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VCOs ARE OUR BUSINESS
and the PRICE is YOURS

Model Package Frequency Model! Package Frequency
V-0060 MINI 50-70MHz V-0550 MINI 500-600MHz
V-0120P Leaded 90-140MHz V-0600 MINI 400-800MHz
V-0120S S 90-140MHz V-0750 MINI 650-850MHz
V-0140 MINI 110-170MHz V-0880 MINI 860-900MHz
V0180 MINI 150-210MHz V0902 MINI 875-930MHz
V-0250 MINI 200-300MHz V-1150 MINI 1075-1150MHz
V-0350 MINI 300-400MHz V-2300A MINI 2300-2400MHz
V0450 MINI 400-500MHz Minimum order = 5 pieces

Model Package Frequency Model Package Frequency

SMV-1845  SUB 1815-1875MHz V-1400 Leaded 900-1900MHz
SMV-2100L  SUB 2050-2150MHz V-1425P Leaded  1350-1500MHz
SMV-2200L  SUB 2150-2250MHz V-14258 S 1350-1500MHz
SMV-2500L  SUB 2400-2485MHz V-1800 MINI 1700-1900MHz
V0800 MINI 750-850MHz V-1950 MINI 1900-2000MHz
V-0965 MINI 950-980MHz V-2000 ] 1600-2200MHz
V-1000 MiNI 600-1200MHz V-2250 MINI 2000-2500MHz
V-1050 MINI 900-1200MHz V-23008 MINI 2200-2400MHz
V-1075 MINI 1050-1100MHz V-2500 MINI 2400-2600MHz
V-1100 MINI 700-1400MHz V-3350 MINI  3100-3600MHz
V-1200 MINI 800-1600MHz Minimum order = 5 pieces

Z-COMM is the largest USA VCO supplier and one of the largest
worldwide, with over 400 VCO products from 40MHz to 7GHz.

F

m Z-Communications, Inc.

d 9939 Via Pasar - San Diego, CA 92126
Phone: (619) 621-2700 Fax: (619) 621-2722
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Powerful

wave

HIGHLY RELIABLE, ULTRA-LINEAR POWER AMPLIFIERS
\ B

FOR WIRELESS COMMUNICATIONS SYSTEMS

wireless.

LEADING THE WAY IN QUALITY, TECHNOLOGY, VOLUME AND SERVICE

A / \ N\
POWERWAVE"
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For more information about our products, please call toll-free 888.PWR.WAVE (888.797.9283) or 714.757.0530.
Powerwave Technologies, Inc., 2026 McGaw Avenue, Irvine, CA 92614. An ISO 9001 Certified Company.




THE WORLD’S LARGEST SELECTION

~

2""1' 106"1 from $295

Choose from over 480 standard off-the-shelf models from
2-way to 48-way; 0°, 90° and 180°; 50 and 75 ohms; covering
2kHz to 10GHz. Mini-Circuits will also supply your special needs such as wider
bandwidths, higher isolation, lower insertion loss, and phase matched ports...all at catalog
prices with rapid tumaround time. Models include surface mount, plug-in, flat-pack and
standard connectorized designs such as SMA, N, TNC, C, and F connectors as well as
custom designs. Ultra-miniature surface mount units provide excellent solutions in

cellular communications, cable systems and countless wireless applications. All units
come with a 1year guarantee and “skinny” 4.5 sigma repeatability unit-to-unit and
production run to production run, Catalog models are guaranteed to ship within one week.

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



Mini-Circuits RFAF Surface Mount Designer’s Guide features
48 pages of the most up-to-date and complete product and
specification information about Mini-Circuits surface mount
components.The RF/IF Microwave Handbook is packed with
740 pages of articles, selection guides and detailed
specifications for Mini-Circuits components

Call, write or fax for your free Surface Mount Designer's
Guide and Handbook today!

[ Mini-Circuits

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http//www. minicircuits. com  C/ACLE READER SERVICE CARD
“or detailed specs on all Mini-Circuits products refer to » 740- pg. HANDBOOK ¢ INTERNET » THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY » EEM

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 194 Rev Orig
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2 to2000MHzVCO, o $ , 95

It's a fact! With Mini-Circuits new POS family of shielded, laser sealed RABIENEES . Fionwon s CumaE e
) : Freq. Range  (dBc/Mz) @Bc) @+12VDC (Qy.5-49)
voltage controlled oscillators, you pay less and get more...Superior 4 MHz)  SSB@iOkHzTyp.  Typ. Max. $ea.
Performance, Top Notch Quality, and Value Pricing. Features include wide POS-50 25-50 -110 -19 20 11.95
band models with typically octave bandwidths and linear tuning. Low SSB POS-756  387.5-75 -110 27 20 11.95
phase noise characterized at 100Hz to 1MHz offsets. Excellent harmonic gggj,}gg ?211‘5’8 :18; gg 58 ”gg
suppression typically more than 30dB below. RF power output of +7dBm, POS-200  100-200 102 o4 20 11.95
excellent for driving level 7 mixers. Miniature size occupying only 0.4"x0.8" POS-300  150-280 -100 .30 20 13.95
board space. Hermetically sealed and ruggedly constructed for POS-400  200-380 -98 -28 20 13.95
tough environments. And best of all, these extremely reliable, high ~ POS-535  300-525 8 2 20 1
performance VCO's are affordably priced from only $11.95 each (qty.6-49).  £9S785. SRObS o it e pe s
Call Mini-Circuits today for guaranteed shipment within one week. NEWPOS-1060  750-1060 %0 11 30+ 14.95
ini_Circui , i 3 NEWPOS-1400  975-1400 95 -1 30* 14.95
Mini-Circuits...we’re redefining what VALUE is all about! NEWPO§-2 vt d 1370_2000[)(: ot ik o 1495
DESIGNER’S KITS: el Q0 L o T Sy
K-POS1 $124.95 (contains 1ea. all models except POS-1060 to -2000). ?f ‘Ssoogjn&‘gdgaggégts: ;?2%%32 %Eammémeb;nﬁ%ﬁo%koﬁ?ﬁ
K-POS2 $79.95 (contains tea. all models except POS-75,-150,-300, -1060 to -2000) Models POS-1060 to -2000 have 3dB modulation bandwidth, IMHz typ.
K-POS3 $79.95 (contains 2ea. models POS-1060,-1400,-2000). Operating temperature range: - 55°C to +85°C.

[ JMini-Circuits’

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

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 229 Rev Orig
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featured technology — DSP

32 Digital receivers:
The new wave for signal analysis

Digital receivers offer significant benefits in performance, den-
sity and cost when they replace conventional analog receiver de-
signs. As a general capability, any system requiring a tunable
bandpass filter can benefit from the use of digital receivers. A
comparison of a conventional analog receiver system with its
digital receiver counterpart reveals the benefits of digital re-
ceivers. —Rodger H. Hosking

cover story — p. 64

46 Genetic optimization algorithms
create high-performance, fixed-point digital filters
An RF engineer who implements an analog filter design usually sees deviations

from the designed frequency response caused by the necessity of using parts with
standard values. A similar situation occurs when a digital signal processor (DSP)

designer implements a digital filter in hardware that uses a fixed-point numeric
format. Designers can use optimization algorithms and design software to create dep artments
fixed-point digital filter designs that meet specifications at a minimum cost and 8 Editorial
power. —Carter Smith 14 Letters
20 Calendar
58 DSP technology optimizes gg Sg“,‘v’:es
multichannel digital receivers 78 " Produst Pl om
Digital signal processing rapidly is transforming the architecture of wireless com- 80 Products
munications systems. Although digital technology can provide an elegant design, it 87 Software
is highly dependent on unobstructed data communications among the digital signal 90 Literature
processors (DSPs), host central processing unit (CPU) and other portions of the sys- 92 Marketplace
tem. Ensuring high data throughput is challenging, but it is being simplified by 102 Editorial Index
igi i i ] —T 1. :
modular digital receiver architectures oby Haynes 102 Advertiser Index
cover story

64  Advances in component integration

Much progress has been made in single-substrate, submicron and deep-submicron
manufacturing techniques. As a result, end-user products are cheaper, lighter, small-
er and more reliable. However, as with most technological advances, deep submicron
component integration has its advantages and disadvantages. = — Ernest Worthman

Coming_in May

tutorial

é . . ° ifi

69 A new discourse on crystal oscillator basics Power amplifiers
Circuit designers with little experience with crystal oscillator circuits will find ¢ Tutorial:

three aspects of designing crystal oscillators to be important. The first is the piezo-
electric effect in relationship to the crystal models. The second is the basics of Phase-locked |OOpS
oscillator circuits. The third aspect includes actual design examples, including cir-
cuit simulation. With a clear understanding of the crystal models and with the ° .

design examples, circuit designers should be able to initiate their own crystal oscil- Cover Story' Ce"u'ar
lator design. — Waitak P. Lee, Ph.D.
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PolyPhaser
Corporation

PoLyPuassn CORPORATION HEADQUARTERS IS
LOCATED In THE CARsON VALLEY

estled in the Carson Valley and just min-

utes from Lake Tahoe, PolyPhaser

Corporation and its 140 employees are

headquartered in Minden, Nevada. The

company is dedicated to providing light-
ning/electromagnetic pulse protection and
grounding solutions for the communications
industry. Founded in 1979 by Roger and Gayle
Block, PolyPhaser designs and manufactures
more than 2,500 models of coax, power and
twisted pair protectors from within a 53,000
square foot state-of-the-art facility.

PolyPhaser custom designs products to
meet customer needs in a variety of fields,
including cellular, paging, broadcast, wireless,
mobile communications, military, PCS, GPS,
9-1-1 sites, ham radio and power companies.
Custom protectors are routinely designed, test-
ed and produced, and often become part of
PolyPhaser’s future catalogs.

Among PolyPhaser’s lightning protection
products are coax entrance panels, cellular
protectors, inline power mains, global posi
tioning system coaxial protectors, shunt-type
power mains, rack panel protectors, educa-
tional material, LAN/data line protection, cus-
tom products, grounding components and
power-supply protectors.

To further safeguard a client's communi-
cations equipment, PolyPhaser offers complete
technical support, testing, training, consulting
and a web site at http://www.polyphaser.com.

A current seminar PolyPhaser is offering
consists of three eight-hour days. The first day
addresses lightning and grounding fundamen-
tals; day two discusses grounding theory, appli-
cations, methods and products; and day three
delves into grounding case histories and offers
hands-on learning activities.

When Lightning Strikes . . . Count on a
PolyPhaser®. m

PolyPhaser

CORPORATION

2225 Park Place ® Minden, NV 89423
(702) 782-2511 e Fax (702) 782-4476
E-Mail: info@polyphaser.com
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RF editorial

Growth areas for
RF component

production

By Don Bishop
Editorial Director

Telecommunications businesses that
rely on RF components include paging,
cellular, personal communications ser-
vice (PCS), cordless, local loop, comput-
er area-networks, direct broadcast
satellite and geopositioning, to name a
few. These businesses use high-
technology products. They nearly
define a portion of the technology
industry, where success is linked so
closely to consumer preference, and to
Pprice.

PCS is poised to grow dramatically,
helping to increase RF semiconductor
production. Demand for Ku-band satel-
lite band receivers will grow, too.
Telephones and televisions are among
America’s most popular consumer prod-
ucts. Wireless handsets and direct
broadcast satellite offer two new ways
to use phones and TVs that have cap-
tured the consumer’s attention.

I’ve been tracking developments
involving direct audio broadcasting,
known as Satellite Digital Audio Radio
Service, or S-DARS. Ugh. Who names
these things? Audio radio? Is there
another kind? Anyway, no one can
deny that, along with telephones and
televisions, radios have been enormous-
ly popular consumer products. I won-
der, though, whether many people will
buy S-DARS receivers. Maybe if the
programming is compelling enough.
The FCC scheduled an auction for
April 1 to sell two licenses good for
multiple channels. Products will follow.

Gallium arsenide (GaAs) technology
will continue to benefit as applications
move to higher frequencies and adopt
linear systems.

Wireless data is about to explode. It
has been about to explode for the past
10 years. As everyone waits, wireless
data grows slowly. Infrastructure is
lacking. Cellular digital packet data
(CDPD) sputters along. RF networks
on commercial radio service and pri-

vate radio service frequencies serve
commercial customers with particular
requirements. “Killer apps,” they say.
“Give us killer apps.” (Translation:
Consumer applications with broad
appeal are lacking.) The application of
reading business and residential elec-
tric and gas utility meters is growing
fast.

Fragmentation of standards for wire-
less local loop is likely to continue.
Maybe multiple standards won’t have
as much effect on individual local loop
products as they have on wireless tele-
phone handsets because houses don't
move. As far as wireless phones are
concerned, though, the fact that service
providers use systems with multiple
standards and frequency bands will
lead to growth in the production of
multiband or multistandard wireless
handsets.

On the one hand, handset price is
kept lower by limiting the flexibility to
one analog standard and one digital
standard on one band, but utility and
consumer satisfaction are improved by
including multiple standards and
bands. Multistandard, multiband wire-
less handset manufacturing is for those
with engineering innovation and mar-
keting savvy.

This month, we welcome Roge1
Lesser as associate editor. Previously.
Roger edited Defense and Security
Electronics. Prior to his four years with
Defense and Security Electronics, Roge1
spent 20 years in the U.S. Air Force
rising to the rank of lieutenant colonel
You can reach Roger in the Englewood
CO office. His email address is
roger_lesser@intertec.com. At the same
time, we say goodbye to Pat Werner
whom Roger replaces. Pat returns tc
freelance work and to writing novels
(She has published 16.) Thanks, Pat, fo1
the fine work during the past year. RF
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THE ONLY SOURCE FOR RF AMPLIFIERS FOR...

EMC Test - Amplifiers from 1 to 3000 Watts

* EMC frequency spectrum from 10kHz to 1GHz and RF
power levels to 3000 Watt CW

* Manual/remote control as well as GPIB interfacing of all
front panel functions

* Output power may be set at user defined levels and saved
without readjusting signal source

* VSWR protection guards against load mismatches and
maintains a safe output level

Communications - Amplifiers from 200 to 1000 Watts
¢ Communication bands from 1 - 1000 MHz

* Model M200U-BPA covers UHF Satcom band

* Communication systems also cover HF

* Multi-band with built-in harmonic filters and T/R

Dual Band - Amplifiers from 10 to 100 Watts

* Coaxial relay switching permits use of two individual
RF amplifiers in a single enclosure

* Common power supply, control circuits and 1/O
connections to yield a GPIB controllable ultra wideband
amplifier greater than 16 octaves

® User-friendly, cost-effective

Distributed Tube - Amplifiers from 200 to 2000 Watts

*® Power delivery into severe impedance mismatch without
shutdown or foldback

¢ Solid state drivers

* 200, 250, 500, 1000 and 2000 Watts available

OEM Amplifier Modules - 1 to 250 Watts

* Frequency ranges from 50 kHz to 1 GHz at power output
levels to 250 Watts

® Available direct from stock or customized to meet specific
application

* Proven reliable performance worldwide

For over 25 years, Kalmus has been providing RF Amplifiers to meet the needs of EMC test, medical
device, communications and laboratory applications. Kalmus RF amplifiers are the choice of many
manufacturers in their OEM applications. With a range of over 125 models, Kalmus has an amplifier
to meet your specific requirements.

Kalmus T e
11807 N. Creek Parkway South oW VAU_/W@
Suite #109 ! = =t=f

Bothell, WA 98011 USA
(800) 344-3341 o Tel: (206) 485-9000 ¢ Fax: (206) 486-9657
http://www.thermovoltek.com ® E-Mail: kalmus@kalmus.com

Thermo Volitek

In Europe, contact Onno de Meyer, European Regional Manager, EMC Products, Thermo Voltek
Tel: +31 71 541 3910 ® Facsimile: +31 71 5 416 310

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

COMTEST « KALMUS ¢ KEYTEK ¢ PACIFIC POWER SOURCE  VERIFIER » UVC
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Accessories

for i testing

Ultra-broadband E and H field monitor * Four-channel capability.
Five E-field probes available. Two standard isotropic probes cover 10 kHz
to 1000 MHz or 80 MHz to 40 GHz, 1-300 V/m. Special-application
probes have sensitivity down 10 0.15 V/m or up to 3000 V/m. Two H-field
probes provide sensitivity down to 15 mA/m from 5 to 300 MHz and
down 10 0.15 A/m from 300 kHz to 30 MHz, respectively.

PCB emissions scanner ¢ Identifies frequency and location of
emissions (10 MHz to 1.5 GHz) on powered-up and active printed circuit
boards. Expedites correction of high-emission problems using before/after
comparisons. Excellent precompliance test device for computers, wireless
devices, and other products whose success depends on rapid product-to-
market cycles. Helps establish minimum solutions to achieve compliance,
reducing product price.

Antennas ¢ 10 kHz to 18 GHz of coverage. includes high-gain
horns, log-periodic, cavity exciting. E-field generators, and broadband
transmission line.

Dual directional couplers * 13 models up to 15 kW CW, 10 kHz to
18 GHz, matched to Amplifier Research amplifiers and antennas for
measuring forward and reflected power.

Broadband fiberoptic data links * Modular plug-in analog
systems for acquiring and measuring interference data. simulating EUT,
and displaying results. dc to | GHz. Used extensively in automotive
susceptibility testing.

Fiberoptic CCTV systems * Watch performance of EUT under
hostile EMI and/or EMP shielded-room conditions. Interference-free
viewing, dc to 40 GHz, up to 200 V/m. Remote-control shielded camera.
Color or b&w.

TEM cells * Haif again the bandwidth of comparable-size chambers:
to 750 MHz for 15-cm EUT, to 375 MHz for 30-cm EUT.

Broadband low-noise preamplifier ¢ Increases the dynamic range
and sensitivity of systems with high noise figures. 10 kHz to | GHz,
30 dB gain (minimum), noise figure of 3.5 dB typical.

Broadband leveling and control preamplifier * For constant-field
rf susceptibility testing requiring automatic power-output control: for
NMR spectroscopy requiring pulsing, blanking, rf delay and pedestal
output; and for other complex rf testing applications. Provides 40 db of
automatic gain control from 10 kHz to | GHz. Accepts monitor input
voltage of any polarity (positive, negative, differential).

1-800-933-8181

Call toll-free and one of our applications engineers will answer the phone.

@ 160 School House Road
° i a'l;'sl'ﬂllllrlligﬂ Souderton, PA 18964-9990 USA

For engineering assistance, sales, and service throughout Europe, call
EMV: Munich, 89-614-1710; London, 01908-566556; Paris 1-64-61-63-29
www.ar-amps.com

INFO/CARD 4
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MICROWAVE & RF Division
MICROWAVE DIODES

FERRITE DEVICES

MICROVAVE MODULES
WAVEGUIDE COMPONENTS

TIME & FREQUENCY Division

QUARTZ RESONATORS
QUARTZ OSCILLATORS
QUARTZ FILTERS
Rusipium

SMD
XO and YCXO

-QE has developed a range of
iMD oscillators suitable for both
:ommercial and military
ipplications.

" %ag., \
'Frequency range : 3kHzto 100MHz -~ #7 ay ™” AE-gy YOy ”

' Stability : < 25 ppm

*Output HCMOS/ TTL

Tristate option available
'Resistant to very high shock and
vibration.

] - leaded ceramic holder

“Types QEN 79

‘Types QEV 79

WORLDWIDE
SALES OFFICES

Belgium

Tel: +32 (0) 2 715 90 20
France

Tel: +33 (0)1 49 88 49 00

Tel: +33 (0)3 25 76 45 00
Germany

Tet : +49 (0) 89 51 64 0

italy

Tel: +39(0) 2 761 10 168
The Netherlands

Tel : +31 {0) 79 331 01 00
Nordic countries

Tel : +46 (0) 8 756 70 40
Spain

Tel : +34 (0) 1 320 41 60
United Kingdom

Tel : +44 (0) 1256 883 340

TEKELEC

:

IT'S THE CRYSTAL
THAT COUNTS !

981 v

1 9883 STTiO0N;
SE_IB mﬂrnm 01288
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- 1.3E-gg

Tyl LSpy by
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enown for the quality of our products,
n RTEMEX is a world leader in piezoelectricity,

and we offer a complete range of products :

AT anD SC-cut RES\O‘NATORS,
1 10 200 MHz Qumuz AND

(CHEMICALLY AN NICAI:LY MILLED)
XO - VCXO - TCXO - DICXO - OCXO

Let us provide custom solutions for your
resonator, oscillator and filter requirements !
You will be surprised by our performance

and service level !
INFOICARD 12

™1 CERAMICS & CAPACITORS DivisioN

CERAMIC CAPACITORS

TRIMMER CAPACITORS

FILTERS AND DUPLEXERS
DIELECTRIC AND FERRITE MATERIALS
TANTALUM CAPACITORS

Mica CAPACITORS

Ultimate n
stability :

OCXO 1 to 130 MHz
SC-cut crystal

Glass holder

High stability ovenized crystal
oscillator

*Fast warm-up : <5’ for 5.10°
*Freq. / Temp: $£3.10°
*Phase Noise (5 MHz) :
120 dBc/Hz - 10 Hz
150 dBc/Hz - 1 kHz
155 dBc/Hz - 10 kHz
* Ageing : 3.10""/day
*100% screening
+Low power
* International holders

TEMEX ELECTRONICS

3030 W. Deer Valley Road
PHOENIX AZ85027 USA
Phone : 602.780.1995
fax : 602.780.9699



OUR STANDARD MONOLITHIC CRYSTAL FILTERS
All 2 pole and 4 pole monolithics ship from stock on hand.

NO. [TEMEX | PASSBAND STOPBAND LOSS| RIPPLE | ULT. REJ., TERM. European
POLES P/N dB | +tKHz | dB+KHz | dB | tKHz | dB | dB-MAX  dB-MIN. Q/PF | |contacts:
2 TE5000 3 | ar 20 | 18.0 = 2 2 1.0 50 1800//+4
4 TE5010 3 | a7 30 | 140 . - 3 2.0 60 1500//+3
6 TE5020 8 | 375 60 | 125 - - 4 2.0 70 1500//+3
N 8 TE5030 6 | 375 60 | 100 | 90 | 125 5 2.0 80 1500//+3 France or
x= 2 TE5040 3 | 650 20 | 300 - - 1 1.0 50 2700//0 Benelux
— 4 TE5050 3 | 650 30 | 15.0 - - 2 20 75 3100/0 (Tel)
6 TE5060 6 | 6.50 60 | 19.5 - - 3 2.0 90 3100/0 (33)25.76.45.00
N~ 8 TE5070 6 | 6.50 60 (130 |80 | 175 4 2.0 100 3100/0 (Fax)
°- 2 TE5880 3 7.50 20 | 35.0 - - 1 1.0 50 3000//0 (33)25.80.34.57
2t 4 TE5090 3 | 750 30 | 17.5 - - 2 2.0 75 3300//0
6 TE5100 6 | 750 60 | 225 - = 3 2.0 90 3300//0
8 TE5110 6 | 7.50 60 | 150 | 80 | 20.0 3 2.0 100 3300//0
2 TE5120 3 | 150 20 | 700 & - 1 1.0 35 5000//-1
4 TE5130 3 | 150 30 | 35.0 - - 2 2.0 60 5800//-1
6 TE5140 6 | 150 60 | 45.0 - - 2 2.0 90 5000//-1 United Kingdom
8 TE5150 6 | 150 60 | 300 |80 | 40.0 3 2.0 100 5000//-1 (Te)
(44)11734.258.040
NO. [TEMEX | PASSBAND STOPBAND LOSS| RIPPLE | ULT. REJ.| TERM. (Fax)
POLES, PN dB|+KHz | dB | +KHz| dB [+KHz | dB | dB-MAX | dB-MIN. Q/PF | [((44)1.734.258050
2 TE5180 3 | 3718 15 | 125 < - 2 1.0 50 850//+6
a TE5190 3 | ars 30 | 125 - - 3 2.0 70 850//45
6 TE5200 6 | 375 60 | 125 - - 4 2.0 90 850//+5
N 8 TE5210 6 | 375 60 |10.0 |80 | 125 5 2.0 100 850//+5
X | 2 |TEsz20 | 3 | e5 |15 [200 | - - 2 10 50 1300742 | |Germany
-] 4 TES230 3 | 650 30 | 225 - - 3 2.0 70 14000 | |
6 TE5240 6 | 6.50 60 | 225 - - 4 2.0 90 1400//0
- 8 TE5250 6 | 650 60 (175 |80 | 225 4 2.0 100 1400//0 g::ls)g.smm
>— 2 TE5260 3 | 750 15 | 250 - . 2 1.0 50 1500//0 (4)89.51.64.194
N 4 TE5270 3 | 750 30 | 250 - . 3 2.0 70 1600//0 Wik
6 TE5280 6 | 750 60 | 250 - , 4 2.0 90 1600//0
8 TE5290 6 | 750 60 (200 |8 | 250 4 2.0 100 1600//0
2 TE5300 3 | 150 15 | 500 - - 2 1.0 45 3000//0
4 TE5310 3 | 150 30 | 450 - . 3 2.0 60 3000//-1
6 TE5320 6 | 15.0 60 | 45.0 . - 3 2.0 90 3000//-1 Nordic
8 TE5330 6 | 15.0 60 [330 |80 | 450 4 2.0 100 3000//1 g
46)8.756.70.40
NO. [TEMEX  MODE PASSBAND | STOPBAND | LOSS| RIPPLE | ULT. REJ.| TERM. (Fax)
N [POLES| P/N dB! tKHz | dB | +KHz dB | dB-MAX | dB-MIN. QJPF | |(46)8.756.70.44
- 2 TE®420 | 3-OT 3| 375 | 18 | 16.0 3 1 40 2000//-1.0
== 4 TE9310 3-o1 3| 375 30 125 3 1 70 2000//-1.0
2 TE7420 30T 3| 750 18 28.0 2 1 40 3000//-1.0
O | 4 |TETMH30 | 30T 3| 750 | 40 | 300 3 1 70 3000//-1.0
Vo) 2 TE7440 30T 3| 150 15 47.0 2 1 40 8000/-1.5 | |\ .
< 4 TE7450 30T 3| 150 30 50.0 3 1 70 8000/-1.5 aly
2 TE7730 FUND 3 15.0 15 50.0 2 1 40 1100/+1.5 | |(Tel)
4 TET740 | FUND 3 | 150 40 60.0 3 1 70 800//+1.0 229)2)-761-10158
ax
N (39)2.738.54.62
0= NO. | TEMEX | MODE PASSBAND ¥ STOPBAND LOSS | RIPPLE | TERM.
= POLES| PN dB | :KHz | dB |tKHz' dB KHz] dB | dB-MAX Q/PF
2 TE10400 | 3-OT 3 75 18 (30 | 35 | 910 2 1 2000//-1
D 4 TE10410 | 3-OT 3 75 35 | 25 | 80 | -910 3 1 2000//-1
2 TE10420 | 3-OT 3 10 15| 30 |35 | -910 2 1 2500//-1 .
E 4 TE10430 | 3-OT 3 10 35 | 40 |80 | 910 3 1 2500//-1 (/;LI')Others.
(33)25.76.45.00
nNa | NO. [TEMEX | MODE PASSBAND | STOPBAND | LOSS | RIPPLE | TERM. (Fax)
X |[POLES, PN dB  :KHz | dB tKHz| dB| KHz| dB | dB-MAX Q/PF (33)25.80.34.57
— 2 TE10440 | 3-0OT 3 7.5 18 | 30 | 35 | 910 2 1 2000//-1
4 TE10450 | 3-OT7 3 75 3| 25 80 | 910 3 1 2000//-1
Q 2 | TEl0460 | 3-OT 3 10 15| 30 | 35 | -810 2 1 2500//-1
oS 4 TE10470 | 3-OT 3 10 3 | 40 | 80 | 910 3 1 2500//-1
(= ) 4 TE10480 | 3-OT 3 15 30 | 50 |80 | -910 3 1 4000//-1

TEMEX

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

IN THE UNITED STATES CONTACT:

TEMEX ELECTRONICS, INC.
3030 W. DEER VALLEY RD. PHOENIX, AZ USA 85027

(602) 780-1995
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ATOMIC CLOCKS
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FEATURING:
LOW TEMPERATURE
SENSITIVITY
LOW PHASE NOISE
EXCELLENT SHORT &
LONG TERM STABILITY
LOW POWER
CONSUMPTION
FAST WARM-UP
SMALL VOLUME
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15 YEAR Rb LAMP LIFE
EXPECTANCY

PLUG-COMPATIBLE

WITH AN INDUSTRY
STANDARD

RS 232 INTERFACE FOR
CENTER FREQUENCY
ADJUSTMENT AND
MONITORING OF THE
WORKING PARAMETERS




RF'letters

Letters should be addressed to the
Editor, RF Design, 5660 Greenwood
Plaza Blvd., Suite 350, Englewood, CO
80111. Letters published may be edited
for length or clarity.

Kudos for tutorials

Just a short note to tell you that I
enjoy the RF tutorial articles and find
them quite useful to clip and place in a
notebook to answer questions from
young engineers who are in my depart-
ment. When 1 get questions, rather
than launching into a long tutorial on
my white board, I give them the pages
I have placed in plastic sheet protec-
tors and let them learn by reading an

appropriate tutorial.

I particularly enjoyed the article on
coaxial cables written by Jim Weir in
the August 1996 issue. Jim does a good
job of explaining things using anec-
dotes and simple explanations that
don’t lose the inexperienced reader. I
have seen some of his posts to internet
newsgroups and they had a similar fla-
vor. I would like to see additional
tutorials from Jim. He does a great job
of explaining the basics to the RF
novice. Even we “old timers” some-
times learn a thing or two in the
process.

Paul J. Dobosz

Reynosa, Mexico

MTT includes HF and VHF

Microwave Theory and Techniques
(MTT) has decided to emphasize its
interests in the HF and VHF frequency
ranges. Radio-frequency engineering
involves frequencies as high as 1 GHz
and includes not only transmitters and
receivers for radio communication, but
also RF heating (plasma), medical
imaging (e.g., MRI), and RFID. This
area is rapidly growing because of the
expansion of “wireless” communication
systems and devices.

An estimated 26,000+ RF engineers
have to date lacked a focal point within
IEEE. Related papers have been scat-
tered through various IEEE and trade

A New Day is Dawning in the RE World
for Contract Vlanufactiiring

14
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A GREAT
START TO EVERY
ENGINEER’S
MORNING

When you're hungry for small-size high performance devices
in your wireless designs, pour yourself a bowl full of
RF components from Future ELecTRONICS’ HP Value Pack. Hewlett-
Packard has the largest selection of RF Schottky-Barrier and PIN
diodes available in the SOT-323 package. With performance up to
12 GHz, there’s a flavor for everyone - whether you're designing
products for cellular or PCS handsets, basestations, DBS, RF tags
or wireless data.

18 new Schottky-Barrier diodes

So many choices! What sounds good this morning? HP makes
Schottky-barrier diodes for a wide variety of applications, such as
DC-biased detectors, zero-bias detectors, mixers, clamping
circuits and ultra-fast ESD protection.

12 new PIN diodes

It PIN diodes are what you crave, HP offers several tasty alterna-
tives. Whether you need low capacitance switching, low distortion
attenuation or a general purpose PIN, HP can satisfy your appetite.

Ultra-smail

S0T-323 package is 40% smaller than standard SOT-23 or SOT-143
All of these diodes are now available in the ultra-small
S0T-323 package and will help you free up valuable board space
in your design.

At Future ELEcTRONICS we believe knowing the
cupboard is full is important to every engineer.
And as Future ELECTRONICS' partner you have access
to the information and products your business needs
everyday. We provide a level of service, experience and
expertise that is unmatched anywhere in the industry.

So if you start your work day with wireless RF components,

contact Future ELecTronics for more about our free HP Value Pack
of diodes.

KA cicknrn

v

FUTURE ELECTRONICS
v
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For full comphance to IEC immunity spea

Push button.
Wheak havoc.

Repeat as necessary.

The EM Test 500-Series interfer-
ence generators let you unleash the
precise sequences of electromagnetic
phenomena you need for full compli-
ance testing to a wide range of [EC
specifications for immunity.

One fully automated rack-mounted
system does the job, generating wave-
forms for burst, surge, and voltage dips.
Purchase the generators separately, as
standalones, and run the tests you need
manually. Add generators as they make
sense. Add software and rack mount to
make a system (the RS232/ IEEE-488
bus is built in). Or choose an Ultra
Compact Simulator (UCS500).

And run five IEC test procedures
from one unit.

Versatile set-up arrangements let
you choose predefined test routines.
Customize your own in the software.
Or repeat your last test. All with the
touch of a soft key. When your product
has passed testing: apply “CE.”

The 500-Series generators for
immunity are part of a complete line
that includes the industry’s only CW
conducted immunity unit, and a
group for full compliance to auto-
motive specifications.

. AMPLIFIER
RESCARCH

160 School House Road, Souderton, PA 18964-9990 USA ¢ Tel 800-933-8181 or 215723-8181 ¢ Fax 215723-5688 g
wwWw.ar-amps.com ¢ e-mail: info@ar-amps.com %
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journals. As a result, most RF engi-
neers have not seen a great benefit in
being IEEE members.

RF and microwave work use different
components (e.g., MOSFETSs rather
than GaAsFETs), but many techniques
(power amplifiers, low-noise receivers,
couplers) are analogous. Equally or
more important is the attitude that the
application of theory has practical lim-
its imposed by stray capacitance and
lead inductances. The interests of mi-
crowave and RF engineering thus have
much in common. Inclusion within MTT
will provide a focal point with peer-
reviewed publications with long-term
availability. How the increased empha-
sis on HF and VHF is to be handled
within MTT has yet to be determined. It
is likely that many disciplines will fall
within the scope of existing MTT techni-
cal committees. Others that are unique
to HF-VHF may necessitate the forma-
tion of a new, permanent technical com-
mittee. An ad-hoc committee has been
formed to look into these issues. Anyone
interested in helping in this effort
should contact me. Special sessions at
MTTS 97 in Denver are planned.

