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Broadband Redefined 
If you’re not designing with DLI, 
your definition of broadband is 
stuck in the past. That’s because 
DLl’s family of SMD broadband DC 
Blocks sets new standards for 
frequency range and performance. 
Our ultra-broadband Opti-Cap™ 
provides coverage from 12 KHz to 
more than 40 GHz, a whopping 6.5 
decades of frequency range. DLl’s 
Milli-Cape behaves like an “ideal” 
capacitor, handling frequencies from 
20 MHz to 40 GHz, with virtually 
no parasitics. And our best-selling 
C08BL and C06BL are the choice 
for low-loss, resonance-free DC 
blocking from 1 MHz to 30 GHz. 
For quality, reliability, and service, 
DLI is the choice. We’re redefining 
broadband—From DC to Light. 

DC Blocks from DLI 
Ultra Broadband Coverage 
From DC to Light 

Opti-Cap™ Ultra Broadband 12 KHz - 40 GHz 
Mili-Cap® 'Ideal" Performance 20 MHz - 40 GHz 
C06BL Resonance Free 2 MHz - 30 GHz 
C08BL Resonance Free 1 MHz ■ 20 GHz 

BENEFITS 
Surface Mount 
Pick-and-Place 

FEATURES 
Low Loss 
Very Low Series Inductance 
Very High Series Resonant Frequency 
Highest Q Available 

TURN TO DLI FOR: 
• Ultra High Q Single and Multi Layer 
SMD Capacitors 

• Custom Thin Film Products 
• DiPak® Ceramic Packaging 

For complete technical specs, and information 

on DLl’s proven line of high O capacitors and 

thin film products, visit www.dilabs.com 
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You've never seen a 
power inductor 

this thin. 

{Still haven’t seen one? Look on top of the w.) 

Our new 1 mm Power Wafer inductor 
slips easily into your thinnest designs 

You asked for thinner power magnetics. 
Once again, Coilcraft delivers with the 
remarkable new LPO1704 Series. 

There are 16 parts in the family, with 

All in a rugged, flat top ceramic package 
that's no more than 1 mm high. 

See for yourself how the LPO1704 
and all our other Power Wafers can 
bring higher performance to your low 
profile products. 

For complete specifications, models 
L values from 1.2 to 330 pH, very low DCR, 
and rms current ratings as high as 3.6 Amps. 

and free evaluation samples, visit us on the 
web at www.coilcraft.com/powerwafers. 

www.coilcraft.com 800/322-2645 
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WORLD’S WIDEST SELECTION 

KOs 
12.5to4OOOMHzJ11^ 
Want a miniature surface mount, shielded plug-in, or rugged 
coaxial voltage controlled oscillator with the right stuff for your 
project? Contact Mini-Circuits! From custom designs to standard 
catalog models always in stock, we'll supply extra robust, 100% tested 
VCO solutions you need at a price you can afford. Choose from narrow to broad to octave band 
widths. Select linear tuning, low phase noise, and 5V models optimized for PLLs and synthesizers. 
And pick from an innovative array of miniature SM packages as small as 0.370" square for a variety of 
designs and applications. You can quickly find the model you need using "The YONI Search Engine" 
at the Mini-Circuits web site. Just enter your specs...click...and immediately start evaluating 
suggested VCO solutions using the actual measured performance data displayed. But perhaps 
you need a custom design. Not a problem! Contact us for our lightning fast response, low 
prices, and quick turnaround. Give the competition real competition...specify Mini-Circuits VCOs! 

New 2001 VCO Handbook.. .FREE! 

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



£□ Mini-Circuits 
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 & WEB SITE 

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

ISO 9001 CERTIFIED F 341 Rev A 
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DC-6GHZ 
$1195 

■ ■ ea. (qty. 1-9) 

Mini-Circuits VAT fixed attenuators rank at the top of its class for high 
performance, low cost, and big selection! Choose from 14 different attenuation 
values; from 1 to 10dB in 1dB steps plus 1^15, 20, and 30dB. All in stock, 
ready for immediate shipment, and value priced at only $1 1.95 each (qty. 1 -9). 
Performance wise, VAT attenuators deliver mile-wide DC to 6000MHz 
frequency coverage, excellent 0.1 5dB typical attenuation flatness, low VSWR, and 
feature rugged 1.420“x0.370" unibody construction with SMA male/female 
connectors. Use these versatile attenuators for a variety of applications 
including impedance matching and signal level adjustment in testing, 
systems, and product development. Get the best economy out of your design. 
Specify Mini-Circuits VAT fixed attenuators. 

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

DESIGNER'S KITS AVAILABLE 
K1-VAT: lofEa. VAT-3, -6, -10, -20, -30 (5 total) $49.95 

K2-VAT: lofEa. VAT-1, -2, -3, -4, -5, -6, -7 -8, -9,-70 (10 total) $99.95 
K3-VAT: 2ofEa. VAT-3, -6, -70 (6 total) $59.95 

Model 

Attenuation* (dB) 
Nominal Flatness VSWR(:1) 
(±0.3) Midband Typ. Midband Typ. 

VAT-1 1 0.20 
VAT-2 2 0.20 
VAT-3 3 0.15 
VAT-4 4 0.15 
VAT-5 5 0.10 

VAT-6 6 0.10 
VAT-7 7 0.10 
VAT-8 8 0.10 
VAT-9 9 0.10 
VAT- 10 10 0.20 

VAT-12 12 0.10 
VAT- 15 15 0.30 
VAT-20 20 0.75 
VAT-30 30 0.30 

1.10 
1.20 
1.15 
1.15 
1.15 

1.15 
1.15 
1.20 
1.15 
1.20 

1.20 
1.40 
1.20 
1.15 

Power; 0.5W at 70*C ambient. Derate linearly 0.015W/°C above 70*C. 
Attenuation vanes by 0.3dB max. over temperature. 

ALL MODELS IN STOCK 

Q Mini-Circuits 
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 & WEB SITE 
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Next Generation 
SPIRENT 

Communications 

Wireless is Emerging! 

Are You Ready? 

Spirent Communications' test solutions enable rapid rollout of 3G services. 
World leading manufacturers and service providers use Spirent solutions to qualify the performance 

of mobile devices against rigorous 3C test specifications. From development to deployment, 

from IxEV to W-CDMA, Spirent’s world-class test solutions get your new wireless product 

to market faster with fewer problems. If your 3C product is about to hatch, check out 

http://tas.spirentcom.com. 

[DEVELOPMENT VERIFICATION DEPLOYMENT PERFORMANCE | 
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Spirent, 
The World Leader 

In Performance 
Analysis Solutions. 

1-800-927-2660 

www.spirentcom.com 
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Microwal 
Tuning 
Solutions 
Sprague-Goodman has passive and 
active tuning devices to meet 
microwave designers' needs. A wide 
variety of tuning elements is offered 
to work with waveguides, cavities, 
and dielectric resonators at 
frequencies too high to use variable 
capacitors and inductors. 

Sapphire 
PISTONCAP® 
• Q to 4000 at 250 MHZ 
• 2 configurations and 6 mounting styles 

suitable for all RF structures 
• Operating temp: - 55’ to +125°C 
• Cap ranges: 0.3-1.2 pF to 0.8 -8.0 pF 

AIRTRIM® Air DieM 
Multitum Trimmers 
• Q: > 5000 at 100 MHz 
• 9 mounting styles including 
surface mount 

• Operating temp: -65’ to +125°C 
• Cap ranges: 0.35-3.5 pF to 2.0-16.0 pF 

Microwave Tun 
Elements 
Metallic tuning elements 
• 2 to 33 GHZ 
Dielectric tuning elements 
• Alumina, quartz, sapphire 
• 6 to 100 GHz 
Dielectric resonator tuners 
• 2 to 18 GHZ 
LC tuning elements 
• 5 to 11 GHZ 
Resistive tuning elements 
• 1 to 18 GHZ 

Silicon Tuning 
varactors 
Super Hyperabrupt 
• UHF - Wireless (4V, 6V, 8V) 
• VHF - wireless (10V) 
Hyperabrupt 
• Microwave (20V) 
Abrupt (20V) 
Economical SOT-23 and High Performance 
Surface Mount Packages 

For information on these and our other 
quality products, visit our website, or 

phone, fax or write today. 

SPR OG UE 
GOODmnn 

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

INFO/CARD 8 

ULeditorial 

Wireless plays 
a role 
in the tragedy 
By Don Bishop 
Editorial Director 
dbishop@primediabusiness.com 

At this writing, a little more than 48 hours has passed since four airliners were 
hijacked on the morning of Sept. 11. Three were used to attack and destroy the New 
York World Trade Center and to damage the Pentagon in Washington. The destruc¬ 
tion took the lives of thousands and injured a number yet uncounted in an action 
that the President has called an act of war. 
By the time you read this, much more will be known about those who planned 

the hijackings and our nation’s response than we know today. What seems clear 
even this early is that among other important factors, wireless and encrypted com¬ 
munications may have helped those who planned and carried out the attacks. 
Wireless communications also is helping those with a responsibility to protect lives 
and property, to rescue the injured and recover the dead, and to pursue those 
responsible for the attacks. 
We regret that the fruits of wireless communications equipment design and 

development might be applied to attack our centers of commerce, military control 
and political leadership. Whether the delivery of high technology into the hands of 
those who want to use it for harmful purposes is inevitable in a free society has 
been debated and will continue to be debated. Off-the-shelf wireless communica¬ 
tions technology and encryption software is more sophisticated than some of the 
most sensitive and restricted technology of years past. 
At the same time, wireless communications devices are being used to support res¬ 

cue and recovery operations and military readiness. 
On a small scale, an individual wireless carrier’s store in Manhattan handed out 

phones for New Yorkers fleeing collapsing buildings to use in calling relatives and 
friends— and let people sleep in its store overnight. On a larger scale, within 36 
hours of the attack, Nextel Communications lent 2,000 combination wireless phones 
and two-way radios with unlimited airtime to federal, state and local government 
agencies and to emergency service provider organizations such as the American Red 
Cross in New York, Washington and Boston, and Nextel and Motorola, its phone 
manufacturer, pledged 10,000 more. 

Wireless systems under development will facilitate remote video and robotic 
searches. These systems will also assist in the disposal of weapons of mass destruc¬ 
tion without exposing public safety workers or soldiers to personal risk. 
As we look to the military for protection and perhaps some form of retaliation, we 

are reminded of its need for wireless communications and the pressure to reallocate 
some of its frequencies for commercial applications. The Department of Defense 
now may find more support for its resistance to a reallocation. 

Close to home, we’re fortunate that all of Primedia’s employees in New York 
and Washington are reported safe. Primedia Business, this magazine’s publisher, 
has contributed to the American Red Cross and the September 11 Fund estab¬ 
lished by the United Way and the New York Community Trust. This is one small 
way that we can show our support for the victims, the rescue crews and others. 
We extend our sympathy to those who may have lost loved ones or friends in the 
Sept. 11 tragedy. 
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CDMA 

CDPD 

DAMPS 

DCS1800 

ECM 

EDGE 

EW 

GEO 

GPRS 

GPS 

GSM900 
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LMDS 
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TDMA 
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WCDMA 
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Precision 
□ents fora 

As demand in the wireless telecommunications industry nears 3G 
protocols, precision engineering and manufacturing become essential 
to the success of RF design engineers. We offer a variety of precision 
commercial VCOs, PLLs, and RF Passive Components designed to meet 
the stringent needs of today’s and tomorrows wireless applications. 

To find out how 
Vari-L can “have a 
part in your future,” 
please visit our website 
or send us an email 
at sales@vari-l.com. 

I4RI 
We Have A Part In Your Future 
— 

4895 Peoria Street 

Denver, Colorado 80239 

w 303.371.1560 

OUR 

PRODUCTS 

PLL Synthesizer Modules 

Voltage Controlled Oscillators 

Wideband RF Transformers |_ Couplers 

Power Dividers/Combiners 

fax 303.371.0845 

sales @ vari-l.com 

PROUDLY MADE IN THE USA IS09001 Certified 

Contact the Vari-L Sales Department for your special microwave and RF component assembly needs. 

Vari- • com 
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Higher Power 
Pl dB up to 1/2 Watt 

.059 

For higher power and excellent linearity, use 

Wfs AH101 and AH102 amplifiers. 

WJ High Dynamic Range Amplifiers 
P-oduct Frequency 

(MHz) 
IP3 

(dBm) 

PidB 
(dBm) 

Bias current 
(mA) 

F AH101 50-1500 45 27 200 
f AH102 350-3000 45 27 200 

AH1 250-3000 41 21 150 
AM1 250-3000 37 18 75 

250-6000 47 30 360 

WJ’s got the POWER! Our new AH101 and AH102, 50 ohm 
unconditionally stable amplifiers have higher power up to 
1/2 Watt. The AH101 and AH102 provide excellent linearity 
up to 47 dBm in a low cost surface mount package (SOT-89). 
The AH101 and AH102 have a Linear Figure of Merit (LFOM) 
of 12 dB, while maintaining WJ’s high standard of reliability. 

LFOM Defined: LFOM (dB) = 
DC Power (dBm) 

For more details, call our toll free number, fax us at 
408-577-6620 or e-mail us at sales@wj.com. Data sheets are 
available in PDF download files by visiting our web site at 
www.wj.com. 

The Communications Edge ’' 
iSOiBïp 

Visit us on the web 
at www.wj.com 
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w calendar_ 
October. 

23-25 Cleveland 2001 Advanced Productivity 
Exhibition — Cleveland — Information: 
SME Customer Service. Tel. 800.733.4763. 
Web site: www.sme.org/cleveland 

November 
13-15 APOC — Beijing — Information: 

Web site: www.spie.org/info/apoc 

26-28 5th Inti. Japan 3G Mobile Systems — 

Singapore — Information: IBC Asia Ltd. 

Tel. 065.835.5102; Fax 065.733.5087. 

e-mail: cassie.mah@ibcasia.com.sg 

December 
3-6 Internet World Wireless West 2001 — 

San Jose — Information: 

Web site: www.ccievents.com 

11—13 Bluetooth Developer’s Conference 2001 — 

San Francisco — Information: Web site: 

www.key3media.com/bluetooth/ 

11-13 Streaming Media East 2001 — New York — 

Information: First Conferences. Tel. 888.301.8890. 

RF courses_ 
Agilent technologies — RF and Microwave 

Fundamentals — Dec. 4-6; Network Analysis 
Measurements — Oct. 16-17; Spectrum Analysis 
Measurements — Oct. 18-19. Information: Tracey Bull, 
Eskdale Rd., Winnersh Triangle, Wokingham, UK; 
Tel. +44.118.927.6741; Fax: +44.118.927.6862; 
e-mail: tracey_bull@agilent.com 

Alexander Resources — 3G Wireless: 
Promises & Realities — Oct. 29-30, Washington DC. 
Information: Jeff Stone, Alexander Resources, 15851 N. 
Dallas Pkwy, Addison,TX 75001; 

Tel. 972.818.8225; Fax: 972.818.6366; 
e-mail: jstone@alexanderresources.com. 

Besser Associates - RF and Wireless Made 
Simple — Oct. 22-23 ; Fiber Optics Made Simple — Oct. 
30-31, Mountain View, CA. Information: Besser 
Associates, 201 San Antonio Circle Building E, Suite 280, 
Mountain View, CA 94040; 

Tel. 650-949-3300; Fax: 650-949-4400; 
e-mail: info@bessercourse.com-, 
Web site: www.bessercourse.com 

11-14 International Radar Symposium India — 

Bangalore — Information: 

Web site: www.irsi2001.com 

29-30 TechCON2001 — Bangalore — Information: 

Internet Wireless Initiative of India. 

e-mail: priya@integramicro.com 

«January 2002 

8-11 Consumer Electronics Show 2002 — 

Las Vegas — Information: 

Web site: www.cesweb.org 

22-24 Photonics West — San Jose — Information: 

Web site: www.spie.org/exhibitions/pw 

28-31 COMNET Conference — Washington DC — 

Information: 

Web site: www.idgworldexpo.com 

June 2002 
28-31 COMNET Wireless — Las Vegas — 

Information: 

Web site: www.idgworldexpo.com 

Georgia Institute of Technology — 
Principles of Modern Radar — Oct. 29-Nov. 2; Radar 
Cross Section Reduction — Nov. 5-9; Infrared 
Countermeasures — Nov. 6-8, Atlanta; 
Information: Continuing Education, Georgia Institute of 
Technology, 

Tel. 404.385.3502; e-mail: conted@gatech.edu; 
Web site: www.conted.gatech.edu 

UCLA — Multirate Signal Processing in Transmitter and 
Receiver Designs — Nov. 14-16; Communications 
Systems, Using Digital Signal Processing — Nov. 26-30, 
Los Angeles. Information: Information Systems and 
Technical Management Short Courses. 

Tel. 310.825.3344; e-mail: mhenness@unex.ucla.edu; 

Web site: www.uclaextenstion.org/shortcourses 

University of Wisconsin Milwaukee — 
Semiconductors & Computer Concepts — Oct. 18-19, 
Schaumburg, IL; Nov. 8-9, San Diego. Information: 

Tel. 800.222.3623; Fax 800.399.4896; 
Web site: www.uwm.edu/dept/ccee 
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THE POSSIBILITIES ARE INFINITE FUJITSU 

FMM5027VJ 
f-2.7GHz 
P1dB=26.0dBm(Typ.) 
GL- 19.0 dB (Typ.) 

Fujitsu Meets 
Your MMDS 

Power Needs 

FLL400IP-3 
f=2.5GHz 
P1 dB=45.5 dBm (Typ.) 
G1dB=9.0dB(Typ.) 

FLL600IQ-3 
f=2.7GHz 
P1 dB=48.0 dBm (Typ.) 
G1 dB» 10.0 dB (Typ.) 

www.fcsi.fujitsu.com 

FUJITSU COMPOUND SEMICONDUCTOR, INC. 
2355 ZÄNKER RD., SAN JOSE, CA 95131 
PH: (408) 232-9500 FAX: (408) 428-9111 

North American Distributor of products for 
Fujitsu Compound Semiconductor, Inc. 

(800) 777-7334 www.cdiweb.com 

Products manufactured by Fujitsu Quantum Devices, Ltd. 

FLL800IQ-3C 
f=2.6GHz 
Pout-49.0 dBm (Typ.) 
GL» 12.0 dB (Typ.) 
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RF Washington watch 

FCC auction 
opens door for 

designers 
by Delaney M. DiStefano 

The largest FCC auction ever 
On Oct. 30, 2001, the Federal Communications 

Commission will auction off 15,514 licenses, the 
largest number of licenses sold in an auction since 
the FCC began auctioning spectrum. This auction is 
titled “Lower and Upper Paging Bands Auction,” or 
“Auction 40.” In addition to the UHF and VHF pag¬ 
ing channels, which make up the bulk of the licenses 
offered in this auction, the remaining 929 and 931 
MHz paging licenses left unsold in Auction 26 will 
also be re-auctioned. 

"The opening of messaging and 
fixed wireless services are of 

particular interest to the design 
sector because they offer a new 

opportunity in times of a 
scaled-back economy." 

This is an important auction for many operators 
because the FCC has continued its policy of spec¬ 
trum flexibility and will allow a multitude of ser¬ 
vices on what were traditionally one-way paging 
channels. Among those services now allowed are 
one-way messaging, two-way messaging and fixed 
wireless services. 

Opportunity knocks 
The opening of messaging and fixed wireless ser¬ 

vices are of particular interest to the design sector 
because they offer a new opportunity in times of a 
scaled-back economy. Of special interest to many 
operators is the ability to use the offered channels, 
especially the UHF and VHF channels, as trunking 
control channels in existing two-way systems. If you 
are looking to see what may happen in this spectrum, 
it would likely benefit you to watch this auction. 
Many people are aware of the spectrum crunch 

due to the 800 MHz channel consolidation taking 
place. The consolidation has resulted in the lack of 
available, exclusive channels in major and sec¬ 
ondary markets throughout the United States. 
Many operators are looking for a solution, and this 
may be the one. 

Internet-based bidding a first 
Auction 40 also marks the first time we will be 

using the Internet as the bidding platform. This is 
an ambitious plan on the part of the FCC. 
Previously, a dial-up system was used in which 
there was no gray area, as is a potential with 
Internet bidding. Bidders would dial into the FCC, 
log in using four different passwords, and place 
their bids. With the Internet-based system, bidders 
simply go to an FCC auctions Web site and log in 
from there. It will be interesting to see how the 
many irks of the Internet will play out in how the 
bids arrive at the FCC. 

To protect bidders, the FCC will implement a pass¬ 
card ID system. Each bidder will receive a passcard 
in the mail prior to the auction. The card has a dis¬ 
play on it in which an ID number appears. The ID 
number changes about every two minutes. This sys¬ 
tem, says the FCC, will ensure security. 

It is impossible to determine how long an auc¬ 
tion will last. In any FCC auction, all licenses in 
all markets are eligible to be bid until the auction 
closes. In most instances, an auction closes when a 
round goes by in which no one places a bid. This 
auction is likely to last longer than most recent 
auctions. The sheer number of licenses available, 
coupled with the new Internet format, will no 
doubt add to its length. 
For anyone familiar with the previous bidding 

software, the new Internet format looks completely 
different. What is also different is how one will be 
able to monitor the auction. Before, the FCC had 
what it called an auction-tracking tool with which 
one could manipulate the round result data to gain 
information or incite into the auction bidding 
trends. Now, with the Internet-based software, it 
appears to be more difficult to gain a broad look at 
the bidding trends across the country or among the 
bidders themselves. It is not clear why this new 
system was designed in a way that will limit bid¬ 
ders from gaining, at a glace, information that was 
once previously available. To be fair, it may be the 
large volume of licenses available that is the limit¬ 
ing factor. Regardless, I am looking forward to 
what will likely be a challenging auction for both 
the bidders and the FCC. 

w 

About the author 
Delaney M. DeStefano is a senior associate with 

the law firm of Schwaninger & Associates, P.C. 
DeStefano is a member of the New York State and 
District of Columbia Bars and a member of the FCC 
Bar Association. DeStefano’s primary practice is in 
wireless telecommunications. She is a veteran of sev¬ 
eral FCC auctions. 
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MURATA's RF and wireless 

Murata PN 
MM8430-2600 
Description: RF Switch 

Connector. One of the most exciting 

microwave products to come along 

in years. This low cost test switch 

has virtually universal RF and 

microwave design appeal. It solves 

many design and production test 

problems at low cost Applicable 

to all RF applications under 3GHz 

(3000MHz). Test probes: Works with 

Lab test probe MXGM76RLI000 

and mass production test probe 

MM 126030. Reel size/Stock 

quantity: 1000 pcs. I reel. 

Order PN: MM8430-2600TBI 

Murata PN 
LFSN25NI9C245OB 
New Global PN: 
LFB322G45SNIA504 
Description: 2450MHz Band 
Pass Filter, Miniature (3.3 x 2.5mm) 

ultra low cost Ceramic LC Chip type 

BPF. This low cost BPF makes an 

ideal interstage fdter. Small enough 

and low cost enough to be used 

in several positions on the same 

board! Reel size/Stock quantity: 

2000 pcs. I reel. Order PN: 

LFSN25NI9C2450B 

Murata PN 
MQE920-2450 
Description: 2450MHz miniature 
(7.8 X 6mm) surface mount VCO. 

For use in all 2.4GHz Wireless LAN 
applications. Low cost. Reel size/ 

Stock quantity: 3000 pcs. I reel. 

Order PN: MQE920-2450-T7 

Murata PN 
DFC2IR57P002HHA 
New Global PN: 
DFCB2IG57LDJAB 
Description: 1.57GHz Band Pass 
Filter (BPF) for GPS applications. 

Ceramic Monoblock miniature low 

cost surface mount. Used as the 

primary RF fdter by the USA's leading 

manufacturen of commercial GPS 

receivers, this filter has performance 

and low cost in a standard miniature 

package. Ceramic BPFs like this 

form the backbone of Murata's 

Microwave product line. Since 1950, 

ceramic electronic components have 

been Murata's key focus. Reel 

size/Stock quantity: 2000 pcs. I reel. 

Order PN: DFC2 1R57P002HHA-TA2 120 

SPECIAL OFFER 
Visit our website and register for 
your FREE MM8430-2600 and 

LFSN25NI9C2450B 
lew Global PN: LFB322G45SNIA5O4) 

samples 

’w.FutureElectronics.com/Murata 
I-800-FUTURE-I ext.2436 
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With advanced e-commerce supply chain solutions, state-of-the-art 
design centers, technical support teams of qualified engineers all 
around the world and a partner like Murata, the experts at 
Future Electronics give you the freedom to go further. 
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RF news 

God bless 
America 

By Roger Lesser 
Editor 

rlesser@primediabusiness.com 

I’m sorry that this is not going to be my usual tongue-in-cheek 
approach to issues affecting the world of design and communications. The 
events of the cowardly terrorist attacks in New York and Washington DC 
have made any thoughts I had meaningless at this point. 
As I write this, the attacks are barely four hours old and it has truly 

had an impact on me. It has had an impact on all of us. 
My son, Ben, worked a block from the World Trade Center towers 

just a few months ago. Ben is now a reporter for a newspaper in New 
Jersey and watched from his office window as the first tower collapsed. 
His telling me this caused me to pause and say a prayer for his safety 
and for those in the towers. As he told me about what he saw, I reflect¬ 
ed back to two years ago when I stood with Ben and my wife and 
daughter at the top of one of the towers. We marveled at the view and 
at the splendor of New York. Now the towers are gone. 

I thought also of my colleagues and of those companies, agencies and 
others we do business with everyday who work in New York. Again, I 
take pause to pray everyone, and their family and friends, are safe. 
As you may know, I’m a retired Air Force Lt. Col. When I heard of the 

attack on the Pentagon, I was immediately brought back to the time I 
spent in those hallowed halls. The best and the brightest our country, 
and our military, has to offer make it to that building. And now many 
have lost their fives in defending our freedoms. 

I am horrified. I am angry. But I am proud. I’m proud of my country. 
I’m proud of our military, police, firefighters, doctors, nurses and EMTs. 
I’m proud of the technology that you, the designer, have given these peo¬ 
ple to save lives. And, I hope, bring justice to those who caused the 
senseless attacks. 

This is a defining moment for Americans (and the world). As a history 
buff, I have read many books concerning the attack at Pearl Harbor. The 
one thing that has always struck me is the words of Admiral of the 
Japanese fleet, Yamamoto. You’ve heard it before, I’m sure. But let me 
remind you. He said, “I fear we have awakened a sleeping giant.” As was 
the case in 1941, the United States is no longer a sleeping giant. 

You, as a designer engineer, and the company you represent will be 
an important asset to our military and security forces. Remember, we no 
longer have the military-based industries we had 10 years ago. Also, 
remember we have one-third less military forces than we did 10 years 
ago. The federal government, specifically the military and security 
forces, will depend on you and the commercial-off-the shelf technologies 
you develop. Command, control and communications (C3) will be where 
you will have the most impact. 

I’m not one for the melodramatic, but I was honored with three flag 
presentations while I was in the service. I plan to fly one of them 
everyday. 

