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In the race to market,
we ofter you a tew shortcuts.

If you need magnetics for your
prototype, our Designers Kits
can get you off and running fast!

Each assortment puts a wide range of
values right at your fingertips. So there's
no need to waste hours calling around for
samples or winding your own.

And when you're ready for production,
you'll find we stock just about all the
parts in our kits at low, factory-direct
prices.

Call today and you can have your kit
tomorrow! To order phone 800/322-2645.

Surface Mount Kits

1008 Surface Mount Inductors
Inductance: 4.7 nH - 10 pH
42 values (10 of each) Kit C100 $125

0805 Surface Mount Inductors
Inductance: 3.3 nH - 220 nH
19 values (10 of each) Kit C103 $60

“Spring” Surface Mount Air Core Inductors
Inductance: 2.5 nH - 43 nH
10 values (12 of each) Kit C102 $60

RF Inductor Kits

“Unicoil” 7/10 mm Tuneable Inductors
Inductance: .0435 uH - 1.5 pH
49 shielded, 49 unshielded (2 of each)
Kit M102 $60

“Unicoil” 5 mm Tuneable Inductors
Inductance: 9 nH - 281 nH
19 Shielded, 19 unshiclded (2 of each)
Kit M105 $60

“Slot Ten” 10 mm Tuneable Inductors
Inductance: 0.7 uH - 1143 pH
18 shielded, 18 unshiclded (3 of cach)
Kit M100 $60

“Slot Seven” 7 mm Tuneable Inductors
Inductance: 0.094 uH - 275 pH
39 values (3 of each) Kit M106 $60

Axial Lead Chokes
Inductance: 0.1 pH - 1000 nH
25 values {5 of each) Kit F102 $50

Horizontal Mount Inductors
Tuneable and fixed
Inductance: 31.5 nH - 720 nH
33 values (3 of cach) Kit M104 $60

EMI/RFI Filter Kits

Common Mode Data Line EMI Filters
Attenuation: 15 dBm, 1.5 - 300 MHz
DC current capacity: 100 mA

2, 3, 4, 8 line, surface mount and leaded (4 cach)

Kit D103 $75

Common Mode Line Chokes
Current: .25 - 9 Amps rms
Inductance: 508 pH - 10.5 mH
8 styles (2 of each) Kit P202 $100

Power Magnetics Kits

Current Sensors
Sensing range: 0.5 - 35 Amps

Freq. resp.: 1 - 100 kHz, 50 - 400 Hz
Transformer and scnsor-only versions
8 styles (15 total pieces) Kit P203 $50

Base/Gate Driver Transformers
Inductance: 1.5 mH Min. Freq: 10 - 250 kHz
2 single, 2 double section {2 of cach)
Kit P204 $50

Mag Amp Toroids
Current: 1.5 Amps
Volt-time product: 42 - 372 V - psec
6 styles (2 of cach) Kit P206 $100

Power Filter Chokes
Current: 3, 5, 10 Amps Inductance: 5 - 300 pH
18 styles (48 total picces) Kit P205 $75

Axial Lead Power Chokes
Current: .04 - 4.3 AC Amps
Inductance: 3.9 pH - 82 uH
30 values (2 of each) Kit P209 $150

Other Magnetics Kits

Low Pass LC Filters
Poles: 3, 5and 7 Cutoff frequency: 17 MHz
Impedance: 50 Ohms
3 filters {4 each) Kit D102 $60

BEM/electronic engineers master see our catalog in Vol. A, Section 1800

1102 Silver Lake Rd., Cary IL 60013 800/322-2645 Fax 708/639-1469
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[FR SPECTRUM ANALYZERS.
POWERFUL, ACCURATE, PORTABLE, AFFORDABLE
AND THEY NEVER SLEEP,

Interfering signals, distortion, fluctuating power levels,
frequency drift. ..

Detecting and identifying these and other problems
in RF and microwave communications systems can be very
difficult when the symptoms occur randomly over long
periods of time. Yet, if undetected, they can degrade or
disrupt system performance resulting in unreliable opera-
tion, down time and added expense to your operations.

The AN90O family of spectrum analyzers are designed
to help you quickly track down system problems. Even
intermittent problems can be detected and captured
automatically with the AN900’s unique unattended moni-
toring feature.

Other built-in AN900 features including a sensitive
AM/FM receiver, high speed sweep, digital oscilloscope, and
FFT analyzer provide powerful diagnostic capabilities that
enable you to effectively analyze the source of problems.

R ANAO VA e o

9 kHz t0 26.5 GHz

So, before you lose any more sleep, contact IFR or one
of our representatives to learn how the AN900 family of
spectrum analyzers can help solve your RF and microwave
system test problems. Ask about our rental program, too.

1-800-835-2352

o
&
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IFR SYSTEMS, INC.
10200 West York Street/Wichita, Kansas 67215-8999/U.S A.
316-522-4981/ FAX 316-522-1360






DEMODULATORS

115MHz to 1880MHz from $19.95

I&Q Modulators and Demodulators...another smart offering from
Mini-Circuits that's pushing industry standards to new heights (and
prices to new lows)!

Infuse your cellular, radar and communication system project
with the powerful new I&Q Modulator and Demodulator, surface
mount and plug-in units. Units so reliable, the specified statistical
data on performance holds up with rock-solid repeatability
unit-to-unit.

For high speed assembly operations, I1&Q Modulators and
Demodulators are available in tape and reel format, so you can bank
on consistent assembly performance for production efficiency time

after time...and with prices starting at just $19.95, these powerful and

compact units truly are the next generation of value on the market today.
So, call your Mini-Circuits distribution center at a number listed
below for guaranteed one week shipment or, turn to our applications
department with your special specs for custom units at catalogue prices.

We're redefining what VALUE is all about!

52
10—+[307 [0]-»ar 1/Q MODULATORS

CONV CARRIER  SIDEBAND HARM PRICE

*@’ FREQ LOSS REJ REJ SUPPRESS S
{MHz) (dB) {dBc (0Bc) (dBc) Typ QTy
MODEL NO f, f, x o Typ Typ Iixt/Q  5x/Q (1-9)
MIQA-10M 9 1" 58 020 a1 40 58 68 4995
MIQA-21M 20 23 62 014 40 48 65 18995
MIQA-70M 66 73 62 010 38 48 58 3995
MIQA-70ML 66 78 57 010 38 38 48 58 4995
MIQA-91M 86 95 &5 010 38 38 48 58 4995
MIQA-100M 95 105 55 010 38 38 48 5: 4395
MIQA 108M 103 113 55 010 38 38 48 4995
MIQA-195M 185 205 56 010 38 38 48 5 4995
MIQC-88M 52 88 57 010 41 34 52 66 4995
MIQC-176M 104 176 5! 010 38 47 70 5495
MIQC-895M 868 895 80 010 40 40 52 9995
MIQC-1785M 1710 1785 90 030 35 40 9995
MIQC-1880M 1805 1880 90 030 35 40 65 9395
O MIQY-70M 67 73 58 020 40 36 47 ! 1995
MIQY-140M 137 143 58 020 34 36 45 60 1995

1/Q DEMODULATORS

CONV AMP PHASE HARM PRICE

FREQ LOSS UNBAL. UNBAL SUPPRESS 3
(MHz) (dB) (dB) Deg) (dBc) Typ QTYy
MODEL NO f, t, x a Typ Typ 3x/Q  SxI/Q  (1-9)
MIQA-10D 9 " 60 010 0.15 10 50 65 4995
MIQA-21D 20 23 61 015 015 07 64 67 4995
MIQC-895D 868 895 80 020 015 15 40 55 9995
0O miQy-1250 115 135 50 010 015 10 59 67 2895
0 MIQy-70D 67 73 55 025 010 05 52 66 1995
O MIQY-140D 137 143 55 025 010 05 a7 70 1995

0 NON-HERMETICALLY SEALED
MIQA case 4x 8x 4in
MIQY case 8x 8 x 4in.
MIQC case Bx 8x 4in
MIQS case 8x.4x .2in

All Models Available in Surface Mount Package.

Consult Factory for Details.

] - - - ®
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 Vol 23 ¢ MICROWAVES PRODUCT DIRECTORY s EEM e MINI-CIRCUITS' 740-pg HANDBOOK

CUSTOM PRODUCT NEEDS.. LetOurExperience Work For You.
INFO/CARD 3 F 156 Rev B



VOLTAGE CONTROLLED

OSCILLATORS

o | 7

s’
25 101025MHz (+7dBm output) rrom $ , ' (95)

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

voltage controlled oscillators, you pay less but get more... top notch Freq. Range Phase Noise Harmonics Power  Price
quality, superior performance and value pricing. Model (MHz) (dBc/Hz) (dBc) 12vDC (Qty.5-49)
Features include wide-band models with near octave bandwidth and linear No. Min.  SSB@10kHzTyp.  Typ. Cument mA ea.
tuning. Low SSB phase noise characterized at 100Hz to 1MHz offsets.  pog.50  25.50 110 19 17 11.95
Excellent harmonic suppression, typically more than 25dB. RF power  pos.75  37.5-75 -110 27 17 11.95
output typically +7dBm, excellent for driving level 7 mixers. Miniature size,  POS-100  50-100 -107 -23 18 11.95
only 0.4 X 0.8 inch board space. Hermetically sealed and ruggedly constructed ~ POS-150  75-150 -103 -23 18 11.95
for tough environments. Best of all, Mini-Circuits high performance, highly reliable ~ POS-200  100-200 -102 -24 18 11.95
VCO's can be yours at value prices starting at only $11.95 each  POS-300  150-280 -100 -30 18 13.95
(aty.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-5635  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
K-POS1 $124.95 (contains 1ea. all models). ”°‘"S‘5‘;21?3.ﬁg’i‘?g.ﬁpL';ervrm'eng'?‘é§9c°?§elagfé‘i e i

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

- ] — ] ®
[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 Experlence Work For You. F 195 RevA
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HIGH POWER
QUADRATURE
HYBRIDS

FREQ. RANGE 100-1000 MHz
POWER 250 WATTS CW

TYPICAL SPECIFICATIONS

MODEL QH3198 100-300 MHI
MODEL QH3199 300-1000 MHZ
HOSSEs. ...l i 0.5db. max.
AMP.BAL.......cocevmercirierenns + 0.3db max.
ISOLATION ...t 20db typ.
[V () SEUREI——————— 90 + 2deg.
VISWRL e g i s 1.3:1 max.
CONNECTORS ......c.ocvecrereecrecerneeenes 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

Retraining
Eases the
Impact of
Defense Cuts

By Gary A. Breed
Editor

As I write this, local industry giant
Martin Marietta has just run full-page
ads announcing stockholder approval
of its merger with Lockheed.

According to newspaper reports, the
successful merger will result in mil-
lions of dollars in bonuses to the exec-
utives of both companies. However,
the grand announcement of the merg-
er’s “success” is really an acknowl-
edgement that defense business
remains on a steep decline: The
reports also note a planned 10-15 per-
cent reduction in the workforce of the
combined company. That translates
into 15,000-25,000 people laid off or
involuntarily retired.

The Lockheed-Martin deal was fol-
lowed by the announcement of the
intended takeover of E-Systems by
Raytheon, adding another chapter to
the story of a shrinking defense indus-
try. Every major contractor has only a
fraction of the defense business it once
had. While some have made big
investments in commercial develop-
ment, so far the results are mixed.

For several years, displaced engi-
neers with RF and microwave experi-
ence have been cast adrift from these
companies as defense programs for
communications, weapons and coun-
termeasures have been eliminated or
slowed. These engineers’ success at
maintaining meaningful careers has
also had mixed results.

How should these engineers prepare
for jobs in commercial markets —
markets with a different style of busi-
ness and a vastly different set of
design requirements?

Or, how do the companies hiring ex-
defense engineers bring their new
employees up to speed on the latest
technologies like digital cellular, two-

way paging, wireless LAN, or keyless
entry systems?

The answer is retraining through
continuing education courses. Formal
classwork has proven to be effective in
developing new expertise. In contrast
to informal on-the-job or self-training,
classroom instruction is planned,
structured and taught by experienced
instructors, the best approach for most
engineering subjects.

In a well-organized one-day to one-
week course, a lot of material can be
covered without taking an entire
semester. The engineers taking the
course may not commit everything to
memory, but they will have a clear
idea of the major issues, and will have
their class notes and textbooks for ref-
erence when the class is over.

This month’s Product Forum (page
116) discusses the “product” of contin-
uing education courses. Companies
and institutions that provide RF-relat-
ed short courses offer their observa-
tions on the growth of their business
and the nature of their students. This
discussion should prove enlightening
to engineers contemplating course-
work, and engineering managers who
may use them to enhance the capabili-
ties of the staff they direct.

Of course, all engineers can benefit
from formal classroom training, not
Jjust those who need major retraining.
Staying sharp within your area of
expertise is every bit as important in
the long run as getting the initial edu-
cation. As many successful people
have noted, learning is life-long
process!

May 1995



ULTRA-BROADBAND

RF POWER AMIPLIFIER SYSTEMS

MODEL 7100LC WITH IEEE 488

EMI-EMG-RH

AG Openration

Fully Protected

Drive Mismatched Loads
No VSWR Shutdown

ALG Fiat Gain Response
Remote Functions
Lowest Prices

IEEE Interface Capability

1-800-344-3341
(206) 485-3000  1«(206) 486-9657
21820-87th S.E. Woodinvilg, WA 98072 USA

OUNTRY REPRESENTATIVE  TELEPHONE NO.  FACSIMILE NO.

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

ALL SOLID-STATE MOS-FET RF AMPUFIER SYSTEMS

SPECIAL
MODEL __ RF OUTPUT  FREQUENCY RANGE  BAIN  USA PRICE
700LC 1.5WCW .003-1000 MHz  33dB 1,795
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
225L.C 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
250LC 50W CW .01-2256 MHz  47dB
715FC 50W CW 200-1000 MHz  47dB
707FC 50W CW 400-1000 MHz  50dB
716FC 50W CW 20-1000MHz  47dB
*747LC 50W CW .01-1000 MHz ~ 47dB
116FC  100W CW .01-225 MHz  50dB
709FC  100W CW 500-1000 MHz  50dB
717FC  100W CW 200-1000 MHz  50dB
718FC  100W CW 20-1000 MHz  50dB
7100LC  100W CW 80-1000 MHz  50dB
*757LC  100W CW .01-1000 MHz  50dB
122FC  250W CW .01-225 MHz  55dB
723FC  300W CW 500-1000 MHz  55dB
LA500V  500W CW 10-100 MHz  56dB
LAS00UF  500W CW 100-500 MHz ~ 57dB
LA500G 500W CW 500-1000 MHz  57dB
LA1000V 1000W CW 10-100 MHz  60dB
LA1000UF 1000W CW 100-500 MHz  60dB
LA1000G 1000W CW 500-1000 MHz  60dB
LS-1000 1000WCW  .01-1000 MHz 60dB $230,000

RUGGED VACUUM TUBE DISTRIBUTED AMPLIAERS

116C  100W CW .01-220 MHz  50dB $ 9,995
122C 200W CW .01-220 MHz ~ 53dB $ 12,950
134C  500W CW .01-220MHz  57dB $ 20,500
137C 1000W CW .01-220MHz  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)

The World's Most Gomplete
Line of RF Power Amplifiers

INFO/CARD 6




VALPEY-FISHER

For SONET ¢ SDH - ATM
Applications

Hybrid YXCO

Tight Frequency Stablility
Crystal Clock Oscillators

(220 ppm)

Choice of output
logic levels:
J HCMOS/TTL
QO ACMOS/TTL
< ECL/PECL

A SUBSIDIARY OF m(

VALPEY-FISHER CORPORATION
75 SOUTH STREET;

(508)

435-6831 -

HOPKINTON, MA 01748

(508) 497-6377

INFO/CARD 7
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- B Reliability

Custom Crystals

Elements,

Oscillators & E——

Accessories

SINCE
1951

INTERNATIONAL BRVSTAL

MANUFPACTHERINE TV, INB

P.O. Box 26330, 10 North Lee
Oklahoma City, OK 73 126-0330
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Lifetime
Warranty

70 KHz - 200 MHz

Customer Service
& Sales
1-800-725-1426
Fa

1-800-322-9426
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WE'VE GOT THE POWER#
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JFW Industries, Inc.

SOFHE-XXX-200N
Fixed Attenuator
DC-1000MHz

200 Watts Avg. Power
15 Kw Peak

-

-

507-032-1.0 N

50 Ohm Termination
DC-1000MHz

100 Wafts Avg. Power:
Loadsand Mismatches

)
< 3=

: R s N . 1 e
o » B Pad b5 ok
oo 50 YO0 O e : c N
-, . k ! - &
S0T-054 N/ | ~50Watts‘Avg.’v‘ r doaeh ix}%Attenuator

mTermi

75FP-XXX-.

75 Obm, Fixe

DC-3000MHz
2 -

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

JFW...The Power Leader

For more information or for a free catalog, contact:

JFW Industries, Inc.

5134 Commerce Square Drive * Indianapolis, Indiana 46237
Tele.(317) 887-1340 Fax (317) 881-6790
INFO/CARD 9



Giga-tronics Recommends A Better

Path To Your Next Power Meter.

Re evaluate The Standard

THE STANDARD

The HP 437B and HP 438A
power meters are consid-

ILIMITE D]

“(PABILITY /1]

over a
NARROW ered the industry standards.
It’s true, there are a lot

of them out there, and
they've been around a long,

long time. But during this

time, your needs have
changed—significantly.

Imagine the Ideal Altemat;ve

THE ALTERNATIVE

High volume manufac-
turing requires greater
speed and increased
dynamic range, and
testing today’s sophisti-
cated communication
devices requires more

extensive capability.

®© 1995 Giga-tronics Incorporated Hewlett-Packard specifications are from the HP 437B and HP 438A technical data sheets dated April 1988 and July 1984, respectively.



Hewlett- T Hewlett-
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HP 4378 HP 4384
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Compare Your Choices

Giga Troiis

A POWER SENIOR

(Gigs trone= Y
_ Harnhi GNee

The Giga-tronics 8540 Series combines
speed, range and capabilities unrivaled by
power meters from Hewlett-Packard, or any other company.

Giga-Ltronics

For more information or a demonstration, call us at | 800 726 GIGA (4442).
Outside the U.S,, call your Giga-tronics representative.

Argentina Coasin SAC.I. 155-234-85 + Australia Scientific Devices Ltd (Maroubra) 23-445-200; (South Oakleigh) 35-793-622; (Salisbury) 82-813-788 « Belgium Air Parts Electronics B.V. 22416460
Brazil Wandel & Goltermann |1-505-3266 « Bulgaria Amtest Ltd 928-703-88 « Central America Wandel & Goltermann 223-225-51 * Chile Avantec 26-411-021 » China (PRC) Corad Technology 279-303-30
Colombia Wandel & Goltermann Andina Ltda. 12-564-001 « Croatia Amtest Ltd 54-141-1963 » Czech Republic Amtest CA 632625-34 » Denmark Crimp A/S 481-00531 « England Sematron UK Ltd 17348-19970
Finland Profelec Oy 805-664-477 « Erance Elexience 1-60-11-94-71 « Germany Pro Nova Nachrichtentechnik GMBH 07141-2858-0 « Greece Amenican Technical Enterprises 152-406-20 » Hong Kong Schmidt Electronics 22507-022:2
Hungary Amtest Ltd 125-155-20 = India Technical Trade Links 226-326-719  Indonesla Mecomb Tehnik Division 21-780-8008 ¢ Israel Dan-El Technologies Lid 236-478-770 « Italy L.P Instruments SRL (Milano) 24-84-01-713; (Roma) 68-68-00-119
Japan Midoriya 33-561-5763 * Korea Unitek Corporation 255-427-24 « Lebanon Mabek |18-644-79  Malaysia CNN Sdn. Bhd. 657-958-4 » The Netherlands Air Parts Electronics B.V. 0172043221
New Zealand John Cutler Instruments 644-234-7203 » Norway Visitron Feiring A/S 22-64-50-70 « Peru BMP Ingenicros SA 149-012-24 » Oman Mustafa & Jawad Trading Co. L.L.C. 870-995-5 « Poland Amtest Ltd 264-267-74
Saudi Arabia ARASCO 626-610-006 * Singapore Mecomb 469-8833 « South Africa PNI Electronics [ 17-863-647 » Spain REMA Leo Haag, SA 1-38-39-01-7 = Sweden Ferner Eickironk AB 87-608-360
Switzertand Isatel Emitec AG 42-418-041 = Taiwan Schmidt Electronics 25-013-468 » Turkey Elcktro 2-164-18-1270 » Venezuela Equilab CA. 22-393-233

Giga-tronics Incorporated ® 4650 Norris Canyon Road ® San Ramon, California 94583 = Telephone: 510-328-4650 = Telefax: 510-328-4700
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RF letters

Letters should be addressed to
Editor, RF Design, 6300 S. Syra-
cuse Way, Ste. 650, Englewood, CO
80111. Letiers may be edited for
length or clarity.

Explanation Errors
Editor:

I was disappointed in most of the
"Laymen's Guide to RF" letters [March
1995]. They really don't do the job. But
then, I don't know that I could do any
better. You really can't do justice to RF
in a simple analogy. However, I would
like to point out two letters which are
erroneous. On Frequency Conversion,
Robert Tso claims that a spinning wheel
appears to stand still because of a "sam-
pling process performed by the brain". I
don't know of anyone actually observing
this effect on direct viewing of the
wheel, and I have not heard of the sam-
pling process in the brain. The effect is
observed when watching a motion pic-
ture of wagon wheels, because it is the
camera which performs the sampling at
16 or 24 frames per second.

On ERP, Bill Ungar states that "ERP
is the same" when you put a reflector
behind a light bulb. The fact is that
ERP (effective radiated power) is great-
ly increased with the reflector. The total
power remains constant with a perfect
reflector, but the apparent power is
greater in the direction of the beam.

Kenneth Lundgren
Bloomingdale, IL

Another Albright Protege
Editor:

David Hertling's reference to Profes-
sor Albright of the University of Illinois
in Andy Kellett's article |"Industry
Insight - RF Engineering Education”,
Feb. 95] as, "...the one good person ...
who got me and a number of other peo-
ple started [in RF engineering],”
brought back found memories. I too, am
one of those "other people” that Profes-
sor Hertling refers to.

In addition, I hope that the state-
ment, "funding has gone down the
tubes” regarding university research

funding in RF technology was purely
accidental.

Keep up the good work! I truly enjoy
reading RF Design every month.

Charles E. Glenn
LORAL Federal Systems — Owego

Units Error
Editor:

I think that there might be an a little
typo in Frank L. Egenstafer's excellent
article, "Path Loss and Antenna Gain
Elementary Calculations” [Feb. 95]. On
page 54, just above equatlon 9, the text
should read "...Pg, in W/m?2.. ST
"W/m".

Jeffrey A. Harvey
Enfield, N.S, Canada

Errata

The name of Dr. Thomas Charlton,
Group Vice President for Communica-
tions Products at Andrew Corporation
was misspelled in the April "Industry
Insight”.

—_— ——

=~
—--

“=-More Power in
—~Less Space

= To meet your requirements

,-~ RF POWER AMPLIFIER USERS ...

Are you looking for a qualified supplier of MIL-SPEC, compact
packaged, custom designed, RF Power Amplifiers, for airborne
data links in the 1.4 to 2.4 GHz range?

— _ " cCall or Fax: Aydin Vector Division
215-968-4271 FAX: 215-968-3214

Typical Missile
or Satellite
RF Power Amplifier

® Pulse, CW and Linear Models for severe environments
® High output power, 2 to 100’s of watts

® High efficiency

e Video or Telemetry

® Single and Multichannel compatible

e Military and Commercial applications

LY
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AYDIN VECTOR

Aydin Vector Division ¢ P.O. Box 328 ¢ Newtown, PA 18940-0328 * TEL. 215-968-4271 * FAX 215-968-3214
In Europe: Aydin Intemational U.K. ® 1/3 Hunting Gate ® Hitchin, Herts SG4 OTJ e England TEL. 44-0462-434555 FAX 44-0462-420727
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ENGINEERING SUPPORT
...WHEN YOU NEED IT!

Merrimac Design Engineers Are Always Available
To Answer Your Questions. So Call 1-800-575-1301

...And Talk To Somebody hd Merrimac
Who Speaks Your Language i) sise e s
(not somebody’s voicemail) B osnr
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/& ANECHOIC
"F‘"-i
lfl'fl'l‘ ABSORBER

World's leading supplier!
Our new FerroSorb™ offers 30 MHz to
40 GHz with 20 dB average reflectivity
in a 41 cm profile! Other EMC prod-

ucts include FT-100 Series ferrite
tiles, MIL-STD 461/462D absorber.

SPACE SAVER™
sy COMPACT
lm CHAMBERS

Save space, time, money! Our
muiti-use compact chambers are
pre-engineered, pre-kitted for quick
installation. Designed for IEC 1000-
4-3, ANSI C63.4 pre-scan, MIL-STD
461/462D applications.

SEMI ANECHOIC
| Bl CHAMBERS,

SHIELDED &
MODULAR ROOMS

A full spectrum of solutions from a
full service supplier! Classic full and
semi anechoic chambers, welded
rooms, and our popular demountable
modular systems.

TURN-KEY
{6 CAPABILITY
Consultation, ahsorber /

chamber modeling, engineering,
fabrication, installation, and
certification from one source! Our
experienced in-house experts manage
responsibility from start to finish!

USA: 818.591.8189 1el
818.591.8489 Fax

EUROPE: 33 (0) 78 53 12 26 Tel
(FRANCE) 33 (0) 78 53 65 23 Fax

60000690

Anechoic/Shielding Systems
MEseeOcnnvlw
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RF calendar

May

June

July

16-18

19

21-24

31-2

31-2

13-15

21-23

9-12

DXPX 95 Exhibition and Symposium

San Jose, CA
Information: Reed Exhibition Companies, 383 Main
Avenue, Norwalk, CT 06851. Tel: (203) 840—5398.
Fax: (203) 840-9398.

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 IEEE International Frequency Control
Symposium

San Francisco, CA
Information: Barbara McGivney, Synergistics
Management, Inc., 3100 Route 138, Wall Township,
NJ 07719. Tel: (908) 280-2024. Fax: (908) 681-9314.

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.

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.

30th Annual Microwave Power Symposium
Denver, CO

Information: IMPI, 10210 Leatherleaf Court, Manassas,

VA 22111. Tel: (703) 251-1415.
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We'’ve got
your huml

*

0 @ 3 EN

® 0 o W

In short, we've got
Backintheold days, B your number.
when the first cellular And that’s not all: based

phones hit the road, life was on our MSAG®-Lite technology, our
simple: 12 volts, period. line of RFIC power amplifiers can
Not anymore. With over a help you reduce total system size

dozen major manufacturers offering  enough to actually add more features
a wide variety of models, it'sa chal-  in the same space. Cell phone talk
lenge to supply them witharange  time can be extended by as much as
of RF power amphﬁers todo thejob. 30% compared to using Si discretes
But we’'ve met that challenge;  or modules. Plus, you can lighten up

our RFIC power amplifiers will the entire system.
work in many of the latest, newest, And all of this at a very
smallest analog and digital cell affordable number.
phones. And with battery voltages Want to hear more?
from 3.3 to 5.8 volts and output Here’s one more number you'll need:
power levels as high as 1.2 watts. ————1  703-563-3949.

SIZE ,

ITT Ggrc
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RF courses

Electrical Grounding of Communications Systems
June 21-23, 1995, Madison, WI
Technical Cellular
July 31-August 3, 1995, Madison, W1
Radio System Design for Telecommunications
August 21-24, 1995, Madison, W1
Information: Department of Engineering Professional
Development, University of Wisconsin-Madison, 432 North
Lake Street, Madison, WI 53706. Tel: (800) 462—-0876.
Fax: (608) 263-3160.

Fuzzy Logic, Chaos, and Neural Networks:
Principles and Applications
May 22-24, 1995, Los Angeles, CA
Information: UCLA Extension, Engineering Short Courses,
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024.
Tel: (310) 825-1047. Fax: (310) 206-2815.

Microwave Antenna Measurements: Far-Field, Near-Field,
Compact Ranges and Anechoic Chambers

June 13-16, 1995, Northridge, CA
Information: Shirley Lang, Center for Research & Services,
School of Engineering & Computer Science, California State
University-Northridge, 18111 Nordhoff Street, Northridge,
CA 91330-8295. Tel: (818) 885-2146. Fax: (818) 885-2140.

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, Division of
Continuing Education, Attn: Lorene Damewood,
Continuing Education Building, Lawrence, KS
66045-2607. Tel: (913) 864—-3284. Fax: (913) 864-5074.

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: Registrat, The Center for Professional
Advancement, P.O. Box 1052, East Brunswick, NJ
08816. Tel: (908) 613—4500. Fax: (908) 238-9113.

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.

Simulation of Communication Networks
May 22-24, 1995, Washington, DC
ATM-Based Enterprise Networking and Internetworking
June 5-7, 1995, Washington, DC
Radio Frequency Spectrum Management
June 5-9, 1995, Washington, DC
Analyzing Communications System Performance
June 12-15, 1995, San Diego, CA
Modern Receiver Design
June 12-16, 1995, San Diego, CA
Wireless Infrastructure Network Engineering for
Cellular, PCS, LEO, and WPBX
June 12-16, 1995, San Diego, CA
Digital Cellular Radio
July 11-14, 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) 994-6106 or (800) 424-9773. Fax: (202) 872-0645.

Grounding and Shielding Electronic Systems

July 25-26, 1995, Bloomington, MN
Circuit Board Layout to Reduce Noise Emission
and Susceptibility

July 27, 1995, Bloomington, MN
Information: Continuing Education, 119 Mechanical Engi-
neering Annex, University of Missouri - Rolla, Rolla, MO
65401-4992. Tel: (314) 341-4132. Fax: (314) 341-4992.

Thin Films of Semiconductor Deposition Processes

May 22-24, 1995, Monterey, CA
Microwaves and RF Measurements & Applications

July 10-13, 1995, Monterey, CA
Information: University Consortium for Continuing Educa-
tion, 16161 Ventura Boulevard, M/S C-752, Encino, CA
91436. Tel: (818) 995-6335. Fax: (818) 995-2932.

18

RF/MW Measurement Techniques |
June 12-16, 1995, Cambridge, UK
Applied RF Techniques |
June 12-16, 1995, Cambridge, UK
Digital Cellular and PCS Communications —
The Radio Interface
June 13-16, 1995, Singapore
RF Component Modeling
June 19-22, 1995, Cambridge, UK
Applied RF Techniques I
June 19-23, 1995, Cambridge, UK
Applied RF Techniques
June 26-30, 1995, Morristown, NJ
Wireless RF System Design
June 26-30, 1995, Morristown, NJ
Information: Besser Associates, 4600 E] Camino Real,
Suite 210, Los Altos, CA 94022. Tel: (415) 949-3300.
Fax: (415) 949-4400.

EMC Workshop - Immunity Measurements
July 4-5, 1995, Surrey, England
EMC Diagnostics Workshop — Emission Measurements
July 6-7, 1995, Surrey, England
Information: Miss Nikki Hamann, Conference Group,
Technical Services Division, ERA Technology Ltd.,
Cleeve Road, Leatherhead, Surrey, KT22 7SA England.
Tel: 44 (0)372-374151 ext. 2595. Fax: 44 (0)372-377927.

Successfully Simulating Circuits with SPICE

June 20-22, 1995, Denver, CO
Learning The Design Center ®

June 7-9, 1995, Indianapolis, IN

July 11-13, 1995, Indianapolis, IN
Information: RCG Research, Inc., P.O. Box 509009,
Indianapolis, IN 46250-0900. Tel: (800) 442-8272 or
(317) 877-2244. Fax: (317) 776-9095.
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Monolithic Chip Caps o 4
Ultra-miniature sizes — 3
all the way down to
. 0402.Temperature ranges SMD Resonator
poniHzALoR kil from 55°C 10 150°C Very small and lightweight
Offers “‘“"“"'b‘e";'“”‘% with high stability. Available
ot onjuandiaier in frequencies up to 33MHz.

uation and high stability
for radio applications.

L 4

GYROSTAR SMT Ferrite Chips —

100 n‘mes_ the ;_arecisl'on BLM Series Circuit Module (Hybrid I1C)
of other vxbranAng gro- Effectively reduces For multiplexing/node wiring
scopes, for navigation unwanted noise in HF system, power windows, ECU
and ride stabilization circuits, to several hundreds and airbags, backed by,
systems. Ultra-compact of MHz. Sizes down to 0603. Murata’s 25 years of thick
angular velocity sensor. film technology.

A few of the important components
of a pleasant Sunday drive.

What goes into an ideal weekend drive? A from raw ceramic material For a free auto-
sunny day, a winding country road, a sizable production to design and motive poster as
number of Murata components. In fact, the fabrication of complex well as Murata
average automobile could easily contain more modules like hybrid ICs for catalogs, call
than 1,000 Murata electronic components. sophisticated automotive 1-800-831-9172,
Our commitment to research has made us the systems. You see, we not e ; ext. 234.

world leader in passive component technology. only want to be an important component of ®
That technology optimizes every step of our your Sunday drive. We also want to be a vital
vertically integrated manufacturing process, part of your designs Monday through Friday.  Zuaater in Llectrondes

©1995 Murata Electronics North America, Inc, 2200 Lake Park Drive, Smyrna, GA 30080 All nghes rescrved
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RF news

Business Briefs

Anadigics Celebrates 10th Anniversary — Anadigics, supplier of gallium
arsenide (GaAs) integrated circuits, recently marked its 10th anniversary.
Since its inception in 1985, Anadigics has grown to more than 270 employees,
expanded it manufacturing and office facilities to 75,000 square feet, and
today generates annual sales in excess of $34 million.

Comtech Merges Operating Units — Comtech Telecommunications Corp.
has merged its operating units: Comtech Microwave Corp., Power Systems
Technology, Inc., and Scientific Power Systems, Inc. The companies will oper-
ate as Comtech Microwave Products Corp.

Monsanto Enters Wireless Arena — Monsanto and Lawrence Behr Associ-
ates, Inc. (LBA) have teamed up to target effective reduction of unwanted
electromagnetic interference within cellular site facilities. Monsanto is work-
ing with LBA to implement a “system” approach to shielding cellular shelters.

Telesat Switches to Digital — Telesat Canada, which provides uplink ser-
vices and transponder capacity to Canada’s broadcast industry, is switching
from analog services to the Scientific-Atlanta, Inc. digital video compression
system. This will increase the channel capacity available to Telesat customers.

SaRonix Acquires Philips Manufacturing Plant — SaRonix has acquired
the Philips Electronics N.V. crystal and oscillator manufacturing division
based in Doetinchem, The Netherlands. Separately, SaRonix has entered into
a resale agreement with Philips to supply the Philips worldwide Passive Com-
ponents Sales Organization with advanced crystal and oscillator products to be
marketed under the Philips brand name.

Datum Acquires Efratom — Datum Inc. has acquired the Efratom Division
of Ball Corp’s Aerospace and Communications Group. The addition of Efratom
will more than double Datum’s revenues while enhancing its worldwide mar-
ket position in selected telecommunications products.

Richardson Joins Micro Crystal in 2-Year Agreement — Richardson
Electronics will be the exclusive distributor for Micro Crystal in the crystal
and oscillator market.

IBM Using Vari-L Components — IBM has selected Vari-L’s voltage con-
trolled oscillator (VCO) to control the signal processing function of IBM’s wire-
less local area network product. The RF wireless PCMCIA spread spectrum,
frequency-hopping LAN incorporates Vari-L’s VCO product.

Glenayre and MobileComm Announce Partnership — Glenayre Tech-
nologies, Inc. and MobileComm have formed a technology partnership to build
a test system of two-way wireless messaging services. MobileComm will begin
beta testing the new services in mid-1995 with Glenayre equipment.

Conductus Demonstrates Thin-Film Filter — Conductus Inc. has demon-
strated the world’s first nineteen-pole planar bandpass filter on a single super-
conducting wafer. This filter rejects unwanted signals at a rate six times
steeper than a conventional 8-pole filter found in cellular base stations. Con-
ductus believes such improvements will help the wireless communications
industry achieve higher quality communications, increased capacity in base
stations and reduced component size.

NYNEX Offers Cellular Service in Lincoln Tunnel — NYNEX Mobile
Communications Co. recently completed installation and activated service in
the Lincoln Tunnel with the ADC Telecommunications Wireless Systems Divi-
sion CityCell™ Digital Fiberoptic Microcell system. The system will provide
NYNEX customers with cellular service throughout the three tubes that com-
prise the nation’s busiest mile-long tunnel.

22

Contracts

Litton Awarded Contract from
Westinghouse — Litton’s Electron
Devices Division has been awarded a
contract valued at over $4 million from
Westinghouse Electric Corporation for
more than 500 traveling wave tubes.
The order is for the mid-life upgrade of
radars on F-16 aircraft from NATO
countries and Taiwan.

Oki Electric Awards Contracts to
Berkeley Varitronics — Oki Elec-
tric of Tokyo has awarded two con-
tracts to Berkeley Varitronics Systems
for the design and manufacture of
both base station and personal station
transceivers for the 1.85-1.97 GHz
PCS band according to Oki’'s WCDMA
specifications. The first contract, cov-
ering radio frequency design, has
already been completed. The second
contract, encompassing the digital LSI
section of the system for both the base
and personal station prototypes, is
near completion in an accelerated pro-
gram expected to be completed in a
nine-month turnaround time.

KVH Signs with Mitsubishi Elec-
tric — KVH Industries signed a con-
tract with Mitsubishi Electric Corpora-
tion to manufacture satellite tracking
antennas for use in Mitsubishi’s new
marine telecommunications product.
The product is designed for use on the
American Mobile Satellite Corporation
Mobile Satellite System. The new Mit-
subishi product will provide direct-dial
telecommunications capability with
voice and data as standard features
and facsimile as an optional feature.

UK-MOD Selects Aydin to Supply
Instrumentation — Aydin Interna-
tional U.K. has been awarded a con-
tract from the United Kingdom Min-
istry of Defense (UK-MOD) for the
supply of service practice instrumen-
tation (SPI) used in SKYFLASH air-
to-air missiles. The contract, with
additional options valued around
$13.5 million, calls for the design,
qualification and delivery of SPI kits
with supporting test sets and inte-
grated logic support items.