Frederick H. Raab, Ph.D.

50 Vermont Ave., Fort Ethan Allen,

Colchester, VT, 05446.

Tel. and fax 802-655-9670.

The problem with solutions

With regards to your recent com-
ments on the terms “solutions” and
“wireless,” I agree wholeheartedly.

It is my opinion that solutions are
usually present long before any “prob-
lems” exist. Often, solutions never even
find problems. In that case, the prod-
ucts under the solution umbrella usual-
ly are taken off the market and the
companies redirect their efforts
towards other, more profitable, product
lines. Had these organizations sur-
veyed the market to determine existing
needs before they started development
of such products, they might not have
gone through such futile exercises.

Having spent a few decades associat-
ed with commercial broadcasting, land
mobile radio (a term I still frequently
use) and various forms of RF design, I
still can’t get used to “wireless” commu-
nications. When I hear the term used, 1
can’t help but hark back to the Marconi
era (no, I'm not that old!) and think of
the basic underpinnings of radio com-
munications. I hope designers do not
entertain visions of wideband spark
gap technology in today’s products!

April 1997
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The key question—when can you deliver? The clock is ticking. Your RF chip ‘ RF DESIGN
Just failed specs. Again. And you're afraid that these fab-debug-redesign cycles

might go on forever. Fortunately, Cadence has a solution that will shoot your

design straight to silicon.

Cadence hurtles your chip to market by delivering a unique combination of advanced
technology and expert services. Cadence’s SpectreR F™enables full-chip simulation
of RF LSI designs—and handles the tough problems, like accurate nonlinear noise
analysis—bringing predictable schedules and fewer re-spins to your design cycle.

And if you need it done REALLY fast, consider letting our team of RF IC experts
supplement your own. We can help—from building your custom technology files,
to helping you optimize your RF design methodology, to actually guiding you
through your first RF chip design.

Don’t hold back. Call Cadence today at 1.800.746.6223, or visit our Website at
www.cadence.com.

[cadence]

©1997 Cadence Design Systems, inc 555 River
Oaks Parcway, Sen Joe CA 95134 The Cadence
logo and SpectreRF are trademarks of Cadence
Desgn Systerms, Inc Corparate Marketng 2/37
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I theorize that the recent upsurge in
the use of these terms is probably the
product of a younger wave of market-

poj

ot bl i s T, - - ing people who desire to form their
¥ own unique vocabulary to woo cus-
O NLY WE HAVE THE VISION TO SEE THIS FAR. tomers and impress their peers. Many

of them possibly never learned about
true wireless history.

Just one’'company has the foresight to envision the future — Hughes P oo et e i, o Ll s

Sensors and Communications Systems. I's why we've become the leader years in which to thrive. If, by that
in reliable, -high quality electro-optic and radar sensors, and communications products. time, they fall into disuse, I will go on
And it's why the U.S. military and commercial programs rely upon us for exceptional using the old terms I have been using
innovation, value and customer service every time. As we approach the 21st century, for most of my life.

Hughes Sensors needs your vision and teamwork to extend our market leadership IG;reglf;ry Aélgr

beyond, and into the future. We are locking for the following engineering professionals PR

to fill positions in our Southern California locations. Our ideal location affords Stimulating discussions

easy access 1o recreational, educational and cultural activities. Think of it! You can As you invited, I am putting in my

bid for more on [coaxial standards].
Discussions of this type of thing,
whether they resolve the issues or not,
All positions require a BS, MS or PhD in Electrical Engineering, Physics, make you think of the underlying fun-

Mathematics or Computer Science and up to 15 years’ related experience. damental principles. It is only through
a good understanding of the basics that

most new ideas develop.

swim in the Pacific Ocean, attend a Broadway performance at the Dorothy Chandler
Pavilion ond enjoy o meal at a world<lass restaurant all in the same day.

*ANTENNA ENGINEERS (JoB CoDE: MJB-27) Camaatime e 1950, HLinescrusiig
that after 50 years of trying he was
«MICROWAVE CIRCUIT ENGINEERS (JoB CoODE: MJB-27) still no closer to understanding what

a photon was. He added, “most people

«HARDWARE SYSTEM ENGINEERS (JoB CoDE: MJR-23) Bl hey Enio wliat aphiotonis R
«REAL-TIME SOFTWARE ENGINEERS (JoB CoDE: MJR-23) they are wrong.”
Of course all the notions of “fields”
«SYSTEM PERFORMANCE ANALYSTS (JoB CoDE: MJR-23) and such devices frequently used in RF
«ASIC DESIGN ENGINEERS (JoB CoDE: JRS-24) design are mere mathematical con-
structs, and although widely useful,
+DESIGN AUTOMATION ENGINEER (JoB CODE: JRS-24) can constrain creative thinking if one is
«MECHANICAL ENGINEERS (JoB CODE: $5-27) allowed to fall into the trap of believing
that the model represents reality.
*RECEIVER/SYNTHESIZER ENGINEER (JoB CoDE: $5-27) For example, when you try to under-

«SYSTEM INTEGRATION AND stand something as simple as how an
antenna radiates (or receives), you will

TEST ENGINEERS (JoB CopE: MJR-23) find field theory is a description of how
*RF/0PTICAL ENGINEER (JoB CoDE: $$-27) it all happens, but is most unsatisfacto-
ry when it comes to the why questions.
Why does an antenna have a radiation

To be considered for one of the positions listed above, please send your resume, referencing resistance, for example? What is resist-
the appropriate job code number, to: Hughes Sensors and Communications ing the electron motiqn? If you believ.e
Systems, Job Code: __, Dept. RFD-4/97, Loc. RE, Bldg. RO1, MS A549, f:‘:v‘:“ar(‘)tt‘}‘l‘:r ';zzi‘:(‘)“n“:ﬂ % eg“u’::l‘i';trs:
P.O. Box 92426, Los Angeles, CA 90009-2426, Fax: (310) 334-7299. On th'gother hand, field theory permits..
E-mail resumes in ASCIl text to: rcsad@ccgate.hac.com. Graduate Fellowships an antenna to radiate without any out-
are available to qualified Hughes employees. Proof of U.S. Citizenship is required. We side references. Field theory permits us

to obtain most practical designs more
easily than quantum mechanics. These
models thus have their limitations.
Quantum mechanical explanations
of the fundamentals of RF are begin-
ning to mature. This is an exciting era
in history to be getting back to funda-

SENSORS AND
COMMUNICATIONS SYSTEMS mentals, and I would like to see RF
Design take up the challenge.

A HUGHES ELECTRONICS COMPANY .
Neil J. Boucher
Hughes offers outstanding health and life insurance. Australia

INFO/CARD 11
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AS MANY PLL CHOICES
AS YOU HAVE IDEAS.

BUILDING THE BEST SOLUTION

You have great wireless design ideas and stringent
performance requirements. To pull them off,
you’ll need PLL solutions that give you all the
performance vour unique designs demand.
Fujitsu, the pioneer in the PLL market, has just
introduced the E, F and S Series, representing
the next evolution in its expansive line of PLL
devices. With Fujitsu’s broad PLL offering you

can make vour ideas a reality.

Fujitsu’s high-performance E, F and § Series

v Maximum Current
w Frequency Consumption Rachage
E Series 16-pin
(smg|e) 2.5GHz 3.5mA SSOP

. 16-pin
Fomr® | 206H | soma | 20pin
SSOP

S Series 8-pin
(masked) | 300MHz | 35mA | gg0p

PLLs deliver faster lock times, lower power
consumption and improved phase noise to meet
your design requirements in cellular, PCS and

data communications.

What’s more, Fujitsu’s exclusive S Series architecture
is mask programmable—dramatically simplifying
your system design since no external programming
is required. Reference and divide counters are
pre-programmed, making it casier to turn great

ideas into great wireless products.

And, Fujitsu’s wireless roadmap enables you to
create highly integrated monolithic solutions based
on an extensive portfolio of RF products, including
their PLL family of devices that fit any design.

So, if you're geared up for the right PLL parts,
set your sights on Fujitsu. Call us today at
1-800-866-8608. Or visit our web site at

www.fujitsumicro.com.

Visit us at MTT-S booth #948 — June 10-12, Denver

Fujitsu Microelectronics, Inc., 3545 North First Street, San Jose, CA 95134. ©1996 Fujitsu Microelectronics, inc.

All trademarks or registered trademarks are the property of their respective holders.
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ATC 100 A and 100
B Series RF/Micro-
| wave Porcelain High
Performance MLCs with low
| ESR/ESL are available through
QUIK-PICK, READY TO
| SHIP ANYWHERE IN 48
HOURS". Selected values and
| tolerances of ATC's entire family
of capacitor products are also

QUIK-PICK 48 HOUR SHIPMEN

o
available, such as

high Q NPOs and

low cost MLCs in |

EIA sizes (NPO, X7R, Z5U). Our |

new Product Guide gives an
overview of the entire ATC line.
Call 1-800-773-4775 Ext.
1420. For individual data
sheets, dial our FAX-BACK
SERVICE: 516-547-5884.

* W terminations (nickel barrier, solder plated). Rugged, high performance terminations
A s g g -t e i

Americon Technicol Ceramics ® One Norden Lane, Huntington Station, N.Y. 11746-2142
| phone (516) 547-5700 © fax (516) 547-5748 © e-mail: sic@interserv.com
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TNF-200 Tuneable Notch Filters 1.5-850 MHz

Features
® Deep notch to 35 dB

o Low VSWR

@ Low loss: <0.5dB

e Passes to 2.4 GHz

e Up to 25 watts power
@ Rugged construction

o Cost : low as 89.10

TNF-200 is a family of nine models notch filters, covering 1.5 to 850
MHz., with low insertion loss over an extremely wide bandwidth. For
example the 30 MHz version passes >500 MHz or 13 times the notch
frequency. This is superior to cavity filters, which also are much larger and
more costly. Most of the models cover more than one octave using one

easily tuned adjustment. High Q circui
insertion loss (less than 0.5 dB at 1.0

your best choice.
These filters are useful for high
performance spectrum measure-

ments by providing a 20 to 30 dB| -«
improvement of analyzer dynamicj - ¢
range. In harmonic measurements,| -

for example, simply notch the carrier|

and remove some attenuation to view|

low level harmonics.

Notch filters can also be used to| ~

Gl

!Zzassurcs a deep notch and low
) thus making EAGLE filters

eliminate or identify off-band inter-
ference in communication systems.

T

-

Dl 4
\/

o

.
1
n
»

40
%

-

”»

|

The TNF-200 filters are in stock for immediate delivery!
But EAGLE is more than notch filters. We provide LC filters to 1.0
KW, Power Combiners, Diplexers, Triplexers and Return Loss Bridges.

Need More Information?

Call or Write Today!

Phone: (520) 204-2597
Fax: (520) 204-2568

PO Box 4010, Sedona, AZ 86340
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April 21-23

22-24

22-24

23-26

May 5-7

13-15

13-16

28-30

June 1-5

9-14

10-12

11-13

RF Design Seminar Series—Las Vegas.
Information: Intertec Presentations, 6300

S. Syracuse Way, Suite 650, Englewood, CO
80111. Tel. 800-288-8606 or 303-220-0600;
Fax 303-770-0253.

International Wireless Communications
Expo— Las Vegas. Information: Intertec
Presentations, 6300 S. Syracuse Way,
Denver, CO 80111. Tel. 800-288-8606 or
303-220-0600; Fax 303-770-0253.

RF Pavilion—Manufacturers exhibits with-
in IWCE. Components, test equipment, soft-
ware and services for RF equipment manu-
facturing.

Convergence Tech and IC Expo for micro-
electronics, communications and comput-
er professionals — Dallas. Information:
Electronic Conventions Management, 8110
Airport Blvd., Los Angeles, CA 90045. Tel.
800-877-2668, ext. 243; Fax 310-641-5117.
Broadcast Technology—Jakarta, Indone-
sia. Information: Eileen Lavine, Information
Services, 4733 Bethesda Ave., Suite 700,
Bethesda MD 20814. Tel. 301-656-2942;
Fax 301-656-3179.

Vehicular Technology Conference for cel-
lular and mobile wireless communica-
tions — Phoenix. Information: Wendy Ro-
chelle, Registrar, IEEE Conference Service,
455 Hoes Lane, P.O. Box 1331 Piscataway,
NJ 08855-1331. email w.rochelle@ieee.org.
Electronics Industries Forum of New
England — Boston. Information: Linda
Hanson. Tel. 914-779-0696.

ID Expo, bar code and automatic data
capture trade show— Philadelphia.
Information: Advanstar Expositions. Tel.
800-331-5706 or 218-723-9130.

Computer and Communication Electronics
Design Exposition— Dallas. Information:
Reed Exhibition, 383 Main Ave.,

Norwalk, CT 06851. Tel. 800-840-5614.
|IEEE International Frequency Control
Symposium— Orlando, FL. Information:
Wendy Ortega Henderson, National Insti-
tute of Standards and Technology. Tel. 303-
497-3593; Fax 303-497-6461; email
ortegaw@boulder.nist.gov.
Supercomm— New Orleans. Information:
Telecommunications Industry Association.
Tel. 202-326-7300.

Asia Telecom— Singapore. Information:
Tom Dahl-Hansen, senior vice-president,
Telecom. Tel. +41-22-730-5298; Fax +41-22-
730-6444; email dahl-hansen@itu.ch.
International Microwave Symposium and
Exhibition— Denver. Information: Horizon
House. Tel. 617-769-9750.

Virginia Tech Symposium on Wireless
Personal Communications — Blacksburg,
VA. Information: Jenny Frank, Conference
Coordinator, Virginia Polytechnic Institute,
840 University City Blvd., Pointe West
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SIEMENS

Bad news for the birds of North America.

Advanced wireless ICs are here.

Siemens Wireless Communication ICs
SIEMENS | PACKAGE

DESCRIPTION FEATURES
NumBer | TYPE(S)
sure mndulates with deperate
pMB2201 | P-TSSOP-24]  VECTOR 1 o e aetive s 2
MODULATOR | L0 frequency sange from, 800 MH to 15 GHz
o 3 i ) bus tor fas 3
PMB2307 |P-TSSOP-18 PLL R s Mo |
Phasa detector signel with adjustable anti-backiach pubes
Latewsmny ‘et phase detect on (<100 ps)
Hgh spa heguancy (220 MHz)
PMB2314 P-DSO-8 PRESCALER Swatcwblo divde ratios 164/65 and 1 128/129
for ssingle and dual modulus freqeency synthesizes
Wide input frequency range {100 MHz-2 3 GHz)
PMB2333 [ T-SSOP-16 | MIXER WITH | «integrated LNA/Driver Amphifier
DRIVER Frequency range up to 30 GHz
AMPLIFIER Very highly 1solated RE, IF and LO ports
empza0? | P-Ds0-24 | R RECEIVER Heterodyne recerver with on-board quadrature
damddutation
Downward mixing from | MHz RF to the base band
Tweo balanced operational amphifiers for additional
signa' condttioning
-Qutput bandwidth of 135 MHz

Changing the communications
landscape.

Wireless has taken off. And Siemens
leads the way with the RF solutions
you need to make your ideas fly. With
our distribution partner, Richardson
Electronics, we provide the products
for all your applications and standard
requirements.

Unique Bipolar technology means
superior performance.

B6HF is a 32 GHz process, enabling our
ICs to operate at supply voltages as low
as 2.7 V, with low current consumption
and a high level of integration. Our
PMB2201 Vector Modulator/ Mixer com-
bines a 0.8 - 1.5 GHz modulator with 0
dBm output power, and a DC

to 2.5 GHz mixer. The PMB2333 Mixer/

1996 Siemens Components, Inc. 1-800-77-SIEMENS http:
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Amplifier may be used as an LNA with
a noise figure of 1.7 dB at 1.8 GHz, or as
a driver amplifier with 12 dBm output
power at the 1dB compression point
and an AGC range of 30dB.

And our high level of integration, SMT
packaging and experience in high-volume
production gives you a smaller footprint
and better reliability — saving money
across the board.

So call Richardson Electronics and
ask about Siemens wireless ICs. And
you'll never be stranded without the
right wireless design solution again.

Richardson
Electronics, Ltd.
(800) RF-POWER http://www.rell.com

www.sci.siemens.com



PRODUCT DEVELOPMENT

For successful, proven OEM
product development, depend
on LOCUS —your strategic
partner for:

© Proouct DEFINITION,

QuaLity
PRODUCTS DesiGN & Probucrion
o WireLess, Mepicat,

THE & Consumer Probucrs

© RF Svstems, RFID,
T’ME° SPREAD SPECTRUM

* DSP, DicitaL Raplo,
ASICs, FPGAs

© EmBepDED MICROPROCESSOR.
Basep DEsiGNs

4 © RaprID TIME TO MARKET

/)y

LOCUS Incorporated
1842 Hoffman Street
Madison, WI 53704

Fax: 608/244-0528 For your next project call:
ool 605,/244-0500

© Innovative, Cost EFFECTIVE
DEesiGN SoLuTions
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@z GET IT FAST!

Quick Circuit
Circuit Board Prototyping System

* Reduce Time to Market for New Products
¢ Stash Development Costs
* Two Models to Choose From
* One Year Warranty
* Free Lifetime Phone Support
* Variable Speed Spindie is Standard and Software Controlled

T-Tech, Inc.

5591-B New Peachtree Road
Atlanta, Georgia 30341 USA
voice: 770.455.0676
fax: 770.455.0970
email: sales@t-tech.com

Check
out our Web
site for new products
http.//www.t-tech.com
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Commons, Suite 1, Blacksburg, VA 24061-
0350. Tel. 540-231-2958; Fax 540-231-
2968; email jacklily@vtml.cc.vt.edu; Web
site:
http://www.ee.vt. edw/mprg/ home.html.
13 Automatic RF Techniques Group—

Denver. Information: Roger B. Marks,
Ph.D., Conference Chair, NIST, 325
Broadway, Boulder, CO 80303. Tel. 303-
497-3037; Fax 303-497-7828; email
r.b.marks@ieee.org. Web site
http://'www.boulder.nist.gov/ ims/arftg.

July 14-17 Image Processing and Applications —
Dublin. Information: Sheila Griffiths,
Conference Organizer, Institution of
Electrical Engineers, Savoy Place, London
WC2R 0BL, United Kingdom. Tel. +44 (0)
171-344-5475/72; Fax +44 (0) 171-240-
8830; email kmoorley@iee.org.uk.

30-August 1 Japanese Information in Science,
Technology & Commerence— Washington
DC. Information: Japan Information
Access Project, 2000 P Street, N.W. Suite
620, Washington D.C. 20002. Tel. 202-822-
6040. email: access@nmyjc.org
August 18-22 IEEE EMC Symposium on Electromag-

netic Compatibility — Austin, TX. Informa-
tion: John Osburn, Chairman, or Mark
Prchlik, Exhibits. Tel. 512-835-4684; email
97.emc.symp@emctest.com.

20-22 Piezoelectric Devices Conference and
Exhibition— Kansas City, MO.
Information: Pete Walsh, Electronic
Industries Association. Tel. 703-907-7547,
Fax 703-907-7501.

September 10-12 RF Design '97 Conference & Expo—Santa
Clara, CA. Information: Intertec Presenta-
tions, 6300 S. Syracuse Way, Denver, CO
80111. Tel. 800-288-8606 or 303-220-0600;
Fax 303-770-0253.

10-12 RF Design Seminar Series —Santa Clara,
CA. Information: Intertec Presentations,
6300 S. Syracuse Way, Suite 650, Engle-
wood, CO 80111. Tel. 800-288-8606 or 303-
220-0600; Fax 303-770-0253.

14-17 Signal Processing Applications & Tech-
nology and DSP World Expo—.San Diego,
CA.. Information: Denise Chan, Miller
Freeman, 525 Market, Suite 500, San
Francisco, CA 94105. Tel. 415-278-5231;
email dsp@exporeg.com.

22-24 Connector and Interconnection Tech-
nology Symposium and Trade Show —
Anaheim, CA. Information: EIA
Components Group, 2500 Wilson Blvd.,
Arlington, VA 22201-3834. Tel. 703-907-
7547.

25-26 47th Annual Broadcast Symposium—
Washington DC Information: Gerald A.
Berman, Administrator, IEEE Broadcast
Technology Society, P.O. Box 2126,
Rockville, MD 20847-212. Tel. 301-881-
4310; email gberman@cmpconsulting.com.
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It’s a winner- take-all design
competition. Your boss is counting
on you. You’ve got this idea. And,
one incredible design partner:
SystemView by Elanix. The most
advanced design and simulation
environment available today.

You’ve got it made.

Here’s why. Imagine simulating complete DSP, communica-
tions, signal processing, and control systems. Effortlessly.
And, with unheard of speed and accuracy.

End-to-end comm systems. Design and test digital and analog
communications systems including your choice of error cor-
recting encoders/decoders and modulators/demodulators.

Use our virtually unlimited library of analog circuit components
such as distortion-true mixers, amplifiers, RLC circuits, OpAmp
circuits and more. No guesswork here.

Bit true DSP design. You specify the exact arithmetic mode
used by your target processor. SystemView will simulate it
and even generate overflow, underflow and carry flags for
vour design analysis.

For truly interactive time and frequency analysis,
SystemView’s Sink Calculator™ creates visual frequency
spectra, auto and cross correlations, histograms, BER
plots, overlays and much more.

Trace signals — in both time and frequency — throughout your
system. And, even change token parameters while the system
is running. All in real time using SystemView's unique
Dynamic System Probe™

Tech support like no other. Talk to experienced design
engineers, not technicians, who’ll support you through every
step of your design. Even help you debug it.

That's why SystemView by Elanix is your design partner.
Let us prove it.

Call now for your free evaluation kit: 1-800-535-2649

Or, download from our website any time!
www.elanix.com

DSP . Communications - Signal Processing - Controls

SystemView

56055 Lindero Canyon Rd. Suite 721 - Westlake Village, CA 91362 - 818 -597-1414 - Fax 818-597-1427 - e-mail: SystemView@elanix.com ® EIANIX INC. 1997
SystemView by ELANIX is u registered trademark of ELANIX, INC. European Distributor: EnTegra L4d. » 2 Waltham Rd. « Maidenhead, Berkshire SL6 3NH, England - (4) 01628 829061
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RF courses

Arizona State University — Wireless Digital Communi-
cations: Access, signaling and management aspects;
mobile, cellular, voice and data networks—April 28—

May 2. Information: Professional Development, ASU,
P.O. Box 877506, Tempe, AZ 85287-7506. Tel. 602-965-
1740; Fax 602-965-8653.

Besser Associates & Microwave Online Services — RF
and Wireless Made Simple—May 5-6, Los Altos, CA; May
12-13, Dallas; RF Measurement Techniques—May 5-8,
Dallas; Wireless RF System Design—May 5-9, Dallas; RF
Component Modeling—May 12-16, Dallas; Applied RF
Techniques —May 1216, Los Altos, CA; Applied RF
Techniques II—May 12-16, Dallas; RF Productivity
Improvement—May 14-16, Dallas; May 19-22, Los Altos,
CA; EM Field Simulator Made Practical—May 15-16, Los
Altos, CA; Nonlinear RF Circuit Design and Modeling
with Spice—May 19-20, Los Altos, CA; Digital Signal
Processing—May 21-23, Los Altos, CA. Information:
Annie Wong, Besser Associates, 4600 El Camino Real,
Suite 210, Los Altos, CA 94022. Tel. 415-949-3300; Fax
415-949-4400. RF and Microwave courses are available on
the World Wide Web exclusively through RF Globalnet.
The courses will be given over a two-to-three week period.
Applied RF Techniques I: Linear Circuits. Information:
Larry Black, Microwave Online. Tel. 303-415-9233; email
larry@mosco.com; Web site http:/ /www.rfmicrowave.com.
Boulder Microwave Technologies — Introduction to
Printed Antenna Design Using Simulation—June 7,
Boulder, CO; Design of Printed Antennas for Wireless,
Mobile, and Space Applications—July 10-12, Montreal.

Information: Boulder Microwave Technologies, Tel. 303-
451-9525; Fax 303-541-9609; email bmtinfo@bmt.com

California State University, Northridge — Microwave

Antenna Measurements: Far-Field, Near-Field, Compact
Ranges; Anechoic Chamber: Design, use and evaluation of
anechoic chambers, far-field, near-field and compact
ranges; techniques for the determination of antenna
radiation patterns, directivity, gain, polorization and
impedance; phased array testing and alignment, radar
cross-section measurements and radar imaging
techniques—June 3-6. Information: Shirley Lang,
California State University, Northridge, 18111
Northridge, CA, 91330-8295. Tel. 818-677-2146; Fax 818-
677-5982; email shirley.lang@csun.edu

CKC Laboratories — EMC for Medical Electronics—April

22-23; Immunity to ESD—May 12, Orange County, CA;
CE Mark Design and Compliance Routes—May 13-14,
Orange County, CA; Core EMC Design—dJune 17-18,
Hillsboro, OR; . Information: Linda Grunow or Todd
Robinson, CKC Laboratories, 5473-A Clouds Rest,
Mariposa, CA 95338. Tel. 800-500-4362 or 209-966-5240;
Fax 209-742-6133; email Igrunow@ckc.com.

Georgia Tech Continuing Education — Advanced

Electronic Warfare Principles—March 25-28, Atlanta;
Radar Cross Section Reduction—March 25-28, Atlanta.
Information: Department of Continuing Education,
Georgia Institute of Technology, Atlanta, GA 30332-0385.
Tel. 404-894-2547; email conted@gatech. edu; Web site
http:/ | www.conted.gatech.edu.

Mead Microelectronies — Architectural and Circuit Design

24

NEC-Win Basic

« Easy dataentry
« Cut, copy. and paste commands

Antenna Analysis Software with the User in Mind!

Visualize the antenna structure as you design it!
Output your analysis with fantastic plots!
Simplify your design process - Save time and money!

NEC-Win Pro

NEC-Win Pro includes all of NEC-Win
Basic plus the full NEC2 command set.

* Arc, Helix. Cylinder, Wires, Surface Patches
* Source/Load/Wire/Current [dentification

« Different conductivities for each wire = =L
» Built-in defaults for wire diameter ey

¢ Graphical ground plane selection

* Builtin defaults for ground planes

« Transmission lines and Networks

« Automatic wire scale. rotate. and translate
» Graphical placement of sources and loads
» 3-D visualization of antenna structure

* Rotate, Zoom and Pan antenna structure

« Tabular data for VSWR & impedance

« Polar plots of power gain

* Antenna analysis with Gain and Delta probe .

CAPHOGAAI\REC PROATEMPANECVU NI

+ Color display of currents on structure

« Numerical Green's Function

» Smith Chart. Polar and Rectangular plots

* 3-D surface plot - antenna displayed in center
« Near Electric and Magnetic Fields

+ Dialog box input for each command

Plotting includes:

Power Gains Electric Fields
VSWR Currents

Input Impedance Axial Ratio
Near Fields Receive Patterns

» Comparison of multiple antenna files
» 3-D surface plots of antenna patierns

Nittany Scientific, Inc.

1700 Airline Highway, Suite 361
Hollister, CA 95023
Phone/Fax: (408) 634-0573
sales @nittany-scientific.com

NEC-Win Basic and NEC-Win Pro include the popular NEC2 core. NEC-Win Pro includes an optinized
32-bit core which supports dynamic memory allocation 1o handle any size problem.

Major credit cards accepted!
Orders shipped via UPS or Airmail
within the United States or Overseas!

NEC-Win Pro and Basic were formerly owned by Paragon Technolog
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Behind The Eight Ball?

CHOOSE CTT!

New microwave frequency synthesizers for all your digital radio needs.

This comprehensive line of synthesizers offers low cost, high performance solutions that
can be customized to meet a wide range of step sizes, power outputs and frequency bands.

These synthesizers can also be used for a wide range of applications that include
microwave point-to-point, VSAT, Cellular, Test Systems and Instrumentation Systems.

When you need a microwave frequency synthesizer
with the right specs. ..at the right price. ..
and you need it right now, call us.

Get Out From Behind The Eight Ball,
Make The Break And Call CTI !

SSB Phase Noise - dBc/Hz

TYPICAL PHASE NOISE
PTPS SERIES
100
@KuBand |
-120
130
100K IM 2M 3M 4M

Frequency from the Carrier—Hz

- A P2 2 T
I N -

CTI
COMMUNICATION
“ TECHNIQUES, INC.

A VECTRON INTEFNATIONAL COMPANY

9 Whippany Road ® Whippany, NJ 07981

TEL: 201-884-2580  FAX: 201-887-6245
e-mail: sales@cti-inc.com
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for Portable Electronics Systems (three-days digital, plus
three-days analog)—March 31-April 5; RF IC Design for
Wireless Communication Systems-May 12-16; Data
Communication ICs—May 14-16. Information: Mead
Microelectronics, 7100 Grandview Drive, Corvallis, OR
97330. Tel. 541-758-0828; Fax 541-752-1405. In Europe,
contact Mead Microelectronics, Venoge 7, 1025 St.
Sulpice, Switzerland. Tel. +41-21-691-0244; Fax +41-21-
691-0245; email mead@netgate.net or valence@mead.ch;
Web site http:/ | www.netgate.net/ ~mead.

Miller Freeman — ICSPAT Online, an interactive,

educational forum for signal processing engineers. The
virtual conference provides the experience of attending a
conference via the World Wide Web. The web site includes
the 1996 white papers covering 40 application areas;
interactive author Q & A; industry news; guest
columnists; interviews with prominent thinkers in the
field; a chat forum; design challenge contests; and future
conference dates and speaking opportunities. Web site
http:/ | lwww. ICSPAT.com.

National Institute of Standards and Technology —

Boulder, CO. Time and Frequency Seminars:
Introduction-Level I, June 23—-24; Fundamentals-Level 11,
June 25-27. Information: Wendy Ortega Henderson,
National Institute of Standards and Technology. Tel. 303-
497-3693; Fax 303-497-6461; email
ortegaw@boulder.nist.gov.

RF Design Seminar Series

8-10, Atlanta; Infrared Technology and Applications—
April 15-18 Atlanta; Phased-array Radar System
Design—April 29-May 2, Atlanta; Antennas: Principles,
Design and Measurements—May 19-22, St. Cloud, FL.
Information: Kelly Brown, Northeast Consortium for
Engineering Education, 1101 Massachusetts Ave., St.
Cloud, FL 34769. Tel. 407-892-6146; Fax 407-892-0406.
April 21-23, Las Vegas, NV;
Sept. 9-11, Santa Clara, CA. RF and Wireless
Engineering, Part 1, Practical High-Frequency Filte
Design, Digital Modulation and Spread Spectrum for
Wireless Communications—April 21; RF and Wireless
Engineering, Part 2, Oscillator Design Principles, RF
Power Transistor and Amplifiers—April 22; RF and
Wireless Engineering, Part 3, Wireless Technology for Non-
Engineers—April 23. Information: Intertec Presentations,
6300 S. Syracuse Way, Suite 650, Englewood, CO 80111.
Tel. 303-220-0600 or 800-288-8606; Fax 303-770-0253.

University of Missouri-Rolla — Grounding and Shielding

Electronic Systems: How to Diagnose and Solve Electrical
Noise Problems—May 1921, Boston; June 25-27, Research
Triangle Park, NC, August 13-15, Dallas; Circuit Board
Layout to Reduce Noise Emission and Susceptibility—May
21, Boston; June 27, Research Triangle Park, NC; August
15, Dallas. Information: Continuing Education
Coordinator, University of Missouri-Rolla, 103 ME Annex,

Rolla, MO 65409-1560. Tel. 573-341-4132. Fax 573-341-
4992.; Web site http:/ /www.umr.edu/ ~conted.

Northeast Consortium for Engineering Education —
Principles of Electronic Counter-countermeasures—April

High Quality ATTENUATORS

ACCURACY, PERFORMANCE, LOW COST, DELIVERY...

Manual Step Attenuators

837 500 DC-1500MHz | 0-102.5dB | .5dB Steps

839 500 DC-2000MHz 0-101dB | 1dB Steps

1/839 500 DC-1000MHz 0-22.1dB | .1dB Steps

847 75Q DC-1000MHz | 0-102.5dB | .5dB Steps

849 75Q DC-1500MHz 0-101dB | 1dB Steps

1/849 750 DC-500MHz 0-22.1dB | .1dB Steps

ey 860 500 DC-1500MHz 0-132dB 1dB Steps

839 Manual Step Attenuator 865 6009 DC-1MHz 0-132dB 1dB Steps
Programmable Attenuators

4540 50Q DC-500MH:z 0-130dB 10dB Steps

i 4550 500 DC-500MHz 0-127dB | 1dB Steps

1 1/4550 500 DC-500MHz | 0-16.5dB | .1dB Steps

4560 500 DC-500MHz 0-31dB | 1dB Steps

4580 50Q DC-500MHz 0-63dB | 1dB Steps

-

For price list and FREE catalog, contact:

KAY

4550 Programmable Attenuator Kay Elemetrics Corp.
2 Bridgewater Lane, Lincoln Park, NJ 07035-1488 USA
Tel: (201) 628-6200 * Fax: (201) 628-6363

E-mail: sales@kayelem.mhs.compuserve.com
Web: www.kayelemetrics.com
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GREAT IDEA IS

FIVE PERCENT INSPIRATION,

AND NINETY-FIVE PERCENT
WAITING FOR YOUR SIMULATION TO FINISH.

HP HFSS 5.0
can run 3D EM

simulations

10 times faster,*
giving you
more time for

inspiration.

Actual simulation
times ranged from 2x
to 150x faster than
previous releases, 10x
average performance.
Memory requirements
are based on a factory
test suite.