Mobile commerce market 
young, but growing 

Still yet to be a financial success for 
most carriers around the world, mobile 
commerce is a work in progress, accord¬ 
ing to Cahners In- Stat Group, 
Scottsdale, AZ. The research firm esti¬ 
mates that, on a global basis, 9.2 million 
wireless subscribers were m-commerce 
users at the end of 2000, representing a 
total value of $264 million. 

Despite these figures, m-commerce 
has come a long way in its brief exis¬ 
tence as a value-added WAP service. 
Valuable lessons learned by carriers, 
content providers, wireless application 
service providers and others in the value 
chain will help m-commerce transac¬ 
tions to grow slowly during the next five 
years, Cahners said; except in Japan, 
where $2.3 billion in transactions are 
forecast by 2005. 
The main reason for the slow uptake 

of m-commerce, according to Cahners, is 
that services launched before they were 
ready. To improve the state of m-com¬ 
merce, the firm said, it will be necessary 
to avoid repeating the mistakes that 
have already been made. 

Mobility must go mainstream 
for WLAN success 

The world wireless local area network 
(WLAN) market is searching for main¬ 
stream acceptance in network access. 
According to new research by Frost and 
Sullivan, San Jose, CA, WLAN providers 
will have to get just that to realize their 
full profit potential. 
The report, World Wireless Local Area 

Network Industry, projects that by 2007, 
annual shipments will reach over 20 mil¬ 
lion units and exceed $1.5 billion in rev¬ 
enues. Companies with the most poten¬ 
tial for success in this market will be 
those who can best demonstrate the ben¬ 
efits of wireless LANs over their wired 
counterpart. 
WLAN technology won’t be able to 

match the speeds of wireline LANs, the 
report said. However, a wireline solution 
is incapable of attaining the mobility and 
convenience of a wireless network 

Forward-thinking wireless LAN ven¬ 
dors are fine-tuning their offerings to 
make them simpler for end-users to 
install and maintain. It’s only a matter of 
time before participants’ survival 
depends not only on providing a hard¬ 
ware, Frost and Sullivan said, but also 
an overall networking system encom¬ 
passing all areas, including hardware, 
software, manageability and security. 
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+4to+17dBmLO J6^. Typical Specifications: 

Model Freq. (MHz) 

LO 
Level 
(dBm) 

IP3 
Midband 
(dBm) E Factor 

Conv. Loss 
Midband 

(dB) 
Price $ea. 
Qty 10 

Now you can obtain spectacular wideband IP3 performance at a value price with 
Mini-Circuits team of MBA, ADE, and SYM mixers. Optimized to deliver the highest IP3 
for a given LO drive, these affordable surface mount mixers range from 32dBm IP3 
for +17dBm LO power.. .to 15dBm IP3 for LO down to +4dBm. In terms of E Factor 
(IP3 Figure Of Merit), these mixers go as high as 1.5 providing superior 
intermodulation suppression from 5 to 5900MHz while at the same time 
achieving low conversion loss and high isolation. You’ll also be pleased to know 
the Blue Cell™ MBA model covers your higher frequency 
h-signs th Su-': 'abil:.. ' S 
repeatability, and ultra-thin 0.070” profile. Now, high IP3, W ' • ' 
higher per' pricing merged. 
The result is Mini-Circuits wideband high IP3 
mixers. ..the clear choice! 
Mini-Circuits... we’re redefining what VALUE is all about! 

ADE-10MH 
ADE-12H 
MBA-591 L 

800-1000 
500-1200 
4950-5900 

6.95 
8.95 
6.95 

SYM-25DLHW 40-2500 +10 22 1.2 6.3 7.95 
SYM-25DMHW 40-2500 +13 26 1.3 6.6 8.95 
SYM-24DH 1400-2400 +17 29 1.2 7.0 9.95 
SYM-25DHW 80-2500 +17 30 1.3 6.4 9.95 
SYM-22H 1500-2200 +17 30 1.3 5.6 9.95 

SYM-20DH 1700-2000 +17 
SYM-18H 5-1800 +17 
SYM-14H 100-1370 +17 
SYM-10DH 800-1000 +17 

32 1.5 6.7 9.95 
30 13 5.75 9.95 
30 1.3 6.5 9.95 
31 14 7.6 9.95 

*E Factor = [P3 (dBm) - LO Power (dBm)l e 10. See web site for E Factor application note. . 
ADE models protected by U.S patent 6.133525. 

• MBA Blue Cell™ model protected by U.S. patents 5534.830 5640132 5640699. 

BLUE CELL 
t i < i ■ • i • • V 

Actual Size 

G3 Mini-Circuits US 41 INT L 42 
CIRCLE READER SERVICE CARD 

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

<lis3 The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com 
ISO 9001 CERTIFIED F 345 Rew A 



BUSINESS BRIEFS -
Aethercomm amplifier selected 

by Northrop-Grumman — Aether¬ 
comm, San Marcos, CA announces 
that it has been selected by the 
Northrop-Grumman Corporation, 
Glen Burnie, MD to design, develop 
and manufacture the high-power 
solid state LO driver amplifier for an 
airborne application. Aethercomm is 
a supplier of high-power SSPA s for 

military, commercial and satellite 
communications customers. 

TMS Selected by Raytheon to 
develop test methodology for Ton-
delayo 5.8 GHz wireless LAN 
chipset — Turnkey Manufacturing 
Solution, San Diego, a multinational 
company specializing in providing 

Continued on page 22 

FINALLY A COMPANY THAT 

w 
(ANALYTICAL, METICULOUS, SCRUTINIZING, OBSESSIVE) 

ENGINEERS THINK 

20 

l/O <St BOARD LEVEL PRODUCTS, RF COAX, FIBER OPTICS, 
CUSTOM CABLE ASSEMBLIES, PRINTED CIRCUIT BOARD ASSEMBLIES 

Stability, innovation and unyielding quality - it's in our genes. No 

surprise, when you consider Yazaki's global strength in the automotive 

industry and our team of savvy engineers. When you specify 

components and assemblies, 

think of Y-connect products -

as well as our family tree. 

■ ̂ -connect 
A Yazaki Company 

CAPABILITY BEYOND CONNECTORS... 

A MEMBER OF THE YAZAKI FAMILY OF COMPANIES 

Y-connect, Incorporated || 30 1 Fulling Mill Road || P.O . Box 3 9 

MIDDLETOWN, PA 17057 TZ B77.944.7144 ]| WWW.Y-CONNECT.COM 
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Site offers 
new 

capabilities 
Z-Communications’ 

recently improved Web 
site offers users and cus¬ 
tomers a functional navi¬ 
gation tool equipped with 
a new search facility. With 
the new site capabilities, 
engineers can find: 

•Product information on: 
-VCOs 
-PLLs 
-Antennas 
-Eval Boards 
-Custom RF 
Assemblies 

•Support: 
-FAQs 
-Data Sheets 
-Application Notes 
-Mechanical 
Drawings 

•Contacts: 
-Sales 
-International 
-Applications 
-Purchasing 
-Accounting 
-Employment 
Opportunities 

•News: 
-News 
-Outreach 
-Publications 
-Advertising 

•About Z-Comm: 
-Backgrounder 
-History 
-Mission 
-Privacy 

www.zcomm.com 
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Tired of Messy EMI Solutions? 
Gore is the Indispensable Choice! 

GORE-SHIELD* EMI Gaskets are Customized, Pre-Formed 

Materials that are Simple and Cost-Effective to Use 

in High Volume Wireless Applications. 

• High Shielding Effectiveness ( 100 dB) 

• No Curing Required 

• Fully Automated Installation with Low Equipment Cost 

• Easy to Deploy Globally in Existing Supply Chain 

• Repeatable 

• Reduce Design Cycles with Gore’s Engineering Support 

Innovative Solutions, Defining Technology... 

Creative Technologies 
Worldwide 

1 800 445-GORE in USA www.gore.com/electronics +1 (302) 292-5100 Internationally 
+49/ 91 44 6010 in Germany 

C Copyright, 2001 W. L. Gore & Associates. Inc. GORE-SHIELD, Gore and Design are trademarks of W. L. Gore & Associates. Inc. 
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RFIC test services, recently announced 
that it was chosen by Raytheon, Marl¬ 
borough, Massachusetts to develop the 
test methodology for Raytheon’s Tonde-
layo Wireless LAN (WLAN) chipset. 
TMS was chosen because of its high-
frequency RFIC test expertise. 

Repeater Technologies receives 
$11 million order to supply 
repeaters for China’s national 
WCDMA network — Repeater Tech¬ 
nologies, Sunnyvale, CA announces that 
it has a received an order worth $11 mil¬ 
lion to provide its OA850C network 
repeaters to Capitel Group of Beijing, 
for China Unicom. Capitel, Repeater 
Technologies' long-standing distributor 
in China, will supply these repeaters to 
that nation's second largest telecom 
firm, China Unicom, with nearly 30 mil¬ 
lion subscribers. China Unicom will use 
these repeaters to enhance coverage as 
it builds out its CDMA network. 

Ericsson licensing phone tech¬ 
nology — Ericsson, Stockholm, Swe¬ 

den, announces it will license its mobile 
phone technology to other manufactur¬ 
ers of phones and wireless devices. 
Ericsson Mobile Platforms began oper¬ 
ation Sept. 1 with 800 employees. The 
headquarters will be Lund, southern 
Sweden, and Ericsson will maintain 
control of the new technology-licensing 
company. Ericsson plans to license 
complete component specifications, 
printed circuit board layouts and soft¬ 
ware. It will also help customize prod¬ 
ucts for customers' devices. 

APLAC distributor appointed 
for Singapore, Malaysia & Thai¬ 
land markets — APLAC Solutions 
Corporation, Helsinki, Finland has 
signed a distributorship agreement 
with PCB Graphtech Pte of Singa¬ 
pore, authorizing PCB Graphtech to 
represent APLAC Solutions' products 
and collateral services in Singapore, 
Malaysia and Thailand. 

Oki signs deal with North Com¬ 
munications to bring VoIP to 

Brazil — Oki Network Technologies' 
(Oki NT), Sunnyvale, CA announces 
that it has signed a deal with North 
Communications, one of Brazil's 
largest VoIP, telecommunications and 
network service providers. Under 
terms of this agreement, North Com¬ 
munications will act as the primary 
source in Brazil to resell and service 
VoIP solutions to the largest IT mar¬ 
ket in Latin America. 

Fujitsu Compound Semicon¬ 
ductor, Nortel Networks team — 
Fujitsu Compound Semiconductor, 
San Jose, CA, announces that Fujitsu 
Quantum Devices and Nortel Net¬ 
works, San Jose, CA, have agreed on 
joint specifications for high-perfor¬ 
mance receiver devices for use in 10 
Gb/s optical communications prod¬ 
ucts. This agreement on joint specifi¬ 
cations between FQD and Nortel Net¬ 
works provides customers with two 
sources for high-performance devices 
with common package outline and pin 
allocation for common board layout. 

"Do you know how fast you were switching?" 
FREQUENCY SYNTHESIZERS 

£ The industry's fastest 
switching speed, 20 ps or less 

J Low spunous outputs and 
* low phase noise, -122 dBc/Hz 
@ 1 GHz, 20 KHz offset 

± Models from 0.1 MHz to 3.2 GHz 

J 2 year warranty, 10 year service plan 

PROGRAMMED TEST SOURCES, INC. 
9 Beaver Brook Road, Littleton, MA 01460 

Tel: 978-486-3400 Fax: 978-486-4495 
www.programmedtest.com 
email: sales@programmedtest.com 
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Scorpion?. .You Only Need One! 

Anritsu’s MS4623B Scorpion Vector 

Network Measurement System (VNMS) 
offers a complete single connection 
RF solution for the wireless market. This 
amazingly accurate and easy to use 
instrument reveals the true performance 
of your LNA. And it does so with the 

speed you need to meet today’s faster 
time-to-market demands. The VNMS 
single connection solution saves you time 

with simple calibrations and built-in 

LNA measurements. 

The MS4623B, offering as high as 
+5 dBm input power to your LNA, can 
measure these key LNA parameters with 
a single connection. 

Parameter MS4623B Measures 

Noise Figure Less than 0.5 dB out 

to 6 GHz 

Third Order 

Intercept 

Up to +40 dBm 

Gain 
Compression 

As high as +16 dBm 

S-Parameters +/-0.1 dB Accuracy 

SeeThe 
True Performance 

OfYour 
Low Noise Amplifier. 

When it comes to wireless R & D 

or manufacturing you only need one 

Scorpion to increase your throughput. 

Find out for yourself. Call us today at 

1-800-ANRITSU to set up a single 

connection LNA demo. Or visit us at www. 

us.anritsu.com/adsmailers/MS4623B.asp. 

Anritsu’s Scorpion MS4623B. Now, you 

too, can see your LNA’s true performance. 

MS4623B Scorpion Vector Network Measurement System 
©2001 Anritsu Company Sales Offices: United Sutes and Canada. 1-800-ANRITSU, Europe +44-1582-433433, 
Japan 81(03)3446-1 111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.us.anritsu.com 

/Inritsu 
Discover What's Possible™ 
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Facing a ferocious marketplace? 

Let RFMD tame your challenges. 

We dare to be different by providing highly integrated solutions that help meet 

stringent system requirements and reduce your bill of materials. 

RFMD employs innovation to develop next-generation processes, circuits, 

architectures, standards and packaging in advance of the marketplace. 

Our deep design resources and extensive manufacturing capacity enable us 

to design a wide range of best-in-class components for all your RFIC needs. 

Because true success has no competition. 

DARING innovation - it sets us apart. 

MICRO DEVICES 
Proprietary, State-Of-The-Art 
RF Integrated Circuits8“ 

7628 Thorndike Road 
Greensboro, NC 27409-9421 

Phone 336.664.1233 
Fax 336.931.7454 

Mention daring when contacting us. 

RF MICRO DEVICES* ana RFMD* are Irademarks ol RFMD, LLC. C 2001 RF Mwo Oevces Inc. 
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RE amplifiers 

Concepts and 
implementation of a 
GSM PA/front-end 

module 
Advantages of high-level 

integration in GSM front ends. 

By Atanas Pentchev, Paul 
Swinkels and Guido Paola 

The ultimate goal of the wireless industry is to 
give everyone an inexpensive and reliable 

means of communications anywhere, anytime and 
to anyone. The pursuit of this goal and operation in 
a highly dynamic and competitive environment, 
challenges handset manufacturers with continuous 
expectations to offer phones with increased func¬ 
tionality and performance levels. It also challenges 
manufacturers to reduce size and weight and to 
increase talk times. 

AND POWER DETECTION 
FUNCTIONS IN THE PA MODULE 

■ • INTEGRATION OF ALL FRONT-END 
AND POWER CONTROL FUNCTIONS 

IN THE PA MODULE 

Figure 1. The two integration concepts. 

Also, the emerging new cellular standards predi¬ 
cate the demand for multimode, multiband sets 
with ever-increasing complexity. The designers are 

tasked with meeting these requirements, while 
simultaneously reducing cost and time-to-market. 

In that vein, one of the enabling factors for 
achieving the leading edge in this competitive envi¬ 
ronment is the use of cheaper components with 
extended degrees of integration in all stages of sig¬ 
nal processing — RF/IF, baseband and digital. 

Current levels of integration 
The level of component integration used in differ¬ 

ent sections of the GSM mobile sets is still diver¬ 
gent. Currently, the highest level is achieved in the 
baseband (BB) section. Typically, the handsets con¬ 
tain two BB ICs (excluding the discrete memory 
chip): a BB processor and an application-specific 
analog interface. In the RF/IF path, however, the 
situation is not the same. 

Today, there are a number of different transceiv¬ 
er IC architectures. They typically combine the 
components of the receiver chain with local and 
transmitter frequency VCOs, synthesizers, analog 
PLL loops, IQ modulation/demodulation and power 
control loops. 
The next generation of highly integrated ICs, 

which combine all of these functions, is beginning 
to appear on the horizon. The advantages of this 
higher level of integration, however, are not as 
explored in the transmitter chain and in the imple¬ 
mentation of the front-end functions. The dual¬ 
band GSM handsets still contain, as separate com¬ 
ponents, the power amplifier (RFIC module), the 
front-end module (combining the diplexer and 
Tx/Rx switches), directional couplers and the power 
detector. 

Scenarios for further front-end integration 
Two scenarios are foreseen for the evolution of 

the dual- or triple-band GSM architecture. This 
evolution depends on the device and on which core 
might be chosen for future integration of the front¬ 
end and transmitter functions of this future GSM 
architecture 
The first one is based on the expansion of the 

switchplexer’s functionality. This is done by incor¬ 
porating the Rx SAW filters7, and eventually the 
directional couplers, in the module. The switchplex-
er modules are miniature, high-performance units, 
built on sophisticated low-temperature co-fired 
ceramic (LTCC) substrates. These modules are con¬ 
structed of more than 10 dielectric layers with dif¬ 
fering thickness. The implementation of the addi¬ 
tional functions is relatively straightforward, but 
including these functions would increase the size of 
the module, and could have a negative impact on 
the net cost benefit. 
The other evolutionary track revolves around the 

PA module and increases gain functionality. The 
integration of the power control components (direc¬ 
tional couplers, detectors and controller IC) in the 
PA module significantly simplifies the design of the 
power-control loop. One force working against this 

26 www.rfdesign.com October 2001 



ValuePacked 
MMIC Amplifiers 

DCto8GHz from 99 ea. (Qty. 25) 

SOT-89 
Actual Size 

lower thermal resistance 
better gain flatness 
wide choice of gain 

high IP3 
high reliability* 

2 year guarantee* 
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Figure 2. A block diagram of the module. 

integration is that the functions of the 
power controller IC have already been 
included in other ICs, so the direct cost 
benefits are not obvious. Also, the 
handset makers have to be convinced 
that they do not need the ability to tune 
the control loop anymore. The same 
holds for the integration of the trans¬ 
mit VCOs in the PA. These functions 
will be increasingly integrated in the 
transceiver ICs as they develop. 
Another advantageous integration 

step, starting with the PA, is the imple¬ 
mentation of the switchplexer’s func¬ 
tions. The accomplishment of this step 
presents a significant engineering chal¬ 
lenge because it has to make use of the 
much simpler substrate of the PA. The 
consecutive steps in these two integra¬ 
tion concepts are shown in Figure 1. 

Design objectives and limitations 
The unit discussed in this article is a 

prototype of the first member of a PA/ 
FE module family that offers a signifi¬ 
cant increase in functionality. The mod¬ 
ule is intended to replace almost all of 
the building blocks used in the tradi¬ 
tional dual-band GSM transmitters’ 
architectures: PA, low-pass filters, and 
directional couplers, as well as power 
detectors and the switchplexer. It could 
be used with custom-designed and off-
of-the-shelf transceivers and power con¬ 
trollers. 
The objectives pursued with this 

developmental concept, grouped by cat¬ 
egory, include: 

• Functionality — power amplifica¬ 
tion, multiplexing of extended global 
system for mobile communications 
(EGSM) and digital communications 
systems (DCS) frequency bands, Tx/Rx 
switching and monitoring of the output 
power level. 

• Price — clearly competitive to the 
combination of a GSM/DCS PA, coupler 
+ detector and switchplexer module. 

• Performance - equal to the perfor¬ 
mance level offered by “state-of-the-
art,” separate front-end and Si PA mod¬ 
ules. 

• Size — 13.75 X 11mm (~150 mm2), 
land grid array second-level intercon¬ 
nect technology, plastic cap. 

• Ease-of-use — self-contained 
(none, or a significantly limited number 
of components on the main PCB). No 
external tuning required. 
To meet these cost objectives, the 

accepted set of technologies for this 
development was limited to technolo¬ 
gies, presently used in the standard PA 
modules: 

• M0BÍ3 technology (a double poly¬ 
silicon bipolar technology with fT = 25 
GHz, fmax = 40 GHz and breakdown VCE0 
>5.5 VDC) for implementing the active 
devices, the driver RFICs and output 
transistors. 

• Two complementary passive inte¬ 
gration and interconnection technolo¬ 
gies: LTCC and passive integration on 
high ohmic (>3kÕ/cm) silicon substrate. 
The LTCC substrate consists of five 
dielectric layers (er=9.5) with total 
thickness of 550 ym and Cu metaliza-
tion. 

• PIN diode dies for switching ele¬ 
ments in the Tx/Rx switches. 

Top-level overview 
The module based on this design con¬ 

sists of two power amplifier line-ups 
and a front-end circuit (Figure 2). The 
amplifiers are biased (V,upply.nom = 3.5 
VDC) through separate input pins, but 
they share common control signals: 
VBAND and VAPC . The foremost is a logi¬ 
cal one, which enables the selected line¬ 

up. The low level (below 0.7 VDC) acti¬ 
vates the 900 MHz amplifier. A VBAND 
level above 1.7 VDC selects the 1800 
MHz line-up. The V^ signal (0.2 - 2.2 
VDC) controls the gain, and, respective¬ 
ly, the output power level of the active 
amplifier. In both PA line-ups, circuits 
are provided for monitoring the output 
power level. These circuits produce cur¬ 
rent signals, which are proportional to 
the actual collector current of the final 
stages of both line-ups and, conse¬ 
quently, to the output power. Those cir¬ 
cuits use a DC bias separated from the 
PA’s supply voltage. 
The FE part, which occupies ~40 

mm2 of the substrate, is constituted of 
two PIN-diodes SP2T switches and a 
diplexer. Two control signals select 
between the Rx and Tx states of the 
switches. In the high state of the con¬ 
trol signals (2.8 VDC), the Tx states are 
active, and the consumed currents are 
about 9 mA. 

Power amplifiers/detectors 
The two power amplifier line-ups 

have identical configurations. They 
include a driving RFIC, a single-ended 
last stage and an output-matching cir¬ 
cuit implemented on a passive silicon 
die. The RFICs contain two RF stages, 
a part of the interstage matching cir¬ 
cuit and biasing networks, which settle 
the quiescent currents of all RF transis¬ 
tors in function of VAPC voltage. The 
design of a similar RFIC is described in 
more detail in2. The IC designs used in 
this module include additional band 
switches, used to enable the VAPC signal 
in the amplifier selected by VBAND . 
The interstage matching circuits 

between the RFICs and the final stages 
are implemented with discrete capaci¬ 
tors and inductors integrated in the 
LTCC substrate. To increase the over¬ 
all gain of the DCS line-up, a pre¬ 
matching metal-oxide semiconductor 
(MOS) capacitor is used3. 
On both of the output power amplifi¬ 

er device (PAD) dies, circuits for sens¬ 
ing the collector currents are imple¬ 
mented. They consist of single transis¬ 
tor cells, connected in current mirror 
configuration to the rest of the PADs. 
Additional networks for RF decoupling 
and inverting the slope of the detected 
current are also included. The slope 
inverter allows the current, delivered 
by the mirror transistor, to be pushed 
in a load connected to the ground. 
Therefore, the voltage developed on the 
load will be proportional to the PAD’s 
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Figure 3a. Detector signal performance over temperature variation. Figure 3b. Power detector performance. 

collector current and, respectively, to 
the output power. The module is com¬ 
patible with the power controllers 
designed for use with diode detectors. 
The ratio between the emitter areas 

of the mirror transistors and the PADs 
are chosen in such a way that the cur¬ 
rents are in the same range: ~ 0.5 mA 
to 10 mA for the GSM and DCS chan¬ 
nels. In the operating range of the out¬ 
put power, the sensitivity of the power 
detectors varies from 30 to 200 /zA/dB. 
At the lower power level (-5 to 5 dBm), 
at which the power control loop also 
has to be operational, the sensitivity is 
still higher than 10 /zA/dBm. 
Good thermal coupling between the 

mirror and the RF transistors con¬ 
tributes to the stability of the detector’s 
performance over temperature (Figure 
3a). Another important parameter -
the dependence of the detected signal 
on the PA’s supply voltage - is shown 
in Figure 3b. 

All of the capacitors, and most of the 
inductors, integrated in the output¬ 
matching networks of the PAs are inte¬ 

grated on the passive silicon dies. This 
approach provides significant savings 
on the occupied substrate area and also 
increases the accuracy and repeatabili¬ 
ty of the integrated components. The 
matching circuits are designed to sup¬ 
press the second and third harmonics 
to a level lower than -50 dBc. In combi¬ 
nation with the switchplexer, the simu¬ 
lated harmonics levels were less than 
-75 dBc for GSM and -70 dBc for the 
DCS band. This allowed avoidance of 
separate low-pass filters and a decrease 
of the insertion loss in the Tx channels 
of the front end by 0.2 dB (The module 
transmitter characteristics, output 
power and efficiency, are shown on 
Figure 4 and Figure 5, respectively, for 
GSM and DCS bands). 

Front-end design 
Several front-end architectures have 

been evaluated, not only in terms of 
performance - insertion loss, isolation 
between the channels and harmonics 
suppression - but also in the produc¬ 
tion yield and sensitivity to components 

and processes spread. 
Most of the attention has been paid 

to two diplexer structures: one consist¬ 
ing of simple low- and high-pass filters, 
the other incorporating a combination 
of different low-pass and stop-band fil¬ 
ters in the GSM branch and high-pass 
and stop-band filters in the DCS 
branch45 . Although the second type is 
superior in some of the mentioned 
parameters, the use of the simple low-
pass/high-pass design has been chosen. 
This choice proved to be more tolerant 
to the inaccuracy of the LTCC process, 
used as an integration technology for 
the entire diplexer circuit. Both of the 
Tx/Rx switches are built up according 
to the conventional scheme consisting 
of a series and a shunt PIN diodes sep¬ 
arated by a À/4 line. 
The major challenges faced in the 

implementation of the chosen FE archi¬ 
tecture (see Figure 6) were related to 
the composition of the LTCC system. In 
this case, only five dielectric layers had 
uniform permeability and almost con¬ 
stant thickness. This LTCC substrate is 

Figure 4a. GSM-band module transmitter characteristics, load power vs. Figure 4b. GSM-band module transmitter characteristics, efficiency vs. VAPC
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Figure 5a. DCS module transmitter characteristics, load power vs. Figure 5b. DCS module transmitter characteristics, efficiency vs. VKPC . 

not well-suited for integration of capaci¬ 
tors, nor is it suitable for implementa¬ 
tion of real three-dimensional RF struc¬ 
tures using multiple 50Í2 transmission 
lines located on different layers and 
shielded with ground planes. 

