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Do You 
Have The 

Tools To Test... 

• C/N • Eb/No • SATCOM • CAW • DOCSIS 
• Jamming • Noise Power Ratio • Fibre Channel 

• Wireless • Military Applications 
• Noise Figure Measurement • Automated Test Equipment 

We Do! 

UFX 7000 Series 

Ask us how our products 
can meet your testing needs. 
E. 64 Midland Avenue, Paramus, NJ 07652 
Phone: (201) 261-6797 Fax: (201) 261-8339 
Email: info@noisec3m.com 
Web Site: http://www.noisecom.com 

INFQCARD1 

NOIS^ 



Only Raltron has it all... 

^LTL-T clocks 
Frequency Range to 160 MHz 
Tolerance and Stability to ± 10 PPM 
Temperature Range -55°C to 125°C 
+3.3 Volt Option (HCMOS) 
Enable I Disable Option 
Through Hole and SMD Configurations 

V\AA TCXO’S 

Frequency Range to 160 MHz and Higher 
Stability to ± 0.3 PPM 
Wide Temperature Range 
Low Phase Noise 
Through Hole and SMD Configurations 

RRLTR+n 
10651 NW 19' h Avenue 
Miami, Florida 33172 U.S.A 
Tel: 305-593-6033 
Fax: 305-594-3973 
e-mail: sales@raltron.com 
internet: http://www.raltron.com 

VCXO’S vÆAj 
Frequency Range to 2.48 GHz 
Tolerance and Stability to ± 10 PPM 
Temperature Range -55°C to 125°C 
+3.3 Volt Option (HCMOS) 
Enable I Disable Option 
Through Hole and SMD Configurations 

ocxo’s J~LTL 
Frequency Range to 100 MHz 
Frequency Stability to ± 1.0 PPB 
Temperature Range -40°C to 85°C 
Excellent Short and Long Term Stability 
Enable / Disable Option 
Through Hole and Surface Mount 

A Worldwide Manufacturer of: 
>1 Microprocessor Crystals 
>1 Oscillators 
>1 Crystal Filters 
a/ Ceramic Resonator 
y¡ Saw Devices 
VCO Products 
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HIGH 
IPS MlYfPS 

suppress noisy intermods 

The popularity of wireless communication services is soaring, but 
when signal overcrowding creates intermodulation distortion... 
Mini-Circuits has the solution! Our full range of low distortion high 
IP3 mixers provide the muscle it takes to suppress noisy intermods 
and clear the air of unwanted signals. At the same time, these 
affordable surface mount and plug-in solutions achieve low 
conversion loss and excellent L-R, L-l isolation. Developed for 
both analog and digital use, applications include airphone, cellular 
and cordless phones, radar, satellite, FM Broadcast, ISM, PCS, and 
PCN. Achieve the high performance your customers expect. 
Specify low loss, high IP3 mixers from Mini-Circuits. It's the clear choice! 

t Mini-Circuits® is proud to be a sponsor of the 1999 U.S. Interplay Chess Championships Sal[Lake City, Utah 

TYPICAL SPECIFICATIONS (L0=+17dBm), Surface Mount 

IP3 
Freq. Midband 

Model (MHz) (dBm) 
*ADE-10H 400-1000 30 
*ADE-12H 500-1200 28 

SYM-18H 5-1800 30 
SYM-10DH 800-1000 31 
SYM-22H 1500-2200 30 

•TUF-18DHSM 100-1800 27 
*ADM-10DH 800-1000 30 

Innovative Technology 
(Patent Pending) 

Isol. Conv.Loss 
Bandwide Midband Price $ea. 

L-R L-l (dB) (dB) Qty. 1-9 
39 25 7.0 7.95** 
34 28 6.7 8.95 

45 40 5.75 17.95 
45 29 7.6 18.95 
33 38 5.6 19.95 

41 33 7.3 21.95 
35 37 6.0 15.95 

**Quantity 10 to 49 
•Plug-in version available, specify TUF-18DH 
Available in tape and reel. 

Mini-Circuits 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuits.com CKLE KADER SERVICE CARO 

For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE • EEM • MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 
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2WSMA DC tol8GHz ATTENUATORS 
How can you buy attenuators that combine world renowned engineering expertise with 
high quality stainless steel construction, low cost, and off-the-shelf availability? Specify 
Mini-Circuits fixed attenuators! Built tough to handle 2 watts average with 125 watts 
peak power, this attenuator series supplies precision accurate 1 dB to 40dB 
attenuation values with high temperature stability and excellent phase linearity 
in the wide DC to 18GHz band. Call Mini-Circuits and capture this next 
generation of value for your system integration today! 

t Mini-Circuits® is proud to be a sponsor ot the 1999 U.S. Interplay Chess Championships Salt Lake City, Utah 

Model Nominal 
BW-S1W2 1 
BW-S2W2 2 
BW-S3W2 3 
BW-S4W2 4 
BW-S5W2 5 

BW-S6W2 6 
BW-S7W2 7 
BW-S8W2 8 
BW-S9W2 9 
BW-S10W2 10 

Attenuation (dB) 
Accuracy* 
±0 40 

Length 
(Inches) 

85 
±0.40 85 
±0.40 .85 
±0.40 85 
±0.40 85 

±0.40 85 
±0.60 85 
±0.60 85 
±0.60 85 
±060 85 

Buy 1F ree! 
Buy Up To 25 Units Of Each Model At The Regular Price 

Get An Equal Amount FREE! 
Offer expires January 31 , Year-2000 

BW-S12W2 12 
BW-S15W2 15 
BW-S20W2 20 
BW-S30W2 30 
BW-S40W2 40 

±0.60 85 
±0.60 99 
±0.60 .99 
±0.85 .99 
±0.85 .99 

Equipped with SMA male and female connectors. 
.312" across hex flats. 
•At 25°G includes power and frequency variations up to 
12.4GHz. Above 12.4GHz add 0 5dB tvp to accuracy. 

ALL VALUES IN STOCK 

C3 Mini-Circuits US & NTL ® 

CIRCLE READER SERVICE CARD 

P.O.Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG S WEB SITE 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com 

ISO 9001 CERTIFIED F 276 Rev D 



Innovative Mixers 

-smaller size -better performance -lower cost 200kHz to 4200MHz from 1(10-49) 

• j Searching high and low for a better frequency 
11™ mixer? Then take a closer look at the 

innovative Innovative Technology built into Mini-Circuits 
technology ADE mixers. Smaller size is achieved using 

an ultra-slim, patent pending package with a profile as low as 
0.080 inches (2mm) in height. Electrically, ADE mixers deliver 
better performance than previous generation mixers through all 
welded connections and unique assembly construction which 
reduces parasitic inductance. The result is dramatically improved high 
frequency and IP2-IP3 performance. Plus, ADE’s innovative package 
design allows water wash to drain and eliminates 
the possibility of residue entrapment. Another 
ADE high point is the Io wer cost... priced from 
only $1 .99 each (qty. 10-49). So, if you’ve been 
searching high and low for a mixer to exceed 
expectations...ADE is it™ 

ADE* TYPICAL SPECIFICATIONS: 

ACTUAL SIZE 

t Mini-Circuits9 is proud to be a sponsor of the 1999 U.S. Interplay Chess Championships 
Salt Lake City, Utah 

Model (mm) 
ADE-1 L 3 
ADE-3L 4 
ADE-1 4 
ADE-1 ASK 3 
ADE-2ASK 3 
ADE-12 2 
ADE-4 3 
ADE-14 2 
ADE-901 3 
ADE-5 3 
ADE-13 2 
ADE-20 3 
ADE-18 3 
ADE-3GL 2 
ADE-3G 3 
ADE-30 3 
ADE-32 3 
ADE-35 3 
ADE-18W 3 
ADE-30W 3 
ADE-1MH 3 
ADE-12MH 3 
ADE-25MH 3 
ADE-35MH 3 
ADE-42MH 3 
ADE-10H 3 
ADE-1 2H 3 
ADE-20H 3 

Freq. LO 
(MHz) (dBm) 

2-500 +3 
0.2-400 +3 
0.5-500 +7 
2-600 +7 
1-1000 +7 
50-1000 +7 
200-1000 +7 
800-1000 +7 
800-1000 +7 
5-1500 +7 
50-1600 +7 
1500-2000 +7 
1700-2500 +7 
2100-2600 +7 
2300-2700 +7 
200-3000 +7 
2500-3200 +7 
1600-3500 +7 
1750-3500 +7 
300-4000 +7 
2-500 +13 
10-1200 +13 
5-2500 +13 
5-3500 +13 
5-4200 +13 

400-1000 +17 
500-1200 +17 
1500-2000 +17 

Conv. Loss L-R Isol. 
Midband Bandwide 

(dB) (dB) 
5.2 55” 
5.3 47” 
5.0 55-
5.3 50-
5.4 45-
7.0 35 
6.8 53” 
7.4 32 
5.9 32 
6.6 40-
8.1 40-
5.4 31 
4.9 27 
6.0 34 
5.6 36 
4.5 35 
5.4 29 
6.3 25 
5.4 33 
6.8 35 
5.2 50-
6.3 45" 
6.9 34" 
6.9 33-
7.5 29" 
7.0 39 
6.7 34 
5.2 29 

16 
10 
15 
16 
12 
17 
15 
17 
13 
15 
11 
14 

10 
17 
13 
14 
15 
11 
11 
12 
17 
22 
18 
18 
17 
30 
28 
24 

Component mounting area on customer PC board is 0.320’x 0.290*. 
••Specified midband. ‘Patent Pending. 

Price (Seat) 
Qty. 10-49 

3.95 
4.25 
1.99 
3.95 
4.25 
2.95 
4.25 
3.25 
2.95 
3.45 
3.10 

3.45 
4.95 
3.45 
6.95 
6.95 
4.95 
3.95 
8.95 
5.95 
6.45 
6.95 
9.95 
14.95 
7.95 
8.95 
8.95 

C3 Mini-Circuits .« 
CIRCLE READER SEFMCE CARD 

P.O. Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuitS.com 
For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE • EEM - MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 
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GET LINKED - RF Design Online 
now has three ways to link to com¬ 
panies mentioned in this issue: 
advertiser links, product guide 
and editorial links. See page 66 
for more information. 

22)- — Featured technology: RF standards 
RF system issues related to CDMA receiver 
specifications — A guide to the derivation of the essen¬ 
tial RF front-end system level and block level specifications 
for the receiver section of a CDMA mobile station 

— Walid Y. Ali-Achmad, Ph.D. 

34)- Featured technology: EMC/RFI 
Basic steps to successful EMC design — Solid 
design techniques and common sense are your best tools to 
reduce the effect of electrical and thermal stresses on 
electronic systems. —V. Lakshminarayanan 

50)- Cover story: Consumer Electronics 
Consumer electronics enters the wireless 
fast lane— Like so many other high-end technologies, 
wireless is permeating the consumer industry with blazing 
speed. Smart versions of homes, appliances and computer 
networks are all poised to stake a claim in this burgeoning 
industry. —Ernest Worthman 

72)- — Tutorial: Time & Frequency 
Designing a low-noise VCO on FR4 — Using a 
CAD program, you can design a cost-effective voltage con¬ 
trolled oscillator using inexpensive PWB materials. 

—Randall W. Rhea 

82)— — Tutorial: Computing difference values 
Correcting for spectrum analyzer noise in digital 
modulation measurements — This simple proce¬ 
dure can help you compute correction factors for any differ¬ 
ence value. —Morris Engleson 

110)- RF...in Ernest 
Ernest Worthman offers his opinion on the IEEE’s lack of 
responsiveness. 
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Uli ka-Low Noise ... 
editorial 

Goodbye, 
satphones? 

By Don Bishop 
Editor Director 

Amplifiers for 
Every Application 

P/N 
I Freq. I 
(GHz) 

1 Gain I 
(dB) 

NF 
MB) 

Price 
(1-9) 

JCA 12 F0I 10-2 0 22 1.2 $395 
JCA24-F01 2 0-40 22 1.5 $495 
JCA48 FOI 4.0-8.0 22 1.8 $495 
JCA812-F01 8.0-12.0 22 2.5 $495 
JCA12I8-FO1 12.0-18.0 22 3.5 $495 

KA218-H0 2.0-18.0 18 5.0 $595 

• 2 1 VSWR ln/Out 
■ + lOdBm Output 
■ Removable SMA 

Drop-in Packages 
■+15 VDC 

■ Options: 
- Higher Gain 
- Lower Noise 
- Custom Packages 
- Temperature 

Compensation 
- Integrated 

Power Supplies 
- Limiting 

Amplifiers 

JCA 
TECHNOLOGY 

JCA’s Catalog can now be 
downloaded from the web at 

www.jcatech.com 

Delivery in 2-4 Weeks ARO 
Call (805) 445-9888 

4000 Via Pescador • Camarillo, CA 93012 
FAX: (805) 987-6990 

First, Iridium ... 
Iridium, thy name is legion, and thy 

bond is defaulted. 
On Aug. 13, Iridium World Commu¬ 

nications and three of its affiliates filed 
for Chapter 11 protection in the U.S. 
Bankruptcy Court in Delaware, the 
same day noteholders sought to place 
one of the affiliates in involuntary 
bankruptcy protection. Filing on Aug. 
13 were Iridium World Communica¬ 
tions, Iridium, Iridium Operating and 
Iridium Capital. Five more affiliates 
were expected to file: Iridium IP, Iridi¬ 
um Roaming, Iridium Potomac, Iridium 
Facility and Iridium Canada Facility. 

Motorola is on the hook for a guaran¬ 
teed bank facility of $742.2 million and 
a disputed trade claim of $591.4 mil¬ 
lion. Senior noteholders are owed $1.5 
billion in high-yield debt, and a bank is 
owed $803.9 million. Earlier, Chase 
Manhattan had asked Motorola to 
guarantee $300 million of $800 million 
it was owed. On Aug. 11, Iridium said 
it had defaulted on the Motorola and 
bank loans. Motorola owns about 18% 
of Iridium. 

Iridium’s 66-satellite low-earth orbit 
(LEO) network cost $5 billion and took 
about 10 years to design, construct, 
launch into orbit and begin operating. 
Subscribers have been slow in coming, 
distribution has misfired, and the 
handsets have had technical problems. 
One of our sources said trouble extends 
to the satellite network, with individ¬ 
ual satellites having problems aiming 
antennas properly, although most 
sources say the network is working 
well. 

Second, ICO Global ... 
On Aug. 27, a company with plans 

for a less-ambitious 10-satellite medi¬ 
um-earth orbit (MEO) network, ICO 
Global, filed for Chapter 11 bankruptcy 
protection. The company had failed to 
secure what it said were necessary 
financing commitments in mid-August. 

Third, ... ? 
If eyes weren’t already turned to 

Globalstar, the international group led 
by Loral Space & Communications, the 
gaze must be upon it, now. Globalstar 
plans to orbit 48 LEO operating satel¬ 
lites and four spares. As of Aug. 17, 36 
had been orbited. “Globalstar will meet 
the needs of cellular users and global 
travelers who roam outside of cellular 
coverage areas, as well as residents of 
under-served markets who will use 
Globalstar’s fixed-site phones to satisfy 
their needs for basic telephony,” compa¬ 
ny literature reads. Eeek! Echoes of 
Iridium, doesn’t it? 

Rapidly expanding terrestrial net¬ 
works overtook the market envisioned 
for satphones. The wireless phone mar¬ 
ket’s growing fine, thank you, but 
apparently it doesn’t need the supple¬ 
mentary coverage offered from space. 
Maybe the computer market does. 

Teledesic, backed by Craig McCaw and 
Bill Gates, will use 288 satellites to 
enable broadband telecommunications 
access. That means “affordable, world¬ 
wide, ‘fiber-like’ broadband Internet 
access, videoconferencing and high-
quality voice,” the company’s literature 
reads. 

Question is, Will land-based ‘fiber¬ 
like’ access, maybe provided by, uh, 
fiber, preclude the need for Teledesic 
services? The betting window is m 
open. 

INFO/CARD 19 or go to www.rfdesign.com 
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ntroducing Scorpion™- the industry’s first complete Vector Network Measurement System. 

Fully Loaded. 

Transmission/ 
reflection or 
full-reversing. 

Includes S-parameters 
with Noise Figure for 

unparalleled vector accuracy. 

Displays any 4 S-parameters 
simultaneously for both 

2-port and 3-port Devices. 

3-Port VNA that also 
measures Noise Figure, 
IMD, and Harmonics. 

Optional 3rd Port and 2nd 
Internal Source eliminate cable 
switching, improve throughput. 

Test Sequencing from the 
keyboard makes repetitive 

operations a snap. 

Internal AutoCai control lets 
you calibrate in 40 seconds. 

No computer needed. 

10 MHz to 3- or 6-GHz 
frequency ranges. 

125 dB dynamic range and 
150-psec/point sweep times. 

Deadly Accurate. 
If tedious RF measurements are poison to you, meet Anritsu’s new 
MS462X “Scorpion” family. More than unsurpassed precision and 

convenience, it’s the antidote to high test costs. Order 

only the functions you need and enjoy dramatic 

savings over separate instruments. So take the sting 

out of your RF testing. Call 1-800-ANRITSU today. 

nritsu MS4622/3 Vector Network Measurement System 
/Inritsu 

See us at PCS ’99 Booth #5128 

Î99 Anntsu Company / Anritsu Sales Offices: United States and Canada. 1800 ANRITSU / Europe 44101582)433200 / 
in 81103)3448.1111 / AsiaPacific 65-2822400 / South America 55(21)527-6922 / http://www.giobal.anr.tsu.com 
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Editorial 
Forum 

By Nikki 
Chandler, 
Senior 
Associate 
Editor 

The CDMA wars 
In what could be compared to a 

love affair gone bad, Qualcomm and 
Motorola are fighting over chipsets 
and handsets. They started out 
their relationship in 1990 with good 
intentions, looking forward to devel¬ 
oping and commercializing code 
division multiple access (CDMA) 
technology. Motorola agreed to 
invest in Qualcomm’s development 
of CDMA, and Qualcomm agreed to 
give Motorola favorable licensing 
treatment and royalty-sharing 
rights. 
Now Qualcomm claims that 

Motorola is infringing on its 
patents, and Motorola says that 
Qualcomm is infringing on its 
patents. Who’s right? They’re both 
taking advantage of the partner¬ 
ship, in which they both worked to 
develop CDMA technology. Now, 
CDMA is the pot of gold, and they’re 
fighting over who found it first. So, 
they’ve dragged each other into 
court, hurtling legalese such as 
“infringement of patents,” “breach of 
contract,” “covenant of good faith” 
and “fair dealing” at one another. 
The latest judgment came in 
Qualcomm’s favor, when a San 
Diego U.S. District Court judge 
ruled that Qualcomm’s Q phone did 
not infringe on Motorola’s patents 
on the appearance of the Startac 
phone. 

Starting to sound like the movie 
“War of the Roses”? Both companies 
are in good positions in the burgeon¬ 
ing CDMA marketplace, and they 
are obviously trying to keep the 
upper hand. It is all about money 
(the root of all evil?), and there 
doesn’t seem to be any kind of truce 
on the horizon. I just hope they 
don’t spend it all in court, when 
they could be making substantial 
advancements to improve communi-’ 
cations for the good of society. 
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Using 
BY ELANIX 

Mixed-Mode Receiver System Simulation 

You've tried other software, but you simply haven't found the digital 
and analog design tools you need in a single integrated environ¬ 

ment. Until now. SystemView by ELANIX bridges the gap between digi¬ 
tal and analog design. SystemView provides the tools you need to 
model your complete system, from RF to bits. 

■ End to End Comm Systems 
Design and test digital/analog 
communications systems such as 
CDMA, GSM, DVB, QPSK, and 
QAM. Includes your choice of error 
correcting encoders/decoders and 
modulators/demodulators. 

■ Bit-True DSP Design 
Supports all major fixed and floating¬ 
point processors. Simulates accurately 
to the bit level. Generates overflow, 
underflow and carry flags. 

■ Distortion-True 
RF/Analog Design 

Includes circuit components such as 
distortion-true mixers, amplifiers, RLC 
circuits, opamp circuits, etc. Allows 
creation of complete TX/RX systems, 
including propagated noise figure. 

■ Interface to MATLAB» 
Use the new SystemView M-link™ 
option to incorporate MATLAB, 
Simulink® and third party libraries and 
systems into your SystemView design. 

■ Attend a FREE SystemView Design Seminar in Your Area 
Attend a FREE half-day seminar to see how SystemView can improve time to 
market and reduce cost. Seminars cover the design flow from algorithm design 
to implementation, using a QPSK system as the design example. Call Elanix or 
browse our web site for dates and locations. 

What They're Saying About SystemView 
"No other program with so 
much simulation power is 
as easy to use. When you 
finish a session with System-
View you realize that you've 
spent all the time applying 
engineering principles and 
none of the time struggling 
with the computer." 
• Richard Chick, MIT Lincoln Labs ■ 

“We use SystemView 
very heavily, not only in 
the brainstorming/proto-
typing stage, but also 
throughout the develop¬ 
ment process — right up 
to the point where we're 
actually building silicon." 

■ Steven Hall, 
CommQuest Technologies -

"For digital filter design, 
SystemView was in¬ 
dispensable due to its 
accurate simulation of 
the fixed point arithmetic 
mode employed on the 
actual DSP processor 
used in my design." 

- Bisla Balvinder, 
Itron-

Data Out 
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Theoretical vs. Actual BEP (Coherent PSK) 

Request or download your 

FREE evaluation software today: 

1-800-5-ELANIX 
www.elanix.com 

<>ELANIX 
▼ INCORPORATED 

5655 Lindero Canyon Road, Westlake Village, CA 91362, Phone: 818-597-1414, Fax: 818-597-1427, elanix@elanix.com, www.elanix.com 
SystemView by ELANIX is a registered trademark of Elanix, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. Xilinx is a registered trademark of Xilinx, Inc. 

INFOCARD 17 



RF calendar RF courses 
September 21-24 IEEE Wireless Communications and 

Networking Conference 99—New 
Orleans—Information: IEEE 
Communications Society, 305 East 47th 
Street, New York, NY 10017-2303. Tel. 
212-705-8900; Fax 212-705-8999; Web site 

27-29 

October 14-20 

17-20 

Oct 31 -Nov 3 

November 1-4 

www.comcos.org, 
32nd International Connector and 
Interconnection Show—Anaheim, CA. 
Information: Pete Walsh, Electronic 
Industries Alliance. Tel. 703-907-7547. 
1999 Engineering Workshops for 
Electromagnetic Compatibility, 
Telecommunications & Public Safety— 
Nashua, NH—Information: Diane Querze, 
Silent Solutions, 20 Patch Road, Hollis, 
NH 03049. Tel. 603-465-3920; Fax 603-
465-3921 
IEEE GaAs IC Symposium—Monterey, 
CA — Information: Harry Kuemmerle, VIP 
Meeting and Conventions, 1515 Palisades, 
Suite I, Pacific Palisades, CA 90272-2113. 
Tel. 310-459-4692; Fax 310-459-0605; Web 
site www.gaasic.org. 
MILCOM ’99—Atlantic City— Information: 
Gerald Wl. Lazaroff, Vice President 
Corporate Development, Lucent 
Technologies, 9305-D Gerwig Lane, 
Columbia, MD 21045. Tel. 410-309-7032; 
e-mail Lazarofl@lucent.com. 
DSP World.lCSPAT—Orlando-
Information: Miller Freeman. 

12 

December 5-8 

5-9 

13-19 

Tel. 415-538-3848; 
e-mail dspworld@mfi.com. 
IEEE International Electron Devices 
Meeting (IEDM)—Washington DC— 
Information: 101 Lakeforest Boulevard, 
Suite 270, Gaithersburg, MD 20877. Tel. 
301-527-0900; Fax 301 527-0994; e-mail 
pwmahoney@aol.com . 
IEEE Global Communications 
Converence—Rio de Janeiro — 
Information: Roberto de Marca Cetuc-
Puc/Rio, Rua Marques de Sao Vicente 225, 
Rio De Janeiro, RJ, 22453, Brazil. Tel 
+55.21.512.2091; Fax +55.21.294.5748; e-
mail jrbm@equitell.ecetuc.puc-rio.br; Web 
site www.globecom99mhw.com.br 
7th International Symposium on Recent 
Advances in Microwave Technology— 
Malaga, Spain — Information: Banmali 
Rawat, Technical Program Co-Chair, Dept. 
Electrical Engineering/MS 260, University 
of Nevada, Reno, Nevada 89557-0153. Tel 
702-784-6927; Fax 702-784-6627; e-mail 
rawat@ee.unr.edu; Web site www.is-
ramt99.ic.uma.es 

UCLA Extension— Digital Signal Processing 
Applications in Wireless Communications — Sep 
29-Oct 1; Optical Fiber Communications: Techniques 
and Applications — Oct 12-15; Integrated Circuit 
Design for WirelessTransceivers — Oct 19-22; 
Compression for Digital TV—Oct 20-22; MEMS for 
Optical and RF Applications — Nov 1-3; Automatic 
Test Equipment (ATE) Selection, Design and 
Programing— Dec 6-7; Design Testability and Built-
in Self Test —Dec 8-10, Los Angeles. Information: 
UCLA Extension, Department of Engineering, 
Information Systems and Technical Management, 
Short Courses, 10995 Le Conte Ave., Suite 542, Los 
Angeles, CA 90024-2883. Tel. 310-825-3858; Fax 
310-206-2815; e-mail tlawrenc@unex.ucle.edu. 

University of Missouri-Rolla— Grounding and 
Shielding Electronic Systems—How to Diagnose and 
Solve Electrical Noise Problems—Sep 13-15, Detroit, 
Sep 21-23, Denver; Nov 3-5, Austin, TX; Nov 8-10, 
Houston. Information: UMR Continuing Education, 
Tel 573-341-4132/4200; Fax 573-341-4992. 

University of Oxford— Software Radio —Sep 16-17; 
RF Integration Using Integrated Passive Components 
and Multichip Modules — Sep 16-17; CDMA for 2nd 
and 3rd Generation Communication Systems—Nov 
22-23; University of Oxford, UK. Information: 
OUSEP (rfdes), CPD Centre, University of Oxford, 
Department of Continuing Education, 67 St. Giles, 
Oxford, OXI 3LU. 
Tel. 44 (0) 1865.288170; e-mail 
dee.broquard@conted.ox.ac.uk. 

Georgia Institute of Technology — RF and Wireless 
Engineering —Oct 25-29, Atlanta. Information: 
Distance Learning, Continuing Education and 
Outreach, Georgia Institute of Technology, Atlanta, 
GA 30332-0385. Tel 404-894-2547. 

R.A. Wood Associates—Introductory RF and 
Microwaves — Oct 4-5; Phase Lock Loops and 
Frequency Synthesis for Wireless Engineers—Oct 
7-8; RF Power Amplifiers, Class A thru S-How They 
operate and When to Use Each —Oct 4-5, Utica, NY. 
Information: R.A. Wood Associates, 1001 Broad 
Street, Suite 450, Utica, NY, 13501. Tel. 315-735-
4217; Fax 315-735-4328; e-mail 
RAWood@rawood.com; Web site www.rawood.com. 

UC Berkeley—Real-Time Programming for Embedded 
Systems, An Intensive Introduction — Sep 21-22, San 
Francisco; Oct 25-26, Phoenix; Nov 9-10, Los 
Angeles; Advanced Real-Time Programming for 
Embedded Systems—Sep 23-24, San Francisco; Oct 
27-28, Phoenix; Nov 11-12, Los Angeles; Wireless 
Communications —Oct 27-28, San Franciso; Design 
for Electromagnetic Compatibility — Nov 1-2, San 
Francisco; Low -Power Circuits and Systems for 
Digital Wireless Communications — Nov 11-12, 
Redwood City, CA Information: UC Berkeley 
Extension, Engineering. Tel. 510-642-4151; Fax 510-
642-6027; e-mail course@unx. berkeley.edu; Web site 
www.unex.berkeley.edu/eng. 
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METAL IS A GREAT 
CONVECTION-COOLED LOAD. 
YOU JUST NEER TO KNOW WHAT TO CARVE AWAY. 

At Bird, we know. We've carefully 
analyzed materials, geometries, fin¬ 
ishes, and dozens of other details to 
create cost-effective, high-performance 
components which are as much artistry 
as engineering. 

Call us for a quotation on Bird Convec¬ 
tion-Cooled RF Loads and Attenuators. 
Quantities are available from stock at 
the factory. 

® Lightweight, compact, conservatively 
rated 0.5W to 1000W designs. 

® Even heat distribution for lower 
temperatures and higher reliability. 

■ Low VSWR (typically 1.10:1 or better, 
DC to 1 GHz). Maximum frequencies 
to 18 GHz. 

■ Use of non-magnetic materials pro¬ 
vides for very low intermodulation 
characteristics. 

Bii«l Electronic Corporation A Member of Bird Technologies Group 

30303 Aurora Road, Cleveland, OH 44139-2794 • Tel: 440-248-1200 • Fax:440-248-5426 

Internet: http://www.bird-electronic.com • E-mail: sales@bird-electronic.com 
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RF news 
GSM sees significant 
activity 

What’s been going on in the world of 
global system for mobile communica¬ 
tions (GSM)? Plenty, according to 
recent announcements. Recent 
announcements include: 

• In mid-August, the GSM 
Association launched its Associate 
Membership program for global GSM 
suppliers and manufacturers. The 
program’s key goal is to enhance coop¬ 
eration and sharing of information 
between suppliers and international 
network operators, thereby delivering 
increased product, feature and service 
benefits to global GSM customers. 
The first eight members, IBM, GTE 
Telecommunication Services, Mach, 
Bull CP8, Nera Satcom, IDEA 
System, Swiss Clearline and DanNet, 
represent a variety of GSM-related 
technology. 

• GSM calls from aircraft have been 
simplified with an agreement formed 
by the GSM Association and SkyPhone 
to use *TAP (Transferred Account 
Procedures), the association’s world 

standard mobile call billing protocol. 
Via special equipment onboard aircraft, 
GSM customers will soon be able to 
charge satellite calls that will be billed 
to their account by their home network. 
Customers who sign up for the service 
will use a swipe card that will automat¬ 
ically link call charges to the r mobile 
phone account. 

• The take-up of PCS/GSM digital 
cellular services in North America con¬ 
tinues at a breath-taking pace, accord¬ 
ing to the GSM Association. U.S. and 
Canadian PCS networks added 660,000 
new subscribers in the second quarter 
of 1999, pushing total subscriber levels 
to 4.2 million. The total North 
American number should top six mil¬ 
lion subscribers by year-end, according 
to Bob Stapleton, the newly installed 
chair of the North American GSM 
Alliance and president of VoiceStream 
Wireless. 

• In other association news, the 
GSM Association has appointed Robert 
G. Conway as its new director general. 
Conway was formerly head of global 
business development for Motorola’s 

Your Design Innovations: Priceless. 

OFC's Big Idea Book: Absolutely Free. 

OFC's 1999 Oscillator Data Book is our idea 
book for design engineers. With over 170 
pages of the latest products and information, 

including extensive application notes, you're sure 
to find innovative solutions to your frequency 
control design needs. 

To receive your free copy of OFC's new Data 
Book, call us at 717-486-3411 or fax your request 
at 717-486-5920. You can also e-mail OFC at 
sales@ofc.com or visit us on the web at 
www.ofc.com. 

Li 
TELE QUARZ GROUP Oak Frequency Control Group 

- World Leaders in Frequency Control Products -

INFO/CARD102 or go to www.rfdesign.com 

International Network Ventures Group 
and served as general counsel for 
Motorola’s Subscriber Terminals 
Group. The GSM Association is respon¬ 
sible for the development, deployment 
and evolution of GSM and for promot¬ 
ing GSM open standards. 

HP test group undergoes 
major reorganization 
Hewlett-Packard (HP), Palto Alto, 

CA, has announced a major reorganiza¬ 
tion of business operations within its 
automated test group. The effort is 
being done to bolster its sales and ser¬ 
vice of test products, services and pro¬ 
duction-test solutions for the semicon¬ 
ductor industry. 
The reorganization will result in four 

semiconductor test groups: system-on-
a-chip (SOC) devices, radio frequency 
integrated chips (RFICs), memory ICs 
and semiconductor parametric test 
(process monitoring). 

Also, HP’s newly created silicon-sys-
tems test division (SSTD) will focus on 
delivering products for SOC IC 
designs. SSTD combines HP’s 
Boeblingen semiconductor test division 
(Germany) with its Hachioji semicon¬ 
ductor division (Japan). The new divi¬ 
sion will be headquartered in 
Boeblingen, Germany. The division 
will develop a series of hybrid SOC test 
systems, while producing and support¬ 
ing both product lines. 

Harris Semiconductor gets 
name change 

Harris Semiconductor, Palm Bay, 
FL, will change its name to Intersil 
when it separates from Harris as part 
of the previously announced sale. 
Under its new name, Intersil will oper¬ 
ate as a subsidiary of Sterling Holding 
LLC, a Citicorp Venture Capital invest¬ 
ment portfolio company. 
According to Gregory Williams, 

president of Harris Semiconductor, the 
new name was selected for a number ol 
reasons. “The first half of the new 
name signals our intention of pursuing 
Internet-related opportunities,’ 
Williams says. “The second half of the 
Intersil name underscores our legacy in 
world-class silicon technology.” 

Home automation 
networking turning on 
The small office home office phenom¬ 

enon has led to the emergence of the 
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SURFACE MOUNT 

KF nUNSFÜRMERS 
Over 100 off-the-shelf models... 

4kHz to 2200MHz 
What makes Mini-Circuits your single source for surface 
mount RF transformers? Variety, availability, performance, 
and price! From wide band transformers with low droop and 
fast risetime capabilities for pulse applications, to a particular 
impedance ratio from 1:1 through 1:36 specified for a wide 
range of impedance coverage, we will work with you on your 
design challenges. Tangible benefits such as very high 
dielectric breakdown voltage, excellent amplitude and phase 
unbalance for balanced to unbalanced applications, and 
easy to use surface mount package styles make Mini-Circuits 

surface mount transformers a great value. Our new ADT 
transformers are changing the face of RF transformer design 
with patent pending it Innovative Technology delivering 
small size, low cost, and better performance. This same 
leading edge transformer expertise can also develop your 
custom designs at catalog prices. So, simplify your transformer 
search... Big Time! Capitalize on the quality, design know-how, 
and off-the-shelf variety from Mini-Circuits. Call today! 

t Mini-Circuits9 is proud to beasponsor of the 1999 U.S. Interplay Chess Championships Salt Lake City, Utah 

Mini-Circuits US &  INT 68

CIRCLE 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 quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE • EEM • MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 
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wired broadband home, according to a 
new study from Allied Business 
Intelligence (ABI), Oyster Bay, NY. 
Although the market has gone virtually 
unnoticed in the past few years, 1999 
marks the beginning of the residential 
network and home automation system 
industry’s growth period, which will see 

revenues almost triple from $2.3 billion 
in 1999 to $6.2 billion in 2004. 
The report, “The Broadband 

Home:In-Home Networks, Control 
Subsystems, and Residential 
Gateways” , found that Intel and 
Microsoft will play a crucial role in 
legitimizing the market with their 

For Your 

Single l ayer Capacitors, 
"Multilayer Capacitors and 

Full Spectrum 
of Products 

Ceramic Packaging all designed 
and manufactured to bring out 
(he best possible performance in your 
products at a cost that keeps you competitive. 
Our Solutions Experts and Cap-Cad are ready to assist you 
with your designs. 
Call, Fax, e-mail, visit our web site to put our team to work for you. 

DICAP M20009 
Th* Future al Ceramic Packaging 
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DIELECTRIC 
LABORATORIES 
« ma ' TECHNOLOGIES COMPANY 

Call The solutions Experts 
At Dielectric Labs 

2777 Route 20 East, Cazenovia, NY 15035 
Ph: 515-655-8710 • Fax: 515-655-8179 • www.dllabs.com 

Quality System ISO 9001 Approved Accepted 

emphasis on HANS industry stan 
dards. 
The recent entrance of IBM and Be 

Atlantic has introduced the concept c 
structured wiring within the home. Th 
report notes that the prospect of a net 
home being properly wired for futuris 
tic applications will no longer be 
“high-end adapter’s dream” but rathe 
a common occurrence among residence 
priced above $100,000. 
One of the key factors driving growtl 

is the increase in multiple PC house 
holds. By 2004, nearly 33% of UI 
households will have more than on 
computer, up from 15% in 1998. Ais 
driving the industry’s growth will b 
the continued momentum of the Inter 
net and broadband applications cater 
ing to the “data-needy”, making US res 
idences truly broadband homes. B; 
2004, 10.8 million houses will hav* 
broadband access. 

For more information contact AB 
through its Web site a 
www.alliedworld.com or through th' 
RF Design Web site a 
www.rfdesign.com. 

Boonton Electronics wini 
French military contract— Boontoi 
Electronics, Parsippany, NJ ha 
received a contract to supply 70 of it 
model 1130 distortion analyzers to thi 
French army. Total value of the con 
tract is up to $250,000. 

Srico wins U.S. Air Force con 
tract— Srico, Columbus, OH, has woi 
a $100,000 contract from the U.S. Ai: 
Force to develop an optical chip-base« 
modulator component that reduces th« 
noise figure of high frequency commu 
nications systems. The componen 
may be used for satellite communica 
tions, wireless and cellular communi 
cations and other data transmissior 
systems. 

Andrews to support Tritor 
PCS—Andrew, Orland Park, Il has 
reached agreement with Triton PCS 
Malvern, PA, an affiliate of AT&1 
Wireless Services, for the buildout o 
Triton PCS’ digital wireless network or 
the east coast. Andrew will supply 
coaxial cables and connectors and cabl« 
assemblies. 

Decibel Products awarded Chin? 
award—Decibel Products, Beachwood 
OH, has been awarded a contract t< 
supply a cellular operator in China wit! 

INFO/CARD 4 or go to www.rfdesign.com 
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R F Micro Devices Presen 

/.Great Moments in 
Wireless Communication 

1861 A.D. - St. Joe to Sacramento... 
history’s greatest relay. 
A cloud of dust trails across 

the plain as man and pony race 
to deliver the mail Pounding 
hooves send echoes bouncing off 
canyon walls. 
Ahead, the Sierra Madres and 

treacherous territory...behind, a 
loose lock and an open flap. 
Envelopes go flying. 
Airmail.. 1861 -style. 
1998 A.D. - It’s all up to you. 
There’s no time to backtrack - you 

either deliver this design today or 
you're history'. 
You need help to reach the finish, 

so hand off your specs to RFMD. 
We’re waiting and ready to supply 

you with a full line of highly inte¬ 
grated components. 
Components like our RF2510 and 

RF2917, a fully functional transmitter 
and receiver pair. These monolithic ICs 
are low-cost, silicon-based and ideal for 

i fafaED 1/WE 
DELIVERY 

® 

MICRO DEVICES 
Proprietary, State-Of-The-Art 

RF Integrated Circuits 
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North Ameri¬ 
can and Euro¬ 
pean ISM band 
FM/FSK
applications. Both components require 
only the addition of an external crystal 
to provide complete phase-locked 
oscillators. Best of all. they're ready-
to-ship. 
When you’re racing against time, call 

RFMD...we deliver. 

