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KF Peak PouJer Meter Selection Meeting 
Requirements: 

Leidest peak me¿asurement b¿and-uridtti 
Full band- u^idtli oi/er entire dyn¿amic r¿an^e 

Interdictare graphical display 
Ease o9 use 
Automatic sapeare o9 uüax/e^of^ 

Tînmes to ¿void: 

ditches 
Bringing ¿and ¿assorted errors, delays, slouJdouJns 

Conclusion: BOONTON ELECTRONICS ^3^ RF 
PEAK PMEK meter. 

Action Item: Call Boonton Electronics AsAP/ 

The Boonton 4530 RF Peak Power Meter brings peak 
power measurement capabilities to both the laboratory and 
production, making Peak, CW Power and RF Voltage 
measurements at high speed from 10 Hz to 40 GHz. 

Contact Boonton Electronics for all of your 
power measurement testing needs. 

Phone: 973-386-9696 
Fax: 973-386-9191 
Email: sales@boonton.com 
Web: www.boonton.com 
Boonton Electronics 
P.O. Box 465 
Parsippany, NJ 07054-0465 
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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 

INFO/CARD 20 



RF -Ib 

Easily combines RF+DC signals 
for your modulation or 
test requirements. 

RF+DC 

Model 

DC 

Now up to 500mA DC current 100kHz-6GHz 
With Mini-Circuits Bias-Tees, you can DC connect to the RF port of an active 
device without effecting its RF properties...modulate a laser, apply DC to an 
amplifier output, and more! Using statistical process control plus combining 
magnetics and microstrip, large DC currents may pass 
through the Bias-Tee without saturation and 
degradation of performance. At 1/3 to 1/4 the -
price of competitive units, these new Bias-Tees 
are available in surface mount, pin, and 
connectorized models. So why wait, solve your 
connection problems with Mini-Circuits Bias-Tees. 

aZFBT-4R2G 
aZFBT-6G 
aZFBT-4R2GW 
aZFBT-6GW 
aZFBT-4R2G-FT 
aZFBT-6G-FT 
aZFBT-4R2GW-FT 
aZFBT-6GW-FT 
★ZNBT-60-1W 
■PBTC-1G 
■PBTC-3G 
■PBTC- 1 GW 
■PBTC-3GW 
•JEBT-4R2G 
•JEBT-6G 
•JEBT-4R2GW 
•JEBT-6GW 

Freq 
(MHz) 

1&42Ö0 
10-6000 
0.1-4200 
0.1-6000 
10-4200 
10-6000 
0.1-4200 
0.1-6000 
2.5-6000 
10-1000 
10-3000 
0.1-1000 
0.1-3000 
10-4200 
10-6000 
0.1-4200 
0.1-6000 

Insertion Loss 

L 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.2 

(dB Typ.) 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

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

M 
0 ' 
0.6 

94 
0.6 
0.6 

0.6 
0.6 

U 
0.6 
1.0 
0.6 
1.0 
0.6 
i 0 
c 

1.0 
1.6 

0.3 0.3 
0.3 1.0 
0.3 0.3 
0.3 1.0 
0.6 0.6 
0.7 1.3 
0.6 0.6 
0.7 1.3 

Isolation 
(dB Typ.) 
LMU 
32 40 50 
32 40 30 
25 40 50 
25 40 30 
N/A N/A N/A 
N/A N/A N/A 
N/A N/A N/A 
N/A N/A N/A 
75 45 35 
27 33 30 
27 30 35 
25 33 30 
25 30 35 
32 40 40 
32 40 40 
25 40 40 
25 40 30 

VSWR 
(Typ-) 
u 

1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.35:1 
1.10:1 
1.60:1 
1.10:1 
1.60:1 

Price 
$ ea 
1-9 qty. 
59.95 
79.95 
79.95 
89.95 
59.95 
79.95 
79.95 
89.95 
82.95 
25.95 
35.95 
35.95 
46.95 
39.95 
59.95 
59.95 
69.95 

L = Low Range M = Mid Range U = Upper Range 
NOTE: Isolation dB applies to DC to (RF) and DC to (RF+DC) ports 
aSMA Models. FT Models Have Feedthrough Terminal *Type N. BNC Female at DC 
■Pin Models •Surface Mount Models 

C3 Mini-Circuits us SU IM 91 
CIRCLE READER SERVICE CARD 

P.O. Box 3501 66, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE 
yfjNÎ The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: http://www.minicircuits.com 
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$119 
DCto8GHz From «(1000 qty.) 

EM AMPLIFIERS 
Mini-Circuits ushers in the next generation of high reliability 
MMIC amplifiers.. .HI-REL ERA amplifiers. Just check the 
specs! With an expanded selection of models and gains, these 
GaAs amplifiers cover extensive commercial and military 
applications to 8GHz and beyond. Instant access to 
S-parameter data, grounding, and biasing techniques 
on our web site make ERA amplifiers very easy to use. 
Simply sketch an interconnect layout, and the design is done. And 
ERA’S are engineered with broader bandwidths to eliminate 
your need for costly compensation networks and extra gain 
stages. So, review your present design and replace with 
Mini-Circuits new ERA technology. Lower overall cost, high 
reliability, and lots to...gain! 
Mini-Circuits. ..we’re redefining what VALUE is all about! 

ERA-1SM 
ACTUAL SIZE 

Model 
ERA-1SM 
ERA-21SM 
ERA-2SM 
ERA-33SM 
ERA-3SM 
ERA-6SM 
ERA-4SM 
ERA-5 1SM 
ERA-5SM 

*Freq. 
(MHz) 
DC-8000 
DC-8000 
DC-6000 
DC-3000 
DC-3000 
DC-4000 
DC-4000 
DC-4000 
DC-4000 

Gam 
(dB) 
11.8 
13.2 
15.2 
17.4 
20.2 
11.3 
13.5 
16.1 
18.5 

Max. Power Out 
(dBm, 

@1dBComp) 

11.3 
12.6 
12.4 
13.5 
11.5 

<17.9 
<16.8 
<18.1 
<18.4 

NF(dB) IP3(dBm) 

5.5 
4.7 
4.6 
3.9 
3.8 

<8.4 
<5.2 

,4.3 

26.0 
26.0 
26.0 
28.5 
23.0 

<36.0 
a 33.0 
<33.0 
<32.5 

©Device 
Current 
(mA) 
40 
40 
40 
40 
35 

70 
65 
65 
65 

(D Price 
$ea. 

(30 Qty.) 
1.42 
1.57 
1.57 
1.72 
1.72 
3.90 
3.90 
3.90 
3.90 

Note: 
Specs typical at 2GHz, 25°C. 
Exception: A indicates typ. numbers tested at 1GHz. 

* Low freq, cutoff determined by external coupling capacitors. 

® Pnce (ea.) Qty 1000: ERA-1SM $119, -2SM or -21SM $1 .33. -3SM 
or -33SM $1 48, -4SM, -5SM.-6SM or -51SM $2.95 

C3 Mini-Circuits CIRCLE READER SERVICE CARD 
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FEATURES_ 
Featured Technologies: 
Embedded Technologies 
Integrating Bluetooth in the GSM cell phone infrastructure — Embedding a 
Bluetooth subsystem in a cellular telephone may be the first step toward complete wireless integration. 

— By Steve Brown, Mark Lane, Dino Fernandez 

6 

32 

50 

72/ 

Time and Frequency 
Matched filtering and timing recovery in digital receivers — A practical look at 
methods for signal detection and symbol synchronization. 

— By Louis Litwin 

Test and Measurement 
Data recording for real-time signal analysis — A new breed of test instrument 
facilitates field analysis of signals and data. 

— By John DeMott 

Test and Measurement 
Switching systems reduce test times — Reducing test times and increasing equipment 
utilization is tantamount to saving money. Switching systems for DUTs pay off. 

— By Roland Lowe 

Cover Story: 
Test and Measurement 
Testing the 3G infrastructure — cdma2000 may well be the 3G platform of the future. If so, 
testing its interoperability and performance will be critical to its success. 

— By Rob Van Brunt 

Tutorial: 
Semiconductors 
Gallium nitride electronic devices for high-power wireless applications — 
Could semiconductors based on GaN technology be the answer to tomorrow’s hardened high-power wireless 
systems? 

— By Ric Borges 

Redesign www.r design.com 
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WIDEBAND 

HIGH IP3 MIXERS 

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 
designs with superb temperature stability, high 
repeatability, and ultra-thin 0.070" profile. Now, high IP3, 
higher performance, and value pricing have 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 

SYM-25DLHW 40-2500 
SYM-25DMHW 40-2500 
SYM-24DH 1400-2400 
SYM-25DHW 80-2500 
SYM-22H 1500-2200 
SYM-20DH 
SYM-18H 
SYM-14H 
SYM-10DH 

1700-2000 
5-1800 

100-1370 
800-1000 

+13 26 
+17 28 
+4 15 

+10 22 
+13 26 
+17 29 
+17 30 
+17 30 
+17 32 
+17 30 
+17 30 
+17 31 

1.3 
1.1 
1.1 

1.2 
13 
1.2 
1.3 
1.3 
1.5 
1.3 
1.3 
1.4 

70 6.95 
6.7 8.95 
70 6.95 

6.3 7.95 
6.6 8.95 
70 9.95 
6.4 9.95 
5.6 9.95 
6.7 9.95 
5.75 9.95 
6.5 9.95 
7.6 9.95 

*E Factor = (IP3 (dBm) -LO Power (dBm)) +10. See web site tor E Factor application note. . 
ADE models protected by U.S. patent 6,133,525. 

• MBA Blue Cell ™ model protected by U.S. patents 5534,830 5640)32 5640699. 

Actual Size 

QI 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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ON THE WEB 
Check out the additions to RF Design online: 

• Improved online supplier directory 
• Improved monthly manufacturer's links pages 
• New special section 
• Exclusive online articles 

And there is more on the way! 

_ RFdesign www.r design.com 
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SPIRENT 
Communications CDMA 

Gets 
Extend your product's 

performance with 

3G CDMA test solutions 

from Spirent 

Communications 

Wideband CDMA stretches old algorithms to new limits. Algorithms such as RAKE finger 
tracking and wideband channel estimation. These key ingredients of wideband 3G designs 
must perform over a broad range of environments. Environments that change. ..Quickly. 

That's the reason the TAS 4500 FLEX5 RF Channel Emulator comes equipped with a 
powerful new dynamic channel emulation mode called 3GPDP (Power-Delay Profiles). 

Use 3GPDP to test your receiver designs under the most 
challenging RF channel conditions. FLEX5 meets all 
W-CDMA and cdma2000 test specifications. But why 
stop there? Program 3GPDP's Moving Propagation 
and Birth-Death channel models to emulate any 
environment you can dream up. 

SPIRENT 
has brought 

together Adtech, 

DLS, GSS, SmartBits, 
and TAS to create 

the world's leading 
communication test and 
measurement company 

1-800-927-2660 

INFO/CARD 2 www.spirentcom.com 



Trimmer 
Capacitors 
Since 1972 
Sprague-Goodman has kept its 
commitment through the years to 
provide the industry with the highest 
quality, competitively priced trimmers. 

RF editorial 

Who's Fed 
up? 

Ceramic Dielectric 
5 mm Rugged: 
• Cap ranges: 1.5-5.5 pF to 15.0-90.0 pF 
5 mm and 7 mm Economy: 
• 1.0-3.0 pF to 14.0-108.0 pF 
Miniature types suitable for hybrids 
• 2 series: 2.0xl.2mm;3.0xl.8mm 
• Cap ranges: 1.0-3.0 pF to 6.0-40.0 pF 

Plastic encased 4x 4.5 mm and 6 mm types 
• Designed for volume applications 
• SMT and printed-thru-hole models 
• Cap ranges: 1.4-3.0 pF to 20.0-90.0 pF 

By Roger Lesser 
Editor 
rlesser@primediabusiness.com 

SURFTRIM Surface Mount 
•4 sizes with 7 mounting styles: 

2.2 X 3.1 X 1.2 mm 
3.2 X 4.5 X 1.8 mm 
4.0 X 4.5 X 2.7 mm (sealed) 
5.2 X 4.3 X 3.2 mm (sealed split stator) 

•Carrier and reel or bulk pack 
•0. 5-2.0 pF to 8.5-50.0 pF in 17 cap ranges 

FILMTRIM Single Turn Plastic 
•Cap ranges: 0.5-4.5 pF to 25-600 pF 
•Q to 1500 at 1 MHz 
•Operating temp: 

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

Polypropylene: -40° to +70°C 
High temp PTFE: -40° to +125°C 
PPS: -25° to +85°C 

•8 sizes from 5 mm to 16 mm, including 
4 SMT models 
•More stable with temperature than other 
single turn trimmers 

Glass and Quartz PISTONCAP 
•QPL models to MIL-C-144O9D 
•Extremely stable over temperature, 
frequency, voltage, etc. 

•Cap ranges: 0.5-3.0 pF to 1.0-120 pF 
•Zero backlash multiturn adjust 
mechanism 

•Operating temp: -55° to +125°C 
(models to +200°C) 

•Q to 1500 at 20 MHz 
•PC, panel and surface mounting 
•voltage ratings from 500 to 5000 V 

For information on our complete line of 
trimmers and other quality products, visit 
our website, or phone, fax or write today. 

As a common taxpayer, what would you say your chances are of getting anythir 
out of the federal government that it didn’t want to give you? You are corree 
sir/ma’am. Zilch. So, how come the government (in this case the FCC) is being aske 
to give in on two issues? 

It’s my spectrum. No, it’s my spectrum 
Like two little kids battling over the last piece of candy, the FCC and NextWai 

have been locking horns over who owns the spectrum that NextWave purchase 
before filing for bankruptcy. To bring your scorebook up to date, here is how it wer 
down: In 1996, NextWave was granted licenses for spectrum to build a PCS networl 
It was to pay more than $4 billion. But, alas, NextWave payed just $500 millio 
before seeking bankruptcy. 

So, the FCC took the candy away and reauctioned it to a number of players to th 
tune of $17 billion. NextWave appeals to the courts and loses. But, it wins on appei 
and now the FCC wants the Supreme Court to rule that it owns the candy and ca 
sell it to anyone it wants. And to get to this point has taken four years. 
The argument from NextWave is the FCC is delaying access to 3G that consumei 

desperately want (I know I’m holding my breath). The FCC’s contention is NextWav 
can’t hide under the bankruptcy laws and will file its request on Sept. 22. 
The current purchasers of the now melting candy (which include Verizon Wirelesi 

Cingular and Sprint) are pushing the FCC to settle the case. 
Can have your candy and eat it too? Evidently. At least that is what the FCC i 

trying to do. They want the spectrum back for obvious reasons. $4 billion vs. $1 
billion. Money talks. 

I have to side with the FCC on this one. NextWave assumed the responsibility < 
paying the FCC for the spectrum and defaulted. Even thought it can now show it ha 
the backing, it’s too late. The FCC took the right action in reauctioning the spectrur 
to the other players. It got more for it, and in the process is splitting the spectrur 
(17 licenses have been distributed). In the long run, I think this is better for the cor 
sumer. Instead of having one bull in the china closet, you have many. This shoul 
mean a faster build-out and lower prices. 

10 

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

www.spraguegoodman.com 
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Speaking of bull 
The other battle the FCC is waging, and one it should control, is the fate of it 

E9-1-1 mandate. The 1 Oct. deadline for carriers to have E-911 is fast approaching 
and here come the carriers asking for another extension. AT&T Wireless, Nexte 
and Verizon are all pleading they need more time. The FCC has already caved, ei 
granted one exception to VoiceStream. Why? 
The carriers had the option of implementing technology in the networks or th 

handsets. For nearly five years some carriers have shown no real interest in makin¡ 
it happen, depending on yet another extension. No way, (San) Jose. 
The need for E 9-1-1 is one of the most important issues facing telecommunica 

tions and public safety. People are dying (and I have the examples to prove it 
because of the lack of viable E-911. Stick to the 1 Oct. deadline. 

Count me two for two on the side of the FCC. 

www.rfdesign.com September 200: 



AMPS 

CDMA 

CDPD 

DAMPS 

DCS1800 

ECM 

EDGE 

GEO 

GPRS 

GPS 

GSM900 

HFC 

LEO 

LMDS 

LMR 

MMDS 

NPCS 

PCS 

PCS1900 

RADAR 

RFID 

RLL 

SMR 

TDMA 

TETRA 

UMTS 

WAP 

WBA 

WCDMA 

WLAN 

WLL 

WWAN 

4895 Peoria Street 

Denver, Colorado 80239 

303.371 .1 560 

fax 303.371.0845 

sales @ va ri-l .co m 

Precision 
cents 
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 todays 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. We Have A Part In Your Future 

OU 

PRODUCTS 

PLL Synthesizer Modules Wideband RF Transformers Couplers 

Voltage Controlled Oscillators 

PROUDLY MADE IN THE USA 

Power Dividers/Combiners 

ISO9001 Certified 

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

INFO/CARD 4 
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use concept, bi 
One Box 

esuits 

Multi-Carrier and Multi-Standard 

Direct to IF Vector Signal Generation 

GSM Standard 

Direct to IF Vector Signal Generation 

30 MHz Bandwidth 

2.14 GHz Band 
700 to 2200 MHz Range 

>512 Msamples of 
Data Storage for 
Over 3 Seconds of 
Simulation 

>70 dB Dynamic Range 

8 GSM Carriers 
600 kHz Offset 
2.14 GHz Band 

73 dBc IMD 

15 dBm PEP 

UMTS (3.84 MS/s) Standard 

Direct to IF Vector Signal Generation 

4 UMTS Carriers 
Adjacent Channels 
2.14 GHz Band 

■64 dBc ACPR (eq BWs) 

19 dBm PEP 

11.4 dB Crest Factor 

Take Yo 
iNFo/cARD is Visit us at PCIA b( 

TheCS2010VSG 
Direct-To-IF 

Signal Generator / 

Ga«!« 

• Best ACP Measurement Capability 
Simultaneous Multi Carrier - Multi Standard 

A new standard for amplifier test has been set with 
Celerity's CS2010 Vector Signal Generator. This modular, 
future-proof instrument utilizes a direct-to-IF architecture 
to support multi-carriers, and 50x more memory to support 
multi-standards. Add to that the best dynamic range 
available today! 
If you are developing GSM, EDGE and UMTS/3G, 
the CS2010 is your answer for fast, accurate 
measurement capability. 
Call today at 888-274-5604 or visit www.celeritydbt.com 
to learn more and request our "Spectral Performance" 
App Note. 

1 nere. 
number: 124? 

Celerity 
DIGITAL BROADBAND TEST 
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ULcalendar_ 
September 

10-13 CTIA Wireless LT. and Internet 2001 — 
San Diego — Information: Web site: 
www.wirelessIT.com 

19-21 Voice-Activated Web Content — Boston — 
Information: Web site: 
www.srinstitute.com/ck 102 

24—26 EDA: Front-To-Back — Santa Clara — 
Information: Penton Media. Tel. 1.888.947.3734. 

24—28 European Micro wave Week — London — 
Information: Web site: www.eumw.com 

October 
1-3 34th Annual Connector and Interconnection 

Technology Symposium — Anaheim — 
Information: Web site: www.ec-central.org 

1^1 Communications Design Conference — 

San Jose — Information: 

Web site: www.CommDesignConference.com 
2—4 Sensors Expo Fall — Philadelphia — 

Information: Web site: www.sensorsexpo.com 
8-1 1 Bluetooth Summit 5 — Vienna, Austria — 

Information: Web site: 
www.iir-conferences.com/a.cfm?id=382> 

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 

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—14 International Radar Symposium India — 

Bangalore — Information: Web site: 
www.irsi2001.com 

January 2002 
22-24 Photonics West — San Jose — Information: 

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

RI 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 — Sept. 24-25, Dallas, Oct. 29-30, 
Washington DC; Making Money in the U.S. Wireless 
Internet Market — Sept. 5-6, San Jose, Oct. 1-2, Dallas. 
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 

Georgia Institute of Technology — 
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 

It.A. Wood Associates — Introductory RF and 
Microwaves — Sept. 20—21; RF and Microwave Receiver 
Design — Sept. 24-26; RF Power Amplifiers, Classes 
A-S: How Circuits Operate, How to Design Them, and 
When to Use Each — Sept. 27-28, Lake George, NY. 
Information: R.A. Wood Associates, 1001 Broad St. Ste. 
450, Utica, NY 13501; Tel. 315.735.4217; 
Fax 315.735.4328; 
e-mail: RAWood@rawood.com; 
Web site: www.rawood.com 

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 Missouri-Roi.ia — 
Circuit Board Layout to Reduce Noise Emission and 
Susceptibility — Sept. 19, Denver. Information: 
Web site: www.umr.edu/-conted> 
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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 

Of Your 
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 LNAs 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)3446-1111, Asia-Pacific 65-2822400, South America 55(21)527-6922, http://www.us.anritsu.com 

/Inritsu 
Discover What's Possible™ 
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RF news 
With mobility and 
quality for all 

By Nikki Chandler 
senior associate editor 

nchandler@primediabusiness.com 

We all need help at times. Wireless technology can now aid not only 
mobile workers, but the handicapped as well. 

In college, I took a political science class in which we studied the 
Americans with Disabilities Act, along with required readings. One book 
that I read in this class was written by a handicapped person who stated 
that being "disabled" was part of a person's identity — just like I am 
female or you are an engineer. (And don't tell me that “engineer” is not 
an identity; I am married to one.) 

Bluetooth is one technology making progress in aiding the disabled. I 
know that it hasn’t exactly lived up to its expectations in the past, but a 
company in the UK is doing something remarkable with the technology. 

Red-M, based in Wexham Springs, UK, has provided Bluetooth to the 
National Star College of Further Education in Cheltenham, UK. The 
network allows the 150 students aged 16 to 25 with physical disabilities 
or acquired brain injuries to wirelessly access online resources and 
course content. It also enables them to submit coursework from their 
laptops, remotely over a Bluetooth connection. 
The wireless network at the college is based on Red-M's 3000AS 

access servers and 1000AP access points, allowing mobile access from 
Bluetooth-enabled devices. By accessing the network, students can now 
have an increased level of access to education tools and learning services 
from a location convenient to them. Further applications under consider¬ 
ation, according to a press release from Red-M, include the ability for 
staff at the college to wirelessly access student's educational or medical 
records from personal digital assistants. 

Is Bluetooth the best option for this application, though? 
Another company based in Rochester, New Hampshire, has essential¬ 

ly done the same thing in Ireland. Enterasys Networks has provided 
Ireland's Southern Health Board with an IEEE 802.11b Roamabout 
wireless system for hospitals in Cork and Kerry, Ireland. 

The system will be used to support Ireland’s first virtual classroom, 
allowing children to continue learning from their hospital beds. 
According to a story by Dan McDonough Jr. on Wireless NewsFactor, 
the health board linked three hospitals within the Cork city area to the 
Cork University Hospital, the central site of the virtual classroom, using 
the Roamabout system. 
A child who has to spend a lot of time in the hospital can attend his 

normal classroom by a virtual LAN, accessed and supported via the 
802.11b system. Mobile wireless access to the wired LAN is possible 
using laptops connected via the Roamabout’s access card and points. 
Whether it is Bluetooth or 802.11b, wireless technology is doing more 

than making the average consumer’s life more convenient with up-to-
the-minute stock quotes or information on local restaurants. It is also 
providing a way for the disabled and the sick to maximize their quality 
of life. Thank you to all you who make that possible. 

Wireless still to grow on 
narrowband, broadband 

Wireless is continuing to grow at 
good pace, despite the economic slow 
dowm of the technology industry, accorc 
ing to Allied Business Intelligence (ABI 
Oyster Bay, NY. 
Those involved in the narrowban« 

and broadband wireless industries wii 
have an increasing volume of sales, AB 
said, though the upward curve may no 
match the grandiose predictions mad 
in 2000. 
The wireless narrowband market i 

evolving as carriers move to 2.5G an« 
3G networks, upgrading infrastructur' 
from 1999 to 2006. ABI predicts that 
overall, there will be more than 1.7 bil 
lion wireless subscribers by year-en< 
2006, with more than 500 million o 
those using wireless Internet access 
The movement into the next generatioi 
of cellular technology wall also create ¡ 
larger market for Bluetooth connectivi 
ty, wdth module shipments expected t 
rise from less than 1 million in 2001 t< 
1.6 billion in 2006. 
For broadband wireless, LMDS 

MMDS and unlicensed band fixed wire 
less wdll continue to be used as a solu 
tion for the local loop. LMDS subscriber: 
wdll number 3.6 million in 2007, accord 
ing to ABI, while the MMDS subscribe 
base wall reach about 14 million durin; 
the same period. 

FCC examines spectrum 
bands for advanced wireless 
The FCC took action in August t< 

examine additional frequency band: 
to support the introduction o 
advanced wireless services, includ 
ing 3G and future generations o 
wireless systems. 
The Commission adopted a Memo 

randum Opinion and Order (MO&O 
and a Further Notice of Proposée 
Rulemaking (FNPRM) that explore 
additional frequency bands. These 
include bands currently designatec 
for the Mobile Satellite Service 
(MSS), the Unlicensed Persona 
Communications Service, the Ama 
teur Radio Service, and the Multi 
point Distribution Service. 

Specifically, the FCC seeks com 
ment on reallocating some spectrun 
in the 1910-1930 MHz, 1990-202J 
MHz, 2150-2160 MHz, 2165-220C 
MHz, and 2390-2400 MHz bands foi 
new advanced wireless services. 
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SURFACE MOUNT 

RF TRANSFORMERS 
Over 100 off-the-shelf models... 

4kHz to 2200MHz frJ f 19)
What makes Mini-Circuits your single source for surface 
mount RF transformers? Variety, availability, performance, 
and price! From wide band transformers with low droop and 
fast risetime capabilities for pulse applications, to a particular 
impedance ratio from 1:1 through 1:36 specified for a wide 
range of impedance coverage, we will work with you on your 
design challenges. Tangible benefits such as very high 
dielectric breakdown voltage, excellent amplitude and phase 
unbalance for balanced to unbalanced applications, and 
easy to use surface mount package styles make Mini-Circuits 

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

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

G3 Mini-Circuits US INT’L 

CIRCLE READER SERVICE CARD 

RO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www.minicircuitS.com 
For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE • EEM • MICROWAVE PRODUCT DATA DIRECTORY • WWW.RFGLOBALNET.COM 

ISO 9001 CERTIFIED F 290 Rev Ong 



BUSINESS BRIEFS 
Microchip Technology forms RF 

Products Group — Microchip Tech¬ 
nology, Chandler, AZ, has formed the 
Radio Frequency Products Group. The 
group will design, develop and launch 
PlCmicro microcontrollers with on-
chip RF connectivity targeting high-
volume embedded applications such as 
remote sensing, remote control, toys, 
security and access control. 

SiGe Semiconductor awarded 
Bluetooth contract from CSR — 
SiGe Semiconductor’s PA2423MB 
power amplifier has been selected by 
Cambridge Silicon Radio (CSR) for 
integration on CSR’s BlueCoreOl mod¬ 
ules. The modules are designed to 
provide a complete, efficient, and low-
power solution that accelerates time-
to-market for Class 1 Bluetooth-
enabled PCs, workstations and 
PCMCIA cards. 