THAT'S ABOUT TO CHANGE.
Unfortunately, even the best engineers can be held back by external limitations.
Like tight deadlines. And slow simulations. That’s where you can make a differ-
ence: with HP EEsof products like the High-Frequency Structure Simulator
(HFSS 5.0), now available for the PC and UNIX systems. HP HFSS 5.0 software runs 3D EM
simulations 10 times faster,” thanks to HP EEsof’s new finite-element simulation and mesh
engines. And it requires 50% less memory.” HP HFSS 5.0 also offers unprecedented accuracy,
so your simulations will more closely match the real-world performance of the product. The
bottom line: HP HFSS 6.0 gives you the freedom to explore more design options under the
same tight deadlines, and turn out your best designs ever.

HP HFSS 5.0 is just one of the many EDA solutions from HP EEsof for your com-
munications product design. To learn more about HP HFSS 5.0, our planar EM products, or

the rest of HP EEsof’s product family, call 1-800-4524844,** Ext. 5138.

www. hp.com/info/hfss **In Canada call 1-800-387-3154, program number TMU320.

ANOTHER WAY HP EESOF HELPS BRING YOUR BEST IDEAS INTO REALITY.

1997 tlewlett-Packard Co. TMEES646a3/RF

() Py
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RF news

Wireless LAN interface

specification published

The Wireless LAN Interoperability
(WLI) Forum, Sunnyvale, CA, a group
of more than 20 mobile computing
product and service suppliers, has pub-
lished a draft wireless local area net-
work (LAN) interface specification and
interoperability test suite and has se-

lected a test lab. The group showed the
first multi vendor wireless LAN inter-
operability demonstration between
products from eight members. The
availability of the open specification al-
lows any independent manufacturer to
develop WLI Forum compatible prod-
ucts. The technical committee com-
pleted the test process for assessing

Or visit www.saronix.com.

Few companies
introduce oscillator
solutions with
oreater frequency.

Now in its third decade, SaRonix is a leader
in frequency control technology. Our four new
families of high performance SMT oscillator
and VCXO control products are available in
industry standard *6-pin plastic J-lead-
ed packages. We support our worldwide
customer base with engincering, sales
and manufacturing facilities in the U.S.,
Europe and Asia. We are an 1SO9001/9002
certified manufacturer. For more information
about SaRonix and our new frequency control
products, call today 1-800-327-4032.

Email saronix@connectine.com

SERIES

SEL3600  ECL OsciLLATOR
$1228

§1528 HCMOS/TTL VCXO0
S1518 HCMOS/TTL VCXO

New SaRonix Produet Families

70 10 155.52MHz
HCMOS/TTL OsciLator 1 10 70MHz 5V
1.6 T0 27MHz 5V
27 10 120MHz 5V

PuLLABILITY
SuppLy APR

3.3V/5V

T0 £100PPM
TO £75pPPM

“Also available in 4-pin package

In sync with your needs

151 Lavka Laxg, Paro ALTo, CA 94303

SaRonix
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product interoperability and provided
the information to Los Angeles-based
XXCal, an independent test lab. XXCal
will test products using the defined
process to ensure full interoperability.
Products that pass the WLI Forum
tests will earn the WLI Forum compat-
ible designation.

Companies interested in testing at
XXCal labs in the United States can
call XXCal at 310-477-2902.

MSI software supports
telecommunications lab

Mobile Systems International,
Dallas, has donated a licensed version
of its Planet wireless planning software
to the Interdisciplinary Telecommuni-
cations Program at the University of
Colorado, Boulder. The donation will
allow the university to build its own
wireless telecommunications lab.

Planet will be used to train students
through the university’s joint training
effort with Telecommunications Engin-
eering Systems and Services.

Contracts:

Micron signs Computer Methods —
Micon Communications, Boise, ID, has
signed Computer Methods, Livonia,
MI, as an authorized systems inte-
grator, to integrate the developing
MicroStamp remote intelligence com-
munications (RIC) family of products
into systems for their automotive custo-
mers. Computer Methods will provide
site-specific designs, customized soft-
ware interface design and develop-
ment, systems installation and service.
Computer Methods specializes in diag-
nostics systems for vehicle-communica-
tions networks.

Strategic relationship for TDK and
All American—TDK Semiconductor,
Tustin, CA, has entered into a national
distribution agreement with All
American. The agreement joins TDK’s
advanced mixed-signal integrated cir-
cuit (IC) designs for local area network
(LAN), embedded modem and set-top
box applications with All American’s
technical sales engineers to benefit cus-
tomers in the United States.

MCD to distribute NEC products—
MCD Electronics, Hopkinton, MA, will
distribute California Eastern
Laboratories’, Santa Clara, CA, line of
NEC optoelectronic products. MCD will
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DESIGN FROM START-TO-ART

1 GENESYS synthesis s e
modules make it easy to
create initial designs for = »
L-C filters, matching i : memmp o
Nyl L )

networks, active filters, =

] : i
oscillators, printed and AL

machined filters,
amplifiers and group delay
equalizers. The many design alternatives and
quick evaluation of each help you save time
and achieve higher performance.

=SuperStar=

HIGH SPEED. SIMULATOR

3 =SuperStar= Professional redefines the circuit simulator
standard. Step up to real-time tuning. statistical analysis,
unrestricted global noise analysis, adaptive optimization.
accurate models, unparalleled execution speed and the
industry’s easiest to use interface. Non-linear and time
domain analysis is supported through the Spice interface.

LEW

Odur first program shipped in 1985.
Today. with thousands of users
worldwide, Eagleware is a
recognized leader in RF and microwave
design software for IBM and compatible PCs.
Here arc a few reasons why we feel GENESYS
provides uncqualed value:
* Start-to-art solution including synthesis
* One casy to learn interface for all programs
* Industry’s fastest exccution means less waiting

iversary

Iith Mf

| * Accuracy verified with in-house lab
* Reads industry standard S-parameter files
* Free technical support with no annual fees

* Low cost

*» 30 day money back satisfaction guarantec
Eagleware products run on standard IBM and
compatible PCs under DOS, Windows 3.1,
Windows NT and Windows 95. Windows

versions are 32-bit for cven faster exccution.

O i AR S AR it 2

WPy

2 Schematics make it easy to enter your own designs, modify
synthesis created designs and merge subcircuits. Schematics and
simulation are integrated
for back annotation. The
GENESYS schematic
module also writes

Touchstone and Spice
files.

{ NEWIE

4 The new layout
module creates artwork
on your plotter or
printer and in DXF
(AutoCad) and
optimized Gerber file formats. Discontinuity and
transmission line dimensioning, coplanar ground pours,
multilayers, arbitrary polygons and user footprint libraries
make RF and microwave layout easier than ever before.

GENESYS

VERSION 5.4

=SuperStar= Professional simulator $999
Simulator with schematic entry and layout $1990
Complete GENESYS package with synthesis ~ $5990
Layout upgrade for current customers $699
(Upgrade discounts available for a limited time)

spgomasgys B
7T = s

170" B RTARE (X B 5311 DT GRS & LSEh SPvorT
TEL 03-3988-1731 FAX 03-3988-1706 BY FAX, PHONE OR LETTEA

EAGLEWARE

Eagleware Corporation * 1750 Mountain Glen  Stone Min, GA 30087 * USA
http://www.eagleware.com * eagleware@eagleware.com

TEL (770) 939-0156 +# FAX (770) 939-0157
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offer NEC photocouplers, optocoupled
metal-oxide semiconductor field effect
transistors (MOSFETs), photo tran-
sistors, positive-intrinsic-negative
(PIN) photo diodes and infrared GaAs
light-emitting diodes (LEDs)
throughout New Mexico, Colorado,
Wyoming, Montana, Idaho,
Washington, Oregon, Nevada, Arizona
and California.

Qualcomm signs LOI to provide
triple-mode chipsets to Japan
-Qualcomm, San Diego, CA, has signed
a letter of intent (LOI) with Asahi
Kasei Microsystems (AKM), Japan, to
provide a triple-mode chipset for the
code division multiple access (CDMA)
market in Japan. The chipset uses
CDMA digital baseband technology de-
veloped by Qualcomm and J-TACS and

Actually our headline

is somewhat misleading.
Yes, TELEGARTNER has
recently introduced some
new 7/16 connectors,
but this is not so unusual.
We have been doing

this on-a continuous
basis since 1965!

TELEGARTNER is one of Europe’s largest manufacturers of coaxial
connectors including the 7/16 series. We have 68 different 7/16 plugs,
jacks, receptacles, adapters & surge-suppressors-featured tn our
current catalog with more under development af the present time.
TELEGARTNER has the largest selection of 7/16 connectors.

TELEGARTNER’s 7/16 connectors are designed to accept a wide
variety of manufacturers’ cables including ANDREW, BELDEN, CABLEWAVE,
EUPEN, NOKIA, TIMES MICROWAVE and others.

TELEGARTNER’s 7/16 connectors are top quality devices. Our
“Telealloy” metalization is excellent in minimizing the adverse effects
of intermodulation interference. TELEGARTNER's affiliated pastner in
Great Britain, QUADRANT CONNECTORS LTD., has Europe’s most modern
and best equipped intermodulation testing laboratory. This enables
TELEGARTNER to thoroughly test our 7/16 connectors for passive
intermodulation performance.

TELEGARTNER also offers an extensive selection of coaxial connectors
in the following series: 4.1/9.5 * N * TNC, BNC * UHF, MINI-UHF - SMA - SMB,
SMC * SSMB * MCX, MMCX and between series adapters.

Get connected with one of the finest.. TELEGARTNER

4 Telegartner Inc.

3325 Schierhorn Court, Franklin Park, Hllinois 60131
Tel (847) 671-0700 * FAX (847) 671-0911
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N-TACS analog baseband technology
developed by AKM. The new chipset
will provide a system for triple-mode
handsets, specialized terminals for dig-
ital cellular and other applications.

Measurement Systems developing
new design to test tools for
HP-Measurement Systems (IMS),
Beaverton, OR, has signed an agree-
ment with Hewlett-Packard (HP), Palo
Alto, CA, for the development of a suite
of integrated DANTES Virtual Test
software tools for HP’s mixed-signal
test systems and the HP 8300 digital
integrated-circuit test systems.

Business
Briefs

Johnson Data Telemetry ac-
quires E. F. Johnson Data
Telemetry Division — Johnson
Data Telemetry, Montreal, has
purchased the Data Telemetry
Division of E. F. Johnson,
Burnsville, MN. The purchase al-
lows Johnson Data Telemetry to
focus on the growing wireless data
communications sector. Johnson
Data Telemetry is a worldwide
supplier of RF products, which
meet U.S., Canadian and
International requirements for
fixed wireless data applications.
These include SCADA and
telemetry for utilities, petrochem-
ical, waste and fresh water man-
agement and radio frequency data
capture and other markets.

Analog Devices and Zilog to
design cordless phone chipset
— Analog Devices, Campbell, CA,
and Zilog, Norwood, MA, have
joined forces to co-develop a new
chipset for the 900 MHz cordless
phone market. Analog Devices
will provide radio frequency (RF)
technology, and Zilog will supply
digital chip and DSP-based soft-
ware architecture. Analog Devices
manufactures precision high-per-
formance integrated circuits for
analog and digital signal pro-
cessing. Zilog develops, designs
and manufactures application-
specific standard products
(ASSPs)
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Your Wireless Design B Freedom
Begins with ¥ PSElect

& ‘ ‘
-
Desugnlng 6 Sigma performance just got -
easier with PSElect Semiconductor Guarantee.
Working with leading-edge products from major RF & Microwave Semiconductor
suppliers, PSElect will test and sort to your exacting specifications. To ensure
your successful design through increased manufacturing yields,

call PSElect Now.

AUTOMATED f;} 8%
TESTER > -

-888-PS€ RF 4U

For Immediate Assistance (I-888-773-7348) "0

In Europe Call: United Kingdom and Eire 44-1622-882467 / Germany, Austria and Switzerland 49-89-3197670 / France 33-1-69337400 / lialy 39-9-33623] /
Denmark 45-16753131 / Sweden, Norway, Finland 46-8-6269900 / Spain 34-1-3588516 |/ Belgium, The Netherlands, Luxemburg 31-20-6531350




REF receivers

Digital receivers:
The new wave for signal analysis

By Rodger H. Hosking

Digital receivers offer significant
benefits in performance, density and
cost when used to replace conventional
analog receiver designs. Digital re-
ceivers have revolutionized electronic
systems for a variety of applications in-
cluding communications, data acquisi-
tion and signal processing. As a general
capability, any system requiring a tun-
able bandpass filter can benefit from
the use of digital receivers. To help you
to appreciate the benefits of digital re-
ceivers, a conventional analog receiver
system is compared to its digital re-
ceiver counterpart.

As the block diagram in Figure 1
shows, an analog receiver, the RF
signal from the antenna typically is
amplified with a tuned RF stage that
amplifies a region of the frequency
band of interest. This amplified RF

signal then is fed into a mixer stage.
The other input to the mixer is from
the local oscillator with a frequency
controlled by the tuning knob on the
radio. The mixer translates the desired
input signal to the intermediate fre-
quency (IF). The IF stage is a bandpass
amplifier that lets only one signal
through. Common center frequencies
for IF stages are 455 kHz for commer-
cial AM and 10.7 MHz for FM broad-
casts. The demodulator recovers the
original modulating signal from the IF
output using one of several different
schemes. For example, AM uses an en-
velope detector, and FM uses a fre-
quency discriminator. In a typical home
radio, the demodulated output is fed to
an audio amplifier and then to a
speaker. The mixer performs an analog
multiplication of the two inputs and
generates a difference frequency signal.

SPEAKER

AUDIO

DEMODULATION »
AMPLIFIER

(DETECTTOR

ANTENNA
= BRG] IF AMPLIFIER
AMP (NARROWBAND |—P»
FILTER)
LOCAL
OSCILLATOR

Figure 1. Analog receiver block diagram.
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Figure 2. Digital receiver block diagram.
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The frequency of the local oscillator is
set so that the difference between the
local oscillator frequency and the de-
sired input signal (the radio station you
want to receive) equals the IF.

If you wanted to receive an FM sta-
tion at 100.7 MHz, and the IF fre-
quency is 10.7 MHz, you would tune
the local oscillator to 100.7 — 10.7 = 90
MHz. This is called downconversion or
translating because a signal at a high
frequency is shifted down to a lower
frequency by the mixer. The IF stage
acts as a narrowband filter that passes
only a “slice” of the translated RF
input. The bandwidth of the IF stage is
equal to the bandwidth of the signal (or
station) that you are trying to receive.
For commercial AM, the bandwidth is
about 5 kHz, and for FM it is about 100
kHz. This is consistent with channel
spacing of 200 kHz for FM and 10 kHz
for AM.

Digital receiver

A digital receiver block diagram is
shown in Figure 2. Note the strong simi-
larity to the analog receiver diagram. All
of the basic principles of analog still
apply. In the digital receiver block dia-
gram, an analog-to-digital (A-to-D) con-
verter is used to digitize the RF input
into digital samples right after the RF
amplifier and an optional RF translator
stage. All of the subsequent mixing, fil-
tering and demodulation are performed
using digital signal processing elements.

A theorem fundamental to sampled
data that lays the foundation for the A-
to-D converter requirements is the
Nyquist theorem, which states: “Any
signal can be represented by discrete
samples, if the sampling rate is at least
twice the bandwidth of the signal.” For
example, if we use an A-to-D converter
sampling at 70 MHz, then the band-
width of the analog input must be less
than 35 MHz. The following is a test to
see what happens if we ignore
Nyquist’s criterion.

For all input signals lower than /2,
such as the one at £, the Nyquist crite-
rion is met. In fact, any number of sig-
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Higher performance. Lower power. It's what Philips offers you
in the most comprehensive line of front-end ICs available. Philips
gives you this cutting edge across a wide range of standards.
Including the latest SA6li and SA62l. Specifically designed for
900 MHz cellular and cordless communication systems. They Ld/ ' ‘:! = b
b are low voltage, low current, with high per- $ fws 6ﬂwl
' formance for gain, noise figure, third order
intercept point (IP3) and phase-noise. Find S '
this cutting edge throughout our entire line p H I l
of wireless ICs. To set yourself free call
1-800-447-1500 Extension 1333 or log into
www.semiconductors.philips.com
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LOW PASS FILTER RESPONSE

b f, g, R

Figure 3. Anti-aliasing filter.
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OF RF RECEIVERS FOR DSP?
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processing your receiver application up and running
products that give fast with our SwiftNet™ communications
radio frequencies the protocol, SwiftTools™ code development
reception they deserve. environment, FTL (File Transfer Language)
Our 4-channel and multiband digitat and other third-party software.
receivers offer wideband and narrowband For a free catalog of our extensive family
receiver configurations that perform frequency  of product offerings and related application
down conversion, lowpass filttering and information, call us today at
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real-time DSP processing,

And because these Ext. 595.
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nals can be present in the shaded re-
gion, and all will be represented cor-
rectly in the sampled data.

But if we have a signal present at
say, f,, which is higher than £/2, the
sampling process will generate an
aliased image that will appear in the
sampled data at f,—f,. This image
cannot be distinguished from a true
signal that might have been present at
that same frequency. Once an aliased
image is created in the sampling
process, no amount of further pro-
cessing can distinguish between a true
signal and an aliased signal; therefore,
it is imperative to prevent aliasing.

The most straightforward way to
prevent aliasing is to use a lowpass
filter before the A-to-D converter that
removes all signals higher than £/2.
The signal at f; is blocked so the A-to-D
converter never sees it. Conveniently
for the user, anti-aliasing filters often
are included on the same board as the
A-to-D converter. Nyquist’s criterion
also can be met by limiting the band-
width of the sampled signal using
other types of filters. For example, sup-
pose we wanted to receive signals be-
tween f/2 and f, in the above diagram.
If we used a bandpass filter with a
passband from £/2 to £, we would meet
the Nyquist criterion because the
bandwidth is equal to one-half the
sampling rate.

Once the sampling is done, the band c
of signals from £/2 to £ is “folded” 1ntoc
the frequency band from DC to !;/2 The ¢
half-sampling frequency often is called ¢ ¢
the “folding frequency.” This techmque 1
is sometimes called undersamplmg
Although this works well in t;heory,<
care must be taken in actual practice to ¢
ensure that the A-to-D converter sup-§
ports the higher-input frequencies it <
must handle. Looking again at the
overall block diagram, the digital A-to-
D samples coming out of the A-to-D
converter are being fed to the next
stage, which is the digital receiver chip
(in the dotted line as shown in Figure
2). The digital receiver chip (Figure 4)
is contained on a single monolithic chip
that forms the heart of the digital re-
ceiver system.

Inside the digital receiver chip are
three major sections: local oscillator,
mixer and a decimating lowpass filter.

The local oscillator

The local oscillator is a direct-digital
frequency synthesizer (DDS) some-
times called a numerically controlled
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ERMES Multipath and

Simulcast Paging Test

ERMES (European Radio Message
System) specifications (pr TBR 007)
recommend testing of receivers in
multipath and simulcast conditions.
The maximum degradation in sensi-
tivity for combined multipath and
simulcast (quasi-synchronous)
transmissions under normal condi-
tions is defined to be 15 dB.

To perform the test, refer to the
setup illustrated in Figure 1. The
two 4-PAM/FM signal generators (A
and B) are connected to the

receiver under test via Rayleigh fad-
ing emulators and a combiner. The
signal from generator A is on the
nominal RF frequency (ERMES
channel 8) and the signal from gen-
erator B on the nominal frequency
+30 Hz + 3 Hz. The difference in
contribution to the signal strength
from the signal generators is 1 dB,
the higher signal coming from signal
generator A,

The fading emulators are adjusted
for the speed of 3 km/h. The fading

ERMES Response
Message Measuring
Generator I Test Set |
[ : ]
Receiver
1
- 23';: —l | Under Test
| S
Test Fixture
Signal Rayleigh 4 -
Generator > fading
B8 emulator |
_| Combiner
Signal Rayleigh
Generator fading
A emulator

Figure 1. ERMES Receiver Test Configuration with Multipath
and Simulcast conditions.

ERMES Response
Message Measuring

Generator Test Set

Multipath Fading Emulator
Path A .

Signal Receiver

Generator T (2 > | Under Test
A

MP2500-3L (ERMES) Test Fixture

Figure 2. Identical Test Setup with Noise Com’s Multipath
Fading Emulator, MP2500-3L (ERMES).

emulators are set for Rayleigh fad-
ing and there is no correlation
between the two emulators.

The above setup requires two signal
generators, a delay line, a com-
biner, and two fading emulators (or
a two-channel fading emulator).
There is an alternate solution, how-
ever, that can eliminate most of the
instrument requirements down to a
single channel fading emulator and
signal generator.

As illustrated in Figure 2, the mea-
surement setup has been re-
arranged somewhat using Noise
Com’s MP2500-3L (ERMES). The
output from the signal generator is
split into two different paths in the
fading emulator. The first path (A) is
Rayleigh-faded without any delay or
attenuation. The second path (B) is,
however, delayed by 50 ps and
attenuated by 1 dB; in addition, the
signal is frequency offset by +30 Hz.
This is easily accomplished by the
instrument’s graphical user interface
software. The two path outputs are
combined within the fading emulator
and then passed to the receiver
under test.

The MP2500-3L (ERMES) also
saves the step of measuring the
output power of Rayleigh faded sig-
nal, thus eliminating the need for a
power meter. Its built-in output
power setting capability allows the
average output power level to be set
and maintained even if the parame-
ters are changed in real time.

The versatile multipath fading emu-
lator MP2500-3L (ERMES) is spe-
cifically designed for ERMES and
other paging applications.

NOISECm

A WIRELESS TELECOM GROUP COMPANY

E. 49 Midland Avenue
Paramus, NJ 07652 USA
Tel: (201) 261-8797

Fax: (201) 261-8339

Email: info@noisecom.com



Multipath Fading
Emulator for ERMES
MP2500-3L (ERMES)

Multipath fading
emulator for ERMES
Receiver Testing

The MP2500-3L (ERMES)
emulates wireless
communication channels with
3 different reflected signal
paths for ERMES applications.
For testing ERMES receivers,
the instrument is an ideal
partner for providing realistic
channel environments.

The instrument has prestored
in its memory all the ERMES
specified test parameters.

It also provides programmable
output power, delay,
attenuation, frequency

shift (Doppler), and a choice

of Rayleigh, Rician, log-normal,
Nakagami, and Suzuki fading
statistics for each path.

The MP2500-3L (ERMES)
includes a built-in 486DX/33
computer and LCD display.

A Windows-based graphical
user interface simplifies setup
and operation.

Ordering Information
Model Number Frequency Range Application
MP2500-3L (ERMES) 30-2000 MHz ERMES

Options:

@ Synthesized local oscillators
@ Dual duplex interface

@ |/Qinterface (DC to 13 MHz)
@ High-power attenuator

@ Lower or higher frequency ranges

Gour glatal partrer o wiveloss and commniations testiny,

NOISECHp

A WIRELESS TELECOM GROUP COMPANY

E. 49 Midland Avenue
Paramus, New Jersey 07652
Tel: (201) 261-8797

Fax (201) 261-8339

E-mail: info@noisecom.com



RF Design magazine proudly presents a brand new trade show
dedicated exclusively to the RF design professional . . .

R lesion 7

(onterence & Expo

SEPTEMBER 10 - 12, 1997

Santa Clara Convention Center ® Santa Clara, California

See the newest product innovations. Expand your technical knowledge.
Meet the industry’s top experts in RF design.

J oin 2000 of your colleagues plus 100+ top product vendors
at the new premier trade show for the RF design industry:
The RF Design "97 Conference & Expo.

In addition to the action-packed exhibition floor, the
educational sessions cover informative topics like:

APPLICATIONS RF TOPICS

* GPS e QOscillator design
* Wireless communications e Frequency synthesis
e Consumer electronics ¢ Analog/digital modulation
e Personal communications ¢ Power amplifiers
ATTENTION VENDORS: o Digi.tal cellutar ; o Microstrig techniques
e Design-for-manufacturing e Filter design
e Remote sensing e Test systems and methods

Prite exhibit space is going fast. e Digital transmission e CAD modeling and use

For details on exhibiting, call

r
For complete information on the conference, exhibitors, hotels, special events
and more, return this coupon or call FAX-ON-DEMAND at 1-800-601-3858.
(Available after May 15.) Or call Intertec Presentations at 303-220-0600.

Renie Fuselier, Show Manager at

303-741-8715. . YES! Please send me information about attending.

[ Please contact me about exhibiting.

Name
Title
Company

Address

Presented by:

m:‘deSIQI] State Zip

With support from these INTERTEC pulications: Phone*
Mobile Radio Technology, Cellular & Mobile International,

Wireless World, Cellular Business, Satellite Communications, M AIL OR FAX TO:

Telephi d Global Telephony magazines.
RSN 2 e Intertec Presentations ® RF Design ‘97 ® 6300 South Syracuse Way, Suite 650
Englewood, CO 80111 ® 1-800-288-8606 or 303-220-0600 ® FAX: 303-770-0253

SOURCE CODE: AD

Fax?*
*Intemnational guests, please include country and city codes.

Managed and produced by the Intertec* Presentations
div. of Intertec Pubtishing Corp.
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vance per sample. Using a 70 MHz sampling clock, the
frequency range is from DC to 35 MHz, and the resolu-
tion is less than 1 Hz.

The local oscillator has impressive frequency-switching
characteristics. When switching between two frequencies,
the digital accumulator precisely maintains the phase of
the sine and cosine outputs for phase-continuous
switching. This allows the local oscillator to perform
frequency-shift keying (FSK) and finely resolved sweeps.
Transients and settling normally associated with other
types of local oscillators, such as phase-locked loop (PLL)
synthesizers, are eliminated. Some digital receivers em-
ploy a local oscillator with a built-in “chirp” function. This
is a fast, programmable and precise frequency sweep that
is useful in radar systems.

Figure 4. Digital receiver chip.

oscillator (NCO). The oscillator generates digital samples of
two sine waves precisely offset by 90° in-phase, creating sine
and cosine signals. It uses a digital-phase accumulator and
sine and cosine look-up tables. (Note that the A-to-D clock is
fed into the local oscillator.)

The digital samples out of the local oscillator are generated
at a sampling rate exactly equal to the A-to-D sample clock
frequency £. The sine frequency is programmable from DC to
f/2 with as many as 32 bits of resolution. The frequency
easily is changed by programming the amount of phase ad-

The mixer

The next principal component of the digital receiver chip is
the mixer, consisting of two digital multipliers. Digital input
samples from the A-to-D mathematically are multiplied by
the digital sine and cosine samples from the local oscillator.
Because the data rates from these two mixer input sources
match the A-to-D sampling rate, £, the multipliers also op-
erate at the same rate and produce multiplied output product
samples at £. The sine and cosine inputs from the local oscil-
lator create I and Q (in-phase and quadrature) outputs that
are important for maintaining phase information contained
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New 3 Volt Downconverters:

From RF to IF for 99¢

N EC miniature downconverters are the latest addition
to CEL's growing family of 3 Volt RF ICs.
Need low distortion? Our new UPC2758T delivers
+5dBm output IP3, Low current application? Choose

25 A5E 2 et I A Dy L
the UPC2757T. 1t provides 13dB of conversion gain
S ‘ from only 5.6 mA. Both feature a mixer, LO and IF
E‘ UPC2758T buffer amplifier, and a Power Down function to
] — UPC2757T e~ prolong battery life.
1 S —
é 5 UPC2756T \\ Another low current device, the UPC2756T, helps
g’ simplify your designs by combining mixer, IF amplifier
G § and oscillator — all on a single chip.
All three feature 3dB RF bandwidth to 2.0GHz, with
Gy 4 R e N T2 EReEEL Yt 4
g ia Y = Y9N eb 3dB IF bandwidth of 10 to 300 MHz.
LO Frequency (MHz) Housed in miniature packages no bigger than a
LIRSy JETRC I R N SOT-143, these devices are available now on tape and
reel and priced in quantity from only 99¢.
RECEIVER LINEUP Best of all, they can be combined
with CEL's other MMICs and discretes to
UPC2756T UPC2753GR '
provide complete GPS, PCN or 2.4 GHz o
1575 0 _3 ?__ | 1o th wireless LAN solutions. ;
z o e 0000600000000 080 es s s 0 e 3
200 20 MHz
MHz Need a higher level of integration? The 3 Volt
8 & UPC2753GR TF downconverter combines an RF input
amplifier, Gilbert cell mixer, LO input buffer, IF
" amplifier with AGC, external filter port, and IF output
TYPICAL SPECIFICATIONS limiting amplifier — all in 2 miniature 20 pin SSOP
PARF OPERATING lcc CONVERSION OUTPUT package. This device features DC to 400 MHz RF
VOLTAGE GAIN P3
response, DC to 20MHz IF response, and typical overall
UPC2758T' 3V 11ma 17dB  +5dBm
—— e e e ] conversion gain of 79dB.
UPC2757T' 3V 5.6mAa 13dB  0dBm
— — R AR For data sheets and a Silicon MMIC Product
UPC2756T> 3V 5.9 14dB  0dB
Peast B S etz 20 i et <l Selection Guide, call your nearest CEL Sales Office, or
1.Measured at 2.0GHz 2.Measured at 1.6GHz
circle the number below.
* Need Product Information Fast?
Use CEL's 24-Hour Fax Sytem!

CEL/Fax 800-390-3232

California Eastern Laboratories

CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com
Sales Offices San Jose, CA (408) 243-2111 Los Angeles, CA (310) 645-0985 San Diego, CA (619) 450-4395 Bellevue, WA (206) 644-3307

Dallas, TX (972) 402-9551 Olathe, KS (913) 780-1380 Wo

odridge, IL (630) 241-3040 Timonium, MD (410) 453-6600

Middleton, MA (508) 762-7400 Eimwood Park, N) (201) 796-7779 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682
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MIXER TRANSLATES
INPUT SIGNAL
BAND TO DC

|
*l l, ” 111,
v “’ ¥
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Figure 5. Digital receiver mixer translation.

in the input signal.

From a signal standpoint, the mixing
produces a translation or difference fre-
quency signal the same way a conven-
tional analog mixer does. Unlike analog
mixers, which generate unwanted
mixer products, the digital mixer pro-
duces only two outputs: the sum and
difference frequency signals.

The difference mixer product in the
frequency domain is shown in Figure 5.
At the output of the mixer, the high-
frequency wideband signals in the A-to-
D input have been translated down to

DC with a shift or offset equal to the
local oscillator frequency. This is sim-
ilar to the analog receiver mixer except
that the analog receiver mixes the RF
input down to an IF (intermediate
frequency).

In the digital receiver, the precision
afforded by digital signal processing al-
lows mixing to work right down to
baseband (or 0 Hz.) Overlapping mixer
images are rejected by the accuracy of
the sine and cosine local oscillator sam-
ples and by the mathematical precision
of the multipliers in the mixer. By
tuning the local oscillator over its fre-
quency range, any portion of the RF
input signal can be mixed down to DC.
In effect, the wideband RF signal spec-
trum can be shifted around 0 Hz, left
and right, simply by changing the local
oscillator frequency. Once the RF
signal has been translated, it is ready
for filtering.

The decimating lowpass filter
The decimating lowpass filter ac-
cepts input samples from the mixer

output at the full A-to-D sampling fre-
quency f,. It uses digital signal pro-
cessing to implement a finite impulse
response (FIR) filter transfer function.
The filter passes all signals from 0 Hz
to a programmable cutoff frequency or
bandwidth and rejects all signals
higher than that cutoff frequency. This
digital filter is a complex filter that
processes both I and Q signals from the
mixer. At the output, you can select ei-
ther I and Q (complex) values or real
values, depending on your system re-
quirements.

Figure 6 shows a representation of
the filter’s action in the frequency do-
main. The filter passes signals only
from 0 Hz to the filter bandwidth. All
higher frequencies have been removed.
Remember, the wideband input signal
was translated down to DC by the
mixer and was positioned around 0 Hz
by the tuning frequency of the local os-
cillator. At the filter output, we have
selected a narrow slice of the RF input
signal, translated it to DC and blocked
all other signals. The bandlimiting ac-

Miniature RF Amplifiers

Frequency: 1-500 MHz, .005-100
MHz, .4-300 MHz, 1-1000 MHz, etc.

Gain: 20 dB, 15 dB, or 30 dB.

Applications include airborne equip-
ment, test instrumentation, sweep equip-
ment, spectrum analyzers, frequency
counters, telemetry, radio astronomy,
wide band communications, or all round
test bench amplifier

Wide Band Engineering Company, Inc.
Phone/Fax (602) 254-1570

® Volume Pricing As Low As $20.00

Bandwidths From 0.1% to 5%

Small, Reliable, Rugged

When Quality Counts --
Count on Collins Mechanical Filters

YOUR CUSTOMER DESERVES THE BEST

Delay Equalized Types For Wireless Comm
Center Frequencies From 100 kHz to 550 kHz

’N Rockwell

Filter Products
Rockwell

2990 Airway Ave.
Costa Mesa, CA 92626
(714) 641-5315

FAX: (714) 641-5320
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HoOw MANY TOKO LLU'S CAN YOU PLACE

(= TOKO & PE|

RF/MICROWAVE DISTRIBUTION
|AVMET COMPNY

/4
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Your RF DESIGN TEAM

And how much board space can you gain?

Such a micro size may seem impossible, but not
to Toko engineers. The LL1005 (inductance range
1.0 to 27.0 nH) is merely the latest addition to
Toko's micro-miniature line of ceramic multilayer
chip inductors available from Penstock. With an
0402 footprint and an 0.05 profile, the LL1005 is
the world’s smallest-by far.

Toko's cutting edge design and leadership in
ceramic muitilayer technology helps in other ways,
too. Toko chip inductors offer higher current hand-
ling capabilities (up to 1 amp) and tolerance as low
as 3% on some values. Plus:

* Available 0402, 0603 and 0805 packages
assure wide flexibility

e E-12 series inductance from 1.0 to 470 nH
makes design modification easy

* Reflow solderable

» Tape and reel packaging to ease manufacturing
¢ Pricing that’s always competitive

* Quick delivery

As the world's largest RF/microwave distributor,
Penstock is the design engineer’s link to Toko’s ad-
vanced technology. We inventory more than 5 million

Toko parts —in stock— and serve the engineering
community from over 25 sales offices throughout
North America and Europe. With Toko and Penstock,
you always know, there’s nothing more advanced—or
more readily available— anywhere in the world.
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In Northern California call: 1-408-745-8190
in Canada call: 1-800-PENSTOCK
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" UNPRECEDENTED
IN VALUE.