How the challenges were met 
The first problem — integration of 

capacitors — was especially important 
for the design of the series capacitors, 
constituting the high-pass filter in the 

DCS branch of the diplexer. To pre¬ 
serve the proper high-pass response, a 
major requirement is to keep the value 
of their parasitic capacitance to ground 
minimal. A conventional design of a 
series plate capacitor, integrated in the 
used LTCC substrate at a maximal dis¬ 
tance from the ground plane, would 
have at least 20% shunt capacitance. 
A significant improvement of the 

DCS-band performance of the diplexer 
has been achieved by minimizing the 

parasitic capaci¬ 
tances and the 
length of the inter-
connects. This 
results in a broad¬ 
band, low-loss per¬ 
formance of the 
DCS channels. 
The second limi¬ 

tation, originated 
from the attributes 
of the used LTCC 
substrate, is the 
useful range of 
characteristic 
impedances 
(Zo), feasible with 
stripline transmis¬ 
sion lines. The 
highest imped¬ 
ance, achievable 
with stripline with 
maximally distant 
ground planes and 
minimal allowed 
(100 ^m) width of 
the inner conduc¬ 
tor, is about 
45Í2. The investi¬ 
gation of the loss 
mechanisms in the 
used LTCC tech¬ 
nology6 has shown 

that the cross-section of narrow strips 
(less than 200 ̂ m) is rhomboidal, 
rather than rectangular, which 
decreases the effective RF conductivity 
and causes relatively high losses in the 
narrow striplines. 
To overcome this problem, the 

approach has been to minimize the 
losses by implementing the À/4 trans¬ 
mission lines with lower characteris¬ 
tic impedance and simultaneously 
obtain good impedance matching of 
the Rx channels. 
The PIN-diode dies used offer a good 

compromise between low off-capaci¬ 
tance (COFF <0.3 pF) and reasonable on-
resistance (ROn <2Q). The necessary 
performance of these PIN diodes has 
been obtained by mounting them as a 
naked die to avoid the parasitic capaci¬ 
tance’s increase of diode packaging. 
The same diodes have been used both 
for series and shunt applications. 

Usually, a resonant circuit, parallel 
to the series diodes, is used to increase 
the isolation of the diodes in series 
switches. The use of the high-perfor¬ 
mance bare PIN diodes made it possi¬ 
ble to implement a simpler switch 
design that doesn’t need such resonant 
circuits to obtain sufficient isolation. 

The receiver characteristics of the FE 
are shown on Figure 7 and Figure 8, 
respectively, for GSM and DCS bands. 

Performance summary 
The major transmit and receive char¬ 

acteristics of the module are presented in 
Table 1 (page 36). The table includes the 
averaged parameters of both commer¬ 
cially available double-band, LTCC FE 
modules, as well as the ones described in 
this design. The comparison shows that 
the proposed PA + FE design has been 
successfully adopted to the simple LTCC 
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Broadband Precision 
Calibrated Noise Sources 
• Designed for precision noise figure 
measurement applications. 

• Available with coaxial or 
waveguide outputs. 

• Noise figure 
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NC5122 33 GHz -50 GHz WR-22 
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BITE Modules 
• Designed as an economical solution 
for built-in test requirements. 

• Contain complete biasing networks; 
need no external components. 

• Available in 
TO-8 cans 
and flat 
packs. 

Broadband Amplified 
Noise Modules 
• Designed for circuit board mounting. 
• Provide a high-level noise 
output. 

• Available in 
24- and 
14-pin 
packages. 

Broadband Noise Generators 
• Designed for easy operation. 
• Feature dedicated control and program¬ 
ming keys; large 4 x 20 LCD display. 

• Output power control, filter setting, and 
attenuator step size for noise and signal 
performed from front panel, or remotely 
using IEEE-488 

NC500 SERIES 
Standard Models 

MODEL FREQUENCY RANGE OUTPUT ENR 

NC502/15 0.2 MHz -1 GHz 31 dB 

NC503/15 0.2 MHz -2 GHz 31 dB 

NC506/15 0.2 MHz -5 GHz 31 dB 

NC513/15 0.2 MHz -2 GHz 51 dB 

NC2000 SERIES 
Standard Models 

MODEL FREQUENCY RANGE OUTPUT 

NC2101 100 Hz - 20 kHz 0.15 Vrms 

NC2105 500 Hz -10 MHz 0.15 Vrms 

NC2201 1 MHz -100 MHz +5 dBm 

NC2601 1 MHz -2 GHz -5 dBm 

UFX7000 SERIES 
Standard Models 

MODEL FREQUENCY RANGE OUTPUT POWER 

UFX7107 100 Hz- 100 MHz +13 dBm 

UFX7108 100 Hz- 500 MHz +10 dBm 

UFX7112 1 MHz -2 GHz +0dBm 

UFX7218 2 GHz- 18GHz -20 dBm 

UFX7911 5 MHz -1 GHz +30 dBm 



Figure 7a. GSM receiver characteristics of the FE: measured and deembed¬ 
ded insertion loss. 

Figure 7b. Measured GSM receiver characteristics of the FE. 

system and, as a result, the performance 
level of the Rx channels of the combined 
PA plus FE module is comparable to the 
stand-alone FE modules. 
The overall performance of the Tx 

channels is already comparable to the 
combination of the specification fig¬ 
ures of separate state-of-the-art PA 
and FE. It’s important to realize, 
however, that in a practical situation 
with a separate PA and FE, signifi¬ 
cant additional losses can also occur 
due to the coupler, which has to be 
included for power detection. The 
matching between PA, coupler and 
FE can also cause significant mis¬ 
match losses and will require major 
engineering efforts. 
The harmonics suppression in the 

DCS band of this prototype is not yet 
sufficient, but can be easily optimized. 

Conclusions and future potential 
The design discussed in this paper 

proves the feasibility of the concept for 

further increase of the integration 
level in GSM front ends by implement¬ 
ing functionality in the PA module 
that was typically accomplished by 
stand-alone switchplexers and direc¬ 
tional coupler/power detector units. 
The unit is completely self-contained 
and requires no external tuning or 
additional components. 

Several paths are possible for the 
future evolution of this concept. 
The first one is toward further 

miniaturization, maintaining the 
already- achieved functionality. The 
small number of the discrete compo¬ 
nents (four PIN diodes, two SMD 
inductors, two resistors and six capaci¬ 
tors) used in the FE circuit is a good 
precondition for reduction of the area 
occupied by the FE substrate area to 
about 25 to 30 mm2. Reduction of the 
whole module dimensions to less than 
100 mm2 is also achievable. 
A second possible evolutionary path 

is integration of the power controller 

IC in the module. 
A third possible path is the integra¬ 

tion of the RF SAW/BAW filters of the 
receiver paths. There is potential to sim¬ 
plify the construction of the switches 
and significantly increase the overall 
performance of the Rx channels. This, 
however, depends on advances and new 
concepts in SAW/BAW filters7. 

For instance, maintaining the exist¬ 
ing SP2T configuration of the DCS 
switch and connecting its Rx output to a 
SAW/BAW diplexer (which discrimi¬ 
nates between the DCS and PCS Rx fre¬ 
quencies) will modify the current dual¬ 
band, front-end architecture to a triple¬ 
band solution. 

Considering these evolutionary sce¬ 
narios provide an interesting angle for 
considering the potential and the flexi¬ 
bility of the front-end integration 
approach used in the discussed mod¬ 
ule design. 
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Figure 8a. DCS receiver characteristics of the FE: measured and deembedded 
insertion loss. 

Figure 8b. Measured DCS receiver characteristics of the FE. 
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Parameter Avarage Characteristics 
of stand alone FE modules 

Performance of 
PA+FE module 

2 co 
O 
UI 

Tx 

Ins. Loss [dB] 
Pload [dBm] 
Efficiency [%] 
Max. Level 2nd Harm. 
Max. Level 3rd Harm. 

Arten. @ 2nd Harm. 
Arten. @ 3rd Harm. 

0.9 
n.a. 
n.a. 
n.a. 
n.a. 
35 dB 
35 dB 

n.a. 
35 
40 

-36 dBm 
-30 dBm 

n.a. 
n.a. 

Rx Ins. Loss [dB] 
V.S.W.R 

0.7 0.9 
1 .2 

In-band Tx-Rx Isol. [dB] 
Cross-band Tx-Rx Isol. [dB] 

30 28 
21 .5 

co 
o 

Tx 

Ins. Loss [dB] 
Pload [dBm] 
Efficiency [%] 
Max. Level 2nd Harm. 
Max. Level 3rd Harm. 

Arten. @ 2nd Harm. 
Arten. @ 3rd Harm. 

1 .3 
n.a. 
n.a. 
n.a. 
n.a. 

30 dB 
40 dB 

n.a. 
32.4 
34 

-20 dBm 
-25 dBm 

n.a. 
n.a. 

Rx Ins. Loss [dB] 
V.S.W.R 

1 .1 0.8 
1 .2 

In-band Tx-Rx Isol. [dB] 
Cross-band Tx-Rx Isol. [dB] 

22 26 
22.5 

Table 1. Averaged parameters of both commercially available double-band, LTCC FE modules and the proprietary module. 

Continued on page 38 

M/A-COM...Ceramic packages 
that span the spectrum. 

An industry leader in RF and microwave devices is now an industry 
leader in ceramic packages for RF, microwave and optoelectronic 
devices. M/A-COM is a manufacturer of high 
thermal conductivity, low loss packages 
for a broad spectrum of advanced .. 
semiconductor devices, including: 
• RF bipolar transistors • RF LDMOS 
tiansistors • GaAs FETs and MMICs /Ç 
• GaN/SiC FETs • microwave diodes/ 
varactors • photodiodes • LEDs 
• lastt diodes * VCSELs and MEMS. , 
We offer both hermetic and 
non hermetic packages. 

Ask us about building a custom package, 
or browse our broad range of standard packages. 
We will be happy to work with you to develop 
a package that meets your needs at the lowest cost. 

M/A-COM Advanced Materials I tel 978-388 2755, ext 226 I fax 978 388 6280 

www.macom.com 

INFO/CARD 52 

36 www.rfdesign.com 

Visit us at IMAPS 2001 
October 9-12 
Baltimore, MD 
Booth #408 

Electronics 

October 2001 



Featuring 
• Flanged & flangeless configurations 
• BeO & lead free 
• All welded leads 
• Super high grade aluminum nitride (AIN) 
• Thin-film/thick-film 
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• High temperature attachment 
• Nickel, silver and gold plating 
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RF integrated subsystems 

Crest factor 
analysis for complex 

signal processing 
Understanding the complexities of 

summing digital signals. 

By Brad Andersen 

As the 21 st century gains momentum, more and 
more of today’s communications systems are 

using designs based on digital modulation tech¬ 
niques. This has increased the practice of summing 
several baseband signals for systems such as 
CDMA. Such techniques result in composite signals 
with large crest factors (the ratio of peak amplitude 
to the rms level of the signal), which can signifi¬ 
cantly affect the signal quality. 
The filtering processes used in the signal genera¬ 

tion also result in an increase of the resultant sig¬ 
nals’ crest factor. Signal fidelity is critical in many 
such systems, necessitating careful attention to 
maximizing dynamic range. In particular, optimally 
employing the dynamic range of digital-to-analog 
and back converters (DACs and ADCs) is crucial. 
Also important is the number of bits used for the 
digital signal processing functions. 

The road to optimal design criterion 
The designer would like to operate at the high¬ 

est possible operating level to maximize the signal-
to-quantization noise-level ratio (SNR). To prevent 
spectral splatter, the designer must not allow the 
signal to saturate, or worse, rollover. In the RF 
domain, this type of problem will cause distortion 

of the modulated waveform in the form of higher 
levels in the frequencies adjacent to the signal’s 
occupied bandwidth and/or other spurious signals. 

Tools for better design 
In this article, methods will be developed for 

analyzing complex digital signals to establish the 
worst-case crest factors. These methods consider 
the effects of summing signals of different crest 
factors and different gains, as well as the effects of 
filtering, including interpolation filtering. With 
these tools, the designer can determine the precise 
back-off required to prevent saturation, while 
maximizing the SNR. For example, a spreadsheet 
program could be used to determine the signal’s 
crest factor and SNR at all points within a design. 

These methods will also show the designer how 
to determine how many bits will be required to 
achieve a specified SNR, and reveal interesting 
results such as that the worst-case crest factor has 
a root-sum-square behavior. Results will show 
that, due to digital filtering, the crest factor expan¬ 
sion is similar to the inverse of the noise band¬ 
width of the filter. The resulting RF envelope crest 
factor is also developed. 
The analysis presented is based on the IS-2000 

(cdma2000 or C2K) standard. An instrument was 
developed and is used to emulates a working base 
station for testing IS-2000-compatible mobile 
phones. It provides the ability to provide IS-2000 
signals, plus the ability to add an additive white 
Gaussian noise (AWGN) signal to the composite 
signal. The analysis techniques were used to guar¬ 
antee proper sizing of all data paths used in the 
CDMA baseband generation circuitry. This system 
is designed to provide the IS-2000 forward-modula¬ 
tion signals to test IS-2000 mobile phones with a 
number of testing scenarios. 
A typical baseband signal processing scheme for 

IQ modulation of an RF carrier is shown in Figure 
1. Each in-phase and quadrature (I and Q) signal 
is a summation of independent signals with indi¬ 
vidual scalings. These are summed together and 
filtered. The filtering may include interpolation to 
increase the effective sample rate of the signal, 
simplifying the analog reconstruction filter. Other 
signals can be summed followed by another stage 
of interpolation filtering. An AWGN signal is 
shown as the additional signal for the case of the 
test set mentioned above. These resulting signals 
are then used as the I and Q inputs of an IQ mod¬ 
ulator to modulate a carrier or intermediate fre¬ 
quency signal. 

Independence of signals is mentioned several 
times, but in actuality, uncorrelated signals 
generally satisfy the requirements for the 
resulting conclusions. 
To examine the resulting crest factor for the sig¬ 

nals of interest throughout the system, methods for 
determining the crest factor after various signal 
processing functions are developed. The basic 
assumptions are given for the signals in the analy-
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Crest Factor (Sigi + Sig2) 

Figure 4. Interpolation/polyphase fitter conversion. 

input signal is: 

max(y2)= 

Thus, the crest factor is: 

Ratio(Sig2/Sig1), dB 

Figure 2. The crest factor of a sum of two signals as a function of their relative levels. 

sis. In the given example, the analysis 
technique and the considerations will 
be addressed as well. 

Variables and signal analysis 
• Baseband signal: 
Given: x¡ are independent, discrete 

random variables with zero mean. Crest 
factor for a bounded, zero mean discrete 
random variable x can be defined as: 

maxílxl) 
C =- — , or in dB, 

a, 
20 log 10 (C)dB or 101ogio(C2 )dB 

where : 

°« = X<A(x‘). 

and x¡ are the discrete values x may 
exhibit and Pfx,) is the probability of 
x, occurring. 

• Crest factor of a sum of indepen¬ 
dent random variables: 
The signals in the I channel are used 

to develop the equations to determine 
the crest factor: 

For independent signals, it is well-
known that the power of the resulting 
signal is the sum of the individual sig¬ 
nal’s rms power. Thus: 

i-1 

and the peak level is the worst case 
situation of adding the peak of each 

Summing distributed signals 
Consider adding gain scaling to the 

signals being summed, again referring 
to Figure 1, with the a, independent 
identically distributed (i.i.d.). Let the 
crest factor of a, be Ca. And, a, is the 
signal i, an independent and zero 
mean, and g, is the scaling factor for 
the Ith signal. 

The xi have the identical crest factor 
as the ai, but each xi may have a differ¬ 
ent variance, ox,2. 

Next, look at determining the crest 
factor for the sum: 

y=Zx-=£^ 

Because the a, are identically distrib¬ 
uted, the previous results may be 
applied: 

.V 
max(|y|)= £max(jx,|)= 

N N 

£ |g,| max |a,| = max |a| £ |g,| 

The variance of y is given from before 
as: 

a>E{Y2}=E|[£(x.)J = £E{x.} 

N N N 

= E{a, }= £g,’a; 

= a.’£^' 

Therefore, Cf is given by: 
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67dB PSRR, Low-Crosstalk Voltage, and 45pVrms Noise Provide Flawless Transmission 
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♦ Thermal Overload Protection 
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(CiO. + CiGO2
’ SmCeOi + O2 

Ci = — and Pi = C1O1 
Oi 

and rearranging terms: 

CF = 11.8 dB; and signal 2, CF = 13.33 
dB. The peak crest factor is 15.64 dB 
when the ratio is 1.53 dB (13.33 - 11.8 
dB). 
By using mathematical induction, 

the condition for maximum crest factor 
when summing N signals can be found. 
The maximum crest factor for the sum 
of N signals with different crest factors 
occurs when the signals satisfy: 

o _ o, 
c~c 

Figure 5. Polyphase filter representation. 

The crest factor of the sum is multi¬ 
plied by an expansion factor that is a 
simple function of the gains. It is 
always greater than or equal to one. 

Worst-case signal combinations 
It is interesting (and handy) to deter¬ 

mine what set of gains produces the 
worst-case crest factor. First, consider a 
sum using two signals with different 
crest factors. What are the gain set¬ 
tings that will maximize the resulting 
signal’s crest factor? By using calculus 
to find maximum value of a function, 
the condition for maximum crest factor 
can be found using the following sum¬ 
ming equation: 

This analysis shows that the maximum 
crest factor for the sum of two signals 
occurs when: 

Ci Ci CTi O2 
— = — or — = — 
G2 C2 Ci C2 

When this condition is satisfied, the 
resulting crest factor is found to be: 

c/ = c.’+c.’ 
(Note the similarity to the root sum 
squares.) 

Figure 2 shows the crest factor of a 
sum of two signals as a function of their 
relative levels. The peak value occurs 
when the ratio of the rms levels equals 
the ratio of the crest factors, as dis¬ 
cussed above. It may also be observed 
that when the summed signal is made 
up primarily of one of the input signals, 
the crest factor approaches that signal’s 
crest factor, as would be expected. 
The crest factors used in the plot are 

two signals summed together: signal 1, 

for any i and j. Hence: 

C.J 

achieves equality when the signals sat¬ 
isfy the specified ratios. And the maxi¬ 
mum crest factor for the sum of N sig¬ 
nals, each with the same crest factor, 
occurs when all the gains are equal. In 
this case, the crest factor expansion is 
given by: 

Ei 
C, =C. - -

2 N2
=a —=c.n 

N 

Hence, the maximum crest factor for 
the sum of N i.i.d. signals, each with 
the same crest factor, is ^N, or (101og10 

N) greater than the crest factor of an 
individual signal. 

Baseband filtering 
Given an input signal stream y(n) 

where n is the time variable with the 
following characteristics: 
* Zero mean. 
* y(n) i.i.d. y(m), n^m. 
* Each y(n) has crest factor Cy. 

Figure 3 represents the baseband fil¬ 
ter model. Due to the independence of 
the successive y(k), the inputs to the fil¬ 
ter’s summer satisfy the conditions pre¬ 
viously used. Observe by inspection 
that: 

c/ = c2

Note that this expansion factor is close¬ 
ly related to the reciprocal of the equa¬ 
tion for the noise bandwidth, BN, of a 
low-pass digital filter: 
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WORLD’S LOWEST POWER LOW-
DROPOUT LINEAR REGULATORS 

OPERATE ON JUST 2pA! 
Reverse-Battery Protection Eliminates Blocking Diodes in Battery-Powered Apps 
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All Diagonal, CF = 1 Worst Case 
Levels 

Typical Trafile: Axial, CF=1.414 
IS-95 Setup Others: Diagonal. CF=1 

Worst Case 
Levels 

Typical 
IS 2000 
Setup Channel Level (dB) Le\ei ((IK) OiannH Level (dB) Level (dB) 

Pilot -10 Pilot -1204 -7 
Sync ■10 •h* Sync -1204 -16 
Pa sins -10 Paging -1204 -12 
Traffic 1 -10 -15 6 Trafficl (CF=1 414) -9 03 -15 6 
Traffic! -10 -15 6 Traffic! (CF=1 414) -9 03 -156 
Trafficî -10 -15 6 Traffics (CF=1 414) -9 03 -15.6 
Traffic4 -10 -15 6 Traffic4 (CF=1 414) -9 03 -15.6 
Traffics -10 .15 6 Traffic? (CF=1 414) -9.03 -15.6 
Trafficó -10 _]5 6 Trafficó (CF=1 414) -9 03 -15 6 

OCNS -10 .2 62 OCNS_ -1204 -2 62 

CF of different signals & components CF (dB) 
CF of different signals & components CF (dB) 

0 
Diagonal signals 0 - Axial signals 3 
Noise signal. yK 10 Noise signal. vu 10 
Noise signal after F2. 13.71 Noise signal after F2. ,rW2 13 71 
Filter Fl Expansion Factor 6.97 Filter Fl 6.97 
Filter F2 Expansion Factor 3.71 Filta F2 3.71 
Convolved Filter F12 Expansion Factor 7 22 Convolved Filta F12 

Location of detei mined CF CF(dB) CF(dB) Location of deteiinined CF CF(dB) CF(dB) 
961 8 89 Sum of signals. y„ io g 27 SUIW °t signals. y. 

Output of Filter Fl. rn 16.97 H Output of Filter FL yn 1658 15 86 

Output of Filter F2. . w/o noise 17.22 ! . Output of Filta F2. y„ . w/o noise 1683 1611 
17.44 16.25 

Sum of signal & noise, v. with — as shown 
1776 15 86 Sum of signal & noise, with —— as shown 

a 

Output of Filta F2. . w noise 18 55 
-3 12dS 

17.92 
Output of Filter F2. yn . w/ noise 1882 

^S.= -3 51¿5 
a»ni 

17.6 

a»n2 

Table 1. Crest factor at points within the topology. 

hi1

- T

However, the crest factor expansion 
factor uses the sum of the absolute val¬ 
ues of the filter’s coefficients, where the 
noise bandwidth uses the sum of the fil¬ 
ter’s coefficients. Hence, the crest factor 
expansion factor is always greater than 
the reciprocal noise bandwidth factor. 

Interpolation filters 
The effects on crest factor by interpo¬ 

lation filters may be analyzed as fol¬ 
lows: Start with a general form for an 
interpolating filter and transform it 
into a polyphase representation (see 
Figure 4). Then apply the previously 
developed crest factor analysis to the 
resulting filter topology. 
Given: 

DE-I 

H(z) has (DE) coefficients (may have to 
zero the pad to get an integer multiple 
of D). This interpolation filter can be 
transformed into a polyphase represen¬ 
tation as shown in Figure 5. 
Each branch of the polyphase filter 

uses coefficients from the original fil¬ 
ter in the following manner, e.g., the 
dth filter: 

E-l 

Hj(z)= ,z- =^hu>,dZ ‘ 

for d = 0 to D -1 

The input sequence y(k) has the same 
characteristics as the previous analysis. 
To determine the crest factor, the peak 
value is the maximum absolute value 
from among the branch filter outputs. 
The peak value is found by examining 
each path’s filter: Peak(/ = peak value of 
branch d. The maximum possible out¬ 
put value squared is then given by: 

max [(Peaéd j] = max max|y|’ 

And, the average output power (or vari¬ 
ance) is the average of the branch filter 
outputs given by: 

_ i-0 i«0 

Therefore, the crest factor is: 

C'y — L, - --

max 

The denominator is the summation of 
the coefficients squared of the filter 
H(z). The numerator will depend on 
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WORLD’S FIRST MEGABAUD, 1 pA 
RS-232 IC INTEGRATES ±15kV ESD 

PROTECTION ON ALL I/O PINS 
Ideal for Cell-Phone Data-Cable Applications 

+2.35V to +5.5V 
Supply Voltage 

±15kV ESD protection on 
all CMOS/TTL inputs and 
RS-232 I/O pins ensures 
data cables can be 
IEC 1000-4-2 compliant. 

±15kV ESD 10nA ±15kV ESD 

10nA shutdown supply current 
via AutoShutdown Plus™ 
saves battery life. 

ROUT 

ROUT' 

FORCE ON 

FORCE OFF 

INVALID 

TIN 

TIN 

TIN* 

Low-Voltage Logic 
Level Shifters 

Direct connection eliminates the 
need for level shifters. Logic levels 
compatible with +1 ,8V to +5.5V. 

i 
a 
S 

AutoShutdown 

1 

Í 
a 
5 

TOUT 

TOUT 

TOUT* <> 

TOUT-

TOUT* 

World's fastest 3V transceivers 
' with RS-232 compliant data at 
1Mbps or less. 

PART 
Vcc SUPPLY 

VOLTAGE (V) 

NO. OF 

Tx/Rx 

ESD PROTECTION ON 

RS-232 PINS (kV) 

ESD PROTECTION 

ON LOGIC PINS (kV) 

LOGIC VOLTAGE 

COMPATIBILITY 

DATA RATE 

(bps) 

TRUE RS-232 

COMPLIANCE 

SHUTDOWN 

SUPPLY CURRENT 

Auto-Shutdown 

Plus 

MAX3380E +2.35 to +5.5 2/2 ±15 ±15 
+1.8V, +2.5V, 
+3.3V, +5.0V 

460k 
Yes. 

Vcc > 3.1V 
1pA Yes 

MAX3381E +2.35 to +5.5 2/2 ±15 ±15 
+ 1.8V, +2.5V, 
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Figure 7. Special case 1: the diagonally aligned 
IQ constellation. 

how the polyphase filters’ coefficient 
magnitudes sum together. 

An example system 
This example is based on the IS-

2000 standard. It allows the summing 
of two sets of inputs, diagonally and 
axially aligned IS-2000 signals with 
different crest factors. The diagonal 
signals are so called because the com¬ 
plex I and Q signals result in a con¬ 
stellation at diagonal points in the IQ 
plane. This is illustrated below as spe¬ 
cial case 1. 

Special case 2 illustrates the axial 
signals. The axial signals result in a 
four-point constellation on the I and Q 
axes of the IQ plane. The I and Q com¬ 
ponents are not independent from one 
other, but each (I or Q) comprises 
independent streams of data. 
The summed IS-2000 signals are fil¬ 

tered with the IS-2000 baseband inter¬ 
polating filter. This output is summed 
with an AWGN signal with a subse¬ 
quent filter that sets the noise band¬ 
width and further interpolates the sig¬ 
nal. This system is used to produce the 
forward modulation signals for testing 
IS-2000 mobile phones. Figure 6 pre¬ 
sents only one-half of the baseband 
modulation signal (I or Q) because 
each half is processed separately and 
identically. 

Filter Fl (/f(z)4Î) (see Figure 6) is 
patterned after the one specified in IS-
2000, which sets the bandwidth of the 
IS-2000 forward channel signals and 
interpolates the data by a factor of 
four. Filter F2 (G(z)8Î) (see Figure 6) 
is used to set the bandwidth of the 
AWGN signal and interpolates the 
data by a factor of eight. This simpli¬ 
fies the reconstruction filter following 
the DACs that convert the digital 

Figure 8. Special case 2: the axially aligned IQ 
constellation. 

baseband I and Q signals to analog 
format. 
The noise signal employed is a 

truncated Gaussian amplitude distri¬ 
bution and i.i.d. with a crest factor of 
about 10 dB. Although this may 
appear low for a noise approximation, 
the effective crest factor of the noise is 
increased by the filtering applied. The 
mobile unit’s own receiver processing 
further increases the effective noise 
crest factor. All this allows for a noise 
source with a relatively low initial 
crest factor. 

I and Q alignment - special cases 
The IS-2000 signals have two align¬ 

ments for the I & Q signals, and they 
have different crest factors. 

