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LEO systems 
< present new problems 

for RF engineers 



This could be you ... 
With 250 milliseconds left on the clock, 
you slam dunk the connection and win the game 
— when you put Noise Com on your team 



Nothing but net 
results. 
To ensure the success of the IRIDIUM® program 

before launching our satellites, we require test 

equipment that accurately emulates the wireless 

propagation between ground stations and multiple 

satellites. That’s why we use Noise Com.” 

Gary Yancy, Motorola, Inc. 

When Motorola needs to verify 

the interoperability between 

ground stations and fast 
moving Low Earth Orbit (LEO) 
satellites, they turn to Noise 

Com. Our Satellite Link 
Emulator (SLE) provides 

Motorola with the ranges, 

accuracy and full-duplex 

channel emulation that it 

requires. 

Noise Com provides a solution 

that gives Motorola powerful 

testing capability to help get 

the IRIDIUM" program 
off the ground faster. 

The SLE emulates a 

real-time, program¬ 
mable, RF link between 

ground stations and 
multiple satellites. 

«t 

As a global leader in test 

solutions for the wireless and 
telecommunications industry, 

Noise Com can help you 
define your needs and provide 

an innovative, flexible and 
effective solution for your 

specific applications, including 

SATCOM, CDMA, TDMA, GSM, 

DECT, PDC and more. 

NOE^ 
A WIRELESS TELECOM GROUP COMPANY 

E. 64 Midland Avenue 
Paramus, NJ 07652 
201-261-8797 
Fax: 201-261-8339 
e-mail: info@noisecom.com 
http://www.noisecom.com 

® IRIDIUM is a registered trademark and service mark of Iridium LLC. 
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THE WORLD'S LARGEST SELECTION 

rvwcK 
spunatsi 

2kHz- 10GHz froJ29S
Choose from over 480 standard off-the-shelf models from 

2-way to 48-way; 0°, 90° and 180°; 50 and 75 ohms; covering 

2kHz to 10GHz. Mini-Circuits will also supply your special needs such as wider 

bandwidths, higher isolation, lower insertion loss, and phase matched ports... all at catalog 

prices with rapid turnaround time. Models include surface mount, plug-in, flat-pack and 

standard connectorized designs such as SMA, N, TNC, C, and F connectors as well as 

custom designs. Ultra-miniature surface mount units provide excellent solutions in 

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

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

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

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



Mini-Circuits RF/IF Surface Mount Designer’s Guide features 
48 pages of the most up-to-date and complete product and 

specification information about Mini-Circuits surface mount 
components.The RF/IF Designer's Handbook is packed with 

760 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 

US 27 INI. 28

CIRCLE READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 760- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

ISO 9001 CERTIFIED F 194 Rev A 



NEW 

AMPUFSIo 
$DCto8GHz $119

(up to + 18.5dBm output) From ̂ (1000 qty qty) 

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

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

easy to use. Simply sketch an interconnect layout, and the design is done. 
And ERA’S are engineered with wider bandwidths to eliminate your need for costly 

compensation networks and extra gain stages. So, review your present design 
and replace with Mini-Circuits new ERA technology. Lower overall cost, 

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

Model 
ERA-1 
ERA-1SM 
ERA-2 
ERA-2SM 

ERA-3 
ERA-3SM 
ERA-4 
ERA-4SM 

ERA-5 
ERA-5SM 
ERA-6 
ERA-6SM 

*Freq. 
(MHz) 

DC-8000 
DC-8000 
DC-6000 
DC-6000 

DC-3000 
DC-3000 
DC-4000 
DC-4000 
DC-4000 
DC-4000 
DC-4000 
DC-4000 

Gain 
dB) 
11.8 
11.8 
15.6 
15.2 

20.8 
20.2 
13.5 
13.5 

18.8 
18.5 
11.3 
11.3 

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

Dynamic Range 

11.3 

12.8 
12.4 

12.1 
11.5 
^17.0 
<16.8 
<18.4 
<18.4 

<18.5 
<17 9 

NF(dB) 

5.3 
5.5 

4.6 
3.8 
3.8 
5.5 
5.2 

4.5 
4.3 
8.4 
8.4 

IP3(dBm) 

26.0 
26.0 
26.0 
26.0 
23.0 
23.0 
<32.5 
<33 0 
<33.0 
<32 5 

<365 
<36 0 

©Device 
Current(mA) 

40 
40 
40 
40 

35 
35 
65 
65 

65 
65 
70 
70 

©Price 
$ea.(10Qty.) 

180 
1.85 
1.95 
2.00 
2.10 
2.15 
4.15 
4.20 
4 15 
4.20 
4.15 
4.20 

Note: Specs typical at 2GHz, 25°C. Exception: < indicates typ. numbers tested at 1 GHz. 
* Low frequency cutoff determined by external coupling capacitors. 
® Price (ea.) Qty 1000: ERA-1 $1.19, -2 $1.33, -3 $1 48. -4. -5 or -6 $2 95 SM option same price. 

DESIGNER’S AMPLIFIER KITS: 
K1-ERA: 10 of each ERA- 1,-2, -3 (30 pieces) only S49.95 
K1-ERASM: 10 of each ERA-1SM.-2SM.-3SM (30 pieces) only $49.95 
K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95 
K2-ERASM: 10 each ERA-4SM.-5SM (20 pieces) only $69.95 
K3-ERASM: 10 each ERA-4SM.-5SM.-6SM (30 pieces) only $99.95 
Chip Coupling Capacitors at 12c each (50 min.) 
Size (mils) 
80x50 

120x60 

ERA-1SM 

ACTUAL 
SIZE 

Value 
10, 22, 47, 68. 100, 220, 470, 680, 
1000, 2200, 4700, 6800, 10,000 pf 

.002, .047, .068, .1 

Typical Biasing 
Configuration 

DOT —\ 4 

OUT 
Free User Guide! 
Packed with comprehensive 
technical support. Shipped with 
order, or call for free copy today. 

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

US 

CIRCLE READER SERVICE CARD 

For detailed specs on all Mini-Circuits products refer to • 760- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

ISO 9001 CERTIFIED F214RevF 
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featured technology — Testing 
24 Spectrum-analyzer measurements and noise 

Noise is the classical limitation of electronics. In measurements, 
noise and distortions limit the dynamic range of test results. The 
characteristics of noise and its direct measurement, along with the 
measurement of noise-like signals exemplified by digital signals, and 
compensating for the noise in instrumentation while measuring CW 
sinusoidal and noise-like signals will also be discussed. —Joe Gorin 

cover story 
42 Measuring QPSK modulation in personal/mobile 

satellite communication systems 
A number of emerging personal mobile satellite communications sys¬ 
tems are positioned to turn on in the near future. One of the satellite 
options is the Low Earth Orbit (LEO) system. A major concern of 
the LEO system engineer is the accurate monitoring of power dur¬ 
ing operation. Recent advances in power meter design have intro¬ 
duced new measurement techniques that give satellite system 
operators the ability to monitor the short- and long-term power sta¬ 
tus under operating conditions. —Steve Reyes 

contents 
August 1998 

tutorial 
54 Signal synthesis and mixed signal technology 

Mixed signal technology combines both digital and analog technolo¬ 
gies in a single IC. Some specific design considerations are unique to 
mixed signal systems. Knowledge of these design considerations will 
help a designer determine if a mixed signal system is a viable solu¬ 
tion and show how to implement a sound mixed-signal design if so 
determined. —Ken Gentile 

Special Piezoelectric devices section 

70 Design guideline for quartz crystal oscillators 

The design equations used in a typical crystal-controlled pierce oscillator 
circuit design are derived from a closed loop and phase analysis. The fre¬ 
quency, gain and crystal drive current equations are derived from this 
method. —S.S. Chuang and Jim Varsóvia 

78 Product forum—oscillators 

departments 
8 Editorial 

12 Calendar 

16 Courses 

18 News 

81 Products 

82 Facts Back/Advertiser Index 

91 Software 

92 Literature 

93 Marketplace 

101 Editorial Index 

102 A moment with...Nicky Lu 
This month, RF Design talks with Nicky Lu, the co-founder, president 
and chief executive officer of EiC. Lu discusses EiC’s corporate strategy 
and compares GaAs HBT technology to other semiconductor choices. 

Coming in September 

• Modulation 

• PCS, DECT 

• Filters 
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Ultra-Low 
Noise... 

RE editorial 

Semiconductor 
Technologies 
Report Card 
By Ernest Worthman 
Contributing Editor 
ernest_worthman@ieee.org 

Amplifiers for 
Every Application 

■ 2:1 VSWR in/Out ■ Options: 
■ +1 OdBm Output - Higher Gain 
■ Removable SMA - Lower Noise 

Drop-in Packages - Custom Packages 
■ +15 VDC - Temperature Compensation 

- Integrated Power Supplies 
- Limiting Amplifiers 

JCA 
TECHNOLOGY 

www.jcatech.com 
Delivery in 30 Days ARO 

Call (805) 445-9888 
1090 Avenida Acaso • Camarillo, CA 93012 

FAX: (805) 987-6990 

Due to a death in the family, Ernest 
Worthman will be writing this month’s 
column instead of Don Bishop. 

As I was working on the RF 
Conference and Expo to be held in San 
Jose this October, I got a call from last 
year's keynote speaker, Earl Lum. Earl 
is now an industry analyst with CIBC 
Oppenheimer, and works on analyzing 
trends in the RF market. As our discus¬ 
sion progressed, we found ourselves 
talking about the performance of vari¬ 
ous segments of the industry. He men¬ 
tioned he had an interesting report on 
the investment health of gallium 
arsenide (GaAs) and competing semi¬ 
conductor technologies. I asked him to 
send me a copy. 

I like reading these perspectives. If 
you put aside that the main purpose of 
these types of reports is to analyze the 
players stock and investment posi¬ 
tions, you can siphon off a great deal of 
trend information what the future is 
likely to bring. 

