
An INTERTEC® Publication 

design 
engineering principles and practices 

MPUTER-AIDED 
PRODUCTIVITY 

February 1996 

ART 

nnj 
OS 
OÜ1 
TIO 
rñ 
xw 

T 

w 
w 
w 
N 
œ 

Loh 

tot* Mt I At 

lOP MtlAL 

' lili .IHAII 

* 
zû* 

i-1 * 
<01 * 
«o * 
O N * 
—i® * 
ox * 
XT* 
O* 
O* 
^* 
* I 

N* 
N * 

0 

■■■■■■ JS. INI- I mil I IXI I GNI> I SIR I NFI I 

I HAI" I I UNI I I ll\- I MM nil HUI I -I AHI INI | '. I HUI IHI |wAVt I.IIIIU | 

V.l.4hlr • [ « 

11(1 
lio 

21X1 
mi-.ua 
WiiiiIiiw 

Featured Technology — 
CAD/CAE Methods 

Tutorial — 
Inductor Behavior at RF 



HAS MORE THAN 
300,000 WIRELESS LAN 

DEVICES INSTALLED 
WORLDWIDE 

Nobody has more spread spectrum radios installed worldwide than Aironet. And nobody offers a broader 

line of products for creating wireless local area networks. 

From OEM radios for your wireless devices to our patented ARLAN' network architecture, Aironet can 

be your full line supplier of quality components for a complete, seamless wireless LAN solution. 

AIRONET’S WIRELESS OEM PRODUCTS 
OEM RADIOS 

A 2.4 GHz Direct Sequence 
Spread Spectrum 

▲ 900 MHz Direct Sequence 
Spread Spectrum 

▲ 2.4 GHz or 900 MHz 
Low Power MicroRadios' 

OEM WIRELESS LAN MODULES 

▲ 2.4 GHz Frequency Hopping 
PCMCIA at1&2 Mbps’ 

A 2.4 GHz Direct Sequence 
at 1&2 Mbps 

A 900 MHz Direct Sequence 
at 860 Kbps 

Aironet 

WIRELESS LAN 
INFRASTRUCTURE PRODUCTS 

A ARLAN’ Patented Wireless 
LAN Network Software 

A Access Points for Ethernet, 
Token Ring, and LocalTalk 

A ISA, Microchannel and 
PCMCIA LAN Adapters 

A Wireless Bridges and Repeaters 

AIRONET WIRELESS COMMUNICATIONS, INC. 

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

ARLAN is a registered trademark, MicroRadio and the Aironet logo are trademarks of Aironet Wireless Communications, Inc. 
All other product or trade references are the trademarks or registered trademarks of their respective owners. ©1995 Aironet Wireless Communications, Inc. 

*This device has not been approved by the Federal Communications Commission. 
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REDEFINING PERFORMANCE & VALUE 
THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS 

With frequency coverage of 9 kHz to 2.9 GHz for the AN920, 
9 kHz to 22 GHz for the AN930A, and 9 kHz to 26.5 GHz for 
the AN940, the AN900 series of spectrum analyzers can match 
your RF and microwave testing requirements. 

In addition to being full-featured, portable spectrum analyzers, 
each AN900 series model provides unique measurement 
features never before available on any spectrum analyzer. 
A wide 30 MHz resolution bandwidth filter provides 

unequalled measurement capability on wideband or spread 
spectrum signals. When used in combination with the built-in 
FM/AM receiver and modulation measurement scales, direct 
measurement of wideband signal modulation components, 
including frequency agile signals, is possible. 
A 25 MHz digitizing rate enables zero span measurements on 

pulsed RF and digital signals at sweep rates as fast as 200ns/div. 
Pretrigger and posttrigger delay allow precise time interval or 
gated measurements. 

An automatic trace limits test function performs unattended 
monitoring and detection of erroneous signal conditions. 
Captured signals can be automatically stored in memory with 
time and date stamp for later recall and analysis or sent directly 
to a plotter via the standard RS-232 or IEEE-488 interfaces. 
A logical front panel control layout that avoids the use of 

menus or shift keys simplifies operation and enhances user 
productivity. 

Other optional built-in features, including a 2.9 GHz tracking 
generator, quasi-peak detector, and 0.02 ppm time base, 
expand each model's possible uses. 

Contact IFR for more information or to arrange for a 
demonstration of the AN920, AN930A or AN940. 

IFRent/Lease Plan 
An easy way to operate the best in test equipment. 

Calll-800-835-2352 

IFR SYSTEMS, INC. 
CHA f TÍO WITH HIM IM usa 10200 West York Street / Wichita, Kansas 6721 5-8999 U.S.A. 

Phone 316/522-4981 / 1-800-835-2352 / FAX 316/522-1360 

INFO/CARD 2 
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DEMODULATORS 
1.15MHz to 1880MHz from $19.95 
l&Q Modulators and Demodulators . . . another smart offering from MiniCircuits 
that's pushing industry standards to new heights (and prices to new lows)! 

Infuse your cellular, radar and communication system project with the 
powerful new l&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, l&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 catalog prices. 

We’re redefining what VALUE is all about! 

I/Q MODULATORS 

MODEL 
(MHz) 

CONV. 
LOSS 

_ (dB) 
U 

CARRER 
REJ 
(-dBc) 
Typ. 

SIDEBAND 
REJ. 
(-dBc) 
Typ. 

HARM. 

(-dBc) Typ. 
3xl/Q 5x1/0 

PRICE 
$ 

Qty. 
(1-9) 

MIQA 10M 
MIQA 21M 
MIQA 70M 
MIQA 70ML 
MIQA91M 
MIQA 100M 
MIQA 108M 
MIQA 195M 

MIQC 38M 
MIQC -88M 
MIQC 176M 
MIQC-895M 
MIQC-1785M 
MIQC 1880M 
MIQY 70M 
MIQY 140M 

JCIQ 88M 
JCIQ 176M 

MODEL 

MIQA 10D 
MIQA-21D 
MIQA 700 

MIQC 38D 
MIQC 60WD 
MIQC895D 

MOY-1.25D 
MIQY-70D 
MIQY 140D 

JCIQ- 176D 
JCIQ895D 
JCIQ-1785D 
JCIQ-1880D 

9 
20 
66 
66 
86 
95 
103 
185 

23 
73 
73 
95 
105 
113 
205 

5.8 
6.2 
6.1 
5 7 
5.5 
5.5 
5.5 
5.6 

0.20 
0.14 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

41 
50 
38 
38 
38 
38 
38 
38 

40 
40 
38 
38 
38 
38 
38 
38 

58 
48 
48 
48 
48 
48 
48 
48 

68 
65 
58 
58 
58 
58 
58 
58 

49.95 
39.95 
39.95 
49.95 
49.95 
49.95 
49.95 
49.95 

52 
104 
868 
1710 
1805 
67 
137 

52 
104 

38 
88 
176 
895 
1785 
1880 
73 
143 

88 
176 

(MHz) 

'u 
9 
20 
66 

23 
73 

34 
20 
868 

38 
60 

895 

1.15 
67 
137 

1.35 
73 
143 

104 
868 
1710 
1805 

176 
895 
1785 
1880 

NON-HERMETICALLY SEALED 

5.6 
S 7 
5.5 
8.0 
9.0 
9.0 
5-8 
5.8 

0.10 
0.10 
010 
0 10 
0.30 
0.30 

020 
0.20 

48 
41 
38 
40 

35 
40 
34 

37 
34 
36 
40 
35 
35 
36 
36 

Surface Mount Models 

5.6 0.1 
5.6 0.1 

40 
35 

35 
35 

l/Q DEMODULATORS 
CONV 
LOSS 
(dB) 

G 

6.0 
6.1 
6.2 

5.5 
6 3 
8.0 

5.0 
u5 
5.5 

0.10 
0.15 
0.10 

0.10 
0.10 
0.20 

0.10 
0.25 
0.25 

52 
47 
52 
40 
40 
47 
45 

45 

65 
66 
70 
58 
65 
65 
60 
60 

65 
65 

AMP 
UNBAL. 

(dB) 
Typ. 

0.15 
0.15 
0.15 

PHASE 
UNBAL. 
(Deg.) 
Typ. 

1.0 
0.7 
0.7 

HARM. 
SUPPRESS 
(-dBc) Typ. 

3xl/Q 5x1/0 

50 
64 
56 

65 
67 
58 

0.10 
0.15 
0.15 

0 15 
010 
0.10 

Surface Mount Models 

5.5 
8.6 
8 
8 

0.1 
0.1 
0.2 
0.2 

0.15 
0.2 
0.2 
0.2 

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

All Models Available in New 
J-LEAD Surface Mount Package. 

Consult Factory for Details. 

o Mini-Circuits 

0.5 
1.0 
1.5 

1.0 
0.5 
0.5 

60 
55 
40 

59 
52 
47 

52 
45 
50 
50 

65 
67 
55 

67 
66 
70 

65 

49.95 
49.95 
54.95 
99 95 
99.95 
99 95 

19.95 
19.95 

49.95 
54.95 

$ 
Qty. 
(1-9) 

49.95 
49.95 
49.95 

49.95 
79 95 
99.95 

29.95 
19.95 
1995 

54.95 
99.95 
99 95 
99.95 

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT NEEDS... Let Our Experience Work For You. 
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Noise Com. 
The name to remember 

when you're prospecting for 
wireless communications 

test instruments. 

No one digs deeper to help Our fading emulation 
your production line reach its goals. is stronger than ever. 

If you're manufacturing wireless 
subscriber or infrastructure products, we don't 

When it comes to fading emulation, our 
Multipath 2600 is the one the competition 

have to tell you how big an issue testing can 
be. Every second you save in running 
a test can yield big gains over a run 
of thousands of units per day. 

Cutting test time is just one of the 
reasons for taking a closer look at the 
innovative wireless test solutions 
from Noise Com. There are many more. 

Take our Mobile Phone Test Set. It's a 
high-speed automated system for production 

testing of CDMA mobile phones to IS-95 and 
IS-98. The test set boasts 
AWGN and fading 

generators, synthesized 
interference generators, 
and automatic power 
level control. If s all you 
need to completely 
characterize the transmit 
and receive performance 
of CDMA mobile phones 
at high speed...without 
sacrificing accuracy. 

looks up to. Now we've increased its RF band¬ 
width to 20 MHz, extended frequency 
range down to 30 MHz and delay 
range to more than 400 ps. We've also 
added Nakagami fading, and 
enhanced its fading library for 
CDMA, CDPD, DCS-1800, GSM, 
TDMA, and THS. But we didn't 

stop there. The Multipath 2600 now directly 
displays output power and maintains power 
level, even if you modify the fading files. 

Our UFX-BER C/N generators have also 

been improved. We've added TDMA applica¬ 

tion software, 
and dramatically 
decreased test 
time while 
maintaining accuracy for CDMA applications. 

Noise Com. Your global partner for 
wireless, telecommunications and noise testing 
products. For details, contact Noise Com, 
E. 49 Midland Avenue, Paramus, NJ 07652. 
Tel: (201) 261-8797. Or fax us at (201) 261-8339. 

Wireless Symposium Booth #214 

NOIS^ 
A WIRELESS TELECOM GROUP COMPANY 

information on: CDMA Test set circle #4, MP 2600 circle #74. 
UFX-BER circle #75 



NEW 

MIPUFIERS 
WCto8GHz $1 

(up to +15dBm output) From ̂(wooqty.) (up output) 

Mini-Circuits ushers-in a new era of technology and economy with ERA 
monolithic GaAs amplifiers. Just check the specs! These surface mount and 

drop-in amplifiers cover your applications to 8GHz with higher gain, more 
output, and flatter response. Characterized with S-parameter data, 

these amplifiers are very easy to use. Simply sketch an interconnect layout, 
and the design is done. And ERA’S are engineered with wider bandwidths 

to eliminate your need for costly compensation networks and extra gain stages. 
So, review your present design and replace with Mini-Circuits new ERA technology. 

Lower overall cost, wide bandwidth stability, and lots to...gain! 
Mini-Circuits... we’re redefining what VALUE is all about! 

'Frequency 
(MHz) 

Gain, (dB) 

Max. Power Out 
(dBm, @1dB comp.) 

Dynamic Range 

® Price ($ea„ Qty.10) 

ERA-1 
ERA- ISM 

DC-8000 
DC-8000 

11.6 
11.0 
13 
13 

NF IP3 
7dB 26dBm 
7dB 26dBm 

1.80 
1.85 

ERA-2 
ERA-2SM 

DC-6000 
DC-6000 

14.9 
13.1 
14 
13 

NF IP3 
6dB 27dBm 
6dB 27dBm 

1.95 
2.00 

ERA-3 
ERA-3SM 

DC-3000 
DC-3000 

20.2 
19.4 

NF IP3 

4.5dB 23dBm 
4.5dB 23dBm 

2.10 
2.15 

Note: All specifications typical at 2GHz. 25°C. 
‘Low frequency cutoff determined by external coupling capacitors. 
©Price (ea.) Qty. 1000: ERA-1 $1.16, ERA-2 $1.31. ERA-3 $1.46. 
Add $.05 for SM option. 

Designer's Amplifier Kits 
K1 -ERA: 10 of each ERA model (30 pieces) only $49.95 

Typical Biasing 
Configuration ERA 

R bias (Required) 

DOT 
V 

ERA-1SM 

ACTUAL 
SIZE 

block 
3 

Vd 

RFC(Optional) 

C block 

For ERA models, pin 1 identified 
by Red dot. 

C3 Mini-Circuits CIRCLE 5 
ON READER SERVICE CARD 

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

CUSTOM PRODUCT N E E D S ..Let Our Experience Work For You. F 214 Rev Orig 
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featured technology 
33 Noise Figure Modeling 

of Bipolar Transistors 
Using Spice 
This article decribes a methodology for 
SPICE modeling of noise variations in 
bipolar transistors, using a quick an effi¬ 
cient method. 
— Keelan Jennings and J. Alvin Connelly 

41 A New Statistical Method 
for Designing Circuits 
and Systems 
The statistical variation of performance 
can be used as a design parameter itself, 
with the method described in this article. 

— Peter Vizmuller 

cover story — p. 51 

cover story 
51 Software System Adds New RF 

Layout Capability 
Eagleware’s new =LAYOUT= module for its GENESYS package of syn¬ 
thesis software is introduced, along with a summary of the full 
GENESYS system design procedure. 

tutorial 
67 Inductor Behavior at Radio Frequencies 

New and retraining RF engineers can benefit from this review of real-
world inductor behavior and how it changes at higher operating fre¬ 
quencies. 

— Gary A. Breed 

71 A Tutorial on Intermodulation Distortion and 
Non-Linearity in RF Systems 
In-depth descriptions of intermodulation distortion principles, perfor¬ 
mance definitions, and distortion mechanisms are this author’s subject. 

— Jeffrey Pawlan 

76 Computing Image Filter Requirements 
for Digital Cellular Radios 
This article covers requirements for filtering in the difficult situation of 
an uncertain RF/digital interface. The author presents a formula for the 
required attenuation, along with a design example. 

— Alex Gletfelter 

engineer's notebook 
82 One-Transistor Transmitter Circuits 

Two circuit ideas from 1985 issues of RF Design are excellent examples 
of minimum cost and complexity. 

— William Rynone and S. Kan 

departments 
10 Editorial 
16 Letters 
18 Calendar 
20 Courses 
22 News 
30 Industry Insight 
58 New Products 
63 Product Focus 
97 Marketplace 
95 NewSoftware 
96 New Literature 
110 Advertiser Index 
110 Company Index 
114 Info/Card 

Next Month in 
RF Design 

• RF Switching 
• Intermodulation Dis¬ 

tortion Tutorial, Part 2 
• Tutorial on Small 
Antennas 

• More Engineer’s 
Notebook Ideas! 

RF Design 9 



Surfcoil 
SMT Inductors 

• Inductance from 2.2 nH to 1 mH 
• 11 model series in 5 sizes 

1.6 X 0.8 X 0.8 mm (0603) 
2.00 X 1.25 X 1.25 mm (0805) 
2.5 X 2.0 X 1.6 mm (1008) 
3.2 X 2.5 X 2.2 mm (1210) 
4.5 X 3.2 X 3.2 mm (1812) 

• Shielded, unshielded, ferrite core 
and nonmagnetic models 

• Operating temp: -20' to +85'C 
• Carrier and reel standard 

Phone, fax or write today for 
Engineering Bulletin SG-800 

RF editorial 
Our 
Commitment 
to RF 
Education 

SPRAGUE 
GOODmon 

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

Sprague-Goodman 

Filmtrim® 
Single Turn Plastic 
Trimmer Capacitors 

• Cap ranges: 1.0-5.0 pF to 25-500 pF 
• Q to 5000 at 1 MHz 
• Operating temp: 

PTFE, Polycarbonate, Polyimide: 
-40° to +85°C 

Polypropylene: -40° to +70°C 
High temp PTFE: -40° to +125°C 

• 6 sizes from 5 mm to 16 mm 
• More stable with temperature than 

other single turn trimmers 

Phone, fax or write today for 
Engineering Bulletin SG-402 

SPRAGUE 
GooomAn 

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

By Gary A. Breed 
Editor 

On our cover, the line under the RF 
Design logo says, “engineering princi¬ 
ples and practices.” This phrase was 
chosen carefully many years ago to 
represent the essence of our mission. 
That mission is to provide information 
the engineers find necessary to do 
their jobs. We view our job as provid¬ 
ing continuing education for RF engi¬ 
neers, rather than classic journalism. 
That mission helps us to stand apart 

from most other commercial maga¬ 
zines. Sure, we include industry news 
and analysis, and a large helping of 
new product information. But, the 
articles we publish are meant to offer 
a learning experience. 
When various circumstances made 

us re-evaluate the form of our RF 
Expo trade shows, we kept the 
strongest part intact — our courses — 
and created the RF Design Seminar 
Series. Despite being held right after 
the holidays, and promoted with a 
rather slim marketing budget, last 
month’s Dallas seminars got a good 
turnout. With the next seminars to be 
held as part of the big International 
Wireless Communications Expo in Las 
Vegas, we anticipate full classrooms. 
We have always paid close attention 

to the efforts of various colleges and 
universities that provide RF educa¬ 
tion. For the past few months, I have 
been working with a major university 
that is exploring how to establish an 
RF education and research center. If 
their plan comes together as hoped, 
the industry will have one more 
resource for development of the next 
generation of RF engineers. 
We value our contact with professors 

at colleges and universities, from 
small institutions like Messiah College 

and Walla Walla College, to the “big 
guys” like Georgia Tech, Ohio State, 
Virginia Tech and UCLA (and many 
others). RF technology is advancing 
faster then ever, and the need to learn 
the newest principles and practices is 
a never-ending process. 

In Memoriam: Helge Granberg 
On the morning of January 16, the 

RF industry lost one of its best-known 
engineers with the sudden, unexpected 
death of Helge Granberg. Most of us 
knew Helge as the author of classic 
applications notes on HF and VHF 
power amplifiers while he was with 
Motorola Semiconductor’s RF power 
transistor group, his professional home 
from 1972 until his recent retirement 
to a slower-paced life of consulting. 
Some of knew Helge as amateur 

radio operator K7ES, or another of his 
previous calls here in the U.S. and in 
Finland. Like many other hams, he 
found RF to be fun, and ham radio was 
a hobby that fit perfectly with his 
technical pursuits. 
Above all, Helge was a gifted engi¬ 

neer when came to practical matters. 
His purpose was always to make 
power amplifier circuits that work. He 
was renowned for accomplishing this 
while keeping the mathematical 
analysis to a minimum. His dedication 
to making things work is another lega¬ 
cy, one of patient counsel to engineers 
who were having trouble getting their 
own designs to operate as they should. 
Helge Granberg was one of a hand¬ 

ful of pioneers who taught solid state 
power amplifier design to the RF com¬ 
munity. Our heartfelt wishes go out to 
his wife, family and many friends. We 
will all miss him greatly. 

10 
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Kalmus: A Tradition 
of High Performance, 
Value-Packed 
RF Amplifiers 

When Kalmus began designing and 
manufacturing RF amplifiers in 1971, 
the vision was to produce the best high 

performance product possible for the best possible price. 

“As we address the needs of the engineering community 
in the 21st century, we never lose sight of this tradition. 
At the same time, however, we are taking our operations 
to an unprecedented level of engineering and 
manufacturing excellence.” 

“For example, our engineering 
and design capability enables 
us to respond rapidly to customer 
requirements. And with improved 
order handling and production 
capability, we are continually 
reducing delivery times.” 

“With the resources of Thermo 
Voltek behind us, Kalmus is 
committed to producing 
technically advanced RF 
amplifiers upon which customers 
can depend, and to expanding 
its leadership position.” 

Ruímits I .• ? ? FT • • • I 
offers I I 
over 120 A g • 
ruggedly 
built RF amplifiers for use in EMC testing, 
medical, communications and general laboratory 
applications. A comprehensive line of RF 
amplifier modules and custom amplifier options 
are also available. 

RF AMPLIFIERS 
• Stock and Custom Amplifiers and Modules 
• Meets RF Immunity Standards, including 1EC 

1000'4-3 and 1000-4-6 

Colin I. W. Baxter, President 
Kalmus 

STRAIGHT 

Talk 

About 

RF Power 

Amplifiers. 

EMC Test Amplifiers 
• RF power levels from 1 to 3000 
Watts 

• Covering the frequency spectrum 
from lOKHz to 1GHz 

Communications Amplifiers 
• RF power levels to 1000 Watts 
• Covering communications bands 

to 1GHz 
Pulsed Amplifiers 
• RF power levels to 12 KW 
• Fast rise and fall times, high 

efficiency 
Dual Band Amplifiers 
• RF power levels to 100 Watts 
• Offers operator convenience 
and cost savings without 
technical/capability compromise 

Distributed Tube Amplifiers 
• RF power levels to 2000 Watts 
• Cover 14 octaves from lOKHz to 220MHz with rise 
and fall times of better than 3 nanoseconds 

O.E.M. Amplifier Modules 
• RF power levels from 1 to 250 Watts 
• Many stock and custom modules can be tailored for 

specific O.E.M. applications 
For detailed information about the full line of Kalmus RF 
amplifiers, please contact: 1-800-344-3341 

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

Distributor: 

KeyTek • One Lowell Research Center • Lowell • MA 01852-4345 USA 

(800) 753-9835 • Tel: (508) 275-0800 • Fax: (508) 275-0850 

http://www.thermovoltek.com 

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

Thermo Voltek 
COMTEST BENELUX • COMTEST ITALIA • COMTEST UK • KALMUS • KEYTEK • VERIFIER • (JVC 

INFO/CARD 7 



When it comes to 
RF SAW Filter technology, 
THE CHOICE IS CLEAR. 

PCS Applications 

3 mm X 3 mm # 

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

wide range of superior RF SAW Filter technologies. That’s why Fujitsu delivers 

the most comprehensive selection of unparalleled, low loss, subminiature SAW 

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

Fujitsu’s extensive research and development supports the integration 

requirements of increasingly smaller, lighter, and higher performance 

wireless systems—enabling you to create viable products for leading wireless 

applications. Our Lithium Tantalate Bandpass SAW Filters provide broad 

support for wireless applications from 200 MHz to 2.5 GHz and offer 

compatibility with major cellular standards including GSM, AMPS, NMT, 

ETACS, NTACS, PDC and NTT. While meeting stringent performance 

requirements in a small footprint. 

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



WIRELESS 
LANS & 
WANS 

« 

5 mm X 5 mm 

HIGH POWER 

ANTENNA SAW FILTERS 

200 MHz TO 600 MHZ 
IN DEVELOPMENT 

BUILDING THE SMALLEST SOLUTION 

Our latest product developments include a revolutionary 

Antenna Duplexer, the smallest in the industry, for 

AMPS, TDMA and CDMA cellular systems. Also our 

high-performance SAW Filters for PC'S and DCS 1800 

systems and wireless LANs feature 3.0 x 3.0 mm packages 

for space critical applications. In addition, we offer 

standard SAW Filter products for two-way paging and 

messaging applications. 

We’re working hard to meet all of your future 

price/performance needs with exceptional SAW Filter 

solutions. So if you’re looking for the best way to 

achieve high performance while reducing size and 

weight, choose Fujitsu. We’ll deliver the products 

you need to reach the smallest system solution. Call 

Fujitsu Microelectronics today at 1-800-642-7616. 

FUJITSU 
COMPUTERS, COMMUNICATIONS, MICROELECTRONICS 

Chips are shown at actual size. 

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



Hittite Surface-Mount Mixer 
HMC168C8 Double Balanced Mixer covers 4.5 - 8.0 GHz 

Conversion Loss 
LO to RF and IF Isolation 

8.2 dB 
>33 dB 

Surface Mount 
Small Size, No DC Bias Required 

Redesign 
Established 1978 

Editorial and Advertising Offices 
6300 S. Syracuse Way, Suite 650 
Englewood, CO 80111 
(303)220-0600 Fax:(303)267-0234 

Publisher 
Mercy Contreras 

Editor 
Gary A. Breed 

Functional Diagram Conversion Loss 

The HMC168C8 is a miniature double¬ 
balanced mixer in a ceramic surface mount 
package that can be used as a replace¬ 
ment for carrier-style mixers. The device 
is a passive diode/balun type mixer with 
high dynamic range and serves as an 
upconverter, downconverter or biphase 
modulator with noise figure equal to the 
conversion loss. The mixer can handle 
larger signal levels than most active mix¬ 
ers due to the high third order intercept. 
MMIC implementation provides excep¬ 
tional balance in the circuit resulting in 
high LO/RF and LO/IF isolations and unit-
to-unit consistency. This mixer has appli¬ 
cations in point-to-point microwave radios 
and 5.8GHz ISM band circuits where small 
size and surface mount compatibility are 
important. 

Hr FREQUENCY (GHz) 

Consulting Editor 
Andy Przedpelski, The Shedd Group 

Editorial Review Board 
Madjid A. Belkerdid, Univ, of Central Florida 
Alex Burwasser, RF Products 
Dave Krautheimer, MITEQ, Inc. 
Ed Oxner, InterFET Corporation 
Raymond Sicotte, American Microwave Corp. 
Robert J. Zavrel, Jr., IBM 

Isolations 

FREQUENCY (GHz) 

Electrical Performance 
(with LO Drive of +10dBm) 

Hittite Product Selection Guide 
Both die (shaded) and packaged die are shown below. Packaged die available for most MMICs. 

Switches 

New 
New 

Part No, RF Band Features 
HMC140 0.8-2 4 GHz High Isolation 
HMC128 1.8-5 GHz High Isolation 
HMC128G8 1.8-5 GHz High Isolation. SMT 
HMC129 4-8 GHz High Isolation 
HMC129G8 4-8 GHz High Isolation. SMT 
HMC130 6-11 GHz High Isolation 
HMC141 6-18 GHz DC-6 GHz IF Band 
HMC142 6-18 GHz Mirror of H MC 141 
HMC143 5-20 GHz Triple-Balanced 
HMC144 5-20 GHz Mirror of HMC1 43 
HMC147S8 1 6-3 4 GHz Low cost SOIC Pkg 

HMC168C8 4.5-8.0GHZ Surface Mount Pkg. 
HMC171C8 7.0-10.0GHZ Surface Mount Pkg. 

Bi-Phase Modulators 
Part No, RF Band Features 
HMC135 1.8-5.2 GHz 30 dBc Carrier Suppr 

HMC136 4-8 GHz 30 dBc Carrier Suppr 
HMC137 6-11 GHz 20 dBc Carrier Suppr 

Sensors/Sources 
Part No. RF Band Features 
HMC124 5-6 GHz Int FM-CW Radar 
HMC131 5-6 GHz VCO w/Buffer Ampl 

New 

New 

Part No.- RF Band Futures-
HMC103 DC-6 GHz Non - Reflect SPST 
HMC 104 DC-6 GHz Non-Reflect SPOT 
HMC 105 DC-6-GHz 3-Watt SPST 
HMC106 DC-4-GHz 3-Watt SPDT 
HMC132 DC-15 GHz High Isolation SPDT 
HMC132G7 DC 6 GHz SMT Pkg SPDT 
HMC132P7 DC-6 GHz Microstrip Pkg. SPDT 
HMC15U DC-10 GHz Transfer Switch 

HMC154S8 DC-2.5GHZ TX/RX SPDT (SOIC) 
HMC159S14 DC-2-OGHz Transfer Switch (SOIC) 
HMC160S14 DC-2.0GHZ Diversity Switch(SOIC) 

HMC165S14 DC-2.0GHZ SP4T Switch (SOIC) 
HMC167SS8 DC-2.0GHZ SPDT Switch (SSOP) 

Variable Attenuators 
Part No.— 
HMC109 
HMC121 
HMC121G8 
HMC110 

W  Blind 
DC-8 GHz 

DC- 15 GHz 
DC-8 GHz 
DC-10 GHz 

Linear Control WA 

30dB WA. Sngl Cntl 
SMT Pkg WA 

5 Bit Digital Arten 

Variable Gain Amplifiers 
Fart No. 
HMC151 
HMC152 

HMC153 

1-4 GHz 
2.5-5 GHz 

2.5-5 GHz 

20 dB Gain Adjmnt 
20 dB Gain Adjmnt 

Bidirectional Ampl 

HMC156 
HMC157 
HMC158 

TnoufBand 

0.8-1. 7 GHz 
1.2-2.6 GHz 
1.6-3.6 GHz 

1.6-3.4 GHz 
2.4-52 GHz 
3.2-72 GHz 

15 dB 
13 dB 
13 dB 

FÍ Isolation 
30 dB 
37 dB 
32 dB 

35 dB 
37 dB 
32 dB 

Hittite 
For ordering information, contact: 

Hittite Microwave Corporation 
21 Cabot Road, Woburn MA 01801 
Phone: (617)933-7267 Fax: (617)932-8903 
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A^ Coilcrait "Micro Spring" 
air core inductors^ 

Coilcraft 0805 
wirewound inductors. 

Non-wirewound 
inductors 

A 00 N\Hz 1 GHz 

Coilcraft inductors have 

Q's that won't quit! 

And that's just the start. You'll find 
that Coilcraft surface mount induc¬ 
tors give you unmatched perfor¬ 
mance in every category: Q, SRF, 
DCR and TCL. 
You won't find a coil with higher 

Q than our new "Micro Spring" air 
core inductor. 

Its unique design gives you all the 
advantages of an air wound coil plus 
the convenience and cost savings of 
a true surface mount component. 
A 7.2 nH "Micro Spring" has a Q 

Our wirewound ceramic inductors have 
Q factors far greater than non wirewound 

parts. For maximum Q, choose our 
surface mountable air core inductors. 

of 140 at 1 GHz and 240 at 2 GHz! Its 
self resonant frequency is 4.8 GHz. 
And you can order them with induc¬ 
tance tolerances as tight as 2%. 
Our conventional ceramic chip 

inductors are also tight tolerance 
parts with exceptionally high Q. For 
example, a 12 nH 0805 inductor has 

a Q of 85 at 2 GHz, and still climb¬ 
ing! Along with this high Q, you get 
very low de resistance and a 2.6 GHz 
self resonant frequency. 

See for yourself the performance 
advantages of Coilcraft's high Q sur¬ 
face mount inductors. Call for free 
evaluation samples, or order our 
handy Designer's Kits with samples 
of each value. 

For complete specifications, use 
our "Data by Fax" service or call 
800/322-2645. 

MMMX WWWhttpy/wwwxoikroft.com 
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PRECISION CROs & DROs 
CUSTOMERS FOR TOUGH 

• Guaranteed 
Performance 

• On-Time 
• Priced Right 

Pick the frequency! 

CROs from 400MHz to 3GHz 
DROs from 3GHz to 42GHz 

DELPHI sources use MIC hybrids and surface mount devices to yield high 
performance in a small size. When internally phase locked, frequency stability of ±2.5 
PPM is achieved, with excellent phase noise and low microphonie susceptibility. 

Output power levels are available from +10 to +23 dBm or higher. Frequencies for 
CROs range from 400MHz to 3 GHz and DROs range from 3GHz to 42GHz. Phase 

locked units accommodate internal or external reference oscillators. 
Quick delivery of quality products begins with fast crystal procurement, continuous 

process control, bar code tracking, and a strong stocking program. 
For more detailed information, call DELPHI 

at (714) 831-1771 or FAX (714) 831-0862 delphi 
JL Components, Inc. 

a Division of Aura Systems. Inc. 

DELPHI COMPONENTS, INC.. 27721A La Paz Road. Laguna Niguel. (A 92677 
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TECHNOLOGIES LTD 

OVER THIRTY YEARS 

EXPERIENCE IN 

THE MANUFACTURE OF 

MONOLITHIC CRYSTAL FILTERS 

PACKAGE FILTERS 

CRYSTALS 

• PERFORMANCE • QUICK DELIVERY • PRECISION • RELIABILITY • 

• COMPETITIVE PRICING • SERVICE • 

• MADE IN THE USA • CUSTOM & STOCKING ORDERS • 

APPLICATIONS FOR REGIONAL REPS NOW BEING ACCEPTED 

28 MILLRACE DR • LYNCHBURG, VA 24502 • TEL 804-385-8300 • FAX 804-385-8100 
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fetters 
Send your letters to: Editor, RF 
Design, 6300 S. Syracuse Way, 
Suite 650, Englewood, CO 80111; 
fax: (303) 267-0234. Letters pub¬ 
lished may be edited to length or 
clarity. 

Photo Clarification 
On the cover of RF Design’s August 

1995 issue, several types of equipment 
were used to illustrate applications of 
RF power transistors. Because they 
were meant to be generalized exam¬ 
ples, the various specific equipment 
types were not identified. RF Design 
and Advanced Power Technology 
(APT), who provided the cover photo, 
would like to recognize one of the man¬ 
ufacturers whose equipment was used 
in that photo. 

In the upper left of the August cover 
photo is an FM broadcast exciter man¬ 
ufactured by Itelco, an Italian manu¬ 
facturer of radio equipment. In the 
U.S., they can be reached at: Itelco 
USA Inc., 8280 N.W. 27th Street, 
Miami, Florida 33122. A photo of the 
exciter is included here. RF Design 
and APT regret that the photo was 
used without proper credit to Itelco. 

RF Design Seminars 

April 23-26, 1996 
Las Vegas, NV 

Courses offered: 

Wireless Digital Communications 
RF Amplifier Design 
Practical Filter Design 

Oscillator Design Principles 
RF and Wireless Design 
Principles (3-day course) 

Held inconjunction with the 
International Wireless Communi¬ 

cations EXPO (IWCE) 

Information: 1-800-828-0420 
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2 Prosperity Road II 
Science-Based Industrial Park 
Hsinchu .Taiwan 

Int'l Customer Service: 

Tel: 886-35-785100 
Fax:886-35-770512 

U.S. Customer Service: 

Tel: 1-703-690-8909 
Fax:1-703-690-8414 
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POWER 
IN PACKAGES 

Call today for a complete Cougar 
Product Guide containing more 
high power amplifier models, as 
well as high gain, low noise, and 
high efficiency amplifiers. 

Each of the models listed below 
operate at +15 volts. The complete 
Product Guide also lists guaranteed 
temperature specifications, reverse 
isolation, intermodulation, and 
SWR performance. 

FREQ. GAIN N.F. P.O. D.C. 

MODEL (MHz) (dB) (dB) (dBM) (mA) 

AP561 10-500 13.5 5.0 27.0 175 

AP1059 10-1000 13.5 5.0 26.5 175 

AP1588 1200-1600 24.0 1.4 24.5 145 

AP2009 10-2000 11.0 3.5 27.5 185 

AP2509 10-2500 8.5 4.3 27.5 185 

AR209 10-250 10.8 4.5 28.5 235 

AR1096 600-1000 14.4 2.1 28.0 230 

AR1298 10-1200 11.5 4.0 30.5 400 

AR2098 30-2000 10.8 5.2 30.0 370 

AR3098 500-3000 9.5 5.2 29.5 365 

Ask for Cougar’s Power Pack when 
requesting models that draw greater 
than 250 mA DC current; the 
Power Pack has lower thermal resis¬ 
tance for better heat dissipation. 

PACKAGE TYPES 
TO-8 
TO-8B 

SURFACE MOUNT 
CONNECTORIZED 

FLAT PACKS 

PHONE 408-522-3838 FAX 408-522-3839 
384 Santa Trinita A ve. Sunnyvale. CA 94086 

' COMPONENTS 

w calendar_ 
February 

12-16 Wireless Symposium & Exhibition 
Santa Clara, CA 

Information: Mary Begley, Penton Publishing, 611 Route 46 
West, Hasbrouck Heights, NJ 07604. Tel: (201) 393-6289. 

March 
3-7 IPC Printed Circuits Expo ‘96 

San Jose, CA 
Information: Institute for Interconnecting and Packaging 
Electronic Circuits (IPC), 2215 Sanders Road, Northbrook, 
IL 60062-6135. Tel: (708) 509-9700. Fax: (708) 509-9798. 

18-22 12th Annual Review of Progress in Applied 
Computational Electromagnetics 
Monterey, CA 

Information: Richard W. Adler, ECE Dept./Code ECAB, 
Naval Postgraduate School, 833 Dyer Road, Room 437, Mon¬ 
terey, CA 93943. Tel: (408) 649-1111. Fax: (408) 649-0300. 
E-mail: rwa@mcimail.com 

April 
15-18 NAB ’96 

Las Vegas, NV 
Information: NAB Conventions, 1771 N St., NW, Washing¬ 
ton, DC 20036. Tel: (800) 622-3976. Fax: (202) 429-4180. 

23-26 International Wireless Communications Expo 
(including the RF Design Seminar Series) 
Las Vegas, NV 

Information: Argus Trade Shows, 6151 Powers Ferry 
Road, N.W., Atlanta, GA 30339. Tel.: (800) 828-0420 or 
(770) 618-0499. Fax: (770) 618-0441. 

June 
5-7 Frequency Control Symposium 

Honolulu, HI 
Information: Michael Mirarchi, Synergistic Management, 
3100 Route 138, Wall Township, NJ 07719. Tel: (908) 280-
2024. Fax: (908)681-9314. 

11-12 Radio Data Solutions Europe 1996 
Amsterdam, The Netherlands 

Information: Radio Data Solutions Europe, The Old Vic¬ 
arage, Haley Hill, Halifax, HX3 6DR, U.K. Tel: +44 1422 
380397. Fax: +44 1422 355604. 

17-20 Conference on Precision Electromagnetic 
Measurements 
Braunschweig, Germany 

Information: Sabine Rost, CPEM Conference Secretary, 
PTB, Bundesalle 100, D-38116 Braunschweig, Germany. 
Tel: +49 531 592 2129; Fax: +49 531 592 2105. 

16-21 MTT-S International Microwave Symposium 
San Francisco, CA 

Information: Derry Hornbuckle, Hewlet-Packard; Tel: 
(707) 577-3658; Fax: (707) 577-2036, or Jerry Fiedziusko, 
Space Systems/Loral Corp. Tel: (415) 852-6868. Fax: (415) 
852-5068. 
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»usiness and everyday life. At M/A-COM, we're providing innovative RF/micro-■ wave technology for wireless phones and infrastructure. Bringing ( 

the industry's broadest line of ” ’* wired and unwired connectivity 

olutions to cellular, PCN, SMR and WLL. So no matter what network or modulatio: 

cheme you're working with, pick up your phone and call M/A-COM. And just ask us ho’ 

^N/SMB^an^naÄg cellulaciystems to plan a much needed change of climate. 