N
" N $/4 25
‘l 3% All Ceramic 2 to1900MHz o B (. 10.49)

™ JMS mixers mean unparalleled performance and reliability. Solder piated
N - "S_\ J leads provide improved reliability of the solder connection while
. | o significantly reducing thermal stress and leaching. All-welded
internal construction withstands reflow temperatures up

to 240°C for 5 minutes, and rugged construction enables

JMS mixers to pass tough MIL-M-28837 shock and

vibration tests. Additionally, the all-ceramic surface mount
package has a cover pull strength of 20 pounds! Other quality
features include 4.5 sigma repeatability unit-to unit,
automated assembly for low-cost and fast, guaranteed 1 week
shipment, tape and reel availability plus a 5 year Ultra-Rel®
guarantee. If value is a must...specify JMS mixers from Mini-Circuits.

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

SPECIFICATIONS MIDBAND (dB, typ.)

LO FREQUENCY (MHz) Conv. Isolation $ea.
MODEL (dBm) LORF IF Loss L-R L1 (qty. 1-9)
JMS-1 +7 2-500 DC-500 575 45 45 4.95
JMS-1LH +10 2-500 DC-500 575 55 45 8.45
JMS-1MH +13 2-500 DC-500 575 60 45 9.45
JMS-1H +17 2-500 DC-500 590 50 50 11.45
IMS-2L 800-1000 DC-200 7.0 24 20 7.45
IMS-2 +7 20-1000 DC-1000 70 50 47 7.45
JMS-2LH +10 20-1000 DC-1000 65 48 35 9.45
JMS-2MH +13 20-1000 DC-1000 7.0 50 47 10.45
JMS-2H +17 20-1000 DC-10€ 7.0 50 47 12.45
JMS-2W +7 5-1200 DC-500 6.8 60 48 7.95
JMS-5 +7 5-1500 DC-1000 6.0 35 37 9.95
JMS-5LH +10 5-1500 DC-1000 6.0 50 35 10.95
JMS-5MH +13 5-1500 DC-1000 5.7 57 35 11.95
JMS-5H +17 5-1500 DC-1000 59 50 35 12.95
JMS-11X +7 5-1900 5-1000 6.7 35 37 425"
Note: *10-49 qty.

L_JMini-Circuits’ @ @

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET hitp://www.minicircuits.com  C/RCLE READER SERVICE CARD
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210 76Hz MIXERS .- '4” ..

They're here! Low cost level 7,10,13 and 17 (LO) frequency mixers offering high eFreq.  LOPWR Conv. Loss IsolL-R) Price
IP3 performance over the 2 to 7GHz frequency range. It's Mini-Circuits wide ”s;jdse 200“3”;00 d?;“ dségp‘ dB':zw' sﬁ‘:’
band SKY mixers typically featuring high 28dB isolation and low 6dB g7 20007000 47 70 28 1695
conversion loss over the entire band. These miniature 0.10 inch high units ~ skv-60 2500-6000 47 62 28 149
are flat as a pancake for today’s smaller, high density designs such ag ~ SK¥60LH 25006000 +10 62 8 169
PCMCIA's, and are housed in a rugged, J leaded package built to withstand 554 25006000 413 62 2
high temperature reflow. When your project demands a reliable surface  s«vs3rR 28005300 47 57 28 1495
mount mixer with high performance and value...Reach For The SKY,  SKYS3LHR 2800-5300 +10 57 28 1695
et ; i _Rel® SKY-53MHR 2800-5300 +13 57 B 1795
Mini C|rCunt§ toggh SKY mlxers,.w.lth the 5 year U|tlta Rel® guarantee. s gl g o ol
Mini-Circuits...we’re redefining what VALUE is all about! « IF: DC-500MHz min.
Actual
‘ Size

[JMini-Circuits ©® .0
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tion of the filter is analogous to the ac-

DECIMATING Rt et T e o :
FILTER BW ion of the IF stage in the analog re-
> le e ceiver except that the decimating low-
BAND TO DC pass filter operates around DC instead

A ing dh oot A m' of being centered at an IF frequency.
' ‘ q ‘ An actual frequency display is shown

LOCAL

osetamon 14 in Figure 7. The top figure shows a 30

% MHz wideband RF input that was sam-

pled by the A-to-D converter at 70

1o —— A MHz. Suppose we have a signal of in-

terest at 20 MHz, and we know that

the bandwidth of the signal is 6 kHz.
By setting the local oscillator to 20
MHz and the bandwidth of the filter to

Figure 6. Decimating filter bandlimiting.

6 kHz, we can translate the signal and
extract only a 6 kHz band as shown in
the bottom figure. Because the output
bandwidth is limited to 6 kHz, we are
permitted by Nyquist’s theorem to drop
the output sampling rate to just higher
than 12 kHz, in this case 14 kHz.

i

—“—-CcvZ-—

| 0 15 "o\ 2% %0
Decimation factor

To set the filter bandwidth, we need
to program a parameter called the deci-
mation factor. Because the output band-
width and the output sampling rate are
related directly, the decimation factor

- CUv-CO

7 2 3 4 5 6

Figure 7. Frequency zoom.

Cut Your RF “Losses” with
Hitachi Metals’ Components

Hitachi Metals’ RF and microwave components
can increase your product performance and com-
petitiveness in this tough international market.

Want better impedance matching perfor-
mance? Hitachi components are optimized to
provide better matching. Specify Hitachi.

Want to save circuit board area and package
volume? Designed with our superior
“Mutti-Layered” technology, Hitachi
components require minimal volume and
circuit board area. Specify Hitachi.

Specify Hitachi, a major international
supplier of electronic components.
Hitachi, setting the highest quality {
and reliability standards in the world.

RF TRANSFORMERS
CIRCULATORS, ISOLATORS
COMBINERS AND SPLITTERS
COUPLERS

DOUBLE AND SINGLE
BALANCED MIXERS

LOW PASS FILTERS
ANTENNA SWITCHES

Hitachi Metais America, Ltd.
2101 S. Arlington Hts. Rd., Suite 116

Arlington Heights, IL 60005

Tel: (847) 364-7200 Fax: (B47) 364-7279
www.hitachimetals.com
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also sets the output sampling rate. The
decimation factor, N, determines both
the ratio between input and output
sampling rates and the ratio between
input and output bandwidths.
Revisiting the previous example, we
start with an input bandwidth of 30
MHz, and the result is an output band-
width of 6 kHz. In this case, the decima-
tion factor was set for a factor of 5,000.

Digital receivers can be divided into
two classes, narrowband and wideband,
distinguished by the programmable
range of decimation factors.
Narrowband receivers have a range of
decimation factors from 32 to 32,768 for
real outputs. Wideband receivers have
a range of decimation factors from 1 to
32 for real outputs. When complex
output samples are selected, the sam-
pling rate effectively is halved, because
a pair of output samples are delivered
with each sample clock.

Programming digital receivers

To review, the digital receiver chip
performs two principle signal-
processing operations controlled by two
programmable parameters:

1. Translation of the input signal
down to DC controlled by the tuning
frequency programmed into the local
oscillator.

2. Lowpass filtering in which the
bandwidth and output sampling rate
are controlled by setting the decimation
factor.

Because everything inside the deci-
mating lowpass filter is performed with
digital circuitry and digital signal pro-
cessing (DSP) techniques, there are no
undesirable effects normally associated
with analog filters used in conventional
receivers. There is no initial component
tolerance, temperature variation or
aging characteristic. Neither calibra-
tion nor preventive maintenance is re-
quired. This provides excellent
channel-to-channel matching for appli-
cations in which phase-shift variation
between channels is important. The fi-
nite impulsive response (FIR) digital
filters used are linear phase for well-be-
haved transient response. The filter
bandwidth is programmable over a
wide range (1,000 to 1), with absolutely
predictable and uniform response
throughout. The signal is tailored pre-
cisely for DSP by preselecting only the
signal of interest by bandlimiting and
by providing it to the DSP at the op-
timum sampling rate.

The output signal is translated, fil-
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This test engineer agreed

to provide a testimonial about our

super fast VCO/PLL signal test system.

Under one condition.

Strict anonymity. You'll know why when
you hear what a huge competitive
advantage the HP 4352S can provide.

It can measure the phase noise
of a 1.8 GHz VCO/PLL in 8.4 seconds.
Covering 201 frequency offset points.
Normally a 10-minute job.

The HP 43528 also cuts down the
complexity normally associated with
testing mixed-signal devices. With
today’s VCO/PLLs you need to test a
whole range of parameters, including
VCO Tuning Characteristics, RF Power
Flatness, PLL Transient, Spurious and
Harmonics. The HP 4352S can handle all
that and more over a frequency range of
10 MHz to 3 GHz and higher.

It also lets you compare up to four data
traces, under different conditions, on a
single display. Which makes characteriz-
ing your devices easier than ever.

Perhaps it’s best summarized by our
anonymous engineer:

“If they found out I was talking
about it, I'd be dead. But it’s just too big
a secret to keep. It’s fast. Really fast.
That’s all I can say.”

Call 1-800-452-4844, Ext. 5058,
to find out how the HP 4352S VCO/PLL
Signal Test System can make wireless

A4U/BFIADILL 0D prexded-ua|mol L66T

testing more efficient.
There is a better way.

A ciciane
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tered, bandlimited and ready for fur-
ther processing. The output signal from
the decimating lowpass filter is still a
sampled time signal that could repre-
sent any kind of modulated or unmodu-
lated signal. We could send this signal
directly to a D-to-A converter, pro-
ducing an analog waveform. For
straight single-sideband frequency divi-
sion multiplexed speech, we could con-
nect the D-to-A output to a speaker and
listen to the selected voice channel di-
rectly. In many systems, such as
modem demodulation, further pro-
cessing is required. Because the sam-
pled receiver output signals now are a
lower sampling rate, this additional
processing readily can be handled by a
DSP.

DSP for digital receivers

Any form of demodulation can be im-
plemented by loading the DSP with the
appropriate algorithm. AM can be de-
modulated with an envelope detector;
FM and PM can be demodulated using
a phase or frequency discriminator al-
gorithm. The ability quickly to change

the local oscillator allows frequency
agile modulation schemes to be accom-
modated as well. Analysis functions in-
clude energy detection such as required
by scanning receivers, which may be
implemented with a fast fourier trans-
form (FFT). Other analysis functions
include cryptography, identification of
transmitters based on transmission fre-
quency, modulation schemes and other
signal characteristics. Once the signal
is brought into the DSP arena, auto-
mated functions, such as center fre-
quency and bandwidth tuning, can be
implemented to track a complex signal
that may be moving or hopping.
Interesting signals can be stored on
hard disk, tape or other media, and the
time of the signal event can be logged
as well. With this arrangement, when
new or proprietary demodulation, pro-
cessing or analysis schemes are re-
quired, no new hardware is necessary.
Instead, a new DSP software algorithm
is loaded. Think of the digital receiver
as a hardware preprocessor for DSP. It
preselects only the signals you are in-
terested in and removes all others. This

S¢,
2, 06‘0/
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PROTOTYPE CIRCUIT BOARDS

WITH THRU-HOLE PLATING....
FABRICATED AT YOUR BENCH

The LPKF Protomat 93S System with optional
automated AutoContac thru-hole plating system
fabricates complete boards in less than four hours.
Fully programmable speed control provides superior
results for a full range of board materials.

» Input Gerber, Excellon or HPGL files and produce Analog,
Digital, RF and Microwave prototype circuit boards.

» Windows software with programmable
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and full tool management.
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» Enviromentally safe - all mechanical,
no etching chemicals
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CALL TODAY 1-800-345-LPKF A
6190 S.W. Arctic Drive Beaverton, Or. 97005
(1-800-345-5753) or FAX to: 1-503-643-3662

CAD/CAM
SYSTEMS INC.
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provides an optimum bandwidth and
minimum sampling rate into the DSP.
Because the number of DSPs required
in a system is directly proportional to
the sampling rate of input data, by re-
ducing the sampling rate, you can dra-
matically reduce the cost and com-
plexity of the DSP system that follows.
Even if the digital receiver outputs do
not require a great deal of signal pro-
cessing, reduction of bandwidth and
sampling rate helps to save time in
data transfers to another subsystem;
helps minimize recording time and tape
or disk space; and speeds up communi-
cation channels.

Conclusion

Digital receivers can dramatically re-
duce the DSP requirements for systems
that need to process signals contained
within a certain frequency band of a
wideband signal. The fast tuning of the
digital local oscillator and the easy
bandwidth selection in the decimating
digital filter make the digital receiver
easy to control. Because all of the cir-
cuitry uses digital signal processing,
the characteristics are precise and pre-
dictable, and they will not drift with
time, temperature or aging. This also
means excellent channel-to-channel
matching and no need for calibration,
alignment or maintenance. These are
the advantages of using digital re-

ceivers. RF

About the author

Rodger H. Hosking, vice president
of Pentek, was a co-founder of the
company in 1986. With more than 25
years experience in the electronics in-
dustry, he previously was engineering
manager at Rockland Systems and its
successor company, Wavetek
Rockland. While there, he was re-
sponsible for the development of dig-
ital frequency synthesizers, FFT spec-
trum analyzers and digital filter
products. He designed the first com-
mercial direct digital frequency syn-
thesizer in 1971 and holds patents in
frequency synthesis and FFT spec-
trum analysis techniques. He has a
B.S. physics from Allegheny College,
and a BS.EE. and an M.S.EEE. from
Columbia University. He can be
reached at Pentek, One Park Way,
Upper Saddle River, NJ 07458. Tel:
201-818-5900; fax 201-818-5904; E-
mail rodger@pentek.com. Web site

http://www.pentek.com.

April 1997



To build strength, we all work out. But not quite in the same way. For some, it may be difficult, but with patience and perseverence, a strong

foundation is easy to come by. That's why at KMW, we look to build that strength by manufacturing the superior quality products you need at
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From the basics, like our cable assemblies to our sophisticated patent pending RF switches, we believe that customer satisfaction is the driving
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force behind our ability to balance both quality and price with all of our products. Therefore, KMW maintains a work environment that facilitates

both individual growth and team work where you, the customer, are a constant part of our team.
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At KMW, we always work to balance what you need with what you want.

It's become a natural part of our practice, so expect only the best from KMW.
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RF filters

Genetic optimization algorithms
create high-performance,
fixed-point digital filters

By Carter Smith

An RF engineer implementing an
analog filter design usually will see
deviations from the designed frequency
response caused by the necessity of
using parts with standard values. A
similar situation occurs when a digital
signal processor (DSP) designer imple-
ments a digital filter in hardware that
uses a fixed-point numeric format. This
is because in a practical implementa-
tion of a digital filter, in hardware such
as an application-specific integrated
circuit (ASIC) chip or software on a
DSP, only a finite number of bits are
available for number representation
and numeric operations such as multi-
plication and addition. This finite num-
ber of bits can cause the filter not to
perform as intended. Designers can use
optimization algorithms and design
software to create fixed-point digital fil-
ter designs that meet specifications at a
minimum cost and power.

finite impulse response (FIR) low-

pass filter, such as given in the IS-
95 code-division, multiple-access
(CDMA) specification, is typically
designed using floating point arithmetic.
Ideally, the floating-point filter is then
converted to a fixed-point arithmetic
design. Unfortunately, that causes the
filter response to change and violate the

filter specifications. This fixed-point fil-
ter then is tweaked automatically to
meet specifications using some novel
genetic optimization techniques. The
result is a low-cost, low-power, fixed-
point numeric format digital filter
design that meets the stringent CDMA
wireless phone communications specifi-
cation using the minimal number of bits.

Floating-point filter specifications
The CDMA specification (IS-95) calls
for a baseband low-pass FIR filter. This
filter is used to eliminate out-of-band
noise and limits the signal bandwidth of
the data stream. The desired filter
response is that of a low-pass filter, with
a passband extending to 590 kHz, a
transition band from 590-740 kHz, and
a stopband attenuation of greater than
40 dB for the frequency range of 740
kHz and higher. These IS-95 specifica-

tions are shown graphically in Figure 1.
In addition to the performance
requirements, the CDMA specification
also gives a list of FIR filter coefficients
for a 48-tap FIR filter. These coeffi-
cients will yield a filter that meets the
specifications shown in Figure 1, given
that the sampling time of the system is
set as specified (sampling time step of
0.2034505283333 usec). These coeffi-
cients are given in column 2 of Table 1,
where k is the
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coefficient num-
ber and h(k) is
the coefficient
value. (See the
I1S-95 specifica-

tion, section
6.1.3.1.10 for
details.)

An FIR filter
can be used to
implement the
desired filter
response by using
the set of 48filter
coefficients as
listed in column 2

——

Figure 1. COMA (IS-95) baseband filter frequency response specification limits.
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of Table 1. An

FIR filter can be written in mathemati-
cal form as:

Y= 3 h(Y(n - k) 2

where y(n) denotes the filter output at
the n-th time step, x(n - k) denotes the
filter input at the (n — k)th time step,
and N is the order of the filter (i.e., the
number of coefficients that defines the
FIR filter).

The filter coefficients in column 2 of
Table 1 are as stated in the IS-95 speci-
fications and are not yet quantized to
fit a finite number of bits, which is the
end goal of our design. Also, because
the filter coefficients are symmetric
about the center index k=23, 24, the
FIR filter will have linear phase [2].

Construction and simulation
of the floating-point FIR filter

The next step in our design is to
implement the 48-tap FIR filter in a
floating-point configuration and simu-
late it. Because we are using a symmet-
rical filter for linear phase, we will
implement the filter in the direct form.
Figure 2 shows a portion of the cascad-
ed FIR filter to demonstrate how it was
implemented. The unquantized coeffi-
cients listed in column 2 of Table 1 now
are loaded into the simulation. The
simulation is set up so that all multi-
plies and adds are carried out in full
floating-point precision.

To simulate and test the perfor-
mance of the filter, we set up a test
bench in the simulator. The test bench
drives an impulse into the FIR filter
then processes the output of the filter
using a fast Fourier transform (FFT).
The FFT generates the frequency
response of the floating-point imple-
mentation of the filter we have con-
structed. The results from the simula-
tion show that the floating-point ver-
sion of the CDMA FIR filter does
indeed meet the specifications dis-
cussed previously. (See Figure 3.) This
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PART IDENTIFICATION
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PARAMETER MIN  REFLE. ABSORB. MAX  UNITS CONDITIONS
TYP N4
FREQUENCY OF OPERATION DC 3000 MHz |
INSERTION LOSS 1.07 117 dé @ 1000 MHz l
1.19 1.36 d8 @ 2000 MHz
1.46 1.79 d8 £l @ 3000 MHZv_ i
ISOLATION 4 34 d8 @ 1000 MHz
27 27 d8 @ 2000 MHz
n |2 @ | @ 3000 MHz %
VSWR INPUT 121 [1.24/1 @ 1000 MHz
1.5/1 | 15/1 @ 2000 MHz [
154 115/ @ 3000 MHz
VSWR OUTPUT 121 | 1.241 @ 1000 MHz
1.5/1 | 15/1 @ 2000 MHz
1.5/1 [ 15/1 @ 3000 MHz
IMPEDANCE 50 50 OHMS
SWITCHING SPEED 5 5 nSEC
CONTROL CURRENT 20 15 mA @ +5V
15 14 mA @-5v
RF POWER OPERATE 13 2 d8m | @ 3 MHzl dB Compression
17 25 dBm | @100 MHz1 dB Compression
25 27 dBm | @ 1000 MHz] dB Compression
RF POWER NO DAVAGE T
1P3 28 28 d8m | @ 3MHzl dB Compression
3 39 dBm | @ 100 MHz 1 dB Compression
4 4 d8m | @ 1000 MHz 1 dB Compression
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Figure 2. A portion of the FIR filter as constructed in the simulation environment.

is to be expected because we are using
identical coefficient values to the speci-
fication, and floating-point math is
used in the simulation model. The next
step in the design process is to change
the simulation to determine the perfor-
mance of the filter when fixed-point
coefficients and math are used.

Fixed-point implementation
of the filter
In our example, only 16 bits (total)

are available, 12 bits of which will be
used to represent the fractional part of
numeric values. The upper four bits
will be used to allow sufficient head-
room when multiplication and addition
are performed. If we take column 2 of
Table 1 (floating-point coefficients) and
quantize the coefficients to the avail-
able number of bits (12), the result is
the values shown in column 3 of Table
1. These values are the filter coefficient
values closest to the unquantized origi-

ANAANTT

FREQ 0.5 MHz/DIV

FIR COEFFICIENTS
FIR COEFFICIENTS FIR COEFFICIENTS (12 BITS AFTER
(PER 1S-95 SPEC) (QUANTIZED TO 12 BITS) | GENETIC OPTIMIZATION)
k h(k) h(k) h(k)
0,47 0.025288315 0.025390625 -0.02539059974
1,46 0034167931 -0.0341796875 -0.034667969
2,45 0.035752323 0.03564431 -0.03613259
3,44 0.016733702 -0.016845703125 -0.01684570274
4,43 0.021602514 0.021484375 0.02172851589
542 0.064938487 0.06494140625 0.064453125
6,41 0.091002137 0.091064453125 0.09106438126
7,40 0.081894974 0.081787109375 0.081298819
8,39 0.037071157 0.037109375 0.036621094
9,38 0.021998074 0.02197265625 -0.021484375
10,37 0.060716277 -0.060791015625 0.060302735
11,36 0051178658 0.05126053125 -0.05078125
12,35 0.007874526 0.0078125 0.0073242188
13,34 0.084368728 0.08447265625 0.083984375
14,33 0.126869306 0.126953125 0.12646485
15,32 0.094528345 0.094482421875 0.09448242226
16,31 -0.012839661 0012939453125 0.01269531211
17,30 -0.143477028 -0.1435546875 0.14306641
18,29 0.211829088 0.2119140625 0.21166991811
19,28 -0.140513128 -0.140625 -0.14038085811
20,27 0.094601918 0.094482421875 0.093994141
21,26 0.441387140 0.44140625 0.44116211063
22,25 0.785875640 0.785888671875 0.78588867126
23,24 1.0 1.0 1.0

Table 1. FIR filter coefficients as specified in IS-95, as implemented in fixed-point numeric format and as

optimized to meet specifications.

Figure 3. Frequency response of the floating FIR
filter implementation.

nal coefficients of column 2 of Table 1.

Because we have only 12 bits for rep-
resentation of the coefficient, the frac-
tional values are changed by quantiti-
zation from the floating-point values
given in column 2 of Table 1. The frac-
tional resolution with 12 fractional bits
is equal to 1/2'? = 1/4096 =
0.000244140625. Thus, our coefficients
will be quantized to multiples of this
value. These quantized coefficients are
used in the next simulation of the digi-
tal FIR filter to determine how the fil-
ter performance has been reduced by
the quantitization of the coefficients
and the fixed-point math.

Checking performance
of the fixed-point filter

To check performance of this fixed:
point FIR filter configuration, adjust the
controls in the simulation. This allows
us to examine the filter response with &
fixed-point format 2s complemen
numeric format <16,12> (i.e., 16 bits
total of which 12 bits are used to repre
sent the fractional part), with truncatior
quantization and saturation overflow
Truncation quantitization means that i
the result of a mathematical operatior
uses more resolution (places after th¢
decimal point) than we can support, the
number is truncated to simulate hov
the real fixed-point FIR filter hardwar«
will work. Saturation overflow indicate:
that when the magnitude of the num
bers gets too large, they will clip at the
maximum or minimum value rathe:
than wrapping around to a negative
value, as the 2s complement numbe:
system inherently does.

After setting the simulation contro
parameters to emulate the desire:
fixed-point characteristics, it is possibl
to simulate the fixed-point implementa
tion of the FIR filter. The same tes
bench used to test the floating-poin
FIR filter will be used to test the fixed
point implementation of the FIR filter
Figure 4 shows the frequency respons
of the fixed-point implementation of th
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Size is everything in
today’s wireless product
market. Ever since the first cellu-
lar phone was designed, the big
challenges have been how to
make them more portable; how to
reduce power consumption while

- extending talk time; and how to

 add more features.

How do you doit?

Simple. With ITT RFIC power
amplifiers. Based on our MSAG®-
Lite technology, our line of RFIC

Small talk.

extended by as much as
30% compared to using discretes
or modules. In addition, you can
lighten up the entire system by
reducing the battery weight
required to power the phone.

And all this at an extremely
competitive price.

Small wonder that designers
of all kinds of wireless products are

power amplifiers can help you
reduce total system size while
adding more features in the same

talking to us first.
What about you?
Call us at 540-563-3949.
Or fax us at 540-563-8616.
ACTUAL
SIZE .

&

space. Cell phone talk time can be
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not attenuated below -40 dB
as required by the IS-95 base-
band filter specifications.

The area within the box of
Figure 4 shows the area at
which the specification is
violated.

Figure 4 shows that, at
about 770 kHz, the filter mag-
nitude response is almost -39
dB, which is 1 dB higher than

Figure 4. Frequency response of an FIR filter with a fixed-point
tinite numeric format of <16,12> (16 bits total, 12 bits for frac-
tional representation). This fixed-point filter violates the speci-

fications.

FIR filter. This simulation was done
using the fixed-point 2s complement
<16,12>, truncation quantization, satu-
ration overflow numeric format.

Results of the
fixed-point filter simulation

Figure 4 shows that the filter specifi-
cation is violated for the frequency
range of approximately 760-770 kHz,
where the filter magnitude response is

the required —40 dB value as
specified (in IS-95) for frequen-
cies greater than 740 kHz.

The filter response in
Figure 4 is distorted from the
previous floating-point design (Figure
3), but what caused this change in the
frequency response? The change in fre-
quency response is caused by a shift in
the location of the zeros in the FIR fil-
ter. The shift in the zero locations of
the FIR filter is caused by two things.
First, the filter coefficients are quan-
tized from floating point to fixed point.
This quantitization of the coefficients
causes a slight change in the values of

the coefficients, which causes a cor’
sponding shift in the zero locatio
Second, when fixed-point math is u.
for the adds and multiplies of the
ters, the cumulative errors also
cause the zeros to shift.

From the fixed-point FIR filter sir
lation results in Figure 4, it is cl
that this implementation of the filte
not acceptable, because the stop-b.
attenuation specification is violated. A
designer’s typical response to this
problem is to add another bit to the
number format. Adding another bit
two to the numeric format proba!
will solve the problem, but it comes
the price of a more expensive des
implementation that will draw m
power. In many cases, higher-po
and higher-cost implementation ,
not acceptable. The designer need.
find a method that will allow the us
the minimum number of bits, 1¢
this case, and still meet the pe
mance goals. Optimi-zation technic
are not applied often to this situat
but they may be the best way to s
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the problem and still keep a low-cost,
minimum-bit design.

How optimization can help
to solve fixed-point problems

To solve the fixed-point filter imple-
mentation problem, the optimization
tools in OmniSys will be used to tweak
the filter coefficient values. This opti-
mization will create a large number of
designs and will select the designs that
meet specifications. Details on this
fixed-point filter coefficient optimiza-
tion are explained below.

During the optimization of the fixed-
point FIR filter response, the filter coef-
ficients are selected, and the resulting
filter response is evaluated, to see
whether it meets the desired response.
The selection of the filter coefficients is
done using the genetic optimizer
method available in the simulation tool.
In the context of the genetic optimiza-
tion of the filter response, the selection
of filter coefficients is explained below.

Let’s assume that the FIR filter is
made up of N filter coefficients, which

are to be represented in some desired
fixed-point 2s complement numeric for-
mat. The filter is defined by a set of N
nominal filter coefficients. Each filter
coefficient is discretized (quantized),
ie., it can take on only a discrete set of
numeric values, with the step size
between adjacent values determined by
the number of bits used for fractional
representation. In the initial iteration
through the genetic optimizer, an ini-
tial population of 30 sets of N filter
coefficients is selected randomly, i.e., 30
different FIR filters are created
because each set of N filter coefficients
defines a different filter response.
These sets of N filter coefficients are
distributed randomly in a neighborhood
of the nominal filter coefficients.

These 30 filter responses are then
evaluated against the desired filter
response and ranked. The best five fil-
ter responses are selected as winners
and used in the next iteration as par-
ents by the genetic optimizer. These
five sets of N filter coefficients, which
define the winning five filter responses

in the initial iteration, then are used to
generate a new population of 30 sets of
N filter coefficients, and the whole
process of ranking and selection of win-
ners then is repeated. By cycling
through a number of such iterations (or
generations), the genetic optimizer is
able to provide a better set of filter coef-
ficients and a filter response that is
much closer to the desired filter
response. Note the analogy of natural
selection (survival of the fittest) to the
genetic optimizer selection of the fittest
set of coefficients for our filter [1].

Setting up the goals
for the optimizer

For the optimization process to work
properly, first tell the optimizer what
the goals are. In this case, we would like
the optimizer to create designs that
meet the filter specification, using 12
bits to represent the fractional filter
coefficient values and 16 bits total for all
mathematical operations. Each design
will be different only in that the values
of the filter coefficients will be altered

CERAMIC RF
CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

JENNINGS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlsbad, California 92008
TEL (619) 4384420
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consist of:
* Resonator-Thermostat in TO-8 package.
* Hybrid OCXO in 14 pin DIP package.
* Hybrid OCVCXO in 14 pin DIP package.

* Both SC and AT-cut crystals are available

* Power consumption, steady state, 25°C:
* Warm-up Time to £1x10-7;
* Frequency Range:

* Phase Noise:

satisty system requirements.

, Valpey-Fisher has developed a new family of prod-

ucts based on Resonator-Thermostat (RT) technology.
This incorporates a Directly Heated Quartz Crystal, a temperature sensitive element. and a thermo-
controller circuit, all sealed in one enclosure. This family will be introduced in early 1997 and will

* Discrete OCXO in 1" by .6" by .5" package.

This family of products truly bridges the gap between TCXO and OCXO. h has the performance
of an OCXO. while maintaining the Size, Power Consumption, and Warm-up Time of a high end
TCXO. Some specifications of this family of products are:

* Frequency stability vs. temperature (-30°C to 70°C): +2x10-8 (RT, SC-cut, 10 MHz)

15s (SC-cut)

8 to 25 MHz (RT, OCXO0), 2 to 105 MHz (ocvexo)

* Aging rate is 5x10-10 per day after 15 days, 2x10-10 per day after a month (SC-cut)
-155dBc/Hz @10 KHz offset (SC-cut)

This performance allows the use of a product based on RT technology in applications such as
GPS, mobile communications and other systems where the frequency stability of a TCXO is unsat-
isfactory, but the power consumption, size, and warm-up time of a conventional OCXO can not

WALPEY-FISHER%]

A SUBSIDIARY OF AATEC

90 mW
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In an increasingly competitive market,
the best way to attract and keep
customers is with high-quality service.

Site Master from Anritsu Wiltron helps
you improve signal quality by quickly
tracking down subtle degradations in
antenna equipment. Its unique FDR
(Frequency Domain Reflectometry)
capabilities perform both precision
return loss sweeps and accurate distance
to fault measurements, with more sensi-
tivity than traditional TDR or SWR.
Moreover, Site Master can test in
the presence of live site interference,
eliminating site down time.

From 5 MHz to 3.3 GHz, Site Master
provides accurate, repeatable measure-
ments and easily stores antenna and

feedline signature characteristics.

By comparing recent measurements with
previous data, you’ll quickly uncover
gradual quality degradations before they
noticeably affect your service.

Preventive maintenance like this promotes
efficient diagnosis - eliminating expensive
emergency calls. Preventing equipment

failures decreases material costs. More
importantly, it results in higher quality

service that will keep your subscribers

happy and loyal.

So if you want to keep cable and antenna
problems from ever reaching your
customers, call us at 1-800-230-2972.

/nritsu
—— ] () ])

Site Master Helps You Find Signal Quality
Problems Before Your Customers Do.

United States: (800) 230-2972, Canada: (613) 828-4090, Europe: 44 (1582) 418853, Japan: (03) 3446-1111, Asia-Pacific: 81 (3) 3440-2770, South America: 55-21-286-9141, Singapore: 01 1-65-2265206

INFOYCARD 35



5.
0.0
-5.0
-10.0
-15.0
-200
250
-30.0
-35.0 REGION OF INTEREST
—40.0 s
-45.0 = y
-50.0 ﬁﬁf\ r"ﬂﬂ
15

0.0

FREQ 0.5 MHz/DIV

Figure 5. Fixed-point FIR filter frequency
responses from four generations of genetic opti-
mization.

using genetic optimization algorithms.
First, the FIR filter coefficients are
defined in the simulation schematic in
which the nominal value and the dis-
crete range over which each filter coef-
ficient can be adjusted are given. The
coefficient step size specified in the
EDA tool is set to 1/2412 = 1/4096 =
0.000244140625 because we have only
12 bits for fraction representation. In
other words, the minimum distance

between two values of the coefficient is
1/4096. Because the FIR coefficients
are symmetric about the k=23,24 index
terms, only 24 filter coefficients are
specified for use in the optimization. All
the filter coefficients are set to be opti-
mizable, except for the coefficients at k
= 23, 24 index, where their values are
fixed at 1.0 and must not be adjusted.

In the EDA tool, the desired filter
response is specified with three opti-
mization goals. Goal 1 defines the fre-
quency range for the passband region
of the filter and the desired level of out-
put from the filter at these frequencies
(plus or minus 1.5dB). Goal 1 also is
assigned a relative weighting of value 2
to indicate that it is most important to
meet this goal. Goal 2 and goal 3 are
set up in a similar manner to force the
optimizer to meet the IS-95 specifica-
tions in the transition band and the
stop band of the filter.