For example, this report brings to 
light the fact that the competition from 
silicon (Si), silicon germanium (SiGe), 
silicon carbide (SiC) and indium phos¬ 
phide (InP) is heating up. 
The competition is coming in the 

form of price and performance curves. 
As technology marches on, the demand 
for longer run times and the 3 V 
threshold for RF circuits, as well as the 
trend to miniaturize components—ulti¬ 
mately to the “radio on a chip” level— 
becomes closer to reality. This means 
that traditional discrete device applica¬ 
tions are falling to monolithic 
microwave integrated circuit (MMIC) 
and microwave integrated circuit (MIC) 
modules as well as exotic heterojunc¬ 
tion bipolar transistors (HBTs) and 
pseudomorphic high electron mobility 
transistors (PHEMTs). 

Additional pressures on the GaAs 
market stronghold, the RF power ampli¬ 
fiers, are coming from semiconductors 
such as Si and SiGe. The recent resur¬ 
gence in these bipolar junction transis¬ 
tor (BJT) areas is becuase of a couple of 
issues. First, the usable frequency range 
of these traditional current devices is 
getting to the 3.0 GHz range, with fT of 
25 GHz. Second, new manufacturing 
processes can leverage the manufactur¬ 
ing of current wafer technology. 

Also, metal oxide silicon field effect 
transistors (MOSFETs) are heading for 
the next generation using laterally dif¬ 
fused MOS (LDMOS). Laterally diffus¬ 
ing means that the gate width can be 
reduced to improve switching speeds, 
thus improving frequency range. 

SiGe is a promising technology simi¬ 
lar to the compound semiconductor 
found in GaAs. With SiGe devices, the 
base of the transistor is replaced with 
this material, which has higher elec¬ 
tron mobility than silicon. For many 
applications, the extended frequency is 
a perfect match for the applications 
beyond silicon, but below the GaAs 
regions. SiGe technology also shows 
promise to work well with the upcom¬ 
ing digital technology. 

Finally, there are other emerging 
technologies that show exciting poten¬ 
tial such as silicon on insulator (SOI), 
SiC and InP. These somewhat untested 
but promising technologies provide a 
number of advantages in traditional 
production as well as offer new avenues 
for development. 

So, what does all of this mean? Well, if 
you are an investor, it means that you 
will need to watch these emerging and 
promising technologies and keep an eye 
on your money. If you are a designer, it 
means that you will have even more 
options to add to that every pervasive 
list of technologies to choose from, pp 
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A Tradition of Excellence. A Commitment to Quality. 

STAVING 
When you buy 

a high-end RF power 

amplifier, you’re buying 

performance, reliability 

POWER extreme mismatches -and so reliable you 

might even forget the 

Kalmus delivers. Performance, amplifier is there! 

and stability. Kalmus delivers. reliability and stability. Count on Kalmus for amplifiers 

For a quarter of a century Kalmus has made RF amplifiers 

and only RF amplifiers. Concentrating on what we know 

best and offering performance second to none in linearity, 

harmonics, compression 

and delivered power -

whatever the load. 

But performance 

isn’t everything. Our 

amplifiers are also 

designed to be rugged -

built tough to survive 

built to last. And rely on Kalmus to be here 

when you need us. We’re an integral part 

of Thermo Voltek, a global leader in 

electronic instrumentation. 

Call Kalmus today for RF power, 

10kHz to 1GHz, from 

1 to 4000 Watts. We also offer 

higher frequency models - 1GHz 

and above - manufactured 

by Milmega, also part of 

the Thermo Voltek group. 

The RF Amplifier Company 
11807 North Creek Parkway South, Suite 109, Bothell, WA 98011 USA • Tel: (425) 485-9000 • Toll-free within US: (800) 344-3341 

Fax: (425) 486-9657 • See our Website at http://www.kalmus.com • E-mail: kalmus@kalmus.com 

A division of Thermo Voltek, A Thermo Electron Company 

Thermo I oltek ©AMA«*- 1 ̂ .MILMEGA I £ KeyTek I pacific I e CONTEST | ¥ GLOBAL 
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WBPA 
▼ INTERNABOH/ 

PRIMEDIA 
Intertec 

Collins Mechanical Filter 
Low-Cost Product Line Expanded 

Cold Weld Bases 

10 

YOUR CUSTOMER DESERVES THE BEST 
Bandwidths of 300Hz, 500Hz, 
2.5kHz, 5.8kHz, 7.0kHz and 
10kHz now available. 

■ 455 kHz Center Frequency 

■ Small, Reliable, Rugged 

■ Volume Pricing As Low As $20.00 

Rockwell 
Filter Products 
Rockwell RRS 
2990 Airway Ave. 
Costa Mesa, CA 92626 
(714)641-5315 
FAX: (714)641-5320 

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

• HC-18 • HC-37 

• HC-35 • HC-40 

• HC-36 • HC45 

Also: Resistance and 
Solder Seal Bases. 
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Hermetic Technology, Inc. 
P.O. Box 893, Windham, NH 03087 

(603)882-1748 
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When it comes to phase noise, 

LESS - MOE. 

Why settle for more Part Number Frequency VTUNE 0>N at 10kHz, typ. 

Mini-Circuits ROS1600 1520-1600 0.5-5 -100dBc/Hz 
VARI-L VCO190-1550T 1500-1600 1-6 -102dBc/Hz 

when you can have less? 
Z-COMM CLV1550E 1500-1600 0.5-5 -106dBc/Hz 

When it comes to your microwave radio design, your customers expect the best from your product. And 
with Z-COMM’s new patented low-noise CLV technology, you can expect the best from your VCO! Our 
CLV technology drives phase noise down to extraordinary levels compared to our competitors. Judge for 
yourself and then call us, or leam more at http://www.zcomm.com/clv.html. 

Z-Communications, Inc 
9939 Via Pasar • San Diego, CA 92126 
(619) 621-2700 • Fax: (619) 621-2722 
WWW: http://www.zcomm.com/ 
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RF calendar 
August 19-21 

24-28 

31 -September 3 

September 2-4 

9-11 

Piezoelectric—Kansas City. 
Information: Pete Walsh, Electronics 
Industry Association, 2500 Wilson 
Blvd., Arlington, VA, 22201-3834. Tel. 
703-907-7547; Fax 703-907-7547; 
e-mail pwalsh@eia.org. 
Symposium on Electromagnetic 
Compatibility-EMC ’98—Denver. 
Information: R. Barry Wallen PO Box 387, 
County Road #16, Rollinsville, CO 80474. 
Tel. 303-682-6600; Fax 303-682-6672; 
e-mail bwallen@intellistor.com. 
Wireless Symposium & Exhibition— 
Boston. Information: Wireless/Portable 
registration, Penton Media, 611 Route 46 
West, Hasbrouck Hts., NJ O76O4.Tel 1-
888-WireReg ; Fax 201-393-6297 
ISSSTA 98 International Symposium on 
Spread Spectrum Techniques and 
Applications—Sun City, South Africa. 
Information: Dr. Pietre van Rooyen, 
Department of Electrical and Electronic 
Engineering, University of Pretoria, 
Pretoria, 0002, South Africa. Tel. +27 12 
420 2291; Fax +27 12 43 3254; e-mail 
vroop^fanella.ee. up. ac.za. 
1998 International Symposium on 

13-16 

23-25 

October 4-6 

14-16 

Advanced Radio Technologies—Boulder, 
CO. Information: U.S. Department of 
Commerce, Boulder Laboratories, 325 
Broadway, Boulder, CO. Tel. Fred 
McGehan, NIST 303-497-3246; Web site 
ntia.its.bldrdoc.gov/meetings/art/ 
art98.html 
ICSPAT & DSP World Expo 1998— 
Toronto. Information: Liz Austin, Miller 
Freeman, 525 Market St., Suite 500, San 
Francisco, CA 94105. Tel. 415-538-3848 or 
888-239-5563; e-mail dspworld@mfi.com. 
PCS ’98—Orlando. Information: Personal 
Communications Industry Association, 
500 Montgomery Street, Suite 700, 
Alexandria, VA 22314. Tel.703-739-0300; 
Fax 703-836-1608 Web site 
www.pcs98.com/ 
Power ’98—Santa Clara, CA. 
Information:Mary Jean Ahearn. Tel. 
800-874-9980; Fax 781-982-1724; e-mail 
conferences@gigaweb.com-, Web site 
www.gigaweb.com/events/ 
power98.htm. 
TelecomLatina ’98—Miami. 
Information: Intertec Trade Shows and 
Conferences 6300 S. Syracuse Way, 

12 

Capacitors to a Gigahertz 
Many choices for RF capacitors. From 
surface-mount chips to molded blocks 
CDE’s mica capacitor technology delivers 
capacitors that excel at RF frequencies 
through a gigahertz. Capacitance is from 
a picofarad to more than 10 pF, and volt¬ 
ages from 50 V to 30 kV. Request the 
Mica Capacitor Databook to find the 
capacitor that’s right for you. 

CDE CORNELL 
DUBILIER 

An ISO 9000 Registered Company 

Ph: (508)996-8564 
Fax: (508)996-3830 

www.cornell-dubilier.com 

INFO/CARD 15 

SYNTHES/ZERs & VCOs 

NeW. 
Low Noise & 
Harmon’08

The RF & Microwave Leader 
SWfHFS/Ztts 

•200-2600 MHz »0.94" x 0.94" x 0.23" 

•3V, 25mA, or 5V • Surface Mount 
•Phase Noise to -122 dBc/Hz @ lOOKHz 

YCOs 
•190 to 3000 MHz »Harmonics to -30 dBc 
•Phase Noise to -120 dBc/Hz @ 100K 

Princeton Electronic Systems, Inc. 
PO Box 8627, Princeton, NJ 08543 

(609) 275-6500 FAX (609) 799-7743 
http://www.pesinc.com email: pes@pesinc.com 

PES 

INFO/CARD 59 
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www.mwireless.com 
Solid State Switches, Phase 

Shifters & Beam Formers 

VCOs 
Real World 

Versatile Noise Components 

Intelligent 
Noise Generators 

NEW! 

Smart Antenna Technology 

Don’t worry. 
If you don’t surf the web, we’ve still got a phone. 

So give us a call at 603-883-2900. MIHIIEIICS 
s s 

26 Hampshire Dr. / Hudson, NH 03051 

Tel: 603-883-2900 ! Fax: 603-882-8987 
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14 

Suite 650, Englewood, CO 80111. 
Tel. 303-220-0600. 