• Special case 1: the diagonally 
aligned IQ constellation (see Figure 7). 
From this, it can be seen that the I 

(or Q) signal has the following charac¬ 
teristics: 

max (ja |)= 1 

oj = £ a2p(a) 
«>1 to A 

of = — (-1 / + — (0 )2 + i(+l)‘ = i 
4l 2k 4 7 2 

[max^l)]2 _ i _ 
C. - -y-2 

2 
Cf = 2» Cf 

The I and Q constituents for axial sig¬ 
nals have a 3 dB higher crest factor 
than that for diagonal signals. 

Unfortunately, the I and Q channels 
are not mutually independent. 
Whenever the I channel is non-zero, 
the Q channel is zero and vice-versa. 
This is only a consideration when the 
crest factor of the RF envelope signal is 
considered later. 
The crest factor of the signal as it 

progresses through the stages of the 
modulation path can be determined by 
examining the various signals sepa¬ 
rately and then combining them using 
the analysis technique previously 
developed. Figure 9 models the signal 
flow that is under examination. 

The solution steps 
From the definition of crest factor, 

peakx = Cxox, then: 

48 

0 = 8= 

and equally probable, thus max 

d&|)= l,o82 = 1, o8 = 1 => C,= 1, i = Ito J 

Also, the I and Q channels are indepen¬ 
dent (uncorrelated). 

• Special case 2: The axially aligned 
constellation (see Figure 8). 

Here, the I or Q components have 
the following characteristics: 

+1, pdf = 0.25 

a = 0, pdf = 0.5 

-1, pdf = 0.25 

Then, 

www.rfdesign.com 

Solve for crest factor at output of H(z) 

C/D ,D = 4 

Solve for crest factor at input of G(z) 

(C„a„ + C«Ov)2
Os =- :- ;— 

Solve for crest factor at output ofG(z) 
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2 (Co/izŒ/u + CuriGsrt) 

=  2 ; 
0sT12 + 0.VM 

Because the output of H(z) is no 
longer uncorrelated data, it cannot be 
used as the input to G(z) with the tech¬ 
nique previously presented here. The 
model of the circuit must be changed to 
combine the two filters for the IS-2000 
signals before summing with the noise 
after it has been filtered with G(z). 
Using the noble identities, the follow¬ 
ing transformation can be made to shift 
H(z) to the right of the 8x upsampler. 
Then Giz) is convolved with H(zP). This 
allows computing the crest factor of the 
IS-2000 signals at the output of G(z), 
(yaF12 >- After the noise signal is passed 
through, G(z) is available to add to the 
IS-2000 signal for the final crest factor 
calculation (see Figure 10). 

Example systems’ crest factors 
Table 1 illustrates what crest factors 

are encountered at various points in 
the topology for some different signal 
gain settings and signal types. First, 
the conditions for all diagonal signals 
are examined with the worst-case situ¬ 
ation, then a typical setup is used in IS-
95 (cdmaOne) testing. Second, the con¬ 
dition where some of the signals are 
axially aligned is examined, again with 
the worst-case situation. Then a typical 
setup is used in IS-2000 testing. 

All diagonal and typical IS-95 
The levels used for the worst-case 

situation satisfy the maximum crest 
factor criteria at the point the signals 
are summed together. This is shown 
by the different ratios 
o. 

Or. 

used in the two locations where the 
noise and signal are summed together, 
namely before and after Filter F2. The 

typical setup uses the same ratio, +1 dB, 
as is specified for several IS-98 tests. 

Diagonal, axial and typical IS-2000 
Note the levels used for the worst¬ 

case situation. They are adjusted to 
meet the max crest factor criteria; 
the ratio of levels equals the ratio of 
crest factors. Note also that the 
worst-case diagonally aligned signals 
have a larger crest factor than the 
worst case with six axially aligned 
among the 10 signals. However, the 
IS-2000 typical case with the axially 
aligned traffic signals has a slightly 
larger crest factor than the IS-95 sit¬ 
uation with the diagonally aligned 
traffic signals. 

Complex summation, translation to RF 
The crest factor of the baseband 

signals has been examined, so it is 
necessary to discuss the crest factor of 
the modulated RF signal. The RF sig¬ 
nal is modulated by using an IQ mod¬ 
ulator, where the baseband signals 
are applied to the I & Q inputs. To 
more easily examine this process, an 
equivalent model using complex rep¬ 
resentation is used. 

Referring to Figure 11: 

S(O=Z(O+JQ(O 

W(t)= Redije2“'*0’] 

First, find the average values: 

E {S(t^ y=E$(t)S(i)} 

= E {Z2 (t)+ Q2 (t)}= o,2 + o/ = 2o2

Note that the rotation by the com¬ 
plex exponential does not change the 
mean square value: 

= E <Y (t )) + (Y’(t )) + 2Y (Í ) Y’ (i )}-> 

E {Y (t)) }= 2E {e'““"”’ }E fS (t )) }= 0 

Similarly, 

E<Y(O) }=0 

Therefore, 

E^WiO^^iE^ioriO} 

= ÍE|Y(tf r Ç = 02

Now find the peak value: 

max [(^(O)] = max (Re (Y (T ))) ] 

= max^RecSfije2'"*0’)^ 

But the complex exponential has mag¬ 
nitude 1 and simply rotates the com¬ 
plex signal S(t) at frequency wc. So the 
maximum instantaneous squared value 
of the output occurs when the maxi¬ 
mum magnitude amplitude of the sig¬ 
nal occurs and the complex exponential 
has simultaneously rotated it to be 
along the real axis. This yields: 

max [(^(0)] = max! ¡S'(Z 

= max[Z2(t)+Q2(i)] 

If Z(i) and Q(t) are independent: 

max[Z2(t)+Q2(t)] = max[Z2(t)] 

+ max[Q2(t)] 

C 2 max[r(0] 

o2

Therefore: 

max[Za(i)] = Ci’oJ

and: 

max[Q2(t)] = C«2o2
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maskable and has a corresponding status bit to support 
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Envelope crest factor 
To determine the envelope crest fac¬ 

tor, first determine the power of a sinu¬ 
soidal signal that has the same peak 
voltage as the modulated signal’s peak 
voltage. This value is then divided by 
the average power of the modulated 
signal. The result is defined as the 
translated signal’s envelope crest fac¬ 
tor. (Envelope Cw equals the power of 
the sinewave with the peak value of the 
modulated signal divided by the aver¬ 
age power of the modulated signal.), or: 

Figure 10. Crest signal modulation path flow: G(z) convolved with Hf?). 

Peak crest factor 
Next the peak crest factor for the RF 
signal, W(i), is addressed: 

Peak C.2 = 
max|>(O\ 

C'a2 +C.V 2 . 2 2
=- -- = 2C, (since C, = C« ) 

This is the ratio of the instantaneous 
peak voltage squared to the average 
output power, but for translated signals 
(IF or RF) it is customary to consider 
the crest factor for the envelope signal. 
Because most RF devices are character¬ 
ized with sinusoidal signals at either 
specified or measured power levels, 
having the crest factor as a function of 
a sinusoidal signal’s power level is 
more appropriate. 

C.2 = 

max(]W|) 

72 

1 2 
-max^W) ) 

_ . 
a»2

|(2C2)=C,2

Thus, the envelope crest factor of the RF 
signal is the same as the crest factor of the 
baseband quadrature components when 
the I and Q channels are uncorrelated. 

Continued on page 54 

EMFMEIHB 
Holaday has the answers ... 
We can meet your needs in ELF/VLF/RF/Microwave measurement and 
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From DC 
to 40 GHz, 
Holaday 
manufactures 
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personal monitors 
for accurate evaluation of RF 
exposure and emission. 
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LOW PULLING 
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Pulling: less than 0.5 MHz 
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Correlated signals 
What happens when the signals are 

correlated? Consider when I and Q are 
the same — perfectly correlated. 
Repeating the analysis yields the 
same result. The envelope crest factor 
is the same as the crest factor of I(t) 
(and Q(t)). In general, it is asserted 
that the envelope crest factor is never 
greater than the crest factor of the 
individual I and Q components. 
However, there are signals with an 
envelope crest factor less than the con¬ 
stituent I, Q crest factors. 
A prime example of this is the axially 

aligned signal. Recall that the I and Q 
components have a crest factor of ̂ 2 (or 
3 dB). However, this signal is just a 45° 
rotation of the diagonally aligned signal 
that has a crest factor of 1. By inspec¬ 
tion, the envelope crest factor of this 
signal is 1, while its I and Q crest fac¬ 
tors are V2 . Hence, the envelope crest 
factor is 3 dB lower than that of the I 
(or Q) crest factor. This occurs because, 
when the I channel has a non-zero 
value, the Q channel value is zero and 
vice-versa. While it has not been 
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design service 
ProE, AutoCAD, Solid Works 
Dedicated sales and 
engineering team with 
an answer in one call 

Phone: 813.855.6921 • Fax: 813.855.3291 
E-mail: sales@leadertechinc.com 
Website: www.leadertechinc.com 

The Total Shielding Solutions Company 

LEflDEO 
TECH |í(f¿ 
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proven, it is believed that these cases 
set the extremes, i.e., the envelope 
crest factor is never greater, nor 3 dB 
less, than the I (and Q) channel’s 
crest factor. 

Conclusion 
It has been shown how to determine 

the worst-case crest factor for a signal 
formed by summing multiple indepen¬ 

dent and uncorrelated signals with 
arbitrary crest factors and gains. This 
is useful in determining the dynamic 
range necessary at any point in the dig¬ 
ital signal processing data path. 
The examination has included how 

to deal with digital filtering and inter¬ 
polation along with crest factor and 
gain effects. The examples that were 
given show how the crest factor for a 

Johanson High Frequency 
Multilayer Ceramic Inductors 

composite signal increases substantial¬ 
ly when several signals are summed 
together over the crest factor of one of 
the input signals. The worst-case situa¬ 
tion has also been identified to allow 
the designer knowledge of how much 
range is required to be assured that the 
signal is never limited. Finally, the 
translation to an IF or RF signal was 
discussed, showing the crest factor for 
the envelope signal is generally the 
same as the baseband signals’ crest fac¬ 
tor. There are some instances where 
the crest factor can be as much as 3 dB 
less, but this is unusual. 
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HE cover story 

Securing wireless 
communications 

Cryptography - today's hot topic 
for wireless network users. 

By Paul Lesso, PhD 

message) into cipher text (an unreadable mes¬ 
sage). Cryptography has a long and ancient histo¬ 
ry, starting in ancient Roman times. One of the 
earliest ciphers used was the so-called Caesar 
code, which simply replaced a letter in the alpha¬ 
bet with another letter, shifting a set number of 
letters along the alphabet. For this code, an A 
becomes a D, a B becomes an E and so on. For 
shifted code, the alphabet reads as follows: 

Plain text: ABCDEFGH1JKLMNOPQ 
RSTUVWXYZ 

shifted text: DEFGHIJKLMNOPQRS 
TUVWXYZABC 
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As wireless devices pervade deeper into our 
lives, it becomes increasingly important to 

maintain security. For example, the wired equiv¬ 
alent privacy protocol (WEP) used with 802.11b 
(the IEEE standard for wireless LANs) was 
recently shown to be easily broken. Such a secu¬ 
rity breach is a wake-up call to the wireless 
industry to implement effective secret communi¬ 
cations. Cryptography is an ideal candidate. 

Cryptography - past, present and future 
Cryptography can be used in either software or 

hardware, but as bandwidth increases and the 
need for embedded encryption develops, hard¬ 
ware-based cryptography is preferred. 

Cryptography, in Greek, literally means “hidden 
writing,” or the art of changing plain text (the 

Can wireless communications be secure? The key is cryptography. 

www.rfdesign.com 

The basic crypto tools 
While modern cryptography is a vast and com¬ 

plicated field, the basics of are easy to under¬ 
stand. Cryptography includes four commonly 
used tools: a cipher, a key exchange mechanism, 
a hashing core and a random-number generator. 

• Cipher 
Ciphers are what most people think of when 

they hear the word cryptography. Given a known 
key, a cipher can either encrypt (turn plain text 
into cipher text) or decrypt (turn cipher text into 
plain text). The security of the system lies in the 
key being kept secret — only someone with the 
key can decode the message. Because the same 
key is used to encrypt and decrypt, this form of 
encryption is known as symmetric encryption. 

Ciphers come in two types: block and stream. 
Block ciphers operate on a block of plain text to 
produce a block of cipher text, whereas stream 
ciphers produce an output that is logically exclu-
sive-ored with the plain text to produce cipher 
text. Most modern cryptography is based around 
block ciphers for two reasons: more analysis into 
the design of block ciphers has been carried out, 
and block ciphers can be modified for use as a 
stream cipher if needed. 

• Key exchange mechanism 
To use the ciphers described above, the people 

sending the messages must agree on the key to 
be used with the cipher. However, if the people 
wishing to communicate have no secure lines to 
send the keys over, it is a seemingly impossible 
task to use cryptography securely. This was an 
insurmountable problem in cryptography for a 
long time. The problem was first overcome via 
the Diffie-Hellman algorithm, which allowed 
users to exchange keys over an insecure line 
using modular exponentiation1. An example 
Diffie-Hellman key is shown in Table 1. 

Users agree on a generator, g, and a modulus n 
(which can be made public). 
An eavesdropper can intercept Ia and lb, but to 

calculate the key K from these two numbers rep¬ 
resents a substantial computational task. 
The Diffie-Hellman algorithm was a major step 
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Hash 
decrypted 
with Bob's 
public key 

Block diagram of typical encryption flow. 

forward for cryptography; it had not been 
possible to agree on a key over insecure 
lines without an eavesdropper being able 
to determine the key. However, this key 
exchange had to be performed for every 
two users on the net. 

Stepping up the food chain 
The next major step was the devel¬ 

opment of the RSA algorithm from 
RSA Security. For this algorithm, 
each user had a public and a private 
key. The public and private keys were 
mathematically related and a mes¬ 
sage enciphered using a public key 
could only be deciphered using the 
associated private key. The security 
of the system relied on the private 
key being kept secret so the public 
key could be freely distributed. 

Public key cryptography is also 
known as asymmetric encryption 
because one key is used to encrypt the 
data and another is used to decrypt 
the data. Most real cryptography sys¬ 
tems are hybrid systems, i.e. they use 
both symmetric and asymmetric 
encryption. Asymmetric encryption is 
used to exchange the key used for 
asymmetric encryption, and the bulk 
of the data is sent using symmetric 

encryption algorithms. This is because 
symmetric algorithms (such as defense 
encryption standards (DES)) are much 
faster than asymmetric algorithms 
(such as RSA). 

Hashing - the digital fingerprint 
A hash is a one-way function that 

can be used to create a digital “finger¬ 
print” of data. This fingerprint is a 
number that is similar to a checksum 
for the data. If the file is modified in 
any way, then the hash value will 
also change. 
Commonly used hash functions 

include SHA-1, which creates a 160-
bit hash of a message of any size. 
These functions are used to create a 
checksum that can be recalculated 
later to ensure that the data have not 
been modified. If the file has been 
modified, then the calculated hash 
will be different. In cryptography, 
hash functions are used (as detailed 
below) for authentication. 

Random number generator 
Random numbers are used in cryp¬ 

tography for the keys used to encrypt 
data. If it is possible to guess the ran¬ 
dom numbers being used, then it is pos¬ 

sible to guess at the keys being used for 
encryption. Creating truly random 
numbers is an incredibly difficult task. 
Due to the difficult nature of generat¬ 
ing random numbers, a pseudo-random 
number generator (PRNG) is used. The 
PRNG generates a series of numbers 
that should be indistinguishable from a 
sequence of random numbers. 

Several techniques are used to gen¬ 
erate random numbers. They range 
from the simple linear feedback shift 
registers (LFSR), which are a series 
of flip-flops and XOR gates, to the 
complex Blum-Blum-Shub PRNG, 
which uses prime numbers and modu¬ 
lar arithmetic. Most PRNGs use an 
initial seed, which should come from 
a physical source, such as hard-drive 
latency or PLL jitter. 

Example cryptographic transaction 
When a message is sent, there are 

two objectives. First, it is important to 
ensure the message can only be read 
by the intended recipient. It is also 
important to ensure that the message 
has not been altered in any way. 

For example, user A can send a 
message to user B by encrypting the 
message using user B’s public key. 
Only user B can decrypt this message 
even if other users receive it. However, 
user A also wants to ensure that the 
message is not modified en-route. 
Authentication allows user B to be cer¬ 
tain that user A sent the message and 
that is has not been modified. To 
authenticate the message, user A 
must hash his plain text message and 
then encrypt this hash using his pri¬ 
vate key. This seemingly illogical step 
allows user B to verify that user A did 
send the message. If user B can 
decrypt the hash using user A’s public 
key, then it was encrypted using user 
A’s private key, which only he has. 
User A then sends his privately 

encrypted hash and publicly encrypt¬ 
ed message to user B. On receipt, 
user B can then decrypt the message 
using his private key and regenerate 
the message hash. They can also 
decrypt the encrypted hash using 
user A’s public key, then compare the 
two hash values. This authenticates 
that user B sent the message and 
confirms the integrity of the message. 

Cryptography and wireless 
For wire-based networks, physical 

security was often adequate. A wire run¬ 
ning from points A to B would be good 
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User 1 User 2 
Generate random # A 

Calculate la = g * A mod n 
Transmit la

Calculate Ka= lb* A mod n 

Generate random # B 
Calculate lb = g * B mod n 

Transmit lb 
Calculate Ka = lb * A mod n 

(K=Ka = Kb = g* (A*B) mod n) 
Table 1. How the Diffie-Hellman key works. 

enough to defeat eavesdroppers, and 
cryptography would be added if it was 
felt that anybody else had access to that 
wire. However, for wireless applications 
where data are beamed, it is difficult to 
ensure that only the intended recipient 
receives the data. For many cases, it 
does not matter — if you are just playing 
a wireless game between two telephones, 
who cares if other people can intercept 
the data? However, if you are beaming 
sensitive documents or carrying out per¬ 
sonal conversations, the situation is dif¬ 
ferent — especially with the merging of 
3G and e-commerce. Nobody would walk 
down the street handing out their credit 
card details to complete strangers. But, 
without cryptography, that is essentially 
what would happen within e-commerce 
and wireless networks. Thankfully, the 
situation is not that bad — many differ¬ 
ent cryptographic protocols are used in 
conjunction with wireless networks to 
preserve users’ privacy. 

WEP security analysis 
A paper was recently published 

detailing an attack against the Wired 
Equivalent Privacy protocol2. The 
protocol is part of the official 802.11b 
standard and is used to ensure that 
data can be sent securely at any 
speed. This protocol used the propri¬ 
etary RC4 cipher developed by Ron 
Rivest (the R in RSA) in 1987. RC4 is 
a widely used stream cipher that con¬ 
sists of two parts: a key scheduling 
algorithm and a pseudo-random num¬ 
ber generator. Due to its simplicity 
and perceived security, RC4 has 
become a popular cipher. 
The paper by Flurhrer, Mantin and 

Shamir details two weaknesses in RC4: 
A series of weak keys in which a small 
part of the key affects a large number of 
bits in the output, and a flaw in the key¬ 
scheduling algorithm. For 802.11b, the 
key used was fixed, and there was an 
attack allowing a determined user to get 
access to the data using nothing more 
than a desktop computer with an 802.11 
card. The attack exploited the fact that a 
fixed, secret key was used. The time to 
bypass the encryption grows linearly, 
rather than exponentially, with key size. 

While this attack is not the end for 
RC4-based protocols, it does raise 
awareness of security issues and the 
shortcomings of WEP. For some 
users, enough security to stop casual 
eavesdroppers is sufficient. However, 
for secure traffic, another cipher will 
have to be used. 

This has led to this question: If RC4 
can be easily broken, which ciphers 
currently cannot and will not be 
breakable for the foreseeable future? 
One answer comes from the National 
Institute of Standards and Technology 
(NIST), the federal standards body 
that was responsible for the Data 
Encryption Standard (DES), the most 
widely used cipher in the world. 

DES vs. AES 
Currently, the federal standard for 

encryption is DES. IBM originally 
designed DES in 1974. It was based 
on a cipher called LUCIFER, which 
was written by Horst Feistel, who 
designed the general cipher models 
around which DES is based. DES was 
designed to be implemented in hard¬ 
ware and does not have the strength 
needed by modern cryptography. 
Triple DES (TDES) was introduced to 
solve the problem of the small key 
size, but the implementation was still 
mainly suitable for hardware. 

It is now 27 years later, and NIST 
has identified the requirement for a 
new cryptography algorithm to 
replace DES. Requests for algorithms 
were tendered and five algorithms 
made it to the last round. Of the 
finalists, a cipher developed by a 
European team called Rijndael was 
selected to become the new federal 
standard, known as the Advanced 
Encryption Standard (AES). Several 
of the requirements that this stan¬ 
dard had to fulfill were: 

• It has be suitable for implemen¬ 
tation in software or hardware. 

• It has to have provision for use 
with larger key sizes. 

• It has be suitable for high band¬ 
width networks. 

In keeping with most modern algo¬ 
rithms, the algorithm picked for AES 

is a block cipher. The cipher operates 
128-bit blocks of data, encrypting or 
decrypting with either 128, 192 or 
256-bit keys. Key size is a good way 
to estimate the security of a system 
— each bit doubles the amount of 
work needed to brute-guess each of 
the keys. If a computer could perform 
a billion decrypts a second, it 
would take 10 66 years (or 
10,000,000,000,000,000,000,0000,000, 
000,000,000,000,000,000,000,000,000, 
000,000,000 years) to exhaustively test 
each 256-bit key and every possibility. 

So, why will DES (the current stan¬ 
dard) be replaced by AES? The answer 
is not a simple one. There is a need for 
a faster algorithm with a larger key 
size, as DES can no longer be consid¬ 
ered completely secure. In 1999, a 
$250,000 machine made by the EFF 
managed to break DES encryption in 
less than four days. However, that 
machine would still take roughly 1031 

years to exhaustively test each TDES 
key. To put those numbers into con¬ 
text, the age of the universe is esti¬ 
mated to be 1010 years, so that is a bil¬ 
lion, billion, billion, billion, billion, bil¬ 
lion, billion times longer than the ages 
of the universe. DES and hence, TDES 
have been heavily analyzed, and in 
more than 25 years, no flaws have 
been found in the design. This means 
the algorithm is well-respected and 
trusted. DES’ only weakness comes 
from its small key size, not from any 
flaws in the algorithm. 

If it isn’t broken, why fix it? 
The main reason to change to AES 

is the need for a faster, more secure 
algorithm that is equally suited to 
software and hardware implementa¬ 
tion. As broadband networks take off, 
it can be estimated that a high-end 
hardware AES solution should be 
able to encrypt 25 Gb/s of data. 
Conversely, a small, low-power hard¬ 
ware AES solution should be able to 
encrypt data at 290 Mb/s. The crypto¬ 
graphic community has extensively 
examined the AES algorithm, and no 
flaws have been discovered in the 
algorithm. However, the algorithm 
has only been analyzed for more than 
a year and has not received the large 
amount of cryptographic analysis and 
trust that DES has. 
AES has yet to be fully ratified by 

NIST, but this should happen in the 
next few months. The draft specifica¬ 
tion documents are available, and it 
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is unlikely that there will be any 
major modification to the algorithm. 
The only obvious change in the future 
might introduce the use of keys of dif¬ 
ferent length. 

A final word 
The cryptography for wireless net¬ 

works should be adequate to prevent 
casual eavesdroppers from overhear¬ 
ing conversations and determined 
hackers from getting your bank 
details. The cryptography solution 
must be transparent to the end user. 
Users will not be satisfied by a cryp¬ 
tography solution that results in a 
dramatic drop in performance. AES is 
coming and should be fully ratified by 
NIST in the near future. As the 
“wireless revolution” continues, the 
demand for cryptography will contin¬ 
ue to rise. 

Rf 
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RF software 

Integration design-
the heat is on for 
systems on a chip 

A design methodology for efficient 
implementation of complex 
DSP algorithms in FPGAs 

By Johannes Steensma 

Feature-rich, application-pervasive modern elec¬ 
tronics increasingly require some form of digi¬ 

tal signal processing. Today, mobile phones, hear¬ 
ing aids, Internet telephones, medical imaging 
systems, voice-activated appliances and toys, tele¬ 
visions, video recording and audio systems are 
heavily DSP-based. 

Simultaneously, the heat is on to make these sys¬ 
tems ever smaller, frequently integrating the entire 
system functionality on a single piece of silicon, or 
system-on-a-chip (SoC). After all, nobody wants a 
hearing aid the size of a Palm Pilot. 

Let’s talk digital signal processing 
DSPs take analog data, convert it to a digital for¬ 

mat, process it, filter it, packetize it and/or transmit 
it, and then turn it back into an analog format for 
human consumption. They do so by using complex 
algorithms. Moving these complex DSP algorithms 
into SoC requires new design methodologies that 
are just beginning to emerge. 

Most SoCs are implemented in custom applica-
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tion-specific integrated circuits (ASICs). However, 
with the advent of large system-level field-pro¬ 
grammable gate arrays (FPGAs), SoC designs are 
also making their way into FPGAs. Putting a sys¬ 
tem on an ASIC is a challenging proposition. 
Putting one on an FPGA is more challenging 
because of the structure of FPGA architectures. 

Form factors and functions 
A design optimized for an FPGA is generally dif¬ 

ferent from that which would be used in an ASIC. 
This is because the two types of devices are struc¬ 
tured differently. In contrast to gate arrays that 
have a single gate as the basic logic unit, FPGAs 
have the equivalent of 20 to 40 ASIC gates per logic 
unit, each typically containing a four-input look-up 
table (LUT), carry logic, muxes and a flip-flop (reg¬ 
ister). Newer FPGA architectures also have blocks 
of random access memory (RAM) distributed 
throughout the array or located on the periphery of 
the device. Although FPGA logic units can be used 
to implement memory, doing so is usually silicon¬ 
inefficient and expensive. As a result, it is impor¬ 
tant to achieve the most efficient use of the on-
FPGA memory. Sadly, most FPGA design and logic 
synthesis tools provide little or no support for the 
embedded static RAM (SRAM) blocks. Until now, 
they have had to be designed-in manually, taking a 
lot of extra time and effort. 

From algorithm to RT level 
Virtually all DSP-based system designs are 

developed purely as software in some variation of 
the C-language, using floating-point math and com¬ 
mercially available design tools. These programs 
are initially developed, executed and debugged 
using fast PCs or DSP processors. However, DSP 
processors are large, expensive and power-consum¬ 
ing. Eventually, these designs must be implement¬ 
ed in hardware, frequently with the objective of 
shrinking them into a single high-performance IC 
that consumes as little power as possible. 

Unfortunately, while software is written in C, 
hardware designs are written in hardware descrip¬ 
tion languages such as Verilog and VHDL. 
Historically, the design methodology for implement¬ 
ing a C-language DSP algorithm in hardware has 
been to manually re-render the algorithm in a 
fixed-point format and then manually rewrite it 
again in a register-transfer (RT) level hardware 
description language. This is a daunting task that 
can take weeks or months. What’s more, because 
the architecture of the hardware design is explicit 
in any RT-level description, this methodology does 
not allow the designer to explore alternative hard¬ 
ware architectures to ensure that the hardware 
design is optimal for the particular application (e.g. 
low-power, high-performance). 
When FPGAs are the silicon medium, the 

design challenge becomes greater because the 
logic structures are fixed and the available on-chip 
memory is limited. 

