial mode chokes are the most effective
means of suppressing radiated emis-

Z (OHM)

100

1 ' 10
FREQUENCY (MHz)

[N=20T, AWG#24, HP 41914 |

PHASE ANGLE (DEGREE)

frequency for the common mode choke.

sions. Such a choke should be placed
as close to the motor as possible and
should be designed such that its im-
pedance is maximized over the gener-
ated noise frequency band.

Design Considerations For A
Common Mode Choke

In the case of in-phase conducted
noise currents, a common mode choke
is an effective way to provide electro-
magnetic interference (EMI) protec-
tion. The frequency band for conduct-
ed emissions starts in the kHz region,

Figure 3. Impedance and phase angle versus Figure 4. Photo o iere

ntia
mode choke.

and extends up to 30 MHz. At the low
end of the spectrum, relatively large
choke inductance values are necessary
in order to obtain significant AC im-
pedance values. Manganese-zinc soft
ferrite is most suitable for use as a
core material for common mode chokes
because it exhibits relatively high
magnetic permeability at low frequen-
cies. This results in high impedance at
the low end of the frequency range, as
well as efficient coupling. In the case
of a single winding, a typical high per-
meability core would readily saturate
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il Choke Design

with a relatively low DC current run-
ning through it. However, by winding
the core utilizing two sets of windings
of equal turns but having opposite di-
rections, the fields generated by the
DC supply currents in each side of the
line will cancel each other,and the core
sees no net magnetic field. This allows
a high impedance to be presented to
the common mode noise currents with-
out risk of saturation.

A toroid, or “ring” core is generally

used for common mode choke construc-
tion. The toroid shape takes full ad-
vantage of the high permeability of the
ferrite material because it is a closed
magnetic circuit without air gaps. In
most cases, manganese-zinc ferrite
with a permeability of at least 5000,
but more often 10,000, is used as the
core material. Figure 1 is an example
of a typical common mode choke
wound on a ferrite core, and Figure 2
is a schematic representation of the
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device. Note that the two windings are
physically separated by an insulating
barrier, because of the significant DC
potential between them.

Figure 3 is a graph of impedance
and phase angle versus frequency for
typical common mode chokes based on
5,000 (MMG K82 material) and 10,000
(MMG KTA material) permeability
toroidal cores. Note that the imped-
ance of the 10,000 permeability choke
is significantly higher over the entire
measured range, which may be of im-
portance for some regulations.

As can be seen from Figure 3, the
10,000 permeability choke has an im-
pedance of 1000 ohms or greater from
100 kHz to 30 MHz. An important as-
pect of the impedance versus frequen-
cy characteristic of this choke (and
chokes in general) is self-resonance.
Above the self resonance frequency,
the device is capacitive, not inductive.
Note in Figure 3 that the phase angle
plot passes through zero and becomes
negative at about 1.8 MHz. The choke
is still effective beyond the self reso-
nance frequency due to capacitive re-
actance in this region, but the imped-
ance is decreasing, typical of the be-
havior displayed by a capacitor.

Design Considerations for a
Differential Mode Choke
Differential mode chokes are the
most suitable means for controlling ra-
diated emissions in the 30 to 150 MHz

100000 ggpeyr

f

Z (OHMS
g

PHASE ANGLE (DEGREE)

Nu36T, AWG#24, HP 4191A |

Figure 5. Impedance and phase angle
versus frequency for a differential
mode choke.

=

7
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Figure 6. Powdered iron diffenential
mode choke.
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B Choke Design

frequency range. Unlike a common
mode choke, where the windings are
so arranged that the DC supply cur-
rent to the motor produces no net
magnetic flux in the core material, the
differential mode choke must be able
to withstand the magnetic field gener-
ated by the DC supply current flowing
through it. This usually necessitates a
magnetic component with a low effec-
tive permeability.

Since the flux density, B (in gauss),
is equivalent to the product of the cir-
cuit permeability p,, and the magne-
tizing field strength, H in oersted, B is
given by:

B=pH 1)

The magnetizing field, H, may be ex-
pressed as:

H = (0.4 ND), @)

where N is the number of turns of the
choke winding, I is the DC current and
1, is the effective path length of the
core in centimeters.

The value of u, must be kept low
enough to limit the peak flux density
from exceeding the core material’s sat-
uration magnetization, for a given DC
motor current, [.

A particularly efficient and cost ef-
fective method of fabricating a choke
with low permeability is to use a fer-
rite rod as the core of a solenoidal
winding. This magnetic circuit has a
very large air gap, with lines of flux
emanating from one end of the rod and
returning to the other end through
free space. The large air gap results in
reducing the permeability of the mag-
netic circuit to some effective value,
thus enabling the unit to handle rela-
tively high DC fields. The effective
permeability of such a choke, p, may
be defined as the ratio of its induc-
tance L,, to the inductance of the sole-
noidal winding without the core, L,
and is given by:

K. =LJ/L, @)

The inductance of the choke in henries
may then be approximated by:

L, = (47, N2 A 10901 )

where A is the cross sectional area of
the coil, and 1 is its length in cm.
Equation 4 is accurate only in the
case of a very long coil, but can be
used as a first approximation for de-
sign purposes in many cases. Figure 4
is a photograph of a typical differential
mode choke wound on a ferrite coil

EMC Test & Design

form. The form is composed of a ferrite
slug with axial leads bonded to the
ends for winding termination.

As is the case with the common
mode configuration, the choke res-
onates and becomes capacitive at a
frequency which is dependent on its
inductance and self capacitance. The
impedance decreases above this self
resonant frequency (SRF), but the
choke still displays significant imped-
ance well beyond the SRF.

The primary consideration when de-
signing a differential mode choke in-
tended to suppress radiated noise, is
the position of the SRF. Impedance is
greatest at this point, and the SRF
should be made to coincide with the
center of the maximum noise frequen-
cy band. For a given choke, self reso-
nance occurs at a frequency at which
the inductive reactance equals the ca-
pacitive reactance.

Capacitive reactance, X in ohms, is
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Figure 7. Impedance and phase angle
versus frequency for a powdered iron
differential mode choke.

given by:
X, = 1/(2=fC) (5)

where f is the frequency in MHz, and
C is capacitance in pF.

The inductive reactance, X; in ohms,
is given by:

X; =2rnfL (6)
where L is the inductance in uH.

At resonance, setting X equal to X, ,
an expression is found for the reso-

Figure 8. Comparison of impedances of
two core materials, nickel-zinc and
manganese-zinc.

nance frequency, f, in MHz:
f, = 1/12r(LC)V2]103 )

From (7), one can see that the reso-
nant frequency increases as L. and C
decrease. As L is proportional to N2
and C is directly proportional to N, the
resonant frequency is adjustable by
adding or subtracting turns. A 25 turn
coil on a nickel-zinc ferrite rod of 0.875
inch length and 0.250 inch diameter,
results in an inductance of 15 pH and
a self capacitance of 2 pF, giving a

SRF of about 30 MHz.

There may be instances where the
use of a differential mode choke is re-
quired in order to control conducted
emissions in the low kHz to 30 MHz
frequency range. At low frequencies,
high inductance is needed to obtain
adequate impedance, but at the same
time effective permeability must be
limited due to the necessity of avoid-
ing saturating conditions. High perme-
ability materials such as those used
for common mode chokes, saturate at
relatively low applied fields, and
therefore cannot be used for this pur-
pose. Powdered iron, with its low rela-
tive permeability and high saturation
magnetization, is very suitable as a
core material for low frequency differ-
ential mode chokes. Figure 6 is a pic-
ture of a toroidal wound powdered iron
differential mode choke.

Figure 7 indicates the impedance
and phase angle for the same choke
measured over the frequency range of
100 kHz to 30 MHz. The SRF is locat-
ed at approximately 1.5 MHz, thus
maintaining a suitably high imped-
ance at both the low and high end of
the conducted noise spectrum.
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Core Material Considerations

High permeability manganese-zinc
ferrite is the best choice as a core ma-
terial for common mode chokes used in
the control of conducted low frequency
noise, where the material’s permeabil-
ity allows it to impart a high imped-
ance. The lower saturation flux densi-
ty of this class of material is not of
concern due to the fact that there is no
net DC current in the core.

In the case of differential mode
chokes for high frequency radiated
noise control, a relatively low perme-
ability nickel-zinc ferrite is most suit-
able. As the optimum design for a dif-
ferential mode choke is a coil wound
on a rod, that is, an open magnetic
structure, there is no great advantage
in using a material of high permeabili-
ty to achieve a desired inductance. Use
of a nickel-zinc ferrite offers the ad-
vantage of high volume resistivity,
which allows winding directly onto the
core without developing shorted turns.
Perhaps the most striking difference
between ferrite materials in differen-
tial choke applications is the differ-
ence in their dielectric constants. The
much lower dielectric constant of nick-
el-zinc ferrite results in a significantly
lower self capacitance of a choke
wound upon it, compared to a choke
wound on a manganese-zinc rod. From
(5), capacitive reactance is inversely
proportional to the capacitance, there-
fore, the lower self capacitance of a
choke based on a nickel-zinc rod re-
sults in a higher impedance at fre-
quencies beyond SRF, compared to one
fabricated with a manganese-zinc rod .

Figure 8 illustrates the result of the
lower dielectric constant of nickel-zinc
ferrite. It shows the impedance versus
frequency for two chokes with the
same size coil but using different ma-
terials. One choke utilizes MMG K01
material, a NiZn ferrite, and the other
is made with MMG KB2 material, a
MnZn composition. The chokes were
designed to have the same SRF. Note
that the performance is decidedly dif-
ferent both above and below the SRF,
in that the K01 choke has higher im-
pedance over the entire measured
band. Above the SRF, this is due to its
lower c, as discussed above. Below the
SRF, the higher impedance is due to
the higher inductance of this choke as
a result of its significantly greater
number of turns. The high dielectric
constant of the manganese-zinc ferrite
necessitates a lower inductance to
achieve a given SRF.

One advantage of manganese-zinc
ferrites over nickel-zinc bodies is their
higher saturation flux density. As a

EMC Test & Design

means of comparison, MMG K01 ma-
terial has a saturation level of 2800
gauss at 25° C, whereas MMG KB2
material saturates at 4800 gauss at
25° C. The maximum DC current a
choke can withstand (neglecting wire
size considerations) before it saturates
is directly proportional to the materi-
al’s saturation magnetization. There-
fore, the choke made with KB2 materi-
al is capable of handling about 70 per-
cent more DC current.

Summary

Common mode chokes made with
high permeability manganese-zinc fer-
rite toroids and differential chokes
made with powdered iron toroidal
cores can be used to eliminate common
mode and differential mode conducted
noise generated by DC motors. Differ-
ential mode chokes utilizing nickel-
zinc ferrite slugs have the desired
properties for radiated emissions gen-
erated by the motor. =
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A New Tool for Immunity
Measurements up to 200 MHz

By Lorenzo Carbonini
ALENIAD.AAS.

he subject of this article is the theoretical

and experimental analysis of a multiconduc-
tor transmission line for radiated immunity
measurements. The Horizontal polarization
MultiConductor (HMC) antenna (shown in Fig-
ure 1) generates both electromagnetic (10 kHz -
200 MHz) and magnetic (up to 1 MHz) fields.
The coil for magnetic field measurements is easi-
ly created by modifying the antenna geometry.
The antenna is very efficient in generating high
level fields in a large test region (1.8 m x 1.8 m x
3 m); it is well-suited for performing measure-
ments according to MIL-STD-461D, tests
RS101 and RS103, and to IEC 801-3. Further
work is in progress to extend the bandwidth of
the HMC up to 1 GHz.

Introduction

Some technical constraints are important in
determining the feasibility of measuring systems
for radiated immunity at low frequencies (below
30 MHz). The main problem, especially for mea-
surements in shielded rooms, is that standard
radiating antennas exhibit a low efficiency if
smaller than A/2, where A is the wavelength in
free space. Hence such antennas must be very
large at low frequencies.

Some commercial antennas, based on a paral-
lel plate philosophy, allow measurements at low
frequency and are based on a radiating princi-
ple. However, the electromagnetic (EM) fields
obtainable with such antennas decay rapidly as
the distance from the antenna increases. This is
due to the fact that the specified test region is in
the near field. This is allowed by some regula-
tions such as the MIL-STD—461D.!

Strong non-uniformities in EM field strength
are usually related to an impedance relationship
between electric and magnetic field different
from that of free space (| E[/|H|~120r ohm). Al-
though equipment under test (EUT) usually op-
erate in such non-uniform EM fields, performing
measurements in this kind of field is unaccept-
able because of the questionable repeatability of
measurements done in such fields. To reflect this
fact, the IEC 801-3 standard? recommends a
minimum distance between antenna and EUT of
3 meters, and a criterium has been introduced to
estimate the field uniformity in the test region.

This article describes the features of an anten-
na for radiated immunity measurements to EM
fields in the frequency band 10 kHz-200 MHz
(Figure 2). The HMC antenna generates horizon-
tally polarized electric fields. It also performs

Figure 1. The HMC antenna.
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l HMC Antenna
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Figure 2. Schematic of the HMC antenna, EM configuration.

magnetic field immunity measure-
ments up to 1 MHz, by turning the
HMC into a coil with slight mechani-
cal modifications (Figure 3). Also, low
frequency high level electric fields (up
to 50 kV/m) can be generated by re-
moving the input transformer and the
termination.

The antenna in the EM configura-
tion is based on the principle of trans-
verse EM (TEM) mode propagation in-
side a transmission line, and is similar
to that of classic TEM cells.3 The field
distribution at low frequencies is es-
sentially that of the TEM propagating
mode. The impedance relationship be-
tween the electric and magnetic field
for TEM propagation is the same as in
free space (IE|/|H]~120% ohm);
moreover, the field uniformity for the
structure, as will be shown in the fol-
lowing sections, is within +3 dB, so
that an affordable and repeatable test-
ing may be performed by the HMC an-
tenna. A numerical model based on
the Numerical Electromagnetic Code
(NEC2)* has been used for the theoret-
ical analysis at high frequencies. The
results obtained have been also com-
pared with measurements.

Design of the HMC Antenna

The multiwire transmission lines
are an efficient solution to perform ra-
diated immunity measurements over a
wide frequency band, both in free
space and in shielded rooms. In refer-
ences 5, 6 and 7 the concept has been
applied to measurements in shielded
rooms, while in reference 8 the appli-
cation to the case of the WTEM cell is
described. It is worth noticing that in
reference 8, by experimental results, it
is demonstrated that the spurious cou-

EMC Test & Design

ration.

pling between multiwire lines and
EUTs is substantially lower than for
standard TEM cells.? This feature al-
lows large EUTs to be located inside
multiwire lines, yet confirms that the
test conditions are very similar to
those obtainable in free space, and
hence repeatable and comparable to

Figure 3. Schematic of the HMC antenna, magnetic configu-

other solutions. :
The HMC antenna design is based
on the theory and computer codes for
the analysis of multiconductor trans-
mission lines developed in reference 9.
A transmission line with 200 ohm
characteristic impedance has been de-
signed. Moreover two wideband im-
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@ HMC Antenna
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Figure 4. Electric field (V/m) contour plot in a transverse
section of the antenna (constant x), low frequency modeling,

input power 2000 Watt, EM configuration.

pedance transformers have been de-
veloped to ensure a proper matching
between the antenna and the amplify-
ing system. The two-dimensional
model allows a field prediction accura-
cy within +1 dB when compared with
experimental results at low frequen-
cies (below 20 MHz).

Figure 4 shows a contour plot of the
simulated electric field obtainable at
low frequencies inside the antenna,
with a 2000 Watt input power in a
transverse section of the HMC line in
EM configuration (see Figure 2). The
low frequency magnetic field for the
HMC in magnetic configuration (see
Figure 3) has been computed by a
three-dimensional model, based on the
quasi-static limit of the relevant equa-
tions. A matching network was neces-
sary in order to properly match the an-
tenna to achieve high input current
level and proper amplifier operation.

The main advantage of the HMC in

Figure 5. Magnetic field (A/m) contour plot in the central
transverse section of the antenna (x = 2.5 m), input current 1

A, magnetic configuration.

magnetic configuration over conven-
tional Helmoltz coils is that the induc-
tance of the antenna is quite low, al-
lowing easier wideband matching with
the amplifier system, especially at high
frequencies. Figure 5 shows the mag-
netic field contour plot obtained in the
center transverse section of the anten-
na with a 1 ampere input current.

Antenna Analysis by NEC2 and
Experimental Results

The HMC antenna has been simu-
lated by the computer program NEC2
in the frequency band 1 MHz - 200
MHz, using a double precision version
of the code for a better solution stabil-
ity, especially at low frequencies. The
computed voltage standing wave ratio
(VSWR) by NEC?2 is lower than 1.6 (it
assumes an ideal transformer). The
measured VSWR is lower than 2 over
the whole frequency range, indicating
a sufficient impedance match has

been obtained.

Figure 6 reports the electric field
level obtainable inside the line with a
2000 watt incident power at the out-
put from the tapered section (x = 1 m),
as obtained by NEC2. Figure 7 shows
a comparison between the field values
simulated by NEC2 and those mea-
sured at the center of the line (x = 2.5
m). The measurements have been per-
formed at full power, in a semi-ane-
choic chamber with 90 em pyramidal
carbon loaded absorbers. The agree-
ment is generally within +2 dB, except
for those frequencies at which reso-
nances of the chamber appear (around
28 MHz).

The results show that it is possible
to obtain a 200 V/m electric field level
over the whole frequency range at the
output of the tapered region (x = 1 m).
Thus, the antenna is well-suited for
performing tests according to
MIL~-STD-461D test RS103.!

Field at x=1 m — Input power 2000 W

Transfer Function — Center point (x=2.5 m)
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Figure 6. Electric field at the output of the tapered section
(x=1 m), simulation by NEC2, input power 2000 Watt.
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tenna (x=2.5 m).

Figure 7. Comparison between the simulated (NEC2) and
measured transfer function |E| /NP at the center of the an-
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Transfer Function — Concentrated load

IEl/sart(P) (dB)
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T
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Figure 8. Transfer functions |E| /NP in the points required by the IEC 801-3,
HMC in EM configuration with concentrated load, x = 1 m.