RF/microwave connectivity 
solutions for wireless voice 

communications. 

Mb 
J an AMP company 

Leading edge surface mount discrete 
and integrated circuits for active, 
passive and control functions. 

The industry's widest range of 
coaxial interconnect solutions for 

handsets and base stations. 

Our high power amplifiers for 
PCS provide excellent 
linearity and efficiency. 

Sales offices in 33 countries around the world. 
Americas 1-800-366-2266 • Europe/Middle East/Africa 44 (1344) 869 595 • Asia/Pacific 81 (03) 3226-1671 



RI courses 
Designing for EMC 
February 11-14, 1996, Orlando, FL 

Information: Registration — Tektronix Seminars: (800) 763-
3133. Content information — Kimmel Gerke Associates; Tel: 
(612) 330-3728. 

51st Engineering + Management Program 
March 24-29, 1996, Los Angeles, CA 

Information: UCLA Extension, 10995 Le Conte Ave., Suite 
542, Los Angeles, CA 90024. Tel: (310) 825-1047; Fax: (310) 
206-2815. E-mail: mhenness@unex.ucla.edu 

Analog & RF Printed Circuit Design 
February 14-16, 1996, Milwaukee, WI 

Information: Center for Continuing Engineering Education, 
University of Wisconsin-Milwaukee, 161 W. Wisconsin Ave., 
Suite 6000, Milwaukee, WI 53203. Tel: (414) 227-3159. 

RF and Wireless Engineering 
April 23-25, 1996, Las Vegas, NV 

Practical High Frequency Filter Design 
April 23, 1996, Las Vegas, NV 

Oscillator Design Principles 
April 24, 1996, 1996, Las Vegas, NV 

Digital Modulation and Spread Spectrum for Wireless 
Communications 
April 23, 1996, 

RF Power Transistors and Amplifiers 
April 24, 1996, Las Vegas, NV 

Wireless Communications for Non-Engineers 
April 23, 1996, Las Vegas, NV 

Information: RF Design Seminar Series, Argus Trade 
Shows, 6151 Powers Ferry Rd., N.W. Atlanta, GA 30339. 
Tel: (800) 828-0420. 

Antenna Engineering 
February 13-16, 1996, Atlanta, GA 

Principles of Pulse Doppler Radar: High, Medium and 
Low PRF 
February 13-15, 1996, Atlanta, GA 

Radar Cross Section Reduction 
March 26-29, 1996, Atlanta, GA 

Principles of Electronic Counter-Countermeaures 
April 9-11, 1996, Atlanta, GA 

Phased-Array Radar System Design 
April 29-May 2, 1996, Atlanta, GA 

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

Grounding & Shielding Electronic Systems, and Circuit 
Board Layout 
February 26-28, 1996, Seattle, WA 
June, 1996 (dates TBA), Chicago, IL 
August 14-16, 1996, San Jose, CA 

Information: Continuing Education, University of Missouri-
Rolla, 103 ME Annex, Rolla, MO 65409-1560. Tel: (314) 341-
4132; Fax: (314) 341-4992. 

Wireless Digital Communications 
February 26-March 1, 1996, Tempe, AZ 

Information: College of Engineering and Applied Sciences, 
Center for Professional Development, Arizona State Univer¬ 
sity, P.O. Box 877506, Tempe, AZ 85287. Tel: (602) 965-
1740. Fax: (602) 965-8653. 

Mobile and Wireless Personal Communications Networks 
February 12-16, 1996, France 

Spread Spectrum/CDMA 
February 12-16, 1996, France 

Bandwidth-Efficient Coded Modulation: Theory and 
Application 
February 12-14, 1996, France 

Information: Tine Persson, CEI-Europe, P.O. Box 910, S-612 
25 Finspong, Sweden. Tel: +46-122-175 70; Fax: +46-122-
143 47. 

Antennas: Principles, Design and Measurements 
March 13-16, 1996, San Diego, CA 
May 14-17, 1996, St. Cloud (Orlando), FL 

Information: Kelly Brown, Northeast Consortium for Engi¬ 
neering Education, 1101 Massachusetts Ave., St. Cloud, FL 
34769. Tel: (407) 892-6146. Fax: (407) 892-0406. 

DSP Without Tears 
March 6-8, 1996, Long Beach, CA 
April 17-18, 1996, Fort Lauderdale, FL 
May 1-3, 1996, Boston, MA 

Information: Z Domain Technologies, Inc., 325 Pine Isle 
Court, Alpharetta, GA 30202. Tel: (770) 587-4812; Fax: 
(770) 518-8368. 

Electromagnetic Interference and Compatibility 
(EMI/EMC): A Practical Approach to Testing and 
Problem Solving 
February 12-16, 1996, Washington, DC 

Wireless Telecommunications: An Introduction 
February 21-23, 1996, Washington, DC 

Analog and Digital Cellular Networks: CDMA versus TDMA 
March 6-8, 1996, Washington, DC 

Lightning Protection 
March 14-15, 1996, Washington, DC 

Advances in Video Technology for Communications and 
Broadcasting 
April 8-11, 1996, Washington, DC 

Modern Receiver Design 
April 15-19, 1996, London, U.K. 

Wireless Infrastructure Network Engineering for Cellular, 
PCS, LEO and WPBX 
April 15-19, 1996, Washington, DC 

Grounding, Bonding, Shielding and Transient Protection 
April 29-May 3, 1996, San Diego, CA 

Mobile Satellite Communications Systems 
May 13-15, 1996, Washington, DC 

Modern Digital Modulation Techniques 
May 13-17, 1996, Washington, DC 

Global Positioning System: Principles and Practice 
May 20-23, 1996, Washington, DC 

Electromagnetic Interference and Control in Modern Com¬ 
munications Systems 
May 20-24, 1996, Washington, DC 

Mobile Communications Engineering 
May 22-24, 1996, Washington, DC 

Hazardous RF Electromagnetic Radiation: Evaluation, 
Control, Effects, and Standards 
June 12-14, 1996, Washington, DC 

Information: The George Washington University, Continu¬ 
ing Engineering Education, Academic Center, Room T-308, 
801 22nd Street, N.W., Washington, DC 20052. Tel: (202) 
994-6106 or (800) 424-9773. Fax: (202) 872-0645. 
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HDD Shock Sensor — PKGS Series 

Incline angle of primary axis offered in 0, 25 
and 45 types. Output voltage of 1.95 mV/G 
and resonant frequency of 20KHz offers 
excellent sensitivity. 

SMD Resonator 

Economical and rugged alternative to quartz 
crystals for frequency control applications. 
SMD available up to 50MHz. 

Monolithic Chip Caps 

Ultra-miniature sizes - all the way down 
to 0402. New ceramic extended capacitance 
range up to 10 microfarads for replacement 
of Tantalums. 

455KHz - 2nd I.F. Filter 

SFGCG series offers excellent 
sensitivity, optimum stop band 
attenuation and high stability 
for wireless applications. Also 
available in SFEC 10.7MHz 
Series for 2nd I.F. 

SMD Inductor — LQP Series 

* 

SMD Thermistor 

- NTH5G Series 

0805 size ideal for temper¬ 
ature sensing for overcharge 
protection in a rechargeable 
battery pack; temperature com¬ 
pensation circuits. Resistance 
range from 220-100K Ohms. 

Outstanding high-Q characteristics with 
±2% tolerance for high frequency reso¬ 
nant circuits - sizes down to 0603 with 
.5mm height ideal for low-profile PC 
Card applications. SMD Ferrite Chips — BLM Series 

Effectively prevents unwanted noise in HF 
circuits, up to 1GHz. Sizes down to 0603. 

Compact VCO 

Small size and low power 
consumption. Frequency 
range from 400MHz-2.4GHz. 
Stability of ±2MHz from 
-35°C to +80°C. 

A few off the important components off 
the new environment for doing business. 

A notebook PC, a wireless modem, 
a connection to your network and a 
spectacular mountain view. You don’t 
have to be in the office to be in the 
center of things any more. And Murata 
can provide some of the most important 
components of today’s computers and 
wireless communications devices, from 
microwave functional devices for RF 

front ends, to thermistors for battery 
circuit protection and shock sensors 
for hard drives. For the latest devel¬ 
opments in components for conver¬ 
gence applications — look to Murata. 

For a free wireless 
poster, as well as 
Murata catalogs, 
call 1-800-831-9172, 
ext 238. 

The devices you’re designing today 
will shape the business environment 

tomorrow. And we intend to be a big 
part of that ever-changing landscape. fn/wtator in Electronics 

01995 Murata Electronics North America, Inc., 2200 Lake Park Drive, Smyrna, GA 30080. All rights reserved. 
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RF news 
Consortium Forms to 
Develop Government 
RF and Microwave 
Technology 
The MAFET Design Environment 

(MDE) Consortium, a newly-formed 
team of microwave electronics and 
electronic design automation compa¬ 
nies, has entered into an agreement 
with the U.S. Government for a multi¬ 
year, multi-million dollar effort for the 
Thrust One Microwave and Analog 
Front-End technology (MAFET) pro¬ 
gram. 

National Semiconductor 
Establishes Laboratory 
National Semiconductor has formed 

a research laboratory to accelerate the 
companyis long-range development of 
advanced technologies and products 
for the communication, computer and 
transportation industries. The Nation¬ 
al Semiconductor Research Laboratory 
(NSRL) has a charter to develop tech¬ 
nologies, processes and products key 
to National’s long-term strategy of 
dominating the market for analog and 
mixed-signal products that move and 
shape information. The NSRL is dedi¬ 

cated to become a premier research 
facility, attracting eminent scientists 
and partnering with key universities, 
research organizations and customers. 
The laboratory will be headed by Dr. 
Juri Matisoo, who was recently 
appointed vice president of Research 
and who was most recently the direc¬ 
tor of IBM’s Thomas J. Watson 
Research Center. 
Over the next several years, Nation¬ 

al expects the NSRL to grow to pro¬ 
vide 150 to 200 new research jobs in 
Santa Clara. The NSRL focus pro¬ 
grams in three areas as it grows: com¬ 
puter science and systems research, 

Business Briefs 
ADC Forms Joint Venture With PCS Wireless — ADC 
Telecommunications, Inc. (ADC) has announced its intent 
to form a joint venture with PCS Wireless, Inc. of Vancou¬ 
ver, British Columbia. The equally-owned joint-venture 
company will be chartered in the U.S. and will manufac¬ 
ture, market and sell remote antenna drivers (RADs) and 
remote antenna signal processors (RASPs)) for use in 
hybrid fiber/coax (HFC) networks. The joint venture com¬ 
pany is being capitalized at US$5 million. ADC will also 
purchase 5 million shares (15 percent) of PCS Wireless. 

Electronic Technology and Digital Scientific Form 
Joint Venture — Electronic Technology Corp. (ETC) and 
Digital Scientific, Inc. have signed a joint venture agree¬ 
ment to produce technology that uses a new method of 
demodulating a spread spectrum signal. ETC will design, 
engineer, and manufacture the technology, and Digital 
Scientific will assist engineering and manufacturing and 
will market applications. 

Pittencrieff Communications Completes Advanced 
MobileComm Merger — Pittencrieff Communications, 
Inc. (PCI) has completed its business combination with 
Advanced MobileComm, Inc. (AMI), a Fidelity Capital 
company. The transaction involves the contribution to PCI 
of the specialized mobile radio (SMR) assets from AMI and 
other parties, as well as changing PCI to a Delaware cor¬ 
poration. 

Technical Research and Manufacturing Achieves 
ISO 9001 Certification — Technical Research and Man¬ 
ufacturing, Inc. (TRM) of Bedford, NH has been registered 
to ISO 9001 certification by the international registration 
company TUV Esse. TRM designs and manufactures a 
wide variety of signal processing devices and sub-systems 
for telecommunication and military applications. 

URS Corp Forms Subsidiary — URS Corporation has 
formed a new subsidiary to address emerging wireless 
telecommunications markets. URS Telecommunications, 
Inc., headquartered in Washington D.C., focuses of URSis 
structural, electrical and mechanical engineering. URS 
also was awarded three contracts in the PCS market val¬ 
ued at $2.1 million. 

Proxim and AMP to Deliver 2.4 GHz Wireless LAN — 
Proxim, Inc has announced a strategic technology and 
marketing agreement with AMP Incorporated. Under the 
agreement, AMP will market a family of 2.4 GHz frequen¬ 
cy-hopping spread spectrum wireless LAN products based 
on Proxim’s RangeLAN2 technology. The line will include 
PCMCIA and ISA adapter cards, as well as a compact net¬ 
work Access Point for Ethernet LANs. 

Richardson, Ericsson Reach Distribution Agree¬ 
ment — Richardson Electronics, Ltd. has announced that 
it has reached a distribution agreement with Ericsson to 
market their RF components on a global basis. 

GSM Alliance — Seven personal communications ser¬ 
vices companies have formed an interest group to promote 
Global System for Mobile Communication (GSM) technolo¬ 
gy. The companies will manage GSM technology standards 
throughout North America, deal with interoperability 
issues, and coordinate efforts with the international GSM 
community. The seven companies are: American Personal 
Communications, the American Portable Telecom unit of 
Telephone & Data Systems Inc., the BellSouth Personal 
Communications unit, Intercel Inc., Omnipoint Corp., the 
Pacific Bell Mobile Services unit of Pacific Telesis Group, 
and Western Wireless Corp. 

Dexter, Advanced Plating Technologies Reach Busi¬ 
ness Agreement — A long-term business agreement 
between Dexter Electronic Materials and Advanced Plat¬ 
ing Technologies enables Dexter to begin marketing three 
new high performance processes for use in the fabrication 
of printed wiring boards. 

BTG and Licenses Amplifier Patents — BTG USA Inc 
(BTG) has announced a cross license agreement with Eric¬ 
sson Radio Systems AB concerning certain patents and 
patent applications relating to highly linear, broadband 
power amplifiers held by both parties. BTG has also com¬ 
pleted a license agreement awarding Phoenix Microwave 
Corp, the rights to develop ultra-linear base station ampli¬ 
fiers based on innovations in BTGis broadband linear 
power amplifier technology utilizing feedforward tech¬ 
niques and digital signal processing. 
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SUPBUXURGE SME 
with G EN ESYS, 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. 
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 

MATCHING NETWORKS 
L-C pi and L 
L-C tee 
T-line quarter wave 
T-line single/double stub 
General order bandpass 
L-C pseudo lowpass 
T-line pseudo lowpass 
T-line stepped-Z 
Custom with R' s and xformers 

LUMPED FILTERS 
Conventional all-pole 
Conventional elliptic 
Top-C coupled 
Top-L coupled 
Shunt-C coupled 
Tubular 
Blinchikoff flat delay 
Zig-zag 
Eagleware symmetric 

ACTIVE FILTERS 
GIC transform 
Single feedback 
Multiple feedback 
Low sensitivity 
State variable (biquad) 
VCVS 
Dual amplifier 

GENESYS includes free technical support, 
no annual fees and a money-back guarantee 
GENESYS is available for 

Touchstone is a product of HP/EEsof 
GENESYS and =SuperStar= are products 
of Eagleware 

■AfcO MICROSOFT . MICROSOFT . 

WINDOWS» WINDOWSNT. 

€RGL€UJnR€= 
Eagleware Corporation 1750 Mountain Glen Stone Mtn, GA 30087 USA 

TEL (770) 939-0156 * FAX (770) 939-0157 
SUMÍ mice INTeRNATIONfilLV 
DIRKT SRL6 & US€R SUPPORT 
BY FAX. PHONi OR IPTTŒ 
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RFnews continued 

design sciences research and physical 
process research. Currently, research 
is focused on physical process. 

Scholarships Available 
for Radio Amateurs 
The Foundation for Amateur Radio, 

Inc., a non-profit organization with 
headquarters in Washington, D.C., 

plans to administer 57 scholarships for 
the academic year 1996-1997 to assist 
licensed radio amateurs. The Founda¬ 
tion, composed of over 75 local area 
amateur radio clubs, fully funds eight 
of these scholarships with the income 
from grants and its annual Hamfest. 
The remaining 49 are administered by 
the Foundation without cost to the 
various donors. Licensed radio ama-

High Stability Ovenized Oscillator 
The SC1O 10 MHz quartz oscillator uses an SC cut crystal to provide an 
extremely low aging rate, high thermal stability and very low phase noise. 
For the most critical frequency and timing applications, the SC10 is the 
ultimate solution. 

Grade J 
Aging 

Thermal Stability (0-50° C) 

Phase Noise: 10 Hz 
100 Hz 
1kHz 

Operating Range 

Allan Variance (1 second) 

<1x10‘9/day 

<±2x10'9
<-120 dBc/Hz 

<-150 dBc/Hz 
<-155 dBc/Hz 
0°to50°C 

<1x10-" 

K 

<5x1O',o/day 

<±1x10’9

<-125 dBc/Hz 
<-150 dBc/Hz 
<-155 dBc/Hz 
-1O°to+6O°C 

<5x10'12

A 

<2x10'1°/day 

<±5x10-’° 

<-150 dBc/Hz 
<-150 dBc/Hz 
<-155 dBc/Hz 
-2O°to+7O°C 

<2x10'12

24 

• SMP construction 
• Electronic and mechanical 
frequency tuning 

• +15 or +24 VDC operation 

• Pin, SMA, SMB or SMC 
connectors 

• Size: 2” X 2” X 4” 
• $250 base price for J grade 
(quantity of 100) 

03679 

STANFORD RESEARCH SYSTEMS 
1290-D Reamwood Avenue, Sunnyvale, CA 940Ô9 
TEL: (40Ô) 744-9040 FAX: 
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744-9049 

teurs may compete for these awards if 
they plan to pursue a full-time course 
of studies beyond high school and are 
enrolled in or have been accepted for 
enrollment at an accredited universi¬ 
ty, college or technical school. The 
awards range from $500 to $2,000 
with preference given in some cases to 
the pursuit of certain study programs 
or to residents of specified geographi¬ 
cal areas (Delaware, Florida, Maine, 
Maryland, New Jersey, Ohio, Pennsyl¬ 
vania, Virginia, and Wisconsin). Addi¬ 
tional information and an application 
form may be requested by letter or 
QSL card, postmarked prior to April 
30, 1996. Send to: FAR Scholarships, 
6903 Rhode Island Ave., College Park, 
MD 20740. 

ALK Engineering to 
Distribute S/FILSYN 
S/FILSYN, a popular filter-design 

software package, will now be exclu¬ 
sively distributed by ALK Engineer¬ 
ing. The package joins ALK Engineer¬ 
ing’s PCFILT filter design package, 
and the two packages overlap to pro¬ 
vide broad coverage of the entire field. 
Technical support for the software and 
expanded consulting services will be 
provided by Al Klappenberger and Bill 
Lurie. Dr. George Szentirmai of DGS 
Associates will remain available on a 
part time basis to handle advanced 
problems. 

Call for Papers: 
29th Connector and 
Interconnection 
Symposium 
A call for papers has been issued for 

the 29th (1996) Annual Connector & 
Interconnection Technology Sympo¬ 
sium and Trade Show to be held at 
Boston Park Plaza Hotel, Boston, MA, 
September 16-18, 1996. The Sympo¬ 
sium is co-sponsored by the Interna¬ 
tional Institute of Connector and 
Interconnection Technology, Inc. 
(IICIT) and the Components Group of 
the Electronics Industries Association 
(EIA). Papers presenting new develop¬ 
ments and knowledge in the following 
areas are invited: automation; ball 
grid arrays (BGA); high-speed connec¬ 
tions systems; medical applications; 
quality; spaceflight connector technol¬ 
ogy; test methods; automotive inter¬ 
connection; fiber optics; materials, fin¬ 
ishes, and platings; PCMCIA memory 
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Now, A Worldwide Opportunity 

for Ericsson RF Components. 

The world now has the opportunity to design-in 
Ericsson RF Components worldwide. The worldwide 
partnership between Ericsson RF Components and 
Richardson Electronics means you’ll have access to RF 
design support and an extensive inventory of Ericsson 
products that you may never have had before. With 
Richardson, you’ll receive personal RF design engineering 
support and a worldwide distribution network with nearly 50 
years experience delivering products in the time the market 
demands. 

For PCN, cellular and TV linear applications, Ericsson’s 
RF power products are proven reliable, high-performance 
devices. Ericsson's ISO 9001 -certified manufacturing 
process ensures its RF power products produce the highest 
gain and optimal linearity. 

You may now refer to our Internet address (http:// 
www.rell.com) for specifications on Ericsson’s newest RF 
products. Contact Richardson Electronics today and let us 
bring you the world of Ericsson RF Components. 

To Receive a 
copy of the 
Ericsson Data 
Book please fax, 
call or circle this 
inquiry number. 

X Richardson 
vk" Electronics, Ltd. 

(800) RF POWER in the U.S. 
ERICSSON S 

More than 50 locations worldwide to serve you ■ U.S. Toll Free (800) RF Power/ (800) 737-6937, 
Canada Toll Free: (800) 348-5580; Internet: httpJ/www.rell.com. France: (1) 34.26.4000, 
Germany: Puchheim (089) 800 21 3-1 , Hamburg (040) 555 88 4 0, Italy: Sesto Fiorentino (Fl) 

(055) 420.1 0.30, Milano (02) 331 .04.220, Rome (06) 41 7.33.751 . Scandinavia: Sweden (0) 18 386900, 
Spain: Madrid (1 ) 528 37 00. Barcelona (3) 41 5 83 03. United Kingdom: Lincoln (01 522) 542631 . Slough (01 753) 73301 0. Japan: (3) 3874-
9933. Singapore: (65) 744-2128, Taiwan: 886-2-7269258. European Corporate Headquarters: Netherlands 020-6919148, Fax 020-
691 9378, U.S. Corporate Headquarters: LaFox, IL (708) 208-2200, Fax (708) 208-2550. 
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Synergy Microwave Corporation, 
a recognized innovative leader, 

introduces its latest miniature SMT 
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voltage controlled oscillator product line 

These small, 
frequency generating | 
modules occupy a 
volume of 0.5 X 0.5 X 0.2 
inches (L x W x H) and 
consume only 0.2 watts of power. 
Available in the frequency range of 200 
MHz to 3000 MHz, in octave and optimized 
bandwidths, these units deliver typical 
phase noise response of -95 dBc per Hz @ 
10 kHz offset. These devices are EMI/RFI 
shielded, moisture resistant and can withstand the 
automated assembly techniques used in high volume 
manufacturing. Other package styles and sizes are 
available, including plug-in, hermetic packages. 

Additional specifications and information are available 
from our Sales and Applications Engineering team. 

201 McLean Boulevard, Paterson, NJ 07504 

RECOMMENDED IR REFLOW 
SOLDER TEMPERATURE PROFILE 

TIME (minutes) 
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continued 

card interconnection; radio frequency 
interconnection; and surface mount 
technology. 
To submit a paper, send a 200-word 

abstract to the Papers Chairman, P.O. 
Box 81, Sudbury, MA 01776-0081 no 
later than March 29, 1996. The 
abstract may also be faxed to (508) 
440-2763. It must clearly describe the 
nature, scope, content, organization, 
key points and significance of the pro¬ 
posed paper. Only previously unpub¬ 
lished papers can be accepted. 

Contracts 
Antennaco Delivers Antenna for 
Stock Market — Antennaco has 
delivered a specialized antenna to be 
used in a wireless data transfer sys¬ 
tem installed on the New York Stock 
Exchange trading floor. The system 
enables traders to rapidly and accu¬ 
rately process their trades using hand¬ 
held data transmitters. 

Microwave Solutions Wins Naval 
Air Warfare Contract — Microwave 
Solutions, Inc. has announced that it 
has received a contract award from 
the Naval Air Warfare Center in Indi¬ 
anapolis, IN. The contract award 
amount is $183,000 for hardware and 
software for high-power and low-noise 
microwave amplifiers and specialized 
testing for first articles. 

Omnipoint, Nortel Up PCS Con¬ 
tract to $250 Million — Omnipoint 
Corp, has increased its five-year sup¬ 
ply agreement with Northern Telecom 
(Nortel) from $100 million to $250 mil¬ 
lion for personal communications net¬ 
work equipment and services for the 
New York major trading area and 
other potential Omnipoint operating 
areas. 

PCSI Wins Multimillion Dollar 
Base Station Contract — PCSI™, a 
wholly owned subsidiary of Cirrus 
Logic Inc., has announced it has 
received a multimillion dollar contract 
from AT&T Wireless Services for the 
development and supply of base sta¬ 
tions for the newly-announced narrow¬ 
band PCS technology, pACT (personal 
air communications technology). 

LNR Wins $27M Satellite Terminal 
Contract — LNR Communications, 
Inc. has been awarded a contract val¬ 
ued in excess of 27 million dollars, 
including four option years by the U.S. 

Army CECOM, PM SATCOM to deliv¬ 
er a quantity of Flyaway Triband 
Satellite Terminals (FTSAT). The 
FTSAT is designed to operate over C-, 
X- and Ku-frequency bands. 

RF Industries Receives Radio 
Modem Orders — RF Industries, 
Ltd. has announced that it has 
received initial orders, valued at over 

$200,000 from three separate cus¬ 
tomers for its wireless digital data 
radio modems. RF Industries VHF 
transceivers will be used by Loral 
Defense Systems-East, the U.S. 
NEULINK 9600 digital data radio 
modems and MAVRIC 2000-based con¬ 
trollers will be used by the U.S. Air 
Force, and NEULINK 9600 modems 
will be used by Master Tek. RF 

Two of the World’s 
Smallest Footprints 

But Only Toko Has the Inductance You Need 
Pack more components into smaller 
designs with the world’s smallest 
chip inductors. Available in a wide 
range of inductances, these low 
profile devices give your design 
important advantages. 

Call 1-800-PIK-TOKO today for 
specifications, samples, and 
prototyping kits. We’ll also include a 
FREE RF Spectrum Chart, your 
complete product guide to 
applications across the RF Spectrum. 

■ 0603 package for smallest size and 
0805 package for higher Qs 
■ E-12 Series pitch NOW from 1.2 
to 470nH 
■ Ideal for high frequency designs up 
to 3GHz eliminates coupling between 
parts, delivering the highest possible 0 

SRF. Inherently more reliable and 
consistent versus wire wound types 
■ Tape and reel packaging for high / 
volume, low cost automated 
manufacturing 
■ 5% tolerance available 

Q-Frequency Characteristics 

RF Design 

ra TOKO 
Toko America, Inc. 1250 Feehanville Drive Mt. Prospect, IL 60056 

See us at Wireless Symposium, booth #908 
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THE WORLD'S LARGEST SELECTION 

2kHz- 10GHz ̂ 2* 
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 surface mount units provide excellent solutions in 

cellular communications, cable systems and countless wireless applications. All units 

come with a 1year guarantee and "skinny" 4.5 sigma repeatability unit-to-unit and 

production run to production run. Catalog models are guaranteed to ship within one week. 

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



Mini-Circuits RF/IF Surface Mount Designer’s Guide features 

48 pages of the most up-to-date and complete product and 

specification information about Mini-Circuits surface mount 

components.The RF/IF Microwave Handbook is packed with 

740 pages of articles, selection guides and detailed 

specifications for Mini-Circuits components. 

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

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. Fi94RevOrig 



Îjndustiy insight_ 

Wireless Telemetry Plays a 
Major Role in Market Growth 

By Gary A. Breed 
Editor 

Radio communications has included 
telemetry applications for many years, 
but new developments in circuit 
design, modulation and component 
technology are providing impetus for 
even more uses. The recent realization 
within the electronics industry that 
“We can do it wireless!” includes 
telemetry, as well. Telemetry may well 
become the largest wireless application 
that is invisible to the general public. 

By definition, telemetry means “mea¬ 
surement from a distance.” Adding the 
term wireless further defines how 
those measurements are transported 
over that distance. Classic uses of 
radio telemetry have included aviation 
and the space program. Recent data 
from the Galileo probe that entered 
the atmosphere of Jupiter is an excel¬ 
lent example of telemetry. 
At the National Center for Atmos¬ 

pheric Research, aircraft carry instru¬ 
ments that measure conditions within 
developing storms. Their measure¬ 
ments are transmitted by radio to sci¬ 
entists on the ground, who use the 
data to guide the pilots’ flight pat¬ 
terns. 
Other existing uses are less glam¬ 

orous, but significant in their own 
ways. Oilfield well monitoring uses 
both satellite and point-to-point VHF, 
UHF or microwave communications to 
transmit data on well operation. 
Rivers prone to flooding often have 
unattended radio-linked monitoring of 
the rivers water flow and height. 
New applications are being devel¬ 

oped that will replace wire communi¬ 
cations and even manual human data 
collection. The remainder of this note 
will describe some of these new 
telemetry systems. 

Wireless Meter Reading 
If sheer numbers are considered, 

meter reading must be considered to 
largest potential market for wireless 

telemetry. Virtually every home in the 
U.S. has one or more utility meter for 
electricity, water, and gas. Industry 
estimates are that one meter reader 
can manually read a few hundred 
meters in one day. With wireless 
telemetry, the same person could drive 
a truck with the necessary communi¬ 
cations equipment, reading perhaps 
20,000 or 30,000 meters in one day. 

Telemetry may well 
become the largest 
wireless application 
that is invisible to 
the general public 

The value of such a scheme is more 
than manpower. Shortening the 
billing cycle is always attractive to 
businesses that are, in essence, granti¬ 
ng credit to their users until a reading 
is made and a bill prepared. 

It is possible, however, that this 
technology may eventually be replaced 
by data reporting via two-way cable, 
or its fiber optic replacement. In this 
case, similar technologies will still be 
used, and it is possible that the link 
between the meter and the cable sys¬ 
tem will remain wireless. 

Automated Vehicle Location 
With the Global Positioning System, 

it is possible to identify a user’s loca¬ 
tion to within a few meters. One way 
to put this information to practical use 
is for tracking the location of vehicles. 
For example, city buses can be fol¬ 
lowed during rush hour, and if delays 
are encountered, other buses can be 
re-routed, or at least waiting passen¬ 
gers can be advised. 

Commercial vehicles are already 
using this technology. Dispatching 
taxicabs, tracking delivery vans and 
couriers is more efficient if the opera¬ 
tor knows which vehicle is closest to 
the next customer’s location. No cab 
driver wants to sit idle for very long! 
Major trucking firms were the first 

to explore this technology, identifying 
when trucks cross state lines (for tariff 
calculations), spotting trouble quickly 
if a truck stops moving for an unusual¬ 
ly long time, and being able to send 
the closest available driver to pick up 
the next load. Despite early objections 
of “big brother” watching over them, 
drivers have found the safety aspects 
comforting, and some have seen dra¬ 
matic increases in the number of loads 
carried through efficient dispatching. 

Increased “Conventional” Use 
The existing application areas will 

benefit from large-scale, lower-cost 
telemetry products. Many telemetry 
users are still using telephone lines for 
communications. Others are getting by 
with manual monitoring. These users 
will have the opportunity to obtain 
wireless telemetry solutions proven in 
large, high-reliability applications. 

Technology Leads the Way 
Robust digital modulation schemes 

that have been developed over just the 
past few years are being combined 
with even more dramatic advances in 
low-cost component manufacturing. 
The result is communications that is 
designed to handle digital communica¬ 
tions efficiently and affordably. 
Additional research in propagation 

(at all frequencies, LF through 
microwaves) has been directed toward 
more reliable transmission at higher 
data rates. Digital techniques have 
been refined to code and recover data 
in the most error-free manner. 
Together, they are making the “wire¬ 

less revolution” possible. RF 
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SystemView 
Experience the new generation of PC-based design and simulation tools 

111 O 13 ci Cl El Q n M i l Q El EIFIL1R 
Hl-B " n i- - J 

NOW AVAILABLE: 
Extensive Communications. 
DSP. Logic. RF Analog, and 
User Code design libraries. 

Design, develop and test: 
• DSP systems 
• Communications 
• Signal processing 
• Control systems 

Why have so many successful companies 
adopted for Qsp communi¬ 
cations and signal processing system 
development? Simple. SystemView by 
Elanix. running under Windows™, helps 
designers develop products faster while 
dramatically reducing software, platform, 
and maintenance costs. 

Sy§teny¡^’ ¡s a key element of the 
design cycle, from system definition through 
hardware prototype testing. Sysfátâtew 
enables you to design, develop and test not 
only subsystems, but fully integrated end-to-
end systems. 

Intuitive and powerful, SrsfaWew 
offers tools for analog, digital, and mixed¬ 
mode system development, linear and 
non-linear system design, and Laplace and 
z-domain linear system specification. These 
features are made accessible through our 
breakthrough user interface, which makes 

SystemView 
BY ELANIX 

Join the professionals. 
Experience ^teniVieu 

AT&T Bell Labs 
Bell Northern Research 
Dolby Labs • E-Systems 

GEC Plessey 
: General Dynamics 

Harris RF Communications 
Hewlett-Packard 

Honeywell ^1 

ITT • JPL • Lockheed 
Loral • MIT Lincoln Labs 

Motorola 
Northern Telecom 

Polaroid • Rockwell • 
Sandia National Labs 

Scientific Atlanta 
Stanford Telecomm 
Watkins-Johnson 

you truly productive within minutes of 
installation. And our new selection of 
feature-rich libraries for DSP. 
Communications, Logic, and RF/Analog 
design gives you the flexibility to cus¬ 
tomize the tool to your specific applica¬ 
tions. 

In short, w¡n dramatically 
increase the efficiency of your entire 
design team. And all at a remarkably 
low cost. 

But don’t just take our word for it, 
judge for yourself. Try Systemyieir now! 

For your free evaluation kit call: 
1-800-535-2649 

http://www.elanix.com 

5655 Lindero Canyon Rd. Sute '21 • Westlake Village, CA 91362 • 818-5971414 • Fax: 818-597-1427 • e-mail: SyMemView9elanix.com CELANK. Inc. 1995. SystemView by ELANIX is a registered trademark of ELANIX. Inc. 
European Distributor: EnTegra. Ltd. • 2 Waltham Rd. • Maidenhead. Berkshire SL6 3NH. England • (44) 01628 829061 • FAX: (441 01628 824790 • Windows is a trademark of Microsoft Corporation 
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European 

DECT has arrived 
and Europe's going cordless. It's a 

can fit into any design. It offers 
50Q input/output impedance. 

huge market and you can write 
yourself a great profit story...if you 
have the right correspondent. 

And here it is: ITT's new 

And it's tough and stable enough 
to handle any assignment. 

It will make the most of your 
communications. With constant 

400 mW, 28 dB power gain RFIC 
power amplifier for DECT. 

It requires only a single 3.6 volt 
battery, yet this 1880 -1900 MHz 
amplifier tolerates any mismatch in 
pulsed or CW operation. And, it 
produces an RF output signal strong 
enough to overcome filter and 
switch losses in the T/R path. 

Like any good correspondent, 
it keeps a low profile. Its small 16-pin 
narrow body SOIC plastic package 

input VSWR in either the on or off 
state, it provides a constant load 
for your drive signal. 

Don't risk getting written off 
in this competitive new market. 

Call us at 540-563-3949 or fax 
us at 540-563-8616 for more infor¬ 
mation on this important new ITT 
correspondent. 

ACTIIAI ITT GTC 
QI7F 7670 ENON DRIVE 

ROANOKE, VA 24019 

ITT GTC 
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RF CAD techniques_ 

Noise Figure Modeling of Bipolar 
Transistors Using Spice 

By Keelan B. Jennings and J. Alvin Connelly 
Georgia Institute of Technology 

A methodology for SPICE modeling 
of noise variations in bipolar transis¬ 
tors is described. An efficient and 
quick method of producing the noise 
variations is developed to model the 
noise figures and noise contours of a 
bipolar transistor. 

The 2N930 transistor is used as an 
example to describe the methodolo¬ 

gy for noise modeling. Data for this 
transistor were obtained from 
MicroSim’s PSpice device library cata¬ 
log [1]. In modeling the noise varia¬ 
tions, a fixed collector-emitter voltage 
was established and the collector cur¬ 
rents varied in decade steps between 1 
pA and 10 mA. 

Modeling Input Noise Voltage 
The first noise modeled is the equiv¬ 

alent input noise voltage, En. In a 1 Hz 
noise bandwidth, En can be calculated 
from the SPICE model parameters RB 
and Re by: 

En - \4kT(RB + REj Volts/ VHz (D 

where k is Boltzmann’s constant and 
T is temperature in Kelvin, usually 
290K. The calculated En value pro¬ 
vides an easy and quick comparison 
with a measured En value. If the two 
En values do not agree, then the tran¬ 
sistor is simulated with SPICE using 
the circuit in Figure 1. VBB is adjusted 
to establish the desired Q point for Ic 
and VCE for each collector current. 
The basic transistor circuit is next 

simulated with Rs = 0, and the SPICE 
result of V(INOISE) is compared with 
the previous En value. In most cases, 
the V( INOISE) predicted by SPICE is 
lower than the measure En values at 
all current levels. Therefore, addition¬ 
al noise is added to the model using 
the techniques described in Motchen-
bacher and Connelly [2]. 
A diode as illustrated in Figure 2 is 

used to generate the additional noise 

voltage. Two elements in the diode 
network that adjust En are the flicker 
noise coefficient, KF, and the gain of 
the current-controlled voltage source. 
The flicker noise coefficient sets the 1/f 
noise corner frequency and the gain 
scales En up or down. 
Biasing the diode at a DC current of 

3.121 mA will produce a reference 
noise current level of IpA/VHz) from 
the equation: 

Ind2 = 29Idc (2) 

where q is electronic charge. The flick¬ 
er noise coefficient is determined from 
equation (3): 

KF=[(reference noise level )2*fnc]/[IDCAF I 

where fnc is the noise corner frequen¬ 
cy, and usually AF = 1. The necessary 
gain is determined by forming the 
ratio of the desired input noise voltage 
to the reference noise level. As an 
example, the 2N930 bipolar transistor 
has measured En value 4nV/VHz. 
From Eq. (1), the calculated E value 
is 0.4 nV which is a decade below the 
measured noise voltage. The gain nec¬ 
essary to increase En to 4 nV is found 
from the ratio: 

Gain = En/Ind

= 4*10-9/l*10~12 = 4000 (4) 

The En corner frequency was mea¬ 
sured as 60 kHz for Ic = 10 mA; there¬ 
fore, the KF is determined using Eq. 
(3). 

KF = [(l*10- 12)2*60*103]/[ (3.121*10-6) ] 
= 1.93*10“ 14 (5) 

Using the calculated adjustments of 
KF and the gain values, a simulation 
is done to verify the correct En plot. 
Also the bias points are rechecked. 
Figure 3 shows the En variation with 
frequency. 

Figure 1. Transistor circuit for Q-
point determination. 

Figure 2. Diode current for 1/f noise. 

Modeling Input Noise Current 
The methodology for modeling the In 

noise is similar to that for the En 

noise. In modeling the spectral densi¬ 
ty of I , an estimate of In can be calcu¬ 
lated from the following equation: 

!n “ v2qlB (6) 

where IB = U/ß. The total equivalent 
input noise, Eni , includes all the tran¬ 
sistor noise mechanisms referred to 
the input signal, and is given as: 

Eni2 = En2 + Et2 + In2Rs2 (7) 

where Et is the thermal noise and Et2 
= 4kTRs. The In2Rs2 term must domi-
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NEC Silicon MMIC 
Solutions... from 
Want to make life simpler? Reduce the parts count in 

your design with low cost Silicon MMICs from NEC. 