Continued on page 70 
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Enter architectural synthesis 
A new class of EDA tools has been 

introduced in the past year that helps 
designers define hardware architec¬ 
tures for FPGAs and ASICs from 
SystemC or the American National 
Standards Institute- (ANSI) C software. 
Such software provides the designer 
with complete control of the process and 
can specify which resources will be used 

to execute the DSP programs. These 
can include arithmetic logic units 
(ALUs), multipliers, adders, RAM, 
ROM, registers and special custom 
resources that execute entire algo¬ 
rithms (e.g. fast-Fourier FFT or discrete 
cosine transforms - DCT) in a single 
clock cycle. When the optimum architec¬ 
ture is found, the tool automatically 
generates the RT-level Verilog or 
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VHDL. However, the original design 
remains in the C-language so it may be 
re-used and its hardware architecture 
re-optimized for other applications. 

For example, a high-performance 
hardware architecture can be created 
from a C-language Viterbi algorithm 
for a high-speed satellite application. 
Then, without any modification, the 
same C-language Viterbi algorithm can 
be re-rendered in a low-power architec¬ 
ture for a mobile phone. The C-lan¬ 
guage algorithm never changes; only 
the hardware architecture does. 
A technique called dataflow analysis 

is used during architectural synthesis 
to automatically identify and exploit 
data dependencies in the code. 
Operations are assigned to the data¬ 
path resources to maximize paral¬ 
lelism in the hardware design. The 
architectural synthesis tool then gen¬ 
erates a hardware architecture that 
includes a very long instruction word 
(VLIW) controller and datapath 
resources, and schedules the algorith¬ 
mic operations on the hardware 
resources. The designer may modify 
the architecture, scheduling or 
resource allocation at will. Once the 
designer is satisfied, the tool automat¬ 
ically generates the RT-level Verilog 
or VHDL hardware description. 

In contrast to HDL-based designs, 
which can take weeks or months for a 
single iteration, C-language-based 
design can be iterated in as little as a 
few minutes using architectural syn¬ 
thesis . Because design iterations are so 
fast, designers have the freedom to 
explore and analyze many architec¬ 
tures to achieve an optimized design. 

Putting DSP algorithms in FPGAs 
DSP algorithms have several charac¬ 

teristics that affect their implementa¬ 
tion in hardware, and especially in 
FPGAs. First, they are computationally 
intensive and require lots of registers. 
Second, they tend to use non-standard 
word widths (e.g. 13 or 33 bits) that fre¬ 
quently do not fit in the fixed memory 
architectures of on-FPGA SRAM (e.g. 8, 
16, 32 bits). Third, because they must 
perform repetitive calculations on sam¬ 
ples or frames in real-time, they 
demand high processing throughput. If 
the processing of the first sample or 
frame is not completed in time, the 
next one will be lost. Finally, DSP algo¬ 
rithms must often store the results of 
one frame or sample for comparison to 
the next frame or sample. Because 
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FPGAs have limited memory, these 
storage requirements can force the use 
of external, and slower, off-chip memo¬ 
ry. As a result, on-FPGA memory is at 
a premium and needs to be conserved 
whenever possible. These characteris¬ 
tics mandate special design techniques 
and tools for FPGA implementations. 

The nature of DSPs 
The computationally intensive 

nature of DSP algorithms means they 
rely heavily on the use of registers to 
store intermediate values. In fact, 
every datapath resource (ALU, multi¬ 
plier) in a DSP-like architecture is like¬ 
ly to have at least one register file asso¬ 
ciated with it. Implementing a one-bit 
register in a gate array takes about 
eight or nine gates. PGAs, however, 
have pre-defined flip-flops included in 
their high-level logic units. Many 
devices have one flip-flop per logic cell 
(LC) or logic element (LE). Registers 
that are larger than one-bit can be built 
by chaining together several logic units. 

If the registers are specified in the 
HDL description as registers, the logic 

synthesis tool will synthesize them 
directly into the registers in the logic 
units on the FPGA. For example, a 
16 X 16 multiplication will need two 16-
bit registers to store the left and the 
right operands. Each 16-bit register can 
be created by chaining together 16 LCs 
or LEs and using the flip-flop in each 
logic unit to store one bit of the 16-bit 
words. This solution requires 32 logic 
units to store the multiplication. 
However, this can be an expensive solu¬ 
tion because, in most cases the logic 
resources are no longer available for 
logic operations. In other words, using 
logic elements just for their register can 
waste valuable logic resources. 
A more efficient means of implement¬ 

ing the 16-bit registers is to use a single 
LUT for each one. Because each LUT 
can be configured as a 16-bit RAM, a 
single LUT can be used to store each 16-
bit operand. Depending on the software, 
it can evaluate the number and size of 
the required registers in the design and 
optimizes their implementation between 
built-in and LUT RAM registers. In this 
example, the software reduces the num¬ 

ber of LUTs required for the two 16-bit 
registers from 32 logic units to only two 
logic units - a 93% improvement. 

Implementing the register in this 
way can waste all the other resources 
in the logic element (e.g. the LUT, 
carry logic and muxes). Because an 
FPGA logic element contains the equiv¬ 
alent of between 25 and 40 gates, at 
least 15 equivalent gates of logic 
resources can be wasted if the registers 
in the FPGA logic units are used to 
implement registers in the design. 
Again, depending on the software, this 
use of LUT RAM for registers, when 
appropriate, can be automated. 

For the utmost in efficient design, 
the latest generation of software has 
tools that look at all the register files in 
the hardware architecture and opti¬ 
mizes their implementation in the LUT 
RAMs and/or logic unit registers. For 
example, A | RT’s 3GPP turbocoder IP 
core in has 1,504 one-bit registers. If 
these one-bit registers were specified as 
such in the HDL description of the 
design, it would require 94 VitrexII 
slices just for the implementation of the 
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registers, plus about 4,700 additional 
slices to implement the datapath logic 
and microcode ROM. The coder 
requires only 3,071 slices and 16 block 
RAMS in an XCV400E. 

Non-standard word widths 
DSP algorithms are typically devel¬ 

oped using floating-point math because 
it is infinitely accurate. However, when 
the algorithms are implemented in 
hardware, they are converted to a 
fixed-point representation to conserve 
silicon. Because every bit in every word 
takes up silicon, the fixed-point words 
are kept as small as possible. 
The words must also be wide 

enough, with enough precision to 
achieve the behavior of the floating¬ 
point algorithm within the specified 
dynamic range and signal-to-noise 
ratio. The smallest possible fixed-point 
word width that has enough bits to 
provide an accurate result may not be 
a standard eight, 16 or 32 bits wide. 
The fixed-point words could be any 
width, 23, 17, or 51 bits. Depending on 
what is required at any point in the 

execution of the algorithm, the word 
width may change within the same 
algorithm. Using a non-standard word 
width to perform the arithmetic will 
result in a variable value that must be 
stored in a non-standard word width. 

Storing variables with unusual 
word-widths is not a problem in an 
ASIC because the designer has com¬ 
plete flexibility to configure the silicon 
any way he likes. In an FPGA, howev¬ 
er, the on-chip memory is configured in 
fixed standard widths of one, two, four, 
eight, 16, or, in some cases, 32 bits, 
that are implemented in discrete 
blocks of 4096 bits or 2048 bits, 
depending on the software. Storing 
words that do not fall within these 
standard architectures can result in a 
less-than-optimal use of the FPGA 
memory. In fact, it can be wasteful. 

Example A 
Suppose a designer specifies a 33-bit¬ 

wide word in the HDL description. 
Because the widest possible word in 
either a particular FPGA is only 32 bits 
wide, a 33-bit word won’t fit in a single 

ESB or Block RAM. The default solution 
would use two 32-bit wide SRAM blocks, 
with the first 32 bits of each word stored 
in the first RAM block, and the 33rd bit 
of each word stored in the other RAM 
block. For every 33-bit word that is 
stored that way, 31 bits of memory are 
wasted — an expensive proposition. 
A more efficient option is to use a 

combination of LUT RAM and Block 
RAM or ESBs to store the words. 
Because FPGA LUTs can be configured 
as SRAM with 16 one-bit words each, a 
LUT RAM can be used to store the 33rd 

bit of each word. 
Although designers can and do con¬ 

figure FPGA memory manually to 
achieve a better result, the process 
can be time-consuming — and the 
result can be less than perfect. Again, 
software that automates the process 
by searching the code for the various 
words to be stored, and computing an 
optimized combination of LUT RAM 
and larger RAM blocks to minimize 
the amount of memory used offers the 
most efficiency. 

Continued on page 76 
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Example B 
In this example, the tool would con¬ 

figure the memory to store the first 32 
bits of the 33-bit word in a 32-bit wide 
block of RAM and store the 33rd bit in 
a LUT RAM. In this case, such soft¬ 
ware would reduce the required 
amount of RAM by nearly 50% from the 
worst-case implementation. This fea¬ 
ture is particularly important in algo¬ 
rithms that must store massive 
amounts of data, such as adaptive dif¬ 
ferential pulse code modulation 
(ADPCM) or speech recognition. 

Repetitive calculations 
DSP designs are packed with multi¬ 

ple algorithms, such as FFTs butterflies 
or DCTs, that must be executed thou¬ 
sands of times a second. Parallelizing 
these operations is mandatory to 
achieve the required throughput in any 
implementation. With a maximum real¬ 
istic clock of 80 MHz, FPGAs are much 
slower than 200 MHz ASICs or 400 
MHz DSP processors and throughput 
becomes even more critical. A speech 
recognition algorithm that requires 90% 

of a 500 MHz Pentium III will require 
massive parallelization to execute in 
even the fastest FPGA. 
Architectural synthesis allows 

designers to achieve the highest level 
of parallelism by letting them create 
special resources, based on complex C-
code algorithms or super instructions, 
(e.g. FFTs or DCTs), that execute in a 
single or a few clock cycles. For exam¬ 
ple, an FFT butterfly that requires 
two multiplications, an add and an 
accumulation would take at least four 
clock cycles to complete using conven¬ 
tional ALUs, multipliers and registers. 
By creating a special resource from a 
super instruction that includes the 
two multiplications, the addition and 
the accumulation, the butterfly FFT 
can be executed in a single cycle 
instead of four. Software is now avail¬ 
able that automates the creation of 
these single-cycle, multiple-instruction 
resources at the designer’s request. It 
then automatically searches the C-
code for any instance of the super 
instruction and instantiates the spe¬ 
cial resource to execute that code seg¬ 

ment in just one clock cycle. Much 
larger super instructions can also be 
implemented in single-cycle special 
resources, using modern software. 

Freeing up FPGA memory usage 
The implementation of any algo¬ 

rithm in hardware requires that a con¬ 
troller and microcode be created to 
schedule the execution of the datapath 
operations on the hardware resources. 
The microcode can become long in com¬ 
plex designs, taking up a substantial 
amount of the FPGA’s limited memory 
resources. At the same time, certain 
algorithms that must compare the 
value of the previous sample to the 
value of the current sample can require 
substantial amounts of memory to store 
the data. Because on-FPGA memory is 
limited, conserving memory can be 
paramount. If there is not sufficient on-
chip RAM, an external memory will be 
required that will degrade performance 
and increase board size, power con¬ 
sumption and system costs. Minimizing 
the storage requirement for the microc¬ 
ode can make the difference between a 
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single-chip FPGA solution or a solution 
with external memory. 

Fortunately, the LUT architecture of 
FPGAs can be exploited to reduce the 
total memory requirements for microc¬ 
ode storage. Frequently, there is 
enough overlap within the instructions 
that not all the bits are required to 
identify them. For example, in a design 
with 13-bit instructions, it may be pos¬ 
sible to identify each unique instruction 
using just four of the bits. In this situa¬ 
tion, the code can be stored as four-bit 
words and then decoded prior to execu¬ 
tion using the FPGA LUTs. One LUT is 
used to decode each of the bits in the 
original instruction word. 
The memory savings can be signifi¬ 

cant. In a complex design, the microc¬ 
ode can be as long as 5,000 lines. In the 
hypothetical example with the 13-bit 
instructions, 5,000 lines of code would 
require 65,000 bits of SRAM for stor¬ 
age. That is the equivalent 16 of the 
block RAMs in a Virtex, or 32 of the 
ESBs in an Altera APEX. By using 
LUTs to create small decoders, and 
storing the instructions in four bits of 

memory each, the required memory can 
be reduced to only 20,000 bits, plus 13 
LUTs, a 70% reduction in the memory 
required for the code. 

Conclusion 
Implementing DSP software in hard¬ 

ware can be a daunting task. The pre¬ 
defined logic structures, fixed memory 
architecture, limited on-chip memory 
and slow throughput of FPGAs make 
this task even more difficult when an 
FPGA is the target medium. 

Architectural synthesis tools can 
substantially improve the silicon effi¬ 
ciency of SoC implementations by 
automating and optimizing the configu¬ 
ration of register files and on-FPGA 
memory. These tools can also achieve 
high levels of throughput required of 
DSP applications by helping the 
designer introduce an extraordinary 
degree of parallelism in the hardware 
implementation — a critical require¬ 
ment in slow FPGAs. 
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RF literature 
Catalog features cable 
assemblies 
RF Connectors’ 128-page catalog 

offers nearly 60,000 stock cable assem¬ 
blies featuring the RF Connectors line 
of coaxial connectors, solid center con¬ 
tacts, and dual-wall tubing for strain 
relief and fabrication. The product line 
also includes USB, fiber optics and 
other molded cables. More than 10,000 
variations of standard connector inter¬ 
faces terminate 64 coaxial cable types to 
create the selection. 
RF Connectors 
www.rfindustries.com 
rfi@rfindustries.com 

Book examines high-speed 
digital communications 
Broadband Communications and 

Home Networking, by Scott R. Bullock, 
takes a close look at current high-speed 
digital communications, data distribu¬ 
tion and networking for homes and 
small offices. While focusing in-depth on 
broadband and home networking tech¬ 
nologies, this book also offers a review 

of the basic principles and terminology 
surrounding telephony, modems, digital 
modulation and orthogonal signals. 
Other subjects included are power line 
communications, transmission media 
and satellite communications. 
Noble Publishing 
www.noblepub.com 
orders@noblepub.com 

Catalog highlights wireless, 
PCS antenna products 
New products in the 2001 Kathrein 

Supplement SI Catalog include hybrid 
combiners and cross band couplers, 
single-pole sector mount products for 
cellular and PCS, dual-band antennas 
for 800 and 1900 MHz applications, 
electrical adjustable downtilt slant 
polarized antennas and vertical/slant 
polarized antennas. The SI Supplement 
is a new product update to the Kathrein 
2001 806-960 MHz Wireless Catalog and 
the Kathrein 2001 1425-2000 MHz PCS 
catalogs. Also available is the 2001 
Kathrein LMR Antenna Catalog, which 
includes information about the BPV 

series of panel antennas for UHF appli¬ 
cations, the BP10 and BP13 cross polar¬ 
ized panel antennas for use in UHF 
diversity systems and the CL-6-440, a 
wide-band log periodic antenna for point-
to-point and control station applications. 
Kathrein 
www.kathrein.com 
mail@kathrein.com 

Guide provides overcurrent 
protection recommendations 
Bussmann’s Telpower Product Guide 

contains information about the 
Bussmann line of fuses, designed for DC-
powered telecommunications equipment. 
Overcurrent protection devices to protect 
central office equipment, microwave relay 
stations, earth satellite stations, buried 
distribution systems and NID/MTU appli¬ 
cations are described in detail with 
dimensional data schematics and compar¬ 
ison charts to determine the correct part 
and part number. Application categories 
include fused disconnect switches and 
fuses, indicating fuses and holders, PC 
board (surface-mount and through-hole) 
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fuses, small dimension fuses, and special¬ 
ty fuses. Data about ratings, listing agen¬ 
cies, standards, and ambient-temperature 
effect are featured. 
Bussmann 
www.cooperindustries.com 
info@cooperindustries.com 

Design concept guide gives 
interconnect overview 

Samtec’s Design Concept Guide shows 
an overview of the company’s complete 
interconnect capabilities, along with 
specific details on suggested applications 
and usage. The book is designed as a 
working tool and is divided into 12 
application-specific sections. The focus of 
the nearly 100-page guide is on Samtec’s 
key interconnect products, including 
high-speed, high-density, micro pitch 
and power interfaces. The second section 
details card-to-board, one-piece, low-pro-
file and elevated interfaces. 
Samtec 
www.samtec.com 
info@samtec.com 

On the Web 
Site details coaxial connectors 

Tru-Connector announces the launch of its 7-16 Connectors Web site. a 
The site provides a reference tool for commercial telecom designers looking " 
to replace type Ns with 7-16 coaxial connectors. Offering several new con- I 
nection options, the site allows users to select an improved “V” groove type _ 
clamp, a wedge clamp, crimp, direct solder, or solder clamp design. The site I 
also allows users to view and download several connector designs. 
Tru-Connector 
WWW.7-16connectors.com 
trusales@tru-con.com 

i Site features EW subsystems 
Signal Technology announces the launch of its new EW subsystems Web 

I site, a reference tool for ELINT and ESM designers looking for advanced 
I components and assemblies for EW design. The featured product is an IF 
I band digital radar characterization subsystem. This signal analysis system 
■ is a combined digital phase detector and frequency discriminator that pro-
" vides high-speed digital characterization of waveforms over an octave IF 
EI bandwidth. It plugs directly into a data bus and uses an integrated EPROM 
Ï to program out errors. 

Signal Technology 
www.ewsubsystems.com 
cdavis@sigtech.com 

■I 

THE FUTURE IS NOW AT BOMAR 

Cold Weld Bases 

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. 

Call today for our new catalog: 
800-526-3935. 

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

• HC-18 • HC-37 
• HC-35 • HC-40 
• HC-36 • HC-45 

Also: Resistance and 
Solder Seal Bases. 

B18 Series: VCXO 
Frequency from 1.0 to 25MHz in 8 pin Dip 

1.0 to 100MHz in 14 pin Dip 
Stability to 20PPM from 0-70C 
Typical pullability of +/-125PPM 
Voltages of 5.0 and 3.3vdc 
Extended temperatures available 
Deliveries in 15 working days or less. 

Hermetic Technology, Inc. 
P.O. Box 893, Windham, NH 03087 

(603)882-1748 

/-//O ( yiullat fyrnifMnjJ 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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RF software 
Upgraded software tests 
multiple RTL instances 
Cadence Design Systems an¬ 

nounces an upgrade to its Signal 
Processing Worksystem (SPW). With 
its current enhancements, Cadence 
SPW 4.7 is a system-level, hierar¬ 
chical block-diagram design software 
with an optimized flow for imple¬ 
mentation. SPW provides algorithm 
design to implementation on an SoC 
or multi-ASIC/FPGA system. With 
this new release, SPW includes an 
improved NC-Cosim link with the 
ability to test multiple register 
transfer level (RTL) instances, and a 
new link with the Ambit BuildGates 
data path optimizer (Verilog) that 
results in faster, smaller gate-level 
designs without manual interven¬ 
tion. Automatic HDL import for 
block wizard improvements and new 
application-specific library updates 
for WCDMA and GSM/EDGE are 
also offered. 
Cadence 
www.cadence.com 
salesi.nfo@cadence.com 

Probe station for accurate 
300 mm on-wafer test 

Cascade Microtech’s semi-automatic 
and manual S300 RF/Microwave 
Probing System for quick 300 mm on-
wafer test and characterization sup¬ 
ports wafer sizes and shards from 0.5”. 
(1 mm) to up to 12.” (300mm). The 
S300’s two-point wafer alignment 
and motorized theta translates to re¬ 
peatable 300 mm wafer alignment. 
The system also offers Cascade’s 
complete microwave and thermal 
chuck options. It fully integrates 
guarded or coaxial thermal chuck 
heats and cools test devices from 
-55° (C to 300° (C. The system also 
features new independent auxiliary 
chucks for easy RF calibrations. 
These patented, thermally isolated 
chucks do not rotate with the chuck, 
maintaining critical wafer and cali¬ 
bration substrate alignment. The 
S300 also performs automatic VNA 
calibrations using WinCal software. 
Cascade Mircro Tech 
www.cascademicrotech.com 
sales@cmicro.com 

Software analyzes, 
simulates 3G mobile radio 
Rohde and Schwarz offers a laptop 

version of an analysis and simulation 
software for third-generation mobile 
radio. The NetHawk product family 
can be used in development, produc¬ 
tion and installation of base stations. 
The systems supports a number of 
transmission techniques including 
GSM, GPRS, EDGE and UMTS. It 
comprises plug-in cards and software 
that can be installed on the customer’s 
laptop or PC, which makes it suitable 
for stationary use in laboratories or 
production lines, as well as for mobile 
applications. If required, Rohde and 
Schwarz can enhance this measure¬ 
ment software for wireline transmis¬ 
sions with a suitable signal generator 
and spectrum analyzer for measure¬ 
ments on the air interface. A complete 
system for production and commis¬ 
sioning of base stations is available. 
Rohde and Schwarz 
www.rohde-schwarz.com 
customersupport@rsd. 
rohde-schwarz.com 

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. 
Need to save circuit board area and package 
volume? Designed with our superior 
“Multi-Layered” technology, Hitachi 
components require minimal volume and 
circuit board area. Specify Hitachi. 
Specify Hitachi, a major international 
supplier of electronic components. 
Hitachi, setting the highest quality and 1 

reliability standards in the world. 
RF TRANSFORMERS 

CIRCULATORS. ISOLATORS 

COMBINERS AND SPLITTERS 

COUPLERS 

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. 

RF/MICROWflVE CONNECTORS 
• Specials our specialty virtually any SMA, N, TNC, 
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" RF connectors. 
• Connectors supplied to your drawings and specs. 
• Our 56 Standard adapters can satisfy virtually any 
combination of requirements, between SMA, 
TNC, N, 7mm, BNC and others. 

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

REmAL 
I11.'1— Cable a Connectors 

Hitachi Metals America, Ltd. 

DOUBLE AND SINGLE BALANCED MIXERS 

LOW PASS FILTER. BAND PASS FILTER 

ANTENNA SWITCHES. DIPLEXER 

2101 S. Arlington Heights Rd., Suite 116 
Arlington Heights, IL 60005 
Tel: (847) 364-7200 Fax: (847) 364-7279 
www.hitachimetals.com 

INFO/CARD104 
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NEMAL ELECTRONICS INTERNATIONAL, INC. 

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

TEL 305 899-0900 • FAX: 305-895-8178 
E-MAIL: INFO@NEMALCOM 
URL: WWW.NEMAL.COM 
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Data acquisition tool for 
Windows-based PCs 

Dasytec USA introduces DASYLab 
Version 6c. Improvements to the soft¬ 
ware include a data source synchroniza¬ 
tion with multiple time bases, worksheet 
documentation tools, support for more 
data acquisition devices, new function 
modules, enhanced features in many 
function modules, and expansion of the 
variable and string concept. A new test 
sequence manager provides an overview 
of multiple sequential tests, using vari¬ 
ables to communicate program status 
and branching. The tool is good for dis¬ 
crete multistep tests, allowing the opera¬ 
tor to automate the test sequence and 
operation based on actual test results 
and operator input. 
Dasytec USA 
www.dasylab.net 
info@dasylab. net 

Software aids in CAD 
management, sharing 
Cyco Software announces a new ver¬ 

sion of AutoManager WorkFlow, which 

Want to find 
out more? 

For more information on all products 
noted in the product sections of RF 

Design, go to RF Design online for direct 
links. Look under the special sections 

listing on the left navigation bar. 

will feature full support for AutoCAD 
2002. AutoManager WorkFlow 6.3 will 
enable CAD professionals to manage 
and share their design data faster and 
more efficiently. CAD professionals are 
challenged to manage crucial design 
and engineering data from different 
sources and share that information 
across the engineering enterprise. 
With the integration of the complete 
AutoCAD 2002 suite, designers and 
other CAD professionals will continue 
to be able to easily view, manage, 
exchange and publish all their existing 
and new AutoCAD data in this new 
version. AutoManager WorkFlow 6.3 
includes support for AutoCAD’s new 
standards manager, associative dimen¬ 
sioning, block management tools, and 
layer tools. 
Cyco Software 
www.cyco.com 
info@cyco.com 

Package provides rich power 
supply testing environment 
Chroma Systems Solutions introduces 

an enhanced version of its power test envi¬ 
ronment, the PowerPro HI. This new soft¬ 
ware package is suitable for the production 
floor and offers the flexibility, customization 
and sophistication necessary for advanced 
design labs. With fast test speeds and user-
selectable analysis routines, The PowerPro 
HI is suited for design verification, as well 
as high-volume incoming inspection, pro¬ 
duction test, burn-in, environmental stress 
screening (ESS) of power supplies, convert¬ 
ers, VRMs, battery chargers, and power 
entry modules. PowerPro III is an open¬ 
architecture test executive that encompass¬ 
es tools necessary for power product testing. 
More than 50 standard tests are in the 
library, allowing fast and simple assembly 
of test programs. PowerPro HI software can 
be modified by the user as necessary. Chro¬ 
ma has designed all routines, soft panels 
and functions to be compliant with Nation¬ 
al Instruments VISA drivers. 
Chroma Systems Solutions 
www.chromaate.com 
freds@chromausa.com 

FILTERS FOR USE IN ANALOG 
AND DIGITAL RECEIVERS 
AND TRANSMITTERS. 

WWW. 
labtechcircuits 

.com 

ïïïïï: 
COMMUNICATIONS 
& ENERCY CORP 

Communications & Energy Corporation 
7395 Taft Park Drive 
East Syracuse, NY 13057 USA 
Phone (315) 452-0709 • (800) 882-1587 
FAX (315) 452-0732 
E-mail eng@cefilter.com 
WebSite www.cefilter.com 

Microwave PCB and MMIC 
Packaging Solutions 

• Post & Pre Bonded Metal Backed PCBs 

• MMIC Interconnection solutions 

• MMIC Chip & Wire assembly 

• Precision high tolerance softboard 

• Mixed dielectric multilayers 

^LABTECH 
\ Full technology support and design 
\ guidelineswww.labtechnical.com 

RF Design 
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Id'product ofthe month 

128 Mbit mobile ram 
Infineon Technologies has developed 128 Mbit mobile RAM. Designed specifi¬ 
cally for use in battery-powered handheld electronic products, the mobile 
RAM is a low-power synchronous dynamic random access memory (SDRAM), 
mounted in a space-saving, fine-pitch ball grid array (FBGA) package that is 
fully compliant with the new joint electron device engineering council 
(JEDEC) standard. Compared to standard thin small-outline package 
(TSOP)-mounted SDRAM, the form factor of the RAM is reduced by more 
than a factor of three, with the FBGA occupying a footprint of just 8 mm x 9 
mm. Power consumption can be reduced by as much as 80% compared to 
standard 128 Mbit SDRAM, depending on the operating conditions and sys¬ 
tem design. Additional power saving functions include an operating volt¬ 
age of 2.5 VDC and I/O voltage of 1.8 VDC or 2.5 VDC, as well as a spe¬ 

cial power management as specified by the recent JEDEC standard¬ 
ization of the low-power SDRAM devices. Mobile RAM represents a 
significant step in the program to maximize battery life size, 
weight and total system cost of the next generation of personal 
digital assistants, smart phones and digital still cameras. 
Infineon’s product roadmap for mobile RAM includes the 128-

Mbit part in x8 and xl6 organizations, as well as plans to intro¬ 
duce a 256-Mbit version in 2002. The 128-Mbit mobile RAM is suited 

for a growing number of higher-end systems. The next-generation 
mobile-RAM will provide this memory density by using just two FBGA 
devices. Later this year, Infineon will offer mobile-RAM samples both in the 
new JEDEC-standardized 54-ball FBGA package, and in standard TSOP-

Specifications at a glance: 
• 128 Mbit capacity 
• 2.5 VDC operation with 1.8 VDC I/O voltage 
• FBGA packaging 

• JEDEC standard 

mounts to simplify 
system evaluation 
for customers work¬ 
ing with develop¬ 
ment hardware laid 
out for the larger 
package. All produc¬ 
tion volume of the 
RAM will be mount¬ 
ed in the FBGA. 