7625 Thorndike Road 
Greensboro, NC 27409-9421 
Phone 336.664.1233 
FAX 336.664.0454 
Online: http://www.rfmd.com 
Mention NSG*5 when contacting us. 
©1998, RF Micro Devices, Inc. 
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Continuing a 15 year tradition of excellence, 

Eagleware announces the new version 7 of its 

GENESYS software. A new GUI, new multi-layer 

capability in the EM simulator, a faster simulation 

engine and much more. Now even faster, even 

easier and just as affordable. For more 

information call us or visit our website at 

www.eagleware.com 

fast, easy, affordable 

cnGLCiunR«^ 
RF and Microwave Design Software 
tel: 770.939.01 56 | fax: 770.939.01 57 
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key components to expand their exist¬ 
ing wireless communications system. 
The contract is valued at $6.6 million. 
Anritsu selects Noise Com prod¬ 

uct— Anritsu Company’s microwave 
Measurement division, Morgan Hill, 
CA, has selected Noise Com’s, Para¬ 
mus, NJ, NC 346 series broadband 

calibrated noise source for the new 
Anritsu MS462X Scorpion vector net¬ 
work measurement system. The Scor¬ 
pion is being designed to be the first 
such instrument with the ability to 
make error-corrected noise figure mea¬ 
surements on active devices used in 
wireless communications. 

Berkeley Varitronics Systems 
wins Brazilian contract— Berkeley 
Varitronics Systems, Metuchen, NJ, 
has been awarded a contract by Procel-
bras, Brazil, to provide code division 
multiple access (CDMA) test transmit¬ 
ters. 

20 

eless Communications 
Injection Molded 

Thermoplastic Technology 
40% Mass deduction 

Superior Thermal Stability 
Low Cost Volume Production 

Passband Insertion Loss । Isolation 
Model Rx Tx' Rx&Tx VSWR Rx-Tx&Tx-Rx 
Number (MHz) (MHz) (dB) dB) 

Weight 
(g/oz) 

pcs 
4744 1850-1890 1930-1970 1.0 1.35: 1 55 171/6 

4745A 1850-1865 1930-1945 1.0 1.35: 
4745B 1870-1885 1950-1965 1.0 1.35: 
4745C 1895-1910 1975-1990 1 0 1 35’ 

1 

¡I 

65 

65 

65 

•171/6 
171/6 
171/fi 

4757 1850-1910 1930-1990 1.0 J.35: pH 65 475/17 
.PCS (With Integrated Diversity Receive Filter) i 

4773 1850-1910 1930-1 99Q 1.2 1. 

1850-1910 0.9 % 1 It ' 60 

60 

690/24 

lGSM-900 
4777 88Q-9T5 925-960 1.0 1. 20: 1 75 820/29 

4779 . 676-901 921-946 1.2 1. QC*' 1 QO 820/29 1 vu 

lGSM-1800 I 
1_ —A _ __ __ - -
4778 1710-1785 1805-1880 0.9 1.20: 1 75 790/28 

iINMARSAT-M 
4733M 1525-1559 1626.5-1660.5 1.0 1.35: 1 70 171/6 

Typical Performance @ +25°C. Operating Temperature: -35°C to +85'C _ • -

WTELEDYNE 
ELECTRONIC TECHNOLOGIES 
Microwave Electronic Components 

1274 Terra Bella Avenue, Mountain View, CA 94043 
Phone: 650.962.6944 Fax: 650.962.6845 

Web: www.teledynemicrowave.com 
e-mail: filters@teledyne.com 

Business 
Briefs 

Phase Matrix purchases EIP 
Microwave— Phase Matrix, San 
Jose, has acquired substantially 
all of the assets of EIP Microwave, 
San Jose. The assets include man¬ 
ufacturing rights, intellectual 
property and inventory of EIP’s 
microwave frequency counter 
lines. 

Stellex Industries acquires 
Phoenix Microwave —Stellex 
Industries, Palo Alto, CA, has 
acquired the privately held RF 
and microwave component suppli¬ 
er Phoenix Microwave, Telford, 
PA. 

SL Industries acquires Todd 
Products —SL Industries, Mt. 
Laurel, NJ has acquired the oper¬ 
ating assets of privately-held Todd 
Products, Brentwood, NY. Todd 
Products supplies power supplies 
for data communications and 
telecommunications. 

RF Micro Devices adds 
fourth product line —RF Micro 
Devices, Greensboro, NC, has 
established a fourth product line 
to further expand the company’s 
cellular components business. The 
fourth line will focus exclusively 
on Nokia mobile phones. 

Richardson Electronics 
signs distribution agreement 
with Siward— Richardson Elec¬ 
tronics, LaFox, Il has signed a dis¬ 
tribution agreement with Siward 
International, Taiwan. Richardson 
will serve as the worldwide dis¬ 
tributor of Siward’s crystal oscilla¬ 
tors. 
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A Spectrum Analyzer 
Worth Looking Into. 

■■■ 

The 2390A Series: 
The most spectrum 
analyzer you can 
get for the money. 

If performance, at a price you 
can afford, are factors you look 
for in a spectrum analyzer, then 
consider the IFR 2390A series. 

Starting with technology to meet 
a broad range of applications, 
we then added an impressive set 
of standard features, including: 
a wide 30 MHz resolution filter 
with fast sweep speed and 
pre-triggering for pulsed signal 
analysis, resolution bandwidths 
down to 3 Hz; built-in AM/FM 
receivers; and a +30 to -135 
dBm measurement range. 
And with a 1 Hz resolution 

frequency counter, digital oscillo¬ 
scope and FFT analyzer, large 
internal storage capacity, plus 

an external mixer capability that 
increases the frequency range to 
300 GHz, it's easy to see why 
the 2390A series leads the indus¬ 
try in performance and value. 
Choose from three models, with 

frequency ranges from 9 kHz to 
2.9 GHz, 22 GHz & 26.5 GHz, 
which feature options that include 
quasi-peak and CISPR filters for 
pre-compliance testing, and a 
built-in 2.9 GHz tracking generator. 

So, if you are looking into a 
spectrum analyzer that combines 
performance with value, contact 
you local IFR office, or visit our 
web site. 

dk 
For more information call your local IFR office - USA Tel +1 (316) 522-4981 Toll Free 1-800-835-2352 (U.S. Only) Fax +1 (316) 522-1360 

Latin America Tel *1 (817) 430-5842 Fax +1 (817) 430-5843 UK Tel +44 1438 742200 Free phone (UK only) 0800 282388 Fax +44 1438 727601 
France Tel +33 1 60 79 96 00 Fax +33 1 60 77 69 22 Benelux Tel +31 13 463 95 40 Fax +31 13 463 96 63 Germany Tel +49 81 31 2926-0 Fax +49 81 31 2926-130 

Spain Tel +34 1 640 11 34 Fax +34 1 640 06 40 Hong Kong Tel +852 2-832-7988 Fax +852 2-834-5364 Singapore Tel +65 281 8885 Fax +65 281 0113 
E-mail: info@ifrsys.com 

www.ifrinternational.com 
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RF standards 

RF system issues related to CDMA 
receiver specifications 
A guide to the derivation of the essential RF front-end system level and block level 
specifications for the receiver section of a CDMA mobile station. 

By Walid Y. Ali-Ahmad, Ph.D. 

Wireless code division multiple ac¬ 
cess (CDMA) networks, based 

upon the IS-95 standard and protocol 
developed by Qualcomm, are being de¬ 
ployed, worldwide. 
The harsh wireless environment, in 

which these CDMA phones must co¬ 
exist with other multi-standard mobile 
phones, impose tough system conditions 
on the radio. These conditions demand 
a high performance radio RF front-end 
and DSP back-end. This is especially 
applicable when trying to decode the 
speech information present in a re¬ 
ceived signal with a carrier-to-interfer-
ence ration (C/I) < 0 dB. This article, 
will discuss the minimum RF standards 
for the CDMA cellular mobile station 
receiver section. Such standards are de¬ 
scribed in the TIA/EIA/IS-98-A interim 
standard document [1]. Understanding 
these minimum standards allows us to 

Figure 1. CDMA correlator. 

derive minimum measurable RF speci¬ 
fications for the system level and block 
level performance of a CDMA cellular 
radio front-end. 

An Overview of Direct Sequence 
Spread Spectrum (DSSS) 
The advantage of spread spectrum 

systems is that they provide excellent 
immunity to interference and allow 
transmissions to be hidden in back¬ 
ground noise. In CDMA systems, which 
are based on the DSSS technique, the 
desired information carrier is modu¬ 
lated by a digital code that is repre¬ 
sented by a pseudorandom noise (PN) 
sequence. 
The PN code signal is independent of 

the data, and its data rate is much 
higher than the desired information 
data rate. As a result, the digital code 
signal has a bandwidth much larger 
than the minimum bandwidth required 
to transmit the information or the 
baseband data for a digital system. 
This act of modulating the information 

carrier by a digital 
code with a much 
larger data rate will 
result in the spread¬ 
ing of the carrier. 
This bandwidth can 
be as large as the 
code signal band¬ 
width 
The spreading 

width depends on 
the particular type 
of modulation 
employed. This can 
be biphase, quad¬ 
riphase, or mini¬ 
mum shift keying [3, 
Dixxon], At the 
receiver, despread¬ 
ing is accomplished 
by the cross-correla¬ 
tion of the received 
spread signal with a 
synchronized replica 
of the spreading 
code. 

In a CDMA base station, and on th( 
down link (from base station to mobik 
station), the information from differeni 
users is encoded with a different digita 
coding signal or PN sequence. 

Since these PN sequences are or 
thogonal to each other, and occupy ths 
same bandwidth, there will be min 
imum cross-correlation, and hence 
minimum interference. This, ever 
though different user’s spread signals 
are multiplexed on top of each other al 
the base station’s transmitter section. 

The basics 
In any CDMA system design, the 

most commonly used quantity in de 
scribing or specifying this system is 
that of “processing gain”. (Gp) 

Figure 1 shows a block diagram o! 
the baseband of a CDMA correlator oi 
despreader. A CDMA system develops 
its processing gain through the 
spreading and despreading operation o: 
the information carrier signal. The 
CDMA signal, after being downcon 
verted to baseband, is fed to the inpul 
of the CDMA correlator along wit! 
other interfering signals. When the cor¬ 
relator PN sequence matches the Ph 
sequence embedded in the CDM^ 
signal, the desired information signa 
collapses to its original unspread band 
width. Any unmatched input signals 
(receiver noise, CW jamming signal, oi 
other CDMA signals not code synchro¬ 
nised) are spread to a bandwidth equa 
to the PN coding sequence bandwidth. 
The digital filter, which follows the 

despreader and has bandwidth equal t< 
the information bandwidth only, lets 
through only a section of the spread in¬ 
terference signal spectrum, but com¬ 
pletely selects the desired information 
As a result, the interference level at 
the correlator output, Icorr out is re ' 
duced, compared to interference leve: 
at the correlator input, Icorr in by ths 
ratio of the CDMA system transmis¬ 
sion bandwidth BWRF to the desired 
baseband data information rate, R,nfo 

Also, the carrier-to-interference ratio at 
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correlator output, (C/1)corr out, is in¬ 
creased, compared to, (C/I)^ in at the 
correlator input, by the ratio of BW^f to 
BWIINro. Hence, this ratio is called pro¬ 
cessing gain (Gp) and is given as: (1) 

BWrf 
Gp = —-

Rinfo 

Where: (2) 
Icixt_ in 

lcorr_ out — -

Cp 

and: (3) 

Eh «Rinfo 
I V / 1 korr out — -

N.« Rinfo 

It follows that: (5) 
Ep 

N, 

(C / I)corr_ out — (C / I)corr_ in • Gp 

Since the correlator output, after fil¬ 
tering, and the carrier and interference 
have the same bandwidth, we can write 
the following: (4) 

Single 
tone jammer 

interference 

Eh 

N. 

Eb/Nt is defined as the ratio of aver¬ 
age energy per information bit to the 
effective noise power density at the cor¬ 
relator output. The noise power density 
actually consists of both thermal noise 
and interference from other jamming 
sources. With spread spectrum sys¬ 
tems, interference is transformed into 
noise in the despreader. The term “jam¬ 
ming margin” (Mj) is used, which 
expresses the capability of a CDMA 
system to perform in the presence of 

jamming interference. 

Wanted 
signal 

Wanted 
signal 

Mj takes into account 
the required E|/Nt for a 
particular modulation 
and coding scheme uti¬ 
lized in the system, and 
allows for system 
implementation losses 
(Lsys), [3]: (6) 

M) = Gp-
Et.’ 

N._ 

Figure 3. Reciprocal mixing phenomena. 

Furthemore, it is 
important to discuss 
the reaction of a direct 

Figure 4. Cross-modulation phenomena. 

sequence spread spec¬ 
trum system to a sin¬ 
gle-frequency CW 
interference. 
At first glance, we 

might consider that a 
CDMA system would 
be most affected by 
other CDMA interfer¬ 
ence. However, in most 
cases, this is not true. It 
is only true when there 
is high correlation 
between the interfering 
CDMA signal and the 
desired CDMA signal. 
This is because that the 
wider the bandwidth of 
the input interference, 
the wider the signal at 
the despreader output. 
As a result, the interfer¬ 
ence power density at 
the correlator output is 
lower. Therefore, less 
power falls in the corre¬ 
lator output digital fil¬ 
ter, and lessens the 
effect of the CDMA 

interfering signal on the system perfor 
manee. Consequently, we can predio 
that the most effective interference to i 
CDMA system is a narrow band signal 
such as a CW single tone. This ii 
because the power density in the corre 
lator output, from a CW carrier, is high 
er than from wide band signals. 

The CDMA equation 
The remainder of this article wil 

concentrate on derivations on the re 
ceiver performance related to th< 
Forward traffic channel. This is be 
cause one traffic channel transports í 
single user traffic information, mainb 
the encoded speech information. 
The forward CDMA channel, fron 

the base station to the mobile station 
contains one or more code channels 
These are transmitted on the sami 
CDMA frequency assignment an< 
share a common pilot PN code phase o 
offset, related to base station or cel 
sector assignment. These code channel 
consist of a pilot channel, up to om 
Sync channel, up to seven paging chan 
neis, and up to 63 traffic channels 
Even though these channels share th< 
same base station pilot PN code offset 
they are distinguished at the mobil 
station receiver by a set of 64 binary or 
thogonal PN codes based on Walsl 
functions. 
The full speech information rate 

Rinfo, at the output of the mobile sta 
tion vocoder is 9600 bps. The speech in 
formation transmitted is convolution 
ally encoded to provide the capability o 
error detection and correction at the re 
ceiver. It is also interleaved to comba 
fast fading, and scrambled for privacy 
Next, the encoded, interleaved, an< 
scrambled symbols of a single use 
traffic channel are binary phase shif 
keying (BPSK) modulated by an as 
signed orthogonal Walsh code and thei 
quadrature phase shift keying (QPSK 
modulated by a pair of base station Pf 
codes. The final data rate of a sing! 
user traffic channel is equal to the chip 
ping rate of 1.2288 Mcps. At the outpu 
of a base station/sector transmitter, al 
traffic channels along with pilot, sync 
and paging channels are multiplexe« 
on top of each other, and assigned th 
same radio channel frequency. Th, 
power in each user’s traffic channe 
represents a fraction of the total powe 
of the forward CDMA channel. Afte 
being bandlimited by a digital filtei 
the 3 dB bandwidth, BWRF , of a CDM/ 
carrier or forward channel is 1.23 MHz 
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receiver modem section. 
Based on equation (5), we 
can write: 

Traffic Et 

N. 

Figure 6. Third-order intermodulation products in a receiver. 
Note that: 

Traffic Eb 

N. 

In the case of a forward CDMA 
channel incident on the mobile station 
through a single-path, we can define 
the received spectral power of the for¬ 
ward channel. This is measured at the 
mobile station’s antenna connector and 
is defined at 1.23 MHz (BWRF ) asL . 
The- transmitted power spectral density 
of the forward CDMA channel, mea¬ 
sured at the base station antenna con¬ 
nector, is defined as Ior Therefore, since 
a single traffic channel power repre¬ 
sents a fraction of a forward CDMA 
channel power, the ratio of the average 
transmit energy per PN chip for the 
forward traffic channel to the total 
transmit forward channel power spec¬ 
tral density can be written as: 

Traffic E 

Ior 

Recall that at the receiver’s de¬ 
spreader output, the interference effect 
of CW carriers and other wideband 
jamming signals is equivalent to that of 
a band-limited white noise source. 
Hence, we can denote 1^ as the power 
spectral density of a band-limited white 
Gaussian noise source simulating re¬ 
ceiver thermal noise, CW jamming sig¬ 
nals, and other CDMA interfering sig¬ 
nals. Note that CDMA traffic channels 
in the same cell are not considered as 
wideband interfering signals. This is 
due to their PN Walsh codes, theoreti¬ 
cally, being orthogonal to each other. 
The received forward CDMA channel 

at the mobile station antenna is fil¬ 
tered, amplified, downconverted, and 
demodulated in the receiver analog 
ffont-end. After clock recovery through 
the pilot channel and frame synchro¬ 
nization through the sync, channel, the 
assigned forward traffic channel to the 
user or mobile station is decoded in the 

is defined as the ratio of average energy 
per information bit in the Traffic 
channel to the effective noise power 
density at the correlator output. From 
previous definitions, the received single 
user forward traffic channel power 
spectral density is calculated as: 

_ Traffic E j 
C-in — - • lor 

I« 

As a result, the receiver CDMA 
equation for a single user forward 
traffic channel can be written as: 

Traffic E = 
Fb - » •*" 

Traffic — =- - • Gp 
N. I« 

It follows that: (7) 

Traffic E 

Traffic — =- -
N, E 

L 

CDMA receiver sensitivity 
and dynamic range 

In the IS-98-A interim standard, the 
RF receiver sensitivity of the CDMA 
cellular mobile station is defined at the 
mobile station antenna connector (see 
Table 1). It is equal to the minimum re¬ 
ceived forward CDMA channel power, 
I«, at which the receiver's frame error 
rate (FER) does not exceed 0.5%. In a 
CDMA system, a frame has a basic 
timing interval of 20 ms. and consists of 
the information on the traffic channel 
(voice or data), the access channel, and 
the paging channel. The information 
link between base station and mobile 
station is established on a frame-by-
frame basis. Therefore, the CDMA mo¬ 
bile station receiver performance is 
evaluated on the basis of FERs. 

Test 1 specifies the minimum re¬ 

Parameter Units Test 1 Test 2 

E dBm/1 ,23MHz -104 -25 
Traffic E. 

e - dB -15.6 

Table 1. Minimum Requirements for Receiver Sensitivity and Dynamic Range 

quired sensitivity for the received for¬ 
ward CDMA channel as equal to -104 
dBm. As discussed in previous section, 
the ratio: 

Traffic E 

Ior 

specifies the power level of a single¬ 
bearer traffic channel relative to the 
total power level of the forward CDMA 
channel, in which the traffic channel is 
embedded. From Test 1 specifications, 
we can deduce that the minimum re¬ 
quired receiver sensitivity for a single¬ 
bearer traffic channel is: 

Î Traffic E 
lor •-

Lr 
which is equal to -119.6 dBm (calcu¬ 
lating in dB). For such sensitivity, the 
receiver FER will be < 0.5%. In order to 
use the CDMA equation (equation 7), 
we need to find the corresponding: 

Traffic^ 

in order to achieve a FER < 0.5%. In 
the receiver sensitivity case, there are 
two sources of interference that are 
purely white Gaussian noise, the re¬ 
ceiver's input referred thermal noise 
power spectral density No, and the 
transmitter's thermal noise power spec¬ 
tral density in the receive frequency 
band, NTX (see Figure 2). No is deter¬ 
mined by the receiver's noise figure 
(NF), and NTX is determined by the 
amount of transmitter's output thermal 
noise leaking to the mobile station re¬ 
ceiver's input through the duplexer. 
The IS-98-A standard specifies that the 
minimum: 

Traffic^ 

that is required for a 0.5% FER should 
be > 4.5 dB, assuming a full speech in¬ 
formation rate of 9600 bps, using BPSK 
data modulation (Table 9.3.3.3-1 in [1]). 
A typical PA output thermal noise 
power spectral density in the receive 
frequency band is -135 dBm/Hz. 
Assuming a minimum -43 dB attenua¬ 
tion through the duplexer from TX to 
antenna input in the receive band, N^ 
can be calculated as -178 dBm/Hz at 
the mobile station antenna connector. 
If we add 2 dB of margin to the re¬ 
quired: 

Traffic^ 

this improves the minimum required 
receiver sensitivity from -104 dBm tc 
-106 dBm. Using CDMA equation (7^ 
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in dB, we can write: (8) 

_ „ Eh Traffic E< BWrf ; 
Traffic ¡J =- +10 log- +1« -1« 

N ' I« Rimo 

Knowing that: 
Traffic 

> 6.5 dB 
and: 

Traffic Ec 

I« 
= -15.6 dB 
and: 
G,= 10log—-= lOlog 12288 Mc^ = I0log(l28) = 21.1 dB Rinki 9600 bps 

and: I« = -104 dBm, we deduce from 
(8) that < -105 dBm (in 1.23MHz). 
Since we know that this equivalent 
white noise interference source, I«. con¬ 
sists of receiver's thermal noise and 
transmitter's thermal noise in the re¬ 
ceive band, we can write, in linear 
form: (9) 

I« = (Nu + Ntx)«BWrf 

We deduce that No should not exceed 
-166.2 dBm/Hz. We know that the re¬ 
ceiver thermal noise power spectral 
density (in 1 Hz BW) can be written, in 
linear form, as NO=K*T„*NFRX (10). If 
we write equation 10 in dB, we can also 
solve for receiver noise figure (NFrx) as: 

NFKx(dB) = No -10 log(K • To) = No - (-1 74 dBm / Hz) 

As, for the required sensitivity, we cal¬ 
culated that No < -166.2 dBm/Hz. As a 
result, the required CDMA mobile sta¬ 
tion receiver noise figure (NFRX) 
should not exceed 7.8 dB in order to 
meet the minimum required sensi¬ 
tivity, specified in test 1 of table 1, with 
2 dB of margin. 

Test 2 of Table 1 specifies the high 
end of the CDMA receiver minimum 
dynamic range, (FER 0.5%), as mea¬ 
sured at the mobile station antenna 
connector. In the actual mobile station 
design, the receiver is designed to 
handle a received forward CDMA 
channel power level higher than the one 
specified in the standards document. 

Test 1 and Test 2 defines a minimum 
dynamic range of 81 dB (-104 dBm -25 
dBm). Since the information data in a 
CDMA system is bi-phase modulated, 
the resultant modulated signal enve¬ 
lope is non-constant (a typical peak-to-
average ratio for a forward CDMA 
channel is lOdB). As a result, for proper 
received signal detection and demodu¬ 

lation, the mobile station receiver 
should stay linear under the allowable 
received signal input power range. A 
typical CDMA mobile station receiver, 
designed for a 90 dB dynamic range, 
will have a gain control of over 90 dB. 
In a typical CDMA receiver design, the 
mixer input 1-dB compression point is 
the main system limiter, from a lin¬ 
earity point of view, for high level re¬ 
ceived signals (-30 dbm to -20 dBm). 

In order to resolve this problem and 
for practical mixer design, the front¬ 
end LNA needs to have either a linear 
gain control over 15 dB of range or a 
low-gain mode with a gain reduction 
between 15 dB to 20 dB step. 

CDMA receiver single tone 
desensitization 
As defined in the IS-98-A standard, 

the single tone desensitization is a 
measure of the receiver's ability to re¬ 
ceive a CDMA signal, at its assigned 
channel frequency, in the presence of a 
single tone spaced at a given offset fre¬ 
quency from the CDMA signal center 
frequency (Table 2). 
Under the conditions set in Table 2, 

the receiver (FER) should not exceed 
1%. The IS-98-A standard specifies that 
at the receiver's correlator output, the 
miniminn 

_ Eh 
Traffic — 

N, 

that is required for a 1% FER should be 
> 4.3 dB, assuming a full speech infor¬ 
mation rate of 9600 bps and using BPSK 
data modulation (Table 9.3.3.3-1 in [1]). 
As was done for the receiver sensi¬ 

tivity case, a 1.5 dB margin is added to 
the required: 

_ __ Eb 
Traffic — 

N. 
for optimum receiver performance. 

Using test parameters specified in 
table II and knowing that 

_ „ Eb 
Traffic — 

N, 

> 5.8 dB, we can use equation (8) to cal¬ 
culate the allowable I«.. This represents 
the power in 1.23MHz of a band-limited 
white noise source simulating interfer¬ 
ence at mobile station antenna con¬ 
nector. The equivalent white noise in¬ 
terference source, Ioc consists of the 
receiver's thermal noise (No), the trans¬ 
mitter's thermal noise in the receiver 
band (N-^), and the equivalent in-band 
interference component due to the 

single-tone jammer (Ist). Hence, we can 
write, in linear form, 
I0C=I st+(N0+NTX)lBW RF (11). The re¬ 
sulting I,„. should be < 101.3 dBm (in 
1.23MHz BWRF). N„ is set by the re¬ 
ceiver noise figure for received low 
CDMA signal levels. 

If we choose NFrx equal to 7.8 dB as 
calculated previously, this sets No to -
166.2 dBm/Hz (equation 10). NTX is 
equal to -178 dBm/Hz, as defined in 
previous section. From equation (11), 
we deduce that Ist < -103.7 
dBm/1.23MHz. 

Note that Ist is the equivalent inter¬ 
ference level referred to the receiver's 
input due to single-tone jammer. The 
single-tone interférer normally comes 
from nearby analog cellular base sta¬ 
tions, which transmit narrowband 
AMPS signals (30kHz BW, compared to 
CDMA signals with 1230kHz BW). 
Inside the mobile station receiver front¬ 
end, the single-tone jammer generates 
two interfering components, whose 
levels add up to Ist , when referred to 
the receiver's input, 
As seen in figure 3, the first interfer¬ 

ence component caused by the single¬ 
tone jammer results from the reciprocal 
mixing phenomena. It is denoted by 
Irmxg- It occurs when the forward re¬ 
ceived CDMA channel signal suffers 
from interference due to receiver UHF 
VCO phase noise (<bN) mixing with the 
single tone jammer and getting down-
converted to IF. This noise is defined at 
the frequency offset, equal to the 
wanted signal to single tone jammei 
frequency separation [4]. 
The second interference component 

caused by the single-tone jammer re¬ 
sults from the cross-modulation phe¬ 
nomena (Figure 4); it is denoted by 
Ixmod- It occurs when the envelope mod¬ 
ulation of the transmit TX powei 
leakage, from the power amplifiei 
output to the receiver LNA input 
through duplexer isolation, gets cross¬ 
modulated on the single-tone jammer ir 
the receiver's front-end 3rd-order non¬ 
linearities. The problem occurs mainly 
in the front-end low noise amplifiei 
(LNA), assuming that the BPF that fol¬ 
lows the LNA filters out the TX leakage 
signal. Cross-modulation in the LNA 
will generate an in-band interference tc 
the received forward CDMA channel 
signal, at the LNA output [4,5]. 

Table 2 calls for a frequency offset ol 
900kHz between the single tone 
jammer frequency and the CDMA 
signal center frequency. A ultra high 
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frequency (UHF) voltage controlled os¬ 
cillator (VCO) used for CDMA mobile 
station radios has a typical phase noise 
of -137 dBc/Hz at 900 kHz offset. The 
reciprocal mixing interference compo¬ 
nent Irmxg. referred to receiver input is 
iRMXG^sr+AdÍN (12), where AC>N is the 
integrated phase noise, in dBc, over 
1.23MHz centered at 900 kHz [4]. 
Assuming that the VCO phase noise 
follows a typical 1/P characteristic over 
the 285 kHz to 1515 kHz frequency off¬ 
sets (outside the PLL loop BW), we can 
deduce by integration that A4>N = -75.6 
dBc. We know that Pst is equal to -30 
dBm at the receiver input, therefore 
Irmxg = -105.6 dBm (in 1.23 MHz). 
From previous discussion, we also 
know that the referred input interfer¬ 
ence due to single tone jammer, Ist , con¬ 
sists of the reciprocal mixing compo¬ 
nent Irmxg and the cross-modulation 
component Ixmod (in linear form, Ist = 
Irmxg + Ixmod)- Having calculated previ¬ 
ously that Irmxg = -105.6 dBm/1.23 
MHz and 1st < -103.7 dBm/1.23MHz, 
we conclude that Ist <-108.2 
dBm/1.23MHz (referrenced to the re¬ 
ceiver input). 
The cross-modulation phenomena in 

CDMA systems has been simulated in 
[6], and an equation has been gener¬ 
ated in order to estimate the cross-mod¬ 
ulation product in cellular and PCS 
CDMA systems. 

For a cellular CDMA system and as¬ 
suming that all cross-modulation hap¬ 
pens in the LNA, we can calculate that 
the cross-modulation component re¬ 
ferred to LNA input as: (13) 

Ixmod LNA(dBm) = 2«Prx +Pm lna —2 «IIP» lna —3 

P-rx is the transmit leakage power level 
at LNA input and IIP3 LNA is the LNA 
3rd order input intercept point. As we 
can see from this equation, it is similar 
to the 3rd order intermodulation prod¬ 
ucts equation with the -3 dB factor at 
the end. This is due to the fact that half 
of the cross-modulation products occur 
in-band and the other half occurs out-
of-band. 

In CDMA systems, the power ampli¬ 
fier output power is +28 dBm when the 

mobile station is receiving close prox¬ 
imity CDMA signals. A typical RX-TX 
duplexer isolation is -58 dB, resulting in 
a Ptx at the LNA input of -30 dBm. The 
single tone jammer level at LNA input, 
Pst lna, is equal to -33 dBm, assuming a 
typical -3 dB duplexer insertion loss. 
Also, as calculated earlier, the cross¬ 
modulation product level, when referred 
to LNA input, Ixmod_lna. should not ex¬ 
ceed -111.2 dBm/1.23MHz in order for 
the receiver to meet the required perfor¬ 
mance at correlator output: 

Eb 
Traffic — 

N, 

> 5.8 dB. We then deduce, from the 
last equation, that the LNA 3rd order 
input intercept, IIP3 LNA > +7.6 dBm. 

CDMA receiver desensitization to 
%-IF spurious response 

In some CDMA systems, especially 
in the PCS, band where the receiver’s 
RF bandwidth is 60 MHz wide, 
choosing a low IF receiver frequency 
can result in the té-IF spurious 
problem. This occurs when a single 
tone jammer, which is lying inside the 
receiver RF bandwidth, is halfway in 
the frequency between the desired 
CDMA signal and the UHF local oscil¬ 
lator (see Figure 5). The single tone 
jammer will be down-converted to IF in 
the (2x2) mixer spurious product, 
which acts as an in-band interférer to 
the wanted signal at the IF output [4, 
RazaviJ. 

In this case the equivalent white 
noise interference source, I„, consists of 
receiver's thermal noise (No), transmit¬ 
ter's thermal noise in the receiver band 
(Ntx), and equivalent in-band interfer¬ 
ence component due to t6-IF spurious 
mixer product (I st). This is valid be¬ 
cause the desired CDMA signal is only 
3 dB above the minimum receiver sen¬ 
sitivity level. If we follow the same cal¬ 
culation methodology used in the pre¬ 
vious section (for cross-modulation and 
reciprocal mixing) and assume a 1 dB 
margin for: 

Parameter Units Test 1 Test 2 
Tone offset from Carrier kHz -900 +900 
Jone Power (Pst) dBm -30 
U dBm/1 ,23MHz -101 
Traffic E« 

i- dB -15.6 

Table 2. Minimum requirements for single tone desensitization. 

N. 

> 5.3 dB), we can deduce that Ist 
< -102.9 dBm/1.23MHz. Note that I8t is 
the equivalent interference level re¬ 
ferred to the receiver's input due to 
single-tone jammer. 
A typical cascaded gain between an¬ 

tenna connector to mixer input is equal 
7 dB. As a result, the single-tone level at 
mixer input Pst mxr is equal to -23 dBm. 
Also, the required equivalent t^-IF spu¬ 
rious product level at the mixer input is 
< -95.9 dBm/1.23MHz. Hence, in the 
mixer, we need a (2x2) spurious product 
suppression A^ >73 dBc. In an active 
mixer, the (2x2) spurious product sup¬ 
pression can be related the 2nd order in¬ 
tercept point of the mixer (IIP2 mxr)- We 
can calculate the required mixer IIP2 mxr 
with the following equation: 

IIP2_ MXR = Psi. MXR + Al / 2 ■ IF 

=IIP2 mxr — +50 dBm [7], 

CDMA receiver intermodulation 
spurious response attenuation 
The intermodulation response atten¬ 

uation is a measure of a receiver's 
ability to receive a CDMA signal on its 
assigned channel frequency in the pres¬ 
ence of two interfering CW tones. These 
tone are separated from the assigned 
channel frequency and from each other 
such that the 3rd-order intermodula¬ 
tion product of the two interfering CW 
tones, which occurs in the receiver's 
odd order non-linearities, produces an 
in-band interfering signal to the de¬ 
sired CDMA signal (Figure 6). IS-98-A 
standard calls for three test cases of 
different two-tone levels and desired 
CDMA signal level, under which the re¬ 
ceiver FER should not exceed 1%. It is 
valid to assume that in all these test 
cases that the receiver 3rd-order non¬ 
linearity is the most dominant source of 
3rd-order intermodulation products 
[4,7], 

This article will only derive the re¬ 
quired receiver 3rd order input (IIP3) 
for the small two-tone level and large 
two-tone level cases. The reader is en¬ 
couraged to follow the same calculation 
methodology to derive the receiver IIP3 

for the medium two-tone level case. 
In both test cases, the two-tone fre¬ 

quency separation is 800 kHz and the 
closest CW interfering tone is either 
900 kHz above or 900 kHz below the 
CDMA signal center frequency. As a re¬ 
sult, the 3rd-order intermodulation 
product will be in the desired CDMA 
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signal band, either 100 kHz above or 
100 kHz below the signal center fre¬ 
quency, respectively. 

In the small two-tone level's case, the 
equivalent white noise interference 
source consists of the receiver's thermal 
noise (N„), the transmitter's thermal 
noise in the receiver band (N^), and 
equivalent in-band interference compo¬ 
nent due to 3rd-order intermodulation 
product (IIM3). If we follow the same cal¬ 
culation methodology used in the pre¬ 
vious section (for cross-modulation and 
reciprocal mixing) and assume a 1.5 dB 
margin for required 
_ „ Eh 
Traffic — 

N. 

> 5.8 dB, we can calculate that Ioc 
should not exceed -101.3 dBm (in 
1.23MHz BWRF). We can write, in 
linear form: (14) 

I« = Iimi + (No + Ntx)» BWrf 

In the small two-tone level case, the 
CDMA desired signal level is only 3 dB 
above the minimum receiver sensitivity 
level. Hence, we can assume that No is 
set by the receiver noise figure. If we 
choose Nfrx equal to 7.8 dB, this sets N„ 
to -166.2 dBm/Hz (equation 10). is 
equal to -178 dBm/Hz, also as defined 
in the previous section. From equasion 
14, we deduce that 
IIM3 < -103.7 dBm/1.23MHz, referrenced 
to the receiver’s input. Knowing that 
P8tl=Pst2=-43 dBm, the 3rd-order inter¬ 
modulation spurious response attenua¬ 

tion A1M3 > 60.7 dB. The receiver input 
IP3 is calculated with the following 
equation: (15) 

nP(dBm)=P„ + ̂  

The required receiver Input IP3 should 
be > -12.7 dBm, for the small two-tone 
level case. 

In the large two-tone level's case, the 
equivalent white noise interference 
source is totally dictated by the equiva¬ 
lent in-band interference component 
due to 3rd-order intermodulation 
product (I1M3)- This is because the de¬ 
sired CDMA signal level is 25 dB above 
the minimum receiver sensitivity level. 
Similarly, if we assume a 1.5 dB 
margin for 

_ Eh 
Traffic — 

N. 
>5.8 dB, 

we can calculate that IIM3 , which is 
equal to Ioc) should not exceed -79.3 
dBm/1.23MHz, referred to the receiver 
input ( U < 79 dBm in this case). 
Knowing that Pstl = P,^ = -21 dBm, the 
3rd-order intermodulation spurious re¬ 
sponse attenuation AIM3 > 58.3 dB. The 
required receiver input, IP3 should ex¬ 
ceed > +8.15 dBm, for the large two-
tone level case. 
The previous two-tone level test cases 

indicate that the CDMA receiver needs 
to have a minimum of two different lin¬ 
earity modes. As discussed in the re¬ 
ceiver dynamic range section, this is 
achieved by using either a stepped gain 

Parameter Units Test 1 Test 2 
Tone 1 offset from Carrier kHz -900 +900 
Tone 1 Power (Pst1) dBm -43 
Tone 2 offset from Carrier kHz -1700 +1700 
Tone Power (Pst2) dBm -43 
I» dBm/1 ,23MHz -101 

Traffic E 

u dB -15.6 

LNA or a variable gain LNA 

Summary 
A thorough understanding of system 

level and block level specifications, 
based on the IS-98-A CDMA standard, 
is essential for designing a high perfor¬ 
mance CDMA mobile station receiver. 
RF system issues related to CDMA 

receivers, like reciprocal mixing, cross¬ 
modulation, and (¿-IF spurious re¬ 
sponse need to be considered in any 
CDMA receiver's system design. 

It is hoped that the reader will be 
able to apply the theory and concepts 
developed in this article, to aid them in 
efficiently developing practical systems. 
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Table 3. Minimum requirements for intermodulation spurious response attenuation (Small two-tone 
level). 

Parameter Units Test 1 Test 2 
Tone 1 offset from Carrier kHz -900 +900 
Tone 1 Power (Pst1) dBm -21 
Tone 2 offset from Carrier kHz -1700 +1700 
Tone Power (Pst2) dBm -21 

Î- dBm/1 ,23MHz -79 
Traffic E 

1- dB -15.6 
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RF eme design_ 

Basic Steps to Successful EMC Design 

Solid design techniques and common sense are your best tools to reduce the effects o] 
electrical and thermal stresses on electronic systems. 

By V. Lakshminarayanan 

The effects of electromagnetic inter¬ 
ference (EMI), electrostatic dis¬ 

charge (ESD) and thermal stresses 
have become important areas of in¬ 
terest to electronic system designers. 
EMI, ESD and thermal stresses consti¬ 
tute some of the major causes of failure 
of electronic systems. The advent of 
small size portable appliances, 
switching power supplies, wireless 
transmitters and receivers, high speed 
semiconductor devices, etc., has created 
the need for solving the electrical envi¬ 
ronmental pollution caused by EMI. 
The increasing trend towards minia¬ 
turization in electronics has heightened 
concerns over ESD induced failures of 
electronic devices, and thermal design 
of compact packages to avoid thermal 
overstress failures. This article will ad¬ 
dress some of these issues, how to deal 
with them and how to increase product 
reliability. 