Mitel is reborn as Zarlink Semi¬ 
conductor — Mitel, Canada, has 
announced it has changed its name to 
Zarlink Semiconductor. The company 
produces analog, digital and mixed-
signal products for wired, wireless and 
optical connectivity markets. 

Ansoft, Rohde & Schwarz team 
— Ansoft, Pittsburgh, announces an 
agreement with test and measure¬ 
ment equipment manufacturer, Rohde 
& Schwarz, Germany, to provide links 
between its popular WinIQSIMŒ 
communication waveform generation 
software and Ansoft’s communications 
design products, Serenade and Sym¬ 
phony. The new capability will allow 
RF designers and system architects to 
simulate communications systems 
under the same conditions used in 
hardware testing and product develop¬ 
ment. 

RF Micro Devices opens China 
facility — RF Micro Devices, Greens¬ 
boro, NC intends to open a facility in 
the Beijing Xingwang Industrial Park, 

which is located in the Beijing Eco¬ 
nomic Technological Development 
Area. The Beijing Xingwang Industri¬ 
al Park was established in May 2000 
by Nokia in conjunction with the Chi¬ 
nese state governments, the Beijing 
municipal government and represen¬ 
tatives of the Beijing Economic-Tech¬ 
nological Development Area. 

Socket successfully trials Blue¬ 
tooth with Japanese telecom oper¬ 
ator — Newark, CA-based Socket 
Communications’ Bluetooth Compact-
Flash Cards were successfully used as 
part of a trial of Bluetooth wireless 
technology by NTT, a Japanese tele¬ 
com operator, in partnership with 
Sumitomo. The cards were a compo¬ 
nent of a location-based system, 
including navigation that was recently 
tested in an Osaka shopping arcade. 
This trial was designed to demon¬ 
strate Bluetooth connectivity between 
handheld devices and LAN access 
points. 

Xemics selects Conexant for 
Bluetooth baseband device — 
Xemics, Neuchâtel, Switzerland, 
announces that it has selected Moun¬ 
tain View, CA-based Conexant’s Blue¬ 
tooth radio as the preferred radio 
device to implement its ultra-low-
power Bluetooth solution. 

Advance, Agilent Technologies 
partner with CETECOM S.A. for 
Bluetooth Conformance testers — 
Agilent Technologies, Palo Alto, CA, 
and Centro de Tecnologia de las 
Comunicaciones S.A. (CETECOM), 
Monte Carlo, announce that CETE¬ 
COM, an Agilent value-added reseller 
(VAR), has integrated Agilent equip¬ 
ment into test solutions to help manu¬ 
facturers meet the industry certifica¬ 
tion requirements for Bluetooth 
devices. 

ft 
e i 

Get the 
insight 
into ITS 
The world of intelligent 

transportation systems 
(ITS) is getting to be a big 
one. To keep up with it, 
check out the ITS 
Cooperative Deployment 
Network’s (ICDN) Web 
site. This comprehensive 
site offers a wealth of 
information for cruising 
down the technology high¬ 
way that is ITS. 
The site offers a number 

of features, including: 

• ICDN Newsletter— 
Contains late-breaking 
news and insight related 
to ITS deployment topics, 
and is updated continuous¬ 
ly. The newsletter features 
a powerful search engine 
that allows users to find 
relevant news and articles 
by topic or date. 

•ICDN Shared Calen¬ 
dars — Lists (and links 
to) important ITS confer¬ 
ences, workshops, and 
training opportunities 
offered by all ICDN Mem¬ 
bers. 

•ITS Deployment 
Resources — This page 
includes an extensive col¬ 
lection of on-line ITS back¬ 
grounders, technical pa¬ 
pers, discussion groups, 
tutorials, and real-world 
ITS deployment examples. 

www.nawgits.com 
/icdn.htm 

18 www.rfdesign.com September 2001 



Looking for 
immediate deliven 
of low cost, 
high performance 
components? 

Mechanical 
Switches 

You’ve 
come to the 
right 
department 

Attenuators 

Power 
Combiners 

Lightning 
Protectors 

Couplers 

® ® 

’ ? ' J* 
(y 

& 

Narda Microwave-east, 

dept26.com 

Do yourself a favor. Click on dept26.com 

and scan our wide selection of high 

performance components for wireless 

and many other OEM applications. You’ll 

discover innovative designs. Impressive 

warranties. And prices that will make 

you smile. So go ahead. Select your 

component, pick your quantity and start 

ordering. We’ve got everything in stock, 

so we’ll send it right out to you. When 

the shipment arrives, get ready to be 

complimented for being so cost effective. 

How will you handle the compliments? 

That’s your department. 

dept26 
« an L3 communications company 
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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. 

REV 
MICRO DEVICES 

Proprietary, State-Of-The-Art 
RF Integrated Circuits5“ 

7628 Thorndike Road 

Greensboro, NC 27409-9421 

Phone 336.664.1233 
Fax 336.931.7454 

Mention daring when contacting us. 

RF MICRO DEVICES* and RFMD* are trademarks ol RFMD, LLC S 2001 RF Micro Devices, Inc. 
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RE embedded technologies 

Integrating Bluetooth 
in the GSM cell 

phone infrastructure 
Embedding a Bluetooth 

subsystem in a cellular telephone 
may be the first step toward 

complete wireless integration 

By Steve Brown, Mark Lane, 
Dino Fernandez 

We’ve all heard the distinct sound in elevators, 
at restaurants, during meetings, even at 

church: the cell phone ring. The sound pierces 
through the air as discernible as a mother calling 
for her children in a supermarket. The reaction is 
immediate: People dive into their pockets, rum¬ 
mage through purses or reach along belt buckles to 
check if the intrusion emanates from their person. 
It seems everybody has one: business people, house¬ 
wives, janitors, kids, even nuns. 

Integrating the future. 

Business is won and lost. Personal relationships 
are strengthened or weakened. It’s inescapable 
Moreover, it’s annoying. Nevertheless, that sound 
we hear is only a minor irritation. The noise we 
can’t hear or see is the real nuisance. For engineers, 
it impedes our advancement, another roadblock the 
evolution of technology must conquer. It makes life 
difficult for the ones entrusted to make life easier. 

One can only wish... 
In a perfect RF world, a simple hand-held device 

such as a cell phone would work seamlessly tu 
transmit and receive information to and from com¬ 
puters. It would open garage doors, set timers on 
VCRs, change channels on televisions, surf the 
Internet, and buy a soda from a vending machine 
— one device, endless possibilities. In a perfect RF 
world, there would be no wires to connect. In a per¬ 
fect RF world, PC would communicate with Mac. In 
a perfect RF world, there would be no such thing as 
interference or noise. The airwaves would be 
serene, and everything would co-exist. HomeRF, 
802. llx, and Bluetooth would lovingly share the 
2.4-GHz band. And, RF would stand for “really 
friendly.” 

Currently, Bluetooth wireless technology is being 
touted as a de facto standard, as well as a global 
specification for wireless connectivity. It is a cable 
replacement technology that simplifies the commu¬ 
nications between people, as well as mobile PCs, 
cell phones and other portable devices. 

Bluetooth’s markets and opportunities 
Cell phones are one of Bluetooth’s larger poten¬ 

tial markets. In fact, Bluetooth’s roots are in the 
global system for mobile communications (GSM) 
world, and forecasts predict fast growth of 
Bluetooth in the GSM markets. However, putting a 
powerful cellular radio next to a low-power 
Bluetooth radio in a cell phone requires careful 
design because of the possibility of RF transmit and 
receive interference between the two radios. 
Therefore, engineers must develop Bluetooth sys¬ 
tems using special radio filters that can function 
despite internal noise from the GSM cell phone and 
spurious radio signal interference. 

In reality, any Bluetooth module/unit will be 
exposed to an unfriendly RF environment. The 
Bluetooth system is designed to have a high toler¬ 
ance to interference, but is not necessarily designed 
to have high sensitivity. The 2.4 GHz industrial, 
scientific and medical (ISM) band, which includes 
microwave ovens, presents serious forms of inter¬ 
ference for Bluetooth communications. The biggest 
problem in adding Bluetooth to cell phones is the 
potential for the powerful cell phone transmitter 
blocking the Bluetooth receiver during transmis¬ 
sion. While GSM hand-held transmitters produce 1 
to 3 W, the Bluetooth receiver is intended to oper¬ 
ate effectively with signals as low as 10 pW, or 
1/100,000,000,000 of the power, resulting in the 
Bluetooth receiver being overwhelmed by its over-

22 www.rfdesign.com September 2001 



MICRO-MINIATURE 

dirktional couplers 
$199 

I (ea.Oty.25) 

5-2000IVIHZ 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 
9dB 
10dB 
12dB 
13dB 

13dB 

16dB 

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

DBTC-13-5-75 

DBTC- 16-5-75 

17dB 

18dB 
20dB 

DBTC-17-5 

DBTC- 18-4-75 
DBTC-20-4 

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

5-1000 
1000-1500 

5-1000 
1000-1500 

50-1000 
1000-1500 
1500-2000 

5-1000 
20-1000 

Ins. Loss (dB) 
Midband Typ 

1.2 

Directivity (dB) 
Midband Typ 

18 
20 
21 
18 

19 
17 
21 
19 

20 
20 
14 
21 
21 

Protected by US. Patent 6140887. Additional patents pending. BLUE CELL 

DESIGNER’S KITS 
K1-DBTC (50 Ohms) 5 otea DBTC-9-4, 12-4, 13-4, 17-5, 20-4. Total 25 Units $4995 

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

£□ 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 

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

ISO 9001 CERTIFIED F 355 rev. org. 



BT signal (-83 dBm) 

-IO dB 

BT RX Channel (1 MHz) 

Figure 1. GSM phone interfering with a Bluetooth module. 

bearing cell phone neighbor. The GSM 
transmitter may also generate signifi¬ 
cant noise, which could limit the range 
of Bluetooth operations. 

The issues — tx/ rx 
The fundamental problem is that a 

cell phone’s transmitter transmits not 
only the required data signal, but a cer¬ 
tain level of noise as well. Some of this 
noise will appear in the Bluetooth 
band. The level of this noise might be 
sufficient to interfere or block an 
incoming Bluetooth signal. 
Wideband noise affects half-duplex 

cellular systems (the cellular radio 
either transmits or receives, but does 
not do both simultaneously). Such sys¬ 
tems include the time-division-multi-
ple-access-(TDMA) based GSM stan¬ 
dard, as well as full-duplex systems 
(the cellular radio can simultaneously 
transmit and receive) such as code-divi¬ 
sion multiple access (CDMA). 
To illustrate the problem, consider 

the situation of a GSM-based telephone 
and a Bluetooth module. For the GSM 
standard, three possible bands exist: 
GSM 900, PCS 1900, and DCS 1800. 
The output power for each standard is 
shown in Table 1. 

For GSM applications, the biggest 
source of noise in conventional transmit¬ 

ter architectures is from the RF up-con¬ 
verter. The noise floor of the VCO used 
in the frequency synthesizer typically 
dominates this noise. In addition to VCO 
noise, the non-linearity of the amplifiers 
used in the transmit chain can result in 
noise intermodulating in the amplifiers 
(see Figure 1). This intermodulation can 
result in a type of spectral re-growth in 
the output spectrum. This re-growth is 
reduced in most transmitters by using a 
bandpass filter to reduce the out-of-band 
noise. The far-out noise will be a function 
of the VCO noise, the modulator noise 
figure, and the amount of rejection 
achievable in the RF transmit filters. 

Plan “B” 
GSM designers have recently 

turned to architectures with no modu¬ 
lator by using translational loops. This 
relies on a high-frequency PLL. In this 
case, the VCO noise floor and the 
attenuation profile of a low-pass filter 
limit the wideband noise. In all three 
systems, the wideband noise from the 
transmitter that falls in the certain 
bands is restricted. 

The specifications 
Outside of these bands, all the tele¬ 

phones need to meet the following 
requirements: 
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20 dB S/N 

Noise floor: 
-163 dBm/Hz 

Maximum level 
of GSM noise: 
-173 dBm/Hz 

• ETSI requirements for spurious 
emissions other than those 
described above. 

• <1 GHz: wideband noise must be 
<—36 dBm. 

• >1 GHz: wideband noise must be 
<—30 dBm. 

Although the figures above are 
encouraging, the wideband noise in 
the 2.4 GHz ISM band remains unde¬ 
fined. Thus far, the FCC/ETSI require¬ 
ments ignore the case of having a 2.4 
GHz device inside a 900, 1800, or 1900 
MHz device. 

The Feds say... 
The FCC allows users to operate 

wireless products without obtaining 
FCC licenses if the products meet cer¬ 
tain requirements. For example, there 
is no limit on antenna gain so long as 
the radio operates under 1 W of trans¬ 
mitter output power. Because the FCC 
rules are market-based, they allow for 
flexibility within the band. This is a 
good thing because no one model will fit 
all situations. For example, in rural 
areas, spectrum interference is lower, 
but a higher radiation power (for 
greater range) is required. In urban 
areas where populations are denser, the 
need to eliminate interference is great. 
The deregulation of this frequency 

spectrum does away with the need for 
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Higher Power Ah
P1 dB up to 1/2 Watt '0] 
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< 0IP3 up to +45 dBm 

For higher power and excellent linearity, use 

WJ's AH101 and AH102 amplifiers. 

wj High Dynamic Range Amplifiers 
Product Frequency 

(MHz) 
IP3 

(dBm) 

PldB 
(dBm) 

Bias current 

(mA) 

E AH101 50-1500 45 27 200 

r AH102 350-3000 45 27 200 

AH1 250-3000 41 21 150 

AM1 250-3000 37 18 75 

250-6000 47 30 360 

Visit us on the web 
at www.wj.com 

WJ’s got the POWER! Our new AH 101 and AH 102, 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) = —01P3 — 
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. 
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GSM signal (-106 dBm) 

S/N 

Noise floor: 
-1 68 dBm/Hz 

Maximum level 
of BT noise: 
-1 78 dBm/Hz 

GSM RX Channel (200 kHz) 

Figure 2. Bluetooth interfering with GSM cell phone. 

user organizations to perform costly 
and time-consuming frequency plan¬ 
ning to coordinate radio installations 
that will avoid interference with exist¬ 
ing radio systems. 

For companies developing wireless 
communications, the door is wide open 
because it allows companies to develop 
products without worrying about 
licensing products in new bands and 
stimulates competition between organi¬ 
zations to bring to market better over¬ 
all products. More available bandwidth 
in the higher frequency bands trans¬ 
lates into higher data rates. Thus, the 
creation of ad hoc networks is easier; 
one of the objectives of Bluetooth. 
To ensure that the Bluetooth radio 

module will operate effectively inside a 
cell phone, the level of noise from the 
phone’s transmitter must be measured 
and controlled. This is particularly 
true if the phone uses a filter at the 
output. It is important that this filter 

does not have a spurious response in 
the 2.4 GHz band. 

In addition, designers need to build 
in a defense against interference. In 
radio engineering terms, the wideband 
noise, measured in a 1 MHz-wide band 
in the 2.4 GHz band, should be less 
than -100 dBm. If this is not the case, a 
trap should be placed at the output of 
the transmitter to attenuate energy in 
the 2.4 GHz band. 

For Bluetooth, this will be relatively 
easy to add to today’s phone designs, 
but may pose a problem for third-gen¬ 
eration (3G) systems operating at 2.1 
GHz because their signals are close to 

the 2.4-GHz band used by Bluetooth. 
The wideband noise requirements for a 
GSM transmitter in other bands oi 
interest are given in Table 2. Note that 
there is no additional requirement foi 
the 2 GHz ISM band. 
To ensure that the Bluetooth 

unit/module will operate effectively 
inside a cell phone, the noise level from 
the transmitter of such telephones 
should be measured. This is particular¬ 
ly true if the telephone uses a filter at 
the output. It is important that this fil¬ 
ter does not have a spurious response 
in the 2.4 GHz ISM band. 

For a spurious emission of -83 dBm 

System Rx Freq. 
(MHz) 

Tx Freq. 
(MHz) 

Max. output 
power (dBm) 

GSM 900 935 to 960 890 to 915 33 (3W) 
PCS 1900 1930 to 1990 1850 to 1910 30 (1W) 
DCS 1800 1805 to 1880 1710 to 1785 30 (1W) 

Table 1. GSM output power. 

System 935 to 960 MHz 1805 to 1880 MHz 1930 to 1990 MHz 
GSM 900 -79 dBm -71 dBm -71 dBm 
PCS 1900 -79 dBm -71 dBm -71 dBm 
DCS 1800 -79 dBm -71 dBm -71 dBm 

Table 2. GSM wideband transmission. 

in the Bluetooth receiver band, the 
GSM spurious response requirements 
are given in Table 3. 

Problem: BT tx blocks GSM 
The second problem in the cell 

phone application is the Bluetooth 
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Will those who paid too much fortheir 
spectrum analyzers please stand up. 

It never pays to pay too much. Especially true in LMDS 
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If customers wont spend more unless they get 

more, why should you? That’s why Anritsus new 

40GHz MS2668C spectrum analyzer makes sense in 

this cost conscious environment. 

The MS2668C comes with the high S/N ratios 

and superior distortion characteristics you need. 

Versatility for a range of applications; development, 

Better value 
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• Narrow resolution bandwidths. 
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• High-speed time domain sweep. 
• Trigger/gate circuit. 
• AM/FM demodulation w/speaker. 
• Centronics interface. 
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manufacturing and field operations. A compact, 
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and durability built-in. And a price that makes the 
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or visit www.us.anritsu.com today. 
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Parameter _ Specification 
Required C/l (carrier-to-interference ratio) . 20 dB 
GSM spurious emission . -83 dB 
Loss between BT and cell phone antenna . 20 dB 
Power into BT receiver . -103 dBm 
Minimum discernable signal . -83 dBm 

Table 3. GSM spurious response requirements in the Bluetooth RX band. 

TRIMMER 
CAPACITORS 
WWW.VoltronicsCorp.com 

IF ONE OF OUR THOUSANDS OF 

CATALOG PARTS DO NOT MEET 

YOUR REQUIREMENTS WE WILL 

DESIGN YOUR TRIMMER CAPACITOR 

Voltronics^ 
CORPORATION 

The Trimmer Capacitor Company 

100 Ford Road • Denville, NJ 07834 
973.586.8585 • Fax: 973.586.3404 
e-mail: info@voltronicscorp.com 

transmitter noise blocking the receive, 
of the cell phone (the “David anc 
Goliath” problem). The Bluetooth 
transmitter must never interfere with 
the cell phone operation. This defeats 
the purpose of the Bluetooth applica¬ 
tion. Shown below and in Table 4, the 
level of noise from the Bluetooth 
transmitter in the relevant bands is 
calculated based on a maximum out¬ 
put power of 0 dBm. The aim is to 
keep the transmitted noise from the 
Bluetooth transmitter of the cellular 
telephone to £ the channel noise (the 
channel noise has a power spectral 
density (PSD) of-174 dBm/Hz). 

In the GSM band, the Bluetooth 
transmitter will be able to achieve a 
PSD of -158 dBm/Hz into the 
Bluetooth antenna. 

This, however, assumes the following: 
1. Unfiltered transmitter noise is 

dominated by VCO phase noise /modu¬ 
lator noise at -125 dBc /Hz as the trans¬ 
mitter approaches a maximum power 
output of 0 dBm. This translates to 
—125 dBm/Hz. 

2. The noise is attenuated at least 33 
dB by the transmit filter. 

Finally, if there is at least 20 db of 
coupling loss between the cell phone and 
the Bluetooth antenna, the level of the 
noise in the cell phones receiver will be -
178 dB (see Figure 2), which is 10 dB 
below the noise floor of the GSM receiv¬ 
er. Hence this will cause < 1 dB desense 
of the GSM receiver. To accom-plish 
this, it is essential that the Bluetooth fil¬ 
ter not have spurious responses at the 
cell phone receive fre-quencies. 

Conclusions 
Each cellular standard presents spe¬ 

cific challenges to Bluetooth, and this 
analysis does not account for any other 
form of injected noise or interference 
such as that generated by digital logic 
circuitry, reference oscillators, liquid 
crystal displays (LCDs), and similar 
components. To smoothly integrate 
Bluetooth products into hand-held 
devices such as cell phones, power con¬ 
sumption must be minimal during 
active and standby modes and must be 
small enough to fit comfortably within 
the device. They must also be cost-effec¬ 
tive so not to significantly increase the 
overall price of the device. Radio perfor¬ 
mance must have good sensitivity, low 
IP3 current, effective receiver blocking 
and transmitter sensitivity, low trans¬ 
mitter spurious response and low 
transmitter noise. 
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SAWTEK DELIVERS DREAM DUPLEXER 

Sawtek...Your Total SAW Solution! 
Everyone wished that one day...SAW duplexers could be smaller, cost less 
and offer superior electrical performance... 

THAT DAY IS NOW! 
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Band of Interest PSD Noise RBW = 30 kHz RBW = 100 kHz 
800 to 900 MHz -158 dBm/Hz -113 dBm -108 dBm 

1800 to 1900 MHz -158 dBm/Hz -113 dBm -108 dBm 

1400 to 1500 MHz -158 dBm/Hz -113 dBm -108 dBm 

Table 4. Transmitted noise levels from the Bluetooth transmitter. 

As technology advances further 
(read: simpler; smaller; cost-effective), 
today’s novelty items will become to¬ 
morrow’s everyday appliances — do¬ 
mesticated devices that will be second 
nature. As the world continues to get 
smaller and communications systems 
improve, people will trade data and 
communicate seamlessly via airwaves. 
The fact that Bluetooth wireless tech¬ 
nology is a standard and a technology 
with an ad-hoc nature makes this pos¬ 
sible. Although Bluetooth has an innov¬ 
ative and well-thought-out architecture 
to survive in this unforgiving radio en¬ 
vironment, extensive testing of real ra¬ 
dios is the only way to ensure compat¬ 
ible high performance. 

RI 

1. C/I: carrier to interference ratio. 

2. For a narrowband system, a band¬ 
width of 30 kHz for example, the inte¬ 
grated thermal noise floor is -129 dBm. 
Thus, with a filter rejection of 30 dB 
and 30 dB of coupling loss, the 
Bluetooth transmitter noise in the 
GSM band will be -135 dBm/Hz. This 
is below the thermal noise floor of the 
system. Therefore, with a -145-dBm/Hz 
Bluetooth transmitter noise floor, -30 
dB of RF filter rejection in the cell 
phone receive band, and 30 dB of cou¬ 
pling between the antennas, there 
should be no desense to the cell phone. 
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REtime and frequency 

Matched filtering and 
timing recovery 

in digital receivers 
A practical look at methods for 

signal detection and symbol 
synchronization. 

By Louis Litwin 

The acquisition of a signal in a digital communi¬ 
cations system requires the convergence of sev¬ 

eral signal processing algorithms before the receiv¬ 
er can output meaningful data. These algorithms 
are adaptive in nature and need to process multiple 
received symbols before convergence is achieved. 
Because of the feedback nature inherent in these 
algorithms, the various adaptive receiver sections 
are often referred to as loops. Certain receiver loops 
depend on other loops. Depending on the algorithm 
implemented, it is possible that a given loop cannot 
converge until one or more previous loops have suf¬ 
ficiently converged. The major receiver loops are 
listed in the order that they typically need to con¬ 
verge, although the order may sometimes vary 
depending on the implementation. 

Stage 1 - AGC 
This stage scales the signal to a known power 

level. Automatic gain control (AGC) is typically han-

Figure 1. Rectangular pulse train shown with and without noise. The SNR for the lower 
plot is roughly 5 dB. 
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died in the analog domain to properly scale the signs 
for analog-to-digital (A/D) conversion because A/l 
converters have a limited dynamic range. If th 
received signal strength is too high, the A/D convet 
sion process will introduce a type of distortion know 
as clipping. If the signal strength is too low, the signs 
variations will toggle only a few bits at the A/D, an, 
distortion will occur because of severe quantization. 
The convergence of the AGC loop is also required fo 

several other receiver blocks. Certain parameters an, 
gains for various adaptive algorithms, as well as bounc 
aries for symbol decision regions at the slicer, are base, 
on the signal being at a known power level. In additioi 
to the analog AGC, many receivers implement an add! 
tional AGC in the digital domain for fine signal scaling. 

Stage 2 - timing recovery 
The purpose of the timing recovery loop is t 

obtain symbol synchronization. Two quantifie 
must be determined by the receiver to achieve sym 
bol synchronization. The first is the sampling fre 
quency. Locking the sampling frequency require 
estimating the symbol period so that samples cai 
be taken at the correct rate. Although this quantit; 
should be known (e.g., the system’s symbol rate ii 
specified to be 20 MHz), oscillator drift will intro 
duce deviations from the stated symbol rate. 
The other quantity to determine is samplin; 

phase. Locking the sampling phase involves deter 
mining the correct time within a symbol period t< 
take a sample. Real-world symbol pulse shapei 
have a peak in the center of the symbol period 
Sampling the symbol at this peak results in th< 
best signal-to-noise-ratio and will ideally éliminât« 
interference from other symbols. This type of inter 
ference is known as intersymbol interference. 

Stage 3 - carrier recovery 
An oscillator at the transmitter generates a sinu 

soidal carrier signal that ideally exists at some knowr 
carrier frequency. Due to oscillator drift, the actúa 
frequency of the carrier will deviate slightly from th« 
ideal value. This carrier is multiplied by the data tc 
modulate the signal up to a passband center frequen 
cy. At the receiver, the passband signal is multipliée 
by a sinusoid generated by the local oscillator. 

Preferably, the frequency of the local oscillatoi 
will exactly match the frequency of the oscillatoi 
used at the transmitter. In practice, their frequen¬ 
cies differ and, instead of demodulation bringing 
the signal to baseband, the signal will be near base¬ 
band with some frequency offset. The presence of 
this frequency offset will cause the received signal 
constellation to rotate. This “spinning” effect must 
be removed before accurate symbol decisions can be 
made. The purpose of the carrier recovery loop is tc 
remove this frequency offset so that the signal can 
be processed directly at baseband. 

Stage 4 - channel equalization 
Transmitting a signal through a multipath 

channel results in a received signal that consists 
Continued on page 36 
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Innomtive Mixers 
■smaller size -better performance -lower cost 50kHz to 4200MHz 99 

(10-49) 

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

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

ultra-slim, patented package with a profile as low as 0.082 inches 
(2mm) in height. Electrically, ADE mixers deliver better performance 
than previous generation mixers through all welded connections and 
unique assembly construction which reduces parasitic inductance. 
The result is dramatically improved high frequency and IP2-IP3 
performance. Plus, ADE’s innovative package design allows water 
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wash to drain and eliminates the possibility of 
residue entrapment. Another ADE high point is 
the lower cost... priced from only $1.99 
each (qty. 100). So, if you’ve been searching 
high and low for a mixer to exceed 
expectations...ADE is H 

ACTUAL SIZE 

ADE Mixers... Innovations Without Traditional Limitations! 