Features of the RAM 
include: 8M x 16 organization, 54-ball, tempera¬ 
ture compensation of refresh rate, partial array 
select and 256M density in preparation. 

Infineon Technologies 
www.infineon.com 

company.info@infineon.com 

Compact, high-density 
memory for wireless 

products 
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RFjjroduct focus — EMI/RF1 
Spanner head 
EMI filters 
Tusonix has developed a n-circuit, spanner head filter 

that allows for sophisticated multiposition assemblies. This 
suppression filter can be inserted quickly into the chassis 

and connected by machine lead 
wire wrap without the use of sol¬ 
der. Its slender design also makes 
some of the most compact mount¬ 
ing assemblies possible, offering a 
lead spacing of 0.200 inches (5 
mm). These filters have a cylindri¬ 
cal body of 0.196 inches (4.70 mm) 
diameter and are available with 
capacitance values from 100 pF to 
5500 pF with minimum insertion 
loss (per MIL-STD-220) up to 
70dB at 10GHz. The filter is 
designed for projects where cost 

Noise source offers evaluation 
of EMC test areas to 7GHz 
Schaffner introduces a high-frequency broadband 

source for evaluation of anechoic chamber and open-area 
test site EMC measurements. The comparison noise 
emitter, CNE 6507, is a continuous spectrum-radiated 
noise source with a useable output from 1.5 to 7 GHz. 

EMC test best-practice dic¬ 
tates regular use of a refer¬ 
ence source to check consis¬ 
tency of site measurement 
instrumentation across the 
entire test spectrum. This 
system offers the ability to 
make consistency checks to 7 
GHz. The rugged, portable 
unit can be used for carrying 

and space savings are essential. Common applications for 
this filter involve power amplifiers, microwave equipment, 
frequency generators and virtually any application where 
signal lines require a space-efficient filter design. 
Tusonix 
www.tusonix.com 
sales@tusonix.com 

out checks in GTEM cells, anechoic chambers and open¬ 
area test sites. Powered by a rechargeable battery pack, it 
requires no power cables, which could distort emission 
fields. Batteries last for seven hours (continuous use) and 
can be easily replaced in the field, if necessary, for min¬ 
imal downtime. 
Schaffner 
www.schaffner.com 
Usasales@schaffher.com 

Low-profile RFI/EMI 
shielding gaskets 
Tech-Etch introduces two low-pro-

file BeCu gaskets, offering RFI/EMI 
shielding effectiveness to 100 db at¬ 
tenuation. The gaskets measure 
0.08” high. Stick-on mounting pro¬ 

vides a fast in¬ 
stallation and 
may be used at 
ambient tem¬ 
peratures from 
-67° F to 300° 
F. Item num¬ 
bers are 60P21 
and 125G32. 
They are suit¬ 

of EMI/RFI at low and high frequen¬ 
cies. The filters combine filtering 
capabilities, stability and reliability 
with a symmetrical design that 
allows for the filtering of bi-direc¬ 
tional signals. The TFA and TFB 
series filter networks can replace as 
many as 24 discrete components, 

able for bi-directional applications, 
require only a low closing force, and 
provide 360° of snag-free operation. 
Tech-Etch 
www.tech-etch.com 
sales@tech-etch.com 

Highly conductive 
shielding fabric 
Holland Shielding Systems has 

developed a highly conductive fabric 
that needs minimal pressure to 
achieve an electrically conductive 
contact. This fabric can be used for 
cable wrap, EMI shielding and gas¬ 

kets. The required closure force to 
guarantee good shielding perfor¬ 
mance of the gasket is low, placing 
less stress on parts. The tolerances 
can also be looser, which can help 
manage production costs. The fabric 
is available on rolls with a width of 
10 to 1400 mm for applications such 
as cable shielding, shielded tents 
and wall covering for Farady-cages. 
It can also be delivered in a flame¬ 
retardant version. The company also 
offers complete gaskets with a size 
between 0.7 and 60 mm. 
Holland Shielding 
www.hollandshielding.com 
info@hollandshielding.com 

Integrated high/low 
frequency filter 
KOA Speer Electronics introduces 

a full line of standard and enhanced 
T filter networks for the suppression 

thus saving board real estate and 
offering a component cost advan¬ 
tage. Each network has a resistance 
range of 10 Q to 10 kO and capaci¬ 
tance range of 10 pF to 220 pF. 
Resistance tolerances of ± 5%, ±10% 
and ±20% are offered, with a TCR of 
±250 ppm/°C for each circuit type. 
Body style options include wide 
SOIC, QSOP and TSSOP. 
KOA Speer electronics 
www.koaspeer.com 

Continued on page 88 
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MICRO-MINIATURE 

DIRECTIONAL COUPLERS 
$199 

I (ea. Qty. 25) 

5-2000MHz world’s smallest couplers 
Measuring only 0.15"x0.15" square, the DBTC series from Mini-Circuits 
is quite simply the smallest 5 to 2000MHz directional coupler series on 
Earth! Available in 9 to 20db nominal coupling values, these patented 
50&75 ohm couplers integrate Blue Cell™ design techniques for very 
flat response, low insertion loss, and multi-decade broad bandwidths. 
All-welded connections improve reliability, and automated production 
delivers high unit-to-unit performance repeatability. Preserve precious 
board space, and capital as well. Specify Mini-Circuits DBTC directional 
couplers... priced at only $1 .99 each (qty. 25)! 

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

Coupling Model 
9dB DBTC-9-4 
10dB DBTC- 10-4-75 
12dB DBTC- 12-4 
13dB DBTC-13-4 

Freq. 
(MHz) 
5-1000 
5-1000 
5-1000 
5-1000 

Ins. Loss (dB) 
Midband Typ 

1.2 
1.4 
0.7 
0.7 

Directivity (dB) 
Midband Typ 

18 
20 
21 
18 

13dB 

16dB 

DBTC- 13-5-75 

DBTC- 16-5-75 

5-1000 
1000-1500 

5-1000 
1000-1500 

17dB DBTC- 17-5 50-1000 0.9 20 
1000-1500 1.0 20 
1500-2000 1.1 14 

18dB DBTC-18-4-75 5-1000 0.8 21 
20dB DBTC-20-4 20-1000 0.4 21 

Protected by U.S. Patent 6140887. Additional patents pending [ ■ | BLUE CELL 

DESIGNER'S KITS 
K1-DBTC (50 Ohms) 5 of ea. DBTC-9-4. 12-4, 13-4. 17-5, 20-4. Total 25 Units $49 95 

K2-DBTC(75Ohms)5ofea DBTC- 10-4-75. 13-5-75. 16-5-75. 18-4-75. Total 20 Units $39 95 

Mini-Circuits us 47 INTL 48 
CIRCLE READER SERVICE CARD 

P.O. Box 3501 66, Brooklyn, New York 11235-0003 (71 8) 934-4500 Fax (71 8) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE Y0N¡ The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com 

ISO 9001 CERTIFIED F 355 rev. org. 



Custom EMI/RFI 
filters 
PEI offers a series of shields 

designed to protect components from 
RFI/EMI, and to provide electrical 
grounding. PEI offers custom CDW 
bend lines, logos and RF cans with 
easy-access removable top covers. 
Shielding options for circuit-board 
applications include: one-piece or two-
piece construction and flat, formed or 
easy-access configuration. Standard 
materials include tin-plated brass, 
copper, and stainless steel as well as 
SAE 1010 and nickel-silver (other 
materials and finishes are available 
upon request), etched holes or pat¬ 
terns for component cooling (at no 
additional charge). CDW (controlled 
depth/width) etch to hand-form at spe¬ 
cific angles PEI's manufacturing 
process complies with MIL-I-45208 
standards. Applications for PEI's new 
line of shielding products include aero¬ 
space, defense and commercial elec¬ 
tronics; communications equipment; 
medical and biomedical equipment; 
and appliances. 
PEI 
www.photofabrication.com 

RF-absorbent 
flexible material 
API Delevan announces a new line 

of RF-absorbent flexible ferrite. The 
product suppresses EMI noise that 
radiates from active RF components 
and to protect sensitive circuit board 
designs that are affected by external 
interference. The Flexible Ferrite pro¬ 

recent FCC and CISPR requirements. 
The material is available in tubular 
and sheet forms. The FFAM Series 
comes in four sheet sizes from 100 x 
100 mm to 400 x 400 mm and six 
thickness ranges from 0.25 mm to 2.5 
mm. The material can be die-cut for 
gasketing applications and is also 
available with optional non-conduc-
tive UL-recognized adhesive backing. 
The FFAT Series is the flexible tubu¬ 
lar form available in four diameters, 
all in one-meter lengths. FFAT effec¬ 
tively eliminates EMI and RH prob¬ 
lems on external power, data and sig¬ 
nal lines. 
API Delevan 
www.delevan.com 
apisales@delevan.com 

SMA field-replaceable 
connectors to 27 GHz 
Molex is now offering SMA field-

replaceable connectors for high perfor¬ 
mance and low loss from DC to 27 Ghz. 
Applications for these connectors are 
hermetic and non-hermetic, including 
microwave devices (amplifiers, trans-
mitters/receivers, filters, oscillators), 
test equipment and telecommunica¬ 
tions equipment. Stainless steel and 
passivated, the connectors have Teflon 
insulators and beryllium copper con¬ 
tacts that are gold-plated. These con¬ 
nectors also include substantial vibra¬ 
tion, shock and thermal features 

provided, including hermetic seals, 
launch pins and dielectric insulators, 
pins with tabs and pins with tabs and 
dielectric insulators. 
Molex 

www.molex.xomamerinfo@molex.com 

Chip-on-board filtered 
D-sub connectors 
Spectrum Control introduces the 

Series 100 chip-on-board (COB) EMI-
filtered D-subminiature connector. 
This series is designed as a filtering 
method for the elimination of EMI. 
The COB connector design incorpo¬ 
rates chip capacitors surface-mounted 
on an integrated PC board. The 0.318" 
footprint of the new filtered connector 
allows it to be used as a drop-in 
replacement for unfiltered designs. 

Specifications at a glance: 
• 5 A max current rating 
• 100 to 5600 pF capacitances 

• UL94V-0 thermoplastic 
• Insulation resistance of 500 Mil 

Specifications at a glance: 

• DC to 27 GHz 

• VSWR rating of 1.05 ± 0,0045 
• Insertion loss of 0.03 x f(GHz) 

vides effective EMI suppression in the 
10 MHz to 3 GHz frequency range 
with electrical resistance from 106 Q 
to 108 Í1. The material is useful in 
achieving compliance with the most 

adhering to MIL-Type standards. The 
design has a raised boss at the flange 
end of the connector that provides an 
EMI/RFI gasket to reduce leakage. The 
products have a VSWR rating of 1.05 ± 
0.0045 (fGHz), -(120 -fGHz) db RF 
leakage level, and an insertion loss of 
0.03 times the square root of flGHz). 
The connector, which is not an integral 
part of the package, allows easy 
replacement by simply removing the 
mounting screws with a screwdriver. 
Due to the low-loss characteristics, 
additional applications include vertical 
PCB connectors for applications to 18 
GHz. Additional accessories can be 

The connectors feature a dielectric 
withstanding voltage of 250 VAC (for 
five seconds), and a current rating of 5 
A. Capacitance values include 100, 
220, 470, 820, 1500 and 5600 pF with 
an insulation resistance of 500 MQ. 
These connectors are available in 9-, 
15-, 25- and 37-position male or 
female contacts and are compatible 
with full-metal shell cable connectors. 
Right-angle-mounted designs are cur¬ 
rently in production, with vertical 
mount and solder cup termination 
designs soon to be released. The con¬ 
nector uses #4-40 threaded insert 
mating hardware and integral board¬ 
locks for secure posting prior to sol¬ 
dering. The connector housings are 
constructed of UL94V-0 rated thermo¬ 
plastic for durability. The connectors 
are for use in network servers, fire¬ 
walls, routers, test and diagnostic 
equipment, medical monitoring equip¬ 
ment, and I/O interfaces on computers 
and portable wireless devices. 
Spectrum Control 
www.spectrumcontrol.com 
spectrum@spectrumcontrol.com 
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High Performance Electromagnetic and Network 
Simulation and Optimization Tools 

From: Zeland Software, Inc., 39120 Argonaut Way, PMB 499, Fremont, CA 94538, U.S.A., 
Phone: 510-623-7162, Fax: 510-623-7135, E-mail: zeland@zeland.com. Web: http://www.zeland.com 

Products: 

IE3D Planar and 3D Electromagnetic Simulation and Optimization Package 
FIDELITY Time-Domain FDTD Full 3D Electromagnetic Simulation Package 
MDSPICE Mixed Frequency Domain and Time-Domain SPICE Simulator 
COCAFIL Cavity coupled wavguide filter synthesis package 

Applications: 
Microstrip, CPW, striplines, suspended-strip lines, coaxial Lines, rectangular waveguides, high speed digital 
transmission lines, 3D interconnects, decoupling capacitors in digitial circuits, PCB, MCM, HTS circuits and 
filters, EMC/EMI. wire antennas, microstrip antennas, conical and cylindrical helix antennas, inverted-F antennas, 
antennas on finite ground planes, and other RF antennas. 

Important Announcements: 
• The IE3D 8.0 is released. The most important features added into the IE3D 8.0 are: ( 1 ) Boxed Green’s functions 

for structures in enclosures; (2). Periodic Green's functions for large antenna phase arrays; (3) Multiple robust 
advanced iterative matrix solvers (AIMS) for accurate and fast simulations of large structures using much less 
RAM. The IE3D has complete modeling and design capability for patch antennas, wire antennas, microwave 
and RF circuits, MMICs and RFICs, multile layered PCBs and BGA structures. The 1E3D also has robust and 
efficient advanced symbolic electromagnetic optimization. 

• The FIDELITY Release 3 has complete SAR analysis features for the wireless applications. It will offer multiple 
frequency independent head models. 

• The MDSPICE 2.1 is released. The MDSPICE 2.1 features robust s-parameter based time domain simulation for 
non-linear circuits in both analog and digital circuit design. Its results normally meet the casuality condition with 
accurate time delay prediction. The MDSPICE also features wide band SPICE model extraction. 

• The COCAFIL is released. The COCAFIL allows precise modeling and synthesis of waveguide filters. 
IE3D and FIDELITY Simulation Examples and Display 

An 8 by 8 patch array modeled with all coupling 
included on the IE3D 8.0 using 100 MB RAM 

IE3D modeling of a multiple layer PCB structure 
with traces, vias, ground and power planes 

The human head models without frequency limitation 
on the FIDELITY for SAR research 

IE3D modeling of an inverled-F antenna with finite 
thick plate and finite size ground plane 

The forward and backward radiation from a horn 
antenna modeled on the FIDELITY 

FIDELITY modeling of a cylindrical helix antenna 

Zeland Software, Inc. provides excellent technical support and services. 
Zeland Software, Inc. is also the north American exclusive representative for the LINMIC product from Jansen Microwave GmbH 



REjproducts 
Low-dropout, small-footprint regulator 

Micrel introduces a small-footprint 750 mA, 2.5 VDC 
regulator for 1.8 or 1.65 VDC conversion. The device fea¬ 
tures a low dropout voltage and a MSOP-8 footprint. The 
MIC3975 operates with minimum headroom and offers a 

dropout 
voltage of 
300 mV at its 
full load of 
750 mA. The 
main applica¬ 
tions for the 
device in¬ 
clude pow¬ 
ering 1.65 or 
1.8 VDC dig¬ 
ital ICs from 

Specifications at a glance: 

• 300 mV dropout voltage 

•750 mA output 

• Fixed and adjustable output voltages 

• Logic-enable input 

• Error flag alert for output fault 

a 2.5 VDC ±10% system bus or 2.5 VDC digital ICs from a 3.3 VDC ±10% system bus. For applications requiring more than 
750 mA, Micrel also offers the M1C39 lOx, MIC3915x, MI3930x, and MIC3950x LDOs, which can support continuous currents 
of 1.0 A, 1.5 A, 3.0 A, and 5.0 A, respectively. All of these devices are designed to support the low-voltage digital ICs man¬ 
ufactured on 0.25g and 0.18g process technology. The MIC3975 is offered in MSOP-8 packaging using Micrel’s uCap de¬ 
sign to achieve miniature size, high stability and improved reliability. Applications include distributed power applica¬ 
tions, fiber optic modules and digital IC power. 
Micrel 
www.micrel.com 
lwong@micrel.com 

AMPLIFIERS 

Three-stage 17 to 27 GHz 
GaAs pHEMT MMIC amplifier 
Mimix Broadband announces a 

GaAs MMIC three-stage gain block 
amplifier, which can be operated with 
all three stages biased in parallel. The 
gain block amplifier covers the 17 to 
27 GHz frequency bands with a typical 
small signal gain of 22 dB with a typi¬ 
cal noise figure of 3 dB across the 
band. The XB1000 can be biased for 
low-noise performance or high-power 
performance and is suited for wireless 
communications applications such as 
millimeter-wave, point-to-point radio, 
local multipoint distribution services 
(LMDS), SATCOM and VSAT applica¬ 
tions. 
Mimix Broadband 
www.mimixbroadband.com 

3.4 to 3.6 GHz, 
8 W SSPA 

Stealth Microwave introduces the 
model SM3436-38 SSPA. The amplifi¬ 
er operates from 3.4 to 3.6 GHz, has a 
PldB of +39 dBm (typ.), and has an 
OIP3 of +50 dBm (typ.) Linear gain is 

45 dB ± 0.5 dB. This small GaAs FET 
module, (6.5 1 x 3.7 w x 2.0 h) oper¬ 
ates from +12 V and consumes only 
3.4 A. Standard features include > 20 
dB of gain control, over/reverse volt¬ 

90 

age protection, logic on/off, and ther¬ 
mal protection with auto reset. 
Available options include forward 
power detection and output harmonic 
filtering. 
Stealth Microwave 
www.ssbtech.com 
sales@ssbtech.com 

0.8 to 2.5 GHz 
150 W HPA 
The model 5102 from Ophir is a 

small, lightweight, high-power, solid¬ 
state amplifier with a minimum linear 

www.rfdesign.com 

power of 120 W across the 800 to 2500 
MHz band. Applications include multi¬ 
band PIM testing, device testing and 
TWTA replacement. 
Ophir 
www.ophirrf.com 
sales@ophirrf.com 

High IP3, low-noise 
amplifier 

Mini-Circuits introduces an 1850 
TO 1910 MHz low-noise coaxial ampli¬ 
fier with high IP3. Typically, these 
medium-power amplifiers operate 
with 21 dBm maximum power output 
at 1 dB compression, ultra-low 0.9dB 
noise figure, and a high, +37-dBm, IP3 
to help suppress noisy intermodula¬ 
tion products. Gain is 16.5 dB typical 

October 2001 



140-2 150MHz HIGH 1P3 MIXERS 
PERFORM AT VALUE PRICE 
Mini-Circuits has unveiled a collection of 
SM mixers incorporating patented 
technology to deliver the highest IP3 for 
low, medium, and high LO power levels. 
With IP3 as high as +38dBm, HUD and 
HJK models require no DC power, which 
simplifies circuit layout and makes them very 
easy to use in 140-21 50MHz applications. 
Additional features include very low 
conversion loss down to 6.7dB, high isolation 
up to 47dB, and 1 dB RF compression point 
3dB higher than LO power. 

2WAY-900 SPLITTERS ARE 
FEATURE RICH 340 TO 2400MHz. 
A new family of low profile 2way-90° 
SM power splitters operating within the 
340 to 2400MHz band is available from 
Mini-Circuits. This patented QBA series 
contains 7 models incorporating Blue Cell™ 
technology for superb temperature stability, 
ultra-low profile down to .050”, and low cost. 
Features include high power capability up 
to 50W, high isolation up to 28dB, and low 
insertion loss down to 0.25dB (all typ). 
Leads are solder plated and internal 
connections welded. 

50mA MMIC AMPLIFIERS PROVIDE 
HIGH RELIABILITY DC-4GHz 
Mini-Circuits has introduced a family of 5 
different 50mA “GAL” model MMIC 
amplifiers for reduced bias current 
requirements in DC to 4GHz applications. 
With up to 15.9dBm (typ) output power, 
these InGaP HBT 50 ohm amplifiers are 
housed in a miniature SOT-89 package 
with exposed metal bottom for excellent 
heat dissipation and low thermal resistance. 
Ideal for today’s compact designs such 
as cellular and PCS. 50 piece Designers 
Kit with test fixture available. 

1 TO 30dB SMA M-F ATTENUATORS 
AVAILABLE IN DESIGNERS KITS 
Mini-Circuits low cost family of DC to 
6000MHz VAT fixed attenuators are now 
available in 3 convenient Designers Kits. 
Kit No. KI -VAT features 1ea. of 3, 6, 10, 20, 
and 30dB attenuation values and is priced 
at only $49.95. K2-VAT includes 1ea. of 
values 1 thru 10dB (in 1dB steps) priced 
at $99.95. And Kit K3-VAT contains 2ea. 
of the 3, 6, and 10dB models for only 
$59.95. Rugged unibody construction 
measures 1.42” long (.370" diameter) and 
power rating is 0.5W (at 70°C ambient). 

WIDEBAND HIGH 1P3 MIXERS 
PERFORM WITHIN 5 TO 2500MHz 
Realize very high IP3 performance over 
broad bandwidths within 5 to 2500MHz 
while at the same time achieving low 
conversion loss and high isolation by 
selecting from Mini-Circuits team of nine 
high IP3 “SYM" mixers. Typically at midband, 
these level 10, 13, and 17 (LO) mixers 
display IP3 as high as 32dBm to help 
suppress intermodulation products in 
crowded cellular, ISM, and PCS bands. 
Units measure 0.500”x0.375''x0.230'' and 
operating temperature is -20°C to +85°C. 

05-2500MHZ TRANSFORMER SERIES 
HAS IMPEDANCE RATIO TO 9:1 
Mini-Circuits has recently announced a low 
cost family of miniature RF transformers for 
use in the 0.5 to 2500MHz band. Thirteen 
“TCM” models with 1,2,3, 4, 8, and 9:1 
impedance ratios exhibit excellent amplitude 
and phase unbalance for balanced to 
unbalanced transformation, good return 
loss, and broad band coverage. Small 
0.150"x0.160"x 0.1 60" open case design 
has plastic base with solder plated leads, 
and applications include push-pull amplifiers 
and impedance matching. 