Some EMI/ESD background 
EMI is generated wherever there are 

quick changing electric and magnetic 

fields. Fluorescent lights, electric mo¬ 
tors, medical equipment, domestic ap¬ 
pliances such as shavers, mixers, 
ovens, automobile ignition circuits, etc. 
are all familiar sources of EMI. 
Further, EMI may not necessarily be 
man-made. Lightning discharges, for 
example, are major sources of EMI. 

Every year thousands of electronic 
and telecommunications systems suffer 
damage due to lightning generated 
EMI. While much EMI is a source of 
nuisance, it can also cause major 
damage in a critical applications such 
as life support systems. For example, 
the electronics in a pacemaker could fa¬ 
tally malfunction under the influence 
of strong EMI or an electronically 
guided missile could go off track if EMI 
corrupts the signals to it. EMI also 
jams communication transmitters and 
disrupts communications links. Thusly, 
the potential losses arising from EMI 
make EMI control a necessity. 

Electrostatic discharge is generated 
by friction between two surfaces, which 
causes a voltage difference between 
them. The static voltage can reach 
levels as high as 20KV under dry con-

Figure la. A large loop area enclosed by a faulty PCB layout scheme. 

ditions. ESD can be considered as e 
lightning discharge on a smaller scale 
Even a simple event such as walking 
on a synthetic carpet can induce sev¬ 
eral kilovolts of static electricity in th« 
human body. When such an electricallj 
charged person comes into contact wit! 
a conducting surface, a short duration 
high current discharge occurs. This 
ESD discharge generates high levels oi 
RF interference (RFI) that contair 
spectral components covering a wide 
frequency range. Apart from the direci 
device damage caused by ESD, th« 
smaller device geometry and surface 
mount devices (SMD) technology has 
increased the propensity for ESE 
damage due to the thinner device 
layers involved. The problem of ESE 
damage to electronic components wil 
increase over the years unless appro¬ 
priate awareness is applied at the de¬ 
sign, fabrication, assembly and han¬ 
dling stages of the components. 

The heat is on 
Next to EMI and ESD, thermal prob¬ 

lems are a major factor affecting the re¬ 
liability of electronic systems. Thermal 
overstress is generally a by-product ol 
electrical overstress in electronic com¬ 
ponents. High voltage transients, large 
current flow, etc. can exceed the de¬ 
signed levels of thermal dissipation ir 
the device and cause thermal runaway 
Good design practice dictates that e 
mechanism should exist for the 
transfer of heat from the component as 
it is generated so that build up of heal 
can be avoided. There should be a path 
for the transfer of heat from the hoi 
component to the ambient environ¬ 
ment. Then thermal equilibrium wil 
be reached when the amount of heat 
generated is equal to the amount oi 
heat dissipated to the surroundings 
The reliability of electronic components 
depends on the temperature of the de¬ 
vice reached during operation. It is 
very important to keep the junction 
temperature of the device within safe 
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23 1.15 6.95 
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Models with R suffix are equipped with internal resistor. 
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Figure 1b. A better layout technique which reduces the enclosed loop area. 

limits in order to avoid device failure 
due to thermal overstress. 

Sources and causes 
of EMI and ESD 

Natural sources of EMI include light¬ 
ning discharges, atmospheric charges 
and cosmic sources, including the sun. 
Man-made sources of EMI include any 
electrical or electro-mechanical appa¬ 
ratus, machine tools, automobile ignition 
systems, communication electronics, 
telephony circuits, power lines, welding 
systems, transformers, etc. 
ESD can be generated by actions 

such as rubbing the hands on a syn¬ 
thetic seat cushion, walking on a car¬ 
peted floor or simply touching charged 
objects. Higher humidity conditions re¬ 
duce the effect of static charges by pro¬ 
viding a discharge path to ground for 
the accumulated charge. Therefore, dry 
air conditions tend to aggravate ESD 
problems and humid conditions reduce 
charge accumulation. A typical ex¬ 
ample is shown in Table 1. The table 
shows the voltages generated by var¬ 
ious human activities under 15% to 
30% relative humidity conditions. 

For ESD to cause any effect, there 
must be a generator of ESD and a re¬ 
ceptor (component). 

Materials are classified according to 
their tendency to give up electrons. 
This series is called the triboelectric se¬ 
ries. Table 2 fists commonly used mate¬ 

rials within the series. 
The top end of the table indicates 

materials which are more positive (they 
more easily release electrons) and the 
materials towards the lower end of the 
table are more negative (they easily ab¬ 
sorb electrons). 

EMI and ESD effects 
on electronic devices: 
EMI becomes a nuisance in a system 

if there is a source of interference, a 
medium to transfer or couple the inter¬ 
fering signal and a susceptible system 
which will be affected by the EMI. A 
good design dictates that as much of 
the potential EMI environment be 
eliminated from the system during the 
design stage. An interfering electro¬ 
magnetic signal can be conveyed from a 
source of EMI to a susceptible device by 
conduction or radiation. In conductive 
EMI transfer, a physical conductive 
path exists between the source and des¬ 
tination whereas in radiative EMI 
transfer, the EMI signal propagates 
through the medium from the source to 
the susceptible device. EMI reduction 
methods can be implemented in the 
most economical way only during the 
design phase of the product by choosing 
the appropriate methods such as using 
suitable circuit design techniques, 
proper choice of components, good PCB 
layout , and proper grounding and 
shielding methods to achieve compli¬ 

Series Activity Typical Potential 
number generated 
1. Person walking across carpet 12, 000V 
2. Person walking across vinyl floor 4, 000V 
3. Person working at bench 500V 
4. 16-lead DIPs in plastic box 3,500V 
5. 16-lead DIPs in plastic shipping tubes 500V 

Tablei. 

ance with EMI standards. 
The major hardware failures caused 

by ESD are as follows: Rupture of the 
thin films of oxide in semiconductor de¬ 
vices due to dielectric breakdown; 
melting of metalization traces due to 
high levels of thermal overstress in¬ 
duced by electrical overstress (EOS); 
current crowding effect in p-n junctions 
due to high current densities; latch-up 
in complementary metal oxide semicon¬ 
ductor (CMOS) devices due to parasitic 
pnpn structures. One must also be 
aware of component degradation or la¬ 
tent defects in the device structures 
which will not lead to immediate 
failure of the device but cause intermit¬ 
tent malfunctioning and field failures 
after exposure to ESD stress. 
The ESD susceptibilities of the de¬ 

vices varies depending on the tech¬ 
nology used. The range of ESD thresh¬ 
olds vary from 10 V to 100 V in the case 
of metal-oxide semiconductor field-ef¬ 
fect transistor (MOSFET), from 300 V-
7000 V in the case of bipolar devices, 
and from 150 V to 3000 V in the case oi 
CMOS. ESD and EMI circuit vulnera¬ 
bility should be taken into account 
during the device selection stage. 

Circuit Design guidelines 
to reduce EMI and ESD effects 
The following techniques will help in 

reducing EMI and ESD problems to a 
large extent. 
• Use ICs with the right speed. Do not 
use high speed logic, unless your design 
needs it. Use of high speed devices will 
increase the problems of unwanted ra¬ 
diation because of the high speed o! 
switching involved. 
• Reduce slew rate of signals in analog 
circuits. 
• Avoid fast rise time signals as much 
as possible. 
• Use a multilayer PCB with separat« 
ground and VCC planes if possible. 
• Connect a sufficient number of decou 
pling capacitors from the power supplj 
to the ground pins of ICs, very close t( 

Maximum Potential 
generated 
39, 000V 
13, 000V 
3, 000V 
12, 000V 
3, 000V 
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OPERATING HP’S 

EMC ANALYZER 

REQUIRES VERY 

LITTLE EXPERTISE. 

Easy to use, right out of the box. 

As a design engineer, you solve a lot of complex problems. Your test 

equipment shouldn't be one of them. So we made the E7400A EMC 

analyzer so easy to use, you can be up and testing 30 minutes out of the 

box. And in record time, you’ll be implementing EMC testing through¬ 

out your design and evaluation processes, dramatically reducing your 

time-to-market. 
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With HP’s EMC precompliance solution, you get all the features that 

make in-house EMC precompliance testing a simple reality: 

• Preprogrammed, automated measurements that require no special 
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• Interactive software that allows you to perform tests from your PC, 

or capture measurements made directly from the front panel. 
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the IC's supply pin. 
•Use feedthrough capacitors at 
entry/exit points in the system enclo¬ 
sure. 

• Use differential mode signal routing 
to achieve cancellation of mutual in¬ 
ductance and common mode effects. 

• Terminate strip lines with appro¬ 

priate impedance to prevent signal 
reflections. 

• Use ferrite beads to unshielded wires 
to suppress EMI. 

• Edge-triggered devices are prone to 
false triggering from ESD transients. 
Avoid if possible. 

• Do not leave unused pins of an IC 

When Lindgren Experience Goes In... 
EMI/RFI Noise Stays Out. 

Series Number 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

Table 2. 
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Design/ 
Consultation 

Product 
Development 

Engineering 
Expertise 

For reliable EMI/RFI shielding per¬ 
formance, turn to the most experi¬ 
enced manufacturer in the shielding 
industry: Lindgren. We provide the 
product development, design/consulta-
tion, engineering expertise, and quality 
testing that result in the most effective 
EMI/RFI protection and product 
choices within the industry. 

For application assistance or 
to request our literature, call 
(630) 307-7200. Visit our 
website at www.lindgrenrf.com. 

R F ENCLOSURES, INC. 

® 400 High Grove Boulevard • Glendale Heights, IL 60139 
Tel: 630.307.7200 • Fax:630-307.7571 
E-mail: lrfe@interserv.com ■ Web: www.lindgrenrf.com 
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Material 
Dry Air 
Human skin 
Bakelite 
Glass 
Mica 
Human hair 
Nylon 
Wool 
Silk 
Aluminum 
Paper 
Wood 
Steel 
Rubber 
Epoxy glass 
Copper, Nickel 
Silver, Brass 
Gold, Platinum 
Polystyrene 
Polyester 
Polyethylene 
PVC 
Silicon 
Teflon 

floating. Such pins can pick up noist 
which can affect the state of the de 
vice and cause spurious operation 
Unused pins should be tied low 01 
high depending on the design. 

• Use a level sensing logic with a vali 
dation strobe to improve ESD immu 
nity of the circuit. Parity and franu 
error checking should be used in th: 
design to minimize errors. 

• Keep all component leads short. Lea< 
inductances and parasitic can caus< 
cross-talk, higher propagation delay: 
and oscillations at higher frequencies 

• When selecting components, conside: 
the bandwidth, rise and fall times 
switching speeds, voltage swing 
power handling capability, immunity 
of the device threshold to ESI 
damage, and similar factors. 

• If shielded cables are used ensurt 
that a full 360° contact with th< 
shield is made to prevent antenna ef 
fects i. e., radiated fields. Follow al 
packaging guidelines as applicable t< 
EMI reduction. 

• Avoid protrusion of component lead: 
in PCBs. Trim the component lead: 
to the minimum level required fo: 
mechanical strength. 

• Electrolytic capacitors have highe: 
series resistance and are not recom 
mended for higher frequencies. Mic: 
and ceramic feedthrough capacitor: 
are recommended for frequencies > : 

September 199! 



Arrive 

in seconds, and 
fixe 
problems 
forever a 

your s| Install it in your connector in seconds, 

with no wiring, soldering, or tools. And rest assured that EESeal™ 

•2*415 EMI filters meet or exceed a wide range of industry and military 

standards. Get one in your connector by calling 

It's silicone elastomer body suspends and protects whatever filter components you select, including 
chip capacitors, MOVs, etc. Flexible interconnects allow the entire part to literally change shape and form 

to the inside of your mated connector pair, even preserving the environmental seal. Check 
■ _ out our web site for details. 

Easy installation... unmate 
your connector, slip in an 

EESeal"and remate : Commercial Products Division 

U.S Patent No 5,686,697 and International Patents Pending • 2309 Renard Place S.E , Suite 401, Albuquerc 
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MHz. A feedthrough capacitor provides 
suppression of unwanted electromag¬ 
netic interference signals at the 
boundary between an equipment and 
its surroundings. In this capacitor, the 
EMI signals are bypassed to ground at 
the interface and thus prevented from 
crossing the boundary. 
• Components mounted on heat sinks 
which are to be connected to the 
chassis for better thermal design, 
should have a Faraday screen to 
avoid capacitive coupling. 

• Use ferrite beads at critical points in 
the circuit. A ferrite bead can be used 
to suppress high frequency inter¬ 
fering signals above 1 MHz without 
affecting the low frequency perfor¬ 
mance of the circuit where it is used. 
A typical ferrite bead adds a few /zH 
of inductance to the wire in which it 
is slipped on. Since a ferrite bead 
need not be directly connected into 
the circuit, it is advantageous in 
many applications. 

• A series resistor can be connected to 
the input stage of a high impedance 
circuit to limit the inrush current 
from an ESD transient. 

• Use a small value ceramic capacitor 
to decouple sensitive points in the cir¬ 
cuit to ground. Such capacitors 
should be mounted very close to the 
pin. Avoid long trace lengths which 
can induce parasitics. 

Minimizing catastrophic failures : 
In some situations it may not be pos¬ 

sible to provide total protection against 
all contingencies. In such cases it is 
preferable to provide protection to the 
extent possible and use circuit design 
techniques to provide a systematic 
shutdown of the processes at the in¬ 
stant of failure of the system. This 
means a system can go into a graceful 
shutdown instead of an abrupt failure. 
Such features can be incorporated 
through software techniques so that if 
a sudden power fault occurs, a power 
monitor resets the processor so it 
doesn’t enter a faulty program execu¬ 
tion stage and the whole system goes 
awry. In such situations, good hard¬ 
ware and software design can help cope 
with voltage transients and other prob¬ 
lems without large-scale damage. 
Therefore, both hardware as well as 
software techniques can be used to 
avoid catastrophic failure of systems 
due to ESD or EMI problems. 

Reducing EMI from transformers 
and switched mode power supplies 
By their nature, transformers consti¬ 

tute one of the major EMI sources in 
electronic systems. In the case of 
switching circuits such as switched 
mode power supplies, motor drives, 
etc., the problem gets accentuated due 
to fast changing electric and magnetic 
fields. Usually the switching wave¬ 
forms are rectangular pulses and a 
Fourier analysis of the spectrum of 
such a waveform shows that it is rich in 
harmonics. This creates a large fre¬ 

quency spectrum of interference. Th< 
EMI in such a case will be both con 
ducted and radiated. 

Conducted mode EMI consists of twc 
types; common mode voltage and differ 
ential mode voltage. Common mod( 
voltage is the voltage appearing be 
tween any of the input, output 01 
supply lines with respect to the ground 
Differential line voltage is the voltagt 
appearing between any two input 
output or supply lines. 

Typical EMI sources in a switching 
power supply are : 
• radiation from the power supply cir 
cuits 
• noise from the output stages of th< 
power supply 
• current changes in the rectifie! 
diodes at high frequency can caus< 
rapid di/dt transitions. 
• high frequency switching of transis 
tors, MOSFETs, etc. 
• input/output coupling with poor isola 
tion. 
• radiated fields from coils, trans 
formers, etc. 
To reduce the effects of these, severa 
techniques can be used in a switchet 
mode power supply design. Some are fil 
ters, shielding techniques or even a dif 
ferent design approach using a sinusoida 
waveform instead of a square waveforn 
to address the harmonic problem. 

Reduce EMI and ESD effects usine 
sound PCB design techniques 
The design of a printed circuit boar< 

Figure 2a. A daisy-chain grounding scheme causes local voltage drops and 
introduces common impedance paths. 

Figure 2b. Single-point grounding scheme avoids local voltage drops . 
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Spurious Noise 

SL Series PLL 
Frequency Synthesizers 
Single PLLs 

Number HHHBHHBHHHBHHHHI 

MB15E03SL 1.2 GHz 2 2.7 

MB15E05SL 2.0 GHz 3 2.7 

MB15E07SL 2.5 GHz 3.5 2.7 

Dual PLLs 

Part Numbed 

MB15F02SL 1.2 GHz 1.8 2.7 
0.5 GHz 1.2 2.7 

Discover why Fujitsu is quietly becoming the leader 
in total wireless solutions. 

With Fujitsu’s advanced SL series PLLs, you can expect 

significantly lower phase and spurious noise in all your wireless 

designs. The key to this superior performance is Fujitsu’s new 

balanced charge pump design. Combined with the SL series’ low 

power consumption and BCC package options, this innovative 

feature enables us to deliver enhanced integration, longer battery life, 
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and a free Super PLL Application Guide, contact us today 
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can affect the functioning of electronic 
circuits by defining the radiated and 
conducted electric and magnetic fields 
in the circuit. Significant reduction in 
electromagnetic interference can be 
achieved by following good board layout 
techniques. Some of the key points to 
be taken into consideration during the 

design cycle are: 
• Components on the board should be 
zoned according to frequency of opera¬ 
tion and power levels. Zoning into sepa¬ 
rate regions is a very economical way to 
reduce noise effects. The objective is to 
avoid interference and coupling of fields 
between adjacent circuits, especially 

SIZE MATTERS... 
so do price and perforwancel 

We understand that mobile phone designs are driven by the 

need to be smaller, cheaper, and better. That’s why Sawtek 

was the first to offer a PCS CDMA subscriber filter in a 

13.3mm x 6.5mm surface-mount package (SMP). Then, nearly 

a year ahead of the competition, we made it even smaller. 

Because size matters now more than ever, the same high-

performance SAW filter is available in a 7mm x 5.5mm SMP 

at a substantially lower price. 

If size, price, and performance matters in your mobile phone 

design, please ask about our new CDMA subscriber filters by 

number. Part number 855407 is a 210.38 MHz filter with a 

bandwidth of 1.26 MHz and 855633 is a 220.38 MHz filter 

also with 1.26 MHz of bandwidth. Data sheets for both 

parts are on our website at www.sawtek.com or you may 

speak with us at 407-886-8860 to request data sheets and 

pricing information. 

[ -SAWTEK 
- J INCORPORATED 

Orlando, Florida 

www.sawtek.com 
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(13.3mm x 6.5mm) 

PAST... 

(7mm x 5.5mm) 

PRESENT... 

(Smaller is better) 

FUTURE... 

with high frequency and highly sensi¬ 
tivity circuits. 
• Keep analog and digital circuits 
isolated. 
• Trace lengths should be kept as short 
as possible. A large trace length be¬ 
haves like a transmission line. 
• Traces carrying high frequency sig¬ 
nals such as clocks should be routed 
with minimum number of bends using 
the shortest trace length to avoid 
leakage and reflections. 
• Avoid sharp turns of tracks such as 
90° bends. 
• Reduce the overall loop area of the 
circuit. A large area enclosed by a cur¬ 
rent loop will cause a higher magnetic 
field interference. Figures, la and It 
show different routing examples and 
the resulting loop areas. One method tc 
reduce loop areas is to have separate 
ground and power supply planes in 
multi-layer boards. 
• Use filters on input and output lines. 
• cross-talk. 
• Possible EMI source and victim 
traces should not run parallel to each 
other for large distance on the board. 
• A ground trace between the possible 
source and victim traces will consider¬ 
ably reduce the incidence and gravity of 
the problem of EMI, besides reducing 
loop area. 
• Reduce the possibility of standing 
waves caused signal reflections bj 
proper impedance matching. 
• Provide large ground plane areas on 
the board. 
• Minimize the effect of di/dt in the cir¬ 
cuit by using the minimum possible 
switching frequency required in the de¬ 
sign and by reducing the loop area en¬ 
closed by the current path. 
• Keep high power circuits separatee 
from low power circuits. 
• Printed circuit board traces act like 
transmission lines at higher frequen¬ 
cies. The characteristic impedance ol 
traces having larger width is lowei 
than narrower traces. Parasitic induc¬ 
tance of traces and parasitic capaci¬ 
tance between traces exist in all types 
of PCBs and could become significant 
factors at the frequency of operation ol 
the circuit. The properties of the lami¬ 
nate of the PCB such as dielectric con¬ 
stant are significant for transmissior 
line effects and microstrip circuits. 
• To prevent leakage of fields, do not 
place high frequency clocks, oscillatoi 
outputs, etc. near I/O points,. 
• Route high speed clock lines betweer 
ground and power supply lines. 
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• Reduce cross-talk between adjacent 
traces by proper spacing, minimizing 
the length of parallel run between 
them, routing the source and victim 
traces on the opposite sides of the 
ground plane, avoiding sharp bends in 
the traces, and by providing proper im¬ 
pedance matching. 
• Use a low impedance ground in the 
design so that any electrostatic dis¬ 
charge currents can easily flow to 
ground without finding other low-im¬ 
pedance paths through electronic 
devices. 
• Route a trace all round the PCB edge 
and connect it to ground to discharge 
any static charges due to human con¬ 
tact. 
• Route reset lines of microprocessor or 
other logic devices away from I/O 
points in the circuit and isolate them. 
• Convert unused areas in a PCBs into 
ground planes. Signal lines should have 
ground lines running close to them. 
Multilayer boards with separate 
ground planes are preferable from ESD 
point of view. 
• Where high frequency clocks are re¬ 
quired to interface with components, 
use a good distribution scheme to di¬ 
rectly connect the clock to the compo¬ 
nents using shortest possible distance. 
This will prevent radiation leakage of 
high frequency clocks to nearby circuits 
which could occur if long traces are 
used to connect clock signals. 
• Coils, transformers and similar ele¬ 
ments should be properly shielded to 
avoid radiating EMI to nearby compo¬ 
nents and circuits. 
• Mount sensitive electronic compo¬ 
nents away from board edges so that 
human operators cannot accidentally 
cause ESD damage while handling the 
boards. 

Proper grounding techniques to 
reduce EMI/ESD problems 
Proper grounding is an important 

tool for reducing interference in an 
electronic system. Although grounding 
techniques can solve a number of elec¬ 
trical noise and interference problems, 
faulty grounding can cause the very 
problems that grounding is supposed to 
solve. Maintaining a clean ground 
holds the key to the proper functioning 
of many electronic circuits using a mix¬ 
ture of analog and digital circuits. 
One method of grounding is to have 

a common ground point from each of 
the 'local' ground points. A daisy 
chained ground connection will cause 

local circulating currents and hence 
voltage drops as shown in Fig. 2a. The 
individual ground points will be at dif¬ 
ferent potentials with respect to each 
other. If different individual ground 
points are connected together, they 
could cause noise problems if the circuit 
has high power sections. Single point 
grounding can lead to long ground con¬ 
nections, but it avoids voltage drops 
across different ground paths and dif¬ 
ferent potentials. 

At low frequencies (<1 MHz) the par¬ 
asitic inductances of the cables, PCB 
traces, and other interconnecting ele¬ 
ments in the circuit do not contribute 
significantly to any parasitic imped¬ 
ances and , therefore, a single ground 
point can be used in the circuit (see Fig. 
2b). At higher frequencies (>lMHz), the 
contributing factors for parasitic im¬ 
pedances due to parasitic inductances 
are many and it is preferable to use a 
large ground plane, to which the sepa¬ 
rate grounds are connected. 

It is recommended to keep ground 
connections grouped according to their 
power and noise levels. One must also 
take care to avoid ground loops when 
these individual grounds are formed, 
preventing circulating currents and the 
possibility of such loops acting as an¬ 
tennas. 

Proper packaging and 
production techniques 
The effects of electromagnetic and 

electrostatic fields in a system can be 
minimized by using a shield of suitable 
material. The fundamental principle 
used for shielding a circuit or a system 
from electromagnetic field interference 
is reflection and absorption of the inci¬ 
dent wave by the shielding material. 
The type of shielding used in a par¬ 

ticular application depends on the im¬ 
pedance offered by the shielding mate¬ 
rial at that frequency to the incident 
electromagnetic field. If the impedance 
offered by the material to the incident 
field is matched to the wave impedance 
of the field, the incident field will be ab¬ 
sorbed (maximum power transfer the¬ 
orem) and very little of the incident 
field will be reflected. 
Ferromagnetic materials such as 

iron, iron-nickel alloys, mumetal, 
permalloy, etc. which have high perme¬ 
ability are efficient shielding materials 
for low-frequency magnetic fields. The 
permeability of these materials de¬ 
creases as frequency increases, and at 
very high frequencies, these conven¬ 

tional magnetic materials will be inef¬ 
fective as shielding materials. 
Non-magnetic materials such as 

copper or aluminum are applicable tc 
higher frequencies due to their ability 
to reflect the incident. Efficient 
shielding against electric fields can be 
achieved by high conductivity materials 
such as copper or aluminum. However, 
such materials cannot be used to shield 
against magnetic fields because the re¬ 
flection loss will be negligible. 
Some good guidelines for packaging 

design are: 
• Mount a connector inside a cavity sc 
that if a charged body happens to come 
in contact, it will get discharged 
through the shielded housing first be¬ 
fore any charge transfer occurs to the 
cable. 
• Cover unused connectors with a con¬ 
ductive shield to prevent charge build¬ 
up. 
• All metallic parts of the system such 
as cabinet, cable shields, connectoi 
shells, etc. which are exposed to the 
outside world should be grounded. 
• Electrical continuity to ground should 
be maintained at hinges and similai 
points of the enclosure. 
• Avoid long joints and large openings 
in the enclosure. A discontinuity such 
as a vent hole in the cabinet can ra¬ 
diate fields. A conductive wire mesh 
should be mounted on the opening tc 
cover it with smaller size apertures. As 
a rule any aperture should be less thar 
1 /20 wide to avoid leakage through it 
where 1 is the wave-length of the signa' 
frequency in the system. It is preferable 
to use many small openings instead ol 
one large opening in the enclosure. 
• All non-conductive plastic compo¬ 
nents mounted on the front pane: 
should have sufficient dielectric 
strength. 
• All components, PCB traces, etc 
should be mounted away from anj 
apertures in the enclosure, so that anj 
arcing cannot occur from high voltage 
ESD pulses coming near the enclosure. 

Dealing with shielding 
discontinuities 

In practice, a system will have open 
ings for cabling, cooling vent holes, cut¬ 
outs for fixing switches, hinges foi 
doors, etc. All these discontinuities re¬ 
duce the shielding effectiveness of the 
shield used by providing a path fo) 
leakage of lines of flux. These holes arc 
more problematic from the point o 
view of leakage of magnetic field thar 

44 www.rfdesign.com September 199S 



More Bandwidth... for UNII & ISM Radios 
with .... Low Cost Components 

5.2 & 5.8 GHz Plastic MMICs from Hittite Microwave 

HMC224MS8 
T/R Switch 

1.3 dB insertion Loss 
35 dB Isolation HMC2 18MS8 

Passive Mixer 

HMC219MS8 
Passive Mixer 
4.5 to 9 GHz 

AH Packages / mm High MSOP8 ! 

HMC188MS8 
Passive Doubler 
Fo, 3Fo, 4Fo 

Isolation = 40 dB 

Call for our catalog 
featuring over 70 
MMiC products 
covering DC to 
25 GHz or visit 

www. hittite, com 

See Our Web Site for Employment Opportunities 

Function Part Number Frequency 
Range (GHz) 

Loss 
(dB) 

Isolation 
(dB) 

Pl dB 
(dBm) 

LO Drive 
or Control Bias 

Frequency Doubler HMC188MS8 1.25 - 3.0 15 40 N/A + 15 dBm 
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INFQCAFD 14 



electric field. These openings can act 
like slot antennas and radiate un¬ 
wanted EMI to the surroundings. 

In practice, the radiation will be 
maximum when the maximum dimen¬ 
sion of the opening is equal to 1/2 where 
1 is the wavelength of the signal. 
Thusly, the maximum length of an 
aperture should be less than 1 /20. A 
60° array of holes is reported to reduce 
the effective hole area. Conductive gas¬ 
kets, paints, screens, etc. can be used to 
reduce radiation leakage from openings 
and to maintain shielding integrity. 
Cables, wires, etc. entering the enclo¬ 
sure should have a shield which should 
be fully connected (360° ) to the enclo¬ 
sure at the entry point. 

Keeping environmental 
ESD under control 

Sources of electric charge in a pro¬ 
duction set up include personnel, 
clothing, computer terminals, synthetic 
packaging materials, furniture cover¬ 
ings, etc. To help minimize ESD from 
such sources store sensitive compo¬ 
nents in ESD resistant environments. 
Plastic surfaces coated with chemicals 
such as ammonium salts, ami¬ 
doamines, etc. are available for 
packing. Containers for storing sensi¬ 
tive components are available in the 
form of conductive plastic bins, trays, 
tubes, carbon-filled plastics, metal foil 
lined bags, etc. ESD control through 
anti-static flooring is a useful measure 
as well, with newer materials are now 
available for flooring, which achieve a 
conductivity level of 10 5 W/sq. 

Assembled PCBs should be stored in 
static dissipative bags during storage 
and shipment. Such containers are spe¬ 
cially coated to achieve the required 
level of surface resistivity. This allows 
for the bleed off of charges caused by 
triboelectric effect and prevent charge 
accumulation between the pins of the 
device. 

Floor and work table areas should be 
covered with anti-static material. Use a 
soldering iron with grounded tip. Tools 
with plastic handles should be avoided 
because plastic can become charged 
from friction. Card rework such as in¬ 
sertion or removal of components with 
the PCB powered up should be also 
avoided. Workers should wear anti¬ 
static footwear, aprons and wrist bands 
with proper ground connections. Air 
ionisers can be used to neutralize free 
charges in assembly areas. Educate 
workers in observing ESD precautions 

and usage of good work methods to 
minimize ESD problems. 

Cables—EMI and ESD purgatory 
Cables contribute significantly to 

EMI problems especially in RF sys¬ 
tems. Problem areas include connec¬ 
tors, cable length and type of cable used 
for interconnection and the way the ca¬ 
bles are routed around the system. 
Shielded cables are preferable from 
EMI reduction point of view. The shield 
should be connected to the connector 
with a full 360°, to avoid the “pigtail ef¬ 
fect” i. e., a short piece of the shield 
acting like an antenna. A single point 
contact through a piece of wire will 
have a higher inductive reactance at 
higher frequencies. EMI shielding 
tapes are can be used to wrap cables 
and reduce EMI problems. For low-fre¬ 
quency (< 1 MHz) electric fields, shield 
scan be grounded at one end, however, 
for higher frequencies (>1 MHz), the 
cable shield should be grounded at both 
ends. All conductors entering an enclo¬ 
sure should have a shield or filter. All 
component filters consist of inductors, 
capacitors and ferrite, should have 
short lead lengths and be mounted ad¬ 
jacent to entry/exit points. The filter 
casing should be firmly bonded to the 
enclosure which should be grounded. 
RF designers should be particularly 

cautious about ESD induced into ex¬ 
ternal cables running to and from the 
equipment. A piece of cable can act like 
an antenna to either pick up or radiate 
a field, and act as a transducer to con¬ 
vert a radiated field into a current or a 
voltage. Cables without shielding such 
as untwisted wires, flat cables, etc. are 
the main types of susceptible cables. 
The higher the conductivity of the 
shield, the lower is the sensitivity of 
the cable to ESD. Such a higher con¬ 
ductivity shield also provides an 
equipotential surface for the ESD 
charges and reduces arcing and dis¬ 
charge problems due to potential differ¬ 
ences. 

Insertion of a common mode choke in 
the interconnecting cable will help in 
dropping any voltage developed due to 
ESD voltages. To protect against very 
fast transients, bypass capacitors and 
transient suppressor diodes should be 
connected across the circuit input ter¬ 
minals to ground, Insertion of filters on 
the lines will also help in reducing the 
effects of transient voltages. 
Minimize loop areas formed by ca¬ 

bles and interconnecting wires. Group 

cables according to power level and 
type of signal carried. Maintain max¬ 
imum separation between AC and DC 
cables. Use twisted wires for balanced 
lines. For unshielded cables use high 
frequency decoupling which could con¬ 
sist of a T-S filter having two ferrite 
beads and a ceramic capacitor of aboul 
100 pF so that high frequency noise in¬ 
duced by ESD is filtered out. 

Thermal issues 
Thermal design is as important as the 

design of the electronics and this aspecl 
should be addressed at the design stage 
of a system to prevent problems sur 
facing later on in the field under adverse 
environmental conditions of tempera 
ture, humidity, etc. Manufacturers o: 
semiconductor devices generally specif 
the maximum range of junction temper 
ature for continuous operation to be 
125° C to 150° C. However, in order te 
achieve high reliability of operation, the 
junction temperature should be main 
tained as low as possible (<100° C). This 
can be achieved by provieling heat sinks 
cooling fans, blowers, etc., based upor 
the amount of heat generated and the 
cooling desired. The three fundamenta 
mechanisms of heat transfer; conduc 
tion, convection, and radiation are al 
equally important. Each one plays a sig 
nificant role in a different layer in the 
thermal management hierarchy ane 
should be considered during the therma 
design of any electronic system. 

In places where ambient tempera 
tures are much higher than the typica 
room temperature of 25° C, the therma 
environment becomes far more critica 
and the power dissipation rating of th( 
device should be derated appropriately. 
The term thermal overstress in 

eludes factors responsible for devici 
failure due to excessive heat dissipatior 
beyond the safe heat dissipation limit 
of the device. Thermal overstress mani 
fests itself in the failure of an inte 
grated circuit in the form of charring o 
the device, melting of bonding wires 
carbonation of the plastic encapsu 
lating material. Some of the ways b 
which thermal overstress manifests it 
self are: 
• Thermal fatigue—This is caused b 
switching action. It is seen as cracking 
and fracturing of a device due to differ 
ential thermal expansion and contrac 
tion between the different material! 
used. 
• Thermal rimaway—Under some con 
dirions, a semiconductor device wil 
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WAVE 

COM PONE NTS 
PLIFIERS MIXERS •MULTIPLIERS 

AMPLIFIERS 

Model Number 
Frequency 

(GHz) 
Gain 

(dB, Min.) 

Gain 
Flatness 

(±dB, Max.) 

Noise 
Figure 

(dB, Max.) 

I/O 
VSWR 
(Max.) 

Output Power 
at 1dB Comp.* 
(dBm, Typ.) 

JSW4-1 8002600-1 Î-5A 18-26 28 1.0 1.8 2.0:172.0:1 5 
JSW4-26004000-2! j-5A 26-40 25 2.5 2.5 2.0:172.0:1 5 
JSW4-18004000-3Í !-8A 18-40 21 2.0 3.2 2.0:172.5:1 8 
JSW4-30005000-4Í >-5A 30-50 21 2.5 4.5 2.5:172.5:1 5 
JSW4-40006000-6Í i-OA 40-60 16 2.5 6.5 2.5:172.5:1 0 I 

MIXER/CONVERTER PRODUCTS 

Model Numb er 

Frequency (GHz) Conversion 
Gain/Loss 
(dB, Typ.) 

Noise 
Figure 

(dB, Typ.) 
Image Rejection 

(dB, Typ.) 

LO-RF 
Isolation 
(dB, Typ.) RF LO IF 

LNB-1826-3 0 18-26 Internal 2-10 42 2.5 20 45 
LNB-2640-4 0 26-40 Internal 2-16 42 3.5 20 45 

I ARE3436LC 1 34-36 15.5-16.5 2. 7-3.3 25 4 20 60 
SBW3337LG2 33-37 33-37 DC-4 -7.5 8 N/A 25 
TB0440LW1 4-40 4-42 .5-20 -10 10.5 N/A 20 
DB0440LW1 4-40 4-40 DC-2 -9 9.5 N/A 25 

\. SBE0440LW1 4-40 2-20 DC-1.5 -10 10.5 N/A 20 7 

MULTIPLIERS 

Model Number 

Frequency (GHz) Input 
Level 

(dBm, min.) 

Output 
Power* 

(dBm, min.) 

Fundamental 
Feed Through Level 

(dBc, min.) 

DC current I 
@+15VDC 
(mA, nom.) Input Output 

MAX2M260400 13-20 26-40 10 12 18 160 

MAX2M200380 10-19 20-38 6 14 18 200 

MAX2M300500 15-25 30-50 10 8 18 160 

MAX4M400480 10-12 40-48 10 8 18 250 

MAX3M300300 10 30 10 10 60 160 

MAX2M360500 18-25 36-50 10 8 18 160 

MAX2M200400 10-20 20-40 10 10 18 160 

TD0040LA2 2-20 4-40 10 -3 30 N/A 

Higher output power options available 

MITEQ also offers custom designs to meet your specific requirements. 
For further information, please contact David Krautheimer 

at (516) 439-9413 or e-mail dkrautheimer@miteq.com 
ISO 9001 

100 Davids Drive • Hauppauge, NY 11788 
TEL.: (516) 436-7400 • FAX: (516) 436-7430 
- www.miteq.com 
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have a multiplier effect due to a posi¬ 
tive feedback mechanism where an in¬ 
crease in device current leads to higher 
power dissipation in a repetitive chain 
reaction. This will lead to the destruc¬ 
tion of the device due to the excessive 
heat generated by such a reaction. 
• Hot Spots—Any defect in a semicon¬ 
ductor device or improper provision for 
conducting the heat away from a device 
can cause hot spots in the device due to 
accumulation of heat in a particular 
spot even during normal operation and 
this can cause damage to the device. 
Hot spot related failures can occur not 
only in semiconductor devices but also 
in other components such as trans¬ 
formers, coils, capacitors, resistors, etc. 
• Thermal problems on the PCB - The 
possible sources of heat generation on 
the populated PCB could be power 
transistors, high power resistors (such 
as wire wound types), transformers, 
power diodes, power MOSFETs, etc. 
Power devices such as power transis¬ 
tors are mounted on heat sinks to 
carry away the heat from the device 
and prevent abnormal rise in tempera¬ 
ture. Heat transfer can occur from a 
hot device to another device on the 
board by any or all of the three funda¬ 
mental heat transfer mechanisms -
conduction, convection and radiation. 
Conductive heat transfer can occur 
through the lead of the power device to 
the PCB traces where the leads are sol¬ 
dered, which transfers to other compo¬ 
nents through interconnecting traces. 
Excessive temperature during sol¬ 
dering can cause damage to a PCB as 
well. In general, the effects of thermal 
stresses on a PCB are delamination, 
discoloration, warping, and in extreme 
cases, charring of the board. 

Generally, components can with¬ 
stand thermal shocks encountered 
during normal assembly/production op¬ 
erations such as soldering. It is only the 
sustained application of thermal 
stresses beyond the specifications of the 
component that will cause the device to 
malfunction or fail due to thermal 
mechanisms. For high reliability sys¬ 
tems, screening tests are conducted to 
weed out infant mortality failures by 
conducting temperature cycling tests. 
The following steps can be followed to 
achieve good thermal design: 
• Proper placement of components on 
the board is critical. Components gen¬ 
erating heat such as power devices, 
high power resistors, etc. should be 
mounted away from other components 

especially those sensitive to heat such 
as electrolytic capacitors, semicon¬ 
ductor devices, etc. 
• Provide adequate heat sink for power 
dissipating components and provide 
baffles, if required, for better air circu¬ 
lation. 
• Since hot air has lower density and 
rises up, cool air should be passed from 
the bottom so that it gets heated and 
rises up. 
• Any dust filters used in the system 
cabinet should be kept clean to ensure 
proper air passage. 
• Provide cooling fans for assisted air 
movement. 