Height Freq. L0 Midband Bandwide IP3(dBm) Pnce (Sea.) 
Model (mm) (MHz) (dBm) (dB) (dB) 0 Midband Qty. 10-49 

ADE-1L 3 2-500 +3 5.2 55” 16 3.95 
ADE-3L 4 0.2-400 +3 5.3 47” 10 4.25 
ADE-1 4 0.5-500 +7 5.0 55- 15 1.99* 
ADE-1ASK 3 2-600 +7 5.3 50- 16 3.95 
ADE-2ASK 3 1-1000 +7 5.4 45- 12 4.25 
ADE-6 5 0.05-250 +7 4.6 40 10 4.95 
ADE-12 2 50-1000 +7 7.0 35 17 2.95 

ADE-4 3 200-1000 +7 6.8 53” 15 4.25 
ADE-14 2 800-1000 +7 7.4 32 17 3.25 
ADE-901 3 800-1000 +7 5.9 32 13 2.95 
ADE-5 3 10-1500 +7 6.6 40- 15 3.45 
ADE-13 2 50-1600 +7 8.1 40- 11 3.10 
ADE-1 1X 3 5-2000 +7 7.1 36- 9 1.99* 
ADE-20 3 1500-2000 +7 5.4 31 14 4.95 
ADE- 18 3 1700-2500 +7 4.9 27 10 3.45 

ADE-3GL 2 2100-2600 +7 6.0 34 17 4.95 
ADE-3G 3 2300-2700 +7 5.6 36 13 3.45 
ADE-28 3 1500-2800 +7 5.1 30 8 5.95 
ADE-30 3 200-3000 +7 4.5 35 14 6.95 
ADE-32 3 2500-3200 +7 5.4 29 15 6.95 
ADE-35 3 1600-3500 +7 6.3 25 11 4 95 
ADE-18W 3 1750-3500 +7 5.4 33 11 3.95 

ADE-30W 3 300-4000 +7 6.8 35 12 8.95 
ADE-1LH 4 0.5-500 +10 5.0 55- 15 2.99 
ADE-1LHW 3 2-750 +10 5.3 52- 15 4.95 
ADE-1MH 3 2-500 +13 5.2 50- 17 5.95 
ADE-1MHW 4 0.5-600 +13 5.2 53- 17 6.45 
ADE-12MH 3 10-1200 +13 6.3 45- 22 6.45 
ADE-25MH 3 5-2500 +13 6.9 34- 18 6.95 

ADE-35MH 3 5-3500 +13 6.9 33- 18 9.95 
ADE-42MH 3 5-4200 +13 7.5 29- 17 14.95 
ADE-1H 4 0.5-500 +17 5.3 52- 23 4.95 
ADE-10H 3 400-1000 +17 7.0 39 30 7.95 
ADE-12H 3 500-1200 +17 6.7 34 28 8.95 
ADE-17H 3 1 00-1700 +17 7.2 36 25 8.95 
ADE-20H 3 1500-2000 +17 5.2 29 24 8.95 

Component mounting area on customer PC board is 0.320*x 0.290’. 
‘Protected by U.S. patent 6133525. -Specified midband *100 piece price. 
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Figure 2. Matched filter outputs for signals in Figure 1. 

of several delayed and scaled versions 
of the transmitted signal. Multiple 
versions of the signal occur because 
the receiver may pick up the signal 
that traveled the direct path from 
transmitter to receiver, as well as mul¬ 
tiple reflected paths. The multipath 
channel can be viewed as a linear fil¬ 
ter. The equalizer is an adaptive filter 
that attempts to remove intersymbol 
interference by undoing the filtering 
effects of the multipath channel. 
Timing recovery algorithms adap¬ 

tively determine the correct time to 
sample the symbol pulse shape. Thus, 
before entering into a discussion on 
timing recovery, some background 
material will be provided on the topics 
of matched filtering and pulse shaping. 

Signal detection 
A basic problem in digital communi¬ 

cations is the detection and estimation 
of a transmitted pulse in the presence 
of additive white Gaussian noise 
(AWGN). Imagine the simple case of a 
rectangular pulse, such as that shown 
in the top half of Figure 1. A data sym¬ 
bol of +1 is indicated by transmitting a 
pulse with an amplitude of +2, and sim¬ 
ilarly, a data symbol of -1 is indicated 
by transmitting a pulse with an ampli¬ 
tude of -2. The period of these pulses, 
T, is 25 ms. Note that the one pulse is 
simply a negated version of the other. 
When two pulse shapes are used that 

have the same energy and a cross-corre¬ 
lation of -1, the signaling set is said to be 
antipodal. The estimation of the trans¬ 

mitted pulse shape is trivial for the ca 
of no noise. The receiver simply takes O’ 
sample every T seconds and determin 
whether the sample equals +2 or -2. 

Such a scheme no longer works in t) 
presence of AWGN. White noise has in 
nite average power and can therefore et 
ily drown out the received signal that is 
limited power. The lower half of Figure 
shows the same pulse sequence for t) 
case of noise with a signal-to-noise rat 
(SNR) of 5 dB. Note that the noise hi 
severely distorted the signal, even flippb 
the sign of some samples. Because a 
practical communications systems ha' 
some non-trivial noise level, a more robu 
signal estimation scheme is needed. 

Matched filtering 
Practical receivers estimate tl 

transmitted signal by using a tecl 
nique known as matched filtering, 
receiver employing such a technique fi 
ters the received signal with a filt< 
whose shape is “matched” to the tran 
mitted signal’s pulse shape. The outpi 
of the filter is then sampled at time 
The matched filter’s pulse shape is 
time-reversed version of the transm 
pulse shape. Thus, if the transmit puls 
shape h(t) is defined as: 

h(t) for 0 < t < T 

then the ideal matched filter’s respons 
hm(t) is: 

hm(t) = h(T-t) for 0 < t < T 

Such processing has two advantage 
One advantage is that typical puls 
shapes have a low-pass response. By fi 
tering the received signal with such a fi 
ter at the receiver, the frequencies coi 
taining the data signal are passed whi] 
the remaining frequencies are atténua 
ed. This matched filtering limits th 
amount of the noise spectrum that i 
passed on to subsequent stages in th 
receiver. A second advantage is that 
matched filter correlates the receive 
signal with the transmit pulse shap 
over the symbol period T. 

Recall that passing a signal r(i 
through a filter hm(t) is a convolutio 
operation. The convolution of these tw 
signals can be written as: 

0 

y(t)=^r(t)hm(T -t)dt 
T 

where y(T) represents the output of th 
matched filter sampled at time 7 
However, the matched filter’s respons 
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Welcome to the wild world of RF. Are you trying to add 

Bluetooth capabilities but your team doesn't have RF experi¬ 

ence? To simplify the task, our digital, DSP and RF experts have 

identified the most important tests you'll need to make when 

integrating Bluetooth designs. Our online resources include 

everything from an RF basics seminar to advanced measure¬ 

ment techniques. 

Something for the RF experts, too. If you are approaching 

Bluetooth wireless technology from an RF background, we can 

offer advice on the most-efficient test procedures and toolsets 

to solve a wide range of Bluetooth measurements. 

The Bluetooth big picture. Most of the Bluetooth work we re 
seeing today involves the integration of a Bluetooth module into 

a new product design: 

• Evaluating module performance and characterizing interoperability 

• Understanding host-module integration issues 

• Designing and debugging the host-module interface 

• Conducting pre-qualification RF testing 

• Getting Bluetooth Qualification 

• Manufacturing quality products 

Some of the more interesting problems show up in the second 

stage, as you bring the RF transceiver into your host products. 

Watch out for some interesting interoperability problems when you integrate 

a Bluetooth module into your host device 

Baseband signal integration. Challenges here include verify¬ 

ing transmission and receipt of data packets, viewing the actual 

data values transmitted, quantifying system bottlenecks, identi¬ 

fying logic errors, and resolving DSP and mixed-signal issues. 
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0 Bluetooth www.agilent.com/find/bt 
U.S. 1-800-452-4844. ext 7517 

canada 1-877-894 4414, ext 7471 

For instance, once you've found the preamble, you can identify the 

entire bit stream, including the access code, header and payload. 

Learn more in our free Bluetooth baseband application note. 

Bluetooth measurement tools range from powerful design 

analysis to fast, automated tests for the production line. 

Above, a modulation characteristics test verifies proper 

performance of the modulation circuitry to ensure reliable 

data transfer over the Bluetooth communication link 

The first two pulses in this idealised transmit signal correspond to the 

0101 pattern of the preamble: the access code follows immediately after 

RF receiver tests. RF receiver performance is key to both Bluetooth 

qualification and overall product performance. For example, a sensitive 

radio that is immune to interference will reduce file transfer times 

and therefore increase battery life. You need to make sure the RF 

receiver will not be adversely impacted by the harmonics of high-

frequency digital signals or other noise sources likely to be present 

in your system. 

Receiver performance is tested in a number of ways for qualification, 

including carrier/interference and blocking tests. You probably won't 

need to run all the tests if you're integrating someone else 's module, 

but they can be complicated so clear information and simplified 

procedures are important. 

RF transmitter tests. The Bluetooth specification covers a wide 

range of transmitter tests, some to insure interoperability between 

Bluetooth devices (e.g., modulation characteristics) and others to 

meet regulatory limits (e.g., spurious emissions). Given the concerns 

about interference with other wireless systems, output spectrum 

tests are also important. 

Integrating a module can create problems that affect transmitter 

performance, sometimes in unexpected ways. For example, power 

supply ripple coupled through your system can degrade the modula¬ 

tion characteristics. 

You must be able to show that your device stays within both 

Bluetooth and regulatory limits, and the more of this work you can 

do on your design bench, the better. Some of the tests are complex 

and potentially time-consuming to understand and perform. Our free 

Above, an automated test combines pass/fail indications 

with numerical readouts 

online application resources can help you look for and fix 

problems quickly. 

Get the complete Bluetooth test story— FREE. Talk to 

one of our Bluetooth measurement specialists to learn more 

or tap into our free technical resources at 

www.agilent.com/find/bt. 

Among the features you'll find there: 

• A comprehensive measurement guide: Performing Bluetooth 

BF Measurements Today featuring descriptions and examples 

of the many RF measurements you might need 

• Interactive measurements that show some key Bluetooth 

measurements in action, starting with frequency drift and 

frequency settling— explore these real-life measurements 

before you need to make them on your own system 

Visit www.agilent.com/find/btfor a FREE 

Bluetooth CD-ROM packed with application 

notes, measurement tips and solution guides. 
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was defined as hm(t) = h(T -t). By substi¬ 
tuting this definition into the above equa¬ 
tion, the following integral is obtained: 

T 
y(t)=\r{t)h(T-(r-t))dt = 

0 

T 
jr(t)h (t )dt 

The above equation is the cross-correla¬ 
tion (sampled at time T) of r(t) with hit) 
for a lag of 0. Thus, this simple derivation 
has illustrated how matched filtering 
effects the correlation of the received sig¬ 
nal with the matched filter. Such process¬ 
ing results in a correlation gain by inte¬ 
grating the received signal energy while 
averaging out the zero-mean AWGN. 
An example of matched filtering is 

shown in Figure 2. The received signals 
for the top and bottom halves of the fig¬ 
ure are the signals shown in Figure 1. 
The matched filter used was: 

hmit) = 2 for 0 < t < T 

Note that sampling the matched fil¬ 
ter output at time T = 25 ms provides 
the sample with the highest SNR. The 
samples from Figure 1 had an ampli¬ 
tude of 2, whereas the matched filter 
output (when sampled properly) has a 
value of 100. The value of 100 repre¬ 
sents the integral, over the time period 
T, of the received signal pulse shape 
exactly lined up with the matched filter 
response. The value of this peak can be 
calculated as follows: 

25 

y(t)=¡(2»2)dí = 
0 

25(4)- 0(4) = 100 

This simple example illustrates how 
matched filtering provides the receiver 

with a stronger signal to work with 
compared to directly sampling the 
received signal. The processing gain of 
matched filtering is especially apparent 
for the example with an SNR of 5 dB. 
Note that the received signal is 

severely distorted by noise, but the 
matched filter’s output is still close to 
its ideal value for the case of no noise. 
This result is possible because the 
matched filter filters out the higher fre¬ 
quency noise and then integrates the 
remaining lower frequency noise over a 
time period of T ms. Because AWGN is 
zero-mean, this integration effectively 
averages out the noise. 
As can be seen from Figure 2, it is 

important to sample the matched fil¬ 
ter’s output exactly at time T to obtain 
the sample with the highest SNR. 
Sampling the matched filter’s output at 
some time T + A, (where A represents a 
receiver timing offset) will significantly 
reduce the effective SNR seen by subse¬ 
quent receiver blocks. This example 
shows the importance of keeping A as 
close to zero as possible and thus pro¬ 
vides motivation for the inclusion of a 
timing recovery loop in the receiver. 

Before discussing specific timing 
recovery algorithms, the next sections 
will first illustrate the problems inher¬ 
ent in using this rectangular pulse 
shape. A more practical pulse shape 
known as a root-raised cosine pulse will 
then be introduced. 

Ideal pulse shaping 
Although the use of matched filter¬ 

ing gives the optimum performance in 
the presence of AWGN, there is still a 
problem with using a rectangular pulse 
shape. Recall from Fourier theory that 
a rectangular pulse in the time domain 
is equivalent to a sine pulse in the fre¬ 
quency domain. Because the tails of the 

sine pulse extend to infinity, such 
pulse shape would require a systei 
with infinite bandwidth. 
The ideal pulse shape should hav 

two properties. It should have a limite 
bandwidth to allow transmission o 
practical band-limited systems. Th 
pulse shape should also have zero intei 
symbol interference if sampled at th 
correct time interval. That is, when 
pulse train is sampled every T second: 
the value of the sample at time 
should only be due to the current puls« 
And there should be no interferenc 
from the other transmitted pulses. 

In other words, ideally, hit) = 1 for 
= 0 and hit) = 0 for t = ±kT where k is 
non-zero integer. An ideal pulse shap 
that meets these requirements is 
time-domain sine pulse. An example < 
a sine pulse for which T = 10 is show 
in Figure 3. Note that the pulse take 
on a value of 1 at its peak and its zerc 
crossings occur at intervals of intege 
multiples of ±10 samples away fror 
the peak. The lower half of the figur 
shows a pulse train of four pulses. Thi 
example illustrates how the peak o 
any given pulse lines up with the zerc 
crossings of the remaining pulses 
Therefore, there is no ISI. 

Practical pulse shaping 
Although the sine pulse represent 

the ideal pulse shape, it cannot bi 
implemented in practice because th, 
pulse extends in time for infinite dura 
tion. The infinite signal duration is du, 
to the discontinuities in the sine pulse’, 
rectangular-shaped spectrum. Signal; 
with discontinuities in their spectrun 
are physically unrealizable. However 
practical pulse shapes can be formed b; 
smoothing the roll-off of the spectrun 
and allowing it to occupy excess band 
width beyond that which is needed fo: 
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Figure 6. Zero ISI at output of matched filter using a root-raised cosine pulse. Figure 8. Structure of a typical second-order loop filter. 

the spectrum of the ideal sine pulse. 
One pulse shape that has properties 

similar to the sine pulse, but without 
the frequency-domain discontinuities, 
is the raised cosine pulse. The raised 
cosine pulse has a parameter known as 
the rolloff factor. The value of the 
rolloff factor determines how rapidly 
the frequency-domain spectrum of the 
pulse rolls off. The raised cosine pulse 
is identical to the sine pulse when the 
rolloff factor is equal to zero. As the 
rolloff factor is increased, the spectrum 
begins to decay more gradually and 
this increased rolloff causes the pulse 
to occupy more bandwidth. When the 
rolloff reaches its maximum value of 
one, the spectrum requires twice as 
much bandwidth as the pulse with a 
rolloff of zero. Practical digital commu¬ 
nications systems often use a rolloff fac¬ 
tor of between 0.10 and 0.35. A pulse 
with a rolloff factor of 0.35 occupies 
35% more bandwidth than the ideal 
sine pulse. Figure 4 shows the effect of 
the rolloff factor on the pulse’s spec¬ 
trum. Figure 5 contains time-domain 
raised cosine pulses for the same rolloff 
factors used in Figure 4. 
The pulses in Figure 5 exhibit zero¬ 

crossings at integer multiples of the 
symbol period. Thus, even with non¬ 
zero roll-off factors, the raised cosine 
pulse maintains this desirable (from 
the standpoint of no ISI) property of the 
sine pulse. The choice of the roll-off fac¬ 
tor is a trade-off between required 
bandwidth and the duration of the 
time-domain pulse. Note that the tails 
of the time-domain pulse are reduced 
for higher values of the roll-off factor. 
The smaller tails are desirable from a 

timing recovery standpoint because, in 
the presence of a timing offset, they 
will contribute less to ISI compared to 
the larger tails of the sine pulse. 
The most popular pulse shape used 

in practical communications systems is 
the root-raised cosine pulse. The root-
raised cosine pulse is formed by taking 
the square root of a raised cosine pulse. 
This pulse shape is used to split the 
spectral characteristics of the raised 
cosine pulse equally between the trans¬ 
mitter and receiver. 
By matched-filtering the root-raised 

cosine pulse and then sampling it at 
the symbol period, the root-raised 
cosine pulse is essentially squared. 
Thus, the output of the matched filter 
has a raised cosine pulse response. 
An example of the matched filter 

output for a pulse train of root-raised 
cosine pulses with a rolloff factor of 
0.35 is shown in Figure 6. Note that the 
matched filter output exhibits zero ISI 
because of the locations of the zero 
crossings for the case of perfect timing. 

Timing recovery 
The previous sections have shown 

how intersymbol interference can be 
avoided by sampling the matched filter 
output at its peak, which occurs every 
T seconds. The purpose of the timing 
recovery loop is to alter, as necessary, 
the sampling frequency and sampling 
phase to sample the matched filter at 
the peaks. If the timing recovery loop is 
operating properly, it will provide the 
downstream processing blocks with 
symbols that were sampled at the high¬ 
est SNR points available. 
An example of a typical all-digital 

timing recovery loop is shown in Figur 
7. After A/D conversion, the signal i 
passed through an interpolator. Th 
interpolator is able to generate sample 
in between those actually sampled b 
the A/D (i.e., it interpolates). By genei 
ating these intermediate samples a 
needed, the interpolator can adjust th 
effective sampling frequency and phase 

Interpolation is accomplished b 
first inserting N-l zeros in betwee 
the data samples (upsampling by 
factor of N). The upsampled signe 
passes through a lowpass interpole 
tion filter to remove the aliases cause 
by upsampling. The resulting interpe 
lated signal is a smoothed version c 
the original signal and it contains 1 
times as many samples. 

Following interpolation, the outpu 
of the matched filter is sent to a timin 
error estimator that can use a numbe 
of different algorithms to generate 
timing error. The control signal for th 
interpolator is formed by filtering thi 
error signal using a standard second 
order loop filter containing a propoi 
tional and an integral section. A: 
example of a typical second-order loo 
filter is shown in Figure 8. 
The second-order loop filter consist 

of two paths. The proportional pat] 
multiplies the timing error signal by 
proportional gain Kp. From control thee 
ry, it is known that a proportional patl 
can be used to track out a phase erroi 
however, it cannot track out a frequenc 
error. For a timing recovery loop t 
track out a sampling frequency error, : 
loop filter containing an integral path i 
needed. The integral path multiplie 
the error signal by an integral gain h 
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shows where sampling is occurring too late. When sampling occurs at the 
right time, the early and late samples will be at the same amplitude. 

Figure 12. Timing is slow: e„ = (-0.5 • 1)-(-1 *0.8) = 0.3. 

and then integrates the scaled error 
using an adder and a delay block. A sec¬ 
ond-order filter, such as that shown in 
Figure 8, can track out both a sampling 
phase and a sampling frequency error. 

Early-late gate algorithm 
This timing recovery algorithm gener¬ 

ates its error by using samples that are 
early and late compared to the ideal sam¬ 
pling point. The generation of the error 
requires at least three samples per sym¬ 
bol. The method of generating the error is 
illustrated in Figure 9. The left plot is for 
the case where sampling is occurring 
late. Note that the early and late samples 
are at different amplitudes. This differ¬ 
ence in amplitude is used to derive an 
error for the timing recovery loop. Once 
the timing recovery loop converges, the 
early and late samples will be at equal 
amplitudes. The sample to be used for 
later processing is the sample that lies in 

the middle of the early and late samples. 
One drawback of the early-late gate algo¬ 
rithm is that it requires at least three 
samples per symbol. Thus, it is impracti¬ 
cal for systems with high data rates. 

Mueller and Muller Algorithm 
The Mueller and Muller algorithm 

only requires one sample per symbol. 
The error term is computed using the 
following equation: 

where yn is the sample from the current 
symbol and yn.j is the sample from the 
previous symbol. The slicer (decision 
device) outputs for the current, and previ¬ 
ous symbol are represented byy„andy„.;, 
respectively. Examples of the value for 
the Mueller and Muller error for the cases 
of different timing offsets are shown in 

Figure 10, Figure 11 
and Figure 12. One 
drawback of this 
algorithm is that it 
is sensitive to carri¬ 
er offsets, and thus 
carrier recovery 
must be performed 
prior to the Mueller 
and Muller timing 
recovery. 

Gardner algorithm 
The Gardner algorithm has seer 

widespread use in many practical tim 
ing recovery loop implementations. Th« 
algorithm uses two samples per symbo 
and has the advantage of being insensi 
tive to carrier offsets. The timing recov 
ery loop can lock first, therefore simpli 
tying the task of carrier recovery. Th« 
error for the Gardner algorithm is com 
puted using the following equation: 

“ (Yn “ 

where the spacing between yn and yn_2 is 
T seconds, and the spacing between y, 
andy„.j is T/2 seconds. 
The following figures illustrate how 

the sign of the Gardner error can bt 
used to determine whether the sam¬ 
pling is correct (Figure 13), late (Figur« 
14) or early (Figure 15). Note that th« 
Gardner error is most useful on symbol 
transitions (when the symbol goes fron: 
positive to negative or vice-versa). The 
Gardner error is relatively small wher 
the current and previous symbol have 
the same polarity. 
A simulation was run for a timing 

recovery loop that used the Gardnei 
algorithm and the results are shown ir 
Figure 16 (page 48). The top plot shows 
the matched filter output samples foi 
the in-phase component of the signal 

Figure 14. Timing is late: e„ = (-0.8 -0.8) • (-0.2) = 0.32. Figure 15. Timing is early: e„ = (-0.8 -0.8) • (0.2) = -0.32. 
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Notice that the timing recovery loop 
converges after about 600 symbols 
have been processed. At this point, the 
output of the matched filter takes on 
values of +1 and -1. The values are 
fairly constant because the matched 
filter output is being sampled near the 
ideal center point. During the first 600 
symbols, when the loop is still converg¬ 
ing, the matched filter samples take on 

a wide range of amplitudes. This vari¬ 
ance in the matched filter output is 
because of ISI caused by sampling the 
output at points other than the ideal 
center point. The bottom plot shows 
the Gardner error en vs. time. 

Other methods of timing recovery 
The ideal case is to have the trans¬ 

mitter and receiver running off of the 
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same clock. Although this situation i 
typically impossible in a wireles 
communications system, it can b-
implemented in some wired systems 
such as computer networks. In sucl 
an ideal system, a timing recover; 
loop is not needed because synchro 
nization is explicit. 
Another alternative is to have the 

clock frequency transmitted alonj 
with the data. The receiver can recov 
er this clock signal with a narrow 
band bandpass filter tuned to thaï 
frequency. Although this method is 
used in some practical systems, it is 
generally inefficient because the 
transmission of the clock signal con 
sumes both bandwidth and transmit 
ter power that could have otherwise 
been used for sending user data. Ir 
addition, other decision-directed anc 
non-decision-directed algorithms 
exist for generating an error signa 
for a timing recovery. 
The Gardner’s algorithm presentee 

here represents a good starting poim 
for practical implementations because 
of its robustness to carrier offsets, sim 
pie implementation and modest over 
sampling requirement of two samples 
per symbol. The interested reader car 
learn more about timing recovery algo 
rithms by consulting the references 
listed at the end of this article. 

Conclusions 
This article presents the problem o: 

detecting pulses transmitted across ar 
AWGN channel. Merely sampling the 
pulses at the receiver once every sym 
bol period is found to be ineffective 
because of the signal distortion due tc 
the presence of noise with an infinite 
bandwidth. The concept of the matchec 
filter receiver is introduced as a way tc 
limit the noise at the receiver, as wel 
as to provide a high SNR sampling 
point due to the correlation gain. The 
implementation of symbol timing syn¬ 
chronization is shown to be a vita: 
process in obtaining the best SNR sam¬ 
pling point while also avoiding inter¬ 
symbol interference. 

RJ 
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RF test and measurement 

Data recording for 
real-time signal 

analysis 
A new breed of test instrument 

facilitates field analysis 
of signals and data. 

By John DeMott 

Deployment of 2.5G and 3G wireless networks 
can now be accelerated with an innovative 

new test equipment architecture — one that 
enables spectral recording and playback of next¬ 
generation communications networks. Through the 
integration of gigabytes of high-speed memory with 
highly linear analog-to-digital (A/D), digital-to-ana-
log (D/A), and RF up/down converters, the function¬ 
ality of real-time RF signal acquisition is combined 
with direct-to-IF signal generation. 

This is made possible by the ability of next-gen¬ 
eration test instruments to capture field record¬ 
ings of RF signals and play them back in the lab. 
This enables debugging of the system in the pres-

Typical Digital Pre-Distortion Block Diagram 

Digital IF Analog IF 

Test Points for Pre-Distortion Testing 

Digital Stimulus 

Digital Pre-Distorter Input 

Digital Modulator Input 

D/A Converter Input 

ACPR Detector Input 

Analog Stimulus 

RF Upconverter Input 

A/D Converter Input 

RF Stimulus 

Power Amp Input 

RF Down converter Input 

Figure 1. Digital pre-distortion test points. 

ence of real-world fading, interferers and adjaceni 
channels — something that hasn’t always beer 
possible, or practical. 

In addition, the RF record/playback capability 
permits capture of the output from prototype 
transmitters, which can be recreated via the RF 
signal generation capability. These prototype/pro-
prietary format recordings can be distributed tc 
the development team, enabling concurrent work 
on successive modules such as amplifiers and lin¬ 
earization circuits. 

Digital pre-distortion technique 
This unique platform tests pre-distortion algo¬ 

rithms and circuits for next-generation power 
amplifiers. Its core is the direct-to-IF approach. 

Digital pre-distortion is considered the dominant 
technique for increasing efficiency and reducing 
cost in the latest 3G power amplifiers. Using this 
technique, designers can sample the RF output ol 
their power amplifier and down-convert the signal 
to an IF. A/D converters digitize the IF, and digital 
signal processor (DSP) circuits implement algo¬ 
rithms to adjust the pre-distortion based on the 
detected output of the amplifier. Additional para¬ 
meters affect the digital in-phase and quadrature 
(I/Q), as well as clipping circuits and lookup tables. 
These processing chains are used to adjust the digi¬ 
tal I/Q stream prior to modulation, analog conver¬ 
sion and RF up-conversion. The goal is to increase 
power efficiency while keeping the adjacent channel 
power (ACP) leakage and error vector magnitude tc 
a minimum. The block diagram in Figure 1 illus¬ 
trates such a signal chain. 
The bandwidths of pre-distortion circuits are typi¬ 

cally three times the bandwidth of the output chan¬ 
nel. This excess bandwidth allows detection and pro¬ 
cessing of the fundamental, in addition to the distor¬ 
tion products above and below the transmit channel. 
New instruments that have high output bandwidths 
(60 MHz and up) are able to accommodate testing oi 
3G multi-carrier power amplifiers used for universal 
mobile telecommunications service (UMTS/3GPP 
applications; 20 MHz of transmit bandwidth for the 
four carriers at 5 MHz offset, and 20 MHz each foi 
the upper and lower distortion products. 