C3 Mini-Circuits us 50 inplI 51 
CIRCLE READER SERVICE CARD 

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

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

ISO 9001 CERTIFIED F 361 Rev.Org. 



with +0.2 dB (typ) flatness. The units 
are equipped with 50 W SMA-female 
connectors. 
Mini-Circuits 
www.minicircuits.com 
sales@minicircuits.com 

radios, SATCOM and instrumentation 
applications. 
Elcom Technologies 

www.elcom-tech.comsales@elcom-tech.com 

Miniature, low-profile 
SMT VCO 

Tellurian announces a line of minia¬ 
ture, low-profile, surface-mount clock 
oscillators. The T4000 is designed for a 
range of applications, including 
telecommunications, wireless, network¬ 
ing (LAN/WAN), cellular hand sets, 
and other systems that require a stable 

SIGNAL SOURCES 
Small, low-power PLL for 
digital, military apps 
Elcom offers a series of 0.5 to 26 GHz 

phase-locked oscillators. These oscilla¬ 

tors are used to phase-lock microwave 
DROs to a crystal reference (10 MHz to 
800 MHz range). The MPDRO series 
requires only a single loop for phase 

Specifications at a glance: 
• 0.5 to 26 GHz output frequency 

• +12 dBm ±2 dBm power out 

• <125 dBc phase noise 
• 12 to 24 VDC operation 

locking, thus minimizing size and 
power consumption. The units feature 
low phase noise, low DC power con¬ 
sumption (<200 mA) and a wide operat¬ 
ing temperature range of -45° to +75° 
C. The device is packaged in a 2.25" x 
4.1" x 1.2" housing. The MPDRO units 
are suitable for use in military, digital 

frequency in a space-efficient SMD con¬ 
figuration. Housed in a hermetically 
sealed 5 x 3.2 mm ceramic package, the 
T4000 has a seated height of 1.1 mm. 
The series covers a range of frequencies 
from 1 to 40 MHz. Units are supplied 
on tape and reel and are compatible 
with IR reflow and standard automatic 
pick and place equipment. The devices 
are HCMOS- and TTL-compatible and 
feature tristate enable and disable 
functions. The oscillators maintain 
45%/55% waveform stability. Operating 
temperature range is -40°C to +85°C. 
Tellurian Technologies 
www.telluriantech.com 
info@telluriantech.com 

Industry-standard SMD 
SPXOs offer low aging 
C-MAC has launched a range of 

simple packaged crystal oscillators 
(SPXOs) with tight aging properties, 
targeted chiefly at specialist applica¬ 
tions in the industrial and OEM sec¬ 
tors. The CFPS-7 exhibits low jitter, 
making it suitable for Stratum 4 
clock generation in SONET/SDH 
telecommunications equipment. The 
oscillator’s crystal is packaged sepa¬ 
rately from the rest of the device, 
therefore, contamination from adhe¬ 

sives and other circuitry is eliminat¬ 
ed. This restricts aging effects to no 
more than 10 ppm over 15 years. It 
uses an overtone frequency source, 
and offers low jitter for telecommunica¬ 
tions applications: typically 0.6 ps rms 
at 155.52 MHz with low-pass and high-
pass cut-off frequencies of 12 kHz and 5 
MHz, respectively. Frequency stability 
is ±30 ppm or ±50 ppm all causes over 
15 years for operating temperature 
ranges of 0 to +70®C and -40® C to +85® 
C, respectively. 
C-MAC Micro Technology 
www.cmac.com 
jkingston.cmac@>attglobal.net 

Ultra-small, 
ASIC-based PLL 
Vectron introduces a new ultra¬ 

small VCXO-based PLL designed to 
simplify a wide variety of clock 
recovery and data retiming, frequen¬ 
cy translation, clock smoothing and 
clock switching applications. The 
CD-700 features a phase-locked loop 

ASIC with a quartz-stabilized VCXO 
for superior stability and jitter per¬ 
formance. The device can reduce 
design time, increases circuit relia¬ 
bility and reduces board space. The 
input data rates range from 8 kb/s to 
65 Mb/s, the output has a tri-state 
option and can be either 3.3 V or 5 V. 
The device is hermetically sealed in 
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a ceramic SMD package measuring 
5.0 X 7.5 X 2 mm. Applications 
include DWDM, switching, wireless 
base station, ATM, SONET/SDH, 
XDSL, network communications, 
digital audio/video and PBX systems. 
Vectron International 
www.vectron.com 
vectron@vectron.com 

Surface-mount LVPECL/ 
LVDS oscillators 

M-tron announces the UVC series 5 
X 7 mm SMT oscillators. Available in 
frequencies between 750 kHz and 650 
MHz, these clock oscillators provide 
either LVPECL- or LVDS-compatible 
outputs in a standard 5x7 mm lead-

Specifications at a glance: 
• 750 kHz to 650 MHz frequency 

• ± 20 ppm stability 

• -40 to +85° C temp, range 

less ceramic package. The devices offer 
all-inclusive stability as low as ±20 
ppm over -40 to +85° C with tri-state 
and tight (45/55%) symmetry. Low jit¬ 
ter and phase-noise performance make 
the UVC applicable for 
SONET/SDH/ATM, optical carrier, 
DWDM, WDM, gigabit Ethernet, and 
fibre channel applications. 
M-tron Industries 
www.mtron.com 
sluchtel@mtron.com 

Broadband 
mmWave mixer 
Alpha Industries introduces the 

AM028S1-A2, a broadband mmWave 
mixer. The device’s 26 to 33 GHz fre¬ 
quency range, low conversion loss, wide 
IF bandwidth, and surface-mount pack¬ 
age make the mixer suitable for high-

Specifications at a glance: 
• 6 dB conversion loss 

• 6 GHz IF bandwidth 

• 26 to 33 GHz bandwidth 

advantages compared to bare die alter¬ 
natives. The rugged surface mount 
design eliminates the need for expen¬ 
sive microelectronic assembly, eases 
handling, and makes it more reliable. It 
offers excellent repeatable electrical 
performance with solder attachment, 
eliminating the need for tuning. The 
single-package design also reduces 
parts count. Because it is a fundamen-
tal-LO mixer, it has improved linearity 
compared to sub-harmonic mixers. 
Alpha Industries 
www. alphaind.com 
sales@alphaind.com 

TX/RX 

High-power 
TV circulators 
UTE has released a series of high-

power, low-loss circulators available for 
the VHF and UHF channels, the CT-
1584-D is rated at 3 kW (average) and 
10 kW peak power over the full channel 
7-13 band. The CT-1325-N series is 
rated at 500 W (average) and 5 kW 

devices are available for other frequen¬ 
cy ranges and 7/8 ELA flanges. 
UTE Microwave 
www.utemicrowave.com 
info@utemicrowave.com 

Integrated digital, mixed-
signal & RF functions 

Honeywell introduces a line of highly 
integrated, low-cost RF attenuators and 
switches for cellular, PCS and GSM 
base station, handset and 2.4 GHz 
WLAN applications. Each chip incorpo¬ 
rates active MOSFET devices for RF, 
digital and mixed-signal functions, 
which, when compared to Gallium 
Arsenide (GaAs), greatly reduces RFIC 

Specifications at a glance: 
• 5 and 6 bit attenuation 
• Single/dual rail operation 

• DC to 4 GHz operation 
• <2 dB insertion loss (typ) 

volume broadband mmWave applica¬ 
tions such as LMDS, digital radio, 
VSAT, and sensors. Incorporating the 
Alpha-2 package technology into the 
AMO28S 1-A2 gives the mixer cost 

RF Design 

Specifications at a glance: 
• UHF/VHF models 
• Up to 10 kW power rating 

• SMA/EIA connectors 

peak over the UHF channels. Three 
units cover the 470 to 806 MHz ranges. 
Using DIN 7/16 connectors the power 
increases to 1 kW CW and 5 kW peak. 
For stripline applications, CT-1615-S 
series operates at 250 average power in 
the UHF bands. This series can also be 
provided with SMA connectors. Custom 

size, external parts, power consumption 
and cost. The SOI CMOS process allows 
for easy integration of passive compo¬ 
nents including inductors, capacitors, 
resistors and varactors; single or multi¬ 
ple power supplies; and linear power 
capabilities onto each attenuator and 
switch. The line includes six attenuator 
and four switch standard configura¬ 
tions. Their flexible 5- and 6-bit attenu¬ 
ators have single- or dual-rail operation, 
low DC power consumption, 3.3 to 5 
VDC wide supply rails, serial or parallel 
interfaces, 50 Q impedance and MLF 
packaging. Frequency performance 
ranges from DC to 4 GHz with a high 
attenuation accuracy (±0.30 dB + 3% of 

HF LINEAR AMPLIFIERS - BROADBAND TRANSFORMERS 

2 METER VHF AMPLIFIERS 

35 Watt Model 335A. $ 79.95 Kit 
75 Watt Model 875A . $119.95 KU 
Available in kit or wiœdteited 

HF AMPLIFIERS per MOTOROLA BULLETINS 

Complete Parta List for HF Amplifier» Described 
in the MOTOROLA R.F. Device Data 

AN758 300W EB63 140W 
AN762 140W EB27A 300W 
AN779L 20W EB104 600W 
AN779H 20W AR305 300W 
AR313 300W 

NEW!! 1K WATT 2-50 MHz Amplifier 
MOTOROLA AR347 

POWER SPLITTERS and COMBINERS 
2—30MHz 

600 Watt PEP 2—Port . $ 69.95 
1000 Watt PEP 2—Port . $ 79.95 
1200 Watt PEP 4—Port . $ 89.95 

100 WATT 420-450 MHz PUSH-PULL UNEAR 

AMPLIFIER - SSB-FM-ATV 

KEB67—PK (Kit). $159.95 
KEB67-PCB (PC Board) . $ 18.00 
KEB67—I (Manual) . $ 5.00 

We also stock Hard-to-Find parts 

CHIP CAPS Kemel ATC 
METALCLAD MICA CAPS—Unelco/Semco 
RF POWER TRANSISTORS 
MINI—CIRCUIT MIXERS 
SBL-1 (1-500MZ) . $ 6.50 
SBL—1X (10—1000Mz) . $ 7.95 

ARCO TRIMMER CAPACITORS 

Broadband HF Transformers 

For detailed information and prices, call or write for our free catalog. www.communication-concepts.com 

Celebrating 
our 20th 
-Year in 
Business 

CCI 
50fl Millstone Drive • Beavercreek. OH 45434-5840 • (937) 426-8600 

FAX (937) 429-3811 • E-mail ccidayton@poboxcom 

INFO/CARD 17 

MasterCard 

Celebraring 
our 20th 
Year in 
Business 
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setting) and a typical insertion loss of 
<2 dB. 
Honeywell SSEC 
www.mysoiservices@honeywell.com 
grenville.hughes@honeywell.com 

SP3T RF 
mechanical switch 
Narda introduces a low-cost, single¬ 

pole, three-throw RF mechanical 
switch that offers high performance 
and long-term reliability with a guar¬ 
anteed operation of one million cycles 
per switch position. The MS SMA 033 

greater than 85 dB. For special applica¬ 
tions, the unit can be configured with 
optional connector types, flange orien¬ 
tations and partial or channelized fre¬ 
quency scenarios. 
Microwave Filter 
www.microwavefilter.com 
mfcsales@microwavefi.lter.com 

Electro-mechanical 
switch 

Teledyne introduces a new electro¬ 
mechanical switch that operates at 75 
Q within the DC to 3.0 GHz frequency 
range. The SPDT switch is designed for 
applications in the communications, 
test and measurement, aerospace and 
industrial markets where high speed 
and high data rates are significant. The 
CCR-33M10, is a single-pull, double¬ 

is a normally open model that operates 
from DC to 3 GHZ and is available 
from stock. 
Narda 
www.dept26.com 

Ku band 
diplexer 
Microwave Filter Company intro¬ 

duces the Model 14510 diplexer, which 
provides the simultaneous transmis¬ 
sion and reception of Ku-band applica¬ 
tions. The unit passes the full 500 MHz 

uplink and downlink bands, 14.0 to 
14.5 QHZ and 11.7 to 12.2 QHz, respec¬ 
tively. The diplexer offers >0.5 dB 
insertion loss and <16 dB return loss 
across the full 500 MHz operating 
bands, with a mutual isolation of 

throw electro-mechanical switches. The 
switch is offered in both failsafe and 
latching actuation operating from a +5, 
+ 12, or +28 VDC supply power. 
Operating range is -25° C to +65° C. 
Additional specifications include: actu¬ 
ator current of 90 mA, max. @ +28 VDC 
and +20° C; and switching time of 20 
msec., max. c +20°C. Options include: 
indicator circuits, special actuator volt¬ 
ages, UL compatible drivers and power 
connectors. The switch is packaged in 
an industry-standard housing measur¬ 
ing 1.50" X 1.30" X 0.50." 
Teledyne Wireless 
www.teledynewireless.com 
switches@teledyne.com 

132 X 64 pixel monochrome 
graphics display module 

Densitron has developed an LCD 
module capable of surviving extreme 
temperatures from -20° C to +70° C, 
and high humidity (90% RH). It has an 
MTBF in excess of 50,000 hours with 
current consumption of only 96 pA for 
typical “normal” mode at 3 VDC. The 
DV5520 is suitable for incorporation into 
battery-powered industrial applications 

where a harsh environment is likely to 
be encountered, such as on process con¬ 
trol equipment, mobile data collection 
devices, and handheld instrumentation. 
Measuring 53 mm (w) x 65 mm (h) and 
2.8 mm in thickness, the DV5520 has an 
effective display area of 50 mm x 30 
mm. The display is a high-contrast 
FSTN type in reflective mode with a 132 
x 64 dot (8-line, 22-character) display, 
and incudes an LCD drive controller 
chip mounted directly to the LCD glass 
panel. Features include: display on/off, 
normal/reverse display, and power save. 
The 8-bit microprocessor interlace 
allows direct connection to both the 8080 
and 6800 microprocessors. 
Densitron 
www.densitron.com 
sales@densitron.com 

SUBSYSTEMS 

ISM band 
transceiver module 

Radiotronix introduces a modular RF 
product that completely encapsulates a 
900 MHz full-duplex audio/data trans¬ 
ceiver into a single hybrid component. 
These embedded wireless modules 
allow any engineer to design wireless 
products. The only external RF compo¬ 
nent required is an antenna. No produc¬ 
tion tuning adjustments are required. 
No RF experience or special test equip¬ 
ment is needed. The EWM-900-FDTC 
operates in the 902 to 928 MHz unli¬ 
censed frequency band. In data mode, a 
pair of transceivers can send and 
receive data at rates up to 1 9.2 kbaud 
over distances of 1,000 feet. In audio 
mode, a pair of transceivers can send 
and receive voice over distances to 1,500 
feet. The transceiver is programmed 
using a simple serial interface. The 
module’s footprint is 1.22" x 0.83" x 0.4" 
and can be assembled to the customer's 
PCB using standard through-hole 
assembly techniques. 
Radiotronix 
www.radiotronix.com 
stevem@radiotronix.com 

256 Kb FC 
serial EEPROM 

Microchip announces a 256 kb I2C 
serial EEPROM that fits in an 8-lead 
TSSOP package. The 256 kb and 128 
kb 12C EEPROM devices are now 
available in either an eight-lead 
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TSSOP or 150 mil SOIC package 
using industry-standard printouts. 
These higher-density memory 
devices offer smaller packages that 

Specifications at a glance: 
• 256 kb density EEPROM 

• 64 byte page write ability 

• Random and sequential reads 
• -40° C to +85° C temperature 

980 MHz, and IF synthesis at 420.76 
and 170.76 MHz. The SÍ4135 also 
synthesizes RF frequencies from 
1.620 GHz to 1.650 GHz for the 
Korean PCS band, and an IF fre¬ 
quency of 440.76 MHz. 
Silicon Laboratories 
ww^w.silabs.com 
sharon.lear@silabs.com 

manufacturers, and is suitable for R&D 
and manufacturing. The software 
allows the analyzers to set up multi-slot 
calls, in both the uplink and downlink 
directions, and performs numerous RF 
measurements. An optional variable 
downlink slot power feature gives the 

were previously reserved for low-
and mid-density EEPROM devices. 
The 256 kb I2C EEPROM devices, 
the 24AA256, 24LC256 and 
24FC256, have a page-write capabili¬ 
ty of as high as 64 bytes of data and 
are capable of botrandom and 
sequential reads up to the 256 K 
boundary. Functional address lines 
allow as many as eight devices on 
the same bus, for as much as 2 M bit 
total address space. The devices 
have a 1.8 to 5.5 VDC operating volt¬ 
age and -40° C to +85° C industrial 
temperature range. 
Microchip Technologies 
www.microchip.com 

CDMA RF 
synthesizer 

Silicon Labs debuts the SÍ4135 
CDMA RF synthesizer, the newest 
member of the company’s Critérium 
RF synthesizer family. The single¬ 
chip SÍ4135 is based on CMOS RF 
architecture and meets the stringent 
phase-noise performance require¬ 
ments of the IS-95 and AMPS cellu¬ 
lar standards. The synthesizer elimi¬ 
nates the need for more than 40 
external components, including RF 
VCOs, decreasing required board 
space by as much as 90% over tradi¬ 
tional solutions and providing cost 
savings. The SÍ4135 is designed for 
single-band, dual-band, dual-mode 
and tri-mode CDMA/AMPS handsets 
and other IS-95 wireless data appli¬ 
cations in the United States and 
Korea. The single-chip RF synthesiz¬ 
ers integrate three VCOs, loop fil¬ 
ters, reference and VCO dividers and 
phase detectors in a low-profile 
CMOS IC. The SÍ4135 synthesizes 
frequencies for the U.S. PCS and cel¬ 
lular bands, performing RF synthe¬ 
sis at 1.719 to 1.780 GHz and 954 to 

SPACE/MILITARY 

Hybridized PLL synthesizer 
for military applications 
EM has developed the HLX-series 

phase-locked frequency synthesizer. 
The device is hybridized and hermeti¬ 
cally sealed for use in military and 
other high-reliability applications. 

Available from 50 MHz to 3800 MHz, 
the product is provided with excep¬ 
tional phase noise characteristics in 
fixed-frequency or programmable fre¬ 
quency bands, with octave band¬ 
widths. Packaged in a 0.8" square sur¬ 
face-mount housing, the HLX-Series 
meets the screening requirements of 
MIL-STD-883. 
www.emresearch.com 

TEST AND 
MEASUREMENT 

Analyzers with multiple 
platform testing capability 
Anritsu Company introduces GPRS 

and HSCSD measurement software for 
its MT8801C and MT8802A radio com¬ 
munications analyzers. The analyzers 
support CPRS, HSCSD, and GSM 400, 
as well as major global cellular stan¬ 
dards such as GSM 900/1800/1900, 
PHS, PDC, IS-136, DECT, AMPS, and 
IS-95 in a single handset tester. The 
analyzers offer measurement flexibility, 
accuracy and capability for handset 
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user control over the level and content 
of each downlink slot, for realistic simu¬ 
lation of multislot environments. 
Additional transmitter tests that can be 
performed include RACH burst capture 
to measure the accuracy and timing of 
RACH bursts, and adjacent-channel 
power to monitor spurious emissions. A 
GPRS test mode command places the 
mobile under test into a known trans¬ 
mission state for repeatable transmitter 
(Tx) measurements. An optimized 
transmitter test function can be initiat¬ 
ed so only those measurements required 
are performed, saving production time. 
Anritsu 
www.us.anritsu.com 

MATERIALS/ 
PACKAGING 
High-impedance 
power package 

Zentrix announces a new family of 
high-impedance power packages for 
use in RF and microwave applica¬ 
tions. H.I.P. packs provide the 
enabling high dissipation package 
platform for microwave device manu¬ 
facturers to create 100+ W, 2+ GHz 
LDMOS FETs with 10+ it input and 
output impedances. 
Zentrix Technologies 
www.zentrix.com 
lvalenzu@zentrix.com 

DC to 23 GHz leaded 
packages for VSAT apps 

StratEdge introduces an LCC family 
of DC to 23 GHz amplifier packages for 
C-and Ku-band VSAT applications. 
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These ceramic packages feature two or 
more RF leads and multiple DC leads, 
providing easy and cost-effective attach¬ 
ment to the next level of the system, 
while maintaining the integrity and 
electrical performance of the integrated 
circuit. The package combines a copper 
composite base with a patented 
microstrip-embedded microstrip¬ 
crosstrip transition design. This com¬ 
posite metal base provides thermal con¬ 
ductivity and expansion compatible 
with GaAs (gallium arsenide) chips. A 
plastic cap lid with epoxy preform fin¬ 
ishes the structure and provides protec¬ 
tion for the device. 
StratEdge 
www.stratedge.com 
info@stratedge.com 

Want to find 
out more? 

For more information on all products 
noted in the product sections of RF 

Design, go to RF Design online for direct 
links. Look under the special reports 
sections on the left navigation bar. 

loss cable from CommScope. The RFD-
1604-2L2 is a 7-16 DIN male crimp 
connector featuring a silver-plated body 
and contact for optimum inter-modula¬ 
tion distortion reduction and Teflon 
insulation for its preferred dielectric 
performance. The RFD-1631-2L2 is the 
7-16 DIN female crimp termination 
designed for use with LMR-600 and 
WBC-600 cables. 
RF Connectors 
www.rfindustries.com 
rf@rfindustries.com 

data to other members on the network 
regarding its altitude, position and 
speed. The series include MDS350L 
and MDS550L, high-power transis¬ 
tors. The MDS transistors comple¬ 
ment the company’s 0912-25 and 
0912-7 transistors to complete the 
ELM series. Designed for use in high 
duty bursts in L-band (1030/1090 
MHz), the ELM transistors can send 
16 message segments repeated within 
2.16 milliseconds. 
GHZ Technologies 
www.ghz.com 

FIBER OPTICS/IR 
Slim line family of IrDA-
compliant transceivers 
ZiLOG introduces a low-profile mod¬ 

ule that will allow designers to add 
infrared connectivity to the thinnest 
PDAs, cell phones and other handheld 
portable devices. Housed in a miniature 
9.1 mm X 3.4 mm package, the ZHX1810 
measures 2.75 mm high. Designed to 
operate using the IrDA-Data standard, 
the device combines an IRED emitter, a 
PIN photodiode detector, a digital AC-
coupled LED driver and a 
receiver/decoder in a single package. 
Three external components are required 
for a complete serial infrared (SIR) solu¬ 
tion. It operates with a minimum link 
distance of 1 meter and supports trans¬ 
mission speeds from 2.4 to 115.2 kb/s 
The device’s external metal shield adds 
extra RFI/EMI protection, and a tab on 
the metal shield improves solder reten¬ 
tion, so the module is less likely to sepa¬ 
rate from the printed circuit board if the 
PDA or cell phone is dropped. 
ZiLOG 
www.zilog.com 
kmalanczuk@zilog.com 

SEMICONDUCTORS/ 
ICs 
Next-generation ELM 
series transistors 
GHz Technology announces its first 

series of next-generation avionics 
transistors designed to handle on¬ 
board communications in more crowd¬ 
ed air corridors. A series of bipolar 
common base pulsed devices make up 
the extended length message (ELM) 
transistors designed for use in next¬ 

Second-generation 
MOS monolithic IC family 
Vishay announces a series of MOS 
monolithic integrated circuits 
(MOSMICs) that will allow designers 
to upgrade the performance of UHF 
and VHF tuners at no additional cost. 
Serving as a low-noise RF input stage, 
the new “X” devices provide improved 
automatic gain control (AGC) and 
cross modulation behavior compared 
to previous-generation MOSMICs. Six 
new MOSMIC devices, each available 

INTERFACE/ 
INTERCONNECTS 
Low-loss 7-16 DIN 
connector 
RF Connectors offers its 7-16 DIN 

series coaxial connector designed for 
use with LMR-600 low-loss cable from 
Times Microwave and WBC-600 low-

in three surface-mount package types, 
offering a typical transadmittance 
specifications from 24 ms to 40 ms. All 
six high-gain (>20 dB at 800 MHz) 
devices feature integrated protection 
diodes and an on-chip biasing net¬ 
work, eliminating the need for a num¬ 
ber of external passive components. 
Because MOSMICs can be switched off 
directly by the PLL in tuner circuits, 
external switching transistors can be 
eliminated as well. 
Vishay 
www.vishay.com 
margarete.seeharsch@vishay.com 
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generation Mode-S systems, with a 
high duty burst that allows the air¬ 
craft to exchange longer, more varied 
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BF glossary 

Glossary of terms used in RF Design 
2G - second generation wireless systems 
3G - third generation wireless systems 
A/D - analog-to-digital 
AC - alternating current 
ACPR - adjacent-channel power ratio 

ADC - analog-to-digital converter 
AGC - automatic gain control 
ALU - arithmetic logic unit 
AMPS - advanced mobile phone system 
ANSI - american national standards inst. 
AODV - ad-hoc on demand distance 

vector 
ASIC - application-specific integrated circuit 
ASK - amplifier shift keying 
ASP - application service provider 
ATM - asynchronous transfer mode 
AWGN - additive white gaussian noise 
BER - bit error rate 
BPSK - binary phase shift keying 
CCRR - co-channel rejection ratio 
CDMA - code-division multiple access 
CDPD - cellular digital packet data 
CGI - common gateway interface 
CMOS - complementary metal-oxide 

semiconductor 
COTS - commercial off-of-the-shelf 
CMRR - common-mode rejection ratio 
CPE - customer premise equipment 
CW - continuous wave 
DC - direct current 
DCS - distributed communications system or 

digital cellular system 
DCT - discrete cosine transfer 
DDS - direct digital synthesis 
DECT - digital european cordless 

telephone 
DSP - digital signal processor 
DUT - device under test 
EEPROM - electrically erasable programmable 

read-only memory 
EMC - electromagnetic compatibility 
EMI - electromagnetic interference 
ESD - electrostatic discharge 
ETSI - european telecommunications standards 

institute 
FCC - federal communications 

commission 
FDD - frequency division duplex 
FEM - finite-element method 
FER - frame error rate 
FET - field-effect transistor 
F FT - fast fourier transform 
FHSS - frequency-hopping, spread spectrum 
FIFO - first-in, first-out 
FIR - finite impulse response 
FSK - frequency shift keying 
FPGA - fine-pitch ball grid array 
GaAs - gallium arsenide 
GaN - gallium nitride 
Gb - gigabit 

GB - gigabyte 
GFSK - gaussian filtered frequency shift keying 
GMSK - gaussian minimum shift keying 
GPIB - general-purpose interface bus 
GPRS - general packet radio service 
GPS - global positioning system 
GSM - global system for mobile 

communications 
HBT - heterojunction bipolar transistor 
HDR - high data rate 
HEMT - high electron mobility transistor 
HSCSD - high-speed circuit-switched data 
H TTP - hypertext transfer protocol 
I and Q - in-phase and quadrature 
I/O - input/output 
IC - integrated circuit 
IF - intermediate frequency 
IM - intermodulation 
IMD - intermodulation distortion 
InP - indium phosphide 
IP - internet protocol 
ISM - industrial, scientific, and medical 
JEDED - joint electron device engineers 

council 

JSP - java server pages 
LAN - local area network 
LCC - leadless chip carrier 
LDMOS - laterally diffused metal oxide silicon 
LMDS - local multipoint distribution service 
LNA - low-noise amplifier 
LO - local oscillator 
LOS- line of sight 
LPF - low-pass filter 
LSI - large scale integration 
LTCC - low-temperature co-fired 

ceramic 
MDS - multipoint distribution systems 
MMAC - million multiply accumulate operations 
MMDS - multichannel multipoint 

distribution service 

MMIC - monolithic microwave integrated circuit 
MOSFET - metal-oxide semiconductor 

field-effect transistor 
MOU - minutes of use 
MSPS - million samples per second 
NRZ - non-return to zero 
NTC - negative temperature coefficient 
OEM - original equipment manufacturer 
PA - power amplifier 
PAR - peak-to-average ratio 
PCB - printed circuit board 
PCM - pulse code modulation 
PCMCIA - personal computer memory card 

interface association (now simply 
referred to as PC card) 

PCS - personal communications system 
PDA - personal digital assistant 
PDC - pacific digital cellular 
PECL - positive emitter-coupled logic 
PGA - pin grid array 

PHEMT - pseudomorphic high-electronmobility 
transistor 

PIM - personal information management 
PLL - phase-locked loop 
PPM - parts per million 
PSK - phase shift keying 
QAM - quadrature amplitude modulation 
QPSK - quadrature phase shift keying 
RAM - random access memory 
RFI - radio frequency interference 
RFIC - radio frequency integrated circuit 
RFID - radio frequency identification 
RMS - root-mean-square 
ROM - read-only memory 
SAR - successive approximation register 
SDH - synchronous digital hierarchy 
SDRAM/SORAM - synchronous dynamic 

random access memory 
SEU - single-event upset 
SiC - silicon-carbide 
SIR - serial infrared 
SMA - standardization management activity 
SMD - short message delivery 
SMR -specialized mobile radio 
SMS - short messaging service 
SMT - surface-mount technology or 

surface-mount toroidal 
SNR - signal-to-noise ratio 
SOIC - small-outline integrated circuit 
SONET - synchronous optical network 
SPDT - single-pole double-throw 
SSPA - solid state power amplifiers 
TCP - transmission control protocol 
TCXO - temperature-controlled oscillator 
TDD - time division duplex 
TDMA - time-division multiple access 
TETRA - trans european trunked radio 
TSOP - thin small outline package 
TTL - transistor -transistor logic 
UART - universal asynchronous receiver 

transmitter 
UDP - user datagram protocol 
UMTS - universal mobile telecommunications 

service 

UNII - unlicensed national information 
infrastructure 

UTRA - UMTS terrestrial radio access 
VCO - voltage-controlled oscillator 
VC SEL - vertical cavity surface-emitting laser 
VCXO - voltage-controlled crystal oscillator 
VOFDM - vector orthogonal frequency division 

multiplexing 
VSAT - very small aperture terminal (satellite 

service) 
VSWR - voltage standing wave ratio 
WAP - wireless application protocol 
W-CDMA - wideband code-division 

multiple access 
WLAN - wireless local area network 
XDSL - another name for an ISDN BRI channel 
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Get information on all the products, software and literature described in this issue. 
Circle the reader service number on the card and mail it today. 

Or go to our online home at WWW.rfdcsigR.COm. 
You’ll find easy access to all companies mentioned in this issue. 
Look under the special reports section on the left navigation bar. 

COMPANY NAME PAGE READER 
NO. SVC. NO. 