18-21 MILCOM ’98—Bedford, MA. Information: Dr. 
Mafred Unkauf. Fax 1-508-490-2820; e-mail 
Manfred_G_Unkauj@ccmail.res.ray.com-, 
Web site www.milicom98.com. 

19-21 RF Design ’98 Conference & Expo—San 
José, CA. Information: Intertec Trade 
Shows and Conferences, 6300 S. 
Syracuse Way, Suite 650, Englewood, CO 
80111. Tel. 800-288-8606 or 303-220-
0600; Fax 303-770-0253. 

19-21 RF Design Seminar Series—San José, CA. 
Information: Intertec Trade Shows and 
Conferences, 6300 S. Syracuse Way, Suite 
650, Englewood, CO 80111. Tel. 800-288-
8606 or 303-220-0600; Fax 303-770-0253. 

28-31 ITA/USMSS Private Wireless 
Communications Conference & 
Exhibition—Washington, D.C.. 
Information: Industrial 
Telecommunications Association, 1110 
North Glebe Road, Suite 500, Arlington, 
VA 22201. Tel. 703-528-5115; Fax 703-
524-1074; e-mail info@ita-relay.com; Web 
site www.ita-relay.com. 

TELECOM/COMMUNICATIONS 
EQUIPMENT 

PRECISION CLOCKING 

TEST EQUIPMENT 

MTXO 
high stability 
temperature 
compensated 
OSCILLATOR 

INDU 
PO Box 630 
1-800-762-1 

rtron 
TRIES, INC. 
Lankton, SO 57078-0630 
M • FAX 605-665-1709 

SPECIFICATIONS 
• Stability: ifppmovera 
temperature range of 0” to 70” 

• Available with TTL/HCM0S 
or sinewave outputs 

• Electrical frequency 
trimming is provided; 
no internal trimmer 

• Package: hermetically sealed 
metal 14-pin DIP compatible 

• Ideally suited as a precision 
reference oscillator for PCS. 
cellular and mobile radio base 
starions applications 

ISO 9001 
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November 1-3 

1-5 

2-4 

Third Annual Wireless Communication 
Conference—San Diego. Silas Deane, 
International Microelectronics and 
Packaging Society and Educational 
Foundation, 1850 Centennial Park Drive, 
Suite 105, Reston, VA 20191-1517. Tel. 
615-963-1307; Fax 703-758-1066; e-mail 
IMAPS@aol.com . 
IEEE GaAs IC Symposium—Atlanta. 
Information: 1998 IEEE GaAs IC 
Symposium, c/o IEEE, Attn: Ms. Marie 
Leonardis, 445 Hoes Lane, Piscataway, 
NJ 08855. Tel 732-562-3875; 
Fax 732-981-1293; e-mail m.leonardi@ieee.org. 
Embedded Systems Conference—San 
Jose, CA. Liz Austin, Miller Freeman, 525 
Market St., Suite 500, San Francisco, CA 
94105. Tel 415-5538-3848 or 888-229-
5563; e-mail esc@mfi.com 
IEEE-APS Exhibition on Antennas 
and Propagation for Wireless 
Communication—Waltham, MA. 
Information: APWC98-Secretariat, 52 
Agnes Drive, Framingham, MA 01701. 
Tel. 508-788-5152; Fax 508-788-6226; 
Web site www.tiac.net/tuli/apwc98. 

Protect Your Development Schedule and Budget 

• Complete system for development of RF circuit boards 

• Supports you from design to prototype fabrication 

•From AutoCAD to LPKF with dxf files 

• Also accepts Gerber and HPGL files 

• Tool speeds to 60,000 rpm for fine geometry 

• One year warranty 

Call today and ask about the VS/RF System (503) 643-0604. 

web site: www.lpkfcadcam.com 

Fax: (503)643-3662 

Email: LPKF@northwest.com 

I D|/p CAD/CAM 
SYSTEMS, INC 
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Keeping you 
anead 

of the race -
patent information 

for the 
engineering 

industry. 

In an industry that moves as quickly as 

engineering, it is vital for all engineering 

professionals to monitor technological 

trends to stay ahead of the innovation race. 

Patent information is essential in this 

process as it provides a record of 

significant commercial developments as 

they happen. Patent information can 

benefit you and your organization by 

• allowing you to monitor key 

technological advances relevant to your 

company, 

• sparking the innovation process within 

your own organization, 

• giving you a tool for tracking your com¬ 

petitor’s activity, and 

• helping you maximize your R&D dollars 

instead of duplicating efforts. 

Derwent has a range of products and 

services especially designed to help you 

fully utilize patent information. Call us 

today for a complimentary copy of Patents 

Mean Business-a comprehensive guide to 

using intellectual property, with information 

on how other companies are using our 

services to stay ahead of the race. 

1 -800-DERWENT 

www.derwent.com/derwent/info.html 

LONDON • TOKYO • WASHINGTON 

DERWENT 
Scientific and Patent Information 
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RF courses 
RF Design Seminar Series— Oct. 19-22, San Jose, CA.— 

Information: Intertec Trade Shows and Conferences, 6300 
S. Syracuse Way, Suite 650, Englewood, CO 80111. Tel. 
303-220-0600 or 800-288-8606; Fax 303-770-0253. 

TEC Cellular— Wireless Systems Overview—Oct. 5; 
Frequency Planning— Oct. 7; RF Planning Criteria for 
Wireless System Design— Oct. 15; Wireless System Design 
Principles — Oct. 16; Introduction to CDMA—Oct. 20; 
Intermediate CDMA —Oct. 21; Advanced CDMA— Oct. 22, 
Melbourne, FL. Information: TECC, 7619 Emerald Drive, 
West Melbourne, Florida, 32904. Tel. 407-952-8300; Fax 
407-725-5062; Web site www.tecc.com. 

CKC Laboratories—CORE EMC Design —Sept. 21-22, 
Redmond, WA; EMC Design II, Oct. 19, Fremont, CA; 
Nov. 12, Orange County, CA; Worldwide EMC 
Compliance Routes—Oct. 19, Fremont, CA; Nov. 12, 
Orange County, CA; Immunity to ESD — Oct. 20, Fremont, 
CA; Nov. 13, Orange County, CA. Information: CKC 
Laboratories, 5473A Clouds Rest, Mariposa, CA 95338. 
Tel. 800-500-4362. 

Penn State—Advanced Modeling in Applied Computational 
Electromagnetics — Sept. 28-30, State College, PA. 
Information: Richard W. Adler, ACES Executive Officer. 
Tel. 408-656-2352; Fax 408-649-0300; e-mail 
rwa@ibm.net. 

TeleStrategies—Understanding Telecommunications 
Technologies for Non-Engineers— Sept. 17-18, Nov. 5-6, 

Washington DC; Oct. 22-23, Atlanta; Dec. 3-4, Dallas; Oct 
15-16, Chicago; Information: TeleStrategies, PO Box 811, 
McLean, VA 22101. Tel. 703-734-7050; Fax 703-734-9371. 

Besser Associates—RF and Wireless Made Simple — Sept. 
14—15; Frequency Synthesis & Applications in Wireless 
Systems— Sept. 14-16; DSP Made Simple— Sept. 16—18, 
Dallas; Applied RF Techniques I— Sept. 28-Oct. 2; RF and 
Wireless Made Simple— Sept. 28-29, San Diego 
Information: Besser Associates, 4800 El Camino Real, 
Suite 210, Los Altos, CA 94022. Tel. 650-949-3300; Fax 
650-949-4400; e-mail info@bessercourse.com; Web site 
www.bessercourse.com. 

UCLA Extension— Advanced Digital Communications: The 
Search for Efficient Signaling Methods—Oct. 12-14; 
Digital Signal Processing for Cellular Mobile Wireless 
Communications—Oct. 19-21; Adaptive Filtering in 
Signal Processing and Communications—Oct. 26-30, Los 
Angles. Information: UCLA Extension, Department of 
Engineering, Information Systems and Technical 
Management, Short Courses, 10995 LeConte Ave., Suite 
542, Los Angeles, CA 90024. Tel. 310-825-3344; Fax 310-
206-2815; e-mail mhenness@unex.ucla.edu; Web site 
www.unex.ucla.edu/shortcourses 

Bellcore— Wireless Interconnection 98— Oct. 20-21, Phoenix. 
Information: Bellcore, 8 Corporate Place, Room 3A184, 
Piscataway, NJ 08854. Tel. 1-800-521-2673; Fax 732-336-
2559; Web site www. belcore.com 

NOTCH FILTERS 
Monitor Products' 

SM-1OOO 
J 1.0mm seating height 

Tristate enable disable 

À Frequency range: 2.5 MHz to 
66.666 MHz* 

À Extended operating temperatures 
available 

À 3.3V and 5V options 

J TTL/CMOS compatible 

J Reflow solderable 

' Call factory for stock frequencies 

FEATURES: 

Low VSWR:<1.2:1 
Loss: <0.5 dB 

pass band 
Notch to 35 dB 

band to 3.0 GHz 
Construction 

Low Cost: starts at S125 
from 0.5 to 850 MHz 

Monitor Products has a proven 70-year 
track record as a manufacturer in the 
frequency control market 
If our extensive selection of standard 
and engineered crystals and oscillators 
doesn t meet your specs, we 'll work 
with you towards a customized solution. 

The TNF200 filters are available 
in nine models from 0.5 MHz to 
850 MHz. While primarily design¬ 
ed to improve the dynamic range 
of spectrum analyzers, these 
filters can also be used to reduce 
parasitics; or to eliminate or 
identify out of band interference 
in communications systems. 