Simulation results for the
optimized fixed-point design
After the optimizer is put to the task

of tweaking the filter coefficients, we
come up with four generations of
designs. (See Figure 5.) The first genera-
tion of optimization does not create a
design that meets specification. (See
Figure 6.) Further generations are nec-
essary to meet our goals.

After the second generation, the fil-
ter coefficients are optimized such that
the filter specifications are met for the
-40 dB attenuation level This is evi-
dent in the enlarged view of the area of
interest in Figure 6. At the fourth iter-
ation, the attenuation at 770 kHz is at
about —40.8 dB, which is 1.8 dB lower
than the unoptimized filter response at
770 kHz. Notice that the genetic opti-
mizer’s survival of the fittest algorithm
gives an FIR filter design that now
meets the IS-95 frequency response
specification, only using 12 bits to rep-
resent the filter coefficient values.
There would have been no way for a
designer to use equations or intuitively
to adjust the values to bring the
response in compliance. By using the
power of the genetic optimization tech-
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If you operate in a cosite enviromment,
you need a Pole/Zero Tunable Filter.,

Our electronically tunable RF Bandpass Filters will reduce spurious and noise outputs from transmitters, exciters, or
synthesizers and significantly improve the dynamic range of your receivers using precise digital tuning. Our filters achieve
high intercept performance with excellent selectivity and low loss. Standard products include Tunable Bandpass and
Notch Filters in the 1.5 MHz to 1 GHz frequency range as well as custom products above 1 GHz. Our line of Cosite Products
now includes a new UHF Low Noise Amplifier (P14 = 5 Watt, 2db NF) optimized for SATCOM receive applications.
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successful genetic optimization
process.

Conclusion

Genetic optimization provides
an effective tool to help designers
of digital filters convert a float-
ing-point filter design to a fixed-
point digital filter implementa-
tion that uses a minimum num-
ber of bits. This novel technique
allows filter designers to squeeze
out the last bit of performance
from a digital signal-processing
design, which would not be possi-
ble without the help of genetic
optimization. Achieving this
extra performance from a fixed-

Figure 6. Detail of frequency response of four fixed-point
filter designs produced by the genetic optimizer. Each gen-

eration of optimization improves filter performance.

niques, a nonintuitive design is created
that meets the prescribed goals.
Column 4 in Table 1 shows the FIR fil-
ter coefficient values derived from the

point design helps the designer
to meet the common design goals
of lower cost and lower power
designs. And who couldn’t use a
unique way to make the cost of
one’s designs cheaper? RF
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Leaded and surface mount styles
Standard and custom design

+ No cracking

CDE

Cornell Dubilier's MC mica chip series is an excellent lower
cost alternative to “cubic” porcelain ceramic capacitors:

+ High self resonant frequencies
v Low ESR / High Q factor

v~ Stability over time and temperature
(virtually no change in capacitance, dissipation factor or
insulation resistance)

v+ High resistance to soldering temperatures

v Case sizes available: MC06, MC08, MC12, MC18, MC22
+ Voltage: 50 Vdc to 500 Vdc

+ Capacitance: 0.5 pf to 2000 pf

v Tolerances: +/- 0.1 PF to +/- 5%
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RF receivers

DSP technology optimizes
multi-channel digital receivers

By Toby Haynes

Digital signal processing is rapidly
transforming the architecture of wire-
less communications systems. Although
digital technology can provide an ele-
gant design, it is highly dependent on
unobstructed data communications
among the digital signal processors
(DSPs), host central processing unit
(CPU) and other portions of the system.
Ensuring high data throughput is chal-
lenging, but it is being simplified by
modular digital receiver architectures.

n their basic forms, analog and

digital receivers are nearly identical
in that they capture the incoming RF
signals the same way. Rather than
using an analog demodulator, the digi-
tal receiver uses an analog-to-digital
converter (ADC) and DSP to downcon-
vert and process the signal.

Digital filtering replaces analog hard-
ware filtering traditionally accom-
plished by surface acoustic wave (SAW),
ceramic or crystal filters. Filtering
options are limitless. Performance of
even basic digital filters can be as good
as the best analog filters, and fewer
components are required to achieve it.

Digital drop receivers
To provide high levels of functional

integration and to simplify digital
receiver design, manufacturers have
produced chip sets that, together, form
a subsystem called a digital drop
receiver (DDR) or digital tuner.

The DDR is a dedicated signal-
processing system that rejects unwant-
ed signals, selects the signals of inter-
est and reduces their data rate (called
decimation) to baseband so that they
may be processed effectively by DSPs.
In addition, the DDR uses sophisticat-
ed digital filtering that avoids the use
of complex analog filter components.
The ability to provide filtering digitally
makes it easier to provide a certain set
of filter characteristics that do not
change over time.

Like all digital designs, filters
require no adjustment or tweaking to
achieve the desired level of perfor-
mance. This provides significant bene-
fits in component cost, design, manu-
facturing and test time, which increas-
es production throughput.

Digital downconversion

In current digital receiver designs,
the ADC digitizes the intermediate fre-
quency (IF) signal and passes it to
DSPs for channel filtering and demodu-
lation. In such a system, the IF band-

: DIGITAL RECEIVER
ANALOG RF TRANSLATOR : MODULES
ANTENNA ,
H
1 :
MIXER H
! DIGITIZED
-—\ 1 ANALOG IF TO OTHER
RF v MODULES VIA
] GLINK |
BANDPASS RF 0MHz | ADC
FILTER AMP LOW PASS ! TIM40
FILTER MODULE
h
LOCAL :
OSCILLATOR !

Figure 1. Block diagram showing where analog components end and digital ones begin.
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width is limited by the available DSP
processing power. Undersampling of
the IF commonly is used to keep the
sample rate low enough so that DSPs
can keep up.

By using digital downconversion
ahead of the DSPs, a single processor
needs to handle only a fraction of the
total IF bandwidth. With this
approach, a narrow bandwidth from
the digitized 30 MHz-wide IF is
extracted by the digital downconverter,
which then delivers to the DSP a base-
band version at greatly reduced sample
rates. The DSP software implements
filtering and demodulation of the small
number of radio channels within the
downconverted bandwidth. By using
multiple digital downconverters and
DSPs, numerous channels can be
received simultaneously from a single
digitized IF.

In addition to its obvious benefits,
digital downconversion provides excep-
tional frequency control—down to a
fraction of a hertz—and accomplishes
frequency changes within a few sample
clock cycles. Digital downconversion
also has excellent noise performance
and allows any bandwidth to be select-
ed through digital filtering without
negatively affecting group delay. The
in-phase (I) and quadrature (Q) rela-
tionship of the complex baseband data
stream can be maintained to exactly
90° through these digital techniques.

Digital receiver architectures

There are many ways to configure
digital receivers. They almost invari-
ably rely on a building-block approach,
the configuration of which depends on
the digital signal processing devices
chosen. A multichannel, narrowband
receiver architecture reflects this
approach. It consists of three TIM-40
modules that can be combined in vari-
ous ways to produce a bus-independent
DDR.

Analog input module

The first module in the set digitizes a
3 kHz-t0-30 MHz IF signal delivered
via a 50 Q coaxial cable. (See Figure 2.)
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high as 70 megasamples per second
with 16-bit resolution. Input samples
are multiplied by a complex sinusoid
at a frequency that is programmable
from DC to half the input sample fre-
quency. The output is a lowpass-fil-
tered, decimated signal with identi-
cal real filters for the I and Q signal
components.

Lowpass filtering is performed by
a programmable, high-decimation
digital filter followed by a finite
impulse response (FIR) filter with a
fixed decimation rate. Bandwidth
selectivity ranges from 507 kHz to
294 Hz, based on an input sample
rate of 70 megasamples per second.
The output of the downconverter is
either a real data stream or a com-
plex quadrature data stream in serial
format that can be demodulated or
processed digitally.

Each of the HSP50016 downcon-
verters can be tuned to a narrow-
band signal within the IF band-

Figure 2. A receiver using digital downconversion.

By digitizing signals closer to the
antenna (either the entire 30 MHz HF
band, or a 30 MHz IF portion of the
band of interest), a traditionally fixed-
function analog stage of the radio
receiver is brought under software con-
trol. Such programmable soft radio
designs require not only fewer millions
of insturctions per second (MIPS) of
processing power than previous tech-
nology approaches, but also provide
flexibility in support of changing end-
user needs.

The IF signal comes from an RF
translator that uses conventional ana-
log circuits (local oscillator, mixer and
filters) to convert UHF or microwave
RF signals from the antenna to fre-
quencies lower than 30 MHz. The IF
signal is filtered, and gain control is
applied. A clipping monitor detects
when the input voltage exceeds a
threshold of 72% of full scale (2Vpp),
and adds the number of threshold
crossings to the 16-bit counter.

The counter is reset and read with a
C4x communication port from another
module (TIM-40 communications port
1). The C4x then determines the
amount of attenuation necessary on the
input signal and adjusts the gain con-
troller in 2 dB steps within a 30 dB
range. The ADC then samples the con-
ditioned IF signal as high as 70
megasamples per second with 10-bit
resolution. The IF signal, now digital,
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is communicated to other modules over
a high-speed (1.4 Gb/s) serial bus called
GLink.

GLink serial bus

The A/D data are distributed from
the first module to the next using Glink
and so forth to create a network of
DDCs. The GLink transmitter is capa-
ble of transmitting data as far as 6 feet
on a 50 Q coaxial cable. A programma-
ble DDC sync signal is transmitted on
GLink to reset each digital down con-
verter module on the GLink network
for coherent DDC processing.

Digital downconverter modules
The next module in the system
accepts the digitized wideband IF from
the ADC module and simultaneously
tunes, downconverts and processes four
narrowband channels. The downcon-
version module consists of a double-
width TIM-40 module with four Harris
HSP50016 digital downconverter chips
and two Texas Instruments
TMS320C44 DSPs. Two DDCs are con-
trolled by one C44 Global bus, and the
other two are controlled by the other
C44 global bus. There are also two
GLink transmitters and two GLink
receivers on the module, which allow
the downconverter to receive and
retransmit the digitized IF to other
down converter modules in the system.
The HSP50016 accepts samples as

width. The low-sample-rate quadra-

ture baseband signals from the
device are sent to the communication
ports of the TMS320C44. The DSPs
have 512 Kbytes of static random
access memory (SRAM), and can exe-
cute demodulation or signal analysis
algorithms in real time.

The last module in the system pro-
vides fast capture and analysis of the
entire digitized IF spectrum. It uses a
hardware-controlled, double-buffering
scheme that allows the module’s GLink
receiver to stream the incoming digi-
tized IF to one dynamic random access
memory (DRAM) bank at the same time
the TMS320C44 processes another
bank that previously was loaded. The
DSP can search for radio signals or per-
form other functions on the IF signal
and can communicate the results to the
host computer or other TIM-40 modules
hosting C40 or C44 DSPs with SRAM,
DRAM or extended data out dynamic
random access memory (EDRAM)
through communications ports.

An unlimited number of downcon-
verter modules can be used to sample
the digital IF on the GLink bus, each
one simultaneously downconverting
and processing as many as four chan-
nels. Because the downconverter mod-
ule can retransmit IF signals in daisy-
chain fashion, an unlimited number of
narrowband channels can be received.
The capture and analysis module also
can terminate Glink, and receive and
process the entire IF spectrum. As a
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One of the keys to achieving real-
time signal-processing performance in
digital receivers is to harness the power
of DSPs in the most effective manner by
achieving optimum processor-to-
processor communication throughput.

The architectures of some floating-
point DSPs are optimized for parallel
processing, which facilitates the real-
time performance that wireless commu-
nication systems require. DSPs designed
for scalable parallel processing have
multiple high-speed data and memory
buses, a number of I/O interfaces and on-
chip controllers for inter-processor com-
munication, and instructions that exe-
cute in a single cycle. One of the most
widely-used DSPs for this application is
the TMS320C40 from Texas Instru-

Multiprocessing

ments. Each of its communication ports
operates as much as 20 Mbyte/s, which
facilitates uninterrupted inter-processor
communication, even when multiple
DSPs are used.

Texas Instruments created a system-
level specification for multiprocessing
modules called TIM-40, which has
become the industry standard module
architecture for this device. The module
contains one or more TMS320C40
DSPs, I/O interfaces and memory, and
brings the device’s communication ports
out to a connector to interface with
other modules. The host-to-DSP bus is
usually VMEbus, ISA or PCI. TIM-40
modules can be configured in any num-
ber to produce the real-time perfor-
mance required by digital receivers.

[LINK CONTROL AND STATUS REGISTERS]
DDC1&2 REAISTERS ]
0 «
3 2
=4 GLOBAL &
o GLINK A DDC 1
©— FIFO| 1 BUS Z
g TRANSMITTER HSP50014 2 4
=i G 4] Dsp1 ]
4]
© c44 A 8 =
% <
z ‘
(3—»| GLINKA DDC 2 2
< — =
= RECEIVER —:[>_'Hspe;oma_'{f—'l’—QJ LOCAL g
T | INA BUS
o INPUT r—————i =
& ]
5|3 SELECTOR | B
=] B SRAM
NOT CONNECTED 2ok 32| | PEROM [: g '
64K X 32
PO 512K X 32 i—
& [ DDC 3 & 4 REGISTERS ] =
& |=-NOT CONNECTED e
5 GLOBAL (]
hf DDC 3 [ FiF BUS z
z HSP5001q IO ! 2| 2
2| (—{ounks L 2 o
o TRANSMITTER L1, DSP2 5| 5
(8] 5 =
> | OUTB Cadq 3
[+
< DDC 4 2
g GLINK B r—j)—' HSP5001S O 4 LOCAL 8
3 @ ceceien BUS i
SN L INPUT o
7] SELECTOR { v I"L z
o
SRAM
e |3 128KX32| | PEROM L, E
64K X 32 l
L 512K X =

result, the three modules together can
be configured to form a scaleable
signal-processing system flexible
enough to accommodate a wide variety
of system designs. The DDR suite is
applicable to VMEbus, PCI and VXI-
based systems because it is implement-
ed on standard TIM-40 mezzanine
modules, which may be installed on
TIM-40 capable carrier boards for any
bus architecture.
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Future trends

It is exciting to imagine an almost
completely digital radio that accepts
signals directly from the antenna with-
out intervening analog components.
Unfortunately, this scenario is not yet
possible for several reasons. For one
thing, an ADC would require a large
dynamic range to deal with the
immense number of signals with which
it would be presented.

In addition, the ADC would require
an input bandwidth of 2 GHz or even
higher, a feat impossible today. Even if
it were possible, unacceptable compro-
mises in receive sensitivity, selectivity
and image rejection would still be
required. For this reason, the digital
components are moved down the signal
chain to the IF stages. With far fewer
unwanted signals to reject, the ADC is
less likely to become saturated, needs
less dynamic range and still reduces
complexity by eliminating analog com-
ponents in IF stages.

Conclusion

The DDR approach has two main
advantages:

1. The coaxial-based digital broad-
cast of the digitized RF spectrum can
be made available to many DSP and
DDC systems simultaneously to allow
for handling of muitiple channels in
real time, thus creating a one-tuner-
with-many-signals system.

2. The DSPs are equipped with mul-
tiple independent communications
ports that allow for inter-processor
communications as well as data presen-
tation to the host, concurrent with sig-
nal-processing activities.

Digital signal processing undoubted-
ly will play an increasing role in the
design of receiver systems for wireless
communications. As the number of
channels and data rates in wireless ser-
vices increase, so too will the demand
for high-speed DSP architectures to
implement them. This demand is likely
to be met by highly integrated, modular
components that are designed to func-
tion optimally together to maintain
true real-time signal processing perfor-

mance. R’."
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RF cover story

Advances in component integration

By Ernest Worthman
Contributing Editor

Much progress has been made in
single-substrate, submicron and deep-
submicron manufacturing techniques.
As a result, end-user products are
cheaper, lighter, smaller and more reli-
able. However, as with most technologi-
cal advances, deep submicron compo-
nent integration has its advantages and
disadvantages.

s engineers, designers and manu-

facturers are painfully aware, com-
petition is stiff, windows of opportunity
are short, and cost usually tops the list
of priorities. Submicron processes
reduce component count, integrate
functions, improve reliability and
shorten time to market. However,
progress in integrating certain func-
tions, such as phase-locked loop (PLL)
circuits and oscillators, is slow.
Working with submicron designs
promises to satisfy the need for speed
in the future of high-frequency digital
radio.

The idea behind submicron process-
ing is, simply, to get denser and faster.
Many upcoming technologies require
spectrum above 1 GHz. (International
personal communications services
{PCS] start at 1.7 GHz, for example).
Building integrated transceiver mod-
ules and digital-to-analog converters
(DACs) to run at these higher frequen-
cies, without ancillary frequency
dividers, oscillators and downconvert-
ers, is challenge. Given the option,
designers would be happier if they
could use RF modules and DACs for
front-end processing that work in fre-
quencies used for PCS and keep exter-
nal components to a minimum. This is
one of the promises of submicron com-
ponent integration. To extend upper
frequency limits, new types of sub-
strate and submicron processes are
being developed and implemented.

The technology

For example, manufacturing a 2,000-
gate submicron chip for 25 MHz is fair-
ly simple. However, gigahertz submi-
cron circuits are only now coming to
market. Additionally, certain substrate

growth techniques, such as molecular
beam epitaxy (MBE), metalorganic
vapor phase epitaxy (MVPE) and chem-
ical beam epitaxy (CBE), which
promise to offer 0.1 pm gate lengths
and state-of-the-art f; as high as 220
GHz, are still in the experimental
stages. More realistically, today manu-
facturers have successfully designed
and are making submicron components
with f; of about 15 GHz.

The complexities of deep-submicron
process technologies require not only
analysis of designed-in lumped electri-
cal devices (active and passive compo-
nents), but also analysis of resultant
incidental distributed elements (stray
reactance, parasitics and interconnect
line issues).

The industry likes to use the 0.6 um
transistor gate length as the defining
edge for deep submicron. In reality, this
attribute really is only one of several
that define this process and that affect
the lumped and distributed elements.

In many cases, chip performance
largely depends on the interconnect
architecture, rather than the gate
length. In fact, one manufacturer’s 0.6
um process may not perform better
than another manufacturer’s 0.45 pm
process. The best configuration is a full
0.35 um process and a hybrid that uses
0.5 um gates with metal interconnect.
The latter really is more equivalent to a
0.6-0.7 um full process because of the
interconnect.

The ultimate result of submicron
processing is really the result of four
factors; power consumption, intercon-
nect delays, component density and
device geometry.

In recent years, when geometries
larger than 1.0 uym were prevalent,
most of the capacitance encountered
was caused by the attached gates.
Generally, metal interconnect resis-
tance was not an issue. However, at
gate lengths of less than 0.5 pm, it
turns out that metal interconnect is
responsible for most of the capacitance,
mainly because smaller transistors
have faster switching times, causing
less capacitive loading.

Today, interconnect has become the
predominant cause of propagation
delay in deep-submicron designs. As
process technology is scaled downward.
it becomes the unfortunate recipient of
some interesting phenomena. On one
hand, smaller geometries mean smaller
metal lines, which reduces capacitance
for a given length of wire. But as wire
diameter shrinks, its resistance
increases. To compensate, the wire is
made thicker vertically than horizon:
tally. This tends to increase capaci-
tance. So, as one issue gets resolved
another surfaces. Designers constantly
grapple with issues such as the
resistance-capacitance merry-go-round
Additionally, although scaling seems t«c
hold true for propagation delays as the
process drops below 1.0 pum, there is
some question as to whether it will be
the same as the scaling approaches the
0.25 um dimension.

To muddy the waters even further
interconnect length also depends upor
overall die size, which does not shrink
proportionately, if at all. This is becaus¢
designers often have the size as a con
stant, or relative to packing functions
Therefore, designers strive to increase
the density of components on the die
thereby increasing functionality.

When all is finally analyzed, the
averaging effect of these “sum of the
parts” tends to be greater than th¢
whole, and still produces devices tha
behave differently than the model:
often indicate. Designers have mads
significant advances in the deep
submicron process and have compen
sated for many of the unique problem:
that deep-submicron manufacturing
presents.

For example, experiments are being
done at the University of Michigan
using InAlAs/INGaAs HEMTSs grown o1
MBE, MOVPE and DBE substrate:
that have achieved f; of 220 GHz, usin;
0.1 um T-gate technology and strainec
channel In, Al, AS/In, and GaAs
HEMTSs. Other experimental sites haw
indicated they have achieved f; of a:
high as 330 GHz and beyond. So, signif
icant progress is being made. Mor
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information about these experiments
can be obtained by contacting the
University of Michigan Electrical
Engineering Department or this author.

The good, the bad,
and the yet to be defined

Submicron and deep-submicron tech-
nologies can do much to improve time
to market, yet they are not capable of
providing one-chip solutions to all
design problems. Even state-of-the-art
devices leave a few components out. On
the plus side, taking a bit deeper look
at this device shows what kind of toler-
ances can be achieved with submicron
processes and single-chip design. For
example, one stage of the chip inte-
grates the mixer with a low-noise
amplifier (LNA). Because it is fabricat-
ed using submicron technology, it has a
noise figure of only 6 or 7 dB, which
provides a nice, clean mixer stage.

The reason for these nagging prob-
lems is simply that certain components
do not allow for easy fabrication on sili-
con substrates. For example, many of
today’s transceivers use the tunable RF

oscillator’s varactor diode as the tuning
element. Integrating a varactor diode
into silicon is not easily done because of
the processing and materials needed to
manufacture the diode. Varactor diode
materials and the processing method
are fundamentally incompatible with
CMOS and BiCMOS. Additionally, par-
asitic capacitances exist in such an
arrangement, and it requires additional
trimming capacitors to bring it into the
varactor diode’s tuning range.

An earlier solution to this dilemma
was to look at ring-oscillators. These
devices are CMOS-compatible but dirty
with phase noise. Because phase noise
is a function of power, reducing phase
noise to the level of conventional LC
circuits requires extremely high power
dissipation capabilities within this type
of oscillator. Typically, these designs
are limited to RF sections that do not
demand processing at extremely low
signal levels.

The best solution is to develop a new
approach to building a tunable LC cir-
cuit that is CMOS compatible and
monolithic integration friendly. A
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recent paper I came across at a web site
at UC Berkeley (http://kowloon.eecs
berkeley.edu/~boser/veo.html) suggests
integrating a tunable LC circuit witk
micromachined parallel plate capaci-
tors replacing the varactor diode as the
tuning element. A condensed excerpt of
the implementation is at the end of this
article.

Designers face a few other bottle:
necks. One is signal isolation among
the substrate, supply lines and the
package itself. Another problem signa
isolation between blocks. Typica.
designs provide only 60-70 dB of isola
tion, not enough for sensitive RF front.
end components.

Another issue is power. All things
being equal, the higher the speed of the
device, the more power it requires (P =
C(V2F), C = load capacitance seen at the
output, V = voltage and F = frequency)
Power dissipated is a function of I?R
and this occurs on both load and para
sitic elements. In deep-submicron tech
nology, circuit parasitics are a signifi
cant factor in both power requirement:
and dissipation. In theory, the current
voltage-resistance curve has instanta
neous properties. If this were true
exact power limits can be determined
and the device would function a:
designed. (Remember to an engineer
e=mc? + 10%.) However, no device:
switch in zero time, and all devices have
overshoot and settling characteristic:
must be recognized. In submicror
design, parasitic power sinks can have ¢
significant effect on the circuit’s perfor
mance. Additionally, pad capacitance
bond wire and lead inductance signifi
cantly alter the real-world instanta
neous and RMS voltage-current rela
tionships. The current trend is to reduce
the operating voltages of the devices
thereby reducing power dissipation
which, in turn allows an increase in fre
quency within the given parameters.

A third issue that beleaguers design
ers is clock speeds. It seems that arounc
250 MHz speeds and 5 million gates
there is sort of a magic figure for releas
ing the gremlins. In the early days witl
longer clock pulses and fewer timing
objects, it was pretty easy to disregarc
propagation delay. In today’s deep
submicron, high-density devices, getting
the clock to show up at all the righ
places (called skew) at the right time
can become a formidable task. A relatec
issue is sufficient clock drive, or power
to operate all of the devices correctly. /
2 GHz clock has a 0.5 ns pulse. Tha
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includes rise and fall times and settling
time. Bump that up to 200 GHz, and
the pulse width is...well, you do the
math. Additional issues are that if the
signal is properly propagated, and if all
of the devices switch simultaneously,
huge power demands and spikes can be
generated. Buffering is often used to
overcome delay problems, but it adds
stages that add parasitics. Parasitics
and other unwanted elements that
come with buffering usually load the
system. For deep-submicron circuits to
operate properly, it is imperative that
signals propagate cleanly, that pipeline
lengths are optimized and that load bal-
ancing is implemented. The fact is that
some of these parameters are bumping
up against the limits of the best physics
and technology currently available.

A final concern is the size of the
transistor. The smaller the transistor,
the better the performance. However,
there is sure to be a limit to how small
the transistor can be made and still
function according to traditional design
characteristics.

A step forward

Although deep-submicron technology
is indeed an element paving the way for
the next generation of high-speed, high-
tech devices, many problems remain to
be solved. With each new evolution
come growing pains. Sometimes the
promise of smaller, faster and lighter
blurs the objective, which may not real-
ly require everything that is on the
plate. Because some of the problems
currently surrounding deep-submicron
technology (and I've only touched on a
few), a hybrid of technologies may
develop, as is often the case, before the
technology matures.

Another promising technology that is
being combined with submicron is low-
temperature, co-fired ceramics (LTCC).
LTCC technology is used specifically to
integrate other components such as the
power amplifier, processor, passives
and even the antenna, with the IC
technology. Look for more about LTCC
in an upcoming issue that covers semi-
conductor material.

*http://kowloon.eecs.berkeley.edu/
~boser/vco.html information

The capacitors consist of a 1.0 pm
thick aluminum layer deposited on a 1.5
um thick sacrificial layer. Aluminum has
been chosen rather than polysilicon for
its lower resistance, which is required to
achieve a quality factor Q=20 at 1.0 GHz.

RF Design

This technology has the additional
advantages of a negligible thermal bud-
get and full compatibility with the alu-
minum interconnect structure of conven-
tional IC technology. This is a key fea-
ture of the technology, because it elimi-
nates the need for a special IC process. It
is thus possible to always use the most

advanced technology for the electronic
circuitry, a critical requirement for RF
design, and to fabricate the tunable tank
on top of the completed electronics. RF

References
LTCC technology is a process used
by National Semiconductor.
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RF tutorial

A new discourse
on crystal oscillator basics

By Waitak P. Lee, Ph.D.

Circuit designers with little experi-
ence with crystal oscillator circuits will
find three aspects of designing crystal
oscillators to be important. The first is
the piezoelectric effect in relationship to
the crystal models. The second is the
basics of oscillator circuits. The third
aspect includes actual design examples,
including circuit simulation. The
results of the circuit simulation are
interpreted to explain what to look for
in the simulation. With a clear under-
standing of the crystal models and with
the design examples, circuit designers
should be able to initiate their own crys-
tal oscillator design.

Crysta] oscillator circuits provide the
heartbeats for the integrated cir-
cuits (ICs) of modern electronic sys-
tems. Initially, crystal oscillators were
used mainly as frequency standards or
references. The importance and wide-
spread use of the crystals started with
the advent of microprocessors or com-
puter systems. There are two principle
reasons why the crystal oscillators are
needed for the computers:

1. As a stable clock frequency.

2. As a frequency standard for wire-
less communication.

Usually, the computer chips operate
at their maximum clock frequencies.
When chips are operated at such high
frequencies, and if the clock frequency
is set higher than the chip’s maximum
frequency by as little as 5%, the com-
puter chips may not work properly.
Computers usually have time and cal-
endar functions that are provided by
the low-frequency watch crystals.
Crystal oscillators are also needed to
provide accurate frequencies to within
1 ppm for wireless digital communica-
tion and for Global Positioning System
(GPS) equipment.

Piezoelectric effects
and crystal models

There are few good explanations of
the crystal equivalent circuit model in
relationship to piezoelectric effects.
Piezoelectric materials have the follow-
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ing properties:

1. If the material is strained with a
mechanical force, the material will pro-
duce surface charges.

2. If an electric field is applied to the
material, the material will be strained
by the field and subsequently produce
surface charges.

Thus, a piezoelectric material will
produce surface charges if it is strained
by either an electrical force or a
mechanical force. Because the opera-
tion of the crystal oscillator circuit
depends on this effect, and because dif-
ferent materials have different piezo-
electric constants, intuitively one can
conclude that the larger the piezoelec-
tric constant, the easier it is to start the
oscillation.

A crystal is made by inserting a
piezoelectric material, e.g., quartz, into
a capacitor structure. The capacitor
sets up an electric field according to the
applied voltage. The electric field
strains the crystal and induces surface
charges. This crystal can now be
thought of as a regular capacitor with
two components of capacitance:

=105 %, @

where C, is the regular dielectric capac-
itance or shunt capacitance of the crys-
tal and C, is the capacitance due to
piezoelectric effect.

Equation 1 can also be expressed as:

Cpen = C(1 + K? @)

where K? is the piezoelectric coupling
ratio.

For a given piezoelectric material,
the piezoelectric capacitance is propor-
tional to the regular dielectric capaci-
tance C,, which represents the effect of
the capacitor structure.

Now, let us turn to the simple equiv-
alent circuit model shown in Figure 1.
This circuit model schematic is often
presented in crystal data books. The
circuit model consists of a capacitor C,
in parallel with a series inductor-capac-
itor (LC) resonator. One can identify

the shunt capacitance as the C, of
Equation 1, and the C, is only a part of
the C, of Equation 1. The L, and R,
need to be determined separately. This
model is adequate for most simulation
purposes if the model parameters are
measured accurately. To simulate third
or higher overtone modes, one needs to
use the complete LC equivalent circuit
model shown in Figure 2. This model
shows a shunt capacitor C, in parallel
with series LC resonators. Each res-
onator represents a frequency mode.
From this complete circuit model, the
piezoelectric capacitance is the sum of
the capacitance of each of the res-
onators; therefore:

C,=Ci+C3+Cs+Cr+Cy+... (3

All the inductors are identical, and
the inductance is a constant; thus:

L=L,=L;=L;=L,=constant (4)

The result of Equation 4 is that the
C, varies as 1/n?; thus:

C,=C/n? (5)
Consequently:
C,=2C,=ZC/n?*=(n)*C/8 (6)

The values of C, are well-defined and
are related to the piezoelectric effect.
The often-used term, motion capaci-
tance, is misleading. It should instead
be called piezoelectric capacitance. This
explains how the crystal model is relat-
ed to the piezoelectric effect in the stat-
ic condition.

A new crystal model explains the

c,
L,
XTAL2| R, C, XTALY
Figure 1. Crystal equivalent circuit model.
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Figure 2. Complete LC cirucit model.

piezoelectric effect under the dynamic
condition [1]. This new model is demon-
strated to be equivalent to the complete
LC equivalent circuit model shown in
Figure 2. The new model uses a trans-
mission line instead of LC to model the
crystal. The equivalency between the
LC model and the transmission line
model is known [2].

Consider what happens to a piezo-
electric crystal when a voltage is
applied across the crystal terminals. A
uniform electric field is set up, and the
quartz crystal is strained. The crystal
is a lattice and consists of many layers.

Figure 3. Dynamic behavior of a piezoelectric circuit.

At the instant the field is applied, only
the outermost layers on both faces of
the crystal can respond mechanically
and are strained, because of the stress-
free boundary conditions. The result is
depicted in Figure 3. On each outer
layer of the piezoelectric material, posi-
tive and negative surface (or plane)
charges are produced. Later, the inner
second layers are strained, and they
produce both the positive and negative
plane charges, too. Dynamically, the
sequential straining of more crystal
layers produces two acoustic or lattice
wave fronts propagating from both

CMOS INVERTER
N

1°

-

Ri=1Mw
AN <
C,=4 pF
it
L‘ e " l
o MN— TRANSMISSION LINE — N\
R/, : S R/,
¢ CL, = CL, =

Figure 4. Transmit line oscillator circuit.
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sides of the crystal and toward each
other. The wave fronts are the strained
lattice waves, and they have charges
coupled with them. Electrically, one
can think of the waves as charge plane
waves. Moving charges produce electri-
cal current. One can immediately relate
this to a transmission line. When the
same voltage is applied to both ends of
a transmission line, two wave fronts
are generated.

The new crystal model, shown in
Figure 4, is an oscillator circuit with
the transmission line as the resonator.
A capacitor is added to account for the
shunt capacitance, and two resistors
are added for the crystal losses. The
parameters for the transmission line
can be derived from the crystal’s piezo-
electric capacitance. It is sufficient to
say that, for the transmission line
model, the characteristic impedance Z,
is given by:

Z,=At/C, (7
where At is the delay time of the trans-
mission line, and C, is the same piezo-
electric capacitance.

The delay time is determined from
the crystal frequency. If the frequency
is 10 MHz, then the delay time is 50 ns.
Note that the crystal or the transmis-
sion line provides a 180° phase shift,
which is half of the period, and thus, a
50 ns delay. Simulations with the
transmission line models are demon-
strated [1, 2]. Again, the transmission
line model is the exact equivalent to the
complete LC circuit model. Transmis-
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Figure 5. Typical oscillator circuit.

sion lines or coaxials are used as res-
onators in RF circuits [3].

Measurement method

For measuring the crystal model
parameters, use the complete LC equiv-
alent circuit. Furthermore, L and C can
be measured directly with an imped-
ance analyzer or a network analyzer.
One does not really need a crystal
tester [4]. In the LC model, the induc-
tance L is a constant, and the various
overtone frequencies are known. What
remains to be measured are the capaci-
tances, the sum of which is equal to the
piezoelectric capacitance C,. The net

capacitance seen by the impedance
analyzer at any measurement frequen-
cy is given by:

C =C,a + C/AQ - 0¥w?) + C/(1 -
0¥ + . .. (8)

where o is the measurement frequency
and ®, represents the various overtone
frequencies.