NASA Selects Ball — NASA Langley
Research Center has awarded Ball
Corporation’s Aerospace and Commu-
nications Group a $20 million contract
to build three Stratospheric Aerosol
and Gas Experiment III instruments
for the Earth Observations Station.
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12 Years of Quality Crafted,Custom and Stock
Crystals,Crystal Filters,L/C Filters and Monolithics

“e
[

Sampling of our standard monolithic crystals
Foles P/N Passband Termination
dB +KHz  Ohms/pF

15.0  3000/-1
15.0  3000/-1

TES320

e e e 2 TE5000 3 375 1800/+4
4 TES010 3 375 1500/+3
6 TE5020 6 375 1500/+3
8 TE5030 6 3.75 1500//+3
2 TE5040 3 65  2700/0
4 TE5050 3 65  3100/0
6 TE5060 6 65  3100/0
8 TES070 6 65  3100/0
2 TES080 3 7.5  3000/0
oot o 4 TES5090 3 75  3300/0
Vo s 6 TES100 6 7.5  3300/0
= e o 8 TE5110 6 7.5  3300/0
a5 2 TE5120 3 150  5000//-1
4 TE5130 3 150  5000/-1
6 TE5140 6 150  5000/-1
8 TE5150 6 150  5000/-1
TeS .

2 TE5180 3 375  850/+6
4 TE5190 3 375  850/+5
6 TES5200 6 375  850/+5
8 TES5210 6 375  850/+5
2 TES220 3 65 1300/+2
N 4 TE5230 3 65 1400//0
T 6 TE5240 6 65 1400//0
= 8 TE5250 6 65 1400/0
% (12 JEEEBRY 3 8 1500//0
- 4 TESRI0 8 75 1600//0
Q) 6 '1EgMde 6 75 1600//0
8 TE5290 6 75 1600//0
2 TE5300 3 150  3000/0
4 TES310 3 150  3000/-1

6 6

8 6
2 E9420 3 3.75 2000//-1.0
4 TE9310 3 3.75 2000/-1.0
2 TE7420 3 7.5 3000/-1.0
4 TE7430 3 75 3000/-1.0
2 TE7440 3 15 8000/-1.5
4 TE7450 3 15 8000//-1.5
2 TE7730 3 15 1100/+1.5
4 TE7740 3 800//+1.0
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AMP and M/A-COM
Announce Merger

Agreement

The directors of AMP Incorporated
and M/A-COM, Inc. have approved a
definitive merger agreement. This
merger will enhance AMP’s strategic
presence in the high-growth market for
advanced wireless components. The

merger is expected to close in June.
M/A-COM will be set up as a wholly-
owned AMP subsidiary, serving as the
cornerstone of a new AMP business
group dedicated to the wireless indus-
try. This independent structure will
support the growth of the company’s
combined presence in the wireless
market, while providing flexibility
over time to selectively integrate or

FROM THE WORLD LEADER IN VARIABLE CAPACITORS

2 GHz

MINIAFURE TRIMMER
CAPACITORS

e

development n Miplature
capacitors and features

operation to 2 GHz ang higher.
They are Ideal for applications

in circuits where size and
bgrférmance are critical.{

\

" "_’
The 9401 seri#giis an advanced

= Gabacitance Range:

%25-.7 pFt0 1.5- 4.0 pF

=Q >1000@100 MHz

® Operating Temperature:
~20°C to +85°C

] WorkitlngVoltage: 250 VDC
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realign particular business elements
of M/A-COM or AMP to fully capitalize
on the synergistic opportunities pre-
sented by this merger.

1995 Commemorates
100 Years of

Radiocommunications

The International Telecommunica-
tion Union (ITU) has chosen 1995 to
celebrate the centenary of radiocom-
munications. A calendar of events has
been prepared to celebrate the 100
years of radiocommunications through-
out 1995. It includes a special program
to take place on May 17, World
Telecommunication Day. This will
include two lectures and a discussion
panel to preview wireless communica-
tions in the 21st century. The ITU and
the Radiocommunication Sector hope
to remind everyone of the importance
of radiocommunication in our daily life.

ERA Celebrates 60th

Anniversary

The Electronics Representatives
Association (ERA), the organization of
manufacturers’ representatives serving
all segments of the international elec-
tronics industry, is celebrating its 60th
anniversary during 1995. A major
event marking the six-decade birthday
is the association’s 33rd Biennial Man-
agement and Marketing Conference, to
be held at the PGA National Resort in
West Palm Beach, FL.

ARIA Wireless System

Available Nationwide

Comtek Research, Inc. announced
that ARIA Wireless Systems rolled out
PDDN service in the 32 markets for
which it held FCC licenses. With Win-
Comm, Inc. using PDDN technology in
approximately 170 other markets,
PDDN will now be available in over 200
markets. PDDN provides a reliable
wireless connection that links automat-
ed teller machines, point-of-sale sys-
tems, and other electronic fund transfer
applications to a “processing host” or
electronic clearinghouse anywhere in
the United states with one connection
and one low monthly fee.

DAR Testing Program

Reaches Mid-Point

The EIA/CEG Digital Audio Radio
(DAR) Subcommittee’s testing program
has reached its mid-point in tests of
nine DAR proponent systems vying to
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become the U.S. standard. CD quality
sound and immunity to interference are
the claims of proponents hoping to give
birth to a new high-quality broadcast
audio service. The EIA DAR Test Lab is
completing all the digital tests includ-
ing: overall quality; signal failure; and
performance with impairments like
noise, interference and multipath reflec-
tions. Test results should be reported
soon and will consist of quality assess-
ments, laboratory test results, impair-
ment subjective assessments, AM/FM
compatibility assessments and, soon
thereafter, field test results.

Compact Sponsors User’s
Group Dinner at MTT

Compact Software will sponsor a
user’s group dinner at this year's MTT
Symposium in Orlando. Compact uti-
lizes the annual event as a forum for
getting together with its customers, pro-
viding information about upcoming soft-
ware releases and soliciting feedback
from its user base. This year’s meeting
will be held on Tuesday, May 16.

Business Briefs continued

Proxima Signs Agreement with Anixter — Proxima, Inc. has signed a dis-
tribution agreement with Anixter Inc. Under the terms of the agreement,
Anixter will resell Proxima’s entire line of 2.4 GHz frequency hopping spread
spectrum wireless networking products.

SGS-Thomson Delivers Millionth Decoder Chip — SGS-Thomson Micro-
electronics announced that its total shipments of MPEG decoder integrated
circuits have passed the million mark. The million MPEG decoder ICs include
dedicated compression circuits aimed at applications like consumer video CD
products, multimedia PC and digital TV.

ATG Donates to Academic Research — A/S Site Products Division of Allen
Telecom Group (ATG) donated $15,000 to the University of Maryland’s College
of Engineering. The donation is designated for the Antenna Specialists Fund,
where it will be used to support research and study of advanced radio frequen-
cy filtering technologies.

Polyflon Moves — Polyflon has relocated its offices and manufacturing oper-
ations. Their new address is Polyflon Company, One Willard Road, Norwalk,
CT 06851. Tel: (203) 840-7555. Fax: (203) 840-7565.

American KSS Moves Corporate Office — American KSS has moved its cor-
porate office to 3295 Scott Blvd., Suite #100, Santa Clara, CA 95054. Tel: (408)
986-9577. Fax: (408) 986-1717.

Introducing RO4003.

A new breed of high frequency circuit board material that
fabricates like epoxy glass, but performs like PTFE.

The right properties.
The right price.

RO4003 laminate is rigid and
tough like epoxy glass, with low
7 axis expansion. Its low loss
tangent makes it ideal for high
frequency designs. At less than
$8 per square foot in medium
volume, 1 oz. ED 2 sides for
0.020", you can afford to upgrade
the performance of your design.

Rogers Corporation, 100 S. Roosevelt Avenue, Chandler, AZ 85226 « Tel: 602-961-1382 « FAX: 602-961-4533
Rogers Japan, Inc., Tokyo: Tel: +(81) 33-807-6430 FAX: +{81)-33-807-6319 » Rogers-Mekron, N.V., Gent, Beigum: Tel: +{32) 9 235
36 11 FAX: +{32) 9 235 36 58RO4003 1$ a trademark of Rogers Corporation.
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From the right company.

For 25 years, Rogers has been
developing high frequency circuit
materials for a wide range of
applications.

Call an Applications Engineer
at (602) 961-1382, or send for data
and free samples.

ROGERS

1SO 9002 Registered

Integrated Component
Systems

WIDE/NARROW BAND VCO'S

Product Features

200 to 4200 MHz Frequency Range
+14 dBm Output Power

Superior Phase Noise

Linear Tuning

Hermetically Sealed

Low Cost

Custom packaging and coaxial resonator models
available.Contact Eliot Fenton, Integrated
Component Systems Inc., 5440 N.W. 55th Bivd.,
Ste 11-105, Coconut Creek, FL 33073.
1-800-396-5185
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RF industry insight

Cost Pressures Squeeze

More Functions onto RF Chips

By Andy Kellett
Technical Editor

Open up an RF assembly from fif-
teen or twenty years ago (say, a sur-
plus military radio, or a mobile radio
used by a utility company) and you
will see a jumble of transistors, coils,
capacitors, and some connecting hard-
ware. Open up an RF assembly being
produced today (say, a neon blue pager
sold in a plastic blister-pack, or the
wireless modem you bought to go with
your notebook computer) and you will
see a much tidier piece of PCB real
estate.

True, today’s RF devices still use
capacitors, coils, resistors and all the
other parts that used to fill RF assem-
blies, but now they are most likely there
to “glue” together the inputs and out-
puts of the highly integrated RF ICs
that make such devices affordable — and
affordability is the driving force behind
the increased integration of RF circuits.

More Integration, More Specificity

“The degree of integration will be
driven by the market, as opposed to
being driven by technology capability,”
says Paul Litzenberg, Engineering
Manager for Power Products at
TriQuint Semiconductor.

The market is demanding radios
which replace the cable in previously
cabled applications, says Phillip Snow,
TriQuint's Vice President and General
Manager for the Wireless Communica-
tions Division. “There are several
ways to do that, and it’s up to us to
understand the preferred way in each
of the market segments in which we
compete,” says Snow.

The trend in recent years has been
for a market to present itself, for
instance GSM, and for the IC manu-
facturers to follow with highly inte-
grated circuits tailored specifically for
that market. However, manufacturers
still make “building-block-level” ICs
for new, developing markets and for
low volume designs for which high
integration is not cost effective.
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How Much Integration?

Construction for an RF application is
most cost effective somewhere between
discrete construction and total integra-
tion. At first, integration reduces circuit
size, reduces the overall cost of a radio,
and even eases some technical require-
ments. Senior Member of the Technical
Staff at Maxim Integrated Products,
Hans Dropmann points out an example.
“If you don’t have to go off chip with
say, 1.8 GHz signals, you can run these
signals at much lower power levels.”

However, there is a limit to the
degree of integration in a radio that
makes sense. After a certain point, size
reduction ceases to be an advantage.
Also, the cost of the IC goes up as inte-
gration passes a certain point because
manufacturing yields go down.

In addition, certain elements of
radio circuits cannot be created on a
semiconductor die. These portions of
the radio circuit must be connected to
the devices on-chip, while they remain
off-chip. “..you end up with a system
design that looks like a rat’s nest of
components piled up around this high-
ly integrated IC,” says Dropmann, “so
this is one reason you don’t want to
push for too high an integration level.”

Packaging strongly affects the
extent of integration in RF circuits.
Packages with more legs can have
more parasitics, and the cost of a com-
plex package can approach the cost of
the die it contains. “You might be bet-
ter off using a high volume package
like a 16-pin narrow SO and use two of
them instead,” says Dropmann.

Semiconductor Technologies
Another reason integrating a radio
completely from RF to baseband may
not make sense is the efficaciousness
of different technologies at different
frequencies. This is particularly true
for radios with RF front ends in the
GHz range. At these frequencies, RF
front ends are generally most easily

implemented in GaAs, while silicon is
generally the best technology for cir-
cuits in the lower frequency ranges.

Of course manufacturers are work-
ing to improve both silicon and GaAs
processes to extend the frequency
ranges in which those processes are
effective. “GaAs processes are getting
simpler to meet the wireless market
demands, as they come down from mil-
itary applications,” says TriQuint
Application Engineer Rob Christ, “on
the other hand, Si bipolar processes
are getting more complicated to reach
up into those regions. ”

All is not Analog

Most of the transistors in modern RF
products such as cellular phones, wire-
less modems and pagers are devoted to
digital functions. Highly integrated
RFICs typically contain at least some
digital circuitry — if not for baseband
processing, then for the dividers or reg-
isters in a synthesizer, or for simple
control functions. “All these RFICs are
generally controlled off a digital bus, so
you have to be able to interface with
that,” says TriQuint’s Snow.

Designing with RFICs

While highly integrated RF ICs pro-
vide a lot of the circuitry needed to
implement wireless devices, a good
dose of RF engineering is still neces-
sary to make them work. Reynolds
Jenkins, Product Marketing Manager
for Wireless at AT&T points to his
company’s W2020 chip as an example.
The W2020 incorporates mixers,
amplifiers, a modulator and demodu-
lator, a UHF synthesizer, two fixed
oscillators and control circuits.

“People see it as one big block that
they can put down on a circuit board
and be able to run with it, but that’s
really not the case,” says Jenkins,
“There’s still a lot of RF art necessary
to get this working on a printed circuit
board with a small form factor.” RF
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POWERFULLY QUIET

Solutions to your
dyiamic range
problems...

INTRODUCING MITEQ’S
NEW MPN SERIES
AMPLIFIERS

Dynamic Range = 2/3 [ IP3in.- {114 dBm/MHz + 10 Log BW + N.F.}}

That's the only equation you have to remember when you're having dynamic range problems. Great
noise figure, great output power, and great-price makeMITEQ's MPN Series the obvious choice.
The following are amplifiers that are available for quick delivery! All units are made with thermally
efficient‘housings which are screened and hermetically sealed for reliability and quality.

TYPICAL MODELS

Gain Gain Noise 1 dB Comp.
Frequency (Min.) Flatness Figure VSWR Paint Domestic
Model Number (GHz) (dB) (+dB, Max.) (dB, Max.) (Max.) (dBm] Price* *

MPN1-00100100-23P A= 15 1.5 1.5 2.5:1/2.5:1 23 $ 650
MPN2-00100200-27P A= 23 1.5 245 2.0:1/2.5:1 27 $750
MPN2-00500100-30P L= 23 il):5! 1.5 2.0:1/2.0:1 30 $ 850
MPN2-01000200-30P 1=2= 23 1.5 1.5 2.0:1/2.0:1 30 $ 850
MPN2-02000400-27P 24 21 1.5 2.0 2.0:1/2.0:1 27 $ 850
MPN3-02001800-20P 2-18 15 2AS 5.0 2.5:1/2.0:1 20 $ 900
MPN4-02001800-23P 2-18 23 2.5 5.5 2.5:1/2.0:1 23 $ 950

* These maodels can be optimized for cellular telephony applications.
** For international pricing, please contact MITEG.

For additional information please call Dave Krautheimer on ext.187, or fax (516} 951-4338.

TEL: (516) 436-7400  FAX: [516) 436-7430

M‘ 100 Davids Drive, Hauppauge, NY 11788
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RF amplifiers

High-Efficiency Power Amplifiers for
13.56 ISM and HF Communications

By Ken Dierberger, Advanced Power Technology, Inc.,
Frederick H. Raab, Green Mountain Radio Research Co.,
Bobby McDonald, Uni-West Engineering, and

Lee Max, Independent Consultant

This article describes the design of a
400 watt class C amplifier and a 250
watt class D amplifier using recently-
introduced power MOSFET devices
from Advanced Power Technology
(APT). Both amplifiers provide high
gain and high efficiency for 13.56 MHz
industrial, scientific and medical
(ISM) applications, and may also be
used for HF communications. This
article summarizes information pre-
sented at RF Expo East 1994 [1] and
RF Expo West 1995 [2].

he boom in RF equipment operat-

ing in the UHF region has over-
shadowed the growth in lower fre-
quency ISM systems. As a result, ISM
applications have had to use high-cost
RF power devices that are optimized
for higher frequencies, or use devices
that are intended mainly for switching
power supply applications at lower fre-
quencies. These latter devices,
although low cost, are packaged in a
standard common-drain configuration,
requiring insulated mounting with
added shunt capacitance, and which
have significant inductance in the
source connection, which combine to
limit RF performance.

The APT devices used in the ampli-
fiers described here are provided in a
common-source configuration, elimi-
nating the need for an insulator
between case and heat sink. The addi-
tional internal BeO insulator required
to achieve this configuration adds
some thermal resistance, but less than
would be added by the usual mounting
insulator. The isolated die also per-
mits the interchange of gate and drain
leads, making “left hand” and “right
hand” devices possible.

Design of a 400 Watt, 13.56 MHz
Class C Amplifier

The first amplifier described is a 400
watt, 13.56 MHz design operating in
class C with a 100 VDC power supply.

28

N

RF INPUT L1

(9]

Y

O

fo]
"

Figure 1. Circuit diagram of the 400 watt class C amplifier.

Efficiency of this amplifier is 75 per-
cent. The power amplifier is built
around a “symmetric pair” of
ARF442/ARF443 300V RF power
MOSFETs provided in TO-247 plastic
packages. The devices are identical,
except that they are packaged in “mir-
ror image” pairs to facilitate a sym-
metrical layout that helps maintain
the electrical symmetry required for
push-pull operation.

Figure 1 shows the circuit diagram

of the amplifier, with its parts list
given in Table 1. The amplifier is a
classical push-pull configuration of a
straight forward nature, using a sim-
ple L-C network for impedance match-
ing and transformer-coupling to
achieve the required complentary gate
drive signals. A wideband transmis-
sion line transformer output circuit is
used, with a conventional bifilar-
wound RF choke for DC power supply
isolation.

Part number Description

C1 75-480 pF mica compression trimmer

C2, C3,C4, C5, C6,C7,C8 0.01 pF 200V CK06

C9 0.1 uF 100V CKO06

C10 10 uF 100V electrolytic

R1 10k 5% 1/4 watt carbon

Q1,Q2 ARF442, ARF443

L1 0.5 uH: 7T, #18 AWG, 1.D. = 0.438 in.

BFC1 Balanced DC feed choke, 7T, #22 stranded PTFE insulated
twisted pair on Indiana General #F624-19-Q1 toroid, y, = 125

RFC1 2T, #18 stranded PTFE on a Fair-Rite #2677006301 bead, u; = 2000

T1 4:1 (Z) conventional transformer; 2:1T, #22 stranded PTFE on a
Fair-Rite #2843000202 balun core, i, = 850

T2 1:1 (Z) transmission line transformer; 4 turns (approx 22 in.) of
mini 50 ohm PTFE coax, O.D. = 0.095, on a two-hole core made from
two Fair-Rite #2643102002 cores, u; = 850

PCB 0.062 in. G10 epoxy glass

Table 1. Parts list for the amplifier of Figure 1.
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Your .'
Assurance
of EMC

Compliance

Haefely can provide you with
individual testers or integrated
systems for EC 1000-4 (IEC 801)
Immunity Standards

1000-4-4 EFT/Burst
1000-4-5 Surge
1000-4-8 50/60 Hz Magnetic Field

1000-4-9 Pulse Magnetic Field
1000-4-11 Voltage Line Interruptions
1C77 Harmonics

Haefely, Inc.

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

Fax (703) 494-4597 INFO/CARD 21
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Figure 2. Output power versus
input power.

Short, low inductance interconnec-
tions are easily made using the
ARF442/ARF443 devices, because they
can be mounted symmetrically. In par-
ticular, the gate circuit should mini-
mize inductance to avoid instability
and losses when that inductance is
combined with the high capacitance of
the gates. Similarly, the frequency
response of the output circuitry is
improved with minimum stray induc-
tance due to interconnections.

The amplifier is operated from a 100
VDC power supply, and is constructed
on a heat sink sized for proper dissipa-
tion at the expected power levels.

Input Network

The input network provides a 50
ohm impedance to the driving source.
Transformer T1 provides impedance
transformation for the MOSFET gate
impedance, as well as balanced drive
to push-pull operation. The input pi
network comprises capacitor C1,
inductor L1 and the input capacitance
of the power MOSFETSs, transformed
by T1. The network is tuned for mini-
mum return loss at the operating fre-
quency by adjusting C1.

Figure 3. Gain versus input
power.

Transformer T1 provides a 4:1
impedance transformation of the
MOSFET input impedance. It is con-
structed using a Fair-Rite two-hole
balun core with 2 turns on the prima-
ry and 1 turn on the secondary. The
secondary center tap is connected to
ground through a 10 kohm resistor,
which provides a DC path to ground
for the gates, improving the stability
and ruggedness of the amplifier. With-
out this resistor, the gate voltages may
become unbalanced due to slight dif-
ferences in the input of the MOSFETSs
or a small imbalance in the trans-
former voltage.

Output Circuit

The 100 VDC power input is deliv-
ered through a balanced feed choke.
The choke is designed to create a zero
DC magnetic bias in the core when
both transistors draw the same aver-
age current. With the devices operat-
ing 180 degrees out of phase, the con-
struction of the windings presents a
high impedance at 13.56 MHz to the
drain of each MOSFET. The choke is
constructed by winding seven turns of
#22 AWG PTFE twisted pair around a
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Figure 5. DC supply current ver-
sus output power.
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Figure 6. Total amplifier power
dissipation versus output power.

Figure 4. Efficiency versus output
power.

0.5 inch diameter, n, = 125 toroidal
core (Indiana General F624-19-Q1).

The output of the power devices is
coupled to the load through a wide-
band 1:1 transmission line trans-
former. No output tuning or filtering
was used in the test amplifier, which
has the third harmonic 16 dB down
and the second harmonic 45 dB below
the 400 watt output power level.

The transformer is four turns of
mini PTFE 50 ohm coaxial cable,
wound on a special core. The core is
made from two Fair-Rite #2643102002
u,; = 850 cores (large beads) glued side-
by-side to make a large two-hole balun
core. The inductance provided by four
turns through the ferrite cores is suffi-
cient to isolate the input and output of
the coaxial cable, creating an effective
balun transformer.

Performance Measurements
Figures 2 through 6 show the perfor-
mance data for this amplifier. Figure 2
is a plot of P_, versus P, and Figure 3
is shows gain versus P, . The curves
show the classical class C characteris-
tics, with low gain at low power out-
put, improving as the output power
increases. The gain plateaus at 19 dB
when the amplifier output is 400 W,
with a rolloff to 17.5 dB at 500 W.
Efficiency versus P, is shown in
Figure 4. As would be expected in
class C, the efficiency is below 50 per-
cent at lower power outputs, rising to
an outstanding 75.5 percent at 400 W,
continuing upward to 79.4 percent at
500 W output. Other plots of interest
are Figure 5, DC supply current ver-
sus P_ ., and Figure 6, total power dis-

3 out’
sipation versus P ..

400 W Amplifier Summary

High power amplifiers for 13.56
MHz can be made economically using
low cost MOSFETS in standard plastic

May 1995



PRIORITY

s I

Specify NEC Power FETs —
You'll see the difference overnight

Lead times giving you ulcers? Get relief overnight. CEL stocks Power FETS, including those for your
5.9 t0 6.4 GHz C-Band VSAT designs, and we're ready to ship #ow. Available in 4 1/2,9 and 18 Watt
versions, these NEC devices are package compatible with other suppliers' parts — and more:
They'll give you more power out, better linearity, higher efficiency, or all three. So when you need
Power FETs, spec the parts with better specs, and get on-time delivery from onshore stock.

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

POWER OUT @1IM3 =-45dBc CURRENT DRAW @IM3 =-45dBc
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NEC 4W

COMPETITOR'S 4W
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COMPETITOR'S 18 WATT
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packages. The combination of high
voltage, high gain and 75 percent effi-
ciency make this an attrative alterna-
tive to vacuum tube technology for
ISM band RF power supplies. The
physical layout of the amplifier is
shown in Figure 7.

A High-Efficiency Class D Ampli-
fier Using Power MOSFETs

The second amplifier described in
this article is a class D design using
transformerless input circuitry and
simple output circuitry. The PA oper-
ates from 50 VDC, while the driver is
powered from 12 VDC. A power input
of just 10 mW provides an output of
250 W or more over 1.8 to 13.56 MHz.

The basic design concept ensures an
amplifier that is inexpensive and easy
to manufacture. However, in the pro-
totype described, no effort has been
made to minimize the parts count in
the interest of robust design.

In class D, devices are operated in
push-pull, driven to act as switches,

DC
RETURN
]

100 VDC

C1

RF ‘ \ U [
INPUT ’W/

RF

Figure 7. 400 watt class C power amplifier layout.

generating a square-wave voltage. The
fundamental-frequency component of
that square wave is passed to the load
through a filter. Power output is con-
trolled by varying the supply voltage.

The power output of a class D power
amplifier [3] [4] is :
_Ve

(0]
]

Cl1,C2 33 uF, 50V
C3 20 uF, 250V
Ca-C27 0.1 uF, 50WV chip
C28 (See table below)
D1, D2, D3 5.1V, 0.25W Zener, INT51A
J1,J2 BNC female connector
J3-J8 European-style binding post
L1 3.5 uH (7t. #24 on Ferroxcube
768XT188, 4C4 toroid)
L2 (See table below)
Q1,Q3 p-channel MOSFET, 2N7016
Q2, Q4 n-channel MOSFET, 2N7012
Q5 APT ARF440
Q6 APT ARF441
R1, R2 330 2 RCO7
R3 220 Q RCO7
R4 10 k&2 RCO7
R5 51 ©Q RC0O7
R6, R8, R10, R12,
R14, R16, R18, R20 1 kQ trimmer potentiometer
R7, R9, R11, R13,
R15, R17, R19, R21 4.7 kQ RCO7
T1 2t. center-tapped primary, 3t.
secondary #22 insulated wire,
wound on Ceramic Magnetics
3000-4-CMD5005 ferrite
U1, U2 Schmitt trigger/limiter,
Elantec EL7144C
Frequency-Dependent Components
1.8 MHz — L2: 22 uH, 52t. #24 on Micrometals
T200-6 core; C28: 354 pF, 2.5 kV padder
3.5MHz — L2:11.4 yH, 32t. #24 on T200-6
C28: 180 pF, 2.6 kV padder
7MHz — L2: 5.7 uH, 20t. #24 on T200-6
C28: 90 pF, 2.5 kV padder
10 MHz —  L2: 2.93 uH, 14t. #20 on T200-6
C28: 86 pF, 2.5 kV padder
12 MHz —  L2:2.93 uH, 14t. #20 on T200-6
C28: 60 pF, 2.5 kV padder
13.56 MHz — L2: 2.93 uH, 14t. #20 on T200-6
C28: 47 pF, 2.5 kV padder.

Table 2. Parts list for the class D
amplifier.
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Figure 8. Circuit diagram of the class D amplifier and driver.
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The Standard for Performance

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

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

Free offer }'7:.“,:’.",?.'
landbook
while supplies
last

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

The Standard for Reliability

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

It's time vou had the best of both
worlds. The best performance-price
and the best reliability. Call today for
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more information and we'll also send
vou 4 free copy of the RF Design
Frequency Synthesis Handbook.
Features and Options

*BCD or GPIB remote control

*DDS with phase-continuous switching

*()CX0, TCXO or external
frequency standard

*Resolution to 0.1 Hz

eDigital phase rotation

*Qutput power to +13dBm

eProven 25,000 hr MTBF

*2 yr warranty

*$350 repair fee, vis 3 - 10
($500, Model PTS 1000)
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where the effective supply voltage is:

: L
=V (2)
ff i) N R+ RON

Above, R is the drain-load line (seen
by one drain with the other open) and
Rgy is the on-state drain-source resis-
tance. For the ARF440/ARF441 used
in this amplifier, Ryy ~ 0.8 ohms. A
250 W output with a 50 V supply volt-
age thus requires R <6.4 ohms. Using
a simple transformer with a 3:1 turns
ratio (9:1 impedance ratio), a 50 ohm
load is transformed to 5.56 chms.

Considering only V, /V, (the effect
of R ), the efficiency of an otherwise
1deaf class D amplifier would be 87.4
percent. Adding the effects of switch-
ing and drain capacitance [4] yields
76.2 percent efficiency at 13.56 MHz.
Typical losses in the transformer and
output filter result in an expected effi-
ciency of about 70 percent.

Expected peak drain current in this
amplifier is 10 A, which corresponds to
Ipc = 6.3 A, Data sheets for the
ARF440/ARF441 show that a gate-
source voltage of 9 to 10 V should be
sufficient to maintain minimum Rgy
at 10 A drain current. Setting the gate
threshold to about 3.5 V means that
6.5 volts of RF is required.

Effective capacitance of the gate
during the switching process is close to
2600 pF [5{. If transition occurs in
one-tenth of the RF period, or 73.7 ns
at 13.56 MHz, an average of 5 A of
gate current is required. Hence, a low
driving resistance and low inductance
are clearly required.

Class D Amplifier Circuit

Figure 8 shows the circuit of the
amplifier and driver. The parts list is
included in Table 2. In small quanti-
ties, the total parts cost is about $190.

The predriver uses a pair of low-cost
integrated circuits, rather than the
conventional RF transformer, to pro-
vide the out-of-phase driving signals.
It also provides hard-limiting of the
input signal, creating the desired
square wave waveform. Ul and U2 are
Elantec EL7144C gate driver ICs,
with both inverting and non-inverting
inputs, simplfying phase inversion.

RF is AC-coupled to Ul and U2,
with DC bias adjustment through R6
and R8 to control the duty cycle. Below
4 MHz, these can be symmetrical, but
above 10 MHz, the difference between
the MOSFET turn-on and turn-off
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times require pre-distortion of the
drive signal to assure 50 percent duty
cycle of the final stage devices. Best
switiching speed is achieved when
Vpp1 =12 V.

Although the EL7144C devices pro-
vide sufficient drive at low frequen-
cies, operation at higher frequencies
requires a lower impedance, higher
current circuit. Complimentary pairs
of smaller MOSFETs (2N7016/2N7012
or IRFD110/IRFD9120), also operating
at 12 V, are used to drive the gates of
the ARF440/ARF441.

The Final Amplifier

Quiescent currents should be set to
about 0.1 A for each device, requiring
bias of 3.5 to 3.8 V. The drivers and the
final amplifier MOSFETs are AC-cou-
pled and provided with adjustable bias
for flexibility in the prototype stage.
Direct coupling can be used to simplify
the final design, with proper considera-
tion for cutoff in the absence of a dri-
ving signal.

The output transformer is construct-
ed by winding #22 insulated wire
through one block of CMD5005 ferrite.
DC is fed at the center tap of the pri-
mary winding. Bypass capacitors and
L1 maintain RF ground and keep RF
out of the power supply line.

The prototype uses simple series-
tuned circuits (Table 2) with Q = 5 at
the frequency of operation. Tuning is
accomplished by adjusting padder C28
for maximum output power. Other fil-
ters may be used as long as they have
an inductor on the transformer side to
keep current from flowing at harmonic
frequencies.

Construction

Layout of the principal components
is shown in Figure 9. MOSFETs Q5
and Q6 are separated by about 0.8
inches to line up with leads from T1.
Drivers and predrivers are installed
roughly in line for minimum lead
lengths.

The predriver input is high imped-
ance and not especially critical. Short,
low-inductance leads connect
predrivers to drivers, and similarly,
connect the drivers to the final ampli-
fiers. Bypass chip capacitors are placed
as close as possible to the ICs and
MOSFETs.

The tuned output is used for trans-
mitters and resonant loads. The series-
tuned output reduces the levels of the
harmonics so that they contribute neg-
ligibly to the output power.

RF Design

Performance

Figures 10 and 11 show the perfor-
mance of this class D amplifier. Figure
10 plots the efficiency (top) and power
output (bottom) versus frequency. The
predicted performance curve is includ-
ed on the graphs, as well, which is
based on resistance, switching time
and drain capacitance, but not any of
the other system losses. At lower fre-

quencies, the amplifier approaches pre-
dicted efficiency. At higher frequencies,
Vpp is reduced slightly to maintain
safe drain current, which reduces
power output. The most probable rea-
son for lower efficiency is imperfect
timing of the drive and the turn-on
characteristics of the MOSFETSs. The
data points are listed in the table.
Figure 11 shows efficiency and out-
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Figure 10. Efficiency and output
power versus frequency.

put versus supply voltage at three fre-
quencies. unlike class A or class B, this
amplifier has consistent efficiency at
all power levels, with a modest peak at
mid-level supply voltages. Linearity for
control and modulation is generally
excellent. The data collected for this
figure is included in the table.

Untuned output can be used to deliv-
er the maximum power to a resistive
load. Efficiency and output versus fre-
quency for an untuned load will be
higher than for a tuned load. With a
square wave output, this mode of oper-
ation can deliver 27 percent more RF
power than tuned class D. Efficiency
reaches a maximum of 85 percent at
300 watts output, with a higher value
achieved at 100 watts.

Driver power consumption should be
noted, since it is part of the system
power requirement. DC power con-
sumption ranges from 2.16 W at 1.8
MHz to 15.0 W at 13.56 MHz.

Suggested Improvements
Additional efforts that would

36

Figure 11. Efficiency and output
versus supply voltage.

improve the performance of the pro-
rotype class D amplifier include:

* Add monostable (timer) circuits to
the predriver for control of both
phase and pulse width of the driving
signals.

¢ Identify better complementary pairs
for the driver.

* Use a better circuit board layout
with low inductance traces and
greater use of surface-mount compo-
nents.

The switching times of the
ARF440/ARF441 suggest that full-
power operation in class B is possible
to frequencies as high as 30 MHz. TO
achieve this, the following steps are
recommended:

* Develop a new output transformer
with good broadband performance
(transmission line transformer).

* Implement a conventional drive cir-
cuit using a transmission line trans-
former and gate swamping.

* Test the PA in both class B and D
operations (as in [4]).

Summary

Two amplifier designs based on new
APT power MOSFETSs have been pre-
sented, demonstrating the simplicity of
class C and the efficiency and control
afforded by class D. The use of devices
that are both lower in cost than VHF-
capable RF power MOSFETSs, and pro-
vided in standard plastic packages
results in designs that can be manufac-
tured at costs that are comparable to
vacuum tube techniques. For more
information, contact Ken Dierberger at
the address listed below. RF
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Chips and Diodes

= A Nose Comdiodes deiver | TYP|CAL STANDARD MODELS |
symmetrical white Gaussian

™ noise and flat output power | MODEL FREQUENCY RANGE

versus frequency. Noise Com NC 204 0.1 Hz - 500 MHz
diodes are available in a wide | NC 302 10 Hz - 3 GHz
variety of package styles, and NC 401 100 MHz - 18 GHz
in special configurations on NC 406 18 GHz - 110 GHz
request. =

Drop in Modules for BITE

TheNCS00senesdropn |~ TYPJCAL STANDARD MODELS
noise modules in TO-8 cans

are an economical solution for MODEL FREQUENCY RANGE OUTPUT ENR
buitt-in test requirements. NC 501/15 | 0.2 MHz - 500 MHz 31dB

These devices contain com- NC 506/15 | 0.2 MHz - 5 GHz 31dB

plete biasing networks and NC511/15 | 0.2 MHz - 500 MHz 51 dB

need no external components. NC 513/15 | 0.2 MHz - 2 GHz 51 dB

Also available are TO-39 and t —— 1

surface mount packages.

Broadband Amplified Modules

The NC 2000 series amplified [ TYPICAL STANDARD MODELS :
noise modules are an excellent '
choice when a high level noise | MODEL FREQUENCY RANGE | OUTPUT

output is desired and the noise NC 2101 100 Hz — 20 kHz 0.15 Vrms
source is to be mounted on NC 2105 | 500 Hz - 10 MHz 0.15 Vrms

a circuit board. 24 pin pack- NC 2201 1 MHz - 100 MHz +5 dBm

ages are standard, 14 pins NC 2601 1 MHz - 2 GHz -5 dBm

are available. L | —
The NC 1000 series amplified l TYPICAL STANDARD MODELS

noise modules produce white - >
Gaussian noise from -14 dBmto | MODEL FREQUENCY RANGE | OUTPUT

+13 dBm at frequencies upt0 6 " NC 11014 | 10 Hz - 20 kHz +13 dBm

GHz. They are designed for NC 1107A | 100 Hz- 100 MHz +13 dBm

coaxial test systems, and are NC 1112B | 20 MHz — 2 GHz 0 dBm
available with several bias volt- NC 1126A | 2 GHz - 6 GHz -14 dBm

ages and connector options. - — —

Noise Com’s NC 346 series is
designed for precision noise

TYPICAL STANDARD MODELS

figure measurement applications. | MODEL FREQUENCY RANGE OUTPUT ENR
These products are available with ™ ¢ 346A 0.01 GHz - 18 GHz 6 dB
coaxial or waveguide outputs. For | nc 346B 0.01 GHz - 18 GHz 15 dB
OEM applications, the NC 3200 NC 346D | 0.01 GHz - 18 GHz 25 dB
series provides high performance | NC 346Ka | 0.1 GHz - 40 GHz 15 dB

in a small ruggedized package. —

Broadband Calibrated Millimeter-wave
The NC 5000 series noise | TYPJCAL STANDARD MODELS
sources feature outstanding e e
stability and convenience in | MODEL FREQUENCY RANGE | WAVEGUIDE
waveguide bands up to 110 NC 5142 18 GHz - 26.5 GHz WR-42
GHz. NC 5128 26 GHz - 40 GHz WR-28

NC 5115 50 GHz - 75 GHz WR-15

NC 5110 75 GHz - 110 GHz WR-10




Coaxial with Built-in Isolators
i NCEi Seliastare - TYPICAL STANDARD MODELS |
precision calibrated noise ;
sources for extreme accuracy MODEL FREQUENCY RANGE OUTPUT ENR
and flatness enhanced by NC 3404 2 - 4 GHz 30-36
their low VSWR 1.25:1. NC 3405 4 - 8 GHz 30-35
NC 3406 8 - 12 GHz 28-33
NC 3407 12-18 GHz 26-32
BER Testing Equipment
The UFX-BER accurately sets and dis- 7’
ey EdNo; /N, G/NG,0f O betkoe TYPICAL STANDARD MODELS
a usar supdiledsignal agd Inteignaly MODEL FREQUENCY RANGE | APPLICATION
generated white Gaussian noise. The b 4
UFX-BER can be used for back to back UFX-BER-70 50 MHz - 90 MHz General
or IF loop-back testing with extreme UFX-BER-IBS/IDR| 50 - 90; 100 - 180 MHz | IBS/IDR
precision over a broad range of input UFX-BER-836 | 824 MHz - 849 MHz CDMA
or output power. Eb/No values can be UFX-BER-1850 | 1800 MHz-1900 MHz | DCS-1800
entered directly from the front panel or by -
IEEE-488 bus.