Moving from the tapering along the
line, the fields decrease as the fre-
quency increases. This is due to the
traveling-wave antenna behavior at
high frequencies, which leads to radia-
tion of power outside the line, and has
been already observed in similar an-
tennas.’ Further simulations by NEC2
have been performed in order to check
the field uniformity, especially at high
frequencies, and to check for compli-
ance with regulations such as IEC
801-3.2 The field has been computed

on sixteen points spanning a 1.5 m x
1.5 m surface poised at the end of the
tapered transition (x = 1 m). The re-
sults of the simulation are shown in
Figure 8. It is worth noticing that
there are discrete frequencies (such as
25 MHz and 50 MHz) at which the
field values decrease and spread more
widely at the same time. This fact is
due to resonances of the structure,
which create low level standing waves
disturbing the field distribution in the
test region.

Transfer Function — Distributed load

El/sart(F) (dB)

LE — 1 LN T L T L
60.0 80.0 100.0 120.0 140.0 160.0 180.0 200.0
frequency (MHz)

Figure 9. Transfer functions |E[ /NP in the points required by the IEC 801-3,
HMC in EM configurations with distributed load, x=1 m.
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SERIOUS
ABOUT
DEFENSE
CONVERSION?

Retlif's long-time
involvement in commercial,
product safety, international
compliance and FCC testing
has paid off handsomely for
many defense manufacturers.
Only that specific problem-
solving expertise could guide
a manufacturer of cellular
antennas through FCC regula-
tions in record time...or help
another defense manufacturer
navigate tangled regulations
so their converted military
radio was approved for use by
auto racing pit crews...or help
adapt a mit data recorder for
use in the transportation
industry. Put Retlif's experi-
ence, equipment and facilities
to work helping you make the
transition... smoothly and
quickly.

RETLIF HELPS MAKE
THE TRANSITION
SMOOTHER.

® Retlif
Testing
Laboratories

“Put us to the test” "

795 Marconi Avenue, Ronkonkoma, NY 11779
Tel: (516) 737-1500 « Fax: (516) 737-1497

101 New Boston Road, Goffstown, NH 03045
Tel: (603) 644-2600  Fax: (603) 644-5326
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Figure 10. Measured magnetic field and comparison with the limits required by

the MIL-STD—461D.

An optimization by software simula-
tion has been performed, aimed at re-
ducing the resonances of the antenna.
The standing waves are mainly due to

reflections from the antenna termina-
tion, which in the present version is a
concentrated load. Improvements may
be obtained passing from a concentrat-

ed load to a distributed one, a solution
successfully used in EMP simulators
and other wideband structures.10-11
The results of simulations with a dis-
tributed termination are presented in
Figure 9. It is evident that the reso-
nances at critical frequencies have
been reduced, so that the 0/+6 dB re-
quirement of reference 2 is met over
the whole frequency range.

Magnetic field measurements have
been performed on the HMC antenna
in magnetic configuration (Figure 3).
In Figure 10 some experimental re-
sults are reported for measurements
at the center of the test region, and
compared with the limits of the
MIL-STD test RS101.! The fields
shown are obtained by using a low
cost amplifier covering the band 20
Hz - 20 kHz, 2 ohm output imped-
ance, 600 watts output power for the
low frequency range, and a 2000
watt, 50 ohm amplifier for the high
frequency range.

It is worth noting that the HMC an-
tenna, both in EM and magnetic con-
figuration, has field uniformity of +3
dB. Though this level of uniformity is
not specified in MIL-STD-461D, it

does suggest that measurements to
that standard will be more repeatable.

For application to IEC 801-3,2 the
HMC antenna is a good solution to
achieve a field level of 10 V/m with 10
watt from very low frequencies, and
with the field uniformity required by
the regulation. Studies are in progress
to redesign the HMC antenna for
achieving compliance to the IEC
801-3 up to 1 GHz with low level
input power.

The Company Behind The Name

For over 25 years we have been a quality supplier
of MuMetal; a Spang Specialty Metal’s registered
trademark. We would be pleased to quote on your
annual requirements as well as your emergency
fill-in needs.

Please call Kelly Schmidt at (412) 282-1515.

Spang -

Specialty Metals
P.O. Box 391

Butler, PA 16003
(412) 282-1515

Fax 412-282-4209

Conclusion

The simulations and experimental
results confirm that the HMC antenna
in EM configuration (Figure 2) is well
suited for generating 200 V/m electric
fields with 2000 watts incident power
in the frequency range 10 kHz - 200
MHz, and meets the re?uirements of
MIL-STD-461D, RS103! on large ob-
jects 1.8 m x 1.8 m x 3 m. Moreover,
with some modification of the termina-
tion, the antenna is well suited for
performing tests according to the IEC
801-32 with field uniformity compli-
ance with low incident power (10
watts).

The HMC antenna, in magnetic con-
figuration (Figure 3), is well suited to
perform measurements according to
the MIL-STD-461D, RS101,! with a
commercial, low cost, 600 watt audio
amplifier and a 2000 watt higher fre-
quency amplifier (present in many lab-
oratories involved with MIL-STD ra-

INFO/CARD 64
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diated testing). It has been verified
that a distributed termination is well
suited for improving the field unifor-
mity in the test region. =
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Introducing CONTEX® Conductive Textiles from Al
MILLIKEN
THE NEW, VERSATILE, MULTI-FUNCTIONAL
SOLUTION TO A WIDE RANGE OF ESD AND
EMI PROBLEMS!

Contex® conductive textiles
are woven, nonwoven, and
knitted fabrics and textured
yarns coated with polypyrrole,
a conducting polymer

Tailorable - in terms of the appropriate fabric and surface
resisitivity (10 to 1M ohms/sq.) - to best meet your special
needs. Gradient materials are also possible.

Safely and instantaneously dissipates electrostatic charge.
Broadband, thin absorber of RF and MW radiation.

Thin and flexible - easy to fabricate and process into a
variety of forms.

Quality you can trust from a large US textile company
internationally known for quality.

For more information call (803) 503-2320 or (314) 878-9558
or fax inquiries to (803) 503-2417.
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EMC Equipment

Fast Transient and

Burst Generator
Schaffner’s NSG 2025 family
of fast transient and burst in-
terference generators offer a
wide range of user-configurable
pulse parameters. The NSG
2025 hardware is based on a
configurable, modular ‘building
block’ concept which allows
users to select pulse generator,
one- or three-phase coupling
network, manual and software
control elements and UUT
(unit under test) connections,
to configure an EMC test sta-
tion to suit the application. Op-
tions include a pulse generator
with maximum burst ampli-
tudes of 4.4 kV or 8 kV and
network current of 16A or 30A.
A maximum burst frequency of
1 MHz in the 4.4 kV version fa-
cilitates detailed product
analysis and offers a generous
margin for future modification
of world standards.
Schaffner EMC, Inc.
Springfield, NJ
INFO/CARD #169

EMC Measurement

Packages

Rohde & Schwarz offers three
measurement packages for
EMC testing. The packages EP
Volt and EP Field are used for
automatic RFI voltage and
semi-automatic RFI field-
strength measurements, respec-
tively. The competition package
EM Comp comprises all the nec-
essary instruments and acces-
sories for RFI voltage and field-
strength measurements and in-
cludes a user-friendly EMI test
software under Windows.
Rohde & Schwarz
Munich, Germany
INFO/CARD #168

30-Watt RF

Amplifier

The Model 30W1000M7 solid-
state RF power amplifier from
Amplifier Research delivers 30
watts of CW power across a fre-
quency range of 25 MHz to 1
GHz. The Model 30W1000M7 is
designed for susceptibility and
other RF testing applications
requiring level, consistent out-
put power over the test band-
width. A front-panel gain con-
trol with a range of 10 dB mini-
mum allows the operator to ad-
just power level and radiated

28

field strength during shielded-
room testing. At the maximum
gain setting, the amplifier pro-
vides 30 watts minimum over
the entire bandwidth, even in
case of infinite VSWR or open or
shorted terminals. The amplifi-
er weighs 40 lbs and measures
19.8x 6.1 x 11.8 in.

Amplifier Research
Souderton, PA

INFO/CARD #167

EMI Probes

Credence Technologies, Inc.
introduces ScanEM®-H model
CTM022, a hand-held, self-con-
tained magnetic-field EMI
probe. This probe is a compan-
ion to model CTMO020, the elec-
tric-field EMI probe. ScanEM-H
detects the magnetic component
of an electromagnetic field and
allows engineers to identify the
sources of emissions. The probes
are available individually or as
a kit. Each probe is 5 3/4” x 1 1/4
" % 3/4”, weighs about 2 oz and
can be carried in a shirt pocket.
Credence Technologies, Inc.
Santa Cruz, CA
INFO/CARD #166

Shielding

EMI Shielding

Material

3M’s 6100 thermoformable
EMI shielding material adds
EMI shield to heavy-gauge or
thin-gauge plastic parts during
the normal thermoforming
process. The thermoformer sim-
ply lays a cut-to-size piece of
6100 material directly onto the
plastic sheet at the start of the
cycle. As the heat increases, the
6100 material bonds to the
plastic and the metal fibers
melt. The fibers stretch with

the plastic sheet into or over
the mold, fusing together to
form a conductive grid. The
part leaves the mold with an
EMI shield in place. The mater-
ial is supplied in 50-foot rolls
that are two feet wide.

3M Electrical Specialties
Division

Austin, TX

INFO/CARD #1656

Transparent

Coatings

IVC has introduced a trans-
parent coating that can be used
to provide electromagnetic
shielding for window areas of
membrane switch panels. The
company’s ITO transparent
coating can be deposited direct-
ly using the IVINOX™ process
onto screen printed transparent
materials used in the manufac-
ture of membrane switches and
instrument panels. The shield-
ing coating is normally deposit-
ed on the smooth rear surface
after screen printing but before
adhesive lamination. The nor-
mal level of sheet resistivity
used is 20 (/square.
Inco Vacuum Coatings
West Bromwich, UK
INFO/CARD #164

Foil Laminate

Solutions

Tecknit announces a complete
line of foil laminates for com-
mercial EMI/RFI shielding ap-
plications. Shielding materials
include copper, tinned-copper,
and aluminum foils laminated
to a wide-range of substrates:
PVC, Mylar, Kapton, and
Nomex. Tecknit will laminate
both simple and complex config-
urations to meet custom design
requirements. These materials
protect printed circuit boards
and plastic enclosures against
electromagnetic energy.
Tecknit
Cranford, NJ
INFO/CARD #163

EMI/RFI Shielding

Lamart Corporation’s Elec-
troshield product line is de-
signed to protect electronic de-
vices that are sensitive to
EMU/RFI interference. Lamart’s
Electroshield line is available
with or without a pressure sen-
sitive adhesive. The copper and
aluminum foils are laminated to
a high-strength polyester film
that resists punctures and abra-
sion. Pressure sensitive adhe-
sive coated products are avail-

able in both electrically conduc-
tive and non-conductive models.
Lamart Corporation

Clifton, NJ

INFO/CARD #162

Components

Passive

Components

Hitachi Metals America has
introduced a series of thin film
passive products which help
board level and systems de-
signers rapidly select, config-
ure and layout their passive
component needs. Designated
the HIPEC series, these de-
vices consist of highly integrat-
ed arrays of resistors, capaci-
tors, inductors and diodes. A
family of EMI/RFI filtering
products is also available
which incorporate high perfor-
mance Schottky clamping
diodes to reduce and control
undershoot disturbances. An
ESD diode can be integrated on
the chip to provide protection
for sensitive components
against damage due to electro-
static discharge. These devices
can be packaged in all the stan-
dard surface mount and ultra
miniature packages.
Hitachi Metals America Ltd.
Fremont, CA
INFO/CARD #161

Current
Feedthrough

Filters

NexTek introduces the HPR
series feedthrough filter family
for high current applications
with a rating of 32, 63, 125 or
250 amperes. The voltage rat-
ings available are 50, 100, 200,
or 500 Vdc. A wide variety of ca-
pacitance is available, with a
maximum capacitance of 10 uF
at 50 Vdc. Insertion loss increas-
es at 20 dB per decade and is
over 40 dB at 1 GHz. These fil-
ters are suited for solving EMC
problems in applications such as
DC bus filtering, motor con-
trollers, large power conversion
systems and generator outputs.
NexTek, Inc.
Westford, MA
INFO/CARD #160

Output Power

Line Filters

EMC Consulting offers the
“EM” range of filters that en-
able the use of a switcher for
the most sensitive RF/analog
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Lots of cable assemblies.
Only one name to remember. AMP.

/'\M‘. ® -
o W v .

[EESHRRRABAAM
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|

Cutting edge digital. Garden-variety coax are available for all demanding
ribbon. High-performance fiber. What-  applications.
ever your cable assembly needs - from For commodity needs, our global
the standard to the technologically manufacturing and distribution strength
advanced - there's only one company is your key to reliable, affordable assem-
to call. AMP. blies - and reliable delivery anywhere in
Our cable assemblies for high-speed ~ the world. And if fiber is your medium
data applications provide effectivesignal o choice, our leadership in fiber optics is
management for your advanceddesigns.  yourticket, to higher performance, value,
We control all the detalls, custom-fitting ~ design ease and simpler manufacturing.
our own cables, connectors, and termi- So remember; when the occasion calls
nation techniques to meet your critical for cable assemblies, you can count on
impedance and risetime parameters. our capabilities — from design assistance
Control lets us keep a lid on costs, too. to volume production. And all the details
Categories: transmission line, microstrip,  are just one phone call away.
coax ribbon, and extremely fine-gauge ~ AMPis s trademark.

For more information, call our Product Information Center at 1-800-522- 6752 (fax 717-986-7575).
AMP, Harrisburg, PA 17105-3608. In Canada, call 905-470-4425.
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circuit, or the sharing of a supply between
digital and RF circuits. The most effective
filter will attenuate high level (40 V)
spikes and ripple (1.5 V) to typically 30 uvV
to 1 mV pk-pk. The filter ratings are 1 V-
28V continuous (32 V peak) and a maxi-
mum of either 4 A or 20 A continuous.
One, two, or three line models are avail-
able with either differential mode or differ-
ential and common mode attenuation.
EMC Consulting Inc.

Ontario, Canada

INFO/CARD #159

Ferrite Filtered

Connector

A ferrite filtered connector from Spec-
trum Control provides filtering of high fre-
quency interference. The ferrite connector
provides both pin-to-ground and pin-to-pin
filtering. Spectrum’s connector features a
space saving 0.318” footprint and is inter-
changeable with standard “D” subminia-
ture connectors. The ferrite connectors ad-
dress a frequency range of 10 to 300 MHz
and provide impedance of 30 ohms at 25

USE LARGER ELEMENTS
WITH STRUTS FOR BETTER
LOW END PERFORMANCE.

XNy

INCLUDE AN N CONNECTOR
AND HEAYY DUTY COAX
TO HANDLE I.3KW INPUT.

A —

TESTEMEASUREMENT
WORLD

DESIGN FOR BOTH

ANSI C624 & 8013
APPLICATIONS WITH
ULTRA-BROADBAND

How To Build A Bettep
Ultra-Broadhand Antenna!

25-1100 MHz RANGE.

The Vright way is shown above. First,

ADD MORE ELEMENTS
FOR IMPROVED
MID-RANGE PERFORMANCE.

OFFER AT A /1/'

BUDGET PLEASING PRICE,
INCLUDE BOTH

INDIVIDUAL CALIBRATION
& TWO YEAR WARRANTY.

FEATURES
» Uitra-broadband 25-1100 MHz
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optimize bow tie element design so low end
performance is better than most biconicals.
Next, add extra dipole elements for smooth
linear response in the mid-range. Then, include
extended duty components for robust power
handling of 1.3 kW of peak power. The result: an
antenna greater than the sum of its parts — and
better than anything in it’s class!

AF Comparison Biconical, Log Periodic, BiConiLog™

T T 'fri
En
:'l
LANNEL=_
L e S e e

» 1.3 kW peak power

BENEFITS

» No stopping for band breaks
» Saves time

» Reduces errors

» Increases repeatability

(809) 253-3781 Fax (512) 8354728

\\\:’Aln

The Electro-Mechanics Compcmv
20 ESEC company

Bast Value — Proven Performance
P0. Box 1546, Austin, TX 78767

Munchner Str 2, 08137 Berg1 Germany
Tel (49) 815189561 - Fax (49) 815116610
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MHz and 50 ohms at 100 MHz. They fea-
ture a current rating of 5 Amps, dielectric
strength of AC 1000 V for one minute, insu-
lator resistance of 1000 megohms minimum
at 500 VDC, and a temperature range of
—40° to 105 °C.

Spectrum Control

Erie, PA
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ESD Products

Surge Suppressors

Peradata Technology Corporation had
announced its family of multi-port data line
surge suppressors designed for protection
of data communication equipment. The
models SP4, SP8, SP12 and SP16 protect 4,
8, 12 and 16 lines respectively. The multi-
port suppressors connect directly between
data cables and the equipment to be pro-
tected. Each model features a proprietary,
three-stage suppression network, including
2100 watt rated suppression device for each
data line. The circuitry is packaged in a
steel enclosure to shield data signals from
outside interference.
Peradata Technology Corporation
Lake Grove, NY
INFO/CARD #157

Series Mode Surge

Protector

Zero Surge has developed an OEM ver-
sion of its series mode surge protector that
can be customized to meet designers’ speci-
fications. Zero Surge series mode surge pro-
tectors reduce the intensity of the surge en-
ergy, storing the energy in electrolytic ca-
pacitors and then draining it slowly onto
the neutral wire without harm to mother-
boards and other interconnected circuitry.
The Zero Surge OEM surge protection de-
vice has a master switch, thermal reset
button, and 6’ line cord. Zero Surge prod-
ucts offer a 10-year limited warranty and
lifetime service contract.
Zero Surge
Frenchtown, NJ
INFO/CARD #156

ESD Protection for I/O

Connectors
The new PGD series of PULSE-GUARD®
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mponents for
connectors
suppresses EM|
before it can couple to
cables that serve as trouble-

some EMI antennas. /

Steward’s two-terminal lead ferrites and
multi-line through hole ferrites offers
filtering of low frequency input/
output signals entering/exiting
shielded enclosures.