Conclusion 
The demand for light-weight, com¬ 

pact and highly integrated devices has 
been increasing in the recent years. 
This tight integration of electronic com¬ 
ponents and packaging creates a new 
era of EMI and ESD problems. 
Incorporating good thermal design and 
maintaining EMI/ESD compliance 
within a small volume becomes a chal¬ 
lenging task. Techniques to overcome 
these problems should include better 
circuit, PCB and system design, pack¬ 
aging, shielding, and application of 
cooling techniques. 

Devices based on new technology and 
having built-in protection against 
ESD/EMI damage, and packaging ma¬ 
terials to overcome EMI/ESD problems 
are now available. 
Compactness of product design re¬ 

quires trade-offs in power dissipation, 
EMI/ESD susceptibility and emission, 
space constraints and cost of the 
product. Application of the various 
techniques can contribute significantly 
to the reduction of EMI, ESD and ther¬ 
mally caused failures of electronic com¬ 
ponents. 
By integrating the various require¬ 

ments in terms of standards and com¬ 
pliance right from the design stage of a 
system, the problem of EMI/ESD com¬ 
pliance and thermal design can be 
tackled at a lower cost. If sufficient pre¬ 
cautions are not taken during the 
product development cycle, achieving 
EMC/ESD compliance may not be pos¬ 
sible without expensive re-engineering 
or retrofits. Moreover, the product may 
have higher incidence of field related 
problems and failures and valuable 
time and effort will be lost for fixing 
them later. 

RF 
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SPECIAL 

INTRODUCTORY 

OFFER 

$89 
shipped FREE within 

US and Canada 

($109 shipped worldwide) 
This is a limited time offer 

Announcing HELP files for your career 

ELEKTA is a knowledge-based system for electrical 
engineering. It is an encyclopedia of electronics, but 
with interactive examples and 
supplemental tools that offer 
more than any printed book. 
From tutorials on hundreds of 
topics to SPICE simulation, 
from basic engineering compu¬ 
tations to advanced mathemati¬ 
cal functions, ELEKTA can help you with routine or 
advanced engineering tasks. 

ELEKTA is organized just like familiar HELP files. 
But, instead of helping you with operation of a com¬ 
puter program, it helps with your job! With a few 
simple clicks you can get tutorial background infor¬ 
mation, interactive design utilities, modeling and 
simulation support and a whole lot more. For $99, 

NOBLE 
PUBLISHING 

this is a must have for any wireless professional. 

For information or to order contact: 
Noble Publishing, 4772 Stone Drive, Tucker GA 30084 
Tel: 770-908-2320 • Fax: 770-939-0157 
www.noblepub.com * Dealer inquires invited 
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RF cover story 

Consumer electronics enters 
the wireless fast lane 
Like so many other high-end technologies, wireless is permeating the consumer in¬ 
dustry with blazing speed. Smart versions of homes, appliances and computer net¬ 
works are all poised to stake a claim in this burgeoning industry. 

By Ernest Worthman, 
Technology Editor 

Within the next year or so, the con¬ 
sumer will be presented with the 

next class of tetherless communication. 
These voice and data devices will be 
based upon technologies such as wire¬ 
less local area networks (WLANs), fam¬ 
ily radio service (FRS), HomeRF, 
Bluetooth, infrared (IR), spread spec¬ 
trum and power line carrier (PLC), for 
starters. 
With these emerging technologies 

coming online, expect to start seeing 
the stuff science fiction movies are 

made of. Expect our lives to exist with¬ 
in a universe of terabits of data, con¬ 
trolling everything from our schedule 
to our environment. 

Although most of the enabling tech¬ 
nology isn't new, the ubiquity of 
devices coming online is. Much of this 
is due to the economic scaling of hard¬ 
ware and the pervasive volumes of 
uPC code developed within the last few 
years. Credit this movement to the 
ever-tightening integration of digital 
and analog circuits on ever-shrinking 
form factors, the mass production of 
high-density, custom application-spe¬ 
cific integrated circuits (ASICs), and 
the marriage of the RF and digital 
technologies. 

The top contender: Wireless 
Internetworking 
The independent research firm of 

Frost and Sullivan predicts home and 
business wireless local area networking 
product shipments to exceed 1.7 million 
units, with product and infrastructure 
revenues exceeding $10 billion, by the 
end of 2005 (The most intriguing of 
these enabling enabling technologies, 
Bluetooth, is dissected later in this 
article). Industries include retailing, 
warehousing, manufacturing, trans¬ 
portation, health care, education, trav¬ 
el, professional and government. And 
no doubt more industries will imple¬ 
ment wireless networking as the next 
century gets into gear. Many of these 

Figure 1. (Courtesy of the HomeRF Working Group) 

50 www.rfdesign.com September 199! 



Responsive... 
from your Design to Prototype to Production to Delivery. 

SIWARD Manufactures Crystals, 
Oscillators, Filters, VCXOs, TCXOs, 
VC-TCXOs, and SAW Resonators. 

For standard or custom frequency 
control products, you won’t find a more 
reliable manufacturer than Siward or a more 
dependable supplier than Richardson 
Electronics. The combined manufacturing 
and distribution expertise of Siward and 
Richardson translates into the responsive 
source you are looking for. 

A Richardson 
VK Electronics 
Engineered Solutions 

• Worldwide Logistics Services 
• Inventory Management/JIT 
• Applications Engineering Support 

Your cost-effective choice for SIWARD 
frequency control products is Richardson 
Electronics. 

Call, fax or E-mail Richardson to get 
Siward’s full line catalog. 

SIWARD 
www.siward.com • 973-898-1234 

More than 60 locations worldwide to serve you. Toll Free US/Canada: 1-800-RF POWER or 1-800-737-6937, Argentina: +54 (327) 55750, Australia: 
Bayswater +61 (3) 9738 0733. Castle Hill +61 (2) 9894 7288. Brazil: Sao Paulo +55 (11) 820-6199, Canada: (905) 795-6300, Colombia: (57-1) 636-1028 France: 
+33.1.55.66.00 30, Germany: Puchheim +49 (89) 890 214-0. Indonesia: +62 (21) 912-0727. Italy: Agrate Bnanza (Ml) +39 (039) 653 145, Roma +39 (06) 
41.73.37.51, Sesto Fiorentino (Fl) +39 (055) 42.08.31. Japan: Osaka +81 (6) 314-5557. Tokyo +81 (3) 5215-1577, Korea: +82 2 539-4731, Mexico: Mexico City +52 
(5)674-2228, Guadalajara +52 (3) 123-0041, Singapore: +65 744-2128. Spain: Barcelona +34 (93) 415 83 03, Madrid +34 (91) 528-3700, Sweden: +46 8 760 
4660. Taiwan: +886 (2) 86915238, Thailand: +66 (2) 749-4402. The Netherlands: +31 20 446 7070, United Kingdom: Lincoln +44 (01522) 542631, Slough +44 
(01753) 733010. Vietnam: +84 8.8428775, Corporate Headquarters: LaFox, IL (630) 208-2200, Fax (630) 208-2550. ©1999 Richardson Electronics. Ltd MK9449 

ISO9002 Registered • 1-800-RF POWER * www.rfpowernet.com * ssc@rell.com 
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THE WORLD'S LARGEST SELECTION 

2kHz to 10GHz from 
Choose from over 550 standard off-the-shelf models from 2way and 3way to 48way; 0°, 90° , and 
180°; 50 and 75 ohms covering 2kHz to 10GHz. Mini-Circuits will also supply your special needs and custom 
designs such as wider bandwidths, higher isolation, lower insertion loss and phase matched ports... all at catalog 
prices with rapid turnaround time. Case styles include surface mount, plug-in, flat pack, and coaxial connectorized... 
and custom case styles are no problem! Super-miniature and ultra-low profile surface mount units provide excellent 
solutions in cellular communications, cable systems, and countless wireless applications. And all units come with a 
1 year guarantee and skinny 4.5 sigma performance repeatability unit-to-unit and production run to production run. 
Add fast delivery, unsurpassed applications support and value pricing, and the decision is easy. Call Mini-Circuits today! 

R1 Mini-CircuitsPis proud to be a sponsor ot the 1999 U.S.Interplay Chess Championships 
Salt Lake City, Utah 



£□ Mini-Circuits 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (71 8) 332-4661 INTERNET http://www.minicircuits.com CIRCLE READER SERVICE CARD 

For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE • EEM • MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 
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devices will end up in the hands of the 
consumer. 

Recent, generally available boxed 
products for the home market, are no 
more complex than simply installing a 
RF-based PC card, some software, 
and...voila— an instant wireless net¬ 
work. Furthermore, interfaces for cord¬ 

less modems and Ethernet bridges are 
coming online that tie into broadband 
cable and xDSL connections, allowing 
multiple-user, shared wireless Internet 
access. 

For the road warrior, soccer mom 
and work-at-home types, there are 
palmtop computers and hybrid comput-

erphones that, although currently onlj 
supported by proprietary Internet and 
packet protocols, can wirelessly cruise 
the Internet anywhere, anytime.As foi 
local wireline providers, the handwrit¬ 
ing is on the wall. AT&T has been set¬ 
ting aside one-third of its spectrum anc 
slicing it up into 10 MHz chunks as 8 
way of bypassing the local regional bel 
operating companies (RBOCs) with 8 
plein to deliver fixed wireless services tc 
the general public. The service wil] 
bring the consumer two voice lines anc 
a 128 kbps Internet connection (sigr 
me up!) Currently, AT&T owns enough 
spectrum to provide coverage to 93% o: 
the U.S. population. 

Furthermore, the “brundlefly” syn¬ 
drome (a term borrowed from the latesl 
version of “The Fly”) is being applied tc 
cellular telephones and personal digita 
assistants (PDAs). At Wireless 99, one 
device was unveiled that combined 8 
PDA and a code-division-multiplc 
access (CDMA) cellular telephone 
among severed other similar devices. 
Although off in the future (no, the 

BSR X10 units don't count) eventually 
home appliances, climate controls 
videophones, security, entertainmem 
and, of course, remote computing 
devices will all link, wirelessly, to the 
“master brain” at the core of this wire 
less nucleus (Figure 1 illustrates such t 
vision.) 
While much of the development is 

headed in this direction, there are some 
technologies outside of the wireless net 
working. FRS, IrDA spread spectrun 
and PLC to mention a few 
Unfortunately, space limitations pre 
vent us from discussing all of them, bw 
stay tuned for future articles aboui 
these technologies. 

FRS: Promising short-range 
consumer connectivity 
FRS is one emerging segment of the 

wireless consumer market worth men 
tioning, mainly because it is here anc 
online. The enabling technology is stan 
dard UHF radio, which isn’t new 
However, I hear rumblings that this 
technology may become the 21st centu 
ry reemergence of the CB radio craze o 
the 1970s (in fact, one of my sources 
called it “UHF CB”.) Although FRf 
hasn't caught on quite yet, as CB radios 
did, I see them on retailer’s shelves, ir 
catalogues and scattered throughou 
Sunday paper ad’s. And the prices art 
dropping. This tells me that eventually 
these devices will catch on. I like then 
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A-3 Series 
• Capacitance range: 1 to 10 pF 
• Self-resonance 2.3 GHz at 10 pF 
• Working voltage up to 1000 VDC 
• 10 turns of linear tuning 
• Drop-in replacement for expensive air 

piston trimmers 
• High reliability solid dielectric 

A-4 Series 
3 capacitance ranges from 0.45 to 5 pF 
Shortest length of any piston trimmer 
Size from 0.150” long x 0.155” diameter 
Up to 5 turns of linear tuning 
High reliability solid dielectric 
Replaces expensive sapphire trimmers 

HV Series 
• 7 capacitance ranges with max 

capacitance from 4 pF to 55 pF 

• Working voltage up to 1000 VDC 
• Frequency up to 1.5 GHz 
• Up to 29 turns of linear tuning 
• Sealed construction, 40 psi 
• Various mounting styles 
• Non-magnetic versions 

What makes Voltronics trimmer 
capacitors the world’s best? 

Just look inside... 

Easy SMT 
pick-up 
for tape 
and reel 

The A4 Series: Designed for low cost, 
high performance and high reliability 

Voltronics trimmer capacitors provide: 
• Long-term reliability designed-in 
• Low cost - under $1 in quantity 
• Self-resonant frequency range to 5 GHz 
• Lowest profile in the industry 
• Available on tape-and-reel 
* High-voltage options 
• Capacitance ranges from 
0.2-1.0pF to 1.5-55pF 

Voltronics O 
CORPORATION 

The Trimmer Capacitor Company 

Linear tuning - no 
reversals 

Ceramic housing 
with high-temperature 
solder joints 

Patented solid 
dielectric ensures 
highest reliability, 
no shorting, no 
microphonics, 
linear tuning, 
and high voltage 
handling 

Only Voltronics trimmers 
give you all this... 
for less than $1 

Call Voltronics today, or check out our 
complete catalog on-line at 
www.voltronicscorp.com 

100 Ford Road • Denville, NJ 07834 
973.586.8585 • FAX : 973.586.3404 
e-mail: info@voltronicscorp.com 
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because, for about $80.00, 1 can call my 
cats up from the basement, for dinner. 
The FRS radios are neat devices. 

They operate on 14 channels within the 
UHF band on one of the authorized CB 
bands-from 462.5625 to 462.7125 
MHz and from 467.5625 to 467.7125 
MHz —as unlicensed two-way voice-

only radios. Unlike CBs, however, FRS 
radios are limited to M W of power and 
can't use power amplifiers or gain 
antennas. Additionally, the FRS fre¬ 
quencies are near the general mobile 
radio service (GMRS) frequencies—lim¬ 
ited to 2.5 kHz deviation with a 3.125 
kHz audio frequency response. 

The TR-3120 is a true step TDR which features 
a 0.2 ns rise time and a range of over 1.2 GHz. Thi 
assures that you will find faults such as bad 
connectors or bullet holes in coax or twisted pair 

cables. 
The TR-3120 gives you the ability to explore 

your cable inch-by-inch, showingall impedance 
changes. A multi-level filter will reduce even the 
most difficult RF interference cases. Use the 
RS-232 port for printing benchmark cable curves. 

1390 Aspen Way 
Vista, CA 92083 

800-258-7805 or 760-598-8900 
760-598-5634 (fax) 

www.aea-wireless.com Tempo 
A COMMUNKATiCKS | COMPANY 

Although FRS radios claim a range 
of up to 3 km, mileage may vary and 
usually does. Realistically, open-terrain 
range is fairly reliable up to about 2.5 
km. Expect reliability up to 1 km for 
car-to-car and up to 800 m for in-build¬ 
ing. 
FRS should become a viable entity 

where the need for close proximity 
voice communications exists. Potential 
markets for such devices include mall 
crawling, visiting entertainment com¬ 
plexes and theme parks, outdoor recre¬ 
ation (biking, rollerblading, etc.) family 
outings and water sports. 
A couple of interesting developments 

may add a bit of excitement to this 
wireless frontier. Although FRS is con¬ 
sidered a consumer technology, there is 
the ability for RFS to communicate 
with GMRS radios on channels one 
through seven. There is still a bit of dis¬ 
cussion about whether or not this will 
be allowed by the Federal 
Communications Commission, because 
GMRS radios operate under a different 
set of FCC rules. 
There is also discussion of adding 

repeaters to FRS systems. To stay 
within the guidelines, a FRS repeater 
would have to act as a stand-alone 
retransmission station. Nothing non-
FCC FRS —certified (repeater con¬ 
trollers, receivers, etc.) could be con¬ 
nected to it. Additionally, the FCC has¬ 
n't permitted data to be transmitted on 
these frequencies either, so it looks like 
this segment will likely stay consumer-
oriented. 

IEEE 802.1 1 : The technology giver 
All of the enabling subsets owe their 

creation to this 802.11 standard. Ever 
with this standard coming out early ir 
the game, this “about-to-explode” con¬ 
sumer information age still had a bit oí 
a rough start. As with most emerging 
markets, there was some infighting ir 
the early years. Fortunately, unlike sc 
many other technology-age innova¬ 
tions, the smart wireless communica¬ 
tions movement got its ducks in a row 
without years of bloodying each other’s 
noses. Perhaps high-tech has finallj 
learned a lesson from the VHS/BETÃ 
wars and the computer industry’s earlj 
years. For whatever reason, the devel 
opment and implementation of the 
802.11 standard is the key to future 
development in this industry. 

Under the hood 
The IEEE 802.11 open WLAN stan 
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LOW NOISE, LOW DISTORTION TxDACS". 

Enabling next-generation 
COMMUNICATIONS SYSTEMS. 

New industry-standard TxDACs shatter performance benchmarks. 

With amazingly low SFDR narrowband distortion levels of -93 dB and wideband 

distortion levels of -70 dB, the new AD9754 TxDAC improves spurious-free performance by 

□ ANALOG Analog Devices’ industry-

leading TxDACs are two years 

and two generations ahead of any competitive 

8 to 10 dB over comparable DACs. For wideband systems, performance is an 

impressive -70 dB for Adjacent Channel Power Ratio (ACPR) and -70 dB IMD 

solution, offering mixed-signal performance 

in a 28-lead SOIC or TSSOP, the industry’s 

smallest packages. Prices start at $9.45’. 

for Multicarrier systems— specs that improve data bandwidth, system 

capacity and voice quality in next-generation communications systems. At a 

125 MSPS conversion rate, our latest TxDACs— the AD9754 (14-bit), AD9752 ( 12-bit) and 

AD9750 ( 10-bit)— will enable your next-generation communications, waveform generation 

or ATE products. 

□ ANALOG DEVICES 

To learn more about TxDAC technology, including design and testing 
methods, or to order a free Communications Solutions CD-ROM: 

Visit www.analog.com/TxDAC or call 1-800-ANALOGD. 

The world’s number one brand for high-performance analog ics. 
*USD 1,000s, recommended resale, FOB U.S.A. Ad Code 3683 
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BASEBAND 

y 
HARDWARE 

RF HARDWARE 

Figure 2. 

dard has laid the groundwork for t 
plethora of interoperable WLAN prod 
ucts. Operating in the unlicensed 2.< 
GHz spectrum, 802.11 devices an 
capable of transmitting data at rates ai 
high as 2 Mbps (the next generatioi 
will be capable of as high as 10 Mbpi 
data rates). Most of these devices ar< 
being beta-tested in the business work 
because cost and flexibility have not ye 
been economized to the scale of wide 
spread consumer affordability. Bu 
have no fear, once the robustness is 
achieved, and peripherals and suppor 
electronics are mass produced, expec 
the technology to proliferate much liki 
the computer has. 

Currently there are several incarna 
tions of this consumer and persona 
wireless interface. All fall under thi 
IEEE standard. Each were developer 
by different parties to satisfy what the; 
believe to be the best implementation o 
the standard for their particular mar 
ket vision. The current contenders an 
The Shared Wireless Access Protoco 
(SWAP), Bluetooth, and HomeCas 

SOO85A7 
. LG8923 
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High Quality 

I Prompt Developmen 

^World’s Best Techno olutions 

SAW Filters 
/ AMPS / GSM / GPS / WLL / PCS / CDMA / 

http://lgsaw.lgcit.com Tel : 82-2-579-6470-2 Fax : 82-2-579-6473 
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THE NEW CROP 

Low-Band Series 
10kHz-100MHz 

A new range of high-performance, 

single-band power amplifiers primarily 

designed for use in HF transmission, EMC 

and scientific applications. Robust and 

efficient with less than 1 dB compression 

at rated power—ideal alternatives to 

distributed tube amplifiers. 

LA300L 300 Watts 

Your choice of rugged, high-
reliability amplifiers just got wider. 
Three fresh new varieties of Kalmus 
amplifiers covering 10kHz to 8GHz 
are now ready for market. Pick from 
low frequency RF (lOkHz-lOOMHz), 
high-frequency RF (80-1000MHz) or 
microwave (l-8GHz) ranges. 

Today, we offer over a hundred different amplifiers with output powers from 2 to 
4000 watts and beyond in simple modular packages, as fully-featured bench top 

LA500L 

LA1000L 

LA4000L 

500 Watts 

1000 Watts 

4000 Watts 

versions, or rack-mounted with others as a system. We’re committed to supplying 
amplifiers designed to meet your needs. 

Kalmus builds quality products that are fully supported worldwide. For more 
information on the new products or to review the entire range, contact your local 
representative, call Kalmus direct or visit 
our Web site (www.kalmus.com). And if no 

KM Series—Microwave 
Power Amplifiers 
1-8GHz, Up tblOOOW 

A comprehensive line of high-quality 

Class A, high-power amplifiers with 

outstanding reliability Designed for wide¬ 

band EMC and similar RF test applications 

but equally suited to operational use. 

particularly as solid-state (GaAsFET) octave¬ 

band replacements for TWT amplifiers. 

standard product meets your 
precise requirements, let’s 
talk about our extensive 
custom capabilities. < 

7050LC 50 Watts/■ Iff Iff I 7200LC 200 Watts 
/ vy vy vy 750010 500 watts 

SERIES 7000LC 1000 Watts 
80-1000MHZ 
Four new wideband, load tolerant, highly linear amplifiers with the industry's 

best 1 dB compression figures and very low harmonics. The perfect choice 

for radiated RF immunity and comparable broadband test applications. 

The RF Amplifier Company 
11807 North Creek Parkway South, Suite 109, Bothell, WA 98011 • Phone: (800) 344-3341 • (425) 485-9000 • Fax: (425) 486-9657 • E-mail: kalmus@kalmus.com • Web: www.kalmus.com 

Kalmus is a division of Thermo Voltek, a Thermo Electron Company 

Thermo I oltek + . ■ ' MILMEGaH KeyTek ■ ta pa(ifk * COMTES! 
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Figure 3. 

Open Protocol (HOP). Each draw fron 
a common pool of technology designe« 
to operate in that 2.4 GHz unlicense, 
band, yet each has differing methodolc 
gies and technological structures. 

Bluetooth, the most 
publicly prolific. 

Bluetooth is the brainchild of th 
consortium of Nokia, Toshiba, IBM 
Intel and Ericsson. Originally focuse« 
on mobile computing and cellular tele 
phones, Bluetooth was to be the com 
mon link among PDAs, cell phones, lap 
tops and palmtops. However, the prolii 
eration of the wireless market has th 
Bluetooth participants widening thei 
vision. Now, Bluetooth is being market 
ed as the enabling technology for peí 
sonal-area networks. This system i 
designed to share voice and data amon 
any technologically compatible devic 
within the net. Ideally, Bluetoot: 
devices will all have access to each otb 
er's databases, making it unnecessar 
to worry about where the data i 
stored. 
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MICROWAVE OFFICE" 
Open your mind to the next 

generation of RF & Microwave 
Design Software 

Microwave Office 
is the easy-to-use, 
integrated and 
affordable solution 
for desktop PC’s! 

More than just a viable alternative, Microwave Office 

is a completely new way of thinking in high frequency 

design tools. Its advanced object-oriented 

architecture is intuitive and efficient, so engineers can 

achieve high levels of 

productivity quickly. 

The Integration of electro¬ 

magnetic (EM) simulation, 

Volterra series, harmonic¬ 

balance analysis and linear 

simulation in a single environment provides 

unparalleled power to designers. 

Microwave Office is 

available in network and 

local configurations and 

is affordable enough to 

put on every engineer’s 

desktop PC! 

Experience Microwave Office for yourself 
by downloading a fully functional 30-day 
evaluation copy from our website -or- by 
contacting your local AWR Sales 
Representative. 

AWR 
Applied Wave Research, Inc. 

I960 E. Grand Avenue Suite 530, El Segundo, CA 90245 

Tel: (310) 726-3000 Fax: (310) 726-3005 

www.mwoffice.com 
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FM BROADCAST KILLER 

HLC-7OO 

MQQt | C7RFM3B | FEATURES: 
[band reject] 

CUYOPF FRROVMCfe■ : 

«•I pç J“ *l iœ I* 

The C7RFM3X filter is just 
the ticket for keeping FM 
broadcast out of your 
equipment. Because of its 
high power rating it can 
be used to keep FM out of 
transmitters which is a 
major cause of intermod 
at sites co-located with 
FM broadcast. It is also 
useful when testing 
antennas at these sites. 

Low Loss: <0.5 dB 
Wide Range: to 1GHz 

.High Power: 30 watts 
Small: 2“ x 2" case 

Reduces Site Intermod 
Eliminates FM from Testing 

M M* OB 07 4« 

Typical Filter Curve 

Please call for FREE application note: 
“Protecting Sites from Intermods" 

^RGBF 
VOICE: (520) 204-2597»FAX: (520) 204-2568»email:eag@sedona.net 
P. 0. BOX 4300 » SEDONA, ARIZONA 86340, USA 

The Bluetooth specification is perhaps the most ambitiou 
of the set. Using frequency-hopping spread spectrur 
(FHSS), Bluetooth hops at the rate of 1.6k hops/s across 7 
channels. Each channel is displaced by 1 MHz from 2.402 t 
2.480 GHz. The main advantage of this is that such a protc 
col allows for a tremendous amount of data to be movin 
around at any one given time due to the quick hoppin 
speed and short packet length. 
A Bluetooth transmitter has a transmit power of 0 dBrr 

or about 1 mW (under some conditions power can b 
increased to +20 dBm, about 100 mW). Under ideal condi 
tions, this provides for about a 10 meter radius net. If boti 
devices are extremely close, a flexible transmit scheme ca: 
drop the power to as low as -30 dBm. This saves on powe 
and ensures a peaceful coexistence with other neighborin 
RF devices. The next generation of specifications is lookin 
at operating in the 5 GHz band and pumping power level 
up one order of magnitude. 
The major problem of power consumption has been dev 

erly dealt with in the Bluetooth protocol. Simply pul 
Bluetooth devices spend most of their lives in sleep mode 
This is accomplished by a low-power, cleverly designe 
timing scheme that resembles paging protocols. Base 
upon the scheme’s timing loop, the receivers perk up fror 
time to time to listen for their calling. This happens ever 
1.28 seconds and lasts for the 32 hop frequencies assigns 
to the unit. This timing scheme is synchronized with th 

INFO/CARD 47 or go to www.rfdesign.com 

THE FUTURE IS NOW AT BOMAR 
For more than 35 years, customers have purchased high 
quality Quartz Crystals, Clock Oscillators and VCXO’s from 
a manufacturer whose name you can trust, Bomar Crystal 
Company. See for yourself what others have always known. 

Bomar offers • Tight Tolerances 
• Extended Temperatures 
• Standard Lead Time = 10 Days 
• Frequencies From IKHz to 160MHz 

201 Blackford Ave., Middlesex, NJ 08846 
Phone: 800-526-3935 Fax: 800-777-2197 
www.bomarcrystal.com e-mail: sales@bomarcrystal.com 
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ransmission algorithms, 
^hen the receiver wakes 
p to listen, it is in the call-
ng segment of the trans-
litting unit's setup trans-
lission. 
Bluetooth’s communica-

ions protocol uses 2-level 
laussian-filtered FSK med¬ 
iation (GFSK) modulation 
chemes. Although the theo-
etical throughput is a 1-
Ibp/s raw link, 1/3 and 2/3 
ate forward error correc-
ion (FEC) and automatic 
epeat requests (ARQ) 
depending on conditions), 
edundancy, header infor-
lation and handshake pro-
ocols limit realistic data 
ates to just over 700 kbp/s 
laximum. 
If one takes a look at the 

lluetooth protocol (see Fig-
re 2), one quickly notices 
he TCP/IP stack and the 
aseband protocol. These The Bluetooth radio module. (Photo courtesy of Ericsson) 

elements are borrowed 
from the cellular and 
Internet technologies. 
Bluetooth is capable of 
both packet and circuit 
switching, and it supports 
asynchronous connection¬ 
less (ACL) and synchro¬ 
nous connection-oriented 
(SCO) voice and data. 
Asynchronous channels 
(primarily data) can sup¬ 
port up to a 432 kbp/s 
symmetrical link while a 
synchronous channel (pri¬ 
marily voice) can support 
up to 64 kbp/s. Unfortu¬ 
nately, space prevents 
discussion about the 
remaining protocols, but 
they will be dealt with in 
a future article. 

Carrier sense multiple 
access with collision 
detection (CSMA/CD) is 
used for transmitting 
packetized data 

Monitor Products' 

Monitor Products has a proven 70-
year track record as a manufactur¬ 
er in the frequency control market. 
If our extensive selection of stan¬ 
dard and engineered crystals and 
oscillators does not meet your 
spec, we will work with you 
towards a customized solution. 

Monitor Products' new SO-1300 
OCXO combines high stability 
with a small package, providing 
the frequency tolerances normal¬ 
ly associated with larger OCXOs. 
With long term stabilities as low 
as ±0.075ppm per year (SC 
option), and frequency output 
ranges from 5.0MHz to 66.66 
MHz, the SO-1 300 is designed for 
use in base stations, frequency 
counters, and switching applica¬ 
tions. 

4 Small package size 
Low phase noise 
(-110dBc@ 10 Hz) 

d High stability 
SC and AT crystal options 

d Extremely low aging rate 
d Square wave HCMOS 

output 
Surface mountable option 

J Mechanical trim option 
Electronic frequency control 
standard 

d Low power consumption 
(5W max) 

ow Frequency 
Ferrite Circulator 

Power to 1500 Watts 
mmonitor 
"PRODUCTS 
1*UCOMPANY INC 

A Bow Thor pe company 

CORF OFFICE /FACTORY 

502 Via del Monte 

Oceanside, CA 92054 
Tel : 760 4334510 

Fax: 760434-0255 

REGIONAL SALES OFFICE 

3415 Custer Rd, Ste117 

Plano, TX 75023 

Tel : 972 758-8687 

Fax : 972 758-7574 

CONNECTICUT 

www.monitor-products.com MICROWAVE 
Designers and manufacturers of quality frequency control devices since 1927 CORPORATION 

Phone (203) 250-9678 
Fax (203) 250-9688 

1486 Highland Avenue #5 
Cheshire. CT 06410 

www.connecticutmicrowave.com 

IF Design 
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frames. This technology is load-sensi¬ 
tive, so speeds vary. Furthermore, 
multiple speed protocols are built into 
the standard. This benefits reliability 
by allowing fallback to slower speeds if 
the signal path becomes muddy. Thus, 
rather than cramming packets down 
the chute at full speed on weak links 
and risk data corruption, this built-in 
set allows slower speeds to increase 
data and overall link reliability. 
The Bluetooth protocol is constructed 

to allow impromptu “piconet” or “scat-
ternet” ad-hoc sessions to be set up in 
point-to-point and point-to-multipoint 
configurations (See Figure 3). The net 
sets up with two units and can grow to 
a maximum of eight. The structure is 
such that all devices are initially peer 
oriented but, as the net sets up, one 
unit will assume the role of master and 
the rest will act as slaves. Each unit 
will have a unique 48-bit identifier. 
Additionally, multiple piconets can be 
established and linked in the same ad-
hoc fashion. Each piconet is assigned a 
different frequency-hopping scheme to 

maintain a unique identity. Therefore, 
it is quite possible to set up nets that 
encompass an area much larger than 
the typical 10 or so meters. 

The rest of the Bluetooth story 
Bluetooth has a myriad of related 

interfaces, and interoperability and 
security issues that are interwoven 
with the rollout of this technology. For 
example, Bluetooth implements securi¬ 
ty at the physical layer. Encryption is 
typically a stream cipher with secret 
key lengths up to 64 bits. In the soft¬ 
ware framework, Bluetooth will reuse 
a number of existing specifications, 
depending upon compliance require¬ 
ments, for different applications 
(vCard/vCalendar, OBEX, infrared 
human interface devices (IRHID) and 
TCP/IP, for examples). 

Bluetooth is also ready to take on 
the next generation of wireless devices 
such as wearable computers and wire¬ 
less headsets, personal digital assis¬ 
tants and a some unique devices such 
as debit and credit interfacing. 

The rest of the consumer RF stor 
Although Bluetooth garners the lion 

share of the media coverage, som 
viable competitors loom on the horizoi 
SWAP and HOP are the immediate tw 
looking to share the limelight. 

Both of these technologies conform t 
the IEEE 802.11 open WLAN standari 
Each has its own particular interprets 
tion of what the consumer wants ft 
wireless interoperability. 

Neither, however, is too far, technoli 
gy-wise, from its rivals. And, you can b< 
that these platforms will offer up a pial 
compatible to the Bluetooth offerings. 

It could be an interesting next coup] 
of years. Although there is a tremei 
dous reserve of resources behin 
Bluetooth, recent history has reveale 
that competing technologies can, an 
do, coexist (PCS and GSM, for exan 
pie). HOP and SWAP are competin 
platforms that are no less capable tha 
Bluetooth. I, for one, will be watchin 
them very closely — as should the reí 
of the RF industry. 

PORCELAIN NPO MLC’S 
KEY FEATURES 

• Replaces P90 Chips 
• High QI Low ESR 
• SRFto6.0GHz 
• Lowcost 

APPLICATIONS 
• Mobile Communications 
• Wireless LAN & Modems 
• GPS Receivers 
• CATV /SAT TV 

800-522-2253 
This Number 
May Not Save 

Your Life... 
But it could make it a lot easier! 
Especially when it comes to 
ordering non-standard connectors. 

BF/MICBOWnVE CONNECTORS 
• Specials our specialty virtually any SMA, N, INC, 
BNC, SMB, or SMC delivered in 2-4 weeks 

• Cross reference library to all major manufacturers. 
• Large inventory of piece parts for all types of 
coaxial connectors. 

• Experts in supplying "hard to get" RE connectors. 
• Connectors supplied to your drawings and specs. 
• Our 56 Standard adapters can satisfy virtually any 
combination of requirements, between SMA, 
INC, N, 7mm, BNC and others. 

• Extensive inventory of passive RE/Microwave 
components including attenuators, terminations 
and dividers. 

nEmAL 
— Catlie a Connectors 

64 

Visit our website today for detailed technical information. 

Camarillo, California 
TEL 805-389-1166 

www.johanson-caps.com 

ter me Metralle« Mutra 

NEMAL ELECTRONICS INTERNATIONAL INC. 

12240 N.E.14TH AVENUE 
NORTH MIAMI, El 33161 

TEL: 305-899-0900 • FAX: 305-895-8178 
E-MAIL: INFO@NEMALCOM 
URL: WWW.NEMAL.COM 
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All VCOs should 
he this nnnil 
Setting the standard for VCO performance. 

Designing today’s advanced radios is tough enough when you have 
VCOs that don’t give you the margin you need. Our CLV line of 
patented ultra-low noise VCOs will give you that margin ... and more! 

Part No: Freq. Range: Vtune On at 10kHz Vsuppiv 
CLV0769E 734-804 1-4 -112 5 
CLV0815E 806-824 0.5-4.5 -113 5 
CLV0945E 936-953 0.5-4.5 -114 5 
CLV1320E 1295-1335 1-5 -113 5 
CLV1525E 1500-1550 0.3-4.7 -110 5 

HP3048A CLV0769E 769MHz 

Z.C0MW • 
I CIV0945& 

5887 399 

f Ĉ °769E 
' °O71 399 

-75 
-80 
-85 
-90 
-95 

-100 
-105 
-110 
-115 
-120 
-125 
-130 
-135 
-140 
-145 
-150 

1K 
10K 

[MARKER: 10.E3 Hz AMPL: -114.95999 dBc/Hz| 
100K 

Learn more about Z-COMM’s CLV product line by visiting our 
web site at http://www.zcomm.com/ for datasheets, outline 
drawings, tape and reel specifications, and application notes, 
as well as our complete product catalog and custom VCO 
inquiry form. 

Come tÇhe source 
COMM 

IZ-COMM • 

CLV1320E 
SN 0004 
1297 

Z-Communications, Inc. 
9939 Via Pasar • San Diego, CA 92126 
(619) 621-2700 • Fax: (619) 621-2722 
WWW: http://www.zcomm.com/ 
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Get the Data Now!! 
Find out information on all the products, software and literature described in 
this issue. Circle the reader service number on the right and mail in the card today... 

or go to www.rfdesign.com and click on the “Get the Data 
Now” page for links to the advertiser’s home page, product data links and links to 
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GLOBALIZATION 
Globalización 
Globalização 

INNOVATION 
Innovación 
Inovação 

CONVERGENCE 
Convergencia 
Convergência 

TelecomLatina 17-19 November 1999 
Miami Beach Convention Center Miami Beach, Florida USA 

TelecomLatina ’99 delivers the 
information and technology that 
communications professionals in 
Latin America need to prosper in 
this new marketplace. 

You'll see innovative ideas on the 
show floor. Find the solutions you're 
looking for in TelecomLatina's com¬ 
prehensive program, taught in 
Spanish and Portuguese. 

You'll take home tips, techniques and 
strategies that you can put to use 
right away. 

TelecomLatina is the only multi-lin¬ 
gual conference and trade show cov¬ 
ering the full-spectrum of communi¬ 
cations. Don't miss the event of the 
year for the Latin American commu¬ 
nications marketplace! 

For more information on attending 
or exhibiting, please call: 
+1-303-741-2901 

TelecomLatina '99 entrega la 
información y tecnología que los 
profesionales de las comunicaciones 
de América Latina necesitan para 
prosperar en este nuevo mercado. 

Usted verá ideas innovadoras en el 
salón de exhibiciones y encontrará las 
soluciones que está buscando en el 
interesante programa de Telecom¬ 
Latina, dictado en español y portugués. 

Aquí se enterará de nuevas aplica¬ 
ciones técnicas y estrategias que 
podrá poner en práctica de inmediato. 

TelecomLatina es la única muestra 
comercial con conferencias multi-
lingüe que cubre el espectro total de 
las comunicaciones. ¡No se pierda el 
evento del año para el mercado de las 
comunicaciones de América Latina! 

Obtenga mayor información para asistir 
como visitante o para exhibir llamando al: 

+1-303-741-2901 

A TelecomLatina '99 coloca à 
disposição a informação e tecnologia 
que os profissionais de comunicação 
da América Latina precisam para 
prosperar neste novo mercado. 

Você conhecerá idéias inovativas no 
salão da mostra e encontrará as 
soluções que procura, no abrangente 
programa de conferências da Tele¬ 
comLatina, apresentadas em espanhol e 
português. 

Você aprenderá dicas, técnicas e estraté¬ 
gias que poderá aplicar ¡mediatamente. 

A TelecomLatina é a única conferência e 
mostra multilingüe que cobre todas as 
variedades de comunicações: 

Não perca o evento do ano do mercado 
latino-americano de comunicações! 

Para obter informações de como 
visitar ou exibir, por favor, ligue para: 

+1-303-741-2901 

trade_shows@intertec.com 
Brought to you by Intertec Exhibitions, a division of Intertec Publishing, A PRIMEDIA Company. 
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Designing a low-noise VCO on FR4 

Using a CAD program,you can design a cost-effective voltage controllec 
oscillator using inexpensive PWB materials. 