Deployment and implementation 
In an actual deployment, the entire chain illustrat¬ 

ed in Figure 1 would be implemented in the powei 
amplifier or digital radio sections of the base station 
To assist designers in testing and verifying the algo¬ 
rithms, these wide-bandwidth vector signal genera¬ 
tors can be used to simulate portions of the block dia¬ 
gram. Figure 1 indicates the test points in a typical 
pre-distortion signal chain. Annotations on this dia¬ 
gram illustrate the areas where the instruments can 
be used to simulate the digital, analog and RF sec¬ 
tions of the pre-distortion circuit. Figure 2 shows a 
block diagram where such points exist. 

This 3G equipment closely mimics sections oi 
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Figure 2. CS2000 Series digital vector signal generator. 

Figure 3. Multi-carrier output. 

the signal chain being considered for the pre-distortion cir¬ 
cuit. Inserting the equipment in-line with the signal flow 
accommodates testing of the various portions of the chain. 
The equipment’s modular architecture permits the genera¬ 
tion of digital pattern, digital I/Q, digital IF, analog IF, 
and RF signals. 
To ensure accurate measurements, this high-tech test 

equipment must have specifications that suit digital out-
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put at rates as high as 400 MB/s and 
beyond. It also needs to be able to 
handle high-bit-rate D/A converters, 
in the neighborhood of 14 bit - 160 
MS/s digital-to-analog converters 
and higher. 
New innovations in solid-state 

waveform memory can accommodate 
simulations in the gigabyte range. 
Such deep memory is a key require¬ 

ment in attaining 60 MHz bandwidth 
at 160 MS/s sampling rates. Such 
deep memory also allows sufficient 
recorded time periods to accurately 
analyze the waveform. 

Finally, direct-to-IF architectures 
are typically used to achieve wideband 
RF output for multi-carrier perfor¬ 
mance. An output plot showing four-
carrier UMTS simulation (note the 

Johanson High Frequency 
Multilayer Ceramic Inductors 

Proven RF 

ACP performance on the order of 
-64dBc) is given in Figure 3. 

Conclusions 
Test and measurement innovations 

that provide designers with the ability 
to both record and playback RF, ana¬ 
log or digital signals are effective tools 
for shortening design cycles and 
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such as debugging receiver algo¬ 
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for later analysis, and capturing inter¬ 
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disk arrays for capturing record and 
playback — can save the designer 
work and worry. This unique combina¬ 
tion of direct-to-IF architecture, wide 
bandwidth and deep memory capabili¬ 
ty provides a critical advantage in 
testing and debugging next-generation 
communications products. 

RF 

Performance! 
See for yourself, try before you buy! 
Surf over to our web site and download your free copy of MLISoft®, the 
industries first RF inductor modeling and evaluation software. Using MLISoft® 
you’ll be able to chart critical performance parameters such as Quality Factor, 
Equivalent Series Resistance and S-parameters for the entire range of Johanson 
high frequency multilayer ceramic chip inductors from 1MHz through 20 GHz. 
After you’ve found the high frequency inductor that’s right for your design, order 
an engineering kit for in-circuit evaluation. 

johanson technology.com 
camarillo california 805.389. 1166 

INFO/CARD 32 

About the author 
John DeMott is vice president of 

marketing at Celerity Digital 
Broadband Test. He has years of 
experience in the test and measure¬ 
ment field and, before going to work 
for Celerity in 1999, worked with 
Tektronix for 11 years. DeMott can 
be reached by e-mail at: 

jdemott@celerity. 1 -3com.com . 
The CS2010 Vector Signal 

Generator is part of the CS2000 
instrument series from Celerity 
Digital Broadband Test, an L-3 
Communications company. It was 
designed to offer advanced test and 
measurement solutions for multi¬ 
standard, multi-carrier applica¬ 
tions. Additional configurations in 
the series include solutions that 
provide designers with the ability 
to both record and playback RF, 
analog or digital signals. 

54 www.rfdesign.com September 2001 



Any frequency from 1 Hz to 20 MHz • Allen Deviation to 5x10 12/t 

fE-StSO« 

Smallest 

Configuration 

0nlg3“x3"xl.4“ 

FE-S600M 

Militarized 
with Excellent 

Environmental 

Specifications 

Size: 3.2S“x3.2S"x4.S" 

FE-SSGOR 

Fits Existing 
Sockets 

Size: 2"X 3"X 4" 

FE-SG80R 

Low Silhouette 

Less than I" high 
Size:S.4"x4.0"x0.38" 

FE-SGS2R 

Hide Temperature 

Range: -40°C to + 85°C 

Excellent Stability 

Over Temperature: S X IO” 

Size: 2.S7"x6.0"x 6.3" 

FEI Communications, the world leader in 
quartz and atomic frequency/time sources 
for 39 years, presents several Rubidium 
Standards to choose from. Each with 
exceptional stability, they are perfect 

replacements for precision quartz in 
Communications and Timing Systems 
with high-quality performance over a wide 
range of environmental conditions. 
Contact FEI for our 12 page catalog. 

FEI Communications, Inc. 
A Subsidiary of Frequency Electronics, Inc. 

y t T 55 Charles Lindbergh Blvd., Mitchel Field, NY 11553 
TEL: 516-794-4500 • FAX: 516-794-4340 
Visit us at: www.freqelec.com 

INFO/CARD 22 



REtest and measurement 

Switching systems 
reduce test times 

Reducing test times and 
increasing equipment utilization is 

tantamount to saving money. 
Switching systems for 

DUTs pay off. 

By Roland Lowe 

To meet the simultaneous goals of high test¬ 
system throughput and execution of sophisti¬ 

cated protocols, wireless device manufacturers 
must use fast automated instruments, such as 
communications and spectrum analyzers. 

Still, production testing of cell phones, pagers, 
two-way radios, and antennas may take several 
minutes. Complicated test protocols include a 
variety of operational checks and adjustments, 
including: 

• Bandwidth 
• Carrier frequency 
• RF output levels 
• Receiver sensitivity 
• Antenna gain 

A switching system for multiple DUTs 
To reduce test time and increase equipment uti¬ 

lization, instruments are often connected to 
devices under test (DUTs) through a switching 
system. These systems increase productivity by 
allowing multiple tests on more than one device. 
For RF tests, a multiplexed coax switch arrange¬ 
ment can be used to route a number of instrument 
inputs/outputs (I/Os) to different DUT test points. 
A matrix topology may also be used, which pro¬ 
vides a great deal of flexibility when more than 
one instrument must be simultaneously connected 
to different test points. However, attention must 
be paid to RF signal integrity to avoid compromis¬ 
ing measurement system accuracy and product 
quality, which would offset productivity gains 
from higher throughput. 

Determining the signal’s frequency content 
In making a product decision, one of the first 

considerations should be the frequency content of 
the signals to be switched. This is a critical step 
because the signal or pulse format determines 
the operating bandwidth. 

For example, the frequency spectral distribution 
of a 2 GHz sine wave carrier is different from a 2 
GHz digital pulse. Preserving frequency harmonics 
of the digital pulse and power spectral distribution 
is critical for maintaining signal integrity. 

A bit of basic math 
For most applications, equation (1) provides a 

good approximation between the frequency and the 
rise time or fall time of the signal. In this equation, 
ß, is the rise time or fall time of the digital signal, 
in nanoseconds, from the 10% to 90% amplitude 
level. Bandwidth is defined by the interval between 
the reference, or zero decibels (dB) amplitude level, 
and the upper frequency, F, where the signal falls 
to -3 dB below the passband frequency. 

Choosing a switch design 
To maintain signal integrity at minimal cost, it 

is necessary to use appropriate switching system 
technology. It is generally satisfactory to specify 
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Configuration Insertion loss (dB) VSWR Crosstalk (dB) 

RF coaxial relay -0.5 1.35 -80 
Multiplex switch cards -9.0 2.75 -30 

Table 1. 2 GHz performance comparison of a 1 x 16 multiplexer using coaxial relays and cables and four 
RF switch cards. 

only the maximum values of insertion 
loss, voltage-standing wave ratio 
(VSWR), crosstalk, and power han¬ 
dling capability for a system designed 
to operate at a single frequency. In a 
wideband switch system, values for all 
frequencies of interest should be speci¬ 
fied. In either case, the switch manu¬ 
facturer should characterize and verify 
performance of the product over the 
desired frequency range regardless of 
technology used. 
Once specifications are complete, 

the test engineer still has the option 
of selecting either a coaxial relay or 
card-based system for applications 
below 2 GHz, the pertinent frequency 
for many wireless products. 
Switching systems comprised of 

coaxial electromechanical relays and 

cables achieve the lowest insertion loss, 
VSWR, and crosstalk performance. 
However, systems designed around 
switching mainframes and surface¬ 
mount PC card technologies may also 
provide acceptable performance. 

Coaxial relay designs are often less 
expensive than switch-card designs for 
medium to large-size switches. This is 
because of the limitation of low switch 
density per card at high frequencies in 
a card-based system. For any switching 
configuration, the RF signal perfor¬ 
mance of a coaxial relay system is 
unsurpassed, so the cost/performance 
trade-off is hard to beat. 
The coax approach consists of inter¬ 

connecting precision electromechanical 
coaxial relays with high-performance 
RF cables and an appropriate switch 

controller. Electromechanical relays 
are available in a variety of contact 
configurations with 1 x 2, 1 x 4, and 
1x6 being the most common. With pre¬ 
cision mechanical construction, only 
small impedance mismatches exist 
between relays, connectors and cables. 
For frequencies below 2 GHz, 

VSWR and insertion loss remain low. 
Also, because these switch systems 
are custom-designed, it becomes a 
simple issue to integrate active and 
passive signal conditioning compo¬ 
nents, such as amplifiers and attenu¬ 
ators, into the final product. 

In other applications, the card 
approach may suffice. This design con¬ 
sists of miniature microwave relays, RF 
connectors and associated control cir¬ 
cuitry mounted on an epoxy or 
microwave laminate. These cards are 
designed to operate inside an intelligent 
controller chassis using a VMEbus 
Extensions for Instrumentation (VXD or 
general-purpose interface bus (GPIB). 

Because the switching time of a relay 
limits the speed of most mechanical 
relay switching systems, GPIB-based 
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host computers & 
peripheral data L © 

acquisition systems. I 

uts 

Model bc635/637PCI 
with optional GPS 
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Timing Functions 
1PPS, Event Capture 
Time Strom, 
Heart Beat Clock 
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Drivers Supported 
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Solaris, Linus, VX Works 

Contact Us Today. 
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Want to know the secret of success in the land of Linux and Nokia? It’s APLAC. An industrial-strength 

simulation technology that combines the functionality of Spice with the utility of an advanced RF simulator. 

APLAC, and only APLAC, provides the accurate IC- and board-level models and precise methods to analyze 

non-linear circuit behavior demanded by top RF and analog designers. The 

only approach up to the complex design challenges ahead: 3G, Bluetooth, 

and beyond. 

APLAC gives you something unique - the freedom to do things right. All 

you do is supply the three ingredients mentioned above. 

APLAC Solutions Inc 
320 Decker Dr, Suite 100, Irving, TX 75062 

tel. 972-719-2562' 
www.aplac.com e-mail: sales@aplac.com 

APLAC 
APLAC Solutions Corporation 

Atomitie 5 C, FIN-00370 HELSINKI, Finland 
tel. +358-9-540 450 00 

www.aplac.com e-mail: sales@aplac.com 

The Freedom To Do Things Right. 
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Controllers provide adequate speed for 
these applications and are more cost-
effective than VXI controllers. 

It all boils down to performance 
High performance is achieved in 

card-based systems by careful imped¬ 
ance matching between the circuit 
elements and signal transmission 
lines on the laminate, referred to as 
striplines or microstrips. In this 
design, high uniformity of the dielec¬ 
tric constant and dissipation factor of 
the laminate is essential for high-per¬ 
formance striplines. 

Also, optimizing geometrical rela¬ 
tionships between the circuit ele¬ 
ments is critical. Switch cards are 
available in simple multiplex configu¬ 
rations and typically contain two to 
three 1x4 multiplexers per card. 

Table 1 shows a comparison of the 
electrical performance at 2 GHz of a 
1 X 16 multiplexer constructed from 
coaxial relays and cables, vs. four 
switch cards, each containing two 1x4 
multiplexers. Specifications for the sys¬ 
tem built from switch cards is an esti¬ 

mate based on the specifications for an 
individual switch card. As shown in 
the table, less signal degradation is 
produced by the system constructed 
from coaxial cables and relays. 

Besides high-quality signals, bene¬ 
fits of a custom-built coaxial relay sys¬ 
tem usually include an intuitive opera¬ 
tor interface and a report from the 
manufacturer detailing signal trans¬ 
mission characteristics. The measure¬ 
ments of insertion loss and return loss, 
typically contained in the report, are 
often used for software-based signal 
compensation in an ATE system. 

The final decision criterion 
As the final design is made, size and 

integration criteria must be consid¬ 
ered. Frequently, an important objec¬ 
tive for a test engineer is to reduce the 
size of the test rack. Depending on 
whose system is used, a typical card¬ 
based matrix switching systems is 
available for 2 GHz applications in 
half-rack size units that support as 
many as 24 channels with six 1x4 
multiplexers, three on each of two 

cards. Where higher bandwidth ii 
required, and there is space for a ful 
rack width, a multiplexed microwavi 
coaxial relay system is available. 

Rf 

About the author 
Roland Lowe is the telecom appli¬ 

cations engineering manager at 
Keithley Instruments, Cleveland. 
He has eight years of experience in 
ATE system design and construc¬ 
tion, including switching systems. 
Previously, Lowe was with NASA 
Lewis Research Center. He has a 
B.S.E.E. degree from Rensselaer 
Polytechnic Institute and an 
M.S. E. E. degree from Cleveland 
State University. 

NTK TECHNOLOGIES 
PACKAGING RF AND MICROWAVES 

Call or 
write 

to Any 
of Our 
Local 
Sales 

Offices 

60 

SANTA CLARA 
(408) 727-5180 

Fax (408) 727-5076 

SAN DIEGO 
(760) 747-8843 

Fax (760) 747-0689 

BOSTON 
(508) 820-0220 

Fax (508) 820-3463 

NEW JERSEY 
(973) 376-6070 

Fax (973) 467-5794 

PHOENIX 
(602) 470-9898 

Fax (602) 470-9797 

AUSTIN 
(512) 338-0727 

Fax (512) 338-4350 

INFO/CARD 57 

www.rfdesign.com September 2001 



NGA gain blocks are delivered in miniature SOT-86 packages. 

ig Upgrade? Small Solution! 
Now there’s a simple way to 

upgrade your existing design with 
InGaP/GaAs gain blocks from 
Stanford Microdevices. 

SMDI’s NGA Series gain 
blocks feature reduced thermal 
resistance, lower junction tem¬ 
peratures and improved reliabili¬ 
ty compared to competing 
devices. 

And, they can be dropped 
right into many existing sockets. 

They deliver higher 0IP3 and higher 
MTTF—a winning combination! 

For more information, visit us at 
stanfordmicro.com. 

Part Freq P1dB OIP3 Gain NF Vd, Id Rth 
Number (GHz) (dBm) (dBm) (dB) (dB) (V, mA) (°C/W) 

NGA-186 DC-8.0 14.7 31.7 12 4 4.1,50 120 

NGA-286 DC-6.0 15 15 3.4 4.0,50 120 

NGA-386 DC-4.0 15 27 19 2.7 4.0,35 144 

NGA-486 DC-8.0 17.5 14.5 4.5 4.2,80 118 

NGA-586 DC-6.0 19 38 19 4.5 5.0,80 121 

NGA-686 DC-4.0 19.2 11 6.1 5.9,80 121 

L* am Nt u uI! 
E MICfíOOEVICES 

www.stanfordmicro.com • 800.764.6642 
© Copyright 2001 Stanford Microdevices. Stanford Microdevices is a registered trademark of Stanford Microdevices. 

Stanford Microdevices is neither affiliated with nor sponsored or endorsed by Stanford University. 
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REcover story 

Testing the 3G 
infrastructure 
cdma2000 may well be the 3 G 

platform of the future. If so, 
testing its interoperability and 

performance will be critical 
to its success. 

By Rob VanBrunt 

Over the next several months CDMA handset 
vendors and service providers will work fever¬ 

ishly to deploy initial third-generation (3G) CDMA 
services in North America. These 3G services will be 
made possible by a new air interface standard called 
cdma2000. Offering several clear migration-path 
benefits, such as increased voice capacity and high¬ 
er-speed data connections, cdma2000 will look to 
build on the success and momentum of its 2G prede¬ 
cessor, IS-95. To maximize the success of the 
cdma2000 rollout, mobile manufacturers and service 
providers will use the structured approach to testing 
CDMA mobile devices originally developed for IS-95. 
Evaluating cdma2000 devices and services gener¬ 
ates significant new test methodology challenges. 

It’s a three-step process 
Managing and implementing the successful roll¬ 

out of a new cellular air interface standard is tricky 
business. There are many historical examples of the 
bumps along the road to widespread deployment. In 
the early 1990s, GSM deployment was delayed in 

By the mid-1990s, CDMA supporters had con¬ 
vinced service providers that their IS-95 air inter¬ 
face technology held significant theoretical capacity 
advantages over competing technologies. However, 
the task remained of realizing those benefits with 
commercial equipment on commercial systems. 
With a goal of minimizing time-to-market, CDMA 
supporters banned together and formed an interna¬ 
tional consortium of companies called the CDMA 
Developers Group (CDG). 

Within the CDG, a system test team was formed 
to focus on developing a test methodology for verify¬ 
ing the performance and interoperability of CDMA 
equipment and services. This methodology took the 
form of a three-step process that includes physical 
layer parametric performance testing of mobile 
devices, interoperability protocol testing between 
network infrastructure and mobiles, and mobile 
field performance testing. These steps are summa¬ 
rized in Figure 1 and are being applied to 
cdma2000 mobile devices. 

Stage 1 : Physical layer parametric performance 
The CDG Stage 1 test specification, known 

specifically as EIA/TIA-98D, Recommended 
Minimum Performance Standards for cdma2000 
Spread Spectrum Mobile Stations, focuses on the 
parametric physical layer performance of a 
cdma2000 mobile device. This specification evalu¬ 
ates the performance of the mobile’s transmitter 
and receiver through a series of air interface tests. 
These tests are usually performed in a cabled envi¬ 
ronment on laboratory equipment. 
To achieve value-added benefits such as 

increased network capacity and more prolific data 
connections, cdma2000 employs significant modifi¬ 
cations to the IS-95 air interface specification. 

Network capacity is increased through the use of a 
reverse link pilot. Not present in IS-95 mobiles, this 
signal enables a cdma2000 base station to perform 
synchronous detection of the mobile and provides a 

part by a lack of thoroughly tested mobile handsets, 
prompting the cry “God Send Mobiles.” In recent 
times, the W-CDMA community has been forced to 
delay the rollout of cdma2000’s counterpart 3G 
technology because of incomplete specifications and 
test standards. It is worth a look back at how IS-95 
deployment largely avoided similar pitfalls through 
the use of a staged testing methodology. 

channel for forward-link power control. These fea¬ 
tures improve forward- and reverse-link performance 
and enable the CDMA network to allow more users 
to operate in the same amount of spectrum. 
To evaluate the mobile’s reverse pilot channel 

performance, the relative time and phase accuracy 
between the mobile’s pilot channel and other 
reverse-link code channels must be measured. This 

62 www.rfdesign.com September 2001 



THE GLOBAL SOLUTION. 
AND BEYOND! 

10MHz to 7GHz AMPLIFIERS .*99* 
From amateur radio to cellular to satellite applications, 
with medium output power up to 17dBm, 
Mini-Circuits versatile ZJL and ZKL connectorized 
amplifiers offer the broad range of choices 
designers demand for achieving high system 
performance goals. Ultra-wideband models 
deliver gain ranging from 9 to 40dB and IP3 
up to +32dBm. But beyond the performance 

SPECIFICATIONS 

Model 
Freq 
(MHz) 

Gain (typ) 
Midband 
(dB) 

Flat 
(±dB) 

Max. 

Pout 1 
(dBm) 

(Typ @2GHz2) 
NF(dB) IP3(dBm) l(mA)3

Price 
$ea. 
(1-9) 

and reliability built into these miniature 12V amplifiers lies 
another important feature, the low price...from only $99.95! 
Call now for fast delivery. 

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

ZJL-5G 
ZJL-7G 
ZJL-4G 
ZJL-6G 
ZJL-4HG 
ZJL-3G 

20-5000 
20-7000 
20-4000 
20-6000 
20-4000 
20-3000 

9.0 
10.0 
12.4 
13.0 
17.0 
19.0 

±0.55 
±1.0 
±0.25 
±1.6 
±1.5 
±2.2 

15.0 
8.0 

13.5 
9.0 

15.0 
8.0 

32.0 
24.0 
30.5 
24.0 
30.5 
22.0 

80 
50 
75 
60 
75 
45 

129.95 
99.95 
129.95 
114.95 
129.95 
114.95 

ZKL-2R7 10-2700 24.0 ±0.7 13.0 5.0 30.0 120 149.95 
ZKL-2R5 10-2500 30.0 ±1.5 15.0 5.0 31.0 120 149.95 
ZKL-2 10-2000 33.5 ±1.0 15.0 4.0 31.0 120 149.95 
ZKL-1R5 10-1500 40.0 ±1.2 15.0 3.0 31.0 115 149.95 

NOTES: 
1 .Typical at 1dB compression. 
2. ZKL dynamic range specified at 1GHz. 
3. All units at 12V DC. 

ZKL 
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THE WORLD'S LARGEST SELECTION 

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

Mini-Circuits. ..we’re redefining what VALUE is all about! 
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Effect of CW Phase Noise 

band classes vs. the two found in IS-95 
and it is easy to see how the flexibility 
of cdma2000 generates thousands oí 
additional EIA/TIA-98D test cases. 
This large increase in the number of 
test cases reinforces the requirement 
for automated test procedures. 

Figure 2. CW phase-noise effects on CDMA signals. 

requires the use of a code-domain ana¬ 
lyzer. Forward-link power control per¬ 
formance must also be verified, which 
requires the use of average white 
Gaussian noise (AWGN) emulation to 
degrade the forward-link performance 
and a CDMA network emulator to 
decode the power control bits on the 
reverse pilot channel. The network 
emulator must be able to capture the 
power control bits and determine if the 
proper sequence was sent by the mobile. 

ence conditions. EIA/TIA-98D places 
stringent new performance requirements 
on the continuous wave (CW) adjacent-
channel interference source used for sin¬ 
gle-tone desensitization tests. 

In 2G test standards, the phase¬ 
noise requirements of the CW interfér¬ 
er were not specified. During an adja¬ 
cent-channel receiver test, parasitic 
phase noise can extend into the pass¬ 
band of the received channel and act as 
an additional co-channel interférer. 

Bandclass Phase noise 
BC 0, 2, 3, 5 and 7 -144 dBc/Hz@285 KHz offset 
BC 1, 4, and 6 -144 dBc/Hz@635 KHz offset 

Table 1. CW phase-noise specifications. 

The cdma2000 standard also adds 
support for a much wider variety of data 
services to be delivered to the phone. 

Included in the specification are 
operating modes that allow simultane¬ 
ous transmission of voice and data. 
These services require the mobile to 
support flexible radio configurations 
and additional traffic channels, such as 
a supplemental channel (F/R-SCH). 
Because the quality of data delivery is 
a key performance metric, the mobile 
receiver must be evaluated under a 
variety of radio channel conditions to 
test its robustness. 
The performance of the receiver is 

determined by measuring its forward¬ 
link frame error rate (FER) under differ¬ 
ent channel conditions. An RF channel 
emulator provides multipath channel 
conditions. An interference emulator gen¬ 
erates co- and adjacent-channel interfer-

Parasitic phase noise led to erroneous 
test conditions in some 2G single-tone 
desensitization test setups. To solve 
this problem, IS-98D includes stringent 
CW phase-noise performance specifica¬ 
tions illustrated in Figure 2. A high-
performance, application-specific 
instrument is required to meet these 
performance standards. 

In contrast to 2G test specifications, 
which included FER tests for just two 
forward-link data rate sets over a sin¬ 
gle forward traffic channel, cdma2000 
spreading rate 1 (SRI) employs five for¬ 
ward-link radio configurations. Data 
can be delivered over a combination of 
forward traffic channel, dedicated con¬ 
trol channel, and forward supplemental 
channel(s). Thus, tests such as single¬ 
tone desensitization now involve many 
more permutations of data delivery vs. 
channel conditions. Add support for 10 

Stage 2: Interoperability performance 
After completing the Stage 1 test 

phase, mobile devices are subjected to 
Stage 2 tests. 
The CDG Stage 2 interoperability 

tests focus on evaluating the protocol 
layer performance of a mobile through 
a series of mobile base station signaling 
and call-processing tests. Like Stage 1 
tests, Stage 2 tests are performed in a 
cabled environment. True Stage 2 test¬ 
ing involves performing a series of test 
scenarios on actual infrastructure 
equipment at interoperability I/O test 
labs collocated with major infrastruc¬ 
ture manufacturers. New innovations 
in test equipment make it possible for 
mobile manufacturers to perform pre¬ 
testing in their own labs on in-house 
test platforms. Although interoperabili¬ 
ty tests with actual infrastructure 
equipment will always be required, 
there is a movement to transfer some 
portion of the Stage 2 tests from the I/O 
labs into mobile certification labs to 
streamline the test process. 

Because cdma2000 cells will not be 
ubiquitous from the start of deploy¬ 
ment, CDG Stage 2 must provide for 
tests that verify the mobile’s ability to 
handle both IS-95 and cdma2000 air 
interface protocols. Key tests related to 
this requirement involve evaluating 
how the mobile handles inter-genera¬ 
tion hand-offs between IS-95 and 
cdma2000 cells. Performing these tests 
on test instruments requires a CDMA 
network emulator equipped with the 
ability to emulate both air interface 
standards while performing hand-offs 
between independent RF carriers. 
As is the case with EIATIA-98D tests, 

new cdma2000 features and services cre¬ 
ate new demands on the Stage 2 test 
process. Another new user benefit of 
cdma2000 is enhanced mobile battery life. 

Battery life is extended using a for¬ 
ward-link, quick-paging channel 
(QPCH). The QPCH permits a 
cdma2000 mobile device to keep its 
receiver signal processing “asleep” a 
greater percentage of time when in 
standby more often. A cdma2000 base 
station now includes a quick page indi¬ 
cator (QPI) in the forward-link trans-
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using the most advanced, high-speed technology 

available, we will deliver broadband, end-to-end, 

on-demand, domestic and international 

telecommunications services, mindboggling. 
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MS 

Common 
Channels 

Call Flow Diagram 

BS 
L —.. 