But be aware of the side effects! 

Reducing the parts count can also make your 

design more reliable. Your QC easier. And your 

assembly faster and more efficient. 

NEC MMICs come in a variety of package 

styles, including low cost plastic, surface mount, 

and on tape and reel. And their quality and relia¬ 

bility is proven. With a production rate exceeding 

20 million MMICs a month, no one knows this 

technology like NEC. 

Our Silicon MMIC Selection Guide lists 

specifications for these and dozens of other devices. 

For a copy, call your nearest CEL Sales Office, circle 

the number below, or call our 24 hour fax line. 

G
a
i
n
 (

dB
) 

5V Wideband MM IC Am ps — from 35C 

PART FREQ. RANGE GAIN (dB) NF (dB) Pidß (dBm) ICC (mA) ÍJEST 

UPC1676G 50MHz —1.3GHz 22 4.5 -»-1 19 500MHz 

UPC1678G 50MHz-1.9GHz 23 6 -«-15 49 500MHz 

UPC1688G 50MHz —1.0GHz 21 4 0 19 500MHz 

UPC2708T 50MHz —2.9GHz 15 6.5 -«-7.5 26 1.0GHz 

UPC2709T 50MHz —2.3GHz 23 5 +7.5 25 1.0GHz 

UPC2710T 50MHz —1.0GHz 33 3.5 +7.5 22 500MHz 

UPC2711T 50MHz —2.9GHz 13 5 -3 12 1.0GHz 

UPC2712T 50MHz —2.6GHz 20 4.5 -2.5 12 1.0GHz 

UPC2713T 50MHz —1.2GHz 29 3.2 -4 12 500MHz 

3V Wideband MMIC Amps — from 55C 

PART FREQ. RANGE GAIN (dB) NF (dB) P^B (dBm) Ice (mA) (TEST 

Gain vs. Frequency 

NEC 

UPC2745T 5OMHz-2.7GHz 12 6 -3.7 

UPC2746T 50MHZ-1.5GHZ 19 4 -4.5 

UPC2747T 100 MHz- 1.8GHz 12 3.3 -11 

UPC2748T 200 MHz - 1.5GHz 19 2.8 -8 

UPC2749T 100MHz —2.9GHz 16 4 -12.5 

UPC2762T 100 MHZ-2.9GHZ 14.5 7 7 

UPC2763T 100 MHz —2.4GHz 19.5 5.5 6.5 

UPC2771T 100MHz —2.1 GHz 21 6 11.5 

7.5 500MHz 

7.5 500MHz 

5 900MHz 

6 900MHz 

6 1.9GHz 

27 1.9GHz 

27 1.9GHz 

36 900 MHz 
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3V and 5V Prescalers — from $1.30 3V Frequency Converters — from 99C 

RF Frequency Conversion Output IP-» 
PART (MHz) ICC (mA) Gain (dB) (dBm) 

UPC2756T1 1OO - 2000 5.9 14 0 

UPC2757T1 100 - 2000 5.6 13 0 

UPC2758T1 100 - 2000 11 17 +6 

UPC2753GR1 DC - 400 6.9 79 -17 

UPC2768GR* 10 - 450 7 80 -17 

UPC8106T2 100 - 2000 9 9 +1 

UPC8109T2 1OO - 2000 54-4 

PLUS 

CEL IS ALSO YOUR SOURCE FOR NEC 
DISCRETE BIPOLAR TRANSISTORS 

These new devices are ideal for 

amplifier and oscillator applications 

in your portable wireless designs. 

Priced from 311t. 

NE686 Bipolar Transistors 
• High fT (15 GHz) 

• Low Noise 

• Excellent Insertion Power Gain 

NE687 Bipolar Transistors 
• Low Noise (1,3 dB @ 2 GHz) 

• High Gain Bandwidth 

• Noise match close to 50 ohms 

NE688 Bipolar Transistors 
• Low Phase Noise Distortion 

• Low Noise, High fT

• Large Absolute Max Collector Current 

All are available in six different low cost 

surface mount packages. 

1. Downconverter 
2. Upconverter 

NECs' 

UPC8104GR 

Quadrature 

Modulator with 

up converter 

Mods & Demods — from $2.70 

UPC8104GR UPC2766GR 

Booth 
610 

Wireless Show 

3-5 Volt operation 

Ports for IF filter 

10 MHz I/Q BW 

400 MHz IF Bandwidth 

1.9 GHz RF Output 

RF&LO— DC to 1 GHz 

IF (IQ)—DC to 100 MHz 

35 dB typ AGC dynamic range 

30 dBc typ distortion 

* Need Product Information Fast!1 

Use CEL 's Automated Fax System! 

CTIA Show Booth 
k 1514 À 

CEL FAX 
CEL 

J 

California Eastern Laboratories 3OO-39O-3232 
(U.S. and Canada Only) 

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

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

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

Middleton, MA (508) 762-7400 Hackensack, N| (201) 4871155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682 
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nate Eq. (7) in order to obtain an accu¬ 
rate In value with SPICE. Therefore, 
the source resistance is chosen to be 
large enough to make the term I„2RS2 
dominant. For example, the 2N930 
transistor has an I of approximately 4 
pA at Ic = 10 mA. If Rs is chosen to be 
80 kQ, then the In2Rs2 will be approxi¬ 
mately two orders of magnitude larger 
than En2 or Et2. After an appropriate 
Rs resistor is selected, the DC input 
voltage is adjusted to have the same 
bias points as the En model. The new 
input voltage is calculated by the fol¬ 
lowing expression: 

VRR(new) = VRR(old) + IrR. 
= VBB(old) + (V&l’Rs (8) 

where ß is the DC beta value given in 
the .OP Spice analysis, and IB is the 
base current. The ß term is a function of 
Ic, and varies for each collector current. 

If the calculated value for I does not 
agree with the measured value, then 
the transistor is simulated using 
SPICE with VBB(new) as the VBB 
value for the circuit in Figure 1. The 
SPICE result V(INOISE)/Rs is com¬ 
pared with the measured I plot, and 
the bias points are verified. If the sim¬ 
ulated In result is less than the mea¬ 
sured In, then additional noise must 
be added. The diode network for 1/f 
noise is implemented by the same 
means as for En noise. This network 
(Figure 2) is the same as the one for 
En except the current-controlled volt¬ 
age source used for En is replaced by a 
current-controlled current source. The 
elements KF and the gain perform the 
same operations as before, adjusting 
the corner frequency and scaling up or 
down. The transistor now has input 
noise voltage and current equivalents 
as shown in Figure 4. 

Ic (amps) 10-2 10"3 KT4 10-5 IO“6

En (nv//Hz) 4 3 3 6 15 

flnce (Hz) 60k Ilk 80 0 0 

fhnK,(Hz) >1M >1M >1M >1M 700k 

In (pA/Aiz) 4 1 0.5 0.2 0.08 

flnd (Hz) 200k 100k 70k 6k 900 

fhnd >1M >1M >1M 800k 100k 
Denoise-KF 1.93e-14 3.525e-16 2.563e-17 0 0 

Hen-gain 4000 3000 2400 2000 2000 

Dinoise-KF 6.408e-14 3.204e-14 2.243e-14 1.922e-15 2.884e-16 

Fin-gain 3 0.5 0.3 .012 0.05 

Beta 256 295 222 149 94.5 

VBB (V) 0.758 0.669 0.606 0.546 0.4865 

Rl (Q) 10 100 Ik 100k IM 

Rs (Q) 80k IM 8M 20M 500M 

VBBnew(V) 3.883 4.0588 4.2096 1.888 5.7775 

Table 1. Model parameters for the 2N930 NPN transistor. 

Noise Contours 
Contours of constant narrowband 

noise figures are generated by plotting 
the source resistance values as a func¬ 
tion of the collector current on a log¬ 
log scale. Each contour is dependent 
upon a noise figure level (in dB) and a 
frequency (in Hz). Table 1 shows para¬ 
meters of the 2N930 transistor used in 
obtaining noise contours. 
The value or values of source resis¬ 

tance that produces a specified NF at 
a given bias current and frequency 
must be obtained to generate the noise 
contours. Using Eq. (7), the noise fig¬ 
ure is described by (9): 

NF = 10*log[E ni2/E 2] 
= 10*log[l+ ( EnvEt2) + (In2Rs2/Et2)] 

The input noise voltage is modeled 
as a function of frequency by (10): 

En^E^i+cf^O]*^^ 

where Enflat is shot noise portion of En, 
flnce is the lower noise corner frequen¬ 
cy, fhnce is the upper noise corner fre¬ 
quency, and f is the operational fre¬ 
quency. The input noise current is fre¬ 
quency dependent according to (11): 

1? = Inflad 

where I fla, is shot noise portion of In, 
flnci is the lower noise corner frequen¬ 
cy, fhnce is the upper noise corner fre¬ 
quency, and f is the frequency of oper¬ 
ation. Substituting equations (10) and 
(11) into equation (9) produces a qua¬ 
dratic equation in terms of Rs (Eq. 13): 

Rs2 - {[1.61 * IO"20 * (IO™10 -1)] / [2 * 

Inflat^^U^lUff^ 

KE^t2*[l + (f^l*[l + (^ 
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Figure 5. Matlab plot of noise contour. Figure 6. Noise controur with extrapolated curves. 

A software program was written for 
generating noise contours. First, the 
Student Edition of Matlab [3] was 
used to solve Eq. (13) for Rs. A Matlab 
function called sires.m was written to 
solve Eq. (12) for collector current val¬ 
ues of 1 pA, 10 liA, 100 pA, 1 mA, and 
10 mA. The inputs of the Matlab func¬ 

tion are noise figure (NF) in decibels, 
frequency (f), and the transistor para¬ 
meters, which are placed in a 5x6 
matrix. For example, the matrix for 
the 2N930 transistor was setup as 
shown in Table 2: 
The function takes the correspond¬ 

ing element values for a collector cur¬ 
rent in the matrix and solves Eq. (12). 
Then the function rearranges the 

source resistance values found so that 
they match the current orderings of 
increasing decade levels from 1 pA to 
10 mA and then decreasing from 10 
mA to 1 pA. The source code for the 
Matlab function sfres.m is provided in 
the Appendix. 
Once the source resistance values 

are found and placed in the correct 
order, they are plotted where the col-

CDE’s Type MC06 Mica Capacitor is 
the Right Choice for RF Design 

Particularly in the transmitter output stages, Type 
MC06 is perfect for DC blocking and filtering circuitry 
between the output driver and the antenna. 

Features include: 
p* High Q Factor: above 500 MHz 
ix Low ESR: between 600 MHz to 1.8 GHz 
p" Tight Tolerances: ±0.1 pf from 0.5pf to 10pf 

CDE 
CORNELL 

DUBILIER 

Cornell Dubilier 
1605 East Rodney French Blvd. 
New Bedford, MA 02744 
(508) 996-8564 / FAX (508) 996-3830 

Leave nothing 
chance 

For quick response 
to your special needs... 

PRECISION CRYSTAL PRODUCTION • PROTOTYPING 

TECHNICAL ASSISTANCE AND ENGINEERING 

IN-HOUSE MANUFACTURING AND TESTING 

XTAL 
P.O. BOX 60O17«FORT MYERS, FLORIDA 33906 

INFO/CARD 25 Visit our exhibit at the Wireless Symposium 
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The Giga-tronics 8540B is the World’s Best 
And Here’s the Proof. 

The Giga-tronics 8540B Series Universal Power Meters give you EXTENSIVE 
CAPABILITY 

for directly 

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

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

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

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

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

FAST responding sensors plus innovative digital signal processing achieve up to 200 
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Power Meter for Communications Testing. 

I Sensor Measurement Range 

Signal Measurement Range 

JDC/PDC/NADC -60 to +20 dBm 

GSM/DSC 1800 - 60 to +20 dBm 

CDMA - 60 to -20 dBm 

Two-Tone - 60 to +20 dBm 

Pulse Modulation - 60 to +20 dBm 

CW -70 to +20 dBm 

AM -60 to +20 dBm 

FM -70 to +20 dBm 

And you can measure a variety of signals over a 

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

cost of extra sensors, and simplifying your test system. 

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

confidence in your measurements 

required for testing sophisticated 

communications systems 

Call 800-726-GIGA (4442) 

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

Giga-tronics 
Giga-tronics Incorporated ■ 4650 Norris Canyon Road ■ San Ramon, California 94583 ■ Telephone: 800-726-4442 or 510-328-4650 ■ Telefax: 510-328-4700 
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f F f f I f 
1lnce ^nflat ^nce xlnci nflat hnci 

t930 = [ 0 15e-9 7e5 900 8e-14 le5 Ic = 1 nA 
0 6e-9 5e6 6e3 2e-13 8e5 Ic = 10 nA 

80 3e-9 5e6 7e4 5e-13 5e6 Ic = 100 nA 
l.le3 3e-9 5e6 le5 le-12 5e6 Ic = 1 mA 
6e4 4e-9 5e6 2e5 4e-12 5e6] Ic = 10 mA 

Table 2. Matlab parameter matrix for the 2N930. 

lector current is a vector with the val¬ 
ues ordered as previously stated. The 
Matlab function loglog(a,b) is used to 
plot the data. Using the hold option, 
different noise figure levels can be 
plotted on the same graph. Noise con¬ 
tours are shown in Figures 5 and 6 for 
an operating frequency of 1 MHz. 

Conclusions 
A method for matching experimental 

input noise voltage and current of 
bipolar transistors with Spice simula¬ 
tions has been presented. Also, the 
method has been extended to generate 
noise contours for bipolar transistors. 
These methodologies provide a quick 
and efficient method of producing the 
input noise voltage and current curves 
used in determining the noise con¬ 
tours. Although the data obtained are 
not continuous for any arbitrary bias 
point, it could easily be extended to 

cover closer spacing. Even with this 
limitation, the results provide useful 
design insight for Q-point selection for 
low noise operation over variations in 
collector current and frequency. 
Utilizing Matlab to generate the 

noise contours provides a quick, semi¬ 
automated method of generating the 
noise contours for each transistor. All 
that is needed is the matrix with the 
transistor parameters, the collector 
current vector, and the Matlab func¬ 
tion sfres.m. The Matlab function 
takes the parameters NF, frequency, 
and transistor matrix, and outputs a 
source resistor vector corresponding to 
current so that this vector is ready to 
be plotted against the collector current 
vector. RF 
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Appendix - A Matlab function (sfres.m) to solve for source resistance for different collector currents. 

function [resistance] = sfres(nf,f,Ic) 
%This function will take the noise figure,nfidb), the frequency,f, the 
%transistor matrix and will compute the source resistances for each collec¬ 
tor 
%current at the db level and frequency specified. It also rearranges the 
%source resistance into a row vector that corresponds to the following 
%collector currents [lu lOu lOOu Im 10m 10m Im lOOu lOu lu]. 

ensq = Ica^^a+Ica.iyfWl^^^^^ 
insq = Ic(l,5)A2*(l+Ic(l,4yD*(l+fA2/Ic(l,6)A2); 
q = [1 -1.6e-20*(10A(nf/10)-l)/insq ensq/insq]; 
resisti = roots(q); 
if imag(resisti) == [0 0]’ %checks to see if there is an imaginary part 
resisti = roots(q); %if so assigns the resistance to zero 

else 
resisti = [0 0]’; 

end 

ensq = Ic(2,2)A2*(l+Ic(2,iyD*(l+fA2/Ic(2,3)A2); 
insq = Ic(2,5)A2*(l+Ic(2,4yD*(l+fA2/Ic(2,6)A2); 
q = [1 -1.6e-20*(10A(nf710)-l)/insq ensq/insq]; 
resist2 = roots(q); 
if imag(resist2) == [0 0]’ 
resist2 = roots(q); 

else 
resist2 = [0 0]’; 

end 

ensq = Ic(3,2)A2*(144c(3,l)/f)*(l+fA2/^ 
insq = Ic(3,5)A2*(l+Ic(3,4yf)*(l+fA2/Ic(3,6)A2); 
q = [1 -1.6e-20*(10A(nfZ10)-l)/insq ensq/insq]; 
resist3 = roots(q); 
if imag(resist3) == [0 0]’ 
resist3 = roots(q); 

else 
resist3 = [0 0]’; 

end 

ensq = Ic(4,2)A2*(14Jc(4,l)/D*(141A2/Ic(4^ 
insq = Ic(4,5)A2*(l+Ic(4,4)/f)*(l+fA2/Ic(4,6)A2); 
q = [1 -1.6e-20*(10A(nf/10)-l)/insq ensq/insq]; 
resist4 = roots(q); 
if imag(resist4) == [0 0]’ 
resist4 = roots(q); 

else 
resist4 = [0 0]’; 

end 

ensq = Ic(5,2)A2*(14¿c(5,l)/D*(l+fA2/Ic^^ 
insq = Ic(5,5)A2*(l+Ic(5,4)/f)*(l+fA2/Ic(5,6)A2); 
q = [1 -1.6e-20*(10A(nf/10)-l)/insq ensq/insq]; 
resistõ = roots(q); 
if imag(resists) == [0 0]’ 
resists = roots(q); 

else 
resists = [0 0]’; 

end 

r(l:2) = resisti’; %builds a row vector of source resistances 
r(3:4) = resist2’; 
r(5:6) = resist3’; 
r(7:8) = resist4’; 
r(9:10) = resists’; 

r2(l) = r(l,l); 
r2(2) = r( 1,3); %rearranges resistances to correspond to currents 
r2(3) = r(l,5); 
r2(4) = r(l,7); 
r2(5) = r(l,9); 
r2(6) = r(l,10); 
r2(7) = r(l,8); 
r2(8) = r(l,6); 
r2(9) = r(l,4); 
r2(10) = r(l,2); 

resistance = r2; 
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RFCAD techniques_ 

A New Statistical Method 
for Designing Circuits and Systems 

By Peter Vizmuller 
RHR Laboratories 

We are accustomed to designing cir¬ 
cuits and systems using the Upper 
Specification Limit (USL) and Lower 
Specification Limit (LSL) criteria, 
such as “the RF amplifier gain shall be 
between 10 and 11.5 dB”. The new 
method presented here changes the 
specifications to a graphical format, 
taking into account variations in the 
device’s properties. 

In the absence of any other informa¬ tion, a specification such as “Gain 
shall be between 10 and 11.5 dB” 
would most likely be satisfied by a 
aiming a design at a nominal 10.75 
dB, the mid-point between the limit 
specifications, since the largest varia¬ 
tion could be accommodated there. If 
the amplifier gain has a Normal 
(Gaussian) distribution, the most com¬ 
mon assumption is that the specifica¬ 
tion limits represent the three-sigma 
points. In such a case, there would be 
a 0.14% failure rate for circuits whose 
gains fall outside of the 10 to 11.5 dB 
window. As we will see later in this 
article, the failure rate can itself 
become a design parameter, meaning 
that the specification limits can be any 
desired number of standard deviations 
away from the mean. 
For gains other than 10.75 dB, the 

relationship between average gain and 
allowed standard deviation would look 
similar to Figure 1. The allowed stan¬ 
dard deviation of gain drops linearly 
from a peak of 0.25 at 10.75 dB to zero 
at the specification limits. As nominal 
gain approaches the specification lim¬ 
its, the distance to one of those limits 
decreases. Since the allowed standard 
deviation is one-third of this distance 
(for 3 sigma designs), the allowed 
standard deviation decreases as the 
mean gain approaches the specifica¬ 
tion limits, reaching zero when the 
average gain coincides with one of the 
limits. 
The amplifier designer’s task is to 

Figure 1. Average amplifier gain related to its standard deviation. 

design a circuit whose Monte-Carlo 
performance lies along, or below the 
lines. For convenience, let us refer to 
the format of Figure 1, where average 
is plotted versus standard deviation, 
as a “p/o graph” (mu-sigma graph). 
Although we are using amplifier gain 
as an example, a p/o graph can be gen¬ 
erated for any specification, as we will 
see later. 

Definition of Cpk
Before we proceed further, an impor¬ 

tant statistical convention needs to be 
clarified: A common way of quantify¬ 
ing the amount of performance margin 
is by evaluating a process capability 
index [5], Cpk . 

C. = (p - LSL)/(3o) (1) 
Cpk = (USL -p )/(3o) (2) 

Cpk = process capability index with 
respect to LSL or ÜSL 
p = mean value 
a = standard deviation 
LSL = lower specification limit 
USL = upper specification limit 

The actual C k number is the lower 
of the two numbers given by equations 
(1) and (2). Cpk thus quantifies the 

“distance” between the mean and the 
specification limit in terms of 3a. Thus 
Cpk = 1 indicates that the mean is 
three standard deviations from the 
specification limit. C k = 1.5 requires 
that the mean be 4.5 standard devia¬ 
tions from the specification limit. Neg¬ 
ative Cpk means that the average is 
out of specification. 
The p/o graph of Figure 1 is actually 

a composite of two curves. When the 
average gain is below 10.75 dB, the 
LSL is more difficult to meet and the 
line with the positive slope is a plot of 
Cpk = 1 with respect to the LSL, while 
the negative-sloping line is a curve of 
C k = 1 with respect to the USL. 
P lease note that the p/o graph will 
look different, depending on the cho¬ 
sen Cpk . Smaller standard deviations 
would be required for higher Cpk’s. We 
can draw p/o graphs for several C k’s, 
as shown in Figure 2. One could poten¬ 
tially design for different amounts of 
margin with respect to the two specifi¬ 
cation limits. 

Importance of System 
Simulations 
Most circuits do not work in isola¬ 

tion, and additional information is 
available from the system that they 
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OUR STANDARD MONOLITHIC CRYSTAL FILTERS 
All 2 pole and 4 pole monolithics ship from stock on hand. 
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NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM.(Rp//Cp) 

POLES P/N dB tKHz dB tKHz dB tKHz dB dB-MAX dB-MIN. OHM/PF 
2 TE5000 3 3.75 20 18.0 - - 2 1.0 50 1800//+4 
4 TE5010 3 3.75 30 14.0 - - 3 2.0 60 1500//+3 
6 TE5020 6 3.75 60 12.5 - - 4 2.0 70 1500//+3 
8 TE5030 6 3.75 60 10.0 90 12.5 5 2.0 80 1500//+3 
2 TE5040 3 6.50 20 30.0 - - 1 1.0 50 2700//0 
4 TE5050 3 6.50 30 15.0 - - 2 2.0 75 3100//0 
6 TE5060 6 6.50 60 19.5 - - 3 2.0 90 3100//0 
8 TE5070 6 6.50 60 13.0 80 17.5 4 2.0 100 3100//0 
2 TE5080 3 7.50 20 35.0 - - 1 1.0 50 3000//0 
4 TE5090 3 7.50 30 17.5 - - 2 2.0 75 3300//0 
6 TE5100 6 7.50 60 22.5 - - 3 2.0 90 3300//0 
8 TE5110 6 7.50 60 15.0 80 20.0 3 2.0 100 3300//0 
2 TE5120 3 15.0 20 70.0 - - 1 1.0 35 5000//-1 
4 TE5130 3 15.0 30 35.0 - - 2 2.0 60 5000//-1 
6 TE5140 6 15.0 60 45.0 - - 2 2.0 90 5000//-1 
8 TE5150 6 15.0 60 30.0 80 40.0 3 2.0 100 5000//-1 

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM.(Rp//Cp) 

POLES P/N dB tKHz dB tKHz dB -KHz dB dB-MAX dB-MIN. OHM/PF 
2 TE5180 3 3.75 15 12.5 - - 2 1.0 50 850//+6 
4 TE5190 3 3.75 30 12.5 - - 3 2.0 70 850//+5 
6 TE5200 6 3.75 60 12.5 - - 4 2.0 90 850//+5 
8 TE5210 6 3.75 60 10.0 80 12.5 5 2.0 100 850//+5 
2 TE5220 3 6.50 15 20.0 - - 2 1.0 50 1300//+2 
4 TE5230 3 6.50 30 22.5 - - 3 2.0 70 1400//0 
6 TE5240 6 6.50 60 22.5 - - 4 2.0 90 1400//0 
8 TE5250 6 6.50 60 17.5 80 22.5 4 2.0 100 1400//0 
2 TE5260 3 7.50 15 25.0 - - 2 1.0 50 1500//0 
4 TE5270 3 7.50 30 25.0 - - 3 2.0 70 1600//0 
6 TE5280 6 7.50 60 25.0 - - 4 2.0 90 1600//0 
8 TE5290 6 7.50 60 20.0 80 25.0 4 2.0 100 1600//O 
2 TE5300 3 15.0 15 50.0 - - 2 1.0 45 3000//0 
4 TE5310 3 15.0 30 45.0 - - 3 2.0 60 3000//-1 
6 TE5320 6 15.0 60 45.0 - - 3 2.0 90 3000//-1 
8 TE5330 6 15.0 60 33.0 80 45.0 4 2.0 100 3000//-1 

NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERM.(Rp//Cp) 

POLES P/N dB tKHz dB tKHz dB dB-MAX dB-MIN. OHM/PF 
2 TE9420 3-OT 3 3.75 18 16.0 3 1 40 2000//-1.0 
4 TE9310 3-OT 3 3.75 30 12.5 3 1 70 2000//-1.0 
2 TE7420 3-OT 3 7.50 18 28.0 2 1 40 3000//-1.0 
4 TE7430 3-OT 3 7.50 40 30.0 3 1 70 3000//-1.0 
2 TE7440 3-OT 3 15.0 15 47.0 2 1 40 8000//-1.5 
4 TE7450 3-OT 3 15.0 30 50.0 3 1 70 8000//-1.5 
2 TE7730 FUND 3 15.0 15 50.0 2 1 40 1100//+1.5 
4 TE7740 FUND 3 15.0 40 60.0 3 1 70 800//+1.0 

NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPLE TERM.(Rp//Cp) 

POLES P/N dB tKHz dB tKHz dB KHz dB dB-MAX OHM//PF 
2 TE10400 3-OT 3 7.5 18 30 35 -910 2 1 2000//-1 
4 TE10410 3-OT 3 7.5 35 25 80 -910 3 1 2000//-1 
2 TE10420 3-OT 3 10 15 30 35 -910 2 1 2500//-1 
4 TE10430 3-OT 3 10 35 40 80 -910 3 1 2500//-1 

NO. TEMEX MODE PASSBAND STOPBAND LOSS RIPPLE TERM.(Rp//Cp) 

POLES P/N dB tKHz dB tKHz dB KHz dB dB-MAX OHM//PF 
2 TE10440 3-OT 3 7.5 18 30 35 -910 2 1 2000//-1 
4 TE10450 3-OT 3 7.5 35 25 80 -910 3 1 2000//-1 
2 TE10460 3-OT 3 10 15 30 35 -910 2 1 2500//-1 
4 TE10470 3-OT 3 10 35 40 80 -910 3 1 2500//-1 
4 TE10480 3-OT 3 15 30 50 80 -910 3 1 4000//-1 

VISA AND MASTERCARD ACCEPTED 
MONOLITHIC CRYSTAL FILTER PROTOTYPING KITS ARE STILL AVAILABLE 
CONSULT TEMEX FOR ALL YOUR FREQUENCY CONTROL PRODUCTS 

IN THE UNITED STATES CONTACT: TEMEX ELECTRONICS, INC. 
3030 W. DEER VALLEY RD. PHOENIX, AZ USA 85027 

(602) 780-1995 FAX (602) 780-2431 
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Figure 3. More realistic (i/o graph resulting from system 
simulation. 

operate in. This is really the key point 
of this article: Set the circuit specifica¬ 
tions such that they have some corre¬ 
lation to system requirements. Let us 
take the case of a receiver RF pream¬ 
plifier. What sets limits on its gain? In 
the broadest terms, the amplifier 
should have as much gain as possible 
in order to meet receiver sensitivity 

with good margin, and as little gain as 
possible to ensure good intermodula¬ 
tion distortion (IM). As a result, we 
have the interesting case that the p/o 
graph for the amplifier gain still con¬ 
sists of two segments, but they are 
governed by different system require¬ 
ments: The lower gain segment is con¬ 
trolled by sensitivity restrictions, 

while the higher gain portion is con¬ 
trolled by IM requirements. Its p/G 
graph may look like the one shown in 
Figure 3. Note that the two segments 
are no longer linear, as there are other 
contributors to sensitivity and IM, and 
the peak of standard deviation may 
not be at the mid-point between the 
two limits. 
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The conceptual leap between Fig¬ 
ures 1 and 3 is that instead of looking 
at the circuit in isolation, we have 
correlated its specifications to actual 
system requirements. This funda¬ 
mental shift in approach requires the 
capability to perform statistical sys¬ 
tem simulations on such parameters 
as sensitivity, IM, selectivity, hum 
and noise, spurious responses for 
receivers, and transmitter power out¬ 
put, distortion, hum and noise, etc. 
for transmitters. 
While most of us have developed 

spreadsheet formulas, or BASIC pro¬ 
grams for calculating these system 
parameters, another level of abstrac¬ 
tion is needed to calculate Cpk’s on sys¬ 
tem parameters: We need the capabili¬ 
ty to feed the relevant formulas with 
carefully specified random inputs, and 
gather statistics on the calculated out¬ 
puts for thousands of trials. In short, 
we need Monte-Carlo simulation of 
systems. 
There are several possible alterna¬ 

tives: Hewlett-Packard’s MDS [1] has 
the capability to accept formulas and 
feed them with random numbers, as 
does Microsoft Excel with @RISK from 
Palisade, Inc., but the one most suited 
to the task is Extend™ from Imagine 
That, Inc. [2], together with a suite of 
libraries called Rf Intercept [3], devel¬ 
oped specifically for statistical evalua¬ 
tion of communication system perfor¬ 
mance. The example described next 
was developed in Extend using Rf 
Intercept libraries. 

Generating the p/o Graphical 
Specification 
The p/o graphical specification is not 

restricted to only gain. Any parameter 
which affects system performance can 
be thus specified. The following exam¬ 
ple demonstrates how to use the tech¬ 
nique in a particular receiver applica¬ 
tion. 
Assume that your task is to develop 

a set of relevant circuit specifications 
ensuring that you achieve less than 
0.14% failure rate (Cpk = 1) for a speci¬ 
fication of 70 dB for receiver adjacent 
channel selectivity. This specification 
is theoretically single-ended; there¬ 
fore, the p/G graphs will consist of only 
one curve, the one with respect to 
LSL. Practically, there is always 
another constraint, one of cost, that 
bounds how “good” a performance can 
be obtained out of a circuit. 
The first task is to come up with a 

formula for calculating selectivity [4]: 

Selectivity = -CR - 10 log [10(-IFsel/10) 
+ io<-Sp“rs/io> + BW X 10(SBN/10 >] (3) 

Selectivity = amount of adjacent chan¬ 
nel selectivity relative to nominal 
receiver sensitivity [dB] 

CR = co-channel rejection [dB] 
IFsel = IF filter rejection at the adja¬ 

cent channel [dB] 
Spurs = LO spurious signals present, 

in relative IF bandwidth at a fre¬ 
quency offset equal to the channel 
spacing [dBc] 

BW = IF noise bandwidth [Hz] 
SBN = SSB phase noise of local oscilla¬ 

tor at a frequency offset equal to the 
channel spacing [dBc/Hz] 

■MWilM 
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at (303) 220-0600. Minimum order 100. 

Redesign 
RF Design 45 



This formula is then programmed 
with all the input quantities on the 
right side of Equation (3) represented 
by random number generators. Some 
means of capturing statistics on the 
calculated parameter are also 
required. Figure 4 shows how to do 
this in the Extend environment; 
Rf Intercept’s ‘RX Selectivity’ block 
encodes Equation (3). This model is 
run for thousands of trials to calculate 
the mean and standard deviation of 
selectivity. Since Extend’s blocks (even 
the ones you create) are compiled, the 
execution speed is only seconds on a 
486, Pentium, or Macintosh Quadra. 
For simplicity, all inputs have been 

assigned Normal (Gaussian) distribu¬ 
tions, but other distributions are avail¬ 
able if required. 
The next step in the process is the 

most difficult one: Come up with a set 
of input parameters which describe 
typical nominal receiver performance. 
In other words, choose a set of Mean 
values and Standard Deviations for 
the five input parameters that will 
produce Cpk = 1 for the calculated 

Figure 4. Selectivity calculation setup in Extend” . 

selectivity. The values shown on the 
left in Figure 4 represent just one such 
starting point. Some trial and error 

iterations, combined with past experi¬ 
ence will be required to thus define a 
nominal receiver performance. Prelim-
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Figure 5a. IF filter skirt selectivity at 
the adjacent channel. 

Figure 5b. First LO sunthesizer spuri¬ 
ous outputs. 

Figure 5c. VCO SSB phase noise at 
offset equal to chennel spacing. 

inary circuit Monte-Carlo analysis 
may also be needed to validate the 
chosen values. 
Once a nominal set of input values is 

obtained, find other combinations of 
Mean and Standard Deviation for one 
parameter at a time, which also pro¬ 
duce Cpk = 1. For example, while keep¬ 
ing IF selectivity, Spurs, IF bandwidth 
and Co-channel Rejection at their 
nominal values, you will find that 
more than one combination of Mean 
and Standard Deviation for SSB phase 
noise will result in Cpk = 1, defining 
the curve that you are after. Another 
way of looking at the m/s graph is to 
realize that the different possible m 
and s values define contours of Cpk , 
and we are interested in one particu¬ 
lar contour, where Cpk = 1. 
Extend™ has a mode of operation 

called Sensitivity mode, which makes 
these contours easy to locate. It lets 
you automatically change one parame¬ 
ter at a time in predetermined steps, 
so that you can easily pick out the one 
which produced Cpk = 1. You could 
also generate Cpk contours by using 
software such as DeltaGraph, provid¬ 
ed that enough different p/o combina¬ 
tions are available for interpolation. 
Figure 5 shows p/o graphs for all of 

the five circuits affecting selectivity, 
with the nominal starting values iden¬ 
tified by black dots. All of these p/o 
graphs were generated by taking one 
parameter at a time, and while keep¬ 
ing the other four at their nominal dis¬ 
tributions, finding p and o combina¬ 
tions which result in Cpk = 1. 
Figure 5 shows circuit specifications 

for meeting 70 dB selectivity with 3c 
margin. (Cpk = 1). The five p/o graphs 
of Figure 5 can now be used by design¬ 
ers of the IF filter, VCO, synthesizer, 
and detector circuitry as guidelines for 
their own Monte-Carlo circuit simula¬ 
tions. If all the circuits’ performances 
are on, or below their respective p/o 
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Figure 5d. Required detector S/N ratio 
for sensitivity. 

graph lines in Figure 5, then the 
required margin on selectivity will be 
obtained. 
Since the p/o graphs are dependent 

on the defined initial nominal values, 
they may have to be re-generated if 
any circuit strays too far from its 
assigned nominal performance; 
requirements may have to be fine¬ 
tuned as the project proceeds. Some 
engineers, especially those involved 
with software, may initially object to 
changing requirements in the middle 
of a project, but the “spiral approach” 
to hardware development has merit: 
you periodically re-visit the require¬ 
ments, each time with better informa¬ 
tion, in order to reduce overall risk. 

Benefits of the New 
p/o Graphical Method 
This new statistical method has 

proven to be very effective in predict¬ 
ing and ensuring margins on electrical 
performance for the following reasons: 

• Design engineers prefer the graphi¬ 
cal approach, since it allows them to 
evaluate different circuit topologies 
very quickly. The circuit’s perfor¬ 
mance is a dot on the p/o graph: Is it 
above, or below the line? 

• By emphasizing statistical proper¬ 
ties, it forces designers to perform 

Figure 5e. IF filter noise equivalent 
bandwidth. 

Monte-Carlo analysis of their cir¬ 
cuits very early in the design cycle. 
This has two secondary benefits: A 
realistic computer model has to be 
developed, since the only way to get 
initial statistics is by computer sim¬ 
ulation, and certain topologies with 
too much variation are rejected 
immediately. 

• Communication among the design 
groups is encouraged, since differ¬ 
ent tradeoffs are easy to evaluate, 
such as often arise between the RF 
amplifier’s and mixer’s third order 
intercept points in a receiver 
design, for example. Let’s say the 
mixer designer comes up with a 
breakthrough, and his performance 
is much better than required. Then 
the amplifier’s specification can be 
relaxed to make the amplifier 
designer’s job a little easier. 

• Performance margin can be treated 
as a design parameter. You design 
circuits up front for the desired 
amount of margin on system perfor¬ 
mance. 

• Impossible or conflicting specifica¬ 
tions are identified early. Figure 6 
shows such a situation with an RF 
preamplifier; the sensitivity and IM 
constraints are contradictory. Recall 
that the aim is to be below both 
curves at the same time. 
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Summary 
The p/G graphical method repre¬ 

sents a new way of specifying circuit 
performance, in the sense that each 
circuit’s performance target is derived 
from its effect on system specifica¬ 
tions. Generation of p/o graphs 
requires an investment in time by 
engineers throughout the duration of 
a project, especially at the beginning. 
This time investment more than pays 
for itself in the long run by shortening 
the overall design cycle. Furthermore, 
the performance margin becomes just 
another design parameter; circuits 
can be tailored for a specific amount 
of margin. It is not necessary to mea¬ 
sure large production quantities to 
validate a design. RF 
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Figure 6. Unrealizable amplifier gain 
specification. 
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RF cover story 

Software System Adds New RF 
Layout Capability 

By the staff of 
Eagleware Corporation 

Fully integrated, high-performance, RF and microwave 
computer-aided design software is often expensive, complex 
to use and requires expensive computer hardware. In con¬ 
trast, GENESYS is an inexpensive and easy to use “start-to-
art” solution which operates under DOS, Windows 3.1, Win¬ 
dows 95 or Windows NT on IBM and compatible personal 
computers. GENESYS incorporates synthesis, schematic 
based simulation and layout modules into one easy-to-learn 
interface. 

The previous release of GENESYS provided layout capa¬ 
bility only for printed filters synthesized by the =M/FIL-

TER= module. The emphasis of this article is on the new 
=LAYOUT= module which provides layout editing and art¬ 
work output for all circuits created by the user or any 
GENESYS synthesis module. 
Design flow using GENESYS is diagrammed in Figure 1. 

Circuit design begins with a set of circuit specifications. 
Typically the user must manually design a proposed circuit. 
This option is available within GENESYS and is shown as 
the top right path. However, GENESYS also includes a 
number of synthesis modules which design a wide range of 
network structures. A simplified listing is given in Table 1. 
During synthesis, first a general structure such as an inter¬ 
digital filter is selected. Next, performance specifications 
such as the number of sections and corner frequencies are 
entered. Finally material specifications such as PWB dielec¬ 
tric parameters are entered. The synthesis module then 
computes a complete design and displays a schematic. 