By Randall W. Rhea 

Although FR4 material and process 
handling are widely available, the 

poorly controlled dielectric constant and 
high-loss tangent challenge the design 
of high performance circuits. This ar¬ 
ticle illustrates the use of modern com¬ 
puter aided design (CAD) techniques 
and provides tips on the design of a 900 
MHz voltage controlled oscillator 
(VCO). It has a high tolerance to FR4 
material and -100 dBc/Hz SSB phase¬ 
noise at 10 kHz offset. The techniques 
and tips are also applicable to other cir¬ 
cuitry, such as filters and amplifiers. 

FR4 material 
FR4 is a flame-retardant version of 

G10. Both are thermoset fiberglass 
epoxy laminates. The resin has a rela¬ 
tive dielectric constant of 3.4, the glass 
has a dielectric constant of 6.1. These 
figures represent the extreme range of 
possible dielectric constants. A typical 
board has a resin content from 40% to 
70% for a dielectric constant range of 
4.2 to 4.9. Dielectric constant variations 
of +-0.06 across the sheet is common. 
The loss tangent of FR4 is typically 

0.008 at VHF frequencies and 0.02 at 

microwave frequencies. This is an un¬ 
loaded material Q of 125 to 50, which is 
adequate to support lowpass filters, 
broadband bandpass filters and many 
oscillators. Edge-coupled, hairpin and 
interdigital filters, have resonate 
quarter wavelength open ends with 
high field intensity and are not a good 
choice for filters on FR4. On the other 
hand, combline filters replace this end 
with loading capacitance. The re¬ 
maining shorted length of line has high 
current but low field intensity, re¬ 
ducing the effect of dielectric loss and 
dielectric constant variation. This tech¬ 
nique is used in designing the res¬ 
onator for this VCO. 

The VCO specifications are: 
Frequency: 890-910 MHz 
Pout: 7±1 dBm 
Harmonics: <-10 dBc 
Vsupply: 9.7 Vdc nominal 
Vtune: 2-13 Vdc maximum 
Isupply: 40 mA maximum 
SSB phase-noise: 95 dBc @ 10 kHz 

offset 
Size: 1x1 inch maximum 
The VCO will be phase-locked to 900 

MHz. The expanded frequency range 
covers temperature variation. 
Excessive tuning range is avoided to 

Figure 1. Initial oscillator design of the 900 MHz VCO in the =Oscillator= 
module of the Genesys software suite. Input parameters are given on the 
left and the design is displayed on the right. 

72 

minimize varactor noise. 

Initial considerations 
The output power, harmonic level 

and power supply specifications are un¬ 
remarkable and are typical of systems 
with ample supply power. The design is 
driven by the phase-noise specification, 
the characteristics of FR4 and the 
narrow tuning range (2.2%). Circuit 
performance is based on satisfying fun¬ 
damental criteria and circuit com¬ 
plexity is seldom helpful. In this case, 
low cost is achieved with a straightfor¬ 
ward oscillator topology: a Mini¬ 
Circuits MAR-3 MMIC amplifier, a res-
onator printed on FR4 and few 
supporting components. 
SSB phase-noise is predicted by 

Leeson's equation [1] 

L(f.) lOlog 1 [ 2 (20lfm J I f„ R p, J 

where: 
f0 = carrier frequency 
Q,= oscillator loaded Q 
fm= carrier offset frequency 
fc = active device flicker corner 

frequency 
F = oscillator amplifier noise 

factor 
k = Boltzmann’s constant 

Figure 2. Schematic of the 900 MHz after the design modifications described ii 
the text. The values with “?”s were optimized by the =SuperStar= Genesys mod 
ule to satisfy the open-loop criteria for the oscillator. 
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GaAs 

SWITCHES 
$030 

DC-2.5GHz Immediate Delivery from X ea (qty 1000) 

Finally! SPDT absorptive, reflective, and transfer switches 
that appeal to your technical side, and business side as well! It’s 
Mini-Circuits GaAs switches... providing outstanding performance 
features such as very high isolation (up to 60dB), superfast 3nsec 
switching speed, and excellent compatibility with surface mount 
soldering techniques. Additionally, these switches are built 
extremely tough and are immediately available from stock with a 
guarantee to ship within 1 week. From only $2.95 ea. (qty. 10), 
this top-of-the-line value is priced with your bottom line in mind! 
To order, contact Mini-Circuits with your requirements today. 

t Mini-Circuits® is proud to be a sponsor of the 1999 U.S.Interplar Chess Championships Salt Lake City, Utah 

Model 

RSW-2-25P 
(Reflective) 

MSW-2-20 
(Reflective) 

MSWA-2-20 
(Absorptive) 

MSWT-4-20 
(Transfer) 

Freq. 
(GHz) 

DC-2.5 

DC-2.0 

DC-2.0 

DC-2.0 

Insertion 
Loss* 

dB (Max.) 

1dB 
Comp’ 
dBm (typ) 

+29 

In-Out 
Isol.* 

dB (typ) 

49 

Price 
$ea. 

(qty. 10) 

3.95 

+24 2.95 

3.45 

1.8TX* 
2.0 RX* 

+28 TX* 
+20 RX' 

3.95 

'Midband, 500MHz-1000MHz. "Transmit. "’Receive. 

Package: 
RSW m SOIC 14 pin, MSW in SOIC 8 pin 

Customer 

Buy¿etlFree! 
Buy Up To 1000 Units Of Each Model At The Regular Price 

Get An Equal Amount FREE! 
Offer expires April 30, 1999 

C3 Mini-Circuits CIRCLE 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 quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE • EEM • MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 
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Figure 3. The open-loop responses and loaded Q 
of the VCO with a Monte Carlo analysis of FR4 
dielectric constant variation of -2 to +1 0%. Notice 
the frequency variation is only about 3 MHz or 
0.33%. 

T = operating temperature 
ps = oscillator power output 

The oscillator’s fundamental proper¬ 
ties, under the designer's control, that 
impact phase-noise are amplifier noise 
figure, the output power and the 
loaded Q. The noise-figure difference 
between an inexpensive and state-of-
the-art amplifier design is only a few 
decibels. More important is the output 
power, which can be increased indefi¬ 
nitely to achieve a desired phase-noise 
performance. However, the parameter 
with the strongest influence is loaded 
Q (second power rather than linear). 
To keep DC current consumption 
down the designer should concentrate 
on loaded Q to achieve the desired 
phase-noise. With an output power of 
+7 dBm and an MAR-3 noise figure of 
6 dB, a loaded Q of 28 yields a SSB 
phase-noise of better than -100 dBc/Hz 
at 10 KHz offset, providing a few deci¬ 
bels of margin to the desired -95 
dBc/Hz. 

The Design 
The initial design is created using 

the =Oscillator= module of Genesys 
[2](a sample screen is shown in Figure 
1). =Oscillator= uses the design para¬ 
meters on the left to create the 
schematic shown on the right. The 
MAR-3 is defined by S-parameter data 
read from a industry-standard S2P file. 

=Oscillator= used a ceramic-loaded 
TEM-mode coaxial resonator. These 
popular resonators achieve unloaded 
Qs as high as 1000. To minimize cost, 
this design will use a resonator printed 
on FR4 so I modified the =Oscillator= 
design as follows: 

1) The coaxial resonator was re¬ 
placed with a microstrip line. The ef¬ 
fects of a poorly controlled dielectric 
were minimized by shortening the res¬ 
onator to much less than quarter-wave¬ 
length and achieving resonance by 
loading with a lumped parallel capac¬ 
itor (Cp). The tuning varactor (Cv) and 
its coupling capacitor (Cs) also load the 
resonator. A quarter-wave resonator is 
inductive near the ground end and ca¬ 
pacitive near the open end. The capaci¬ 
tive end is dominated by dielectric 
properties, the inductive end is not. 
Replacing the line’s open-end section 
with lumped capacitance minimizes the 
impact of the FR4 dielectric. 

2) For improved simulation accuracy 
the ideal grounds in the schematic 
were replaced with via hole models. 

3) The inductor choke that supplies 
power to the MAR-3 was replaced with 
a printed microstrip line. 

4) A capacitor (Co) was added to 
couple output power to a 50 ohm load. 
The final schematic from the 

Genesys =Schemax= module is given in 
Figure 2. The oscillator design is char¬ 

acterized by an open-loop analysis fron 
port 2 to port 3[3]. The resonator cou 
pling capacitors, the length of the res 
onator microstrip line and the length o 
the power coupling choke microstri 
line were optimized in the =SuperStar= 
circuit theory simulator. This step wa 
taken to achieve a gain margin of a 
least 7 dB, a phase shift of 0 degrees a 
900 MHz (this sets the oscillating fre 
quency), matched impedances at th 
input and output and a loaded Q of a 
least 28. Figure 2 provides componen 
values after optimization. 

Figure 3 illustrates the open-loo] 
plots after optimization with a Mont 
Carlo analysis with a dielectric con 
stant variation of -2% to +10%. Notic 
the spread in the frequency of th 
phase zero-crossing is approximately . 
MHz or only 0.33%. The desensitizain. 
to dielectric constant variation sug 
gests the effects of dielectric loss ar 
also minimized. Although the gai: 
margin is slightly less than desired, . 
loaded Q of 28 was achieved and th 
matches are reasonable. 

Creating a layout 
Figure 4 shows the layout in th 

Genesys module =Layout=. Whei 
=Layout= is launched it places metal oi 
the workspace for each object ii 
=Schemax=. Microstrip metal is auto 
matically dimensioned to sizes set in th 
optimization and footprints are droppe 
for lumped elements. Originally, all c 
the metal and footprints are scattered ii 
the workspace and connected togethe 
with rubber band lines. Figure 4 also iJ 
lustrates the layout after rubber ban 
lines have been resolved. Power is deliv 
ered to the circuit through Rd, the vai 
actor tuning voltage through Rt an. 

Figure 4. Layout of the VCO in the =Layout= module of Genesys. The 
output is taken at the top, power is supplied at the upper left and the 
tuning voltage is applied to the lower left. 

Figure 5. Oscillator open-loop responses computed by the Genesys electromagnet 
ic program =Empower=. The solid traces are the original results and the dasher 
traces are after dropping Cp to 3.6 pF to correct the frequency. 
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SURFACE MOUNT VCD's 12« 
The big news is Mini-Circuits miniature family of 50 to 1600MHz ROS voltage 
controlled oscillators! Each unit is housed in a shielded 0.5”x0.5”x0.18” 
non-hermetic industry standard package for highly efficient wash-thru 
capability, reliability, and cost effectiveness. Models with “PV” suffix typically 
operate from a 5 volt power supply and require 5V tuning voltage to cover 
the frequency range. This makes them ideal for integration with monolithic 
PLL chips and commercial synthesizers working within the 245 to 1600MHz 
band. The series also features wide band 12V models optimized for 50 to 
1410MHz linear tuning, up to one octave band widths, and low phase 
noise. Support your customers demands for smaller size and 
better performance, switch to ROS VCO's today! 

ROS SPECIFICATIONS: 

Model Freq. Range 
(MHz) 

Vtune Phase Harmonics** 

By Mini-Circuits^is proud 
Salt Lake City, Utah 

ACTUAL SIZE 

ROS-285PV 
ROS-900PV 
ROS-960PV 
ROS-1000PV 
ROS-1600PV 

ROS-100 
ROS-150 
ROS-200 
ROS-300 
ROS-400 

ROS-535 
ROS-765 
ROS-1410 

245-285 
810-900 
890-960 
900-1000 
1520-1600 

50-100 
75-150 
100-200 
150-280 
200-380 

300-525 
485-765 
850-1410 

lax. 
5 
5 
5 
5 
5 

18 
17 
16 
17 

17 
16 

Noise* 
Typ. 
-100 
-102 
-102 
-104 
-100 

-105 
-103 
-105 
-102 
-100 

-98 
-95 
■99 

(dBc) 
Typ. 
-20 
-25 
-27 
-33 
-26 

-30 
-23 
-30 
-28 
-24 

-20 
-27 
-8 

Voltage 
V 

5 
4.5 
5 
5 
5 

12 
12 
12 
12 
12 

12 
12 
12 

to be a sponsor ol the 1999 U. S. Interplay Chess Championships 
‘Phase Noise: SSB at 10kHz offset. dBc/Hz. “Specified to fourth. 

Current 
(mA) 
Max. 

20 
12 
12 
22 
25 

20 
20 
20 
20 
20 

20 
22 
25 

Price 
Sea. 
(5-49) 

17.95 
19.95 
19.95 
19.95 
18.95 

12.95 
12.95 
12.95 
14.95 
14.95 

14.95 
15.95 
19.95 

£□ Mini-Circuits US 30 INTL 31

CIRCLE 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 quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE • EEM • MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 
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Figure 6. Completed VCO on FR4. The resonator 
is the large copper area on the right in the VCO. 

Figure 7. Predicted and measured (circles) VCO 
SSB phase-noise. 

output is taken at port 1 through Co. 
Internal ports 2 and 3 are used for an 
electromagnetic analysis of the oscillator 
open loop. The oscillator is formed by 
bridging these ports with solder. 
=Layout= outputs AutoCad DXF files, 
Gerber files with an Excellon drill list 
and HPGL plotter files. 

Electromagnetic Analysis 
An electromagnetic analysis was per¬ 

formed before constructing the oscil¬ 
lator. The pads of the loading, tuning 
and coupling capacitors will add capaci¬ 
tance to ground. Additionally, other 
parasitic effects are likely to lower the 
oscillating frequency as well. The 
=Empower= module in Genesys will 
consider this, the cover and other pack¬ 
aging effects. =Empower= removes the 
lumped elements and replaces them 
with internal ports, performs a multi¬ 

port analysis and then places the com¬ 
ponents back in the circuit. 
=Empower= performs these tasks auto¬ 
matically on the user’s behalf. Other 
advanced =Empower= features include 
multimode analysis and decomposition, 
generalized S-parameter analysis, au¬ 
tomatic detection of four types of sym¬ 
metry and loss calculation in both 
metal and dielectric. Results are shown 
in Figure 5. 
The initial responses are solid and 

indicate that the frequency is lower 
than circuit theory simulation predicts 
In the dashed responses the loading ca¬ 
pacitance Cp was reduced to 3.6 pF tc 
correct the frequency. This lower par¬ 
allel capacitance compensates for the 
footprint pad capacitance at the top oi 
the microstrip resonator. 

Measured data 
A Gerber file from =Layout= was 

used with a Quick Circuit 5000 to ma 
chine a PWB. Bus wire feed-throughs 
were used for ground vias (a complétée 
VCO is shown in Figure 6). With e 
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Telecommunications 
gg|jjjj||jjjL/}

l ltra-precise frequency 
ultra-precise GPS disciplined 

start with 
TrueTime. 

TrueTime. Anything else just isn’t. 

707-528-1230 
fax 707-527-6640 r 

e-mail truetime@truetimexom 
www.truetime.com 
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CELLULAR/PAGING 
BASE STATIONS 

PRECISION 
INSTRUMENTATION 

GPS APPLICATIONS 

MAXO series 
precision 
OSCILLATOR 

ankton, SD 57078-0630 
D•FAX 605-665-1709 

www.mtron.com 

ISO 9001 

SPECIFICATIONS 
• M-tron's MAXO is a digitally 
assisted compensation 
precision oscillator that is being 
introduced as an alternative to 
low end OCXO and higher end 
TCXO applications 

• Offers low power consumption¬ 
less than 15 mA at 5 V. 
3.3 V version is also available 

• Stability as tight as 0.33 ppm is 
achieved over an operating 
temperature of 0°C to +70°C 

• Long term aging is targeted 
at less than 3 ppm for 10 years 

• Packaged in a 14 pin compatible 
format with TTL/CMOS 
compatible output 

• Ideal for applications requiring a 
precision reference oscillator 

INFO/CARD 21 or visit www.rfdesign.com 
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Metelics MSV34-082 varactor in place 
jf Cv the VCO tuned from 852 MHz 
with Vt=0 V to 912 MHz with Vt=12 V. 
Phe output level was +7.5 dBm with a 
fixed capacitor for Cv and +6.2 dBm 
with the varactor. The second harmonic 
was -28 dBc; the 3rd harmonic was -34 
IBc. The current at 9.7 V was 30 mA. 
Phe measured frequency with a fixed 
capacitor for Cv was 887 MHz, well 
within the expected frequency range 
considering an electromagnetic simula¬ 
tion prediction of 903 MHz and toler¬ 
ances in the lumped capacitors. 
The measured SSB phase-noise is 

given in Figure 7 for offsets of 10, 30 
and 100 KHz superimposed on the 
phase-noise predicted by the 
=Oscillator= Genesys module and the 
noise floor of the spectrum analyzer 
used to take the data. Close agreement 
was achieved. 

Concluding remarks 
A number of issues associated with 

VCO design were illustrated using cir¬ 
cuit theory and electromagnetic com¬ 

puter analysis and measured data. 
Quality performance is achievable on 
inexpensive FR4 material. Quick and 
accurate design is possible using ad¬ 
vanced integrated tools. Tools to auto¬ 
mate and simplify electromagnetic 
analysis, which is more accurate than 
circuit theory analysis. Finally, there 
are simple fundamental concepts that 
can be used to control phase-noise per¬ 
formance as, predicted by Leeson's 
equation. 

In this case a simple design was em¬ 
ployed using an easily applied MMIC 
amplifier. However, it should be noted 
that an output power of +7 dBm is 
somewhat low for nearly 300 mW of DC 
supply consumption. A discrete one-
transistor design could be used to 
achieve a lower amplifier noise figure, 
with less resistance in the collector¬ 
emitter path and a higher output 
power. This would result in improved 
phase-noise performance at the ex¬ 
pense of a few more components for bi¬ 
asing the discrete device. n> 
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CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

Cellular — Satellite — Mobile 
Communications...Hitachi 
Metals Has The Solution! 
The world’s gone mobile. Your design demands top performance. 
Specify Hitachi Metal’s microwave components and get your design moving today. 
The international mobile marketplace demands 
high performance. Your design requires 
microwave components with low losses, 
superior response characteristics, and 
minimum volume. You need components 
from Hitachi Metals. 
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LOW COST 
SURFACE MOUNT 

TCXO 
iff product focus_ 

Test and Measurement 
If there is one constant in the world of test and measurement equipment iti 

change. The degree of change is reflected by more features, smaller form faetón 
and increased versatility. The products in this month’s Product Focus reflect thi 
changes in the test and measurement market. 

Self-contained 65 GHz VNA 

TEMEX offers a complete family of low 
cost VCOs and PLL Modules featuring: 

• Low Phase Noise 
• Standard SMD Footprints 
• 3 to 12 Vdc options 
• Quick Delivery 

Ideal For: 
Wireless Communications 
Base Stations & Repeaters 

Microwave Systems 
Test & Measurement 

VLB925 Specifications 
Frequency 925 to 960 MHz 
In / Out 5 Vdc I 3 dBm 
Phase Noise -1 15 dBc/Hz @ 10 KHz 
Phase Noise -135 dBc/Hz @ 100 KHz 
Package SM1 (0.5” square) 

The Lightning family of vec-
tor network analyzers 
(VNAs) for microwave appli¬ 
cations has been expanded 
with a single-unit, self-con¬ 
tained VNA with frequency 
coverage to 65 GHz. The 
37X97 VNA is designed to 
meet for testing of higher 
frequency systems, such as 
wireless networking, low-
earth orbit (LEO) satellite 
communications systems 
and Intelligent Transporta¬ 
tion Systems (ITS). The 
37X97 can measure four S-
parameters at speeds that permit real¬ 
time tuning of components in manufac¬ 
turing. It can make continuous sweeps 
from 40 MHz to 65 GHz and is built to 

perform in the >70 dB range and fes 
tures >-5d Bm leveled output power. 
Anritsu company 
INFO/CARD 115' 

Custom specifications 
welcomed 

TEMEX 
TIME & 

FREQUENCY 
_____ 

Crystals, Fitters, Oscillators, VCXOs, 
VCOs, PLLs, TCXOs, OCXOs & 

Rubidium Atomic Clocks 

PH: 623-780-1995 

FAX: 623-780-9622 

e-mail: sales@temex-az.com 

www.temex-az.com 

TEMEX ELECTRONICS, INC. 
3030 W. Deer Valley Rd. Phoenix, AZ 85027 

Oscilloscope offers one 
billion bit samples memory 

The GageDMO family of specialty 
oscilloscopes allows as much as one bil¬ 
lion points of data storage at a rate of 
100 MS/s. It is available in 8-bit and 
12-bit resolution models. The unit 
offers up to eight simultaneous chan¬ 
nels and a 10" LCD screen. Sampling 
up to 500 MS/s is possible with shorter 
buffers, and a time-stamped data cap¬ 
ture and storage system is available for 
transient analysis. 
Gage Applied Sciences 
INFO/CARD 116 

Spectrum analyzer features 
remote monitoring capability 
Morrow Technologies has released 

the P9116 full-featured spectrum ana¬ 
lyzer. The unit is capable of performing 
remote monitoring of transmit and 
receive sites outside of the main facili¬ 
ty. The unit covers the frequency range 
from 100 kHz to 1.6 GHz, is contained 
in a ruggedized case and features serial 
and parallel ports for interfacing with 
port-enabled equipment. It employs 
digital tuning, with a resolution of 2 Hz 

across the entire spectrum and has fre 
quency accuracy of 0.5 PPM. The uni 
also has the ability to act as a “server 
and can be accessed by client-baser 

PCs, either directly, or over th< 
Internet. Data can be retrieved an< 
manipulated from any location capabb 
of supporting standard PC peripherals. 
Morrow Technologies 
INFO/CARD 117 
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Wireless manufacturing is moving faster and faster. Your job means getting more done in 
less time—and it had better not be at the expense of quality. That’s where having measurement 
speed like 5ms full-span RF sweep comes in handy. 

TEST at the speed of the REVOLUTION. 

Introducing the HP ESA-E Series spectrum analyzers with best-in-
class measurement speed. Besides the sweep time, the ESA-E Series gives 
you up to 28 measurements per second and up to 19 when transferred 
over HP-IB. There’s an optional 10 Hz digital resolution bandwidth that’s 
up to 80 times faster than analog. The ESA-E Series also offers overall 
amplitude accuracy of +/- 1 dB and a continuously phase-locked synthe¬ 
sizer for frequency accuracy. The outstanding third-order dynamic range of 

The HP ESA-E Series Spectrum Analyzers. 

Available in five Frequency ranges 

From 15 to 265 GHz. 

plug&play 

97 dB lets you see low-level distortion. And with a built-in card cage, you can 
add even more performance as your needs change. 

So no matter how fast your line is moving, you’ll be able to keep pace, and 
have complete confidence in your results. 

For more information on the HP ESA-E Series spectrum analyzers, or to find out about 
our new low-cost ESA-L Series, call 1-800-452-4844* Ext. 6328. We’ll send you a free copy of 
the application note Optimizing Spectrum Analyzer Measurement Speed. 

www.hp.com/go/ESA 

6199» Hewlett-Packard Co. TMMID84.VRH) 
»tn Canada, call 1-877-894-4414, Ext 6412. INFQCARD23 

HEWLETT 
PACKARD 

I Expanding Possibilities ] 



Differential characterization 
test system 

Characterization of differential 
devices up to 20 GHz is possible with 
the ATN-4000 series test systems. The 
system is capable of determining both 
single-ended and mixed-mode s-para-
meters and TDR data can be measured 
on devices used in RF, analogue and 
data communications applications. A 
turn-key system includes the ATN hard¬ 

E-series power meters. These sensors 
offer the ability to measure the true-
average power of RF and microwave 
signals, regardless of their modulation 
format. Furthermore, the sensors use 
HP-developed diode-attenuator-diode 
topology to ensure accuracy and 
repeatability of measurements across 
the sensor’s -60 dBm to +20 dBm 

ware and software, an Hewlett Packard 
(HP) vector network analyzer and gen¬ 
eral purpose interface-based PC. 
ATNmicrowave 
INFO/CARD 118 

Bandwidth-independent 
power sensors 

Hewlett-Packard (HP) has developed 
the E9300 series power sensors for its 

dynamic range The units also feature 
high power specifications to handle 
modulation-intensive formats such as 
wideband code division multiple access 
(CDMA) and OFDM. 
Hewlett-Packard 
INFO/CARD 119 

CDMA/TDMA mobile phone 
test platform 
Wandel Goltermann has unveiled 

the Model 4300 code division multiple 
access/time division multiple access 
(CDMA/TDMA) test platform. The sys¬ 
tem is designed to help design and 
repair facilities test D/TDMA phones 
with minimal setup and configuration. 
The unit incorporates computer-guided 
test sequences and remote control abili¬ 
ty. The unit features softer handoff 
testing, PCS power class determina¬ 

tions, and pilot strength measun 
ments. The unit is also designed t 
allow for future expansion via softwai 
upgrades, protecting the purchase! 
initial investment. 
Wandel Goltermann 
INFO/CARD 120 

EMI/EMC test receiver acts 
as spectrum analyzer 

Electromagnetic compatibility /ele 
tromagnic interference (EMC/EMI) tei 
capability has been significant] 
enhanced with the release of th 
Tektronix ESI family of EMC/EMI te: 
receivers/analyzers. The units ca 
make peak-, average-, and RMS-dete 
tor measurements in 100 microsecond 
The series of units includes the ESI 
ESI26 and ESI40, covering frequent 

ranges to 7 GHz, 26.5 GHz and 40 GF 
respectively. Additionally, the units ai 
fully functional spectrum analyzers. 
Tektronix 
INFO/CARD 121 
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/Xl-based, dual-channel 
jower meter 
Boonton Electronics has introduced 

he Model 4730 series of power meters, 
rhe series included a CW power meter 
hat integrates into a VXI-based sys-
em. The unit has a built-in math func¬ 
ión, which, along with the dual chan-
lel capability, can provide simultane¬ 
áis input/output power measurements, 
i'requency range is from 10 kHz to 100 
1Hz and power range is from -70 dBm 
o +44 dBm. Log or linear readouts can 

>e chosen and the unit can be integrat-
d into ATE systems for multiple rack 
onfigurations. 
loonton Electronics 
NFO/CARD 122 

-ligh performance digital 
:olor oscilloscopes 
LeCroy has released four new color 

oscilloscopes based upon digital tech-
lology. The LC684D family features 
0.4” flat panel color displays, 1.5 GHz 
landwidth and sampling rates to 
GHz/s. They are also capable of han¬ 
ding records of up to 4Mbytes/channel 

or 16 Mbytes aggregate on a single 
channel. The series is able to scroll the 
signal in both forward and reverse 
modes so long, complex stored wave¬ 
forms can be analyzed. Additionally, 
the units come with a plethora of trou¬ 
bleshooting tools including 42 signal 
parameters, an FFT package, advanced 
math functions and multiple interfaces. 
LeCroy 
INFO/CARD 123 

Lightweight, scanning 
receivers 
Wireless Valley Communications, 

Inc. has developed a family of scanning 
receivers for integration with their Site 
Planner wireless system design prod¬ 
uct. WaveSpy is a DSP-based, plug-
and-play compatible scanning receiver 
that can operate with major wireless 
interfaces such as AMPS, ETACS, 
iDEN, TDMA, CDMA and GSM. The 
unit is completely portable, lightweight 
and offers options such as a GPS 
receiver, dual band operation and over¬ 
head traffic decoding. Completely self 
contained with the InFielder module, 
the unit is field-ready. 
Wireless Valley Communications, 
INFO/CARD 124 

Microwave path alignment 
made simple 
XL Microwave has introduced the 

Path Align-R model 2200 microwave 
antenna path alignment test set. This 
portable unit weighs less than 7 1/2 
pounds, features a rechargeable lead-
acid batter, and is quick and easy to set 

up. Additionally, the unit features 100 
dB of effective dynamic range, a 0 dBm 
output, four separate frequency bands 

up to 19.4 GHz, and band resolution of 
1 MHz. Readings are taken from an 
LCD panel and have 0.1 dB resolution 
and a 300 ms update period. 
XL Microwave 
INFO/CARD 125 

Get the data now 

To get more information on 
the test and measurement! 
products mentioned in the! 
Product Focus go to RF 
Design Online atH 
www.rfdesign.com. 

through In GaAs FETs. 

hips.com 
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^tutorial_ 
Correcting for spectrum analyzer noise in 
digital modulation measurements 
This simple procedure can help you compute correction factors for any 
difference values. 

By Morris Engleson 

Modern spectrum analyzers include 
extensive signal processing capa¬ 

bilities for the accurate representation 
and measurement of the spectra of dig¬ 
itally modulated signals. But even the 
most advanced performance instru¬ 
ments rarely provide for the automatic 
correction for the effect of the sensitivi¬ 
ty noise internal to the spectrum ana¬ 
lyzer. Accurate determination of the 
amplitude of such low level signals, 
therefore, requires the manual addition 
of a correction term. This article 
explains how to compute and use this 
correction term. 

Sensitivity noise 
There is a lower limit to the signal 

level that can be displayed and mea¬ 
sured on a spectrum analyzer due to 
masking by internally generated noise 
known as the sensitivity. It can be 
shown that the sensitivity noise is 
equal to kTBF, where kTB is the well 
known thermal noise limit of-174 dBm 
per Hz of bandwidth and F is the noise 
figure (also known as noise factor). The 
result is a noise level of -100 dBm for a 
30 kHz bandwidth, such as used for 

CDMA signal measurements, and a 
typical performance F=29 dB. 
Whatever the sensitivity noise level 
might be, it adds to the incoming signal 
showing a greater result than actual. 
The user needs to correct for this effect 
if an accurate measurement is to be 
made. 

Correcting for additive noise 
The spectra of most digitally modu¬ 

lated signals, such as quadrature 
amplitude modualtion (QAM) or code 
division multiple access (CDMA), 
appear to be random noise to the spec¬ 
trum analyzer. This combines in a 
power addition with the kTBF sensitiv¬ 
ity noise to show a larger value than 
actual. Fortunately it is easy to correct 
for this effect. All that is necessary is to 
measure the amplitude ratio, or dB dif¬ 
ference, between the total and internal 
noise, from which the appropriate cor¬ 
rection factor is determined. 

Thus, on a power basis, the internal 
noise Ni, plus the incoming noise-like 
signal level Ns yields the measured 
value Nm (Ni+Ns=Nm). Suppose the 
difference between Nm and Ni is 2 dB. 
The power ratio for 2 dB is 1.58. This 
leaves 0.58 after subtracting the inter¬ 
nal noise, Ni, which we set to a normal¬ 

ized value of one. The correction facto) 
is 10Log(0.58)=-2.33 dB minus th< 
original 2 dB for a total of -4.33 dB 
The ratio is 2 times when the different 
is 3 dB, hence we have lOLog (2-l)=( 
minus 3 dB, for a total of -3 dB. A 6 di 
difference yields a correction factor o 
10Log(3.98-l)-6=-1.26. 
Most people will stop this process a 

a level difference of more than 10 di 
because the correction factor is lesi 
than 0.5 dB at that point. Note als< 
that a difference of less than 3 dB indi 
cates that the incoming signal, Ns, ii 
smaller than the internal noise, Ni. Th, 
following provides correction factors fo 
level differences between 1 dB and 1( 
dB in 0.2 dB increments. The reade 
can compute correction factors for othe 
difference values using the procedun 
outlined above. W 

About the Author 
Morris Engleson is consulting 

director at JMS Consulting, 
Portland. He can be reached at 503-
292-7035 or visit the JMS Web site 
at wwrw.pcez.com/~jms. 

Difference (dB) 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 
Correction (dB) -6.87 -6.17 -5.60 -5.11 -4.69 -4.33 -4.00 -3.72 -3.46 -2.84 -3.01 

Difference (dB) 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 
Correction(dB) -2.83 -2.65 -2.49 -2.34 -2.20 -2.08 -1.96 -1.85 -1.75 -1.65 

Difference (dB) 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.6 6.8 7.0 
Correction (dB) -1.56 -1.48 -1.40 -1.33 -1.26 -1.19 -1.13 -1.07 -1.02 -0.97 

Difference (dB) 7.2 7.4 7.6 7.8 8.0 8.2 8.4 8.6 8.8 9.0 
Correction (dB) -0.92 -0.87 -0.83 -0.79 -0.75 -0.71 -0.68 -0.65 -0.61 -0.58 

Difference (dB) 9.2 9.4 9.6 9.8 10.0 
Correction (dB) -0.56 -0.53 -0.50 -0.48 -0.46 
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" Dynawave, 
the source for SMP 

connectors" 
In response to the growing sophistication of microwave system technology, Dynawave's 

engineers offer a complete line of DSCC SMP connectors. Our SMP Series features a broad 

range of connectors that include cable types, flange types, field replaceable, float types, her¬ 

metic, and adaptors. Each is fully compatible with all SMP connectors and the Gilbert GPO™. 

Dynawave SMP's are designed to minimize space and allow axial (0.010) and radial (0.020) 

misalignment while sustaining electrical performance (DC to 40 GHZ). They feature an easy 

interface with an insertion force that can vary, depending on your application, and provide the 

most efficient packaging for both RF and Microwave systems. 

Contact us today for more information and our SMP brochure. 

SMP'S HunoLUQue 
V-Z — Z II NCDRPORAT ED 

dynouuoue. 

135 Ward Hill Avenue • P.O. Box 8224 • Haverhill, MA 01835 
TEL: 978-469-0555 • FAX: 978-521-4589 

Dynawave is an ISO 9001 UL Registered Company 
www.dynawave.com 
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RF Design Seminar Series 

March 20-22, 2000 

International Wireless Communications Expo 

March 22-24, 2000 • www.iwceconexpo.com 

International Wireless Communications Expo 2000 
March 22-24, 2000 

Las Vegas Convention Center 
Las Vegas, Nevada USA 
www.iwceconexpo.com 

seminar senes 

The world of wireless communications is a competitive and 
expansive marketplace. It is essential for you to keep up 
with the latest techniques and technology in order to succeed. 

IWCE's RF Design Seminar Series offers technical sessions 
and tutorials designed to present information vital to the 
engineering professional. As an RF engineer, you cannot 
afford to be out-of-touch with industry developments and 
strategies. The 2000 RF Design Seminar Series includes 
three tracks, with such topics as: 

■ Digital Signal Processing 
® RF and Wireless Made Simple 
• Measuring the Wireless Transmission Spectrum 
■ Antennas and Propagation for Wireless Communications 
® Wireless Engineering: 

Foundations of RF Hardware Design 
Techniques for RF Hardware Design 
Amplifier Design 

Mark your calendar now, and fill out and return this form 
today to receive all important show announcements! 

Check out our Web site at www.iwceconexpo.com 
or e-mail: trade shows@intertec.com 

Produced and managed by Intertec Exhibitions, a division of Intertec Publishing, 
A PRIMEDIA Company. 

Sponsored by: 

RFdesign. 
With support from these other INTERTEC /PRIMEDIA Publications: Mobile Radio 
Technology, Site Management & Technology, Satellite Communications and 
Wireless Review. 

- e-
□ Please send me more information on REGISTERING 

for the RF Design Seminar Series at IWCE 2000. 

□ Please send me more information on EXHIBITING at IWCE 2000. 

First Name 

Last Name 

Title 

Company 

Address _ 

State 

Country 

Phone* 

E-mail** 
International guests, please include city and country codes. 
** Provide only if you wish to receive news and updates via e-mail. 

Please MAIL to: IWCE 2000 Customer Service • Intertec Exhibitions 
5680 Greenwood Plaza Boulevard, Suite 100 
Englewood, CO 80111 USA 

Or FAX to: +1-720-489-3165 
Questions? Call 1-800-288-8606 or +1-303-741-2901 
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RF products_ 

VCO developed for base station market 
The CLV0945E voltage 

controlled oscillator (VCO) is 
designed for use in pager 
base stations. The device 
generates frequencies 
between 936 to 953 MHz 
within 0.5-4.5 Vdc control 
voltage. It is designed for use 
in harsh environments and it 
guaranteed to operate over 
the extended commercial 
temperature range of -40 to 
85°C. It offers a spectral sig¬ 
nal of -114 dBc/Hz, typical, 
it 10 kHz from the carrier 
while attenuating the second 
Harmonic to better than -19 
JBc. The VCO operates off a 

5 Vdc source while drawing 
20 mA, typical, and provides 
the end user nominally 3 
dBm of output power into a 
50W load. The pulling speci¬ 
fication for the CLV0945E is 
less than 5 MHz/V with a 14 
dB return loss, any phase, 
while pushing is less than 5 
MHz within a 5% change of 
the supply voltage. The VCO 
comes in an industry stan¬ 
dard MINI surface mount 
package measuring 0.50" x 
0.50" x 0.22". 
Z-Communications 
INFO/CARD 126 

Isolator provides 20 
dB isolation 
Models 0470IED and 
1425IED are drop-in isola-
x>rs. The 0470IED is designed 
;o provide 20 dB isolation 
with insertion loss of 0.4 dB 
wer frequency bandwidth of 
1.4- 5.0 GHz. The 1425IED is 
iesigned to provide 23 dB iso-
ation with the same insertion 
oss over frequency band¬ 
width of 14-14.5 GHz. The 
/SWR over the frequency 
landwidth for the 0470IEDis 
1.25:1, while the VSWR over 

Amps keep output 
power constant 
The models GRF3032 and 
GRF3038 are solid-state, 
broadband amplifier mod¬ 
ules. The GRF3032 covers 
the 0.5-500 MHz frequency 
range while the GRF3038 

Monolithic transistor 
offers two amps 
The Dual-MOSMICs are 
monolithic transistor devices 
that combine two automatic 
gain-controlled amplifiers on 
a single chip. Three transis¬ 
tor models are available: 24 
mS for the TSDF52424, 30 
mS for TSDF53030 and 40 
mS for TSDF54040. All three 
feature integrated gate pro¬ 
tection diodes and resistors, 
plus an on-chip biasing net¬ 
work. AGC range is 45 dB at 
800 MHz for all three mod¬ 
els. Each features a low noise 

Switches offer low 
power consumption 
The ITT501AJ and 
ITT801AN GaAs switches 
are designed for use in wire¬ 

he frequency bandwidth for 
he other isolator is 1.3:1. 
Both units can be operated 
rom -20° to +85° C. 
'Jo va Microwave 
NFO/CARD 127 

covers the 10-1,000 MHz 
range. The GRF3032 oper¬ 
ates off of a 24-32 VDC 
source and includes an 
optional internal ALC cir¬ 
cuit that keeps the output 
power constant over wide 
input power and frequency 
ranges. The GRF3038 oper¬ 
ates off of a 28-32 VDC 
source and also has an 
optional internal gain con¬ 
trol circuit. The devices are 
designed for use in laborato¬ 
ry and medical applications 
and other applications. 
OPHIR RF 
INFO/CARD 128 

IF Design 

figure as high as 800 MHz. 
All three devices are rated 
for a 5 V supply. 
Vishay Semiconductor 
INFO/CARD 129 

less handsets, local area net¬ 
works (LANs), data, base 
stations and other wireless 
applications. The ITT501AJ 
is a SPDT high-power trans-
mit/receive (T/R) switch that 
operates from +3V ±10 V. It 
features positive control and 
a 1 dB compression point of 
35 dBm at +5 V. The 
ITT801AN is a SP8T switch 
with direct TTL control and 
a single 8 V positive supply. 
It features on-chip 3:8 
decoder logic, low power con¬ 
sumption and non-reflective 
ports. 
GaAsTEK 
INFO/CARD 130 
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EMC • RFI • HIGH POWER 

SEMICONDUCTORS/ICs 

EMC • RFI 
HIGH POWER 
AMPLIFIERS 

We Build to Suit 
Your Needs 

Ophir RF boasts one of the 
broadest, most comprehensive 
arrays of high power, solid 
state, broadband, communica¬ 
tion amplifiers and subsystems 
in the industry. The company is 
unique in offering both high 
power broadband as well as 
band-specific amplifiers. 
Our products range from 10 
kHz to 8.0 GHz at power levels 
up to 1 kW. Products are avail¬ 
able in more than 300 standard 
amplifier designs. 