‘{

. O. Box 510 ¢ 1200 East 36th Street
-hattanooga, TN 37401 ¢ U.S.A.

oll Free: 1-800-634-2673
Phone: 615-867-4100
ax: 615-867-4102

Steward's cylindrical EMI

suppression ferrites provide a
cost-effective means of reducing

EMI on the internal and external

cable assemblies of electronic equipment

Steward offers a selection of “split” components

for retrofit and post-assembly operations. The
rectangular ferrite provides a means of

reducing common mode EMI on fiat, /
ribbon type cable assemblies.
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l New Products

ESD protection products from
G&H Technology is designed to
be used with standard and high
density D-subminiature and a
wide range of other /O connec-
tor types. The PULSE-GUARD
array can be provided for users
who want to add ESD protec-
tion to their systems or to con-
nector manufacturers who wish
to offer their customers this
feature built-in to the connec-
tor. The 0.015” flexible PULSE-
GUARD array can be installed
in seconds simply pressing the
array’s contacts onto pins at the
front or rear of the connector.
G&H Technology

Camarillo, CA
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Literature

EMI/RFI Tutorial

A free tutorial covering the
basic concepts of EMI/RFI
problems in electronic enclo-
sures and industry solutions is
offered by Equipto Electronics.
It will be presented by the com-

pany’s factory trained repre-
sentatives at any site request-
ed via a 14-minute VHS tape
and product sample. Seminar
subjects will include FCC and
military specifications. EMP
and TEMPEST concerns are
covered in detail and alterna-
tives to solving these problems
are discussed.

Equipto Electronics
Corporation

Aurora, IL
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EMI Shielding

Products

Tech-Etch has produced a 20-
page catalog on EMI shielding
products for doors, panels, cov-
ers, connectors, computers, elec-
tronic enclosures, and cabinets.
The catalog provides general in-
formation and product identifi-
cation on a wide variety of
shielding including knitted
mesh, thin sheet and strip gas-
kets, filters, honeycomb vents,
and new Quiet Vents.
Tech-Etch, Inc.
Plymouth, MA
INFO/CARD #153

RFDesigner

Solution Catalog

A 12-page catalog from ing-
SOFT Ltd presents the RFDe-
signer® Solution for RF and mi-
crowave design engineers.
Packed with detailed technical
specifications, the catalog de-
scribes the family of software
products from ingSOFT Ltd.
and third parties, all working
together as an integrated design
environment. RFDesigner tools
provide numerical and graphi-
cal analyses, synthesis and opti-
mization of all standard RF
components with built-in para-
sitics and electrical and physi-
cal structures.
ingSOFT Limited
Ontario, Canada
INFO/CARD #152

Precompliance
Test System

Farnell/Wayne Kerr has re-
leased a 26-page literature col-
lection detailing the compo-
nents of their EASY1 Emis-
sions Assessment System for
pre-compliance EMC testing.

Included is data on the
SSA1000A spectrum analyzer,
broadband antenna, LISN, and
EASY1 software. A demo disk
for the turnkey system is also
available. The turnkey PC
based system is aimed at the
user who wants to be certain
his equipment will meet the
stringent requirements of both
radiated and conducted emis-
sions for the US and European
market.

Farnell/Wayne Kerr
Woburn, MA
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NPL calibrates:

from 10 kHz to 5 GHz

NPL calibrates:

NPL facilities include:

Fax: +44 181-943 7176

NPLE

National Physical Laboratory
Increase the reliability of your EMC
conformance Testing!
Use Calibrated Antennas?

Dipole, Biconical, Log-periodic, Loop and Rod Antennas

contact Martin Alexander, Ext 7175

Use Calibrated Field Probes?

Both isotropic and linear probes used to measure field
strength and power flux density from 10 Hz to 60 GHz

Contact: Ken Holland, Ext 6947

60 m x 30 m ground plane, Anechoic chambers, GTEM
and TEM cells, Screened rooms

For further details please contact:

National Physical Laboratory, Teddington, Middlesex,
United Kingdom, TW11 OLW

Telephone: +44 181-977 3222
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Whether it's a one-off special,
analogue links, camera systems
or DC to Gigahertz bandwidths,
E.O.D can meet your exact
shielded data requirements.

ISO 900! accreditation
continues to ensure that every
product is of the highest quality.

Call us NOW on 01268 531344
to get a clearer message.

L AVIN 'S
(L1 | |
VA4 |4

Howard Chase, Pipps Hill industrial Area,
Basildon, Essex, SS14 3BE, England.

Tel: (01268) 531344 Fax: (01268) 531342

U.S. enquiries to:

Antenna Research. Tel: (301) 937 8888

April 1995



Terry G. Mahn
is a partner in
Fish & Richard-
son. His legal spe-
cialty involves in-
ternational prod-
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De-Certification of PCs and
Peripherals Proposed by FCC

By Terry G. Mahn
Fish & Richardson

hrough ET Docket 95-19, the FCC is propos-

ing to eliminate the certification require-
ments for personal computers and their periph-
erals. The FCC’s objective is to reduce the com-
pliance burden on manufacturers by lowering
the costs associated with EMC testing, and
speeding up the time it takes to bring new prod-
ucts to market. A summary of the proposed rule
changes are set forth in this article.

Declaration of Conformity

In place of a certification requirement the FCC
is proposing to allow manufacturers to issue a
Declaration of Conformity (DoC) for their PC
products. The DoC would have the following re-
quirements:

* Identification of the specific product by trade
name and model number

* A statement of Part 15 compliance

¢ Identification of a compliance test report by
date and number

¢ Identification of the party in the U.S. responsi-
ble for ensuring compliance

Under the FCC’s proposal, the party issuing
the DoC would be the party responsible for en-
suring compliance with all applicable FCC re-
quirements: The DoC would have to be executed
before the product could be imported.

Part 15 Product Identifier — The FCC is
proposing that all PCs and peripherals display a
logo or identifier to signify Part 15 compliance,
but is open to suggestions as to what that logo
should be. One proposal is to use “North Ameri-
can Class A” (or Class B) as the identifying com-
pliance mark.

Test Laboratory Accreditation — Independent
laboratories performing EMC testing for Part 15
compliance would have to be “accredited.” One
possibility is to use NIST’s NVLAP accreditation
program, but the FCC is open to other possibili-
ties. For manufacturer’s laboratories, the FCC
believes accreditation should be required, but is
seeking industry comment. Foreign labs would
have to be accredited under NVLAP via NIST-
recognized accreditation agencies.

Two-Year Transition to DoC Process — The
FCC recognizes that laboratory accreditation will
take time and proposes a two year transition dur-
ing which certification of PCs and peripherals
will continue to be permitted. Industry input is
solicited on whether two years is sufficient.

Increased Sampling by FCC — To ensure that
the industry maintains compliance with Part 15,

the FCC is planning to step up its sampling and
investigation of devices on the market. EMC test
reports would have to be furnished to the FCC
within 14 days upon request.

Alternative Approaches Considered — The
FCC is inviting comments on alternative ap-
proaches to the proposed DoC program. Exam-
ples given by the FCC are:

* Retain certification but streamline it to reduce
processing time

¢ Retain certification but permit marketing as
soon as an application is filed

* Reduce certification to notification or verifica-
tion (i.e., no product DOC and no lab accredita-
tion)

¢ Apply the DoC program to all digital devices
(e.g., Class A)

e Permit compliance without requiring testing

Modular Component Authorization

An important aspect of the FCC’s DoC propos-
al is to require Part 15 authorization for (1) CPU
boards, (2) power supplies, and (3) enclosures,
that are marketed to the public. PCs tested as a
system would not be required to obtain separate
authorizations for these components unless they
are marketed to end-users in component form.

CPU Boards — the FCC classifies a CPU
board as a circuit board that contains a micro-
processor or frequency-determining circuitry for
a microprocessor, the primary function of which
i8 to execute user-provided programming. How-
ever, a CPU board would not include a circuit
board that contains only a microprocessor in-
tended to operate under the primary control of a
microprocessor external to such a circuit or a cir-
cuit board that is a dedicated controller for a
storage or I/O device.

Authorization for a CPU board would require
two EMC tests: the first would involve only a ra-
diated emissions test in which the CPU board is
connected to a power supply with the oscillator
circuit operating and connected to the micro-
processor circuit (no peripherals required); and
the second would involve both radiated and con-
ducted testing with the CPU board installed in a
representative enclosure and configured in a
minimum system (see Rule 15.31(a}6)). Compli-
ance under the first test would be achieved if the
CPU board is within 6 dB of the Part 15 limits;
compliance under the second test must show the
emissions to be within the Part 15 limits. The
FCC has requested comments on how to treat
CPU boards that can accept multiple processors.

35



Typical spatial scan at
selected frequency.
Red = high emissions;
blue = low emissions.

Spectral scan identifies
key frequencies for
further study.

|
L T T L R et | cand Al b )

Catch rf emissions problems at
board level, where compliance

fixes are least costly.

"\, | ow you can quickly get a color
.. ¥ image of the electromagnetic
performance of your printed-circuit
board or subassembly before final
compliance testing. Spatial and
spectral displays generated by the
EMSCAN PCB emissions scanner
show you which frequencies and
which areas of the board under test
are guilty. These scans are stored
for later comparison after design
alterations, to check whether offend-
ing emissions are now down to
acceptable levels.

Just plug your receiver or spec-
trum analyzer, and your computer
with IEEE-488 interface, into the
EMSCAN scanner, and a matrix of
1280 H-field probes maps the area
of your test board (up to 9" x 12") for
high, medium, and low-emissions
spots within the 10 MHz-1.5 GHz
frequency range. Or you can see a
spectral display showing the overall
condition of the board across the
spectrum. You may then choose a
frequency of particular interest for

./ AMPLFIER
K el U
4 RESEARCH

oy b iy

intensive spatial examination.

After the development stage,
you can use EMSCAN as a quality-
control tool, checking completed
boards against a “good” scan before
they go into assembly. This is the
point where production compliance
becomes virtually assured.

The software operates under
“Windows” to make early diagnosis
easy, even for those who are new to
compliance testing. It can run on
several PCs and workstations, and
is readily ported to other environ-
ments for analysis.

You should learn all about this
qualitative and quantitative measure
of emissions for use during product
development—where design correc-
tions are least costly. To start, call
toll-free (1-800-933-8181) to speak
with an applications engineer and
arrange to see
a demonstra-
tion in your
office or
plant.

160 School House Road
Souderton, PA 18964-9990 USA
215-723-8181 « Fax 215.723-5688

For engineering assistance, sales, and service throughout Europe, call
EMYV » Munich, 89-612-8054 ¢ London, 908-566-656 * Paris, 1-64-61-63-29 1214
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M ESD Literature & Product Showcase

dissipates "%~ static electricity
ATTENTION OEM's. This unique ESD
coating is offered in an entire spectrum of
color and gloss.
Coating decreases resistance to static electricity
across metal wall panels and other coated surfaces.
e Conductivity 10° to 10° ohms/sq
o Safeguard sensitive electronic equipment
Call or write us for more information.
Ph: 708-766-3555 or FAX 708-766-3595

2500-26 Deita Lane
Elk Grove Village, IL 60007

specialty coatings company, inc.
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ANTISTATIC INDUSTRIES INC. HACKENSACK, NJ. 07602

STATIC FREE TEFLON® TAPES
DEVELOPED BY ANTISTATIC INDUSTRIES

+» Conductive - 10/5 ohms sq. black

« Sizes 1/4" to 36" and in square yards

* Low friction with conductive qualities

* Chemical resistant with conductive qualities

+ Easy to apply to most surfaces - adhesive back

« Excellent electrical properties with static removal
« Operational at -75°C to 260°C (100°F - 500°F)

« Can be supplied without adhesive

* High Break strength and less than 5% elongation
» ASK ABOUT OUR OTHER ANTI-STATIC TAPES

CALL 210-489-4400 OR FAX TO 201-489-7654 FOR PRICES
FOR X-SIZES, CATALOGS, SAMPLES AND PRICES

@ Inventing products to combat ESD...

800-214-7900

ANTISTATIC INDUSTRIES, INC.
130 Gamewell Street, P.O. Box 460
Hackensack, NJ 07602-460 USA

i it PAINT

ANTISTATIC INDUSTRIES INC. HACKENSACK, N.J. 07602
NEW TUFF/RUFF HI-TENSILE STRENGTH

LONGER WEARING QUALITIES WITH KEVLAR®
— * MAKE ANY SURFACE
. ESD SAFE 10/s OHMS/SQ
* CONDUCTIVE PAINT IN ALL
COLORS - WHITE TO BLACK

Inventing products to combat ESD...

°  800-214-7900

ANTISTATIC INDUSTRIES, INC.
130 Gamewell Street, P.O. Box 460
Hackensack, NJ 07602-460 USA
(201) 489-4400 USA/FAX: (201) 489-7654
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Power Supplies — Compliance for
power supplies would be established
by testing them in a “typical” configu-
ration.

Enclosures — Authorization of a PC
enclosure would require that it be
shown to have a minimum of 6 dB of
shielding across the spectrum from 30
MHz to 1000 MHz. In addition, the
DoC issued for an enclosure must
specify the CPU boards for which it is
authorized.

Interchanging Authorized Compo-
nents — Any party would be permitted
to interchange authorized components
without the need to retest, provided
that a new DoC is issued for the re-
assembled system. The new DoC
would have to:

» Indicate the basis for compliance

(e.g., “only authorized components

used in assembly,” or “authorized

components were installed in an au-

thorized system.”)

Identify each product used in the

system

State that the system complies with

Part 15

Identify the compliance reports for

each product by date and number

» Provide the name, address and tele-
phone number of the assembler who

- becomes responsible for ensuring
compliance

Labeling and User Identification —
All labeling and user information re-
quirements set forth in the Part 15
Rules would have to be followed for
authorized components (see Rules
15.19, 15.21, 15.27 and 15.105). Spe-
cial accessories for authorized compo-
nents would be allowed provided they
do not involve complex operations

EMC Test & Design

(e.g., soldering or rewiring). The in-
struction manual for any authorized
component would have to specify the
installation procedures to ensure com-
pliance, including the “type of enclo-
sure” that must be used.

Marketing of Non-Authorized Com-
ponents — Non-authorized modular
components (i.e., CPUs, power sup-
plies and enclosures) could not be mar-
keted to end-users. OEM sales, howev-
er, would be permitted as would sales
in “limited quantities” to assemblers
for test and evaluation purposes (i.e.,
beta testing). For importations of non-
authorized components, the FCC is re-
quiring that the consignee be the man-
ufacturer/assembler who will assemble
and be responsible for testing and au-
thorizing the computer into which the
components will be installed. =

Editor’s note — The FCC’s proposal
appears to be a response to various
concerns in the PC industry. It ad-
dresses the lack of certification of sys-
tems assembled by independent shops
which select components from many
vendors. It also places responsibility
for imported components on the im-
porter, a readily identifiable entity.
The proposal also removes the require-
ment of testing all possible combina-
tion of components as separate sys-
tems, as long as each component is au-
thorized. However, as Mr. Mahn notes,
the FCC wants industry input on
many details of implementation. The
Notice of Proposed Rule Making
(NPRM) was issued February 7, 1995.
At the time this article was prepared
for publication (early March), the
NPRM had not yet been published in
the Federal Register. Comments will be
due 75 days following its publication.

‘EMC BOOKS)

We have the books you need!
...like these key EMC references:

Introduction to Electromagnetic Compatibility
— The primary EMC teaching text by Clayton
Paul. Covers key concepts of shielding, emissions,
susceptibility, crosstalk, and ESD with balance
between theory and application.
(765 pages)

Introduction to the Control of Electromagnetic
Intererence — A unique reference by Ken Javor,
explaining the rationale behind military and
commercial limits. Contains copies of applicable
standards and descriptions of test procedures.

(743 pages) EC-1 $85.00

Controlling Radiated Emissions by Design —
Michel Mardiguian presents guidelines for dealing
with radiation at the component, board intercon-
nection and enclosure levels. Describes sources
and mechanisms that affect radiation.

(250 pages) VR-1 $59.00

High Freq y M ts and Noise in
Eelectronic Circuits — A complete guide to
methods and tools for EMC troubleshooting,
whether the problem is radiation, ground loops,
noise or other types of EMI.
(231 pages)

JW-1 $85.00

VR-3 $49.00

Electrostatic Discharge and Electronic Equip-
ment — Subtitled “A Practical Guide to Design-
ing to Prevenr ESD Problems,” Warren Boxleit-
ner's book is a practical instruction text for ESD.

(118 pages) IE-1 $29.00

Call now to order or to get our catalog!

Crestone Engineering
5910 S. University Bivd.
Bidg. C-18 #360
Littleton, Colorado 80121
Tel: (303) 770-4709

Fax: (303) 721-1021
© VISA * Master Card ® American Express/Optima
\_ Prices do not include shipping charges J
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Attention. Fast results.

Two methods of

getting your product

through the red tape:
N

Reliable experience... in one stop.

If you need...
@ FCC Part 15, Part 68 @ IC for Canada @ AUSTEL Testing
@ EU EMC @ Full range of EMC testing ® NVLAP accredited
@ Product safety tesling to all national and international standards

..we’re the source. Schedule-sensitive. Responsive.
Knowledgeable. With 27 offices and laboratories around the world.
Call 1-800-WORLDLAB.

§ Inchcape Testing Services

icc

2. Call us.

Why Advertise in EMC TEsT & DESIGN?

The best advertising buy to reach the primary
purchasers of EMC/ESD products — EMC TEST
& DESIGN. No other publication offers EMC’s
unique approach, improving the effectiveness
of your advertising dollar.