Agilent . 29  2 

Amplifier Research .. 73  3 

Anritsu Company . 23  5 

Ansoft . 63  9 

Aplac ..........................................................77 ..................................................7 

Applied Wave Research . 65 ................................................10 

Bomar . 81  6 

CAD Design ..............................................72 . 11 

California Eastern Labs . BC  23 

Coilcraft _ .3  20 

Comm & Energy . 83  99 

Communication Concepts . 93 ................................................17 

Corning Frequency Control . 33 ................................................13 

Dielectric Laboratories . IFC ................................................14 

Directed Energy ......................................74 ..............................................102 

EDC _ .38   19 

Elanix _  79   21 

Fujitsu _ ........_ _— .15 . 22 

Future Electronics .................................17 . 37 

Gigatronics ..............................................75 . 25 

WL Gore . 21   18 

Hermetic . 81  36 
Hitachi Metals . 82 ..............................................104 

Hittite Microwave . 39  30 

Holaday Industries . 52  31 

JFW Systems ............................................78 . 46 

Johanson Tech . 56  26 

K&L Microwave ......................................57 . 45 

Labtech . 83  .33 

Leader Tech . . 54  24 

M/A-Com _ 36  52 

COMPANY NAME PAGE READER 
NO. SVC. NO. 

Maxim . 43,45,47  53,54,55 

Micrel . 51  57 

Mini-Circuits _ 4,5 ,7, 19 _ 27,28,43,44,41,42 

. 27,41,59. 34,35,58,59,39,40 

. 60,61,69,87,91 _ 15,16,76,77,47,48,50,51 

_ IBC . . .92,93 

MITEQ _ .37  60 

Murata . 31 ..................................................x 

Nemal . 82  29 

Noise.com ...................................................x ..................................................1 

Phonon corp . 80  66 

PTS . 22  61 

Renaissance Electronics . 76  62 

RF Micro Devices . 24,25  49 

Rockwell Collins . 66  32 

Spirent Comm (TAS) . 9  64 

Sprague Goodman ..................................10 . 8 

Stanford Microdevices . 55 ................................................73 

Surcom . 80  65 

Synergy . 49 ................................................78 

T-Tech . 66  .85 

Ultra RF_  67  56 

Unity Wireless .........................................71 . 63 

Varil _ 11  4 

Voltronics Int. 70  69 

WJ Communications ..............................13 . 81 

Y-Connect . 20  67 

Z-Comm . 53   105 

Zeland Software . 89 ................................................70 

Alpha Industries - www.alphaind.com; sales@alphaind.com 
Anadigics - www.anadigics.com 
Anritsu Company - www.us.anritsu.com 
API Delevan - ww w.delevan.com; apisales@delevan.com 
Cadence • www.cadence.com; salesinfo@cadence.com 
Cascade MicroTech - www .cascademicrotech.com; sales@cmicro.com 
Chroma USA - www.chromaate.com; freds@chromausa.com 
C-MAC - www.cmac.com; jkingston.cmac@attglobal.net 
Cooper Industries - www.cooperindustries.com: info@cooperindustries.com 
Cyco - www.cyco.com; info@cyco.com 
Dasy Lab - ww w.dasylab.net; info@dasylab.net 
Densitron - www.densitron.com; sales@densitron.com 
Elcom - www.elcom-tech.com; sales@elcom-tech.com 
EM Research - www.emresearch.com 
GHz Technology - www.ghz.com 
Holland Shielding - www.hollandshielding.com; info@hollandshielding.com 
Honeywell - www.mysoiservices@honeywell.com; 

grenville.hughes @ honeywell, com 
Infineon Technologies -w.infineon.com; company.info@infineon.com 
Kathrein - www.kathrein.com; mail@ kathrein.com 
KOA Speer - w ww.koaspeer.com 
Micrel - www.micrel.com; lwong@micrel.com 
Microchip - www.microchip.com 
Microwave Filter - www.microwavefilter.com; 

mfcsales@ microwavefilter.com 
Mimix Broadband - ww w.mimixbroadband.com 
Mini Circuits - w ww.minicircuits.com; sales@minicircuits.com 

Molex - w ww.molex.xom; amerinfo@molex.com 
M-tron - www.mtron.com; sluchtel@mtron.com 
Narda - www.dept26.com 
Noble Publishing - www.noblepub.com; orders@noblepub.com 
Ophir - www.ophirrf.com; sales@ophirrf.com 
Photo Fabrication - www.photofabrication.com 
RF Industries - www.rfindustries.com; tf@ rfindustries.com 
Rohde and Schwarz - www.rohde-schwarz.com; 

customersupport@rsd.rohde-schwarz.com 
Samtec - www.samtec.com; info@samtec.com 
Schaffner - www.schaffner.com; Vsasales@schaffner.com 
Signal Technology - w ww.ewsubsystems.com; cdavis@sigtech.corn 
Silicon Labs - www.silabs.com; sharon.lear@silabs.com 
Spectrum Control - w ww.spectrumcontrol.com; 

spectrum@spectrumcontrol.com 
Stealth Microwave - www.ssbtech.com; sales@ssbtech.com 
StratEdge - www.stratedge.com; info@stratedge.com 
Tadiotronix - www.radiotronix.com; stevem@ radiotronix.com 
Tech-Etch -w ww.tech-etch.com; sales@tech-etch.com 
Teledyne - w w w.teledynewireless.com; switches@teledyne.com 
Tru-Connector - ww w.7-16connectors.com; trusales@tru-con.com 
Tusonix - www.tusonix.com; sales@tusonix.com 
UTE - www.utemicrowave.com; info@utemicrowave.com 
Vectron - www.vectron.com; vectron@vectron.com 
Vishay - www.vishay.com; margarete.seeharsch@vishay.com 
Zentrix - www.zentrix.com; lvalenzu@zentrix.com 
ZiLOG - www.zilog.com; kmalznczuk@zilog.com 

98 www.rfdesign.com October 2001 



RL literature and product showcase 
SP16T Pin-Diode Switch (0.5-18 Ghz) 

UMCC's Model SR-U010-16S is an absorptive six-
teen-throw solid state switch operating over 0.5-18 
Ghz. Switch features: 7.0 dB loss / 60dB Isolation at 18 
Ghz. 2:1 VSWR, 25ns Rise/Fall time, +5/-12 VDC 
Supplies, CMOS or TTL controls, all removable con¬ 
nectors. Unit measures 1.6" x 8.0" x 0.4" 

0. IM Hz to 3.1GHz Portable Spectrum Analyzers 
■ PS - 550 0.1 - 560MHz PS - 5A 0.1 - 1100MHz (1300MHz optional) 

PS - 58 0 1 - 2050MHz (2 band») PS - 5C 0.1 ■ 3100MHz (3 band«) 

■ Center/Marker frequency display with on screen marker cursor 
■ Measurement Range -108 to *20 dBm 
■ Five Resolution Bandwidths 10KHz, 30KHz, lOOKHz. 300KHz, 1MHz 
■ 50 dB Input Attenuator In 10 dB steps 
■ 2 /10 dB/Div vortical display with Base Line Clipper 
■ Built - in AM/FM demodulation with monitoring speaker 
a Optional built-In Tracking Generator 
a AC / DC ; Battery powered (optional internal *12V battery pack) 
a Lightweight - Portable operating Size: 11.5" x 5.4” x 12.9” 

Price: PS-560 51675 PS-5A $2275 PS-5B $2876 
PS-5C $3175 

V.Tech Instruments, Inc. 
171 Burns Ave, Lodi, N J 07644 

Product Line: 
* Solid State Variable Attenuators 
• DC - Blocks, Bias Tee’s, Transformers 
• Directional Couplers 
• Hybrid Couplers (907180') 
• Power Dividers I Combiners 
• Solid State Switches 
* Special Function Subsystems 

Universal Microwave Components Corporation 
5702-D General Washington Drive 
Alexandria. Virginia 22312 

Tel: 973-546-7636 
Fax. 973-546-7651 
E-mall: vtochinst0erols.com 

Tel: (703) 642-6332 • Fax: (703) 642-2568 
Email: umcc@umcc111.Com 
web www.umcc111.com 

mriiii 

MOUSER 
(800) 346-6873 

w 

www.mouser.com 

Ordering 

Product Search 

Catalog 

Spec Sheets 

Product Availability 

salesiimouier.com 

Wireless Product Development 
The "Part 15" Experts 

UHF, 915 MHz, 2.4 GHz 

APEX 
WIRELESS, INC. 

Two Way Data 
■ Spread Spectrum 
Data Modems 

■ Bluetooth™ 
■ RFID 
■ Narrow Band Links 

One Way Data 
■ Resource 
Management 

■ Instrumentation 
■ Security 
■ Tracking 

Standard Products 
Product Development 
Licensing 

2525 Frontier Ave., Suite 200, Boulder, CO 80301 
303) 443-6699, txi. 26 FAX (303) 442 7123 

e-mail: rf@apexwireless.com www.apexwireless.com 

Iknwtorit (Ntal M 
OSj 

(WKlIIjMti 
H1PERFORMANCE 

THERMAL PLATFORM TEST SYSTEMS 

Environmental Stress Systems, Inc. 
21089 Longaway Road. Sonora, CM 95370 U8A 

www.asstharmalpiatos.com Phono 1-800-735-6859 
E-mall: satasQsssthormaiplatos.com Fax 1-800-735-7370 

Custom & Standard Filters 

• Bandpass 
• Lowpass 
• Highpass 
• Linear Phase 
• Phase Matched 

• Anti-Aliasing Filters 
• Video & HDTV Filters 
• Group Delay Equalized 
• Diplexers 
• Raised Cosine Filters 

Visit our website at www.krlilters.com tor more into or send 
your specifications lor a technical review and quotation. 

KR electronics_ 
91 Avenel Street • Avenel. NJ 07001 

Phone: (732) 636-1900 • Fax: (732) 636-1982 
www.krfilters.com • sales@krfilters.com 

MANUFACTURER 
PRINTED CIRCUIT BOARDS 

GALAXY 
ELECTRONICS ASSOC., INC. 

Pioneers In “Special” 
fabrication for RF 

designs & applications 
“Special”. . .materials. . .di-electrics 
hybreds. . .Impedances. . .processes 

construction. . .finishes/platings 
workmanship. . . timeliness. . .quality 

CALL GALAXY FOR SOLUTIONS 

V: (410) 381-1765 / F: (410) 381-0096 
E-mail: info@galaxyelectronics.com 
www.galaxyelectronics.com 

INFO/CARD 248 

To place an ad in 
RF Design 

classified section 
call 

Dawn Rhoden 
@ 

(913) 967-1861 
or 

Fax it to 

(913) 967-1735 
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Advertise 
With US! 

CLASSIFIED AD MANAGER 
Dawn Rhoden 
+1.913.967.1861 Worldwide 
1.888.234.0448 USA Toll-free 
Fax: +1.913.967.1735 
E-mail: dawn_rhoden@primediabusiness.com 

MAIL AD MATERIALS TO: 
Arketa Johnson, Classified Ad Coordinator 
11BM Plaza, Ste 2300, Chicago, IL 60611 
+1.312.840.8454 • Fax: +1.312.595.0295 
E-mail: ajohnson@primediabusiness.com 

Target 
your 

recruitment listings! 

Visit us atwww.rfdesign.com for the 2001 Media Kit 
Includes: advertising rates, mechanical specs, editorial calendar, and sales contacts. 
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Consulting Engineers . 105 
Literature/Prooduct Showcase. 103 

career opportunities 
...YOUR CAREER 

RF Engineering Manager: 3-5 years engineering management experience in antenna 
or RF related products, 5 years design experience in Wireless Communication field, 
and BSEE required. Manage Engineering Department for Base Station Company RF 
Engineer who can direct engineering activities to include design, test, prototypes, 
and interface with manufacturing. Must be hands-on player who can also oversee 
CAD, EE. ME and test technician functional reports. 

RF Power Amp Design: Design and develop high-efficiency low-voltage SiGe power 
devices and amplifiers for cellular/PCS applications. Requirements include MS or 
PhD and experience in MMIC or RFIC design and test along with 5+ years experience 
in bipolar and GaAs power amp design. 

RFIC Designers: Hands-on engineers specializing in GaAs. Si. SiGe etc. circuit design. Design centers are 
located throughout the US and internationally. The companies we represent will sponsor citizenship. All our 
client companies are successful RFIC technology leaders All levels of engineering technology positions are 
open. Design applications, project engineering, manufacturing/production BSEE or equal experience mini¬ 
mum. 

Senior RF Engineer/fiber-optic communications products: Must be able to design and analyze RF 
circuits and subsystems in the frequency range from DC to 10 GHZ. Responsible for generating 
schedules and meeting deadlines. Perform hands-on testing and evaluation of new designs. Provide 
proper documentation Transition designs to manufacturing. 10-15 years of relevant “hands-on" ex¬ 
perience in circuit /system design and product development BSEE (MSEE preferred) Proficiency with 
the RF CAD tools. ADS. Series IV. Spice. Touchstone. Eagleware. EM simulators. Familiarity with 
SONET and Gigabit Ethernet is a plus. 

Sr. Scientist SAW Devices: Responsible for the research and development of new or modified process 
formulations and equipment, requirements and specifications in the manufacturing and evaluation of Sur¬ 
face Acoustic Wave (SAW) devices. Conceive, plan and execute projects involving understanding, defin¬ 
ing, and selecting new concepts and approaches for new or improved processes in SAW devices. PhD/MS. 

Senior Broadband Modem Design Engineer: Candidate will be responsible for the design and imple¬ 
mentation of next generation broadband wireless access modem at speeds of 100 kb/s to 40 Mb/s, 
using MQAM or OFDM modulation schemes. Required candidate must have a BSEE (MSEE desired) 
with 5+ years RF data communications designs experience. Knowledge of TDD/FDD/TDMA tech¬ 
niques is preferred. 

Principal Design Engineer RF IC design in the Wireless Communications and/or Broadband technologies. 
Experience m designing on multiple technologies such as HBT GaAs, SiGe. BiCMOS. Bipolar, is highly desirable. 

RF Design Engineer Design of RF transceivers used in digital radios in the 2-6GHz frequency range BSEE 
minimum. MSEE preferred. 3+ years of board-level RF and analog circuit design expe-
rience. Experience with amplifiers, filters, mixers, PLLs and their integration into radio 

|| www. I transceivers. 

Il com I ^' lter Des '0n Engineer: 3 plus years experience in the design and develop-
ment of RF/Microwave filters for the wireless industry. Experience with ce-
ramie, cavity, combline, stripline, low pass, band pass filters a plus. All Filter 
Designers are encouraged to apply. 

3‘ Jllim I D COMMUNICATIONS -- III IVI I 11 EXECUTIVE SEARCH 

We specialize in the placement of wireless. RF. microwave communications nationally. 
FOR THESE AND OTHER OPENINGS 35 New England Business Center. Ste 205 • Andover. MA 01810 
CALL COLLECT: TEL: 978-685-2272 E-mail: micsearch@aol.com FAX: 978-794-5627 

Looking to fill a position in 
your company? 

Advertise in the Career 
Opportunities section of 

RF Design 

Call Dawn Rhoden today* 
913-967-1861 

or fax it to 
913-967-1735 
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career opportunities 
Visit RF Designs Website 

www.rfdesign.com Broadband, Bluetooth and Beyond in San Diego 

Local roots. 
\ Global reach." 
f CTS Corporation (NYSE: CTS) is 
a global leader in the design, 
manufacture, and sale of a broad 
line of electronic components 
and custom electronic assemblies. 
Our Bloomingdale, IL office is 
currently seeking a: 
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SENIOR CRYSTAL 
DESIGN ENGINEER 
Requirements for this position include 
a BS in Electrical Engineering with 
graduate studies in material science 

(MS preferred); IEEE membership; and 

education or experience in statistical 

process control, team management, 

project management, ISO 9000 

implementation, experiment design, 

and Cost of Quality manufacturing 

approach. 

A minimum of five years' experience 

in the following areas is critical: design of 

doubly rotated quartz crystal resonators 

(QCR), design of precision processes 

for manufacture of QCR, computer 

modeling of piezoelectric devices, design 

of AT QCR, statistical process control, 

manufacturing support, phase noise and 

vibration sensitivity of QCR, customer 

technical support, and engineering 

review of customer specifications. 

Working knowledge of MS Office, PRMS, 

and excellent communication skills in all 

media required. Candidates must be 

willing to relocate, travel internationally on 

occasion, and have a stable work history. 

Interested candidates meeting the above 

qualifications should send a resume and 

salary requirements to: CTS Frequency 
Controls, Attn: Human Resources, 400 

West North Street, Carlisle, PA 17013; 

fax to 717.240.2872; or e-mail to 

hresource@fc.ctscorp.com. EOE/M/F/HA/. 

www.ctscorp.com 

October 2001 

In today’s marketplace, Silicon Wave is 
a one-of-kind-company. We’re a San 

Diego based, pre-IPO, venture-funded 
leader in designing complete RF systems-
on-chip for next generation communica¬ 
tion products. We design fully-integrated, 
feature-rich RF ICs for Bluetooth wireless 
applications and a line of silicon turners 
for set-top boxes and cable modems. 
And, in addition to developing such 

groundbreaking technology, our company 
is growing and we’re hiring! 

We offer a full benefits package including 
stock options and relocation. EOE. 
Send your resume, indicating 

job code RFiooi, to Silicon Wave: 
EMAIL: jobs@siliconwave.com 
FAX: 858.453.3332 
6165 Greenwich Drive, Suite 200 

San Diego, CA 92122 

SEE COMPLETE JOB DESCRIPTIONS AT: 

www.siliconwave.com 

IC Design 

• Sr. Analog Layout Engineer 

• Analog/Mixed Signal/RFIC Engineer 

• Manager, IC Layout/CAD 

ENGINEERING 

• Sr. Bluetooth Architecture Systems 

Engineer 

RF SYSTEMS 

• Sr. RF Systems Engineer 

• Application Design Engineer-Bluetooth 

• Sr. Director Broadband Engineering 

OPERATIONS/MANUFACTURING 

• Sr. Test Engineer 

• Sr. RFTest Engineer 

• Manager, Production Control 

Silicon Wa ve 
Bluetooth is a trademark owned by Telefonaktiebofaget LM Ericsson, Sweden 

CONSULTANT SERVICES 

; You don't have to he a detective to find the 
best place to adtetose tour hiring needs! 
Just call Dawn Rhoden of RF Design 

Classifieds e (913) 967-1861. 

www.rfdesign.com 

wTc 
Walls Technology Co., Inc 
RF/Microwave Product Design 
Model/Simulation Development 

Ph: (256)828-6728 Fax: (256)829-0328 
http://www.wallstechnology.com 

UBSCRIPTIONS 

CALL: 800-441-0294 
OR E-MAIL: 

SUBS@PRIMEDIABUSINESS.COM 
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REin ernest 
Industry 
update -

show me the 
money 

by Ernest Worthman 
technology editor 

eworthman@primediabusiness.com 

As many of you who read my column know (when 
I’m not being satirical or having a heyday with the 

industry “experts”), I tend to be both conservative and 
realistic in my assessment of technology. Back about a 
year ago (November 2000) I took a shot at the prog¬ 
nosticators’ incessant promulgation of the impending 
wireless explosion. 
As the century turns — In January and February, 

I took aim at the supposed proliferation of ASPs 
(which never materialized). In April I ranted about the 
realities of reliable wireless communications; and in 
May, I tried my best to address life after the high-tech 
bloodletting. But through it all, I’ve always taken 
either a (as Roger describes it) “curmudgeon” 
approach or, as I like to think, a “lets get real” 
approach. 
But having been in high technology since I stuck my 

finger in a light socket when I was eight years old 
(twice, just to make sure), I’ve seen technologies come 
and go. But what good is experience if you don’t learn 
from it? This is the reason for my “I’ll believe it when 
it works” attitude. 
As the year turns — Now that the economy is back 

on reality’s track, I think we all have a much better 
understanding of the capabilities of technology as 
well. Over the last few months, virtually all players 
within the high-tech industry have had a reality check 
— nobody was 100% right, and nobody was 100% 
wrong. But almost everybody was caught with their 
sheets full to the wind when the wind died. 

So now, budgets have been revised, work forces 
have been adjusted and expectations have been 
grounded. And while it isn’t totally over, cooler heads 
are starting to prevail; the mass hysteria of the past 
year or two is gone. 
Every cloud - There now exists a window of oppor¬ 

tunity. Since the mostly vaporware, capital-sucking 
dot-coms are gone, development can move in the direc¬ 
tion that will really advance the high-tech infrastruc¬ 
ture. 

Several promising areas need R&D funds and seri¬ 
ous consideration. While the wireless Web holds 
promise, it suffers from a lack of interface technology. 

As I have said over and over, keying in www.finda-
date.com while driving 60 mph on the freeway just 
isn’t going to cut it. We need development in voice 
recognition, heads-up displays and/or cranial implant 
technology to put the pedal to the metal. And we need 
to get moving with new storage technologies and 
micro-electrical-mechanical systems (mems). 
3G also holds promise, but it suffers from a lack of 

standards, bandwidth and a universal platform. 
To make the wireless Web and xG systems work¬ 

able, we need to move on with the development of 
atomic-level computers and single-molecule, non¬ 
volatile storage with speeds and densities hundreds to 
millions of times higher than what we have now. This 
is where the VC money needs to go. 

Reality eventually wins out — Some good news is 
on the horizon that indicates the worst is over. 
Cahners In-Stat Group believes that total worldwide 
handset semiconductor revenue will increase from 
$14.6 billion in 2001 to $21.7 billion in 2002. And a 
speaker from the Progress & Freedom Foundation's 
seventh annual Aspen Summit can be quoted as say¬ 
ing: “I'm really bemused by the gloom and doom that's 
out there. Not only is it the end of the world, but it's 
the end of the world forever. We need to get a grip of 
what has happened here...now some sanity is return¬ 
ing to the world.” 
And, there are signs that VC and development 

money is going to be returning to the wireless industry 
soon as well. Although the VCs are more diligent in 
their research and are getting real about what is 
doable and what is chaff (read: dot-coms), a quote from 
Red Herring magazine read: “With the future of wire¬ 
less hinging on infrastructure, the startups that con¬ 
tinue to get funding are the ones laying the foundation 
for next-generation networks. Whether it's a company 
that fills gaps in cellular coverage, a software develop¬ 
er that ties wide area networks (WANs) to wireless 
networks, or a startup that builds wireless voice or 
data networks into office buildings.” — and I agree. 

It’s inevitable — The fact is that it is impossible to 
stop the technological juggernaut. But sometimes it 
needs to catch its breath and separate the wheat from 
the chaff. Money just doesn’t sit. By nature, it seeks 
opportunity. Things will start to pop again soon. Solid 
doable technology will surface from the ashes and rise 
on its merits. The real issue is the ability to see 
through the hype to what the doable technologies are 
and employ levelheadedness. 

So, now I think we are at a crossroads. Everyone is 
taking a hard look at what is real and what is vapor. 
I’m hoping that the lessons of the late ‘90s were well-
learned, and that the cooler heads popping up will pre¬ 
vail. If so, maybe by the end of this decade, I’ll finally 
be able surf the wireless Web within my heads-up dis¬ 
play, using just plain speech, anywhere in the world. 
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0.47 to 10GHz 

2to32WayJ49” 
Looking for a “perfect fit" power divider for your i 

50 or 75 ohm design../asf? Just call Mini-Circuits! 
Our quick response and wide variety can provide 
on-target performance to match your needs exactly. \ 
That’s because we’ve developed a vast inventory 
of low cost/high value SMA, BNC, and Type-N connector-
ized units covering cellular, GSM, ISM, PCS, and satellite 
bands. Select from 2 to 32way models, wide band units 
and microstrip designs going down to 470MHz. And 
Mini-Circuits power dividers are built tough to handle high 
matched power with good VSWR, low insertion loss, and 
high isolation between ports. For even lower frequency 
applications, check out our family of torroidal 
transmission line power splitters and combiners with 
frequencies as low as 500Hz. If you’re looking for a 
better blend of usability and affordability, put the power 
of Mini-Circuits to work for you today! 
Mini-Circuits...we’re redefining what VALUE is all about! 

No. Freq. 
Model Of Models Range (GHz) 

2WAY-0 c 

2WAY-900 

2WAY-1800 

3WAY 
4WAY 
5WAY 
6WAY 
7WAY 
8WAY 
9WAY 
10WAY 
12WAY 
14WAY 
16WAY 
32WAY 

0.50-10.0 
1.00-4.20 
1.00-2.49 
0.50-4.20 
0.47-8.40 
0.80-1.98 
0.80-5.00 
1.00-1.99 
0.50-8.40 
0.80-4.80 
0.75-2.40 
0.50-4.20 
0.90-0.99 
0.47-4.80 
0.95-1.75 

For detailed model numbers, specifications, 
and prices, consult our web site, RF/IF 
Designer’s Guide, or call Mini-Circuits. 

□□Mini-Circuits 
■ ■ ■ ■ CIRCLE READER SERVICE CA 

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 & WEB SITE 

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

ISO 9001 CERTIFIED F 177 Rev D 



New NEC Bipolar Transistors 

Higher fTs, Lower 1/f 

New, Smaller Packages 

kKÀAAàJ 

NEW 
Packages : 

0.5 mm 

• Flat Lead design reduces parasitics and 

improves electrical performance 

• Low Profile is ideal for VCO modules 

and other space-constrained designs 

Oscillators & Ruffer Amps 
With the best 1/f performance available, these devices help you achieve the 
phase noise your design demands They’re also available in Win Transistors. 

Part Number Corner Freq*_ VtE _ lc Package 

NF856M13 3KHz 3V 30mA M13 

NE685M13 5KHz 3V 5mA M13 

'Review Application Note AN1026 on our website for more information 

on 1/f noise characteristics and corner frequency calculation. New M13 
One sixth 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! 

I Part Number Description NF Gain Freq Package 

NE687M13 11 GHz fy INA 1.2 dB 13 dB 1 GHz M13 

NE661M04 25 GHz fy LNA 1.2 dB 22 dB 2 GHz M04 

NE662M04 23 GHz fy LNA 11 dB 20 dB 2 GHz M04 

HALF 
SIZE ; 

Twin Transistor Devices 
Cascode LNAs, cascade LNAs and oscillator/buffer combinations are just three 
possible uses of these versatile devices Matched Die versions pair two adjacent 
die from the wafer to help simplify your design, while Mixed Die versions — 
an NEC exclusive let you optimize oscillator performance while achieving 
the buffer amp output power you need 40 different combinations available. 

New M04 
Half the footprint area of a SOT-143 

Part Number_ Description QI Spec Q2 Spec 

UPA810TC Matched Die/Cascade LNA NE856 NE856 

UPA814TC Matched Die/Cascade LNA NE688 NE688 

Part Number_ Description QI Spec Q2 Spec 

UPA826TC Matched Die/Osc-Buffer Amp NE685 NE685 

UPA840TC Mixed Die/Osc-Buffer Amp NE685 NE681 

New TC Twin Transistors 
Half the footprint area of a SOT-363 

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^S67-6642 (Canada) INFO-'-^^ 