Plot of Typical Notch 

NiOHnOR PRODUCTS COMPANY INC 
Corporate Office /Factory Eastern Regional Office 
502 Via del Monte 341 5 Custer Road, Ste 117 
Oceanside, CA 92054 Plano, TX 75023 
Tel : (760)433-4510 Tp 1 Tel : (972) 758-8687 
Fax : (760) 434-0255 Fax : (972) 758-7574 

Designers and manufacturers of quality frequency control devices since 1927 

Please call for FREE application note: 
“Spectrum Analyzer Measurements” 

VOICE: (520) 204-2597 * FAX: (520) 204-2568 
P.O. BOX 4010 * SEDONA, ARIZONA 86340 
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Giga troníos 8542C Universal Power Meter 

dB pi 
Ml PULSE AVG 
■M- BURST AVG 
MV OFFSET 

FREQ CORR 
MV AVG 

AVERAGE 
POWER 

Giga-tronics 

Introduces 

The 

8540C 

Universal 

Power 

Meter 

t 
. 80 dB 

I 

FREQUENCY 

The 8540C has the speed, accuracy 
and dynamic range needed to 

measure CDMA signals 

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 IS-95 open-loop tests, which can require 

power verification over an 80 dB range. 

Because the 8540C can achieve fast readings 

over the GPIB bus, you can quickly measure 

power in I 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 

I-800-726-GIGA (4442). Outside the U.S. and 

Canada, call 1-510-328-4650. 

Giga-tronics INFQCARD25 

Giga-tronics Incorporated ■ 4650 Norris Canyon Road ■ San Ramon, California 94583 ■ Telephone: 510-328-4650 ■ Telefax: 510-328-4700 



Editorial 
forum 

RF news 
By Roger 
Lesser, 
Senior 
Associate 
Editor 

Da Bulls? 
I love new technology. Who 

doesn’t? I write the RF Design News 
column each month, and enjoy seeing 
the numerous press releases that 
define where the industry is heading. 
(Can editors get paid by the pound of 
press releases they read?) At various 
trade shows, I talk to an average of 
30-40 companies during a typical 
three-day event. I find these visits 
informative and fun. Fun? Yes, those 
I have visited with can tell you I’m 
rarely short on opinion and enjoy 
“stirring the pot” when it comes to 
issues affecting the industry. 
Over the past year, I’ve been fol¬ 

lowing the debate between advocates 
of gas-based products, such as galli¬ 
um arsenide (GaAs) and those who 
carry the silicon flag. At times, the 
discussions remind me of debates 
over which basketball team is better, 
the modern-day Chicago Bulls or the 
Larry Bird-led Boston Celtics. 
The gas advocates point to the ben¬ 

efits of GaAs with its increased band¬ 
width potential, while the silicon 
advocates point to the availability of 
silicon-based products and the lower 
cost of silicon-based devices. The gas 
advocates will suggest that silicon is 
reaching its limit in technology 
advances. The silicon supporters will 
tell you that gas products offer low 
production yields. They will also point 
to silicon germanium (SiGe) as the 
“replacement” for gas technology. 

So, which one is better? Which one 
will dominate? Well, according to 
some industry observers, the edge 
goes to gas-based products but the 
cost of producing gas-based devices 
will have to drop. On the other hand, 
I’ve talked to some industry wizards 
that believe SiGe is definitely a tech¬ 
nology to contend with. 
Where do I stand in the debate? To 

be truthful (and editors always are, 
right?), can it be possible for the two 
technologies to co-exist? Do I have to 
take sides? I mean the marketplace 
will make the final decision. My job in 
the debate—stir the pot. 

Tektronix issues voluntary 
recall of oscilloscopes 
Tektronix, Beaverton, OR, has 

announced a voluntary recall of its 
model TDS210 and TDS220 oscillo¬ 
scopes. The company determined that 
certain incorrect use of the product 
could cause the ground connection to 
fail. Tektronix is unaware of any 
injuries caused by the misuse. 

If a user incorrectly connects a probe 
ground lead to a voltage source, or 
incorrectly touches the ground ring 
near the probe tip to a voltage source, a 
circuit board trace in the oscillosope’s 
electrical ground path may open. 
The recall applies to TDS210 and 

TDS220 units with serial numbers as 
follows: TDS210-serial number below 
BO49400 or CO10880; TDS 220- seri¬ 
al numbers below BO41060 or 
CO11175. Customers can contact 
Textronix at 800-835-9433, ext. 2400. 
Also, visit Textronix Web site at 
www.tek.com/measurement. 

Wireless end user study 
points to cost trend 
The Mobile User Survey, from the 

Yankee Group, Boston, MA, shows that 
the penetration of wireless phones in 
the United States has increased from 
27-35% from 1997 to 1998. The report 
finds that personal communications 
services (PCS) and cellular have 
become an accepted part of the main¬ 
stream communications market. 
According to Phillip Redman, program 
manager of wireless/mobile communi¬ 
cations, “The depth of wireless phone 
penetration can be attributed mainly to 
lower costs for services and hardware, 
which is the impact of increased compe¬ 
tition in the top 50 markets,” he says. 

Users rank the most important factor when choosing a wireless 
phone. 

The survey found that 42% of 
respondents rely on getting the best 
deal from the carrier and are willing to 
spend around $100 for a new digital 
phone. Brand awareness among end 
users is weak, according to the Yankee 
Group study. “With the increase in 
competition among manufacturers for 
mind and market share, building and 
maintaining brand awareness through 
price and promotional campaigns will 
become more important this year as 
more handset models become avail¬ 
able,” Redman says. “1998 will be a 
critical year for manufacturers to get 
product on the shelf. With the number 
of competitors coming to the market, 
they are going to have to drive costs 
down in order to compete.” 
The Yankee Group conducts the 

Mobile User Survey to identify the 
needs of current and potential mobile 
users. The survey is divided into two 
sections: the general user survey and 
the user specific survey. For more infor¬ 
mation concerning the survey, check 
the Yankee Group Web site at 
www.primark.com 

R&D spending still 
important, stays robust 

In its annual survey, Inside R&D, a 
weekly intelligence service, Englewood, 
NJ, finds that research and develop¬ 
ment (R&D), is seeing a serious boom 
compared to the early 1990s. According 
to the survey, the top 100 United 
States corporations spent a total of 
$92.2 billion in 1997, and increase of 
13.8% from the 1996 total of $81.1 bil¬ 
lion. The increase is seen as a result of 
the increasingly competitive global 
economy. Corporations are feeling the 
pressure to develop innovative products 
at a faster rate and are turning to 

internal R&D to provide 
a competitive advantage. 

Harry Goldstein, editor 
and analyst for Inside 
R&D sees R&D staying 
robust. “Companies 
understand that in a 
highly competitive atmos¬ 
phere, copy cat technolo¬ 
gies are not going to look 
good to Wall Street or sat¬ 
isfy increasingly sophisti¬ 
cated consumers,” he say. 
“R&D departments are 
the creative nexus to 
today’s corporation. 
Companies that recognize 
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With the NEW TAS CDMA Automatic Test System 
(CDMA-ATS ) — You can be done for the day without being 
finished with your testing! That’s because CDMA-ATS is a complete 
testing solution that automatically performs comprehensive tests on 
CDMA mobile phones and presents the results in an easy-to-read, 
easy-to-understand format — whether you’re there or not. 

In the past, implementation of a comprehensive test system has required 
complex and unwieldy test setups. Test automation required enormous 
investments in test software development and maintenance, resulting in 

the diversion of precious 
engineering resources. TAS 
CDMA-ATS solves these 
problems and allows faster, more 
trouble-free deployment of CDMA 
products and technology. 

Telecom Analysis Systems, Inc. 

TAS CDMA-ATS combines field-proven TAS instruments with powerful, 
flexible TASKIT7CDMA Automatic Test Software to yield an integrated test 
system that works with commercially available base station emulators. 
The system includes easy-to-use pre-defined test procedures for industry 
standards defined by TIA, ANSI, & CDG. CDMA-ATS also supports 
modification of pre-defined test procedures and creation of fully custom 
test suites. 

TAS CDMA-ATS includes the instruments that emulate multi-path 
fading, carrier-to-noise, and carrier-to-interference conditions in both 
cellular and PCS bands. Together, these instruments provide unsurpassed 
accuracy, repeatability, and reliability. 

^^DMA-ATS is based upon TAS' over 
15 years of experience providing mission-
critical automatic test solutions to leading 

communications equipment manufacturers. 

So if you're tired of toiling day and night 

over your existing test setup, put TAS 
CDMA-ATS to work. 

You can rest assured that you have the 
most powerful solution available for CDMA 

mobile evaluation. 

34 Industrial Way East * Eatontown, NJ 07724-3319 ■ Phone: (732) 544-8700 ■ FAX: (732) 544-8347 ■ Email: sales@taskit.com ■ Internet: http://www.taskit.com 
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this and nurture these seed beds of new 
ideas and products maintain competi¬ 
tive advantage and flourish. Those who 
don’t fall by the wayside.” 

Leading the way in the R&D race are 
electronics and computers. The elec¬ 
tronics & electrical sector had expendi¬ 
tures in excess of $19.5 million for 22 
companies. Inside R&D notes compa¬ 

nies such as National Semiconductor, 
3Com, and Qualcomm are replacing 
past R&D stalwarts, especially in the 
petroleum sector. 

Contracts 
CommQuest receives GSM sup¬ 

port contract from China — 
CommQuest, Encinitas, CA, has 

20 

REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA CTS 

to create 

CTS Reeves 

Quartz 
Crystals 

Crystal 
Oscillators 

Locating just the right leading-edge Frequency 
Control Products for your specific application 
just got easier. Worldwide! CTS Reeves has the 
broadest range crystal and oscillator products 
available. Whether you are looking for a high 
stability double oven for a CDMA application — 
or a low cost crystal to drive your microproces¬ 
sor, CTS Reeves has it all! This includes a full 
range of Surface Mount products, from mini SMT 
4x5 mm Clocks to Surface Mount OCXOs. 

With combined resources, engineering 
expertise and complete product lines, a 
single phone call puts you in touch with 
solutions to all your frequency product 
needs. Call 888-800-4251 or visit our 
WEB site at: www.ctscorp.com 
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received a multi-million dollar contract 
from Truly Telecommunications, China, 
in support of Truly Telecommunications’ 
effort to design and produce its first 
global system for mobile communica¬ 
tions (GSM) wireless phones. 
CommQuest will provide its total sys¬ 
tem solution and GSM-XL chipsets. 