5300 Beethoven Street 
Los Angeles 
California 90066, USA 
Phone: (310)306-5556 
Fax: (310) 577-9779 
E-mail: sales@ophirrf.com 
Website: www.ophirrf.com 

INFO/CARD 101 or go to www.rfdesign.com 
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ICs directly synthesize 
sine wave 
The AD9852 and the AD9854 are 
monolithic integrated circuits that 
directly synthesize a de to 120 MHz 
analog sinewave. The AD9852 contains 
a built-in, 12-bit/300 MHz digital-to-
analog converter (DAC), while the 
AD9854 features dual, on-chip 12-bit 
DACs. Both devices feature a 48-bit 
tuning word that yields a tuning reso¬ 
lution of 1.066 microHz. 
Analog Devices 
INFO/CARD 131 

Semiconductor switches for 
broadband transmit 
The AS169-73 is an IC PHEMT SPDT 
integrated switch for broadband 
transmit and receive chains operating 
from dc-2.5 GHz. It features an inser¬ 
tion loss of 0.4 dB at 2.5 GHz and posi¬ 
tive voltage operation with low de 
power consumption. 
Alpha Industries 
INFO/CARD 132 

GaAs SPDT switch for 
de to 3.0 GHz. 
Model IS-2103 is a GaAs SPDT switch 
featuring 2 nS switching speed and iso¬ 
lation of 50 dB. It covers a frequency 
range of dc-3.0 GHz and offers other 
high-performance characteristics, in¬ 
cluding an insertion loss of 0.7dB and a 
typical third-order intercept of +49 
dBm. The unit is housed in a SOIC-8 
plastic surface-mount package and is 
available in tape and reel for auto¬ 
mated assembly. 
Signal Technology 
INFO/CARD 133 

SAW filter designed for 
clock applications 
A 2.488 GHz timing recovery surface 
acoustic wave (SAW) filter for clock and 
data recovery applications is compat¬ 
ible with SONET OC-48 and SDH 
STM-12. The devices are packaged in a 
hermetically sealed, surface-mount 
leadless chip carrier measuring 9 mm x 
7 mm. Frequencies between 2-3 GHz 
are available for such applications as 
digital video transport at 2.380224 GHz 

and forward correction peripherals t< 
OC-48 at 2.6660571 GHz and 2.87539! 
GHz. 
Vectron International 
INFO/CARD 134 

Transistor designed for 
solid-state power amps 
The TIM5964-60SL is a 60 W C-Ban< 
GaAs field effect transistor (FET) ha: 
output power of 48 dBm at a frequenc; 
range of 5.9-6.4GHz. The new device ii 
designed for use in solid-state powe 
amplifiers for satellite earth-statioi 
communication transmitter: 
(SATCOM) and very small apertun 
terminals (VSAT). 
Toshiba America 
INFO/CARD 135 

Schottky diode for miniature 
surface mount package 
The ZHCS400 is a high curren 
Schottky diode in a miniature SOD32: 
surface mount package. The ZHCS40I 
will support a continuous forward cur 
rent of 400mA for a typical forwan 
voltage of 425mV. This Schottky diod 
offers a printed circuit board (PCB 
saving of 70% when compared to i 
500ma ZHCS500 SOT 23 cousin. Th 
diode is rated under three different con 
ditions: continuous (400mA), averag 
(1.0A) and pulsed (6.75A). Power dissi 
pation at 25°C (ambient) is 250 mW. 
Zetex 
INFO/CARD 136 

Regulator powers 
2.5 V circuitry 
The MIC39500 is a 5 A, ultra-low 
dropout (LDO) regulator designed t 
power 2.5 V circuitry in systems with 
3.3 V610% power bus. Manufactured ii 
TO-263 and TO-220 packages, th 
MIC39500 features a 500 V maximur 
dropout voltage at full load. It has 
fixed output voltage of 2.5 V and 
maximum input voltage of 16 V. It ca: 
be operated in temperatures rangin 
from 0° C to 125° C. 
Micrel Semiconductor 
INFO/CARD 137 

Regulators support 
portable devices 
The GMT-72XX is a series of low 
dropout voltage regulators designed fo 
mobile phones, palm computers 
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RF/IF MICROWAVE COMPONENTS 

FEATURED PRODUCT 

lOdB BI-DIRECTIONAL COUPLER 
MONITORS HIGH POWER 
Monitor forward and reverse power up to 
10W (max. input) with Mini-Circuits1500 
to 2500MHz ZABDC10-25HP coaxial 
(SMA-Female) bi-directional coupler. With a 
10dB±1 dB nominal coupling value (±0.5dB 
flatness), these 50 ohm units typically display 
low 0.55dB insertion loss, high 26dB 
directivity, and excellent 1.1:1 VSWR. 
Operational in -20°C to +85°C (max.) 
temperature environments for communications 
applications, and shipped from stock. 

FROM 

$4.95 

2^™ LEVEL 17 (LO) MIXER 
I* COVERS 0.5 TO 500MHz 
The patent pending ADE-1 H frequency 
mixer from Mini-Circuits offers wide 
band 0.5 to 500MHz VHF/UHF frequency 
coverage in a low profile .155" package. 
Excellent features such as low 5.3dB 
conversion loss, high 52dB L-R, 42dB 
L-l isolation, and high 23dBm IP3 (all 
typ. midband) make these level 17 (LO 
power) mixers an extraordinary 
price/performance value. Evaluation 
board TB-03 available, 5 year high 
reliability guarantee included. 

SIMPLE 50 TO 75 OHM WIDEBAND 
MATCHING DC TO 3000MHz 
Mini-Circuits has started shipping a low 
cost, wide band surface mount matching 
pad engineered for the DC to 3000MHz 
frequency band. Optimized to meet the 
stringent performance requirements of 50 
to 75 ohm wide band matching, the 
ALMP-5075 provides 5.7dB±0.2dB 
nominal attenuation with excellent ±0.1 dB 
typical flatness and excellent 1.2:1 return 
loss (typ). Height is only .080” and evaluation 
board TB-25 is available. 

270-320MHz SPLITTER/COMBINER 
IS AQUEOUS WASHABLE 
Mini-Circuits LRPQ-320J is a 2way-90° 
power splitter/combiner for image reject 
mixer and l&Q modulator/demodulator 
applications in the 270 to 320MHz frequency 
band. Typically, important performance 
features include excellent 0.3dB amplitude 
unbalance and 0.5 degree phase unbalance, 
very low 0.3dB insertion loss (above 3dB), 
very high 21 dB isolation, and excellent 
1.20:1 in/out VSWR. This 50 ohm unit 
operates within a -20°C to +85°C (max.) 
temperature range. 

12V VCO HAS LINEAR 
TUNING 200 TO 380MHz 
A compact, low cost 12V (current 20mA 
max.) voltage controlled oscillator has 
been introduced by Mini-Circuits. Typically, 
the broad band ROS-400 provides 200 to 
380MHz near octave band tuning, low 
-100dBc/Hz SSB phase noise at 10kHz 
offset, 9.5dBm power output, and excellent 
-24dBc harmonic suppression. The 
miniature 0.5"x0.5”x0.18” size conserves 
board space, and applications include test 
instruments such as signal generators. 

STEPDOWN 9:1 TRANSFORMER 
WORKS IN 0.3 TO 475MHz 
ThisTC9-1-75 stepdown 9:1 autotransformer 
from Mini-Circuits is housed in a leadless 
surface mount package and operates 
within the 0.3 to 475MHz frequency band. 
With a 75/8 ohm impedance ratio 
(stepdown, 75 ohm primary, 51 pF across 
secondary) this transformer has good 
23dB typical return loss in 1 dB bandwidth 
and referenced to midband loss (0.4dB 
typ), insertion loss is 3dB maximun. 
Applications include matching laser diode. 

£□ Mini-Circuits JS INT'L " 

CIRCLE READER SERVICE CARO 

P.O.Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEBSITE 

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http:l/www. minicircuits.com 

ISO 9001 CERTIFIED F 307 Rev. Org. 
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We have filters for 
use in analog and 

digital receivers and 
transmitters. 

Contact us with your 
special problem or 
filter application. 

Communications 
& Energy Corp. 
7395 Taft Park Dr 
East Syracuse NY 

13057 USA 

(800) 882-1587 USA 
(315) 452-0709 

(315) 452-0732 FAX 
Visit Our WebSite 

www.cefilter.com 
tech@cefilter.com 
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pagers, global positioning equipment 
and other portable applications. The 
voltage regulators are available in ei¬ 
ther an 8-pin plastic DIP or SOIC 
package. They feature a logic-enabled 
sleep mode that results in a sleep-state 
current of only 0.5 mA. Typical quies¬ 
cent current is 180 mA, independent of 
the load. Fixed output versions of the 
LDO voltage regulators have their out¬ 
puts regulated to 62% over their entire 
operating range. 
GMT Microelectronics 
INFO/CARD 138 

PASSIVE COMPONENTS 

Resistor offers impedance 
matching 
A four-element array version of the Z 
chip integrated resistor/capacitor de¬ 
vice is now available. The 0612 four-el¬ 
ement package is less than 25% the 

size of conventional R-C arrays. The 
array is designed to provide impedanc 
matching on multiple circuit traces 
The chip is available with capacite 
values of 33-, 47-, 68- and 100 pF wit 
a tolerance of 610% and TCRs of 625 
ppm/°C. The dc-rated voltage is 25 ' 
and the capacitor provides near NPi 
dielectric performance. Standard ral 
ings available from stock include 
47pF/100 V; 68pF/51 V; 100pF/47 ' 
and 47pF/47 V. 
AVX 
INFO/CARD 139 

Transformers designed 
for balanced amps 
The JTX-2-10T RF transformers ar 
designed for impedance matching an 
balanced amplifiers operating in th 
50-1,000 MHz frequency range. Th 
surface mount components have a 2:1 ' 
impedance ratio and exhibit 26 dB n 
turn loss in 1 dB bandwidth. The POf 
2120W plug-in voltage-controlled osci 
lator has output suitable for low driv 

INFO/CARD 110 or go to www.rfdesign.com 
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bo 7 dBm mixers. Features include oc¬ 
tave band 1,060-2,120 MHz tuning and 
3 dB modulation bandwidth at 1 MHz. 
Mini-Circuits 
[NFO/CARD 140 

Inductors designed for 
alectronic devices 
rhe Power Wafer line of magnetics in¬ 
cludes power inductors designed for 
electronic devices, Type 1 PC cards, 
lisk drives and other low-profile power 
applications. The new LPT3305 series 
s a toroidal inductor in a 1.8 mm high 
ceramic case. The LPT3305 series is 
ivailable in 11 inductance values from 
1 to 47 mH. Saturation current ratings 
•ange up to 6 A, with rms current rat-
ngs up to 1.6 A. 
Joilcraft 
[NFO/CARD 141 

Resistors designed for high-
Frequency applications 
fhe TCH35 TO220 and TAH20 series 
ire non-inductive resistors designed for 
switching power supplies, high-fre-
luency applications and pulse loading. 
Standard and custom resistance values 
ire available from 0.05V to-10K V for 
he TAH20 series and 0.1 V to 10K V 
or the TCH35 series. Each resistor ele-
nent is electrically insulated. The 
rCH35 series offers a thermal resis-
;ance to the heat sink of <4.28° C/W, 
vhile the TAH20 offers a thermal resis-
ance of 6.25° C/W. 
Jhmite Manufacturing 
NFO/CARD 142 

TRANSMISSION 
COMPONENTS 

3aAs MMIC downconverter 
or 2.4 GHz applications 
fhe C2304 is a fully-integrated gallium 
irsenide (GaAs) monolithic microwave 
ntegrated circuit (MMIC) downcon-
rerter designed for use in 2.4 GHz ISM 
>and applications. The device is pack-
iged in an industry standard SOIC-14 
lackage. Each internal sub-circuit is 
irought out on individual pins to allow 
ustom filtering on the IF/RF mixer in-
erstate or custom matching for specific 
lands. Broadband parallel feedback 
letworks are used on the gain and L O 
Iriver stages and the mixer is singly 

balanced. Electrical features include 26 
dB gain, 4 dB noise figure, single +5 V 
supply, 27 dBm output IP and comes 
with separate RF amplifier, mixer/ LO 
amplifier and IF amp cells. 
Pacific Wireless 
INFO/CARD 143 

Ku band power dividers 
support 10.7 to 14.5 GHz 
The A8338 series of Ku band power di¬ 
viders are available in 2-way, 4-way 
and 8-way version. The devices operate 
at frequencies from 10.7 to 14.5 GHz 
covering both the uplink and downlink 
frequencies used for Ku band communi¬ 
cations satellites. With high isolation, 
typically greater than 20 dB, these di¬ 
viders are suitable for multi-channeling 
applications in the transmit and re¬ 
ceive paths of ground stations and pro¬ 
vide high levels of RF shielding.. 
Atlantic Microwave 
INFO/CARD 144 

Hybrid receivers for short-
range wireless applications 
RF Monolithics RX 5000 series second 
generation amplifier-sequenced hybrid 
(AHS) receivers are designed for short-
range wireless control and data appli¬ 
cations. The first two products in this 
series are the 433.92 MHz RX5000, de¬ 
signed for short-range wireless applica¬ 
tions in Europe under the ETSI I-ETS 
300 200 regulations, and the 315.0 
MHz RX5001, designed for short-range 
data link applications in North 
America and Asia. The receivers can be 
configured to support a wide range of 
data rates and protocol requirements. 
RF Monolithics 
INFO/CARD 145 

Mixers cover cellular, 
PCS, WLL 
The new line of CSM mixers covering 
cellular, PCS and WLL bands are de¬ 
rivatives of the Hi-Rel and Space mixer 
product line. The package is 0.370” x 
0.490” x 0.187”, with a ceramic sub¬ 
strate that has metalization compatible 
with standard solder reflow processes. 
They are available in standard double¬ 
balanced and load-insensitive designs, 
with low power levels of 10 to 23dBm, 
achieving a third-order intercept of 27 
dBm typical. 
Stellex Microwave Systems 
INFO/CARD 146 

Zebra 
IS-95 16-CHANNEL 
CDMA SOURCE 

APPLICATIONS: 
• Testing of power amps for CDMA signals 

' IS-95 CDMA forward channel simulation 
(No network protocols) 

ACPR measurements 

Realistic characterization of power 
amplifiers as per IS-97 specifications 

FEATURES: 
• I and Q output signals can be 
combined with external signal 
(such as AGWN) 

• Selectable Walsh codes (0-63) 

* Selectable amplitude in 0.01 dB steps 

RUBIDIUM 
FREQUENCY SOURCE 
The Rhino is designed for both 

laboratory and field use where GPS 
reception may be unavailable, such as 

indoors or in large cities. 
The Rhino outputs the following 
buffered (50D) reference signals: 

•10 MHz (8 individually buffered outputs) 

• 19.6608 MHz (IS-95 clock multiple) 

• 1 PPS (1 pulse per second) 

• 1/2 PPS (odd/even second) 

Adj. PPS (phase adjustable -
to CDMA base station offsets 0-511) 

Berkeley 
Varitronics Systems 

Call us today for more information: 

732-548-3737 / Fax: (732) 548-3404 
Internet: www.bvsystems.com 
E-mail: info@bvsystems.com 

Visit us at PCS '99 Booth #4960 
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ICM offers Quick-

Turn Oscillators 

with fast 

delivery 

when you need it. 

PERFORMANCE 
• HCMOS/TTL Compatible 

• Industry Standard Footprint 

• Grounded Metal Cover Reduces EMI 

• Fast Rise/Fall Times 

• Available 3.3 VDC 

• Also Available in 1/2 Size 8 Pin Dip 

* Small Quantities Available 

Contact ICM at 800-725-1426 or 

visit our website at www.icmfg.com. 

PO Box 26330 
10 North Lee 

Oklahoma City, OK 73126-0330 

INFO/CARD 34 or go to www.rfdesign.com 

LMDS 
DROP-IN 

ISOLATORS/CIRCULATORS 

>4* 
• Frequency (GHz): IS, 23. 24. 27, 28 
• Insertion Loss:- 1.0 dB (Max) 
• Isolation: 16dB(N 
• VSWR: 1.4: IQ 
• Load: .4 Watts 

• Temp Range: -40°C to 
• Storage Temp: -60°C to 

+70°C 
+150°C 

www.rec-usa.corr 

iïîïïii 
RENAISSANCE 
Electronics Corporation 

ISO 9001 

CERTIFIED 

1300 Mass Ave. ~Boxborough. MA 01719. CTsA 

(978) 263-4994 - Fax (978) 263-4944 

Email: sales® rec-usa.com 

YIG filters offer reduced 
phase noise 
New permanent magnet filters are de¬ 
signed to meet specifications for 
switching speed and stability. These fil¬ 
ters are available in frequency ranges 
covering 4-26 GHz. The filters offer re¬ 
duced phase noise and lower magnetic 
susceptibility. 
Filtronic Solid State 
INFO/CARD 147 

Isolators cover 138-150 MHz 
New drop-in and coaxial isolators and 
circulators cover the full 138-150 MHz 
range. Performance specifications in¬ 
clude 15 dB isolation, 0.6 dB insertion 
loss and VSWR of 1.4:1. The operating 
temperature ranges from -40° to +85° 
C. The isolators and circulators mea¬ 
sure 2” X 2.54” X 0.75”. 
Alcatel Ferrocom 
INFO/CARD 148 

Delay lines allow wider 
bandwidths 
The FDC and FDD series are 3-pin 
SIP, fixed delay lines designed to allow 
for wider bandwidths and sharper 
waveforms. The combined FDC and 
FDD series offers a delay time of 50 ps 
to 27.0 ns. The delay time selection 
makes them suitable for insertion in 
high-speed and narrowly spaced clock 
and bus lines. The lines have maximum 
profiles of 6.0 mm and 8.0 mm respec¬ 
tively. 
Toko America 
INFO/CARD 149 

Selective bandpass filter 
with 22 MHz bandwidth 
Model 3303-280/302 is a selective band¬ 
pass filter with a 22 MHz bandwidth 
for frequency band isolation in headend 
equipment. The filter has a passband 
loss of 4 dB maximum and a rejection 
of 30 dB at ± 18 MHz from the center 
frequency. Impedance is 75 ohms and 
connector are type F. The unit is de¬ 
signed for indoor use. Other models of 
the 3303 can be custom configured for 
different passband bandwidths. 
Microwave Filter 
INFO/CARD 150 

Combiner splits input 
signals to amp modules 
The 4ATTA0405 is a four-way, high-

power Adrenaline splitter/combiner for 
modular amplifiers, including DCS, 
PCS and W-CDMA applications. The 
splitter/combiner is designed to split 
input signals to amplifier modules and 
recombine the output signals with an¬ 
other Adrenaline for medium- or high-
power base station amplifiers. The 
splitter/combiner has de distribution tc 
the amplifier modules, including decou¬ 
pling capacitors for each module. The 
4ATTA0405 covers the 1.8-2. 2 GH2 
bands and has a maximum insertion 
loss of 0.4 dB and an amplitude balance 
of 60.4 dB. 
Anaren Microwave 
INFO/CARD 151 

Filter passes C-band 
frequencies 
The model 12086 filter is used to pass 
the C-band receive frequencies of 3.7-
4.2 GHz with a maximum 0.1 dB inser 
tion loss. The unit provides a minimuir 
50 dB rejection of the uplink frequen 
cies of 5.9- 6.4 GHz. The unit has £ 
VSWR of 1.1:1 across the entire pass 
band. WR-229G flanges are standarc 
with this unit, but other connectors arc 
available. 
Microwave Filter 
INFO/CARD 152 

Couplers operate with less 
than 0.2 dB insertion loss 
Model S03A2150N1 is a 100 W surface 
mount coupler operating in the 2- 2.Í 
GHz frequency range with less than 0.Í 
dB insertion loss and VSWR of less 
than 1.15:1. Phase balance of 62°, am 
plitude balance of 60.1 dB and isolatior 
of >22 dB are combined in a laminatec 
surface-mount package measuring .56’ 
X .35” X .085”. The 200W, 2.0-2.3 GH; 
surface-mount coupler, designated as 
model S03B2150N2, yields less thaï 
0.2 dB insertion loss, VSWR of less 
than 1.25:1, and phase and amplitude 
balance of 62° and 60.2 respectively. 
RF Power Components 
INFO/CARD 153 

Converter features 
unity plus gain 
Model 12740 is a triaxial-to-coaxial con 
verter and distribution module tha 
features unity plus gain, de to 200 MH: 
bandwidth, de offset adjustment and 5( 
V or 75 V I/O impedance. The convertei 
can also be used for coaxial-to-triaxia 
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pplications. It is designed for use with 
onverter modules and distribution am-
lifier modules. 
Lrt Wroobel Company 
NFO/CARD 154 

SIGNAL SOURCES 

VCO's-«re« 
:requency translator come 
n gull-wing flatpack 
'he model FX070 frequency translator 
s a low-noise, narrowband PLL that 
enerates a 2488.32 MHz output de¬ 
lved from an external 12.96 MHz ref-
rence clock. The units have an output 
ignal of 0 dBm minimum into 50-ohm 
nd are available in a 16-pin, surface-
îountable, gull wing flatpack mea-
uring 1” X 1” X 0.28”. Supply voltage is 
.0 Vdc 65%. 
rectron International 
NFO/CARD 155 

100-2500MHz SINGLE & DUAL BAND Voltage £ontrol OsclijMors. 

We offer: 
• Very high performance VCO's. • 
• Mini size packages. * 
• Low cost. • . X 
• Short lead-time. x * 
• Custom designed VCO's. 

)scillator operates over ex¬ 
ended temp range 
Tie V607TE01 voltage-controlled oscil-
itor (VCO) is packaged in a 0.375” x 
.375” x 0.124” surface mount and gen¬ 
rates frequencies between 1,279-1,313 
1Hz within 0.4 Vdc and 2.8 Vdc of con-
rol voltage. The V607TE01 exhibits a 
ignal of -99 dBc/Hz, typically, at 10 
Hz from the carrier while using 6 mA 
•om a 3 Vdc power supply. The VCO is 
pecified to operate over the extended 
ommercial temperature range of -25°-
5°C and has a linearity over frequency 
nd temperature that measures 1.1:1. 
^Communications 
NFO/CARD 156 

DABLES/CONNECTORS 

Radiating cable supports 
n-building applications 
he Nu-rad series of radiating cables is 
esigned for in-building, subway, 
ransit and tunneling applications. The 
ables offer a combination of a surface 
rave at lower frequencies, along with 
tie generation of a radiating mode at 
igher frequencies. The combination al-
>ws multiple services, such as paging, 
sllular and PCS, to be provided on a 

Phone: 
5, Hasadan st. Holon 58117 Israel 

+972-3-5562775, Fax: +972-3-5561944 
E-mail: gadil@tetra.co.il 

http://www.tetra.co.il 
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100 MHz to 3 GHz 
Low Cost 

VCOs 
TTF 95 

95 
L = 11.8 max. 
W ■ 9.9 max. 
H = 2.5 max. Actual Size 

The Temex Time & Frequency TTF 95 is 
a low cost TCXO or VCTCXO available 
in many standard frequencies from 10 
MHz to 26 MHz. Parts are available on 
Tape and Reel and may be reflow 
soldered, using no clean processing. 

Applications: 

Wireless Communications 
Test & Measurement 

GPS receivers 

Specifications at 10 MHz 
Stability Options 

± 2.5 ppm -30° to +75°C 
±1.5 ppm -20° to +70°C 
±1.0 ppm 0° to +50°C 

Input . +3.3 or +5.0 Vdc 
Clipped Sinewave or TTL output 
Phase Noise . -125 dBc at 100 Hz 

Custom specifications 
welcomed 

single broadband radiating cable. They 
are offered in non-flame retardant poly¬ 
ethylene, as well as flame retardant, 
low-smoke, non-halogen jacketed de¬ 
signs. Type N and 7/16 DIN connectors 
are offered for attachment purposes. 
Times Microwave Systems 
INFO/CARD 157 

Antennas offer data, 
voice services 
The Datamaster MMDS sector antenna 
range for two-way multichannel, multi¬ 
point distribution services (MMDS) sys¬ 
tems provides data and voice services 
to multiple dwelling units and small 
businesses. Three Datamaster antenna 
versions are available: a 90° sector 
transmit antenna for two-way systems 
with 18 dBi gain in the 2,500-2,700 
MHz frequency band and receive an¬ 
tennas for two-way systems with either 
18 dBi (90° sector size) or 22 dBi (30° 
sector size) gain in the 2,150-2,360 
MHz frequency band. The antennas are 
available in horizontal or vertical polar¬ 
ization, weigh 20 lbs., can withstand 
winds up to 150 mph and continue to 
operate in temperatures between -40° 
C and 70° C. 
Andrew 
INFO/CARD 158 

point or multipoint operation. It i 
suited for use in irrigation control 
weather stations and remote site moni 
toring of oil, gas and water systems. 
RF Neulink 
INFO/CARD 160 

SUBSYSTEMS 

AMPLIFIERS 

Digital radio modules offer 
A/D converter 

The PEM-16DDC 16-channel dow 
converter module and the PMC-2MA 
dual A/D converter PMC module ar 
digital radio products. The PEM 
16DDC is a double-width module tha 
features Graychip GC4014 quad digiti 
down converters and operates as hig 
as 65 MSPS. Each GC4014 drives 
FIFO that stores as many as 2K x 32 
bit samples, which provides 512 sair 
pies per channel if all four channels ( 
the GC4014 are used. The PMC-2MA 
single-width PMC module hosts two 12 
bit AD6640 A/D converters from Analo 
Devices and is capable of digitizin 
analog intermediate frequency (IF) sif 
nais from 130 kHz to 35 MHz. Two low 
voltage differential signaling (LVDS 
interfaces are provided on the fron 
panel of the PMC-2MAI for intercor 
nection to the PEM-16DDC module. 
Spectrum Signal Processing 
INFO/CARD 161 

Amplifier offers 1,000 W 
power 
The 1000W1000A amplifier offers 1,000 
W minimum power from 80-1,000 MHz, 
ns rise time and Class A operation. The 
amplifier is suited for use with non-in-
vasive physiologic EPRI (electron para¬ 
magnetic resonance imaging). 
Amplifier Research 
INFO/CARD 159 

POWER 
SUPPLIES/BATTERIES 

Crystals, Fitters, Oscillators, VCXOs, 
VCOs, PLLs, TCXOs, OCXOs & 

Rubidium Atomic Clocks 

PH: 623-780-1995 

FAX: 623-780-9622 

e-mail: sales@temex-az.com 

www.temex-az.com 

TEMEX ELECTRONICS, INC. 
3030 W. Deer Valley Rd. Phoenix, AZ 85027 

DATA TRANSMISSION 
PRODUCTS 

Modem ready to plug 
and play 
The Neulink RF 9600 radio modem is 
capable of 9600 baud over the air. This 
transceiver comes ready to plug and 
play for data operation for point-to-

Power supplies target 
telecom applications 
Lambda Electronics’ PA, PM and P 
series power supplies target on-boar 
distributed power applications in th 
telecommunications. Each series pre 
vides an industry standard pinout an 
footprint to allow for easy integratio 
in existing systems. The PA series cor 
sists of single output DC-DC converter 
with 48 V inputs. The PM series i 
available in single, dual and triple oui 
puts with 12 V, 24 V and 48 V input 
The line offers 96 models in 10 W, 20 1 
and 30 W packages. Remote on/o: 
output adjustment features are avai 
able and all models provide short cii 
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Precision MCLI 
RF-Microwave Components 

:uit protections 
lambda Electronics 
NFO/CARD 162 

_evel 2-compliant battery 
chargers 
Dhe MAX1667 is an SBS IF specifica-
ion V 1.0 for level 2-compliant battery 
harger for Lithium-Ion cells. This one-
hip solution contains independent 
'oltage and current mode to constant 
'oltage mode during charge. The 
4AX1667 charges two- to four-series 
uithium-Ion cells and regulates pro¬ 
grammed charge voltages to within ± 
1.8%. The device uses an advanced syn-
hronous buck topology for a duty cycle 
o exceed 97%. Using an SMBus-com-
latible 2-wire interface, the MAX1667 
eceives charging voltage and current 
ommands and reports status informa¬ 
ion about the state of the charger and 
latter. Charging voltage is program-
liable from 0 to 18.432 V with 11 bits 
f resolution. 
daxim 
NFO/CARD 163 

adhesive can bond to numerous sub¬ 
strates including most metals, ce¬ 
ramics, glass and plastics. It is a room 
temperature curable system but ele¬ 
vated temperatures can be used to re¬ 
duce cure time. For high speed manu¬ 
facturing, the adhesive is compatible 
with automated dispensing equipment. 
Tra-Con 
INFO/CARD 165 

Pressure sensitive adhesive 
offers .004 tolerance 
Meyers Applied Components offers a 
variety of materials including foil, 
foam, and laminates that can be ap¬ 
plied within a .004 tolerance regardless 
of the size or shape. The capability 
comes from a process that allows the 
components to produced in “roll” form 
(similar to roll labels), which permits 
automated applications. 
Meyers Applied Components 
INFO/CARD 166 

• Immediate Delivery 
• High Performance 
• Low Cost 
• Superior Selection 
« 0.005^26^^ 

ANTENNAS 
ADHESIVES/GLUES/ 

SEALENTS 

Jrethane foam resists water 
ind air permeation 
iuperSheet materials are low-density 
irethane foams that resist water and 
ir permeation. The material requires 
ittle pressure to compress and resist 
lermanent collapse, and are designed 
or gasket and sealing applications, 
’hey are available in four standard 
rades varying by hardness, water-re-
istance and density. They feature a 
hin, penetration-resistant skin on both 
he top and bottom surfaces and are 
ast as continuous sheets, rather than 
liced from bun stock. 
>A-R Specialty Composites 
NFO/CARD 164 

"hermal conductive 
idhesive 
lupertherm 816H01 is a thermally con-
uctive, electrically insulating, 2-part 
dhesive that can be used in a number 
f applications including staking resis-
ors, diodes, transistors, heat sink at-
achment, or any other application re-
uiring thermal management. The 

Fixed station planar antenna 
for 800 MHz applications 
The model ASPPA2988 is a fixed sta¬ 
tion discreet planar antenna for use in 
800 MHz applications. The antenna in¬ 
corporates a precision-engineered mi¬ 
crostrip design and may be used in ei¬ 
ther indoor or outdoor applications and 
for use in voice and data communica¬ 
tion. The ASPPA2988 covers the fre¬ 
quency band of 806 to 869 MHz with a 
VSWR of 1.5:1 across the entire band. 
The vertically polarized antenna is 
power rated at 20 W and offers a 7.5 
dBi gain. The front to back ratio is 
12dB. 
Allen Telecom 
INFO/CARD 167 

Switches 

Power Dividers 
Couplers 
Switches 
Hybrids 
Isolators/Circulators 
Attenuators 
Terminations 
Oscillators 
Filters 
Amplifiers 

B Waveguide 
Custom Designs 

Visit 
us at: PCS99 

booth# 
3112 

F Design 

See Online Catalog at: 
http.Z/ ww.mcli.com 
1-800-333-MCLI (6254) 

Fax: (727) 381-6116 

Microwave 
Communications 
Laboratories Inc. 

7255 30th Avenue North 
St. Petersburg, FL 33710 

http ://www.mcli.com 

7 
CD 
CD ■ ■ 
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RF software 
Schematic design software 
offers seamless transition 

Intercept Technology’s MoZaiX 
schematic capture software is designed 
for use on Win98, WinNT and UNIX 
platforms. It allows engineers to seam¬ 
lessly transition between schematic, 
layout and manufacturing. The data¬ 
base is compiled in an open, ASCII, sin¬ 
gle file format. MoZaiX features multi¬ 
ple schematic sheets, flexible design 
hierarchy and design data verification. 
Additionally, the software is designed 
to integrate with Intercept’s Pantheon 
printed circuit board/hybrid/multichip 
module design application. 
Intercept Technology 
INFO/CARD 166 

Software for embedded 
systems 

Altia Faceplate 4.0 simulation 
graphics software for embedded sys¬ 
tems is designed to assist engineers in 
creating graphic front panels for simu¬ 
lation models. Interactive user inter¬ 
faces and animated graphics can be 
designed without the need for program¬ 
ming or graphic design experience. It 
also contains debugging, optimizing 
and regression tools to assist the engi¬ 
neer with these functions. 
Altia 
INFO/CARD 167 

Mathcad adds wavelets 
expansion pack 

Mathcad’s Wavelets extension pack 
for Mathcad 8 adds wavelets technolo¬ 
gy to its standard product, enabling 
analysis of signal and large data sets. 
Included in this expansion pack are 60 
wavelet functions covering five orthogo¬ 
nal and biorthogonal families. These 
functions support advanced techniques 
for signal reconstruction, denoising, 
data compression and special numeri¬ 
cal methods. All functions are integrat¬ 
ed into Mathcad’s core environment. 
Mathcad 
INFO/CARD 168 

Automated signal 
analysis software 

SPSS’s AutoSignal signal analysis 
software enables users to automate spec¬ 
tral analysis, time domain analysis and 
signal processing without programming. 
The software is capable of performing 
complex signal analysis using fast Fouri¬ 

er Transform, autoRegressive, moving 
average ARMA, complex exponential 
modeling, minimum variance methods, 
eigenanalysis frequency estimation and 
wavelets. 
SPSS 
INFO/CARD 169 

EMI software developed for 
HP spectrum analyzers 
EMC Consulting’s electromagnetic 

interference commercial measurement 
program (EMICMP) for use with the 
HP 8591E series spectrum analyzers. 
The software is designed to replace the 
HP EMC personality card with an 
alternative set of instructions. The soft¬ 
ware offers improved amplitude accura¬ 
cy and can measure trace data, individ¬ 
ual peak, average, and Q/P detection. 
Output includes printed tabular and 
graphic data plus data set storage on 
disk. 
EMC Consulting 
INFO/CARD 170 

Extensible spectrum 
analyzer software 

Spectrum Capture custom software, 
from Anritsu Company, is designed to 
expand the analysis capability of the 
company’s MS2650/2660 series spec¬ 
trum analyzers. Spectrum Capture 
offers the user the ability to take mea¬ 
surements at user-selected times and 
frequencies. The data can be trans¬ 
ferred to a PC for detailed analysis. The 
data can also be stored and compared 
to future or previous captured data. 
Users can pull multiple traces simulta¬ 
neously and create a trace overlay. 
Additional features include creation of 
trace makers for power and frequency, 
data categorization and other features. 
Anritsu Company 
INFO/CARD 171 

Parametric software 
upgrade 

Optotek’s LASIMO, large and small 
signal modeling software, is designed to 
facilitate the development of large signal 
models by simplifying the procedures for 
the extraction of, metal semiconductor 
field-effect transistor (MESFET) and 
high-electron mobility transistor 
(HEMT) model parameters. The pro¬ 
gram provides the designer with a set of 
models, as well as the capability to 
incorporate user-defined models that 

can be optimized to match existing prod 
ucts. LASIMO is the latest component t 
its MMICADSuit. 
Optotek 
INFO/CARD 172 

Microwave link design tool 
offers Internet interface 

Comsearch’s FiveNines V 1.1 is th 
latest version of its microwave lin! 
design tool. The product is designed t 
analyze path profiles and evaluate lin 
performance. It is interactive an, 
enables the user to download high-resc 
lution terrain data from the company1 

database over the Internet. The dat 
can be incorporated into existin 
screens without leaving the program. 
Comsearch 
INFO/CARD 173 

Multifunction microwave 
design software 
Johanson Technology’s MLCsoft allow! 
the designer to download s-parameters 
in SP2 format, or determine the spice 
parameters for a given JTI multilayer 
high-Q capacitor. Also, the user can 
find commonly available capacitor 
parameters such as SRF, 1st PRF, ESR 
Q as well as typical parameters such a 
effective capacitance, series inductance 
and impedance. 
Johanson Technology 
INFO/CARD 174 

Software on the Web 
Model semiconductor 
heat sinks on the Net 
R-Theta has created a tool for 
modeling semiconductor heat sinks 
over the Internet and view an 
instant simulation of the 
application. The product will 
present a 3D thermal plot of 
multiple power sources. The 
engineer will be able to place their 
common insulated-gate bipolar 
transistor (IGBT) modules on a 
user configured heat sink template 

1 and move it around until a 
I satisfactory design is optimized. 
R-Theta 
INFO/CARD 175 

I To get more information about the 
software described in this section, 
go to www.rfdesign.com for 
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Everything 
you’d expect 

FROM THE COMPANY 

THAT INVENTED 

THE COUNTER. 

Starting at $1,575* 

And less. 

More digits, less money. 
HP 53181 A 

Frequency Counter 

Performance 
10 digits of resolution per second 

Frequency Range 
225 MHz and 1.5, 3, 5 and 12.4 GHz 

additional channel options 

Measurements 
Up to 200 measurements per second 

Ease oF Use 
One button frequency measurements 

Price 
Starting as low as $1,575" 

ver since we developed the first frequency counter, we’ve been 
improving on it. Now we’re even improving on the price. 

Starting at just $1,575, the HP 53181A gives you an amazing 10 digits 
of resolution per second. Buy just the performance you need—the 

HP 53181A has 225 MHz bandwidth and 1.5, 3, 5, and 12.4 GHz additional 
channel options. And for ease of use, you get a high-visibility display and one-
button frequency measurements. What you don’t get are complicated features 
you don’t want or need. 

The HP 53181A frequency counter. It may be more than you’d expect for the 
price. But not less than you’d expect from HP. 

For more information about the HP 53181A frequency counter, help 
selecting the counter that’s right for you, or for a free booklet titled 
8 Hints for Making Better RF Counter Measurements, fill out 
the attached card or call HP DIRECT. 

♦U.S. list price 
©1998 Hewlett-Packard Co. TMEMD838/RFD 

Call HP DIRECT right away! 