T Amplifier Test Station

The UFX-NPR series instruments perform : TYP'CAL STAN DARD MODELS l

automatic distortion measurements in

mobile telephone (COMA and FDM) MODEL FREQUENCY RANGE
base stations, satellite communications

systems, CATV, and other equipment UFX-NPR-70 50 MHz - 90 MHz
operating in multi-signal environments. UFX-NPR-CATV | 50 MHz - 1.0 GHz
Some models are available with tunable UFX-NPR-1700 1.6 GHz - 1.9 GHz
measurement frequency or with multiple UFX-NPR-2400 2.2 GHz - 2.6 GHz
measurement frequencies. UFX-NPR-11900 | 10.95 GHz - 12.8 GHz

Broadband Noise Generators

The NC 6000 and NC 8000 series noise

generating instruments are designed for | TY PICA L STA N DA R D M O D E LS

applications on the test bench or incomo- | pmopEL | FREQUENCY RANGE | OUTPUT POWER
rated with other equipment to provide a

wide variety of functions. Each instrument NC 6107 100 Hz - 100 MHz +13 dBm

contains a precision noise source, amplifi- NC 6110 100 Hz - 1500 MHz +10 dBm

cation, and step attenuators to provide NC 6124 2 GHz - 4 GHz -10 dBm

repeatable symmetrical white Gaussian NC 8107 250 kHz - 100 MHz +30 dBm

noise with variable output power. b —
The new UFX-7000 series noise gener- AMAREI e |
ating instruments are extremely easy l TYPICAL STAN DAR D MODE LS J
1oilise) Smp i qaldeCicatsskayiicy MODEL | FREQUENCY RANGE | OUTPUT POWER
control of operations and programming, -

with a large 4 x 20 character LCD dis- UFX-7107 | 10 Hz - 100 MHz +13 dBm

play. Control of output power, fitter set- UFX-7108 | 100 Hz - 500 MHz +10 dBm

tings, and attenuator step size for both UFX-7110 | 100 Hz - 1500 MHz +10 dBm

the noise and the signal ( for units with UFX-7218 | 2 GHz - 18 GHz -20 dBm

internal combiners) is performed from UFX-7909 | 1 MHz - 300 MHz +30 dBm

the front panel or remotely using the L - _
IEEE-488 interface.
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RF transformers

Broadband Transmission Line
Transformer Family Matches a Wide
Range of Impedances — Part 2

By Donald A. McClure

This article is the second of a two-part
series introducing a family of transmis-
sion-line transformers. This family
achieves impedance matching flexibility
that has not been possible with earlier
designs. This second article provides
further information on the class of
transmission-line transformers dubbed
RAVOR devices (for RAtional VOltage
Ratio) by the author. The first article
was published in the February 1994

issue of RF Design. To avoid confusion
between the two papers, figures and ref-
erences in this present work are num-
bered in sequence beyond those in the
previous work.

n the first article [4], the theoretical
basis for and the general principles
of the RAVOR class of broadband
transmission-line transformers were
presented. These devices comprise var-

tous numbers of equal length transmis-
sion lines of equal characteristic
impedance connected in various combi-
nations of series and parallel and have
voltage transformation ratios of ratio-
nal form, m/n, where m and n are inte-
gers. The basis of operation is viewed
in the light of current-voltage duality
arising from the series-to-parallel and
the reverse interchange of connections
between the ends.

0 A & 3 4 B .6 %) 9 1.0
* Denotes prior art (guanella connections) ’\l\/'lm'rl‘léglr"gf Key
. ' . %
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Figure 6. Conversion chart, decimal fractions to rational ratios, denominators 2 through 13.
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A system of notation was introduced
to describe the end connections without
having to sketch the cables and wiring.
The notation scheme is re-introduced
here for the convenience of the reader:

28
o
2P

The above symbology means that two
lines are connected in series to form a
group; two other lines are connected in
parallel to form a group; then the two
groups are connected in series. The
opposite end of the transformer is con-
nected in the complementary manner
and is denoted by:
2P

bae
28

The transformer end-connections are
completely defined by either the input
or output end notations above and
describe the 2/5 voltage-ratio trans-
former shown in Figure 9, except that
DC isolating capacitors have been

added in the figure.

Table 1 of the first article [4] lists 27
ratios and the connection notation for
each, along with the number of lines
required to implement each ratio. Two
design examples were provided to
approximate a 1 to 2 impedance trans-
formation.

The transformer input and output
impedances are written in terms of the
lines’ characteristic impedance, Z,, and
the voltage transformation ratio, K, as
follows:

At the low impedance end,

Z,=K-Z,, 0<K<l1 1)
and at the opposite end,
Zy - Yo Zg 2)

The Z, of the constituent transmis-
sion lines is the geometric mean of the
end impedances:

Z
Z(2)=‘kL‘K742=21Z2 (6))
Zo =yZ1Zy (4)

The Ratio Chart

It is a useful fact of number theory
that all rational numbers between one
and infinity can be positioned on a lin-
ear scale in the space between zero
and one simply by taking the recipro-
cal of each. Thus, it is convenient to
have a chart showing the gamut of
practical fractional voltage ratios, K,
positioned according to their decimal
values. The chart is presented in Fig-
ure 6. Any ratio larger than one may
be entered on the chart merely by tak-
ing the reciprocal, which is the same
as turning the transformer end-for-
end. The dot on the underside of each
fraction-bar locates the decimal equiv-
alent value of the fraction on the
abscissa of the chart.

The ratio chart is a design aid which
allows the reader to visuallize easily
the m/n voltage ratios that lie close in
value to the desired decimal fraction.
This decimal fraction is found by taking
the square root of the desired impdance
ratio. The symbols enclosing the ratios
indicate the minimum number of trans-
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itroducing the PLLatinum™ family of PLLs—the world's quietest frequency synthesizers.

ither than make a lot of noise about our new single and dual PLLs, we're
beping it quiet—as low as -169dBc/Hz to be exact. What does come through
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bsigns. If you think all this sounds good, check out the offer. It's golden.

)ir a free sample and product selection guide, call 1-800-NAT-SEMI, Ext. 361.
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Ultra-low phase noise floor says it all.
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LMX1501A  LMX1511  LMX2314/15 LMX2320  LMX2325

LMX2330 LMX2331 LMX2332

Input-Main PLL  1.1GHz 1.1GHz 1.2GHz 2.0GHz 2.5GHz
Input-Aux PLL

2.5GHz 2.0GHz. 1.2GHz
510MHz 510MHz 510MHz

(typ) @3V 6mA 6mA 6mA 12mA 14mA
werdown (typ) N/A N/A 30pA 30pA 30pA

15mA 14mA 8mA
1HA 1HA 1pA

995 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.
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Red eyes?
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Ratio (K) Lines > S
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computer in record time! 710 28
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1 13 28 >
. . 2 . . P 8
Simply the best linear circuit W e o
simulation on any platform, >P
at any price [¥ untitied 1 2P >s 6 313 4P
butit'sonly =m0 2P 3S>P 7
?;ra"“ble | ‘ 11 1p* 11
y 413 48
Macintosh 211 5P >P 7
> P 7 3p
28
513 28
311 2P >P
>s 1 > s 6
1 >P 6 1 >P
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* up to 99 external ports o 3P>S S 2P>s

* full schematic entry 1 >P 6 1 > P 6
* variables and equations 2P 1 2s>P

* sweep any variable 511 2P

* full nodal noise >s 713 28

* output equations it > P . y >P >s 3
» combine graphs in data sheets 2P > p

» subcircuits with parameters 611 28 o 1

* microstrip, stripline, coplanar 3s> > p 6 813 2P

* create your own elements 1 ] >s > 3 )

711 3s
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1
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Data 3s
Systems Table 1 (Part 2). Continuation of the voltage ratio and connection data
220 Versailles Drive for the RAVOR transformers, covering denominators 9 through 13.
e Mt (Plus corrected entry for 2/3). (*) indicates a Guanella connection.
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mission lines to implement each ratio.
The key in Figure 6 matches each of
these symbols to the minimum number
of lines. Ratios in which the numerator
and denominator contain some common
factor, such as 2/6, or 6/10, are shown
as being attained by the minimum
number of lines to implement the
equivalent, irreducible fraction.

The ratios that are not symbol-
enclosed (at the left of the chart)
result from Guanella (IVOR) [4] con-
nections having denominators 9
through 13. The number of lines
required is simply the same as the
value of the denominator.

The design procedure outlined in the
first article [4], page 66, “Configura-
tion Selection”, should be modified to
include the use of the Ratio Chart of
Figure 6 to ease the transition from
the decimal value to the rational form.
After choosing a rational ratio from
the chart that is a suitable approxima-
tion to the desired decimal value, refer
to Table 1 and/or Table 1 (Part 2) to
determine a set of end-connections to
achieve the selected ratio.

A continuation of Table 1 from the
first article is presented here, and it
provides connection data for 30 more
voltage ratios. These additional ratios
offer finer-grained steps of transfor-
mation than were presented previous-
ly. The complete Table 1 now contains
57 ratios in irreducible form and cov-
ers fractions having denominators 2
through 13 as does the chart of Figure
6. Figure 6 shows 78 ratios, but 21 of
them are reducible to the simpler
forms presented in the complete Table
1. Also note the corrected connection
notation for the voltage ratio 2/3.

Synthesis Techniques

Most of the connections for the ratios
enclosed by line-quantity symbols in
Figure 6 were first determined by mak-
ing tables of all possible combinations of
a given number of lines and then calcu-
lating the resulting voltage ratios. Some
mistakes in the calculations were dis-
covered, but were corrected by using a
synthesis procedure. This procedure is
demonstrated below for the example
ratio, 8/11.

Inverting and expanding in the con-
tinued fraction form,

11 1 1 5)
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and continuing to divide until all the
numerators are unity results in a com-
plete expansion,

L __11_ (6)
8 2+ i
1+
2

The physical significance of the con-
tinued fraction can be more easily
understood by multiplying both sides of
the equation by Z; so that the expres-
sions are for a port impedance of the
transformer. In this case that port is
the high impedance end because the
fractional ratio, 8/11, has been inverted
to be greater than one. Bear in mind
that Y, = 1/Z,:

1 11
2o =—245="—17
2K =gl N
Zz=1-IZO=Zo+ L 1
Z0+
2Y,

Thus, the continued fraction expan-
sion (c.f.e.) here is an impedance
expression written in terms of Z; and
its reciprocal, Y, and the integer coeffi-
cients on each. The author has alge-
braically manipulated the positions of
Z, and Y, to achieve unity in all numer-
ators so that a complete expansion is
obtained.

To visualize the resultant trans-
former end-connections, it should be
borne in mind that 2Y or Z0/2 both
mean two transmission lmes in parallel
and that

1
el .
0+ 2Y, (8)
and
Z
T + =2 9
o+ 2

both mean one line in series with two
lines that are in parallel. The plus
sign in a Z expression indicates a
series connection.

Conversely,
1
Y
0t S 27, (10)
and
Y
Yo+ (11)

both mean one line in parallel with two
that are in series. The plus signina Y
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2>>>

Figure 7. a) End structure derived
from continued fraction expan-
sion of Z,-11/8. b) Short-hand
notation for connections in 7a.

expression indicates a parallel connec-
tion. From the above c.f.e. and the indi-
cated interpretations of the Z, and Y,
expressions, a transformer end-struc-
ture can be inferred by inspection and
is shown in Figure 7a. The lower case
letters in the following discussion refer
to the cable identifiers, a through f, in
Figure 7a.

Starting at the lower right of the
expansion of cquation 7 and looking at
the lower two tiers,

It
Yo+— 12)
2Zg

means two transmission lines, (a and
b), are connected in parallel with each
other and the combination is in series
with another line, (c). Proceeding up to
the next tier of the expansnon 2Y, +
means that two lines in parallel, (d and
e), are connected in parallel with all
that went before. At the uppermost
tier, Z, + means that one line, (), is in
series with all that went before.

Thus, using the foregoing thought
process, the structure of Figure 7a is
assembled, starting at the lower part of
the figure and ending at the top.

Figure 7b shows the short-hand nota-
tion for the end-connections of Figure
7a. These connections are for the high
impedance end of the transformer as
mentioned above. To describe the struc-
ture at the low-impedance end, simply

28
2
1 >s
28 >p
1

Figure 8. a) End-structure at
opposite end of transformer from
that shown in Figure 7a. b) Short-
hand connection notation.

exchange the S’s and P’s in the notation
of Figure 7b to yield the notation of Fig-
ure 8b which is the same as the connec-
tion symbol shown for a K of 8/11 in
Table 1, (Part 2).

The ends of corresponding transmis-
sion lines in Figures 7a and 8a have
been labeled with letters, a through f,
in each figure so that, in comparing the
two figures, the exchange of connec-
tions between the two ends of the
transformer is readily discernible.

As a check that the synthesis of the
end-connections has been done proper-
ly, an analysis of the configuration of
Figure 7 is easily performed by setting
the Z; of each transmission line to one
ohm and then calculating the resultant
output impedance. This impedance is
numerically equal to the voltage ratio
/K as follows:

1 1 3 (13)
1}- &
(2+)2 4 ShaS It
. <= g 1 +l==4l=sp—=—
ils 2 SEEERNS
2 2

Synthesis using Partial Fraction
Expansions

A connection should result for any
rational voltage ratio by using the c.f.e
synthesis method, but the connection
may not be the simplest (i.e., may not
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Figure 9. Schematic diagram of T1, 50 to 8 Ohm

transtormer, 5 to 2 voltage ratio.

have the smallest number of lines pos-
sible) to implement the ratio of inter-
est. Some ratios possess partial frac-
tion components that can allow sim-
pler implementations. A case in point
1s the economy of lines afforded by
partial fraction expansion (p.f.e.) of
the ratio, 6/7:

Expanding the inverted ratio in con-
tinued form,
Z =1+ l
6 6
the end connections are

6P
>3
1

requiring 7 transmission lines. But in
partial fraction form,

LT
6 6 6

=
23

for which the end connections are,
28
P
1 > s
2P

The inverse connections at the oppo-
site end are,

2P
>

1 >P
28

which are the connections seen in
Table 1 for the ratio 6/7, requiring
only five transmission lines instead of
the 7 lines needed for the c.f.e case
shown above.

Although many of the ratios can be
expanded into partial fractions, it is
only in a certain few cases, mostly
involving ratios toward the right-
hand side of the chart of Figure 6,
that this kind of expansion yields a
simpler structure than the continued
fraction case.
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Figure 11. Block diagram of test set-up for measur-

ing performance of T1.

Physical Example of a RAVOR
Transformer

In the design of a 300 Watt, 2 to 30
MHz, push-pull, solid state power
amplifier module, the need arose for a
device that would transform the 50
Ohm, unbalanced, external load to an 8
Ohm, balanced, collector-to-collector
load. Isolation of the external circuits
from the D.C. potential at the collectors
was also required.

The configuration shown schemati-
cally in Figure 9 was chosen and is
labeled T1 here for convenience of ref-
erence. This transformer provides a
5/2 voltage ratio and comprises four,
20 Ohm Z, coaxial cables, each wound
in ten turns on a 1 inch O.D., ferrite
toroidal core having an initial perme-
ability of about 125. A separate, push-
pull coupling transformer/feed choke
(not shown) powered the transistors.
The D.C. isolating capacitors, C1
through C4, are placed at the high
impedance (50 Ohm) end of T1 where
the currents are smaller, thus fewer
capacitors are required. Because there
is no D.C. return-path through the
windings, it doesn’t matter that each
of the conductors carries about 45
Volts D.C with respect to ground. This
transformer is schematically the same
as that shown in Figure 2 of the pre-
ceding article [4], except that in Fig-
ure 2 no D.C. isolation was shown and
in T1 all the center-conductor and
shield connections have been inter-
changed relative to those shown in
Figure 2. The wiring interchange is of

Photo by author.

Figure 10. Photograph of physical
implementation of T1.

no electrical consequence and was
done for convenience of layout. The
physical implementation of T1 is
shown in the photograph of Figure 10.
The substrate of the device is a 2.5 by
3.3 inch glass-epoxy printed circuit
board having lands and traces
designed to accommodate the cable
interconnections and connections to
external circuits. In the photograph,
the external connection places have
been labeled as 1 and 2 at the bal-
anced end, and 3 and 4 at the opposite
port. These numbers correspond to
terminals of the same numbers on the
schematic diagram of Figure 9. The
trace labeled 4 is grounded in several
places by plated-through holes.

The copper sheet mounted vertical-
ly at the rear edge of T1 is a Faraday
shield installed to protect a nearby
circuit from electric fields. It should
be noted that the T1 construction
shown here was for an engineering
“brassboard” assembly and was not
intended to survive rigorous environ-
mental tests, such as shock and
vibration.

A test set-up to measure the charac-
teristics of T1 was made as shown in
the block diagram of Figure 11.
Because the intended use of T1 was
over the 2 to 30 MHz range, the trans-
former and test-load combination was
optimized for minimal VSWR in a 50
ohm circuit at just above 30 MHz. The
optimization was made by the choice
of value of the shunt capacitance trim-
mer, C, installed across terminals 1
and 2 at the load end. C is a porcelain
chip capacitor, 47 pF, type ATC-100B,
and compensates for some stray induc-
tances in the test-load and in the cable
terminations.

In Figure 12, curves of R and X ver-
sus frequency, taken at the high-
impedance (50 Ohm) port of T1, are
presented. The curves show tolerable
variations from the ideal values over
the 2 to 30 MHz range. The curve in
Figure 13 is for VSWR at the same port
and shows that the largest VSWR
encountered over the frequency range
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Figure 12. Impedance compo-
nents, R and X, versus frequency
for transformer T1.

of interest was about 1.06. That’s good
enough for most purposes.

Summary and Conclusions

In this second article on the subject of
the RAVOR transmission-line trans-
formers, we have presented further
information for which there was insuf-
ficient space in the first article{4].

The ratio chart (Figure 6) introduced
here is an important design tool that
overcomes the difficulty in the selec-
tion of a rational voltage ratio to
approximate the desired decimal frac-
tion. The ratio chart enables the

Figure 13. VSWR versus frequen-
cy for transformer T1.

designer to visualize the options which
are difficult to see otherwise.

The Part 2 augmentation to Table 1
provides 30 more ratios so that finer-
grained transformation steps are avail-
able. The now complete Table 1 pro-
vides connection data for all ratios hav-
ing denominator 2 through 13, as
appear on the chart of Figure 6.

The section on ratio synthesis offers
some insight into the kinds of mathe-
matics that apply to the RAVOR
devices, thus enabling the reader to
check out the connections for himself.

A physical example illustrates the
construction of a transformer, T1,
which provides balanced-to-unbalanced

1.5 T
145 } !
14
= 1.138
3 1~12;g conversion and a voltage transforma-
> 115 tion of 2/5. Plots of measured perfor-
11 S0 1l 'i‘ mance data pertaining to T1 show that
1'0? [T e T111) the RAVOR devices truly work.
0.1 1 10 100
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RF cover story

Using Wide Dynamic Range
Converters for Wide Band Radios

By Brad Brannon
Analog Devices

Current radio architectures have
been around since WW2 times with few
changes outside the fantastic integra-
tion of components that has been
accomplished over the last three
decades. If Armstrong were alive today
he would still understand the concepts
behind modern communications
receivers and marvel at the level of
integration. The primary architecture,
the superheterodyne receiver, has stood
the test of time.

One of the main benefits of the
superheterodyne receiver is its
ability to offer consistent performance
across relatively large bandwidths.
Even though a single channel may
occupy just several hundred kHz, a
receiver for FM broadcast will cover 20
MHz; an AMPS cellular receiver 25
MHz. Variations in sensitivity or
fidelity across these bands could make
some frequencies unusable or worse,
unreceivable. In the case of broadcast
radio, this could pose an unfair advan-
tage to stations at one end of the band
or the other.

As shown in Figure 1, the typical
superheterodyne radio consists of an
antenna, preamp, mixer, local oscilla-
tors, filters and demodulator. The
process starts in the antenna where
the electromagnetic signal is gathered
with a resonant antenna. In most
cases, the antenna provides some
selectivity and directivity, both of
which help to reject out-of-band sig-
nals. Additional selectivity is achieved
with pre-selection filters that follow
the antenna. A preamp in the antenna
line may compensate for line loss of
the signal as well as improve signal
sensitivity. The output of the pream-
plifier stage is combined with the local
oscillator in the mixer to convert the
RF signal to an IF frequency. In many
receivers, two down conversion stages
are used. This common technique is
called double conversion. The same IF
frequency is used across the entire
reception band, where demodulation

50

1stIF

RF - e.g.
900 MHz

Variable Fixed
SHARED ONE RECEIVER PER CHANNEL
44— —

Figure 1. Superhetrodyne architecture (double conversion).

takes place. Since all received frequen-
cies are converted to the same IF fre-
quency, demodulation is performed
consistently at all frequencies. This
ensures consistent performance across
large bands of frequencies. This type
of architecture is referred to as narrow
band in the context of this report. In
this case, narrow band refers not to
signal bandwidth but to receiver prop-
erties. The typical communications
receiver may actually process only 10-
30 kHz at any one time (in commercial
FM broadcast, only two hundred kHz).

The components used within a
receiver will vary depending on the
performance specifications (sensitivi-
ty, selectivity, modulation bandwidth
etc.). For example, the IF filters within
a narrow band receiver must be select-

ed to allow only the bandwidth of the
single desired signal into the demodu-
lator. If the bandwidth is too wide,
other signals may interfere with the
demodulation of the signal desired. If
too narrow, the filter might ring or sig-
nal modulation sidebands might be
attenuated, causing improper demodu-
lation. The same is true of the ampli-
fiers, mixers and demodulators. With
the narrow bands, these components
tend to be inexpensive and small. Fre-
quently, performance is not all that
critical in a narrow band receiver {1].
The complement of this narrow band
receiver is a wide band receiver. A wide
band receiver allows many MHz of sig-
nals to pass to the demodulation stage.
The typical block diagram of the wide
band receiver is similar to it’s narrow

Wideband 12.5 MHz Wide
Mixer (416 channels)
| = n Channels
I Fi ADC ’ to DSP
RF - e.g.
900 MHz
High Speed ADC
with high SFDR
b CHANNEL
SHARED | SELECTION

Figure 2. Wideband receiver architecture.
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Figure 3. GSM requires reception of weak signals in
the presence of nearby strong signals.

band counterpart. The difference of
course is the bandwidth of the compo-
nents used and that a variable local
oscillator is not required (i.e. a fixed
frequency). A typical wide band receiv-
er may process 5 to 25 MHz worth of
signals simultaneously. This approach
is frequently called block conversion.
Figure 2 shows a wideband solution to
the multi-channel radio. The only dif-
ference between a standard narrow
band receiver and this wideband
approach is that more than one signal
is processed at a time. This is especially
useful in multiple channel receivers
such as cellular base stations or fre-
quency scanners because multiple front
ends are replaced with a single down
conversion unit. In the case of the cellu-
lar base station, one wideband receiver
can easily replace the 48 independent
receivers required in the narrow band
approach saving thousands of dollars in
components and racks of equipment. A
complete wide band transceiver can be
assembled in a one cubic foot chassis.

The final frequency selection process
is performed digitally using channeliz-
ers to select and filter the desired sig-
nal. Once selected, the digital data
representing this signal is passed to a
digital signal processor. Once inside
the DSP chip, demodulation and sig-
nal conditioning can proceed. Since
the DSP is programmable, the demod-
ulation can be AM, FM, SSB, QAM,
QPSK or almost any other conceivable
scheme. Since this can be changed at
will or as a field upgrade, it is fre-
quently referred to as a software
radio. Since filtering can also be per-
formed in DSP, many unique filters
can be realized that in an analog
world would prove impossible to real-
ize. Since these filters can have linear
phase by design, ringing is minimal
even for filters such as a 25 Hz brick
wall band pass filters!

RF Design
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Considerations For Selection of
A/D Converters in Radio Designs

Analog-to-digital converter specifica-
tions for wideband receivers come
from the radio standards for which
they are digitizing. To combat the
near-far phenomena, a cellular base
station receiver must have an excel-
lent dynamic range. For example,
when receiving GSM (European Digi-
tal Cellular), the specification requires
the converter to be able to accurately
digitize signals between —13 dBm and
—104 dBm in the presence of many
other signals, as shown in Figure 3.
This is a dynamic range of 91 dB! This
implies that the Spurious Free
Dynamic Range (SFDR) of the convert-
er and analog front end must be in the
neighborhood of 95-100 dBFS. There-
fore, SFDR is a very important specifi-
cation when a unit is near the tower
because it is an indication of how the
signal interferes with adjacent chan-
nels. From Figure 4, we see that
strong signals usually produce the
largest spurs due to front end harmon-
ics. These spurs could mask weaker
signals from the cell fringes. Here
SFDR is important because it provides
a measurement of performance as the
signal approaches the noise floor of the
receiver, providing an indication of
overall receiver SNR or bit error rate
in the case of a digital receiver where
BER has an inverse relationship to
remaining SINAD at low signal levels.
While GSM is one of the more difficult
standards to realize using a broad
band technique, it serves as an excel-
lent example of the importance of cer-
tain converter specifications. Other
standards, such as AMPS, are less
demanding on receiver designs and
are readily implemented using broad
band techniques.

When the input to a converter is a
single signal, full scale SINAD and

Figure 4. AD9042 SFDR versus input amplitude.

SNR are usually the specifications of
choice. However, when digitizing
broad bands of spectrum, full scale
single tone evaluations no longer pro-
vide the complete picture. In wide
band radios a myriad of signals are
present, therefore multiple tone test-
ing and SFDR power sweeps are bet-
ter indicators of converter perfor-
mance than a single tone test.

For instance, many converters per-
form differently when digitizing a full-
scale signal versus a signal 10, 20, 30
or more dB below full scale as is the
case with broad band radios, as shown
in the AD9042 SFDR plots of Figure 4.
As shown, it is clear that the SFDR
actually improves as the signal level is
reduced from full scale to almost —10
dBFS. In some cases, the improvement
is greater than the loss of signal range
and actually provides more dynamic
range despite the reduction in signal
amplitude. The full scale degradation
usually comes from integral non-lin-
earities associated with the static
transfer function near full scale as well
as slew rate limitations of the track
and hold. As the signal level is reduced
from full scale, the SFDR improves
because the converter is more linear
over the remaining range of the device.
Even when multiple signals are pre-
sent and the converter produces codes
near full scale, the randomizing effects
of the sum of all non-correlated
received signals has the same effect as
dithering. Therefore, in some cases sin-
gle tone full scale testing may be con-
sidered a worst case condition even
above multi-tone testing.

Dithering is a technique used to
lower non-linearities into the effective
noise floor by forcing the converter to
use different parts of its range each
time it samples a given analog value.
This technique can be implemented in
a number of methods which encom-
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Figure 5. Spurious signals resulting from IMD.
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pass both analog and digital circuits.
To accomplish this, a pseudo random
number is digitally generated and
applied to a DAC. This signal is
summed with the analog input to be
processed. The converter operates as
usual except after the conversion is
complete, the pseudo random number
applied through the DAC is then sub-
tracted from the digital output. The
effect of this technique is to randomize
the non-linearities of the converter
and reduce the spectral content gener-
ated by repetitively exercising the
same non-linearity. Although in a
wideband receiver, background noise
and other non-correlated signals offer
some of the same benefits as external-
ly generated dither, additional dither
is frequently added to further improve
dynamic performance.

The most common form of multi-tone
testing is that of two-tones. From

Figure 7. IMD in place of missing
test signal.

these two tones, Third Order Inter-
modulation Distortion or IMD may be
measured. IMD is important in situa-
tions where there are two larger sig-
nals in the presence of many smaller
signals. The two larger signals will
generate spurs caused by non-lineari-
ties at 2f,—f, and 2f,—f,. These spurs,
if significant, can override smaller
desired signals located at these same
frequencies in the same way that har-
monics can mask small signals, and
since these products always fall in
band, they cannot be filtered. There-
fore IMD performance is important
not for how it effects the two larger
signals, but how it effects smaller
adjacent signals or channels. Although
the upper IMD product in Figure 5 has
been aliased back in-band, it can clear-
ly be seen. Although IMD is an impor-
tant specification, Figure 5 also shows
that other spurs can often present

16384

4095 I

e o il | R

‘ 7 4
) o g |
SAMPLE 16384

Figure 8. Converter code range.
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Figure 9. Converter code range.

problems in receiver designs. In this
case, the spur appears at 2(f,—f,)indi-
cating that measurements such as two
tone SFDR are just as important as
two tone IMD.

Multi-tone testing is not limited to
two tones. Many transceiver manufac-
turers are now using 4, 8, 16, 24 or
even 48 tones to test their products.
When stimulated by this many tones,
performance is measured by looking at
the regions just outside of the tones or
in between the tones where a void has
been placed. In examining Figure 6,
non-linearities cause the eight signals
to generate tones evenly spaced out-
side of the pattern of eight. In other
cases, where one tone is missing, non-
linearities cause images to fill in the
gap between the tones as shown in
Figure 7. When dealing with many
tones, care should be taken to ensure
that phase alignment is carefully
selected such that signals are appro-
priately handled when they add con-
structively to occupy the entire con-
verter range and when they occupy
only a small cluster of codes near mid-
scale as in Figures 8 and 9. If the
number of tones is increased and the
spacing decreased, multi-tone testing
begins to approximate Noise Power
Ratio or NPR testing, a well known
FDM communications test to deter-
mine cross channel interference.

One final dynamic specification that
is vital to good radio performance is
jitter. Jitter is the sample to sample
variation in the periodic nature of the
encode clock path. Although low jitter
is important for excellent base band
performance, its effect is magnified
when sampling higher frequency sig-
nals (higher slew rate) as is found in
undersampling configurations such as
IF sampling. The overall effect of a
poor jitter specification is a reduction
in SNR as input frequencies increase.
This is demonstrated in the equation:

1
SNR =20 log,o [ 5, ft-]
a

From this equation, as frequency f
increases, SNR is reduced for a given
jitter t,. This equation shows that for
ideal 12 bit performance with a 70
MHz analog signal, t, < 0.5 ps.

ADC Static Specifications
Specifications such as DNL and INL
are degraded largely by mismatches
within a multi-stage converter, which
is architecture dependent. To gain a
better understanding, see Figure 10.
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Figure 10. AD9042 block diagram.

This is a block diagram of the AD9042.
The first encoder in the AD9042 is a 6
bit ADC. The output is fed to a 14 bit
accurate DAC that is subtracted from
the analog input leaving a residue or
error signal. This residue is amplified
and digitized with a 7 bit ADC. To the
extent that the residue amplifier can
match the DAC output and 7 bit ADC
input, the digital error correcting logic
can produce an accurate 12 bit ADC.
These mismatches determine the
worst DNL errors. Typically products
such as the AD9026/27 and AD9042
have matching of better than 1/4 of an
1sb, yet these matching errors domi-
nate the DNL specifications.

DNL becomes important with low
signal levels when the signal may
straddle one of the “subrange zones.”
This can be seen in Figure 11 by the
reduction in SFDR between —-25 and
~-40 dBFS. Although the rms error of
the mismatch remains constant, as the
signal level is reduced, the SINAD
becomes worse because this error
becomes a more significant portion of
ti.e noise term until the signal
becomes so small that it no longer

osses any more of these mismatches.
Since these zones occur at one or more
ripetitive locations within the transfer
function of the converter, they also
-1l contribute to the harmonically
» 1ated spurs causing a degradation in

'DR. As before, multiple signals tend

. dither this error source into the
ruise floor of the converter significant-
' reducing its impact on the receiver.

One very interesting and important
characteristic of analog to digital con-
* .rters when receiving multiple chan-

s in a broad band architecture is
t 1at the signal levels must be placed

- from full scale of the converter. For
i stance with one signal on the ADC
ir put, the full scale range of the con-
verter may be used. However, when
two signals are present, each signal
must be 6 dB below full scale or half

amplitude (assuming equal signal

RF Design

power) to prevent clipping of the con-
verter as these signals sum together at
their peaks as in Figure 8. For each
doubling of the number of signals, the
level must be reduced by six dB.
Therefore with 4 channels, signal level
will be —12 dBFS and 8 channels will
be —18 dBFS. Thus, a multi-channel
radio must have additional dynamic
range to account for the SNR lost
through reduction in usable signal lev-
els. In addition, radio designers keep
from 3 to 15 dB in reserve as head-
room at the top of the ADC range to
prevent clipping that comes from the

SFDR (dBc)

0

71 57 -43 -29 15 1
Input Level (UBFS)

Figure 11. Example of a bad
SFDR plot.

peak to rms ratios that are inevitable
and to prevent ADC saturation should
an additional signal come in band as
new callers enter the cell zone.

ADC Sample Rate Requirements,
Drive and Filtering

Many wide band radios mix down
the RF spectrum to baseband signals
using wide dynamic range, ultra high
intercept point mixers such as the

As a member of the Hughes Electronics
family, Hughes Network Systems (HNS)
continues to expand its leadership posi-
tion in commercial VSAT satellite net-
works and digital cellular telephone tech-
nology. Now more than ever, our wide
array of telecommunications technolo-
gies and advances are enabling people
and business to communicate from any-
where. Join us at our state-of-the-art
facility in San Diego in one of the follow-
ing positions:

SR. RF DESIGN
ENGINEERS

You’ll be involved in system design,
implementation and productization of
RF digital cellular products. Requires
MSEE/equivalent plus 15 years’ related
experience,, including hands-on design of
complete RF products; technical exper-
tise in RF designs, including antennas,
duplexors, low-noise amplifiers, synthe-
sizers, modulators/demodulators, filters
and power amplifiers; line management
experience with large teams and experi-
ence in RF design for hi-volume manu-
facturing essential; strong leadership and
communication skills. (Code SRF)

RF ENGINEERS

San Diego, CA

RF DESIGN ENGINEERS
You'll develop digital cellular radios
from concept to volume production.
Requirements include minimum 5 years’
design experience at the component
level of receivers, transmitters, or UHF
synthesizers; experience in developing
commercial cellular mobile or portable
equipment preferred, as well as BSEE.
(Code RF)

At HNS, you’ll enjoy working with some
of the brightest minds in the industry, at
one of the most desirable locations on the
West Coast. In return for your expertise,
HNS provides competitive salaries, major
corporation benefits, attractive facilities
featuring an Employee Fitness Center,
and a friendly, team-oriented environ-
ment. Send your resume with salary his-
tory to: HNS, HR Dept/RD, 10450 Pacific
Center Court, San Diego, CA 92121. Fax:

(619) 546-1953. Equal Opportunity
Employer.

NETWORK SYSTEMS

e

A unit of

GM Hughes Electronics
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So far, every scenario has provided
only a loss of dynamic range. Howev-
er, there are important situations
where SNR is improved by various
numerical operations, called process
gains as alluded to earlier in this dis-
cussion. In any digitization process,
the faster that the signal is sampled,
the lower the noise floor. This is not
to say that the SNR improves. It does
not. The total integrated noise
remains constant but is spread out
over more frequencies. This noise
floor follows the equation:

Noise Floor = 6.02xB+18+10log(FS/2)

This equation represents the level
of the quantization noise within the
converter and shows the relationship
between noise and the sample rate
FS. Therefore each time the sample
rate is doubled, the effective noise
floor improves by 3 dB!

Although some gains may be made
by increasing the sample rate, they
are relatively small. However, large
processing gains are achieved in the
digital filtering process. Up until
now, all the work has been in the
broad band sense. When it is time to
channelize and filter the signals with

Over Sampling and Process Gain

digital signal processing chips, large
gains in SNR may be realized. For
instance, if a 30 kHz AMPS signal is
being digitized with an AD9042 sam-
pling at 40.96 MSPS only a small
portion of the broad band noise is
passed through the digital filter pass
band. The percentage of the noise in
the pass band is 0.03 MHz/20.48
MHz. Expressed in log form, the pro-
cessing gain 28.3 dB!

With this in mind, the effective
SNR for a given signal is then:

SNR=6.02xB+1.8+10log(FS/(2BW))-HR

This equation may be written a lit-
tle differently if the actual SNR spec-
ifications is known. In that case, the
actual SNR may be used. If the con-
verter has an SNR specification of 67
dB, the equation may be written as:

SNR = 67+10log(FS/(2BW)-HR

With 8 signals, each signal will be
18 dB below full scale. Along with 12
dB of headroom, each signal the over-
all signal levels will be 30 dB below
full scale. The effective SNR would be
65.3 dB although the actual SNR is
only about 37 dB.

AD831. In radios such as these, the
converter requires a sample rate that
is at least twice the highest frequency.
(the Nyquist rate). If the signal range
is from DC to 10 MHz then the ADC
must sample at a minimum of 20
MSPS at least a 20 percent excess
sample rate usually recommended for
margin. This raises the required
encode rate to about 25 MSPS.

Other considerations involve the
type of signal being received. If the sig-
nal is digitally modulated data, for
instance, the ADC should sample at an
integer multiple of the data rate. For
example, if the receiver were decoding
GSM packets, the sample rate would
be a multiple of the data rate of

270.833 kHz. The typical GSM
receivers use a multiple of 48 samples
per bit giving a base sample rate of 13
MHz, with 26 MHz and 39 MHz also
usable. Analog modulations such as
AM and FM use sample rates that are
multiples of the channel bandwidth.
For instance AMPS is a 30 kHz stan-
dard. Typically, the sample rate is
1024 times higher than the bandwidth.
This gives a sample rate of 30.72 MHz.
By using this technique, one of three
things will be accomplished. First, for
digital standards, an integer number of
samples will be taken for each packet
of data. Second, filter choices will be
simpler since frequencies will fall in
FFT or filter bin centers. Third, this

Signals aliased in-band
by sampling process

3rd Nyquist
Zone

I

Second harmonics
of input signals

ptelt

Filter
passband

shit

FS/2

FS+T+

3FS/2

Figure 12. Undersampling selects signals in a Nyquist zone other than

baseband for easier filtering.
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over-sampling provides a processing
gain that improves the effective signal-
to-noise ratio. These items allow for
easier processing and keeping track of
channel locations.