Common 
Channels 

Turn on/off P1 on Quick Paging Channel 
for the MS assigned QPCH Slot 

Registration Request order 

Registration Message 

Figure 3. Call cell flow diagram. 

slot and reacts correctly to the QP: 
Proper performance is verified usin 
both positive and negative scenario tes 
cases as shown in the call flow diagrar 
in Figure 3. Positive performance i 
measured by setting the correspondin 
mobile QPI to ON and those for al 
other slots to OFF. The base static 
then sends a registration request orde 
on the paging channel and verifies tha 
the mobile receives and processes mes 
sages on its assigned slot. The negativ 
scenario sets the corresponding mobil 
QPI to OFF, and those for all othe 
slots to ON. Similarly, a registratio: 
request order is sent, but this time th 
test verifies the mobile does not procès 
messages on its assigned slot 
Executing these scenarios on tes 
equipment requires a network emula 
tor that allows low-level manipulatioi 
of paging-channel parameters. 

mission that can be briefly monitored 
(no demodulation, just energy detec¬ 
tion). If the QPI indicates no impending 
page message for the mobile, the 
mobile can immediately fall back to 

“sleep mode” and ignore the following 
paging slot. This increased sleep time 
conserves battery energy. 
QPCH performance must be verified 

to ensure mobile monitors the QPCH 

Stage 3: Field test performance 
While Stage 1 and Stage 2 verifiei 

the physical layer and protocol laye 
performance of the mobile in a cable« 
lab environment, the goal of Stage 3 is t 
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SAW components and 
subsystems for IF signal 
processing in military 
and professional 
OEM equipment. 

Engineering support and unique 
design capabilities enable 
prototype development allowing 
more competitive NRE pricing and 
quick delivery. 

p-ionon 
CORPORATION 

COMMUNICATIONS: IF bandpass filtering 
for: cellular base stations, microwave links, 
mobile digital radio. MSK matched filters. 
RADAR: Wide band matched filters, pulse 
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non-linear frequency modulations. 
ELECTRONIC WARFARE: Real time spec 
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for satellite use. 
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HMC393MS8 Diversity 
Or 

HMC224MS8. T/R 

Solution for 5.2 -5.8 GHz 
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Systems! 
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industry. The 5.2 -5.8 GHz UN 11 & Hiper-
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comprehensive product solutions. 

DAT 
H MC 290 
H MC 291 

HMC288MS8 
HMC230MS8 

HMC273MS10G HMC313 
HMC315 

2, 3, or 5 Bit 
Attenuators Available 

Frequency Product Type Part Number 
DC - 6.0 GHz LNA HMC313 
DC - 7.0 GHz LNA HMC315 
5.0 - 6.0 GHz LNA HMC318MS8G 
5.0 - 6.0 GHz LNA HMC320MS8G 
5.0 - 7.0 GHz Driver Amplifier HMC407MS8G 
5.0 - 6.0 GHz Power Amplifier HMC406MS8G 
3.0 - 6.5 GHz Divider HMC251MS8 
DC - 10.0 GHz Divider HMC361S8G 
DC -11.0 GHz Divider HMC362 
DC - 12.0 GHz Divider HMC363 
5.6 - 6.2 GHz VCO HMC358MS8G 
4.5 - 6.0 GHz Mixer HMC218MS8 
4.5 - 9.0 GHz Mixer HMC219MS8 
0.7 - 3.7 GHz Digital Attenuator HMC288MS8 
0.7 - 3.7 GHz Digital Attenuator HMC273MS10G 
0.7 - 4.0 GHz Digital Attenuator HMC290 
0.7 - 4.0 GHz Digital Attenuator HMC291 
0.75 - 2.0 GHz Digital Attenuator HMC230MS8 
DC ■ 8.0 GHz VVA HMC346MS8G 
5.0 - 6.0 GHz Diversity Switch HMC393MS8G 
DC - 3.0 GHz SPOT Switch HMC197 
DC - 2.0 GHz T/R Switch HMC226 
DC - 2.5 GHz T/R Switch HMC195 
5.0 - 6.0 GHz T/R Switch HMC224MS8 
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Hittite 
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validate the mobile’s ability to perform at both levels in a real-
world environment. A mobile manufacturer will typically do 
this testing in conjunction with the service provider it is selling 
its product to. These tests involve a series of call processing sce¬ 
narios that are executed over a set of defined drive routes. 

For example, handoff scenarios may be tested while driving 
through the urban canyons of New York. At one instant, a 
building may be blocking the mobile’s view of all cell sites, but 
a moment later (as the vehicle clears the building and enters 
an intersection), strong transmissions may reach the mobile 
from many cell sites. The ability of the mobile to handle these 
dynamic situations is essential for a reliable network. 
As stated before, one of the major reasons for service 

providers to aggressively pursue the evolution to cdma2000 is 
increased capacity. 
Through the use of the reverse-link pilot channel, a mobile 

now has the ability to perform closed-loop power control on 
the relative traffic channel level transmitted by the base sta¬ 
tion. This new cdma2000 feature, known as fast-forward 
power control (FFPC), has the net effect of reducing the code 
channel power transmitted on the forward link. In a CDMA 
system, a reduction in transmitted power directly relates to 
an increase in capacity. 
The implementation of FFPC means a mobile is executing 

power control algorithms nearly as complex as the require¬ 
ments on a base station. Due to this complicated process and 
its direct impact on the effectiveness of network deployment, 
field verification of FFPC is critical. At the same time, effec-

Your Opinion Counts 
Complete our time and frequency survey 

including broadcasts on radio stations WWV, WWVH, 
WWVB, and satellites; Internet and modem-based time 

services; and telephone voice service. 

If you use any of these NIST services, please complete the 
survey by September 30, 2001 , at www.timesurvey.nist.gov. 

Or request a form from 
Time & Frequency Survey Request 

NIST - Mail Stop 847.40 
325 Broadway 

Boulder, CO 80305-3328 
. Phone:(303)497-5453 . 

NIST 
National Institute of Standards and Technology 

Technology Administration, U.S. Department of Commerce 

five diagnostic tools must exist to monitor the mobile and ai< 
in analysis of its performance. Because field-testing uses rea 
network infrastructure, the same level of control and feed 
back typically available in a lab do not exist. A diagnostic 
monitor is used to verify that the mobile is sending the cor 
rect power-control decision bits to the base station based oi 
the received energy-to-noise ratio observed by the mobile. 
The mobile diagnostic monitor also automates the contro 

and reporting mechanisms of a drive test. For instance, oni 
scenario may require the mobile to originate a phone cal 
periodically throughout the drive. Another situation ma; 
necessitate plotting points every time a call is dropped durinj 
the testing. With the aid of tools such as a built-in scriptinj 
language and a GPS receiver interface, a mobile diagnostic 
tool simplifies and automates these tasks. 

Summary 
To minimize time-to-market and ensure a successful roll 

out, cdma2000 manufacturers and service providers will us< 
a comprehensive three-stage process to validate mobile devic< 
performance. Although this is the same approach used for IS 
95 mobile performance verification, the new value-added fea 
tures and services associated with cdma2000 generate signifi 
cant new test requirements. Innovative application-specific 
tests are required to meet these demands. These tests wil 
need to be integrated, and will need to incorporate automa 
tion as well if the large number of new test cases is to be han 
died in an efficient manner. 

RI 

Bibliography 

[1] “New Testing Requirements for cdma2000 Mobil« 
Phones,” Brandie, George, Evaluation Engineering. 

[2] “Understanding CW Generator Phase Nois« 
Requirements for cdma2000 Single Tone Desensitizatior 
Tests,” Application Note 68, Spirent Communications. 

[3] TIA/EIA-98D, “Recommended Minimum Performance 
Standards for cdma2000 Spread Spectrum Mobile Stations,’ 
Nov. 27, 2000 Ballot Version, Release A. 

[4] “CDG Stage 2 Interoperability Tests (TIA/EIA/IS-
2000),” March 20, 2001, Rev 0.9, CDG57. 

About the author 
Rob VanBrunt, Director of Product Marketing, is respon¬ 

sible for managing the marketing efforts of the 
TAS Division of Spirent Communications. VanBrunt has 
previously served the TAS division as the director of busi¬ 
ness development and as the product manager for wire¬ 
less communications test instruments. He joined TAS in 
1990 and has written numerous trade articles on the 
advancement of wireless technology, including 3G tech¬ 
nologies such and cdma200, and WCDMA. Van Brunt 
graduated with honors from Rutgers University in 1989 
with a bachelor's degree in electrical engineering. He is 
pursuing a master's degree in electrical engineering, spe¬ 
cializing in RF propagation and wireless networks. He 
can be contacted at: 732-544-8700 ext. 134. 
emailroò. vanbrunt@spirentcom.com. 

INFO/CARD 64 

70 www.rfdesign.com September 2001 



Hot-Swap Controller Delivers 
Most Robust Circuit Protection 

ei-L£^eL zoRRENv-LinrrtNs 

^IDE OPERATINH RANHE £*S<J*-eS XA.PID RESPONSE TO 
CURRENT P^ETS 

WZT¥ aov SUR$£ PROT£CTZOH' 
Z^T£R^^L CL^PS SUPPORT TH £ 
N£W LO$ZC-L£V£L ^OSF£TS 

VIN SENSE GATE OUT 

FAULT 

GND 

El 

O^£RCURR£^T FZLT£R 
£LZ^ZNAT£S F\LS£ 

TRIPPINÇ 

> VOUT 

CLOAD 

MIC2582/3 
POR 

PG > POWER-GOOD 

OCTMR PORTMR 

PRO<fR^/^AfiL£ 
POW£R-ON-R£S£T 

FOR CPU*, PSP», FP^A» OUTPUT 
FOR S£QU£NCZN$ POW£R 

The Good Stuft 
♦ Wide 2.3V to 13.2V supply voltage operation 

supports 2.5V to 12V applications 
♦ Surge voltage protection up to 20V eliminates 

external clamp circuits 
♦ Undervoltage lockout with start-up delay 

eliminates high current transients during board 
insertion 

♦ Current regulation limits inrush current regardless 
of load capacitance 

♦ Dual-level overcurrent fault sensing with 
overcurrent timeout eliminates false tripping 

♦ Fast response to short circuit conditions (< 1 ps) 
eliminates input supply brownout conditions 

♦ FAULT and Power-Good status outputs (MIC2583) 
controls DSPs, FPGAs, CPUs 

♦ Auto-restart function (MIC2583R) simplifies fault 
management 

■niEREL 
The Infinite Bandwidth Company™ 

Micrel's MIC2582 and MIC2583 offer the industry's 

most robust hot-swap protection for your power 

distribution applications. 

Both ICs employ current regulation that eliminates 

high inrush current due to highly capacitive loads. The 

current-limit circuitry incorporates a programmable 

overcurrent filter that eliminates false tripping due to 

surge currents, yet responds rapidly to short-circuit 

faults. Power-good and power-on reset outputs 

eliminate external circuits necessary for logic 

controllers and power sequencing, respectively. 

During board insertion, a unique start-up delay 

circuit ensures that no high current surge can flow, 

thereby preserving input supply voltage regulation. 

Contact us for more information — 
bookmark our website for updates! 

www.micrel.com 
Literature: (800) 401-9572 Factory: 1 (408) 944-0800 
Stocking Distributors: Arrow (800) 777-2776» Future (800) 388-8731 
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RF semiconductors 

Gallium nitride 
electronic devices for 
high-power wireless 

applications 
Could semiconductors based on 
GaN technology be the answer to 
tomorrow’s hardened high-power 

wireless systems? 

transmitters used in cellular base stations, systems 
designers are starting from the ground-up anc 
focusing on power transistors. 
Power amplifiers are major performance and cosí 

factors in next-generation base stations, anc 
advanced transistors would go a long way towarc 
helping designers meet or exceed their design objec¬ 
tives. This is particularly true because stringenl 
linearity requirements are increasingly difficull 
and costly to meet using the high-performance 
power transistors currently available. 

It’s all about efficiency 
One area that systems designers are looking tc 

improve in power amplifiers is power consumption 
In amplifying high-frequency RF signals, as much 
as 90% of the power consumed is lost to heat. This 
heat results in reliability problems and higher air-
conditioning costs and contributes to substantial!} 
larger and more expensive base stations. 

By Ric Borges 

Microwave systems designers, no matter 
which markets their products target, con¬ 

stantly face demands for higher performance, 
lower costs and faster design turnaround. These 
challenges are particularly difficult in the race to 
design wireless infrastructure that can support 
new wireless communications applications. Such 

High frequency and high power - tomorrow's semiconductors. 

devices demand higher power, improved spectral 
purity, increased bandwidth and other require¬ 
ments that tax today’s technologies. 

For example, in designing the state-of-the-art 
power amplifiers necessary for the high-power 

The search for the holy grail 
To address such system-level problems, 

researchers have focused their attention on the 
semiconductor materials used in power transistors 
by searching for a high-performance building 
block that combines lower costs with improved 
performance and manufacturability. Of the con¬ 
tenders, gallium nitride (GaN) is emerging as the 
front runner. 

While GaN technology has been in development 
for more than a decade, it has only been in the last 
few years that the material has made great strides 
from laboratory proofs-of-concept to being a true 
contender for emerging wireless applications. In the 
most critical breakthrough, advances in epitaxial 
growth now allow manufacturers to grow GaN lay¬ 
ers on a variety of substrates. As a result, 
microwave designers are finding that the time has 
come to take a close look at the advantages GaN-
based devices may be able to offer. 
Due to its long development cycle, GaN has been 

somewhat of an unknown entity, and its benefits 
have not been widely understood. 

Wide-bandgap semiconductor issues 
Though many high-performance semiconductor 

materials have been successfully commercialized, 
some of the most promising semiconductors (from a 
theoretical perspective) have never made it into the 
mainstream of microwave devices. The wide-
bandgap semiconductor families, which include 
GaN, silicon carbide (SiC) and diamond, have long 
been touted for their potential superior perfor¬ 
mance in high-frequency and/or high-power appli¬ 
cations. However, they have all have been side¬ 
tracked on the road to microwave applications by 
technical production problems. 
Of these promising contenders for microwave 

super-materials, diamond continues to be plagued 
with many problems inherent to the material. 
These problems are reflected in difficulties such as 
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ValueRacked 
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* 
in stock! 

TYPICAL SPECIFICATIONS AT 25°C: 

Freq* Gain (dB) 
Model (MHz) 0.1GHz 2GHz 

GAL-1 DC-8000 12.7 11.8 
GAL-21 DC-8000 14.3 13.1 
GAL-2 DC-8000 16.2 14.8 
GAL-33 DC-4000 19.3 17.5 
GAL-3 DC-3000 22.4 19.1 

GAL-6 DC-4000 12.2 11.8 
GAL-4 DC-4000 14.4 13.5 
GAL-51 DC-4000 18.1 16.1 
GAL-5 DC-4000 20.6 17.5 

Flatness Max. Power OutA 
DC-2GHz 01dBComp. 

(dB) (dBm) 

±0.5 12.2 
±0.6 12.6 
±0.7 12.9 
±0.9 13.4 
±1.7 12.5 

±0.3 18.2 
±0.5 17.5 
±1.0 18.0 
±1.6 18.0 

Dynamic RangeA 
NF (dB) IP3(dBm) 

4.5 27 
4.0 27 
4.6 27 
3.9 28 
3.5 25 

4.5 36 
4.0 34 
3.5 35 
3.5 35 

Thermal DC Price 
Resist. Operating Power Sea. 

Ojc.’C/W Current (mA) Volt (25 Qty.) 

108 40 3.4 .99 
128 40 3.5 .99 
101 40 3.5 .99 
110 40 4.3 .99 
127 35 3.3 .99 

93 70 5.2 1.49 
93 65 4.6 1.49 
78 65 4.5 1.49 
103 65 4.4 1.49 

•Low freq, cutoff determined by external coupling capacitors. A Models tested at 2GHz except GAL-4, -5, -6. -51 at 1GHz. 
* Subject to terms and conditions of the warranty published in our current Designer's Guide. Complete specifications. 
performance data, and reliability report available on our web site. 

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

Designer’s Amplifier Kit K1-GAL: Only $99.95 
Includes lOofEa. GAL-1, -2, -3, -4, -5, -6, -21, -33,-51 (90 pieces total) 

Plus Specifications, S-Parameters, And A Free Test Fixture! 

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 

>6*7/ The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www.minicircuits.com 

ISO 9001 CERTIFIED F 346 Rev. A 



Property Si GaAs SiC GaN 
Suitability for High 
Power 

Medium Low High High 

Suitability for High 
Frequencies 

Low High Medium High 

HEMT structures 
Low Cost Substrates 

No Yes No Yes 
Yes Yes No No 

Table 1. Properties of GaN. 

poor doping control and poor ohmic 
contacts, as well as manufacturing dif¬ 
ficulties in creating large areas of 
high-quality, low-defect material at a 
reasonable cost. 

SiC has been limited to expensive, 
small and low-quality substrate wafers. 
GaN, the potential leader, has been 

restricted by its limited availability. 
Until recently, it could only be pro¬ 
duced on those same expensive, low-
quality SiC substrates or on small, dif-
ficult-to-process sapphire substrates. 
The quality of GaN layers produced 

on sapphire or SiC has been inconsis¬ 
tent. The primary problem is that devel¬ 
opers are unable to get the defect densi¬ 
ty, which has a proportional effect on 

signal quality, below levels that would 
allow consistently good microwave 
devices. As a result, the only commer¬ 
cial success for GaN has been in light¬ 
emitting diode (LED) applications, 
which tolerate certain kinds of material 
defects surprisingly well. But recent 
advances in the growth of GaN offer the 
promise of lower defect levels and lower 
costs, opening the door to practical, 
high-performance wireless devices. 

Material and electronic properties 
The excitement about GaN stems 

from its unique material and electronic 
properties (see Table 1). 
GaN has an energy gap value that 

approaches 3.4 eV at room temperature, 

~ 0.5 

0

O) omoomomomo >CMinocMtnh*mr^o T- r- T- r- 04 cm co 

Electric Field (KVolts/cm) 
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Get this cool pocket protector for just $699 
and we'll give you an RF Signal Source FREE ! 

We know what you need: a reliable, simple-to-use signal source. 
(We got that.) Need great phase noise performance and 
non-volatile memory, too? (No problem, got you 
covered.) How about a software adjustable RF 
output level up to +10 dBm? (We're there.) In fact, 
for virtually any 'clean stick' requirement from 
45 to 2500 MHz, there's a NovaSource model 
that's exactly what you're 
looking for. 

Best of all, NovaSource 
is just 3.5" X 2.75" X .75", 
so it doesn't take up 
much room on your 
bench. Or your 
shirt pocket. 

Get your NovaSource 
pocket protector (and oh
yeah, that signal source, too) 
today! Call 1-800-341-6682, 
email novasource@nova-eng.com 
or visit us at www.nova-eng.com. 

Figure 1. Drift Velocity vs. Electric Field. 

enabling GaN devices to support peak 
internal electric fields about five times 
higher than silicon or gallium arsenide 
(GaAs). Higher electric field strength 
results in higher breakdown voltages — 
a critical attribute for handling high-
power requirements and for achieving 
much higher efficiencies through the 
use of higher supply voltages. 
For high-frequency performance 

high electron speeds are necessary tc 
minimize internal device delays. Figure 
1 shows how electron velocity is related 
to the electric field in GaN. The velocity 
increases linearly with the electric field 
in low field environments, with the 
electron mobility serving as the propor¬ 
tionality constant. 
As the electric field increases, the 

electron velocity overshoots and then 
settles to a steady value. The low field 
mobility is limited by the presence ol 
doping impurities and lattice vibra¬ 
tions, which scatter the electrons while 
traveling in the device channel. 
However, this limitation can be partial¬ 
ly removed by growing a modulation-
doped heterostructure, as illustrated in 
Figure 2, physically separating the 
scattering impurities from the channel. 

In this configuration, silicon-doped 
aluminum gallium nitride (AlGaN) is 
grown on top of GaN. AlGaN has an 
even higher energy gap than GaN. The 
silicon impurities donate electrons tc 
the crystal that then tend to accumu¬ 
late in the regions of lowest potential -
known as a quantum well — just 
beneath the AlGaN/GaN interface. This 
forms a sheet of electrons, which consti¬ 
tutes a two-dimensional electron gas 
(2DEG). Here, the electrons experience 
higher mobility because they are physi¬ 
cally separated from the ionized silicon 
donor atoms residing in the AlGaN. 
The modulation-doped heterostruc¬ 

ture described thus far is fairly stan¬ 
dard in other semiconductor systems. 
The 2DEG can be contacted with 
source and drain metals and modulated 
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Just three examples of how 
UnityWireless is working better. 
At business development. 

RAFFI ANTEPYAN 
Mr.Antepyan,Vice President of 
Engineering, joins UnityWireless 
with over 20 years of wireless 
telecommunications research and 
development, sales, management 
and engineering experience. 
He has also held engineering and 
management positions in other 
leading companies. 

ANGIE DOSANJH 
Ms. Dosanjh, Manager of Corporate Communications, 
brings a wealth of experience in the marketing and 
communications discipline with one of Canada’s largest 
wireless network providers. Her responsibilities 
include keeping both investors and industry fully 
informed as to the success and 
Wireless’ Ultratech line. 

JOHN ROBERTSON 
Mr. Robertson, President 
and CEO, has over 18 
years experience in the 
telecommunications 
industry in the public 
and private sectors. His 
extensive background in 
corporate brand and 
sales building was most 
recently manifested in 
the extraordinary 
growth and eventual 
merging of the Ultratech 
Corporation into Unity 
Wireless. 

growth of Unity 

THE COUGAR 
UnityWireless Systems’ latest 3G linear high power RF amplifiera custom design from 

concept to production in under ten weeks, thanks to these three people and many others. 

UnityWireless working better. 

UnityWireless 
UNITYWIRELESS SYSTEMS CORPORATION 
1.800.337.6642 • WWW.UNITYWIRELESS.COM 

604.267.2700 • FAX: 604.267.2701 
RF@UNITYWIRELESS.COM 
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AlGaN: Si-doped Donor Layer 

GaN: undoped Channel 2DEG 
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Figure 2. Modulation-doped heterostructure, 

with a gate contact to realize a high-
electron mobility transistor (HEMT). 
HEMT devices fabricated in other tech¬ 
nologies (e.g. AlGaAs, GaAs) have been 
in production for many years. 
The AlGaN/GaN modulation-doped 

heterostructure, however, has some 
unique characteristics. First and fore¬ 
most, it is the only heterostructure sys¬ 
tem among the three wide-bandgap 
semiconductors. This means that 
AlGaN/GaN can uniquely exploit the 
power-handling capabilities of wide-
bandgap semiconductors, as well as the 
high-frequency potential of modulation-
doped structures. It is this fortuitous 
combination that makes GaN and its 
associated compounds so well-suited to 
high-power, high-frequency applications. 
The second unique attribute of the 

AlGaN/GaN heterostructure is the pos¬ 
sibility of building high channel charge. 
Higher channel charge increases the 
device’s current handling capability. 
Because GaN is a strongly polar materi¬ 
al, the strain resulting from growing 
lattice-mismatched AlGaN on GaN 
induces a piezoelectric charge. This sup¬ 
plies additional electrons to the HEMT 
channel. This total channel charge can 
top 1x1013 electrons/cm2 — roughly 
four to five times higher than for 
AlGaAs/GaAs HEMTs. This piezoelec¬ 
tric property is a unique power-boosting 
bonus factor for AlGaN/GaN HEMTs. 

Substrates, growth and defects 
Given these advantages, it is natural 

to ask why GaN electronic devices have 
yet to be commercialized. The answer 
lies in the difficulties associated with 

substrates is ideal for widespread com¬ 
mercialization. Sapphire is expensive, 
is limited to four-inch diameter wafers, 
and is a poor thermal conductor. This 
virtually eliminates sapphire from any 
high-power application. SiC, though an 
excellent thermal conductor, is expen¬ 
sive, available only in small wafer 
sizes, and fraught with crystal defects. 
The most highly refined semicon¬ 

ductor substrates in the world are sili¬ 
con wafers. Recently, innovations in 
metal-organic chemical vapor deposi¬ 
tion (MOCVD) have enabled the 
growth of high-quality GaN layers on 
silicon. The process has been demon¬ 
strated on 4" wafers and can be scaled 
to larger diameters. 
A high-quality epitaxial layer tech¬ 

nology on a silicon substrate takes 
advantage of years of research into 
wafer fabrication equipment and pro¬ 
cessing techniques, which are routine¬ 
ly used in CMOS or BiCMOS integrat¬ 
ed circuits. This GaN-on-silicon 
approach yields a low-cost, high-per¬ 
formance platform for high-frequency, 
high-power products — a potentially 
exciting combination. 

Semiconductor technologies 
Over the years, electronic device 

researchers have proposed various semi¬ 
conductor ranking methods, or figures of 
merit, for evaluating semiconductors for 
high-frequency, high-power applications. 
These figures of merit for high perfor¬ 
mance attempt to account for the most 
relevant material properties and com¬ 
bine them into one number that repre¬ 
sents a measure of the relative 
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Purchase your tools On-Line 
www.t-tech.com 

crystal growth. 
Silicon and GaAs devices are pro¬ 

duced on silicon and GaAs substrates of 
high quality. However, no bulk GaN 
semiconductor substrates are available. 
Thus, epitaxial layers must be grown 
on dissimilar substrates; that is, het-
eroepitaxially. 

Until recently, GaN was grown on 
either sapphire or SiC. Neither of these 

strengths of the alternative materials. 
The Johnson figure of merit takes 

into account the breakdown voltage 
and saturated electron drift velocity in 
defining a measure of value for han¬ 
dling high frequencies. For GaN, the 
Johnson figure of merit is 790 times 
that of silicon, about 70 times that of 
GaAs, and about twice that of SiC. 
The Baliga figure of merit is calculat-
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Danger. 
Sloping Shoulders. 

Spectral growth can compromise the most precise CDMA technologies. Often, the difficulty lies in the 
transmission equipment, a potent source of distortion or the "shoulders" you see on your display. Now there are 
amplifiers that help you eliminate shoulders, keep the space between carriers narrow and optimize bandwidth. 
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"S" Series amplifiers offer a broad band that accommodates the 0.8 to 0.9 GHz, 1.85 to 1.99 GHz and 
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Compact, complete and agency approved. 
Our 2.4 GHz transceivers enable OEMs to 
integrate RF quickly, simply, inexpensively. 

So you can 
get wireless 

now... 

AEROCOMM 

Call for a free RF consultation & pricing, 
toll-free 1-800-492-2320 (dial ext. 213). 
www.oeroiomm.tom 

ed based on dielectric constant, electron 
mobility and critical electric field in a 
measurement that approximates the 
high-power handling capability. Based 
on its properties, the Baliga figure for 
GaN is about 100 times that of silicon, 
six times that of GaAs and three times 
that of SiC. 
What do these numbers mean? For 

high-frequency, high-power devices, 
GaN offers far higher performance 
possibilities than GaAs and SiC. Here 
again, the superior breakdown field 
strength, bandgap, mobility and elec¬ 
tron-saturated drift velocity of GaN 
are the keys. 