Aydin Telemerty receives 
upgrade contract—Aydin Telemetry, 
Newtown, PA, has received a contract 
from the Aermacchi S.p.A, Italy, to 
upgrade the S2000 Telemerty pre¬ 
processor system. The upgrade will 
provide a link between the S2000 and 
the S6200 systems allowing direct 
VME access. 

Business 
Briefs 

RF Micro Devices opens GaAs 
HBT facility—RF Micro Devices 
(RFMD), Greensboro, NC, has 
opened a gallium arsenide hetero¬ 
junction bipolar transistor (GaAs 
HBT) fabrication facility. The open¬ 
ing completes the transfer of TRW’s, 
Dallas, TX, proprietary GaAs HBT 
process, exclusively licensed to 
RFMD for commercial wireless 
applications less than 10 GHz. The 
TRW and RFMD processes are the 
same with the exception of the 
wafer size. TRW’s is three-inch 
while RFMD is four-inch. 

Spectrum Signal acquires 
Alex Computer Systems — 
Spectrum Signal, Canada, has 
acquired Alex Computers, Ithica, 
NY, as part of its strategy to sup¬ 
port Analog Devices’ new 32-bit, 
floating-point, multiprocessing dig¬ 
ital signal processor (DSP), the 
ADSP-21160. Alex Computer prod¬ 
ucts include the Apex-Pro and 
Apex-Debug. 

National Semiconductor and 
Graychip team form alliance— 
National Semiconductor, Santa 
Clara, CA, and Graychip DSP 
Chips and Systems, Palo Alto, CA, 
have joined forces to jointly market 
integrated circuits (ICs) for cellular 
basestation. The product offering 
will include Graycbips digital down 
conversion and up conversion ICs. 
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WE'RE READY TO ROCK-NROLL. 
TEMEX’S Si Crystal Facility In Arizona Is Rolling Out: 

CUSTOM AND STANDARD 
Monolithic & Discrete Oscillator 

Crystal Filters Crystals 
• Fundamental....10 to 70 MHz • Fundamental....10 to 70 MHz 
• 3rd Overtone . to 100 MHz • 3rd Overtone . to 100 MHz 
• 5th Overtone . to 150 MHz • 5th Overtone . to 150 MHz 

Expedite Delivery 
Custom Packages 

Visa® and Mastercard® Orders 
Commercial And Military Applications 

Standard Monolithics and Discretes From Stock 

TEMEX ELECTRONICS, INC. 
602.780.1995 

3030 W. DEER VALLEY RD. 
FAX 602.780.9622 

Territories available in some areas. 

PHOENIX, AZ 85027 U.S.A. 
e. mail: temex@temex-az.com 
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source 
for yours 

frequency 
control products. 

for additional information call your local representative or: 

USA for Oscillators & Saw Filters: Tel: 1-88-VECTRON-1 
Fax 1-888-FAX-VECTRON 

Eg» 
EUROPE: for Oscillators in Denmark, Finlanc 

Israel. Norway, Spain and UK: Tel: 44 (0) 
frrWa 25-*- Fax- 44 (ot 

in Austria, Belgium, Rance, Germany 

Netherlands, Sweden. & Switzerland: Tel: 49 ( 



Vectron International 
One Company. One Commitment. Excellence! 

KVG 
The best in the business have 

Crystals 
Including HFF 

to 160 MHz 

Quarzkeramik 

combined to offer a single source 

for virtually every frequency 

generation and control product... 

for virtually every application. 

Now, as a single source , we offer 

a broader range of products and 

frequencies than any other 

company in the market. Add 

our unparalleled engineering 

assistance and customer 

Crystal Oscillators 
from °- 1 Hz to 

2.488 GHz 

Vectron Technologies 

on laboratories 

latek 

: for Saw 

TCXOs from 
2.5 ppm to 

0.1 ppm 

Complete 
Range of SMD & 
Specialty VCXOs 

support, and there is no 

reason to call anyone else, 

ever again! 

Vectron International. 

We are the One! 

1:49(0)33 28 47 84-52 

598 0070 
598 7& 
853 
849 

Wide Range 
of High Stability 

OCXOs 

Surface Mount 
OCXOs 

Clock & Data Recovery 
and Frequency 

Translation Products 

Industry Standard 
& Custom 

SAW Filters 

NAL 

166 Glover Avenue, Norwalk, CT 06856 USA 
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RL testing_ 

Spectrum-analyzer 
measurements and noise 
Noise is an inherent component of any signal. Accurately measuring this noise and 
noise-like digital communications signals can help improve circuit evaluation. 

By Joe Gorin 

Noise is the classical limitation of 
electronics. In measurements, noise 

and distortions limit the dynamic range of 
test results. The characteristics of noise 
and its direct measurement are discussed 
here, along with the measurement of 
noise-like signals exemplified by digital 
code-division, multiple-access (CDMA) 
and time-division, multiple-access 
(TDMA) signals. Compensating for the 
noise in instrumentation while measuring 
continuous wave (CW) sinusoidal and 
noise-like signals will also be discussed. 

Simple noise—baseband, real, 
Gaussian 

Noise occurs because of the random 
motion of electrons. The number of elec¬ 
trons involved is large, and their motions 
are independent. Therefore, the variation 
in the rate of current flow takes on a bell¬ 
shaped curve known as the Gaussian 
probability density function (PDF) in ac¬ 
cordance with the central limit theorem 
from statistics. The Gaussian PDF is 
shown in Figure 1. 
The Gaussian PDF explains some of 

the characteristics of a noise signal seen 
on a baseband instrument such as an os¬ 
cilloscope. The baseband signal is a real 

signal—it has no imaginary components. 

Bandpassed noise—I and Q 
When using spectrum analyzers in 

RF design work, signals within a pass¬ 
band, such as a communications 
channel or the resolution bandwidth 
(RBW, the bandwidth of the final IF) of 
a spectrum analyzer are measured. 
Noise in this bandwidth still has a 
Gaussian PDF, but few RF instruments 
display PDF-related metrics. 

Instead, a signal’s magnitude and 
phase (polar coordinates) or I/Q compo¬ 
nents are observed. The latter are the in-
phase (I) and quadrature (Q) parts of a 
signal, or the real and imaginary compo¬ 
nents of a rectangular-coordinate repre¬ 
sentation of a signal. Basic (scalar) spec¬ 
trum analyzers measure only the 
magnitude of a signal. The characteristics 
of the magnitude of a noise signal are 
what is of interest. 

Consider the noise within a passband 
as being made of independent I and Q 
components, each with Gaussian PDFs. 
Figure 2 shows samples of I and Q compo¬ 
nents of noise represented in the I/Q 
plane. The signal in the passband is actu¬ 
ally given by the sum of the I magnitude, 
vh multiplied by a cosine wave (at the 
center frequency of the passband) and the 
Q magnitude, vQ, multiplied by a sine 

wave. In this article, just the I and Q com¬ 
ponents without the complications of the 
sine/cosine waves will be discussed. 

Spectrum analyzers respond to the 
magnitude of the signal within their RBW 
passband. The magnitude, or envelope, of 
a signal represented by an I/Q pair is 
given by: 

+ 
Graphically, the envelope is the length 

of the vector from the origin to the I/Q 
pair. It is instructive to draw circles of 
evenly spaced constant-amplitude en¬ 
velopes on the samples of I/Q pairs as 
shown in Figure 3. 

Count the number of samples within 
each annular ring in Figure 3. Notice 
that the area near zero volts does not 
have the highest count of samples. Even 
though the density of samples is highest 
there, this area is smaller than any of the 
other rings. 

The count within each ring constitutes 
a histogram of the distribution of the en¬ 
velope. If the width of the rings were re¬ 
duced and expressed as the “count” per 
unit of ring width, the limit becomes a 
continuous function instead of a his¬ 
togram. This continuous function is the 
PDF of the envelope of bandpassed noise. 
It is a Rayleigh distribution (Figure 4) in 
the envelope voltage, v, that depends on 

Figure 1. The Gaussian PDF is maximum at zero current and falls off away from zero, as shown (rotated 
90°) on the left. A typical noise waveform is shown on the right. 

Figure 2. Bandpassed noise has a Gaussian PDF 
independently in both its I and Q components. 
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CDMA, GSM, NADC, TDMA, PDC, PHS, DECT, CT2. These days speeding up 
production means being ready to manufacture anything. And losing no time doing 
it. The way to accomplish both is with the HP 8590 E-series. 

They’re a family of spectrum analyzers you can easily configure to almost any format. 
And make accurate transmitter measurements the first time. So you can adapt 
quickly to capacity changes—and get more quality products out the door faster. 

TEST at the speed of the REVOLUTION. 

For more information on the HP 8590 E-series spectrum 
analyzers, and a free copy of Digital Modulation in 
Communications Systems—An Introduction, call 
HP DIRECT at 1-800-452-4844, Ext. 6056. It should 
make at least one decision easier, www.hp.com/go/wireless 

El HEWLETT® PACKARD 

e 1998 HewlenPackanl Co. TMMID824/RFD 
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SURFACE MOUNT 



MIXERSJl" 

150kHz to 7000MHz 
With Mini-Circuits phenomenal variety of surface mount mixers, you can select from 

hundreds of standard catalog and "special" models, with LO levels from +3 to +17dBm, 
and get the precise price/performance solution you need. Choose from tough built J-lead, gull-wing, 

universal claw, and leadless models with vast commercial and military applications such as 
telecommunications, radar, cable TV, PCS, FM, GPS, and ISM. And to assure 

that you're positively delighted with Mini-Circuits high quality, a 5 year Ultra-Rei® 
guarantee is included with every unit. ..an industry exclusive! You can count on d« 
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Figure 4. The PDF of the voltage of the envelope 
of a noise signal is a Rayleigh distribution. The 
PDF is zero at zero volts, even though the PDFs 
of the individual I and Q components are maxi¬ 
mum at zero volts. It is maximum for v = sigma. 