An alternative to baseband sampling
is to sample an IF signal that is in the
second or third Nyquist zone (Figure
12). DC to FS/2 (FS = sample rate) is
considered the first Nyquist zone. By
this logic, the second Nyquist zone is
from FS/2 to FS and the third is from
FS to 3FS/2. In our 25 MSPS example
above, the second Nyquist zone would
extend from 12.5 MHz to 25 MHz and
the third from 25 MHz to 37.5 MHz.
What advantages does this have? It
can greatly relax the harmonic
requirements of the driving amplifier
because filtering is much easier when
shifted above the first Nyquist zone. If
in our baseband example above, we
required 70 dB harmonic performance
with a 1 MHz signal, the drive amplifi-
er must have harmonic performance of
70 dB because the anti-alias filter does
not filter out signals below 10 MHz. If
on the other hand, we designed our
system such that the 1 MHz baseband
signal was instead at 26 MHz (in the
third Nyquist zone) the second har-
monic would be at 52 MHz, well out-
side the anti-alias pass band filter of
our digitizer which is from 25 to 37.5
MHz (Figure 5). It is important to note
that converter accuracy may not be
sacrificed because all converter har-
monics always fall in-band due to sig-
nal folding that occurs within a sam-
pled system. Thus amplifier require-
ments are greatly simplified by trad-
ing off amplifier performance for filter
specifications. Although harmonic per-
formance is relaxed by this technique,
intermodulation performance can not
be sacrificed since intermods must be
assumed to always fall in-band for
both amplifiers and converters.

Next Generation

As converter technology improves,
several important items become appar-
ent. Already, improved dynamic range
has opened the door to broadband,
multi-channel receivers as found in cel-
lular base stations. This has allowed
costs to fall and sizes to be reduced as
mini-cells become common and eco-
nomic to place where full size base sta-
tions could never be afforded. Not only
have these mini-cells been cost effec-
tive in locations not previously attain-
able, but they are allowing cost savings
and reduction of individual cell sites
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size. However, as stated early on, wide-
band is not always the most viable
solution, as in the case of GSM. In fact,
since each RF channel of GSM can
carry up to 16 voice channels, the econ-
omy is to use a narrow band.

In narrow band receivers, cost sav-
ings can be gained by eliminating an
IF stage. In this application, the ADC
can be used as an IF sampler to per-
form the last mix-down. The advan-
tages of this technique are several.
For example, using the ADC in this
undersampling mode eliminates the
need for the final mixer. Filtering
requirements are also eased because
once digitized, filtering can be per-
formed in DSP or an ASIC using FIR
filter techniques. Unique converter
design combined with proprietary
wafer processing is producing convert-
ers with greatly improved input slew
rate characteristics. This combined
with low jitter in the sampling process
is allowing converters like the AD9042
to sample IF signals. Next generation
products will perhaps be capable of
sampling IF frequencies up to several
hundred megahertz.

Software Radio

Whether the future holds wideband
or narrow band radio solutions, DSPs
play an important role in future gener-
ations of radios. No longer are the
demodulation solutions limited to
hardware, the future is in the use of
DSP to demodulate carrier informa-
tion. Once high performance ADCs are
available and the RF signal has been
digitized, demodulation is simply a
function of software. Future radios
may well consist of an RF strip, high
performance ADC followed by a DSP
chip. Receiver mode selection may well
be as simple as selecting a different
subroutine from the available software
choices. Field upgrades to future gen-
erations of radios may well come in
the form of updated ROMs or perhaps
even from an over the air interface!

For more information on the
AD9042, circle Info/Card #251. Tele-
phone inquiries can be made to Analog
Devices’ Customer Applications Sup-
port at: (617) 937-1428. RF

About the Author
Brad Brannon is Senior Applica-
tions Engineer at Analog Devices’
Wireless Infrastructure Group in
Greensboro, North Carolina.
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Low Cost Switch

SPDT TR Switch has low distortion at 5 Watts

+58 dBm
+3 to +8V

The HMC154S8 is a low-cost 5 Watt
SPDT switch for use in low distortion
transmit-receive applications including
the 900MHz and 1.8-2.2GHz bands.
The design provides
intermodulation performance for appli-

cations requiring up

levels. On-chip circuitry allows single
positive supply operation at very low DC
current with control inputs compatible
with CMOS and most TTL logic families.

improved

to 5 Watt power

New
New
New

Mixers Switches
FealiEs }
HNMC 140 0.8-24 GHz High Isotation HMC103 0C-6 GHz
HMC128 1.8-5 GHz High isolation HMB“; DC-6 GHz %
HMC128G8  1.8-5 GHz High Isolation, SMT HMC105  DC-6-GHz  3-watt
HMC129 4-8 GHz High lsalation HMC106 DC-4-GHz ~ 3-Watt SQ.T oy :' “)
HMC129G8  4-8 GHz High Isolation, SMT HMC132 DC-15GHz  High isolation SPDT
| HMC130 6-11 GHz High Isolation HMC132G7 DC-6 GHz SMT Pkg. SPDT
HMC141 6-18 GHz DC-6 GHz IF Band HMC132P7  DC-6 GHz  Microstrip Pkg. SPDT
HMC142 6-18 GHz Mirror of HMC149 HMC1506  DC-10GHz Transfer Switch |
HMC 143 520 GHz Tnple-Batanced New | HMC154S8 DC-2.5GHz 5 Watt SPDT (SOIC)
HMC144 620 GHz Mirror of HMC143 New| HMC159814 DC-2.0GHz  Transfer Switch(SOIC)
HMC 14758 1.6-3.4 GHz Low cost SOIC pkg. New | HMC160S14 DC-2.0GHZ  Diversity Switch(SO!IC)
Bi-Phase Modulators Variable Attenuators
Fealues f 35
HMC135 1.8-5.2 GHz 30 dBc Carrier Suppr HMC109 -8 GHz Linear Control VWA
HMC136 4-8 GHz 30 d8c Carner Suppr HMC121 DC-15 GHz  30dB VVA, SngtCnll
HMC 137 611 GHz 20 dBc¢ Carrier Suppr HMC121G8 DC-8 GHz SMT Pkg VVA
HMC110  DC-10 GHz S Bit Digital Atten
Sensors/Sources Variable Gain Amplifiers
HMC124 5-6 GHz int FM-CW Radar New | HMC151 1-4 GHz 20dB Gﬂﬁ’l Adﬁ!ml :
HMC131 5-6 GHz VCO wiButter Ampl New | HMC152 25-5GHz 20 dB Gain MM
> - New | HMC 153 25-6 GHz Mcﬁomﬂ =3
Frequency Doublers
PaiNo, —— TputBEd  OUIBA oy o U FEHG ]
HMC156 0.8-1.7 GHz 1.6-3.4 GHz 15dB 3508 Sl
HMC157 1.2-2.6 GHz 2.4-52GHz 1398 37 dB 37d8 |
 HMC 158 1.6-3.6 GHz 3.2-7.2 GHz 13 dB 324dB 32dB

»E
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Hittite Microwave Corporation s
21 Cabot Road, Woburn MA 01801
Phone: (617)933-7267 Fax: (617)932-8903 asterCar
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RF products
10-bit, 125 MHz DAC

Harris’ 15721 is a 10-bit,
125 MHz digital-to-analog con-
verter (DAC) for direct digital
synthesis (DDS) in communica-
tions systems. The HI5721’s
125 MHz conversion rate moves
spurs and harmonics away from
the fundamental frequency,
allowing the use of a simpler,
less expensive, lowpass filter
after the DAC. The TTL/CMOS-
input DAC consumes only 775
mW (max). The device also fea-
tures 3.5 pV-s peak and 1.5 pV-
s doublet glitch energy ratings.
At 125 MHz, the HI5721’s typi-
cal spur-free-dynamic-range
(SFDR) to it’s Nyquist frequen-
cy (62.5 MHz) is -59 dBc for a

2.02 MHz fundamental frequen-
¢y, and -53 dBc for a 25 MHz
fundamental frequency. Within
a 2 MHz window, typical SFDR
for a 2.02 MHz fundamental is
—-75 dBc and for a 25 MHz fun-
demental, it is =70 dBc. At 125
MHz, the DAC features 54 dB
typical SNR to Nyquist for a
2.02 MHz output frequency and
51.5 dB for a 25 MHz funda-
mental. The HI5721 has 0.5 ns
hold time. The HI5721 is avail-
able from stock in 28-lead
PDIPs and SOIC packages.
Either version costs $38.00 in
100-piece quantities.

Harris Semiconductor
INFO/CARD #245
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World's
“Cleanest”
10-Bit 125MHz
D/A Converter

RF Voltmeter

The Model 9200B RF volt-
meter has been enhanced by
Boonton Electronics with
increased stored program mem-
ory and seperate non-volatile
memory. Because of special low
noise circuitry, the Model 9200B
provides 200 uV sensitivity over
the 10 kHz to 1.2 GHz or 10 Hz
to 100 MHz frequency ranges,
when used with Boonton RF
voltage probes. Data from up to
eight probes, including sensitiv-
ity and range linearization
requirements, can be stored in
the Model 9200B’s non-volatile
memory. True RMS response is

provided for input below 30 mV.
The meter also has a zero cor-
rection function that stores zero
offsets of each range and auto-
matically corrects all subse-
quent readings. Model 9200B
has two measurement channels
and can display measurements
from both probes or their
instanaeous difference. The
meter is priced at $3,550.
Boonton Electronics Corp.
INFO/CARD #244
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Broadband
Amplifiers

Amplifier Research has
announced the development of a
line of broadband microwave
amplifiers for susceptibility and
general laboratory testing in the
L, S, C, X and IJ bands. Three
new solid-state amplifiers pro-

vide 1, 5, and 10 W minimum
output from 1.0 to 4.2 GHz.
Four new high-power TWT
amplifiers, also rated according
to minimum power, provide 200
W output from 1-2 GHz, 2-4
GHz, 4-8 GHz, and 8-18 GHz,
respectively. In response to cus-
tomer requirements, these
amplifiers are rated in terms of
minimum output power at the
output connector over the full
operating bandwidth. This type
of specification reduces perfor-
mance uncertainties. The new
amplifiers automatically reduce
output power during severe load
mismatches, and resume full-
power operation when the mis-
match ceases. Standard fea-
tures include gain control, RF
input overdrive protection, over-
temperature protection, and
instantaneous bandwidth with-
out bandswitching.

Amplifier Research
INFO/CARD #243

10 MHz Ovenized

Oscillator

The SC10 high stability oscilla-
tor uses an SC cut crystal to pro-
vide very low phase noise (—130
dBc¢/Hz at 10 Hz), a 1s Allen vari-
ence of 2x10°!2 and an aging rate
of only 2x10"1%day. An electronic
double oven minimizes tempera-
ture gradients, providing a sta-
bility of 5x10-10. Oscillators are
available with a grade dependent
set of options including phase
noise, aging, Allen varience, tem-
perature stability and EFC. Out-
put level is +13 +0.5 dB into 50 Q
(=1V_ ). The SC10 measures
4.00 x 2.00 x 2.00 inches. Ver-
sions are available with supply
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voltages of 15 and 24 VDC.
Power consumption is 8 W for
warm-up and 3 W for normal
operation at 25 °C. The oscillator
weighs 11 oz and is available
with pin, SMA, SMB, or SMC
connectors. Base price is $250 in
100 piece quantities.

Stanford Research Systems
INFO/CARD #242

Miniature RF

Connectors

Amphenol RF/Microwave
Operations has developed the
MicroMate™ line of connectors
to satisfy the need for a high
density, light weight RF inter-
connection system for the wire-
less communication and data
market, including PCMCIA.
These 50 ohm connectors have a
frequency range of DC to 6 GHz
as well as a temperature range
of —65 °C to +165 °C. The small
profile MicroMate connectors
save printed circuit board space
and feature positive snap mat-
ing, providing excellent reten-
sion and 500 mating cycles.
Consisting of a brass/gold plat-
ed body, these connectors acco-

modate RG-178 and RG-316
cables. The connectors have a
voltage rating of 170 V__ . and
dielectric withstanding voltage
of 500 V.. Maximum VSWR is
1.15 for straight connectors and
1.25 for right angle connectors
from O to 6 GHz.

Amphenol Corp.
INFO/CARD #241
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SIGNAL
SOURCES

OCXO

Oak Frequency Control
Group’s 4597 OCXO features a
TCXO-sized footprint of just
30.3 x 30.3 mm and a seated
height of 10.2 mm. Available in
frequencies from 12 to 30 MHz,
the 4597 meets a temperature
stability spec of +3x10~2 over 0
to 70 °C and features aging of
+0.5 ppm per year. The OCXO
operates from +5 V and is
priced at $120 each in quanti-
ties of 1000.
Oak Frequency Control Group
INFO/CARD #240

DDS Assembly

A direct digital synthesizer
(DDS) board-level assembly
incorporating a complete
BPSK/QPSK transmitter on a
single ASIC device has been
introduced by Stanford

Telecommunications. The
STEL-1203A uses the STEL-
1103 modulator chip to drive a
high speed, 10-bit DAC and low-
pass filter. A programable
attenuator is included to allow
output level to be varied. The
system is guaranteed to operate
up to a maximum clock frequen-
cy of 100 MHz.

Stanford Telecom

ASIC & Custom Products Div.

Clock Oscillators
Micro Networks announces
the release of three new preci-
sion clock oscillator product
families. The M100 series is a
family of master clock oscilla-
tors whose ECL/PECL clock
output can be specified for oper-
ation in the 300 to 650 MHz fre-
quency range. The M200 and
M210 series is a family of fre-
quency multipliers specified for

INFO/CARD #239 operation over 300 to 650 MHz.
The M300 is a family of VCXOs

Ultra Stable OCXO whose output frequency is cen-
MTI - Milliren Technologies tered at 622.0800 MHz.

introduces their next generation = Micro Networks

of ultra high stability/high relia- INFO/CARD #237

bility oven-controlled crystal

oscillators. The 260-0536 (10

MHz) model utilizes an SC-cut SONET VCXOs

resonator to offer thermal sta-
bility of +1.0x10~? from —30 to
+70 °C. Phase noise at 10 Hz
offset is —125 dBc¢/Hz. The
device measures 2.0 x 2.0 x 1.5
inches. Cost for 1 - 99 pieces is
$480.00 each.

Milliren Technologies, Inc.
INFO/CARD #238

Conner-Winfield has devel-
oped a true surface mount
VCXO for SONET applications.
The VCXO has a 0.450 x 0.550
inch footprint and a 0.150 inch
seated height. Available in fre-
quencies of 155.52 MHz, 311.04
MHz, and 622.084 MHz, the
VCXO'’s frequency tolerance is

specified at +20 ppm. Minimum
deviation is +75 ppm. Proto-
types at 622.084 MHz are priced
at $112.55 each for 5 to 9 units.
Connor-Winfield Corp.
INFO/CARD #236

SURGE
PROTECTORS

Suppressors for 3V
ProTek Devices has
announced what it believes to
be the industry’s first 3-volt sili-
con avalanche transient voltage
suppressors. The series is
designed for 3.0/3.3 volt applica-
tions. These 500 W devices can
protect one unidirectional line
(SOT-23 version), or four unidi-
rectional lines (SO-8 version).
Single quantity pricing at the
10,000 piece level starts at
$0.20 for the SOT-23 devices
and $1.25 for the SO-8s.
Protek Devices
INFO/CARD #235

automatic insertion.

Surge Protection from MMC Electronics America Inc.

The DSP Series from MMC is useful in applications where protection against ESD is
required. Typical products that benefit from static protection are automotive stereos, wireless
communications and sensitive inputs on electronic equipment. Available on tape & reel for

IVIIVIG

ELECTRONICS PH:(708)577-0200

Part Number | VDC Spark-Over Insulation Resistance Features
DSP-141N 140 (96~182) 50VDC Quick response time
DSP-201M 200 (160~240) 100VDC No polarity
DSP-301N 300 (210~390) 100VDC No dark effect
DSP-501N 500 (350~650) | 100 MQ min. 250VDC Stable against repeated
DSP-751N 750 (525~975) 250VDC surges and environmental
DSP-102N 1000 (700~1300) 500vDC fluctuation

026104 | Electrostatic capacitance
- |$0.50+0.05 I (1 Khz @ 6V max) 1pF.
, : Surge life test (500 pF,
| .
30.0£3.0 7.01.0 i 50002, 10Kv) 200 times.

MMC Electronics America Inc.
4080 Winnetka Ave., Rolling Meadows, iL 60008

Fax: (708)577-0201

A Subsidiary of

MITSUBISHI

SMITSUBISHI MATERIALS

RF Design

INFO/CARD 42
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Coaxial Transient

Suppressors

The PTC serics of coaxial
transient suppressors is now
available in N, BNC, SMA,
TNC, UHF and other standard

connector styles. The PTC
series offers low VSWR, fre-
quency range to 2.5 GHz, RF
power rating to 4 kW, and 20
kA transient current capacity.
NexTek, Inc.

INFO/CARD #234

CABLES &
CONNECTORS

7/16 DIN Connectors

A line of 7/16 panel mount
male and female connectors
from Tru-Connector incorporate
the standard Type N 1” mount-
ing flange. Tru-7666 series 7/16
panel mount receptacles con-
form to DIN 47223, IEC 169-4
and CECC 22 190 specifications.
The series is priced from $37.00
each, depending on quantity.
Tru-Connector Corp.
INFO/CARD #233

Mobile Antenna
Cable

Times Microwave Systems
announces the availability of low
loss LMR-200-MA and LMR-
240-MA mobile antenna cables.
At 900 MHz, LMR-240-MA has
loss of only 7.6 dB/100 feet, com-
pared to 16.5 db/100 feet for RG-
58. The new MA versions of the
LMR cable have non-bonded alu-
minum tape outer conductors
and polyethylene jackets. LMR-
240-MA is $0.43/ft and LMR-
200-MA is $0.35/ft.

Times Microwave Systems
INFO/CARD #232

SUBSYSTEMS

Card-Level Telemetry
Microdyne Corp. has unveiled a
series of card-level telemetry
receivers and diversity combin-

68

ers. Telemetry receivers, prede-
tection and post-detection com-
biners are available in VXI,
VME and PC-AT ISA bus con
figurations. The receivers oper-
ate in the L- and S-bands.
Microdyne Corp. Telemetry Div.
INFO/CARD #231

Wireless Data Link
Proxim has introduced the
RangeLINK™ family of high
speed data links. The line
includes a number of speed and
range options ranging from
$2,975. RangeLINK remotely
bridges Ethernet LANs in build-
ings separated by up to three
miles using frequency hopping
spread spectrum RF technology.
Net throughputs range from
500 kbps to 1,200 kbps, and
transmission occurs in the 2.4
GHz band.
Proxim, Inc.
INFO/CARD #230

SIGNAL
PROCESSING
COMPONENTS

Hybrid Couplers

The Marquis family of 90°
hybrid couplers offer significant
advantages for balanced circuits
requiring phase quadrature
(90°) signal coupling. Designed
for superior performance, this
competitively priced family of
couplers is available at frequen-
cies ranging from 400 MHz to
2.2 GHz and coupling levels of

3, 10, 20, 30, and 40 dB. For the
standard line of hybrid couplers
offered, electrical performance
of £1.0° phase and +0.25 dB
amplitude balance is nominal
with a maximum of 0.25 dB of
insertion loss.

M-Wave

INFO/CARD #229

Chip Dielectric

Filters
The TDF family of chip dielec-
tric filters from Toko America

are now available with a low 2.5
mm maximum height. The
TDF2A-2450T-10 is centered at
2.45 GIlz with a passband of
100 MHz and offers typical
insertion loss of 1.16 dB. The
TDF3A-1575B-10 is centered at
1575.4 MHz with a minimum
bandwidth of 10 MHz and offers
typical insertion loss of just over
2 dB. Pricing in quantities of
100 starts at $8.00 to $11.00.
Toko America, Inc.
INFO/CARD #228

Wide Range

SMT Mixer

The RMS-42MH from Mini-
Circuits covers a wide 800 to
4200 MHz frequency range. The
device is housed in a miniature
unleaded surface mount pack-
age, which features solder-plated
terminations with a nickel barri-
er. Typical mid-band conversion
loss is 5.3 dB. LO to RF isolation
is 35 dB from 800 to 2100 MHz
and 28 dB from 2100 to 4200
MHez. LO to IF isolation is 18 dB
and 15 dB in the same ranges.
Mini-Circuits
INFO/CARD #227

Couplers

for Wireless
Electrodyne has developed
lines of both high- and low-
power broadband couplers for
wireless applications. QC-214D
works over the 0.8 to 4 GHz
range, has 30 dB coupling and
operating power of 500 W.
Directivity is > 30 dB. Coupler
QC-052 operates from 0.5 to 2
GH:z with available coupling
values of 6, 10, and 20 dB. Aver-
age operating power is 50 W.
QC-118ABN operates over 0.8
to 18.5 GHz with a nominal cou-
pling value of 16 dB. Minimum
directivity is 15 dB.
Electrodyne Systems Corp.
INFO/CARD #226

1P2T Relay

A coaxial 1P2T function relay,
model RDS-251AB-D, requires
25 percent less actuating current
than conventional designs and
operates from a 28 VDC supply.
The device operates from DC to
18 GHz, has nominal 50 Q
impedance, less than 1.2:1
VSWR, less than 0.2 dB insertion
loss and more than 80 dB isola-
tion from DC to 4 GHz. Price is
less than $100.00 in quantity.
RelComm Technologies, Inc.
INFO/CARD #225

TEST
EQUIPMENT

LCR Meter
Hewlett-Packard has
announced an RF LCF meter
with a frequency range of 1 GHz.
The HP 4286A uses a new mea-
surement technique called RF-IV
to measure RF components accu-
rately. The meter operates from
1 to 1,000 MHz, with 10 kHz res-
olution and can measure imped-
ances from 200 mQ to 3 kQ.
Measurement speed is 15 ms,
and measurement results are
seen on a monochrome CRT.
U.S. price for the HP 4286A RF
LCR meter is $27,600.
Hewlett-Packard Co.
INFO/CARD #224

TRL Calibration Kit

Focus Microwaves has intro-
duced a new member of the line
of coaxial TRL calibration kits
for HP-8510/8720 and Wiltron
360/37000 network analyzers.
Model GPC-3.5-TRL-CV uses
precision 3.5 mm connectors for
calibrations between 200 MHz
and 30 GHz. The calibration kit
contains two shorts, two 50Q
loads, one delay line with Con-
nector Extender® and three
male/female adapters.

Focus Microwaves Inc.
INFO/CARD #223

H-Field Probe
ScanEM®-H, model CTM022,
is a hand-held, self-contained
magnetic field EMI probe. Mag-
netic fields from 100 kHz to 100

MHz can be measured. Sensitiv-
ity is adjustable, and field
intensity is indicated by both a
series of LEDs and the pitch of
the device’s audio tone. The
ScanEM-H weighs approximate-
ly 2 ounces and is powered by
two AAA batteries. A compan-
ion E-field probe is also avail-
able. The ScanEM-H is priced
at $144.95.

Credence Technologies, Inc.

INFO/CARD #222
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Richardson Electronics, Ltd.
A Powerful Source of RF and Microwave
Energy Is Sending A Charge Through
the Distribution Industry

Richardson Electronics, an electronic components distributor since 1947, continues to draw the
attention of design engineers worldwide thanks to its impressive portfolio of RF, microwave and
power semiconductors and related components. In the USA, Richardson has distribution
agreements with major manufacturers of power semiconductors, including Motorola, SGS-Thomson,
Philips, Powerex and M/A-COM.

Richardson's annual sales for its most recent fiscal year ended May 28, 1994, reached $200 million.
The company sells primarily through a direct sales force located in 42 worldwide offices. The
Richardson concept emphasizes value-added distribution to a worldwide customer base of 70,000.

“The customers served by Richardson’s Solid State and Components group evolved over years of
concentrating on the niche markets and products and winning the customer's trust,” said

Greg Peloquin, Business Unit Manager for Richardson's RF division. “By focusing resources and
marketing these highly technical niche products, Richardson truly is an extension of our suppliers’
salesforces.”

Worldwide Focus
Because of its specialization on niche markets and products, Richardson has become the world's
largest RF transistor distributor. The Company is Motorola's largest North American RF distributor
and is the largest worldwide distributor for many other component manufacturers, including
SGS-THOMSON, Comet, RF Products and RF Power Components. It is also the largest distributor
for M/A-COM’s PHO Division.

In a move to increase its presence in Europe, Richardson recently announced the addition of five
new lines now available to its European customers. The Company has added Watkins-Johnson
and RF Prime to its distribution coverage and expanded its distribution agreements with W.L. Gore,
Amphenol and Ericsson to include Europe.

Richardson’s European operations is continuing to add RF and microwave sales specialists and
expanding sales offices to provide better coverage and increased technical support. Currently,
Richardson has offices in Lincoln, England; Paris, Munich, Rome, Florence, Milan, Madrid,
Barcelona. The Company will be expanding operations into London, Amsterdam, Hamburg and
adding an office in Scandinavia.

While the Company’s presence has been felt in North America, the addition of these lines in Europe
provide further proof of Richardson’s dedication to be THE choice for each type of RF, microwave
and power semiconductor and related component it carries.

“Richardson Electronics has made a commitment to the RF marketplace on a global basis,” said
Peter Saxby, Product Marketing Manager for Richardson’s Solid State and Components Strategic
Business Unit and former technical sales person for M/A-COM and BFI. “Due to a number of
customer-focused programs, we have built ourselves into one of the largest RF distribution
specialists in the world.”

Growth
Richardson’s growing success can be attributed to a few key areas.

Inventory
Currently an $10 million RF semiconductor inventory housed in 14 worldwide stocking locations. In
most cases, Richardson can ship the RF, microwave or power semiconductors its customers need
the same day they call. This extensive inventory also enables the Company to handle a customer’s
midstream production increases.

Technical Sales Support
The Company has brought together sales and marketing people from leading manufacturers in the
RF and microwave industry. Richardson is capable of assisting OEMs with new designs as easily as
suggesting the proper replacement to service dealers and end users. Value-added services: Stock-
ing programs, electronic data interchange, special testing, selecting and matching, bar coding.
Richardson routinely provides the extra services its customers demand.

“There are many “broad-line” distributors; however, the markets addressed by Richardson are
unique and (they) require specialized service,” said Joel Levine, Vice President and Strategic
Business Unit Manager for Richardson’s Solid State and Components group. “Concentrating on our
specific niche, Richardson Electronics has reached an unparalleled position in the electron tube and
power semiconductor industry.”

Richardson Your Strongest Link to High Quality

Electronics, Ltd. RF & Microwave Components
INFO/CARD 43 U.S. & Canada 1-800-348-5580



Digital Transmitter Tester
Anritsu Wiltron has enhanced its
MS8604A with optional software that allows
measurement of GMSK, GFSK, GSM,
PCS1900, CT2, and DECT transmitters. The
MS8604A combines a 100 Hz to 8.5 GHz
spectrum analyzer and 400 kHz to 2.1 GHz
digital modulation analyzer with digital sig-
nal processing and a unique Anritsu algo-
rithm for fast accurate instrument.The
MS8604A has a suggested U.S. price of
$48,950, optional software begins at $5,100.
Anritsu Wiltron
INFO/CARD #221

Poratable Spectrum

Analyzers

Tektronix has introduced the Advantest
R3272 portable spectrum analyzer covering
9 kHz to 26.5
GHz. The
R3272 utilizes
direct digital
synthesis and
has 100 dB
display
dynamic
range and 300
Hz to 56 MHz

resolution. The analyzer uses a 256-color
TFT LCD display and has two PCMCIA
interfaces. The R3272 weighs 34 pounds
and measures 7 x 17 x 16.5 inches. U.S.
price is $28,990.

Tektronix

INFO/CARD #220

Mobile Signal Analysis

The STI-9000 is a compact, mobile signal
analysis system consisting of a personal
computer with internal GPS receiver,
remote touch panel display, power inverter,
application specific receiver and customized
software. The STI-9000 is used to quickly
measure and display signal quality over an
area of expected coverage. Geographic con-
tour plots from measured signal behavior
are produced, along with statistics and
data for selected areas. Base price for the
STI-9000 is around $25,000.
Survey Technologies Inc.
INFO/CARD #219

Field Strength Meter

The R-505 field strength meter from Z
Technology covers 3.0 to 1000 MHz and has
a measurement range of 0 to +110 dBuV
(=10 dBuV with option). Measurement

accuracy is +2 dB. The R-505 has an RS-
232 interface for remote control and data
collection, but also has internal data log-
ging. Battery operation and internal RF fil-
ters and preamplifier also make portable
operation simple. The standard R-505 is
priced at $6,750.

Z Technology, Inc.

INFO/CARD #218

AMPLIFIERS

Pulsed Radar Amplifiers

A new line of pulsed amplifiers can oper-
ate in the frequency range of 150 to 200
MHz, with 200 W output power. The mod-
ules measure 4.84 x 2 x 1 inches, with 35
dB of gain. The amplifiers can be biased
class AB for full power or class A with
reduced power. Rise time in class A opera-
tion is typically 5 ns. High speed blanking
is available as an option.
LCF Enterprises
INFO/CARD #217

Super-Low Noise Amp

Microwave Solutions has introduced a

*TELECOMMUNICATIONS ¢ STRATUM I
o TIMEKEEPING ¢ NAVIGATION

* NATIONAL FREQUENCY STANDARDS
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low noise amplifier which has a noise tem-
perature of 35 kelvins and operates in the
2.2 to 2.3 GHz frequency range. Model
MSD-3800205 has +10.0 dBm at 1 dB com-
pression and minimum gain of 50.0 dB.
Input and output impedances are 502 and
VSWRs are 1.3:1 and 1.5:1 for the input
and output, respectively. The amplifier
operates from +15 V and 150 mA.
Microwave Solutions, Inc.

INFO/CARD #216

Multi-Octave, High Intercept
Model BP60070046, from AML Commu-

nications, has an IP3 of +43 dBm and IP2

of 66 dBm. Gain is 22 dB, noise figure is 4.8

dB, and the 1 dB compression point power

is +30 dBm. This multi-octave amplifier

operates from 20 to 2000 MHz and mea-

sures 1.5 x 1.1 x 0.4 inches.

AML Communications

INFO/CARD #215

Variable Gain Amplifier

Miteq introduces a series of ultra wide-
band, low-noise amplifiers with variable
gain options. Designated model AVG6-
00102100-8, the amplifier covers the 100
MHz to 21 GHz range with 24 dB gain that

can be continuously adjusted over a 15 dB
range, The amplifier’s input/output ports
are matched to 10 dB min return loss.
Optional gains, bandwidths, and noise fig-
ures are available.

Miteq

INFO/CARD #214

Feed Forward Amplifier
Microwave Power Devices now offers a
solid-state linear amplifier using feedforward

techniques to achieve ultra linearity for up to
24 simultaneous channel operation. The
amplifier operates over the 869 to 894 MHz
band at 25 W total average output power
(370 W PEP). IMD is 60 dBc. Gain is 45 dB
and has load stability to infinite VSWR.
Microwave Power Devices, Inc.
INFO/CARD #213

50MSPS 8BIT A/D BOARD
NWN AD-8H50AT

For PC/AT ISA Bus

® Lowest cost: $2,640 with 1MB

a On-board memory: 1, 2, 4 MB

& High Performance: Versatile
programmable data acquisition
and |/O control parameters

m Easy-to-Use: Free full featured
program and its C source code

v Reliable: 1 year warranty
v Life time technical support
v/ Custom modification available

Worldwide agent/Sci Tran Products/ 1734
Emery Drive, Allison Park, PA 15101 U.S.A.
Tel:(412)367-7063/Fax: (412)367-7063
Headquarter/Thamway Co.,Ltd./ 3-9-2
Imaizumi, Fujishi, Shizuoka 417 JAPAN
Tel:(0545)53-8965/Fax: (0545)53-8978
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ACCURACY, PERFORMANCE, LOW COST, DELIVERY...

839 Manual Step Attenuator

4550 Programmable Attenuator

RF Design

Manual Step Attenuators

837 50Q DC-1500MHz | 0-1025dB  .5dB Steps
839 50Q DC-2000MHz 0-101dB 1dB Steps
1/839 50Q DC-1000MHz 0-22.1dB .1dB Steps
847 75Q DC-1000MHz 0-102.5dB .5dB Steps
849 75Q DC-1500MHz 0-101dB 1dB Steps
1/849 75Q DC-500MHz 0-22.1dB .1dB Steps
860 500 DC-1500MHz 0-132dB | 1dB Steps
865 600 DC-1MHz 0-132dB 1dB Steps
Programmable Attenuators
4540 500 DC-500MHz 0-130dB | 10dB Steps
4550 50Q DC-500MHz 0-127dB 1dB Steps
1/4550 500 DC-500MHz 0-16.5dB .1dB Steps
4560 50Q DC-500MHz 0-31dB | 1dB Steps
4580 500 DC-500MHz 063dB | 1dB Steps

For price list and FREE catalog, contact:

KAY

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

TEL: (201) 628-6200 ¢ FAX: (201) 628-6363

INFO/CARD 45

71



100W 100MHz to 500MHz 40dB GAIN

Other Modules available CALL
1-800-986-3700
FAX 408-986-1438

Silicon Valley
POW E'R

AMPLIFIERS
The AF People

529 FORMAN DR, CAMPBELL, CA 95008
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SEMICONDUCTORS
Power Amp MMICs

Five power amplifier ICs from Anadigics
provide high efficiency and high power out-
put for a number of wireless applications.
The AWT0901X provides 28 dBm and 22 dB
gain for DAMPS cellular telephone applica-
tions. The AWT0902X typically provides 30

- dBm at 23 dB gain
for AMPS applica-
tions. The
AWTO0903X pro-
vides 30 dBm
power output and
23 dB gain for
ETACS applica-
tions. The
AWTO0904X is
designed for GSM
application and has 34.5 dBm power output
and 23 dB gain. ISM applications from 902
to 928 MHz are supported with the
AWTO0905X, with power output of 30 dBm
and gain of 23 dB. All these devices are two-
stage amplifiers in surface mount packages.
Anadigics, Inc.

INFO/CARD #212

12-bit SO-8 DACs

The LTC1451, 1452, and 1453 are complete
monolithic micropower 12 bit DACs that
offer true rail-to-rail performance in an SO-
8 package. The LTC 1451 (5 V version) and
LTC1453 (3 V version) have on-board refer-
ences and output buffers and dissipate 2
mW and 0.75 mW, respectively. The
LTC1452 is a multiplying version and dis-
sipates 1.1 mW. Typical settling time at the
output is 14 us. Pricing in quantities
greater than 1,000 is $4.65.

Linear Technology Corp.

INFO/CARD #211

GaAs MMIC Amplifiers

The AH-B102D-1 series of cascadable
HBT GaAs MMIC amplifiers is available in
chip form or in ceramic packaging. The
series features typical gain of 12 dB, RF
frequency range of DC to 10 GHz, < 7 dB
noise figure, P1dB > 13 dBm, and typical
VSWR for input and output of 2.0:1 for fre-
quencies < 7 GHz. The series is part of a
family of HBT Darlington amplifiers
designed for use as a general purpose 50 Q
gain block.
FEI Communications, Inc.
INFO/CARD #210

ALL YOU NEED TO KNOW
ABOUT CRYSTALS....

> BIMAR

Over 30 years Experience

... Specializing in quick
turn around on non-standard
frequencies

... Inventoring common
microprocessor frequencies

Phone 800-526-3935
or

Fax 800-777-2197

201 BLACKFORD AVENUE
MIDDLESEX, NJ 08846

1,239,580
Fillers

America’s Filter Specialist

since 1956
0.1 Hz to 3000 MHz -

1,239,580 standard filter

types O Miniat d -l
subminiattln?:easlijzr:sag 87’.4? 39
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typeswcle g?ocic e NDARD

filters o0 Gaussian,

FiLTeR
il DEsigNs

or write for free

catalog today.
I'TE gﬁ
TTE, | "
, Inc.
2251 Barry Avenue < ~

Los Angeles, CA 90064
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SOT-Package Amplifiers
Hewlett-Packard has introduced a series
of six, 3- and 5-volt silicon and GaAs RFIC
amplifiers in SOT-363 and SOT-143 pack-
ages. The INA-30311 is a 3 V, 13 dB gain
amplifier useable to 1 GHz. The INA-50311
1s a 5V, 19 dB gain amplifier useable to 1
GHz. The INA-51063 is a § V amplifier with
20.5 dB gain, useable to 2.4 GHz. The INA-
52063 is a 5 V amplifier with 20 dB gain
and is useable to 1.5 GHz. MGA-86563 is a
5 V, low noise amplifier for 500 MHz to 6
GHz. MGA-87563 is a 3 V, low noise ampli-
fier operating from 500 MHz to 4 GHz. Pric-
ing for these parts, in 10k to 25k quantities,
ranges from $0.75 each to $2.37 each.
Hewlett-Packard Co.
INFO/CARD #209

DDS Evaluation Board

The AD7008/PCB is an evaluation board
for direct digital synthesis (DDS) implemen-
tations. The board is based on the AD7008,
which integrates a numerically controlled
oscillator with a 32-bit phase accumulator,
sine and cosine lookup tables, control cir-
cuitry and a high performance 10-bit DAC.
The evaluation board can be used to com-
pletely control amplitude, phase and fre-
quency for signals with bandwidths of up to
25 MHz. The AD7008/PCB is priced at $200.
Analog Devices, Inc.
INFO/CARD #208

Prescaler/Synthesizer

Motorola has introduced a 2.5 GHz serial
input PLL frequency synthesizer with pulse
swallow functionality and an integrated dual
modulus prescaler. The device operates with-
in a power supply range of 2.7 to 5.5 V. The
dual modulus prescaler provides divide
ratios of either 32/33 or 64/65. The device is
available in both TSSOP and SOIC pack-
ages. Pricing for the SOIC version of the
MC12210 is $7.28 in 1000 piece quantities.
Motorola Semiconductor
INFO/CARD #207

DISCRETE
COMPONENTS

Multilayer Capacitors

The MPR series of micro-porcelain multi-
layer capacitors from the North American
Capacitor Company is designed for high-
performance, surface mount applications.
The series operates at frequencies up to 30
GHz. Capacitances range from 0.2 pF to 0.1
pF. typical Q factors are 10,000 (min.) at 1
MHz, and temperature ranges as wide as
-55 to +200 °C can be specified.
North American Capacitor Co.
INFO/CARD #206

RF Variable Cap

The “P” series of variable capacitors from
Polyflon features a virgin PTFE dielectric.
These components are non-magnetic, which

RF Design

makes them well suited for use in applica-
tions involving magnetic resonance imaging
coils. The capaci-
tors are compact,
yet have a 2 to 18
pF tuning range.
Peak test voltage
is 2 kV, and peak
working voltage is
1 kV. Pricing is
$52.00 each in 100 piece quantities.
Polyflon Co.