Device alternatives 
How will GaN devices stack up 

against competing devices? 
In a world dominated by silicon 

transistors, GaAs-based HEMTs and 
heterojunction bipolar transistors 
(HBTs) have a well-deserved reputa¬ 
tion for high-frequency capabilities. 
More exotic compound semiconductors, 
such as indium phosphide, offer advan¬ 
tages in the most demanding high-fre¬ 
quency, low-power applications. 

However, for high-frequency, high-
power applications, GaAs has two major 
drawbacks: cost and power dissipation. 
Both are essentially fundamental to the 
material. GaAs substrates are more 
expensive, more difficult to handle and 
more thermally resistive than silicon. 
This makes it too difficult to remove 
heat in high-power applications. 
The critical electric field, which is 

roughly one-fifth that of GaN, is anoth¬ 
er drawback. 

SiC metal-semiconductor field-effect 
transistors (MESFETs) benefit from 
the excellent thermal conductivity of 
the substrate. However, its electron 
mobility is significantly lower than that 
of GaN, which is related to the lack of 
heterojunction technology in this mate¬ 
rial system. Further, the substrates are 
costly, limited in diameter and contain 
micropipe defects that can affect device 
manufacturing yields. Unless the sub¬ 
strate problems are addressed in the 
near term, SiC MESFETs will have 
difficulty competing in cost-sensitive 
commercial applications. 

Recently, silicon germanium (SiGe) 
HBTs have found applications in many 
microwave and mixed signal products 
where they can offer high-performance, 
yet cost-effective, products previously 
unavailable on a silicon platform. 
However, the SiGe HBT’s device 

structure remains a relatively low-
power configuration. The high-frequen¬ 
cy performance exhibited by SiGe 
HBTs is largely a result of decreased 
minority carrier transit time through 
the base layer. This is achieved by thin¬ 
ning the base (the SiGe layer allows 
this at the same time as higher doping 
to minimize base resistance) and grad¬ 
ing the germanium concentration to 
form a built-in field that pushes the 
electrons across. 
To modify this structure for high-

power applications, the collector layer 
would have to be thickened to a point 
where most of the gains from reduced 
base transit time would be washed out 
by a much larger collector delay. 
Hence, SiGe HBTs are unlikely candi¬ 
dates for high-power, high-frequency 
applications. 

Silicon laterally diffused metal-oxide 
semiconductor (LDMOS) devices are an 
example of a structure that results 
from pushing the limits of silicon power 
MOS transistor technology to its high-
frequency limits. Silicon LDMOS has 
steadily carved out the largest share ol 
the base station power amplifier mar¬ 
ket at the expense of silicon bipolar and 
GaAs MESFETs. Silicon LDMOS offers 
excellent cost and performance ratios in 
this segment. However, its ability to 
continue addressing this market is 
questionable given the demanding 
power, speed and linearity specifica¬ 
tions for next-generation systems. 

Pushing silicon performance 
Cellular telephony is now the single 

largest market for semiconductors, hav¬ 
ing surpassed the PC-related market. 
One reason is that RF device prices and 
performance do not follow Moore’s Law 
— there is no straight-ahead, geometric 
progression to higher RF performance. 
As cellular usage continues to increase 

and usage becomes more data intensive, 
the RF infrastructure must provide high¬ 
er performance. Changes will include: 

• Continued migration from 900 
MHz to 1.8, 1.9, 2.1 and higher GHz for 
higher bandwidth spectrum space. 

• Higher power levels for higher fre¬ 
quency signals and lower bit error rates. 

• Higher linearity to handle complex 
modulation schemes and provide less 
adjacent channel spillover. 

Some trade-offs 
Linearity is the converse of distortion. 

Low linearity in power amplifiers causes 
excessive spillover between adjacent 
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PATENTED, LOW-NOISE TECHNOLOGY 
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Phase noise: -110 dBc/Hz typ. at 10 kHz 
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HIGHLY INTEGRATED 
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Integrated phase noise: 2.0° (100Hz-100KHz) 
Temperature range: -40°C to +85°C 

solutions for tomorrow TODAY! 

LOW PULLING 
Frequency range: 2050-2230 MHz 
5 VDC supply, 0.8-4.2 VDC tuning 

Pulling: less than 0.5 MHz 

* Price ... affordable, quality RF solutions! 

ULTRA COMPACT 
Frequency range: 2300-2360 MHz 
2.7 VDC supply at 8 mA 
5 mm X 5 mm x 1.5 mm 

k Delivery ... America's largest manufacturer of VCOs! 

Z~Communications, Inc 
9939 Via Pasar • San Diego, CA 92126-4559 • www.zcomm.com 
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channels, wasting valuable radio spec¬ 
trum. Demands for higher speeds and 
more efficient use of radio spectrum are 
driving linearity specifications to the 
limit of current device technologies. 
Linearity requirements are often met 
only in a tradeoff of output power and 
efficiency. The material properties of 
GaN are expected to allow the fabrica¬ 
tion of transistors with superior lineari¬ 
ty, which in turn will allow power ampli¬ 
fier designers to meet linearity specifica¬ 
tions at lower costs. It can be expensive 
to measure and cancel out distortion 
with additional circuitry, which typically 
includes precise distortion cancellation 
circuits, delay lines and expensive facto¬ 
ry tuning operations. 
As a result, power amp cost savings 

of $1,000 or more may be achieved by 
going to power transistors with signifi¬ 
cantly higher linearity, higher output 
power levels and greater efficiency. 

Linearity requirements differ among 
cellular systems. However, even for less 
stringent linearity specifications, higher 
transistor linearity is still valuable: 

Higher linearity at a given power level 
can allow a design to achieve higher 
amplifier efficiency while still meeting 
the linearity specification. Higher power 
transistor operation efficiency translates 
to savings in operating costs as well as 
other benefits, as described below. 

Efficiency is the key 
Efficiency refers to the ability of the 

transistor and amplifier to convert elec¬ 
trical power into output power. Excess 
power appears as heat, which limits 
the useful power available from the 
amplifier before it overheats. The 
excess heat also interferes with other 
performance characteristics like linear¬ 
ity, which degrades as temperatures 
rise, and limits the maximum power 
available from a single amplifier. 
GaN devices are expected to offer 

inherently superior efficiency and 
greater design freedom to simultane¬ 
ously achieve higher overall amplifier 
performance compared to competing 
devices. One avenue to higher efficien¬ 
cies using GaN is through higher sup¬ 

ply voltages. While silicon LDMO 
devices cannot take advantage of th 
approach, GaN devices can. 

Efficiency may also be improved t 
running GaN devices with less backo 
from peak-power operating points. Dt 
to inherently higher linearity, les 
backoff is required from the transistr 
power rating to achieve adequate lii 
earity. This would allow the GaN trai 
sistor to operate at a higher point o 
the efficiency/power curve. Given th 
typical 8% to 10% efficiency levels < 
power amplifiers, even a small efficiei 
cy increase can be significant. Fc 
amplifier end-users, higher power eff 
ciency means savings in capital an 
operating costs, including utility an 
air-conditioning costs. 
Higher data rate modulatio 

schemes and multicarrier amplificatio 
systems currently being designe 
require high-linearity power amplifiers 
which depend on power transistor 
with high compression points, exceller 
thermal stability and increasingly hig 
frequency response. These require 

Time and Frequency 

Precisely the Way You Need It 

INFO/CARD 24 

Spectrum Instruments, Inc. 
GPS Disciplined Time and Frequency References 

Applications include: 
Data Network Timing 

Wireless Network Synchronization 
Wireless Base Stations • Instrumentation 

We offer a full Spectrum of products and design 
services, including: 

Custom Panel Configuration 
Choice of Oscillators and Accuracy 

Specialized Time and Frequency Outputs 

Let us design a custom solution for you! 

Spectrum Instruments, Inc. • 18271 W. McDurmott, STE. F 
Irvine, CA 92614 • (714) 544-3000 • www.spintime.com 
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Getting enough horsepower out of your EDA tools? 

Download a fully-functional 30-day trial (just 20MB) 

at www.mwoffice.com and start designing today. 

Not sure your legacy software is going anywhere? Maybe it's time to 

change horses. Legacy tools that used to feel powerful can seem like toys 

compared to Microwave Office" 2002. It has the horsepower to move your 

designs from concept right through to production — fast. And we’re 

constantly adding new features and capabilities like load pull analysis, filter 

synthesis wizards, and oscillator phase noise analysis to 

keep you ahead of the competition. On the back side, our 

schematic data translators import existing Agilent EEsof 

designs, so you won’t lose any valuable data. For more 

info, visit www.mwoffice.com or call us at 310-726-3000. Office 2002 
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ments in particular are beginning to 
place severe pressure on LDMOS tech¬ 
nology. Designers using LDMOS must 
typically design-in extra circuitry to 
allow LDMOS-based power amps to 
meet linearity specs, which can be as 
stringent as -65dBc. GaN HEMTs can 
alleviate many of the problems present¬ 
ed by LDMOS devices, thanks to inher¬ 
ently higher transconductance (which 
helps linearity), good thermal manage¬ 
ment and higher cutoff frequencies. 

Current directions 
The GaN microwave power transis¬ 

tors currently in development can 
demonstrate as much as four times the 
theoretical maximum output power 
density of GaAs. Higher power densi¬ 
ties allow smaller chips to handle the 
same amount of power, resulting in 
more chips per wafer, and hence, lower 
costs per chip. Alternatively, the same¬ 
sized device can handle higher power, 
resulting in lower costs per watt of 
power and lower systems costs. GaN 
devices are also expected to offer higher 

impedances, easing input matching and 
high-bandwidth design challenges. 
MOCVD techniques for GaN growth 

on silicon and other substrates are 
being refined, and, for the case of sili¬ 
con substrates, volume manufacturing 
of GaN power devices is expected with¬ 
in the coming year. Initially, these 
devices may appear as drop-in replace¬ 
ments for LDMOS or other devices cur¬ 
rently used. However, systems design¬ 
ers will likely begin to redesign trans¬ 
mitter systems to fully leverage the 
performance advantages of GaN high-
frequency power devices, which may 
possibly reduce or eliminate some of 
the costly linearization circuitry neces¬ 
sary for emerging high-bandwidth 
wireless systems. 

Researchers and developers alike 
are still realizing the full benefits of 
GaN-based devices, but all signs are 
pointing to the commercialization of 
GaN HEMTs as one of the deciding 
factors in next-generation wireless 
communications. 

RF 
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• Post & Pre Bonded Metal Backed PCBs 
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AUTOMATED TEST EQUIPMENT 
PROGRAMMABLE SWITCHING SYSTEMS 

RJV/48 lOOBaseTx 

Ethernet Switch w/ 

RS232 Control 

APPLICATIONS INCLUDE: 
•Automated Production, Environmental, or Lab Tests. 
•Programmable Patch Panels or Interconnects. 
•Stand Alone Data Acquisition. 
•Fan-out Test Equipment to multiple locations. 

Microwave and RF 

switching system 

COMMUNICATIONS SYSTEMS FOR: 
•Telco - Analog, DSL, ISDN, Tl, T3, V.35 
•EIA530 Subsets — RS232, 422, 485, etc. 
•Network — LAN, WAN, Ethernet, Token Ring 
•Microwave and RF, DC to 18 GHz, 
•Video, Audio, Digital, Analog or Fiber Data Streams 
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RF literature 
Catalog features timing 
oroducts for GPS 
Rakon’s 2001 catalog is available on 

with CD-Rom and hard copy. The cata-
og features detailed specifications, 
nodel drawings and photos of Rakon's 
atest crystals and oscillators, as well as 
nformative technical information. New 
iroducts highlighted in the catalog 
nclude miniaturized 7 x 5mm and 
>x3mm SMD temperature-compensated 
:rystal oscillators with performance 
specifications of ±lppm temperature 
stability. These typically consumes only 
L2mA. Company profile information is 
liso included. 
Rakon 
INFO/CARD 115 

Power product resource 
highlights AC/DC 
IFR Systems announces the Kikusui 

2001 product catalog, a resource for 
jsers of AC and DC power supplies, 
electronic loads, power controllers, 
oattery testers and general test and 
measurement instruments. The cata¬ 
log highlights new products and pro¬ 
vides visual and model numbers for 
easy ordering. With more than 200 
pages, the catalog contains informa¬ 
tion on Kikusui's selection of AC and 
DC power supplies, electronic loads, 
battery testers, power supply con-
troller/GPIB programmers, rack 
assemblies for power supplies, oscillo¬ 
scopes, signal generators, electrical 
safety testers, jitter meters and other 
general test and measurement instru¬ 
ments. Kikusui offers ISO 9001-com-
pliant products that enable produc¬ 
tion of test equipment. 
Kikusui 
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Catalog showcases stocked 
coaxial cable assemblies 
Avnet is stocking more than 150 

coaxial cable assemblies for test and 
measurement and production applica¬ 
tions. These cables are suitable for com¬ 
munications infrastructure and test, 
where performance and repeatability at 
competitive prices are required. The 
new Avnet Semflex stocked cable cata¬ 
log includes coax cables with single, 
double and triple shielding. Some cables 
are also available with stainless steel 
armor. Removable connector heads are 
another option. Frequency response is 
as high as 50 GHz on the test and mea¬ 

surement cables and 18 GHz on the pro¬ 
duction cables. Connector styles 
include: 2.4mm; 2.9mm; 3.5mm; 7mm; 
SMA; N; TNC. 
Avnet 
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Application note focuses on 
antenna measurement 

Giga-tronics’ new application note, 
Using the 12000A for Antenna 
Measurements, was created for use with 
the company’s 20 GHz microwave syn¬ 
thesizer. The note describes and dia¬ 
grams techniques and equipment 
requirements for both far- and near¬ 
field measurements. While not an actu¬ 
al antenna test, a tutorial on radar 
cross-section measurement is provided 
for designers who need to determine 
reflection characteristics. 
Giga-tronics 
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Reference book presents 
basic design concepts 
RF Power Amplifiers by Mihai 

Albulet presents the basic theoretical 
concepts used in the analysis and 
design of RF power amplifiers. It covers 
various amplification classes, circuit 
topologies, bias circuits and matching 
networks. In addition to a discussion of 
the basic concepts used in the analysis 
and design of RF power amplifiers, 
detailed mathematical derivations indi¬ 
cate the assumptions and limitations of 
the presented results. This allows the 
reader to calculate their usefulness in 
practical designs. 
Noble Publishing 
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Product catalog for 
broadband access, mobile 

Conexant's new product catalog is 
available on-line, in print or on CD-
ROM. The catalog is organized to help 
quickly identify product information. 
The two main sections, broadband 
access and mobile communications, 
each contain six key product categories 
detailing useful features such as part 
numbers, product descriptions, compar¬ 
ison charts and diagrams. 
Conexant 
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On 
the Web 

Diode Web site offers 
redesigned interface 

Micrometrics’ new Web site 
offers several new commercial 
products, including abrupt and 
hyperabrupt tuning varactors, | 
surface-mount pin diodes 
(SOTs), high-frequency 
mixer/detectors, and ceramic £ 
MELFs. In addition to a 
redesigned user interface that 
allows visitors to dynamically | 
sort through all products and 
package types, a feature also 
allows visitors to view an Inside 
Micrometrics movie that gives a 
tour of the entire Micrometrics f 
facility in Londonderry, NH. 
Application notes for tuning | 
varactors, PIN diodes and step 
recovery diodes are offered, as 
well as tips on chip and beam 
lead handling. 
Micrometrics 
www.micrometrics.com 

Site offers phase 
shifters reference tool 

Sage Laboratories announces 
a new Web site that functions as 
a reference tool for designers 
looking to adjust clocks and 
data phase in optical networks, 
compensate component errors in 
system architectures, or tune 
final phase in radar systems. 
The devices are also useful for 
testing stability of DUTs in pro¬ 
duction test environments. The 
site outlines an advanced coaxi¬ 
al technique for low insertion 
loss and tight phase and fre¬ 
quency accuracy, and also offers 
information on quality control 
measures. The site features a 
case study and a 16-page prod¬ 
uct catalog as well. 
Sage Laboratories 
www.phaseshifters.com 

83 



RL software 
Mixed-language simulators 
offer new enhancements 
Cadence Design Systems announces 

an upgrade to its flagship NC-Sim 
mixed-language simulators. Cadence 
NC simulators now include the code 
coverage analysis functionality of NC-
Cov and the interactive training cours¬ 
es of the Cadence Internet Learning 
Series (iLS). Integrating NC-Cov code 
coverage analysis into the simulators 
substantially increases performance 
while retaining a low overhead. 
Providing iLS helps NC-Sim users 
increase productivity by making inter¬ 
active training available 24 x 7. NC-
Sim 3.3 also offers a number of other 
performance and usability enhance¬ 
ments. Several new features add a new 
level of simplicity for mixed-language 
verification. Memory usage has been 
reduced to support verification of larger 
designs using existing computing plat¬ 
forms. New language features have 
been added to support new IEEE stan¬ 
dards like 1076.4-2000 and 1364-2001. 
Cadence Design Systems 
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Software cuts filter tuning 
time, training 

Agilent Technologies introduces a soft¬ 
ware tool that reduces the time and skill 
required to tune the coupled-resonator 
bandpass filters used in wireless base sta¬ 
tions. The Agilent N4261A filter-tuning 
software allows manufacturers of RF and 
microwave filters to achieve greater pro¬ 
duction throughput by reducing a filter 
tuner’s training time from more than six 
weeks to less than one day. In addition, 
manufacturers can consistently tune each 
filter to a higher specified level of perfor¬ 
mance. The software tool runs under the 
Windows 2000 or Windows NT 4.0 operat¬ 
ing system, and operates in conjunction 
with Agilent’s new PNA Series of RF net¬ 
work analyzers, as well as the Agilent 8753 
and 8720 family of network analyzers. 
Agilent Technologies 
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Real-time system available 
for MIPS32 architectures 

Green Hills Software announces its 
Integrity real-time operating system 

(RTOS) for the MIPS32 architecture at 
compatible processor cores (MIPS32 4K 
4Km, and 4Kp). Integrity gives designe 
of MIPS32-based defense, telecom, ar 
consumer systems a royalty-free targ 
environment for deploying their applic 
tions. The MIPS32 4Kc, 4Km, and 4F 
cores are high-performance, synthesiz 
able, 32-bit RISC processor cores for sy 
tem-on-a-chip applications such as ba 
tery-operated handheld devices, cab 
modems, line cards, and set-top boxe 
Fully compatible with the MIPS32 arch 
tecture, the 4K family of cores run exis 
ing R3000 and R4000 user-level cod 
Integrity is a scalable, ROMable, mem 
ry-protected, royalty-free real-time ope 
ating system. Leveraging the hardwai 
memory protection facilities of th 
MIPS32 Memory Management Un 
(MMU), Integrity maximizes securit 
and reliability by building a “firewal 
between the kernel and user tasks. I 
addition, Integrity guarantees the avai 
ability of system resources in both th 
time and space domain. 
Green Hills Software 
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Digitally Tunable RF Filters 
NEW MINI-HYBRID SERIES 

Pole Zero Breaks the Sound Barrier 

$199 
each in quantity 

( I RF Designers are making a lot of noise 

about our new low cost, high performance 

MINI-Hybridfilter. 

This bandpass filter provides excellent RF 

power handling and selectivity at 251 tune 

positions in VHF/UHF frequency bands with 

a bias voltage of only +28 VDC. 

tpolezero.com C U I! r U li Al I U IC 

5530 Union Centre Drive, West Chester, Ohio 45069, Phone: 513-870-9060, Fax: 513-870-9064 

Sollt ÍÍ4HIS 
wwvv.filter-solutions.com 

Powerful Affordable PC Based 
Software to Perform Your Most 

Complex Passive, Active, and Digital 
Filter Design Tasks 

FREE 20 DAY TRIAL 
• High Order Elliptic Filters 

• Diplexers 
/ 

• Finite Q Analysis 

• Delay Equalization Capability 

• HR and FIR Digital Filters 

• Automatic C Code Generation 

• Easy to Read and Modify 
Graphical Outputs 
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C 2000 Hitachi Semiconductor (America) Inc. PMWRXAX001D1 

A. PRODUCTS: 
Hybrid Power Amplifiers 

Integrated Transceiver ICs 
High Power MOSFETs for Basestations 

High IP3 LNA/Mixer MMICs 

B. TECHNOLOGIES: 
Bipolar, MOSFET, 

GaAs MESFET, 
GaAs MMIC, HEMT, 

BiCMOS, SOI BiCMOS, 
CMOS with more on the way. 

High Frequency Transistors 
Low RdsON MOSFETs 
Variable Capacitor Diodes 
SOI Foundry 

C. MANUFACTURING: 
We’re a high-volume, M high-quality supplier, 
from wafer to hybrid. 

Get all the building blocks you need 
for your wireless design solutions. 

When you’re creating new wireless products, contact Hitachi. 

Take advantage of our wide range of hot technologies; 
innovative, advanced semiconductor products; 

and superb manufacturing capabilities that deliver 
quality devices and modules in high volume. 

For more information, visit the URL below. 

http://www.hitachi.com/semiconductor/wireless 

HITACHI 
Semiconductor 
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Move from 2000 to XP 
to have low impact on test 

Engineers worried that the switch to Microsoft Windows XP may leave exist¬ 
ing programming code incompatible with the new standard need not worry. 
The Windows XP operating system should have little, if any, effect on existing 

test routines or future coding initiatives, said Keithley Instrument’s David 
Howarth, who coordinates software strategy for the company’s instrument and 
data acquisition product lines. 

Howarth’s review of the pre-released technical literature on XP indicates that 
few features will affect how the underlying code interacts with data acquisition 
or test sequences. 
Windows XP is built on top of the more reliable Windows 2000 and NT frame¬ 

works, Howarth said, and is designed by Microsoft to encourage users to 
upgrade. The infrastructure code under the user interface is changing, he said, 
but programs written for previous Windows 2000 or NT platforms will run the 
same. 
New features in XP include a redesigned Start menu that favors the user’s 

five most-used programs, a wizard that makes it easier to prepare files for the 
Web, integrated CD burning and a dual-view feature that allows the running of 
two monitors off a single computer. 

Add-on tool for test 
engineers, device designers 
Nucleus DataMap 1.0 allows wafer 

test data to be viewed in a user-friendly 
graphical wafer-map format. DataMap is 
a suitable add-on tool for test engineers 
and device designers that currently use 
or will use the Nucleus 2.0/2. 1 Prober 

Control Software. The DataMap software 
is a stand-alone package that can be run 
on a Cascade Microtech S300 or Summit 
Probe station computer along side 
Nucleus, or on any PC-based desktop or 
notebook or computer. Test data can now 
be viewed at the probe station (to verify 
pass/fail conditions for example), and 
then also be quickly viewed by the device 

engineer remotely to check device par 
meter data and statistics over the wafer 
Cascade Microtech 
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Suite increases functionality 
compatibility 
PC Management Specialists, ar 

Vector Networks announce the release 
version 5.03 of their PC auditing ar 
software distribution product, LANut 
Suite. Version 5.03 of the Suite builds ( 
numerous product enhancements inclu 
ed in v.5.02, with the addition of a ne 
LANdeploy utility that automates tl 
task of rolling out the LANutil Client in 
multidomain Windows/NT 2000 install, 
tion. LANutil v.5.03 offers heightenc 
performance and compatibility wit 
Oracle and SQL Server/Server 2001 
LANutil Suite supports ODBC-compliat 
databases and enables easy access from 
range of customer database applicatior 
and reporting packages. 
PC Management Specialists 
Vector Networks 
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800-522-2253 
This Number 
May Not Save 

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

BF/MICBOWAVE 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" RE 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 

nsmAL 
Cable a Connectors 
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Rp product of the month 

co 

b 
LU 

RF PICmicro Controller 
Microchip Technology introduces a family of microcontrollers designed to ease 
the RF design process while reducing component count and board space. The 
rfPICI2C509AG is an 18-pin PICmicro microcontroller that features an inte¬ 
grated 315/433 MHz transmitter. This low-power, single-chip RF device is the 
first of 10 planned devices in the new rfPIC family, which targets RF connec¬ 
tivity for high-volume embedded control applications such as remote sensing, 
remote control, toys, security and access control. The subsystem integrates 
1024 words of program memory with 41 bytes of user RAM. The device offers 
six I/O pins with on-chip clock oscillators, 33 single-word instructions, full¬ 
speed Ips instruction cycle at 4 MHz, seven special function hardware reg-

two-level deep hardware stack, eight-bit real time clock/counter 
eight-bit programmable prescaler, watchdog timer and direct LED 
ve. The on-chip 315/433 MHz transmitter enables designs to con¬ 
form to U.S. FCC Part 15 regulations and European ERC 70-03E 
and EN 300 220-1 requirements. The transmitter features a VCO 
phase locked to quartz crystal reference, which allows narrow 
receiver bandwidth to maximize range and interference immu¬ 
nity. The integrated crystal oscillator and VCO requires a min¬ 

imum of external components. Additionally, the subsystem fea¬ 
tures Microchip’s in-circuit serial programming (ICSP) technology, 

h allows the devices to be programmed after being placed in a cir-
This offers flexibility, reduces development time and manufactur-
and improves time-to-market. ICSP also enables reduced cost of 

upgrades, system calibration during manufacturing, the addition of 
unique identification codes to the system and calibration of the system in the 
field. The product requires only two 1/0 pins for most devices. By integrating 
several components into the 18-pin single chip subsystem, rfPICI2C509AG is 
suitable for the following space-constrained applications: home appliances, 
such as fan control; remote PC peripherals, such as keypads; command and 

control, such as air-conditioning control, water 
irrigation systems and toys; wireless sensors, 
such as temperature sensing, tire pressure sens¬ 
ing, smoke detectors and water level sensors; 
and home security applications, such as garage 
door openers and remote infrared detectors. 