Schematic Interface 
At the completion of the synthesis process, each module 

displays an on-screen schematic. Next the synthesis module 
creates a schematic file (or a text net-list if the user prefers) 
and automatically launches the simulator environment. 
This schematic becomes a possession of the user and the 
GENESYS =SCHEMAX= module is used to view or modify 
the design as desired. =SCHEMAX= and the GENESYS 
simulator =SuperStar= Professional are tightly linked so as 
to streamline the exploration of design modifications, pro¬ 
vide back annotation and deal with transmission line physi¬ 
cal dimensions and discontinuities. The latter is difficult 
with third-party schematic entry programs. 
Shown in Figure 2 is a schematic of a printed five-section 

interdigital 800-950 MHz bandpass filter with Mini-Circuits 
MAR3 integrated monolithic buffer amplifiers at the input 
and output. This schematic was created in =SCHEMAX= by 
manually adding the input and output buffers to the 
microstrip interdigital filter schematic automatically creat¬ 
ed by the =M/FILTER= synthesis program. This circuit is a 

SYNTHESIS 
automate the 
design of 
circuits 

IBIftMKSIL 

SCHEMATIC 
user circuit 
entry and 
printout 

SIMULATION 
evalute, tune 
and optimize 

circuits 

non-linear and 
time-domain 
on spice 
simulators 

«ÜL « ATOM 

Figure 1. GENESYS sfotware design flow diagram. 
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hybrid of lumped and distributed ele¬ 
ments. The square objects with round 
centers represent viaholes to ground. 
The side-by-side five-section transmis¬ 
sion line section is split into a pair to 
create the input and output taps. The 
five small square objects at the 
ungrounded end of the transmission 
line sections are schematic symbols 
representing the open-end model for 
the lines. The length and spacings of 
the transmission line objects can be 
viewed by simply double-clicking on 
the transmission line object. The sub¬ 
strate used for this circuit is 1/16 inch 
thick, one ounce copper, FR-4 lami¬ 
nate with a dielectric constant of 4.8 
and a loss tangent of 0.008. 
After the user adds the input and 

output buffers to the =M/FILTER= 
generated schematic, simply pressing 
F9 invokes translation of the 
=SCHEMAX= file and launches the 
simulator =SuperStar= Professional. 
Shown in Figure 3 is a 25 sample 
=SuperStar= Professional Monte Carlo 
analysis of the buffered filter with ±2 
mil physical tolerances and a dielectric 
constant tolerance of ±5%. The left 
grid displays the gain (right vertical 
axis from -70 to +30 dB) and group 
delay (left vertical axis from 0 to 50 
ns). The right grid is a Smith chart 
plot of Sn and S22 (the original com¬ 
puter screen plots are color coded for 
easy identification). 

Spice Simulation 
The GENESYS schematic module 

=SCHEMAX= writes net lists for Spice 
simulators, therefore integrating both 
non-linear and time-domain simula¬ 
tion in the environment. P-Spice from 
Microsim and I-Spice4 from Intusoft 
are directly supported and tested. 
Generic support is provided for Berke¬ 
ley Spice 2 and Spice 3 based simula¬ 
tors. Although Spice simulators are 
weak for distributed elements, both 
Spice and harmonic-balance simula¬ 
tors provide harmonic waveform 
analysis. Spice has the advantage of 
providing bias network simulation, 
time-domain analysis of filter and 
other structures and true startup 
transient analysis of oscillators. Since 
GENESYS creates Spice netlists, the 
user is freed from the need to redraw 
the circuit to check non-linear and 
time-domain performance. 

Layout 
After simulator verification of the 

circuit, the GENESYS =SCHEMAX= 

Figure 2. Schematic of an example interdigital filter with input and output buffer 
amplifiers. 

program launches the =LAYOUT= 
module. An initial layout screen is 
given in Figure 4. Each object in the 
schematic is automatically drawn and 
placed in the =LAYOUT= screen work¬ 
space. The transmission line objects 
are drawn with all dimensions taken 
from values in the schematic. This is a 
primary benefit of an integrated 
schematic, simulation and layout envi¬ 

ronment which recognizes the special 
needs of RF and microwave circuit 
design. Other objects are drawn using 
footprint libraries and an association 
list which identifies a footprint for 
each schematic object. The user may 
edit and create footprint libraries and 
the association list. For example, the 
object in Figure 4 which is second fur¬ 
thest from the upper-right side of the 

Figure 3. Monte Carlo statistical simulation of the buffered interdigital filter. 
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workspace is the footprint associated 
with the Mini-Circuits MAR3 mono¬ 
lithic amplifier. 
Because the size of physical objects 

is not related to the space occupied by 
a symbol in the schematic, it is impos¬ 
sible to finalize the layout using 
schematic information. Therefore the 
algorithm which places footprints on 
the layout workspace simply places 
them in the general orientation of 
components in the schematic. Compo¬ 
nent connections are then completed 
using rubber band lines. The user may 
then select a footprint or a group of 
footprints and drag them to the 
desired location and the rubber band 
lines follow. When a component node 
is dragged directly onto another com¬ 
ponent node the rubber band line is 
deleted. In general it becomes neces¬ 
sary to add new printed lines to 
resolve all connections. Laying a new 
line between nodes also deletes a rub¬ 
ber band line. A line to be included in 
the simulation is added by returning 
to =SCHEMAX= and adding that line. 
It is important to note that the previ¬ 
ous layout effort is not lost when it is 
necessary to return to =SCHEMAX= 
to add or delete an object. Lines which 
do not effect circuit performance may 
be added directly in =LAYOUT= and 
do not appear in =SCHEMAX=. 
Shown in Figure 5 is a final layout 

after resolution of all rubber band 
lines. The rectangular box represents 
the specified board outline which is 3 x 
2 inches. The final layout is slightly 
shorter than the PWB outline and the 
inpuVoutput lines could be lengthened 
or a smaller PWB could be used. The 
power supply lines were brought to the 
bottom of the PWB. 

Libraries 
=LAYOUT= includes a library of 

footprints (land patterns) for active 
and passive circuits based on the IPC-
SM-782 Surface Mount Design and 
Land Pattern Standard [1]. Also 
included is a smaller library for active 
devices drawn from manufacturer 
data books. 
=LAYOUT= includes a built-in foot¬ 

print editor for editing existing foot¬ 
prints and creating new footprint 
library sets. The footprint editor is 
similar to the =LAYOUT= editor 
which minimizes the learning effort. 
The dates of library objects are auto¬ 
matically tracked and the user is noti¬ 
fied if library objects were modified 
after the layout was created. 

General Features 
Certain attributes and features are 

required in any efficient layout pro¬ 
gram. A layout program designed for 
RF and microwave circuits should pos¬ 
sess additional capabilities. =LAY-
OUT= was created to address the spe¬ 
cial needs of high-frequency analog 
circuit design while retaining the abil¬ 
ity to handle digital and low-frequency 

PWBs. A brief list of =LAYOUT= fea¬ 
tures includes: 

• Automatic schematic to initial lay¬ 
out conversion 

• Layout effort is retained when 
schematic is modified 

• Arbitrary metalization shapes with 
arcs and polygons 

• Automatic dimensional tracking of 

Surface Mount Crystals &TCXOS 

GET EXCEPTIONAL 
STABILITY 
AM? SAVE 
VALUABLE 
REAL ESTATE 

ES6200 

SMT TCXO 

3.9x11.4 x1 1.6mm 

RF Design 

Looking for a highly stable oscillator in a 3.9 mm 
surface mount package? The ES6200 offers 
1 ppm stability from -20°C to +70°C. 

ECCM 3 Crystal 
1.5 x 6.7 x 5.2mm 

SPECIFY 

The ECCM 3/4 crystal provides ±10 ppm 
tolerance over ±5 ppm stability from -10°C 

to +60°C. That’s what we call performance! 

The ES6200 oscillator and ECCM3/4 crystals are 
available now for immediate shipping. Data sheets 

are available by fax-on-demand at 1-800-ECLIPTEK,or visit our 
site on the World Wide Web. Service excellence is a standard 
feature with all Ecliptek products. 

Call for accurate answers, guaranteed quality 
and on-time delivery. Ask for your free copy of the 

International Sourcebook for Crystals & Oscillators. • ECLIPTEK' J CORPORATION 

1 -800-ECLIPTEK • (714) 433-1200 • (714) 433-1234 Fax 
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Figure 4. Initial layout of the example interdigital filter, including the input and 
output buffer amplifers. 

transmission lines and discontinu¬ 
ities 

• Rich set of movement, grouping and 
transformation functions 

• Multiple metal, silk screen and 
mask layers 

• Automatic ground pour with user 
specified clearance from objects 

• Libraries with multilayer support 
and date tracking 

• Printer, plotter, postscript, HPGL 
and DXF (AutoCad) output formats 

• Gerber 274X and other output for¬ 
mats with optimized line widths 

Optimized Output Files 
=LAYOUT= supports virtually all 

standard printer devices and a variety 
of file formats. Typical layout pro¬ 
grams and Gerber files were not origi¬ 
nally designed for RF and microwave 
circuits. Transmission lines and filled 
coplanar ground areas are typically 
filled with a constant line width which 
results in very large files. =LAYOUT= 
optimizes these objects by filling with 
variable aperture sizes. They are first 
outlined with a small pen and then 

Not Everyone In Communications 
Qualifies To Be On An Intertec List 

Rent the circulation file of this publication for your 
direct mail needs. For our complete catalog, call 
Diane at (770)618-0391. 

INTERTEC 
PUBLISHING 
Argua «IC, A DMaton ot intartac PubUahlng Corporation 
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Mark Your Calendar Now to Attend the 
1996 IEEE NTT-S International 

Microwave Symposium/Exhibition 
June I 7-11, 1996 
Moscone Center, 
San Francisco, CA 
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Commercial and Military Applications. 

■ ICs for Wireless Communications 
■ Field Theoretical Problems for Wireless 

Technology 
■ Microwave Vehicular Technology 
■ CAD Design Methodology for Commercial 

Applications 
■ Power Devices and MMICs for Wireless 

and Military Applications 
■ Wireless Communication Systems 

and Technologies 
■ Power Amplifiers for Wireless Applications 
■ Subsystems for Commercial Communications 

and Auto Applications 
■ Biological Effects and Medical Applications 
■ Signal Generation, Frequency Conversion 

and Control Circuits 
■ Filters and Multiplexers 
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ble personal computers running under 
DOS and Windows operating systems. 
The Windows 3.1, 95 and NT versions 
are true 32-bit applications for fast 
execution on 80386 and later CPUs 
including the new Intel Pentium Pro. 
8 Mbytes of RAM and 15 Mbytes of 
hard disk space are recommended. 
The Windows GENESYS module 
= LAYOUT= is $699. Current cus¬ 
tomers please contact Eagleware for 
discounted pricing until June 30, 
1996. The GENESYS simulation, 
schematic and layout module set is 
$1999. A full GENESYS package with 
synthesis is $5990 and includes free 
technical support. Eagleware does not 
charge annual fees. 
Readers interested in obtaining more 

information can contact Eagleware at 
1750 Mountain Glen, Stone Mountain, 
GA 30087. Telephone: (770) 939-0156; 
fax: (770) 939-0157. Information can 
also be obtained by circling Info /Card 
#250. RF 

Figure 5. Final layout of the example buffered filter. 

filled with progressively larger pens 
until the polygon is filled. 

Summary 
The integration of synthesis, simula¬ 

tion and layout allows to user to 

explore design alternatives, quickly 
evaluate each approach and finalize 
the design with minimum effort. 
GENESYS provides this functionality 
in one easy-to-learn environment 
using cost effective IBM and compati¬ 

References 
1. Surface Mount Design and Land 

Pattern Standard, The Institute for 
Interconnecting and Packaging Elec¬ 
tronic Circuits, IPC-SM-782 (Revision 
A - August 1993), Lincolnwood, IL, 
1993. 

GENESYS Synthesis Modules and Algorithms 

=OSCILLATOR= 

L-C series, Colpitts & Clapp 
L-C and t-line VCO 
Cavity (2 types) 
Coaxial dielectric resonator 
SAW (3 types) 
Pierce & Colpitts crystal 
Driscoll crystal 
Butler overtone 
Butler with multiplier 

=M/FILTER= 
(distributed filters) 

End coupled 
Edge coupled 
Hairpin 
Stepped-Z 
Combline 
Interdigital 
Elliptic LP & BP 
Stub LP, BP & BS 
Edge BS 

=EQUALIZE= 
(group-delay equalizers) 

L-C Types 1-4 for Q>1 
L-C types 5-6 for Q>0 
Op amp types 7-9 

=FILTER= 
(L-C element filters) 

Conventional all-pole 
Conventional elliptic 
Coupled resonator (3 types) 
Tubular 
Blinchikoff flat delay 
Zigzag 
Eagleware symmetric 

=MATCH= 

Simple pi, tee & L 
T-line quarter wave 
T-line single/double stub 
General order bandpass 
L-C and T-line pseudo LP 
Stepped-Z 
Custom 

=A/FILTER= 
(active filters) 

GIC transform 
Single feedback 
Multiple feedback 
Low sensitivity 
State variable (biquad) 
VCVS 
Dual amplifier 
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hen your RF Power Measurement requirements 
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design techniques, allows our customers 100 percent reserve 
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Specify Werlatone Mismatch Tolerant couplers for 
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Rp products 
High-Efficiency, 1W PA IC 
TriQuint Semiconductor has 

introduced the first in a line of 
high-power RF power amplifier 
integrated circuits for the wire¬ 
less communications market. 
The TQ9142 is a monolithic, 
GaAs IC using MESFET tech¬ 
nology. It is optimized for use 
as the front-end transmit 
amplifier in analog cellular 
(AMPS) telephones and CDPD 
wide area network applica¬ 
tions. It operates over the 824 
to 849 MHz, achieving a typi¬ 
cal efficiency of over 60 percent 
for a power output of 30.5 dBm 
while operating at the 4.8 V 
typically provided by four NiCd 
or NiMH battery cells. As a 
result of its low cost and high 
efficiency at high power, the 
TQ9142 provides a cost-effec¬ 

tive means to achieve the long 
talk-times users demand in cel¬ 
lular telephones. The TQ9142 
integrates most of the RF 
matching on-chip - the input is 
matched to 50 ohms and the 
output is matched with a sim¬ 
ple network. The part has 
three gain stages and achieves 
gain of 30.5 dB. The device’s 
bias lines are accessible to pro¬ 
vide maximum flexibility, and 
it supports variable power out¬ 
put and high-speed on/off con¬ 
trol. The TQ9142 is packaged 
in a low-cost power SO-16 plas¬ 
tic package and is available 
from stock at a unit price of 
$4.25 in order quantities of 
50,000 per year. 
TriQuint Semiconductor, Inc. 
INFO/CARD #184 

Surface Mount 
Lowpass Filter 
KEL COM has introduced a 

new surface-mount lowpass fil¬ 
ter, model number SL-500. This 
filter has a minimum 3 dB cut¬ 
off of 500 MHz, and features a 
typical VSWR of 2.0:1. Mini¬ 

Low-Jitter, 1 GHz 
Clock Oscillators 
Micro Networks announces 

two precision clock oscillators 
for 300 MHz to 1 GHz, with less 
than 3 ps phase jitter for high-
performance computer, telecom¬ 
munications, ATE, and data 
communications applications. 
Both oscillators are packaged in 
24-pin, double-wide, metal DIP 
packages. The M101 series pro¬ 
vides a customer-specified out¬ 
put frequency from 300 to 1000 

GPS Antenna 
Feed Network 
Anaren’s GPS antenna feed 

network operates at both GPS 
frequency bands: 1.20 to 1.25 
and 1.55 to 1.60 GHz. Quadra¬ 
ture inputs allow it to feed a cir¬ 
cularly polarized antenna. 

Radiating Cable 
for UHF 
Andrew Corp, announces a 

new 7/8-inch high-performance 
RADIAX™ radiating cable opti¬ 
mized for frequencies from 900 
to 2500 MHz. This includes all 
current and proposed PCS 
bands throughout the world. 
The cable has low coupling vari¬ 
ations in the optimized bands, 
resulting in more uniform sig¬ 
nal distribution. It is well suited 

mum stopband rejection is spec¬ 
ified as 25 dB at 550 MHz, 
increasing to 50 dB at 655 
MHz. Package outline dimen¬ 
sions are 1.10 x 0.60 x 0.27 
inches. Contact KEL COM for 
pricing, and for the availability 
of additional standard and cus¬ 
tom filters. 
KEL COM 
INFO/CARD #185 

MHz. Complementary PECL or 
ECL outputs are available. The 
M201/211 series is a family of 
frequency multipliers with out¬ 
puts from 300 to 1000 MHz. 
Multiplication factors are 32, 
33, 64, or 65. The M201 series 
accepts single-ended inputs; the 
M211 models accept differential 
inputs. Both families operate 
from a single +5 VDC supply. 
Pricing for a basic M201 with 
multiplication factor of 32 is 
$121.00 in sample quantities. 
Micro Networks Corp. 
INFO/CARD #186 

Antenna ports are located at 
optimum feed points for a patch 
antenna (connectors can be 
replaced with a directly-mount¬ 
ed antenna). An optional inter¬ 
nal diplexer allows for separa¬ 
tion of bands at the output. In 
the lower frequency band, inser¬ 
tion loss is 1.3 dB, phase bal¬ 
ance is ±3°, isolation is 20 dB, 
and return loss at the antenna 
ports is 16 dB. For the higher 
band, insertion loss is 1.5 dB, 
phase balance is ±3°, isolation is 
20 dB, and return loss at the 
antenna ports is 16 dB. The 
caseless package is 2.5 inches 
square by 0.075 inches thick. 
Anaren Microwave, Inc. 
INFO/CARD #187 

to provide two-way voice, high-
rate data, and code division 
multiple access (CDMA) com¬ 
munications in buildings, tun¬ 
nels, and other enclosed areas. 
Other benefits of the cable 
include: enhanced signal con¬ 
tainment and no single-point, 
peak power outputs; low-power 
distribution of signal, minimiz¬ 
ing near-far variations in power 
level; continuous coverage along 
the length of RADIAX cable 
minimizes shadowing and 
blocking from structures and 
people. 
Andrew Corporation 
INFO/CARD #188 
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SEMI¬ 
CONDUCTORS 

CDPD Reference 
Design 
VLSI Technology offers a 

complete two-chip CDPD refer¬ 
ence design. The Geode™ 
CDPD refernce design inte¬ 
grates VLSI’s Ruby™ II chip 
and a separate radio interface 
IC, code named Topaz. The 
Geode product is a CDPD-only 
modem designed for use where 
short data bursts are required. 
By using the Geode reference 
design, engineers can accelerate 
both design and verification. 
Ruby II is a 32-bit advanced 
RISC machine (ARM) processor. 
VLSI Technology, Inc. 
INFO/CARD #189 

High-Speed, 
Low-Power Op Amp 
National Semiconductor’s 

LM7121 draws just 5.3 mA and 

has a 3 dB bandwidth of 235 
MHz. The voltage-feedback op 
amp can drive unlimited capaci¬ 
tive loads and is contained in a 
TinyPak SOT-23, 5-pin pack¬ 
age. The LM7121 is priced at 
$0.99 in quantities of 1,000. 
National 
Semiconductor Corp. 
INFO/CARD #190 

500 MHz Video 
Amplifiers 
The Maxim MAX4100/ 

MAX4101 and MAX4112/ 
MAX4113, ±5V, 500 MHz wide¬ 
band op amps are designed 
using Maxim’s proprietary 9.3 
GHz complementary bipolar 
process. The op amps require 
only 5 mA supply current, yet 
have a 500 MHz 3 dB band¬ 
width (MAX4100/MAX4112) 
and include a robust output 
stage guaranteed to drive ±3.1 
V into 100 ohms and is capable 
of delivering ± 80 mA out. The 
different models are optimized 
for open- or closed-loop opera¬ 
tion and for different minimum 

gains. Prices start at $1.95. 
Maxim Integrated Products 
INFO/CARD #191 

Universal Cordless 
Phone ICs 
Motorola has introduced two 

universal cordless telephone 

subsystem ICs that integrate 
nearly all the major functions 
required for a cordless tele¬ 
phone on a single integrated cir¬ 
cuit. Both the MC13109 and 
MC13110 cordless combo ICs 

integrate the dual conversion 
FM receiver, compander, dual 
universal programmable PLL 
and supply voltage monitor on a 
single integrated circuit. The 
MC 13110 also integrates a fre¬ 
quency inversion voice scram-
bler/descrambler. In quad flat¬ 
pack packaging and 10k quanti¬ 
ties, the MC13109 is $3.00, and 
the MC13110 is $4.80. 
Motorola Semiconductor 
INFO/CARD 192 

Transmit- and 
Receive-only ICs 
American Microsystems has 

announced the availability of 
sample quantities of a transmit-
only and a receive-only version 
of its proprietary direct-
sequence spread spectrum tech¬ 
nology. The S20041 permits 
transmit-only and the S20042 is 
a receive-only IC. The parts 
both address FCC Part 15 appli¬ 
cations. Both provide thousands 
of possible programmable pseu¬ 
do noise code words in lengths 
up to 2047 chips/bit and allow-

Model 9450 
8 Channel Wideband 
HF Receiver/Translator 

Input Frequency Range - 0.5 to 32 MHz 

Output Frequency Range - 1.0 to 11 MHz 

Number of Channels - 8 (1 Independent, 7 with Common L0) 

Bandwidth - 10 MHz 

Gain - 53 dB Nominal 

VSWR - 2.0:1 Maximum 

Control Interface - RS-232 Full Duplex at 4,800/1 9,200 

Interad Limited 
7808 Cessna Avenue • Gaithersburg, MD 20879 

Phone: 301 -948-71 72 • Fax: 301 -977-7559 
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RF products continued 
ing data rates from 100 bps to 4 Mbps. Vol¬ 
ume pricing is projected to be $8.10 for the 
S20041 and $17.8 for the S20042. 
American Microsystems, Inc. 
INFO/CARD #193 

Wideband Quad Op-Amp 
Burr-Brown’s OPA4650 is the quad ver¬ 

sion of its OPA65X Speed Plus, low cost, 
low power, wideband voltage-feedback fam¬ 
ily of operational amplifiers. The OPA4650 
has 360 MHz bandwidth and a 12-bit set¬ 
tling time of 20 ns to 0.01%. The device is 
available in 14-pin DIP and SO-14 surface 
mount packages, and operates over the —40 
to +85°C temperature range. The OPA4650 
is priced from $5.12 in 1000-piece quanti¬ 
ties. 
Burr-Brown Corp. 
INFO/CARD #194 

MPEG2 Decoder 
Toshiba America Electronic Components 

has announced the TC81211, a one-chip 
video and audio decoder that is fully com¬ 
pliant with the MPEG2 standard. The chip 
includes glueless system interfaces for a 
host, bitstream, memory, video encoder and 
audio DAC. Packaged in 208-pin plastic 
quad flat packs, the TC81211 works with a 

single 27 MHz clock for decoding and uses 
a 3.3 V power supply, with 5V-tolerant 
inputs. Price is $150/chip in lots of ten. 
Toshiba America Electronic Compo¬ 
nents, Inc. 
INFO/CARD #195 

SUBSYSTEMS 

VME Waveform 
Capture Board 
With an advanced VME design, the 

VDA500 waveform capture board from Sig-

natec features an analog bandwidth of DC 
to 500 MHz, a 500 MHz 8-bit digitizer, 
256k bytes of onboard memory and a data 

transfer rate of 200 MB per second. Memo¬ 
ry is expandable to 1 GB or more with 
external memory modules. The VDA500 
offers two input channels and a multiplex¬ 
er. A C/C + + library is included. The 
VDA500 is priced at $7,450.00 each. 
Signatec, Inc. 
INFO/CARD #196 

Frequency Translators 
A series of MITEQ tri-band frequency 

test translators is designed to translate the 
C-, X-, and Ku-band satellite communica¬ 
tion frequency transmit bands to their 
respective receive frequency bands. The 
translators feature minimum amplitude 
and delay distortion, high frequency stabili¬ 
ty, low intermodulation distortion and low 
phase noise contribution. The unit is avail¬ 
able in local-only or local/remote controlled 
versions. 
MITEQ Inc. 
INFO/CARD #197 

Wideband Cellular Receiver 
Interad introduces the Model 9401 M/S, 

4/8 channel, wideband cellular band receiv-
er/translator. The 9401 accepts input from 
824 to 894 MHz and produces an output 
from 1.5 to 11.5 MHz. The M model 

60 

RETURN LOSS BRIDGES 
FEATURES: 

5 watt power 

High directivity 

R F reflected port 

Replaceable pins 

Internal reference 

Rugged construction 

Return loss bridges from Eagle cover from .04 MHz to 3.0 GHz. A 
robust five watt power rating, unmatched in the industry, allows for 
versatile measurements. Optional replaceable center pins allow 
quick and economical repair of damaged connectors. Why pay more 
for bridges with fewer features than EAGLE? 

FREE APPLICATION NOTE: High Performance VSWR Measurements 

Mode s Availab e 
NUMBER FREQ RANGE DIRECT O/S Ratio PRICE 
RLB150B1 
RLB150N3B 
RLB150N5A 

.04-150 MHz 
5-1000 MHz 
5-3000 MHz 

>45 dB 
>45 dB 
>40 dB 

<0.5 dB 
<0.5 dB 
<1.0 dB 

$279.00 
$389.00 
$595.00 

RF POWER 
AMPLIFIERS 
2MHz to 2 GHz 
Modules 1 W to IkW 

Rack Mount Amplifiers to 2 kW 
Custom Designs 
Short lead times 

Broadcast/Comm./EW/Industrial/Medical 
Fixed/Portable/Mobile 

Silicon Valley 
POWER 

AMPLIFIERS 

mGiF VOICE: (520) 204-2597 
FAX: (520) 204-2568 

PO Box 4010 Sedona, AZ, 86340 

The RF People 

529B Forman Dr., Campbell, CA 95008 

CALL 1-800-986-9700 
or fax 1-408-986-1438 
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receives four channels, while the 9401S 
receives eight. Minimum TOI on the output 
is +90 dBm, minimum instantaneous 
dynamic range is 80 dB, and minimum 
image/IF rejection is 80 dB. The 19-inch 
rack mount receiver is controlled via an 
RS-232 interface. 
Interad Ltd. 
INFO/CARD #198 

VXIbus Communications 
Receivers 
Racal Instruments introduces two, high 

performance single-slot VXIbus communi¬ 
cations receivers for radio transmitter eval¬ 
uations or signal monitoring. The Model 
251 covers the frequency range of 10 kHz to 
30 MHz with 1 Hz tuning resolution and 51 
standard bandwidths, while the 2561 cov¬ 
ers 30 to 1200 MHz with 10 Hz tuning reso¬ 
lution and 15 standard bandwidths. Both 
receivers provide quadrature outputs and 
AM, FM, LSB, USB, ISB, and CW detec¬ 
tion. Price starts at $7,500. 
Racal Instruments, Inc. 
INFO/CARD #199 

SM Transverter 
California Amplifier now offers a 900 to 

2450 MHz integrated antenna/transverter. 
The product includes a 16 dBi Yagi anten¬ 
na with an integrated downconverter/ 
upconverter. Integrated receive gain is 44 
dB, and output power is 4 W EIRP. The 
downcoverter translates 2450 - 2474 MHz 
to 903 - 927 MHz, and the upconverter does 
the reverse. A stand-alone transverter for 
use with industry-standard antennas is 
also available. 
California Amplifier 
INFO/CARD #200 

the 0.1 ohm chip is ±2.0 percent and ±1.0 
percent for values greater than 0.25 ohms. 
Other features include stable film/high 
power capability (up to 2.0 W at +70°C), 
very low inductance for high frequency 
applications, alumina substrates. 
Ohmtek, Inc. 
INFO/CARD #202 

SAW Resonator in TO-39 
Package 

The KAR-CK Series from AVX offers sur¬ 
face acoustic wave (SAW) resonators in a 

hermetically sealed TO-39 metal can. The 
series is available at 315 MHz and in cus¬ 
tom frequencies up to 450 MHz. The res¬ 
onators have a standard stability of ±250 
kHz; ±100 kHz is also available. Typical 
pricing for the KAR-CK Series is $1.50 in 
quantities of 1,000 for the KAR-315-CK. 
AVX Corp. 
INFO/CARD #203 

New Trim Cap Series 
Five new series of trimmer capacitors 

from the North American Capacitor Com¬ 
pany are designed to meet the needs of a 
broad range of RF and microwave applica¬ 
tions. The MAV Series of air dielectric 
trimmers are designed for maximum stabil¬ 
ity and high Q. The MTR Series uses a sap¬ 
phire dielectric and rugged construction. 
The MVC-03 Series of disc ceramic trim¬ 
mers are appropriate fro surface mount 
applications. The MVC-07 Series of disc 
ceramic trimmers meet the needs of micro¬ 
module and hybrid circuit designers 
through its leaded packages. The MPT 
Series of piston trimmer caps are reliable 
under extreme vibration and shock. 
North American 
Capacitor Company 
INFO/CARD #204 

Redesign 
DISCRETE 

COMPONENTS 
Introduces the Yellow Page 

Directory Section 
High Voltage Chip Caps 
Johanson Dielectrics now offers surface 

mount, high-voltage chip capacitors with 
voltage ratings of 500 to 5,000 VDC, includ¬ 
ing a 1000-volt, 0805-size chip. The chip 
capacitors are compact and have low ESR. 
NPO and X7R dielectrics are offered in 
0805, 1206, 1210, 1808, 1812, 1825, and 
2225 sizes. They feature a solder-plated 
nickel-barrier termination. Price is $0.15 to 
$0.95 in quantities of 100,000. 
Johanson Dielectrics, Inc. 
INFO/CARD #201 

Ultra-Low-Value Chip 
Resistors 
Ohmtek’s L Series chip resistors have 

extremely low resistance and are small 
SMT devices. Using a homogeneous nickel 
alloy element, these resistors range from 
0.03 to 10.0 ohms. Minimum tolerance for 

1 -800-443-4969 
FOR DETAILS ON AN 

EXCITING INTRODUCT 

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

(770) 955-2500 Fax: (770) 618-0342 
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Your Key to 
High-Frequency 

Test 

RF products 
TEST EQUIPMENT 

continued 

Automted Audio and 
Radio Tester 
Panasonic Factory Automation has 

released the VP-761 1A audio and radio 

Tools for High-Frequency 
Automated Test and Measurement 

from National Instruments 
Instrument Control 
• GPIB and VXIbus Controllers -
Your connection to any instrument 

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

Test Development 
• LabVIEW - Revolutionary graphical 

test development environment 
- Graphical programming decreases 

test development time 
• LabWindows’/CVI - Interactive C 
development software 
- Integrated ANSI C programming 

tools 
• Features 
- Easy GPIB, VXI, and serial 

instrument control 
- Numerical analysis and data 

visualization 
- Built-in graphical user interface 

Production Test Automation 
• Test Executive - Test sequencing 
and report generation 

• SQL Toolkit - Database connectivity 
• SPC Toolkit - Monitor results and 
improve quality 

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

tester, also known as the ART-ONE sys¬ 
tem. The new system is a stand alone 
semi-automatic measuring instrument con¬ 
taining the necessary measuring functions 
for measurement of radio receivers, ampli¬ 
fiers, CD players and tape recorders. The 
ART-ONE system produces both AM (100 
kHz to 22 MHz) and FM (75 MHz to 110 
MHz) signals. 
Panasonic Factory 
Automation Co. 
INFO/CARD #205 

Multi-Function 
Electronic Test Station 
The Multiple Instrument Station (MIS) 

from ABI Electronics Ltd incorporates six 
instruments — frequency counter, digital 
storage oscilloscope, DC voltage probe, 
function generator, programmable analog 
outputs and a power supply — in a single 
unit. The unit fits into the standard 5 1/4-
inch drive bay of a standard PC. Operation 
is in the Windows environment. 
ABI Electronics Ltd 
INFO/CARD #206 

Pocket-Sized 
Frequency Counter 
Optoelectronics’ CUB frequency counter 

measures 3.7 x 2.75 x 1.2 inches and 
weighs only 7.5 ounces. Its 9 digit LCD dis¬ 
play shows frequency counts from 1 MHz to 
2.8 GHz. The counter uses a 10 MHz time¬ 
base and has a digital filter to reduce false 
counts. The CUB sells for $149. 
Optoelectronics, Inc. 
INFO/CARD #207 

Time Code Generator 
Absolute Time™ has announced the 

introduction of its Model 103 GPS-synchro¬ 
nized time code generator. The Model 103 
combines Absolute Time’s highly accurate 
GPS Clock™ with the ease of software 
selection of accurate and stable timing and 
time code information. Time accuracy is 
specified at 150 nanoseconds (ns) and 
pulse-to-pulse jitter is less than 1 ns. The 
Model 103 is list priced at $3,565. 
Absolute Time Corp. 
INFO/CARD #208 

500 MHz to 67 GHz 
Synthesizers 
Anritsu Wiltron introduces 24 new mod¬ 

els in its 68-Series microwave synthesizer 
line. These models offer frequency cover¬ 
ages from 500 MHz to 67 GHz and feature 
a new digital down-converter to improve 
spectral purity in the critical 500 MHz to 
2.2 GHz frequency range. The digital down 
converter provides specified SSB phase 
noise < -92 dBc/Hz at 2 GHz, 2 kHz offset 
from the carrier, and spurious levels < -50 
dBc. Prices start at $21,500, U.S. list. 
Anritsu Wiltron 
INFO/CARD #209 

Comparative Measurement 
System 
The comparative measurement system, 

TS9958V, from Rohde & Schwarz is 

FREQUENCY PRODUCTS 
ELECTRO DYNAMICS CRYSTAL CORP. 

^7 NATIONAL 
^INSTRUMENTS 
r The Software is the Instrument' 

6504 Bridge Point Parkway • Austin, TX 78730-5039 
Tel: (512) 794-0100 • Fax: (512) 794-8411 

E-mail: info@natinst.com 
WWW: http://www.natinst.com 

Crystals 
• Microprocessor 
• Military Spec/QPL 
• Communication 
• Custom Crystals 

Oscillators 
• Hybrid Clock 
• TCXO 
• VCXO 
• Custom Oscillators 

9075 Cody Overland Park KS 66214 
Phone (800) EDC-XTAL Fax (913) 888-1260 
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designed for simultaneous network quality 
analysis on up to three mobile test tele¬ 
phones. The system may be fitted with any 
combination of GSM900, DCS1800, and 
PCN1900 test mobiles. The system can be 
used to compare different network parame¬ 
ters, to detect gaps in coverage and to 
detect interference in several networks at 
the same time, as well as simultaneous 
measurements with different antennas in 
the same network. 
Rohde & Schwarz GmbH 
INFO/CARD #210 

PCS Test Transmitter 
The PCS Transmitter from Berkeley Var-

itronics Systems covers 1.85 through 2.1 

GHz in 50 kHz steps and has a 10 W power 
amplifier with continuously-adjustable 
power output. Contained in a weatherproof, 
18 X 15 X 6 inch ABS plastic case, the 
microprocessor-controlled transmitter can 
be controlled via a front panel or a 1200 
baud modem. The transmitter is protected 
from excessive VSWR and it includes a CW 
IDer for FCC CP identification. 
Berkeley Varitronics Systems Inc. 
INFO/CARD #211 

SIGNAL SOURCES 

Product Focus — 
100 Watt, 900 MHz MOSFET 
California Eastern Laboratories 

announces the NEC NEM0995F01-30 sil¬ 
icon MOSFET for base station applica¬ 
tions. This device operates from a 30-Volt 
supply and provides 95 watts output (typ¬ 
ical) in the 900 MHz range. The MOSFET 
also provides >12 dB gain and high lin¬ 
earity (-37 dBc IM3 at 42 dBm Pout). 
California Eastern Laboratories 
INFO/CARD #215 

LDMOS RF Transistors 
Currently in Development 

Polyfet RF Devices is developing a line 
of LDMOS (lateral DMOS) high power 
transistors for release in the 3rd quarter 
of 1996. The devices wil cover frequencies 
from 10 MHz to 1.2 GHz, with power out¬ 
puts from 5 to over 100 watts. LDMOS 
places the source on the bottom of the 
transistor, eliminating the need for a BeO 
dielectric insulator. As a result, cost is 
reduced through simpler packaging, and 
thermal performance is expected to be 
improved. Also, the lack of source bond¬ 
ing wires reduces unwanted feedback, 
increasing gain by up to 3 dB. 
Polyfet RF Devices 
INFO/CARD #216 

HF Power MOSFETS 
The DE-series of power MOSFETs from 

Directed Energy provide power at 5 times 
the frequency range of conventional 
power MOSFETs. The family of devices 
also features high power dissipation, high 
gain, and low inductance leads for maxi¬ 
mum switching speed. The DE-150 series 
has 80 W PD and 3-5 ns switching speed. 
The DE-275 series has 270 W PD and 4-5 
ns switching speed. The DE-375 offers 

Power Transistors 
340 W PD and 6-8 ns switching speed. 
Devices are available in 100, 200, 500 and 
100 Volt supply ratings. 
Directed Energy, Inc. 
INFO/CARD #217 

300 V RF MOSFETS 
Advanced Power Technology offers the 

ARF444 and ARF445 “symmetric pair” 

capable of producing 300 watts RF power 
output per device. In 13.56 MHz Class C 
service, four devices can produce 1000 
watts output with 17 dB gain. This com¬ 
bination is available as a 1 kW RF Pallet, 
model ISM1K300. In OEM quantities, the 
ARF444/445 are priced at $32 each. 
Advanced Power Technology 
INFO/CARD #218 

Bipolar Power Transistor 
Data Book 
Temic, Telefunken Semiconductors, has 

just released the 1996 Data Book describ¬ 
ing the company’s line of bipolar power 
transistors. This line of high-voltage 
devices has FT ratings from 4 to 20 MHz, 
suitable for switching power supply and 
control applications. 
Temic Semiconductors 
INFO/CARD #219 

High-Stability OCXO 
Featuring an SC-cut crystal, Oak Fre¬ 

quency Control Group's 4834 OCXO has 
the highest stability of any member of 
Oak's OCXO product family. Available 
from 4 to 10 MHz, the 4834 has tempera¬ 
ture stability of ±3 x 10“9 over -20 to +70°C 
and features aging of only ±3 x 10-8/year. 
Its footprint measures 3.020 x 2.020 inches 
and has a height of 1.350 inches. Start up 
power 10 W and steady state power is 1.3 
W. Output is stable over input voltages 
from 9 to 13 VDC. 
Oak Frequency 
Control Group 
INFO/CARD #212 

VCOs in SMT and TO-8 
Packages 
Wireless Radio offers low-cost, high-per¬ 

formance voltage controlled oscillators 

(VCOs) in surface mount and TO-8 pack¬ 
ages. A family of low phase noise compo¬ 
nents designed for wireless communications 
is available immediately for standard fre¬ 
quency bands in digital cellular applications. 
Wireless Radio 
INFO/CARD #213 

Small SMT Clock Oscillator 
The T-Oscillators from MF Electronics 

have a 5 x 7mm footprint, a quarter the 
size of many other SMT oscillators. The 
oscillators are available from 1.5 to 66.6 
MHz. T-Oscillators are compatible with 
CMOS, TTL and other logic families. They 
operate from 3 to 5 VDC. Stabilities are 10 
ppm to 100 ppm from 0 to 70 °C (industrial 
grade stabilities also available). Typical 
height is 2.3mm. Price is $1.90 in quanti¬ 
ties of 50,000. 
MF Electronics 
INFO/CARD #214 

Low-Profile OCXO 
The 240-series from MTI offers a 0.52 

inch height package suitable for applica¬ 
tions requiring low profile oscillators. The 
240-0514 10 MHz SC-cut OCXO offers ther¬ 

mal stability of 2.5 x 10-8 over -30 to +70 
°C. Its footprint measures 1.5 x 1.5 inches. 
Aging is specified at 5.0 x 10~10/day, and 
phase noise is -85 dBc/Hz at 1 Hz offset 
with a -160 dBc/Hz noise floor. Standard 
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frequencies are available from 
stock with AT and SC-cut res¬ 
onators. 
Milliren Technologies, Inc. 
INFO/CARD #220 

SIGNAL 
PROCESSING 
COMPONENTS 

SMT Bias-Tee 
Mini-Circuits has introduced 

a surface mount bias-tee for 
applications in the 10 to 6,000 
MHz frequency range. The 
JEBT-6G offers typical inser¬ 
tion loss of 0.7 dB typical mid¬ 
band isolation of 40 dB. The 
small J-lead package provide 
strain relief for high tempera¬ 
tures encountered during sur¬ 
face mount solder assembly. 
Maximum RF power for this 
device is 30 dBm. Maximum DC 
voltage and current are 25 V 
and 500 mA. 
Mini-Circuits 
INFO/CARD #221 

Ceramic Filters 
KP Microwave Components 

introduces ceramic filter prod¬ 
ucts to their RF/microwave line. 
Typical products are 1, 2, and 3 
pole miniaturized surface 
mount ceramic filters at 2.4 
GHz, GPS frequencies, and 900 
to 2,400 MHz. Minimum height 
is 0.200 inches. 
KP Microwave Components 
INFO/CARD #222 

Chip Filters 
The TDFM2B Series of chip 

dielectric filters is designed to 
be used as the RF filter for 1.9 
GHz personal communications 
systems in the U.S. Package 
size is only 6.5 x 4.3mm with a 
2.25mm height. The filters have 
three-pole selectivity, 50 ohm 
input/output impedances and 
extremely stable temperature 
characteristics. The TDFM2B-
1880L-10 is centered at 1880 
MHz with a passband of 30 
MHz and 2.5 dB insertion loss. 
Toko America, Inc. 
INFO/CARD #223 

High Power 
Attenuators and 
Terminations 
Barry Industries offers a com¬ 

plete family of resistors, attenu¬ 
ators, and terminations to meet 
high power demands. All-brazed 

construction enables power dis¬ 
sipation capability of 10 to 
1,000 W (derated to 250°C). 
They have low broadband 
VSWR. Resistance ranges from 
0.1 to 1000 ohms, and attenua¬ 
tion ranges from 1 to 20 dB. 
Frequency range for the family 
is DC to 6.0 GHz, depending on 
circuit parasitics and mounting. 
Barry Industries 
INFO/CARD #224 

SMT Couplers and 
Terminations 
RF Power Components has 

developed 90 degree hybrid cou¬ 
plers for use in high- volume 
cellular and wireless applica¬ 
tions. Power ratings of 100 and 
200 W CW are available. The 
100 W couplers measure 0.35 x 
0.56 inches, and the 200 W cou¬ 
plers measure 1.0 x 0.5 inches. 
RF Power Components, Inc. 
INFO/CARD #225 

Dual Receiver 
Multicoupler 
Narda's dual receiver multi¬ 

couplers are available in two 
stock models. A standard cata¬ 
log model (RMC-WN8BF24) and 
a high performance OEM model 
(DRMC-WH8BF24). Both mod¬ 
els offer superior IP3 and low 
noise figure, superior transmit 
band rejection, wide dynamic 
range, excellent output isola¬ 
tion, complete alarm/monitor 
circuits, and high MTBF. 
Loral Microwave-Narda 
INFO/CARD #226 

Thousands in use over seven years 
... ZERO FAILURES 

CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 
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• Prooen-Relaibility 
• Most configurations 
“Coaxial relay reliability has 
always been a problem. 
About seven years ago, we 
switched to TohTsu Coaxial 
Relays in our high power 
amplifiers. Since then, we 
have not experienced a 
single coaxial relay failure”. 
Ted S. Henry 

Henry Radio carries the 
full-line of TohTsu coaxial 
relays in stock for immediate 
delivery. Most common 
configurations and 
connectors are available . . . 
AT VERY REASONABLE 
PRICES! 