This equation can be readily
obtained from the circuit impedance
equation of the LC model. All the L,
are eliminated and replaced with w,.
Equation 8 can be further simplified by
substituting C, with C, and o, with o,.
Then Equation 8 has two unknowns, C,
and C,, and one known, w,, as a func-
tion of the measurement frequency, .
C, is equal to C of Equation 8 at low
frequencies. C, can be measured by set-
ting the w around w,. From Equation 5,
one needs only to measure C, for the
fundamental mode, which can be used
to calculate all other C, adequately.
With C,. one can calculate C, = Cy(m)¥
8, and one can also obtain the trans-
mission line model parameters. For
typical quartz crystals, C, ~ C/200 [4].
When the C, is less than 2 pF, a signifi-
cant part of the C, can come from the
stray capacitance, other than the
dielectric capacitance. The ratio can
drop to 1/300. For the watch crystal,

CMOS INVERTER

Ry= 1My
A
C,=4pF
U
T
W— - W i
R
] L [
11
A% i}
R, 4 c,
C.—x cL Sk
CL, =
v v v

Figure 6. LC oscillator circuit for simulation.
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the ratio can be as low as 1/500.

Oscillator circuits

Circuits usually have input signals
and output signals. Oscillator circuits
can produce output signals without any
external input signals. In oscillator cir-
cuits, part of the output signals must
be fed back to the circuits as inputs.
The simple oscillator circuit is shown
as an amplifier with a L, R and C net-
work as the feedback circuit. (See
Figure 5.) The necessary conditions for
the circuit to oscillate are

1. The closed loop gain is greater
than one.

2. The total phase shift through the
loop is n x 360°.

The amplifier usually has gain
greater than one. If it is an inverting
amplifier, it also provides a single 180°
phase shift. The rest of the circuit has
to provide m x 180°, where m is an odd
number.

If the feedback network were
replaced by a crystal, one would have a
crystal oscillator circuit. The closest to
this ideal oscillator is the Pierce oscilla-
tor. Figure 4 is an example of the
Pierce oscillator. Imagine if a crystal
were put back in, replacing the trans-
mission line circuit model. The odd
number of 180° phase shifts would
come from the crystal. From the trans-
mission line model, we know that the
crystal is like a delay line with a delay
time At, as given in Equation 7. For the
fundamental mode, the At is translated
into a 180° phase shift at the resonant
frequency. That is why the oscillator
oscillates at the frequency of the crys-
tal. For third overtone mode, At is the
same, but the frequency is three times
higher. Thus, the same At provides 3 x
180°, and the total phase shift is 3 x
180° + 180° = 2 x 360°, meeting the sec-
ond oscillation criterion.

Small-signal analysis is used to cal-
culate the closed-loop gain and phase
shift. The two criteria are merely the
necessary conditions, but not the suffi-
cient conditions to guarantee that the
oscillation will start. Circuits meeting
these criteria may not oscillate at all.
Circuit designers must understand that
small-signal analysis calculates the
steady-state response of the circuit over
a range of frequencies. Oscillation start
or oscillation build-up is a transient
behavior. The circuit starts from no
oscillation, starts oscillating, and final-
ly reaches steady-state oscillation. If
circuit designers want to determine
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Figure 7. Fundamental oscillation reults. a) V,,, of the complete simulation. b) expanded V.. c) the effect

of R, on V.

whether the circuits will oscillate, they
must perform transient circuit analy-
ses. In the transient circuit simulation,
if there is no noise, the circuit will not
go into oscillation. In the simulation,
either the circuit is given a noise pulse,
or the circuit’s resonator is initially
given a small amount of stored energy.

Spice circuit simulation

Knowing some details of SPICE sim-
ulations can be helpful [5]. Figure 6
shows the crystal oscillator circuit to be
simulated. Notice that the crystal
model has only the fundamental and
third-overtone LC resonators. The
entire circuit includes a trap circuit,
the LC tank circuit, for the fundamen-
tal frequency. Whether the oscillator
oscillates at the fundamental or the
third overtone depends on this trap cir-
cuit. To run the oscillator at the funda-
mental frequency, the trap circuit must
be removed. For simplicity, we can also
remove the third-overtone resonator
when we run a simulation at the funda-
mental frequency. The crystal is then
represented by the simple equivalent
circuit model shown in Figure 1. The
SPICE simulation setup is shown in
Table 1. (Note that the trap circuit L

r
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and C and the third-overtone resonator
are commented out from the simula-
tion.)

The SPICE simulation uses parame-
ters of a hypothetical crystal. These
parameters represent a larger-than-
usual piezoelectric capacitance, C,. The
piezoelectric capacitance ratio is 0.16
(vs. some ceramic materials ranging
from 0.1 to 0.15), and the ratio for
quartz is about 0.006. The larger the
ratio, the easier it is to observe oscilla-
tion. From the C,, C, and C; are calcu-
lated. L is calculated from the C, and
the crystal frequency, which is 10 MHz.
To start oscillation in the circuit, capac-
itors C, and C, are given some initial
voltages. The voltages are of opposite
polarities and are in a ratio correspond-
ing to the ratio of C, and C,. The volt-
age in C, excites the fundamental fre-
quency resonator, and the voltage in C,
balances out any DC offset caused by
the initial voltage in C,. The initial
voltages can be set to different voltages
so that the oscillator circuit can be set
to any stages of the oscillation.

The simulation results are shown in
Figure 7. The top two traces are of the
same signal, V,,, but with different
time scales. Initially, the oscillation
growth is exponential. The rate of oscil-
lation growth depends on the total loop
gain. An increase in the initial voltages
in C, and C, is equivalent to starting
the simulation at a later stage of the
oscillation. The middle trace shows that
the oscillator is running at about a 100
nsec period or at a frequency of 10
MHz. If one uses a quartz crystal
instead of this hypothetical crystal, the
simulation run must be 10 or 20 times
longer to see any growth in the oscilla-
tion. Usually, it takes about 50 msec for
a crystal oscillator circuit to achieve
steady oscillation. A 200 psec simula-
tion is only about 1/25 of the oscillation
buildup time. The circuit will oscillate
as long as there is a slow increase of
the oscillation.

In the simulation, one can artificially
vary circuit parameters to determine
which one will affect the oscillation. A
feedback resistor, which is too small,
will lower the gain of the amplifier.
However, if the resistor is too big, it
will take a long time after power is
turned on before the circuit is biased in
the active region. This affects the oscil-
lator start time. The shunt capacitance
C, is essentially parasitic, but one still
can remove it from the simulation [5].
Removing the shunt capacitance helps

RF Design

the oscillation to start. If one uses
CMOS transistors, the larger the tran-
sistors, the larger the gate capacitance.
This results in the same detrimental
effect on the amplifier gain as the C,.
Reducing the load capacitance from
the specific value also aids the oscilla-
tion buildup. As the load capacitance

becomes small, the converse is true.
The explanation is that the load capaci-
tances at the Xtal IN and C, both act
as a voltage divider of the negative
feedback circuit. When the load capaci-
tance gets too small, or when C, gets
too big, together they reduce the gain of
the amplifier. One can also vary the
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capacitance of C,, but L, needs to be
adjusted accordingly to keep the fre-
quency the same. The larger the piezo-
electric capacitance, the easier the cir-
cuit will oscillate.

One most important simulation of
the oscillator circuit is to vary the crys-
tal loss, R,. One can increase R, until
the oscillation stays at the same ampli-
tude. The third trace of Figure 7 shows
the effect of increasing R,. If the loss
becomes large, the oscillation ampli-
tude eventually goes down.

However, the value of R, when the
oscillation stays flat from the beginning
of the simulation to the end can be con-
sidered as the negative resistance mar-
gin of this oscillator circuit and this
crystal. The negative resistance margin
is a measure of the robustness of the
oscillator circuit. The value can be com-
pared with actual experimental mea-
surements.

Finally, to determine the necessary
gain of the amplifier to make the circuit
oscillate, the amplifier can be replaced
by a voltage-controlled voltage source,
and repeat the above simulation. It is
suggested that circuit designers work
with this example and vary different
parameters before they try to simulate
their own design with the quartz crys-
tal. Readers can find more crystal oscil-
lator circuits from other sources [6].

The same crystal and the same cir-
cuit can be made to oscillate at the
third overtone. To do this, we include
the shunt LC circuit and the third over-
tone resonator. C; is now given an ini-
tial voltage instead of C,. The C, is
given a voltage inversely proportional
to the C, and C; ratio. Figure 8 shows
the third-overtone oscillation. Similar
negative resistance can be obtained
from the simulation and compared to
test results. Readers are encouraged to
simulate the circuit in Figure 4 and to
note the differences in how one can
manipulate the circuit simulation
between a LC model and a transmis-
sion line model.

Conclusion

Piezoelectric effects can be easier to
understand by studying how crystal
models represent these effects. The
behaviors of piezoelectric crystals need
not be a mystery. Try the circuit exam-
ple, and work with the various circuit
components to gain a better under-
standing of the functions of each com-
ponent in an oscillator circuit. Most
importantly, the performance of any

RF Design

oscillator circuit can be verified
between simulations and tests.
Designers can build up their oscillator
experience through testing their own
circuits. RF

References
1. W. P. Lee, “An Improved and a

New Circuit Model for Piezoelectric
Devices,” Proceedings, 16th
Piezoelectric Devices Conference &
Exhibition, 1994, Vol. 1, p. 19.

2. W. P. Lee, “The Analogy of Quartz
and Coaxial Resonators in an Oscillator
Circuit,” RF Design, February 1997,

3. D. 1. Polidi, “Design Method for a

- 2

Timing =~ &
1s everything! @&

— JUST THE BN
oy

APPLICATION. ..
IN NO TIME AT ALL!

At Hy-Q, we know what you 3 5
want...a world-class facility,

producing the highest quality product.
meeting your exact specifications...all in
the most timely delivery schedule possible.

Hy-Q's “E" Series VCXO:
Frequency Range: 1 MHz to 120 MHz
Frequency Deviation: £100ppm minimum WRT 25°C
Temperature Stability: +10ppm 0 to +50°C
+25ppm —-40°C to +85°C
Ouiput: Squarewave HCMOS/TTL compatible
Supply Current: +5 Volts dc +5%
*QOther frequency stability options available
*Qther frequency deviation options available
Dimensions: Length: 0.82". Width: 0.43",
Height: 0.20"
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Let's get uown to

Fundamentals. . .

If you need high frequency
fundamental crystals for
SONET & ATM applications,
look no further!

OSCILLATOR CRYSTALS
Our 155.52 MHz fundamental
oscillator crystals are available in
production quantities to fill all your
requirements for high quality
telecommunica-
tion applications.

Available in
HC-45 coldweld
packages, as well.

FILTER CRYSTALS

Also available in production quanti-
ties are filter crystals up to 155 MHz
fundamental with low spurious and
very closely controlled C..

m All crystals are avatlable as blanks
or packaged.

OSCILLATORS
For applications in communications
or instrumentation, we manufacture
a complete line of Clocks, VCXO's.
TCXO’s and OCXO's.

= Additionally. a line of crystal
filters is produced.

PACKAGING

As a user of our own glass-to-metal
sealed packages. we understand your
requirements for hermeticity,

solderability and the need to meet
MIL-STD testing.

For more information on our products
or a catalog, call us at 717-243-5929.
FAX 717-243-0079.

= REEVES-HOFEMAN

PORATION OF AMERICA

400 W. NORTH STREET
CARLISLE, PA 17013 USA

WE DELIVER ERROR FREE!

ON TIME! EVERY TIME!
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OSCILLATOR - LC MODEL & FUNDAMENTAL - 1/29/97 - TYP,30C,5V

This setup simulates the series LC model

Co=4pF Cp=CoK*"2=0.64 pF

L A N

C3 =C1/3**2 = 0.05764 pF

The crystal is 10 MHz fundamental and 30 MHz third overtone

C1 =8 Cp/(pi)**2 = 0.5187 pF L = 0.48828 mH

« BN P e 4.

.GLOBAL VDD VSS BULK

Mu2 OUT IN VSS VSS NFET L=nchl W=nchw
Mu3 OUT IN VDD VDD PFET L=pchl W=pchw
.ENDS

.SUBCKT inverter OUT IN nchw=4 nchl=2 pchw=12 pchi=2

wenrnnsarninr COMPONENTS

RUt Vin Vout 1Meg

CUo Vin Vout 4p IC=-0.52
RU1 Vin VI1 6

LU1 vi1 vc1 .48828mh
CU1 vel vout 0.5187p IC=4
“***RU3 Vin vI3 6

****LU3 vI3 vc3 .48828mh
****CU3 vc3 Vout 0.05764p
CU4 Vin VSS 22p

CU2 Vout VSS 22p
****LUS Vin Vint 5.19u
****CUS Vint VSS 48.8p

XU15 vout Vin inverter nchw=336 nchi=1.4 pchw=896 pchl=1.4

* VOLTAGE SOURCES

VDD VDD 0 5.0V
VSS VSS 0 0.0V

* one micron CMOS process electrical parameters

.LIB ‘/tools/meta/models/c10t_hsp’ NOMINAL

.TEMP 30C

.OP

.OPTION POST

.OPTION SCALE=1.0E-06
.WIDTH OUT = 132

.TRAN 1.0N 20u

.PRINT TRAN V(vin) v(vout)
.END

Table 1. Spice simulation.
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RF product forum

1&Q modulators

Each month, the product forum gives
companies manufacturing the products
used by RF engineers the opportunity
to offer their opinions regarding today’s
marketplace and trends in the industry
without editorial interpretation. This
month, the product forum highlights
modulators. The information in this
section was compiled by Gregg Miller,
Technical Editor.

Analog Devices

The explosion of wired, and wireless,
digital communications has led to rapid
advancements in in-phase and quadra-
ture (I&Q) digital RF modulation tech-
niques. Analog Devices offers CMOS
ICs that incorporate direct digital syn-
thesis (DDS), high-speed D/A con-
verters and digital signal processing
(DSP) blocks to form complete digital
modulator/frequency upconverters on a
single chip. The chip supports contin-
uous wave (CW), frequency-shift keying
(FSK), quadrature FSK (QPSK), and
Quadrature amplitude modulation

(QAM) formats. This mixed signal ar-
chitecture accomplishes the modulation
and frequency upconversion function
entirely in the digital domain, which
has many compelling advantages over
traditional analog RF techniques. A
few of these attributes are 1&Q channel
phase matching, fast output frequency
hopping, precise carrier tuning capa-
bility and digitally-programmable con-
trol of all system parameters.

Miteq

Miteq has developed a microwave
mixer design supporting high carrier
rejection for use in “direct on carrier”
modulation. QAM waveforms are tradi-
tionally generated by first linearly
mixing or modulating a VHF or UHF
carrier oscillator with band-limited
1&Q information. The resulting phase
and/or amplitude states of the carrier
are then multiplied or upconverted by
another mixer, local oscillator and side-
band filter to the actual transmitted
frequency. 1&Q modulation has tradi-

tionally been done in this manner be-
cause lower-frequency, high-isolation
mixers tend to yield the best carrier
and sideband rejection. High-carrier re-
Jjection, bi-phase and QPSK linear mod-
ulators for manufacturing or testing of
receivers are now possible directly at
higher wireless frequencies, without
extra frequency conversions.

Mini-Circuits

Customers want smaller, less expen-
sive and more reliable modulators, both
analog and digital, for a wide range of
frequencies. There has been particular
growth in cellular and personal commu-
nications services (PCS) areas, but
strong demand continues in many other
areas. Interest in surface-mount modu-
lators and for low-height surface-mount
packages in particular, is increasing.
Several new surface-mount, 1&Q modu-
lators and demodulators and bi-polar
phase-shift keying (BPSK) modulators
with transistor-transistor logic (TTL)
control help to meet this demand. RF

HIGH QUALITY CRYSTAL OSCILLATORS

EXOBRVCXOERTCXOETCVCXO

.~ ® Military and Commercial Products

- #® Wide Frequency Range (up to 1GHz)
. @ Wide Temp. Range (-55°C to +125°C)
¢ Low Jitter. Low Phase Noise

TACTEL

A Division of Tadiran Telecommunication Ltd.

RF Design

o8 lasty,,

I SI \'.

200/ =
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s

¢ Wide Pulling VCXOs (+250 ppm)

¢ High Linearity VCXOs (x1%)

¢ High Stability TCXOs(+0.3 ppm)

¢ TTL, CMOS, ECL & Sine Wave Outputs

Tactel, 18 Hasivim St. Petach-Tikva 49104, ISRAEL

Tel: (972-3) 9261643

Fax: (972-3) 9262356

E-mail: avib@telecomm.tadiran.co.il

Represented in USA by:
Tel: 1 (703) 536-0255
E-mail: tac@deltaint.com
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DELTA INTERNATIONAL, INC.
Fax: 1(703) 536-6785
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RF products

Surface-mounted, temperature-compensated
clock oscillators offer low profile

Surface mounted clock
oscillators with temperature
compensation feature preci-
sion crystal technology in a
device with a profile height
of 2.4 mm. The oscillators
have a frequency stability of
+2.0 ppm with an automatic
frequency control (AFC)
option. The new devices are
part of the KT series and
are available in frequencies
from 12.8-19.68 MHz with
frequency stabilities to +2.0
ppm between -30°C and
+80°C. The KT12 series
measures 11.6 x 9.6 x 2.3

mm. The KT11 series mea-
sures 11 x 9 x 4 mm. The
oscillators combine a preci-
sion quartz crystal into a
hybrid module with passive
and active devices, and are
designed primarily for wire-
less communications such
as cellular and personal
communications service
(PCS) phone sets, base sta-
tions and two-way pagers,
and for Japanese personal
handyphone system (PHS)
applications.

AVX Corporation
INFO/CARD 168

Non-magnetic
trimmer capacitors

Non-magnetic trimmer
capacitors are identical to
standard air capacitors
except that they are manu-
factured with non-magnetic
materials. These capacitors
are available with capaci-
tance ranges from 0.4-3.5
pF to 1.0-30.0 pF. The

Oscilloscope features

increased memory
The 9384AL digital stor-

age oscilloscope (DSO) has

four input channels that
sample at 1 GS/s into 2

capacitors are available in a
variety of sizes and in three
mounting configurations,
including PC mount, turret
and ground lug. Applications
for the capacitors include
nuclear magnetic resonance
equipment, medical electron-
ics and other magnetic sig-
nature applications. These
trimmer capacitors are
priced at $24.75 in quanti-
ties of 1,000.

Johanson Manufacturing
INFO/CARD 169

80

Mbytes of acquisition memo-
ry. The 9384AL has an ana-
log bandwidth of 1 GHz and
a single-shot sampling rate
to interleave all four inputs
to achieve up to 4 GS/s sam-
pling into 8 Mbytes of memo-
ry. A 1 GS/s single-shot A-to-
D conversion per channel on
four channels, with 4 GS/s in
single channel mode or 2
GS/s when using two chan-
nels, is also available. Fea-
tures include pass/fail test-
ing, waveform processing
and interfacing options. Data
storage options include inter-
nal memories, floppy and a
Personal Computer Memory
Card International Associ-
ation (PCMCIA) card.
LeCroy

INFO/CARD 170

Four-way
power divider

Model DL 4389 is a four-
way power divider which
operates over the 800-980
MHz frequency range. Fea-
tures include an isolation of
18 dB minimum, insertion
loss is 0.5 dB maximum and
a voltage standing wave
ratio (VSWR) of 1.6:1 maxi-
mum. Maximum amplitude
and phase unbalance is 0.5
dB and 5° respectively.

Power handling is 5 W max-
imum with an operating
temperature of -54°C to
+85°C. The DL 4389 mea-
sures 1 x 1 x 0.150 in flat-

pak.

Technical Research and
Manufacturing
INFO/CARD 171

Mini VCO for
mobile radios

The V240MEO1 surface:
mount, mini-package, voltage
controlled oscillator (VCO) i

designed for mobile radios. I
generates frequencies be
tween 210-270 MHz withir
a control voltage range o
0.54.5 VDC. The V240MEOQ!]
draws 19 mA with a supply
bias of 5 VDC. Nominal out
put power is 1.5 dBm into ¢
50 Q load with a tempera
ture range of -40°C to 85°C
The V240MEO1 comes in ¢
standard, mini-surface
mount (SMT) package mea
suring 0.50” x 0.50” x 0.22'
and is available in tape anc
reel packaging.

Z Communications
INFO/CARD 172
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TEST EQUIPMENT

Broadband, dual-channel
frequency synthesizers

The PTS D310 and PTS D620 are
broadband, dual-channel instruments
each containing two fully independent
low-phase noise, low-spurious output,
fast-switching frequency synthesizers.
Each independent channel can be con-
trolled through a standard 50-pin par-
allel interface.

Programmed Test Sources
INFO/CARD 173

TETRA signal generator
for European radio system

The 2050T is the first generator to
meet the adjacent channel power (ACP)
requirements for the Trans-European
trunked radio (TETRA) system. The
2050T offers better than —70 dBc ACP
accross the 100-490 MHz frequency
range while maintaining a root mean
squared (RMS) vector error of better
than 1.5%. Prices for the 2050T range
from $32,000-$42,000 depending on op-
tions and frequency range.

Marconi Instruments
INFO/CARD 174

PCB plotter combines high
precision and affordability

The Protomat 91S/VS system permits
the fabrication of fine-pitch technology
(as small as 100 um) printed circuit
board (PCB) prototypes. The 91S/VS
features a variable high-speed motor,
from 10,000-60,000 rpm, making pos-
sible the milling of fine isolation chan-
nels and allowing the use of special ma-
terials such as Teflon and Duriod. The
system is priced at $15,750.

LPKF CAD CAM Systems
INFO/CARD 175

Universal power meters
with enhanced measurement

The 8540C series of universal power
meters combine accuracy, speed, range
and measurement capabilities un-
available from any other power meter.
The 8540C can automatically measure
the average power of pulse modulated
or pulse signals that are amplitude
modulated during the pulse “on” pe-
riod, such as with time-division, mul-
tiple-access (TDMA) signals. The time
gating option can be used to program a

RF Design

measurement start time and duration
time to measure the average power
during a specific time slot of a burst
signal, critical for accurately mea-
suring the average power of formats
that must control the power trajectory
during a specified potion of the burst
signal such as with global system for
mobile communications (GSM, for-
merly Groupe Speciale Mobile) and
can also be used with personal handy-
phone systems (PHS). The 8540C se-
ries also can measure the power level
of code-division, multiple-access
(CDMA) signals for open-loop and
closed-loop testing. Prices for the
8540C series universal power meters
start at $3,095.

Giga-tronics

INFO/CARD 176

AWGN generator
for CATV, cable modem

Model UFX-BER-CATYV is an addi-
tive white Gaussian noise (AWGN)
generator that tests cable television
(CATV) systems and cable modems
by injecting noise in the upstream
and downstream paths. The gener-
ator covers the frequency band from
5-850 MHz.

Noise/Com
INFO/CARD 177

SIGNAL PROCESSING
COMPONENTS

Surface-mount
lowpass filter

The SL-19 surface-mount lowpass
filter features a 1 dB cutoff at 19 MHz
and rejects 20 dB minimum at 21 MHz.
It measures 1.10” x 0.60” x 0.27” and
has a voltage standing wave ratio
(VSWR) of better than 2.0:1.

Kel-Com
INFO/CARD 178

PCS-CDMA
IF SAW filter

FB F033, a 210.38 MHz surface
acoustic wave (SAW) filter, is available
in a hermetic surface-mount technology
(SMT) package compatible with code-
division, multiple-access (CDMA) per-
sonal communications services (PCS)
phone architectures. The FB F033 fea-
tures a bandwidth of more than 1.26
MHz at 5 dB and out of band rejection

without any triple-transient or second-
harmonic spurious.

Thomson Microsonics

INFO/CARD 179

Monolithic
directional coupler

Model DCO09-73 is a directional cou-
pler available in the 0.81-0.96 GHz fre-
quency range. It features an insertion
loss at 0.2 dB typical, —20 dB coupling
and typical input and output voltage
standing wave ratios (VSWRs) of
1.15:1.

Alpha Industries
INFO/CARD 180

High dynamic range
monolithic mixer products

A new family of gallium arsenide
(GaAs) monolithic microwave integrated
circuit (MMIC) passive mixer products,
model numbers MD54-0003-0006 fea-
ture a patented floating field-effect tran-
sistor (FET) topology that provides good
intermodulation performance while re-
quiring no DC bias. Designed for use
where high-level RF signals and wide
dynamic range are required in either up
or downconversion applications at the
900 MHz and 1.9 GHz frequency bands,
the mixers are suited for modulation
and demodulation in receivers and
transmitters for base station and
portable systems. These mixers are
available with 18 dBm input IP3 with 5
dBm local oscillator (LO) drive or 24
dBm input IP3 with 13 dBm LO drive.
M/A-Com
INFO/CARD 181

Quadrature modulators for
digital mobile radio receivers

The RF 2711 quadrature demodu-
lator recovers signals in IF systems
with a frequency range from 0.1-85
MHz and an local oscillator (LO) fre-
quency two times the intermediate fre-
quency (IF). It features an on-board ac-
tive device for an oscillator, a digitally
controlled power down mode and a low
LO power requirement. The RF 2711 is
designed for digital communications
systems, spread-spectrum communica-
tions systems, general-purpose fre-
quency conversion and ultra high-fre-
quency (UHF) digital and analog
receivers.

RF Micro Devices
INFO/CARD 182




Bi-directional
fixed attenuator pad

The HFP-510 is a high-powered
fixed attenuator offering broad band-
width (DC-6 GHz) with low voltage
standing wave ratio (VSWR). A 10 W
bi-directional convection air-cooled
fixed attenuator pad, attenuation
values range from 0—40 dB. It is also
available in a 20 W version (HFP-
520).

Trilithic
INFO/CARD 183

Surface-mount attenuator
for PCS applications

A broadband, pin diode, analog at-
tenuator for applications in the
100-2,000 MHz frequency range, model
PI-820 features a surface-mount ce-
ramic package specifically designed for
personal communications service (PCS)
applications. The PI-820 features an at-
tenuation range of 0—40 dB and is sup-
plied with specifications guaranteed
from 800-2,000 MHz with lower fre-
quency ranges available by changing

capacitor values.
KDI/Triangle
INFO/CARD 184

DISCRETE
COMPONENTS

Thin-film power chip
resistor series

The MSPR series of thin-film power
chip resistors maintain a power rating
of 500 mW and are available in a
0.045” x 0.030” package. Ohmic values
on these chips range from 2-250,000
ohms with tolerances to 0.1%.

Mini Systems
INFO/CARD 188

Miniature, high-capacitance,
low-impedance capacitors

The LVX series of capacitors feature
low impedance and are suited for high-
frequency applications such as
switching power supplies. The series is
available with a capacitance range of

PRECISION CROs & DROs

FOR TOUGH CUSTOMERS

DELPHI COMPONENTS, INC., 27721A La Paz Road, Laguna Niguel, CA 92677
http:/www.delphidro.com « E-mail: delphidro

DELPHI sources use MIC hybrids and surface mount devices to yield high
performance in a small size. When internally phase locked, frequency stability of +2.5
PPM is achieved, with excellent phase noise and low microphonic susceptibility.
Output power levels are available from +10 to +23 dBm or higher. Frequencies for
CROs range from 400MHz to 3 GHz and DROs range from 3GHz to 42GHz. Phase
locked units accommodate internal or external reference oscillators.

Quick delivery of quality products begins with fast crystal procurement, continuous
process control, bar code tracking, and a strong stocking program.

For more detailed information, call DELPHI
at (714) 831-1771 or FAX (714) 831-0862

e Guaranteed
Performance

e On-Time
e Priced Right

Pick the frequency!
CROs from 400MHz to 3GHz
DROs from 3GHz to 42GHz

delphi

Components, Inc.

delphidro.com
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12-15,000 uF, a voltage range of 6.3—63
VDC and a rated life of 2,000-5,000
hours at 105° with ripple current ap-
plied depending on case size. The series
is priced from 5-75 cents each in quan-
tities of 1,000 depending on values and
size.

United Chemi-Con

INFO/CARD 185

High dynamic range
power detector modules

Designed for use in amplifier
output power detection, antenna
voltage standing wave ratio (VSWR)
monitoring, automatic test and mea-
surement systems and antenna field
strength measurement, the PDM se-
ries of power detector modules ex-
hibits enhanced immunity to multi-
tone measurement error. The series
includes 800-960 MHz and
1,850-1,990 MHz models that feature
35 dB dynamic range and 0-5 V
output voltage.

Praxsym
INFO/CARD 186

Surface-mount
molded-epoxy inductors

The EC3225 and EC4532 surface:
mount inductors measure 3.2 x 2.5 »
2.2 mm and 4.5 x 3.2 x 3.2 mm respec-
tively. Suitable for telecommunicatior
products, test equipment, medical
equipment or any application requiring
a small surface-mount design, the
EC3225 series has an inductance range
of 0.12-220 pH and the EC4532 has ar
inductance range of 0.1-1,000 pH. Botk
series are available in +20%, +10% o1
+5% tolerances.

Ecliptek
INFO/CARD 187

Trimmer capacitor
has a range of 0.45-3.5 pF

A solid-dielectric trimmer capacito:
features a range of 0.45-3.5 pF anc
positive stops at minimum and max
imum with more than seven turns o
tuning. It is rated 250 V working anc
500 V withstanding and a Q of more
than 2,000 at 100 MHz. It is priced at
$3.15 each in quantities of 100 anc
$1.70 in quantities of 50,000.
Voltronics
INFO/CARD 189
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RF software

Software for high-frequency
circuit design

A CD-ROM from Optotek demon-
strates features of the company’s MMI-
CAD line of computer-aided engineer-
ing (CAE) and computer-aided design
(CAD) software for high-frequency cir-
cuit design for the PC. The CD-ROM
includes linear simulation, schematic
capture, layout, yield analysis, data
acquisition and field-effect transistor
(FET) modeling, plus import and export
links to other simulators. The MMI-
CAD software is available in both sin-
gle-user and network versions. MMI-
CAD Layout is designed to automate
circuit layout and artwork creation.
The software includes schematic cap-
ture with bidirectional links to layout
and the MMICAD simulator. MMICAD
Layout is based on the hierarchical
Calma GDS II stream format. The soft-
ware supports the use of as many as 64
layers and allows designs to be per-
formed with as many as 20 levels of cell
hierarchy. A standard Windows format
with a hypertext link help system
allows quick access to information on
commands. The software is available in
single-user versions for $1,690 and in
network versions for $2,110.

Optotek
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Software includes
schematic viewer

With WinDraft’s schematic capture
version 1.26, any version of WinDraft,
including the 100-pin capacity share-
ware version, will have the capability
to act as a “schematic viewer” and view
any size sheet. WinDraft’s view mode is
analogous to Microsoft Word’s 6 viewer.
It allows a user to view a document
without having to purchase a full ver-
sion of the software. WinDraft 1.26
gives engineers the ability to distribute
schematics in a standardized format to
anyone, anywhere, even across the
Internet. The software will view any
size sheet created with a licensed copy
of WinDraft Schematics. It has added
printing functionality to allow x and y
offsets in the print dialog box. User
definable attribute fields can be includ-
ed in the bill of materials. The user can
include information such as the module
name, part stock number or any other
attribute. The library editor allows eas-
ier pin mobility when creating or edit-
ing parts and configurations. Default
module footprints have been added to

RF Design

hundreds of additional parts to facili-
tate use for PCB layout. Revised
Getting Started guide includes netlist
information and other information for
printed circuit board layout. WinDraft
is a suitable front-end for WinBoard
PCB layout also from Ivex. Prices range
from $99 to $495 depending on the pin
capacity. Version 1.26 is a free upgrade
to any current WinDraft user. A free
share-ware version of both WinDraft
and WinBoard can be obtained on the
World Wide Web at: http://www.
ivex.com by downloading “wdshare.exe”
and “wbshare.exe.” respectively on the
anonymous FTP service.

Ivex Design International
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Fixture software automates
VNA measurements

Maury Microwave’s software tool
provides for automated vector network
analyzer (VNA) measurements, de-
embedding the measurements when
fixture characteristics are known and it
determines the fixture characteristics.
The MT956D software provides graphic
and tabular data readout of S-parame-
ters with marker capability for accu-
rate determination of specific points of
interest. In addition to providing for de-
embedding of device characteristics
using developed fixture S-parameter
files, the program also includes electri-
cal models of all Maury transistor test
fixture inserts, eliminating the need for
fixture characterization when this fix-
ture is used. The software supports a
variety of Hewlett-Packard and Wiltron
VNA, including the lightning series
from Wiltron. The instrument drivers
are maintained in modules separate
from the main program, and the source
code for the drivers is provided. This
allows the user to edit an existing dri-
ver to operate an instrument not cur-
rently supported.

Maury Microwave
INFO/CARD 156

Enhancements streamline
design process

ACCEL Technologies’ version 12.1 of
its Windows-based ACCEL EDA
schematic entry and PCB layout design
focuses on streamlining common design
activities throughout the design
process, from schematic editing to out-
put generation. Features include com-
ponent type replacement, schematic

ULTRAMINIATURE
SURFACE-MOUNT

Less Than 5
0.1" Tall!

T-1084 14.4 MHz pictured
Shown actual size 0.39°x 0.47°x 0.09”

OSCILLATEK introduces a new line of
ultraminiature TCXO’s. The parts are
available in tape and reel and may be
reflow soldered.

Applications:
PCMCIA Wireless e PCS ¢ GPS o Test
Handheld/Portable 0.050°
te— (1.3 mm)
4 places
4 )
T -
4 1 1
0.025
{07 mm)
Age 4 places
{7.62 mm) + 0.040"
(1.2 mm)
4 places
4 i
3 2 I
an y J
STABILITY: +2.5 PPM
OP. TEMP: -30 to 70°C
INPUT: +5.0 VDC or +3.0 VDC
TRIM: MECHANICAL or
VOLTAGE TUNE

For detailed specifications call
or see our website

www.otek.com
under news or products
T-1110 128 MHz
T-1084 14.4 MHz
T-1115 10.0 MHz

Oscillatek manufactures a complete line
of crystal-based oscillators.