1. Hire him.

We are your certification solution.
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Get into the best advertising buy in the
EMC/ESD industry — EMC TEST & DESIGN.
The only engineering publication in the market.
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International Compliance Corporation

Dallas/Ft. Worth Austin
(817) 491-3696 (512) 719-3555
Fax (817) 491-3699 Fax (512) 719-4211

For more information, contact
Wes Hudson at (800) 443-4696 or
fax to: (404) 618-0342.
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TUV Product Service.........ccovuvvrvernrerereerenerenenns EMC-2 ......oovinirnennennenneenrininans 48
TU V Rheinland............oooeeeceeeessrmenerreeesennnnnnne 07 (O 62 Call (800) 443-4696
Vacuum Technologies, Incorporated ................ EMC-38
38
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When EMI/RFI problems
are on the horizon,
let Spectrum Control
provnde your filter solution.

L ‘A' o u' —
. et wide rar I"”"‘* s”-"’ ents has
ne\&bpm mo ‘ . VDE, EC and Japan's VCCl have
detailed regu1atcons adliessingboth ?mmunﬁya d emissions. Spectrum Control
can help you meet these requirements.

We've developed an integrated approach to EMC problem solving...from diagnostic
testing to engineering to innovative products. Our complete line includes EMI'RFI discrete
filters, filter plates, multisection filters, filtered connectors, filtered terminal blocks, and
tubular and discoidal ceramic capacitors. We'll also provide custom solutions to meet
your needs.

Don't let EMI/RFI problems cloud your horizon. Turn to the leader in filter solutions.
To learn more call:

us. 814'835'4000 Europe 49'9122'795'0

)

SPECTRUM CONTROL INC.

Corporate Headquarters A European Headquarters
) West Ridge Rd., Erie, PA H
000 West Ridge Rd., Erie, PA 16506 Spectrum Control Gmb
gh ne: 814-83%-4000 Fax: 814-835-9000 Hansastrasse 6, 91126 Schwabach, Germany
Tt Phone: 49-9122-795-0 Fax: 49-9122-795-58

INFO/CARD 72




Operating the large
facilities in Canada,
manufacturers in me¢
electromagnetic coffip

$o iIi req

)agnetics and rad
S including antenna € :
consulting design and F

Our team of electn
engineering
measurem

MPB has also'recently expanded to include the Electronic Test
Centre in Alberta, a Standards Council of Canada accredited
laboratory (CAN-P-4C and ISO/IEC Guide 25), and can now
offer environmental and safety capabilities.

Electronics Test Centre
250 Karl Clark Road
Edmonton, Alberta T6N 1E4

MPB Measurement Facility
NRC, Montreal Road
Building M-50

Ottawa, Ontario K1A OR6
Phone: (613) 744-3273  Phone:

(403) 450-5370
Fax: (613) 744-4820  Fax:

(403) 462-7285

INFO/CARD 73

* MIL-STD-461/462
(200 V/m)

* MIL-STD-810D

* MIL-STD-2036

* HIRF

* RTCA/DO-160 C/D

* VDE 08751

* Antenna calibration to
NRC/NIST standards




RF marketplace

Classified display ads are available at $115 per column inch. Frequency rates available for multip
insertions. Please call for further information, 1-800-443-4969, ask for Jon Tuck. Or fax your ad copy for

rate quote to (404) 618-0342.

— RECRUITMENT —

ENGINEER/RF APPLICATION

WORLD WIDE ELECTRONICS CO. SEEKS RF/ MICROWAVE
ENGINEERS W/5+ YRS EXP IN ANALOG/DIGITAL COMMUNI-
CATION, RADIO SYSTEMS, AND REMICROWAVE COMPO- e e e
NENTS. PRACTICAL EXP IN TESTING MEASUREMENT, MFG RF/Microwave Engineer

&/0R DESIGN REQUIRED. REVIEW & ANALYZE SPECS. 2
SEND RESUME: %w%gc;;ns . BSEET ¢ 20 years experience
1 ni-Circuits’ H H i H
BKLYR, MY 11235 Reliable circuit design &
effective test engineering.

(603) 536-4639 ext. 109

| HAVE 29 YEARS EXPERIENCE

As a Naotlonwide RF Specialist, Microwave, F =
Aitars, NVIC, L-Band, KisBcnd, Satelites, Anten esign

nas, Audo, Video, Telecomm, CATV, Wireless, Marketplace

VHF, UHF, Radio, Commerclal or Military.

Call, Fax, Mall Resume To: Bl Ellas, Dept RF
P.O. Box 396, EastBrunswick, N.J. 08816
Phone: 908-390-4600 Fox: 908-390-9769.

ELIAS ASSOCIATES

“Annually A National Award Winning Search Frm’

T ———— 11311
4 i ot ‘}Inogw
= v
Full-Featured Co_lwcrlhn System Design
Waypoint =74} TxRx Designe
o Only $149.98

1950 Bavaris Dr. #0317 %
fal ) i@ Colerado Spriags, CO 39913 ~ Please call or write for
(T19) 538-9"91 information.

CELLULAR/WIRELESS industry.
Debra Sola-Furnari
TELE-TECH SEARCH
4773 Split Rail Place

Nationwide opportunities in the \

W. Melb , FL 32904
(407) 951-320%%?& (407) 951-0808 ON THE
NCS Jobline has a Job for You! INFORMATION
2897 Mapleton Ave Suite 1A
SUPERHIGHWAY,
303-440-5110

ncs @jobline.com
See Career Magazine on the Internet at THERE ARE
http://www .careermag.com/careermag/
NO LIMITS.

At Philips Broadband Networks, our
cable television and business data

RF Design is THE PLACE to

REACH PRIME PROSPECTS -
more than 40,000 readers who
are design and R&D engineers,
engineering managers and cor-
porate staff in the military,
aerospace, communications
and electronics industries.

For rates and closing dates,
call Jon Tuck at
(404) 618-0217 or
fax (404) 618-0342.

networks are changing the way the

world communicates. And right now,
we have the career opportunities to
prove it.

SENIOR PROJECT ENCINEERS

RF Distribution—
MSEE and 7 years experience.

Digital Transmission Systems—
BSEE/BSCE and 10 years experience.

For consideration, please send

a resume with salary history,
indicating position of interest to:
Philips Broadband Networks, Inc.,
Dept. HRRF, 100 Fairgrounds Drive,
Manlius, NY 13104, EOE

~ PHILIPS

RF Design

115



Several « == £ orwing commercial major electronic companies located in the
southeass @ haied us to identify candidates in the mid-level experience range.

1) BSEEE — Feiver design, Sat Comm, Commercial wireless product
lw/Development

2) BSEEE — [duation/QA engineer — Spearhead products through design QA

3) BSEEZ — [icuit Design Engineer - Frequency Synthesizers

4) BSEEE —— $a Manager Analog IC Design

5) MSE X< - for Military Systems - L Band thru KU Band (2-18 GHtz) -

33| [Fmmesmmuim T |
= ...YOUR CAREER

l I Project L gn 3
is This person must be experienced in computer aided design,
R , and measurement techiques. Responsibiiities will inciude of
MMICdeslgv\sforRFpomddiﬁt:conuhn.‘:!mm dlo
designs. Should have extensive experience in active passive microwave Cir-
cuits. Concise clear
H

siilis are req for of reports,
proposais, and presentations.
Cellular lm:mlon: WHI design RF dreultlo:ov A P ekwl:l"&m‘
& i hematic capture, supervising PCB layout. & test, evaluation & integration of design.
BSEE, ".cmou&wmup."l:dﬂmmd P of radio

hybrid and monoiithic IC design

Jwedge of non-linear modeling.
#f-o-r-t-un-e

FSONNEL CONSULTANTS OF RALEIGH, INC.

ll, Box 98388R * Raleigh, NC 27624-8388

hme: 919-848-9929 o Fax: 919-848-1062
k o Stan Deckelbaum j

- -
Recruiting RF
R.IF.Engineers gcniting B

Natioil & International
Wireles, Microwave, Etc.

Ovwver lyears service in the
Cormunications Industry.

The best buy for
your advertising dol-
lar is RF DesicN, the
ONLY technical pub-
lication written ex-

All Leve: Relocation Available
Feespaid by employers

Call ElaireCohen or Steve Young

1-800-8752230 Fax: 714-250-8535

Fortune Gmmunications Group
18552 MaArthur Bivd. Suite 345
Irvire, Califomia 92715

clusively for engi-
neers working in the
important wireless
market. For informa-
tion on how to reach
over 40,000 RF
engineers and engi-
neering managers,,
call Jon Tuck at
(404) 618-0217 or
fax (404) 618-0312.

Material Science. Working knowled M.pf.....“"'s'%‘."""“"“ A ]
’ ) p 9
w.mmqm
Engi Lead the 5 design and of a wide variety of antennas
mmwnwmmm-m.my y using P, ip and
9 B EE with 5 years experience.
Regional Field Sales: Aggressive individuals 10 creale and serve new accounts. Positions are located
mﬂmmu.s.xmmmmnmmmn Base salar, i
car. BSEE.

$r. IC lacom ires B.S.E.E. (M.S.EE. ind 5+ in high
o e g e e DL
teams 3 data converter

the cycle. Exp o hi
architectures snd IC CADTOOLS is a must. <
RFEnmr. for the design of 800 MHz and 1.9 GHz transmitters and receivers for cellular
zpliu' m.cmwm.wmmmmwm-
of portable products,
Desl 8.8.E.E. (MS.EE. nd 5+ W
('or preferred) ai yoars e; ey

wili be y
for celiular basestation, Design will require an understand-
ing of wireless standards (GSM, DECT, IS-54, PHS, etc.)

ct
munscations apphications.
’ verter and RF/IF circuitry.

MMIC Engineer: Develop L/S band GAA’s MMIC power ampli
commercial

ifiers
@4 for | wireless communications. Requires: M.S. or BSEE,

+2 years experionce with GAA's MMIC design, simulation, pack-

COMMUNICATIONS
‘ EXECUTIVE SEARCH
in

800 Turnpike St. « North Andover, MA 08145
& of ications both nati fy and internationally.

We sp the p
FOR THESE AND OTHER OPENINGS
CALL COLLECT: TEL: 508-685-2272

FAX : 508-794-5627

Technology and Vendor Selection
New Technology Integration
Strategic and Management Consultancy

principles. Travel may be required.

ty employer,

Radio, Signaling, and Network System Planning and Design

WIRELESS ENGINEERING OPPORTUNITIES
with MOBILE SYSTEMS INTERNATIONAL

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

* System Dimensioning
» System Design Audits
* System Performance Monitoring

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

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

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




CAREER OPPORTUNITIES

R.F. Engineers

CELLULAR/MICROWAVE/PCS
National & International

Representing Opportunities In The Country's
Leading Communication Corporations.
— Relocation Available —
All Fees Paid By Our Clients.
John Nagel * (800) 883-8380

Advanced Communication Search
1189 Richmond Road « Mahwah, NJ 07430
Tel (201) 818-1479 » Fax (201) 818-1510

RF ENGINEERS: NATIONWIDE
R F/VSAT/Cellular/Wireless
CDMA/TDMA/Mobile/Spread Spectrum
Respond to: CTH, Lid.
440 Harlem Ave. - Glenview, IL 60025
708-657-0102 « Fax: 708-657-0061

1OWAERMIDWEST —
MIDWEST RSy OPENINGS

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
B.S/M.S. 210 8+ yeans eaperience, base-band to 3.0 GHy. in any of
the following: Receivers, Transmitiers, Power Amplifiers, Synthe-
sizers, Spread Spectrum. RF ASIC/MMIC Design, Modems, Com
munications DSP. Desire strong analytical skills and experience in
RF circuit simutation using modem RF CAE tools. Multipie open-
ings with top commercial companies in attractive Midwest locations.
Reply with assured confidentiality to:
DON GALLAGHER MSEE
Gallagher & Assoclates
1145 Linn Ridge RD. MT. Vernon, 1A 52314

Phone: 319-895-8042 Fax:  319-895-6455

RF Eagineering Recruiting fos Midwest {Bents Since 1987

C&K SYSTEMS

C & K Systems, the security dealer’s
choice in spread spectrum wireless
security, is offering RF designers new
development of spread spectrum RF
products in the 900Mhz and 2.4Ghz
ranges. Located at the base of
California’s Sierra Foothills, C & K offers
excellent benefits and a peaceful lifestyle.

Two positions are available in the design
of radio transmitters, receivers, and
transceivers using SMT and microstrip
technologies. Requirements include:
Low power battery operated transmitter
design; Knowledge of spread spectrum
synchronization and modulation tech-
nigues; Design of low cost devices using
discrete semiconductors; Computer
simulation skills; Understanding of FCC
requirements. MMIC and ASIC design
skills desired. Antenna design and
matching capabilities desired. Micro-
processor experience a plus. BSEE and
5 years experience required. MSEE
preferred.

Respond by mail or fax to:
C&K Systems
107 Woodmere Road ¢ Folsom, CA 95630
Fax: (916) 985-6851

RF Design

AtMotorola

Cellular, we believe in

puslling l:)eyon(l the practical
paths of innovation to freely
. experiment with new and excit-
ing technologics. If you are
seeking an environment built
on innovation, explore oppor-
tunities at one of our suburban
! Chicago locations.

RF ENGINEERS

Positions available for
individuals with a mini-

mum of 2 years PCS,
GSM, CDMA/TDMA &
and all other areas of ;
RF Jesign, (leve]op- i
ment and test
experience. Candidate
must also have solid
experience in domestic and

international protocols.

PRINTED CIRCUIT
DESIGNERS

We have positions open at
; various levels for those who
{ excel at (lirecling‘ and participat-
ing in very complex printed
circuit board layuuts for both
new and retlesigned products
which conform to qualily and
manufactural)ilily specificalions.
You will utilize C.A.D. worksta-
tions with application specific
software as well as support ter-
minals to access electronic data
hases and various input/output
| periplwral equipment. The suc-
. cessful candidates will have a
minimum of 5 years experience
in printed circuit design with
3+ years C.A.D. experience

Cellular

WE’RE PUSHING
BEYOND PRACTICAL PATHS
OF INNOVATION.

@ MOTOROLA

Bedeis.

AL amy el iaas aall,

using mentor boardstation

software. Indepth knowledge
with PC.B. fabrication and
assembly techniques essential.
ELECTRICAL
ENGINEERS

You will (lesign and (levelop :
circuits for digilal cellular
base This includes
(leveloping RF an(l analog’

circuitry while utilizing l’ligll

stations.

performance syntllesizers,

lligll (lynamic range receivers
low/l’ligh
transmitters for our
A BSEE
with 4+
years related (lesign

an(l power

systems.

along’

experience is re- |
# quired. Post design
experience in RF
and analog cir-
F'cuitry, as well as
a ])ac]zground in

control systems essential. A

MSEE preferred.

We offer an excellent

salary, conlpletc ])ene—
fits, 401 (K), profit
sharing and more.
Forward your resume
indicating position of
interest to: Motorola
Cellular, Department
JWRF 1501 W. Shure
Drive, Arlinglon
Heights, 1L 60004.
Fax: 708-632-3873.

Motorola is an

equa' opportuni-
ty/affirmative
action employer. We
welcome and encourage (liversity

in our worl:force.

A
cawiiaad

RF Design - 1-:800-443-4969




ANTENNA DESIGN ENGINEER

Sinclair Technologies Inc., is a leading international manufacturer of base station
antennas and antenna systems for Cellular, PCS, and other commercial land mobile
applications. We are currently seeking a motivated individual to join Sinclair’s team of
highly talented engineers in both the U.S. and Canada as we contribute to the
development of the next generation of wireless communications systems.

KSG, a specialist in cellular
communications, is accepting resumes
for Domestic/International positions from
individuals with experience in CDMA,
TDMA, and/or GSM.

* Software Engineers/Developers
* RF System Design Engineers

* MSC « BSC * BTS

* Technical/Test Support

* Operations Experts

« Staff « Supervisors * Managers
* Swifch Technicians

» Contract/FulFTime Employees

26941 Cabot Road, Suite 115
Laguna Hills, CA 92653
Tel: 714-582-7800 « Fax: 714-582-7900
eMail: ksg@earthlink.net

Qualified candidates will possess a minimum BSEE degree with 3-5 years Antenna
Design Experience. Advanced degree and/or experience with 800Mhz to 2Ghz frequency
ranges a plus. Position requires ability to assume responsibility for new product
development from initial design through production.

Interested candidates are encouraged to mail or fax their resume in confidence to:

Sinclair Technologies, Inc.
675 Ensminger Rd. * Tonawanda, NY 14150
Fax: (716)874-4007 « ATTN: Engineering Manager

SINCLAIR

Discover the Next Generation of Gellular Technology.