1-800-452-4844, EXT. 6071 

Ihpl HEWLETT 
PACKARD 

Expanding Possibilities] 
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literature 
Brochure features low-
frequency EMI products 

Magnetic Shield’s brochure provides 
information on cable, conduit, sleeving 
and wire using CO-NETIC AA alloy. 
This product is specifically designed to 
control low frequency electromagnetic 
interference (EMI). The brochure con¬ 
tains sizes and specifications. 
Magnetic Shield 
INFO/CARD 176 

Thermal management 
described in brochure 
BP Amoco offers a brochure de¬ 

scribing its technique for pulling heat 
away from thermal devices. Detailing 
its ThermalGraph thermally conduc¬ 
tive fibers, the brochure describes how 
these products can provide design engi¬ 
neers with new approaches to thermal 
management. Some of these materials 

can conduct heat at a rate of up to 
three times faster that of copper, at 
one-quarter of the weight. 
BP Amoco 
INFO/CARD 177 

Brochure describes auto¬ 
mated tuner system 
Maury Microwave offers a new 

brochure describing the latest features 
of it’s automated tuner system (ATS). 
New features include a harmonic tuner 
and harmonic tuner controller and an 
ADS/ATS load pull data module for 
Hewlett Packard EEsofs advanced de¬ 
sign system software, and Widows 
95/98/NT compatibility. The brochure 
also describes the systems options, 
latest innovations and applications. 
Maury Microwave 
INFO/CARD 178 

Short form transistor 
catalogue 
Advanced Semiconductor offers 

new short form catalog of microwav 
and RF power transistors. The cati 
logue contains both metal-oxide sem 
conductor field-effect transiste 
(MOSFET) and bipolar selections an 
includes application specific product 
for HF, VHF and UHF. Target applies 
tions include military communciation 
avionics and radar, and CW m: 
crowave. 
Advanced Semiconductor 
INFO/CARD 179 

Brochure details LC filters 
for various applications 
Piezo Technologies’ LC filte 

brochure features the company’s line < 
LC filters for lowpass, highpass, banc 

RF DESIGN (ISSN0163-321X USP8: 453-490) is published monthly September 1999, Vol. 22. No 9 RF DtMgn is a registered trademark of Intertec Publishing. A PRIMEDIA Company. Copyright 1999 by Intertec Publishing, 9800 Metcalf Av 
Overland Park. KS 66212-2215. Editorial and advertising offices at 5680 Greenwood Plaza Blvd., Suite 100. Englewood. CO 80111. 303-741-2901. Printed in USA. Periodicals postage paid at Overland Park. KS. and at additional mailing office 
Canada Post Publications Mail (Canadian Distribution) Sales Agreement No. 107121 1. Subscription office: RF Design, P.O Box 12907, Overland Park. KS 66282-2907. Subscriptions are $48 per year ($82 for two years) in the United States; $68 i si 
face mail) or $108 (air mail) per year for countries outside the U.S. Payment must be made in U.S. funds and accompany request. Authorization to photocopy items for internal or personal use. or the interna) or personal use of specific clients, 
granted by Intertec Publishing, provided the base fee of U.S. $2.25 per copy, plus U.S. $00.00 per page is paid directly to Copyright Clearance Center (CCC), 222 Rosewood Drive, Danvers. MA 01923 USA. The fee code for users of this Transaction 
Reporting Service is ISSN 01 63-32 IX/ 1999 $2.25 ♦ $00.00. For those organizations that have been granted a photocopying license by OCC. a separate system of payment has been arranged Prior to photocopying items for educational classroom u> 
please contact the CCC at 978-750-8400. Organizations or individuals with large quantity photocopy or reprint requirements should contact Jenny Eisele at 913-967-1966. SUBSCRIPTION INQUIRIES: 800-441-0294. POSTMASTER & SL 
SCRIBERS: Please send address changes to RF Design. P.O. Box 12907, Overland Park, KS 66282-2907. 
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jass and band reject applications. The 
1.C filters are targeted for commercial 
ind military uses. Commercial applica-
ions include wireless communications 
nfrastructure, point-to-point and mul-
ipoint microwave radios, satellite com-
nunications, navigation systems, in-
îtrument and medical. The filters 
nilitary uses including aircraft commu-
lication and navigation systems. 
’iezo Technology 
NFO/CARD 180 

Capacitor catalog offers 
quartz, sapphire products 
Voltronics’ 40-page catalog de-

icribes its complete line of PTFE, 
flass, quartz, sapphire, and air vari-
tble capacitors. The catalog includes 
letailed information about the com-
>any’s latest solid dielectric trimmer 
ine for GHz frequencies and offers 
letailed specifications for the 
levices. 
Zoltronics 
NFO/CARD 181 

Catalog features antennas 
for land mobile radios 
Antenna Specialists’, a division of Allen 
Telecom, new catalog for land mobile 
radio (LMR) features 48-pages of up¬ 
dates on all current lowband, VHF, and 
UHF antennas, as well as special pur¬ 
pose and handheld products. It also in¬ 
cludes the new Mosaic antenna series 
as well as other special purpose an¬ 
tenna products. The antennas support a 
range of frequencies including 30 to 88 
MHz, 130 to 174 MHz, 108 to 512 MHz, 
210 to 230 MHz and 406 to 512 MHz. 
Antenna Specialists 
INFO/CARD 182 

Short-form catalog 
describes I/O solutions 

Systran offers a short-form catalog 
with details of its entire line of 
input/output (I/O) IPack solutions. 
Included are IPack carrier boards for 
VME, PCI, ISA and CompactPCI sys¬ 
tems. The catalog also details Systran’s 
IPack modules, including analog inter¬ 

faces, digital/discrete interfaces, serial 
communications interfaces, 
counter/timers, software support pack¬ 
ages and accessories. 
Systran Corporation 
INFO/CARD 183 

On the Web 
ICM offers online 
ordering 

International Crystal Manufac- J 
turing (ICM) has added an online ■ 
order page to its Web site. The site I 

■ can be accessed at I 
www.icmfg.com. 
ICM 

I INFO/CARD 184 
8 To get more information about the 
" software described in this section, : 

go to www.rfdesign.com for 
direct links. 

RF Design 
Handbooks 
CLOSE OUT SALE 

$100 

OCXO Redefines Industry Standard 

for all nine handbooks 
plus shipping $15 in U.S. 

$45 outside U.S. 
Payment must accompany order. All payments 
must be in U.S. funds. No wire transfers accept¬ 

ed. In U.S. call for applicable sales tax. 

call toll free: 

877-296-3125 
or Send to: 

Intertec Publishing Corporation 
Direct Marketing Department 
6151 Powers Ferry Road NW 

Atlanta, CA 30339-2941 

^¡NTERTEC 
PUBLISHING 
A PRIMEDIA COMPANY 

INFO/CARD 51 
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Stratum Illi Ilie — Thermal stability of 1-DDE-ODñ over -3D°C 
to +?0°C — Power consumption of D-ÔW at 2S°C — Warm-up <3 min 
— Ultra high reliability — SfIT or lb PIN pkg. — Available 
on tape and reel — Call: W-HbS-LObH — Fax: 1?fl-4b5-bL37 

Q C Frequency Range 
Aging 

SMTI 
Phase Noise-. 10 Hz offset 
100 kHz Offset 

Crystal Cut 

Welded Hermetic Package 

4. fl MHz to 125 MHz 

2.00E-010/day 
3.00E-00a/yr 

-125 dBc/Hz 
-155 dBc/Hz 
SC or AT 

o. 175" xO.aOO"x O-SOO" 

24.77mmx20.32mmxl2.7mm 

www-mti-milliren-com 

INFO/CARD 103 or go to www.rfdesign.com 

97 



■i RF Literature/Product Showcase ■ 
Custom & Standard Filters 

HIGH-LEVEL SYSTEM DESIGN CIRCUIT-LEVEL DESIGN 

New AGC block provries dynamic 
power confrol capability 

New component parameters 
include 1 dB compressai) point 
2nd order intercept point, 
tolerance and temperature 
coeffiaente. 

Specialized reports (standard, 

linearity, graph, yield and link¬ 

budget) can be attached to any 
system page. 

SNR/BER suppat added for 
PAM/QAMsçnaling. 

User interface can be customized 

on any system page. 

Build library models for frequently 
used components. 

Li Si 

Lightning-fast 
32-bit performance 

Comprehensive element 
library 

Opbmcaton 

Monte Carlo/Yield analysis 

Multiple desgn «sons 

within a single project 

Stability/constant-gain 

areles 

User-defined 
enables/equabons 

Flexible sweep capabilities 

• Bandpass 
• Lowpass 
• Highpass 
• Linear Phase 
• Phase Matched 

• Anti-Aliasing Filters 
• Video Filters 
• Group Delay Equalized 
• Sin(x)/x Compensated 
• Cosine (Nyquist) Filter! 

NEW! RF Design Suite Price 
includes both tools for only 

$1,100 

Arden Technologies, Inc 
P0 Box 286 • Forest, VA 24551 

Soles: 804/525 6837 or 888/535 6837 (US only) 
Fox: 804/525 5376 « E-moil: sales@arJaitecli.com 

FREE fully functional demos at http://www.ardentecli.com 

Send for a free catalog or fax your filter specification 
for a prompt technical review and quotation. 

KR ELECTRONICS_ 
91 Avenel Street • Avenel, NJ 07001 

Phone: (732) 636-1900 • Fax: (732) 636-1982 
www.krfilters.com 

INFO/CARD 200 
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CRYSTALS OSCILLATORS FILTERS 
TCXOS VCTCXOS VCXOS 

FILTRONETICS. 
FREQUENCY PRODUCTS 

6010 Parretta Drive • Kansas City, MO 64120 
(816) 231-7375 • FAX:(816) 241-0368 

www. filtro.net tiltro@filtro. net 

RF POWER GENERATORS 
• RF Excited Plasma for 

Deposition, Sputtering, 
Etching, & Ion Implement 

• Induction Heating 

INFO/CARD 202 

Synthesizers & Rb Standards 
“Precision You Can Afford” 

• Rubidium Frequency Standards 
2950AR Rubidium Standard (Bench, shown) 
1450A Rubidium+DDS Synthesizer (Rack) 

* OEM Modules and PC-based Synthesizers 
DDS7m (New) 68MHz RS232 & Parallel Control 
DDS6m 40MHz RS232 Controlled 
DDS5m Locks to Standards. RS232 & Dip Switch 
DDS3pc & DDS7pc (New) PC ISA-bus to 68 MHz 

• Bench Top Synthesizers 
291 OA Series 1pHz steps to 48MHz 

Novatech Instruments, Inc. 
206.301 .8986 (v), 206.363.4367 (fax) 

Specs and Prices: www.eskimo.com/-ntsales 

INFO/CARD 205 
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3ESIÓN 

AMPLIFIERS / XMTR'S 
• Commercial 
• Industrial 
• HF /VHF Bands 
• Mobile / Base Station 

IF YOU CAN’T FIND IT, WE’LL DESIGN IT! 
T&C Power Conversion, Inc. 
110 Halstead Street E-Mail: TCPOWER1@AOL.COM 
Rochester, New York 14610, USA Phone: 716-462-5551 
Mtp.7/marnbers.aoLconVtcpower1 Fax: 716-482-6467 

INFO/CARD 203 

2-4 GHZ Digital Controlled Attenuator 

Description : 
UMCC's Model AT-DOOO-HD is a solid state Digital variable attenuator. At¬ 
tenuation level is set via an eight bit TTL binary code covering 60dB dy¬ 
namic range. Unit is equipped with internal voltage regulators along with 
temperature compensation circuitry for guaranteed performance and accu¬ 
racy in all extreme conditions. Unit measures 2.3* x 1.6* x 0.5* in size. 

Key Specifications: 
• Insertion Loss: 
• Attenuation Range I Resolution: 
• VSWR (All Settings): 
• Attenuation Frequency Flatness: 

±0.30 dB @ lOdB 
±0.80 dB « 20dB 

• Transfer Function Accuracy: 
0 -10 dB 4» ±0.25 dB Max 
10 -30 dB« ±0.50 dB Max 

• Switching Time: 
• Operating RF Power: 
• Power Supplies: 

1.5 dB Max 
60dB I 0.25dB Steps 
1.5:1 Max 

±1.50 dB @ 40dB 
±1.60 dB @60 dB 

30 - 50 dB @±1.0 dB Max 
50 -60 dB @±1.5 dB Max 
500 nS Max 
100 mW CW/Peak 
♦12 to +15VDC @ 60 mA 
-12 to -15 VDC @50 mA 

Universal Microwave Components Corp. 
5702-D (¡eneral Washington Drive 
Alexandria. Virginia 22312 
Tel: (703) 642-6332 • Fax: (703) 642-2568 
E-Mail: UMCC1119 AOL.Com 
Web Site: http://members^ol.comA'MC( lll 

INFO/CARD 206 

»toSOOMHi 
WOWottAMHIH 

Available as Small, High Efficiency 28VDC Module or 
as Full Economical Rack Mount System (I20/220 VAC) 

RF ROWER AMPLIFIERS 

651 Via Alondra, Bldg. 712 • Camarillo, CA 93012 USA 
805-388-8454 • Fax 805-389-5393 

www.lcfamps.com • E-mail: info@lcfamps.com 

INFO/CARD 204 

0.1 MHz to 3.1GHz Portable Spectrum Analyzers 
■ PS - 550 0.1 - 550MHz PS - 5A 0.1 - 1100MHz (1300MHz optiona 

PS - 5B 0.1 - 2050MHz (2 band«) PS - 5C 0.1 - 3100MHz (3 bands 

■ Center/Marker frequency display with on screen marker cursor 
■ Measurement Range: -108 to ±20 dBm 
■ Five Resolution Bandwidths 10KHz, 30KHz, lOOKHz, 300KHz, 1W 
■ 50 dB Input Attenuator In 10 dB steps 
■ 2/10 dB/Div vertical display with Base Line Clipper 
■ Bullt - in AM/FM demodulation with monitoring speaker 
■ Optional built-in Tracking Generator 
■ AC / DC / Battery powered (optional internal +12V bettery pack) 
■ Lightweight - Portable operating Size: 11.5" x 5.4” x 12.9” 

Price: PS-550 51675 PS-5A 52275 PS-5B 52875 

PS-5C 53175 
Tel: 973-548-7635 

V.Tech Instruments, Inc. Fax: 973-546-7651 
171 Burns Ave, Lodi, N J 07644 E-mail: vtechinst@erols co 

INFO/CARD 207 
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RF Literature/Product Showcase ■ 

LeaderTech’s removable-cover design allows 
protecting sensitive components from noise, 
while providing access to adjust and repair. 
Two new additions include the 20-S surface 
mount style and the versatile CBS2 dual¬ 
sided shielding enclosure. 

Visit us at www.leadertechinc.com 
or call us for a Leader Tech catalog at 
81 3-855-6921 or fax 813-855-3291 

LEADING PRODUCTS INTO 
THE NEW MILLENNIA 

We Do Coaxial, Triaxial 
& Semi Rigid 

Coastel Cable Tools in¬ 
troduces their latest 
portable hand-held do-
axial cable stripper, the 
Port-a-Strip. This preci¬ 
sion tool is powered by 

a removable Ni-Cad Battery Pak or an 
optional A/C 
Power Supply. 

INFO/CARD 208 INFO/CARD 209 

ICAP/4WIND0WS RF DELUXE 

Intusoft's 
powerful suite 
of SPICE tools 
for RF Engi¬ 
neers includes 
ICAP/4 
Windows and 
the RF Deluxe 
package, with 
vendor-

Wireless Technologies 
Cavity Filter & Diplexer 

Products 
800 MHz - 40 GHz 

Coastel 
Cable 
Tools 

1211 South Salina Street 
Syracuse. NY 13202 USA 
Phone: 315-471-5361 
Fax: 315-472-1765 

www.coasteltools.com 

INFO/CARD 210 

supplied IC libraries, SPICE 
Reference books, the SpiceMod 
modeling tool and the RF library, all 
in a cost-saving bundle. More info 
at: www.intusoft.com/rfdesign.htm 

Call toll free 1(877) 420-7983 
www.diplexers.com 

E-Mail: wireless@ipa.net 
INFO/CARD 211 INFO/CARD 212 INFO/CARD 213 

NEW 1999 
ELECTRONIC 
HARDWARE 
CATALOG 

324 illustrated 
pages of the most 
extensive product 
offering in the in¬ 
dustry. ASM spe¬ 
cializes in same 
day shipping from 
stock, custom 
parts in one week 

ELECTRONICS PURCHASING MANUAL Waveguide Design and Analysis Software 

or less, no minimum quantities, and all products 
available in standard or metric. An expressed favor¬ 
ite of design engineers, the catalog provides ease-
of-use in specifying/ordering such products as spac¬ 
ers, standoffs, captive screws, washers, handles, and 
much more. 

Accurate Screw Machine 
Fairfield, NJ • 888-850-6888 Ext. 116 

E-mail: rfls@accuratescrew.com 

INFO/CARD 214 

F Design 

Mouser Electronics pre¬ 
sents its newest elec¬ 
tronics purchasing 
manual featuring more 
than 90,000 compo¬ 
nents from 200+ leading 
suppliers such as 3M, 
AAVID, Alpha Wire, Amp, 
Amphenol, Crydom, 
Magnecraft, NEC, 
STMicroelectronics, 
Spectrol, Vishay, and 

Windows ’95/NT/Alpha 
Full EM Field Modeling Based 

more. Also view our catalog at www.mouser.com. 
The website features: Secure online ordering: Prod¬ 
uct Search; Complete Line Card; Spec Sheets; Search 
by part number, keyword, cross-reference, or manu¬ 
facturer. 

Filters: 
Lowpass, Bandpass. Bandstop. 

Evanescent. Dual Mode, Finline J 

Diplexers & Multiplexers: I 
E/H-Plane, Bifurcated. T. L and Coaxial I 
Line Common Ports 

Transformers: 
E-Plane. H-Plane & EH-Plane 

Power Dividers & Couplers 
Hybrids and N-Way 

OMT-Polarlzers & Horn 
Antennas 

F SPECIAL^ 
HIGHLY 1 

AFFORDABLE 
PROMOTIONAL 
PACKAGE DEAL 
AVAILABLE 

UNTIL 
September 30, j 

k im J 

Consulting Services ior Software & Circ i it Design 

Mouser Electronics 
958 N. Main St.; Mansfield, TX 76063 
(800) 992-9943; FAX: (817) 483-6899 

E-mail: catalog@mouser.com 

POLAR WAVES CONSULTING 
6-425 Pinehouse Drive 

Saskatoon. SK S7K5K2 

Tel: (306) 934-6688 • Fax: (306) 931-4694 

e-mail: pramanick@sk.sympatico.ca 

http://www.polarwaves.com 

INFO/CARD 215 INFO/CARD 216 
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RF Literature/Product Showcase ■ 
High Power RF 

Resistors 
Attenuators 

»ns 

echniques 
2245 B Fortune Drive 
San José. CA 95131 

Power: 10 -5<M> Watts 
Freq: IM' - 6 GHz 

Brazed Construction 
2 Year warranty 

Tel: (408)433-1941 
Fax: (408)433-1943 

Visit us at http://www.rftechniques.com 

INFO/CARD217 

NEW SAW DESIGN IN HALF THE TIME 
New developer and supplier of 

SAW components - AEC Ltd. 

Why should AEC be the one to choose? 

- we deliver your custom designed SAW samples in 

just a couple of weeks 
- we have minimum or no design charges 

- we offer extremely competitive prices 

- we provide excellent quality and minimum 

lead-time 
- we have talented designers, who can create even 

the most sophisticated SAW filters 

Please contact SES 

(SAW Electronic Solutions) 

Tel/Fax 770-360-8292 E-mail ses@avana.net . 

or visit us at http://on.wolus.net/aec 

ADVANCED SAW 
Flinns 

INFO/CARD218 

Reach an exclusive 
audience of buyers 

in RF Design! 
New & Current Products 

Promoted in our 
Product Showcase 

For $650 or less you can promote your 
products to thousands of interested buyers. 
Four-color is included in the price. Simply 
provide us with a copy of your sales brochure 
or a photograph of the product and 40-50 
words of copy. WeTI do the rest! 

For more information contact: 
Jody Schrader at 1-888-234-0448 

Reach Thousands of Potential 
Buyers in RF Design! 

¡^marketplace 
tSSIFIEDS At a glance... 

Fax 
Jody Schrader 

Classified Ad Manager 
1-720-489-3253 

Phone 
Jody Schrader 

Classified Ad Manager 
1-888-234-0448 

or 1-720-489-3290 

Mail 
ad materials to: 
Annette Hulsey 
9800 Metcalf 

Overland Park, KS 

E-mail: jody_schrader @ intertec.com 

Page 

Buyers' Source . 108-109 

Career Opportunities . 100-107 

Literature/ 
Product Showcase . 98- 100 

Products & Services . 107 

Jody Schrader Redesign 
Toll-Free: 1-888-234-0448 

Business Opportunity Career Opportunities 

OPPORTUNITY FOR RF DATA 
COMMS DISTRIBUTOR 

We are currently looking for a reseller 
based in the USA/Canada. Interested 
parties should email their details to 
crlabs@ozemail.com.au. Refer to 
www.crlabs.com.au for company 
information. 

CAREER OPPORTUNITIES 
NATIONWIDE 
Engineers & Tech’s 

I HAVE 36 YEARS EXPERIENCE 

100 

Systems and Components. RF. PCS. Microwave. 

Antenna, Network, Software, Sales, Dig. & Ana¬ 

log, Mixed Signals, many more. Resume to: 

Peter Ansara, c/o ABF, P.O. Box 6037, Plymouth, 

MA 02362. Tel: (508) 830-0079, Fax: (508) 830-

1424 or pa@ansara.com. 

See our web site: http://www.ansara.com 

As a Nationwide RF Specialist. Microwave, Amplifiers, Trans 

mitters, Receivers. Synthesizers. Filters. NMIC. L-Band, KU-Banc 

Satellites. Antennas, Audio, Video. Telecomm. CATV, Wireless 

VHF, UHF. Radio, Commercial or military Communications. 

Call, Fax, Mail Resume to: Bill Elias, Dept. RF 

RO. Box 396, East Brunswick, NJ 08816 

Phone: 732-390-4600 Fax: 732-390-9769 

jobs@eliasassociates.com 

ELIAS ASSOCIATES 
Annually A National Award Winning Search Team 
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The challenge continues... 
we're taking charge in '99 

These are exciting times at ANADIGICS. a leader ami world¬ 
class innovator in RFTC solutions for communications mar¬ 
kets. just developed the world's first 6" analog GaAs 

fab. And we've increased our commitment to training, to R&D. 
and to hiring the best / engineering / talent possible to drive our 

business full speed ahead. We offer a stimulating and supportive team-oriented environment 
that is very open to new ideas, and to bringing out your best! If that sounds like the kind ofplace where 

you’d like to work, we'd like to hear from you soon. 

More speed. Broader bandwidth. Greater sensitivity. 
Those characteristics aren't just good for the high-performance RFlCs we design — 

they're critical for more satisfying engineering careers as well, if you know how to design RFlCs 
with more speed, bandwidth and sensitivity, we'll do the same for your career. 

PRINCIPAL 
ENGINEERING/MANAGER 
Device Modeling and Simulation 
Job Code #RFD-99-105 

Handles complete model kit development and support for 4 business 
segments: oversees state-of-the-art device circuit simulation models 
enabling first time design correctness, as well as semiconductor device 
development, tool development and supports: provides technical 
leadership for groups of 3-4 device modeling engineers 

BSEE or BS in Physics required, MS preferred Must have 5+ years 
experience in RF/Analog device design or simulation. 1-2 years 
of RF/Analog circuit design experience and semiconductor device 
development are pluses. Proficiency in Eesof Libra or ADS simulation 
tools required 

SENIOR COMPETITIVE 
ANALYSIS ENGINEER 
Job Code ttRFD-99-141 

Provides product segments with quantitative data and analysis 
of competitors product, as well as reverse engineer competitive 
circuit designs, technology and market position or competitors: 
directs work to be performed internally/externally ; reports to VP, 
Advanced Development, BSEE or MSEE preferred Background as 
an applications/systems engineer and knowledge of IC processing 
and devices required. Degree or certificate in technical marketing 
an advantage 

Must understand complex communication circuits/systems, assign 
work to internal and external groups to reverse engineer competitors 
products and translate large quantities of complex data into 
meaningful charts and presentations. 

NEW PRODUCT 
DEVELOPMENT 
ENGINEER/MANAGER 
Job Code ttRFD-99-155 

Develops new RF IC products for successful transfer from engineer¬ 
ing to production; manages and drives project/products from 
conception to manufacturing; identifies and resolves issues 
related to IC design, wafer fab, assembly, test, etc; interacts with 
different functional groups; develops new processes/system to 
streamline new product development; leads/participates in new 
technology projects. 

BS in Technical Discipline required. MS preferred. Must have 
3+ years in any combination of the following functions new 
product development, product engineering: RF IC design, 
wafer processing, semiconductor packaging, test engineering 
and semiconductor characterization. Management experience 
required, product engineering management experience desired 
Will need to be an analytical problem solver, employ good judgment 
and display considerable initiative 

SENIOR IC DESIGN ENGINEER/ 
Cable Broadcast 
Job Code # RFD-99-134 

Designs high yield RF ICs composed of amplifiers, mixers, oscillators 
and filters using GaAs. MESFETs, HBTs and HEMTs, as well as Si/SiGe. 
CMOS and BiCMOS; oversees simulation, preliminary layout and 
preliminary engineering evaluation and is responsible for engineering 
mask starts and engineering wafer lot tracking. 

Must have BSEE and 8-10 years of RF/Microwave/Analog IC 
design experience. MSEE and 4-5 years or Ph D and 2-3 years, 
exposure to design software such as SPICE and Harmonic 
Balance essential. Will need ability to supervise technicians and 
junior engineers. 

Emwigics 

SENIOR RF IC DESIGN 
ENGINEER/Wireless 
Job Code tf RFD-99-075 

You'll design high yield RF ICs for high volume wireless applications 
using the RF BiCMOS and/or GaAs MESFET technologies. Other duties 
include performing linear and non linear simulations on RF ICs and 
interface with CAD and Modeling, as well as defining test plans and 
working with Product Engineenng to define test limits and yield improve¬ 
ment plans. 

BSEE required, MSEE a plus. 8-12 years in RF/Microwave Analog design 
for wireless application needed. Must have experience in designing 
LNAs, Gilbert Cell Mixers, Dividers. I-Q Modulators and Demodulators. 
VCOs. AGC circuits. Band Gap references. Gain and Bias temperature 
compensation circuits. RF/Microwave RF IC test and characterization 
for wireless applications, HP ADS and/or Libra Knowledge of device 
physics/power amplifiers essential. Familiarity with wireless commu¬ 
nications architectures, systems and modulation techniques a plus. 

DESIGN ENGINEER/Fiber 
Job Code » RFD-99-026 

Designs/develops analog chipsets for fiber optic data communication, 
using Gallium Arsenide and Silicon (CMOS) technology; brings to 
production various fiber chipsets such as transimpedance amplifiers, 
linear amplifiers, clock and data recovery circuits; tests/characterizes 
fiber optic devices and components; interacts with key customer 
accounts to enable smooth transition of designs to field applications; 
works with other engineers with minimal supervision. 

MSEE and 2 years of direct related experience in analog/RF IC, MMIC 
design required. Must be proficient in IC design tools (SPICE. Libra). 
RF microwave design experience and fiber optic device design 
highly desirable, as is thorough knowledge of RF test and measure¬ 
ment techniques/equipment. 

TECHNICAL SALES 
ENGINEERS (4) 
Job Code # RFD-99-014 

Supports field sales expansion on West Coast. East Coast. Northern 
Europe and Asia-Pacific: sell RF IC MMIC devices to OEMs serving our 
growing fiber optic, wireless and cable TV markets; works with inde¬ 
pendent representatives to develop forecasts and product requirements: 
secures design wins and coordinates application engineering efforts 
at customer sites. 

BSEE and some RF IC sales experience required, RF/Microwave 
Application Engineering background a plus. Design engineers seek¬ 
ing to move into sales will be considered. Knowledge of wireless, cable 
and fiber optic analog IC product sales preferred Must have excellent 
interpersonal and writing skills, as well as the ability to close orders. 
30%-50% travel necessary. 

At the attractive headquarters of ANADIGICS. Inc., in Warren. NJ. you’ll find a progressive management style 
and an ideal work environment. We also provide a very competitive package of salary and benefits. Send/fax your resume 
(indicating JOB it) with salary history and requirements to: 

ANADIGICS, Inc., Human Resources, 
Attn: JohU, 35 Technology Drive, 
Warren, NJ 07059. FAX: (908) 412-5942. 
Principals Only, Please! 
E-Mail: hr@anadigics.com. 
Website ://w ww.anadigics.com 

ANADIGICS. Inc. Is An Equal Opportunity Employer. 



CD CD 

YOUR CAREER 
Wireless IC Design Centers Major corporation seeks several key Sr Technologists to staff wireless design centers 
located throughout the US. Technical expertise m the area of Si RF Cs for wireless communication applications 
(AMPS. DAMPS. GSM. DECT. POS) Si RF IC design expenence m the 400-2400 MHz Past RF PLL synthesizer 
des^n expenence BS/MS/PhO_ _ _ 
Sr. Systems Architecture Wireless Hendsets & Base Stations Define RF system architectures in low-cost re 
cerver transmitter design on discrete circuit level Knowledge of integrated circuit architecture modulation theory 
and digital signal processing 
Director of Operations: Responsible tor existing operation and growth of division into new 
business opportunities 

Process Manager/Staft Engineers: Responsible for technical support in water fabrication, 
process development and sustaining engineering in device manufacturing Directs the 
development and implementation of new water fabrication process formulas and establishes 
operating equipment specifications 

CATV Design: RI Design experience should include LC Hier, rmcrostnp. amplifier. circuit modeirg and system analysis m the 5-1000Mhz 

range BS/MSEE fiber optics a plus 
RF Test Engineer You w* develop automated test software and procedures for RF/analog arcuts Experience using cellular test equip¬ 
ment GP1B (HP VEE/labVIEW) programmog and CDMA/AMPS Knowledge a plus Will constoer highly motivated entry-level RF Engi¬ 

neers with BSEE 

I Regional Field Sales: Aggressive ndnnduals to create and serve new accounts Positions are located throughout the U S A An engineer 

I who wants to enter sales world is acceptable Base salary, commission and car BSEE_ 

Applications Engineers: Responsible for providing customers with RF techmeal product development, developing application notes and 
data sheets Requires BSEE/MSEE with minimum 3 years RF desigrVproduct experience, strong RF/Microwave measurement skiis. design 
experience with analog and digital modulation schemes (AMPS GSM TDMA. CDMA), and strong communication and customer relation 

I RF EngtaMT AF circuit design and development tor wireless phones Develop radio architect jres and RF circuit design for systems 
[operating m the 800-900MHz and the 1800-2000MHz regions_ 

Sr Propel Antenna Design Lead the conception design and development of a w-de variety of antennas and antenna systems including 
both reflector and array systems using microstrip stnpline and waveguide technologies BSMS with 5 years experience 
RF Design Manager . ead a team of RF engineers from initial design and implementation through product integration and testing into high 
volume production 8« years of RF design with emphasis on low cost radio design B&WS 
Sr MMIC Design: Design highly integrated GaAs MMICs for advanced cellular products Circuits to be designed include power amplifiers. 

LNAs. mixers. IF amplifiers butter amplifiers RF frequencies are 900 and 1800 MHz 
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 
RF PA Engineers Requires 3* years experience in design test and manufacturing of high efficiency GaAS MESET and HBT class A and C 
power Amplifiers (ciwatts) «i the frequency range (-2GHz) Experience in both discrete and MMIC design a plus 

Sr Analog IC Designers ResponstHe for conceptual circuit design and developing new analog/mixed signal c s BS/MS experience in A/ 

D D/A ASIC s bipolar and BiMOS 

Fitter Design Engineer. Development of microwave high V coaxial cavity and machine filter designs tor PCS base stations BSWS familiar 
with simulation and modeling tools three plus years «ter design experience with direct V designs (6-8000 0 s) 

RF Systems Engineers: You will analyze, design, develop and simulate RF systems architecture (DC to 
2 GHz) for next generation of cellular phones working in a multi-disciplinary team environment using 
integrated product development approach Requires a minimum of seven years expenence in RF 

communication systems BSEE or MSEE preferred 

Senior RF Engineer: Design RF and Microwave components for microwave digital communication 
links Develop RF hardware block diagrams and perform analysis for communication systems BSEE or 
MSEE with 5. years experience in Microwave circuit design such as mcrostnp. low noise amplifiers 
power ampkhers mixers oscillators and RF circuits 

Looking for a great job in a fun, fast-paced 
environment? Look no further, Centralis is the 
place for you! 

Centralis is a new Internet start-up venture that is 
creating a series of vertical on-line communities. We 
are currently looking for qualified: 

• Editors 
• Sales Representatives 
• On-Line Publishers 
• Marketing Coordinators 
• Project Managers 
• Sales Trafficking Coordinators 
• Web Professionals 
Web & HTML Designers • Web Programmers 
Network/PC Admin. • Database Admin. 

Centralis offers a competitive benefits package 
including stock options! 

Send resume, cover letter including salary require¬ 
ments and any applicable work samples or URLs to: 

IUB I D ̂̂COMMUNICATIONS -- ■■■ I ■■ EXECUTIVE SEARCH 

We specialize in the placement of wireless. RF. microwave communications nationally. 

FOR THESE AND OTHER OPENINGS 
CALL COLLECT: TEL: 978-685-2272 

800 Turnpike St. • North Andover. MA 01845 

Human Resources Manager 
Centralis 

4225 Baltimore Ave. 
Kansas City, MO 64111 
Fax: (816) 931-8292 

careers @ centralis.com 
EOE 

E-mail: micsearch@aol.com FAX: 978-794-5627 

A of momentum 
It continues to build at Atmel. We’re a billion-dollar developer and manufacturer of 
the semiconductors that provide storage, memory and control for answering 
machines, digital cameras, computers and much more. Our world leadership in 
non-volatile memory is just the beginning. So join the team and share our 
phenomenal growth! 

WAFER FAB EQUIPMENT MAINTENANCE TECHNICIANS 

WAFER FAB PRODUCTION OPERATORS 

WAFER FAB PRODUCTION SUPERVISORS 

WAFER FAB PROCESS ENGINEERING TECHNICIANS 

• TEST MAINTENANCE TECHNICIANS 

TEST ENGINEERS 

YIELD ENHANCEMENT ENGINEERS -

EPROM, FLASH, ASIC, BICMOS 

PROCESS ENGINEERS - PHOTO & ETCH 

EQUIPMENT ENGINEERS - ALL AREAS 

JUNIOR CAD ENGINEER 

YIELD ENHANCEMENT TECHNICIAN 

PRODUCT ENGINEER 

DEVICE MODELING/ 

CHARACTERIZATION ENGINEER 

TECHNOLOGY DEVELOPMENT/ 

PROCESS INTEGRATION ENGINEER 

MEMORY DESIGN ENGINEER 

APPLICATIONS ENGINEER 

LAYOUT DESIGNERS 

RF DESIGN ENGINEERS 

DEVICE ENGINEERS 

DEFECT DENSITY ENGINEERS 

FIB TECHNICIAN 

ANALOG DESIGN ENGINEERS 

MIXED SIGNAL DESIGN ENGINEERS 

We offer an excellent compensation/benefits program and 
strong potential for ongoing advancement and technical 
achievement. Send your resume to: ATMEL Corporation, 
Human Resources, 1150 E. Cheyenne Mtn. Blvd., 
Colorado Springs, CO 80906. Fax: (719) 540-1074. 

An Equal Opportunity Employer. 

¿MIEL 
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And an uncharted world. 
But not for long. Every day, Motorola is unlocking mysteries, exploding myths and exposing 
the world to exciting new ways to work, play and live. In fact, there is virtually nowhere on 
Earth where our technological influence hasn’t reached. 
Want to check your e-mail from your car? How about surfing the Net on your pager? 
Or downloading some MP3 tunes to your cell phone? It's all possible and you can make it 
happen at Motorola. Start charting an amazing future for yourself in the following: 
HARDWARE ENGINEERS 

• Mechanical Design Engineers 
• ASIC Design Engineers 
• Digitai Baseline Engineers 

SOFTWARE ENGINEERS 
• Analysis 
• Architecture 
• CAD 
• CIM Communications 
• Configuration Management 
• Database Administration & 
Development 

• DSP 
• Firmware Government/Military 
• Network Development & Network/ 
System Support 

• Product/Field Support 
• Programming 
• Project Management 
• Duality Assurance 

RealTime 
Systems Engineering 
Telecommunications 
Test 
Information Technology 
RF Engineers 
ITF 
Software Integration Engineers 
Software Test Engineers 
Software Tools Engineers 

BUSINESS DEVELOPMENT MANAGERS 
SEMICONDUCTOR ENGINEERS 
RESEARCH E DEVELOPMENT 
SATELLITE ENGINEERING SPECIALISTS 
INTERNET MARKETING SPECIALISTS 
BRAND MANAGEMENT/MARKETING 
SPECIALISTS 
SALES PROFESSIONALS 

At Motorola, you can chart an exciting career path while enjoying 
exceptional compensation and benefits all along the way. Apply online 
at employment.motorola.com (please reference RF Design) 
Motorola is an Equal Opportunity/Affirmative Action Employer. 

YOU ARE HERE 

playment.motarola.com MOTOROLA 



Career Opportunities 

► • 

■REATE. 
SOMETHÎNG BETTER. 

COI 
CDI Telecommunications is part of a 

large public corporation (NYSE) serving 
customers nationwide. 

We are seeking experienced personnel 
for the following positions: 

CELLULAR & PCS 
Program Managers Construction Managers 

Network Engineers Real Estate Specialists 
RF Engineers Salespersons ■ Testers 

Installers Technicians 

If you get excited about brand new, high-tech things. ..real action 
pieces so alive that their capabilities are super-global, fast and 
effective, then join Philips Broadband Networks, Inc. To us, innovation 
is the truest form of recreation as our semiconductor and lightwave 
products improve the channels of communication, transportation and 
the lifestyle we love so much. Currently, we’re searching for strong 
team players for specialty projects involving: 

Fiber Optic Engineering 

RF Design & Engineering 

Electronic/Mechanical Expertise 

The compensation plan, benefits and rewarding challenge will 
attract the right candidates. Please reply in strict confidence to: 
Staffing & SelectionlEADPMRF, Philips Broadband Networks, Inc., 
100 Fairgrounds Drive, Manlius, NY 13104. FAX: (315) 682-6436. 
E-mail: hr.pbni@pbn-us.be.philips.com For a detailed list of positions, 
visit our employment website at www2.be.philips.com/pbn We are 
an Equal Opportunity Employer MIFIDIV. 

Fax resume to: 

89 CDI Telecommunications, Inc. 
800-669-1890, Ext 798 
Fax: 800-875-1904 

2800 N 44th Street. Suie 800 

Dept. RFD. Phoew. AZ 85008-1500 

E.O.E. 

Phone: 800-527.037: 
Fax: 800*784.0499 

2425 N. Central Expresswy. #10 

Richardson, TX 75080 

E.O.E. 