INFO/CARD #205

Implantable Grade Crystals
CC4 series crystals from Micro Crystal
are packaged in a ceramic package with a
thickness of only 1.2 mm. The ceramic pack-
age is of implantable grade. Standard fre-
quency range is 32 kHz to 1.0 MHz, with
standard tolerance of +130 ppm. The crys-
tals have shock resistance of 5000 g/ 0.3 ms
(1/2 sine). The standard temperature range
is —40 to +85 °C.
Micro Crystal
INFO/CARD #204

The oscillators
with the quartz
crystals from
KVG measure
absolutely
everything,
even before
you'll see

or hear it.

~ =k

S

Oscillators with
quartz crystals
deliver the
quality you need,
quartz-precise.

A~

Communication
ond measurement
technique.
Worldwide.

North America Inc.
Werner Mueller
2240 Woolbright Rd.
Boynton Beach

Fl. 33426-6325

Tel. (407) 734-9007
Fax (407) 734-9008

Crystals
for GPS, Pager,
Telecommunication

@ Crystals g Frequency range | MHz 10 360
MHz @ Low aging @@ Tight temperature stability
W High shock and vibration resistance g Speciai
glass enclosures g SMT solutions g Reliable and
produced under 1SO 9001 cernified QS-System.

Crystal
Components

for .Telecommuni-
cation Networks

B Oscillators @ Frequency range
3 kHz 10 622,080 Miiz g Low aging
| Tight temperature stability

B SMT solutions g Reliable and produced
under ISO 9001 certified QS-System.

Freq(u:‘l;lq’ PX0 V(X0  TCX0  VCTCXO  DTCX0  OCXO
l —— - — S P— - S - — — ol
1.544 TI1(0S1) T1(0S1) T1(DST) TI(DST) T1(DS1) -
12352 T1(S1) T (DS1) TI(DST) TI(DS1) T1(DS1) -
16.384 SDH SDH SDH SDH SDH SDH
SONET ~ SONET  SONET  SONET  SONET  SONET
ISON ISON ISON ISON ISON  ISDN
38.880  SDH/STM-1 SDH/STM-1 SDH/STM-1 SDH/STM- - L
44736 AIM ATM AT ATM - "
© T3(0S3) T3(0S3) T3(0S3) T3I(DS3) - o
51,840 SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 —
155.520 ATM ATM ATM ATM d -
STMI/STS -3¢ STM-L/STS 3¢ STMLI/STS 3¢ STMH1/STS:3¢ — %
SONET/(0C-30) SONET/0C-30) SONET/(0C-30) SONETAOC3) — -
622.080 - ST — 2 =
L SONET/STS-12 — - - -

H Filter g Frequency range 1 MHz 10 200 MHz
m Discrete and monolithic types

| Reliable and produced under 1SO 9001
certified QS-Sysiem.

B For superior quartz crystals,
oscillator and filter products from the
ISO 9001 certified source, talk to us.

KVG North America Inc.
Together for quality.

<
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Program Synthesizes Antenna
Matching Networks for Maximum

Bandwidth

By Robert J. Dehoney
RJD Consultants

A method is presented for designing
matching networks for dipole and
monopole antennas. With these net-
works, the 2:1 VSWR bandwidth can
exceed 40 percent. The method can be
extended to other antenna types.

ne of the more vexing problems the
RF engineer faces is trading off
antenna complexity and bandwidth.
Simple dipoles and monopoles have
bandwidths ranging from a few per-
cent at VSWRs below 1.2:1 to perhaps
15 percent at VSWRs below 2:1.
Increasing the bandwidth without
adding extra elements or increasing
the element diameter has proven to be
a challenging task. In addition, match-
ing methods are traditionally cut-and-
try involving the use of the Smith
Chart or computer equivalents.
If the antenna can be represented as
a circuit, then the powerful methods
developed in network theory can be uti-
lized to synthesize matching networks.
Attempts to develop equivalent circuits
have a long history, the latest efforts
being reported in a recently published
article which describes an improved
equivalent circuit for dipole antennas
[1]. In this circuit, the element values
are functions only of the antenna length
and diameter. The circuit is accurate for
length to diameter ratios, L/D, as low as
50, provided the dipole length to wave-
length ratio is 0.6 or less. Our matching
scheme has been developed for use with
this equivalent circuit.

Matching Scheme

The antenna equivalent circuit is
shown in Figure la. For a dipole far
from ground, the element values are:

R, = 412.88Lg% + 7407.54570.02389 _
7274.08 Q

C, = 2(H)0.89075)/(L*8006_0.861) —
0.02541 pF
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e

Ry
T

Figure 1. Equivalent circuit for
dipole antenna, a. far from
ground, and b. above a perfect
ground.

O

. g

L3 % :
i,
L

L,=2(H)(148.13)(Lg!9'2) — 61.88 nH
Cy=12.0674H/(Lg — 0.7245) pF

where Lg=log(S); S=4H/D; H and D are
the dipole half length and diameter in
meters.

For a monopole over perfect ground,
H is the length of the monopole, and
the circuit is shown in Figure 1b. This
circuit looks very much like a frag-
ment of an LC bandpass filter. Simply
completing the filter does not accom-
plish anything useful since w,, as
defined by C, and L,, represents the
antenna parzﬁlel resonance peak and
is well above the useful range of the
equivalent circuit. In addition, R, is
generally 500 to 5000 ohms, requiring
extensive transformation to get to nor-
mal impedance levels.

One solution is to take advantage of
a circuit trick known for at least 60
years. It is easily shown that a pi net-
work of capacitors is exactly equiva-
lent to an L capacitor network driving

¥
T CA
o )
Cy = C,~Ce(M-1)

GG
Cg = CsM(M-1)

Cs

> |
S
CS
I
O o O

Figure 2. Equivalent capacitor pi
network and capacitor L network
driving a transformer.

an ideal transformer. Figure 2 shows
this equivalence.

Note that in the equivalence, C; is
larger than C,, and M is greater tgan
1; both facts benefit us. What this tells
us is that by adding a capacitor, Cg, to
the antenna terminals, we can lower
both w, and Z,. The design procedure
is illustrated in Figure 3.

In Figure 3a, we form a pi network
of capacitors by adding C; across the
antenna circuit terminals. We draw
the circuit in equivalent form in figure
3b. In 3¢, we pretend that we can add
components between Cg and the ideal
transformer and finish off the band
pass filter started by R,, L,, and Cp.
We add C,’ such that the series combi-
nation of Cg and C,’ resonates with
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Choose from over 480 standard off-the-shelf models from 2-way to 48-way;
0°, 90° and 180°; 50 and 75 ohms; covering 2kHz to 10GHz. Mini-Circuits will also
supply your special needs such as wider bandwidths, higher isolation, lower insertion
loss, and phase matched ports...all at catalog prices with rapid turnaround time.
Models include surface mount, plug-in, flat-pack and standard connectorized designs
such as SMA, N, TNC, C, and F connectors as well as custom designs. Ultra-miniature
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] - i - ®
Mini-Circuits
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
detailed specs on all Mini-Circuits products refer to » THOMAS REGISTER  MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS' 740- pg. HANDBOOK.

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 202 Rev Orig
INFO/CARD50



76

Individually calibrated log
periodics, dipoles, biconicals, rods,
loops, horns etc. For ANSI C63.4,

IEC 1000-4-3 testing. 30 Hz to 40 GHz.

GTEM!™ and
/ TEM CELLS
Perform RE/RI testing in

less time. GTEM! RE results
accepted by FCC. DC to 20 GHz.

BROADBAND FIELD
MONITOR SYSTEM
Integrated, non-intrusive
system for Rl, RADHAZ and E-Field
mapping etc. Eight channel input
with three models of isotropic
probes to choose from.

10 kHz to 18 GHz, 1 to 500 V/m

N

TOWERS,
TURNTABLES,
and TRIPODS

L

Electric, pneumatic and manually
powered. New Bore Sight tower and
Air Flotation turntable. All available
with multi-device controller using
non-intrusive fiber optic lines.

ACCESSORIES

‘— LISNs, Helmhaltz Coils,

Sniffer Probes, Reference
Sources, E-Field Generators, & more.

CALL FOR FREE CATALOG!
USA. 800.253.3761 Tel

512.835.4729 Fax

EUROPE: 49 (0) 89 856 20 71 Tel
(GERMANY) 49 (0) 89 859 77 85 Fax

RO

The Electro-Mechanics Company
An ESG@ Comptny

INFO/CARD 51

a. M:1
| | 0o & |
11 |
CB CS
%HA Ly e Gy TET Ra Ly ==y
O O
M:1
{ o
Cs L Gy
= = i
]
11 Mg Q_/W\r\_i L
1} L,
Cg C,
R - ~ d.
A L. ——GCp L, —40GC;
O
| | ] | o
11 ke 1
Cs C,
R, £ o Ca T Ce s :: C, e.
O

Figure 3. Synthesis of matching network starting with antenna equiva-
lent circuit and applying equivalence shown in Figure 2 to match anten-

na to a bandpass filter.

L,". A three pole network is shown;
any order can be used. In 3d, we move
the added elements across the trans-
former to the real side of the network,
dividing inductor and resistor values
by M2; multiplying capacitor values by
M2. Figure 3e shows the final circuit
with the original pi representation
restored.

To carry out the synthesis proce-
dure, we need to know the antenna
length and diameter in order to calcu-
late Ry, L,, and C,. We need to know
the network order and the passband
VSWR’s in order to calculate the low-
pass Chebychev prototype element
values, and we need the highest pass-
band frequency to make the
lowpass/bandpass conversion. (We
can’t use F; since the upper frequency
might then exceed the allowable 0.6
wavelength limit.)

The significant equations are these:

Fi=F}/[g(1) F,-2n.Ly/R,+1],

where F, is the lower passband fre-
quency, I‘L‘h is the higher passband fre-
quency, and g(1) is the value of the
first lowpass prototype element. L,
and R, are antenna circuit elements.

BW=F, - F,
BWR = 21BW
Wg = 2“"FhFl
__ &g
P " BWR(R,)
4 Cs
(CA + CB & Cp)
Cs
Cg=—%
¥
Cc=CgM(M-1)
Zy=—; Ra , for N odd
M“SWR p.in
Zy=—; Ra , for N even
M*“SWR .«
__8(2)R,
BWR - M?
-1
CL =(L2(.00 )
’ CL
@ mE
Co=— P
MZ(CS =G )
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Is antenna a dipole or a monopole (D/M)? m

Enter highest operating frequency, Fh in MHz 174

Lmax= .5172414 meters Enter antenna length, meters 0.517
Enter diameter, cm, or, to select diameter, enter <CR> 2

Enter network order (must be greater than 1) 3

B e JermeeiCBemeee | ceeeC2enmec L2 % # 5% % % % C4 % L4 %
# *»

C3 L3 INPUT
* Ed

| d N Mk H B R KW KKK

MONOPOLE and MATCHING NETWORK

Enter MAX and MIN passband VSWR 1.5,1.4

Lmax=.5172414 meters (L/D)min= 25
L=.5617 METERS D=2CM L/D=2585

Figure 4. Data for EQUIV analysis of a VHF whip.

FL=127.0806 MHz FH= 174 MHz
N=3 SWRMAX=15 SWRMIN=14

*xk* ANTENNA ELEMENTS*****
RA=516.0105 OHMS LA= 1.235886E-07
CA= 2.015005E-12 CB=9.672475E-12

¥4 NETWORK ELEMENTS* *%*#
CC=2.901204E-11
C2=1.861993E-11 L2 =9.113513E-08
C 3 =9.699232E-11 L 3 = 1.181069E-08
Z0= 23.0426

If values are OK, save with <PRT SC>

For new length, diameter, or network order, enter <L,D, or N>
For new SWR's, enter <S>

To see input VSWR vs freq, enter <V>

To see Zin of antenna equivalent circuit only, enter <A>

To restart program, enter <R>. To end program, enter <Q>

Figure 5. Results for data input in Figure 4.

Lmax= 5172414 meters  (L/D)min= 25
L= .505 METERS D=2 CM I.D= 25.25
FL= 143.0191 MHz FH= 174 MHz
N=3 SWRMAX=12 SWRMIN=1.02

4 ANTENNA ELEMENTS#*#%#

Lmax= 5113636 meters  (L/D)min= 25
L= .508001 METERS D=1905CM L/D= 26.66672
FL= 142.3824 MHz FH= 176 MHz
N=3 SWRMAX=121 SWRMIN=1.15

#*ANTENNA ELEMENTS* %%

RA= 509.4099 OHMS LA=1.199414E-07
CA=1984469E-12 CB= 9.52326E-12

#rs*NETWORK ELEMENTS ###*
CC= 2.049513E-11
C2=4.07516E-12 L 2 =2.83686E-07
C 3 =8.105418E-11 L 3 = 1.255805E-08
Z0= 50.26478

If values are OK, save with <PRT SC>

For new SWR's, enter <S>
To see input VSWR vs freq, enter <V>

For new length, diameter, or network order, enter <L,D, or N>

To see Zin of antenna equivalent circuit only, enter <A>
To restart program, enter <R>. To end program, enter <Q>

RA=524.8215 OHMS LA= 1.224749E-07
CA=1.958723E-12 CB= 9.40562E-12

#3**NETWORK ELEMENTS****
CC= 1.902995E-11
C 2 = 4.745565E-12 L 2 = 2.485498E-07
C 3 =5.493153E-11 L 3 = 1.840138E-08
Z0= 49.93037

If values are OK, save with <PRT SC>

For new length, diameter, or network order, enter <L,D, or N>
For new SWR's, enter <S>

To see input VSWR vs freq, enter <V>

To see Zin of antenna equivalent circuit only, enter <A>

To restart program, enter <R>. To end program, enter <Q>

Figure 6. Effect of slightly changing VSWRs and

reducing L.

o g(3)
8" BWR-R M2

L3 - (C3(1)02)

and so on.

The lowpass prototype element val-
ues are obtained in the usual way [2].
The in-band VSWR limits are convert-
ed to max and min ripple which,
together with the number of poles,
determine g(in) and the g(n)’s. Note
that we specify a minimum as well as a
maximum value of VSWR. Allowing the
minimum VSWR to assume values
other than 1.0:1 has two benefits. First,
a value can be found that will maxi-
mize the bandwidth; second, VSWR
min affects the value of Z,, allowing
that parameter to be adjusted.

The procedure described above has
been automated in a GWBASIC pro-
gram, EQUIV.BAS/EXE. The follow-
ing example illustrates its use.

VHF Whip Example
Suppose we want to design a vertical

78

Figure 7. Results of changes done to increase the

self resonant frequency of L,.

whip for use over the high VHF mobile
band, 150 to 174 MHz. We want the
VSWR to be as low as possible for max-
imum transmitter efficiency.

After the entry screen, the program
asks if we want a dipole or monopole.
We enter <M>, for monopole. We are
then asked to enter the highest oper-
ating frequency in MHz. We enter
<174>. After this entry, the program
prints the maximum permissible
length of our monopole, 0.51724
meters, then asks us to enter a length.
We enter <.515>. The program asks
for a diameter in cm; we enter <2>. (If
we had simply entered <CR>, the pro-
gram would have asked for some other
parameters and then would have
printed out Fy, Z;, and D for various
L/D ratios from 25 to 5000. We could
then have chosen a suitable 1/D.) The
program asks for the network order;
we enter <3>, representing a reason-
able complexity. The program then
displays a schematic of the circuit and
asks for the maximum and minimum
pass band VSWR’s. We enter <1.5>

and <1.4>, for starting values. The
program displays our entries, shows
the lower frequency of the pass band,
shows the values of the antenna equiv-
alent circuit, then shows the values of
the matching circuit elements and Z.
We can now change parameters and
recalculate all the values, calculate
the input VSWR vs frequency, or cal-
culate the impedance and VSWR at
the antenna terminals.

Figures 4 through 8 show typical
screens. Figure 4 shows the data entry
for the above example. Note that the
schematic is different than Figure 1b.
The program takes into account the
dipole/monopole differences, and gives
the proper values.

Figure 5 shows the results screen.
Notice that the bandwidth is excessive
and the input Z; is low. Improving the
VSWR narrows the bandwidth and
increases Z,, both effects desirable in
this case.

Figure 6 shows the effects of chang-
ing the VSWR’s, then slightly reducing
L to obtain the desired bandwidth
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Enter the lower frequency in MHz 138
Enter the upper frequency in MHz 182
Enter the step size in MHz 4

Frequency VSWR Rin Xin

138 1.881979 82.23817 -25.56236
142 1.236979 49.05819 -10.50936
146 1.167448 42.98123 1.803292
150 1.209964 46.18889 8.368316
154 1.182057 53.16257 7.998903
158 1.1502 57.39625 6863057
162 1.174317 54.29416 -7.148796
166 1.208303 47.71851 -8.981485
170 1.190299 43.37855 -4.792608
174 1.151801 44.32054 3.57811
178 1.358167 54.54303 15.36078
182 1.969285 87.5354 25.9044

Do you want to review antenna/network values? (Y/N)

ANTENNA3

Frequency VSWR Transducer Gain VSWR
138.00M 1.88 -27.47 -0.43 102.59 1.88 52.66
14.200M 1.24 —89.07 -0.05 76.65 1.24 62.38
146.00M 1.17 164.48 -0.03 54.93 151708 125887
150.00M 1.25 109.52 -0.04 35.90 1.21 142.28
154.00M 1.18 64.00 -0.03 18.23 1.18 152.47
158.00M 115 4.93 -0.02 1.26 115 177.58
162.00M 117  -55.09 -0.03 -15.28 1.17 -155.47
166.00M 1.21 -99.01 -0.04 -31.57 121 -144.14
170.00M 1.19 -141.17 -0.03 —48.01 1.19 -134.85
174.00M 1.15 145.62 -0.02 -65.24 115 -96.10
178.00M 1.36 65.17 —0.10 -84.06 136 -53.29
182.00M 1.97 23.94 —0.49 -104.80 197 -53.54
186.00M 3.27 -6.61 ~1.44 -126.44 3.27 —66.27

182 MHz.

ANTENNA3

RS=50.00 1

RL-524.82 4
1 CAP C3 1 0 54.9328p
2 IND L3 1 0 18.4010n
3 LcAp' €2t 1 2 4.7457Tp
4 SN DTS2l G 248.5448n
50 RCAPENGE 13l 0 19.0302p
6 CAP CB 3 4 9.4056p
7 CAP CA 4 0 1.9587p
8 IND LA 4 O 122.4746n

1 LIN 138.0000M 182.0000M 4.0000M

Figure 8. EQUIV analysis of network from 138 MHz to

Figure 9. Circuit file used for
analysis using ACANAL.

with a 50 ohm Z,. A critical element is
L,. Its self resonant frequency must be
as high as possible. Figure 7 shows the
values modified to obtain a smaller L,,.
This illustrates the kinds of trade-ofts
that can be accomplished in a few min-
utes at the keyboard.

To check the performance of the net-
work, we take advantage of the built-
in ladder analysis routine and ask for
a calculation from 138 to 182 MHz in 4
MHz steps. Figure 8 shows the results,
which match the desired performance.

There are, however, some limita-
tions to the scheme described above.
First, Z, drops very quickly as the

antenna length, L, is decreased and
the matching element values become
impractical or even negative. Second,
even with L at a reasonable length,
attention must be paid to the match-
ing element parasitics. Use a circuit
analysis program such as Gary Appel’s
ACANAL (RFD 11-89) and include coil
and capacitor Q’s, and coil self reso-
nant frequencies.

Figure 9 shows the ACANAL file for
the above example, using ideal ele-
ments. Figure 10 shows the analysis,
which closely matches Figure 8. Fig-
ure 11 shows the modified circuit file
including losses and parasitics. Notice
that the value of L, had to be reduced
from 248.5 to 200 nH to compensate
for stray capacity Cg. Figure 12 shows
the final performance. Notice that
even with lossy elements, the in-band
insertion loss is less than 1 dB.

Final Comments

The ultimate limitation is, of course,
the accuracy of the antenna equivalent
circuit. Most dipole antennas are not
far from ground, nor are monopoles
over an infinite, perfectly conducting
ground plane. However, these are
often second order effects and moder-
ate tweaking will result in acceptable
performance.

This matching scheme is useful for

Figure 10. ACANAL analysis of circuit of Figure 9.

any device whose behavior can be sim-
ulated by a capacitively coupled RLC
network. It should be possible to
develop a dual network applicable to
loop antennas.

EQUIV is available through Argus
Direct Marketing. To order, see the ad
on page 118. RF
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ANTENNA4 ANTENNA3
RS=50.00 1 Frequency VSWR Transducer Gain VSWR
RL=524.824 138.00M 2.30 -2.67 -1.54 111.67 2.72 55.82
142.00M 1.39 -37.47 -0.69 84.21 1.58 39.56
1 CAP C3 1 0 54.0000p 1000.0 146.00M 1.03 -100.86 -0.46  60.10 1.15 43.97
2 IND L3 1 0 18.4000n 100.0 150.00M 1.12 89.50 -0.43 38.97 1.07 29.55
3 CAP C2 1 2 4.7500p 1000.0 154.00M 1.17 50.27 -0.43 19.56 1.11 8772
4 IND L2 2 3 200.0000n 100 158.00M 1.18 9.89 -0.43 0.99 1.11 168.69
5 CAP CS 2 3 1.0000p 162.00M 1.16  -27.22 -0.44 -17.33 1.08 177.97
6 CAP CS 3 0 19.0000p 1000.0 166.00M 1.10 —48.76 046 -35.92 1.01 -34.61
7 CAP CB 3 4 9.4056p 170.00M 1.08 24.05 -0.53 -55.44 1.16 -19.11
8 CAP CA 4 0 1.9587p 174.00M 1.38 31.00 -0.76 -76.66 155 -28.43
9 IND LA 4 0 122.4746n 178.00M 2.06 9.090 -1.42 -99.67 2.38 —44.30
182.00M 3.45 -15.49 -2.74 -122.95 4.14 -62.63
1 LIN  138.0000M 182.0000M 4.0000M 186.00M 6.04 -38.02 —4.72 -143.93 7.70 79.97

Figure 11. Revised circuit file for ACANAL.

RF Design

Figure 12. Final performance analysis using ACANAL.
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The IEEE 802.11 Standard
Enables WLAN Market Growth

By Gary A. Breed
Editor

This short report emphasizes the
affect the the nearly-completed IEEE
802.11 wireless LAN (WLAN) stan-
dard will have on the marketplace.
Interested engineers should obtain a
copy of the draft standard to study its
specific requirements, then stay
abreast of any late changes that may
be made before its final approval.

In the opinion of most analysts, the
market for WLAN products has been
impeded by the lack of uniform operat-
ing standards that would allow inter-
operability of equipment from differ-
ent manufacturers. The purpose of the
IEEE 802.11 standard is the creation
of a uniform system under which
many different products can be pro-
duced; with the ability to work with
one another. An “XYZ Company”
WLAN adapter for a notebook comput-
er would be able to connect to a wire-
less office system from any other com-
pany, as long as both used the same
transmission scheme defined in the
802.11 standard.

Proprietary Systems

At present, and into the foreseeable
future, WLAN systems are available
that are not compatible with 802.11,
or any other proposed or de facto stan-
dard. Even with a universal standard,
companies will continue to use their
own choice of technologies. The rea-
sons are generally legitimate: the sup-
port of different data rates and operat-
ing frequencies, the inherent security
of a unique transmission system, and
seamless compatibility with the digital
portion of the system.

The principle drawback of product-
specific operating systems is, of
course, interoperability. Standardized
WLAN systems offer the opportunity
for more flexible and open usage.

WLAN Applications
Figure 1 illustrates the major uses of
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Figure 1. Major applications for WLANs include portable access to a
wired network and flexible networking of portable devices.

WLANSs. They all follow from the
increased used of portable computing
and communications equipment.
WLAN is seen as the technology that
will enable the most convenient link
between existing wired networks and
portable users at the office or campus
level. Some of the most capable sys-
tems may also add campus-wide data
communications, reducing the need for
wiring among several buildings.
Another potentially large application
is factory automation. In fact, this
may the first application envisioned
for a wireless network, as evidenced
by work started by IBM in the 1970s,

and early indoor propagation research
oriented toward factories rather than
offices. The possibilities of completely
untethered monitoring and control of
factory operations, inventory control,
materials flow, and process control are
attractive concepts for designers of
efficient, highly-automated manufac-
turing systems.

In summary, the applications of
WLAN systems range from simple
communications between two comput-
ers, or between a computer and a
wired network, all the way up to a
complete wireless network with many
users and many possible data paths.
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1WAIT 2-86Hz AMPLIFIERS

34dB Gain, +1.0dB Flat on,*1095.., ..

Here is the big price/performance breakthrough in Space Age communications...Mini-Circuits
ZVE-8G high power microwave amplifiers...high-end performance without the high-end price!
Housed in a rugged, hemetically seated package, this unconditionally stable unit is tough enough to
withstand abuse by shorting/unshorting 12V terminat to case with full RF power applied. And while
you'll find the high performance of the ZVE-8G amplifier unmatched at the amazing price of just
$1095 (qty. 1-9), you'll also find the VSWR input-output extremely well matched at typically
better than 1.5! The incredibly versatile range of wireless applications include line-of-site
transmit and receive, satellite up and down links, S- and C-Band radars and
spread-spectrum communications. Additionally, this unit is extremely useful as
an optical transmitter driver amplifier. To order from stock with a guarantee to
ship within one week, call Mini-Circuits today.

Mini-Circuits...we’re redefining what VALUE is all about!
For system configurations, units may be used with

heat sink removed for mounting to chassis and with
connectors removed for solder connection to a PC board land.

ZVE-8G SPECIFICATIONS

Freq.Range (GHz). . . 2-8
Gain (dB)
VI . vy & e 30
Flatness Max. ................. i +2.0
Power (dBm)
Min. OQutput (at 1d8 Comp.) ............ +30°
Max. Input (No Damage) ............... +20™
ic R
NEE TV ok it b s oy
Intercept Point (dBm) 3rd Order Typ. ......40
VSWRIVOU (MaX)... .o 2.0
DC Power
Vol ey IR DR s +12
Cument AMEX. wooooeadveseneaions 20

* At 25°C; +29dBm typ. at +90°C case.
** With no load, reduce input by 10d8.

L JMini-Circuits’

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

For detailed specs on afl 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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Addressing WLAN with 802.11 QPSK modulation and 2 Mb/s data
The IEEE 802.11 standard covers rate. Five overlapping 26 MHz bands
three different, and mutually exclu- within the ISM allocalion are centered
sive, modes of transmission: Direct at 2412, 2427, 2442, 2457 and 2470
Sequence Spread Spectrum (DSSS), MHz. Multiple center frequencies can
Frequency Hopping Spread Spectrum help combat interference or even
(FHSS) and Diffused Infrared (DFIR). severe selective fading.
These three modes are the most effec- FHSS under 802.11 uses GFSK
tive transmission methods for relative- modulation and two hopping patterns
ly high data rates and resistance to  with data rates of 1 Mb/s and 2 Mb/s.
interference, especially from other The ISM band is divided into 79 i MHz
units in proximity operating on the bands, and three patterns of 22 hops.
same network. The minimum hop rate is 2.5 hops per
802.11 focuses on the physical and second for slow hopping with one data
media access protocol layers in both packet per hop. Successive packets are
unit-to-unit and unit-to-network sent on different frequencies, creating
topologies. The initial standard covers time and frequency diversity for
the 2400-2483.5 MHz band allocated retransmission of a bad packet.
for Industrial Scientific and Medical DFIR uses OOK at a data rate of 1
. (ISM) applications. Unlicensed opera- Mb/s. Infrared systems are non-direc-
Also: Resistance and tion is permitted on this band. This tional, line-of-sight systems, with
Solder Seal Bases. band was selected for availability in ~ some potential for a reflected-trans-
P Exmo iR 0T the U.S. and other major international mission mode, as well. Typical range
“N"En N.Billerica, MA 01862 markets, and for its lower hardware is 10-50 foot, usually limited to a sin-
Fax (508) 670-6492 costs compared to higher microwave gle-room. Most observers suggest that
GLASS TO METAL Customer Service: frequencies. the best applications for DFIR are
SEALING, INC. 1(800)783-9136 DSSS is supported using BPSK mod-  wireless peripherals and other short-
INFO/CARD 73 ulation and a 1 Mb/s data rate, or range links that may attractive for

operating a notebook computer at a
normal workplace, without the need

@

Cold Weld Bases

Copper clad Kovar with
7052 glass (clear optional).
Plated to customer spec.

* HC-18 + HC-37
* HC-35 « HC-40
* HC-36 * HC-45

for connecting cables.

Range of WLAN products operated
according to 802.11 is estimated to be
typically 300-400 feet. Of course, this
range can vary widely in different
environments — it can be much
greater in open, unobstructed areas, or
much less inside buildings with large
amounts of metal in the structure and
furnishings. The 300-400 foot range
will allow WLAN coverage within
most single office buildings, and cer-
tainly within a single office suite.

The 2400 MHz band is available for
use in the U.S., the UK, the Euro-
pean Continent (E.U. countries), and
Japan. (The U.K. and the E.U. are
mentioned separately because they do
not yet have the same allocation —
this will eventually take place.) These
areas easily represent the vast majori-
ty of potential markets for WLAN
products.

Other frequency ranges, particularly
the 5725-5850 MHz ISM band, are
potential subjects of future expansion
of IEEE 802.11 or a new standard.
There is some concern that the 2 Mb/s
maximum data rate under 802.11 is
insufficient for many WLAN applica-

FC’s newest family of OCXOs offers an

unprecedented combination of size and
stability features. With excellent technical
support, fast delivery and very competitive
pricing, OFC is the standard in frequency
control product design. To receive our latest
product catalog and application notes, call
717-486-3411 or fax your request to us at
717-486-5920.

tions. 10 to 20 Mb/s is often cited as a

D e
zh realistic target for the next generation
— ~— | of WLANs. With higher data rates,

OAK Frequency Control Group*
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access with nearly the same operating
conditions as most wired networks
(e.g. Ethernet).

Status of the Standard

IEEE 802.11 is currently at the final
draft stage, and is in the committee
voting process at the time of publica-
tion. Later this year, it is expected to
be approved.

Products compliant with the draft
standard are expected to be advertised
for sale in the third quarter of 1995.
Prices for an add-on card or stand-
alone adapter are expected to initially
be in the $500 range, with prices drop-
ping according to consumer response
to the technology. Prices in the $250
range are anticipated by late 1996.

For more information on IEEE

802.11, or other IEEE standards, the
address and telephone number are:

IEEE Service Center

The Institute of Electrical and
Electronic Engineers

445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08854-1331
(908) 981-0060

RF BOOKS

We have the books you need!
...like these classic references:

Antenna Engineer-
ing Handbook —
The primary reference
book for antenna engi-
neers and communica-
tions systems designers.
Extensive coverage of
all major antenna types.

(465 pp) MH~4: $120.00

RCHARDC. JOHNSON

ANTENNA
ENGINEERING
HANDBOOK

Introduction  to
Radio Frequency
Design — Wes Hay-
ward’s 1982 textbook
has been reprinted, and
now includes utility
software for filters, PLLs
and amplifiers.

(383pp) AR-7: $30.00

RF Circuit Design —
Still popular, this tutor-
ial introduction by
Chris Bowick covers
amplifier and oscillator
design concepts and
methods using the
Smith® chart.

(176 pp) HS-1: $24.00

Call or write for our catalog of
books on communications systems,

RF design and EMC
Order by phone, fax or mail!

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

RF Design

Quality@

Imperative in the company

ependability

Imperative in the component

anD AT THE RIGHT PRICE.

FSY Microwave, Inc. offers a complete line of HHGH PERFORMANCE
RF AND MICROWAVE FILTERS & MULTIPLEXERS covering the DC to
40 GHz frequency range in both standard and custom configurations.

For the past decade, FSY Microwave, Inc. has specialized in only Fiiters
& Multiplexers for commercial, military, and space applications. For
QUALITY AND DEPENDABILITY AT THE RIGHT PRICE, call FSY
Microwave, Inc. at (410) 381-5700 or FAX us your requirements directly

at (410) 381-0140

-

e \ W« ‘\X - -~ e
7125 Riverwood Drive e Columbia, MD 21046

-

-
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RF measurements

Measurement Sweep Times During
Conducted Emissions Testing

K.P. Slattery
FFD Ricardo, USA

Some questions have been raised as
to how long the spectrum analyzer
should be set to sweep during conduct-
ed emissions testing for automotive
type electronics. Conducted emissions
is a bench level test meant to indicate
where a module may have problems in
terms of radiated in-vehicle emissions.
The test measures all 1/0O pins unter-
minated, with only necessary power
and ground applied. Good correlation
with in-vehicle emissions has been
noted using this measurement method

Using an automotive transmission
controller as a reasonable test
module, we made a series of measure-
ments in the 2-200 MHz band. We
chose to measure the maximum level
over the limit, and the noise density
number, at the following sweep
speeds (RBW=10kHz=VBW): 5, 10,
30, 50, 100, 300 seconds. One sweep
was made for each measurement. In
addition, we also made a similar
series of sweeps measuring the varia-
tions in the ambient level, and also a
series of measurements using a sig-
nal generator.

Our results indicate that there is no
statistically significant difference
between a 5 second sweep and a sweep
equal to 300 seconds. However, while
there isn’t a significant overall differ-
ence, there is quite a bit of difference
from measure to measure. The spread
of means for the controller was 17.4
dB at 5 sec to 18.7 dB at 300 sec, or
1.3 dB. The standard deviations were
fairly consistent across the sweep
speeds, and we should expect this for a
signal that is semi-coherent. For the
ambient run, we found a spread of
means of 2.1 dB at 5 seconds to 5.1 dB
at 300 seconds. The standard devia-
tions showed a downward tendency in
value as the sweep speed increased,
and for a random signal this tendency
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Figure 1. Comparative plot of six measurement sets of maximum emis-
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Figure 2. 5 second and 300 second sweep data.

should be expected. An interesting
effect for the ambient data is noted at
the end.

Finally, we also characterized the
output of a signal generator, set to 150
MHz with an output level sufficient to

give us a constant level over the limit.
The signal generator ranged from 9.5
dB at 5 seconds to 9.88 dB at 300 sec-
onds, with a correspondingly low stan-
dard deviation.

In addition to the max level over the
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uV/MHz

Notise Density 5,10,30,50,100,300 sec sweeps

mumber of measurements

Figure 3. Comparative plot for noise density for all measured sweep

speeds.

limit, we measured the noise density.
We derive the noise density (ND) as

1 i K
fn-mx 8 fmin “glpea d 0V

peaks = limit level

ND =

where the limit level is determined by
the frequency at which the measure-
ment is being made, in this case = —80
dBV. T ,. is the number of points
actually measured.

Figure 1 shows a comparative plot of
the 6 measurement sets for the maxi-
mum emission level over the limit for
the controller. One can see that the
data are pretty well clustered between
17.5 and 19 dB, with occasional devia-
tions down toward 16 dB.

Figure 2 shows only the 5 second
and the 300 second data, showing

more clearly the spread in measured
levels. Figure 3 shows the comparative
plot for noise density for all measured
sweep speeds.

While Figure 3 would seem to indi-
cate that there should be a signifi-
cant difference between 5 and 300
second sweeps, when the F Test is
run, there is none. However, one can
observe that the 5 second data is
much noisier than the 300 second
data which was not evident in com-
paring the max level data. We take
this to mean that the noise density
number is better behaved and gives a
more stable representation as the
sweep speed increases since it is inte-
grating over the entire measured fre-
quency range while the max level
over the limit is a measure at a sin-
gle specific frequency.

Table 1 shows the F-Test between 10

B 5 Second Sweep |
300 Second Sweep

S ¥ S*W O DTEIE.Y §

AL CXDOROEI )

FHOOT OO N
o

Figure 4. Distribution of max mea-
sured values for the 5 and 300
second sweep.

seconds and 300 seconds.

Table 1.
F-Test: Two-Sample for Variances
Variable 1 Variable 2

Mean 95.57875 135.25
Variance 21.56625 17.08861
Observations 80 80

df 79 79

F 1.262

P(F<=f) one-tail 0.151553

F Critical one-tail 1.4512
Comparing 5 with 300 second.

Figure 4 shows the distribution of
max measured values for the 5 second
and 300 second sweep for the controller.

In looking at the data, a certain
trend is unmistakable; there is a defi-
nite downward nature to the measure-
ments as time goes on. Taking the
data, and fitting it to a linear function,
we can definitely see that the mea-
surement level decreases as the mod-
ule on-time increases. This is shown in

100

uV/MHz
L]

100
95
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85

sample points
module on-time¢ ————»

Figure 5. Distributed values of spectral density for 5

second sweep.

RF Design

Figure 6. Exponentia! fit to data in Figure 5.
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Figure 7. Comparative plot of maximum measured

levels.
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Figure 9. Averaged max level
means and standard deviations.

Figure 10. Controller mean and
standard data.

Figure 8. Comparison between 5 and 300 second

Figure 5.

Figure 5 shows the distributed val-
ues of the spectral density for the 5
second sweep. The straight line fit
shows a definite decreasing trend in
the measured values as the module
on-time increases.

Figure 6 shows an exponential fit to
the data. The fitting equation is

12.42

y =86.23 + —e°‘°5x 2

Equation 2 was determined using
Mathematica, a symbolic mathematics

HELP SOUGHT !

Please help us to grow. We need more people.

Our small, once undiscovered, company with good financials and ten
year track record of growth and profitability has suddenly found itself on
a fast track with a ten-fold increase in stock price. Its products are
selling into a huge expanding market with no end in sight. But this
success is not only due to the products or the size of the market, it is
really due to its people.

WTT is one big hard-working, happy family. There is a synergism
between company and its employees; they are "one". Everyone pours
their hearts into what they do. In return, they are well rewarded with
complete self-fulfiliment and satisfaction, as one would expect from a
trusting and caring family, money being the least important of their
rewards.

WTT's recent entry and explosive increase in the wireless test
equipment market has created a greater need for new employees. There
are only three criteria for acceptance: to be intelligent, caring, and
dynamic in the following areas;

Applications engineers: Must have a good understanding of the wireless
marketplace, new and existing technologies, and testing methods for
cellular, PCS, Digital TV, and ISM equipment.

Sales engineers: Requires a background in test equipment with
knowledge of the RF and wireless marketplaces. Domestic and
international travel.

REF engineers: Requires hands-on experience in the development and
design of complex RF circustry used in test equipment, such as frequency
synthesizers, frequency converters, receivers, and modulators.

REF technicians: Requires basic understanding of RF electronics to
perform assembly, test, and debug of test equipment with little
supervision.