Discover a global leader in cellular and telecommunications technology—NOKIA. We are a pioneer in the development of digital telecommunications systems
and equipment used in fixed and radio telephone networks as well as personal communication systems (PCS) products. To serve the growing market, we are
expanding, and seeking self-directed professionals to join our leading teams at our R&D center in San Diego, CA. If you have the desire to contribute to our
technological innovations, investigate the following opportunities:

RF ENGINEERS

Will develop RF/analog circuits including RF/analog ICs for the next-genera-
tion CDMA phones using state-of-the-art tools for design and test. Will
have an opportunity to share ideas with a multitude of other RF engineers
in Nokia worldwide working on systems like US TDMA, JDC, GSM and
AMPS. Positions available:

* RF TEAM LEADER-Will lead a team of RF (HW) engineers trom initial
design implementation through product integration and testing into high
volume production. Main objective is to ensure world class TEAM results

+{C TEST ENGINEER-Will create a mixed mode IC test environment to sup-
port current and new generations of NMP custom ICs. This includes writ-
ing test specifications and procedures for ICs; defining test equipment
and tools needed; writing code for automated tests and buiiding test envi-
ronments; performing tests on engineering samples. Requires a
BS/MSEE, minimum of 3 years related experience, skills with remote pro-
gramming of instrument, and ability to write software and handle data
post processing. Travel is required. (Code BW/ICT)

FIELD TEST ENGINEERS

Will test dual mode AMPS/CDMA products. Requires experience in commu-
nications radio testing. TOMA and CDMA cellular experience preferred with

by creating a team spirit and communicating objectives and values.
Requires 5+ years' in RF design with emphasis on low-cost radio design

on an implementation and system level. Also requires experience with
producing high quality RF designs for high yield production. (Code
BW/RFTL)

* SYSTEMS ARCHITECTURE-Requires 5+ years' experience defining self-
contained RF system architectures and experience in low-cost receiver
and transmitter design on a discrete circuit level. Also requires knowledge
of integrated circuit architectures; solid knowledge of modulation theory
and digital signal processing; ability to use CAD tools; and analytical skifls.
Must have coordinated a project from initial system definition to first
hardware implementation. (Code BW/RFS)

« CIRCUIT DEVELOPMENT-Requires 5+ years' experience defining RF cir-
cuitry with demonstrated knowledge of RF concepts such as amplifica-
tion, oscillation, noise (both phase and thermal), mixing, modulation, fil-
tering, dynamic range, impedance matching and distortion. Strong back-
ground in designing, simulating and testing discrete RF circuitry also nec-
essary. (Code BW/RFC)

*IC DESIGN (RF/Analog)-Requires 2+ years' experience with
BiCMOS/Bipolar processes; design background in AMPS, mixers, VCOs,
FM Demods, Op-AMPS and basic logic; understanding of specification
generation, circuit design, layout, test board generation and testing. May
participate in RF systems development. (Code BW/RFIC)

* ANALOG ASIC ENGINEERS-Responsible for defining requirement specifi-
cations for A/D, D/A ASIC design; circuit design and verification; design
documentation; and ASIC testing for COMA products. Requires 4+ years’
experience in analog/digital A/D, D/A ASIC design, CMOS and BiCMOS.
Mentor design tools preferred. (Code BW/AAE)

BSEE or equivalent experience. Travel in U.S. and Europe required. (Code
BW/FT)

TECHNICAL SUPPORT ENGINEER (After-sales)

Will provide after-sales technicali field support for hand-held COMA prod-
ucts. This includes project support, service documentation, training, service
accessories, etc.; customer support during program; and participating in
field testing. Will also interface with after-sales in Finland. Requires some
cellular experience (operator, manufacturer); customer service experience
in technical area; good communications skills to troubleshoot problems;
experience with PCs, cellular testers, general laboratory test equipment;
and understanding of documentation and documentation tools (ILEAF). BS
is preferred. Travel in U.S and Europe required. (Code BW/ASTSE)

In addition to the ahove positions, we have additional opportunities in
such areas as: DSP, Software, Systems and Industry Standards Develop-
ment; Cellular Field/Systems Test; Digital Hardware Development and
Mechanical Design.

If you are interested in the
above positions, send your
resume, referencing appro-
priate Code, to: NOKIA
MOBILE PHONES, Dept. 229,
9605 Scranton Rd., Ste. 500,
San Diego, CA 92121. FAX:
(619) 450-6090.

NDKIA%

Connecting People.

EEO/ADA Employer
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RF Design is THE PLACE to REACH PRIME PROSPECTS -
more than 40,000 readers who are design and R&D
engineers, engineering managers and corporate staff in
the military, aerospace, communications and electronics
industries.

REF design

For rates and closing dates, call Jon Tuck at
(404) 618-0217 or fax (404) 618-0342.

ELECTRONIC SYSTEM PRODUCTS

ESP provides the engineering and manufacturing
consulting expertise to introduce new technologies
to the communications and consumer electronics
industries. Recognized as a leader in systems design and
an integrator for the cable television and telecommuni-
cations industry, ESP emphasizes multimedia technology
and access to The Information Superhighway. We are

looking for the following seasoned professionals for our
Atlanta, Ga. location:

Sr. Analog or RF Engineers

Solid knowledge of Analog/RF product design concepts
such as Modulation, Amplification, Filtering, Mixing and
Noise. A familiarity with FSK, BPSK, QPSK, OAM, & VSB
demodulators and modulators, is desirable. Requires
excellent analytical skills with the ability to design and
simulate active and passive circuitry.

Please respond to:

ELECTRONIC SYSTEM PRODUCTS (ESP)
DEPT. HR-ESP-RF
5720 PEACHTREE PARKWAY
NORCROSS, GA 30092
OR FAX TO (404)441-7847

EQUAL OPPORTUNITY EMPLOYER

RF & DSP ENGINEERS

RITRON, INC. was founded in
1977 and is a leading U S.
manufacturer of low-cost portable,
mobile and point-to-point wireless

communications products and
systems.

Our engineering design department
is growing in order to support the
development of new wireless
products. We have openings for:

® RF. Design Engineers - Must
have recent experience in the
design of radio frequency
transmitter and receiver
circuitry. Requires BSEE.

® DSP/Microcontroller
Engineer/Programmer

Located in a suburb of
Indianapolis, RITRON, INC.
offers a challenging career,
competitive salary, profit sharing
plan and medical benefits package.
Send resume to RITRON, INC,,
P.O. Box 1998, Carmel, IN 46032.
Att: H.R. or FAX: 317-846-4978.

RITRON,INC.

Wireless Communications Products

ITS ==
CORPORATION

Visibly Better TechnologV

ITS Corporation is a leading manufacturer
of television transmitter svsiems located in
a suburb of Pittshurgh. Our total workforce
has grown from 110 emplovees in 1992, 10
167 emplovees in 1993 with 268 current
employees. Staffing protections for 1995
indicate continued growth. We are seeking
candidates for the following position:

DESIGN ENGINEER

An experienced design engineer with RF
and video circuit expereience. BSEE
required. Substantial growth opportunity for
the right candidate.

Interested candidates should
Sforward their resume with salary
history to:

ITS CORPORATION
Human Resources Department
375 Valley Brook Road
McMurray, PA 15317-3345
FAX:(412)941-4603
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Learn DSP and put your knowledge to work
IMMEDIATELY!

To receive an informative brochure on this popular seminar, call

Z Domain Technologies, Inc. at 1-800-967-5034
or 404-587-4812. Hours: 9 - 5 EST.

Also, a 2-day ADVANCED class in DSP is available on a
limited basis -- call for more details.

By taking this 3-Day Course, you will really
learn DSP. Guaranteed!

Coming to a City Near You:

Axonn Corp. is the leading suppier of high performance, low cost, embedded spread spectrum technology.
Avonn’s Fortune 500 customers integrate our SW and HW designs info on impressive array of innovative, very
high volume oprlicuﬁons. Qur designers work hand-inhand with engineers worldwide fo create future product fines.
Axxon confinuall

y researches new, patentable RF communication techniques.

SENIOR & STAFF RF DESIGN ENGINEERS

Hands-on design experience required with frequency synthesizers, receiver, and ransmitter designs at 900 and
2400 MHz. Must be proficient with RF modeling software such as Touchstone or Eagleware and experience with
surface mount devices. 5 1o 10 yrs. experience required for Sr. position.

SOFTWARE/DIGITAL ENGINEERS
Must have experience in single chip microcomputer desi%n ond ossembly longuoge progromming. Experience in
(/C++ development knowledge of DSP techniques desirable.

SR. DSP PROGRAMMER
Requires 5-10 years experience with mghnol processing algorithms and DSP Programming, including filter and
modem design and implementation af both baseband and IF conversion rates.
SMT MANUFACTURING ENGINEER
Hands-on experience with SMT high volume assembly, and familiarity with concurrent engineering design
processes. Must possess a working knowledge of 150 9002 and IPC standards.
PROJECT ENGINEER

Requires 3 years experience with customer interfacing, specification development, and project management
including proposals, scheduling, costing, failitating, and reporting. Electrical engineering background required. RF
communications experience a plus.

If you want challenge, variety, design creativity and the growth available
A in a smaller company, FAX your resume to (504) 282-0999.
/7ONN Phone: (504) 282-8119 Fax: (504) 282-0999

—_—)

The Problem Solver

Fully Integrated Product Design Facility
Microwave, RF, Analog, Digital, and Mechanical Design
Fast Response - Exceptional Results

Geotek Design Services
18512 Carrot St. Suite 108, Spring, TX 77379
Ph(713)376-4606 - FAX(713)251-3860

A-Comm ELECTRONICS
Refurbished Test Fquipment
DC-26ghz HP GR Wavetek Tektronlx '
= Send for Catalog listing =

7198 S. Quince Street
Englewood, Colorado 80112

303 290 8012 Fax 303 290 8133

FCC AUCTION
INDUSTRY IMPACT REPORT

Will the FCC Auctions change the
communications business? Absolutely!
This independent, exhaustive study is
must reading if you're a frequency user.

($89.95 + $2.50 psig)

Cynetics Corp.
3824 Jet Drive. Rapid City SD 57709

605-394-6430. FAX-6456

i WHAT CAN )
KINTRONIC @ LABS, INC.

OFFER YOU?
HIGH QUALITY, AFFORDABLY PRICED

T | <

J
Custom Antennas

RF Components (VHF, UHF &
(LF, MF & HF Bands) | Microwave Bands)
sInductors *High Gain,

*RF Switches Vertically Polarized,
*RF Patch Panels Series Fed Arrays
*RF Chokes *Wide Band,

*Mica Capacitors*
(Cornell Dublier)

Omnidirectional,
Vertically Polarized

*Vacuum Biconicals
Capacitors* sTunable Discones
(Jennings) Utilizing A

*Rigld Transmission
Line & Accessories

Patented Design
*Covert Designs
For Indoor Or
*In Stock Ready For Outdoor
Immediate Delivery Applications

Kintronic Laboratories, Inc.
P.O Box 845
Bristol, TN. 37621-0845
Phone: 615-878-3141

Fax: 615-878-4224

>
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NOLAN LABORATORIES, INC.
Consulting, Design, Test and Manufacture
FOR
RF, Microwave, Antennas, Electromagnet-
ics, EMI/RFI, Bioelectromagnetic Sensors
Design and Support for Manufacturability

James A. Nolan, MSEE PO Box 567
President Conifer, CO 80433-0567

RF Desicn is THE PLAGE to
REACH PRIME PROSPECTS -

Whether you order 1 part or
all 50,388...MOUSER stocks
and...ships same day!!

(303) 838-0057 CALL... (800)

MOUSER]

992-9943

Not All
High-Tech People
Qualify To Be On

An Argus List.

&

i" “ ( ‘\L

for your
FREE

more than 40,000 readers who
are design and R&D engineers,
engineering managers and
corporate staff in the military,
aerospace, communications
and electronics industries.

CATALOG

_ 958 North Main St.
Mansfield, TX 76063

MOUSER’

ELECTRONICS

Sales & Stocking Locations Nationwide

Rent the circulation
file of this publication /\

for your direct

For rates and closing dates, " 'DE i ARGUS
our complete cata-
call Jon Tuck o Marketplace log, call Kristin ot Somcimcn
o (400) & 800) 443-4969 [ICEREEE
or fax (404) 618-0342. { ) -

mail needs. For

INCORPORATED

Product Definition, Design, and Production
RF Systems / Spread Spectrum
Microprocessor Based Designs

DSP / Digital Radio

Harris and Hitachi Authorized Design Center

1842 Hoffman St. Madison, WI 53704
(608) 244-0500 FAX (608) 244-0528

* STD. 5 AND 10 MHZ OCXO
K ﬁé S /\ | * TCXO * VCXO » TC-VCXO
* VCO’s * CLOCK OSCILLATORS
WL."'—;—""O"'* * CUSTOMIZED CRYSTAL FILTERS
ELECTRONICS STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ
T "Where your dreams turn inso reshity.” | * L/ICFILTERS
* STANDARD I¥ FREQUENCYCRYSTALS

* SURFACE MOUNT AND LEADED
PACKAGE

Call or Fax requirements.
16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Phone & Fax (602) 971-3301

1GHz RF

SIGNAL GENERATOR
AM/FM, 100 KHz through 1 GHz
Quality crafted in the USA

Finally, a synthesized signal generator that's EEEEEEIT
designed to helg%'ou 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 si generator is
meant to do- provide a verf' stable, accurate, easy to control signal from 100 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 82495, the Ramsey RSG-10 is your profit generator.

RAMSEY ELECTRONICS
793 CANNING PARKWAY, VICTOR, NY 14584

i)

Fax: (716) 9244555

TELEX: 466735 RAMSEY CI
ORDER DIRECT—CALL 1-800-446-2295 m

= 1 SPECTRUM PROBE®
This low circult loading SCOpe probe

produces a 60 dB Spectrum analyzer
display on your inexpensive scope

EMC RFI|
Ask for application notes,specifications, sales & warranty info.
255 Spectrum Probe 30 KHz to 2.5 MHz  $279

107 Probe 1-100 MHz $249 ($279 extra shielding)
Acoessory Current Adapters: IA5 $19 IA7 $29

SMITH DESIGN (215) 661-9107
207 E.Prospect Ave,N.Wales, PA 19454

RF Design
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August 21-23, 1995
Baltimore Convention Center
Baltimore, MD

HIGHLIGHTS INCLUDE:

¢ Full-Day Special Courses

¢ 30+ Educational Sessions

* Expansive Exhibit Area FOR INFORMATION ABOUT EXHIBITING AT
Showcasing the Latest Advances RF EXPO EAST "95 CONTACT:
in Products and Services Jessica Cook Jon Leh! Scoft Moskowitz
West Coast/Southwest  North Atlantic Region  Midwest/Southeast
 Unlimited Networking (404) 618-0422 (404) 618-0423 (404) 618-0433
Opportunities
FOR INFORMATION ON ATTENDING,
¢ Exhibitor/Attendee Receptions PLEASE COMPLETE THE COUPON AND MAIL OR
FAX TO: RF Expo East
RF Expo East “95 features both intensive 6151 Powers Ferry Road, NW
. d ' Atlanta, GA 30339
futorlalls and technical paper present.c'rlons— or call (800) 828.0420 or
exploring the challenges of the RF industry (404) 618-0393
today—and in the future. Fax (404) 618-0441
' B e e I e e T g e 5
CALL FOR PAPERS | Please send me more mformahon on RF Expo East 1995 [
| {
For more information on L Hare: ‘
submitting technical papers, | ' TIRST TasT I
. 1
contact: N Title:

Gary Breed, Editor |

I
I
|
RF Design magazine 2 eidh bt :
6300 S. Syracuse Way ! Address: :
Suite 650 I
8|  Englewood, CO 80111 City: State: Zip: |
(303) 220-0600
Fax (303) 773-9716 Phone : ( ) Fax: ( )

RFD 4/95




B RF LITERATURE/PRODUCT SHOWCASE

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 0°to 50°C

+2.0ppm  -40°C to +85°C

*other stability options available
Various voltage control options available

Dimensions: Length 0.8
Width 0.8
Height 0.4°

Typical Delivery: Stock to 6 weeks ARO

Hy-Q international (USA), Inc.

1438 Cox Avenue * Erlanger, Kentucky 41018
Phone: 606-283-5000 » Fax: 606-283-0883

NEW Chip Dielectric Filters
for PCMCIA

New TDF family of chip dielectric filters
feature superior out-of-band rejection, low
insertion loss, and extremely low profile
(2mm) for today’s miniature wireless com-
munications products. Frequency range of
800 - 2500 MHz provided, with packaging
on tape to reel, and reflow solderable.
Call 1-800/PIK/TOKO

TOKO AMERICA, INC.
1250 Feehanville Drive * Mt. Prospect, IL 60056-6023

INFO/CARD 91

INFO/CARD 92

250V

SINGLE LAYER PARALLEL PLATE
CHIP CAPACITORS

Tecdia's uniquely designed and crafted safety
margin around the top electrode:

prevents shorts

increases DWV

insures reliability

TECDIA

2672 Bayshore Parkway, Ste. 702

Mountain View, CA 94043

Tel: (415) 967-2828 Fax: (415) 967-8428
Outside California Cail Toll Free 1-800-TECDIA1

2HDD =

1BM FORMAT

EMC-EMF

Buyer’s Guide
and Problem-
Solving Software
Winter-Spring 1995
Install: File, Run a:setup

Imagine an EMC and EMF Products &
Services and Suppliers Buyer’s Guide on a
Windows or DOS-instailed floppy disk.
Then comes problem-solving software:
(1) Shielding Materials and Performance,
(2) Shield Aperture Leakage Control and
(3) Electromagnetic Ambient Environments.
All for only $95. While supply lasts.
Visa/MasterCard Credit Cards Accepted.

emf-emi control

6193 Finchingfield Rd. Gainesville, VA 22065
Phone: 703-347-0030 Fax: 703-347-5813

TESILLA
Communications
Simulation

Still Only $695!

Why is TESLA winning all these awards? It‘s
simple and easy to use, yet it does full RF
non-linear, mixed analog & digital simu-
lation. Why not see for yourself? Call now:
800-631-1113

TESOFT Inc. 404-751-9785 Fax404-664-5817
PO Box 305 Roswell GA 30077

INFO/CARD 93

FEED-LNA-BPF
DOWN CONVERTER

v WEATHERTIGHT 0-RING
SEALED HOUSING

v LCP, RCP OR LINEAR POLARIZATION
v +75DB OVERALL GAIN

v INPUT FREQUENCY FROM
1.4702.8 GHz, 1% BW

v IF OUTPUT FROM 0.1 TO 500 MHz
5350 Kazuko Court, Moorpark, CA 83021
Wilﬂmm (805) 523-2390 FAX (805) 523-0065

INFO/CARD 94

INFO/CARD 95
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Free Electronic
Hardware Catalog

Broadest selection
of quality hard-
ware for electron-
ics assemblies.
350-page catalo
in-cludes a full |
range of standoffs,
captive screws and
nuts, chassis fas-
teners, handles, |
ferrules, spacers
and washers. Special sections
include: new/unusual products,
metric information, and Mil-plating
specifications. Full inventory, fast
turnaround, samples. ACCURATE
ScREW MACHINE Co., Fairfield, NJ, 1-800-
237-0013. Fax: 201-244-9177.