Microchip Technology 
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Microcontroller with 
integrated transmitter 
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^product focus test & measurement 
Vector signal analyzer offers 3G 
communications capabilities 

Agilent introduces the 89600 Vector Signal Analyzer (VSA) . 
The 89600 offers 3G communications capabilities with tighter 
integration between the VSA and the Agilent Advanced Design 
System (ADS). Designers of 3G and other digitally modulated 
radios can perform virtual system evaluation, using dynamic 
_ links from the 89600 to the ADS 

and new links from the ADS to 
the ESG series signal generator. 
The VSA can measure either 
actual hardware or simulated 
output from the ADS when the 
system’s hardware blocks are 
incomplete. The ADS links to 
the ESG signal generator and 
can take the simulated output of 

one hardware block’s circuit simulation and download it to the 
signal generator to simulate the next stage’s actual hardware. 
This means design engineers no longer need to wait for all of 
the hardware stages in a block diagram to come together before 
they begin looking for system-level problems. Now the VSA can 
uncover RF and DSP problems throughout the radio block dia¬ 
gram even before hardware exists. 
Agilent Technologies 
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Bluetooth test set provides full 
implementation of test-mode signaling 
Anritsu Company introduces the MT8850A Bluetooth 

test set, which conducts measurements in accordance with 
RF test specification VO.09. The system uses the Bluetooth 
protocol stack for full implementation of test-mode sig¬ 

naling. The system is de¬ 
signed for production 
test of Bluetooth chip 
sets and modules, as well 
as consumer products 
using Bluetooth radios. 
The MT8850A can ana¬ 
lyze RF power, fre¬ 
quency, modulation, and 
receiver sensitivity 
(BER/FER). The system 
can be configured to run 

custom test scripts, and it provides full user control of a va¬ 
riety of test parameters. All measurements can be pre-pro¬ 
grammed into the set, so they can be conducted with a 
single keystroke. A GBIB interface is available for program¬ 
ming in a manufacturing environment. Both GPIB and 
RS232 interfaces are standard. 
Anritsu 
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Mobile-radio tester for 
Bluetooth worldwide 
Rohde & Schwarz’s CMU200 offers an 

option that can offer Bluetooth capability 
to common standards including GSM, 
AMI’S, TDMA and cdmaOne. The device 
is designed as a multistandard platform, 
which can test to several standards in 
parallel. The CMU200 can be upgraded 
for follow-on mobile-radio standards and 
perform Bluetooth tests together with 

those for mobile radio. This functionality, 
as well as high measurement speed, 
allows the CMU200 to be used in pro¬ 
duction testing. The system has been 
optimized to meet advanced require¬ 
ments in terms of measurement, accu¬ 
racy, speed and ease-of-operation. The 
tester offers temperature-controlled 
error correction that increases absolute 
accuracy by a factor of three, thus 
enhancing repeat accuracy. 
Rohde & Schwarz 
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WLAN analysis tool for 
FHSS networks 
BVS announces the Cricket 2.4 

GHz WLAN receiver. The device is a 
handheld, wideband, wireless receiv¬ 
er designed specifically for sweeping 
and optimizing local area networks. 
The instrument measures coverage 
of FHSS CDMA networks, which 
operate on the IEEE 802.11 stan¬ 
dard. This allows the user to mea¬ 
sure and determine the AP, PER and 
RSSI signal levels aiding in locating 
hub and access points throughout a 
building. It demodulates FHSS sig¬ 
nals and is compatible with IEEE 
802.11. In addition, the instrument 
measures narrowband energy and 
displays other sources of interfer¬ 
ence such as microwave ovens and 
DSSS signals. The unit features a 
built-in display, keypad and two 
removable battery packs for true 
portability. 
Berkeley Varitronics 
INFO/CARD 130 

Handheld spectrum 
analyzer 
Bantam Instruments introduces its 

battery-operated personal spectrum 
analyzer. The Model 401A covers from 

1 MHz to 1024 MHz and functions ii 
both bench-top and field use. It i 
designed for the measurement of har 
monic and spurious emissions, identifi 
cation of unknown or unwanted sig 

nais, signal monitoring, field strength 
measurements and EMC pre-compli 
anee testing. Included with the spec 
trum analyzer is the Model PIO 
active E-Field Probe for trou 
bleshooting and EMC measure 
ments. The Model 401A can displaj 
measurements in either dBm or dB\ 
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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 0.15dB 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: 1ofEa. VAT-3, -6, -10. -20, -30 (5 total) $49.95 

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

Attenuation* (dB) 

Nominal Flatness VSWR(:1) 
Model (±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 7CTC. 
Attenuation varies by 0.3dB max. over temperature. 

ALL MODELS IN STOCK 

CT 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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Introducing our NEW 
10 Million Cyclo Switch 
The ideal solutionfor your demanding 

s witcj^re^mrements. 

ISO-9001 
C £ Certified 

2-Year Warranty 

Wireless Communications 

CCM-33S10 SPDT Switch 
• 10 Million Cycle Life 
• DC - 18 GHz 
• Latching or Failsafe 
• Actuator Voltage: +12 or +28 VDC 
• 10 msec Switching Time 
• Indicator Circuits and TTL Options 

TELEDYNE 
WIRELESS 
A Teledyne Technologies Company 

INFO/CARD 62 
Teledyne Wireless, 1274 Term Bella Avenue, Mountain View, CA 94043, Phone: 800.832.6869, Fax: 650.962.6845 

For Faster Information e-mail: switches@teledyne.com 
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and has a sensitivity of -95 dBm. 
Three frequency markers are avail¬ 
able for signal identification. Inter¬ 
nal save/recall capability facilitates 
the storage of 20 measurement 
setups and 20 traces. Traces are 
labeled with the date and time of 
measurement and measurement 
setups are tagged with the frequency 
span and other measurement data 
for easy identification. 
Bantam Instruments 
INFO/CARD 131 

advance in snapshot data recording 
and data playback/waveform genera¬ 
tion. Applications include communica¬ 
tions analysis, radar analysis, telecom¬ 
munications processing, high-speed 
analog-to-digital converter characteri¬ 
zation, digital spectrum analysis and 
high-speed data buffering. Two models 
are currently available: the GF1500, 
which offers a sampling rate of 1500 

RF test interface 
system 
Dow-Key Microwave introduces a 

high-power (5001 and 5002) RF test 
interface system developed to support 
the RF testing of WCDMA base stations. 
The high-power segment of this system 
is designed to meet the requirement for 
passive intermodulation. The system 
routes and conditions RF signals from 
the inputs and outputs of the DUT to 
the test equipment, allowing for test 

PTS, IT'S THAT SIMPLE 

automation. All of the switchable compo¬ 
nents have internal CANbus controllers, 
reducing the internal control lines to 
only two lines. Although the system can 
be controlled directly via CANbus, and 
fully supported by ViewLab, an addi¬ 
tional internal translator offers an alter¬ 
native control via standard GPIB inter¬ 
face. The frequency range of the system 
is 1.5 GHz to 2.7 GHz, and RF power 
capability is as high as 100 W. 
Dow-key Microwave 
INFO/CARD 132 

INDUSTRY’S LARGEST INSTALLED BASE 

synthesized 

L0 sources 

with: 

-> crystal 

Ultra-wideband 
recording system 

Celerity Digital Broadband Test 
announces the GigaFLASH Ultra-
Wideband Recording System. This new 
instrument system is the latest 

RF Design 

> ultra-low phase 

ps-switching 

multi-octave 

fine resolution 

0.1 MHz - 3.2 GHz 

PROGRAMMED TEST SOURCES, INC. 

9 Beaver Brook Road 

Littleton, MA 01460 

PTS HAS MANY DIFFERENT MODELS 

Tel: 978 486-3400 

Fax: 978 486-4495 

http://www.programmedtest.com 

e-mail: sales@programmedtest.com 

INFO/CARD 65 
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MHz at eight bits and 32 GB of high 
speed storage; and the downscaled-
model, GF 1250. The systems can cap¬ 
ture more than 26 seconds of signal 
data at bandwidths of 600 MHz. High-
performance ADCs in the system pro¬ 
vide a spurious-free dynamic range of 
40 dB over the entire input bandwidth. 
The analog input bandwidth of 1500 
MHz supports direct digital downcon¬ 
version, eliminating the need for wide¬ 
band analog downconverters. 
Celerity Digital Broadband Test 
INFO/CARD 133 

Wafer-level laser 
diode test system 

Karl Suss and Labsphere announce 
an automated laser diode wafer-level 
test system for vertical cavity sur¬ 
face-emitting lasers (VCSELs). The 
new system is designed for high¬ 
speed wafer device characterization 
by using a patented Spectralon inte¬ 
grating sphere to minimize reflec¬ 
tions and not damage the device 
under test. The core of the test sys¬ 
tem is the PA200 semiautomatic 
probe system, which provides low cost 
of ownership and reliable, long-term 
service. The additional components of 
the system are Labsphere’s control¬ 
system ProberBench control software. 
The system is easily configured to 
provide L-I-V curves, optical power 
measurements, peak wavelength, 
full-width half-max, kink voltage/cur-
rent curves and spectral analysis. 
The sphere’s insensitivity to beam 
alignment and divergence allows 
accurate total flux measurements to 
be taken. Because of the modular 
design, users can start with a basic 
system that will grow with their 
requirements. 
Karl Suss/Labsphere 
INFO/CARD 134 

LMDS ATE 
test system 
The In-Phase Technologies’ Model 

1011 was developed to address the pro¬ 
duction test requirements of transceiver-
related components found in LMDS sys¬ 
tem designs. The system is comprised of 
a combination of commercially available 
off-the-shelf test equipment (COTS) and 
various interface and control modules 
designed in accordance with the specific 
relevant component specifications. 
Through an intuitive graphical user 

interface, the system enables the opera¬ 
tor to configure virtually all aspects of the 
required testing. The basic system oper¬ 
ates over the frequency range of 2 GHz 
to 40 GHz and consists of a spectrum 
analyzer, vector network analyzer, 
microwave power meter and associated 
synthesized signal sources, power sup¬ 

plies, RF switch assemblies and UUT test 
fixtures. Systems that operate as high as 
60 GHz are also available. Typical mea¬ 
surements include gain flatness, return 
loss, spurious response, IMD, group 
delay, leakage and detector sensitivity. 
The standard system has a peak mea¬ 
surement capacity of 213,000 points per 
hour. At any specific temperature setting, 
the system will completely characterize a 
transceiver module in 120 seconds. 
In-Phase Technologies 
INFO/CARD 135 

PA reliability test sets for 
MMICsand HMICs 

Space Electronics debuts its new line 
of Shason Instruments’ Power Amplifier 
Automated Reliability Test Sets 
(PAARTS). The systems are capable of 
performing three-temperature life tests 
on discrete transistors, monolithic 
microwave integrated circuits (MMICs), 
hybrid microwave integrated circuits 
(HMICs), and RF/microwave module 
assemblies. The system consists of hard¬ 
ware and software used to initiate, 
supervise and record temperature, elec¬ 
trical, and RF performance parameters 
automatically throughout the test dura¬ 
tion. The test station is operated through 
proprietary system software installed on 
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a PC. A Windows-based graphical user 
interface provides user-friendly control of 
the system configuration. 
Space Electronics 
INFO/CARD 136 
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Proven. 

The fast, easy and accurate 865OA, 
because there’s still no substitute for experience. 

Crest Factor 

Histograms, CDF, CCDF 

Strip Charts, Peak Hold 

WCDMA, CDMA 2000, CDMA, TDMA, and GSM/EDGE ready 

1,750 readings/second CW, 800 readings/second modulated 

Patented NIST traceable on-board calibration system 

Modulation, CW, Peak and Average Power measurements 

Automatic and manual Time Gating with graphical display 

90 dB dynamic range in a single sensor 

4-line graphic display 

100 kHz to 40 GHz 

Download a data sheet at 
www. gigatronics. com 

or call 1(800)726-GIGA 

Gigatronics 

Giga-tronics Incorporated • 4650 Norris Canyon Road San Ramon, California USA 94583 • phone: (925) 328-4650 fax: (925) 328-4700 

INFO/CARD 25 



Reproducís 
Low microphonics, 1 to 23 GHz 
frequency synthesizers for 128 QAM links 
Elcom Technologies’ new series of dual output, rugged, frequency syn¬ 

thesizers have ultra-low microphonics and improved phase noise (at least 
10 dBc lower than previous models). Designed for high-capacity 
micro/millimeter wave radios up to 38 GHz, the DFSL series offers lower 

phase noise and guaranteed 
zero phase hits. The device 
meets 16, 32, 128 and 256 
quadrature amplitude modu¬ 
lation (QAM) requirements, 
making the synthesizers suit¬ 
able for high-speed data 
transmissions. The series has 
a tuning bandwidth up to 
1000 MHz, and step sizes 
range from 25 kHz to 10 MHz. 
DC power consumption for the 

Specifications at a glance: 

• 0.5 to 23 GHz 

•<25 ms switching speed 

• 12 to 18 dBm output power 

• -20 dBc harmonics 

• <±3 ppm frequency stability 

synthesizers is less than 4 W and offers wide operating temperature 
between -35 to + 70° C. Packaged in a 3.75" x 4.5" x 1.16" housing, the devices are also available in a low-profile con¬ 
struction of 3.75 x 4.5 x 0.73 inch package. Additional applications include wireless ATM networks and SATCOM con¬ 
verters. The device offers DC power of 12/18 VDC at 250mA, or 8/18 VDC at 250mA and meets operating vibration stan¬ 
dard ETSI 300019-1-4 and operating shock standard ETSI 300019-1-4. 
Elcom Technologies 
INFO/CARD 137 

SIGNAL SOURCES 
Low phase jitter/phase noise 
high-frequency VFT5 VCXO 
VF Technologies introduces its latest 

voltage-controlled crystal oscillators: 
the low phase jitter and phase noise 
high-frequency VFT5 VCXO. The oscil¬ 
lator is paired with a unique analog cir¬ 

than Ips RMS cycle-to cycle phase jit¬ 
ter. Features include: output frequen¬ 
cies from 500 MHz to 1000 MHz; phase 
jitter less than 1 ps RMS in the 100 Hz 
to 80 MHz range; ECLiPS compatible 
logic; complementary outputs; 
enable/disable feature; and 3.3 or 5 
VDC operation. 
ValpeyFisher Technologies 
INFO/CARD 138 

Intermodulation - 5 to 1800 
MHz with mixer 

Mini-Circuits targets PCS and cellu¬ 
lar applications within 5 MHz to 1800 
MHz. Typically at center band, the 
SYM-18H mixer exhibits high 30 dBm 
1P3, low 5.75 dB conversion loss, and 

high 45 dB L-R, 50 dB L-I isolation. 
Ruggedly constructed in a low-cost 
plastic package with solder plated ter¬ 
minations. 
Mini-Circuits 
INFO/CARD 139 

Coherent frequency source 
clock generator 

Micro Networks introduces a clock 
generator designed for clock generation 
and distribution in optical networks 
including 10 GB Ethernet fibercom sys¬ 

cuit. The oscillator uses VF’s high-fre¬ 
quency fundamental crystal to achieve 
frequency stability over temperature of 
typically ±20 ppm over the industrial 
temperature range. The design allows 
for the suppression of subharmonics 
better than 50 dB, which results in less 

tems and other applications requiring 
coherent frequency sources. The M250 
clock generator provides synchronous 
output frequencies of 622.08MHz, 
311.04MHz, and 155.52MHz. Two out¬ 
put signals indicate “out of lock” and 
“loss of reference clock” conditions. The 
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RF/IF MICROWAVE COMPONENTS 

TYPE N/SMA 50 OHM ADAPTERS 
FOR DC-I8GHz 
Mini-Circuits has introduced a family of four 
50 ohm Type N/SMA adapters intended for 
interconnection of cables and equipment in 
DC to 18GHz applications. Model (a) NMSM- 1 
is N-Male to SMA-Male, (b)NFSM-2 is 
N-Female to SMA-Male, (c)NFSF-3 is 
N-Female to SMA-Female, and the 
(d)NMSF-4 is configured for N-Male to 
SMA-Female. Typical VSWR is 1.10:1 
up to 12.4GHz and 1.15:1 up to 18GHz 
with flat response. Rugged passivated 
stainless steel construction. 

WORLD 'S SMALLEST 5-2000MHz 
COUPLER SERIES IN 50 OHM KIT 
The 50 ohm models from Mini-Circuits 
Blue Cell™ DBTC directional coupler 
series are now available in a convenient 
designers kit for laboratory, product 
development, and evaluation use. K1 -DBTC 
contains 5 each of the 9, 12, 13, 17, and 
20dB coupling values for a total of 25 units. 
Patented Blue Cell™ design techniques 
enable micro-miniature 0.15”x0.15”x0.15” 
size with excellent temperature stability, 
low insertion loss, and flat response. 
75 ohm kit also available. 

FREQUENCY DOUBLERS FOR LOCAL 
OSCILLATORS /SYNTHESIZERS 
Mini-Circuits KBA-20 frequency doubler is 
aligned to 11 -1 5dBm (min-max) input power 
and produces precisely 2X the 1,6-2.2GHz 
input frequency realizing 3.2-4.4GHz output 
frequency. It has low 12dB conversion loss and 
20dBc F3 harmonic output, typical. The 
KBA-40 has 2.7-4.8GHz input, 5.4-9.6GHz 
output frequency. At 10-16dBm (min-max) 
input power, conversion loss is 12.3dB (typ) 
and F3 harmonic output is 26dBc (typ). It can 
be used with input power as low as 5dBm with 
a slight increase in conversion loss. Patented. 

HIGH IP3 MIXERS DELIVER ON COST 
AND PERFORMANCE 1402150MHz. 
Mini-Circuits has introduced a family of 
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 to 
21 50MHz applications. Additional features 
include very low conversion loss down to 
6.7dB, high isolation up to 49dB, and 1dB RF 
compression point 3dB higher than LO power. 

DC-4GHZ MMIC AMPLIFIER KIT 
INCLUDES FREE TEST FIXTURE 
Mini-Circuits GAL family of 5 different 50mA 
MMIC amplifiers operating within the 
broad DC to 4GHz band are now available 
in designer’s kit form. Kit number K2-GAL 
contains 10 of each model for a total of 50 
units, a free fully assembled test fixture, plus 
complete specification and performance 
data. Amplifier features include InGaP HBT 
technology, miniature SOT-89 package, 
low thermal resistance for high reliability, 
and up to 15.9dBm (typ) output power. 

180 -1605MHz. VCO SERIES OPERATES 
WITH 5V TUNING FOR PLL ICs 
Mini-Circuits ROS-”PV” series voltage 
controlled oscillators operate with 0.5V to 5V 
tuning voltage for synthesizer and PLL IC 
applications within the 180 to 1605MHz 
band. Housed in a rugged aqueous washable 
surface mount package, this VCO group 
typically displays low -98 to -107dBc/Hz 
SSB phase noise at 10kHz offset, and 
power output ranging from 0 to +7.0dBm. 

£□ Mini-Circuits US 45 INT 46

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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device operates with an input frequen¬ 
cy of 19.44 MHz, and an internal refer¬ 
ence clock that can be activated by an 
“input mode select” control signal. 
Micro Networks 
INFO/CARD 140 

Ultra-miniature, voltage-
controlled crystal oscillator 
The VC-800, VCXO is a quartz-stabi¬ 

lized square wave generator with a 
CMOS output. It is tested at CMOS 
and TTL logic levels. The device is her¬ 
metically sealed in a 3.2 x 5.0 x 2 mm 
ceramic leadless chip carrier (LCC) 
with six contact pads. Selected frequen¬ 
cies between 1.544 MHz and 77.76 

AMPS cellular phones, PCMCIA CDPD 
cards and others. 
Rakon 
INFO/CARD 142 

AMPLIFIERS 

Specifications at a glance: 

• CMOS/TTL logic 

• 3.3 or 5.0 VDC supply voltage 

• <6 ps jitter 

2.9 GHz RFIC driver amplifier 
for mobile communications 

California Eastern Labs has added a 
new medi¬ 
um-power 
amplifier to 
its line of 
NEC Silicon 
RFICs. The 
versatile 
UPC8182TB 
has an upper 
operating 
frequency of 

High-power, pulsed solid¬ 
state amplifier 
Aethercomm announces the SSP/ 

1.35-1.45-80, a high-power, pulsec 
solid-state amplifier used for militar 
telemetry and data transmission. Th< 
device supports pulse widths as high a: 
100 msec with duty cycles from 0.1% t< 
CW operation. Minimum output powe: 
is 80 W at 85° C base plate. The uni 
will operate from -50° C to +95° C base 
plate. Gain at saturated output powe: 
is > 40 dB across the band. Small sig 
nal gain is 45 dB ±2 dB with a gair 
flatness of ±0.5 dB. Input VSWR is 
1.5:1 max. Harmonic levels are >30 dB< 
at maximum saturated output power 
Peak current is 13 amps max. The P/ 
operates from a +28 VDC supply with í 
quiescent current of 1 amp. All the 
active devices contain a fully tempera 

MHz are available with a 3.3 or 5.0 
supply voltage. Phase jitter perfor¬ 
mance is better than <6 ps rms for fre¬ 
quencies greater than 12 MHz. The 
device is suitable for communications 
applications including xDSL customer 
premise equipment (CPE), PCMCIA 
cards, handsets, digital video and 
ATM/SONET/SDH applications. 
Vectron International 
INFO/CARD 141 

2.9 GHz at 3 dB bandwidth, making it 
suitable for a variety of mobile commu¬ 
nications applications. Designed to 
drive two-stage PAs, the UPC8182TB 
also offers 30 dB isolation to minimize a 
PA’s loading effects. It is manufactured 
using NEC's latest 25 GHz IT UHSO 
silicon bipolar process, resulting in con¬ 
sistency and reliability. It is housed in a 
miniature 6-pin SOT-363 package and 
available on tape and reel. 
California Eastern Labs 
INFO/CARD 143 

TCXO for cellular 
applicatons 
Rakon introduces the IT200U SMD 

TCXO. The device is a small, SMD 
TCXO using an analog IC for compen¬ 
sation in combination with a UM-IS 
crystal for greater stability. Clipped 

sinewave 
frequencies 
range from 
10 MHz to 
26 MHz. 
Standard 
tempera¬ 
ture stabil¬ 
ity choices 

are ±1 ppm, ±1.5 ppm and ±2.5 ppm 
over wide temperature ranges. The 
unit can operate on any supply voltage 
between 2.7 and 5.5 VDC and con¬ 
sumes only 1.2 mA typically. Wireless 
applications include GSM/TDMA/ 

Raytheon 5 GHz power 
amplifier modules 
Raytheon has begun to sample the 

RTPA 5250 5 GHz, 54 Mbp/s power 
amplifier modules. The RTPA 5250 is a 
wideband, high-efficiency power amplifi-
er/switching module targeted for high¬ 
speed wireless data applications. 
Designed on a high-performance 0.5 
micron PHEMT process technology, it 
offers high output power, low noise and 
flat gain linearity to help designers 
match wired network performance. The 
module meets IEEE 802.11(a) and 
Hiperlan 2 standards, while also cover¬ 
ing all three UNII bands. It combines a 
multi-stage amplifier and impedance¬ 
matching circuitry with a pair of high¬ 
speed, low loss switches in a high-perfor¬ 
mance low temperature co-fired ceramic 
(LTCC) package. Other features include 
process tolerant active bias and a power¬ 
down mode for extended talk time. 
Raytheon 
INFO/CARD 144 

ture-compensated active bias circuit 
which keeps the quiescent current 
within 10% of its nominal value from 
-50°C to 95° C. 
Athercomm 
INFO/CARD 145 

SEMICONDUCTOR/ICs 

Single-voltage 
small-signal transistor 

Agilent Technologies announces a 
low-current, single-voltage small-sig¬ 
nal transistor based on Agilent’s E-
pHEMT technology. The ATF-55143 
is a single-voltage device, eliminating 
the need for an additional negative 

Specifications at a glance: 

• 0.6 dB noise figure 

• 17.7 dB associated gain 

• +24.2 dBm output IP3 

• +6.5 dBm input IP3 

(Typical @ 2Ghz, 2.7 VDC) 

96 www.rfdesign.com September 2001 



make ANY T J V 
SINGLE LAYER CAPACITOR 

voltage for biasing. The device can 
enhance receiver performance in cellu-
ar/PCS and WCDMA handsets, 
nobile devices/data-cards, and other 
ow-current wireless receiver applica-
ions in the 450 MHz to 6 GHz fre-
}uency range. In addition, the ATF-
>5143 can be designed into applica-
ions above 2 GHz with small degrada-
,ion in device performance. 
Vgilent Technologies 
INFO/CARD 146 

128-Mb mobile RAM 
in sample quantities 

Infineon Technologies announces the 
ivailability of sample quantities of its 
128-Mbit Mobile-RAM. Designed for 
ase in battery-powered, handheld elec-
;ronic products, the RAM is a low-
power synchronous dynamic random 
access memory (SORAM), mounted in a 
space-saving fine-pitch ball grid array 
FBGA) package that is fully compliant 
with the new joint electron device engi¬ 
neering council (JEDEC) standard. 
Compared to standard thin small out¬ 
line package (TSOP) mounted SDRAM, 
the form factor of the RAM is reduced 
by more than a factor of three. Power 
consumption of the RAM is reduced by 
as much as 80% compared to a stan¬ 
dard 128-Mbit SDRAM. This is 
achieved by a reduced operating volt¬ 
age of 2.5VDC and I/O voltage of 1.8 
VDC or 2.5 VDC, as well as power 
management. 
Infineon 
INFO/CARD 147 

TX/RX 
Extended read range RFID 
transponder coils 

Coilcraft introduces a family of high-
performance antenna coils designed for 
RFID applications at 125 kHz. These 
low-profile transponder coils have an 
extended length that allows longer 
read ranges and higher Q. Overall 

trueX7R 
Temperature Stability 3535, X7R 

COMPETITORS 

Our X7R capacitors deliver measurably superior performance 

numbers over Y5V parts. And, you can have your choice of 

higher Q, up to 10 times the capacitance, or much smaller size. 

Call us today at 858 578-9390 for our latest 
free catalog, or visit our website. 

B www.presidiocomponents.com/rfd 

(B) PRESIDIO COMPONENTS, INC. 

INFO/CARD 60 

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

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

Specifications at a glance: 

• 125 KHz frequency 

• 0.4 to 8.1 mH inductance 

• extended read range 

• high Q 

Continued on page 104 

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. 