Maybe you know someone who is exceptional enough to work at this
exceptional company. We would certainly like to welcome them.
Resumes can be forwrded to:

Noise Com, Inc.
Wireless Telecom Group (WTT)
E. 49 Midland Avenue
Paramus, NJ 07652
Attn: Human Resources
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Figure 11. 10 second ambient data.

program developed by Wolfram
Research.

An exponential fit would appear to
better describe the data. Our problem
here is to decide whether the mea-
sured value is decreasing in value as a
function of time because the module
itself has been powered for a length of
time and is therefore approaching heat
equilibrium, or whether it is the mea-
surement system itself that is equaliz-
ing. This can be better ascertained
when we run the same series of mea-
surements characterizing the ambient
of the semi-anechoic chamber. If we
assume that it is the module itself
then, by referring to the data in Fig-
ure 6, we can see that the readings
stabilize by approximately the 60th
measurement. This corresponds to an
on-time of 10 hours ( each measure-
ment cycle = 10 minutes).

The ambient data is interesting in
and of itself. Figure 7 is a comparative
plot of the maximum measured levels.
To obtain these values, we shifted the
failure limit down to —130 dBm.

As can be seen, there is no down-
ward tendency in value as there was
with the controller. The peaks in the
data early on, approximately 3 hours
into the scan, are in the 50, 100, and
300 second sweep data. Apparently
something was happening at that
time that the shorter sweeps could
not resolve adequately. The overall
data reflects a random process. Fig-
ure 8 shows a comparison between
the 5 second and the 300 second data.
Again, it can be seen that the 5 sec-
ond data is much noisier than is the
300 second.

Table 2 shows the calculated corre-
lation coefficients. You can see that
the sweep speed sets are relatively
uncorrelated.

Figure 9 shows the averaged max
level means and standard deviations
for the ambient run at the 6 sweep
speeds.

Figure 10 shows a similar scatter
plot for the controller. In comparing
the two plots we see that the controller
appears to have no dependence
between the standard deviation and

RF Design

Figure 12. Inverse Fourier transform resulits.

. |
Dielectric Labs

FAST DELIVERY

+ 24/48 hour service for stock items

* Extensive inventory of sizes 0805
and 1210, AH series
* Tape and reel available

COMPETITIVE PRICING

« Ask for Y-level testing for lowest price

EXCELLENT PERFORMANCE

* Insertion loss at 1.8 GHz to Call or write
under -0.01 dB for our

- Less than 10 ppb reliability level catalog.

Dielectric Laboratories Inc.

A YITII} TECHNOLOGIES COMPANY
-K- 2777 Rte. 20 East, Cazenovia, NY 13035
Tel: 315-655-8710 - Fax: 315-655-8179
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Correlation Coefficient

5 sec. 10 sec. 30 sec.
5 sec. 1
108ec. -0.12291 1
30 sec. 0208644 -0.0041 1
50 sec.  0.002877 0.260716 0.267398 1

100 sec. 0.007606 0.09288

50 sec.

-0.01523 0.267468 1
300 sec. 0.199686 0.185523 0.026368 0.05976

100 sec. 300 sec.

0.121013 1

Table 2. Calculated correlation coefficients.

the sweep speed, while the ambient
data clearly shows a dependence.

Selecting the 10 second data to
examine, in Figure 11 we can discern
some possible time dependence in the
data.

We can investigate this possibility by
convolving this data. This is done by
multiplying the Fourier transform of
the ambient data by the Fourier trans-

form of a smoothing kernel. We then
take the inverse Fourier transform of
that result, shown in Figure 12.

In Figure 12 we can see an oscilla-
tion over time with a cycle approxi-
mately equal to 7 hours.

When we sort the 10 second data we
get Figure 13 and we can clearly see
two groupings of the data.

For comparison, in Figure 14 we also

O =N WwdHyyudN®O

OCWVWr=-VNWVWMIITWLWLWOWOMNWD
@ e G e S e SIS

Figure 13. Controller 10 second
ambient data.

Figure 14. Convolution of the
controller 10 second data.

show the convolution of the controller
10 second data. And, while we can see
the downward drift in level, there
would appear to be no oscillation simi-
lar to the ambient data. Also, referring
back to the histogram for the con-
troller we see no similar structure.

Interestingly, when we sort the six
sets of sweep data and plot them in
the form of histograms, we find an
interesting effect. (See Figures 15-20.)

The data sets appear to move from
a uniform distribution, as seen in the
5 second data, to a normal distribu-
tion by the 300 second data set. The
longer we look at random events, the
more Gaussian they are, and when
we observe these events for shorter
periods of time they appear uniformly
distributed.

The signal generator data is shown
in Figure 21. Obviously the signal gen-
erator is quite stable with respect to
time and with respect to sweep speed.

Figure 22 shows the distribution for
the 5 second sweep and Figure 23
shows the 300 second distribution.

Summary

We should be aware of the measure-
ment variation inherent to any given
signal source. In addition, long term
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Figure 15. 5 second ambient data.

Figure 16. 10 second ambient
data.

Figure 17. 30 second ambient
data.
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Figure 18. 50 second ambient
data.

90

Figure 19. 100 second ambient
data.

Figure 20. 300 second ambient
data.
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Figure 21. Signal generator data at 150 MHz for six measurement AL 35824. Phone (205) 464-2864.
sweeps.

dB over the limit

effects should be measured and
understood, such as the downward
tendency in the measured levels given

55 Charles Lindbergh Blvd., Mitchel Field, NY 11553

Figure 23. Distribution for 300 TEL: 516.794-4500 » FAX. 516.794-4340

second sweep.
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measuring system itself, consisting of The ALH102C is a broadband, HEMT distributed amplifier that's
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However, we do note an oscillatory
nature to the ambient measurements 13
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RF system simulation

Simulator Package Models a
Spread Spectrum System

Part 2: Transmitter and Receiver Simulation

By Stephen Kratzet
ELANIX, Inc.

Part 1 of this two part article dis-
cussed the modeling of three building
blocks — a mixer, phase detector, and
a biphase modulator using Sys-
temView by ELANIX, Inc., a dynamic
system simulator software package
that runs on 386/486 and higher PCs
operating with Microsoft Windows. In
Part 2 the building blocks are used in
the simulation of a transmitted refer-
ence spread spectrum system.

Direct Sequence SS PSK —
Transmitted Reference

In this system the receiver design is
greatly simplified by using a transmit-
ted reference. [5, 6] The nature of this
system is to send two modulated carri-

ers as described below:

¢ Transmitted frequency 1: 28.5 MHz
modulated with code only

* Transmitted frequency 2: 29.5 MHz
modulated with code and data

* Code rate: 196.0 kHz

¢ Data rate: 50.0 kHz

¢ Highest filter frequency: 29.9 MHz

The Transmitter

The highest frequency component in
the system is a bandpass filter at 29.0
MHz. Nyquist's sampling theorem [7,
8] would have us set the sample rate
at a minimum of 2 x 29.9 Msps or 59.8
Msps. Out of a preference for powers-
of-2 numbers the sample rate in this

example is set to 81.92 Msps. Since
the 50 kHz data rate is low relative to
the 81.92 Msps sample rate, the num-
ber of samples is set to 32768 to view
the data waveform. The transmitter
simulation is divided into two blocks,
and the receiver simulation into three
blocks. The result of each block is
saved as an external file, then the file
is used as a source for the next block.
Two reasons for this approach are (1)
the pseudo noise (PN) sources will be
repeatable sequences for “what if”
comparisons, and (2) each block may
be optimized with a minimum amount
of execution time. However, if a user
wants to organize this example as
metasystems within metasystems
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Figure 17. Transmitter code and data generation.

Figure 19. The transmitter.
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Figure 20. The transmitter’s PN output.
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Figure 21. Receiver 1st down conversion stage.

without the use of external files, the
whole system may be viewed as just a
few tokens representing the blocks.
With the View MetaSys button the
internal layers of the building blocks
are just a mouse click away. The first
block is shown in Figure 17 generates
the 2 test signals used in the simula-
tion. The signal from each PN source
is passed through a Polynomial Func-
tion to shift it to a TTL level. The two
TTL signals have slightly different
levels to allow easy recognition when

viewed on the same vertical scale (Fig-
ure 18). In this block the external files
have been given their default suffix
(.snk). The files can be copied and
given a new suffix (.src). This allows
the first block to be re-executed with-
out losing the original test signals.

In Figure 19 the two test signals are
the external input sources. The exter-
nal source, pn-code.src, modulates a
28.5 MHz carrier. Pn-code.src and
another external source, pn-data.sre,
are exclusive-ORed and modulate a
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Figure 22. 1st down converter output.

29.5 MHz carrier. The unity gain
token is used to route the connection
for a more pleasing layout. The out-
puts of the two biphase modulators
are summed together, bandpass fil-
tered, and saved as a file.

Figure 20 shows the transmitter’s
PN output. Each of the two spectral
peaks has a different structure. The
plot was obtained by clicking the
mouse on the following buttons in the
SystemView View-Plots window: Cal-
culator, Spectrum, Power Spectrum
(dBm in 50 ohms), OK.

The Receiver —
First Down Converter

The first of three receiver blocks is
shown in Figure 21. The bandpass fil-
tered input is down-converted to a
lower frequency that is lowpass fil-
tered. The output could be saved at
this point. However, since the highest
frequency of interest is now down to 7
MHz (as compared to the 29 MHz we
started with), we can reduce simula-
tion execution time if we reduce the
system sample rate at this point in the
system. The Decimate token is used to
do this. In this case a decimation by 4
(looking at only every 4th signal point)
will reduce the sample rate by 4 to
20.48 Msps. The number of samples
also is divided by a factor of 4, reduc-
ing the amount of disk space required
for the external sink (Figure 22). The
next system that reads in this data
must have its sample rate set to 20.48
Msps, and the number of samples set
to 8192, in the System Time Specifica-
tion. The input to the receiver has a
provision to inject noise into the sys-
tem. For the examples in this paper
the noise is set to zero.

Second Down Converter

The second stage of the receiver,
Figure 23, splits the two carriers into
separate paths (Figure 24). One path
feeds the RF input of a mixer, the
other path drives the LO port of the
same mixer. Normally, AGC is used in
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Figure 25. 2nd down converter output.

the receiver chain (9], but its complex-
ity is not appropriate here. A gain
token at the input allows testing of
this block with various input levels.

Figure 25 shows the output of the
second stage of the receiver. The fre-
quency of interest has been down-con-
verted to a center frequency of 1 MHz.
The output has been decimated by 4
which gives us an output sample rate
of 5.12 Msps.

Costas Loop Demodulator
(Third Downconverter)

The last block in the receiver is a
Costas Loop demodulator [10] (Figure
26). It is an extension of a phase
locked loop (PLL). The Costas loop is
implemented as a standard IQ down
converter that has its filtered I and Q
outputs passing through amplifier-
limiters, then being applied to a 3rd
mixer. The output of the 3rd mixer is

filtered, amplified, and fed back to the
VCO of the down converter. In this
example lowpass filters (Fc = 500 kHz)
are used before the amplifier-limiters
to reduce the sum term output of the
mixers. To give a clear view of the
recovered data, lowpass filters (Fc =
60 kHz) are inserted before the I and
Q sink tokens. Figure 27 shows the
demodulated output. If each of the
three mixer metasystems are replaced
with the 4-quadrant multiplier token,
the system becomes the DSP version
of the down converter. The coefficients
of any filter specified in SystemView
can be saved as a file for inclusion in
the software engineer’s DSP code. A
different frequency and gain plan
would likely be required to be compati-
ble with available DSP chips. (When
multiplier tokens are used in place of
the mixer metasystems the Costas
loop simulation time is cut in half
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Loop filter.

because the total token count of the defined execution sequence to be set
system is reduced.) The Costas Loop is just by clicking each token in the

an example of a feedback circuit in desired order using the mouse. A note
SystemView. When the system sam- about phasing: In SystemView, when
pling rate is high enough the execu- an FM token or Sinewave Generator
tion order in a feedback circuit has token is set to 90 degrees phase, their
only a small effect on the simulation. outputs are maximum positive at zero

In this example the execution order is system time. When set to zero degrees
important, the paths from the FM phase, their outputs are zero volts at

tokens to the mixers should be execut- zero system time, going positive at the
ed last. SystemView allows a user- first time tick.
1
H[S] = '(’I‘Z);-"ll Where Tl = Rlcl and T2 == R202
(Ty+Tps +1
Hs] - (3.3k -2500pF)s' + 1 _8.25e-6s'+1
[(3.3k -2500pF) + (10k - 2500pF)1s' +1 33.3e-6s'+1

Table 1. Laplace system design.
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Figure 30. Simulating a filter with RF leakage.

The filter for the Costas Loop phase
detector is a classic single pole RC
lowpass filter that contains a 2nd
resistor in series with the capacitor to
limit the high frequency cutoff (Figure
28). The Laplace system design is in
Table 1.

The Bode plot in Figure 29 shows
the lowpass filter —3 dB cutoff point at
5 kHz. At high frequencies the filter
has a maximum loss (stopband) of
-12.1 dB.

If an integrator type of lowpass filter
is required, the 1 in the Laplace
denominator can be changed to a zero.

All of the filters used in the TX/RX
simulation are “perfect” — the skirts of
the filters continue to attenuate
regardless of the frequency. If a filter
with a fixed attenuation stop-band is
desired, a highpass filter can be paral-
leled with the main filter and their
outputs summed together (Figures 30
and 31).

Productivity

The time to execute one transmitter
block, and three receiver blocks, on a
486/66 MHz computer is summarized
below. The simulation time measured
for each block included viewing the
sink plots in the time domain:

File Name Min:Sec
PN-TX .SVU 5:00
PN-RX1 .SVU 4:45
PN-RX2. SVU 0:15
PN-RX3.SVU 0:40

Total time: 10 min. 40 sec.

Additionally, to view a FFT of a sin-
gle plot time window, the following
times are required: 32K FFT = 60 sec.,
8K FFT = 15 sec., 2K FFT =5 sec.

It is possible to speed up the simula-
tion by a factor of about 4 if the follow-
ing approach is taken: While main-
taining the same code rate, data rate,
and filter bandwidths, change the car-
rier frequencies, and the LO, to be
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closer together, then use the appropri-
ate filters:

Item Old freq. New freq.
(MHz) (MHz)

Carrier 1: 28.5 7.0
Carrier 2: 29.5 8.0
Bandpass filter: 28.1-29.9 6.6-8.4
LO: 23.65 5.0
Lowpass filter: 10.0 4.0
Bandpass filter: 5.55-6.25 3.6—4.4
Bandpass filter: 4.55-5.25 2.6-3.4

The lower frequencies will allow the
use of lower sample rates, the highest
being 20.48 Msps. Also, instead of dec-
imating by 4, decimation by 2 can be
used. As before, throughout the simu-
lation, the frequency resolution is
maintained at 2.5 kHz. When making
these frequency substitutions kept in
mind that shifting filters in frequency
causes a change in the ratio of band-
width to f . Additional time can be
saved in tche conceptual stage of a
design if a multiplier token is substi-
tuted for the mixer metasystem.

Conclusion

The models of a mixer, phase detec-
tor, and phase modulator, have been
combined with filters and digital logic
to simulate a transmitter and receiver
system. The simulation included the
propagation of the mixer spurs
throughout the system. Also, a brief
look at SystemView showed how easy
it is to design in today’s wireless mar-
ketplace without needing to write any
lines of code.

For more information on Sys-
temView simulation software please
contact: ELANIX, Inc. 5655 Lindero
Canyon Road, Suite 721, Westlake Vil-
lage CA 91362. Tel: (818) 597-1414
Fax: (818) 597-1427 RF
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‘Annually A National Award Winning Search Firm®

RF Design

1-800-443-4969

g TxRx Designer
Seivare. i Only $149.95
1950 Bavaris Dr. #4317 F7 nly <
Colorado Springs. CO 80918 Please call or wnte for
(719) $98-9592 information

ARFER OPPORTUNITIES

INTERACTIVE

EXPRESSWAY

Prepare for the Ride
of a Lifetime.

General Instrument is the leader in satellite
television encryption and broadband digital
compression technologies.

RF/ANALOG
ENGINEERS

We are seeking engineers with 5-6 years of
experience to design RF/Analog Systems
and circuits for Satellite TV receivers and
encoders. Detail design includes Op-amp,
transistor circuits, A/D, D/A, filters, phased-
lock toops, and amplitiers. Positions require
a BS/MSEE with specific experience in
RF/Analog design (DC to 2GHz).
Knowledge of video/audio design is a plus.

For prompt consideration, please use the code
and send your resume to: General Instrument,
Attn: HR Dept., Code JANE, 6262 Lusk Blvd.,
San Diego, CA 92121, Equa! Opportunity
Employer. Principals Only, Please.

@ General Instrument

Lo = ==

Q QO | | Fitter Design Engineer: B.S. Minimum 3 years expenence in the design and

(s Y Yoo develapmem of Broad Band, comb-line stnp line, |nlerd|9|lal low pass and high
pass filters, mu s, diode {phase ) s and

QLOQ microwave sub-! sysiems desirable.

QOQ] L

=9 ...YOUR CAREER

RF Systems Design: Respsnsibfe for design of analog and RF systems and cir-
cuits for consumer and commercial digital wireless products. Experience with low-
cost design techniques for frequency synthesizers, power amplitiers, up/down con-

verters and baseband circuits for digital communications systems. Familianty with
time division duplex or COMA a plus.

\ J Cellular Basestation: Will design RF circuits for commevclal basestation

product line. Design resp include tion of compo-
nents & sub. circult & i capture, supervising PCB layout, &
test, evaluation & integration of deslgn BSEE, MSEE desirable plus 5-10 yrs. exp. in design and
development of commercial radio products.

RF Senior Engineers: RF system and circuit design using MMIC and mixed signat IC's. Knowledge
of Digital RF techniques, DDS, PLL design and expenence in Filter synthesis and evaluation. Expert-
ence with design tools such as TOUCHSTONE or EESOF

A Engli : Lead the 3} , design and development of a wlde vnnety of antennas

and y 9 both and array sy using ip, stripline, and
g i with 5 years experience.

Regional Field Sales: A to create and serve new accounts. Positions are located

throughout the U.S.A. An engineer who wants to enter sales world is acceptable. Base salary, commis-
sion and car. BSEE

Cellular Engineers: Design/Develop RF and analog circuits for hlgh capacity cellular systems.
Requires minlmum of 2 years exrevlonce in any of the followin P, ASIC Design, CAE Devel-
opment, Digital Modulation, Digital Mobile C. hannel s, Transmitter-
Receiver-Synthesizer or Audio Design, Digital Signal Processing.

RF Engineer: Responsible lor the design of 800 MHz and 1 9 GHz transmitters and recervers for cellular
applications including AMPS, COMA, and TDMA Responsible for circurt system specification and analy-
sis of portable products.

¥ Design Engi Requlres B.S.E.l E (M S E.E. preferred) and 5+ years expevlence.

dividual wil y f through
RF sl?nal palh lor cellular baseslaﬂon Design will require an understand-
Ing of wireless standards (GSM, DECT, IS-54, PHS, etc.)

Design Enginecr Communications ICs: Requires B.S.E E. (M.S E.E. pre-
ferred) and 5+ years experience Individual will be responsible for leading the
design and charactenzahon of high frequency transcewver ICs for wireless com-
municatigns applhications Design includes circurt integration of baseband, con-
verter and RF/IF circuttry.

MMIC Engineer: Develop L/S band GAA's MMIC power amplifiers

M.S. or BSEE,

02 years experience with GAA's MMIC deslgn simulation, pack-
aging and test.

COMMUNICATIONS ~ *
‘ EXECUTIVE SEARCH

800 Turnpike St. « North Andover, MA 08145

We specialize in the placement of communications both nationally and internationally.

FOR THESE AND OTHER OPENINGS
CALL COLLECT: TEL: 508-685-2272

FAX : 508-794-5627

RF Design
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" AREER OPPORTUNITIES

RF & CELLULAR
POSITIONS AVAILABLE

Immediate RF and Cellular Positions Avalable

Tel: 1-800-527-0373
Fax: 1-800-784-0499

CDI TELCOM, INC.
2425 N. Central Expway

CDI:

Suite 101
Richardson, TX 75080

ENGINEERING OPPORTUNITIES
PCS/PCN/CELLULAR/CDPD
RF/HW/SW/FW/DSP
Terminals/Svstems

FITZPATRICK & ASSCUATES

PO BOX 32546
PHOENIX, AZ 85064-2546
FAX (602) 956-7644

vSGnIor Microwave Design Engineers

Successful candidates will have three
plus years hand-on experience in design
RF/microwave circuits and/or subsys-
tems. Must be familiar with microwave
circuit simulation and layout CAD tools.
Will work in Taiwan.

Microwave Hybrid Clrcults
Testing/Assembly Senior
Englneer/Manager

Success candidates will have three plus
years hand-on experience in design MIC
circuits testing or have the knowledge of
microwave hybrid circuit fabrication.
Will work in Taiwan.

v GaAs IC Process Manoger

Successful candidates will have five
plus years experience in GaAs IC
process. Will work in Taiwan.

Send Resume with salary history to:

HcXAWAVE

HEXAWAVE INC.

P.0. Box 7205
Fairfax Station, VA 22039-7205

100

AtMotorola

Cellular, we believe in
pushing heyond the practical
paths of innovation to {recly
experiment with new and excit-
ing lecllnologies. I you are
sceking an environment built
on innovation, cxplorc oppor-
tunities at one of our suburban

Clﬁcago locations.
RF ENGINEERS

Positions available for

} individuals with a mini-
mum of 2 years PCS, 4
' GSM, CDMA/TDMA
and all other areas of
RF clesign, (levelop-
test !
Candidate
must also have solid

ment and

experience.

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 hoard layouts for both
{ new and redesigned products
‘ which conform to quality and
.[ manufact‘ura])ilily specifications.
: You will utilize C.A.D. worksta-
a tions with application specific
’t software as well as support ter-

minals to access electronic data
bases and various input/output
) peripheral equipment. The suc-
., cessful candidates will have a
minimum of 5 years experience

3+ years C.A.D.

|

) in prmle(l circuit (lesq;!n with
i experience
{

'

O MOTOROLA

Bodeio e te)

Cellular

AT

*- oo o Xo foxe

ISP XY T SEXEX0. XN YEXF XX
b WE'RE PUSHING
M!  BEYOND PRACTICAL PATHS
f OF INNOVATION.

boardstation
software. Indeptl: ]znowle(lg'c
with PC.B. fabrication and N
asseml)ly tecl1niques essential. |
ELECTRICAL
ENGINEERS

You will design and (levclop
circuits for cligilal cellular g

This includes
(leveloping RF and nna]og

using mentor

base stations.

circuitry while utilizing high
performance synthesizers,
llig‘ll (].ynamic range receivers
low/higll
transmitters for our
A BSEE
with 4+

- years related design

and power

systems.
; 3 a]ong

experience is re-
quire(l. Post design
REF:\S

analog cir-

experience in
.. and
' cuitry, as well as
& a l)aclzgrouncl in
control systems essential. A

MSEE preferred.

We offer an excellent

salary, complcte bene-
fits, 401 (K), profit
sharing and more.
Forward your resume
indicating position of
interest to: Motorola
Cc”ular, Department
JWRF 1501 W. Shure
Drive, Arlington
Heights, TL 60004.
Fax: 708-632-3873.

Motorola is an

equal opportuni-
ty/aflfirmative
action emp]oyer. We
welcome and encourage diversity
in our workforce.

RF Design - 1-800-443-4969
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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:

® R.F. 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

RF & DSP ENGINEERS

Connecting the world
is our business.
Make it your future.

Passives Design Engineer
Components Engincering/OEM

BSEE or a minimum 5 vears experience. We require expertise in
design/development of Broadband (5-1000Mhz), Passive circuits and
RF test fixtures; knowledge of Strip Line PC board techniques, surface
mount components, ferrite materials, HP8753 Network Analyzer, and
RF Computer Design Software; and some experience in “active™ RF
circuit design. Experience in designing telephone systems/devices and
direct experience in CATV industry a plus

For consideration, please send a resume with salary history to: Philips
Broadband Networks, Inc., 100 Fairgrounds Drive, Manlius, NY
13104. No phone calls please. EOE.

= PHILIPS

OF THE 30

[P MARKETS FOR

VIARKETPLACE *

RF ENGINEERS
CELLULAR ENGINEERS
PAGING AND TWO-WAY RADID EXGINEERS

With the growing demand lor cellular creating a growing
demand for our semvices, LCC is expanding what is

already the greatest concentration of cellular engineer-
ing talenl on carth. We're seeking engineers with Ri¥ or
7 cellular experience. I you have paging or two-way radio

ARE LCC-LESS.

experience, we can provide the training 1o upgrade your
skills 10 cellular through the Wireless Inslilute. our on-
site training facility. LCC helped create the cellular
industry and together we've matured. Theres no one
monre qualified 1o teach vou its intricacies.

Il vou wish to work with a dynamic and extremely entre-

(ACC is the largest wireless consulting lirm in the world. We've

designed or optimized wireless systems for governments and the
major telecommunications providers in 50 countries on 5 conti-
nents. including 80% of North America’s cellular systems. Of the 30
lop U.S. cellutar markets, 28 were signiticantly planned, designed
and developed by 1L,CC. And no other company in the world offers
the combination of consulting plus specially developed software
and real-time field measurement tools that LCC does.

preneurial company. one thal’s nurluring the explosion of
an industry we helped create. contact 1L,GC. Or the world
may go wireless withoul vou.

Please direct inquiries and

applications  to: LCC. Alin:

Dept. JJ. 2300 Clarendon

Boulevard. \rlinglon, A o
22201. No phone calls, please. o

ligual opportunity emplover.

RF Design




1oWAERBMIDWEST
MIDWEST Se= OPENINGS

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
B.S./M S, 2 10 8+ yeam experience, hase-band to 3.0/ GHz. in any of
the following: Receivers, Transmitters, Power Amphifiers, Synthe-
sizers, Spread Spectrum. RF ASIC/MMIC Design. Modems, Com-
munications DSP. Desire strong analytical skills and experience in
RF circuit simulation using modem RF CAE tools. Muliple open
ings wath top commercial companies 1n altractive Midwest locations.
Reply with assured confidentiality to
DON GALLAGHER MSEF.
Gallagher & Associates

RF ENGINEERS: NATIONWIDE
R F /VSAT/Cellular/Wireless
CDMA/TDMA/Mobile/Spread Spectrum
Respond to: CTH, Ltd.

440 Harlem Ave. - Glenview, IL 60025
708-657-0102 ¢ Fax: 708-657-0061

MANUFACTURERS SEEKING

SALES PERSON

Manufactur ku  sales person for NV D.C.,
Baltimore area. Technical knowledge & sales experience in
Microwave/ Lightwave required.

Send resume, salary, & brief customer list to:

P.O.Box 41086 ° Raleigh, NC 27629

1145 Linn Ridge RD. MT. Vemon, 1A 52314
Phone:  319-895-8042 Fax:  319-895-6455

RF Engineering Recruiting for Midwest Clients Soce 1987

Engineers?
The best buy for your
advertising dollar is RF
Desien, the ONLY
technical publication
written exclusively for
engineers working in
the important wireless
market. For informa-
tion on how to reach
over 40,000 RF engi-
neers and engineering
managers, call Jon
Tuck at (404) 618-
0217 or fax (404)
618-0342.

IMMEDIATE

OPENINGS

+ MOTOROLA, N-AMPS Optimization

+ MOTOROLA HDII/LD?EMX-2500

+ CELLULAR TRANSMISSION Engineers

* MICROWAVE Design/ Implementation

* MICROWAVE Installers/ Trainers/ Tester

1]
~ ERICSSON, AXE 210 & 212 -
+ AT&T Autoplex & 557
6395 Amboy Rd. Staten Island, NY 10309
Fax: (718) 356-5851

1-800-425-0303

Recruiting RF

SUNBELT OPPORTUNITIES \

Several of our growing commercial major electronic companies located in the
southeast have asked us 1o identify candidates in the mid-level experience range.

1) BSEE - RF Receiver design, Sat Comm, Commercial wireless product
Design/Development

2) BSEE - RF evaluation/QA engineer — Spearhead products through design QA.

3) BSEE - RF Circuit Design Engineer - Frequency Synthesizers

4) BSEE - Section Manager Analog I1C Design

5) MSEE - MMIC for Military Systems — L Band thru KU Band (2-18 GHtz)
Knowledge of non-linear modeling.

¥ -o-rtun-e

PERSONNEL CONSULTANTS OF RALEIGH, INC.

P.0. Box 98388R ¢ Raleigh, NC 27624-8388
Phone: 919-848-9929 ¢ Fax: 919-848-1062
Stan Deckelbaum

NDKIA%

CONNECTING PEOPLE

Discover The Next Generation of Cellular Technology.
By connecting people, Finland-based NOKIA has become Europe'’s
largest mobile phone manufacturer. In areas ranging from cellutar
phones and digital wireless systems to analog and digital infrastruc-
ture, we're defining the future of telecommunications and electronics
technology. Steady growth worldwide has created the following

RF ENGINEERS

Selected individuals will develop RF analog circuitry including RF analog ICs
for the next-generation CDMA phones using state-of-the-art tools for design
and test; share ideas with a multitude of other RF Engineers in NOKIA world-
wide working on systems like US TDMA, JDC, GSM and AMPS. Areas of
opportunity include

*RF Team Leader - 5+ years' in RF design with emphasis on low-cost
radio design on implementation and system level; experience in production
of high quality RF designs for high yield production. Code: BW/RFTL.

«Systems Architecture - 5+ years' experience defining self-contained RF
system architectures and in low-cost receiver and transmitter design on dis-
crete circuit level, knowledge of integrated circuit architectures, modulation
theory and digital signal processing; ability to use CAD tools; analytical
skills. Must have coordinated a project from initial system definition to first
hardware implementation. Code: BW/RFS

eCircuit Development - 5+ years' experience defining RF circuitry with
demonstrated knowledge of amplification, oscillation, noise (phase and
thermal), mixing, modulation, filtering, dynamic range, impedance matching
and distortion; strong background designing, simulating and testing dis-
crete RF circuitry. Code: BW/RFC.

*IC Design (RF/Analog) - 2+ years' experience with BICMOS/Bipolar pro-
cesses; 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. Code: BW/RFIC

opportunities:

e Analog ASIC Engineers - 4+ years' experience in analog/digital A/D, D/A
ASIC design, CMOS and BiCMOS. Code: BW/AA.

*|C Test Engineer - BS/MSEE and 3+ years' related experience; skills with
remote programming of instrument; ability to write software and handle data
post processing. Travel required. Code: BW/ICT

TECHNICAL SUPPORT ENGINEER
(After-sales)

Provide after-sales technical field support for hand-held COMA products;
interface with customers, Development Teams and European After-sales Sup-
port. Travel required. Code: BW/TSE

FieLp TEST ENGINEERS

Requires experience in communications radio testing. Prefer TDMA and
CDMA cellular experience plus BSEE or equivalent experience. Travel in U.S.
and Europe required. Code: BW/FT

In addition to these positions, we have opportunities in areas
such as DSP, Software and Systems Development; Industry Stan-
dards; Cellular Field/Systems Test; Digital Hardware Development
and Mechanical Design.

Please submit your resume, referencing position code, to: NOKIA
Mobile Phones, Dept. 229, 9605 Scranton Rd., Ste. 500, San
Diego, CA 92121; FAX: (619) 450-6090. EOE/ADA.
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_“AREER OPPORTUNITIES

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.

RF design

For rates and closing dates, call Jon Tuck at
(404) 618-0217 or fax (404) 618-0342.

Defining emerging technologies...

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, QAM, & 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 Design

Mrkeluce
(800) 443-4969

SENIOR RF
DESIGNER

At Motorola, our ideas push the fimits of
global communications. It's what we're good
at. Our wireless communication interests
span software and hardware, devices and
systems. For you, this means an opportunity
10 share a vision unlike ony in our industry.
Currently, we are seeking a Senior RF
Designer to be o resident expert in Radio
design, and to lead a small group of RF
designers.

Successful candidates will have a BSEE, MS o
plus, and 10+ years' experience as a Senior
Engineer involved in new product develop-
ment. You must be experienced in UHF, 800,
and 900Mhz transmitter and receiver design
and be familior with miniaturization and
modern reflow process capabilities. Design
experience must include very low current
drain receivers, ZIF dual conversion, Frac N,
and PLL circuits.

Motorola offers a competitive salary, a
comprehensive healthcare package and an
excellent array of benefits. Please send your
resume and cover letter to: Motorole Inc.,
Human Resources, RF595, 19807 Northereek
Parkway N., Bothell, WA 98011. No phone
calls please. Equal Opportunity Employer.

MOTOROLA

Wireless Data Group
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P

further

than the eye
can sce.

ortunitiesiy’

“ Tou may not see us, but you can bet
we're out there. We're Hughes Space
and Communications Company (HSC),

and if you could see our accomplishments

you would see a proud legacy of technical
achievement and growtl that has placed
more than 100 communications satellites
into orbit around Earth

HSC currently has a variety of projects in

both the government and commercial sectors,
which affords individuals the opportunity to
branch into exciting new technologies and
broaden their skills. And, with a backlog of
work resulting from major contract wins and
the commercial popularity of our HS 601
communications satellite, HSC is poised to
offer outstanding growth potential and future
success in any of the following areas:

ANTENNA DESIGN ENGINEERS (TA-1)

Responsible for electrical design and
development of spacecraft antenna systems.
All positions require a BS or MS in EE or
Physics with coursework in electromagnetics,
antennas and microwave theory.

MICROWAVE ENGINEERS (TA-2)

Responsibilities include designing and
developing high reliability microwave devices
such as multiplexers, filters, switches and
ferrites. Entry level through senior scientist
positions available. All positions require a
BS or MS in EE or Physics with coursework

in electromagnetics and microwave theory

MECHANICAL ENGINEERS (TA-3)

Duties include mechanical design, stress
analysis, integration and testing of
spacecraft antenna, microwave and
communications repeater assemblies.
Requires a BSME or BSAE with 3-5 years'
experience in the design of lightweight
aerospace structures and components
Knowledge of CADDS 4X, CADDS 5 or
other 3-D CAD software desirable.

POWER SUPPLY DESIGN (TK-1)

For travelling wave tube amplifiers.
Requires 3-10 years of experience with
high and low-voltage power supply design
Must also possess a MSEE/BSEE, strong
analysis skills, design for manufacturing
and assembly skills, a strong background
in components and their failure
mechanisms, and proven failure and
reliability analysis skills

MICROWAVE DESIGN ENGINEERS
(TK-3)

Responsible for analysis of circuit performance,
worst case, end of life, radiation and reliability.
Requires MMIC and RF circuit design skills using
Touchstone, Libra and Spice. BSEE required;
MSEE preferred, with focus on RF microwave,
antenna, electromagnetic and/or physics.
Prefer at least 3 years' experience. Knowledge
of cellular and/or GPS receivers a plus.

RECEIVER/SYNTHESIZER DESIGN
(TK-5)

Your experience in PLL, DDS, Spread
Spectrum, VSAT and Modem design will
aid you in leading a team of engineers to
develop the next generation of wireless
telecommunication systems. Requires

5 years of experience and a BSEE

ANALOG CIRCUIT DESIGN
(TK-6)

Experience with Pspice analyzing OP amp
circuits, signal processing and synthesizer
circuits, stress analysis and failure mode
effects analysis experience is highly desirable.
Requires experience in Modem, VSAT, GPS
and PCS design, | year of analog and mixed
mode circuit design, and a BSEE.

SYSTEMS ENGINEERING (TK-7)

Responsibilities include providing analysis,
signal processing, waveform acquisition,
interface and environmental definitions,

design requirement definition and specification
flowdown, system integration and test of the
next generation of wireless telecommunication
systems. Requires 2 years of analog and digital
experience and a BSEE or MSEE specializing

in communications systems theory.

DIGITAL COMMUNICATIONS
SUBSYSTEM ENGINEERS (TM-1)

Will develop unigue, innovative DSP-based
digital communication onboard processors
using advanced technology. EHF
communication system experience is
desirable. Requires 6+ years of experience
and an MSEE in Digital Communication
Theory, with emphasis in digital signal
processing.

SATELLITE COMMUNICATIONS
SYSTEMS ENGINEERS (TM-2)

Responsible for performing system and
payload architecture definition and design
Requires experience with preparing proposals
and design reviews, and an understanding of
MIL-STD-1582 and 1810 waveforms or
commercial communications and networking
standards. A BSEE or MSEE is also desired.

I.LF. CIRCUIT AND ANALOG ASIC
DESIGN ENGINEERS (TM-3)

Qualified candidates will have 3 or more
years of experience in IF. circuit and analog
design (up to | GHz), using appropriate CAD
tools. Experience with utilizing high-speed
and performance analog to digital converter
devices, digital communication equipment
design and low-level signal design
experience is a plus. A BSEE or MSEE

is preferred

DIGITAL CIRCUIT AND DIGITAL ASIC
DESIGN ENGINEERS (TM-4)

Responsible for requirement definition,
architectural and detailed design, simulation,
worst-case analysis, design development and
test. Digital circuit and digital ASIC design
involves DSP arithmetic processor design
ASIC design using appropriate CAD tools
Digital communication equipment design
and a BSEE are desired.

SATELLITE SYSTEM
ARCHITECTS (TR-1)
COMMUNICATION SYSTEM
ARCHITECTS (TR-2)

Positions are responsible for developing the
innovative concepts that will maintain our
industry leadership into the next century.
This involves evaluating customer needs
and market opportunities, concept
formulation, and top-level studies

SYSTEMS ENGINEERS (TR-3)

Responsibilities include performing space
system requirements analysis and
allocation, system synthesis, requirements
validation, system integration and
verification. A working knowledge of

both space and ground segments is
desired; a communications background

is a plus.

Hughes offers expansive technical
opportunities, a competitive
benefits package, friendly climate,
access to cultural and educational
opportunities, and proximity

to a world-class international
airport.

Interested candidates should forward a
resume indicating the appropriate Job Code
listed above to: Hughes Space and
Communications Company, Staffing,
Job Code: _ , Dept. 125-RF-PW,
Bldg. $10, MS S$368, P.O. Box 92919,
Los Angeles, CA 90009. FOR MOST
POSITIONS, applicants selected will

be subject to a security investigation and
must meet eligibility requirements for
access to classified information. Proof

of U.S. Citizenship may be required for
some positions. We are an Equal
Opportunity Employer.