MAGNETIC SHIELDING

Procurement Cata-
| log from Ad-Vance
| Magnetics describes
- | magnetic shielding
" ‘ and the company’s
N

g %/

&% | vices

facilities, products,
/ and services. Infor-
A mation is given on
products and ser-
including
design aids, engi-
neering services, fabricating, foils, heat
treating, sheet stock, and computer mon-
itor shields. Manufacturing techniques
are also discussed and shown.

—TUE.

Ad-Vance Magnetics Inc.
635 Monroe Street
Rochester, IN 46975
{219) 223-3158 Fax (219) 223-2524

RF ENCLOSURES

¢ Designed in minutes
e Same day drawings and quotes
* Parts in only days

ENTECH EXPRESS can speed up your
work and provide you with prototypes or
production quantities quickly at very
reasonable prices.

Advanced Machining Techniques, Inc.
28 Willowdale Ave. » Port Washington, NY 11050
(516) 883-4340 - Fax: (516) 883-8057

INFO/CARD 97

INFO/CARD 98
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B RF LITERATURE/PRODUCT SHOWCASE 8

RF POWER AMPLIFIERS

200 W ¢ 150.200 MHz » 55% Efficiency  35dB Gain

1 MHz-2GHz IW-1KW

* Small Size * High Efficiency ¢ Durable
* Module and Rack Mount Systems
» Customization Available

—— 651 Via Alondra, #712
LC P eenes )\ Camarillo, CA 90312 USA
. =/ TEL: (805) 388-8454

v/S I=D

THE COMPANY YOU COME T0
FOR QUALITY AND
PERFORMANCE

R. F. DESIGN ESSENTIALS

CRYSTAL FILTERS o L/C FILTERS ¢ MONOLITHICS « CRYSTALS

Overtone Group

Fo = 109 MHZ

BW 34 = = 15 KHZ Min.
BWgggp = = 100 KHZ Max.
L.L. = 64, Max.

Ripple .54, Max.

Temp. —40°Cto +75C

Spurius Attentuation 50db Min. M

Zon Zon =50 02 I 25 &
Roofing Filter

F, = 40.455 MHZ ¢ 175 > v
BWj 254p = = 4 KHZ Min. 044

BWqog = = 50 KHZ Max.
I.L. = 4gy Max. ' : ! i

Temp. —40°Cto +80°C

LABORATORY - STANDARD
HIGH POWER BIAS - TEE NETWORKS
FOR
R. F. SEMICONDUCTOR AMPLIFIER DESIG!
TYPE RANGE (GHz) SW.R. D.C.(A) LOSS({I
9460-0.4 0.10-0.70 1.20 20.0 0.40
9460-0.8 0.40-1.25 1.20 20.0 0.10
9460-1 0.55-1.60 1.20 20.0 0.10
9460-2 1.00-3.00 1.20 200 0.30
9460-5 2.70-7.50 1.20 6.0 0.30

OTHER MODELS THRU 36 GHZ AT 6.0 A.

WIDE VARIETY OF CONNECTOR TYPES.

COAXIAL DOUBLE & TRIPLE SLEEVE TUNERS FOI
WIRELESS,CELLULAR & OTHER APPLICATIONS.
ALFORD DESIGN "EASYMATCH" TRIMMERS.

VARIOUS MODELS COVER : H.F.-VHF - UHF -MICROWAV
MATCHING V.SWR.>14.0:1 UP TO 36 GHZ.

BROAD BAND ANTENNA ARRAYS
\ALFORD DELTA DIPOLE - ALFORD SLOT TUBE - ALFORI
LOOP ANTENNAS FORTV & FM-E.CM.- MIL.-ILS & VOf

PRECISION COAX ADAPTERS

Spurius Attenuation 40db Min.| © ouT e 066
Zy 2= 500 o :

TELEPLEX, INC. - ALFORD DIv.

4801 INDUSTRIAL PKWY., INDIANAPOLIS, IN. 46226-420¢

AND OVENS

* High stability crystal oscillators and ovens for:

* Tes! equipment frequency standards

* Global position systems

* Cellular telephone communications

* Paging transmitters & TV studio equipment

* Navigation and many other applications

* OCXOS. TCXO0S. VCXO0S. AND
CRYSTAL OVENS
Write or call us with your requirements
IsoTEmP RESEARCH, Inc. P.O. Box 3389
Charlottesville. VA 22903
Tel 804-295-3101 Fax 804-977-1849

EMC Testing and Consuliants

TUV Rheintand of Nurth America, Inc. provides EMC
consultation, testing and certification to help manu-
facturers comply with domestic (FCC) emissions
requirements and EMC requirements of the European
EMC Directive. The EMC facility includes a semi-ane-
choic chamber with a six-foot, 2,000-pound capacity
turntable. TUV Rhein land also provides product safe-
ty testing and 1SO 9000 registration.

TUV Rheinland of North America, Inc.
12 Commerce Road
Newton, CT 06470
#203) 426-0888, ext. 123
ax (203) 270-8883

A" FOMER A FAX: (805) 389-5393 2731 N. Puiaski » Chicago, IL » 60639 « (312) 278-6088 » FAX (312) 278-6179 ¥ PH. 317-895-8800 FAX. 317-895-290(
INFO/CARD 100 INFO/CARD 101 INFO/CARD 102
CRYSTAL OSCILLATORS RF MICROWAVE PCB DESIGN

INSIDE AutoCAD®

==
— O
L
L ‘ S om
EPD - Electronics Packaging Designer: Adds an
intelligent PCB layout 100l to AutoCAD®

® Excellent for RF/Microwave & Hybrid Design

® Automatic Parts, FAB, Rats, Netcheck. DRC's

® Advanced Edge Vector programs

® Pour complex groundplanes (Pos. or Neg.)

® No limits to complex geomelrics

Auto Schematic Capture - Finally! One that really
works in AutoCAD"™

GerbArt - AutoCAD® - Gerber Translator

® Recommended by Gerber Systems

DEMO PACKAGES AVAILARLE:

CAD Design Services, Inc.
(h 2806-C Soquel Avenue
Santa Cruz. CA 95062
phone:(408) 462-6494 fax:(408) 475-0738
AutoCAD" is a Registered Trade Mark of Autodesk. INC.

SEE US @ PC Design Conf. BTH. #722

v \

Q
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We have the

BIAS TEES

. - to fit your needs!

* WIDE SELECTION for your
various bandwidth, current, and
voitage requirements

* BANDWIDTHS to 44 GHz

* STANDARD MODELS and
CUSTOM ORDERS available

* QUALITY PRODUCTS including
pulse generators & amplifiers

PICOSECOND PO Box44

PULSE LABS, Boulder,CO
U.S.A. 80306

Phone: (303) 443-1249  Fax: (303) 447-2236
See us at M Booth #1211

—_——
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TIW SYSTEMS is a
turnkey provider of
Earth Stations and
Earth Station Equip-
ment for application
to Wireless Com-
munications, Global
Communications,
Satellite Control
and Monitoring,
Remote Sensing,
and High Power DBS Uplinking projects.
TIW Systems designed antennas, antenna
feeds, control and tracking, and GCE sup-
port these business areas. TIW TDMA
and FlexiDama are used in network offer-
ings for voice, data, and video applica-
tions. For TIW Systems’ new product cat-
alog, contact TIW Systems’ Marketing
Department at 408-654-5600 (telephone)
or 408-654-5613/14 (fax).

. . ML AN
The filter design tool
that does it all... for fess.
~ Lumped, Distributed and
Hybrid Circuits v.g B’

— Mechanical Dimensions for
Distributed Circuits

~ Pole Placed Transfer Functions
_ Much More

$995 Complete
Domestic Shipping |nclqdéd “

INFO/CARD 108
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B RF LITERATURE/PRODUCT SHOWCASE il

RFD Literature/Product Showcase

RF DestGN is pleased to announce the
availability of the Literature/Product Show-
case section. Your ad in this new monthly
advertising section will allow you to:

% Introduce New Literature and Products
< Boost Awareness of Existing Lines

< Reach Prime Prospects — more than
40,000 readers who are design and R
& D engineers, engineering managers
and corporate staff in the military,
aerospace, communications and elec-
tronics industries

< Achieve Four Color Impact in this
highly visible cost-effective section

% Get our Reader Reply Service Free

ONYX-CS

Circuit Synthesis Software
wNUE =R HHHHHHH

Microstrip & Lumped
Element Circuits and Filters

 Circuit Dimensions

« Discontinuity Compensation

* PCB Material List

* Frequency Response Plofs

* MMICAD® Files

* PSPICE® Files

* OrCAD?® Schematics

» DXF® Files
ARATOGA

O FTW A R E CORPORATION

1632 Hilton Court, San Jose, CA 95130
Tel: (408) 374-3795 o Fax: (415) 988-9464

CIRCUIT BOARD
COMPONENT SHIELDING

Removable cover allows

component accessibility T

DESIGN GUIDE 3

Leader Tech offers a
standard board shielding
components: available
heights range from .13"
to 2.00"; available sizes
are from .50" X .50" to
6.00" X 24.00", on 1/4"
increments.

The STYLE CBS removable cover design
provides superior shock and vibration
resistance while allowing component accessi-
bility. All STYLE CBS series are available
in thru-hole or surface-mount configurations,
and, as always, there are no tooling or artwork
charges. Contact Leader Tech at 14100
McCormick Dr., Tampa, FL. 33626; (813) 855-
6921, Fax (813) 855-3291.
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RF advertising index

ADVERTISER PAGE # .....READER SVC # ADVERTISER PAGE # .....READER SVC #

A-Comm Electronics........cccccoevveiean 120 Mobile Systems International........................ 116

Accurate Screw Machine Company 123. .97 Motorola 46 s 23

Ad-Vanced Magnetics Inc. 123....... 98 Motorola Cellular........ccccoeveenrereccecirnnens 117

Advanced Communication Search................. 117 MTTS Show. 59

Advanced Machining Techniques, Inc. 123 99 Mouser Electronics 120

American Radio Relay League 15.... 13 Murata Electronics N.A. 18-19 15

Antec Engineering & ESP..............cccoieeuinnn 121 National Semiconductor............ccevvrreencnns 136

AXONN COTP. oooveenrrirriniiineniiessnsssrssresssnenans 119 NCS Jobline 115

C & K Systems 117 Noise Com Inc. 2-3 1

CAD Design Services, Inc. .........ccccecvininninnen ] e 105 Nokia 118

California Eastern Labs. 25 18 Nolan Laboratories 120

Coastel Cable Tools 73 46 Oscillatek 12 9

Coilcraft............. 58 33 Penstock..... .53 27

Compact Software........... 47 i Philips 115

Don Gallagher & Associates ............ccceueueun.. 117 Picosecond Pulse Labs 124 106

E.F. Johnson ........ccccecerrevreecnenne ) L OO 11 Polyphaser Corp. 51 .26

Eagleware 58, 135..eriiecireeinrenenns 34, 74 PPA Industries 120

Electro Dynamic Crystal 73 45 Programmed Test Sources 33 21

Elias Associates....... 115 Ramsey Electronics ...121

Elisra Electronics System 14 12 Richardson Electronics 17,21 14,16

Emf-Emi Control 123 95 Ritron, Inc.. ....119

Fortune Communications Group................... 116 Saratoga Software Corporation 125 110

Fortune Personnel Consultants of Silicon Valley Power Amps 74....... 47
Raleigh, Inc Sinclair Technologies 118

Geesaman Software, Inc. 108 Smith Design 121

Geotek Design Services..........cccovvvvnnncrnnienens Southwest Circuits 48 25

Giga-tronics Inc. Sprague Goodman 55 28, 29

Henry Radio 7 Stanford Research ... 65 37

Huber & Suhner .44 Surcom Associates 48.... 24

Hy-Q International .91 Synergy 49 78

Int’l Crystal Mfg. 6 Tecdia 123 94

Isotemp Research, Inc. ......c.ccceeeveemnnnnncennnnn 124 103 Tele-Tech Search 115

ITS Corporation Teleplex, Inc... G124 .102

ITT GTC 8 Temex. 23 17

JFW Industries 20 Tesoft, Inc 123 93

Kalmus Engineering 5 TIW Systems 124 107

Kingsley Software Group ..........c.ccoveevucinuienes Toko America, Inc. 57, 123 32, 92

Kintronics Laboratories, Inc. .. TUV Rheinland of North America, Inc....56, 124.........cccocecvrenenen 31, 104

KS Electronics ..... V/S Networks 125 101

LCF Enterprises 100 Valpey-Fisher..........cccoeennriinncniiiinnciniens 56.... 30

Leader Tech 111 Voltronics 131

Locus Incorporated Wayne Kerr, Inc. 63 36

M/A Com (3 divisions) 39, 40, 41, 42,43 Waypoint Software 115

Micro Communications Executive Search....116 Werlatone, Inc 8 4

Mini Circuits .......... 4-5, 6, 26-27, 45, 61, 67, 115......2, 3, 19, 22, 35, 38 Wilmanco 123 96

Y T W S 10 Z-Domain 120
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REdesign zujers’ Glles
S Perlssue  Total/Year All orders must be prepaid. You can forward
Regular Listing $22.00 $264.00  your check or charge your ad to:
Additional Line $19.00 $228.00 -
The Buyers’ Guide is a convenient guide to suppliers  Bold Listing $25.00 $300.00 m @ E]
of products and services available for design and Additional Line $21.00 $252.00  For information on closing dates and details on a
development engineers. Buyers’ Guide listings are 1" Ad $200.00  $2,400.00 special Introductory Offer, call 1-800-443-4969.
sold on an annual basis at the rates shown. Drop Out in White $25.00 $300.00  Ask for your yellow page representative.
DISCRETE COMPONENTS i b
gﬁ:AClTORS éz);zlaue Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395............... (516) 746-1385
1] n
\Slprague Goodman , 134 Fulton Ave., Garden City Park, NY 110405305 .. .. (516) 746-1385 \Slprraiguel Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395............... {516} 746-1385
Y 1 Coil Speciality Co.,
g&'ﬂ:}d:;’fgl:;‘:;’;ffs'_‘&:f'fgm;;'k:s‘:i’:’;;:'R?'“L"aﬂffx;'I'L“éb;;;::: """""" {e08) g 1300 2730 Carolean Industrial ., PO Box 978, State College PA 16801................. (814) 234-7044

...(800) 348-5580
Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008......... (619) 438-4420
Variable

COMET North America, 11 Belden Ave., Norwalk, CT 06850 ............................ (203) 852-1231

TRIMMER CAPACITORS,
NN (NpUCTORS AND
SJUBIRIISIAR | MICROWAVE TUNERS

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

CRYSTALS/RESONATORS
H.K. Crystals Co., Unit H, 22/F, Shield Ind. Ctr.,
34-36 Chal Wan Kok St, T.W. H.K. .ovvovoooooooo Tel (852) 4120121 Fax (852) 4985908
Jan Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017............................. (800) JAN-XTAL
Custom Crystals
60KHz - 200MHz
1.
Oscillators and Elements

Sales and Service: 1-800-725-1426
Quartz

Bomar Cyrstal Co., 201 Blackford Ave., Middiesex, NJ 08846 {800) 526 3935

Quartz CRYSTAL

American KSS Inc. ProODUCTS

2

Head Office Eastern Regional Office Southern Regfonal Office
1735 Technology Dr. #790 401 E. Louther St. 5696 Peachtree Parkway
San Jose, CA 95110 Carlisle, PA 17013 Norcross, GA 30092

Tel: (408) 4379577
_Fax: (408) 437-1717

Tel: (717) 243-6008
Fax: (717) 2434343

Tel: (404) 263-3768
Fax: (404) 263-3769

Dak Frequency Control Group,
100 Watts St., PO Box B, Mt. Holly Springs, PA17065...............cceeervrernnnns (717) 486-3411

REEVES-HOFEMAN
DIVISION DYNAMICS CORPO!

= RATION OF AMERICA

For your AT Crystal requirements, including High
Frequency Fundamental Oscillator Crystals up to
155.52 MHz and Filter Crystals to 150 MHz HFF.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079
Valpey-Fisher Corp., 75 South St., Hopkinton, MA 01748 ...... (508) 435-6831 Fax (508) 435-5289

DIODES
Loral Semiconductor Division, 75 Technology Or., Lowell, MA 01851 ....(508) 256-4113 ext.3311
PIN
Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147 ............... (800) 348-5580
Varactor
Knox Semiconductor, Inc.

13 Quarry Rd., P.0. Box 609, Rockport, ME 04856.........

EMI SUPPRESSION COMPONENTS
Ferrite Beads, Rods, Forms
Fair-Rite Products Corp., P.0. Box J Wallkill, NY 12589 ...............cccoovvvvevnrnn, (800) 836-0427

....(207) 236-6076 Fax(207) 236-9558

126

Sprague Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395.. ....(516) 746-1385

INTEGRATED CIRCUITS/MCM

NEC wireless Semiconductor Products

Small Signal & Power GaAs FETs  Small Signal & Power Bipolars
Silicon & GaAs MMICs: Amplifiers, Prescalers, Downconverters

California Eastern Laboratories
4590 Patrick Henry Dr Santa Clara CA 95054-1817 408-988-3500 FAX 408-988-0279

Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763....

..(516) 732-3448

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) 542-113 Fax (908) 542-1118

Hybrid

Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL60147 ............... (800) 348-5580
F Power
1 |conV%TIey Power Amplifiers, 529 Forman Dr. # B, Campbell, CA 85008.......... (800) 986-9700
FILTERS
Grystal
Reeves-Hotfman, 400 W. North St., Carlisle, PA17013............coovvevvveeeen (717) 243-5929
Saw
Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070........................ (203) 651-0211
SAW Components & SUBSYSIEBMS ...........c.oovvriveirieiiiiriieieeeeeerecerenrans Fax (203) 651-8618

[l 1A
il ' 4441 Sigma Road
Dallas, Texas 75244 U.S.A.

RF Monolithics, Inc. Tel: 214/233-2903, Fax: 214/387-8148

SAW-based RF Components and Modules for the Low-Power
Wireless, High-Frequency Timing, and Telecommunications Markets

Transmitters « Receivers * Resonators « Oscillators « Clocks ¢ Filters
Call, write, or fax for a free product data book.