TOLL-FRŒ (800) 877-7970 

RADIO 

CALL TODAY...! 

2050 South Bundy Drive 
Los Angeles, CA 90025 

Phone (310)820-1234 
FAX 310-826-7790 

INFO/CARD 50 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 
2215 Faraday Avenue, Suite A 

Carlsbad, California 92008 
TEL (619)438-4420 
FAX (619)438-4759 
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As today’s wireless marketplace continues to be redefined, so do the strategies that 
are needed to bring these products to market. Industry leaders are seeking 
opportunities to reach the greatest number or prospects. The new RF Design 
Seminar Series provides decision-makers with the most cost effective educational 
experience available to the RF industry. Catch the new wave of RF October 21-23 
in Wakefield, Massachusetts! 

Basic and Advanced RF and Wireless Engineering Special Courses 

Technical Paper Presentations 

Unlimited Networking Opportunities With Key RF and Wireless 
Users and Suppliers 

Additionally, for the first time, RF suppliers and users will establish a presence at 
the International Wireless Communications Expo in Las Vegas, Nevada. The RF 
Technology Pavilion on the IWCE exhibit floor will highlight the suppliers and 
manufacturers who facilitate the growing role that RF plays in the wireless world. 
Participate in up-to-the minute technical demonstrations designed to keep both new 
and seasoned RF engineers in tune with this rapidly changing industry. 

April 24-26, 1996 
RF Pavilion at the 

International Wireless Communications Expo ‘96 
Las Vegas Convention Center, Las Vegas, Nevada 

October 21-23, 1996 
Colonial Hilton & Resort Hotel 

Wakefield, Massachusetts 

Find out how you can 
participate in the new 
RF Design Seminar Series. 

For exhibiting opportunities 
contact Jessica Cook at 
770.618.0422. 
For registration information 
contact Shelby Smith at 
770.618.0323. 

Intertec Presentations 
6151 Powers Ferry Road NW 
Atlanta, GA 30339 
fax 770.618.0441 

Sponsored by: 
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J-LEAD 

& MIXERS 
UNPRECEDENTED 

IN VALUE. 
M 25 

All Ceramic 2 to 1900MHz frorr^T (qty. 10-49) 

JMS mixers mean unparalleled performance and reliability. Solder plated 
J leads provide improved reliability of the solder connection while 

significantly reducing thermal stress and leaching. All-welded 
internal construction withstands reflow temperatures up 

to 240°C for 5 minutes, and rugged construction enables 
JMS mixers to pass tough MIL-M-28837 shock and 

vibration tests. Additionally, the all-ceramic surface mount 
package has a cover pull strength of 20 pounds! Other quality 

features include 4.5 sigma repeatability unit-to unit, 
automated assembly for low-cost and fast, guaranteed 1 week 

shipment, tape and reel availability plus a 5 year Ultra-Rei™ 
guarantee. If value is a must...specify JMS mixers from Mini-Circuits. 

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

SPECIFICATIONS MIDBAND ( dB, typ.) 
LO FREQUENCY (MHz) Conv. Isolation $ea. 

MODEL (dBm) LO/RF IF Loss L-R L-l (qty. 1-9) 

JMS-1 +7 2-500 DC-500 5.75 45 45 4.95 
JMS-1LH +10 2-500 DC-500 5.75 55 45 8.45 
JMS-1 MH +13 2-500 DC-500 5.75 60 45 9.45 
JMS-1H +17 2-500 DC-500 5.90 50 50 11.45 

JMS-2L +3 800-1000 DC-200 7.0 24 20 7.45 
JMS-2 +7 20-1000 DC-1000 7.0 50 47 7.45 
JMS-2LH +10 20-1000 DC-1000 6.5 48 35 9.45 
JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45 
JMS-2H +17 20-1000 DC-1000 7.0 50 47 12.45 

JMS-2W +7 5-1200 DC-500 6.8 60 48 7.95 
JMS-1 1X +7 5-1900 5-1000 6.7 35 37 4.25* 

Note: *10-49 qty. 

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

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT NEEDS... Let Our Experience Work For You. 
INFO/CARD 52 
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RF tutorial_ 

Inductor Behavior at 
Radio Frequencies 

By Gary A. Breed 
Editor 

Last month, capacitors were exam¬ 
ined for their “real world” beavior at 
RF. This month’s tutorial offers the 
same information on inductors. These 
common RF components must be 
understood in order to accurately 
model and design practical circuits. 

Passive components are no longer 
simple at radio frequencies. Reac¬ 

tance is frequency-dependent, circuit 
dimensions can be a significant per¬ 
centage of a wavelength, and radiation 
becomes part of the system, as well. 
How these effects require an inductor 
to be considered differently from an 
ideal pure reactance is the subject of 
this tutorial. 
At RF, an inductor is a combination 

of resistance, capacitance and induc¬ 
tance, as diagrammed in Figure 1. LN 
is the “normal” or nominal inductance, 
including all inductance from one 
mounting terminal to the other. This 
inductance is not the actual induc¬ 
tance seen by the circuit. LN is affect¬ 
ed by the frequency-dependent effects 
that are noted below. 
Cp is the parallel capacitance, which 

is the sum of capacitance between 
adjacent windings, plus any other 
stray capacitance. Cp changes the net 
inductance, and when its reactance is 
equal to the inductive reactance, the 
inductor exhibits parallel resonance, 
just as a capacitor becomes series reso¬ 
nant with its parasitic inductance. 
Rp is a single resistance represent¬ 

ing all losses in the inductor. Ohmic 
loss is one contributor, which increas¬ 
es with frequency, according to the 
skin effect. Magnetic core loss is the 
other major contributor to Rp. Induc¬ 
tors that intentionally use a magnetic 
core have predictable losses based on 
the core size and material. An air¬ 
wound coil will have no inherent mag¬ 
netic losses, but the magnetic field cre¬ 
ated by the inductor may interact with 
nearby materials if care is not taken 
in circuit layout, introducing unex¬ 
pected losses. Although beyond the 

Figure 1. Basic equivalent circuit of 
an inductor. 

scope of this tutorial, radiation also 
contributes to inductor loss. Designers 
should be aware that this behavior 
exists — occasionally, coupling occurs 
between an inductor and nearby cir¬ 
cuitry or interconnecting wiring, 
greatly increasing the energy radiated 
from the inductor. 

Stray Inductance and Capaci¬ 
tance in Circuits 
Figure 2 is a more detailed equiva¬ 

lent circuit diagram. This time, the 
placement of the inductor in a circuit 
is included. Stray inductance from 
interconnecting leads or circuit board 
traces, Ls, adds to the total inductance 
of the component. Stray capacitance 
between the inductor and the ground 

plane (or nearby components, shield 
cans, equipment case, etc.), Cs, creates 
a pi-network effect, which has the fre¬ 
quency response characteristics of a 
low pass filter. 
The designer must include these 

unwanted reactances in the circuit 
analysis, or at least make good esti¬ 
mates of their magnitudes. Years ago, 
adjustable components might have 
been specified to allow manual com¬ 
pensation for stray capacitance or 
inductance. However, in today’s com¬ 
petitive marketplace, products must be 
capable of manufacture with a mini¬ 
mum number of design iterations, and 
with a minimum amount of assembly¬ 
line adjustment and testing. This can 
only be accomplished when actual cir¬ 
cuit behavior is well-characterized. 

Resonance and Q 
As with a capacitor, an inductor 

exhibits resonance when the capaci¬ 
tive and inductive reactances of its 
equivalent circuit are equal. Inductor 
resonance is parallel-resonant, pre¬ 
senting a very high impedance to the 
circuit instead of the desired inductive 
reactance. Table 1 shows the change 
in effective value of an inductor versus 
frequency. The example uses a 79 nH 
inductor with 2 pF of parallel capaci-

Figure 2. Equivalent circuit of an inductor as it is installed in a circuit. 
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■ Illllll 

DROP-IN 
AMPLIFIERS 

I I I I I I I I I I 

Frequency 
(MHz) 

xL Q Xc 
ß 

XsUM 
Q 

Equivalent 
Value 

100 
150 
200 
250 
300 
350 
400 
450 
500 

+49.6 
+74.5 
+99.3 
+ 124 
+149 
+174 
+199 
+223 
+248 

-796 
-531 
-399 
-318 
-265 
-227 
-199 
-178 
-159 

+52.9 
+86.7 
+132 
+203 
+339 
+736 

very high 
-871 
-444 

84.2 nH 
92 nH 
105 nH 
129 nH 
180 nH 
334 nH 

open circuit 
0.41 pF 
0.72 pF 

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

Table 1. Behavior of a 79 nH inductor with 2 pF of total parallel capacitance. 

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

tance. For simplicity, no losses are 
included in this calculation. It is only 
meant to illustrate the general pattern 
of behavior near resonance. 
The magnitude of the peak imped¬ 

ance depends on the Q of the inductor. 
Q is generally defined as the ratio of 
stored versus dissipated energy: 

I I I I I I I I I I 
SINGLE STAGE 

MODEL#_ Frei_ Gain Pout NT, 
MSH-3143302-DI 1.8 -2.4 9.0 15.0 5.0 
MSH-4173401-DI 2.0 - 6.0 11.0 16.0 3.5 
MSH-5056601-DI 4.0 - 8.0 5.0 27.0 7.0 
MSH-6144401-DI 8.0 - 12.0 7.0 20.0 5.0 
MSH-7044401-DI 12.0 - 18.0 4.5 20.0 5.0 
MSH-8044201-DI 18.0-26.0 4.5 10.0 5.0 

DUAL STAGE 
MODEL# Freq. Gain Pout N.F. 

MSH-4352302-DI 2.0 -4.0 23.0 9.0 2.7 
MSH-4227602-DI 4.4 - 5.0 14.0 30.0 8.0 
MSH-4227603-DI 5.3 -5.9 14.0 30.0 8.0 
MSH-52 18601 -DI 5.9 - 6.4 14.0 30.0 8.0 
MSH-52 18602-DI 6.4 - 7.2 14.0 30.0 8.0 
MSH-52 18603-DI 7.1 -7.7 14.0 30.0 8.0 
MSH-6245301-DI 8.0-12.0 14.0 12.0 5.0 

TRIPLE STAGE 
MODEL# Freq. Gain Pout N.F. 

MSH-4455502-DI 2.0 - 4.0 28.0 22.0 6.0 
MSH-4552203-DI 2.0 - 4.0 35.0 10.0 2.7 
MSH-5452202-DI 4.0 - 8.0 28.0 10.0 3.0 
MSH-5455402-DI 4.0 - 8.0 26.0 20.0 6.0 
MSH-7344401-DI 10.5- 15.0 20.0 20.0 5.0 
MSH-7344203-DI 12.4- 18.0 20.0 10.0 4.5 

I l I I I I I I I I I 
For additional models and 
customized designs, please contact 

MICROWAVE SOLUTIONS, INC. 
1-800-9MSI-AMP (967-4267) 
3200 Highland Ave. Suite 3A 
National City, CA. 91950 

Tel:(619)474-6906 
Fax:(619)474-7003 

http://ivww.mwsolns.com/ 
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which is given in parallel form, since 
the inductor equivalent circuit is 
expressed in that form. Rp is the equiv¬ 
alent parallel resistance, and Xp is the 
parallel reactance, including all para¬ 
sitic effects. At resonance, only the par¬ 
allel resistance remains, since the 
inductance and capacitance are equal 
and opposite, canceling one another. 
Q is a frequency-dependent charac¬ 

teristic. At low frequencies, Q increas¬ 
es with frequency, since the reactance 
of an inductor increases with frequen¬ 
cy and the losses do not become signif¬ 
icant until very high frequencies are 
reached. As a rule of thumb, skin 
effect begins to be a factor around 30-
50 MHz, but the magnitude of the loss 
it introduces depends on conductor 
diameter, or more accurately, surface 
area. The rate of increased loss versus 
frequency is accelerated by the pres¬ 
ence of a magnetic core, a shielding 
can, or other materials in the induc¬ 
tor’s magnetic field. When these losses 
exceed the rate that inductive reac¬ 
tance changes with frequency, the Q 
value will begin to decrease. 

Measurement of Real Inductors 
For current engineering practice, the 

most important reason for under¬ 
standing component behavior is to 
generate accurate computer-simulated 
performance of RF circuits. If modeled 
performance can be made to closely 
emulate actual performance, then 

fewer design revisions will necessary 
at the prototype stage of development. 
Modeling can also be used to evalute 
performance for a range of expected 
component value, temperature, and 
manufacturing variations. 
The characterization of a particular 

inductor is essential for accurate com¬ 
puter simulation of circuit behavior. 
As noted earlier, self-capacitance, loss¬ 
es and stray circuit effects must be 
included in any simulation. Measuring 
the inductor value alone, without 
these effects, requires careful atten¬ 
tion to measurement techniques and 
fixtures. 
Usually, a test fixture is constructed 

with great mechanical precision, and is 
then calibrated by a combination of 
open-circuit, short-circuit and through-
circuit techniques. The fixture may 
include compensating circuitry to mini¬ 
mize its effect on the measurement of a 
component, or fixture characteristics 
may be measured and stored for math¬ 
ematical correction. 
With proper test methodology, com¬ 

ponents can be accurately character¬ 
ized at high frequencies. Components, 
circuit board traces, connectors, solder 
joints, and all other elements of a cir¬ 
cuit can also be modeled and incorpo¬ 
rated into the mathematical models. 

Summary 
Hopefully, this tutorial has shed 

some light on the behavior of inductors 
at RF, and demonstrated the need for 
understanding the characteristics of 
practical components. RF 
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RF distortion_ 

A Tutorial on Intermodulation 
Distortion and Non-Linearity 
In RF systems 

By Jeffrey Pawlan 
Pawlan Communications 

It would make the task of a system 
engineer much easier if the RF engi¬ 
neer could produce an amplifier that 
was perfect: “a piece of wire with gain.” 
Unfortunately, this is very far from 
reality. This tutorial article describes 
the nature of imperfect (nonlinear) 
behavior in practical circuits, and the 
distortion it ultimately creates. 

All amplifiers have limited frequency 
response, finite dynamic range, 

noise, and produce distortion. Distortion 
means that unwanted signals appear at 
the output of the amplifier that were 
not presented to the input. These 
unwanted signals can cause significant 
problems in the communications system 
where they originate, and can some¬ 
times cause interference to other sys¬ 
tems as well. The distortion may be any 
or all of three types: harmonic distor¬ 
tion, intermodulation distortion, and 
cross modulation distortion. 
Harmonic distortion is defined as 

the production of integer harmonics of 
one or more input signals. For ampli¬ 
fiers with an octave or more band¬ 
width, this can be a problem. 
Intermodulation distortion is defined 

as the production of new output sig¬ 
nals created from the non-linear com¬ 
bination of two or more input signals 
mixing together. The “order” of the 
intermodulation product depends on 
how many input signals are mixed and 
which harmonics of each of those input 
signals have mixed. Some examples of 
second and third order intermodula¬ 
tion products are illustrated next:. 

2nd Order Intermodulation Products: 

Figure 1. Output power versus input 
power for an ideal amplifier. 

Figure 2. Output power versus input 
power for a real amplifier. 

Fj + F2 = F3 
Fi - F2 = F4 
F2-Fi = F5

Note that F3, F4, and F5 are the under-
sireable distortion products that 

RF Design 

appear at the output. 

3rd Order Intermodulation Products: 

2F, + F, = Ffiizo 
F, + 2F„ = F7 
2F> - F2 = Fg 
2F2 - Fj = Fg 

If Fj and F2 are very closely spaced, 
then the 3rd order products 2Fj-F2 

and 2F2-Fi are the most troublesome. 
These spurious signals fall in the vicin¬ 
ity of F, , and may appear in the receiv¬ 
er passband with sufficient amplitude 
to become interfering signals. 
Among the many possible higher 

order products are the following: 

4th Order Intermodulation Products: 

produced with just two input signals. 
Imagine the possible problem of three 
or more signals! 
Cross modulation is the result when 

the amplitude modulation on one car¬ 
rier is transferred to another carrier at 
the output. An example of this is seen 
when one uses a TV antenna pre¬ 
amplifier in a location where there is 
one very strong nearby signal. You 
will see modulation bars on other 
channels as a reult of the non-linearity 
of the pre-amplifier. 

3Fj - F2 = Fj0 
3F2-Fi = Fn 

5th Order Intermoduation Products: 

3F1 - 2F2 = F12
3F2 - 2Fj = F13

You can see that all of the above pos¬ 
sible intermodulation products were 

Examples of How IMD 
Can Affect You 
An HF example — Anyone who has 

listened to an HF communications 
receiver or shortwave radio can attest 
to the fact that there are tens of thou¬ 
sands of signals simultaneously broad¬ 
casting worldwide. Depending on your 
location and propagation, many of 
these may be millivolts at your receiv¬ 
er input, while others are sub-micro-
volt. Non-linearity in the receiver gen¬ 
erally occurs in the first RF amplifier 
(pre-amplifier) or in the first mixer. If 
you are in a good location or have a 
reasonable outdoor antenna, it is like¬ 
ly that you will hear “ghost” signals 
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which are actually intermodulation 
products of two or more real signals. 
Television and CATV example — 

Both over-the-air television and cable 
systems must be capable of a decade 
or more frequency range. The televi¬ 
sion video carriers are generally high 
level; usually a minimum of ImV 
across 75 ohms (0 dBmV). Depending 
on how many channels are present in 
your service area or cable system, the 
intermodulation possibilities are very 
high, and many of them will cause pic¬ 
ture and sound interference. Horizon¬ 
tal or slanted bars in the picture are 
very common. 
VHF-UHF example — Most urban 

areas in the US and Europe have two-
way radio or pager systems spaced at 
12.5 kHz intervals over dozens of 
MHz. The receivers in pagers and two-
way radios are often capable of receiv¬ 
ing signals below 0.5 pV in strength. 
This means that even a very weak 
intermodulation product will compete 
with a desired signal. Since the chan¬ 
nels are evenly spaced, if two channels 
that are adjacent to each other create 

Figure 3. The slope of the second 
order intermodulation is two times 
the slope of the output signal level. 

Figure 4. the slope of the third order 
intermodulation is three time the 
slope of the output signal level. 

third order products, then these prod¬ 
ucts will appear directly on channels 
that are on either side of the two that 
have mixed. 
Cellular and Part 15 examples — 

The tower mounted cellular base sta¬ 
tion has the same problem as the two-
way UHF receiver. It must be capable 

PROTOTYPE CIRCUIT BOARDS 
WITH THRU-HOLE PLATING.... 
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of simultaneously receiving all of the 
cellular channels and downconverting 
these to independent IFs or demodula¬ 
tors. Since many cellular phones may 
be operating in close proximity to the 
antenna tower, the signals could be 
quite strong and cause intermodula¬ 
tion if the RF amplifier is not properly 
designed. The cellular base station 
transmit amplifier has the same prob¬ 
lem in reverse. All of the cellular chan¬ 
nels must be amplified simultaneously 
for transmission. Any intermodulation 
distortion would be transmitted. Since 
the cellular channels are evenly 
spaced, all third order products pro¬ 
duced would fall directly on other cel¬ 
lular frequencies. 
Part 15 receivers are a particularly 

difficult challenge as the permitted 
frequencies are usually sharing a fre¬ 
quency band with high power licensed 
stations. The Part 15 transmitters are 
restricted to a very low power level 
necessitating sensitive receivers which 
are susceptable to the high power 
transmissions. Usually, Part 15 
devices must be designed for very low 
cost and low power consumption which 
rarely allows wide dynamic range. 
In all radio services, the most sus¬ 

ceptable areas are the input amplifiers 
and the first mixer. These must be 
designed to handle the number and 
the levels of signals at their inputs. In 
high RF environments, such as at a 
high power transmitting station, or on 
a mountaintop two-way radio site, 
even some non-obvious passive connec¬ 
tions will become non-linear and pro¬ 
duce intermodulation distortion or 
harmonics. Some well-known exam¬ 
ples of this are metallic guy wires and 
nickel plated coaxial connectors. 
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Figure 5a. The slopes of the output signal, second order and third order distor¬ 
tion products plotted together. 

Visualizing the Behavior of 
Intermodulation Distortion and 
Gain of an Amplifier at Different 
Signal Levels 
In an ideal amplifier (the wire with 

gain), the output levels of the signals 
are directly proportional to the input 
signal levels, hence, the plotted output 
versus input levels would be a straight 
line with a slope equal to the gain of 
the amplifier. The Y-axis, represent¬ 
ing output level, may be conveniently 
scaled to produce a slope of 1, as 
shown in Figure 1. 
In a real amplifier, as opposed to an 

ideal one, the output will clearly level 
off rather than climb to infinity with 
an increasing input level. The amplifi¬ 
er output is said to compress as the 
increase in power out lags the increase 
in input level. Eventually, the amplifi¬ 
er is said to be in saturation when the 
output does not increase at all with an 
increased input, as shown in Figure 2. 
The intermodulation products of a 

real amplifier will increase at a order 
equal to the order of the intermodula¬ 
tion product, with respect to the level 
of the input signals, provided that the 
sum of the powers of all output sig¬ 
nals, including the distortion products, 
is below the compression knee. Since 
decibels are a logarithmic representa¬ 
tion, if the axes are plotted in dB then 
the slope of the plotted distortion level 

versus input signal levels will be an 
integer times the slope of the output 
level plot and this integer will equal 
the order of the intermodulation prod¬ 
uct being plotted. As shown in Figure 
3, the slope of the second order inter¬ 
modulation products will be two times 
the slope of the desired signal output. 
Figure 4 illustrates that the third 

order intermodulation products will 
rise at a rate of three times that of the 
output signals. Note that both Figure 
3 and 4 assume that the amplifier is 
operating below compression. 
Figure 5 again assumes that the 

amplifier is not in compression, which 
is not true for real amplifiers. Note 
that both of the intermodulation plots 
intersect the output level because they 
are offset from and at different slopes 
than the output level. The points 
where the intersection occur are called 
intercept points. To better visualize 
the intercept points, it is convenient to 
zoom in on this area by re-scaling the 
plots. This is done by shifting the X 
and the Y axes up and to the right as 
shown in Figure 5a as dashed lines 
and the finished plot in 5b. In Figures 
5a and 5b, point d is called the Third 
Order Intercept Point, which may be 
abbreviated IP3. Point e is called the 
Second Order Intercept Point, which is 
abbreviated IP2. These two points are 
important specifications for practical 
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Figure 5b. Expanded view of the boxed area shown within 
Figure 5a. 

Figure 6. Second and third order intercept points of a real 
amplifier. 

linear amplifiers. Real amplifiers do 
go into compression and even satura¬ 
tion at lower output levels than either 
of these intercept points; in reality, 
they are inferred by extrapolation. 
Figure 6 shows this by including the 

compression and saturation of a real 
amplifier. 

Non-linearities Within Transistor 
Amplifiers 
This series of articles will concen¬ 

trate on the intermodulation distor¬ 
tion within an amplifier. By definition, 
an amplifier must be non-linear to 
produce distortion of any kind. The 
mathematical analysis of an amplifier, 
whether by hand or by computer, can¬ 
not be done using S-parameters as 
these are static (time invariant) and 
represent purely linear behavior of a 
transistor. An accurate analysis must 
include non-linear models for the 
semiconductors. 
In amplifiers designed around bipo¬ 

lar junction transistors, most of the 
non-linearity is caused by a dynamic 
time-dependent change in gain over 
the cycle swings of the input signals. 
This produces most of the harmonic 
distortion and second order intermod¬ 
ulation distortion. It is less responsi¬ 
ble for the third and higher orders of 
intermodulation products. The third 
and higher order intermodulation 
products are generated by the non-lin¬ 
earity of the junctions themselves. The 
junction capacitances are all voltage 
dependent, hence, dynamically vary in 
time with the input signals. The base¬ 
collector junction capacitance is the 

most important contributor to the gen¬ 
eration of third and higher order inter¬ 
modulation products in a linear ampli¬ 
fier. This is because the base-emitter 
and the collector-emitter junctions are 
always forward conducting if the 
amplifier is class A; whereas, the base¬ 
collector junction is always reverse 
biased. Both the base voltage and the 
collector voltage are dynamically vary¬ 
ing over time with an applied input 
signal. The junction may be thought of 
as a voltage-variable capacitor. As it 
changes in capacitance, the signal at 
the base is vector modulated as well as 
summed with the small signal return¬ 
ing from the collector through this 
capacity. 
The most practical solution is to 

design the amplifier with strong nega¬ 
tive feedback so that the amplifier 
self-corrects. The use of lossless feed¬ 
back with transformers as directional 
couplers gives the best dynamic range 
and the lowest noise. This technique 
was developed and patented by David 
Norton in 1969 and 1971. He and 
Allen Podell later patented a simpler 
method of providing lossless feedback 
around a bipolar transistor using a 
transformer with three windings. 
Next month, an actual working wide 

dynamic range amplifier circuit will be 
presented using the three winding 
transformer method, and the focus 
will be on accurately modelling this 
circuit using the non-linear circuit 
simulator, Microwave Harmonica® [3], 
It will become apparent that one must 
have a good non-linear model for the 
transistor. A method for representing 

the non-ideal three winding trans¬ 
former will also be presented. RF 
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RF digital radios_ 

Computing Image Filter 
Requirements for 
Digital Cellular Radios 

By Alex Glatfelter 
Texas Instruments 

Image filter requirements for Digital 
Cellular Radio applications are diffi¬ 
cult to determine due to the uncertain 
nature of the RF/ digital interface. A 
formula for the required attenuation of 
spurious signals is developed and a 
design example is given. 

The problem in image filter design 
comes when the designer must 

compute RF filter parameters when 
the receiver consists of both an RF sec¬ 
tion and a digital baseband section. 
Figure 1 shows a simple digital 

radio block diagram. The RF and spu¬ 
rious signals enter the antenna, after 
which they are amplified, filtered and 
converted to baseband I and Q signals. 
The I and Q signals are then sampled 
by A/D converters in the baseband 
codec and converted to digital data. 
The key to the problem is knowing 

the minimum discernable signal-to-
noise+distortion (S)/(N+D) ratio that is 
readable by the A/D converter. This 
can be found in the specification of the 
baseband codec. 

In order to compute the filter 
requirements, we need a relationship 
between the spurious signal attenua¬ 
tion offered by the image filter (A), the 
designed sensitivity of the radio (Sd), 
and the wanted signal level (Pw). The 
S/(N+D) ratio (SNR) can be expressed 
in dB by: 

SNR = Pw - 10 log (pn + pd) (1) 

where Pw is the power (dBm) of the 
wanted signal, pn (mW) or P (dBm) is 
the noise power, and pd (mW) or Pd 
(dBm) is the power of the distorting 
signal. 
Since in receiver blocking tests the 

power of the distorting signal (Pd) is 
much greater than the noise power: 

Pd - 10 log (pn + pd), Pd»Pn (2) 

The amount of attenuation required 
(A in dB), to reduce the interfering sig¬ 
nal power Pj (dBm) is therefore: 

A = Pw-Pi-SNR,Pw>Sd,Pi»Pn (3) 

P¡ in this case is the power of the 
distorting signal (ie: Pj = Pd). Equation 
3 gives us the needed expression for 
calculating the out of band rejection 
requirements for the image filter. 

A Design Example 
A GSM radio has a receive band 

from 935 MHz to 960 MHz, and a 71 
MHz IF frequency. It has a designed 
sensitivity of -109 dBm for a required 
signal to noise ratio of 9 dB (as needed 
by the A/D converter). A high side 
injection 1st LO is used. Compute the 
number of resonators required for the 
image filter/duplexer combination. 
A mixer chart [1] for the 1st mixer is 

required to determine the expectedspu-
rious responses. This can be obtained 
from the manufacturer, or (preferably) 
measured in the lab. The mixer spuri¬ 
ous responses are measured at the 
worst case desired frequency of 935 
MHz and summarized in Table la. The 
associated spur frequencies (in MHz) 
are shown in Table lb. 
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m 
n 1 2 3 
-3 
-2 
-1 
0 
1 
2 
3 

-70 
-63 
-5 
-5 
0 

-50 
-56 

-70 
-35 
-26 
-47 
-28 
-30 
-66 

-42 
-43 
-51 
-48 
-52 
-45 
38 

m 
n 1 2 3 
-3 
-2 
-1 
0 
1 
2 
3 

3089.0 
2083.0 
1077.0 
71.0 
935.0 
1941.0 
2947.0 

1544.5 
1041.5 
538.5 
35.5 
467.5 
970.5 
1473.5 

1029.7 
694.3 
359.0 
23.7 
311.7 
647.0 
982.3 

Table 1a. Measured mixer chart for 
the 1st mixer with the input frequency 
tuned to 935 MHz. 

Table 1b. The corresponding spur fre¬ 
quencies in MHz. 

A2 = -100 - (—43) - 9 = -66 dB 
(for Pj = -43 dBm) 

Referring to Table la, note that for 
each of the products, the mixer has a 
different conversion loss, so the atten¬ 
uation requirement for each product 
can be reduced by the amount of the 
conversion loss. Table 2 summarizes 
the results for each product. 
The amount of loss (L) of a Tcheby-

shev filter with R dB of ripple and n 
resonators is given by [3]: 

(4) 

Referring to Table lb, we observe 
that the frequencies of the spurs at 
(m,n) = (2,2), (3,3) and the image fre¬ 
quency (1,-1) are significantly close to 
the upper edge frequency of the 
receive band (960 MHz). 
From the GSM test spec [2], we 

know that the power of the interférer 
can be at either P¡ = -23 dBm (test 
frequency +3 MHz to 980 MHz and 
>1000 MHz to 12.75 GHz), P¡ = 0 
dBm (>980 MHz to 1000 MHz), or P¡ 
= -43 dBm (if either of the other tests 

fails). Also from the GSM test specifi¬ 
cation we set the wanted signal level 
Pw = -100 dBm. So from equation 3, 
the total amount of attenuation 
required is: 

Ao = -100 - 0 - 9 = -109 dB 
(for P, = 0 dBm) 

A, = -100 - (-23) - 9 = -86 dB 
(for Pj = -23 dBm) 

and, 

101og 10 |l+ fcos 2̂ ncos ^x)]! 

(for x<l) 

101og 10 {l + Ecosh2[ncosh '(x)j^ 

(for xal) 

where, 
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Spur Attenuation Requirement (dB) 

P,=0 dBm P,=-23 dBm Pi=-43 dBm 

(2,2) 

(3,3) 

(1,-1) 

-79* 

-71 

-104* 

-56 

-48* 

-81 

-36 

-28 

-61 

Spur Number of filter resonators needed 

Pj=O dBm Pi=-23 dBm P¡=-43 dBm 

(2,2) 

(3,3) 

(1,-1) 

11* 

7 

6* 

8 

6* 

5 

6 

4 

4 

Table 2. Reduced attenuation requirements for spurs due 
the conversion loss of the first mixer. An asterisk (*) indi¬ 
cates that this condition is not tested, but is includedfor 
information only. 

Table 3a. Bandpass filter resonators needed to attenuate 
each spur in Table 2. 

wQ0 f ) 

fo = \fllTh 

Spur Spur attenuation associated with Table 3a (dB) 

P¡=0 dBm P¡=-23 dBm Pj=-43 dBm 

(2,2) 

(3,3) 

(1,-1) 

-84* 

-73 

-124* 

-57 

-60* 

-101 

-39 

-35 

-77 

w = /h —/l 
/o 

f „ and fL are the upper and lower band edge frequencies 
of the filter and f is frequency (above Ju or below fL) at 
which the filter response is to be calculated. 

Table 3b. Filter spur attenuation due to the filters in Table 
3a. An asterisk (*) shows conditions that are not tested, 
but are included for completeness. 

The frequency information from Table lb and the attenua¬ 
tion requirements of Table 2, are all of the information 
needed to calculate the number of resonators needed for the 
image filter using equation 4. The author simply pro-
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jrammed equation 4 into a computer 
ind calculated the number of res-
mators needed by trial and error for 
iach case in Table 2. 
Tables 3a and 3b summarize the 

lumber of resonators needed to atten-
late each of the spurs in table 2. In 
jquation 4, = 960 MHz, fL = 935 
MHz and R = 0.5 dB are used. The 
zalue of f used is the frequency in 
Fable lb that corresponds to the spur 
n Table 2. 
Since the (2,2) spur is tested at P- = 

-23 dBm, 8 resonators are required in 
>rder to pass the test. All other test 
:ombinations would pass since they 
-equire less than 8 resonators to 
ichieve the desired SNR. Therefore 
;he combination of the duplexer and 
;he image filter (preselector), should 
lave at least 8 resonators. A typical 
combination would be a duplexer with 
3 resonators (on the receive side) and 
i SAW image filter with 5 resonators. 

Summary 
Preselector/duplexer filtering specifi¬ 

cations for digital radios can be 
approximated using the method 
iescribed in this article. The calcula¬ 
tions are straightforward and simple. 
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Engineer's 
Notebook 
One-Transistor Transmitter Circuits 

This month’s Engineer's Notebook 
features circuits first published in 
1985 issues of RF Design. These sim¬ 
ple circuits are designed for test, 
telemetry or fun applications in the 
FM broadcast band. 

The first circuit [1] was designed 
for testing FM broadcast receivers 

that were part of a digital data trans¬ 
mission system. A quick, subjective 
test of the receivers’ tuning accuracy 
and sensitivity was required to assure 
system reliability. The unit had to be 
small for easy field testing. The origi¬ 
nal receiver test version included a 
one-transistor 1000 Hz phase shift 
audio oscillator as the modulation 
source. Another unit was simply built 
for fun, with a carbon microphone 
providing the modulation source. 
Both units had identical RF oscillator 
sections. The latter unit’s diagram is 
shown in Figure 1. 
This circuit uses a Hartley oscilla¬ 

tor, designed around the common 
MPF102 JFET. The TCG-610 varactor diode (6 pF at 4 V) 
varies the frequency at the modulation rate. The input level 
controls the deviation. If not enclosed, the oscillator will be 
relatively stable as long as it doesn’t use an antenna. The 
transmitter can also be placed in a shielded box, but an 
external antenna must be used, coupled to the oscillator coil 
with a small loop. 
The next circuit [2] is shown in Figure 2. Using a sprial 

inductor designed using Dill’s formula [3] as both resonating 
coil and antenna, this transmitter will send good quality 
audio a distance of up to 50 meters. The Clapp-Gouriet type 
oscillator uses a BF256L/B JFET. This FET is designed to 
operate at a gate-source voltage of about -1.5 V, thus bias¬ 
ing the BB105 varicaps without additional components. 
Audio level is adjusted by the potentiometer to achieve the 
desired deviation. 
When building and using this type of transmitter, be sure 

to follow FCC regulations regarding allowable radiation lev¬ 
els and interference. RF 
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Figure 1. A one-transistor transmitter [1] designed for operation in the FM broad¬ 
cast band. The carbon microphone shown makes this a complete unit, part of toy 
“walkie talkie.” External audio can be applied in place of the microphone, AC-cou¬ 
pled to the junction of the varactor bias resistors. In this case, the resistor values 
should be increased to 100k each. 