Figure 3. Samples of I/O pairs shown with evenly 
spaced constant-amplitude envelope circles. 

the sigma of the signal; for v > 0: 

v = ï vPDF(y)dv = 

The average power of the signal is 
given by an analogous expression with 
v2/R in place of the “v” part: 

P = J 
0 
— ]pDF(v)dv = — 
RI R 

Measuring the power of noise with 
an envelope detector 
The power of the noise is the para¬ 

meter usually measured with a spectrum 
analyzer. The power is the “heating 
value” of the signal. Mathematically, it is 
the average of i//ß, where R is the im¬ 
pedance of the signal and v is its instanta¬ 
neous voltage. 
At first glance, finding the average en¬ 

velope voltage and squaring it, then di¬ 
viding by R might seem logical. But 
finding the square of the average is not 
the same as finding the average of the 
square. In fact, there is a consistent 
under-measurement of noise from 
squaring the average instead of aver¬ 
aging the square; this under-measure¬ 
ment is 1.05 dB. 

The average envelope voltage is given 
by integrating the product of the envelope 
voltage and the probability that the enve¬ 
lope takes on that voltage. This proba¬ 
bility is the Rayleigh PDF, so: 

We can compare the true power, from 
the average power integral, with the 
voltage-envelope-detected estimate and 
find the ratio to be 1.05 dB, independent 
of a and R. 

lOlogi j = lOlog^) = -1 .05 dB 

Thus, if noise were measured with a 
spectrum analyzer using voltage-enve¬ 
lope detection (the “linear” scale) and av¬ 
eraging, an additional 1.05 dB would 
need to be added to the result to compen¬ 
sate for averaging voltage instead of 
voltage-squared. 

Logarithmic processing 
Spectrum analyzers are most com¬ 

monly used in the logarithmic (“log”) dis¬ 
play mode, in that the vertical axis is cali¬ 
brated in decibels. Look at the PDF for 
the voltage envelope of a noise signal, but 
mark the x-axis with points equally 
spaced on a decibel scale—in this case 
with 1 dB spacing. (See Figure 5.) The 

Figure 5. The PDF of the voltage envelope of 
noise is graphed. 1 dB spaced marks on the x-
axis shows how the probability density would be 
different on a log scale. Where the decibel mark¬ 
ings are dense, the probability that the noise will 
fall between adjacent marks is reduced. 

Figure 6. The PDF of logged noise is about 30 dB 
wide and tilted toward the high end. 

area under the curve between markings is 
the probability that the log of the envelope 
voltage will be within that 1 dB interval. 
Figure 6 represents the continuous PDF 
of a logged signal that was predicted from 
the areas in Figure 5. 

Measuring the power of noise 
with a log-envelope scale 
When a spectrum analyzer is in a log 

(dB) display mode, averaging of the re¬ 
sults can be done in numerous ways. 
Mechanisms include multiple trace aver¬ 
aging, video filtering of the envelope, and 
use of the noise marker (discussed later) 
which averages results across the x-axis. 
When the average power of the noise 

is expressed in decibels, a logarithm of 
that average power is computed. When 
the output of the log scale of a spectrum 
analyzer is averaged, the average of the 
log is computed. The log of the average is 
not equal to the average of the log. If the 
same kinds of computations are used as 
were previously used in comparing 
voltage envelopes and power envelopes, 
the result is that log procsssing causes 
an under-response to noise of 2.51 dB, 
rather than 1.05 dB. 

[Some authors artificially state that 
this factor is because of 1.05 dB from en¬ 
velope detection and another 1.45 dB 
from logarithmic amplification, reasoning 
that the signal is first voEage-envelope 
detected, then logarithmically amplified. 
But if the voltage-squared envelope (in 
other words, the power envelope, which 
would cause zero error instead of 1.05 dB) 
is measured and then logged, a 2.51 dB 
under-response would still result. 
Therefore, there is no real point in sepa¬ 
rating the 2.51 dB into two pieces.] 
The log amplification acts as a com¬ 

pressor for large noise peaks; a peak of 
ten times the average level is only 10 dB 
higher. Instantaneous near-zero en¬ 
velopes, on the other hand, contain no 
power but are expanded toward negative 
infinity decibels. The combination of these 
two aspects of the logarithmic curve cause 
noise power to be underestimated. 

Equivalent noise bandwidth 
Before discussing the measurement of 

noise with a spectrum analyzer “noise 
marker,” it is necessary to understand the 
RBW filter of a spectrum analyzer. 

The ideal RBW has a flat passband and 
infinite attenuation outside that pass¬ 
band. But it must also have good time do¬ 
main performance so that it behaves well 
when signals sweep through the pass¬ 
band. Most spectrum analyzers use four-
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Spectrum analyzers and envelope detectors 
A simplified block diagram of a spec¬ 

trum analyzer is shown in Figure A The 
envelope detector/logarithmic amplifier 
block is shown configured as they are 
used in the HP 8560 E-Series spectrum 
analyzers. This block diagram is better for 
tutorial purposes because the log ampli¬ 
fier and detector positions are reversed 
compared to most analyzers. In either 
case, the important concept to recognize is 
that an IF signal goes into this pair of cir¬ 
cuits, and a baseband signal comes out. 
The salient features of the envelope 

detector are: 
1. The output voltage is proportional to 

the input voltage envelope. 
2. The bandwidth for following enve¬ 

lope variations is large compared to the 
widest RBW. 

Figure B shows an envelope detector 

and peak detector with their associ¬ 
ated gains. 

If the input signal is continuous wave 
(CW), a peak detector and an envelope 
detector act identically. But if the signal 
has variations in its envelope, the enve¬ 
lope detector with the shown lowpass 
filter (LPF) will follow those variations 
with the linear, time-domain characteris¬ 
tics of the filter; the peak detector will 
follow non-linearly, subject to its max¬ 
imum negative-going dv/dt limit, as 
demonstrated in Figure C . The non-lin¬ 
earity will make for unpredictable be¬ 
havior for signals with noise-like statis¬ 
tical variations. 
A peak detector may act like an enve¬ 

lope detector in the limit as its resistive 
load dominates and the capacitive load is 
minimized. But practically, the non-ideal 

voltage drop across the diodes and the 
heavy required resistive load make this 
topology unsuitable for envelope detec¬ 
tion. AU spectrum analyzers use envelope 
detectors; some are just misnamed. 

Figure B. A half-wave rectifier (a) acts as an 
envelope detector. A peak detector (b) is reset 
by leakage through a resistor or by actuating a 
switch. 

Figure A. Simplified spectrum-analyzer block diagram. 

Figure C. An envelope detector will follow the 
envelope of the shown signal, albeit with the 
delay and filtering action of the LPF used to 
remove the carrier harmonics. A peak detector 
is subject to negative slew limits, as demon¬ 
strated by the dashed line it will follow across a 
response pit. 

Filter type Application NBW/-3 dB BW 

4-pole sync 
5-pole sync 
Typical FFT 

Most SAs analog 
Some SAs analog 
FFT-based SAs 

1.128 (0.52 dB) 
1.111 (0.46 dB) 
1.05 (0.23 dB) 

Table 1. The ratio of the equivalent noise band¬ 
width to the -3 dB bandwidth. 

pole synchronously timed filters for their 
RBW filters. Plot the power gain (the 
square of the voltage gain) of the RBW 
filter versus frequency as shown in Figure 
7. The response of the filter to noise of flat 
power spectral density wfll be the same as 

Figure 7. The power gain versus frequency of an 
RBW filter can be modeled by a rectangular filter 
with the same area and peak level, and a width of 
the “equivalent noise bandwidth." 

the response of a rectangular filter with 
the same maximum gain and the same 
area under their curves. The width of 
such a rectangular filter is the “equivalent 
noise bandwidth” of the RBW filter. The 
noise density at the input to the RBW 
filter is given by the output power divided 
by the equivalent noise bandwidth. 

The ratio of the equivalent noise band¬ 
width to the -3 dB bandwidth (the 
“name” of the RBW is usually its -3 dB 
BW) is given by Table 1. 

The noise marker 
As previously noted, the measured 

level at the output of a spectrum analyzer 
must be manipulated to represent the 
input spectral noise density that is to be 
measured. This manipulation involves 
three factors, which may be added in 
decibel units: 

1. Under-response because of voltage 
envelope detection (add 1.05 dB) or log¬ 
scale response (add 2.51 dB). 

2. Over-response because of the ratio 
of the equivalent noise bandwidth to 
the -3 dB bandwidth (subtract typi¬ 

cally 0.52 dB). 
3. Normalization to a 1 Hz bandwidth 

(subtract 10 times the log of the RBW, 
where the RBW is given in units of Hz). 
A further operation of the noise marker 

in spectrum analyzers is to average 32 
measurement cells centered around the 
marker location to reduce the variance of 
the result. 

The final result of these computations 
is a measure of the noise density, the 
noise in a theoretical ideal 1 Hz band¬ 
width. The units are typically dBm/Hz. 

Measuring noise-like signals— 
digital communications signals 

Digitally modulated signals are cre¬ 
ated by clocking a DAC with the symbols 
(a group of bits simultaneously trans¬ 
mitted), then passing the DAC output 
through a pre-modulation filter (to re¬ 
duce the transmitted bandwidth), then 
modulating the carrier with the filtered 
signal. (See Figure 8.) The resulting 
signal is obviously not noise-like if the 
digital signal is a simple pattern. It also 
does not have a noise-like distribution if 
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Measuring noise with spectrum analyzers 
There are three ways noise mea¬ 

surements look perfectly reasonable on 
the screen of a spectrum analyzer but 
can be significantly in error. 

• Caution 1, input mixer level—A 
noise-like signal of high amplitude can 
overdrive the front end of a spectrum 
analyzer although the displayed signal 
is within the normal display range. 
This problem is possible whenever the 
bandwidth of the noise-like signal is 
much wider than the resolution band¬ 
width (RBW). The power within the 

RBW will be lower than the total 
power by about ten decibels times the 
log of the ratio of the signal bandwidth 
to the RBW. For example, an IS-95 
code-division, multiple-access (CDMA) 
signal with a 1.23 MHz bandwidth is 
31 dB larger than the power in a 1 kHz 
RBW. If the indicated power with the 1 
kHz RBW is -20 dBm at the input 
mixer (i.e., after the input attenuator), 
then the mixer is seeing about +11 
dBm. Most spectrum analyzers are 
specified for -10 dBm continuous wave 

Figure D: In its center, this graph shows three curves: the ideal log amp behavior, that of a log amp 
that clips at its maximum and minimum extremes, and the average response to noise subject to that 
clipping. The lower right plot shows, on expanded scales, the error in average noise response because 
of clipping at the positive extreme. The average level should be kept 7 dB below the clipping level for 
an error below 0.1 dB. The upper left plot shows, with an expanded vertical scale, the corresponding 
error for clipping against the bottom of the scale. The average level must be kept 14 dB above the clip¬ 
ping level for an error below 0.1 dB. 