MIXERS

Merrimac Industries, Inc.,
41 Fairfield PI., W. Caldwell, NJ 07006 ......................... (201) 575-1300 Fax (201) 575-0531

MODULATORS
ESK

Merrimac industries, Inc.,

41 Fairfield PI., W. Caldwell, NJ 07006 ......................... (201) 575-1300 Fax (201) 575-0531
140
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MODULAR COMPONENTS
OSCILLATORS

REEVES-HOFFMAN

= DMSION DYNAMICS ION OF Al

For your Crystal Oscillator requirements, Clocks,
TCXO's, VCXQO's, OCXQO’s, Hybrid & Discrete.

400 W. North St,, Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

VALPEY-FISHER %)
m VCXOs to 200 MHz

= SMD 1o 300 MHz Tel: 800-982-5737 (ext. 244)

FUNDAMENTAL Crystals to 350 MHz
Valpey-Fischer Corporation * 75 South Street « Hopkinton, MA 01748 Fax: 508-497-6377

CRYSTAL OSCILLATORS
a ACMOS TTL to 200 MHz
m HCMOS TTL to 80 MHz
s ECL to 630 MHz

Crystal
Jan Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017................ccccveeennnne (800) JAN-XTAL
0Oak Frequency Control Group,

100 Watts St., PO Box B, Mt. Holly Springs, PA17065...............ccocvviunennnenns (717) 486-3411
Wenzel Associates, Inc., 1005 La Posada Or., Austin, TX 78752. ...(512) 450-1400
Wilmanco, 5350 Kazuko Ct., Moorpark, CA 93021............ccovvmmmimmiinnininiinnnans (805) 523-2390
Microwave
Electronic Surveillance Ca., Inc., 33328 Howe Ln., Creswell, OR 97426.............. (503) 895-5071

SYSTEM SUBASSEMBLIES
AMPLIFIERS
Broadband

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ....(908) 542-1133 Fax (908) 542-1118
LNA

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724....(308) 542-1133 Fax (908) 542-1118
ingar Power

PACIFIC AMPLIFIER CORP. (805) 375-5773

* LO-MED-HI-POWER LINEAR AMPLIFICATION
* CELLULAR, TELEPHONY MULTI CHANNEL USE
*-30 dBc STANDARD -60 dBc FEED FORWARD

p———

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 ....(908) 542-1133 Fax (908) 542-1118

PRINTED CIRCUIT BOARDS

CALL SOUTHWEST CIRCUITS NOW! (800) 279-5572

* PROTOTYPES AND SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS
* ALL POPULAR MICROWAVE LAMINATES: PTFE ~TEFLON — DUROID - GX

* MULTI-LAYERS - QUICK TURN - EXOTICS

Southwest Circuits, 3760 E. 43rd Place, Tucson, AZ 85713

TEL (602) 745-8515 FAX (602) 747-8334 MODEM (602) 747-5108

SYNTHESIZERS
Sciteq Electronics, 4775 View Ridge Ave., San Diego, CA 92123 .(619) 292-0500

RF TRANSMISSION COMPONENTS

ANTENNAS
Syndetix Inc., 2820 N. Telshor Blvd., Las Cruces, NM 88011 .............cccococnnivvnnnind (505) 522-8762
Custom Antenna Design, High Power, Including Flight Certified .......................... Fax (505) 621-1619
ATTENUATORS
Coaxial
SV Microwave, 3301 Electronics Way, West Palm Beach, FL..(407) 840-1800 Fax (407) 844-8551
CABLE ASSEMBLIES
Kaman Instrumentation, 1500 Garden of the Gods, Colorado Springs, CO 80907 ....(719) 599-1821
DIRECTIONAL COUPLERS
Merrimac Industries, Inc.,
41 Fairfield P1., W. Caldwell, NJ 07006.......................... (201) 575-1300 Fax(201) 575-0531

RF Design

FILTER ASSEMBLIES

£ REEVES-HOFFMAN

MICS CORPORATION OF AMERICA

For your Crystal Filter requirements from 1 KHz to
150 MHz Fundamentals and up utilizing Overtone
Crystals. '

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

INDUCTORS AND CHOKES
Kintronic Labs, 144 Pleasant Grove Rd., Bluff City, TN 37618..(615) 878-3141 Fax (615) 878-4224

ISOLATORS/CIRCULATORS
==— AEROTEK COMPANY LIMITED

= Manufacturers of Circulators and Isolators
=== (Coaxial and Drop-in types, 400 MHz-18 GHz
“TOP QUALITY, REASONABLE PRICE”

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand.
AEROTEK Tel: (662) 311-4448 332-5035 Fax (662) 332-5034

MICROWAVE CONNECTORS
Southwest Microwave, Inc., 2922 S. Roosevelt $t., 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

Merrimac Industries, Inc.,
41 Fairfield PI., W. Caldwell, NJ 07006 ......................... {201) 575-1300 Fax (201) 575-0531

PRECISION
TELEPLEX, INC. - ALFORD DIVISION

4801 INDUSTRIAL PKWY. - INDIANAPOLIS, INDIANA - 46226-4220 (317) 885 8800
* PRECISION COAX 7 W/G SLOTTED LINES 30MHZ. TO 40 GHZ.

» LOW V.S.W.R. INTERSERIES COAX ADAPTERS 6 1/8" TO 24.0mm. ALFORD |
« HIGH POWER - LOW LOSS BIAS TEES 20 AMPS THRU3.0GHZ. [ }
* CONSTANT IMPEDANCE LINE STRETCHERS LOW LOSS TO 18 GHZ. | <’y
* ADJUSTABLE COAX TUNERS MATCH SW.R. > 14:1, VHF TO 36 GHZ. ( 5/
* ANDREW ALFORD ANTENNA PRODUCTS VHF-UHF-ITFS-VOR-MIL. N\ 2
POWER DIVIDERS/COMBINERS
Merrimac Industries, Inc.,
41 Fairfield P)., 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
Malex, Inc., 2222 Wellington Ct., Lisle, IL 60532 ..............cccc.....
Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 6014

SURGE & TRANSIENT PROTECTORS
Polyphaser Corp., P.0. Box 9000, Minden, NV 89423

...(800) 532-3750
....800-MOLEX78
..(800) 348-5580

...(800) 325-7170, (702) 782-2511

SWITCHES

Electrgmachanical

Dow-Key Microwave Corp., 1667 Walter St., Ventura, CA 93003 .(805) 650-0260
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542................c.c.c.... .(501) 856-2685
VACUUM CAPACITORS

COMET North America, 11 Belden Ave., Norwalk, CT 06850 ..............c.oveeuenennn (203) 852-1231

VACUUM TUBES

RUSSIAN POWER TUBES

bq RUSSIAN MICROWAVE TUBES

Quality Engineering and Manufacturing

Sv Tel: (800) 578-3852 « Fax: (415) 233-0438
uecrgatulg!-‘cg 3000 Alpine Ro;\;d * Portola Valley. CA 94028
DIGITAL SIGNAL PROCESSING

SYSTEMS DEVELOPMENT, REAL TIME
Adaptive Technology, Inc., 309 Curtis St., Syracuse, NY 13208...(800) 724-6968 Fax (315) 472-3279

MATERIALS AND HARDWARE
COMPONENTS/HYBRID PACKAGES
Reeves-Hoftman, 400 W. North St., Carlisle, PA17013............cooooiiiennniiieinnns {717) 243-5929
CRYSTAL BLANKS
Reeves-Hoffman, 400 W. North St., Carlisle, PA17013..........coooiiiiniiiinnd (717) 243-5929
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MATERIALS AND HARDWARE

PC BOARDS

Laminates, Polyester Copper Clad
Glasteel Industriat Laminates, P.0. Box 910, Collierviile, TN 38027...

SHIELDING MATERIALS
Ferrite Absorher Tiles

.(901) 853-5070

Fair-Rite Products Corp., P.0. Box J Wallkill, NY 12589 ..............cc.coceiiieninnn (800) 836-0427
TEST EQUIPMENT
Instrument Repair Labs, Inc., 2100 W. 6th Ave., Broomtield, C0 80020 .............. (800) 345-6140

Quality Reconditioned TEST EQUIPMENT
b

HP, Tektronix, Fluke, Wavetek, Wiltron, etc.
Oscopes, Analyzers, Signal Generators, Multimeters
Sales and Rentals
We also buy your surplus test equipment!

Phone: 800-336-7723 + Fax: 707-928-1963 |

PRA, Inc., 8320 £. Gelding Dr., #103, Scottsdale, AZ 85260 ........................... (602) 991-4180
Test & Measurement SYSIBMS ...........oocouviiiiiieeeeeeiirnirireereesneeirenees Fax (602) 991-4362
Racal Instruments, 4 Goodyear St., Irvine, CA 92718 ... (800) 722-3262

SPECTRUM ANALYZERS
DC TO LIGHT, P.0. Box 7140, Bozeman, MT 59771

(406) 586-5399 Fax (406) 586-6556

ANTENNA MEASUREMENT SYSTEMS
Jet Consultants, Inc., 8501 Beck Rd., Bldg 2227 Belleville, Mt 48111-1254 ...... (313) 482-5505

ANTENNA DESIGN & MEASUREMENT
Antenna Design Specialists, 1171 Melayn Dr., Lebanon, OH 45036 ............................. (513) 932-3385
Kintronic Labs, 144 Pleasant Grave Rd., Bluff City, TN 37618..(615) 878-3141 Fax (615) 878-4224

CONSULTANTS
Management Recruiters of Boulder................cc.cceeee.. Fax (303) 447-9536 Tel (303) 447-9900
Windy Bradfield CSAM, Bob Sund ................occiiiiiiiiiiiiiieceee et

Goldman Research, 12705 Monfort, Dallas, TX 75230. | .(214) 788-1122
RF Design & Modeling - Spice, EESof, WIreless ...............o.coooveve.ee. WNJUBOA@PRODIGY CoM

EMC/EMI TESTING

Liberty BEL EMC SVCS., P.0. Box 5431, MS20, Compton, CA 90224 .................. (310) 537-4235
Above MS20 represents RF Design

TUV Rheinland of North America, Inc.,
12 Commerce Road, Newtown, CT 06470 ....................... (203) 426-0888 Fax (203) 270-8883

EQUIPMENT CALIBRATION

Instrument Repair Labs, Inc., 2100 W. 6th Ave., Broomfield, CO 80020 .............. (800) 345-6140

INSTRUMENT RENTAL/LEASING

Naptech, 12312 Hwy 175, Cobb, CA 95423.......... .(800) 336-7723 Fax (707) 928-1963

OEM PRODUCTS

Locus, Inc., 1842 Hoftman St., Madison W1 53704 ..............cooooviiierrieeni. .l (608) 244-0500

TELEMETRY SYSTEMS & ENGINEERING

Telemetry Technologies, Inc., 3307 West St., Rosenberg, TX 77471 ... (713) 344-9000

SOFTWARE & SYSTEMS, CAD/CAE

SOFTWARE

Design Automation, Inc., 4 Tyler Rd. Lexington MA 02173 617) 862 998 Fax (617) 862-3769

Waypaint Soﬁware 1950 Bavaria Drive, #317, Colorado Springs, CO 80918............... (719) 598-9592

ingSoft Ltc - the providers of the RF Designer® Solution ... e {416) 730-9611
312 Dunview Ave., North York, ON M2N-4H9, Canada; bbs Fax 733 3884

SYSTEM SIMULATION

Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076 .................cccoveeenne (800) 631-1113
Makers of TESLA Com Simulator .................c.oee...s Fax (404) 664-5817 Intl (404) 751-9785

EMC

TEST & DESIGN

D) J~ Hea 5%) mewjj/ BQ“‘n'a j
ROV CISICASEIVICESHYITE IO
The Products & Services Directory is a convenient
guide to suppliers of products and services for the

EMC/ESD industry. Products & Services Directory
listings are sold on an annual basis.

For information on rates, closing dates and
details on a special Introductory Offer, call
1-800-443-4969. Ask for your yellow page

ELECTRONIC COMPONENTS AND EQUIPMENT

EMI SUPPRESSION COMPONENTS

Cables and Conneclors

Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA16506.................ccooooocoirverneene.
EMI/RFI Filters

POTTER PRODUCTION CORPORATION, 3004 Hwy. 51 N., Wesson, MS 39191 ....... (601) 643-2215
RFI Corp., 100 Pine Aire Dr., Bay Shore, NY 11706...............ccccoevennenn ...{516) 231-6400

(814) 835-4000

Santek, 9765 Marconi Dr., #205, San Diego, CA 92173 ............ccooevveevneeennenns (619) 661-8119
Ferrite Beads, Rods, Forms
Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589.................ccoveeenne..ned (800) 836-0427

Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401........(615) 867-4100 Fax (615) 867-4102
Ferrite Suppression Components
Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401........(615) 867-4100 Fax (615) 867-4102

Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA 16506.......
Filters, Power Line

EMC Consulting PO Box 496, Merrickville, ONT., KOGIND. ..................coeunene (613) 269-4247
Qualtek Electronics Corp., 7675 Jenther Dr., Mentor, OH. 44060 .. ...(216) 951-3300
RtroN Corp., P.0. Box 743 Skokie, IL60076.................ccoecvvrvvrverreernreenrinns (708) 679-7180
Transtormers/ Filters

Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401....

ESD AND SURGE CONTROL COMPONENTS

Lightning Arrestors
Fischer Custom Communications, 2905 W. Lomita Bivd, Torrence, CA 90505
Phoenix Contact Inc., PO Box 4100, Harrisburg, PA 17111-0100...... ¢

...(814) 835-4000

(615) 867-4100 Fax (615) 867-4102

..(310) 891-0635
(717) 9441300

Polyphaser Corp., P.0. Box 9000, Minden, NV 89423............... (800) 325-7470 (703) 782-2511
CABLE AND CONNECTORS

Connectors And Adapters

ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 ............ .(800) 366-3891 X3000

Phoenix Contact Inc., PO Box 4100, Harrisburg, PA 1711-0100..............cccccovvvrvrvvvrerns

(717) 944-1300
Optical Fibers And Connectors

ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 .(800) 366-3891 X3000

EMC TEST EQUIPMENT - EMISSIONS

Absorbers

Advanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072-1719............. (619) 449-9492

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 .... ...(800) 403-3930

Rantec, 24003 Ventura Bivd., Calabasas, CA. 9130 .........c.coooovvvveroiioiciiienririn (818) 591-8189
128

representative.
Anechoic Chambers
Advanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072- 1719..............(619) 449-9492
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ... ....{800) 403-3930

Rantec, 24003 Ventura Blvd., Calabasas, CA. 9130 .......
Antennas

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888
Antennas Above 30 MHz

AH. Systems Inc., 9710 Cozy Croft Ave, Chatsworth, CA 91311..(818) 998-0223 Fax (818) 998-6892
EMCO, P.0. Box 1546, Austin, TX. 78767 .............cocoovvvvvvverrenrnennnes (512) 835-4684
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ................ccc.......... ....(800) 403-3930
Antennas Masts

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888
EMCO, P.0. Box 1546, Austin, TX. 78767 voerne(512) 835-4684
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 .,,..(800) 403-3930
Current Probes

Fischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505............

....... (818) 591-8189

(310) 891-0635

IBEX Group, Inc., 23 Markham Dr., Long Valtey , NJ 07853 .......(800) 403-3930
lon Physics Corp., 11 Industriat Way, Atkinson NH 03811 ... (603) 893-6687
Ferrite Absorber Tiles

.(800) 403-3930

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ................covceimrmerrrner
elts

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888
Line Impedance Stabilization Networks

EMCO, P.0. Box 1546, Austin, TX. 78767 ...

Fischer Custom Communications, 2905 W, Lomlta Blvd, Torrence CA 90505...
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ... -
Near Field Probes

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888

....(512) 835-4684
...(310) 891-0635
....(800) 403-3830

EMCO, P.0. Box 1546, Austin, TX. 78767 .,‘.(512) 835-4684
IBEX Group, Inc., 23 Markham Dr., Long Valley NJ 07853 .....(800) 403-3930
Preamglifiers

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 .. .(800) 403-3930
Preselectors

IBEX Group. Inc., 23 Markham Dr., Long Valley , NJ 07853 ....................cccoesmecrerc......{800) 403-3930
Shielding Effectiveness Testers

Antenna Research Assoclates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888
Solar Preamplitiers
Picosecond Pulse Labs, PO Box 44, Boulder, CO 80306...................ccocvveennnnn (303) 443-1249

EMC TEST EQUIPMENT - SUSCEPTIBILITY
Impulse Generators

EMCO, P.0. Box 1546, Austin, TX. 78767 ..............cocoommrmrcenecrrnercecrsene ..{612) B35-4684
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ELECTRONIC COMPONENTS AND EQUIPMENT

EMC TEST EQUIPMENT -SUSCEPTIBILITY

Power Amplifiers

Applied Systems Engineering, Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 ..............(818) 249-4180

Varian Microwave Equip. Prods., 3200 Patrick Henry Dr, Santa Clara, CA 95054....(408) 496-6273

Sheilded Fiber Optic Links

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888

Surge Generators

Velonex Corp., 560 Robert Avenue, Santa Clara, CA95050 ....................coeeens (408) 727-7370
Pulse, Surge, Transient, ESD, Hybrid Generators

ESD TEST EQUIPMENT

ESD Event Detectors

EMCO, P.0. Box 1546, Austin, TX. 78767 ..(512) 835-4684
Monroe Electronics, Inc., 100 Housel Avenue, Lyndonville, NY 14088 ................ (800) 821-6001
TREK INC., 3932 Salt Works Rd., P.0. Box 728, Medina, NY. 14103 ........... (800) FOR-TREK

Surtace & Volume Resistivity Meters
Monroe Electronics, Inc., 100 Housel Avenue, Lyndonville, NY 14098 ...