<5 +6- 12V 

Figure 2. A simpler design suggested by Kan [2], also 
designed for the FM broadcast band. This circuit uses the 
gate-source voltage of the FET to bias the varicap diodes, 
and includes a potentiometer to control the audio level. 
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Immunity Testing and 
International Standards 

The “new part” of the European 
Union EMC Directive is immunity 
testing — to assure the reliability 
of electronic equipment in the 
presence of radio interference, 
electrostatic discharge, and power 
line surges and transients. Tech¬ 
nically aware professionals and 
consumers have openly wished for 
robust performance in electronics 
for a very long time. Now, it ap¬ 
pears that regulations are on the 
way to address these concerns. 
Work is proceeding without a lot 

of hoopla on international harmo¬ 
nization of EMC standards. In 
recognition of a steady march to¬ 
ward a true world economy, the 
FCC and its counterparts around 
the world are on a course toward 
universally-applied product test¬ 
ing and performance require¬ 
ments, certain to include imunity. 

I applaud and encourage those 
efforts. Immunity performance re¬ 
quired by those standards in elec¬ 
tronics will fend off the threat of 
interference. Wireless communica¬ 
tions markets are growing at 20% 
or more, and all types of electron¬ 
ics are becoming ubiquitous. If we 
don’t assure a minimum level of 
immunity performance, growing 
markets will fade as consumers 
reject poorly-performing products. 

Gary A. Breed 
Editorial Director 

Electrostatic Discharge Through 
Persons and Objects 6 
Here is a review of the parameters of electrostatic charge accumu¬ 

lation and discharge. Discharge current waveforms for various condi¬ 
tions of discharge path resistance and inductance are shown at vari¬ 
ous levels of charge. Spectral characteristics of the discharge wave¬ 
form are also presented, along with measured field intensities. 

— Francisc Salamon, LC.E. SA 
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Request for Product/Company Information 

The 1996 EMC Test & Design Directory is currently 
being researched, with information updated from past 
years' editions. If you have not been included in our Di¬ 
rectory before, if your company has made changes 
during the past two years, or if you haven't given us up¬ 
dated information recently — we need to hear from 
you! Contact the Directory Department at (770) 618-
0170, or reach us at the RF Design/EMC Test & Design 
editorial offices: (303) 220-0600; fax: (303) 267-0234. 

Be sure our readers find you when they 
need EMC products and services! 

LU 

O 

DC 
LU 

DC 

LU œ 
o 
O 

œ 
D 
O 
Q 

O 

BAL SEAL EMI GASKETS 
tic œ 

LU 

o 

LU 

New gasket designs combine outstanding shielding 
with long-term service in demanding environments 

u o 

CONFIDENCE... 
when you’re 
tested by 
the best. 

Sometimes there is nothing like a fresh-
brewed cup of coffee to spring you back 
to life. Among EMI gaskets, there is 
nothing like Bal Seal's canted coil spring 
to keep the shielding through the life of 
your product. 

Many other EMI gaskets lose flexibility 
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counteract compression over time. That 
means consistent shielding effectiveness 
long after the spring's initial installation. 

For long term protection from EMI, 
consider the Bal Seal EMI spring gasket— 
a tireless performer. 
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test your product with 
Retlif and see the 
difference a Strategic 
Compliance Organization 
(SCO) can make. We’re 
independent, with leading 
edge expertise in inter¬ 
national and national 
approval processes...and 
the list of accreditations, 
approvals and certifica¬ 
tions to prove it. 

For FCC, European, 
Canadian or Australian 
EMC and Telecomm¬ 
unications testing... 
for Acoustic Noise, 
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to the latest MIL-STD 
EMC or Environmental 
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Retlif’s certified 
engineering team and 
state-of-the-art test lab 
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If all that mattered were 
power and bandwidth, 

almost anyone could build 
these amplifiers. 

But you know better—perhaps through 
bitter experience. For example: Is the 
power you’re receiving nowhere near the 
power you were promised? Is the band¬ 
width not available full-time, or do you 
have to bandswitch or tweak to get it? 

There is still black magic in the design 
of broadband high-power amplifiers. In 
twenty-five years of building these things 
especially for use in unpredictable load-
VSWR situations, we at AR have amassed 

power is most often ten percent or more 
above the promised minimum. 

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

■ Calendar 

March 25-29 

12th Annual Review of 
Progress in Applied 
Computational Electro¬ 
magnetics 
San Francisco, CA 

Information: Richard W. Adler, ECE 
Dept./Code ECAB, Naval Postgradu¬ 
ate School, 833 Dyer Road, Room437, 
Monterey, CA 93943. Tel: (408) 649-
1111 

a rather imposing fund of knowledge 
about keeping the rf output power up to 
at least the minimum level we promise— 

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

April 16-17 

Minnesota EMC Event 
Bloomington, MN 

Information: Judie Anderson, ERA, 
3001 Harbor Lane, Suite 150, Ply¬ 
mouth, MN 55447. Tel: (612) 559-
0332; fax: (612) 553-9326 

across the full 
bandwidth. 
And a look 
at the power 
curves shown 
here will tell 
you that the 
typical output 

of our applications engineers, 
who will answer the phone 
himself when you call, toll-free, 
1-800-933-8181. 
For engineering assistance, 
sales, and service throughout 
Europe, call EMV: 
• Munich, 89-612-8054 
• London, 01908-566556 
• Paris, 1-64-61-63-29. 

April 23-26 

International Wireless 
Communications Expo 
(including the RF De¬ 
sign Seminar Series) 
Las Vegas, NV 

Information: Intertec Presentations, 
6151 Powers Ferry Rd., N.W., At¬ 
lanta, GA 30339. Tel: (800) 828-0420. 

June 17-20 

Conference on Precision 
Electromagnetic 
Measurements 
Braunschweig, Germany 

Information: Sabine Rost, Confer¬ 
ence Secretary, Physikaliche-Tech-
nische Bundesanstalt, Bundesalee 
100, D-38116 Braunschweig, Ger¬ 
many. Tel: +49 531 592 2129; fax: 
+49 531 592 2105; e-mail: 
erich.braun@ptb.de 

160 School House Road • Souderton, PA 18964-9990 USA • TEL 215-723-8181 • FAX 215-723-5688 

INFO/CARD 64 15514 

July 21-26 

1996 IEEE AP-S Interna¬ 
tional Symposium and 
URSI Radio Science 
Meeting 
Baltimore, MD 

Information: Ms. Libby Croston (1 W 
316), The Johns Hopkins University, 
The Applied Physics Laboratory, 
Johns Hopkins Road, Laurel, MD 
20723-6099. Tel: (301) 953-5225. 
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■ News 

Council of EMC Laboratories Formed 
ACIL has announced its sponsorship of the Council of EMC Laboratories 

(CEL), an association of U.S.-based laboratories providing EMC testing ser¬ 
vices in accordance with European Community norms. The purpose of the 
Council is to provide peer review in the application of the European rules, and 
is solely technical in nature. For additional information, contact: Joe O’Neil, 
ACIL, 1629 K Street, NW, Washington, DC 20006. Tel: (202) 887-5872- fax’ 
(202) 887-0021. 

One-Day EMC Event Scheduled for Los Angeles Area 
The Los Angeles, San Diego and Orange County chapters of the IEEE EMC 

Society are hosting a one day EMC event on Aprill, 1996. The event will fea¬ 
ture an overview of pertinent EMC requirements, with an emphasis on pre¬ 
compliance testing problems and solutions. Speakers include Henry Ott, Herb 
Mertel, Joe Fischer, Steve Jensen, Bill Parker, Scott Roleson, Bill Ritenour and 
Bill Rhoades. Advance registration is $50. For information, contact either of 
the co-chairs: Ray Adams at TRW; tel: (310) 813-7152, e-mail: 
ray_adams@qmail4.sp.trw.com; or Janet O’Neil at Lindgren RF Enclosures 
tel: (310) 348-9665; fax: (310) 348-9683. 

U.S. and Canada Agree on Acceptance of Measure¬ 
ment Reports for Equipment Authorization 
The Federal Communications Commission (FCC) and the Department of In¬ 

dustry Canada have agreed to accept, as part of their equipment authoriza-
tion/certification, measurement reports made in either the US or Canadian for¬ 
mat. In this way, a copy of the report prepared for one country can be used in 
filings for authorization in the other country. Where differences in the techni¬ 
cal standards are present, supplemental information should be supplied for the 
second filing. 

JASTECH Offers EMC Courses 
Courses in EMC are scheduled for May in Novi, Michigan. “Electronic Design 

Techniques and Analysis Required to Meet Electromagnetic Compatibility Re¬ 
quirements” will be held May 1-2, and “Advanced EMC Printed Circuit Board 
Techniques” will be offered on May 3. Contact JASTECH at (810) 553-4734. 

Semiconductor Industry Starts Exit Charge Group 
The Exit Charge Working Group has been formed by semiconductor manu¬ 

facturers to address ESD-related problems in the handling and processing of 
semiconductor wafers. Data scrambling, robotic handling failures and inter¬ 
mittent problems have all been traced to ESD. The group is working with the 
ESD Association and SEMI (Semiconductor Equipment and Materials Interna¬ 
tional) to establish revised standards for ESD in the semiconductor manufac¬ 
turing environment. 

FCC Proposes to Expand Operation of Biomedical 
Devices on Unoccupied Television Channels 
The FCC is proposing to amend Part 15 of its Rules to expand the available 

frequencies and increase the permitted power for unlicensed biomedical 
telemetry devices operating on VHF and UHF television channels. The pro¬ 
posed rules would allow these devices to operate with 5 mW power, on chan¬ 
nels 7-13 and all UHF channels, provided no interference is caused to existing 
or future television transmissions. 

U.K. Universities Launch New EMC and RF Courses 
New courses in Electromagnetic Compatibility and Radio Frequency Com¬ 

munications are being launched at the University of York, in conjunction with 
the University of Hull. The course for part of the Integrated Graduate Develop¬ 
ment Scheme, and include a selection of modules which can be taken individu¬ 
ally, or together with an industrial project which can lead to an MSc qualifica¬ 
tion. The modules cover areas as diversé as spectrum conservation, EU legisla¬ 
tion, and aspects of equipment design. 

Turn your 
shielded room 
into a reverb 
chamber 

at frequencies from 
30 to 1000 MHz. 

Our Cavitenna’ cavity-exciter uses 
the wall or ceiling as its ground¬ 
plane, and delivers field strengths 
you usually associate with anten¬ 
nas bigger than your room. 

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

Magnetic mounting clamps 
make installation and relocation in 
the shielded room fast and easy. 
Easy, too, is the price. 
You should talk volts/meter and 

rf power with someone who knows 
your language and most often 
knows your problems. That’s one 
of our applications engineers, 
who’ll pick up the phone when you 
call, toll-free, 1-800-933-8181. 

nmPLiFicn 
CT nescnncH 

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

For engineering assistance and 

service throughout Europe, call 

EMV GmbH • Munich • 89-612-8054 

EMV Ltd. • London • 908-566-556 

EMV S.A.R.L. • Paris • 1-64-61-63-29 
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Electrostatic Discharge 
Through Persons And Objects 
By Francisc Salamon 
I.C.E. SA 

Francisc Salom¬ 
on graduated from 
the Technical Uni¬ 
versity Bucharest, 
The Faculty of 
Electronics and 
telecommunica¬ 
tions in 1975. 
Since 1980 he has 
worked at I.C.E. 
SA in the field of 
medical electron¬ 
ics, Cluj-Napoca 
Department. 
He is the Depart¬ 

ment Manager and 
teaches Medical 
Electronics at the 
Technical Univer¬ 
sity of Cluj-
Napoca. He has 
three patents in 
Romania, two in 
the field of medical 
electronics. He is 
preparing his doc¬ 
tor’s degree paper 
in the field of elec¬ 
tromagnetic com¬ 
patibility. 
He can be 

reached at: I.C.E. 
SA FILIALA 
CLUJ-NAPOCA, 
Str. Gh. Bilascu 
109, 3400 Cluj-
Napoca, Romania. 

This paper presents a special case when the 
electric current passes through the body of 

human beings. The electric charge accumulat¬ 
ed on an object or a person can be discharged 
through another person. Different forms of the 
discharge current are shown by simulating the 
solution of the discharge equation and the 
changes appearing in the parameters that de¬ 
fine the current are shown. On the basis of the 
results, conclusions can be drawn in order to 
make the phenomenon of the electric dis¬ 
charge compatible with the environment and 
the human body, respectively. 
The origin of electrostatic discharge is 

drawn from the accumulation process of elec¬ 
tric charges on the surface of different human 
bodies or objects. The appearance of static 
charges, a process known from electrostatics, 
can be a desired an undesired phenomenon. 
Among the undesirable results are: 

• discharge followed by fire or explosion; 
• discharge as a disturbing phenomenon of the 
electromagnetic environment 

• undesired discharge through human body 

The most well-known process of loading an 
electrostatic charge onto a human body is fric¬ 
tion. The electric discharge then stimulates 
the creation of an electric field, of a voltage, 
respectively, that can be calculated by integra¬ 
tion along a field line between the two points. 
Experimentally it has been stated that the 

density of the superficial electric charge that 
can appear by friction is: 

p8 = 15 x IO“6 (erl - er2 ) [C/m2] 

where p is the density of superficial charge 
and e ,, e 2 are the relative dielectric constants 
of the bodies that are touched 

Experimental Determinations 
The equivalent circuit of persons submitted 

to electrostatic charging and discharging re¬ 
spectively, is given in Figure 1. The voltage on 
a person can reach values from 1 to 20 kV. 
In Table 1, some examples of experimentally 

determined voltages can be followed; they ap¬ 
pear by accumulation of charges due to human 
activity. 
Table 2 illustrates the charge that can ap¬ 

pear during a person’s movement on insulat¬ 
ing ground. Table 3 shows equivalent resis¬ 
tance values for different bodies. 

Figure 1. Equivalent circuit of a person, with 
regard to ESD behavior. 

Person with rubber shoes 103 Volts 
moving on the ground 
Person with rubber shoes 104 Volts 
moving on carpet 
Synthetic fibers by friction 9xl03 Volts 
Heliographic paper 75xl03 Volts 

Table 1. Values of accumulated charge on peo¬ 
ple and object. 

Person Person 
moving at rest 

C (body-to-ground) 25 pF 220 pF 
C (accumulation) 220 pF 220 pF 
Q charge 1 pC IpC 
Voltage 8.8 kV 150 V 
Accumulated energy 8.5 mj — 

Table 2. Charge and voltage on a person. 

Defect insulator 1 Mil 

Healthy adult (dry skin) 10 kQ to 100 kil 

Ill, perspiring, or infant 100 Q 

Short-circuit 10 mil 

Table 3. Resistance of different bodies. 

Electrostatic Discharge Simulation 
Between Two Persons or a Person and 
an Object 
The equivalent electric circuit is a current 

shock generator presented in Figure 2, where 
C is the shock capacity that accumulates the 
electric charge, R and L are the overall equiva-
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■ ESD Study 

Figure 2. Equivalent circuit of a 
shock geneator Figure 3. Discharge current waveforms for different resistances. 

lent inductance and resistance of the 
discharge circuit, and K is a switch. 
The studied equation is: 

L d3i di - + R— + 
dt dt 

(2) 

The mathematical solution is 
known and it is: 

I(t) = Iae1/ia -t-Ibe 1̂  (3) 

The initial conditions determine 
the integrating constants Ia and Ib. 
The mathematical solution and the 
tracing of the current’s diagram can 
be done by a computer program. 

The discharge of charges accumu¬ 
lated on a person are simulated for a 
person characterized by 8.8 kV volt¬ 
age, 220 pF capacitance and a charge 
of 1/qC. The overall inductance of the 
circuit is considered to be 1 pH, 
which corresponds to 1 m of conduc¬ 
tor connected to the ground. 

Figure 3 is a plot of the current 
waveform. It can be remarked that in 
the case of small short circuit resis¬ 
tances the current becomes a damped 
oscillation of high amplitude. 

“Ça” and “C” are the constants of 
the equation (3) and “Ç and “f0” are 
constants related with the damped 
oscillating condition that results as a 

solution of the equation (2). 
The conclusions of the discharge at 

a constant voltage and variable resis¬ 
tance are related to the increase of 
the resistance, as follows: 

• the voltage peak decreases; 
• the rise time of current decreases; 
• the current slope near I = 0 is ap¬ 
proximately constant. 

For a resistance of R = 5 kí2, C = 
220 pF, and 8.8 kV voltage, a current 
is simulated for different values of 
inductance. Figure 4 illustratess the 
results of the simulation for L = 1, 4, 
10 pH. 

Down on EMI»»» 
With Fair-Rite's Full Line of Ferrite Cable Suppressors. 

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

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

The Fair-Rite line of clamp-on cable suppressors covers 
round cable sizes from 0.1 00“ to 0.590" providing wideband 
EMI suppression from 10-1000 MHz. We also offer ferrite 

suppressors for flat ribbon cable widths ranging from 20 to 
60 conductors (1 .0"-3.0”). For board mounted applications, ribbon 
cables can be clamped using our electroplated metal clips or with 
our new Nylon end caps. Our newest cases for 5mm (0.200") 
diameter cable are made from tough, clamp-on Nylon with a 
streamlined, snag-proof profile and feature improved captivation to 
prevent movement of the core when installed. Our clamp-on ferrite 
assemblies are manufactured to the same exacting mechanical and 
electrical process standards that have enabled Fair-Rite to be the 
choice of the world's best electronics manufacturers. 

Trust Fair-Rite Products for 
quality EMI solutions that work. 

Call or Fax us today... 

Fair-Rite Products Corp. 
PO Box J, One Commercial Row, Wallkill, NY 12589 
Phone (914) 895-2055 • FAX (914) 895-2629 
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■ ESD Study 

With the increase of the induc¬ 
tance, the conclusions are as follows: 

• the current peak decreases 
• the rise time is prolonged 
• the current slope decreases. 

The influence of the discharge volt¬ 
age (U = 4; 8, 8; 15 kV) on the form 
and amplitude of the discharge cur¬ 
rent through persons for R = 5 KQ, L 
= 1 pH, C = 220 pF can be followed in 
Figure 5. 

Evaluation of The Electrostatic 
Discharge Signal’s Spectrum 
From the presented signal forms 

two important constants result. They 
determine the discontinuity points of 
the frequency spectrum’s envelope. 
The average duration of the signal 
“Ç1” (50% amplitude) approximately 
gives us the first discontinuity point 
"f,” and the period of increase of the 
signal “Ç2” between 10% and 90% 
amplitude approximately indicates 
the second discontinuity point “f2”. 

f - 1 . 1 - 1
1- <1 * 0.7 £a Ä-0.7 RC 

f ~ 1 1 - 1
2 ^0-7?b K-0.7-L 

The spectral density of the current is 

2I0.7RC [A /Hz] 

Figure 6 illustrates the spectrum 
envelope corresponding to Figure 3. 
The conclusions regarding the dis¬ 

continuity frequences of the spec¬ 
trum occupied by the discharge sig¬ 
nal are: 

• as resistance R increases f¡ de¬ 
creases and f2 increases 

• as inductance L increases: f¡ re¬ 
mains constant and f2 decreases 

• as the initial charge increases: fx 
and f2 do not change considerably. 

These changes of the values of fr 
and f2 can be observed by a sensitive 
receiver with shielding that attenu¬ 
ates a frequency range. 

Electromagnetic Field Interfer¬ 
ences as a Result of Electrostatic 
Discharge Through a Person 
In Table 4 the average results are 

presented obtained by electric E 
[V/m] as well as magnetic H [A/m] 
field measurements on a simulation 
circuit according to Figure 2 for fre¬ 
quencies up to 50 MHz. The electric 
field E as well as the magnetic field 

Figure 5. Discharge current waveforms for different charge voltages. 

Figure 6. Spectrum of the discharge signal for different resistances. 

Figure 7. Spectrum of the discharge signal for different inductances. 

Figure 8. Spectrum of the discharge signal for different charge voltages. 

R(ß) 50 k 5k 500 

Distance 
(m) 

E H 
(V/m) (A/m) 

E H 
(V/m) (A/m) 

E H 
(V/m) (A/m) 

0.1 
1.0 
10 

2xl03 5 
100 0.35 
10 0.02 

12xl03 30 
205 0.6 
12 0.03 

HOxlO3 280 
1200 3.4 
35 0.1 

Table 4. Measured E and H field intensities for different discharge resistances. 

H were received with the help of a 1 
meter long aerial. 

Conclusions 
The conclusion is that the en-

surance of an adequate discharge 

load, and sufficient distance, is 
equivalent to a shielding of the sur¬ 
rounding circuit or protecting people. 
Increasing the resistance of the dis¬ 
charge path has the greatest effect 
on current and radiation. # 
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■ New Products 

Modular Shield¬ 
ing Specification 
Guide 
Ray Proof has introduced 

an updated guide for EMC 
and TEMPEST applica¬ 
tions. The guide reviews 
electrical, mechanical and 
architectural considera¬ 
tions in the modular shiled-
ing design process. Ray 
Proof enclosures are built 
to MIL-STD-285 and NSA 
65-6 standards, and pro¬ 
vide excellent attenuation 
of magnetic fields, electric 
fields, plane waves and mi¬ 
crowaves 
EMC Test Systems/ 
Ray Proof 
Info/Card #175 

300 Watt Broad¬ 
band Amplifer 
ENI’s model A-300 RF 

Power Amplifier produces 

up to 300 watts of linear 
Class A power over the fre¬ 
quency range of 300 kHz to 
35 MHz for HF and VHF 
communications, RFI/EMI 
testing, plasma equipment 
and other uses. The unit 
has 55 dB gain and low dis-
otrtion. Harmonics are -25 
dBc at 250 watts output. 
ENI 
Info/Card #176 

Voltage Suppres¬ 
sor Technical 
Guide 
AVX Corporation an¬ 

nounces a catalog and tech¬ 
nical guide for their Trans¬ 
Guard® line of transient 
voltage suppression prod¬ 
ucts. The 16-page Volume I 
of the guide contains refer¬ 
ence information on ESD 
phenomena in humans and 
equipment, data on vulner¬ 

ability of semiconductor de¬ 
vices to ESD damage, and 
background information on 
common types of transient 
and surge suppression de¬ 
vices. The upcoming Vol¬ 
ume II will cover details of 
the TransGuard products. 
AVX Corporation 
Info/Card #177 

Amplifier Covers 
10 kHz - 250 MHx 
Amplifier Research an¬ 

nounces a solid state power 
amplifier for immunuity 
and EMC testing, NMR, 
plasma and RF heating ap¬ 
plications. Model 250A250 
has 54 dB gain, and ±0.5 
dB gain flatness with the 
internal leveling. Pulse 
input and gated output pro¬ 
vide minimum rise/fall 
times essential for NMR. 
Amplifier Research 
Info/Card #178 

Frequency Invert¬ 
er Output Filters 
Schaffner has launched a 

new series of output filters 
for frequency inverters 
which provide solutions for 
EMC, acoustic noise and 
reliability issues associated 
with the control of AC mo¬ 
tors. Typically, three-phase 
motor control systems can 
experience high peak cur¬ 
rents or ringing, which are 
controlled in these units. 
Acoustic noise is reduced 
by the low harmonic con¬ 
tent of the sine wave out¬ 
put waveform. 
Schaffner EMC Inc. 
Info/Card #179 

SMT EMI Filter 
Spectrum Control an¬ 

nounces a new surface 
mount EMI/RFI filter rated 
at currnets up to 20 amps. 
The PSM filter series offers 
EMC solutions for high-
current p.c. board circuits. 
The devices can be in¬ 
stalled with conventional 
pick-and-place assembly 
equipment. Capacitance up 
to 10,000 pF is available at 
a rated voltage of 200 V. 
Spectrum Control, Inc. 
Info/Card #180 

Tower/Turntable 
Positioning Con¬ 
troller 
EMCO introduces the 

Model 2090 controller for 
EMC test antennas towers 
and turntables. The unit si¬ 

multaneously controls any 
paired combination of 
EMCO towers and turnta¬ 
bles, plus the switching 
functions of up to four aux¬ 
iliary devices, all via fiber 
optic lines. Numerous con¬ 
trol features include inertia 
overrun compensation, 
upper/lower position limits, 
and an optional hand-held 
control unit. 
EMC Test Systems/EMCO 
Info/Card #181 

D-Sub Connector 
EMI Covers 
WPI introduces a zinc 

cover which protects mili¬ 
tary and commercial D-
subminiature connectors 
from EMI/RFI when not in 
use. The connectors are 
available with jackscrews 
and a chain retainer. 
WPI Connector Prod. 
Info/Card #182 

Thermoformable 
Shielding 
The new 3M 6100 ther¬ 

moformable EMI shielding 
material allows recent ad¬ 
vances in thermoforming to 
be used where EMI shield¬ 
ing is required. 6100 mate¬ 
rial is a thin, porous lami¬ 
nate of two nonwoven lay¬ 
ers, the bottom sheet is 
hot-melt laminated to the 
plastic sheet being formed. 
3M Company 
Info/Card #183 

A QUICK SOLUTION TO 
NOISE POLLUTION 

EMI-RFI FILTERS 
• Resin (Epoxy) Sealed Filters 
• Glass (Hermetic) Sealed Filters 
• Low & High Frequency Power Line Filters 
• BNC Signal Line Filters 
• D'Sub & High Density D’Sub Filtered Connectors 
• Surface Mount Filters 
• Terminal Block Filters 
• EMI Filter Plates 
• EMI Gasketing/Vent Panels & Windows 
• Mil-Spec-Filtered Mil-F- 15733 & 28861 

• SPECTRUM CONTROL • RFI • KCK 
• OXLEY • DELTA PRODUCTS 

• MAJR PRODUCTS • STEWARD 

Established 1972 
METUCHEN CAPACITORS, INC. 
YOUR PREFERRED SOURCE FOR QUALITY 

ELECTRONIC COMPONENTS 

1-800-669-2092 
FAX: 1-800-679-9959 
139 WHITE OAK LANE 
P.O. BOX 499 
OLD BRIDGE, N.J. 08857 

1-800-964-8201 
FAX: 1-800-964-9351 

BRANCH OFFICE 
6395 DOBBIN RD. SUITE 206 

COLUMBIA. MD 21045 
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EMC Literature & 
Product 

Showcase 
For quick response, circle number on Reader Service Card; page 111, 114. 

RF Shielding Specification 
Guide for Architects & 

Engineers 
Newly updated thirty-two 

page guide reviews electrical, 

mechanical and architectural 

considerations in the modular 

RF shielding design process. 

For EMC & TEMPEST appli¬ 

cations. Ray Proof Series 81 

enclosures are built to MIL-

STD-285 and NSA 65-6 stan¬ 

dards. Innovative design pro¬ 

vides excellent attenuation to 

magnetic fields, electric fields 

and plane waves. Options 

reviewed include fire rated 

doors, power and signal fil¬ 

ters, waveguide penetrations, 

and light fixtures. 

Conductive 
Thermoplastics 
Brochure 

RTP Company has 
carved out a special 
niche as an indepen¬ 
dent compounder of 
thermoplastics. RTP 
Company compounds 
thermoplastics with a 
variety of conductive 
fillers to provide pro¬ 
tection from electrostatic 

discharge (ESD) or 
shielding from electro¬ 
magnetic and radio interference (EMI/RFI). In our conductive 
thermoplastics brochure, you'll learn about the materials we 
make and their role in your applications. 

Ray Proof 
P.O. Box 80589 
Austin, TX 78708-0589 
(800)243-5704 • Fax (512)835-4729 

Send for Free Brochure: 
RTP Company 

580 E. Front Street 
Winona, MN 55987 

1-800-433-4787 
or Email us at: '•rtp@luminet.net" 
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PANT 
ANTISTATIC INDUSTRIES INC. HACKENSACK, NJ. 07602 

Test Fast with GTEM!™ 

CHO-SORB® Cable and Surface Ferrites 
Reduce Radiated Emissions 

Chomerics offers 29 forms of CHO-SORB EMI 
suppression ferrites for reducing emissions on 
signal lines, power cables and PCBs without 
affecting data transmissions. CHO-SORB 
attenuators possess high magnetic permeability, 
which concentrates magnetic fields. Their high 
electrical resistivity limits current flow in the 
field. 

Chomerics, Div. of Parker Hannifin 
77 Dragon Court, Woburn, MA 01888 
Tel:617-935-4850 Fax:617-933-4318 

INFO/CARD 77 

NEW TUFF/RUFF HI-TENSILE STRENGTH 
LONGER WEARING QUALITIES WITH KEVLAR* 

■ MAKE ANY SURFACE 
ESD SAFE 10/l OHMS/SQ 

■ CONDUCTIVE PAINT IN ALL 
COLORS - WHITE TO BLACK 

■ WATER BASED/ 
NON-HAZARDOUV 
NON FLAMMABLE 

• CONDUCTIVE ACRYUC-
URATHANE-EPOXY 

• NEW SEALER AND 
CONDUCTIVE PAINT FOR 
FLOORS, CONCRETE, CEMENT, 
TILES, WOOD IN ALL COLORS 

■ NEW CLEAR TRANSLUCENT 
CONDUCTIVE COATINGS 

■ ALL STATICPAINTS ARE 
WASHABLE, NO WAX 
NO STRIPPING... 

BRUSH-SPRAY 

TWO PART WATER-BASED CONDUCTIVE SYSTEMS 
Inventing products to combat ESD... 

* 800-214-7900 
ANTISTATIC INDUSTRIES, INC. 
130 Gamewell Street, P.O. Box 460 
Hackensack, NJ 07602-460 USA 

(2011489-4400 USA/FAX: (2011489-7654 
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Speed up your EMC test schedule! EMCO's easy to use. 

five model GTEM!'“ line provides impressive speed, 

convenience, repeatability of results and more. Performs 

emissions (FCC accepted) and immunity measurements. 

Cost-effective solution for design qualification, pre¬ 

compliance & compliance testing or production sampling. 

Send for new twenty page color brochure. 

EMCO 
P.O. Box 80589, Austin, TX 78708-0589 

(800)253-3761 Fax (512)835-4729 
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EMI/RFI 
Suppression 
Connectors 
New Full Line 
catalog features 
ferrite D-subs 
for EMI/RFI 
suppression 
(right angle, 
vertical, high 
density and 
stacked), shielded modular jacks, and fully 
shielded snap and lock mini-DINs. Full speci¬ 
fication and technical drawings are included 
and samples are available upon request. 

Kycon Cable & Connector, Inc. 
800-544-6941 
http://www.kycon.com/kycon 
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CONDUCTIVE TEFLON® PRODUCTS ESD 
DEVELOPED BY ANTISTATIC INDUSTRIES 
• Conductive teflon tapes from 1/4” to 36” 
•Can be with a liner or self wound 
•10/5 OHMS square- from .030 to .014 
• Conductive “STATICCOVERS” from .030 to .014 
• Protects work from prying eyes and dust 
• 36” X 36” yards, easy to roll and store 
• Conductive teflon tubing from 1/2” to 2” I.D. 
• For volatile gasses and liquids 
• High temperature, fire resistant 
• ASK ABOUT OUR OTHER ANTI-STATIC TAPES 
CALL 210-489-4400 OR FAX TO 201-489-7654 FOR PRICES 
FOR X-SIZES, CATALOGS, SAMPLES AND PRICES 

® Inventing products to combat ESD... 

800-214-7900 
ANTISTATIC INDUSTRIES, INC. 
130 Gamewell Street, P.O. Box 460 
Hackensack, NJ 07602-460 USA 

STEWARD 

1200 East 36th Street 

P.O. Box 510 

STEWARD is a 
leading producer 
of ferrite and 
related materials 
used in the 
electronics, 
copier, telecom¬ 
muni cations, 
military and auto¬ 
motive industries. 
Steward manu¬ 
facturers ferrite 
EMI shielding and 
filtering comp¬ 
onents, wide band 
transformer and 
filter cores, copier 
developer ma¬ 
terials, custom 
ferrite powders, 
and iron silicide 
powders. 
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Career Opportunities 

Chattanooga, TN 3740 1 -05 10 

Phone: (423) 867-4100 

Fax: (423)867-4102 

Send for product literature 

CIRCUIT COMPONENTS INC. 
2400 S. Roosevelt St. 
Tempe, AZ 85282 

Phone: (602)967-0624 
Fax: (602)967-9385 

CUT 
PGA/PLCC 
NOISE 

MICRO/Q* 3000 
capacitors reduce 
noise associated with 
PGAandPLCC 
devices. Designed to 
be mounted under the 
device and take no 
extra board space. 
Can be used under 
MPUs, Gate Arrays, 
and ASICs. Choose 
from Z5V, X7R, and 
P3J dielectrics. Several 
sizes available to fit all 
devices. 
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EMC Test Labs & Consultants 

CAAf Desi9nEITlw Engineers 
QUALCOMM in San Diego is the leader in wireless communi¬ 
cations. Our continued growth and success has created 
opportunities for EMC Engineers. 

You will be responsible for EMC of products from design inception 
through EMC test to final production. Minimum BSEE; MSEE 
preferred, with at least 5 years EMC design experience essential. 
NARTE certification and direct experience in telecommunications and 
wireless communications desired. Requires knowledge of PCB 
EMI/EMC design, cable and connector selection, system EMC analysis, 
transient immunity design, grounding methods, and filter design. 
Experience in FD-TD modeling and other numerical analysis 
techniques preferred. 

QUALCOMM offers competitive salaries, excellent benefits and 
opportunities for advancement Send your resume via Internet 
to resumes@qualconmi.com, or lax to (619)658-2110. 

E-mailed resumes should be in ASCII text format. Be sure to mention 
Code RFD06 in all submittals. We prefer fax or E-mail, but we still 
accept resumes mailed to: QUALCOMM, Human Resources, P.O. Box 
919013, San Diego, CA 92191-9013. 

For more information, visit our Web site at 
http://www.qualconim.com/ 

Two methods of 
getting your product 
through the red tape: 

We are your certification solution. 

QUALCOAAAA 
N CORPORATED 

Qualcomm is an equal opportunity employer. 

International Compliance Corporation 
Dallas/Ft. Worth Austin 
(817) 491-3696 (512) 719-3555 

Fax (817) 491-3699 Fax (512) 719-4211 



EMC Antenna Tower improves Test Accuracy 

New Model 2071 Tower complies with 
antenna pointing requirements 
ofCISPR 16 for EN 55022, 
also ANSI C63.4. Patented 
“Bore Sight" design 
continuously aims antenna 
directly at designated test 
point during height scans. 
Other features include 
fiber optic control 
lines and centerline 
polarization. 
EMCO 

800.253.3761 

BiConiLog" Antenna Two New USNs Meet European Standards 

Saves Time and Reduces Errors 

Sweeps from 26 MHz to 2 GHz 
without bandbreaks. New model 
ideal for testing to IEC 10004-3 
immunity, 
EN 55022 
emissions. 
Compact 
design fits in 
small chambers. 
EMCO 

800.253.3761 

Designed for conducted emissions 
measurements to CISPR 16, 
Appendix E, for EN 55022. 
Both feature earth line choke 

and artificial hand 
connection. CSA 
approved Model 3810 provides 10 A 

continuous current rating. Model 3816 has 16 1 
rating, remote switching and high pass filter. 
EMCO 800.253.3761 

FerroSorb* Gives You 
A Lot Of Reasons To Smile! 

Reference Radiator Useful 

For Performance Evaluations 

New Model 4630 “RefRad" is a field strength 
transfer standard that performs evaluations of RE 
test sites, chamber comparison testing, shielding 
effectiveness testing, normalized site attenuation, 
antenna calibration and more. Features 10 kHz to 
1 GHz frequency range with user-selectable 

frequency spacing. Includes remote 
control, fiber optic link and GPIB. 

EMCO 

800.253.3761 

Faster EMC Emissions and Immunity Testing 

GTEM! performs ANSI C63.4, IEC 10004-3, 
EN 55022 and other tests quickly, accurately 
and repeatably. Results accepted by FCC. DC 
to 20 GHz total frequency range. Five models 
available for various EUT sizes. 

EMCO 

FerroSorb combines ultra-broadband, 
30 MHz to 40 GHz frequency performance, 
high return loss values, and 200 V/m power 
handling - all in a compact 41 cm (16 in.) 
size! It's ideal for today's IEC 1000-4-3, 
ANSI C63.4 (Class B), and MIL-STD 
461 /462D applications - and tomorrow's 
anticipated higher frequency/field strength 
requirements. 

Retrofitting a room or building a new 
chamber? FerroSorb is up to 80% smaller 
than the traditional absorber it replaces. 
Test volume increases while performance 
improves! And FerroSorb's unique blunt lip 
doesn't droop with time or break on impact 

like other absorber, so replacement costs 
are less, appearance is pleasing. 

FerroSorb has a proven record of success in 
chambers used by Compaq, Hewlett-
Packard, Intel, BZT, UL, IBM, and many 
others. For more information, contact your 
Rantec representative, and let us give you 
something to smile about! 