RF Design www.rfdesign.com 

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 glossary 

Glossary of terms used in BF Design 
2G - second generation wireless systems 
3G - third generation wireless systems 
AT) - analog-to-digital 
AC - alternating current 
ACPR - adjacent-channel power ratio 
ADC - analog-to-digital converter 
AGC - automatic gain control 
AMPS - advanced mobile phone system 
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 
DDS - direct digital synthesis 
DECT - digital european cordless 

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

read-only memory 
EM - electromagnetic 
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 
FHSS - frequency-hopping, spread spectrum 
FIFO - first-in, first-out 
FIR - finite impulse response 
FO - fiber optics 
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 
HTTP - 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 
IR - infrared 
ISM - industrial, scientific, and medical 
JED ED - joint electron device engineers 

council 
JSP - java server pages 
IAN - 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 
PCMCIA - personal computer memory’ card 

interface assocition (now simply 
referred to as PC card) 

PCS - personal communications system 
PDA - personal digital assistant 
PDC - pacific digital cellular 
PECL - positive emitter-coupled logic 
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 
RFI - radio frequency interference 
RFIC - radio frequency integrated circuit 
RFID - radio frequency identification 
RMS - root-mean-square 
ROM - read-only memory 
SAR - successive approixmation 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 
VCSEL - vertical cavity surface emitting laser 
VCXO - voltage-controlled crystal oscillator 
VOFDM - vector orthogonal frequency division 

multiplexing 
VSA - vector signal analyzer 
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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dimensions are 11.8 x 3.6 x 3.1 mm. 
The coil is constructed of ferrite lami¬ 
nated onto a ceramic base. This makes 
it more rugged and impact-resistant. 
The 4308TC Series includes 11 models 
with inductance values from 0.4 to 8.1 
mH. Coilcraft can also design coils 
with different inductance values or for 
operation at frequencies other than 
125 kHz. These transponder coils come 
packaged in tape and reel with an 
encapsulated top that ensures reliable 
pick-and-place operations. 
Coilcraft 
INFO/CARD 148 

Cellular CDMA LNA/PA 
driver amp, bypass switch 
RF Micro Devices introduces the 

RF2369 LNA and PA driver amplifier. 
The unit is a 3.0 VDC switchable low-
noise amplifier with a bypass switch 
and high dynamic range designed for 

outdoor top-of-the-tower use, and cov¬ 
ers the frequency range of 800 to 1000, 
and 1700 to 2000 MHz. The insertion 
loss is 0.3 dB max and isolation is 45 
dB min. Standard +43 dBm carriers 
produce less than -140dBc of IMD. 
Passband return loss is 20dB min. with 
power handling of 500 W CW. It mea¬ 
sures 1.0" x 5.2" x 7.4" and comes with 
standard connectors of 7/16 DIN female 
at all ports. Operating temperature is 
from -40 to +85° C. 
Reactel 
INFO/CARD 150 

Specifications at a glance: 

• 2.0 to 3.5 GHz operation 

• 14 ma @3 VDC power draw 

• 300 krad radiation immunity 

• <1 O'9 SEU tolerances 

Broadband LMDS CPE 
subscriber antennas 

Specifications at a glance: 

• 11.5 dBm LNA IP3 

• 2 dB bypass loss 

• 15.5 dB LNA gain 

• 1.6 dB LNA noise figure 

Andrew introduces LMDS CPE 
antennas designed for broadband appli¬ 
cations in the 27.5 GHz to 31.5 GHz 
frequency band. The lightweight anten¬ 
nas provide a gain of 36.6 dBi at 28.5 
GHz. They incorporate shaped 
Cassegrain optics for high efficiency 
and optimum pattern control. The 
antennas are compliant with European 
Telecommunications Standards 

frequency range of 2.0 to 3.5 GHz, the 
prescalers are designed for low-powei 
operation (14mA @ 3 V across frequen 
cy) and operate from a single supply 
Built using Peregrine’s UTSi CMOE 
process, the devices can attair 
300Krad (Si) total dose tolerance 
They are immune to any latch-up anc 
offer single event upset (SEU) toler¬ 
ances (<10’9/bit-day). 
Peregrine Semiconductor 
INFO/CARD 152 

SUBSYSTEMS 

digital cellular applications. This device 
functions as a front-end LNA with an 
adjustable bias current that can be set 
externally. This feature allows the 
designer flexibility to trade-off RF per¬ 
formance vs. current consumption. It 
features a typical low bypass loss of 2 
dB. This bypass performance allows a 
front end design, which meets all IS-98 
requirements including IMD testing, 
using only two gain states and a single 
logic control line. In high-gain mode, 
the device exhibits 15.5 dB LNA gain, 
11.5 dBm LNA 11P3, and 1.6 dB 
LNA noise figure. It is manufactured 
using a GaAs HBT process technology 
and is offered in an industry-standard 
S0T23-6 package. 
RF Micro Devices 
INFO/CARD 149 

Dual-band combiner covers 
cellular, PCS and GSM 

Reactel introduces a new dual-band 
combiner covering cellular-PCS, and 
GSM 900 to 1800 for dual-band anten¬ 
nas. The unit is completely sealed for 

Institute (ETSI) 
TS2 require¬ 
ments. LMDS 
CPE antennas 
are precision-
molded from 
white ASA plas¬ 
tic for toughness 
and rigidity. 
The antenna’s 
optical surfaces 
are coated with 
high conductivi¬ 
ty silver alloy 

Touch screen data converter 
for wireless devices 
Analog Devices introduces the 

AD7843 and AD7873 sensitive touch¬ 
screen digitizers optimized for battery-
powered equipment such as personal 
digital assistants, handheld devices, 
monitors, point-of-sale terminals, and 
pagers. The pin-compatible units inte¬ 
grate a 12-bit successive-approximation 

104 

for high reflectance and long life. 
Antennas can be custom-configured to 
interface with customer-specified radio 
equipment. 
Andrew Corporation 
INFO/CARD 151 

SPACE/MILITARY 
Prescalers for defense, 
space applications 

Peregrine Semiconductor announces 
its PE9302 and PE9303 rad hard 3.5 
GHz prescalers for space and defense 
applications. The devices are high-per¬ 
formance monolithic CMOS prescalers 
with a fixed divide ratio of four and 
eight, respectively. With an operating 

register (SAR) ADC architecture with 
low on-resistance switches for driving 
touch screens. The AD7873 has added 
functionality that includes an on-chip 
temperature sensor from -40 to 85° C, 
direct battery and touch-pressure mea¬ 
surement, and an on-board reference oí 
2.5 V. They consume less than 1.4 mW 
(max) of power with the internal refer¬ 
ence off, while operating at a throughput 
rate greater than 125 ks/s. The parts 
also have improved electrostatic dis¬ 
charge (ESD) immunity featuring 10-12 
KeV ESD protection on analog inputs to 
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High Speed Radio Technology 

Modem 

• 2.4 GHz ISM band 
• RS-232 
• Up to 57.6 Kbits /s 

PCB s 

• 902-928 MHz ISM band 
• Spread Spectrum 
• 500 mW 

• 902-928 MHz ISM band 
• Spread Spectrum 
• 20 mW 

SMART WIRELESS SOLUTIONS 

CALL US TODAY TO RECEIVE 

DETAILED INFORMATION: 

ADCON TELEMETRY INC 

1001 YAMATO ROAD 
SUITE 305, BOCA RATON 
FLORIDA 33431, USA 

TEL: (561)989-5309 
FAX: (561)989-5310 
TOLL-FREE 800-360-5309 
www adcon.com 

ADC^N 
mad. by RF TECHNOLOGY 

FIXED/TUNABLE 
To meet your unique requirements 

Telonio Berkeley 
P.O. Box 277, Laguna Beach CA 92652 
Tel.: 949-494-9401 Toll Free: 800-854-2436 
E-mail: info@telonicberkeley.com 
Web: www.telonicberkeley.com Since 1958 

INFO/CARD 5 INFO/CARD 55 

The RF Design 
Newsletter, that is 

The newsletter is a quick and 
informative read that provides 
unique information and a little 
fun too. To get on the list, e-mail 
rfdesign@intertec.com 
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prevent damage to critical internal sys¬ 
tem components. Both low-power 
devices operate from a single 2.2 VDC. 
Analog Devices 
INFO/CARD 153 

250 channel ISM 
transceiver 
Enrange announces a 1.5" x 1.1" x 

0.2" RF transceiver module for ISM 
band applications. It offers 250+ chan¬ 
nels available in 902-928 MHz band. It 
can use the built-in internal antenna, 

which conserves board space, or it can 
use an external antenna of choice. Its 
features include adjustable power out¬ 
put levels, data rates up to 38.4 Kb/s, 
fast power up and channel lock times 
(under 1 msec). It includes a standby 
power-saving mode, making it suitable 
for battery-powered applications. Bi¬ 
directional RF communication can be 
achieved over distances of 500 ft., and 
it is available off-the-shelf. 
Enrange 
INFO/CARD 154 

Plug-and-play wireless 
interconnects 
AeroComm introduces its ConnexLink 

packaged transceiver. The plug-and-
play device can be set up in minutes to 
virtually “cut the cables” between stan¬ 
dard RS232 devices. It allows users to 

quickly upgrade their wired terminals 
to cordless operation in commercial, 
industrial and residential applications. 

The system implements a proprietary 
communication protocol to provide 
secure local data transmissions at rates 
up to 115.2 Kb/s. It uses frequency-hop¬ 
ping spread-spectrum technology in the 
unlicensed 2.4 GHz band up to 500 feet 
indoors. Software enables custom con¬ 
figurations based on the user’s needs. 
Any number of remote links can be set 
up in both point-to-point or point-to-
multipoint configurations. Applications 
include real-time inventory and change 
monitoring in vending machines and 
ATMs, quick data upload to electronic 
signs and scoreboards, timely informa¬ 
tion retrieval on kiosks and point-of-
sale displays, remote data collection 
from industrial loggers and moni¬ 
tors, and communications to person¬ 
al and portable computers and hand¬ 
held terminals. 
Aerocomm 
INFO/CARD 155 

Revised single-chip UHF 
low-power data transceiver 
Xemics presents the XE1201A, a new 

revision of its single-chip UHF trans¬ 
ceiver. Designed for low-power and low-
voltage wireless data link applications, 
it has a new integrated PA that allows 
an output power of +5dBm. It is pin¬ 
compatible with the XE1201, with any 
changes for the specifications in receiv¬ 
er mode. It includes a bit synchronizer 
so that synchronized received data can 
be directly read by a microcontrolller. It 
operates in the 300 to 500 MHz fre¬ 
quency range, and is compatible with 
the ETS300-220 standard for operation 
in the 433.92 MHz unlicensed frequen¬ 
cy band. The XE1201A targets indus¬ 
trial and building control, as well as 
automotive and remote sensing appli¬ 
cations, including but not limited to 
energy-meter remote reading, remote 
control, and tire monitoring. 
Xemics 
INFO/CARD 156 

32-Channel A/D converter 
delivers 2X bandwidth 

Pentek introduces a 32-channel A/D 
converter modular interface extension 
(MIX) module that offers a 2X perfor¬ 
mance improvement over existing prod¬ 
ucts. The COTS module features 32 
individual sigma-delta A/D converters 
with 16-bit resolution, sampling rates 
of 200 kHz and built-in signal condi¬ 
tioning. Complete high-performance, 

real-time sub-systems with as many as 
96 channels of data acquisition and as 
much as eight DSPs can be designed 
for high-frequency sonar, vibration 
analysis and speech processing. 
Pentek 
INFO/CARD 157 

PASSIVES 
Surftrim line of SMT 
capacitors expanded 
Sprague-Goodman has added a new 

capacitance range to the smallest and 
thinnest models in its line of 
SURFTRIM surface-mount trimmer 
capacitors. The new model is designated 
GKP6R066 and has a capacitance range 
of 2.5 to 6.0 pF with drift after setting of 
less than ± 1%. Q is 200 minimum at 1 
MHz. Temperature coefficient of capaci-
tance is NPO ±500 ppm/°C for 
GKP6R066. Operating temperature 
range is -25 to +85° C. Voltage rating is 
25 VDC and dielectric withstanding 
voltage is 55 VDC. Insulation resistance 
is 104 MD, minimum. Tuning torque is 

Specifications at a glance: 

• 2.5 to 6.0 pF 

• Minimum 200 Q @1 MHz 

• ±500 ppm/°C NPO 

• 25 VDC working voltage 
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LO - 100 g-cm (0.2 - 1.39 oz-in.). Models 
GKP10066 and GKP20066 have capaci-
;ance ranges of 3.0 to 10.0 pF, and 4.5 to 
20.0 pF respectively. 
Sprague-Goodman 
INFO/CARD 158 

INTERCONNECT/ 
INTERFACE 
Microminiature MMCX PC 
board receptacles 
Applied Engineering Products 

AEP) offer design engineers space 
savings and design versatility. When 
mounted to a PC board, their mating 
?nd is flushed with the edge of the 
3oard, allowing boards to be connect¬ 
’d in close proximity. The snap-on 
mating interface of MMCX connec¬ 
tors provides quick, secure connec¬ 
tion of PC boards and other compo¬ 
nents. The receptacles have gold-
plated bodies for superior solderabili¬ 
ty and can be mounted on PC. boards 
from .031” to .063” thick. Frequency 
range for the connectors is DC to 6 
GHz, and they exhibit low RF leak¬ 
age throughout their rated service 
life of 500 mating cycles. They are 
available individually packaged or 
preloaded into industry-standard 
tape-and-reel packaging. 
AEP 
INFO/CARD 159 

FIBER OPTICS/IR 
IrDA device combines low-
power with low-profile 
ZiLOG announces a Slim Line family 

of IrDA-compliant transceivers with a 
new low-profile module that will allow 
designers to add infrared connectivity 
to even the thinnest PDAs, cell phones 
and other handheld portable devices. 
Housed in a miniature 9.1 mm x 3.4 
mm package, the ZHX 1810 measures 
just 2.75 mm high. The ZHX1810 elimi¬ 
nates the trade-off between adding 
infrared connectivity and maintaining 
a slim product. And because it occupies 
the same footprint as many other 
devices, it’s an easy design-in for exist¬ 
ing printed circuit board layouts. 
Designed to operate using the IrDA-
Data standard, it combines an IRED 
emitter, a PIN photodiode detector, a 
digital AC coupled LED driver and a 
receiver/decoder in a single package. 
Just three external components are 
required for a complete serial infrared 

solution (SIR). The ZHX 1810 operates 
with a minimum link distance of 1 
meter and supports transmission 
speeds from 2.4 to 115.2 kb/s. It offers 
-250 to +850° C operating temperature 
range, plus mechanical enhancements 
to the package, to ensure reliable oper¬ 
ation in the handheld environment. 
Built using sheet-cast, optical grade 
epoxy, the ZHX 1810 features an exter¬ 
nal metal shield that adds extra 
RFI/EMI protection and improved 
mechanical strength. 
Zilog 
INFO/CARD 161 

For Critical Data Transmission 

Need crystals that will work for critical data transmissions? Try our 
LFN1000 series crystal, customers say it is an exceptional product for 
critical data transmission and microwave applications. 

MATERIALS/ 
PACKAGING 
High dissipation 
metal/ceramic packages 

Zentrix Technologies announces a 
new family of ultra-high dissipation 
metal/ceramic packages for RF and 
microwave power semiconductor 
devices. Replacing a conventional RF 
package with an Ultra Pack can 
increase the dissipation capability of 
a high-power LDMOS FET by more 
than 45% The packs use a tri-metal 
flange or earless/pill configuration 
that exhibits enhanced mechanical 
rigidity and high thermal conductivi¬ 
ty (up to 300 W/mK). Ultra Packs 
address the platform for the next gen¬ 
eration of high-power GaAs, GaN, 
SiC, and LDMOS FETs. 
Zentrix Technologies 
INFO/CARD 160 

Today's wireless technology requires uninterrupted data flow. 
Our LFN 1000 series crystal, manufactured in the _ 
TO-5 package meets the ever-changing 
needs of the wireless marketplace. 

We've been in business for 50 
years, manufacturing quality 
crystal products and meeting 
or exceeding the expectations J 
of our customers. So if you 
need high quality crystals, fl 
give us a call. We look ■ 
forward to doing business H 
with you. ■ 

Exceptional service... 
Exceptional products 

RF Design www.rfdesign.com 
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w  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" 

Florida Sunshine 
RF Engineers 

• RF Communications (Test, Design. 
Applications) 

• Antennas, Radomes, Static Dischargers 
• Lightning Protection & Portable Radios 
• Management & Staff Positions Available 

Resume to: Dayton-Granger, Inc. 
Ft. Lauderdale, Florida 

E-mail: HRDaytonGranger@Yahoo.com 
Fax: 954-761-3172 

0.1MHz to 3.1GHz Portable Spectrum Analyzers 
PS - 550 0.1 - 550MHz PS - 5A 0.1 • 1100MHz (1300MHz optional) 
PS ■ 58 0 1 - 2050MHz (2 bands) PS - 6C 0.1 - 3100MHz (3 banda) 

CenterfMarker frequency display with on screen marker cursor 
Measurement Range: -108 to *20 dBm 
Five Resolution Bandwidths 10KHz, 30KHz, 100KHz, 300KHz, 1MHz 
50 dB Input Attenuator in 10 dB steps 
2/10 dB/Div vertical display with Base Line Clipper 
Built - in AM/FM demodulation with monitoring speaker 
Optional built-In Tracking Generator 
AC / DC / Battery powered (optional internal *12V battery pack) 

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

Universal Microwave Components Corporation 

Lightweight - Portable operating Size: 11.5" x 5.4" x 12.9’ 
5702-D General Washington Drive 
Alexandria, Virginia 22312 

V. Tech Instruments, Inc. 
171 Burns Ave. Lodi, NJ 07644 

Tel: 973-546-7635 
Fax: 973-546-7651 
E-mail: vtechinst@erols.com 

Tel: (703) 642-6332 • Fax: (703) 642-2568 
IBÍIHÍ 

Wireless Product Development 
The “Part 15" Experts 

UHF, 915 MHz, 2.4 GHz 

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 

APEX 
WIRELESS. INC. 

2S25 Frontier Ave., Suite 200, Boulder, CO 80301 
3(B) 443 6699, ext. 26 FAX (303) 442 7123 

e-mail: rfgapexwireless.com www.apexwireleK.coni 

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.krtilters.com for more info or send 
your specifications for a technical review and quotation. 

KR ELECTRONICS_ 
91 Avenel Street • Avenel, NJ 07001 

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

Email: umcc@umcc111.Com 
Web www.umcc111.com 

NEW SAW DESIGN IN HALF THE TIME 
Developer and supplier of 
SAW components - AEC Ltd. 

Why should AEC be the one to choose? 
- we deliver your custom designed SAW 

samples in just a couple of weeks 
- we have minimum or no design charges 
- we offer extremely competitive prices 
- we provide excellent quality and minimum 

lead-time 
- we have talented designers, who can create 

even the most unrealizable SAW filters 

Please contact our expert service at SES 
(SAW Electronic Solutions) 

Tel/Fax 770-360-8292 E-mail ses4@mindsprinq.com . 
visit our catalog at http://on.wplus.net/aec 

ADVANCED 
SAW 
FILTERS 

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 

MANAGEMENT 
RECRUITERS« 
OF BOULDER, INC. 
The search and recruiting specialists 

WINDY BRADFIELD 
RF/ MICROWAVE SPECIALIST 

CONTINENTAL BLDG., SUITE 301 
1401 WALNUT STREET. P.O. BOX 4657 

BOULDER. COLORADO 80306 
(303) 447-9900 

FAX(303) 447-9536 
windy@mrboulder.com 

SURGE PROTECTION 
❖ COAXIAL Surge 

Suppressors for 
PCS. GPS. RF 
Equipment 

❖ AC Protector 
ULI 449 

❖ Surge Arrester 
Gas Tubes 

• Voltage from 
75V 
To 1500V 

• Available in 
Surface Mount 

CITEL, Inc. 
Tel: 305-62 1-0022 
Fax: 305-621-0766 

www.citelprotection.com 

CONSULTANT SERVICES 



.RF marketplace 

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 6061 1 
+1.312.840 .8454 • Fax: +1 .31 2.595.0295 
E-mail: ajohnson@primediabusiness.com 

career opportunities 

Visit us at www.rfdesign.com for the 2001 Media Kit 
Includes: advertising rates, mechanical specs, editorial calendar, and sales contacts. 

Find it faster... Page 

Career Opportunities . 109 
Consulting Engineers . 108 
Literature/Product Showcase. 108 

SC-cut Crystal 
Resonators 

For your SC-cut crystals requirement 
frequency 4-33 MHz 3rd overtone. High Q, 
low aging 2x10'° per day, calibration ±1.5 
ppm, G-sensitivity up to <lxl0’/g. 
Holders: HC-36, HC-37, HC-40. HC-43. 

Nofech Electronics, Ltd. 
11 Beith Hadfus St, Jerusalem 95483 Israel 
Tel.: +972-2-6510082 • Fax: +972-2-6510292 

Email: marketing@nofech.co.il 

Website: http://www.nofech.co.il 

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. 

SENIOR RF DESIGN ENGINEERS 
Thales Components Corporation (formerly Thomson -
CSF) at their design center in Connecticut is looking for 
senior RF Design Engineers with an MSEE or equivalent, 
with 5-10 years experience in Wireless Communications 
(up to 5 GHz) to design RF Modules (LTCC) and to provide 
applications support to customers. Some travel, including 
travel to France. 

We o^er excellent Salaried and bene/iid 

THALES COMPONENTS CORPORATION 

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. 

Please forward resume to: Hans Sandager 
Thales Components corporation • 40-G 

Commerce Way 
P.O. Box 540 «Totowa, NJ 07511-0540 

Senior RF Engineer/!iber-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 in 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 
transceivers. 

Sr. Filter Design Engineer: 3 plus years experience in the design and develop¬ 
ment of RF/Microwave filters for the wireless industry. Experience with ce¬ 
ramic. cavity, combline, stripline, low pass, band pass filters a plus. All Filter 
Designers are encouraged to apply. 
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We specialize in the placement ol wireless. RF. microwave communications nationally. 
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RF in ernest 

The evolution 
of toilet talk 

by Ernest Worthman 
technology editor 

eworthman@primediabusiness.com 

At last. I think I have discovered the ultimate moti¬ 
vation for deployment of ubiquitous wireless coverage. 

I was perusing one of the dozens of magazines I 
receive each month and found an interesting piece on the 
latest in toilet technology. While this isn’t the first time 
I’ve seen this, this time it ignited my creative juices. 

It seems that a couple of companies have discovered 
a way to make your toilet more than just a waste 
receptacle — Welcome the intelligent appliance. .. 

Matsushita Electric Industrial Company of Japan 
(Why doesn’t this surprise me?) and Twyford Bathrooms 
of Cheshire, England, have, separately, developed a net-
enabled toilet embedded with sensitive hormone and 
nutrient detectors capable of analyzing your waste by¬ 
products. It’s true. What’s more is that it talks to you. 
And, it can distinguish among multiple users. 

This could take some getting used to — But for 
someone like me, the conversation might be along these 
lines: (Try to see it in the same vein as the conversa¬ 
tion between Dave, the astronaut, and HAL, the on¬ 
board computer, in the movie 2001: a Space Odyssey.) 
A Sunday morning conversation -
T: “Good morning, Ern. Rough night, eh? Maybe you 

ought to reconsider those Ozzfests at your age. Would 
you like me to order up a perk-up special for your 
breakfast? From your fluid analysis, I’d suggest a 
megadose of vitamins E, B and C. I’ll signal the 
blender to add that to the protein and fiber cocktail.” 

E: “Chill out there, Mr. T. I need to get the heart 
started before I begin to deal with breakfast. How 
about you tell that finicky coffee pot to brew up a nice, 
strong pot of Bigbucks finest home-ground Hazelnut-
Raspberry-Espresso Blend.” 

T: “Be nice to that coffee pot, Ern. If you had as 
much water run through you as it has, you’d be finicky 
too. But you really should consider cutting out the caf¬ 
feine. I sense that it will get your heart rate up to a 
level that is too high for this time in the morning.” 

E: “Oh, knock it off, Mr. T., and get the darned thing 
to start cranking.” 

T: “OK, I’ll send it a nice, gentle, low-power wake-up 
call. It should be ready in a couple of minutes. 

“By the way, Ern, It seems your blood pressure and 

cholesterol are a bit higher than normal this morning 
Would you like me to send a quick message to the clin 
ic to make sure you’re not out of limits for your age?” 

E: “It’s OK, Mr. T. I had a super-duper order o 
macho-nachos with jalapenos, sour cream, refriet 
beans and avocados doused with my usual half-shake: 
of salt for dinner last night. It’s a temporary thing. Yot 
can recheck my vitals later and if it’s still up, log it.” 

T: “Beans, eh? Shall I increase the sensitivity of th( 
air quality sensors? Oh. ..sorry, Ern, we intelligent appli 
anees aren’t supposed to have humor. Have a nice day.” 
Onward to the kitchen - The toilet has the net 

enabled coffee pot gently brewing and the net-enablec 
juicemaster conjuring up a flavorless, colorless, stink' 
cocktail of vitamins, proteins, fiber, and minerals 
based on the analysis Mr. T. made of my morning ritu 
al. On the sly, I throw in a cold slice of pizza, hoping t< 
add a bit of flavor to the concoction. I’m sure Mr. T. wil 
have something to say about this later in the day. 

I gulp the concoction, wondering why it has this mis 
rising from it, pour a cup of coffee with three scoops o 
sugar and read a few sections of the morning paper. 

Finally, I head back up to the bathroom to showei 
and shave. Mr. T. tells me that, upon further analysis 
I am pregnant. 

“Pregnant?” I retort to Mr. T. “How in the heck can : 
be pregnant? I’m a guy, you idiot.” 

“Well, it seems you have a fever and your chemica 
balance is way off,” Mr. T. says. “It almost seems as i 
you have had a complete change of chemical makeup,’ 
the toilet continues. 

“You’re nuts,” I reply. 
“No,” Mr. T retorts. “I e-mailed the results to a lab t< 

be sure. And it definitely supports my preliminarj 
analysis.” 
About that time I hear a faint meow as Monte, mj 

tabby male cat walks out of the bedroom. 
About this time I’m really sorry I taught Monte tc 

use the toilet. 
But, seriously for a moment - Actually, after ] 

got a grip I realized that this could have some signifi¬ 
cant value, especially in areas such as medicine. Not 
only can the system talk to you and tell you if you’re 
pregnant, have elevated blood sugar, and have abnor¬ 
mal temperature or blood pressure, but these net-
enabled intelligent commodes can e-mail the results tc 
a doctor or other recipient of your choice. 

I think once we get past the shock of having a smart 
toilet and realize what it can do to improve the lives oi 
those who may not always be on top of their health 
(especially the elderly or infirmed), or finally get a reli¬ 
able and regular method of monitoring of our vitals, it 
may not be as errant as it sounds. 
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WIDERS 
0.47 to 10GHz 

2to32Way 4995
Looking for a “perfect fit" power divider for your 

50 or 75 ohm design. ..fast? 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! 

Model 
No. 

Of Models 

2WAY-0° 
2WAY-900 

2WAY-180' 
3WAY 
4WAY 
5WAY 
6WAY 
7WAY 
8WAY 
9WAY 
10WAY 
12WAY 
14WAY 
16WAY 
32WAY 

151 
4 
2 

83 
6 
25 
4 
62 
3 
11 
9 
1 
28 
1 

Freq. 
Range (GHz) 

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. 

C3 Mini-Circuits us 92 int'l 93 
CIRCLE READER SERVICE CAPO 

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

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

ISO 9001 CERTIFIED F177 Rev D 



Low Cost, High Performance 

0.5 -3W DEVICES 
For Fixed Wireless Access 

/ booth 
838 

New 79A Package — 

• Small size: just 4.0 x 4.2 mm 

• Large grounding pad for efficient heat dissipation 

New Medium Power 
GaAs & LDMOS FETs 

• High output power, high linear gain 
and high efficiency. 

• Low thermal resistance lets you drive 
your designs harder for higher linearity. 

Typical Performance @ 2.3 GHz, VDD = 5 V 
Part Number Description PidB (dBm) Gl (dB) Rjh (°C/W) Freq (GHz) 

NE6510179A GaAs 35 11 5 1.8 -3.7 

NE5520279A LDMOS 33 10 7 0.4-2.35 

NE651R479A GaAs 29 12 30 1.8 -3.7 

NE552R479A LDMOS 28 11 10 0.4 - 2.7 

* Other devices available, visit our website 

• Low voltage operation and miniature 
size make these devices ideal for wire¬ 
less modems, wireless LANs, mobile 
radios, cordless phones, cellular phones 
pagers and other handheld designs. 

1GHz 2GHz 3GHz 4GHz 

NEC CEL 

California Eastern Laboratories 

w w. cel.coni— 
J JI’ 1U Ji 

Santa Clara, California ■ 408 988-3500 

DISTRIBUTORS: Arrow (800) 525-6666 Reptron Electronics (888) REPTRON 

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (Canada) 
INFO/CARD23 