OSCILLATEK

I I INCORPORATED

A VECTRON INTERNATIONAL COMPANY

620 NORTH LINDENWOOD
OLATHE, KS 66062
FAX (913) 829-3505
PH. (913) 829-1777
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hierarchy, teardropping and printing
output by region. An optional interface
to Cooper and Chyan Technology (CCT)
placement tools has been added.
Several changes simplify the import of
Master Designer files into ACCEL
EDA. The practice of changing the type
of placed schematic parts is now accom-
plished by specifying the new type. One
or more parts having the same type can
be changed at one time, and all parts of
multiple part components are updated
simultaneously. For both schematic
and PCB users, additional attribute
control is provided when they refresh
components in a design to match those
in a library. The U.S. list price is $995
for ACCEL Schematic and $7,950 for
ACCEL P-CAD PCB. ACCEL Tango
PCB, the layout product for as many as
400 components, lists at $1,995. CCT
AutoPlace and EditPlace modules are
priced separately. International pricing
is higher and is available through
authorized distributors worldwide..
ACCEL Technologies
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TK Solver Release 3
suits automation and
mathematical models

TK Solver Release 3 gives a corpo-
rate or academic user the ability to link
with other applications, such as MS
Word and Excel; to call legacy code in
FORTRAN and C; and, under UTS’s
new site licensing plan, to distribute
TK and TK models as widely as need-
ed. Release 3 for Windows is a tool for
design engineering and sales engineer-
ing automation and mathematical mod-
eling. Features include OLE automa-
tion support for custom front-end pro-
grammability using Visual Basic and
other environments; OLE 2.0 support
for linking and integration of TK
objects with Microsoft Office docu-
ments; MathLook for more readable
two-dimensional display of equations;
external function calls for routines in
FORTRAN, C and other compiled lan-
guages: wizards for such tasks as list
solving, plotting, unit conversion and

creating presentation-quality plots; a
Greek character palette; adjustable
column widths; and tool bar and
object bar.

Universal Technical Systems
INFO/CARD 158

Interactive simulation for RF
and microwave engineers

Avista Design Systems’ Spectre/XL
for RF and microwave circuit design
provides interactive simulation of non-
linear communications circuits such as
mixers, receivers and oscillators, espe-
cially the frequency translation of sig-
nals and noise. Spectre/XL embeds
accurate circuit simulation inside
Microsoft Excel. Spectre/XL’s instant
“what-if” analysis gives high-frequency
circuit designers a powerful tool for
developing, evaluating and optimizing
circuits. The software gives PC-based
designers help with the simulation of
noise in mixers, receivers and oscilla-
tors. The new algorithm is 15-20 times
faster, without sacrificing accuracy, for

88

CINOX Crystals

Forover 50 years CINOX
has been supplying high
quality, low aging crystals
to the communications
industry.
CINOX provides custom
crystals built to your
specifications with
SHORT LEAD TIME.
CINOX manufacturers
crystals from 1 MHz to
250 MHz in all standard
coldweld and resistance
| weld holders. CINOX
specializes in the TO-5
holder for microwave
applications. Our crystals are made with the quality and
reliability required for the most stringent communications
and instrumentation applications. OCXO and TCXO
crystals are a specialty.
Please ask about our new line of SC-Cut crystals.

CINOX Corporation
4914 Gray Road, Cincinnati, OH 45232
513-542-5555 Fax 513-542-5146
E-Mail: CINOX @horandata.net
Website: www.horandata.net/cinox

SM-2300T/V
« Ultra Miniature Digitally Compensated
Surface Mount TCXO or TCVCXO
* 9.0mm x 7.0mm x 2.0mm Package
* Low Power Consumption, 3-Volt Design

* Wide Temperature Operating Range of
-30°C to 80°C, +/- 2.5ppm

« High Reliability Ceramic Package
« VC Option, +/- 10ppm min.

MONITOR

MONITOR PRODUCTS COMPANY, INC.

Main Office/Factory 502 Via del Monte, Oceanside, CA 92054
Phone 619-433-4510  Fax 619-434-0255
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analyzing “close in” phase noise in
oscillators and also for conversion nose
in mixers and receiver. These speed-
ups are in addition to that provided by
Spectre/XL’s two-stage “large-
signal/small-signal” algorithm for quick
and accurate nonlinear analysis.
Avista Design Systems
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SPICE CD-ROM includes
models, notes, articles

Intusoft, a manufacturer of SPICE
based circuit simulation tools, has
released a CD-ROM with information
for SPICE users. The free CD-ROM
contains SPICE models, applications
notes on how to model electronic
devices, technical articles on how to
simulate various types of designs, and
more than a dozen issues of the Intusoft
Newsletter. Working evaluation ver-
sions of Intusoft’s analog and mixed
signal design tools, magnetics design
tools, filter synthesis tools and SPICE
modeling tools are included. Much of

WIDE / NARROW BAND VCO’S
XXXXXXXXXXNXNXXXXXXXXXXXXXXX
Are vou looking for a VCO or Synthesizer that will
make vour production line take ofl'like a Rocket!!

CALL US!

WE’'RE THE VCO / SYNTHESIZER

SPECIALISTS!

PRODUCT FEATURES FOR OURVCO’'S:

> 200 MHz TO 4.2 GHz Frequency
Range

> Low Cost

> +14dBm output power

> Superior Phase Noise

> Linear Tuning

> Small SMT Package

SYNTHESIZER PRODUCT FEATURES:

> Low Cost
> {.ow Phase Noise

> Fast Switching Speed I,*“.m

> Narrow Band or Octave
Coverage

> Small SMT Package

> Turning Increments as low
as 25KHz

INTEGRATED COMPONENT SYSTEMS
5440 NW 55TH BLVD., SUITE 11-105, COCONUT CREEK. FL 33073
(TEL.) 800-396-5185 / (FAX) 954-480-6Y50

INFO/CARD 75
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the CD-ROM’s contents can also be
found on Intusoft’s Web site
http:/ lwww.intusoft.com and on
CompuServe at CADD/CAM/CAE ven-
dor forum, Library 21.

Intusoft

INFO/CARD 160

Interactive tutorial covers
IEEE Std 1076 VHDL

IEEE Standards Press, a specialty
standards publishing program of the
Institute of Electrical and Electronics
Engineers (IEEE) has released the
VHDL Interactive Tutorial: A CD-
ROM Learning Tool for IEEE Std
1076 VHDL. Aiding in the comprehen-
sion and use of IEEE very high-speed
integrated circuit hardware descrip-
tion language (VHDL), this product
offers a tutorial on VHDL. An
enhancement to IEEE Std 1076-
1993,the interactive tutorial is orga-
nized into four modules designed to
add incrementally to the users’ under-
standing of VHDL and its applica-

tions. Integrating these modules with
the VHDL Language Reference
Manual, IEEE Std 1076-1993 in a
hypertext environment, helps users
learn the language and makes VHDL
more usable. The hands-on tutorial
shows clear links between the many
levels and layers of VHDL and pro-
vides actual examples of VHDL imple-
mentation. It describes the construct
of the VHDL interface specs, what
VHDL is, what it does and how it is
implemented. The VHDL CD-ROM
tutorial provides an easy-to-use logi-
cal method of referencing the stan-
dard. This product comes bundled
with the Spyglass Mosiac 2.11 brows-
er and is available for use in Windows
(3.1 and 95), Macintosh, Sun OS and
Sun Solaris environments. In addition
to being licensed for single users,
annual networking agreements for
multiple users on a single server (site)
are available for the VHDL
Interactive Tutorial CD-ROM.

IEEE Standards Press
INFO/CARD 161

MTRON DESIGN HOTLINE
1-800-762-8800

Over 30 years of looking to the future with frequency control products

INDUSTRIES, INC.

PO Box 630, Yankton, SD 57078-0630
1-800-762-8800 FAX 605-665-170%
www.mtron.com
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RF Iiterature

ERA publishes
locator and directory

The Electronics Representatives As-
sociation (ERA) has published a com-
bined directory that brings together
two industry sources of information,
the Electronics Industry Locator and
the Electronic Representatives
Directory (ERD). The resource guide

will be available through the ERA
exhibit booth at industry trade shows.
Published by ERA for many years,
the locator is an international guide to
professional representation in the elec-
tronics industry. It provides detailed
listings of ERA member firms in every
geographic territory of the United
States, Canada, the Caribbean, Europe,

From undersea
to outer spauce...

No one gives you
more choices in
trimmer capacitors
than Voltronics

Whether you need
an inexpensive ceramic
chip trimmer for mobile
phones, a nonmagnetic
trimmer for MRI, or a
high-voltage trimmer for
missiles and space,
Voltronics has the
solution. Not only do we manufacture
the broadest array of trimmer
capacitors, we deliver custom designs
in record time.

And best of all, the
Voltronics Design
Team will work with
you to solve your
most complex
challenge. The

next time you

need trimmer
capacitors, call
Voltronics with your design
challenge...we'll take it from there.

3

&w

For more information, call us at
(201) 586-8585, fax us at

(201) 586-3404, or visit our home
page at www.voltronicscorp.com.

Voltronics == ——

CORPORATION

v

The Trimmer Capacitor Company

INFO.
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the Far East and Mexico. The 1,600
member firms are profiled according to
the territory each firm covers, its cus-
tomer bases, the categories of products
handled, names of company officers
and managers, number of personnel,
branch offices and additional facilities
or services.

The ERD is a telephone directory of
more than 6,400 electronics industry
manufacturers’ representative firms.
Each listing identifies the rep compa-
ny’s areas of product interest. The ERD
includes the 1997 electronics industry
calendar, a listing of domestic and
international trade shows and confer-
ences. The price for non-ERA member
is $50.

Electronics Representatives
Association
INFO/CARD 162

Reference book serves
power supply designers

SMPS Simulation with Spice 3 is
published by McGraw-Hill and is avail-
able from Intusoft. The book contains
information on power supply modeling,
simulation and circuit design tech-
niques. Simulating switched model
power supplies (SMPS) is made easier
with this guide to using the SPICE-3,
software for simulating analog and
mixed-signal circuits. Average and
transient models are provided for in-
vestigating any electrical characteristic
of an SMPS.

Chapters include how to model the
buck topology, flyback topology, EMI
filters, magnetic cores, magnetic cir-
cuits; how to overcome convergence
problems; how to convert AC wave-
forms into DC voltage levels; and how
to model design considerations such as
headroom, stability and ripple rejection
for linear regulators; how to use opti-
mizer routines to ensure the best possi-
ble designs.

The book is priced at $55. An accom-
panying disk with SPICE 3 models,
schematics and SPICE netlists for all of
the circuits used in the book simplifies
simulations.

Intusoft
INFO/CARD 163

Digitally-tuned RF filters
and preselectors featured

Digitally-tuned RF Filters and
Preselectors Catalog presents informa-

April 1997



tion on Micropole, Minipole, Maxipole
and Powerpole tunable filter product
lines. The 25-page catalog covers digi-
tal readout controllers and filters;
notch filters; digitally tuned, high-fre-
quency preselectors; PC RF preselec-
tors and postselectors (for personal
computers), fast switching broad-
spectrum preselectors; and low-noise
amplifiers.

For RF communications equipment,
these filters make suitable receiver pre-
selectors, tunable IF filters, transmit
pream filters and multicouplers. For

On-line

Product, technical information on
Web site—Piezo Crystal’'s Web site
contains product information on
quartz crystals and high-perfor-
mance ovenized crystal oscillators
as well as volumes of technical
resources of interest to the telecom-
munications systems engineers.
The address is http.// www.piezo-
crystal.com.

Piezo Crystal Company
INFO/CARD 165

Electronic catalog system on CD-
ROM —Component manufacturer
AVX has a CD-ROM containing
software, product and technical
information on its electronic compo-
nents. The electronic catalog sys-
tem contains information on MLC
and tantalum capacitors, power
supply capacitors, resistor chips,
arrays and networks, integrated
passive components, thin-film in-
ductors, SMT fuses, and other
devices. AVX technical papers are
included along with information
from AVX’s technical seminars. The
CD complements its web page at
http://www.avxcorp.com.

AVX
INFO/CARD 166

Online resource site for analog IC
users —Linear Technology’s Web
site provides a search engine that
enables the user to locate LTC’s
technical publications, data sheets,
application notes, design ideas and
articles from Linear Technology
magazine and the LT Chronicle.
The address is http:/www. linear-
tech.com.

Linear Technology
INFO/CARD 167

RF Design

the test bench, they are suitable track-
ing filters for use with spectrum ana-
lyzers and data analyzers and are use-
ful as clean-up filters for signal genera-
tors. The catalog presents an introduc-
tion to the company’s filter design con-
cepts and product family descriptions.
Specifications are listed and include
passbands, insertion losses, tuning

speeds, power ratings, impedances
and operating temperature range. The
typical performance data presents
graphics on group delay response,
tune time vs. frequency, inband power
ratings and third-order intercept point
capabilities.

Pole Zero
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ABLE ASSEMBLIES

P.O. Box 899, Stuart, Florida  (800) 544-5594 Fax: (561) 283-5286
INFO/CARD 79



B RF LITERATURE/PRODUCT SHOWCASE "l
4 New Models!

[ Congratulations Jake!
You found the perfect Signal Generator!

$795

Quantity |
Made inUSA

Features:
¢ DC-20 MHz, .| Hz steps
* Fully synthesized

® 10 Setup save/recall

* DC offset
® RS§232 remote ctrl
* Field upgradable

Modes:

* Sinewave ® Linear/Log Sweep
¢ InvVExt AM ¢ Int/Ext FSK

¢ IntExt FM * Burst

* Int/Ext PM * DTMF Generation
¢ InvExt SSB ¢ DTMF Detection

* InvExt B Power Level Meas
Telulex Inc 2455 Old Mlddlefleld Way S
Mountain View, Ca. 94043

Tel: (415) 938-0240 Fax: (415) 938-0241

\hHp://www.telulex.com 4
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Echpse 4.0 for Windows

+ Comprehensive
Element Library

* User-defined
Equations

+ Flexible Sweep
Capability

< Multiple Graph
Sheets

+ Manual Element/
Variable Tuning

------

« Optimization
+ Customizable
Graphs

» Network Analyzer
style Markers

osere

An Unparalleled RF/Microwave Linear Simulator

only $495%
e"f‘" Arden Technologies, Inc.
49

hitp://www.ardentech.com
for a fully functional demo

PO Box 286 - Forest, VA 24551
Voice 804-525-6837 Fax 804-525-5376
e-mait: arden @ ardentech.com )
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ULTRA BROADBAND
AMPLIFIERS

26 ps Risetime

65 kHz - 14 GHz

10 to 24 dB gain
+19 dBm

; “.‘
$600 to $850 4 —

For digital telecommunications
and other pulse and rf applications.

PICOSECOND P.O. Box 44
PULSE LABS 1nc Boulder,CO
Phone: (303) 443-1249 Fax: (303) 447-2236

U.S.A. 80306
INFO/CARD 101 * See Us At MITsS Booth #535

NEW PS -550/PS-5A/PS-58

0.1MHz to 2GHz Portable Spectrum Analyzers
*PS - 550 0.1 - 550MHz PS - 5A 0.1 - 1100MHz

*PS -5B 0.1 - "100 & 900 - 2000MHz

+ Digital centeramarker frequency display at 0.1MHz resolution
* Measurement range: -108 to +20 dBm

*5 resolution bandwidths: 10KHz - 1MHz

=50 dB Input aftenuator in 10 dB steps

*2/10 dB/Div log scale display with on screen marker cursor
*Built-in AM / FM demodulation with monitoring speaker

* Optional bulit-in Tracking Generator

*AC/DC / Batery powered (optional +12 V battery pack)

« Lightweight - Portable operating. Size: 11.5" x 5.4" x 12.9%

Price $1675 (PS-550) $2275 (PS-5A) $2875 (PS-5B)

V.Tech Instruments, Inc. Tel: (201) 546-7635
171 Burns Ave, Lodi, NJ 07644 Fax: (201) 546-7651

LOW COST
HIGH PERFORMANCE
FREQUENCY SOURCES

CRYSTAL OSCILLATOR-MULTIPLIER

e

v MODEL VSA - $225.00 .016H:70 1.0 GHz
v MODEL USA - $275.00 1.0 61z 70 1.5 GHz

v MODEL SSA - $325.00 1.5 6rz 10 4.2 6Hz

RF OUTPUT: +8dBm min., at any spot frequency
in above ranges

FREQ. STABILITY: +30ppm, -20°c to +60°c

B+:+12 to +16 VDC

Wilma”ca 5350 Kazuko Court, Moorpark, CA 93621

{805) 523-2390 FAX (805) 523-0065
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SINGLE LAYER CHIP CAPACITORS

Type A Type B @
By | . 250V . SLs
== =
po=s:
Type C %2
100V ‘
=a3
FOR CAPACITORS WITH:

* Extremely smooth and uniform metalized surfaces

* Pt metalization to withstand 400°C die attach temperature
up to 20 min max

* TiW adhesion layer to prevent diffusion and provide
stability at very high temperatures

TECDIA

2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043
Tel: (415) 967-2828 Fax (415) 967-8428
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REAGH AN EXCLUSIVE AUDIENCE OF BUYERS

in RF Design

New & Current Products Promoted in our Product Showcase

For $650 or less you can PROMOTE YOUR PRODUCTS TO THOUSANDS OF INTERESTED
BUYERS. FOUR COLOR is included in the price. Simply provide us with a copy of your sales
brochure or a photograph of the product and approximately 40 words of copy. We'll do the rest!

88% Of Our Readers Take Action On Your Advertising!*

For more information contact: Terri Stenson 303-220-4288
Reach Thousands of Potential Buyers in RF Design!

* June 1996 Baxter Research Study

INFO/CARD 105
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RF marketplace

Classified display ads are available at $125 per column inch. Frequency rates available for multiple insertions. Please
call for further information, 303-220-4288. Or fax your ad copy for a rate quote to: (303) 793-0454.

CAREER OPPORTUNITIES

| SENIOR STAFF ENGINEER/SCIENTIST g

\ .
| Picker Intermational, with its world |
,; headquartersin Cleveland, Ohio, is an industry
| leader in Medical Diagnostic Imaging
L equipment. Currently, we are seeking a |
| qualified professional to join our Magnetic
Resonance Division. Successful candidate |
will haveaMS/Ph.D. in Electrical Engineering
or Physics with 7 or more years experience in
. RF coil or antenna design in medical |
applications (MRI RF coils and/or RF |
F: hyperthermia/ablation.) The successful
| candidate will have: Knowledge of RF |
" materialsand I circuit design; Electromagnetic
fields modeling skills such as FEA/MoM; |
Strong experimental RF skills with a desire to |
* take ideas to product; Familiarity with
" regulatory requirements related to medical
product design; Solid organizational and
" writtenforal communication skills; Salary
commensurate with qualifications. Excellent |
benefits package. Please send resume and
salary requirements to:

x

-

Human Resources Department |
MR Division
Picker International, Inc.
5500 Avion Park Drive
Highland Heights, Ohio 44143

We are an Affirmative Action/Equal
Opportunity Employer and Comply with
the Drug Free Work Place Act.

@ PICKER

READY FOR YOUR NEXT STEP?

Muitichannel Communication Sciences, Inc. (MCSI) is a rapidly growing San Diego-
based company specializing in the development of broadband digital signal

processing techniques for Cable TV and Broadband access control systems and for

fiber optic transmission of multichannel television signals. If you are looking for a
challenge and the opportunity to benefit from participation in a rapid growth
company, consider the following openings at MCSI:

& SENIOR RF ENGINEERS (CODE AE-1)

Perform RF system and circuit design using discrete devices, MMIC’s, and mixed signal IC's.
Requires knowledge of digital RF techniques, DDS, PLL design and experience with
oscillators, mixers, amplifiers, filters, and other RF circuit design, synthesis, and evaluation.
Expericnce with design tools such as TOUCHSTONE or EAGLEWARE, and experience in
circuit and SMT board design for mass production manufacturing is desirable. Working
familiarity with video and television systems is preferred. Requircs BSEE (MSEE preferred).

€ SENIOR DIGITAL DESIGN ENGINEERS (CODE DE-1)

Design a variety of boards using FPGA and ASIC devices for high-speed digital RF products.
Requires experience with digital hardware interfaces to embedded MiCroprocessors,
microprocessor interface architectures, and design/simulation tools, as well as test. debug, and

evaluation of digital hardware in the lab. Manufacturing test experience an asset. Requires BSEE
(MSEE preferred).

MCSI offers an exciting and challenging work environment, competitive
compensation and benefits, company equity, and more. Qualified candidates
should submit their resume and salary history, with appropriate job code, to:
Human Resources, Multichannel Communication Sciences, Inc. EOE

Visit our web site at http://www.mcsi-usa.com/mcsi/
MULTICHANNEL l l l l l
EomATO lh..m,.ul il
9775 Towne Centre Drive 'lIII'“l b ::ll.lll I |

LTS
[ L]]

San Diego ,CA 92121, ]. 'l
FAX: (619) 623-3790 PO | ) S || | FTSSNPT | | [ YS—"

BURLESON & AsSOCIATES, Inc.
105 Executive Drive, Suite C, Madison, Mississippi 39110
Phone: 601-856-5197 o FAX: 601-856-8125

o RF/RF Design Engineers o RF O imization Engineers
o Paging System Managers ~ o Cell Site Techs
« Paging System Technicians o Cellulor Engineers
« Project Managers o Directors
o Field Engineers 4L o Wireless Data Sales Executives
o Switching Technicians/Engineers & Managers o Wireless Data Channel Managers
All individuals in the telecom industry are encouraged to apply.

Positions available nationwide. We specialize in the telecommunications industry. |
iployer fee poid Please fox resume to: 601-856-8125.

CELLULAR * PCS * PAGING — DIRECT & CONTRACT POSITIONS
R.F. ENGINEERS: NATIONWIDE

R.F./CELLULAR/WIRELESS/PCN/PCS
CDMA/TDMA/SPREAD SPECTRUM/NSAT
STAFF & MANAGEMENT POSITIONS
Respond to: CTH, Ltd.

2204 Bahia Vista, #D7, Sarasota, FL 34239
Ph. 941/362-2773 Fax 941/362-0217
email <cth@ais.net>

®

Employer
Inquiries
Welcome

CDI Telecommunications is part of
a large public corporation (NYSE)
serving customers nationwide.
We are seeking experienced personnel
for the following positions:

CELLULAR & PCS

Call: (800) 669-1890 ext. 396
e I R Y

If your resume isn't a "WINNER"
it's a "KILLER." Do it right.
Call CAREER RESUMES
Free Consultation,800-800-1220.
FreeCritique,800-927-4611 Fax.
Place your resume on the INTERNET
Seen by 4,000 companies per month.

| CDI Telecommunications, Inc.

| 800-875-1904 ‘

| P.O. Box 4056 Dept. RFD
Scottsdale, AZ 85261-4056

, EO.E.
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SIEMENS

Stromberg-Carison

In The Business
of Communicating

h
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You really can have the ultimate state-of-the-art in the
ultimate state-of-great-living...with Siemens Stromberg-Carlson
headquartered in beautiful Boca Raton, Florida, just 20 minutes
north of Fort Lauderdale! Here, our technical professionals
devote themselves to developing solutions that will redefine
the leading edge in telecommunications. As one of the ration’s
largest public network service providers, we design and
manufacture digital central office switching equipment,
broadband switching systems, wireless solutions, end-to-end
multimedia solutions, Internet solutions, telecommunicazions
network management products, customer premise equipment,
and transmission products.

A subsidiary of Siemens AG, which is presently in 190 countries
and has annual revenues of $68.1 billion, Siemens Stromberg-
Carlson’s continued expansion has created exciting
opportunities for quality-driven go-getters who seek new
challenges and a picture-perfect lifestyle. If that describes you,
join our team of innovators in one of our immediate openings!

CUSTOMER ENGINEERS
Opportunities exist for specialists with BSCS/BSEE or equivalent,
at least 3 years telecommunications experience, strong
problem-solving and communication skills, and
knowledgelskills in any of the following:

e EWSD ¢ SS7/AIN
* TDMA ¢ GSM PCS 1900
» Transmission System Engineering ¢ Wireless
* RF Network Design/Planning

Along with highly attractive compensation (no state inccme
tax!) and full-featured benefits, you'll enjoy our warm and sunny
South Florida location, which is ranked by Money magazine as
one of the nation’s most desirable places to live. To find out
about these and other opportunities, just forward your resume
to Human Resources Dept.-RF, Siemens Stromberg-Carlson,

900 Broken Sound Parkway, Boca Raton, FL 33487.
FAX: 561/955-6538. E-mail: ilene.smith@ssc.siemens.com

Dynamic Challenges
For Global Thinkers

Siemens Stromberg-Carlson is an equal opportunity emplover, M/F

T

oleplp .
Next Leve.

Exciting new opportunities are in the picture at General
Instrument in San Diego. We’ve achieved global leadership in
cable and satellite TV, and we're creating the most advanced
next-generation telecommunications networks in the world. If
you're ready to take your engineering career to the next level,
consider making the leap with a world-class leader in advanced
network communication systems. The following challenge is cur-
rently available at Gl in San Diego: - o

RF/ANALOG DESIGN ENGINEER

Requires BSEE/MSEE with 8+ years of experience
responsible for design of cable modems. Must also
have experience with QPSK and 64 QAM modems, digi-
tal modulators and demodulators, high-volume con-
sumer products, RF design (0 to 750 Mhz), noise/gain
analysis, and test.

en
G

See us on the worldwide web at: http://www.gi.com

General Instrument offers competitive salaries and
benefits. Please send your resume with salary histo-
ry/requirements to: General Instrument, Code:
DRMRF, 6262 Lusk Blvd., San Diego, CA 92121,
E-mait in ASCII Text only: sd_jobs@gi.com Equal
Opportunity Employer. Principals Only, Please.

General Instrum

S AN

SONY WIRELESS TELECOMMUNICATIONS COMPANY

CHALLENGE YOURSELF.
AMAZE THE WORLD.

=
\ . At Sony Wireless Telecom-
munications Company (WTC),
W/‘ we're positioned to envision, create

and produce the most technologjcally
advanced communications products, putting the power of mobite
communications in the hands of everyone. We invite you to join
our team in San Diego, CA as we design, manufacture and mar-
ket some truly amazing wireless products for the 21st century.

RF ENGINEERS

The qualified candidates must have a minimum of 3+ years’ expe-
rience in RF systems design and implementation of the CDMA
transceiver. Will work on RF systems design, integration, evaluation
and simulation and will be involved in the performance evaluation
of RF systems in the laboratory and in the field. Design experience
with power amplifiers, mixers, LNAs, and power drivers a plus.

Sony offers an excellent compensation and benefits package. For
consideration, mail/fax/E-mail your resume and salary require-
ments, specifying job code, to: Sony-WTC, Attn: HR Dept.,
Code___ , 10300 Campus Point Dr., San Diego, CA 92121,
FAX: (619) 657-4394; E-mail: jobs@ccmail.sgo.sony.com
Equal Opportunity Employer M/F/D/V.

WIRZL=SS SONY.

TELECOMMUNICATIONS
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. will get you there first.
- o

i —

If conquering technology’s leading edge is
your idea of a challenge, Motorola has
alwvays been the best place to find it. From
pioneering the first consumer car radio in
1930 to our recent gains and leadership
in wireless communication, we've constantly
been at the pinnacle of technology.

Toaday, Motorola Semiconductor Products
Sector (SPS) provides the widest variety
of RF products in the world, including low
& high power discretes, hybrid power, linear
& CATV amplifiers and RF integrated cir-
cuits. And even with a world renowned
reputation for quality, innovation and tech-
nology leadership, we're still working to stay
on top. We are seeking the following pro-
fessionals for our Phoenix, AZ location:

SENIOR RF IC DESIGNERS

* RF Monolithic IC design

e Silicon - GaAs

¢ Background in RF simulation

e SPICE, MDS, or any harmonic
balance

RF PRODUCT ENGINEERS
¢ Knowledge of RF product and
test attributes

* RF circuit technologies
* Assembly and test technologies

RF SENIOR ELECTRICAL

ENGINEERS

* Knowledge of Wireless
Terminals and Infrastructure
Systems

* RF Product design and development

® S-Parameter theory

e AC circuit design

o Simulator tools

RF DEVICE MODEL ENGINEERS

¢ RF device characterization

¢ Model extraction

* Maintenance of device model
libraries

RF APPLICATIONS ENGINEERS

» RF Systems knowledge, Wireless
Terminals/Infrastructure (Amplifier
design and test)

» Device definition and planning

* RF products knowledge

e Characterization of new products/
systems/circuits

* Intimate knowledge of customer
requirements

SENIOR RF PRODUCT MANAGERS

® RF package development

* Manufacturing project management

* Planning, organizing technical
programs

RF PACKAGING MANAGERS

* Design/Execution of plastic/ceramic
packages

» Cross-functional team-building

* [ ead profect engineers in development

Interested candidates please send/fax
resume to: Motorola SPS Sourcing,
Attn: Bret Matthews, Dept. SPS-704,
1438 W. Broadway Rd., Suite B100,
Tempe, AZ 85282; FAX (602) 994-6827.
Or call 1-800-238-1072.

All resumes are electronically OCR scanned,
processed and distributed. A letter quality
resume with standard typeface is required
{no underlines or bold, please). An Equal
Opportunity/Affirmative Action Employer.
We Welcome and Encourage Diversity in
our Workplace.

MOTOROLA

RF Semiconductor Division

What you never thought possible.™
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NOW BREAKING
AT ROCKWELL
SEMICONDUCTOR
SYSTEMS—

THE WIRELESS WAVE

OF THE FUTURE.

ct
e@

O
o

with
N Rockwell
Because

Communication
Matters™

Wireless communications is desfined to rival the phenomenol growth of personal
computers, and Rockwell is leading the charge. Our Wireless Communications Division is
rapidly developing high-potential technologies involving 1,900 megahertz PCS and 900
megahertz digital cellulor and wireless phones os well os global positioning system products.
If you want your work to confribute o the next big wave, join Rockwell Semiconductor Systems
in one of the following positions:

ASIC Design Engineer Integration & Test Engineer
DSP Firmware Engineer Product Applications Engineer
DSP Systems Engineer RF Systems Engineer

Embedded Systems S/W Engineer
{Wireless protocol experience preferred.)
Hardware Development Engineer

Systems Software Architect
Speech Implementor /Analyst
Systems Architect/Analyst

Experience in wireless systems required. Positions ovoilable in both Newport Beach and
San Diego, California.

Rockwell Semiconductor Systems offers on excellent solary and benefits package, and a
relocation progrom tuilored to suit your needs. For inificl consideration, please send your
resume fo; Rockwell Semiconductor Systems, Professional Staffing Dept.
RFD-0401-W, 4311 Jamboree Road, Newport Beach, CA 92660, Fax (714)
221-6092, E-mail: resume@nb.rockwell.com Rockwell is an equal opportunity
employer supporting diversity in the workplace.

Visit us on the World Wide Web at:
http://www.nb.rockwell.com

N Rockewell scmiconductor Systems

[eo Rew Jem ]
OOQ

...YOUR CAREER

Wireless Start-Up/RF Design Engineers: Design of Si RF ic's for Wireless Communication
applications (AMPS, DAMPS, GSM, DECT, POS). Si RF ixc design experience ln the 400-2400
MHz, fast RF PLL synthesizer design experience; RF ign

using Si Bipolar and MOS technologies

Oirector of O for existing
business opportunitles.

Process for technical support in watar fabrication,
process di and ineering in device ing. Directs the
development and implememallon of new waler 'abncahon process formulas and establishes
operating equipment specifications.

CATV Design: Rf Deslgn experience should Include LC filter, microstnp, am plifier, circuit
modeling and system analysis in the 5-1000Mhz range. BS/MSEE fiber optics a Jlus.

Project Leader Base Station: Design, fabricate, test and develop ri/mw components, circuits and sut systems for
celular basestation front-ends. BSEE/MSEE.

Reg Field Sales: Agg: i to create and serve new accounts. Posmons are located throughout the
U.SA An engineer who wants to enter sales world is Base salary, and car. BSEE.

AF Microwave Test Engineers: Develop and refine RF/I
characterization, production test, system test and FCC Certitication. BSEE.
RF Engineer: RF circuit design and development for wireless phones. Develop radio architectures and RF circuit
design for systems operating in the 800-900MHz and the 1800-2000MHz regions.

Sr. Project Antenna Design: Lead the design and of a wide variety of antenns and antenna
systems, inctuding both reflector and array systems using microstrip, stripline and waveguide technologles. BS/MS
with 5 years experience.

and growth of division into new

| |

test

for product

RF Design Manager: Lead a team of RF engineers trom initial design and implementation through product Integra-
tion and testing into high volume production. 8+ years of RF design with emphasis on low cost radio d2sign. BS/MS.

Sr. MMIC Design: Design highly Integrated GaAs MMICs for advanced cellular products. Circuits to be designed
include: power amplifiers, LNAs, mixers, IF amplifiers, butfer amplifiers. RF frequencies are 900 and 1800 MHz,
Product Line Manager Wireless: Specific responsibilities include product line strategic planning, establishing rev-
enue and price objectives, setting internal cost targets and oversight of Intemal product realization schedules

RF PA Engineers: Requires 3+ years experience in design, test and manufacturing of high efficiency GaAS MESET
and HBT class A and C power Amplifiers (c2watts) in the frequency range (-2GHz). Expenence In both discrete and
MMIC design a plus.

Sr. Analog IC circult design and developing new analog/mixed signal ic's.
BS/MS experience in A/D D/A, ASIC's bwolar and BiMOS.

Filter Design Engineer: Development of microwave high "Q" coaxial cavity and machine fitter designs for PCS base
stations. BS/MS famillar with simulation and modeling tools, three plus years fitter design
experience with direct Q" designs (6-8000 Q's).