(CW) signals at their input mixer-the 
level below that mixer compression is 
specified to be less than 1 dB for CW 
signals and usually 5 dB or more above 
this -10 dBm. The mixer behavior 
with Gaussian noise is not guaranteed, 
especially because its peak-to-average 
ratio is much higher than that of CW 
signals. Keeping the mixer power 
below -10 dBm is a good practice that 
is unlikely to allow significant mixer 
nonlinearity. Keep the total power at 
the input mixer at or below -10 dBm. 

• Caution 2, overdriving the log 
amp—Often, the level displayed has 
been heavily averaged using trace av¬ 
eraging or a video bandwidth (VBW) 
much smaller than the RBW. In such a 
case, instantaneous noise peaks are 
well above the displayed average level. 
If the level is high enough that the log 
amp has significant errors for these 
peak levels, the average result will be 
in error. Figure D shows the error be¬ 
cause of overdriving the log amp in the 
lower right corner, based on a model 
that has the log amp clipping at the 
top of its range. Typically, log amps 
are still close to ideal for a few dB 
above their specified top, making the 
error model conservative. But it is pos¬ 
sible for a log amp to switch from log 
mode to linear (voltage) behavior at 
high levels. In that case, larger (and of 
opposite sign) errors to those computed 
by the model are possible. Therefore, 
keep the displayed average log level at 
least 7 dB below the maximum cali¬ 
brated level of the log amp. 

• Caution 3, underdriving the log 
amp—The opposite of the overdriven 
log amp problem is the underdriven log 
amp problem. With a clipping model for 
the log amp, the results in the upper 
left corner of Figure D were obtained. 
Keep the displayed average log level at 
least 14 dB above the minimum cali¬ 
brated level of the log amp. 

the bandwidth of observation is wide 
enough for the discrete nature of the 

DAC outputs to significantly affect the 
distribution of amplitudes. 

Figure 8. A simplified model for the generation of digital communications signals. 

But, under many circumstances, espe¬ 
cially test conditions, the digital signal 
bits are random. And, as exemplified by 
the “channel power” measurements dis¬ 
cussed below, the observation bandwidth 
is narrow. If the digital update period (the 
reciprocal of the symbol rate) is less than 
one-fifth the duration of the majority of 
the impulse response of the resolution 
bandwidth filter, the signal within the 
RBW is approximately Gaussian ac-
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Peak-detected noise 
(and TDMA ACP measurements) 
Time-division, multiple-access 

(TDMA), or burst-RF systems, are 
usually measured with peak detectors. 
The burst “ofT events are not shown 
on the screen of the spectrum analyzer 
to avoid distracting the user. 
Examples include ACP measurements 
for personal digital cellular (PDC) by 
two methods, personal handiphone 
system (PHS) and North American 
dual-mode cellular (NADC). Noise is 
also often peak-detected in the mea¬ 
surement of rotating media, such as 
hard disk drives and video cassette 
recorders (VCRs). 
The peak of noise will exceed its 

power average by an amount that in¬ 
creases (on average) with the length of 
time over that the peak is observed. A 
combination of analysis, approximation 
and experimentation leads to this equa¬ 
tion for vpk, the ratio of the average 
power of peak measurements to the av¬ 
erage power of sampled measurements. 

=[10 dBjlog^ln^TtTßlX +c)] 

Tau is the observation period, usu¬ 
ally given by either the length of an 
RF burst, or by the spectrum-analyzer 
sweep time divided by the number of 
cells in a sweep. BW¡ is the “impulse 

bandwidth” of the RBW filter, which is 
1.62 times the -3 dB BW for the four-
pole synchronously tuned filter used in 
most spectrum analyzers. Note that 
vpk is a “power average” result— the 
average of the log of the ratio will be 
different. 

The graph in Figure E shows a com¬ 
parison of this equation with some ex¬ 
perimental results. The fit of the ex¬ 
perimental results would be even 
better if 10.7 dB were used in place of 
10 dB in the previous equation, even 
though analysis does not support such 
a change. 

PEAK: 
AVERAGE 
RATIO, dB 

Figure E. The peak-detected response to noise 
increases with the observation time. 

cording to the central limit theorem. 
A typical example is IS-95 CDMA. 

Performing spectrum analysis, such as 
the adjacent-channel power ratio (ACPR) 
test, is usually done using the 30 kHz 
RBW to observe the signal. This band¬ 
width is only one-fortieth of the symbol 
clock (1.23 Msymbols/s), so the signal in 
the RBW is the sum of the impulse re¬ 
sponses to about 40 pseudorandom digital 
bits. A Gaussian PDF is an excellent ap-

proximation to the PDF of this signal. 

Channel-power measurements 
Most modern spectrum analyzers allow 

the measurement of the power within a 
frequency range, called the channel band¬ 
width. The displayed result comes from 
the computation: 

Figure 9. For VBW 2 3 RBW, the averaging effect 
of the VBW filter does not significantly affect 
power-detection accuracy. 

where pch is the power in the channel, Bs 

is the specified bandwidth (also known as 
the channel bandwidth), B„ is the equiva¬ 
lent noise bandwidth of the RBW used, N 
is the number of data points in the sum¬ 
mation, and p¡ is the sample of the power 
in measurement cell i in dB units (if p, is 
in dBm, pch is in milliwatts), nl and n2 
are the end-points for the index i within 
the channel bandwidth; N =(n2-nl) + 1. 

The computation works for continuous 
wave (CW) signals, such as from sinu¬ 
soidal modulation. The computation is a 

power-summing computation. Because 
the computation changes the input data 
points to a power scale before summing, 
there is no need to compensate for the dif¬ 
ference between the log of the average 
and the average of the log as explained 
previously, even if the signal has a noise¬ 
like PDF. If the signal starts with noise¬ 
like statistics and is averaged in decibel 
form (typically with a VBW filter on the 
log scale) before the power summation, 
some of 2.51 dB under-response noted 
earlier will occur. If the signal is of noise¬ 
like statistics, and the signal is averaged 
before performing the summation, adding 
2.51 dB to the result will provide an accu¬ 
rate measurement. Plus, the averaging 
reduces the variance of the result. 
When the statistics of the signal are 

unknown, the best measurement tech¬ 
nique is not to average before power sum¬ 
mation. Using VBW > 3RBW is required 
for insignificant averaging, and is recom¬ 
mended. The bandwidth of the video 
signal is not as obvious as it appears. To 
avoid peak-bias of the measurement, the 
“sample” detector must be used. Spectrum 
analyzers have lower effective video band¬ 
widths in sample detection than they do 
in peak detection mode because of the lim¬ 
itations of the sample-and-hold circuit 
that precedes the A/D converter. 

Figure 9 shows the experimentally de-
termined relationship between the 
VBW:RBW ratio and the under-response 
of the partially averaged logarithmically 
processed noise signal. 

Adjacent-channel power 
There are many standards for the mea¬ 

surement of adjacent-channel power 
(ACP) with a spectrum analyzer. The is¬ 
sues involved in most ACP measurements 
are covered in detail in an earlier article 
[2]. A survey of other standards is also 
available [4]. 

For digitally modulated signals, ACP 
and channel-power measurements are 
similar, except ACP is easier. ACP is 
usually the ratio of the power in the 
main channel to the power in an adja¬ 
cent channel. If the modulation is dig¬ 
ital, the main channel will have noise¬ 
like statistics. Whether the signals in 
the adjacent channel are caused by 
broadband noise, phase noise or inter 
modulation of noise-like signals in th< 
main channel, the adjacent channel wii 
have noise-like statistics. A spurious 
signal in the adjacent channel is most 
likely modulated to appear noise-like 
too, but a CW-like tone is a possibility. 

If the main and adjacent channels are 
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Log scale for CW measurements 
If one were to “design” a scale (such 

as power, voltage, log power, or an ar¬ 
bitrary polynomial) to have response 
to signal plus noise that is indepen¬ 
dent of small amounts of noise, one 
could end up designing the log scale. 

Consider a signal having unity am¬ 
plitude and arbitrary phase, as in 
Figure F. Consider noise with an ampli¬ 
tude much less than unity, r.m.s., with 
random phase. Let us break the noise 

into components that are in-phase and 
in-quadrature with the signal. Both of 
these components will have Gaussian 
PDFs, but for this simplified explana¬ 
tion, we can consider them to have 
values of ±x, where x « 1. 
The average response to the signal 

plus the quadrature noise component 
is the response to a signal of magni¬ 
tude: 

Figure F. Noise components can be projected 
into in-phase and quadrature parts with respect 
to a signal of unity amplitude and arbitrary 
phase. 

Figure G. CW signals measured on a logarith¬ 
mic scale show very little effect from the addi¬ 
tion of noise signals. 

The average response to the signal 
plus in-phase noise will be lower than 
the response to a signal without noise 
if the chosen scale is compressive. For 
example, let x be ±0.1 and the scale be 
logarithmic. The response for x = +0.1 
is logd.l); for x = -0.1 is log (0.9). The 
mean of these two is -0.0022, also ex¬ 
pressible as log (0.9950). The mean re¬ 
sponse to the quadrature components 
is log(sqrt(l+(0.1)2)), or log (1.0050). 
Thus, the log scale has an average de¬ 
viation for in-phase noise that is equal 
and opposite to the deviation for quad¬ 
rature noise. To first order, the log 
scale is noise-immune. Thus, an ana¬ 
lyzer that averages (for example, by 
video filtering) the response of a log 
amp to the sum of a CW signal and a 
noise signal has no first-order depen¬ 
dence on the noise signal. 

Figure G shows the average error 
because of noise addition for signals 
measured on the log scale and, for 
comparison, for signals measured on a 
power scale. 

both noise-like, then their ratio will be 
accurately measured regardless of 
whether their true power or log-averaged 
power (or any partially averaged result 
between these extremes) is measured. 