USA UK 

800.253.3761 Tel 44 634 290 040 Tel 
51 2.835.4729 Fax 44 634 290 904 Fax 

EMC TEST SYSTEMS - on ESCO Electronics Subsidiary 
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RF software 
Digital Modulation Analysis 
Option 16 (Universal n/4 DQPSK soft¬ 

ware) from Anritsu Wiltron extends the 
MS8604A digital modulation analyzer to 
test several new industry standards used 
by digital mobile radio developers and 
manufacturers, including WCPE, D-MCA, 
PACS and TETRA. The option also offers 
greater flexibility and functionality to test 
standards such as PDC, PHS, and NADC. 
Pricing is set at $5,110. 
Anritsu Wiltron Co. 
INFO/CARD #227 

Multi-Platform Software 
for Wireless 
Motorola has introduced MagicPipe™, a 

software tool kit that uses messages to 
communicate between applications across 
wireless networks. The software provides 
developers with a multi-platform toolset 
that allows them to develop and integrate 
MagicPipe-enabled application compo¬ 
nents. Messages carry information and 
action requests between components on the 
same devices and across wireless networks. 
Motorola Land Mobile Products Sector 
INFO/CARD #228 

Analog Simulation 
Avista Design Systems announces the IB 

release of Avista Spectre/XL. Avista Spec-
tre/XL embeds accurate circuit simulation 
inside Microsoft Excel. New features 
include fast measurements for oscillator 
circuits, linear noise analysis, S-parameter 
analysis, and MOSFET and advanced bipo¬ 
lar device support. Avista Spectre/XL pric¬ 
ing begins at $795, including shipping. 
Avista Design Systems 
INFO/CARD #229 

System Simulation 
Rf Intercept from RHR Laboratories 

analyzes non-linear and statisical proper¬ 
ties of radio communications systems and 
circuits. The software allocates channels 
for minimum intermodulation distortion 
interference; reduces a chain of devices to 
an equivalent single device described by its 
gain, equivalent noise figure, and send and 
third order intercept points; obtains the 
statistical distributions of various system 
parameters; and simulates the response of 
non-linear devices to an arbitrary input. 
Price ranges from $390 to $2,400. 
RHR Laboratories 
INFO/CARD #230 

Block-Level 
Communications Simulation 
Visual Solutions is shipping 

VisSim/Comm, an add-on to the VisSim 
slock diagram laguage, which permits mod-
sling analog, digital and mixed-mode com¬ 
munication systems, adding over 50 spe¬ 
cialized communications blocks. Capabili¬ 
ties of VisSim/Comm in conjunction with 

VisSim include complex envelope analysis, 
FIR and HR filter design, channel modeling 
and PLLs. The products run under 
Microsoft Windows, Windows 95, Windows 
NT, and UNIX/X operating systems. Vis¬ 
Sim ranges in price from $495 to $3,590. 
Visual Solutions Inc. 
INFO/CARD #231 

Expanded Low-Cost 
Design Software 
ICAP/4Lite Xtra from Intusoft includes 

all the features of the low-cost ICAP/4Lite 
product and adds a full-featured graphical 
waveform post processor and model 
libraries with over 6,000 parts. It also pro¬ 
vides an integrated schematic entry front¬ 
end and a version of the IsSpice4 simulator 
with unlimited circuit size. List price for a 
single copy is $995. 
Intusoft 
INFO/CARD #232 

Linear Simulator 
for Windows 

Eclipse 4.0 is a linear RF/microwave sim¬ 
ulator for the PC. The program uses an 

intuitive tabbed-notebook interface with 
“drag and drop” capabilities. Each page 
contains simulation, tuning and optimiza¬ 
tion results in the form of multiple graphs 
and tables. Eclipse’s element library 
includes a wide variety of lumped and dis¬ 
tributed elements, active devices, 
microstrip, stripline, and control-block 
models. Pricing is $795. 
Arden Technologies, Inc. 
INFO/CARD #233 

PCB Layout With 
RF Features 
Ivex Design International has released 

WinBoard v. 2.10. The program now auto¬ 
matically removes floating copper from cop¬ 
per zones, includes an indicator for total 
track length, and allows placement of 
mounting holes and tracks at exact X-Y 
coordinates. WinBoard 2.10 includes an all 
new reference manual and is priced start¬ 
ing at $250. WinBoard runs under Win¬ 
dows 3.1, WFW 3.11, Windows NT and 
Windows 95. 
Ivex Design International 
INFO/CARD #234 

RF Design Software 
Programs from RF Design provided on disk for your convenience 

New Catalog now Available! 

November Disk — RFD-1 195 
"A Collection of Impedance-Matching-Network Design Equations and Programs" by Antonio 

Eguizabal. Program calculates values for 12 different matching topologies, including Pi, Tee, L, 
tapped capacitor, gamma, and others (written in Turbo Pascal, provided in directly executable 
form, runs on any PC) 

Also Available: 

Index of RF Design Articles: 1978-1995 • Disk RFD-INDEX — $25.00 (U.S.) 

Amplifier and Oscillator Design Program • RFCAD — $99.00 (U.S.) 

Monthly program disks: $25.00 (U.S.) $30.00 (foreign) 

Yearly Disk Sets and Annual Subscriptions Available: Call for Information 

Call or Write for Our Catalog! 

All orders must be pre-paid by check, money order, or major charge card. All checks must be in 
U.S. dollars and payable to a bank located in the U.S. Prices include shipping. 

RF Design Software 
Argus Direct Marketing Dept. 
6151 Powers Ferry Rd., N.W. 

Atlanta, GA 30339-2941 
Tel: (404) 618-0398 
Fax: (404) 618-0347 

RF Design 95 



RF literature 
Supplementary 
Components Catalog 
Synergy Microwave announces the 1996 

Supplementary Catalog to compliment 
their “1992-1993 Product Catalog.” Filled 
with complete design information, technical 
articles and mechanical information, this 
catalog features all the new products 
released since the previous 1992-1993 Syn¬ 
ergy Microwave catalog. Highlighted in this 
catalog are new miniature VCO products 
and integrated frequency synthesizers. 
Synergy Microwave Corp. 
INFO/CARD #235 

SPICE Newsletter 
The Intusoft Newsletter is a free publica¬ 

tion dedicated to discussing topics related 
to the SPICE circuit simulation program. A 
recent issue discussed the Berkeley SPICE 
3 B (behavioral) element, modeling tran¬ 
sient voltage suppression devices, and a 
model for capacitors that includes para-
sitics and frequency, DC bias and tempera¬ 
ture dependencies. 
Intusoft 
INFO/CARD #236 

Data Acquisition Handbook 
Intelligent Instrumentation has released 

the eighth edition of their Handbook of Per¬ 
sonal Computer Instrumentation. The new 
238-page edition features a number of data 
acquisition tutorials, as well as proven 
techniques and practical application notes. 
The handbook also describes Intelligent 
Instrumentation’s wide variety of data 
acquisition hardware and software, along 
with system configuration guidelines. The 
handbook is available free-of-charge to 
qualified individuals. 
Intelligent Instrumentation 
INFO/CARD #237 

NASA Technology Info 
on CD-ROM 
The NASA Technology CD-ROM includes 

5,700 NASA Tech Briefs published over the 
last eight years, abstracts for more than 
90,000 NASA technical reports, front pages 
and claims from 2,800 NASA patents, com¬ 
puter programs, and other information 
relating to aerospace. The CD-ROM is 
available from JB Data for $195. 
JB Data 
INFO/CARD #238 

In-House Technical Journal 
The October issue of News from Rohde & 

Schwarz highlights the development of the 
VHF-UHF search receiver, ESMA; a radio 
communication test set, the CRTC02; and a 
universal tester for GSM and DCS mobile 
phones. The issue also included an article 
about the 100th anniversary of radio com¬ 
munication. 
Rohde & Schwarz GmbH 
INFO/CARD #239 

Wireless Telemetry Catalog 
RF Neulink, a division of RF Industries, 

has a new 30-page wireless telemetry prod¬ 
ucts catalog. The transceiver modems 
described in the catalog are offered in VHF, 
UHF, and 900 MHz frequency ranges and 
in synthesized, crystal controlled, and 
spread spectrum versions. 
RF Neulink 
INFO/CARD #240 

Timing Solutions Data Book 
Motorola has published the Motorola 

Timing Solutions Data Book (BR1333/D) 
for designers who need high-speed clocking 
solutions. This 336-page book includes 
clock distribution circuits and timing solu¬ 
tions spanning all logic technologies - TTL, 
CMOS, ECL 10H, ECLinPS™, ECLinPS 
Lite™, PLL, and BiCMOS. The book is 
available free-of-charge. 
Motorola Semiconductor 
INFO/CARD #241 

New Books From IEE 
The Institution of Electrical Engineers 

(IEE) offers two new books. High-frequency 
circuits is a translation of the German text 
Hochfrequenztechnik by F. Nibler and co¬ 
authors. The 428-page book covers basic 
principles of HF semiconductor electronics 
and costs $95.00 hardbound and $48.00 
paperback. Transmission systems, edited 
by J.E. Flood and P. Cochrane, aims to pro¬ 
vide the engineer with a sound knowledge 
of telecommunications transmission and 
how the complete network functions. The 
524-page book is priced at $45.00. 
IEE/INSPEC Dept. 
INFO/CARD #242 

Ceramic-to-Metal 
Product Guide 
Both domestic and international versions 

of the 1996 Ceramaseal Product Guide 
have been released. The catalogs describe 
the company’s extensive line of precision-
engineered feedthroughs, connectors, view¬ 
ports, thermocouples and other specialty 
components. The guides incorporate techni¬ 
cal guidelines, applications and products. 
The international edition uses metric 
dimensions. 
Ceramaseal 
INFO/CARD #243 

EM-Field-Safety 
Measurements 
Wandel & Goltermann has issued a four-

color guide titled, “Precision Measurement 
Technology for Safety in Electromagnetic 
Fields.” The guide examines the measure¬ 
ment of electric and magnetic fields in con¬ 
nection with personal safety and standards 
imposed by IEEE/ANSI, IEC, IRPA, and 
WHO. 
Wandel & Goltermann 
INFO/CARD #244 

New Book, Software and 
Video Course for the 
Smith® Chart 
Noble Publishing has announced avail¬ 

ability of Electronic Appklications of the 
Smith Chart by Phillip H. Smith, re-pub-
lished posthumously. All of the original 
material has been included in this new edi¬ 
tions, plus an additional chapter describing 
the winSMITH software written by Eagle¬ 
ware to accompany the book. The new 
chapter also includes numerous examples 
and tutorial problems to help readers learn 
to use the Smith chart. A 50-minute tutori¬ 
al video is also available for guided instruc¬ 
tion. The book is $59.00, winSMITH is 
$79.00 and the video course is $99.00. All 
three are package-priced at $199.00. 
Noble Publishing 
INFO/CARD #245 

GaAs Manufacturer 
Newsletter 
The Third Quarter 1995 edition of 

GaAsLine - News About Anadigics contains 
a brief history of gallium arsenide, a spot¬ 
light on new fiber optic products, an analy¬ 
sis of cost-saving opportunities in wireless 
product manufacturing, and a report on 
Anadigics’ third quarter results. 
Anadigics 
INFO/CARD #246 

Radar and RF Catalog 
The Radio-Research Instrument Refer¬ 

ence Guide 1296 contains 25 pages of RF 
and radar equipment and is certified to 
supply governmental customers. The Refer¬ 
ence Guide lists available antenna systems, 
microwave links, radar systems, transpon¬ 
ders and other RF systems. 
Radio-Research Instrument Co., Inc. 
INFO/CARD #247 

Coaxial Product Catalog 
Pasternack Enterprises’ #1995A catalog 

contains specifications for their lines of 
coaxial connectors, coaxial cable assem¬ 
blies, attenuators, coaxial switches, 
adapters, power dividers, terminations and 
other devices. The 70-page catalog contains 
prices and ordering information. 
Pasternack Enterprises 
INFO/CARD #248 

Glass-to-Metal Seal 
Brochure 
A four-color brochure introduces Elec¬ 

tronic Products, Inc., a source of standard 
headers and packages using glass-sealing 
processes, and their subsidiary, Multipak, 
which provides high-end engineering 
design support and manufacturing for 
tight-tolerance hybrid and microelectronic 
packages. 
Electronic Products, Inc. 
INFO/CARD #249 
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ly marketplace 
Classified display ads are available at $125 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 1-800-443-4969, ask for Shannon Shuman. Or fax your ad 
copy for a rate quote to (770) 618-0342. 

,areer Opportunities 

Detection Systems, Inc. manufactures security equip¬ 
ment, which includes RF data links. The opening listed 
below is at our facility in Fairport, NY, which is located 
outside of Rochester. 

RF DESIGN ENGINEER 

We are looking for an individual with experience in low 
power Part 15 design of receivers and transmitters. 
Both narrow band and spread spectrum experience is 
desired, with additional experience in low cost, long life 
battery powered gear. 

Experience with electrically small antennas in hand held 
and fixed environments is a plus. 

Required experience includes a minimum of 8 years of 
RF circuit design from 300 Mhz to 2.4 Ghz. 

Qualified candidate should send resumes to: 

Detection Systems, Inc. 
130 Perinton Parkway 
Fairport, NY 14450 

or fax to: (716)421-4263 

YOUR 

RECRUITMENT 

EFFORT SHOULD 

START HERE 

Co with one of the nation's most 
established search firms, the leader in the 
Wireless Industry. We have earned the 

respect of America's Wireless 
organizations through a reputation built on 

experience, integrity and results. 
Let F-O-R-T-U-N-E work for you. 

800.875.2230 

Communications Group 
Div. of Fortune Personnel Consultants 

18552 MacArthur Blvd. #345 
Irvine, CA 92715 

Fax:71 4.250.8535 
Fax:71 4.250.8046 

RF Design 

...YOUR CAREER 
Pacific Rim Marketing Specialists: Knowledge of cellular systems. Understanding of market 
forces in cellular (consumer) Needed skills include writing business plans, formulation funda¬ 
mental business strategies, coordinating advertising. 

Strategic Account Manager: Promote sales of all products and capabilities at assigned 
strategic accounts Will devote significant engineering, and product development resources to 
these accounts, it is essential that the Strategic Account Manager develop extensive contacts 
within the Customer. Engineering. Purchasing, and Product Management organizations. 
RF PA Engineers: Requires 3+ years' experience in design, test and manufacturing of high 
efficiency OaAs MESFET and HBT class A and C power amplifiers in the frequency range 
1.2GHz. 

Regional Field Sales: Aggressive individuals 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, commission and car. BSEE. 

Cellular Engineers: Design/Develop RF ano analog circuits for high capacity cellular systems. Requires minimum of 2 
years experience in any of the following: DSP. ASIC Design. CAE Development. Digital Modulation. Digital Mobile Communi¬ 
cations. Channel Equalizers. Transmitter-Receiver-Synthesizer or Audio Design. Digital Signal Processing 

Wireless Engineers 
RF Design Engineers: Design of Si RF-ICs for wireless communication applications (AMPS, DAMPS. GSM. DECT, POS) 
Si RF-IXC design experience in the 400-2400 Mhz; fast RF PLL synthesizer design experience: RF 
receiver/transmitter/design experience using Si bipolar and MOS technologies 

RF Small Signal and RF Power AMP System Engineers: Requires detailed technical knowledge of cellular and PCS 
systems with experience designing RF XMTRS and RCVRS Need 5+ years' related experience in RF 

Design Engineer Communications ICs: Requires B.S.E.E. (M.S.E.E. preferred) and 5+ years experience Individual will be 
responsible for leading the design and characterization of high frequency transceiver ICs for wireless communications 
applications. Design includes circuit integration of baseband, converter and RF/IF circuitry 

MMIC Engineer: Develop L/S band GAA's MMIC power amplifiers for commercial wireless communications. Requires: 
M.S. or BSEE. *2 years experience with GAA's MMIC design, simulation, packaging and test. 

Product Line Manager Wireless: Specific responsibilities include product line strategic planning, establishing revenue and 
price objectives, setting internal cost targets and oversight of internal product realization schedules 

800 Turnpike St. • North Andover. MA 08145 

We specialize in the placement of wireless. RF. microwave communications. 

FOR THESE AND OTHER OPENINGS 
CALL COLLECT: TEL: 508-685-2272 E-mail: micsearch0aol.com FAX : 508-794-5627 

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

BSEE SR Satelight Earth Station Tracking to 75K 
BSEE SR Microwave Antenna Systems Test Eng. to 70k 
BSEE Section Head RF Wireless Comm. Product Design to 65K 
BSEE SR RF Design - Receivers/Synthesizers/VCO/Power Amp to 65K 
BSEE RF Product Support Eng. to 55K 
BSEE SR Power Supply Design Eng. to 65K 
BSME Mechanical Component Eng. to 60K 

iff-o-r-t-u-n-e 
PERSONNEL CONSULTANTS OF RALEIGH, INC. 
P.O. Box 98388R • Raleigh, NC 27624-8388 
Phone: 919-848-9929 • Fax: 919-676-5099 

Stan Deckelbaum 
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The leader among wireless PBX vendors. 

SpectraUnk Corporation provides communica¬ 

tions solutions for businesses throughout the U.S. 

Our Paket Communications System is making in¬ 

building cellular telephones the new standard in 

corporate efficiency and productivity - and creating 

additional opportunity with our fast-growing com¬ 

pany. Accept the following challenge with us: 

Senior RF Engineer 

Responsibilities will include the design of a wide variety of 

RF transmit and receive circuitry in the 900 MHz to 2 GHz 

range. Individual will be involved in the conceptual as well as 

circuit design and should be experienced in digital modulation/ 

demodulation techniques and phase laked loops as well as communications equip¬ 

ment design. Successful candidate will be a team player; willing to give strategic plan¬ 

ning input; able to insure high volume predation capabilities; and have the desire to 

take responsibility for the ultimate success of our products. Requirements include a BSEE 

with 4+ years in RF design. Experience in consumer wireless prodat and highvolume 

product design is a plus. Position offers an excellent salary with benefits and stak op¬ 

tions. Please send or lax resumes to: SpectraUnk Corporation, 1650 38th Street, 

#202E, Boulder, CO 80301. Fax: 303-440-5331, Attn: Eng. Dept. Equal 

Opportunity Employer. A 

FIELD APPLICATIONS ENGINEER 

Do you want to work for a successful company? 

Consider Maxim Integrated Products 

QUARTERLY NET REVENUES 

^SpectraUnk 
Wireless Communications 

Prepare For The Ride Of 
1 Lifetime. 
As the digital information revolution unfolds, we 

will find new and innovative ways to communi¬ 

cate. General Instrument Communications 
Division is a world leader in the vital technolo¬ 
gies necessary to develop the broadband deliv¬ 

ery infrastructure of the future. We currently 

Maxim is a dynamic linear and mixed-signal 

semiconductor company that has been selected 

by Forbes as one of the best 200 small 

companies in America for the past 6 years. Our 

27GHz bipolar processes have placed us on the 

leading edge of high-frequency IC development. 

Maxim is looking worldwide for Field 

Applications Engineers for our High-Frequency 

Wireless and Fiber/Cable product lines. 

Position requires a BSEE plus design experience 

in high-frequency (>500MHz) wireless 

communications. Applicants must be able to 

discuss system-level specifications for wireless 

and fiber/cable products with our customers and 

recommend circuit partitioning that lends itself 

to integration. Excellent communication skills 

and willingness to travel are required. 

Send or FAX resume and salary history to: 

Maxim Integrated Products 

14320 S.W. Jenkins Road 

M/S 420 

Beaverton, OR 97005 

Attn: Doug Stroberger 

FAX: (503) 644-9929 

>kiyixi>ki 
AN EQUAL OPPORTUNITY EMPLOYER 
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have the following career opportunities in our San Diego facilities: 

ANALOG/RF DESIGN ENGINEER 
Requires BSEE/MSEE and 8+ years of RF/analog circuit and system 

design experience. In addition, position requires strong analytical and 
simulation capabilities, knowledge of CAE tools, modem/communica-

tion system modelling, PLLs, communications theory and detailed hard¬ 
ware design experience from DC to 2Ghz. Knowledge of video and con¬ 

sumer product design are preferred. (Code: KHSRF) 

RF/MODEM ENGINEER 
Requires BSEE/MSEE with 8+ years of experience responsible for 
design of cable modems. Must also have experience with QPSK and 64 

QAM modems, digital modulators and demodulators, high-volume con¬ 
sumer products, RF design (0 to 750 Mhz), noise/gain analysis, and 

test. (Code: KRMRF) 

See us on the Worldwide Web at: http://www.gi.com 

Please send your resume with salary history/requirements, indicating 

Code, to: General Instrument, Attn: HR Dept., Code_ , 6262 Lusk 

Blvd., San Diego, CA 92121; E-mail in ASCII Text only to: 
jobs@gi.com Equal Opportunity Employer. Principals Only, Please. 

® General Instrument 

YOUR FUTURE STARTS NOW! 

KEY CAREER OPPORTUNITIES FOR QUALIFIED 
R.F. ENGINEERS. NETWORK ENGINEERS 

SYSTEMS ENGINEERS. TECHNICAL MANAGERS 

MIXTEC GROUP 
LEADERS IN EXECUTIVE SEARCH 

Phone:(619)773-0717 • Fax:(619)862-9207 

CRYSTAL OSCILLATOR 
DESIGN ER/CONSULT ANT 

For rates 

and closing 

dates, 

call Shannon 

Shuman 

at (770) 

618*0217 

or fax 

to (770) 

618-0342. 
We require consultants for crystal oscillator 
design for High Frequency VCXOs, TCXOs 
and OCXOs. 

Andhra Electronics Pvt Limited 
34 & 35 IDA KAK1NADA India 533 005 
FAX (91) 884 61145 or (91) 44 484 0041 
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WIRELESS ENGINEERING OPPORTUNITIES 
with MOBILE SYSTEMS INTERNATIONAL 

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

• Radio, Signaling, and Network System Planning and Design • System Dimensioning 
• Technology and Vendor Selection • System Design Audits 
• New Technology Integration • System Performance Monitoring 
• Strategic and Management Consultancy • Technical Training 

MSI offers the opportunity not only to be involved with all of the newest wireless technologies but to also work with a group of highly 
qualified and experienced engineers. At MSI our engineering team takes pride in holding themselves to the highest engineering standards. 
Applicants should possess a BSEE or MSEE degree with a minimum of 1 year experience in the wireless engineering industry, and must be 
innovative as well as highly detail and results oriented. Excellent presentation and technical writing skills are also required. Other useful 
skills include knowledge of DOS and UNIX operating systems, microwave engineering, networking of wireless communications systems 
including GSM, IS-4 1 and SS7, development of RF propagation models, traffic engineering, and knowledge of antenna and receiver design 
principles. Travel may be required. 

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

* Mobile Systems International 
À Personnel Department 
W One Lincoln Centre, Ste 200 • Oakbrook Terrace, IL 60181 
▼ Fax: (708)261-3028 

Utilities run the world. At Itron, a cutting-edge leader in utility solutions, 

we're changing the way they do it We provide our clients with the tech¬ 

nology, resources and strategy needed to excel in today's evolving mar¬ 

ketplace. We also provide our people with a strong, challenging, and rewarding 

place to grow. We're currently seeking dynamic, innovative professionals for the 

following openings at our R&D Technology Development Center in Saratoga, CA. 

Microwave RF Engineer 
A self starter degreed engineer must have suc¬ 
cessful design analysis and testing of RF circuitry 
including Amplifiers Filters. Hands on experience 
in using modern CAD circuit design and layout. 

Resumes To: 

AeroAntenna Technology, Inc. 
20542 Plummer St., Chatsworth, CA 91311 

a 

DIGITAL COMMUNICATIONS ENGINEER 
You will design data radio architectures and circuits using digital signal pro¬ 

cessing techniques, and develop real-time firmware for digital radio modulators 

and demodulators. Designs will be implemented in ASIC or DSP integration cir¬ 

cuits. Requires a strong background in communications theory combined with 

knowledge of C and assembly languages. 

We set the industry standards... 

Change the Way the world is run. 
SR. RF ENGINEER 
You will coordinate and provide technical leadership in all prototyping and pre-

production activities including building, testing and documenting RF and digi¬ 

tal circuits, subassemblies and components.You will also be responsible for trans¬ 

ferring and supporting designs through manufacturing. Requires a BSEE/BSCS or 

related technical degree and 10+ years work experience. 

RF Engineer - San Diego 
HM Electronics, a pioneer and growing indus¬ 
try leader in local area wireless communica¬ 
tions has an opening for a senior-level design 
engineer. 
If you want to be more than a number and use 
state-of-the-art technology to create new prod¬ 
ucts in the VHF, UHF, and higher frequencies, 
we’d like to hear from you. Requires 5+ yrs. 
experience and familiarity with digital pro¬ 
cessing and computer-aided design tools. 

SfRON 

In return for your contributions, we provide a compétitive compensation and 

benefits package. Please mail, fax or e-mail your resume to: Carole V. Moore, 

Itron Inc., 2818 N. Sullivan Road, Spokane. WA 99216. FAX: (509)891-3355. 

E-mail: resume@itron.com Principals only. Equal Opportunity Employer. For 

more information on Itron, please visit our Homepage at http://www.itron.com 

Fax or send your resume to: Job #206 

HM Electronics, Inc. 
6675 Mesa Ridge Road 
San Diego, CA 92121 
Fax: (619)452-7207 
Equal Opportunity Employer 
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MIDWEST ̂ WoPENINGS 
RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS 
BS/MS, 2-8+ yrs. experience, base-band to 3.0 Ghz. in any of the fol¬ 
lowing: Receivers. Transmitters. Power Amplifiers. Synthesizers. 
Spread Spectrum. RF ASIC/MMIC Design. Modems. Communica¬ 
tions DSP. Requires strong analytical skills and experience in RF cir¬ 
cuit simulation using RF CAE tools. Multiple openings with top 
commercial companies in attractive Midwest locations. Reply with 
assured confidentiality to: 

Don C. Gallagher BSME 
Gallagher & Associates 

418 Baitinger Ct.. Sun Prairie. WI 53590 
(608)837-5647 Fax(608>837-6096 

R.F. ENGINEERS: NATIONWIDE 
R.F./CELLULAR/WIRELESS/PCN/PCS 

CDMA/TDMA/SPREAD SPECTRUM/VSAT 
MANAGEMENT POSITIONS 

Respond to: CTH, Ltd. 
440 Harlem Av. - Glenview, II. 60025 

Ph. 708/657-0102 Fax 708/657-0061 
email <cth@ais.net 

Sr. Design Engineer 
Lumped Element Microwave 

Components/Subsystems 

Merrimac is a leader in the engineering 
and manufacturing of state-of-the-art 
passive microwave components for aero¬ 
space, hi-rel, defense and commercial 
applications covering DC-65GHz. Our 
diversified product line includes l&Q 
Modulators/Demodulators,mixers, phase 
shifters, couplers, dividers, modulators 
and microwave subsystems. 

We are seeking a top level individual for a 
position of Sr. Design Engineer to com¬ 
plement our team in the design of lumped 
element circuits within the range of DC-
18GHz. This position requires a strong 
theoretical background in component and 
production support. The successful 
candidates should have a BSEE (MSEE 
preferred), 10 yrs exp in component 
design is desired. 

Merrimac is a dynamic and growth-ori¬ 
ented company which offers comprehensive 
benefits including Profit Sharing, 401k, 
Tuition Assistance and competitive 
salaries. For confidential consideration, 
mail or fax resume, including salary 
history, to: 

Human Resources Manager 
Fax 201-575-0531 
41 Fairfield Place 

W. Caldwell, NJ 07006 
An Equal Opportunity Employer 
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areer Opportunities 
Leader in the placement of RF Professionals 

Call Toll Free 800-433-2160 FAX 817-599-4483 
• Sr R F Eng - Telephony prods. 5+ yrs RF exp. TX loc. -

Open sal. 

• Lab Tech - Assist RF Eng. 2+ yrs solid RF lab exp. S loc. -
To40K. 

• Applications Eng ■ Prefer RF background. FL coast loc. ■ 
TO55K 

• Oir of Eng - Manage 35 hardware & firmware engrs CATV 
prods. SE loc. 90'sK. 

• Sr Eng RF/Ana log • Broadband RF/IF amps from video to 3 
ghz. FL loc. Open sal. 

• Project Mgr ■ Oevelope Hybrid Trunk Amps/CATV. TX loc. 
Open sal. 

• Project Mgr - Help dev. cellular modem card PCS/COPA. 
TX loc. 70 sK. 

• Project Mgr ■ Design improvements to CATV, Telephony, 
video 4 data products. S loc. 70’sK. 

• RF Design - Data transmission product. S loc. 60’sK. 

• RF Design ■ RF Amp. design. 3+ yrs. exp. Mid 50’sK with 
SEIOC. 

• RF Design Eng - RF test equip. N Eng. loc. 60'sK. 

• Mfg Mgr - Electronics, SE location. 70'sK. 

• V.P. of Eng ■ Cellular & Cable prods. SW loc. Salary 100K++ 

• RF Design • CATV prod. Up-State NY loc. Salary neg. 

Call for full details on these and our many other domestic and international positions. 

JIM YOUNG & ASSOCIATES 
One Young Plaza 1235 Ranger Highway Weatherford, TX 76086 
Call for information about these and many other opportunities nationwide 

Call for Classified Advertising: (800) 443-4969 
Ask for Shannon Shuman 
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Iff your job leaves you cold, move 
to the telecommunications hot spot. 

At QUALCOMM in San Diego, the weather isn't the only thing that's warm— we're heating up 

the telecommunications industry with breakthroughs in all aspects of digital wireless technology. 

We re applying our Code Division Multiple Access (CDMA) digital technology to cellular telephony, 

Personal Communications Services (PCS), wireless local loop, and global telecommunications via 

satellites, to name a few. 

Because of our flex-time policy, you can schedule work and leisure activities so you enjoy a 

balanced, productive life. It's summer almost every day on San Diego's miles of clean, sandy 

beaches. When you do want snow, favorite ski resorts are a short drive away. They don't call it 

America's Finest City for nothing! 

Get fun, challenge, and career potential with the company that staked an early claim in the rapidly 

growing field of telecommunications and now is the acknowledged technological leader. Come to 

QUALCOMM, where technology rules and growth is the name of the game. 

RF ENGINEERS 
Immediate design positions are available at 8(X) MHz, 1.6 GHz, 2 GHz, 2.4 GHz, 4 GHz, 6 GHz, and 12 

GHz. Positions are also available in RF and analog .ASIC development. Most positions require a 4-year 

degree, or equivalent, and RF design experience. 

Opportunities for RF engineers are also available in our development office located in 
Boulder, CO. 

RF TEST ENGINEERS 
Develop test methods, equipment and procedures for volume production of wireless communica¬ 

tions products, including cellular phone subscriber and base station equipment. Provide technical 

leadership in the transition of products from design to volume production. Requires a BSEE and 5+ 

years’ related experience. 

VLSI PRODUCT AND TEST ENGINEERS 
Use your technical expertise and good interpersonal skills to help bring new ASIC designs 

fabricated at external foundries into production. These digital, radio frequency and mixed signal 

ASICs are used in wireless digital communication systems. Requires a BSEE or equivalent. Experience 

in device testing and performance evaluation, fabrication processing and ATE or analog mixed 

signal testing is preferred. 

For more information: 

• Phone: 619-658-JOBS 

• E-mail: jobs@qualcomm.com 

• Web: http://www.qualcomm.com/ 

Please consider sending us your 

resume: 

• Fax:619-658-2110 

• E-mail: resumes@qualcomm.com 

E-mailed resumes should be in ASCH text format. Be sure to mention Code RFD02 and the job title 

in all submittals. We prefer fax or E-mail, but we still accept resumes mailed to: QUALCOMM, Human 

Resources, P.O. Box 919013, San Diego, CA 92191-9013. 

Qualcoama 
N CORPORATED 

QUALCOMM is an Equal Opportunity Employer 
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^areer Opportunities 

Career Networks 
Recruiters for the Wireless 
& Telecom Industries 

800-JOB LINK'“ 
Specializing in Sales, Marketing, 
Technical, Engineering, Operations 

& Executive Placements 

% 
Gables One Tower, Suite 801 

1320 S. Dixie Highway 
Coral Gables, FL. 33146 

joblink@aol.com 

Fax Resume to (800) JOB-FAXX 

American Nucle¬ 

onics,a small pro- 1 

gressive, wholly 
owned subsidiary of 

AIL Systems. Inc. has 
consistently provided the 
military with ad-vanced RF 

Inter-ference Cancellation 

hardware and subsystems for 

30 years. Our continued suc¬ 
cess in the military market has 

now expanded into the commer¬ 

cial market 

Join Th? Team 
That's (han?in? 

The Way The World 
• Communicates 

Together We're Achieving What Other Companies 
fire Just Be?innin? To Imagine. 

SR RF DESIGN ENGINEER 

BS degree with minimum of 5 years 

experience. A solid background in RF 
design and analog is required to deter¬ 
mine optimum design to fit customer 

requirements. Responsible for specifications, 
design and development of interference can¬ 
cellation hardware. Broad knowledge of 
VHF/UHF RF circuits, PLL and closed loop 

systems are a necessity. Analytical capability is a 

plus. 

A salary and benefit package designed to attract 

top quality candidates is offered. Please submit 

resumes to: 

Ms. C.A. Falco 
Human Resources Department 
American Nucleonics Corporation 
695 Hampshire Road 
Westlake Village, CA 91359 

EOE/M/F/V/D 

RF DESIGN 
radio • data • phone 

RF design from circuit to 
system level. Analog, digital, 
ASIC, DSP, spread spectrum. 

Lanni Johnson, CPC 

At Ericsson, we’re dedicated to developing technology that's revolutionizing the 
way the world communicates. Our new $20 million, 240,000 square foot R&D 
Center, presently under construction in Research Triangle Park, North Carolina, 
is evidence of our commitment to design, manufacture and market the next 
generation of award-winning digital/analog cellular products. Be part of a team 
developing a hand-held satellite terminal or another program developing a PDC 
terminal for the Japanese cellular system, both based on TDMA technology. The 
following positions offer very challenging opportunities allowing participation 
from an early phase in the program throughout the full design cycle. Prior 
experience in cellular or satellite communication advantageous. Join one of three 
new program areas seeking R.F. engineers - Personal Digital Cellular terminals for 
the Japanese market, Satellite Cellular Terminals or Wireless Personal 
Communication Systems.The following openings currently exist: 

R.F. Design Engineers - B.S.E.E. or M.S.E.E. with 6+ years R.F. Design expe¬ 
rience. Receiver, transmitter and synthesizer designers of interest. Competence in 
computer based design as well as hands-on experience. Design work carried into 
production required. Understanding of practical tradeoffs with components and 
layouts necessaryjob Code 9SSAT277. 

R.F. Design Engineers - B.S.E.E. with 5+ years R.F. design experience. 
Design and develop 2 Ghz radio sections for hand-held terminals and small Base 
Stations for new PCS line Job Code 95BSW279. 

R.F. ASIC Designers - B.S.E.E. and 3+ years of BiPolar or BiCMOS radio 
applications experience. Will be working on multiple applications... every major 
wireless cellular application with multiple chipsets Job Code 95RMOT4I6. 

R.F. Cellular Test & Verification - B.S.E.E. with 6+ years in R.F., logic, 
S/W and test of communications equipment. Develop prototype test system. 
Job Code 95RMOT409. 

We offer an excellent salary and benefits package in addition to tremendous 
opportunities for career advancement. For immediate consideration, please send 
resume including salary requirements and referencing Job Code to: Ken Keeler, 
Ericsson Inc., One Triangle Drive, P.O. Box 13969, Mail Drop RF0296, 
Research Triangle Park, NC 27709, or fax us at 919-68S-26 10. 

Principals only -
please no agency referrals. 
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OF ALBUQUERQUE, INC. 

505-262-1871 
FAX 505-268-4954 

Excel of Albuquerque, Inc. 
excelalb@ix.netcom.com 

1700 Louisiana NE, Suite 210 
Albuquerque, New Mexico 87110 

ERICSSON 
For the High-Techknowledgeable 

“An equal opportunity employer - affirmative action employer. M/F/HDCP" 
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Career Opportunities 

HkRobotics 
The Intelligent Choice in Information Access 

Megahertz' 

•- is the 
Megahertz, the Mobile Communication* 
Division of U.S. Robotics, has a challenging 
opportunity available for a dedicated 
professional at our Corporate Headquarters! 

REGULATORY 
AGENCY ENGINEER 

SYNRAD 
World’s leading 

manufacturer of RF excited, 
sealed CO2 Lasers 

This integral position will be responsible for 
supporting Design Engineers and other de¬ 
partments on all regulatory issues. Will also 
acquire regulatory approvals and certifica¬ 
tions on specified products from various regu¬ 
latory agencies. Must possess a BA Degree 
with solid experience. A good understand¬ 
ing of EMI design issues and FCC part 15 is 
also required. 

Join a rapidly growing industry leader and 
get connected with success! You will enjoy 
an excellent compensation package. Please 
forward resume to: Human Resources, Ann 
Woodland, RFW, MEGAHERTZ, 605 North 
5600 West, Salt Lake City, UT 84116. FAX: 
(801) 320-6012. 

(eoe m/f/d/v) 

Our rapid growth has created the following positions: 

RF CIRCUIT DESIGNER 
Responsibilities include the design, development and sustaining of 100W to 1 OkW+ 
VHF drivers. Highly motivated individual with excellent analytical skills needed to 
meet the creative challenges of this position Qualified candidate must be experienced 
in the design of both solid state and vacuum tube equipment. BSEE and 10+ yrs. 
experience in similar capacity required 

PROJECT MANAGER 
Primary responsibility is to manage new product development and transition into 
production. Will oversee design teams and reviews, and chair project and budget 
meetings. Qualified candidate must have proven competence in project mgmt, and 
working knowledge of engineering disciplines. BS and 10+yrs. experience in similar 
capacity required 

Employees of Synrad, Inc. enjoy competitive salaries, excellent benefits and an 
environment that fosters creativity. EOE. Non-smokers only send resume to: Attn: 
Engr. Positions, SYNRAD INC., 11816 North Creek Pkwy N., Bothell, WA 98011. 
fax: (206) 485-4882 

. ZlCT 
“Most Innovative Product Award.” 

CONNECT, UCSD 

_ I 

: Not just another 
high-tech acronym. 

At PCSI, 
Our Innovations In Wireless Do Get 

Some Feedback. 

RE WLAN, PCS, ATM, CDP1), VSAT, SATV, GPS, 

LEO, CDMA, TDMA, QAM, DSP, MPEG, LPC, 

ASIC, ITS, PCMCIA. . .you've heard them all. 

We’d like to add a new one to the list: ACT. 

ACT keeps you on the cutting edge of 
technology by providing the information 

you need to make the best career decisions. 

Call us to learn more about exciting 
opportunities with established industry 

At PCSI, our wireless and internetworking breakthroughs have created a 

real buzz in the telecommunications industry. Of course, the reasons for 
our success come through loud and clear. 

For one thing, our people are involved in projects from concept to 
completion. That’s exciting. We're in on the “big picture," rather than just 

performing a few limited functions. In addition, we enjoy open 

environments where people at all levels exchange ideas and discover new 
approaches to problem-solving. 

That’s almost enough to move any industry forward. What also helps is 
having the backing of a major corporation—Cirrus Logic, whose 
resources ensure that we always move ahead at the pace our 
developments take us. 

San Diego Opportunities 
As we continue to grow, we have the following outstanding opportunities 
to join our San Diego facility: 

leaders as well as pioneering start-ups that 

are developing the technologies for advanced 
microelectronics and communications systems. 

• RFIC Design 
• RFIC Layout 
• Handheld Unit RF 
• RF Test 

• RFIC Test 
• RF Systems 
• RF Production Test 

For immediate consideration, please mail, fax or E-mail your resume to: 

4CT Advanced Communication 
Technologies 

PCSI. Attn: Professional Staffing, Dept. 2213, 9645 Scranton Rd., San 

Career Consultants/Searcb Specialists 
25492 Hillsboro Drive ■ Laguna Niguel ■ CA 92677 
714/365-9090 Fax: 714/365-9191 Fees paid by employers 
E-mail: weact4u@ix.netcom.com Ask for John Kratz 

Diego, CA 92121. Fax: 619/535-9850. Job 
Hotline: 619/535-9505. Internet mailbox: 
careers@pcsi.cirrus.com Website: 
http://www.pcsi.com/ Equal Opportunity 
Employer/Smoke-Free Environment. 
Principals Only, Please. A Cirrus Logic Company 
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There are no 
Road maps where 

We’re going 

NO ROADS EITHER. 

Career 
Opportunities 

ÆIÏE» 
OPPORTUNITIES 

STRATEGIC TECHNOLOGY DEVELOPMENT 
Seattle, Washington 

AT&T Wireless Services is the premier provider of wireless communications in the U.S. 
We are adding new positions to our Strategic Technology Development organization. 

We are seeking highly motivated individuals who want to work on the leading edge of 
wireless communications technology. Join a dynamic technical group charged with 
pushing the boundaries of technology. You will work in a fast-paced team environment 
bridging telecommunications, cellular and computing technologies. 

RF Network Planning Engineer 
Bring to our team your first-hand technical knowledge and experience in defining radio 
base station planning approaches and developing RF network planning software in a 
UNIX environment. Provide technical leadership and individual contributions to enhance 
capabilities of existing RF network planning tools. 