Applications Englneer 5 years of directly relevant RF/MW engineering apalications and

Strong and instructor skills; must be able to
with I and groups of all levels of technical expertise and

experience,
Senior RF Englneer: Design RF and Mi for mi digital
communication links. Develop RF hardware block diagrams and perform analysis
tfor communication systems. BSEE or MSEE with 5+ years experlence in Microwave
circuit design such as microstrip, low noise amplifiers, power amplifiers, mixers,
oscillators and RF clrcuits.

COMMUNICATIONS

dMICRO::

We specialize in the placement of wireless, RF, microwave communications nationally.

FOR THESE AND OTHER OPENINGS 800 Turnpike St. « North Andover, MA 01845
CALL COLLECT: TEL: 508-685-2272 E-mail: micsearch@aol.com FAX: 508-794-5627

VHF/UHF HELICAL BPF FILTERS
We design it by quarter wave resonators,from 95MHz
~1990MHz,any of Fo (center Freq.) you can specify
to get in hands in few days.OurCap.100kpcs.Quick
delivery and accept small quantity variance Spec.
which is our best service.Please Fax us today.

5 @

e

DBM Mixers
(10~2GHz)

3
‘/
A

Helical BPF Filter
(95~1990MHz)

Applications :
Wireless/Transceiver/Security Band/SSB/Mobile
Modems 150~650MHz frontend filtering.
2. 2nd IF filtering BPF400M~500MHz for 2.4GHz
wireless communication.
3. For NMT Band

Manufacturer & Exporter

TEMWELL CORPORATION

6F. No.2, Sec.2 Min Sheng E.Rd.,Taipei, Taiwan

Tel : 886-2-5652500 (8 lines) Fax : 886-2-5515250 / 5652287
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QUAL' " COMIT

1S 'WHAT WE STAND FOR

I've got to get a COMA phone!

As the leader in the exciting new arena of digital communications,
QUALCOMM also stands for innovation, technological leadership and
challenge. Our engineers bring an enlrepreneurial spirit Lo their search
for new ways Lo apply CDMA lechnology Lo a variety of communication
opportunities. CDMA has been adopled as a U.S. standard and is being
used worldwide in cellutar, PCS and wireless local loop (WILL)
applications, as well as satellite communication systems.

G g
&

Don't get caught working on old technology, join QUALCOMM in San
Diego today.

RF Test Engineers

Develop lest methods, ATE equipment and Lest Software for high-volume
production digilal wireless communications products, including cellular phone
and base station equipment. Provide technical leadership in the transition of
products [rom design verification Lo high-volume production. Candidales should
have experience in R or high speed digital design and/or test and in C
programming for ATE or similar applications. Requires a BSEL and 5+ years'
relaled experience.

RF Engineers

Immediate opportunities available to design CDMA subscriber products in both
cellular and PCS bands. Positions are also available in analog ASIC
development. BSFF required, MS preferred. Experience in handset design and
high-volume manufacturing a plus.

RF IC Engineers

Apply your analog IC knowledge Lo the design of digilal wircless phone systems.
Gircuits of interest are: LNA, mixers, IF amplificrs, continuous lime filters, A/D

& D/A converters, power amplifier drivers and power amplificrs. Low vollage
and low power design techniques are emphasized. Requires a knowledge of
SPICE, Cadence or other analog design Lools, as well as Lransistor-level design

RF Subscriber Engineers

We are looking for RF Subscriber Bngincers to help design QUALCOMM's
expanding CDMA subscriber product line in hoth cellular and PCS bands. You

(BiCMOS, bipolar, GaAsliBT, and MESFET).

RF Modeling Engineers

Immediate opportunities for R Engincers with passive and aclive modeling
experience. Duties include: developing, validating and aulomaling measurement
methodologies Lo extracl models for usc by design engineers. Experience with
components, CAE tools, and experience with product design and development
highly desirable. Reguires a BSEE.

will be involved from producl conception Lo high-volume manulacturing.
Responsibilities include all aspects of subscriber transceiver design: RF syslem
analysis, RX/TX chain analysis, circuil level design, component and RF ASI
specification and evaluation. Opportunilies exist at entry level and above. BSEE
required, MSEE preferred. Experience in handsel design, RF CAD, and design
for high-volume manufacturing a plus.

We have opportunities avarlable 1n all areas of Engineering.

SEND US YOUR RLESUME

Please mention Deptl. Code 714RIFD and the job
Litle in all submitlals.

Q UAL‘ OM { E-Mai. (ASCI Oniy): resumes@qualcomm.com

Facsimine: (619) 658.2110

Post: QUAILLCOMM lluman Resources,
PO. Box 919013, San Diego. CA 92191-9013

www.qgudicomm.com

RF Design
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Without Tears®

Learn DSP and put your knowledge to work

IMMEDIATELY!
To receive an informative brochure on this popular seminar,
call Z Domain Technologies, Inc. at 1-800-967-5034 or
770-587-4812. Hours: 9-5 EST. Or E-mail: dsp@zdt.com

g

v

B‘y téking this 3-day course,
you will really learn DSP. Guaranteed!

Coming to a city near you:
Norcross, GA
Rosemont, IL « San Jose, CA

Now Available on CD-ROM!

Call for a FREE Demo
http://www.zdt.com/~dsp

* PCS e« CELLULAR
Employerinquires Welcome

Engineering ¢ Operations ¢ Technical
CONTRACT & DIRECT POSITIONS

Cal or send rosume to » RF Engineers
FIRST SEARCH%

» Cellular System Engineers
6584 N.W. Hwy., Suite RF Chicago, IL 60631 > System Optimizers.

Phone (773) 774-0001 » Cell Site/Switch Maintenance
FAX (773) 774-5571

» Software/UNIX Administrators
e-mail: fsihunter@aol.com  http://www firstsearch.com

RF EXPLOSION

RF state of the Art Developer seeks degreed engineers 10 join
expanding staff Positions available for the following: Fiber Optics,
CATV, Cellular, Wireiess, Analog/Digital, Test, MMIC, Mgmt.
Additional oppts. available for Packaging, Mechanical Design,
Power 8 pply, Acoustic, HW/SW, Systems Integration.

CAREER OPPORTUNITIES
NATIONWIDE

RF Communications PosiTions:
— Test, Design, Applications —
* Cellular & Wireless System & Equip. Design « CATV
* Data Transmission « ICS e Digital & Analog Design Engi-
neers ¢ Electro-Optics ¢ Active Components » Many more.
ABF c/o0 Peter Ansara

PO 239, W. Spfid., MA 01090. Tel (413) 733-0791

Fax (413) 731-1466 E-mail: pa@ansara.com.

Visit our home page: http://www.ansara.com

| HAVE 30 YEARS EXPERIENCE

As a Nationwide RF Specialist Microwave Am)iiers
Transmitters, Receivers, ‘ynthesizers, Filters, NMIC,
3and, KU-Band, Satellites, Antennas, Audio, Video,
amm, CATV, Wireless, VHF, UHF, Radio, Commercial
vy Communications.
Fax, Mail Resume to: Bilt Elias, Dept. RF
Box 396, East Brunswick, NJ 08816
908-390-4600 Fax: 908-390-9769

\S ASSOCIATES

nal Award Winning Search Firm

Far consideration send your resume to:
Louis Schwartz, Technical Employ C
308 Lakeside Drive » South Hampton, PA 18966

Ph: 215-396-1840 « Fax: 215-396-I150I

MIDWEST @ OPENINGS

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS
BS/MS, 2-8+yrs. experience, base-bandto 3.0 Ghz, inany of the
following: Receivers, Transmitters, Power Amplifiers, Synthe-
slzers, Spread Spectrum, RF ASICMMIC Design, Modems,
Communications DSP. Reply with assured confidentiality to;
Don C. Gallagher
c/o Redstone Partners, Inc.
2033 McCoy Rd., #206, Sun Prarie, W1 53590
(608) 837-5647 Fax (608) 837-6096
eview our openings on the Web at:
http://www.redstonepartners.com

OSCILLATOR
ENGINEERS

> Crystal Oscillator Engineers
Experience in the design and man-
ufacture of TCXO's and VCXO's
required. Hybrid design and man-
ufacturing experience a plus.

Hy-Q International is a world-
wide manufacturer of frequency
control products. If you are an
experienced engineer looking for
the opportunity to use all of your
talents, then we would like to talk
with you.

Please send your resume, with salary
requirement to:

Hy-Q International (USA), Inc.
James Buchanan
1438 Cox Ave.
Erlanger, KY 41018

Koalors

International (USA)

Crystals » Oscllators = Filters

WE ARE AN EQUAL OPPORTUNITY EMPLOYER

Career Networks

Recruiters for the Wireless
& Telecom Industries

800-JOB LINK"

Specializing in Sales, Marketing,
Technical, Engineering, Software Development
& Executive Placements

Gables One Tower, Suite 801
1320 S. Dixie Highway
Coral Gables, FL 33146
joblink @ aol.com
www.cnijoblink.com

Fax Resume to (800) JOB-FAXX

RECRUITMENT
S5 & SATELLITE

BN OPPORTUNITIESIH

Domestic / International
Director - GSM Systems

Director - RF Engineering
Marketing & Sales - Cellular, PCS
RF Engineer - PCS

Systems Design - GSM, CDMA
DSP & Antenna Design - Mobile
800, 900, 2400 Mhz

Cell Site Processors & Controllers
Transceivers, Amps, Mod/Demod

Sunbelt and Midwest Opportunities

Brei & Associates, Inc.

PO. Box 445 ® Marion, IA 52302-0445
(319} 3779196  Fax: (319) 3779219
RBREI@NETINS.NET
www.netins.net/showcase/RDBREI

April 1997



RF DESIGN ENGINEERS

MSSI specializes in the development of ultra wideband
(UWB) communications systems and digital radios for
satellite and aeronautical applications. Our exciting, fast
paced environment offers an exceptional opportunity to
work on a variety of challenging projects. We are
currently locking for talented RF design engineers to join
our development team.

BSEE/MSEE with a minimum of § years directly
related experience in the development of RF signal
processing components and subsystems. Excellent
working knowledge of RF circuit design for

c¢ ications sy , RF test equip it and
design software. Strong communications theory
background highly desirable; strong digital
background a plus! Current frequencies of interest
range from DC through 10 GHz.

MSSI offers an attractive salary and benefits package as
well as continued opportunities for professional growth
and development. Please forward your resume in
confidence to:

Jody Neal, Multispectral Soiutions, inc.
202 Perry Parkway

Gaithersburg, MD 20877-2172

FAX (301) 590-1429

emall mssi@his.com
http://iwww_his.com/~mssi

MULTISPECTRAL SOLUTIONS, INC.

A Tradition of Excellence in Innovation

ELECTRONICS ENGINEERS
RF, Magnetics, Digital

CRS is a high tech R&D organization involved with
innovative system design and development using
cutting edge technology. We are in immediate
need of several experienced electronics engineers
with interest in diverse areas of electronics. The
experiences should include either of the following
areas: Jow noise analog and instrumentation,
magnetic sensor design, H.F. and Radio Frequency
system design, digital electronics involving PC
and DSP.
Candidates should be strongly motivated with
interests in developing innovative systems. We
provide excellent salary and benefits.

Please Send Your Resume To:

Center For Remote Sensing, Inc.
P.O. Box 9244
Mclean, VA 22102
Fax: 703-848-9773

RF DESIGN
radio - data - phone

RF Design from circuit to
system level.

Lanni Johnson, CPC

505-262-1871
FAX 505-268-4954
Excel of Albuquerque, Inc.
see us at www.excelalb.com
1700 Louisiana NE, Suite 210
Albuquerque, New Mexico 87110

Probucts & SERVICES

INDOOR SERIES

2 Rounded corners
% Powered textured finish
J¢ Adjustable rails (front to rear)
“t Two doors with locking system
2 Available in: two heights...
30 inches and 42 inches
and three depths...17 inches,
25 inches and 34 inches

THE CABINET PEOPLE

BOTH SERIES ARE:

V¢ SHIPPED
VIA UPS

Y« NEMA RATED

Y« MADE OUT OF
OUR OWN
ALUMIFLEX

D.D.B. UNLIMITED

800-753-8459

HEAVYWEIGHT
CHAMPIONS!!

OUTDOOR SERIES

¢ ALUMISHIELD—Top cover protects

cabinet from the sun’s heat and
falling ice
¢ Rails—Fully adjustable and
alodine coated
¢ Doors—Front and rear doors secured
with stainless steel padlocking handles
¢ Vents—Front and rear, 1op and bottom
with filtered panels (included)
¥¢ Available in: three heights. ..
50 inches, 62 inches and 78 inches
and three depths...25 inches,
34 inches and 42 inches

DATA COLLECTION BOXES
AVAILABLE

V.

CAREER
OPPORTUNITIES

 pERSONNEL St
ERV

* RF / Analog & Digital Circuit Design
« Hardware / Software Design
* Cellular / PCS System Design
Send resume to address below
ALL LEVELS OF POSITIONS FILLED GLOBALLY
Employer inquiries welcome.
/% 3>, Communication Resources, Inc.
NN The Communication Personnel Specialists
P.0. Box 141397, Cincinnati, OH 45250
606-491-5410 FAx 606-491-4340

E-Mail, Careercom@AOL.com

ENGINEERING
~— OPPORTUNITIES -

Nationwide positions available for
Engineering, R & D and Management
candidates with our Wireless, Broad-
band and Telecommunications Clients
in Venture Capitol to Fortune 100
corporations.

Reply confidentially to:

EXECUTIVE SEARCH NETWORK
7 1/2 E. Miner St. ® Dept RF3
Atlington Heights, IL 60004
Fax (847) 394-1841 / 1891 (alternate)
E-mail: mike@searchnetwork.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
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Make Your Classified Ad
Stand Out...

USE COLOR!

Contact Terri Stenson
For More Details:
303-220-4288
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BUyers’ Gulds

Perlissue  Total/Year  All orders must be prepaid. You can forward
Reguiar Listing $22.00 $264.00  your check or charge your ad to:
Additional Line $19.00 $228.00 o N
The Buyers' Guide is a convenient guide to suppliers  Bold Listing $25.00 $300.00 i & = ]
of products and services available for design and Additional Line $21.00 $252.00  For information on closing dates and details on a
development engineers. Buyers' Guide listings are 1" Ad $200.00 $2,400.00  special introductory Offer, call 1-303-220-4288.
sold on an annual basis at the rates shown. Drop Out In White $25.00 $300.00  Ask for Terri Stenson.

DISCRETE COMPONENTS
CAPACITORS
Vacuum
COMET North America, 11 Belden Ave., Norwalk, CT 06850 ............... 1203) 852-1231
Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carisbad, CA 92008 ..... (619) 438-4420
Variable
COMET North America, 11 Belden Ave., Norwalk, CT 06850 ............... [203) 852-1231
CRYSTALS/RESONATORS

Nofech Ele ctronscs Ltd
For your SC-cut crystals requirement frequency |1.26 Mhz 3rd overtone, High Q,
low aging 5x 10''° per day, calibration +0.5 ppm, G-sensitivity up tc <3x10"'%/g.

Holders: HC-36, HC-37, HC-40, HC-43.

SC-cut Crystal Resonators

11 Beith Hadfus St., Jerusalem 95483 Israel Tel. +972-2-6510082 Fax.+972-2-6510292
Quarz
0ak Frequency Controt Group
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 .................... (717) 468-3411
email: sales@ofc.com web site: http://www.ofc.com
Varactor

Knox Semiconductor, Inc.
13 Quarry Rd., P.O. Box 609, Rockport, ME 04856 ... (207) 236-6076 Fax (207) 236-9558

INTEGRATED CIRCUITS/MCM

NEC/California Eastern Laboratories,
4590 Patrick Henry Dr., Santa Clara, CA 95054-1817 (408) 988-3500 Fax (408) 988-0279

RF, Analog & Mixed-Signal ASICs

Full-Custom Designed ICs: Bipolar, CMOS, BiCMCS
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switch Cap Circuits

TEL: (310) 534-3016 « FAX: (310) 534-3728
PO. Box 3986, Torrance, CA 90510 » E-MAIL: scles@rtg.com

MODULAR COMPONENTS

AMPLIFIERS

Broadband
Dressler HF Technik Gmbit,

Werther Str. 14-16, D-52224, Stolberg, Germany+49-2402-71091 Fax: {-71095)FILTERS
Delta Microwave Inc., 840 Vira Alondra, Camarillo, CA 93012............. (805) 987-6892

OSCILLATORS
Crystal

0ak Frequency Control Group,
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 .................... (717) 468-3411
email: sales@ofc.com web site: hitp:/Avww.ofc.com
Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 ..
Phase Locked
Universal programmer for phase-tocked toop ICs
MYcom Instruments, 142 N. Milpitas Blvd., Ste. 277, Milpitas, CA 95035 .... (408) 946~1973
Fax: (408) 262-4763

RT G, Inc.

(512) 450-1400

RF DESIGN SOFTWARE

Seven years of valuable RF engineering programs for 30%
off published prices.

ORDER YOUR SEVEN-YEAR SET TODAY!

DOMESTIC FOREIGN
$700 at 30% off = $490 $800 at 30% off = $560

Call Amy Linkous at (770) 618-0398 or fax to (770) 618-0347.
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RF TRANSMISSION COMPONENTS

INDUCTORS & CHOKES

Kintronic Labs,
144 Pleasant Grove Rd., Bluff City, TN 37618..... (423) 878-3141 FAX: (423) 878-422¢

ISOLATORS/CIRCULATORS

AEROTEK COMPANY LIMITED

Manufacturers of Circulators and Isolators
f Coaxial and Drop-in types, 400 MHz-18 GHz

“TOP QUALITY, REASONABLE PRICE”

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand.
AEROTEK Tel: (662) 311-4448, 332-5035 Fax: (662) 332-5034

BT

FISCHER CUSTOM COMMUNICATIONS, INC. - (310)891-0635

Lightning Suppressors - D.C.- 26 GHz

Coaxial - Powerline - Digital

SWITCHES

Electromechanical

MBF Microwave, Inc., R1. 2, Box 252A, Hardy, AR 72542 ................... {501) 856-268!
VACUUM CAPACITORS

COMET North America, 11 Belden Ave., Norwalk, CT 06850 ............... {203) 852-123°

Place Your Buyer's Guide or EMC Test & Design Listing Today!
Contact Terri Stenson — Classified Sales Manager
303-220-4288 » FAX: 303-793-0454

RFdesign.

SOFTWARE & SYSTEMS, CAD/CAE

Circuit Simulation

ingSoft Ltd.-the providers of the RF Designer® Solution ...
213 Dunview Ave., North York, ON M2N-4H9, Canada ...

SYSTEM SIMULATION

RHR Laboratories, 207 Harding Blvd. W.,, Richmond Hill, Ontario, CN L4C 8X6 ........ (905) 884-239:

Tesoft, Inc., 205 Crossing Creek Ct., Roswell, GA 30076.................... (800) 631-111!
Makers of TESLA for Windows Simulater ...... Fax (770) 664-5817 Intl (770) 751-978!

TEST EQUIPMENT
RF TEST & MEASUREMENT EQUIPMENT

Coaxial Dynamics, Inc.,

......... (416) 730-961°
.. Fax: (416) 226-086"

15210 Independence Pkwy., Cleveland, OH 44135 .. (216) 267-2233 FAX: (216) 267-314:

This Space Could Be Yours!

Contact Terri Stenson to place

a I” Buyer’s Guide ad today:
303-220-4288 Fax: 303-793-0454
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RF TRANSMISSION COMPONENTS |

NVATTMETERS & LOADS

BRI
HENRY RADIO TOLL-FREE (800) 877-7979

2050 S Bundy Dr., Los Angeles, CA 90025 + Phone (310) 820-1234 » FAX 310-826-7790
[ o3 SRR S A T LTSI T Y

Wattmeters, Hements, Directional
Couplers, Loads, Attenuators, etc.

VAVEGUIDES & COMPONENTS

‘lectromechanical

1BF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542 (501) 856-2685

MATERIALS AND HARDWARE

'ACKAGING/CRYSTAL HOLDERS

irystal Holders
Inited Glass to Metal Sealing, Inc.,
11A Executive Park Dr., North Billerica, MA 01862 ..

'C BOARDS

aminates, Polyester Copper Clad
ilasteet Industrial Laminates, P.O. Box 910 Collierville TN 38027

(508) 670-6494

.. (901) 853-5070 |

PRODUCT DEVELOPMENT ‘

;USTOM OEM PRODUCT DEVELOPMENT/SUPPLY
ocus, Inc.1842 Hoffman St., Madison WI 53704

(608) 244-0500

TEST EQUIPMENT

lacal Instruments, 4 Goodyear St., Irvne CA 92718 ... ...

SERVICES

(800) 722-2528

:MC/EMI TESTING
UV Rheinland of North America, Inc.,
12 Commerce Road, Newtown, CT 06470

{F & MICROWAVE INSTRUMENTS
iuided Wave Solutions, 73 Mt. Vernon St., Reading, MA 01867 .................. (617) 942-WAVE

(203) 426-0888 Fax (203) 270-8883

design.test.hardware.software email: sales@guidedwave.com http://www.guidedwave.com

desiq
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Produsis & Ssrviess Dirsstory

The Products & Services annual basis.

Directory is a convenient For information on rates,
guide to suppliers of prod- closing dates and details
ucts and services for the on a special Introductory
EMC/ESD industry. Prod- Offer, call 1-303-220-4288.
ucts & Services Directory
IES]&USIGN istings are sold on an

Ask for Tern Stenson.

ELECTRONIC COMPONENTS AND EQUIPMENT
EMI SUPPRESSION COMPONENTS
Ferrite Beads, Rods, Forms
Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589
EMC TEST EQUIPMENT - EMISSIONS
Power Amplifiers
Applied Systems Engineering Inc., 8623 Hwy. 377 S., Fort Worth, TX 76126

MATERIALS. HARDWARE AND PACKAGING

SHIELDING MATERIALS
Architectural Shielding
Tecknit Shielding Systems, 838 Main Ave., Passaic, NJ 07055
Conductive Adhesives
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Conductive Fiber/Fabric
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Ferrite Absorber Tiles
Fair-Rite Products Corp., P.0. Box J, Wallkil, NY 12589 .....................
Gasketing_Materials
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Laminates
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065
Sheilding Foils and Tapes
Venture Tape Corp., 30 Commerce Rd., Rockland, MA 02370 .. (800)343-1076 Fax: {617)871-0065
SHIELD ROOMS AND CHAMBERS
Shielded Rogms EMI/RFI/Magnetic
Tecknit Shielding Systems, 838 Main Ave., Passaic, NJ 07055 ...

TEST LABORATORIES AND CONSULTANTS

(800) 836-0427

(817) 249-4180

(800) 368-4382

(800) 836-0427

.. (800) 368-4382

ONSULTAN
Kimmel Gerke Assoc Ltd., 300 Chr stine Lane W St Paul MN 55118
1-888-EMI-GURU  http://www.emiguru.com
EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp.
EMC/EMI TESTING
Product Safety Engineering, Inc., 12955 Bellamy Brothers Bivd., Dade City, FL 33525
(352) 588-2209. CE-FCC-VCCI-UL-CSA-TUV. Web Site: www.pseinc.com,
E-mail: pse@pseinc.com
LABORATORIES
TUV Product Service, Inc., 1775 Old Hwy. 8, New Brighton, MN 55112 ....... (800) 888-0123

provndes the industry with the
° latest technology design infor-

mation from working engineers who are actually involved in RF
Designs. With a subscriber base of over 40,000, the research and
tutorial format provides coverage of all industry segments — PCS,
GPS, Cellular, Remote Sensing, Gonsumer Electronics, Medical
Equipment, Broadcasting, Wireless LANs...all the classic and

Every month you can count on RF Design to bring you the latest
design trends and newest products that help engineers do their
jobs best!

101



REguide to editorial coverage

COMPANY PAGE# COMPANY PAGE # COMPANY PAGI
ACCEL Technologies . ....... 87 Johanson Manufacturing . 80 Optoteks.r a0 SR T 87
All American .............. 28 Johnson Data Telemetry .. ... 30 Piezel@rystal’ = i .2 gedn i 91
Alpha Industries ........... 81 KDI/Triangle .............. 82 PoleZeror™ . o s Stk s 1% 90
Analog Devices .......... 30,79 KEITCOMMEE 00 5 15 13 o b - 81 Praxsymite b S i e st el 82
Asahi Kasei Microsystems . 30 e CroN 358 S i o ekt fae oo 80 Programmed Test Sources .81
Avista Design Systems ...... 87 Linear Technology .......... 91 Qualcomm’, ... .. L SRS NS 30
AVX Corporation ........ 80, 91 LPKF CAD CAM Systems .81 RF Micro Devices . . .......... 81
Computer Methods ......... 28 MYV G OTINRESEE &6 oo v 18 s 81 TDK Semiconductor ........ 28
| Dl D [0 17 (0] 0 A S S S 30 Marconi Instruments ....... 81 Technical Research and

Bleliptalksad s 25 . a5 82 Maury Microwave .......... 87 Manufacturing ............. 80
Electronics Rep. Association .. 90 MCD Electronics ........... 28 Thomson Microsonics ....... 81
FR Micro Devices ........... 81 Micon Communications . ..... 28 Rrilhtiie e S0, = L STt 82
Giga-tronics . .............. 81 Mini Systems .. ............ 81 United Chemi-Con .......... 82
Institute of Electrical and Mini-Circuits .............. 82 Universal Technical Systems . 88
Electronics Engineers ....... 89 NI te TR w1 . 2 e 79 VoltEENIES! L a8 7ok Sl ke 82
TCUSORASS: =1 = e S on peie 89 Mobile Systems International 28 Wireless LAN Inter. Forum . .28
Ivex Design International 87 Noise/Com™ ™. 5 mawll e 81 Z Communications .......... 80
RF advertising index

ADVERTISER PAGE #........... READERSVC#  ADVERTISER PAGE # READER SVC
IO GrO WA T Chyais 564 f aidians ¢ p b s §i . ugans s . ot 1t 38 o 8y £ Bl 15 Milliren TechnologiesInc..................... 8 T4 E o N x Ex NN 52
American Technical Ceramics . ................ 0434 10U} TR, 13 Mini Cireuits ................... 4-5,6,40-41,50A,. . . .. 5,66,7,77,97,98,30,
Amplifier Research. .. ..................... TOMEE Pk TR D G & e L e AL BN A TLAOBY: S5 ree 70,2,85,86,9,99
AT L SUBWIIERON & 2o oLl e B o GRS PR e SR R 35 Monitor Products Co. In¢ .. .. ................. IV LI B ™, 7, 74
Cadence Design Systems ..................... 7 0% e e G 10 Motorola Semiconductor. . .................... 3R 25 2l ey e Bk R 28
California Eastern Labs . .. ................... f: Y AR . R 62 NG ATy SOURIIGITIC] - . 114 < b o el am e Pl = - b e DY ST B S 21
Champion Technologies . ..................... 67 ..o 59 Noble Publishing . . . .........coooiiiiiin . 50imdbah bt Pa Nl 47
Cinox Corporation .......................... 88 ... 73 NDISE/COrIIICE 14 Sa' = Hew 8 B g 505 g%y Sl AN e o e ok S 1
Communication Techniques Inc. . .............. 25 ... 50 TR ol A e 3 L (R SR, S 72
Compac Development .. ...................... 50", b il ns bl s P e 48 A N By SN S W A " R s SO 2 I Brntaid 44,36
e e A LA CIBEE e L oy BatA g o frn s i rpmai e spebon opat vl s AN RS 29
Daico Industries ............................ MR e w vk S8R TS 45 PhlllpS Semiconductor . ... ... 820 incs 1 a2l S0 37
Delphi ComponentsIne ...................... 8P N 0 ol (R LY 71 BolEZerolCOMpIt o bt Sk e T SR TS RS AT 83
BREE PRLERE SN S0l oo s s g s’ §p .o ol P SERRET TR OF A 17 DI BEARAE COTP o 52 e s e S 1oy neinas o PN R 50 3
Eag'leware """ WA (Lt ! <inatio il ' A0 29§ e 1o Powerwave TechnologiesInc ... ................ - Y Ty TR 41
Echpfek Corporation......................... TENa oo S . oands o8 61 B boton ot Eomici Sy e e e T o e 51 T e S 53
© e SR e S R —aiaede ik O e a RTINS e PR ,
Elec'tro R Snfiaie: (et iR AR R T AT i RF Design Seminars-Las Vegas97. ............ T 1644 + 1% it -
Florida RF LabsIne ......................... . SASEEIT Te T S 79 4

N e S To& L M3y, - ST Iy, 24 Raltron Electronics . . .. ...................... B8ley 13!« i Sa v LR 60
Future Electronics. .......................... P8 TR Ty S 26 Rfeeves gy R o e . N UTBE T Lt 5 e
N TR DAL e S 25 Richardson Electronies Ltd ................... - X S T o Y 19
S R R L S 1 24.14 Roskwellige g 3 i - Coose e b LI g LA Sy I L 39
A IS America . - b e s e e LSS N O Rt 40 SACONIXT. NIk & AN, oy P Lokl 9 R e v - PR RIS POVTY - 63
Hughes Sensors. . ............oceeieueenenn.. 113 SRR NS S 11 Satellite Communications Expo & Conference 97.65.................... Z
Hy-Q International ... ....................... Ut Tr G BN s 4 AP 65 Signal Technology Corp . ..................... LTt s S P A 57
T b AR s iSRS SR B8Y. "t e o fe L 54 Surcom Associates Inc ... 52 . 49
UTT CIEE ot T T T ok e g ohy AONIPRL g S S 46 T-TechlIne ...........cooooviiiiiiiiiinnn, 22 20
International Crystal Mfg .................... 96 L Lre s M MEIS A 32 Tadiran Telecommunications. . ................ TN 550 o 2F S5 L 69
International Wireless Communications Expo. ... 76. ... ............... . Pelegdrther ... ...0 4. . o habd v angiat 30 . Siece=igiver- N 27
Integrated Component Systems. .. ............. (T e S T, S1n 75 Temex Electronics. . .................... 115125137 g 4oad) Spng ot 12,112,22
Ty e By * AN A PR o ) AMEE SRR S e 3 43 USCadSoftware............................ 86 . eedd aB Uil 31
Kalmus Engineering. .. .............cooueon... OFEALYY A NI 6 Valpey FisheL Conp ., 7. ¢ dyvs st s bates bawen. s B2 . ok (SUhE e =g CAY 51
KGVIBIeELHICS . ¢ 5. 25 it s i dSabyd - b bt s GUB TR Y PR AP A 23 Voltronics International ..................... 90! hwrn nb R a® 2 o8 v 2l rol 78
LPKF CAD/CAM SystemsInc ................ e LSRR e N 42 YRBEINIIE . % 5.l sy v AW E AN sl g - i 8 3 ) R AR SR ST | 67
T T O S R S T Tl W L4 AR b 55 Wide Band EngineeringCo ................... W51 iiad i D 34
L PR R TR VS S P IR o2 L 5o B bad 18 XTAL Technologies . . ........................ S - L L rads Y ot 58
M-Tron Industries........................... Y 12 Tt e s O 76 Z Communications ...................c....... L BATE ST 38

RF DESIGN (I8SN.0163-321X USPS: 453-490) is published monthly. April 1987. Vol.

20, No. 4 RF Design k of Intertec P

Corp. Copyright 1997 by Intertec Publishing Corp., 9800 Metcalf Ave., Overland Park, KS

66212-2215. Editorial and advertsing offices at 5660 Greenwood Plaza Blvd., Suite 350, Englewood co Bolll 303-79&044& Printed in USA. Periodicals postage paid at Overland Park, KS, and at additional mailing offices, Subscnptmn office: RF
Design, P.0) Box 1147, Skokie, IL 60076. Subscriptions are $48 per year ($h2 for two yeau) in the United States; $68 (surfuce mail) or $108 (wir mail) per year for countries outside the U.S, Payment must be made in U.S. funds and accompany

request. [f available, single copies and back issues are $10.00 each in the U8 Thi

1» aval able on from UMI, 300 Zeeb

Road, Ann Arbor, MI 48106 USA. Tel.: 313-761-4700. Authorization to photocopy items for internal

or personal uge, or the internal or personal use of specific clients, is granted by Inlenzc Publishing, provided the base fee of U.S. $2.25 per copy, plus U.S $00.00 per page ts paid directly to Copyright Clearance Center (CCC), 222 Rosewood Drive,

Danvers, MA 01923 USA The fee md(- for uner- of this Tnnumonll Reporting Service is ISSN 016:-321X/1997 $2.25 + $00.00. For those organizations that have been granted a photocopying license by CCC, a separate

been arranged. Prior to ph

102

use, please contact the CCC at £08-750-8400. Organizations or individuala with large quantity ph
SUBSCRIPTION INQUIRIES: 847- 647#]56 P()&'I'MASI'ER & SUBSCR!BE!G Please send address changes to RF Design, P.0. Box 1147, Skokie, 1L 60076,

or reprint req

April 1

system of payment has
should contact Ed Laborwit at 770-618-0481.

997






Giga-tronics
Introduces
The

8540C
Universal

Power

Meter

The World's Best Power Meter For CDMA Testing.

The world's best power meter just got better.

The new Giga-tronics 8540C Universal
Power Meter has the speed, accuracy, and
dynamic range to accurately measure the
power level of CDMA signals.

The wide dynamic range of the 8540C —
up to 87 dB with a single sensor — is ideal
for 1S-95 open-loop tests, which can require
power verification over an 80 dB range.

Gigatronics

Because the 8540C can achieve fast readings
over the GPIB bus, you can quickly measure
power in | dB steps over the 48 dB range
required for closed-loop tests.

And no meter is as accurate over the
wide range needed for CDMA testing.

For more information, call us toll free at
1-800-726-GIGA (4442). Outside the U.S. and
Canada, call 1-510-328-4650.

INFO/CARD 25

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