TREK INC., 3932 Salt Works Rd., P.0. Box 728, Medina, NY. 14103 ......
EMC TEST EQUIPMENT - ADDITIONAL

....{800) 821-6001
.(800)FOR-TREK

Fiel

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888

Combinova/Ergonomics, inc., PO Box 964, Southhampton, PA 18966 ................. (215) 357-5124
MATERIALS, HARDWARE AND PACKAGING

SHIELDING MATERIALS

Architectural Shielding

lS;pecialty TechEmci'il Components, Inc., P.0. Box 2106, Southeastern, Pa 19399...........(610) 647-9000
roadband

Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401........ (615) 867-4100 Fax (615) 867-4102
Conductive Adhesives

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370.................
Conductive Fiber/Fabric

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370..............
Electromagnetic Shieldin

RFI Controls Co., 320 N. Santa Cruz Ave., Los Gatos, CA 95030-7243....
Fetrite Absorber Tiles

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589..................ccccceeennnnns (800) 836-0427
Gasketing Materials

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370............c.ccocceneece.
Laminates

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370..................
Magnetic Shielding

Ad-Vance Magnetics, Inc., 625 Monroe St., Rochester, IN 46975 ............
Open Area Test Site

RFI Controls Co., 320 N. Santa Cruz Ave., Los Gatos, CA 95030-7243.....
Non-Compliance Investigation

RFI Controls Co.. 320 N. Santa Cruz Ave., Los Gatos, CA 95030-7243.......
Sheilding Foils and Tapes

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370

SHIELDING EMI/RFI SERVICES
Vacuum Platers, Inc., 115 S. Union Street, Mauston, WI53048 ........................ (608) 847-5644

SHIELDED ENCLOSURES - EQUIPMENT
Component/Madule Cases
Marmin-Hil Plastics, inc., 101 Roselle St., Linden, NJ 07036.......... (908) 925-2940 (800) 886-2940

Tempest Enclosures
Technical Environment Control, Inc., 7950 Cessna Ave., Gaithersburg, MD 20879..(301) 948-5311

SHIELD ROOMS AND CHAMBERS

Shielded Rooms EMI/RFI/Magnetic
Rantec, 24003 Ventura Bivd., Calabasas, CA. 9130

ESD PACKAGING

Antistatic Polyurethane ethylen

Pad-Tastics, Inc., P.0. Box 50479, Cicero, IL 60650............ (708) 780-8402 FAX (708) 780-1636
Antistatic/Shielding Ba

Texas Technologies, PO Box 200639, Austin, TX 78720
Conductive Polyurethane

Pad-Tastics, Inc., P.0. Box 50479, Cicero, IL 60650............ (708) 780-8402 FAX (708) 780-1636
Custom Packaging

Pad-Tastics, Inc., P.0. Box 50479, Cicero, IL 60650............ (708) 780-8402 FAX (708) 780-1636

Sheet/Bulk Conductive Materials
Mitech Corp., 1780 Enterprise Parkway, Twinsbury, OH 44087 ......................... (216) 425-1634

ESD ENVIRONMENTAL CONTROL

.(617) 331-5900
.(617) 331-5900
....(408) 399-7007

(617 331-5900
..(617) 331-5900
.(219) 223-3158
_(408) 399-7007
.{408) 399-7007
(617) 331-5900

(818) 591-8189

(512) 267-0100

RICH MO N pl Manufacturers of ESD Prevention

static conTroL services | (GROUNDING
A 44 4 IONIZATION
1-800-583-0750 PACKAGING

RF Design

Antistatic or Conductive Flooring
Freudenberg Building Systems, Inc./Nora Rubber Floonng
94 Glenn St Lawrence, MA 01843... WA

Gloves & Finger Cots
Texas Technologies, PO Box 200639, Austin, TX 78720...........c.ccooce..e.
lonizers

Texas Technologies, PO Box 200639, Austin, TX 78720........cco.oevccne.
Warner Technologies, 2211 E. Hennepin, Minneapolis, MN 55413

Lab Coats, Smocks & Coveralls
Warner Technologies, 2211 E. Hennepin, Minneapolis, MN 55413,... .......(800) 328-5482

TEST LABORATORIES AND CONSULTANTS

TEST LABORATORIES

.(508) 689-0530
..{612) 267-0100

<.....(512) 267-0100
(800) 328-5482

(613) 737-9680

Certelecom Laboratories, Inc., RR #5, Ottawa, Ontario, Canada K1G3N3
Please see our ad in the Test Labs and Consuitants Section
¢ Indoor Range / Open Area Test Site a ]
¢ Global EMC Testing & Certifications LIOTT
¢ Susceptibility / Immunity Testing ) '
Product Safety » Calibration Services
EMC Design Consulting * EMC Site Surveys Mountam Vie A
Tel: (415) 9674166 Fax: (415) 967-7315

Spectrum Controf Inc. 6000 West Ridge Rd  Erie. PA 16506 (814) 835-4000
TUV Product Service Inc. 1775 y 8 New Brighton MN 55112 800) 472-7999
EMI & Safet

Compliance Consulting Services, PO Box 612650, San Jose, CA 95161............... (408) 463-0885
Open Area Test Sites

Compatible Electronics - 8 open field test sites in So. Calit ............................. (714) 579-0500

Philips Consumer Electronics Co., One Philips Dr., Knoxville, TN 37914-1810 ... (615) 521-4720
Ultratech Eng. Labs, Inc.
33-481 Sladeview Cres., Mississauga, Ontario, Canada L5L 5R2

TEST CAPABILITIES
Military EMC Standards
Northrop Grumman,

B-2 Division, 8900 E. Washington Blvd., T623/XE, Pico Rivera, CA 90660 ......... (310) 942-3895
Shielding Effectiveness
Shielding Integrity Services, 1905 Hercules Dr., Colorado Springs, CO 80906 ...... (719) 635-7719
Susceptibility/immunity

Northrop Grumman,

.(905) 569-2550

B-2 Dlvision, 8900 E. Washington Blvd., T623/XE, Pico Rivera, CA 90660......... (310) 942-3895
EMI/EMC TESTING
LambdaMetrics, P.0. Box 1029, Cedar Park, TX 78630-1029 ............ccccovuenrians (512) 219-8218

FCC listed lab, one EMC Engineer, 30 years RF design experience, Prompt Personal Service
Liberty BEL EMC SVCS., P.0. Box 5431, MS30, Compton, CA 90224 .................. (310} 537-4235
Rockwell, 3370 Miraloma Ave., Anahelm, CA 92803-3105 ............coccaninnieinn (714) 762-6181
ADDITIONAL SERVICES

EMC Site Surveys
Philips Consumer Electronics Co., One Philips Dr., Knoxville, TN 37914-1810 ...... (615) 521-4720
CONSULTANTS
Kimmel Gerke Assoc. Ltd., 1544 N. Pascal, St. Paul, MN 55108 ...........ccceennne. (612) 330-3728

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp.
Regulatory Consultants Network, P.0. Box 344, Liberty Hill, TX 78642.........................(800) 326-6336

EMC Design, EMC/EMI/EMS/ESD & Electrical Product Safety
EMIEMC Consultants
EMC & I, 5700 Corsa Ave., #100 Westiake Village, CA91362.............c....coooee (818) 889-2242
EMC Design
EMC Consulting, P.0. Box 496, Merrickville, ONT., KOGIND .............ccceoeviennend (613) 269-4247
ESD Protection
Texas Technologies, PO Box 200639, Austin, TX 78720........cc..cooccvvvvccrunncnces ...{512) 267-0100
Non-Compliance Investigation
Ultratech Eng. Labs, Inc.

33-481 Sladeview Cres., Mississauga, Ontario, Canada L5L 5R2 .(905) 569-2550
EMI/EMC Compliance Consuitants
EMC Consulting, P.0. Box 496, Merrickville, ONT., KOGIND ............ccoccooinnne (613) 269-4247

Introducing the
Yellow Page
TS SN Directory Section

To place your yellow page ad —
Call 1-800-443-4969.
Ask for your yellow page representative.
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RF Design Software

Programs from RF Design provided on disk for your convenience

April Disk — RFD-0495

“Linear Circuit Analysis Program Uses Two-Port Method” by Dale Henkes. LINC program ana-
lyzes circuit responses of gain, phase, reverse gain, reflection coefficient, group delay, stability,
and other factors. Qutput is displayed as graphs, Smith charts, or tabulated data. (Requires
Microsoft Windows™ 3.1 or higher. Recommended: 486DX or better, math coprocessor, 8 MB
RAM, graphics printer. Will run on lesser systems, but performance may be deemed inadequate.)

Monthly program disks: $25.00 (U.S.) $30.00 (foreign)

Yearly Disk Sets and Annual Subscriptions Available: Call for Information
All orders must be pre-paid by check, money order, or major charge card. All checks must be in U.S. dollars
and payable to a bank located in the U.S. Prices include shipping.

RF Design Software — Argus Direct Marketing Dept.
6151 Powers Ferry Rd., N.W. — Atlanta, GA 30339-2941
Tel: (404) 618-0398 — Fax: (404) 618-0347

RF guide to editorial coverage

AEG Transportation Systems, Inc.
Allen Telecom Group
AMP Incorporated
Amplifier Research
Anadigics
Analog Devices
Analog Devices, Inc.
Andrew Corp.
Andrew Corporation
Andrew Corporation
Ansoft Corp.
AntennaCo, Inc.
Antenna Specialists Co.
Div. of Allen Telecom Group
Applied Engineering Products
Applied Specialties, Inc.
Arizona Btate University
ARLON
Arnold Engineering Corporation
Atlantic Microwave Ltd.
Aviel Electronics
Batelle
Besser Associates
Burr-Brown Corporation
C-MAC Quartz Crystal Ltd.
Cablewave Systems
CEl-Europe/Elsevier
Centurion International, Inc.
Coaxial Components Corp.
C ications Techniq Inc.
Compact Software, Inc.
Component Distributors, Inc.
Connecting Devices, Inc.
Connectronics, Inc.
Digital Wireleas Corporation
DSP Associates
E.F. Johnson Co.
Eagleware
ELANIX, Inc.
Elcanm Technologies
EMC Technology, Inc.
ENI
Epitronics Corporation
Ericsson, Inc.
FEI Communications, Inc.
FEI Communications, Inc.
Gilbert Engineering Co., Inc.
Glenayre Technologies, Inc.
GTE Communication Systems
Guide Technology Inc.
Hewlett-Packard Co.
Hitachi America, Ltd.
Semiconductor & I.C. Div.
Hittite Microwave corp.
HP EEsof
Huber + Suhner AG
Huber + Suhner, Inc.
Hypres, Inc.
Innovative Technology
Instruments for Industry
ITT Cannon
ITT Canon RF Products
ITT Pomona Electronics
JFW Industries
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Johanson Dielectrics, Inc.

K&L Microwave Inc.

Kalmus Engineering Incorporated
Kay Elemetrics Corp.

KEMET Electronics Corporation
Kings Electronics Co., Inc.
LEMO RF, Inc.

LPKF CAD/CAM Systems Inc.
Lucas Weinschel

M/A-Com, Inc.

Marshall Electronics, Inc.
MEAD Microelectronics, Inc.
Micro Communications, Inc.
Microsoft

MicroWave Technology

Milcumn International, Inc.
Miller Freeman

Motorola, Inc.

MTI - Milliren Technologies, Inc.

Murata Electronics North America, Inc.

National Semiconductor
Nemal Electronics, Inc.
NIST

Oakbury Components, Ltd.
OKI Semiconductor
Pascall Microwave Ltd.
Pasternack Enterprises
Penstock

Phasor Design

Philips Consumer Electronics Co.
Phoenix Microwave Corp.
Pragmatic Instruments, Inc.
Pulsar Microwave Corp.
Qualcomm

Quality Hermetics Co.

R.F. Industries, Ltd.

R.F. Power Labs, Inc.

R.L. Drake Co.

Racal Instruments

Radiall, Inc.

Reed Exhibition Companies

RF Monolithics, Inc.

RLC Electronics, Inc.

Rogers Corp.

Saratoga Software Corp.

Savi Technology Inc.

Sawtek Incorporated
Scientific-Atlanta
8GS-Thompson Microelectronics
Specialty Connector Co., Inc.
Spectrum Control, Inc.

Stetco, Inc.

Tektronix, Inc.

Telecom Analysis Systems, Inc.
The George Washington University
The Phoenix Co. of Chicago

The University of Kansas
Thermo Voltek Corporation
Trompeter Electronics

Virginia Tech

VLSI Technology, Inc.

Wandel & Golterman, Inc.
Western Multiplex Corporation

74
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16
20
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54
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14
73
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RF software

Updated Software Suite

HP EEsof has announced the release of
version 6.0 of Series IV. This newest ver-
sion of the UNIX®-based high-frequency
electronic design automation suite contin-
ues the integration of the Microwave
Design System and Series IV products.
New features for system analysis include:
GMSK/DQPSK coherent demodulators,
multirate discrete-time simulation and an
antenna and propagation elements option.
New circuit analysis features include: pla-
nar EM simulator (Momentum), Root FET
model, matching network and filter synthe-
sis program. HP Series IV 6.0 is priced
from $16,000.
HP EEsof
INFO/CARD #222

Upgraded EMI/EMC Software
Ansoft has upgraded its EMVEMC and
signal integrity analysis software, SI Emi-
nence™. Version 3.2 of the software adds
features that allow EMC design engineers
to simulate emissions, susceptibility and
ESD effects of different design alternatives
such as enclosure size and shape, ground
structure and placement of material and
source characteristics. The upgraded ver-
sion of SI Eminence is priced at $49,900 for
PC’s running Windows NT and worksta-
tions running UNIX.
Ansoft Corp.
INFO/CARD #221

3D EM Simulator

Compact Software has begun customer
shipping of its version 3.0 Microwave
Explorer 3D planar electromagnetic simu-
lator. Microwave Explorer simulates both
open and closed environments and runs on
Sun SPARCstations and HP 700 series
workstations.

Compact Software, Inc.
INFO/CARD #220

Circuit Synthesis

ONYX-CS is a system of stand alone cir-
cuit synthesis program modules for the
design of microstrip and lumped element
circuits. The programs can write DXF™
files, circuit files for a number of circuit
analysis programs, and a schematic entry
file for ORCAD™, Microstrip circuits
include automatic compensation of circuit
discontinuities. There are 21 modules.
Price is $490 to $1795, depending on the
number of modules ordered.
Saratoga Software Corp.
INFO/CARD #219

BER Simulation

The FM software tool now derives bit
error rate in digital communications sys-
tems using carrier to noise ratio and the
SSB phase noise characteristics of equip-
ment oscillators. FM runs on a PC and pre-
sents results in a comparable format to that
of the actual measurement instruments.
Phasor Design
INFO/CARD #218
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EXAMPLE GENESYS SCREEN

MICROWAVE FILTERS
End coupled
Edge coupled
Hairpin
Stepped-Z
Combline
Interdigital
Elliptic lowpass
Elliptic bandpass
Sub lowpass
Stub bandpass
Stub bandstop
Edge bandstop

OSCILLATORS

L-C series mode

L-C Colpitts

L-C Clapp

T-line and L-C VCO
VCO with xformer

Cavity bipolar and hybrid
Dielectric resonator
Terminal SAW bipolar
Port SAW hybrid

Port SAW MOSFET
Pierce and Colpitts crystal
Driscoll crystal

Butler overtone
Overtone with multiplier

GENESYS includes free technical support,
no annual fees and a money-back guarantee
GENESYS is available for

MICROSOFT «
WINDOW'S

MICROSOFT +
WINDOWS NT

EAGLEWARE

Eagleware Corporation * 1750 Mountain Glen * Stone Min, GA 30087 x USA

TEL (404) 939-0156 # FAX (404) 939-0157

INFO/CARD 74

with GENESYS, a suite of programs for synthesizing microwave filters
~ amplifiers, oscillators, active filters, matching networks and L-C filters

for your Touchstone, Spice and =SuperStar= simulator.

MATCHING NETWORKS
L-Cpiand L

L-C tee

T-line quarter wave

T-line single/double stub
General order bandpass

L-C pseudo lowpass

T-line pseudo lowpass

T-line stepped-Z

Custom with R’ s and xformers

LUMPED FILTERS
Conventional all-pole
Conventional elliptic
Top-C coupled

Top-L coupled
Shunt-C coupled
Tubular

Blinchikoft flat delay
Zig-zag

Eagleware symmetric

ACTIVE FILTERS
GIC transform

Single feedback
Multiple feedback

Low sensitivity

State variable {biquad)
VCVS

Dual amplifier

FOR SIMULATION
ENGINES..

S

TOUCHSTONE
SPICE
SUPERSTAR

Touchstone is a product of HP/EEsof
GENESYS and =SuperStar= are products

of Eagleware
; ' ’
-

SAME PRICES INTERNRTIONALLY
DIRECT SALES & USER SUPPORT
BY FAX, PHONE OR LETTER



LENCE s PLLATINUN,

Introducing the PLLatinumi” family of PLLs—the world's quietest frequency synthesizers.

| |

Rather than make a lot of noise about our new single and dual PLLs, we're
keeping it quiet—as low as -169dBc/Hz to be exact. What does come through
loud and clear is their meager power consumption, 2.7V-5.5V V. range,
lightning-fast lock times, and 16- and 20- pin packaging options. They're ideal
for everything from analog and digital cellular to advanced cordless to CATV
designs. If you think all this sounds good, check out the offer. It's golden.

For a free sample and product selection guide, call 1-800-NAT-SEMI, Ext. 361.

Ultra-low phase noise floor says it all.

LMX1501A  LMX1511  LMX2314/15 LMX2320 LMX2325 LMX2330 LMX2331 LMX2332
RF Input-Main PLL  1.1GHz 1.1GHz 1.2GHz 2.0GHz 2.5GHz 2.5GHz 2.0GHz 1.2GHz
RF Input-Aux PLL 510MHz 510MHz 510MHz

I (typ) @3V BmA 6mA 6mA 12mA 14mA 15mA 14mA 8mA
Powerdown (typ) N/A N/A 30pA 30pA 30pA 1WA 1HA TpA

©1995 National Semiconductor Corporation. PLLatinum is a trademark of National Semiconductor Corporation. All rights reserved

In Germany call 49-81-411-030, Hong Kong 852-737-1600, Japan 043-299-2300.

National Semiconductor