RF Channel Modeling Engineer 
Use your expertise in macrocell/microcell RF propagation modeling and propagation 
data analysis to define and implement RF channel models for advanced RF network 
planning tools. Play a key role in planning the placement and design of radio base 
stations for wireless networks. 

RF Propagation Testing Engineer 
Plan and carry out RF propagation studies and analyze experimental measurement data 
to characterize the performance of advanced wireless systems. Must be familiar with RF 
propagation testing methods and equipment. Some positions require travel and/or 
temporary assignments in U.S. locations. 

RF Field Testing Engineer 
Play a leadership role in planning and conducting field testing of advanced digital RF 
communications equipment and systems. Requires broad experience with a variety of 
test and measurement equipment and digital wireless systems. Some positions require 
travel and/or temporary assignments in U.S. locations. 

RF Hardware and Systems Engineer 
Play a lead role in RF communications subsystem and advanced wireless system 
simulation, laboratory and field testing and validation, and integration. Knowledge of RF 
signal processing, digital wireless standards, RF testing methodologies, RF test facility 
preparation, and FCC requirements is preferred. 

RF Network Planning Software Engineer 
Positions are available for experienced RF network planning software development 
professionals, including responsibilities for design, coding, and test at the module and 
system level. Team development expertise is required using C and C++ in a UNIX 
environment. Familiarity with Object-Oriented design and analysis, SEI concepts and 
processes, structured software development principles, source level debuggers and 
Configuration Management tools. 

Send, fax, or email resume to: Strategic Technology Development, AT&T Wireless 
Services, 14520 NE 87th St., Redmond, WA 98052. Fax: (206) 702-2960. email: 
stg.jobs@attws.com 

For more information on AT&T Wireless Services please visit our homepage at: 
http://www.unwired.com 

• No cover letter required. For scanning purposes, please send resume in Arial or 
Helvetica font (point size 10 or 12) without italics, bolding, graphics, bullets, asterisks or 
/marks to separate words, on plain white bond paper. 

AT&T Wireless Services 

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

f_ H
16540 East Ashbrook Dr. • Fountain Hills, AZ 85268-2832 

E-Mail: FITZPAT@ix.netcom.com 

FAX: (602) 956-7644 

■HZPfíTRICK & RSS0ŒTES 

RF Design 
Calls 

(800| 443-4969 for 
more information 

Products & 
Services 

PROBLEM 
Fully Integrated Product 

Design Facility, Microwave, RF, 

Analog, Digital, and Mechanical Design 

Fast Response-Exceptional Results 

Geotek Design Services 
18512 Carrot St. • Suite 108 • Spring, TX 77379 

Ph: (713) 376-4606 
Fax:(713) 251-3860 

AT&T 
An Equal Opportunity Employer 
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Part 15 Wireless Design! 
Use one of our ■ Spread Spectrum 

proven RF Systems 

designs for your next B portable 
wireless project. Apex L p 

in_ ' offers over 70 years 
of combined wireless 
design experience and . 
extensive test and^^ 

capabilities 

freevSo^I 

Small Size Devices 

■ RF Identification 
Devices 

■ Pagers 

■ GPS 

■ Keyless Entry 

WIRELEJ 

2400 Centrai Ave., Suite A, Boi lder^CQ 8030 
(303) 443-6699 FAX (303) 443-497-

E Mail: 75017.312QfrCoMPLSERVE.coM 
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ECRUÏTMENT NETWARE 

SCTE 
Sustaining 
Member 

roehlich & Co. 
cutive search 

Communications Positions: 

Designers, Engineers, Managers 
Wireless/Telecomm/CATV/Video/Voice/Data 

RF Equipment and Systems Design: Transmitters, 
receivers, amplifiers, mixers, filters, synthesizers, 
modulators, demodulators, PLL's, VCD’s. Skilly 
include: PCS, PCN, Spread Spectrum, DSP. 
CDPD, TDMA, CDMA, QPSK, QAM & othes ̂  

Digital/Analog, DC to 2 GHz. 

Nationwide. Call or write. Fees paid. 
P.O. Box 339 Weatherford, TX 76086 
(800) 742-4947 • Fax: (817) 594-1337 
E-Mail: 72774.3617@compuserve.com 

COMMUNICATIONS ENGINEERS 
Our clients are hiring RF engineers with the 
following skills: 

Wireless Telecomm, Cellular, Mobile, Telephony, 
NPCS, spread spectrum, DSP, AMPS, SMR, 
GSM, CDPD, TDMA, CDMA. WLAN. WPBX, 
Transmitters, Receivers, modulators, demodula¬ 
tors, low noise amps, mixers, oscillators, filters, 
DOS, synthesizers, 900/1900 MHz. 

ix Never a fee to applicants. 
Positions available nationwide. 

✓ Send email, fax, or call Randy Brei today! 

Brel & Associates, Inc. 
P.O. Box 445 Marion, IA 52302-0445 
(319)377-9196 FAX (3 19)377-92 19 

RBREI@NETINS.NET 
http://www.NETINS.NET/showcase/RDBREI/ 

PCS RF NETWORK ENGINEERS TO MID S70’s 
PCS ANTENNA ENGINEERS TO S80’s 

PARABOLIC RF & MECHANICAL ENGINEERS TO S70's 
Please fax resume in confidence to 

916-549-4168 
RANDALL F. CHAMBERS & ASSOCIATES 

“Wireless Recruiting Professionals” 
PO Box 723, Bella Vista. CA 96008 * Tel 916-549-5331 

■ RF Literature/Product Showcase 41 
Programmable Switching Systems 

REdesign 

Bomar Crystal Company offers their new cata¬ 
log featuring custom AT cut quartz crystals, 
custom made oscillators, microprocessor and 
surface mount crystals. The catalog highlights 
product features, descriptions and specifica¬ 
tions on all products along with ordering 
information. Bomar Crystal Company: 
(800)526-3935, FAX: (800)777-2197 

INFO/CARD 84 

• Matrix or Multiplexer Configurations using Cytec 
Switch Modules for applications from DC to 1.3 GHz. 

• Microwave and RF relay systems available for 
applications up to 24 GHz. 

• Microwave and RF relay systems available for 
applications up to 24 GHz 

• BNC, SMA, or other connector options 

• GPIB, RS232, PC, TTL or Manual Control. 

• LED Display of latched switch points. 

• Full Status Feedback through Control. 

• Software support for many popular platforms 

• Full Five year warranty. 

For a full product catalog or application 
assistance call 1-800-346-3117. 

rVTEC CORP. 
INFO/CARD 85 

Realize the Potential! 

Contact: 
Shannon Shuman 
Tel: (800) 443-4969 
Fax: (770) 618-0342 

TO GET THE MOST FROM YOUR 

ADVERTISING DOLLAR, THE TIME 
TO ACT IS NOW! 

Call 
l-(800) 443-4969 
FOR MORE DETAILS. 
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RF Literature/Product Showcase 
RF POWER AMPLIFIERS Only TECDIA has THREE! 

SINGLE LAYER CHIP CAPACITORS 

ALLIANT TECHSYSTEMS 

ENHANCED AIRBORNE MULTIPLEXER (A-TEM 
MODEL 7895 

1 MHz-2GHz 1W-1KW 

• Small Size • High Efficiency • Durable 

• Module and Rack Mount Systems 

• Customization Available 

RF POWER AMPLIFIERS 

651 Via Alondra, #712 
Camarillo, CA 90312 USA 

TEL: (805) 388-8454 
FAX: (805) 389-5393 

INFO/CARD 86 

RFIC Test 
Sockets: 

Now you can test your RF devices and circuits to unmatched accuracy and 

repeatability, (andel Technology offers test sockets with less than .4nH 

contact inductance and bandwidths in excess of 10 GHz. Sockets are 

available for all the standard RFIC packages such os TSSOP, SSOP, QFP 

and we can also make custom machined sockets to fit your unique pack¬ 

age or module. These RF test sockets can be used for hand test and inside 

a high volume automated device handler such as Multitest, Daymark or 

Delta. So please call us lor your next RFIC socket or fixture requirement. 

19925 Stevens Creek Blvd. 

Cupertino, CA 95014 

Phone: 408-973-7832 
Fax: 408-253-9463 

CoNDEL 
TECHNOLOGY e.ma i|: Condell@ool.com 

INFO/CARD 89 

emm 
GMM Research Corporation 

GMM Sync8z/CCP Un 

GMM’s Family of Products 
GMM Sync8z/CCP tm - 8 ports 

GMM Sync4ez/CCP tm - EISA card 
GMM Sync4/CCP tm - 4 ports 
GMM Sync2/CCP tm - 2 ports 
GMM Sync tm - 1 port 

PCI bus product coming soon! 
Call our toll-free 800 number 

for free brochure today 
800-531-6145 

17500 Redhill, Suite 250 Irvine, CA 92714 
Tel: (714) 752-9447 Fax: (714) 752-7335 

All GMM products made in the USA. 
Communications Boards 

INFO/CARD 92 

ONE 
Type A 
250V 

THREE 
Type C 
100V 

TWO 
Type B 
250V 

FOR CAPACITORS WITH: 
• Extremely smooth and uniform metalized surfaces 
• Pt metalization to withstand 400*0 die attach temperature 
up to 20 min max 

• TiW adhesion layer to prevent diffusion and provide 
stability at very high temperatures 

TeClIA 
2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043 
Tel: (415) 967-2828 Fax:(415)967-8428 

• Simultaneous operation of two UHF SATCOM transceiver on r 
onfenno 

• Tronsporent operation without communicotion degrodotion 

• Low noise receive preamplifier 

• Unear 10 dB power goin per noncoherent corner 

Contact Alliant Techsystems for innovative solutions to your commercial one 

military RF diplexer requirements A||iont |n( . 

i Advanced Technology Applicotii 

k r » II <■ u <■ T r u I 3430 Sunset Avenue, Suite 1A 
TECHSYSIEMS Wanamassa, NJ 07712 

(908)922-4111 or 

ereed@otk.com 

ALLIANT 

INFO/CARD 87 

Portable Spectrum Analyzers 
PS - 2A Series 

• 0.1 - 1060MHz range in one scan ( 0 - 100MHz in 11 span widths) 
• Measurement range: -108 dBm to *20 dBm 
• Fully portable for field operation 
• 5 resolution bandwidths ( 10 KHz - 1 MHz ) 
• 50 dB input attenutor in 10 dB steps 
• 2 / 10 dB scale display with base line clipper 
• Multi-turn tuning 
• Built-in AM / FM demodulation with speaker 
• Digital controlled center frequency display 
• Tracking generator ( optional PS-2A TG-01 ) 
• AC / DC / Battery powered ( optional +12 V battery pack ) 
• Compact size (10.3" x 4.0" x 12.3") light weight (approx. 10 lbs) 

List Prie«: $2175 ***$1895*** Introductory offer 

V.TECH Instruments, Inc. Tel (201)546-7635 

171 Burns Ave, Lodi, NJ 07644 Fax (201) 546-7651 

INFO/CARD 90 

New Chip Dielectric Filters for 
PCMCIA 

Toko’s new TDF family of chip dielectric filters are 
designed for today’s miniature wireless communications 
products. They feature superior out-of-band rejection, low 
insertion loss, and an extremely low profile of 2mm. A fre¬ 
quency range of 800-2500MHz is available, with packaging 
on tape and reel, and reflow solderable. Call 1-800-PIK-
TOKO for detailed specifications. 

(•"TARH Toko America, Inc. 
toko americano 1250 Feehanville Drive 

Mt. Prospect, IL 60056 

INFO/CARD 93 

INFO/CARD 88 

LOW COST 
HIGH PERFORMANCE 
FREQUENCY SOURCES 

CRYSTAL OSCILLATOR-MULTIPLIER 

/ MODEL VSA - $195.00 .oighztoi.oghz 
/ MODEL USA - $245.00 i.oghzto i.ighi 
/ MODEL SSA - $295.00 i.ighz W4.2Ghz 
RF OUTPUT: +8dBm min., at any spot frequency 

in above ranges 
FREQ. STABILITY: t30ppm, -20 c to +60'c 
Br: + 12 to +16 VDC 
lUHImantsn 5350 to*’ Co“rt ' "oorpart. « 93027 WllllldlILU (805) 523-2390 FAX (805) 523-0065 

INFO/CARD 91 

Redesign 

Call: 
(800) 443-4964 

for more 
information 



Redesign 
The Buyers’ Guide is a convenient guide to suppliers 

of products and services available for design and 

development engineers. Buyers’ Guide listings are 

sold on an annual basis at the rates shown. 

Per Issue Total/Year 

Regular Listing $22.00 $264.00 

Additional Line $19.00 $228.00 

Bold Listing $25.00 $300.00 

Additional Line $21 .00 $252.00 

1"Ad $200.00 $2,400.00 

Drop Out In White $25.00 $300.00 

All orders must be prepaid. You can forward 

your check or charge your ad to: 

For information on closing dates and details on a 

special Introductory Offer, call 1-800-443-4969. 

Ask for your yellow page representative. 

DISCRETE COMPONENTS MODULAR COMPONENTS 
CAPACITORS 
Vacuum 
Surcom Associates. Inc., 2215 Faraday Ave., Suite A, Carlsbad. CA 92008 . (619) 438-4420 

AMPLIFIERS 
RF Power 
Silicon Valley Power Amplifiers. 529 Forman Dr. # B. Campbell, CA 95008 . (800) 986-9700 

CRYSTALS/RESONATORS 
Jan Crystals, P.O. Box 60017, Fort Myers, FL 33906-6017 . (800)JAN-XTAL 
Quartz 

American KSS Inc. 
Quartz Crystal 

Products 
Corporate Office 
3295 Scott Blvd., Suite 100 
Santa Clara, CA 95054 
Tel: (408) 986-9577 
Fax: (408) 986-1717 

Eastern Regional Office 
401 E. Louther St. 
Carlisle, PA 17013 
Tel: (717) 243-6008 
Fax: (717) 2434343 

Southern Regional Office 
5696 Peachtree Parkway 
Norcross, GA 30092 
Tel: (770) 263-3768 
Fax: (770) 263-3769 

FILTERS 
Delta Microwave Inc., 840 Vira Alondra, Camarillo, CA 93012 . (805)987-6892 
Crystal 
Reeves-Hoffman, 400 W. North St., Carlisle, PA 17013. (717) 243-5929 
RF Microwave 
Microwave Circuits, Inc., 6856 Eastern Ave., NW, Washington, D.C. 20012 . (800)642-2587 
Saw 
Phonon Corp., 7 Herman Dr., P0 Box 549, Simsbury, CT 06070 . (203) 651-0211 
SAW Components & Subsystems . Fax (203) 651-8618 

Oak Frequency Control Group, 
100 Watts St., P0 Box B, Mt. Holly Springs, PA 17065 . (717) 486-3411 

IRFM 
RF Monolithics, Inc. 

4441 Sigma Road 
Dallas. Texas 75244 U.S.A. 

Tel: 214/233-2903. Fax: 214/387-S14X 

kJ REEVES-HOFFMAN 
-ä DIVISION DYNAMICS CORPORATION OF AMERICA 

For your AT Crystal requirements, including High 
Frequency Fundamental Oscillator Crystals up to 
155.52 MHz and Filter Crystals to 150 MHz HFF. 

400 W. North St., Carlisle. PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

SAW-based RF Components and Modules for the Low-Power 
Wireless. High-Frequency Timing, and Telecommunications Markets 

Transmitters • Receivers • Resonators • Oscillators • Clocks • Filters 
Call, write, or fax for a free product data book. 

OSCILLATORS 

kJ REEVES-HOFFMAN 
= _ DIVISION DYNAMICS CORPORATION OF AMERICA 

CRYSTAL OSCILLATORS 
■ ACMOS TTL to 200 MHz 
■ HCMOS TTL to 80 MHz 

lALPEY-FISHER^'J 
A SUBSIDIARY OF +UTK 

For your Crystal Oscillator requirements, Clocks, 
TCXO’s, VCXO’s, OCXO’s, Hybrid & Discrete. 

■ ECL to 630 MHz 
■ VCXOs to 200 MHz 
■ SMD to 300 MHz 

FUNDAMENTAL Crystals to 350 MHz 

800-982-5737(ext. 244) 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

Valpey-Fisher Corporation • 75 South Street • Hopkinton. MA 01748 Fax: 508-497-6377 

DIODES 
Loral Semiconductor Division, 75 Technology Dr., Lowell, MA 01851 ...(508) 256-4113 ext. 3311 
Varactor 
Knox Semiconductor, Inc. 

13 Quarry Rd., P.O. Box 609, Rockport, ME 04856. (207) 236-6076 Fax(207) 236-9558 

HIGH POWER DIODE SWITCHES 
Hill Engineering, 461 Boston Rd., Topsfield, MA 01983 . (508)887-5754 Fax 887-7244 

INTEGRATED CIRCUITS/MCM 
California Eastern Laboratories, 
4590 Patrick Henry Dr.. Santa Clara. CA 95054-1817 . (408) 988-3500 Fax (408) 988-0279 

Micro Hybrids. Inc.. 2864 Route 112, Medford, NY 11763 . (516) 732-3448 

Valpey-Fisher Corp., 75 South St.. Hopkinton. MA 01748 . (508) 435-6831 Fax (508) 435-5289 
Crystal 
Oak Frequency Control Group, 
100 Watts St., P0 Box B, Mt. Holly Springs, PA 17065 . (717) 486-3411 

Saronix, 151 Laura Ln., Palo Alto. CA 94303 . (415) 856-6900 (800) 227-8974 
Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 . (512) 450-1400 
Phase Locked 
Mode Space Digital 

235 Circle Drive. State College. PA 16801 . (814)466-3327 FAX:(814)466-6577 

SYSTEM SUBASSEMBLIES 

RF, Analog & Mixed-Signal ASICs 

Full-Custom Designed ICs: Bipolar, CMOS, BiCMOS 
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switched Cap Circuits 

OTA TEL: (310) 534-30 16 • FAX: (310) 534-3728 
II I U, Inc. P.O. Box 3986, Torrance, CA 90510 • E-MAIL sales@rtg.com 

PRINTED CIRCUIT BOARDS 
Harmon Electronics. Inc.. 601 N. Main. Warrensburg. M0 64093 . (816)747-2236 

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) 745-851 5 FAX (602) 747-8334 MODEM (602) 747-51 08 

RETRANSMISSION COMPONENTS 

MODULAR COMPONENTS 

ANTENNAS 
Sinclair Technologies. Inc., Oriskang Dr., Tonawanda. NY 14150 . (800)288-2763 
Syndetix Inc., 2820 N. Telshor Blvd., Las Cruces, NM 8801 1 . (505) 522-8762 
Custom Antenna Design, High Power, Including Flight Certified . Fax (505) 521-1619 

AMPLIFIERS 
Broadband 
Dressler HF Technik Gmbit, 
Werther Str. 14-16, D-52224, Stolberg. Germany . +49-2402-71091 Fax: (-71095) 

ATTENUATORS 
Coaxial 
SV Microwave, 3301 Electronics Way, West Palm Beach, FL(407) 840-1800 Fax (407) 844-8551 
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RF TRANSMISSION COMPONENTS RF TRANSMISSION COMPONENTS 

CABLE ASSEMBLIES 
SRC Cables, 5590 Skylane Blvd., Santa Rosa, CA 95403 . (707)573-1900 
Storm Products, Advanced Tech Group, 116 Shore Drive. Hinsdale. IL 60521 . (708)323-9121 
Cable Interconnect Systems 
C&M Corporation, 51 S? Walnut St., Wauregan, CT 06387 . (203)774-4812 

VACUUM TUBES 

FILTER ASSEMBLIES 

RUSSIAN POWER TUBES 
RUSSIAN MICROWAVE TUBES 
Quality Engineering and Manufacturing 

kJ REEVES-HOFFMAN 
DMSION DYNAMICS 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 

Svetlana 
ELECTRON DEVICES 

Tel: (800) 578-3852 • Fax: (415) 233-0439 
3000 Alpine Road • Portola Valley. CA 94028 

WATTMETERS & LOADS 

Low Pass 
Coil Specialty Co., 2730 Carolean Ind. Or., P0 Box 978, State College, PA 16801 .. (814)234-7044 

INDUCTORS AND CHOKES 
Kintronic Labs, 144 Pleasant Grove Rd., Bluff City, TN 37618 ...(615)878-3141 Fax (615)878-4224 

ISOLATORS/CIRCULATORS 

Biiia 

ß HENRY RADIO 

Wattmeters, Elements, Directional 
Couplers, Loads, Attenuators, etc. 

Im Stock 
TOU-FREi (800) 877-7979 

2050 S Bundy Dr.. Los Angeles. CA 90025 • Phone (310) 820-1234 • FAX 310-826-7790 

AEROTEK COMPANY LIMITED 
Manufacturers of Circulators and Isolators 
Coaxial and Drop-in types, 400 MHz-18 GHz 
"TOP QUALITY, REASONABLE PRICE" 
1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand. 

WAVEGUIDERS & COMPONENTS 
Electromechanical 
MBF Microwave, Inc., Rt. 2. Box 252A, Hardy, AR 72542 

MATERIALS AND HARDWARE 

CRYSTAL BLANKS 
Reeves-Hoffman. 400 W. North St., Carlisle, PA 17013 

(501) 856-2685 

(717) 243-5929 

AEROTEK Tel: (662) 31 1-4448, 332-5035 Fax: (662) 332-5034 

Airtron Corp. , 200 E. Hanover Ave. . Morris Plains. NJ 07950 . (201 )539-5500 

MICROWAVE CONNECTORS 
Applied Engineering Products. P.O. Box 510, New Haven, CT 06513 . (203)776-2813 
Coaxial Connectors, Inc., 1500 N.W. 62nd St.,Ste.5O1 , Ft. Lauderdale, FL 33309 . (305)772-2664 
Southwest Microwave, Inc., 2922 S. Roosevelt St., Tempe, AZ 85282 . (800) 587-5995 

PACKAGING/CRYSTAL HOLDERS 
Crystal Holders 
United Glass to Metal Sealing, Inc, 11A Executive Park Dr., North Billerica, MA 01862... (508)670-6494 
Components/Hybrid Packages 
Reeves-Hoffman, 400 W. North St, Carlisle, PA 17013. (717)243-5929 

PRECISION 

TELEPLEX, INC. - ALFORD DIVISION 
4801 INDUSTRIAL PKWY. - INDIANAPOLIS. INDIANA - 46226-4200 (317) 895 8800 

•PREcTsiÖÜ COAX & W/G SLOTTED LINES 30MHZ. TO 40 GHZ. 
• LOW V S.W.R. INTERSERIES COAX ADAPTERS 6 1/8" TO 2.40mm. 
• 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 S.W.R. > 14:1, VHF TO 36 GHZ. 
• ANDREW ALFORD ANTENNA PRODUCTS VHF-UHF-ITFS-VOR-MIL. 

PC BOARDS 
Laminates. Polyester Copper Clad 
Glasteel Industrial Laminates, P.O. Box 910, Collierville, TN 38027. 

TEST EQUIPMENT 
Racal Instruments, 4 Goodyear St., Irvine, CA 92718 

RF TEST & MEASUREMENT EQUIPMENT 
COAXIAL DYNAMICS, INC., 
15210 Ind. Pkwy., Cleveland, OH 44135 . 

(901) 853-5070 

(800) 722-2528 

(216) 267-2233 Fax (216)267-3142 

RF CONNECTORS 
Molex. Inc.. 2222 Wellington Ct., Lisle, IL 60532 
Specialty Connector Company. 
2100 Earlywood, Franklin, IN 46131. 

. 800-MOLEX78 

.(317) 738-2800 Fax: (317) 738-2858 

SURGE & TRANSIENT PROTECTORS 

Lightning Suppressors • D.C. - 26 GHz 
Coaxial • Powerline • Digital 

FISCHER CUSTOM COMMUNICATIONS, INC. • (310)891-0635 [ 

SWITCHES 
Dow-Key Microwave Corp., 1667 Walter St, Ventura, CA 93003 . (805) 650-0260 
Matrix Systems corp., 5177 N. Douglas Fir Rd.. Calabasas. CA 91302 . (818) 222-2301 
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542. (501) 856-2685 

SYNTHESIZERS 
Novatech Instruments, 
1530 Eastlake Ave. E., #303, Seattle, WA 98102 . (206) 322-1562 Fax (206) 328-6904 

TELEMETRY 

J/VC TEL (702) 345-2705 
y FAX (702) 345-2484 

Will customize to your requirements: 
Transmitters & Receivers 
Telemetry • Video • Digital • Command • Beacon 

Command Encoders & Decoders Since 1978 

TEST SOCKETS & TEST FIXTURES 
Condel Microwave Technology, 19925 Stevens Creek Blvd., Cupertino, CA 95014 . (408)253-1811 
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SERVICES 
ANTENNA DESIGN & MEASUREMENT 
Kintronic Labs. 144 Pleasant Grove Rd.. Bluff City. TN 37618. .(615) 878-3141 Fax (615) 878-4224 

EMC/EMI TESTING 
TUV Rheinland of North America, Inc., 
12 Commerce Road. Newtown. CT 06470 . (203) 426-0888 Fax (203) 270-8883 

OEM PRODUCTS 
Locus, Inc., 1842 Hodman St., Madison Wl 53704 . (608) 244-0500 

TELEMETRY SYSTEMS & ENGINEERING 
Telemetry Technologies, Inc., 3307 West St., Rosenberg. TX 77471 . (713) 344-9000 

SOFTWARE & SYSTEMS, CAD/CAE 

SOFTWARE 
Circuit Simulation 
Design Automation, Inc., 4 Tyler Rd., Lexington, MA 02173 . (617) 862-8998 Fax (617) 862-3769 
ingSoft Ltd. - the providers of the RF Designer® Solution . (41 6) 730-961 1 
312 Dunview Ave., North York, ON M2N-4H9, Canada; bbs: 226-9820 . Fax: 733-3884 

Waypoint Software, 
5540 Manor Court, Woodland Park. CO 80863-9084 . (719) 687-5458 (Waypointsw@aol.com) 

SYSTEM SIMULATION 
RHR Laboratories, 207 Harding Blvd. W., Richmond Hill, Ontario, CN L4C 8x6 . (905) 884-2392 
Tesoft , Inc., 205 Crossing Creek Ct., Roswell, GA 30076 . (800) 631-1113 
Makers of TESLA Com Simulator . Fax (770) 664-5817 Inti (770) 751-9785 

To place your yellow page ad - Call 1-800-443-4969 
Ask for your yellow page representative. 
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ELECTRONIC COMPONENTS AND EQUIPMENT ELECTRONIC COMPONENTS AND EQUIPMENT 
VII SUPPRESSION COMPONENTS 
4I7RFI Filters 
roN Corp., P.O. Box 743 Skokie, IL 60076. (708) 679-7180 
ntek, 9765 Marconi Dr., #205, San Diego, CA 92173 . (619) 661-8119 

irrite Beads. Rods. Forms 
ir-Rite Products Corp., P.O. Box J, Wallkil . NY 12589. (800) 836-0427 

>0 AND SURGE CONTROL COMPONENTS 
IhtninaArrestors 
•cher Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 

\BLE AND CONNECTORS 
innectors And Adapters 
IC Telecommunications. 4900 W. 78th St., Minneapolis. MN 55435 . (800) 366-3891 X3000 

Hita! Fi bers And Connectors 
IC Telecommunications, 4900 W. 78th St., Minneapolis, MN 55435 . (800) 366-3891 X3000 

VIC TEST EQUIPMENT -EMISSIONS 
isorbers 
vanced Electromagnetics, Inc., P.O. Box 711719, Santee, CA. 92072- 1719. (619) 449-9492 
crosorb Technologies, Inc., 14A Airport Dr. Hopedale, MA 01747 . (508)634-1900 
ntec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 
lechoic Chambers 
vanced Electromagnetics, Inc., P.O. Box 71 1719, Santee, CA. 92072-1719. (619) 449-9492 
ntec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 
itennas 
tenna Research Associates, Inc., 11317 Fredrick Ave.. Beltsville, MD 20705. (301) 937-8888 
ICO. P.O. Box 1546. Austin, TX. 78767. (512) 835-4684 
Hennas Above 30 MHz 
tenna Research Associates. Inc., 11317 Fredrick Ave.. Beltsville. MD 20705 . (301) 937-8888 
1CO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 
itennas Masts 
tenna Research Associates. Inc., 11317 Fredrick Ave.. Beltsville. MD 20705 . (301) 937-8888 

irrent Probes 
•cher Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 
i Physics Corp., 11 Industrial Way. Atkinson NH 03811 . (603) 893-6687 
rrite Absorber Tiles 
ntec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 
fEM Cells 
tenna Research Associates. Inc., 11317 Fredrick Ave., Beltsville. MD 20705 . (301) 937-8888 
ne Impedance 
1CO, P.O. Box 1546. Austin, TX. 78767. (512) 835-4684 
ne Impedance Stabilization Networks 
ICO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

cher Custom Communications, 2905 W. Lomita Blvd, Torrence, CA 90505. (310) 891-0635 
ntec, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 
;ar Field Probes 
1CO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 
lielding Effectiveness Testers 
ICO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

me TEST EQUIPMENT - SUSCEPTIBILITY 
itennas 
tenna Research Associates, Inc., 11317 Fredrick Ave., Beltsville, MD 20705. (301) 937-8888 
1CO. P.O. Box 1546, Austin. TX. 78767. (512) 835-4684 
EieldProbes 
1CO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 
[EMiells 
tenna Research Associates, Inc., 11317 Fredrick Ave.. Beltsville, MD 20705. (301) 937-8888 
1C0. P.O. Box 1546. Austin, TX 78767. (512) 835-4684 

EMC TEST EQUIPMENT ■ SUSCEPTIBILITY 
Pulse Generators 
EMCO, P.O. Box 1546. Austin, TX 78767. (512) 835-4684 
Sheilded Fiber Optic Links 
Antenna Research Associates. Inc., 11317 Fredrick Ave.. Beltsville, MD 20705 . (301) 937-8888 

ESD TEST EQUIPMENT 
ESP Event Detectors 
TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY. 14103. (800) FOR-TREK 
Surface & Volume Resistivity Meters 
TREK INC., 3932 Salt Works Rd., P.O. Box 728, Medina, NY. 14103. (800) FOR-TREK 

MATERIALS, HARDWARE AND PACKAGING 
SHIELDING MATERIALS 
Antenna Towers 
EMCO, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 
Conductive Adhesives 
Venture Tape Corp., 30 Commerce Rd, Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Conductive Fiber/Fabric 
Venture Tape Corp, 30 Commerce Rd, Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Ferrite Absorber Tiles 
Fair-Rite Products Corp., P.O. Box J, Wallkil, NY 12589. (800) 836-0427 
Gasketing Materials 
Venture Tape Corp, 30 Commerce Rd, Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Laminates 
Venture Tape Corp, 30 Commerce Rd, Rockland, MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Positioning Controls 
EMCO, P.O. Box 1546, Austin, TX 78767. (512) 835-4684 
Sheilding Foils and Tapes 
Venture Tape Corp, 30 Commerce Rd, Rockland. MA 02370 . (800) 343-1076 Fax: (617) 871-0065 
Tripods 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 
Turntables 
EMCO, P.O. Box 1546, Austin, TX. 78767. (512) 835-4684 

ESD PACKAGING 
Antistatic and Conductive Polyurethanes 
Pad-Tastics, Inc, P.O Box 50479. Cicero. IL 60650 . (708) 780-8402 FAX (708) 780-1636 

ESD ENVIRONMENTAL CONTROL 
Antistatic or Conductive Flooring 

nora" 
ESD Safe Rubber Flooring for Work Areas . 

1-800-332-NORA 1

Nora Rubber Flooring 

TEST LABORATORIES AND CONSULTANTS 
TEST LABORATORIES 
TUV Product Service, Inc, 1775 Old Hwy. 8, New Brighton, MN 55112. (800) 472-7999 

CONSULTANTS 
Kimmel Gerke Assoc. Ltd, 1544 N. Pascal, St. Paul, MN 55108 . (612) 330-3728 

EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp. 

You won’t get any calls if no one knows 
your number. 

But the RF-Design and EMC Test and Design Directory can help solve that problem. Our 
directory will put you in touch with over 40,000 decision makers in the RF-Design and EMC 
industry. There are fantastic introductory offers that make advertising even easier. 

Call Shannon Shuman at 1-800-443-4969 for details. 
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RF guide to editorial coverage 
3M Company 
ABI Electronics Ltd. 
Absolute Time Corp. 
ACIL 
ADC Telecommunications 
Advanced MobilComm 
Advanced Power Technology 
ALK Engineering 
American Microsystems, Inc. 
American Personal Communications 
AMP Inc. 
Amplifier Research 
Anadigics 
Anaren Microwave 
Andrew Corp. 
Anritsu Wiltron 
Arden Technologies 
Avista Design Systems 
Antennaco 
AVX Corp. 
Barry Industries 
BellSouth 
Berekely Varitronics 
BTG USA inc. 
B urr-Brown Corp. 
California Amplifier 
California Eastern Laboratories 
Ceramaseal 
Dexter Electronic Materials 
Digital Scientific 
Directed Energy, Inc. 
Eagleware Corporation 
Electronic Products Inc. 
Electronic Technology Corp. 
EMC Test Systems 

EMC 9 
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62 

EMC 5 
22 
22 

16, 63 
24 
60 
22 
22 

EMC 9 
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58 
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95 
95 
27 

61, EMC 9 
64 
22 
63 
22 
60 
61 
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96 
22 
22 
63 
51 
96 
22 

EMC 9 

ENI 
Ericsson Radio Systems 
IEE/INSPEC 
Intercel Inc. 
Interad, Ltd. 
Intelligent Instrumentation 
Intusoft 
Itelco 
Ivex Design International 
JASTECH 
JB Data 
Johanson Dielectrics 
KEL COM 
KP Microwave Components 
Lindgren RF Enclosures 
LNR Communications 
Loral Micro wave - Narda 
Math Works Inc., The 
Micro Networks Corp. 
MicroSim Corp. 
Microwave Solutions 
Milliren Technologies 
Mini-Circuits 
MITEQ, Inc. 
Motorola Semiconductor 
Motorola Land Mobile Products 
National Semiconductor 
Noble Publishing 
North American Capacitor Co. 
Oak Frequency Control 
Ohmtek, Inc. 
Omnipoint Corp. 
Optoelectronics, Inc. 
Pacific Telesis Group 
Panasonic Factory Automation 

EMC 9 Pasternack Enteiprises 96 
22 Pawlan Communications 64 
96 PCS Wireless 22 
22 PCSI 27 
61 Phoenix Microwave Corp. 22 
96 Pittencrief Communications 22 

52, 95, 96 Polyfet RF Devices 63 
16 Proxim, Inc. 22 
95 Racal Instruments 61 

EMC 5 Radio Research Instrument Co. 96 
96 RF Industries Ltd. 27 
61 RF Neulink 96 
58 RF Power Components 64 
64 RHR Laboratories 41, 95 

EMC 5 Richardson Electronics 22 
27 Rohde & Schwarz 63, 96 
64 Schaffner EMC EMC 9 
40 Signatec, Inc. 60 
58 Spectrum Control Inc. EMC 9 

33, 52 Synergy Micro wave 96 
27 Technical Research and Manufacturing 22 
64 Telephone and Data Systems, Inc. 22 

51, 64 Temic Semiconductors 63 
60 Texas Instruments 76 

10, 59, 96 Toko America 64 
95 Toshiba America 60 

22, 59 TriQuint Semiconductor, Inc. 58 
96 URS Corporation 22 
61 Visual Solutions, Inc. 95 
63 VLSI Technology 59 
61 Wandel & Goltermann 96 

22, 27 Western Wireless Corp. 22 
62 Wireless Radio 63 
22 WPI Connector Products EMC 9 
62 
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25tol025MHzVCO's 
load insensitive (+9dBm output) 

From Mini-Circuits... here ’s the ZOS solution! A winning lineup of 
low cost, connectorized voltage controlled oscillators that typically 
provide wide octave band linear tuning, low phase noise, and 
excellent 25dB harmonic suppression. The dual output provides 
well isolated ports(47dB typ), and frequency settings are virtually 
independent of the load. Applications include frequency 
monitoring, PLL circuitry, laboratory use, and as a frequency 
source for burn-in, power test, and other production testing. So, 
turn to the ZOS solution for re I ¡able, high performance VCO’s 
with the “ cj Mini-Circuits” stamp of value. 

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

Model Freq. Range Phase Noise Pulling, Typ. Harmonics 
No. (MHz) (dBc/Hz) (MHz)pk-pk (dBc) 

Min.-Max. SSB@10kHzTyp. @OdBr Typ. 

Z0S-50 25-50 -107 0.012 -22 
ZOS-75 37.5-75 -110 0.016 -26 
ZOS-100 50-100 -111 0.026 -29 
ZOS-150 75-150 -107 0.017 -26 
ZOS-200 100-200 -106 0.015 -25 
ZOS-300 150-280 -103 0.017 -27 
ZOS-400 200-380 -100 0.021 -24 
ZOS-535 300-525 -96 0.018 -27 
ZOS-765 485-765 -96 0.033 -27 
ZOS-1025 685-1025 -92 0.051 -25 
Notes: Tuning voltage 1 to 16V required to cover freq, range. Power output 

+9dBm Typ. (Main). Power 12V DC, +130mA (MAX.). Operating 
temperature range: -55°C to +85°C. 

Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com C/RCLE READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
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Fast Lock ¡¡mes 
s? PLLatinum. 

LLatinum™: the industry's highest performing PLLs . 
'e could spend hours talking about our amazing single and 

tai PLLs, but we’ll make this quick— our FastLock” technology 

ia bles improved lock times with no added noise or changes 

loop feed. The PLLatinum product family performs over the 

idest frequency range in the industry (510MHz to 2500MHz). 

id very low power consumption extends battery life. So call 

800-324-4443, Ext. 605’ for a free sample and a product 

¡lection guide. Because isn't it time you went PLLatinum? 
LMX2332A switching from 865MH7 to 915MH/ 

(the GSM band) in less than 350gs 

LMX1501A LMX151I LMX2314/15 LMX2320 LMX2325 LMX2330A LMX2331A LMX2332A LMX2335 LMX2336 LMX2337 

: Input-Main PLL 

: Input-Aux PLL 

1.1GHz 1.1GHz 1.2GHz 2.0GHz 2.5GHz 2.5GHz 

510MHz 

2.0GHz 

510MHz 

1.2GHz 

510MHz 

1.1GHz 

1.1GHz 

2.0GHz 

1.1GHz 

550MHz 

550MHz 

(typ) @3V 

jwerdown (typ) 

6mA 

N/A 

6mA 

N/A 

6mA 

30pA 

10mA 

30pA 

11mA 

30pA 

15mA 

1pA 

14mA 

1pA 

8mA 

IpA 

9mA 

1pA 

11mA 

1pA 

9mA 

1pA 

National Semiconductor 

Europe call +49 (0) 180 532 78 32 (English) or +49 (0) 180 530 85 85 (Germanl; in Japan call 81-43-299-2300; in Southeast Asia call 852-2737-1600 
©1995 National Semiconductor Corporation. PLLatinum and FastLock are trademarks of National Semiconductor Corporation. All rights reserved. 
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