HESÍi ..your connection to the bes 
. J opportunities nationwide 

DESIGN/DEVELOPMEN National Engineering Search 
is the leading search firm placing 

Engineers nationwide Contact us tor 
immediate access to today’s most 
exceptional career opportunities' Our 
clients range from the Fortune 500 
to the most successful emerging 
technology companies 

800/248-7020 
FAX: 800/838-8789 
email: nes@nesnet.com 

3700 East Avenue • Rochester. NY 14618 
1235-E East Blvd 146 • Charlotte NC 28227 

- ” 
See many of our current 
opportunities on-line at: 

www.nesnet.com 
V_ 7 

ENGINEERS: 
IMMEDIA TE 

OPPORTUNITIES M 

Communications (Data, PC! 
Cellular. Networks, Satcor 
GPS). CATV, Computer 
Medical. Security, Deiens-
Semiconductors, Softwar-
Consumer Electronics 

Skills in any of the following 

Wireless Design. Digital 
Analog Design, ASIC, PPG/ 
SiBipolar/BiCMOS/GaAi 

Mixed Signa; MMIC Spres 
Spectrum, DSP, Antenna 
Passive Components. PU 
Synthesizers, Simulate 
Verification. Empedded SW 

g PHILIPS 
Broadband Networks, Inc. 

tete mofo tegs bettor 

What are you worth? 
See our on-line Salary Survey! 

MANAGEMENT 
RECRUITERS 9 
OF BOULDER, INC. 
The search and recruiting specialists 

WINDY BRADFIELD 
RF / MICROWAVE SPECIALIST 

CONTINENTAL BLDG., SUITE 301 
1401 WALNUT STREET, P.O. BOX 4657 

BOULDER, COLORADO 80306 
(303) 447-9900 

FAX(303) 447-9536 

Florida Sunshine 
R.F. Engineers 

• RF Communications (Test, Design, Applications) 

• Antennas, Radomes, Static Dischargers 

• Lightning Protection & Portable Radios 

• Staff & Management Positions Available 

Resume to: 
Dayton-Granger Inc. 
3299 SW 9th Ave. 

Ft. Lauderdale, Florida 33315 
Fax: 954-761-3172 

SALES REPS 
Chicago & Dallas Area 

Dynawave, a leader in the design 
and manufacture of RF and 
Microwave Cable assemblies, Delay 
Lines and Harnesses is aggressively 
seeking sales representatives for the 
Chicago and Dallas areas. 

Please contact: Mark Lewis, VP 
Sales & Marketing Dynawave, 
Haverhill, MA. Phone: (978) 469-
0555. www.dynawave.com. 

www.rfdesign.com 
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come to play 
V 1 

teil 
PROSCAN8

JLver notice that like minds stick together? It’s certainly the norm at Thomson Consumer 
\ Electronics, where the top minds, top brand names, and top technologies come together to 
k\ make dreams come true. 

Our premier sales force has the vision to match the excitement of our products, 
k including the latest in digital multimedia, TVs, VCRs, video disc players, and satellite 
k technologies under high powered brands, like RCA, GE and PROSCAN. In return, we 
, J offer the excitement of a cutting-edge technology based environment, the support of a 
F high powered team, and the opportunity to drive your career as far as you want it to go. 

We have opportunities available in the following areas: 

We offer a competitive salary and 
benefits package, as well as the 
opportunity to engage your 
talents in an environment of 
cutting-edge technology and 
no-holds-barred thinking. For 
immediate consideration, please 
send your resume and salary 
requirements, in confidence to: 

Staffing, Job # RF 
Thomson Consumer 
Electronics 
INH1 10, P.O. Box 1976 
Indianapolis, IN 46206-1976 
Fax: (317) 587-6763 
E-mail: jobopps@indy.tce.com 
For more information on our job 
opportunities, visit our 
Web site at 

ENGINEERING 
If you meet the requirements for any of the positions below, please indicate job code 1000 on all correspondence. 

Electrical Engineer 
Printed Circuit Board Designer 
Component Failure Analysis 
Software Systems Engineer 
Cable Modem Developers 
RF System Engineer 

• Digital Design Engineer 
• Software Engineer 
• Hardware/Software Engineer 
• WebTV Developers 
• EMI/EMC Engineer 
• Systems Integration Engineer 

www.thomson-multimedia.com 

An Equal Opportunity Employer. 

INFORMATION TECHNOLOGY .2000. 
If you meet the requirements for any of the positions below, please indicate job code 2000 on all correspondence. 

• COBOL-II (VSAM, CICS, SDT, and MVS/TSO) 
• Project Management (Primavera P3 Planner) 
• UNIX system software and Korn Shell programming 
• SQL, SQL Windows and PL/SQL 
• Sales and Sales Management experience 
• Internet and Web Development 
(Dynamic HTML, CGI, Java, C++, COM/CORBA) 

• IBM AIX/SP (RS6000) 
• ORACLE RDBMS 
• On-line Analytical Processing (OLAP) -
(Essbase, Business Objects, Korn, 
MS Excel or other Decision Support tools) 

• Project Management/Leadership experience (IT) 
• 12 Development Programmers with SCP 
and AATP experience 

Q THOMSON 



Has the job search 
got you in a maze? 

BethelTronix, Inc. (BTI) designs and manufactures RFICs for 
wireless telecommunication applications: cordless (900MHz 
& 2.4GHz), cellular (GSM, GPS, CDMA), and pager. 
Established in 1990, BTI is currently headquartered in 
Cerritos, in sunny southern California. 

Senior RE Product Designers 
RF Module Designers 
RF Test Engineers 

Director of Operations 
BTI is looking for teamplayers, with 4+ years of design 
experience in RF circuits, such as LNA, mixer, filter, RF 
VCO, etc. Knowledge of RF fundamentals, such as noise 
figure, impedance matching, S parameter & RF measurements 
is required. HSPICE or Cadence simulation experience 
preferred. For RF on the PCB level, 3+ years of experience. 
BSEE required for any position. Complete Benefits package 
includes: stock options, 40 IK, health & dental, and bonuses. 

Email resumes to: binnah@betheltronix.com, OR 
Fax: 562-407-0510, ATTN: HR Dept. 

www.betheltronix.com 
BTI is an equal opportunity employer. 

Whether you are looking for 
a job or looking to fill a job, 

RF Design can help! 

Call Jody at 1-888-234-0488 
for more information. 

RF ENGINEERS 
A worldwide leader in the design/manufacture of sophisticated high power AC/DC/RF 
switching plasma power supplies for the semiconductor and thin-film industries, has 

openings for RF Engineers in Colorado, California, Minnesota, New Jersey and Texas. 

RF/DC DESIGN ENGINEERS 
RF Engineers will design/develop next generation RF products, including Apex de¬ 
rivatives and new low power platform designs. Both RF and DC Engineers will con¬ 
tinually improve product performance, and design spin-off products to meet new 
customer's needs as well as provide technical supervision to support personnel and 
be responsible for administration of a small engineering group, Both will handle com¬ 
plex engineering assignments and field support with little supervision. RF Engineers 
require a thorough knowledge of solid-state power amplifiers and matching networks 
(frequency range 2-100MHz/power range 300W-10kW), expertise in AM/FM broad¬ 
cast (MF/HFA/HF bands), or TV broadcast, BSEE or equivalent; 5+ years related de¬ 
sign experience; process design (engineering/manufacturing); RF, DC. or Low/Mid 

Frequency product knowledge; a good understanding of the ECO process. Good 

communication skills and experience with Type II and III level projects. Ref: AE/RF 1 

RF DESIGN/TEST ENGINEER 
Senior technologist to support hardware design of new instrumentation in Austin, 
TX, as well as facilitating technology transfer between CO and TX; act as technical 
mentor to Design, Test and floor technical staffs, and provide training to them; sup¬ 
port Test by troubleshooting line problems; help implement design changes to con¬ 
tinually improve product performance as well as design spin-off products to meet 
customers' needs: responsible for the administration duties of a small group; will 
handle complex engineering assignments and field application support with little su¬ 
pervision. BSEE; 10+ years related or test/design engineering experience preferred; 
process design (engineering/manufacturing); design of switch-mode power supplies, 
RF products and related instrumentation; design/programming of ATE stations. Abil¬ 
ity and experience with simulation software a plus. Knowledge of RF concepts, in¬ 
cluding filter design and transmission lines preferred. Ref: AE/RF 2. 

To apply paste your resume directly into our web site at www.aztechjobs.com, or 
e/mail to: resumes@aitechiobs.com or fax a SCANNABLE copy to (602) 955-9639. 

4^7 I 4131 N. 24th Street, Suite A122, 
Phoenix, AZ 85016 

Recruitment Co. 800-790-8710 

Can’t wait for 
the next issue? 

Check out the RF Design 
web site for career 

opportunities! 

www.rfdesign.com 
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Products & Services 

RF • CELLutions 
1100 E. 64,h 

Denver, CO 80229 
Phone: 303-227-3210 
Fax: 303-227-3220 

Career Opportunities 

Hot ideas are nothing new at 

NOKIA. Take our new 6100 series. / 

Complete site Engineering and 
Design, Consulting, site Optimization, 

Expansion, site Management, site 
Maintenance, site Acquisitions and 

Technical assistance. 

We can provide all your RF Communi¬ 
cations needs, from Engineering to 

site construction. 

Ask RF • CELLutions about the multi¬ 
carrier power cell, (MPC) Re-Radia¬ 

tors, best way to extend your 
communications sites. 

It supports all the latest features j 

plus has a calculator, n 

calendar/event reminder, a /1 

clock with alarm, and more. / 

/Ç 
Care to add anything else / O 

to our next series? 

Contact RF • CELLutions 
We can answer all your questions. 

Filters Io 50 GHz 
• Waveguide 
• Stripline/Microstrip 
• Transmission Line 
• Miniature/Subminiature 
• Lumped Constant. 

For more information, ask for 
our RF Catalog. 

MICROWAVE FILTER COMPANY 
6743 KINNE STREET, E. SYRACUSE, NY 13057 

315-438-4700 ' 800-448-1666 ' FAX: 315463-1467 
E-MAIL: mfcsales@microwavefilter.com 

http://www.microwavefilter.com 

Get on the road 

to high-tech excitement at 

NOKIA Mobile Phones! With 

headquarters in Finland and 

a state-of-the-art R&D Center 

in San Diego, we are the # I 

wireless company globally. 

Through innovative and break¬ 

through thinking, and a style 

all our own, we are driving 

the digital revolution forward 

with products like the NOKIA 

6100 series, operable on both 

analog and digital CDMA 

networks, and the NOKIA 

9000ÍL, the first all-in-one 

wireless communicator offering 

voice, data and electronic 

organizer capabilities, join us 

now through the following 

opportunities and be part of 

the lifestyle and adventure in 

our beautiful seaside location! 

RF/Analog IC Design 
Engineers 
Design, simulate, and characterize 

SiBipolar/BiCMOS ICs. Requires hands 

on experience with radio circuits and 

some knowledge of communication 

systems. Requires a BSEE and 

6+ years of related experience. 

Code: 684-98 

RF Engineers 
Responsible for designing and charac¬ 

terizing RF circuits/subsystems (ENA, 

mixer, filter, oscillator) at the printed 

circuit board level. Knowledge of 

impedance matching, distortion, noise 

figure and RF measurements a must 

Familiarity with RF simulation tool 

and PCB layout necessary. BSEE and 

1+ years of experience required. 

Code: 685-98 

Analog & RF Models 
SPICE Models, full 
non-linear models 
including class C, 
opto and logic. 
NEC antenna models. 
Measurements. 
Consulting. 

Phone: (520) 575-5323 
www.users.uswest.net/~bsands 

Post a job opening and promote 
your company! Advertise in the 
RF Design Career Opportunity 

section! 

!F Design 

Junior RF/Analog IC 
Design Engineers 
Design, simulate, and characterize 

SiBipolar/BiCMOS IC's. Requires knowl¬ 

edge of op amps, low noise amplifiers, 

mixers, active filters, A/D and D/A 

converters, oscillators, and phase 

locked loops. Requires a BSEE. 

2+ years of experience preferred. 

Code: 661-98 

RF Frequency/ 
Synthesizer Design 
Engineers 
Apply your in-depth knowledge of 

amplifiers, oscillators, mixers, filters, 

dynamic range, impedance matching, 

noise and distortion to the design of 

RF circuitry. Must have 2+ years of 

experience in RF communication 

systems. BSEE preferred. Code: 400-97 

e the 

RF Test Engineers 
Develop automated test software and 

procedures for RF/analog circuits. 

connection 

When you're looking for qualified 
professionals,turn to RF Design 

Markeplace for all your 
recruitment needs! 

Experience using cellular test 

equipment, a background in GPIB 

(HPVEE/LabView) programming and 

CDMA/AMPS knowledge a plus. Entry¬ 

level RF Engineers with a BSEE will 

be considered. Code: 689-98 

Make the most of your time 

and talents by joining a grow¬ 

ing industry leader! We offer 

competitive compensation, 

excellent benefits and a 

supportive, state-of-the-art 

environment. Send your resume 

to: NOKIA Mobile Phones R&D, 

Dept. RFD, Code: (see above), 

9605 Scranton Rd., Ste.l 50, 

San Diego, CA 92 12 1; Fax: 

(6 19) 558-6390; E-mail: 

sandiego.resumes @ nmp.nokia. 

com See us on the web at 

www.nokia.com Principals 

Only, Please. An Equal 

Opportunity Employer. 

NOKIA 
Connecting People 

.nokia.com 

R.F. ENGINEERS: NATIONWIDE 
R.F./WIRELESS/RECEIVERS/AMPS 
CDMA/TDMA/SPREAD SPECTRUM 
SATELLITE & ANTENNA DESIGN 

Respond to: CTH Corporation 
2204 Bahia Vista #07. Sarasota, FL 34239 

Phone: 941/362-2773 • Fax: 941/362-0217 
E-mail: cth@home.com 

www.rfdesign.com 
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¡̂design Buyers’ Source 

ANTENNAS DISCRETE COMPONENTS ELECTRONIC COMPONENTS/EQUIPME 

JL B^ A ANTENNA DESIGN & 
LI IVI manufacturing 
HI CORPORATION_ 

10630-M Riggs Hill Road, Jessup, MD 20794 
• EMI & EMC Antennas • Surveillance Antennas 
• UHF SATCOM Antennas • VHF/UHF LOS Antennas 
• LPDA & VAGI Antennas • Custom Antennas to 40 GHz 

Phone: 301 -498-1 140 Fax: 301 -604-6585 

CAPACITORS 

Variable 

SURCAN RSSBCIRIIS. INC. 
2215 Faraday Avenue, Suite A, Carlsbad. CA 92008 

Phone: (760) 438-4420 Fax: (760) 438-4759 

E-mail: link@surcom.com Web: www.surcom.com 

. X VISIT DOR WEBSITE 

FOB MORÍ DETAILS 

M2ANIENNAS 1.6 -3000 MHz 
Positioners & Pedestals 

Standard & Custom Designs 
We Specialize in High Gain Arrays 

7560 N. DEL MAR AVE., FRESNO, CA 93711 (559) 432-8873 
Fax:432-3059 Email:m2sales@aol.com Website: m2inc.com 

CRYSTALS/OSCILLATORS 

CONSULTANTS/CONSULTANTSERVICES 

Crystals Oscillators Filters 
TCXOs VCTCXOs VCXOs 

FILTRONETICS. 
FREQUENCY PRODUCTS 

6010 Parretta Drive • Kansas City. MO 64120 
(816) 231-7375 • FAX:(816) 241-0368 

www.liltro.net liltro@liltro.net 

EMI SUPPRESSION COMPONENTS 

Ç”Fair-Rite Products Corp. 

Your Signal Solution™ 
R P.O. Box J 1 Commercial Row, 

y J  Wallkill, NY 12589 
Phone (914) 895-2055 • FAX (914) 895-2629 

E-Mail ferrites@fair-rite.com 

Fair-Rite Products Corp., a QS9(XX) 
registered company, is a leading full-line 
ferrite component manufacturer offering a 
wide variety of components for EMI 
suppression and power applications 
utilizing innovative processes and materials. 

TRANSFORMERS 

Electronic 
Design 

SóbatUcnM 
ccCWcrrb! 

CRYSTALS/RESONATORS 

Consultants Inc. 
Specialists in RF and Analog Design 

Call EDC today with your toughest challenges. 

Electronic Design Consultants Inc. 
8342 Bishop Rd SE 
Aumsville OR 97325 

(503) 749-3444 
Fax: (503)749-3055 

Email: edc@cyberis.net 

Varactor 

Knox Semiconductor, Inc. 
13 Quarry Rd.. P.O. Box 609. Rockport, ME 04856 

Phone: (207) 236-6076 
Fax: (207) 236-9558 

Crystals • Oscillators • VCXOs • TCXOs 

OB r^l ï < ■ 1 ■ i 

DISCRETE COMPONENTS 

141 Jefferson Dr • Menlo Park • CA 94025 
650-470-7700 • 800-327-4032 

saronix@saronix.com 
www.sa ron ix.com 

CAPACITORS 

Mica High Power 

am mwi:. 
2215 Faraday Avenue. Suite A, Carlsbad. CA 92008 

Phone: (760) 438-4420 Fax: (760) 438-4759 

E-mail: link@surcom.com Web: www.surcom.com 

Vacuum 

SURCOM ISSKimW. 
2215 Faraday Avenue, Suite A, Carlsbad. CA 92008 

Phone: (760) 438-4420 Fax: (760) 438-4759 

E-mail: link@surcom.com Web: www.surcom.com 

West Crystal Company Ltd 
Since 1980 

• I to 200 MHz custom crystals 
• Tight spec, quick turn 
• Lifetime warranty 
• ISO 9002 certified 

www. westcrystal .com 
250-765-4833 Fax: 250-765-3308 

Email: werystal@home.com 
10 - 2550 Acland Rd, Kelowna, BC 

VIX 7L4 Canada 

Visit us at 
www.rfdesign.com 

Need to sell 
surplus equipment 

or overstock? 
Call 888-234-0448. 
The call is free. 
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• RF TRANSFORMERS UP TO 300 MHZ 
• POWER SPLITTERS & COMBINERS 2-30 MHZ 
AND 88-108 MHZ 

• TRANSFORMER DESIGN CONSULTATION 

7 17827 N. 26th. Stree 
, Phoenix, AZ 85032 

Ph:(602)867-0389«Fax:(602)971-9295«www.rfpowersystems.co 

MATERIALS/HARDWARE/PACKAGIN 
SHIELDING MATERIALS 

EM1/RFI Shielding Tapes 
Conductive Adhesives & Tapes 

Foils/Fiber/Fabric/Gasketing/Laminating 

Venture Tape Corp. 
30 Commerce Road, Rockland, MA 02370 
Tel : (800) 343- 1076 Fax: (78 1 ) 87 1 -0065 

Visit us at: www.venturetape.com 

MODULAR COMPONENTS 
OSCILLATORS 

Wenzel Associates 
“Quietly the Best" 

• Standard and Ultra Low Noise Crystal Oscillators 
• New Low Noise RF Modules 
• Ultra Low Noise Frequency Standards 

PH 512-450-1400 Fax 512-450-1490 www.wenzel.com 

WANT A 
BRIGHT 
IDEA? 

Advertise in 
RF Design 
Classifieds! 

September 19 



Because 
it works. 
The RF Design direct mail 
works because we work 
hard at maintaining a clean, 
qualified subscriber list. 

RF Design magazine meets 
the tough audit standards 
of BPA International. So 
when we say you'll reach 
over 40,000’ professionals in 
radio frequency design — 
we mean it. 

When you're ready to 
reach this qualified group 
of professionals call Lori 
Christie and let our names 
work for you! 

‘Based on the June 1998 BPA International 
Circulation Statement 

RFdesign 
RADIO ASTRONOMY 

Lori Christie 

913-967-1875 
fax 913-967-1897 

e-mail 
lori_christie@intertec.com 

website 
www.interteclists.com 

Redesign 

? Design 

Buyers 9 Source 

RADIO ASTRONOMY 
SUPPLIES 

International Supplier of Quality 
Radio Astronomy Products 

Radio Telescopes - Low Noise Amplifiers 
Books - Videos - Software 

Contact - Jeffrey M. Lichtman 
190 Jade Cove Drive. Roswell. GA 30075 

jmlras@juno.com - 770-992-4959 

|http://www. nitehawk.com/rasmit/ras. html| 

RETRANSMISSION COMPONENTS 
INDUCTORS AND CHOKES 

• Lightning Supressors 
• D.C.-26GHz Coaxial 
• Powerline • Digital 

FISCHER CUSTOM COMMUNICATIONS, INC. 
2917 W. Lomita Blvd., Torrance, CA 90505 

Phone: (310) 891-0635 
Fax: (310) 891-0644 

E-mail: sales@fischercc.com 

Custom Inductors and Chokes For 

VLF, LF. MF and HF Applications 

Kintronic Labs 
144 Pleasant Grove Rd.. Blutt City. TN 37618 

Phone: (423) 878-3141 • Fax: (423) 878-4224 

Email: ktl@kintronic.com 

Web Site: www.kintronic.com 

CLASSIFIED 
ADVERTISING 

• Saves Money 
• Gets Results 
• Makes an Impression 
• Creates A Preference 

Contact: 
Jody Schrader 
888-234-0448 

SOFTWARE & SYSTEMS, CAD/CAE 
SYSTEM SIMULATION 

Rf Intercept, increase your design confidence by 
simulating and optimizing entire systems: IM. noise. 
S/N, BER. eye pattern, spectral occupancy. 

RHR Laboratories, 207 Harding Blvd. W. 
Richmond Hill, ON. L4C 8X6, Canada 

Tel.: (905) 884-2392 • Fax (905J 884-6843 
104673-3110@compuserve.com 
http://iypn.com/rhrlaboratories 

Tesoft, Inc. 
205 Crossing Creek Ct., Roswell. GA 30076 
Makers of TESLA for Windows Simulator 

Phone: (800) 631-1113 
Fax: (770) 664-5817 
Inti: (770) 751-9785 

TEST EQUIPMENT 
RF TEST & MEASUREMENT EQUIPMENT 

Coaxial Dynamics, Inc. 
15210 Industrial Pkwy.. Cleveland. OH 44135 

Phone: (216) 267-2233 
Fax: (216) 267-3142 

International Wireless Communications Expo 

March 22-24, 2000 
Las Vegas Convention Center 

Las Vegas, Nevada USA 

The information you need to survive 
in today’s wireless communications 

market. 

Join more than 10,000 industry 
professionals and 350 exhibiting 

companies as IWCE 2000 ushers in 
the future of mobile 
communications. 

For more information on 
attending or exhibiting, 

call +1-303-741-2901 or 1-800-288-8606. 
Or visit our Web site: 
www.iwceonexpo.com 

109 



RF in ernest 

Does IEEE really get it? 

by Ernest Worthman 

I love it when I find a topic that dri¬ 
ves to the heart of a subject. Such was 
the case with a column I had written a 
couple of months ago about voice mail 
purgatory. 

I got more mail from that one col¬ 
umn, than all of my earlier columns 
combined. Before I move on to this 
month’s “rant”, I want to tip my hat to 
those of you that took the time to share 
your thoughts with me. Hearing from 
you is really what it’s all about. Look 
for examples of the responses I received 
on RF Design Online. 
Now, this month I want to comment 

about an organization that many of us 
are either part of or, at least, aware 
of— the Institute of Electrical and 
Electronics Engineers (IEEE). 

Lately, there have been a couple of 
long-term issues about this organiza¬ 
tion that have been bugging me and I 
want to see if some of you share my 
thoughts. 

For 19 years, I’ve been a member of 
the IEEE. For an organization that is 
so full of educated, dedicated profes¬ 
sionals, its functionality leaves a lot to 
be desired. It seems to me that the 
IEEE has a lot of the trouble in organi¬ 
zation. 
At the last MTT-S in Anaheim, I 

received advanced registeration as an 
exhibitor. When I arrived in Anaheim, 
I went to the registration booth to try 
to correct the registration from 
exhibitor to a press registration. After I 
told them who I was, the attendee reg¬ 
istration people sent me to the 
exhibitor’s registration booth. I repeat¬ 
ed the story. They sent me back to 
attendee registration (At this point, pic¬ 
ture a tennis ball). Finally, guess who 

fixed the problem. Not the IEEE, 
rather the magazine that co-sponsored 
the show. A magazine representative 
was in the back of registration dealing 
with other issues, when she overhead 
the frustrating conversation I was hav¬ 
ing with an IEEE person, and in a 
heartbeat, fixed it. 

Just one example of a bad experi¬ 
ence? One of the technologies we follow 
very closely is intelligent transporta¬ 
tion. With that in mind, we attempted 
to attend the Vehicular Technology 
Conference (VTC) held in Houston. 
Going to the IEEE Web site for infor¬ 
mation on who to contact, we eventual¬ 
ly found our way to the VTC Web site. 
After e-mailing and calling every indi¬ 
vidual on the conference committee list 
(we worked our way up the food chain) 
over a period of two months (with no 
response), the conference chair finally 
contacted our editor, Roger Lesser. 
Even then it took weeks to receive an 
answer to the request. Too little, too 
late. 
Our editorial director, Don Bishop, 

has had similar experiences. In fact, his 
experiences led him to write a letter to 
the board of directors, questioning their 
association with the press, in light of 
their complaints that they are not get¬ 
ting adequate press coverage. 
Every time the race for officers 

comes up, predictably, the candidates 
tell us that the organization needs to be 
more responsive to its members. Well, 
although I’m press, I’m a member. In 
the past I’ve complained on a member 
platform, to the IEEE about some of 
their third-party service providers. Did 
I ever get a reply? Never! Did they 
investigate it, not to my knowledge. 

I’m not intimating that the IEEE is : 
organization of bumblers— quite th 
opposite. I believe the IEEE to be ; 
most professional, dedicated, avant 
garde, on the cutting edge of technolog 
association. What I am stating is tha 
its administration is out of touch wit] 
its members, and perhaps, reality. As . 
member, I’ve never thought their ser 
vices to be stellar. As press, it’s evei 
worse. I mean, who passes up fre 
press? The IEEE for one. 

I’d be interested in what you, ou 
readers, feel about the IEEE. Please e 
mail me with your thoughts. 

Ernest Worthman is RF Design’s 
technology editor. He is a fellow oj 
the Radio Club of America and a 
member of the IEEE. He holds o 
B.S. in electronics engineering 
technology and teaches college 
courses in electronics and comput¬ 
ers. Ernest is easily recognizeabU 
at conferences by the coffee cup 
surgically attached to his hand 
You can contact Ernest by e-mail at 
ernest_worthman@ieee.org 01 
though the letters to the editor on 

the RF Design Web site, www.rfdesign.com. 
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THE GLOBAL SOLUTION... 
AND BEYOND! 

10MHz to 7GHz AMPLIFIERS *99% 
From amateur radio to cellular to satellite applications, 
with medium output power up to 17dBm, 
Mini-Circuits versatile ZJL and ZKL connectorized 
amplifiers offer the broad range of choices 
designers demand for achieving high system 
performance goals. Ultra-wideband models 
deliver gain ranging from 9 to 40dB and IP3 
up to +32dBm. But beyond the performance 

SPECIFICATIONS 

Model 

Freq 

(MHz) 

and reliability built into these miniature 12V amplifiers lies 
another important feature, the low price...from only $99.95! 
Call now for fast delivery. 

ZJL-5G 
ZJL-7G 
ZJL-4G 
ZJL-6G 
ZJL-4HG 
ZJL-3G 

ZKL-2R7 

ZKL-2R5 
ZKL-2 
ZKL-1R5 

20-5000 
20-7000 
20-4000 
20-6000 
20-4000 
20-3000 

10-2700 
10-2500 
10-2000 
10-1500 

Gan (typ) 

Midband Flat 

(dB) (±dB) 

9.0 ±0.55 
10.0 ±1.0 
12.4 ±0.25 

13.0 ±1.6 
17.0 ±1.5 
19.0 ±2.2 

24.0 ±0.7 
30.0 ±1.5 
33.5 ±1.0 
40.0 ±1.2 

Max. 

pout 1 

(dBm) 

15.0 
8.0 

13.5 
9.0 

15.0 
8.0 

13.0 
15.0 
15.0 
15.0 

Dynamic Range 

(Typ @2GHz*) 

NF(dB) IP3(dBm) 

32.0 
24.0 
30.5 
24.0 
30.5 
22.0 

30.0 
31.0 
31.0 
31.0 

Price 

Sea. 

l(mA)3 (1-9) 

80 129.95 
50 99.95 
75 129.95 
50 114.95 
75 129.95 
45 114.95 

120 149.95 
120 149.95 
120 149.95 
115 149.95 

jB1 Mini-Circuits^is proud to be a sponsor at the 1999 U.S. Interplay Chess Championships 
Ei Salt Lake City. Utah 

NOTES: 

1 .Typical at 1dB compression. 

2. ZKL dynamic range specified at 1GHz. 

3. All units at 12V DC. 

C3 Mini-Circuits US 
„ _ CIRCLE 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 quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE • EEM • MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 

ISO 9001 CERTIFIED F 232 Rev D 



New NEC Bipolar Transistors 

Higher fTs, Lower 1/f 

New, Smaller Packages 

kàààAAj 

NEW 
. Packages 

• Flat Lead design reduces parasitics and 

improves electrical performance 

• Low Profile package is ideal for PCMCIA 

and other space-constrained designs 

Oscillators & Buffer Amps 
With the best 1/f performance available, these devices help you achieve the 

•Review Application Note AN1026 on our website for more information 
on 1/f noise characteristics and corner frequency calculation. New M03 

Half the footprint area of a SOT-323 

LNAs 
Need low noise and high gain in an ultraminiature package for your hand¬ 
held wireless products? These new high frequency NPN transistors deliver! 

Part Number Description NF Gain Freq Package 

NE687M03 11 GHz fT LNA 1.2 dB 13 dB 1 GHz M03 

NE661M04 25 GHz fr LNA 1.2 dB 22 dB 2 GHz M04 

NE662M04 23 GHz fT LNA 1.1 dB 20 dB 2 GHz M04 

Twin Transistor Devices 
New M04 
Half the footprint area of a SOT-143 

Cascode LNAs, cascade LNAs and oscillator/buffer combinations are just three 

Data Sheets and Application Notes are available at WWW.cel.com 

CEL California Eastern Laboratories NEC 
Santa Clara, California ■ 408 988-3500 * Fax-on-Demand 800-390-3232 (US & Canada) 

DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) REPTRON 

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (CANADA) 

INFQCARD55 



INTERNATIONAL 

WIRELESS 

COMMUNICATIONS 

EXPO 1999 

Including the 

Redesign 
Seminar Series 

Exhibition: April 28-30, 1999 • RF Design Seminar Series: April 27-29, 1999 
Las Vegas Convention Center • Las Vegas, Nevada U.S.A. 
www.iwceconexpo.com 

For 23 years, IWCE has been the industry source for the latest technology, insights and product introductions for 
the mobile communications industry. In April 1999, more than 10,000 industry professionals will gather with 

more than 350 exhibitors to shape the future of mobile communications. Make sure you’re there. 

RF DESIGN SEMINAR SERIES AT IWCE 
You’ll get a Sneak peek” at the future of the industry, connect with industry peers who can share solutions to similar 
challenges you’re facing and learn from the best and brightest in the industry. The RF Design Seminar Series at IWCE 
provides technical sessions and tutorials for engineering professionals. Covering it all, from business and regulatory 
issues to technologies and applications. If it ’s happening in the mobile communications arena, you’ll hear it first at IWCE. 

RF DESIGN SEMINAR HOURS: 
Tuesday, April 27 8:00am - 5:00pm 

Wednesday, April 28 8:00am - 5:00pm 

Thursday, April 29 8:00am - 5:00pm 

IWCE is presented by: 

SEE THE REGISTRATION 
FORM ON THE INSIDE 
BACK COVER AND 
REGISTER TODAY! 

SIE 
management 
¿^technology 

With support from these other Intertec Publications: RFDesign • Satellite Communications • Global Telephony • Telephony • Wireless Review 
Produced and managed by Intertec Exhibitions, a division of Intertec Publishing, a PRIMEDIA Company, www.intertec.com 



THE RF DESIGN SEMINAR SERIES AT IWCE 
Ts today ’s wireless marketplace continues to be redefined, so do the strategies needed to bring these products to 
market. The RF Design Seminar Series* at IWCE provides educational workshops for radio frequency design 
engineers and managers. 

■ Technology 
(Instructional Level:Technology Introduction) 

RF and Wireless Made Simple (Tl) 
This tutorial-level course is ideal for technical managers 

and marketing professionals who need to know about RF 

and wireless technologies without the lengthy and com¬ 

plex mathematical explanations. This lively and informa¬ 

tive session includes time devoted to RF principles, systems 

and devices. Discussion also includes highlights of wireless 

systems at a block diagram level. 

Presenter: Al Scott. Besser & Associates 

Measuring the Wireless 
Transmission Spectrum (T2) 
Discover the power of the latest spectrum-based measure¬ 

ment and analysis techniques for the wireless spectrum. 

How do you catch, identify and eliminate impairments in 

your cell phone transmissions? How can you get optimum 
spectrum utilization efficiency for your pager system? What 

is the digital modulation spectrum about? Discover differ¬ 

ent measurements that are possible in the frequency 
domain, such as: spectral purity, occupied bandwidth, 

adjacent channel power leakage, spectral regrowth, inter-

ference, signal-to-noise-ratio... and much more. 
Presenter: Morris Engelson. Joint Management Strategy 

Antennas and Propagation for 
Wireless Communications (T3) 
This one-day tutorial/workshop provides a fundamental 
and broad introduction to antenna properties, antenna 

design considerations and RF propagation issues. The 
workshop begins with the basic concepts and definitions 

used in the antenna and propagation industry. Antenna 
characteristics such as VSWR, radiation pattern, polariza¬ 
tion, axial ratio, directivity, gain, EIRP, etc. are defined and 

their impact on wireless system performance is illustrated 

Additionally, an overview of different antenna types 
including wire antennas, portable, microstrip, circularly 

polarized and aperture antennas is presented. 

Presenter: Steven R. Best, Cushcraft 

reviewed and methods of modeling them discussed. 

Transmission line theory is reviewed and principles of the 

Smith chart are presented. 

Part ILTechniques for RF 
Hardware Design (E2) 
Impedance Transformation Networks, Device Models 

and Design Using S-Parameters Fundamentals of 

Computer Analysis and Optimization. 

Both graphical (Smith chart) and analytical methods are 

presented to show systematic procedures and techniques 

applicable at RF and microwave frequencies. Example net¬ 

works are designed and discussed. Active device models 

are discussed and the theory and use of S-parameters for 

RF is presented. 

Part III: RF Amplifier Design (E3) 
Biasing, Stability, and Example Designs of Low-
Noise, Wide-band, Feedback and Power Amplifiers. 

The third day uses the theory and techniques developed in 

the first two days to design RF, VHF, UHF, and microwave 

amplifiers. Other practical topics such as out-of-band sta¬ 

bility and bias network design are also discussed 

with a complete understanding w hich leads to higher perfor¬ 

mance and lower cost oscillators. Both VCO and high stabiliry 

fixed oscillators are covered. Topics include starting, non-lin¬ 

ear behavior, phase noise, harmonics, tuning. Q and low and 
high power. Principles apply to most oscillators but the 100 to 

2400 MHz frequency range is emphasized. 

Presenter: Randy Rhea, Eagleware 

■ Digital 
Applications 

(Instructional Level: Engineering Introduction) 

WIRELESS ENGINEERING 
(CEU Credits Available) 
This series Ls designed for engineers who have no previous 

experience or those who need to "brush-up" on their RF 

design skills. It's also useful for managers who need to 

become familiar with RF terms and concepts to better 

communicate with their design team 

Presenter: Robert Feeney, Georgia Tech 

Part I: Foundations of RF 

Hardware Design (El) 
How Wireless Systems Influence Hardware 
Requirement, RF Circuit Fundamentals, Components 

at RF Frequencies and Transmission Unes. 

Fundamental circuit concepts such as gain, bandwidth, noise 

figure, resonance and Q are presented. The behavior of pas¬ 

sive inductors, capacitors and resistors at RF frequencies is 

■ Subsystem 
Design 

(Instructional Level: Intermediate) 

Practical Filter Design (SI) 
Covers all aspects of practical lumped element (L-C) and 

distributed (transmission line) filter design for applications 

from 1 MHz to 18 GHz. Emphasis is on the frequency range 

from 70 MHz through 5600 MHz for CATV, instrumentation 
and wireless systems such as mobile radios, cellular PCS, 

satellite systems, WLAN and telemetry Topics include com¬ 

ponents. loss, realizability, computer techniques, equivalent 
networks, conventional transforms, group delay, symmetry, 

coupled resonator, printed and machined filters. 

Presenter: Randy Rhea, Eagleware 

Oscillator Design Principles (S2) 
Leant a unified approach to the design of oscillators with L-C, 
transmission line. SAW and crystal resonators Oscillators are 

demystified. Design by modifying existing designs is replaced 

(Instructional Level: Intermediate to Advanced) 

Frequency Synthesis and 
Phase-locked Loop (DI) 
A course designed to help engineers design state of the art 

frequency synthesizers that are used in all modern commu¬ 
nications equipment. The emphasis will be on understand¬ 

ing the basics and how to model and analyze the operation 
of phase lock loops to meet specific performance require¬ 

ments. Extensive use of circuit and mathematical modeling 

will be used to model loop performance such as switching 

speed, modulation, phase noise, and acquisition. Real 
world problems, including noise, spurious and shielding 

are presented. The various components that comprise a 

PLL including oscillators, dividers and phase detectors are 

discussed. There will be examples of state of the art com¬ 

mercial products. New techniques including DDS and frac¬ 

tional N are presented. The course concludes with a section 

on testing the PLL for verification of design parameters. 

Presenter: Eric Drucker, PLL Consultants 

Digital Signal Processing 
• Part I (D2) • Part II (D3) 
This two-day course provides an Introduction to Digital 
Signal Processing that is both understandable and compre¬ 
hensive. Although the mathematical content of the course is 

low to moderate, the fundamental equations of DSP are 
gently introduced and carefully explained. With full sympa¬ 

thy for the DSP beginner, this course uses just enough math¬ 
ematics to develop a fundamental understanding of DSP 

theory, and illustrates the theory with well-chosen exam¬ 

ples. Low-pass and band-pass sampling, discrete fourier 

transform and finite impulse response filters are covered. 

Presenter: Richard Lyons, Besser & Associates 

★Separate registration required. 

Also at IWCE 
BASE STATION WORKSHOPS 
Monday-Friday, April 26-30 • 8:00am-5:00pm 

• Fundamentals of Radio Communications (Wl) 

■ Testing the Base Station RF Subsystem (W2) 

■ Maintaining and Troubleshooting the 

Transmission Chain (WJ) 

■ Maintaining Reliable Base Station Power (W4) 

■ Lnderstanding and Maintaining the 

Wired to-Wireless Link (W5) 

PCIA’s LICENSING SKILLS AND 
PART 90 EDUCATIONAL 
WORKSHOP 
Tuesday. April 27' 9:00am-5:00pm 
• Part 90 frequency license applications 
• Trunking and high-pow er offsets 
• Completing Form 601 

• The differences between PMBS and CMRS 

* Electronic filing 
* Frequency management policies 

• Refarming impacts 

Includes continental breakfast and exhibit 
hall passes. 

For COMPLETE DETAILS ON THE CONFERENCE SESSIONS, EXHIBITORS, 
TRAVEL AND HOUSING. CALL FAX-ON-DEMAND AT l-8OO~6Ol-3858. 

Outside the U.S.. call +1-732-885-6723. 