Hughes Space and Communications Company




RF EXPO
PROCEEDINGS

Hurry, supplies are limited

For editions from 1992 and prior — only $15 each*
Ong prlce $145 each (all issues will haveshipping charge added)
Please send me the following Proceedings:

R O S B S e i o R e oo e $145
TR S S CUNUPEURAA L ISR $145
REABXDORVESTEIAR. ... obuts voramamsoevmmemonbriivssat - sbatilgestin: et pobic it $100
REVEXDO AWIE SRR g rame s g s et sumer i poareompartewsmren. - $100
|RIFI 2550 | B TR e S S et ey S e B $100
REN BN DO SO onertemstnrossmeretmmpiemr rriody et s e - s 21 $15*%
| 72 2] B o)) ST T/ AN M Sl e gt e SO | S $15%
RIS X PO RV € SN it i o+ oW e 8 oo o $i5*
R E NP O EASTROJL Y. Artpsoons. v - il = ee <0 0t o s S $15*
R X POLYY € SRS mummam . o s b« S5 oo e S5 o R o SSE
REAERDOIBASEIOL . oo S5 5 ettt o smsais s oe 8 b b mompet et $15%
REAERRORY OSRE L meacai. 155 S B . - T oA e 5 . 4 M50 55 $15*

RF Expo East 89 .............. SOLD OV
RF Expo West 88............. SOLD OUT-

RF Expo West 87..... > SOLD ou‘!’
RF Expo East 87 ......

REAEXPOIBASHEOY. . .ol Mt S0 M b i i LI 0 s st $15*

For availability and prices call ARGUS Direct Marketing
at (404) 618-0398 or fax 10: (404) 618-0347

ELECTRONICS RESEARCH
I [ NGINEER

Senior-level RF electronics engineer needed to
design & develop state-of-the-art electronics for
a wide range of laser and target diagnostics
applications. Requirements include BSEE or
MSEE with 12 or more years’ experience in the
following areas:

*HF, VHF, and UHF circuits and systems
design in areas of amplifiers, mixers,
multipliers, filters, detectors, synthesizers,
phase lock loops and power amplifiers.

* High speed RF analog/digital design

* High speed/high voltage switching

* Microwave design of high power cavities
and micro strip circuits utilizing tubes and
solid state devices

e Competency in computer aided design in
areas of analysis and circuit design layout
and PC boards

Send résumé to Personal Mgr, University of
Rochester, Laboratory for Laser Energetics, 250
E. River Rd, Rochester, NY 14623.

EOE/MF

That's Changing
The Way The World
(ommunicates

Together We're Achieving What Other Companies
fire Just Beginning To Imagine.

When it comes to innovation in the cellular communica-
tions industry, Ericsson goes beyond what the competition
achieves. Our long tradition of developing revolutionary
breakthroughs in telecommunications technology includes
the creation of the world’s first digital portable telephone.
Today, we continue to design, manufacture and aggressively
market an entire family of award-winning digital/analog
cellular products from our state-of-the-art R&D facility
located in Research Triangle Park. NC. Presently, we have
the following opportunities:

PRrOJECT MANAGERS — Responsible for project manage-
ment of assigned digital cellular or land mobile communi-
cation products, including cross-functional interfaces with
marketing, engineering and manufacturing. Will ensure
timely tracking and integration of all resources for the
development and production of new products. Successful
candidates will have a BSEE with 5 or more years of directly
related experience. Job Code 94RTP-56

SENIOR RF DESIGN ENGINEER — Responsible for the
specification, design and development of transmitter/
receiver RF hardware for digital/analog mobile cellular
equipment. Successful candidates will have a BSEE and at
least 5 years of directly applicable experience including RF
systems, receiver or transmitter design. Broad knowledge of
RF circuits and systems in mobile and cellular phones a
plus. job Code 94RTP-24

RF SysTems DesiGN ENGINEER — Responsible for RF
component design as well as hardware and software inte-
gration of advanced digital land mobile communications
equipment. Successful candidates will have a BSEE and 3 or
more years of directly refated experience. Broad knowledge
of RF circuits and systems in mobile and cellular phones a
plus. Job Code 94RTP-68

SeNIOR AubpiofAcousTic ENGINEER — Responsible for
writing test plans, conducting electro-acoustic telephone
and loudspeaker tests, automating tests and operating
acoustic measurements laboratory. Must understand digital
and analog audio filtering techniques and demonstrate a
capacity to solve electro-mechanical acoustic problems.
Should have a knowledge of IEEE, ELA and CCITT electro-
acoustic telephone standards and electro-acoustic measure-
ments. Successful candidate will have a BSEE with 5 or
more years of related experience and an emphasis on RF
systems. fob Code 94RTP-57

We offer an excellent salary and benefits package in addi-
tion to tremendous opportunities for career advancement.
For immediate consideration, please send resume referenc-
ing Job Code to: Ernie W. Leskovec, Ericsson Inc.,
One Triangle Drive, P.O. Box 13969, Mail Drop
RFD0595, Research Triangle Park, NC 27709.
Principals only — please no agency referrals.

ERICSSON 2

FOR THE HIGH-TECHKNOWLEDGEABLE

“An equal opportunity employer — affirmative action employer.
M/F/HDCP”




Imagine No Limits.’

RF ENGINEERS

The Wireless Data Division of McCaw Cellular Commuinications, Inc.
is a recognized innovator in wireless communications in the US.
whose new alliance with AT&T brings a great opportunity for techni-
cal challenge and achievement. We are currently seeking RF Engineers
for our Kirkland, VWashington headquarters. The opportunities are in
Cellular Digital Packet Data (CDPD) Systems Performance
Engineering and RF Test Engineering.

Requires 2-5 years or more experience in RF Engineering and a pas-
sion for Wireless Data Communications, experience with RF systems
design or cellular system engineering, and an MSEE or BSEE. Helpful
experience includes: UHF analog and digital radio systems and tele-
phony, RF test and measurment, Packet switching and router-based
networking, MS-DOS/Windows or Unix operating systems, and

PCS WIRELESS RF ENGINEERS
TO MID $70%s
Please fax resume in cunéidem:e 10:
Randall F. Chambers & Associates
“Wireless Recruiting Professionals™
Otfice 916-549-5331

RF DEesiGN 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

rience with Ericsson and/or AT&T Cellular equipment. an
e 3 the military, aerospace,

communications and
electronics industries.

Please send your resume to: People Development, McCaw
Cellular Communications, Inc., 10230 NE Points Drive,
Kirkiand, WA 98033, fax (206) 828-2395. No phone calls
please. Equal Opportunity Employer.

o2
McCaw* Cellular
Communications, Inc.

For rates and closing

dates, call Jon Tuck at

(404) 618-0217 or fax
(404) 618-0342.

WIRELESS ENGINEERING OPPORTUNITIES
with MOBILE SYSTEMS INTERNATIONAL

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

» Radio, Signaling. and Network System Planning and Design
* Technology and Vendor Selection

* New Technology Integration

« Strategic and Management Consultancy

System Dimensioning

System Design Audits

System Performance Monitoring
Technical Training

MSI offers the opportunity not only to be involved with all of the newest wireless technologies but to also work with a group of highly
qualified and experienced engineers. At MSI our engineering team takes pride in holding themselves 1o the highest engineering standards.
Applicants should possess a BSEE or MSEE degree with a minimum of | 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 S87, development of RF propagation models, traffic engineering, and knowledge of antenna and receiver design
principles. Travel may be required.

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

@ MOBILE SYSTEMS INTERNATIONAL

Personnel Department
One Lincoln Centre, Ste 200 * Oakbrook Terrace, IL. 60181
Fax: (708)261-3028
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In the fast-moving global telecommunicatons arena, ADC
Telecommunications, Inc. is playing a highly visible and critical
role in the electronics telecommunications marketplace.

As Senior RF Test Engineer you'll take a leadership role in
developing production test capability for RF transmission prod-
ucts, including developing test strategy. You'll also provide tech-
nical guidance to others. Participation on new product develop-
ment teams is also crucial for you in this position.

The successful candidate for this challenging position will have a
BS degree in Elecirical Engineering. MSEE preferrved. Your work
experience should include 5+ years developing production tests
Sor high volume RF transmission products. You should also have
3 years experience developing tests on commercial ATE or IEEE
controlled rack and stack test equipment and 3 years developing
software in"C" programming language. Telecommunications
industry experience is a plus.

To pursue this exciting opportunity, please submit your resume,
with salary history for confidential consideration to:

ADC Telecommunications
4900 West 78th Street
Mail Station 113 » Minneapolis, MN 55435

ADC is an equal employment opportunity employer

-

Telecommunications

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-
niques; 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 is THE PLACE to REACH PRIME PROSPECTS
- more than 40,000 readers who are design and R&D
engineers, engineering managers and corporate staft

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.

“RODUCTS &

ERVICES

PS -2A
PORTABLE SPECTRUM ANALYZERS
HIGH PERFORMANCE AND EASY OPERAT

A-Comm ELECTRONICS
Refurbished Test Equipment

SERIES

w» Send for Catalog listing =
7198 S. Quince Street

Englewood, Colorado 80112

DC-26ghz HP GR Wavetek Tektronix

RF RESOURCE

RFAVireless Circuits or Systems; Voice or Data
RF, IF, mod/demod; detectors, receiver systems
Mobile comms., PART 15, narrow or spread-spectrum
ADVANCED TROUBLESHOOTING A SPECIALTY
Ask about Bit-Error-Rate reduction

303 290 8012 Fax 303 290 8133

Call 1-800-890-5427

® 10 Tume tuning

GREAT FEATURES :

® 01 1000M range in one scan.| O - YOOMMH in 11 ssdoctable span wadths )
®  Moasurable Range -108 dBmto  +20 dBm

el 201- 516 7635

PRICE AT $1895

-118 dBm 1o + 20 dBm { optional PS-2A Special |

® 5 resohution bandwadths | 10 KHz - 1 Mz )
®  50d8 input sttenuotor in 1008 steps
® 2/ 1008 LOG scale dispisy with base fine clipper

® Buh-in AM/FM demodulanon with speskor

® Digital controlied center frequency display

o Trackng generstor | optional PS-2A TGOV )

® 3 way power sowrces | optional + 12 VDC battery )

® Compactsze{ 103"Wx 40"H x 123°D ), ight weight { approz. 10 e )

For spec 't coniact

V. TECH Instruments. Inc. 171 Burns Ave.Lodi. NJ 0764 )

Fax 201 316 - 7651

RF Design

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, GO 80433-0567
(303) 838-0057

Recruiting RF Engineers?
The best buy for your advertising
dollar is RF Design, the ONLY techni-
cal publication written exclusively
for engineers working in the impor-
tant wireless market. For informa-
tion on how to reach over 40,000
RF engineers and engineering man-
agers, call Jon Tuck at (404) 618-
0217 or fax (404) 618-0342.
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PRODUCTS &

= PLL - DataSender = PLL Universal Programmer

* STD. 5 AND 10 MHZ OCXO

“For People Who Build PLLs.” . $495.00
— Supports a broad range of 2-line and 3-line serial input. PLL ICs supplied by
Fujitsu, Mitsubishi, Motorola, National, Philips, Plessey, Sanyo, Siemens,

Toshiba, and others. No other product makes it so easy to program a wide "w—gw
variety of PLLs. ELECTRONICS

_\/\ * TCXO +« VCXO « TC-VCXO
: * VCO’s » CLOCK OSCILLATORS

89— | « CUSTOMIZED CRYSTAL FILTERS

STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ

~ Each order includes: fully assembled control board in book-sized (8.1" x 10.1” [ oherdmeydrromy Tirmliiavealin

s L/C FILTERS

x 1.4") carrying case; 5 customed-specified Programmed Controllers chosen
from MYcom'’s PLL-DataSender’s Application List; 3.5" disk containing
PLL-DataSender instructions and PC-compatible software for loop filter
design; and one 9V battery.

- Customized manufacturing versions of Programmed Controllers are available. Call or Fax requirements.
16406 N. Cave Creek Rd. #5
ﬂ MYcom Instruments :
142 N. Milpitas Blvd., Suite 277, Milpitas, CA 95035 Phoenix, AZ 85032-2919
TEL 408-262-8552 FAX 408-262-4763 Phone & Fax (602) 971-3301

* STANDARD IF FREQUENCYCRYSTALS
+ SURFACE MOUNT AND LEADED
PACKAGE

1GHz RF
SIGNAL GENERATOR

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 *FeedForward Amplifiers
work done, easier and faster.

793 CANNING PARKWAY, VICTOR, NY 14584
Fax: (716) 9244555

TELEX: 466735 RAMSEY CI
ORDER DIRECT—CALL 1-800-446-2295 E

AM/FM, 100 KHz through 1 Gliz SOLUTIONS
Quality cralted in the USA N
Finally, a synthesized signal generator that's & . - re .
designed to help you generate more than just signals. The Ramsey RSG-10, is the signal gen- RF DeSlgn Consultants m “ lreleSS TCChnOIOgleS
erator you can afford, the signal generator that's designed to do what a signal generator is
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz. 5 " A 4 L sl .

For the price, you wouldn't expect any more. But, there is more to the RSG-10. An intelli- *Experts in RF Amplification *Fiber Optic System Applications

gent microprocessor controlled/programmable memory, for example, can store up to 20 of «Class “A”. “AB"” & “C” Ampl ifiers

At $2495, the Ramsey RSG-10 is your profit generator. *RF Component / System Design *Wireless Data / Telemetry Systems
RAMSEY ELECTRONICS *Over 60 Years Experience in RF *Quick Tum Prototypes

21SS Stonington Avenue .
@ Phone: 708-519-9690 Fax: 708-519-9691

TOTAL DESIGN

*Wireless local Loop Development
Cellular and PCN Experience

- Suite 210 - Hoffman Estates, IL 60195

The Problem Solver
Fully Integrated Product Design Facility

Microwave, RF, Analog, Digital, and Mechanical Design

Geotek Design Services

Y ST Contact: Jon Tuck e Tel: (800) 443-4969
185;ﬁ((7:1a 5;‘;‘,?&252‘? ;(/)&(g?;)nzgér-;sgsm Fax (404) 618‘0342

INSTRUMENTATION FREE : Engineering
CATALOGUE Instrumentation | | Manual
Reference and

Catalog This engineering
manual from Ad-
NATIONAL INSTRU-

MENTS is providing Vance Magnetics
a 1995 catalog de- | | contains 64 pages

tailing computer- ; 4
based data acquis- of technical/engi-

[ tion, instrument con- neering informa-

lrol.and data qn.ulyem products. Includes infor- tion on the magnetic shielding field
mation on exciting new products and technolo- ) i - 2

gies such as Plug and PLay boards, Power Mac- including useful article reprints from

intosh software. Test Executives, SPC and SQL various trade publications. There are 25

add-ons. HP-UX instrument control, PCMCIA ; k : 1
interfaces and VXlplug&play. There is also typical case histories for solutions to

COMET is a worldwide recognized supplier
of high voltage/high vacuum capacitors for
the broadcast, semiconductor, RF
heating/drying, medical (MRI), scientific, anc
military marketplaces. Our rugged ceramic

information on customer education classes. magnetic shielding problems. envelope capacitors are available in capaci-
Includes tutorials and glossary. tance ranges from 3 pF to 6600 pF, current
g ratings to [000 amperes, and peak test volt-
NATIONAL INSTRUMENTS AD-VANCE MAGNETICS, INC. ages to 100 kV. Most are interchangeable
6504 Bridge Point Parkway * Austin, Texas 78730 with competitive types, and we provide
(512) 794-0100 + (800) 433-3488 (US and Canada) 625 Monroe Street ® Rochester, IN 46975 design proposals for custom requests withir
Fax: (512) 794-8411 + E-mail: info@natinst.com (219} 223-3158 = Fax: (219) 223-2524 a matter of days.
INFOICARD 80 INFO/CARD 81 INFO/CARD 82
108 May 1995



. RF LITERATURE/PRODUCT SHOWCASE "l

The filter design tool
hat does it all...for less.

r Lumped, Distributed and
Hybrid Circuits

r Mechanical Dimensions for
Distributed Circuits

t Pole Placed Transfer Functions

_ Much More

$995 Complete
Jomestic Shipping Included

RN FiLTROID

GE E SOF

R 0 Box 219
Sebago Lake, ME 04075

COMMERCIAL-GRADE
EMI SHIELDING

This catalog details a
variety of economical
EMI gaskets. foil tapes.
foil/film laminates, and
protection systems for §
cables. It explains basic
EMI concepts, typical
shielding applications
and EMI gasket attach-
ment systems. Cho-
merics commercial-
grade EMI shielding products help electronic
equipment manufacturers meet emission and
immunity requirements of international
standards, and avoid EMI-induced systems
problems.

CHOMERICSE

£ Sietding For
Commeraal Electromcs

Thin Lithium m\

Batteries { /,‘y,yo/m,y

», &
e

* As thin as 0.6 mm

* Thin rectangular format

« Customized capacity

« Solder or pressure tontacts
* Available in 3 and 6 volt

POWERDE)(famin of products:
» Standard: A, B, C sizes
« Ultrathin: less than 1 mm
« Customized: capacity and/or size
* Rechargeable: call for information
Gould Electronics Inc., Electronic Power Sources
35129 Curtis Blvd. Eastiake, Ohio 44095-4001, USA

Phone: (216) 953-5059 Fax: (216) 953-5152
Toll Free: 1-800-722-7890 (U.S. & Canada)

MM - SR B G M =+ Gouto
INFO/CARD 83 INFO/CARD 84 INFO/CARD 85
RF ENCLOSURES CRYSTAL OSCILLATORS

» Designed in minutes
* Same day drawings and quotes
¢ Parts in only days

ENTECH EXPRESS can speed up your
work and provide you with prototypes or
oroduction quantities quickly at very
reasonable prices.

Advanced Machining Techniques, Inc.
28 Willowdale Ave. » Port Washington, NY 11050
(516) 883-4340 » Fax: (516) 883-8057

AND OVENS

* High stability crystal oscillators and ovens for:
* Test equipment frequency standards
* Global position systems
* Cellular telephone communications
* Paging transmitters & TV studio equipment
* Navigation and many other applications
* OCXO0S, TCXOS, 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 Testmg and Consultants

TUV Rheintand of North 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 ISO 9000 registration.

TUV Rheinland of North America, Inc.
12 Commerce Road

Newton, CT 06470

(203) 426-0888, ext. 123

Fax (203) 270-8883

s e ———
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' WE RF MICROWAVE PCB DESIGN
RFD Literature/Product Showcase R R L INSIDE AutoCAD®
- —-—b——l— ’ ‘ -/_.

RF DEsIGN 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 engincers, 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

\\)

200 W « 150-200 Mtz = 55% Efficiency * 35dB Gain

1 MHz 2GH: W 1KW

Durable
¢ Module and Rack Mount Systems

» Small Size ¢ High Efficiency ¢

¢ Customization Available

RF  POWER

651 Via Alondra, #712
Camarillo, CA 90312 USA
TEL: (805) 388-8454
FAX: (805) 389-5393

AMPLIFIERS

@a

k,f.@

EPD - Electronics Packaging Designer: Adds an
1ntelllgent PCB layout ol to AutoCAD"
Excellent for RF/Microwave & Hybrid Design
® Automatic Pants, FAB, Rats, Netcheck, DRC's
® Advanced Edge Vector programs
® Pour complex groundplanes (Pos. or Neg.)
¢ No limits to complex geometrics
Auto Schematic Capture Finally! One that really
works in AutoCAD®
GerbArt - AutoCAD® - Gerber Translator
® Recommended by Gerber Systems
DEMO PACKAGES AVAILABLE:

CAD Design Services, Inc.
(b 2806-C Soquel Avenue
Santa Cruz, CA 95062
phone:(408) 462-6494 fax:(408) 475-0738
AutoCAD" 1s a Registered Traode Mark of Autodesk., INC

SEE US @ PC Design Conf. BTH. #722

INFO/CARD 89
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TESLLA

Communications
Simulation

Still Only $695!

Why is TESLA winning all these awards? Its
simple and casy to use, yet it does full RF
non-linear, mixed analog & digital simu-
lation. Why notsce for yourself? Call now:
800-631-1113

TESOFT Inc. 404-751-9785 Fax404-664-5817
PO Box 305 Roswell GA 30077

INFO/CARD 91

ONYX-CS

Circuit Synthesis Software
AuNUT s 4RHHHHT

Microstrip & Lumped
Element Circuits and Filters

¢ Circuit Dimensions

¢ Discontinuity Compensation
* PCB Material List

* Frequency Response Plots
MMICAD” Files

PSPICE® Files

OrCAD® Schematics

DXF® Files

ARATOGA
O FTW A R E CORPORATION

1532 Hilton Court, San Jose, CA 95130
Tel: (408) 374-3795 ¢ Fax: (415) 988-9464

2HD

I1BM 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 Buver's Guide on a
Windows or DOS-installed 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.
Visw/MasterCard Credi.l Cards Accepted.

emf-emi control

6193 Finchingfield Rd. Gainesville. VA 22065
Phone: 703-347-0030 Fax: 703-347-5813

INFO/CARD 94

INFO/CARD 92

LOW COST
HIGH PERFORMANCE
FREQUENCY SOURCES

v MODEL VSA — $195.00 .016H: 10 1.0 61z
v MODEL USA - $245.00 1.0 642 10 1.6 61z
v MODEL SSA — $295.00 1.5 61z 10 4.2 Gz
RF OUTPUT: +8dBm min., SMA Connector

FREQ. STABILITY: £30ppm, -20°c to +60°c
B+: +12 to +16 VDC

3350 Kazuko Court, Moorpark, CA 93021
Wilmanco

(805) 523-2330 FAX (805) 523-0065

INFO/CARD 95

RF/Microwave

e CRO, DRO, LC, Microstrip
Designs.

® Free Running or Phase
Locked.

® Designs Matched to Your
Requirements.

o Cost Effective, High Quality
Custom Design and
Development.

® Fax or Send Requirements
for Quick Response.

Signal Microwave Electronics
4764 Rayford Street

Jacksonville, Florida 32254

Phone: (904) 384-7023

Fax: (904) 384-9144

s934anos Asuonboag

CIRCUIT BOARD
COMPONENT SHIELDING

Removable cover allows

Ehot TYLE CBS
component accessibility org

Corewl S Commpmr e Pl

[ DESIGN GUIDE 3
Leader Tech offers a

standard board shiclding
components: available
heights range from .13"
1o 2.00"; available sizes
are from .50" X .50" 1o
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 (4100
McCormick Dr.. Tampa., FL 33626; (813) 855-
6921, Fax (813) 855-3291.

INFO/CARD 97
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B RF LITERATURE/PRODUCT SHOWCASE

TCXO’s IN “NO TIME”

&

Hy Q% D Series” TCXO

Frequency: 8 MHz. to 30 MHz
Available Qutputs: Clipped Sinewave; TTL; HCMQS
Supply Volitage: 5 vdc
Stability:  +0.5ppm 0"to 50°C

+2.0ppm -40°Cto +85°C

*other stability options available
Various voltage control options available
Dimensions: Length 0.8"

Width 0.8

Height 0.4°

Typical Delivery: Stock to 6 weeks ARO

H y- Q International (USA), Inc.

1438 Cox Avenue  Erfanger, Kentucky 41018
Phone: 606-283-5000 « Fax: 606-283-0883
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NEW CATALOG

FAST PULSE GENERATORS
& LASER DIODE DRIVERS

OVER 400 MODELS ARE
LISTED IN OURNEW FREE
113 PAGE CAT. NO. 9
WITH A SELECTION OF
PULSE, IMPULSE AND
MONOCYCLE GENER-
ATORS, AMPLIFIERS
SAMPLERS, DELAY GEN-
ERATORS, FREQUENCY
DIVIDERS, PULSE TRANS-
FORAMERS AND OTHER
ACCESSORES FOR OPT-
CAL COMMUNICATIONS,
LASER, RADAR, GHz
LOGIC, CHEMICAL, SEMI-
CONDUCTOR & OTHER
APPLICATIONS.

D

» TRto 40 ps
e 2103000V
¢ 0.1to0 500 Amps
« PRF to 250 MHz
* IEEE-488.2

ELECTROSYSTEMS

INFO/CARD 96

RFD Literature/Product Showcasq

RF DesIGN 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 Product:
#+ Boost Awareness of Existing Lines

< Reach Prime Prospects — more thar
40,000 readlers who are design and F
& D engineers, engineering manager
and corporate staff in the military
aerospace, communications and elec
tronics industries

< Achieve Four Color Impact in thi
highly visible cost-effective section

4 Get our Reader Reply Service Free




A! Ericsson in Lynchburg,
Virginia, we believe that
unique individuals with
drive, foresight and
the ability to chal-
lenge today's
technology can
transport us to
tomorrow’s vision of telecommunications and
beyond. Our Lynchburg location offers prox:
imity to the beach, the mountains and Smith
Mountain Lake, as well as easy access to
major cities, like Baltimore, Washington, DC
and the Raleigh-Durham area. As a beautiful,
frowing town in the Blue Ridge Mountains,

ynchburg is the perfect location for our
future-thinking facility.

Ericsson has immediate opportunities for
more than 50 engineers and will continue its
expansion as business grows. We are seek:
ing all levels of design capability and leader-
ship. Knowledge of HW, SW, DSP, RF,
TDMA, systems integration or trunked radio
systems needed

Senior and Staff Engineers

Will design/develop digital signal processing
algorithms and code for digital communica-
tion systems, especially trunked mobile radio
systems. Apply software and analytical
design techniques to several types of techni-
cal challenges. Must have broad knowledge
of DSP design and development theories
and practical applications. BSEE or MSEE
required. Strong proficiency in C and
Assembly as well as UNIX familiarity essen-
tial

Senior Technical Leader

Will lead the design and development of dig-
ital signal processing algorithms and code
for digital trunked mobile radio systems
Broad knowledge of DSP design and devel-
opment theories with knowledge of practical
applications necessary. BSEE or MSEE
required. Must have at feast 10 years of real
time and/for DSP design experience. Strong
proficiency in C and Assembly as well as
UNIX familiarity essentiat

CAD Designer

Will be responsible for the printed circuit
board fay-out. Must be familiar with mentor
graphics system. Requires 2-4 years of
experience

Staff and Development Engineers
Will design, code and test real-time embed-
ded controller software. BSEE/BSCS/BSCE
or MSEE/MSCS/MSCE, 2-7 years of experi-

ence developing structured, embedded real

time software and at least 2 years in "C"
Familiarity with real-time operating systems
and communications protocols. Must work
well in a team environment

Senior System Engineer

Will design complex radio systems for bid
process; complete design and requisition
tasks involving trunked radio, microwave

data applications and other custom peripher

al subsystems; estimate costs and engineer-
ing time; write test plans; coordinate with
subcontractors; document designs; and
interface with customers. Must have a mini-
mum BSEE and 5-10 years in telecommuni-

cations design and/or application. Fluency in
Spanish and familiarity with Hispanic cultures

essential

Senior Staff Engineers

Will conceive, develop and design systems
for digital communication, especially TDMA
system design. Will apply digital signal pro-
cessing techniques to several types of tech
nical challenges. Broad experience in all
areas of wireless communication system
design with sound knowledge of theories

and practical applications required. MSEE or

Ph.D. and 5-10 years of wireless communi-
cation system design experience essential

Senior and Staff RF Design Engineer

(Positions in receiver, synthesizer,
VCO and power amgliﬁer design)
Will design commercial RF communication
systems in the DC-1 GHz range for digital
products. Must have excellent analytical
skills and the ability to use CAD tools
Generat knowledge of transceiver design in
land mobile andfor cellular products is
required. Familiarity with linear modulation
and TDMA is preferred. Requires 3-7 years
of experience. MSEE desired

Industrial Designer

Responsible for 20/3D product design
development activities. Will provide appear
ance designs, match Manufacturing capabil
ities domestic and offshore and influence
design decisions. Must have a BA in
Industrial Design or equivalent with a com-
prehensive portfolio of 2D and 3D creative
capabilities

Senior Technical Leader

Will lead a group of RF design engineers in
developing digital terminal products. Must
have excellent analytical and practical skills
as well as general knowledge of transceiver
design in land mobile and/or cellular prod-
ucts. Familiarity with linear modulation and
TDMA is preferred. Knowledge of standard
factory processes and capabilities essential
Requires 5-7 years of experience. MSEE
desired

Sub-Section Manager

Will manage a group of RF design engineers
in developing digital terminal products. Must
have excellent managerial skills as well as
general knowledge of transceiver design in
land mobile and/or cellular products
Familianty with linear modulation and TDMA
preferred. Requires 7-10 years of experi
ence. MSEE desired

Mechanical Engineers

Responsible for design and packaging of
terminal products. Must have familiarity with
Pro-engineer and Flow-Therm packages
General knowledge of transceiver design in
land mobite and/for cellular products
required. Knowledge of standard factory
processes and capabilities essential
Requires 5-7 years of experience. MSEE
desired

System Sales, Technical Support
and Program Management positions
also available.

Ericsson is well positioned to provide excel
lent salaries and benefits, as well as out-
standing professional development in a for
ward-thinking environment. For immediate
consideration, please forward resume and
cover letter indicating position of interest to.
Susan Swan, Human Resources
Manager, c/o Ericsson Inc., Mountain
View Rd., Lynchburg, VA 24502; or
call (804) 528-7521. Frincipals only—
please no agency referrals.
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RI design BllyersaGuide
S Perlssue  Total/Year Al 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 P—W |
The Buyers’ Guide is a convenient guide to suppliers ~ Bold Listing $25.00 $300.00 E g u V.
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 Lkl
CAPACITORS lS:ﬂaquue Goodman, 134 Fulton Ave., Garden City Park, NY 11040-5395............... (516) 746-1385
Chip a
Sprague Goodman , 134 Fulton Ave., Garden City Park, NY 11040-5395............ (516) 746-1385 ;';’:'lg'l‘]‘; e““““‘““' 134 Fulton Ave., Garden City Park, NY 11040-5365............... (516) 746-1385
Coil Speciality Co.,
COMET North America, 11 Belden Ave., Norwalk, CT 06850 ..........c..co.co.ovenn.. (203) 852-1231 : ‘
NCRron o, i, G0N Kot sk, 1 ()sisa0 (2O ot 0 0r 7 S Colbgs AL .. o0 o

Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carishad, CA 9200 (619) 438-4420
Variabl

COMET North America, 11 Belden Ave., Norwalk, CT 06850 .............c.ccocunenee, (203) 852-1231
TRIMMER CAPACITORS,
NN | INDUCTORS AND
CIOBIIN | MICROWAVE TUNERS

1700 Shames Drive, Westbury, NY 11590
Tel: 516-334-8700 * Fox: 516-334-8771

CRYSTALS/RESONATORS
H.K. Crystals Co., Unit H, 22/F, Shield Ind. Ctr.,

34-36 Chai Wan Kok St., TW. HK. .......coovvvirrninnnnn, Tel (852) 4120121 Fax (852) 4985908
Jan Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017..............ccocccenvrnnne. (800) JAN-XTAL

Custom Crystals
60KHz - 200MHz

Oscillators and Elements
Sales and Service: 1-800-725-1426

Quartz
Bomar Cyrstal Co., 201 Blackford Ave., Middlesex, NJ 08846 (800) 5263935

s American KSS Inc.

Corporate Office Eastern Regional Office
3295 Scott Bivd,, Suite 100 401 E. Louther St.
Santa Clara, CA 95054 Carlisle, PA 17013

Tel: (408) 986-9577 Tel: (717) 243-6008
Fax: (408) 986-1717 Fax: (717) 243-4343

1

INTERNATIONAL CPV™

QuaRrTz CRYSTAL
PrODUCTS

Southern Regional Office
5696 Peachtree Parkway
Norcross, GA 30092

Tel: (404) 263-3768

Fax: (404) 263-3769

Oak Frequency Control Group,
100 Watts St., PO Box B, Mt. Holly Springs, PA17065............ccoeeveieinnnnnn. (717) 486-3411

REEVES-HOFFMAN
DIVISION DYNAL

WMICS CORPORATION OF AMERICA

For your AT Crystal requirements, including High
Frequency Fundamental Oscillator Crystals up to
155.52 MHz and Filter Crystals to 150 MHz HFF.

DIODES
Loral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851 ....{508) 256-4113 ext.3311
PIN
Richardson Efectronics, 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 ................c.ocoooeeveinne (800) 836-0427

e (207) 236-6076 Fax(207) 236-9558

112

INTEGRATED CIRCUITS/MCM

NEC wireless Semiconductor Products
Small Signat & Power GaAs FETs  Small Signal & Power Bipolars
Silicon & GaAs MMICs: Amplifiers, Prescalers, Downconverters

California Eastern Laboratories
taClara CA 9 4-1817 408-988-3500 FAX 408-988 0279

4590 Patrick Henry Dr

Micro Hybrids, Inc., 2864 Route 112, Medford, NY 11763

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, IL 60147 ............... (800) 348-5580

RF Power ;
Silicon Valley Power Amplifiers, 529 Forman Dr. # B, Campbell, CA 95008.......... (800) 986-9700

(516) 732-3448

FILTERS

Crystal
Reeves-Hoffman, 400 W. North St., Carlisle, PA17013...............cocoovvriinnnnen. (717) 243-5929
Saw

Phonan Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070........................ (203) 651-0211
SAW Components & SUDSYSIEMS .........cccoeevviiriiniiieirrreriee s Fax (203) 651-8618

[} 1]
IR NN
Dallas, Texas 75244 US.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 ¢ Fitters
all, write, or fax for a free product data book

4441 Sigma Road

MIXERS
Merrimac Industrles, 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
1&Q
Merrimac Industries, Inc.,

41 Fairfield Pi., W. Caldwell, NJO7006 ......................... (201) 575-1300 Fax (201) 575-0531
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MODULAR COMPONENTS

DIVISION DYNAMICS CORPORATION OF AMERICA

OSCILLATORS

For your Crystal Oscillator requirements, Clocks,
TCXO's, VCXQO's, OCXO’s, Hybrid & Discrete.

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079

CRYSTAL OSCILLATORS
= ACMOS TTL to 200 MHz %LPEY‘E!BSSI!;!EB A
a HCMOS TTL to 80 MHz

= ECL to 630 MHz

VCXOs to 200 MHz . e s
:SMD 5 S0 Nz Tel: 800-982-5737 (ext. 244)

FUNDAMENTAL Crystals to 350 MHz
Valpey-Fisher Corporation » 75 South Street » Hopkinton, MA 01748 Fax: 508-497-6377

Crystal
Jan Crystals, P.0. Box 60017, Fort Myers, FL 33906-6017.................cccueevnen. (800) JAN-XTAL
Qak Frequency Control Group,

100 Watts St., PO Box 8, Mt. Holly Springs, PA17065...............cccoveerennnen.. (717) 486-3411
Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 ... <oer(512) 450-1400
Wilmanco, 5350 Kazuko Ct., Moorpark, CA 93021.............ccccovviiiernirinnnennned (805) 523-2390
Microwave
Electronic Surveillance Co., Inc., 33328 Howe Ln., Creswell, OR 97426.............. (503) 895-5071

SYSTEM SUBASSEMBLIES
AMPLIFIERS

Br n
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 ....(908) 542-1133 Fax (908) 542-1118
Linear Pawer, RF

PACIFIC AMPLIFIER CORP. (805) 375-5773

* LO-MED-HI-POWER LINEAR AMPLIFICATION
* CELLULAR, TELEPHONY MULTI CHANNEL USE
* -30 dBc STANDARD; -60 dBc FEED FORWARD

RF Power

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ....(908) 542-1133 Fax (908) 542-1118
High Dynamlc Range

Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ....(308) 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 Bivd., Las Cruces, NM 88011 ......................................(505) 522-8762
Custom Antenna Design, High Power, Including Flight Certified ....................... .Fax (505) 521-1619

ATTENUATORS
Goaxial
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

Storm Products, Advanced Tech Group, 116 Shore Drive, Hinsdale, IL 60521..............(708) 323-9121
DIRECTIONAL COUPLERS
Merrimac Industries, Inc.,

41 Fairfield Pi., W. Caldwell, NJ 07006.......................... (201) 575-1300 Fax(201) 575-0531

RF Design

FILTER ASSEMBLIES

Z REEVES-HOFFMAN

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., Blufi City, TN 37618..(615) 878-3141 Fax (615) 878-4224

ISOLATORS/CIRCULATORS

=—= AEROTEK COMPANY LIMITED

:_f Manufacturers of Circulators and Isolators
————= Coaxial and Drop-in types, 400 MHz-18 GHz
i"ror’ 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 St., Tempe, AZ 85282 ................ (800) 587-5995

MULTICOUPLERS
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 .....(908) 542-1133 Fax {908) 542-1118

PHASE SHIFTERS
Merrimac Industries, Inc.,
41 Fairfield Pl., W. Caldwell, NJ 07006 ......................... (201) 575-1300 Fax (201) 575-0531

PRECISION

TELEPLEX, INC. - ALFORD DIVISION
4801 INDUSTRIAL PKWY. - INDIANAPOLIS, INDIANA - 46226-4220 (317) 895 8800

* PRECISION COAX 7 W/G SLOTTED LINES 30MHZ. TO 40 GHZ 2k \
* LOW V.S.W.R. INTERSERIES COAX ADAPTERS 6 1/8" TO 24.0mm. ALFORD

* HIGH POWER - LOW LOSS BIAS TEES 20 AMPS THRU 3.0 GHZ (

*» CONSTANT IMPEDANCE LINE STRETCHERS LOW LOSS TO 18 GHZ

* ADJUSTABLE COAX TUNERS MATCH SW.R. > 14:1, VHF TO 36 GHZ. k / )/
« ANDREW ALFORD ANTENNA PRODUCTS VHF-UHF-ITFS-VOR-MIL. \ \_L
POWER DIVIDERS/COMBINERS
Merrimac Industries, Inc.,
41 Fairfield PI., W. Caldwell, NJ 07006 ......................... (201) 575-1300 Fax (201) 575-0531

RF CONNECTORS

ITT Cannon RF Products, 585 E.Main ST, New Britain, CT 06051 ..{800) 532-3750
Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532 ........................ ...B00-MOLEXT78
Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147 ............... (800) 348-5580
SV Microwave, 3301 Eiectronics Way, West Palm Beach, FL ..(407) 840- Fax (407) 844-8551

SURGE & TRANSIENT PROTECTORS
Polyphaser Corp., P.0. Box 9000, Minden, NV 89423 .

SWITCHES

Electromechanical

Dow-Key Microwave Corp., 1667 Walter St., Ventura, CA 93003
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542............

SYNTHESIZERS

Novatech Instruments,
1530 Eastlake Ave. E., #303, Seattle, WA 98102

VACUUM CAPACITORS
COMET North America, 11 Belden Ave., Norwalk, CT 06850 .................c..c...... {203) 852-1231

VACUUM TUBES

(800) 325-7170, (702) 782-2511

.(805) 650-0260
.(501) 856-2685

.(206) 322-1562 Fax (206) 328-6904

RUSSIAN POWER TUBES
RUSSIAN MICROWAVE TUBES
Quality Engineering and Manufacturing

Sv Tel (800) 578 3852 » Fax (415) 233-0439
mcglilgpcg 3000 Alpine Road * Portola Valley. CA 94028
DIGITAL SIGNAL PROCESSING

SYSTEMS DEVELOPMENT REAL TIME
Adaptive Technology, Inc., 309 Curtis St Syracuse NY 13208 (800) 724-6968 Fax (315) 472-3279

MATERIALS AND HARDWARE

COMPONENTS/HYBRID PACKAGES
Reeves-Hoffman, 400 W. North St., Carlisle, PA17013.............oooovvviininnnnennis (717) 243-5929
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MATERIALS AND HARDWARE

CRYSTAL BLANKS
Reeves-Hotfman, 400 W. North St., Carlisle, PA17013 ... (717) 243-5929

PC BOARDS
Laminates, Polyester Copper Clad

Glasteel Industrial Laminates, P.0. Box 910, Collierville, TN 38027.. .(901) 853-5070

SHIELDING MATERIALS

Ferrite Absorber Tiles

Fair-Rite Products Corp., P.0. Box J Wallkill, NY 12589 ..........ccocovviinnnnnnnd (800) 836-0427
TEST EQUIPMENT

Instrument Repair Labs, Inc., 2100 W. 6th Ave., Broomfield, C0 80020 .............. (800) 345-6140

Quality Reconditioned TEST EQUIPMENT
by

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 E. Gelding Dr., ¥103, Scotisdale, AZ 85260 ........................... (602) 991-4180

Test & Measurement SYSIEMS ........oovvrreriiiiiiiiiiiiiireniien e Fax (602) 991-4362
Racal Instruments, 4 Goodyear St., Irvine, CA 92718 .............cccocccocvvvvivivnvmiiiinnnrinns (800) 722-3262

SPECTRUM ANALYZERS
DC TO LIGHT, P.0. Box 7140, Bozeman, MT 59771 {406) 586-5399 Fax (406) 586-6556

SERVICES

ANTENNA MEASUREMENT SYSTEMS
Jet Consultants, Inc., 8501 Beck Rd., Bidg 2227 Belleville, MI 48111-1254 ......(313) 482-5505

ANTENNA DESIGN & MEASUREMENT
Antenna Design Specialists, 1171 Melayn Dr., Lebanon, OH 45036 .................... .....{513) 932-3385
Kintronic Labs, 144 Pleasant Grove Rd., Blutf City, TN 37618..(615) 878-3141 Fax (615) 878-4224

CONSULTANTS

Management Recruiters of Boulder ...........cccooeeeennnne. Fax {303) 447-9536 Tel (303) 447-9900
Windy BradfieldiGSAM, BOBISUN .............cccocumemmannssiresciuesenseesssbncsstoosnsasanssssniossasaas

Goldman Research, 12705 Monfort, Dallas, TX 75230 . 4) 788-1122

RF Design & Modeling - Spice, EEsof, Wireless ......... .WNJUBOA@PRODIGY.COM
EMC/EMI TESTING
Liberty BEL EMC SVCS., P.0. Box 5431, MS20, Compton, CA 90224 .................. (310) 537-4235
Abuve MS20 represents RF Design
TUV Rheinland of North America, Inc.,
12 Commerce Road, Newtown, CT 06470 ....................... (203) 426-0888 Fax (203) 270-8883
EQUIPMENT CALIBRATICN
Instrument Repalr Labs, Inc., 2100 W. 6th Ave., Broomfield, CO 80020 .............. (800) 345-6140

INSTRUMENT RENTAL/LEASING
Naptech, 12312 Hwy 175, Cabb, CA 95423..

0EM PRODUCTS
Locus, Inc., 1842 Hoffman St., Madison Wi 53704 ..............ccocoviiiimninniinanniad (608) 244-0500

TELEMETRY SYSTEMS & ENGINEERING
Telemetry Technologles, Inc., 3307 West St., Rosenberg, TX 77471 ...{713) 344-9000

SOFTWARE & SYSTEMS, CAD/CAE

...{B00) 336-7723 Fax (707) 928-1963

SOFTWARE

Design Automation, Inc., 4 Tyler Rd., Lexington, MA 02173 .........(617) 862-8998 Fax (617) 862-3769

Waypoint Software, 1950 Bavaria Drive, #317, Colorado Springs, CO 80918................(719) 598-9592

Circuit Simulation

ingSoft Ltc. - the providers of the RF Designer® Solution..................ccccooocvvcnnns .(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 ...............cccooeennennnnd (800) 631-1113
Makers of TESLA Com Simulator ..............coeveeeennns Fax (404) 664-5817 Inti (404) 751-9785

EMC

8
B avel
Produsis
The Products & Services Directory is a convenient
guide to suppliers of products and services for the

Q) :

WV NS A\Y
SEVICESIDINECTONY]
For information on rates, closing dates and
details on a special Introductory Offer, cail

TEST & ESIGH EMC/ESD industry. Products & Services Directory ~ 1-800-443-4969. Ask for your yellow page
listings are sold on an annual basis. representative.
1BEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 . e (800) 403-3930
ELECTRONIC COMPONENTS AND EQUIPMENT Rantec, 24003 Ventura Blvd., Calabasas, CA. 9130 ...........cco.ooviiierminrieivenrneisinnd (818) 591-8189
EMI SUPPRESSION COMPONENTS Anechoic Chambers
Cables and Connectors Advanced Electromagnetics, Inc., P.0. Box 711719, Santee, CA. 92072- 1719............(619) 449-9492

Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA16506.................cooooovviviniinnd (814) 835-4000
EMI/RF| Filters

POTTER PRODUCTION CORPORATION, 3004 Hwy. 51 N., Wesson, MS 39191 ... (601) 643-2215
RF1 Corp., 100 Pine Aire Dr., Bay Shore, NY 11706...............ccocoovenrnnnnen. ...(516) 231-6400

Santek, 9765 Marconi Dr., #205, San Diego, CA92173 .........cooovviiniiinnnnnnnnd (619) 661-8119
Ferrite Beads, Rods, Forms
Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589..........c.cccviinniiininind (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
Filtered Connectors

Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA 16506..............ccoocoececvccn.cenn.....(814) 835-4000
Filters, Power Line

EMC Consulting PO Box 496, Merrickville, ONT., KOGIND. ...........ccoocevviinninnnns (613) 268-4247
Qualtek Electronics Corp., 7675 Jenther Dr., Mentor, OH. 44060 .. ...(216) 951-3300

RtroN Corp., P.0. Box 743 Skokie, ILB0076..............oocumeiiiennininniiiiinnnies (708) 679-7180

Transformers/ Filters
Steward, Inc., 1200 E. 36th Street, Chattonooga, TN 37401........(615) 867-4100 Fax (615) 867-4102

ESD AND SURGE CONTROL COMPONENTS
Lightning Arrestors

Fischer Custom Communications, 2305 W. Lomita Blvd, Torrence, CA 90505
Phoenix Contact Inc., PO Box 4100, Harrisburg, PA 17111-0100.................

(310) 891-0635
e AT17) 944-1300

Polyphaser Corp., P.0. Box 9000, Minden, NV 89423................ (800) 325-7170 (703) 782-2511
CABLE AND CONNECTORS

Connectors And Adapters

ADC Telecommunications, 4900 W. 78th St., Minneapolis, MN §5435............. (800) 366-3891 X3000

Phoenix Contact Inc., PO Box 4100, Harrisburg, PA 1711-0100.....................

...(717) 944-1300
Optical Fibers And Connectors

ADC Telecommunications, 4300 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
114

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ...
Rantec, 24003 Ventura Bivd., Calabasas, CA. 9130 ....................
Antennas

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888
Antennas Above 30 MHz

AH. Systems tnc., 9710 Cozy Croft Ave, Chatsworth, CA 91311..(818) 998-0223 Fax (818) 998-6892
EMCO, P.0. Box 1546, Austin, TX. 78767 (512) 835-4684
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ............c...cc.occcccorurucccccco....(800) 403-3930
Antennas Masts

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888

...{800) 403-3930
..(818) 591-8189

EMCO, P.0. Box 1546, Austin, TX. 78767 ........ (512) 835-4684
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853................cccccccureccncen......{800) 403-3930
rren

Fischer Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505..............(310) 891-0635
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 078583 ..............c..cccccccoevecereccce....(800) 403-3930
lon Physics Corp., 11 Industriat Way, Atkinson NH 03811 ..... (603) 893-6687
Ferrite Absorber Tiles

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ... .(800) 403-3930

TEM Cells

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, 2305 W. Lomita Blvd, Torrence, CA 30505.
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) 8910635
...(800) 403-3930

EMCO, P.0. Box 1546, Austin, TX. 78767 .. ..(512) 835-4684
IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 .. .(800) 403-3930
Preamplifiers

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ... ..(800) 403-3930
Preselectors

IBEX Group, Inc., 23 Markham Dr., Long Valley , NJ 07853 ............ccooovvimrimiiiiiiiciiiind (800) 403-3930

Shielding Effectiveness Testers

Antenna Resean:.h.Associales, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-8888
Solar Preamplifiers

Picosecond Pulse Labs, PO Box 44, Boulder, CO 80306.................oooeeeenniinnd (303) 443-1249
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ELECTRONIC COMPONENTS AND EQUIPMENT

EMC TEST EQUIPMENT - SUSCEPTIBILITY
Impulse Generators
EMCO, P.0. Box 1546, Austin, TX. 78767 ....................... )

EMC TEST EQUIPMENT -SUSCEPTIBILITY

Power Amplifiers

Applied Systems Engineering, Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126 .............. (819) 249-4180

Varian Microwave Equip. Prods., 3200 Patrick Henry Dr, Santa Clara, CA 95054....(408) 496-6273
heilded Fiber Optic Links

Antenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705....(310) 937-3888

Surge Generators

Velonex Corp., 560 Robert Avenue, Santa Clara, CA95050 ..............c...occue.... (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 14098 ................ (800) 821-6001
TREK INC., 3932 Sait Works Rd., P.0. Box 728, Medina, NY. 14103 ........... (800} FOR-TREK
Surface & 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

Field Strength Meters
Antenna Research Assoclates, Inc., 11317 Fredrick Ave., Beltsvilte, MD 20705....(310) 937-8888

Combinava/Erganomics, Inc., PO Box 964, Southhampton, PA 18966 ................. (215) 357-5124

(512) 835-4684

...(800) 8216001
(800)FOR-TREK

MATERIALS HARDWARE AND PACKAGING

SHIELDING MATERIALS

Architectural Shielding

Specialty Technical Components, Inc., P.0. Box 2106, Southeastern, Pa 19399............ (610) 647-9000
Broadband EMI

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...............ccoovvvvercvnrrirnnne. (617) 331-5900
Conductive Fiber/Fabric
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370...............cccooovvvvvirnrrinnnne (617) 331-6900

Electromagnetic Shielding
RFI Controls Co., 320 N. Santa Cruz Ave., Los Gatos, CA 95030-7243.........................

Ferrite Absorber Tiles

Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589............c..ccovverrvennn.. (800) 836-0427
Gasketing Materials

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370.......................
Laminates

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370.........................
Magnetic Shielding

(408) 399-7007

.{617) 331-5900
{617) 331-5900

Ad-Vance Magnetics, Inc., 625 Monroe St., Rochester, IN 46975 ...... (219) 223-3158
Open Area Test Site

RFI Controls Co., 320 N. Santa Cruz Ave., Los Gatos, CA 95030-7243........ ..(408) 399-7007
Non-Compliance Investigation

RFi Controls Co., 320 N. Santa Cruz Ave., Los Gatos, CA 95030-7243........ ..(408) 399-7007

Sheilding Foils and Tapes

Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370........

SHIELDING EMI/RFI SERVICES
Vacuum Platers, Inc., 195 S. Union Street, Mauston, W1 53948 ........................ (608) 847-5644

SHIELDED ENCLOSURES - EQUIPMENT

Component/Module Cases
Marmin-Hil Plastics, Inc., 101 Roselle St., Linden, NJ 07036.......... (308) 925-2940 (800) 886-2940

Tempest Enclosures
Technical Environment Contral, Inc., 7950 Cessna Ave., Gaithersburg, MD 20879..(301) 948-5911

SHIELD ROOMS AND CHAMBERS

Shielded Rooms EMI/RFI/Magnetic
Rantec, 24003 Ventura Blvd., Calabasas, CA. 9130

ESD PACKAGING

Antistatic Polyurethane/Polyethylene
Pad-Tastics, Inc., P.0. Box 50479, Cicero, IL 60650............ (708) 780-8402 FAX (708) 780-1636

Antistatic/Shielding Bags

{(617) 331-5900

.(818) 591-8189

Texas Technologies, PO Box 200639, Austin, TX 78720................ccooovenicrvccrrrrrnennnn.(512) 267-0100
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 ..................oc..s (216) 425-1634
EM Introducing the Yellow Page
Directory Section
TEST & DESIGN

RF Design

ESD ENVIRONMENTAL CONTROL

RICHmMODND Manufacturers of Egﬁ Prevention
STATIC CONTROL SERVICES GROUNDING
44 4 4 loNiZATION
1-800-583-0750 PACKAGING

Antistatic or Conductive Flooring

Freudenberg Building Systems, Inc./Nora Rubber Flooring

94 Glenn St., Lawrence, MA 01843 .{508) 689-0530
Gloves & Finger Cots
Texas Technologies, PO Box 200639, Austin, TX 78720..................... ...(512) 267-0100

lonizers

Texas Technologies, PO Box 200639, Austin, TX 78720.......
Warner Technologies, 2211 E. Hennepin, Minneapolis, MN 5!
Lab Coats, Smocks & Coveralls

Warner Technologies, 2211 E. Hennepin, Minneapolis, MN 55413,..........c.o...c.cooccveer (800) 328-5482

TEST LABORATORIES AND CONSULTANTS

TEST LABORATORIES
Certelecom Laboratories, Inc., RR #5, Dftawa, Ontario, Canada K1G3N3
Please see our ad in the Test Labs and Consultants Section

.(612) 267-0100
(800) 328-5482

{613) 737-9680

* Indoor Range / Open Area Test Site
* Global EMC Testing & Certifications
* Susceptibility / Immunity Testing [ % et

* Product Safety ¢ Calibration Services Mo i W
EMC Design Consulting » EMC Site Surveys Mountain View, CA

Tel: (415) 967-4166 Fax: (415) 967-7315

(814) 835-4000
(800) 472-7999

ASSOC |ATED
LABORATORIES INC

LLIOL L

Spectrum Control, Inc., 6000 West Ridge Rd., Erie, PA 16506......
TUV Product Service, Inc., 1775 0Id Hwy. 8, New Brighton, MN 5
EMI & Safety
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. Calif ..............cocceenens (714) 579-0500
Philips Consumer Electronics Ca., One Philips Or., Knoxville, TN 37914-1818 ...... (615) 521-4720
Ultratech Eng. Labs, Inc.

33-481 Sladeview Cres., Mississauga, Ontario, Canada L5SL 5R2............c...c..cooevnneccc

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/immunit
Northrop Grumman,

(905) 569-2550

B-2 Division, 8900 E. Washington Bivd., T623/XE, Pico Rivera, CA 90660......... (310) 942-3895
EMI/EMC TESTING
LambdaMetrics, P.0. Box 1029, Cedar Park, TX 78630-1029 ...............ccocv...nn. (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., Anaheim, CA 92803-3105 .............ccovvevriunnnnn. (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, S$1. Paul, MN 55108 ....................... (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

EMI/EMC Consultants

EMC & 1, 5700 Corsa Ave., #100 Westlake Village, CA 91362.............ccoeveennes (818) 889-2242

EMC Design

EMC Consulting, P.0. Box 496, Merrickville, ONT., KOGIND .............c.cceeeennens (613) 269-4247

ESD Protection

Texas Technologies, PO Box 200639, Austin, TX 78720....

Non-Compliance {nvestigation

Ultratech Eng. Labs, Inc.
33-481 Sladeview Cres., Mississauga, Ontario, Canada L5L 5R2

EMI/EMC Compliance Consultants

EMC Consulting, P.0. Box 496, Merrickville, ONT., KOGIND ....................oeens (613) 269-4247

To place your yellow page ad —
Call 1-800-443-4969.
Ask for your yellow page representative.

(512) 267-0100

(905) 569-2550

115



RF product forum

Continuing Education Serves
a Changing RF Industry

This month’s product forum looks at
continuing engineering education
courses.

UCLA Extension

UCLA Extension presents several
short courses designed to serve the
continuing education needs of the RF
community. These include “Synthetic
Aperture Radar,” “High-Resolution
Microwave Imaging”, “Power Hybrids:
Design and Processing,” “Hybrid
Microcircuit and Multichip Module
Packaging Technologies,” “Advanced
Communications Systems Using Digi-
tal Signal Processing”, “Wireless Voice
and Data Communications,” “Wavelet
Transform Applications to Data, Sig-
nal, Image, and Video Processing,”
and “Active Circuit Design for Wire-
less Systems.”

Our course participant population
has shifted over the last several years
from a primarily aerospace/defense
audience to a more diverse audience
that includes medical, communica-
tions, and automotive, as well as aero-
space/defense customers. For many of
these customers, “wireless” is the com-

mon theme, whether that applies to
telephones, pagers, or modems. For
other customers, the key word is
“DSP”, for images, data, or video. In
general, course participants can no
longer focus on performance as the
only factor in their designs. They
must now determine how best to
achieve an appropriate balance among
many factors including performance,
cost, and manufacturability.

For more information contact
William R. Goodin, Ph.D., Manager,
Short Course Program, 10995 Le
Conte Ave, Room 542, Los Angeles, CA
90024. Tel: (310) 825-5010, Fax: (310)
206-2815.

University Consortium for
Continuing Education

UCCE specializes in the develop-
ment of high technology courses on the
cutting edge of innovation. Therefore,
we work with industry and university
research people who are working on
innovative developments

For example, the last few years have
brought a distinctive change in the
complexion of high frequency systems

and applications. The de-emphasis of
military and military related systems
development caused a brief lull in the
HF instrumentation and measure-
ment technology industry. More
recently renewed interest and strong
growth have come to the communica-
tions industry due to expansion of the
wireless communications technology
which boosted interest into new
heights in the field of measurements.

More importantly, the expanding
range of operating frequency and ever
increasing speed of digital communica-
tions data processing and point-to-
point data transfer reaches into the
domain of RF and microwave regions,
increasing the need of RF and HF mea-
surement technology. This region of
frequencies cannot use the customary
lumped circuit theory but has to apply
distributed line technology. Our RF &
Microwave Measurements & Applica-
tions is based on this technology.

Z Domain Technologies, Inc.

DSP is the science and engineering
of signal processing using digital hard-
ware and software. DSP theory was

Five one-day short courses are
offered at RF Expo East 1995, August
20-23 in Baltimore, Md. All courses
are geared to new engineers, or those
desiring review or retraining. For
more information, call (800) 828—0420.

Introduction to RF Circuit Design:
Part I, Fundamental Concepts —
This course presents the fundamen-
tals of RF systems, components,
transmission lines and impedance
matching. Resonance, Q, and trans-
mission line theory are key concepts
discussed. Instructors: Dr. David
Hertling and Dr. Robert Feeney of
Georgia Tech. [August 20, 1995]

Introduction to RF Circuit Design:
Part II, Active Circuit Design —
Graphical methods for impedance
matching are followed by active

Courses Offered at RF Expo East 1995

device models and concepts of power
gain, stability and noise figure. Scat-
tering parameters are introduced
along with small-signal circuits.
Large-signal circuits and various cou-
pler designs conclude the class.
Instructors: Dr. David Hertling and
Dr. Robert Feeney of Georgia Tech.
[August 21, 1995]

Introduction to Frequency Syn-
thesis — The generation of radio fre-
quency signals has evolved through
many methods and technologies. This
course covers the basics of direct syn-
thesis, indirect synthesis (PLL and
FLL) and direct digital synthesis
(DDS). Examples show the use of fre-
quency synthesis in radio communica-
tions systems. Instructor: Earl W.
McCune, Jr. of RF Communications
Consulting. [August 20, 1995]

Practical High-Frequency Filter
Design — A detailed course covering
LC, printed and machined filter
design and specification. Element
models, unloaded Q and various filter
topologies are taught, with special
emphasis on the design of practical,
realizable filters. Instructor: Randall
Rhea of Eagleware Corporation.
[August 22, 1995]

Oscillator Design Principles — A
unified approach to oscillator design
is presented which describes how to
create high-performance oscillators
using any type of resonator and any
type of active device. Design tech-
niques are de-mystified, to eliminate
the practice of copying and modifying
existing circuits. Instructor: Randall
Rhea of Eagleware Corporation.
[August 23, 1995]
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conceived in the 60s, was refined in
the 70s and became economically
viable in the 80s. The emergence of
low cost VLSI DSP chips in the early
80s expanded the market beyond the
research laboratories.

Unfortunately the availability sili-
con and software will not guarantee a
successful product development. DSP
education lags behind. DSP courses
and books tend to emphasize math
and theory. It’s very easy for an aver-
age engineer to get completely lost in a
DSP textbook.

DSP is a combination of science and
art. You have to go through the scien-
tific part first before you get to the cre-
ative and fun stuff. Ten years ago you
had to be a Ph.D. level scientist to
tackle the math. Fortunately now with
the user friendly DSP design tools, you
can bypass the hard core math and get
to the fun stuff quickly. This is the
approach that we emphasize in our
DSP Without Tears™ seminar. We
minimize the math and maximize the
practical applications. Needless to say
mathematicians are usually offended
by our approach! However, our course
is geared towards an engineer who
hasn’t seen a calculus book in ten
years and is not interested in proofs.
We have even gone one step further
and present the entire 3-day seminar
by multimedia with lots of color,
sounds, video and animations. That
way we try to make a dry and dull
subject more interesting.

For more information please contact
Z Domain Technologies at 325 Pine
Isle Court, Alpharetta, GA 30202. Tel:
(404) 587—4812. Fax: (404) 518-8368.

Besser Associates

Besser Associates offers continuing
education to RF and microwave pro-
fessionals. We have carefully selected
a group of highly qualified experts
who are effective communicators. Our
trainers do not focus on mathematical
derivations or proofs; they simply pass
on established circuit and system engi-
neering procedures.

Besser Associates’ students are
designers who need retraining to work
effectively. The sudden increase in
development of consumer and com-
mercial communication industries
demands a new group of RF engineers.
They require basic training and famil-
iarization with efficient analog RF cir-
cuit and system design techniques.

As a recognized international leader,
Besser Associates is dedicated to con-

RF Design

tinuing education of RF and
microwave professionals. Application
of modern computer-aided engineering
to RF and microwave circuit and sys-
tem design is vital to manufacturing
products with quality yield. Increasing
emphasis on commercial application
makes modernization critical. A well-
planned continuing education program
will enable your company to compete
in an RF world.

CKC Laboratories

CKC Laboratories, Inc. provides
seminars in the field of electromagnet-
ic compatibility (EMC). These courses
cover design (from PCBs to entire sys-
tems); CE mark design and compli-
ance; HIRF (Aircraft) design and test;
and medical device design and compli-
ance. Our students come from a wide
variety of job functions, including,
PCB designers, system engineers, reg-
ulatory compliance managers, and
others involved with EMC design, test,
and certification. Due to the extending
reach of European certification
requirements, we are seeing a growing

interest in courses that cover CE mark
design, test, and certification.

Market expansion, especially among
network products, has resulted in a
growing demand for our basic EMC
design seminars. CKC is also experi-
encing a higher demand for in-house
seminars. Many companies are bring-
ing our instructors to their facilities to
educate a larger group of personnel for
less money. It is apparent from this
trend, that companies are wanting to
extend the reach of EMC design and
regulatory knowledge within their

organizations. RF

For more information on continuing
education courses circle the
INFO/CARD numbers below:
Company INFO/CARD
Besser Associates 185
CKC Laboratories 184
JASTECH 183
George Washington University 182
UCLA Extension 181
University Consortium for

Continuing Education 180
Z Domain Technologies, Inc. 179

HF POWER AMPLIFIERS

Hicn Recinsiiry, Gonmerciar Quaciry

[ | 2050 South Bundy Drive

¢ 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

Y RADIO

Los Angeles, CA 90025
A\ Phone (310) 820—1234
FAX 310-826-7790

INFO/CARD 66
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v 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

INFO/CARD 67

EAST COAST
USER MEETING
EAGLEWARE=

<» OPEN TO ALL ATTENDEES <

You are invited to the Eagleware
user’s meeting during RF Expo East
in Baitimore, August 21-23, 1995.

- DESIGN TIPS

< WHAT'S NEW

~ WHAT'S COMING
 USER FEEDBACK

RF EXPO is a great opportunity to
aftend special

course a -

TO RESERVE A SEAT PLEASE

CALL (404) 939-0156
FAX (404) 939-0157

INFO/CARD 68
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RF software

Circuit Simulation

NOVA-586 is an RF circuit simulator
and optimizer. It is an improved version of
the program originally distributed by the
RF Design Software Service. NOVA-586
has added optimization, post assembly
Monte Carlo analysis, Smith® charts and
cable simulation. Analysis speed has been
increased to more than 2000 frequencies
per second for the typical RF circuit. The
program runs under DOS, with virtually
any processor from the 8088 to the Pen-
tium, however, code is written to optimize
Pentium performance. Price is $295.
Stanton Software
INFO/CARD #247

HP BASIC for Windows™
Hewlett-Packard has introduced HP
BASIC for Microsoft Windows. HP BASIC
i8 a computer language for measurement
automation. Like the other HP BASIC pro-
grams, this version is compatible with all
DOS and UNIX platforms. U.S. price for
E2060A (HP BASIC for Windows) is $950.
A $200 upgrade credit is available for own-
ers of previous HP BASIC revisions.
Hewlett-Packard Co.
INFO/CARD #248

Spurious Analysis
Spurious Analysis 1.0 is a receiver spu-
rious frequency frequency and PLL analy-

sis program. The program analyzes the
spurious frequencies generated during
either dual or triple conversion receivers.
The PLL section uses the first local oscil-
lator values calculated from the analysis
done in the receiver receiver spurious sec-
tion and uses these to determine the
value of the N and A counters used in a
dual modulus PLL IC. The program is
available in either DOS or Windows 3.1
version. Price for the Windows version is
$79.95. Price for the DOS version is
$69.95. Shipping and handling charges
are $5.00.

Orion Software International
INFO/CARD #249

Analog Simulation

SUMO is an analog simulation package
available in three versions. The shareware
version of SUMO is a real-time, linear-only
simulator; SUMO Professional adds a
graphical schematic entry system and
SUMO-Fusion, an integrated real-time
non-linear simulator. SUMO Expert adds
the ability to switch switch between other
simulators (including MicroSim’s PSpice®),
FFT graphical analysis, sweeping, and
SPICE extraction tools. Approximate
prices range from around $50 for registra-
tion of the shareware version to around
$300 for SUMO Expert.
Analogue System Engineering
INFO/CARD #250

RF Design Software

Programs from RF Design provided on disk for your convenience

May Disk — RFD-0595

“Program Synthesizes Antenna Matching Networks for Maximum Bandwidth” by Robert
Dehoney. This program determines component values for networks of multiple elements that
maintain a feedpoint VSWR under 2:1 for up to 40% bandwidth. (Written in GWBASIC for oper-
ation on any MS-DOS PC. GWBASIC is bundled with DOS versions 3.x and lower. Minor
changes are required to run under QBASIC or other BASIC varieties)

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. Output 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.)

Index of RF Design Articles: 1978-1994 — Disk RFD-INDEX

The RFD-INDEX disk has been updated to include all articles published in RF Design from its
first issue (November/December 1978) through December 1994. Data is provided as ASCII text,
which can be loaded into your favorite word processing program for searching and printing.

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
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RF literature

Test Accessories Catalog
ITT Pomona’s 1995 Electronic Test
Accessories Catalog contains 172 pages of
more than 3,800 products. A number of RF
test equipment accessories are listed,
including connector adapters and termina-
tions and a new series of 30 to 450 MHz
oscilloscope probes. The catalog is available
free-of-charge.
ITT Pomona
INFO/CARD #202

ITU-T Recommendations

on CD-ROM

The ITU is now able to supply ITU-T
Recommendations on CD-ROM. The ITU-T
Recommendations consist of several thou-
sand pages using paper, but the entire col-
lection is contained on a single CD-ROM.
The texts can be consulted using the CD
Answer HyperText software which is sup-
plied with the product.
International Telecommunication
Union
INFO/CARD #201

Test Equipment Guides
Wavetek has released two full color selec-
tion guides for communications test equip-
ment. Their 16-page Wireless Communica-
tions Selection Guide features information
on Wavetek’s range of testing equipment
for wireless applications. The 19-page
Cable Television Selection Guide describes
Wavetek’s products designed to meet cable
television’s specific testing needs.
Wavetek Corporation
INFO/CARD #200

Quartz Catalog

Tele Quarz’ six-page short form catalog
describes the company’s complete lines of
quartz crystals, crystal oscillators, clock
oscillators, crystal filters and other compo-
nents.
Tele Quarz Group
INFO/CARD #199

Comm Products Guide
Celwave R.F. offers its Product Selection
Guide. The 320-page, full-color catalog fea-
tures all of Celwave’s 1,000+ products,
which include base station antennas, fil-
ters, transmitter combiners, Bi-directional
amplifiers, distributed communications
systems, duplexers, cavity devices, receiver
multicouplers, mobile antennas and trans-
mission lines.
Celwave R.F.
INFO/CARD #198

90° Hybrid Couplers

RF Power Components has released a
six-page catalog which displays its full line
of high power 90° hybrid couplers. The cat-
alog features over 50 models of high power
passive devices which offer power handling
from 100 to 800 W and frequency ranges

RF Design

from 50 to 4000 MHz.
RF Power Components, Inc.
INFO/CARD #197

Data Aquisition News

Included in the Spring 1995 edition of
National Instruments’ Instrumentation
Newsletter is an article describing the dri-
vers written for several RF measurement
instruments enabling these instruments to
be controlled by LabVIEW and/or LabWin-
dows instrumentation programs. Instru-
ments from Anritsu Wiltron, Fluke, H-P,
Rohde & Schwarz, and Wandel & Golterman
are those for which the drivers were written.
National Instruments
INFO/CARD #196

RF Selector Guide

Motorola has released two additions to
its technical literature of RF products and
technology. The annual RF Selector Guide
and Cross Reference for 1995 (SG46/D Rev
13) and a new RF Application Reports
handbook (HB215/D) are now available.
The debut of the RF Application Reports
handbook offers 92 application notes, arti-
cle reprints and engineering bulletins
authored by Motorola employees.
Motorola
Semiconductor Products Sector
INFO/CARD #195

RF Power Amplifiers

A six-page, short form catalog from ENI,
entitled “RF Power Amplifiers,” is now
available from ENI. The catalog contains
primary specifications for 30 different
broadband and pulse power amplifiers,
with power outputs ranging from 3 to 8000
W and frequency coverage from 9 kHz to
1000 MHz.
ENI
INFO/CARD #194

Calibrated Microwave
Tuner Notes

Focus Microwaves has released five new
publications: Operation Manual - TWIN,
Tuner Control and Measurement Software
for Windows 3.1; Operation Manual - VEE-
TUNE, Tuner operation Library under HP-
VEE; Product Note 25 — Tuner Operation
Library using HP-VEE; Product Note 26 —
Tuner and GPIB operation using MATLAB;
and Product Note 27 — TWIN, Tuner Control
and Measurement Software for Windows.
Focus Microwaves Inc.

INFO/CARD #193

EMI Shielding

Tech-Etch has produced a 20-page cata-
log on EMI shielding products for doors,
panels, covers, connectors, computers, elec-
tronic enclosures, and cabinets. The catalog
includes information on Tech-etch's new
Silvershield Knitted Mesh with elastomer
core and economical Quiet Vents, which

provide low noise and good attenuation for
air vents requiring RFI/EMI shielding.
Tech-Etch, Inc.

INFO/CARD #192

Inductor Catalog

Gowanda’s catalog details their complete
line of surface mount products, toroidal
chokes, power inductors, RF molded chokes,
bobbin core chokes and custom designs.
Included are specifications, selection guides,
mechanical drawings and product photos.
Gowanda Electronics
INFO/CARD #191

Communications Products
The 1995 Silicon Systems Communica-
tions Products Data Book is available. The
more than 700-page book adds six new
products to the company's K-series family
of modem support ICs, LAN, programmable
filter products, PCM circuits, analog signal-
ing and switching products. Also presented
are the company's custom capabilities, its
reliability and quality assurance program,
packaging options, plus a listing of world-
wide sales offices and distributors.
Silicon Systems
INFO/CARD #190

1995 Index of Standards

Global Engineering Documents has
announced that the 1995 sedition of the
Index and Directory of Industry Standards
(IDIS) is available. The IDIS comprises
seven volumes which provide customers
with immediate access to over 425 stan-
dards-developing organizations and 34,000
new and revised industry standards.
Global Engineering Documents
INFO/CARD #189

Ceramic Trimmer Data

The latest edition of Engineering Bul-
letin SG-305D from Sprague-Goodman
Electronics provides updated product data
for the complete line of ceramic dielectric
trimmer capacitors. The SG-305D bulletin
includes features, specifications, pho-
tographs, and outline drawings. Included
are two new SURFTRIM® surface mount
trimmers, which feature small size and
multi-layer construction, and are available
in carrier and reel packaging.
Sprague-Goodman Electronics, Inc.
INFO/CARD #188

VXlbus Test & Measurement
Racal Instruments has introduced its
new Test & Measurement Solutions catalog
covering the complete product and service
line, with detailed specifications on all
VXIbus products. The catalog introduces
eight new VXIbus products, including the
Freedom Series™ custom ATE line, a new
VXlIbus chassis, four new switches, two
new radio receivers and a line of digital cel-
lular radio testing products.
Racal Instruments
INFO/CARD #187
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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 suppon,
no annual fees and a money-back guarantee

GENESYS is available for

MICROSOFT «
WINDOWS .

MICROSOFT »
WINDOWS NT ..

€EAGLEWANARE

Eagleware Corporation + 1750 Mountain Glen + Stone Min, GA 30087 ++ USA

TEL (404) 939-0156 +# FAX (404) 939-0157

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-C piand L

L-C tee

T-line quarter wave

T-line single/double stub
General order bandpass

L-C pseudo lowpass

T-line pseudo lowpass

T-line stepped-Z

Custom with R' s and xformers

LUMPED FILTERS
Conventional all-pole
Conventional elliptic
Top-C coupled

Top-L coupled
Shunt-C coupled
Tubular

Blinchikoff flat delay
Zig-zag

Eagleware symmetric

INFO/CARD 69

ACTIVE FILTERS
GIC transform

Single feedback
Multiple feedback

Low sensitivity

State variable (biquad)
VCVS

Dual amplifier

FOR SIMULATION
ENGINES..

(=)

TOUCHSTONE
SPICE
SUPERSTAR

Touchstone is a product of HP/EEsof
GENESYS and =SuperStar= are products

of Eagleware
: I  /
| ape=

SAME PRICES INTERNATIONALLY
DIRECT SALES & USER SUPPORT
BY FAX, PHONE OR LETTER



FINALLY!
3VOLT

UPC274s5
Ultra Broad Band
Amplifier

DC to 2.7 GHz
12 dB Gain
-1 dBm Psar
7.5 mA lcc

UPC2746
High Gain Amplifier

New 3 Volt NEC Silicon ICs

UPC2747
Broad Band
Low Noise Amplifier
100 to 1800 MHz
12 dB Gain
3.3 dB NF, 5 mA lcc

UPC2748
High Gain
Low Noise Amplifier

DC to 1500 MHz 200 to 1500 MHz
19 dB Gain 19 dB Gain
0 dBm Psar 2.8 dB NF
7.5 MA lcc 6 mA lcc
UPB1502 UPBs587
FOR HANDHELD [kt
0.5 to 2.0 GHz 50 to 1000 MHz
Divide by 64/65, 128/129 Divide by 2/4/8

6 mA lcc 5.5 MA Icc

WIRELESS
PRODUCTS

...plus dozens of Bipolar Transistors
characterized at 2.5 Volts, including:

f = 1500 MHz f=2.5 GHz f = 1000 MHz
NE68519 NE68030 NE68039
1.3 dB NF 1.90 dB NF 1.0 dB NF
o s 10.0 dB Ga 7.2 dB Ga 11.6 dB Ga
I NEC’S NEW LOW CURRENT SILICON ‘ICS not only G- BonbiaiMe . @ o aaile
‘ ’ led'UCC power consumption in your 3 Volt @ & e
designs, they reduce the parts count, improve
uni packages sbowun i
the reliability, and simplify the assembly. r ) .
_ - [ . ¥ ...and a variety of 5 Volt RF ICs including:
NEC is committed to 3 Volt Silicon technology;
these parts are just an introduction. UPC2708 UPC2710 UPC2713
Wide Band Wide Band Amplifier ~Wide Band
There are more on the way — soon! Amplifier Amplifier
y DC to 1000 MHz
; : DC to 2.9 GHz 33 dB Gain DC to 1200 MHz
If 5 Volt ICs are the solution, NEC has a wide v dB Cain % (B E 20 dB Gain
selection of them as well, all available right now. ECRCN < B2 By
And don’t forget NEC'’s huge family of discrete UPC2723 UPC2721 UPC2726
devi M | ized at 2.5 Vol d thev' AGC Amplifier Down Converter Differential
evices. Many are characterized at 2.5 Volts and they're 100 10 1106 MHz  RF= 0.4 to 3.0 GHz Amplifier
available in a variety of packages, including a new SOCRNGE - [I7=00 W GED NN [SOMO bRtk
- ) 13 dB Gain 15 dB Conversion Gain 15 dB Gain
ultra-small SMD that's a third the size of a SOT 23!
For a FREE Product Selection Guide, call your NE(
nearest CEL Sales Office. Or circle the number below.

Dypical Performance at 25°C. Frequency Ravige ss 3dB Barihuwkith

Visit us at
MTT.s

California Eastern Laboratories

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985
San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307 Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Cockeysville, MD (410) 667-1310
Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Palm Bay, FL (407) 727-8045 Clearwater, FL (813) §38-0706 Snellville, GA (404) 978-4443
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