Thus, unless discrete CW tones are 
found in the signals, ACP is not subject 
to the cautions regarding VBW and 
other averaging noted in the section on 
channel power previously. 

Figure 10. Log averaging improves the measurement of CW signals when their amplitude is near that of 
the noise, (a) shows a noise-free signal, (b) shows an averaged trace with power-scale averaging and 
noise power 1 dB below signal power; the noise-induced error is 2.5 dB. (c) shows the effect with log¬ 
scale averaging—the noise falls 2.5 dB and the noise-induced error falls to only 0.6 dB. 

But some ACP standards call for the 
measurement of absolute power, rather 
than a power ratio. In such cases, the 
cautions about VBW and other aver¬ 
aging do apply. 

Carrier power 
Burst carriers, such as those used in 

TDMA mobile stations, are measured dif¬ 
ferently than continuous carriers. The 
power of the transmitter during the time 
it is on is known as the “carrier power.” 

Carrier power is measured with the 
spectrum analyzer in “zero span.” In this 
mode, the local oscillator (LO) of the ana¬ 
lyzer does not sweep, thus the span swept 
is zero. The display then shows amplitude 
normally on the y axis, and time on the x 
axis. If the RBW is larger compared to the 
bandwidth of the burst signal, then all the 
display points will include all the power in 
the channel. The carrier power is com¬ 
puted by averaging the power of all the 
signals that represent the times when the 
burst is on. Depending on the modulation 
type, this is often considered to be any 
point within 20 dB of the highest regis¬ 
tered amplitude. (A trigger and gated 
spectrum analysis may be used if the car¬ 
rier power is to be measured over a speci¬ 
fied portion of a burst-RF signal.) 
Using a wide RBW for the carrier¬ 

power measurement means that the 
signal will not have noise-like statistics. It 
will not have CW-like statistics either, so 
it is still wise to set the VBW as wide as 
possible. But let’s consider some examples 
to see if the sample-mode bandwidths of 
spectrum analyzers are a problem. 

For IS-95 CDMA, with a modulation 
rate of 1.2288 MHz, we can anticipate a 
problem with two typical spectrum an¬ 
alyzer families that have 450 and 800 
kHz effective video bandwidths. 
Experimentally, an instrument with an 
800 kHz sample-mode bandwidth expe¬ 
rienced a 0.2 dB error, and one with 
450 kHz BW had a 0.6 dB error with an 
OQPSK (mobile) burst signal. For PDC, 
NADC and TETRA, the symbol rates 
are less than 25 kb/s, so a VBW set to 
maximum will work well. It will also 
work well. It will also work well for 
PHS and GSM, with symbol rates of 
380 and 270 kb/s. 

Compensation for instrumentation 
noise—CW signals and log vs. 
power detection 
When measuring a single CW tone in 

the presence of noise, and when using 
power detection, the level measured is 
equal to the sum of the power of the CW 
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The noisiness of noise measurements 
The results of measuring noise-like 

signals are, not surprisingly, noisy. 
Reducing this noise is accomplished by 
three types of averaging: 

• increasing the averaging within 
each measurement cell of a spectrum 
analyzer by reducing the VBW. 

• increasing the averaging within a 
computed result like channel power by 
increasing the number of measure¬ 
ment cells contributing to the result. 

• averaging a number of computed 
results. 

Variance and averaging 
The variance of a result is defined as 

the square of its standard deviation, 
therefore it is symbolically a2. The vari¬ 
ance is inversely proportional to the 
number of independent results averaged. 
Thus, when N results are combined, the 
variance of the final result is a2/N. 
The variance of a channel-power re¬ 

sult computed from N independent 
measurement cells is likewise g2/N, 
where o2 is the variance of a single 
measurement cell. But this variance is 
an interesting parameter. 

If the standard deviation of logged 
envelope noise is measured, it will be 
5.57 dB. Thus, the G of a channel-power 
measurement that averaged log data 
over, for example, 100 measurements 
cells would be 0.56 dB (5.6/sqrt(100)). 
But averaging log data not only causes 
the aforementioned 2.51 dB under-re¬ 
sponse, it also has a higher than desired 
variance. Those not-rare-enough nega¬ 
tive spikes of envelope, such as -30 dB, 
add significantly to the variance of the 

log average even though they represent 
little power. The variance of a power 
measurement made by averaging power 
is lower than that made by averaging 
the log of power by a factor of 1.64. 

Thus, the g of a channel-power mea¬ 
surement is lower than that of a log-
averaged measurement by a factor of 
the square root of this 1.64: 

Hour 
4.35 dB 

4Ñ 
5.57 dB 

[power averaging] 

[log processing] 

Averaging computed results 
If individual channel-power mea¬ 

surements are averaged to get a lower-
variance final estimate, it would be un¬ 
necessary to convert dB-format 
answers to absolute power to get the 
advantages of avoiding log averaging. 
The individual measurements, being 
the results of many measurement cells 
summed together, no longer have a dis¬ 
tribution like the “logged Rayleigh,” but 
rather look Gaussian. Also, their distri¬ 
bution is sufficiently narrow that the 
log (dB) scale is linear enough to be a 
good approximation of the power scale. 
Thus, our intermediate results can be 
dB-averaged. 

Swept versus FFT analysis 
In the previous discussion, the vari¬ 

ance reduced by a factor of N was from 
independent results. This indepen¬ 
dence is typically the case in swept-
spectrum analyzers, because of the 
time required to sweep from one mea¬ 

surement cell to the next under typical 
conditions of span, RBW and sweep 
time. FFT analyzers will usually have 
fewer independent points in a mea¬ 
surement across a channel bandwidth, 
reducing, but not eliminating, their 
theoretical speed advantage. 

For digital communications signals, 
FFT analyzers have an even greater 
speed advantage than their throughput 
predicts. Consider a constant-envelope 
modulation, such as used in GSM cel¬ 
lular phones. When measured with a 
sweeping analyzer, with an RBW much 
narrower than the symbol rate, the 
spectrum looks noise-like. But in an 
FFT span wider than the spectral 
width of the signal, the total power 
looks constant, so channel power mea¬ 
surements will have low variance. 

Zero span 
A zero-span measurement of carrier 

power is made with a wide RBW, so 
the independence of data points is de¬ 
termined by the symbol rate of the dig¬ 
ital modulation. Data points spaced by 
a time greater than the symbol rate 
will be almost completely independent. 

Zero span is sometimes used for 
other noise and noise-like measure¬ 
ments where the noise bandwidth is 
much greater than the RBW, such as 
in the measurement of power spectral 
density. For example, some companies 
specify IS-95 CDMA ACPR measure¬ 
ments that are spot-frequency power 
spectral density specifications: Zero 
span can be used to speed this kind of 
measurement. 

tone and the power of the noise within the 
RBW filter. Thus, the accuracy of a mea¬ 
surement could be improved by mea¬ 
suring the CW tone first (let’s call this the 
“S + N” or signal-plus-noise), then discon¬ 
nect the signal to make the “N” measure¬ 
ment. The difference between the two, 
with both measurements in power units 
(for example, milliwatts, not dBm) would 
be the signal power. 

But measuring with a log scale and 
video filtering or video averaging results 
in unexpectedly good results. As described 
earlier, the noise will be measured lower 
than a CW signal with equal power 
within the RBW by 2.5 dB. But to first 
order, the noise does not even affect the 
S+N measurement. Figure 10 demon¬ 

strates the improvement in CW measure¬ 
ment accuracy when using log averaging 
versus power averaging. 

To compensate S+N measurements on 
a log scale for higher-order effects and 
high noise levels, use this equation where 
all terms are in dB units: 
power^ = powerStN -10.42 ■ io-“33*"“™’ 

where power^ is the observed power of 
the signal with noise, and deltaSN is the 
decibel difference between the S + N and 
N-only measurements. With this compen¬ 
sation, noise-induced errors are less than 
0.25 dB even for signals as small as 9 dB 
below the interfering noise. Of course, in 
such a situation, the repeatability be¬ 
comes a more important concern than the 

average error. Excellent results can be ob¬ 
tained with adequate averaging. Also, the 
process of averaging and compensating, 
when done on a log scale, converges on 
the result much faster than when done in 
a power-detecting environment. 

Power-detection measurements and 
noise subtraction 

If the signal to be measured has the 
same statistical distribution as the instru¬ 
mentation noise (in other words, if the 
signal is noise-like), then the sum of the 
signal and instrumentation noise will be a 
simple power sum: 
powerStN = powers + powerN

The units of all variables must be 
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power units such as milliwatts, and not 
log units like dBm, nor voltage units 
like mV. This equation also applies if 
powers and powerN are measured with 
log averaging. 
The power equation also applies when 

the signal and the noise have different 
statistics (CW and Gaussian respectively) 
but power detection is used. The power 
equation would never apply if the signal 
and the noise were correlated, either in-
phase adding or subtracting. But, that 
will never be the case with noise. 

Therefore, subtract the measured noise 
power from any power-detected result to 
get improved accuracy. Results of interest 
are the channel-power, ACP and carrier¬ 
power measurements described previ¬ 
ously. The equation would be: 
power, = power, -power» 

Care should be exercised that the mea¬ 
surement setups for power and powerN 
are as similar as possible. 
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RF coyer story_ 

Measuring QPSK modulation 
in personal/mobile satellite 
communication systems 
Big LEO systems are the future for mobile and data communications. However, 
measuring the QPSK-modulated signals can be a challenge. 

By Steve Reyes 

A number of emerging personal mobile satellite communications 
systems are positioned to turn on in the 
near future. Market drivers for these 
systems include global mobile telecom 
users, high-speed data needs (Fax, 
Internet) and remote stationary loca¬ 
tions (rural areas and global small vil¬ 
lages). An additional anticipated 
market is providing global paging ser¬ 
vices combined with the mobile phone. 
One of the satellite options is the 

Low Earth Orbit (LEO) system that op¬ 
erates in the newly licensed Ka and C 
bands where wide-data bandwidth are 
readily available. A major concern of 
the LEO system engineer is the accu¬ 
rate monitoring of power during opera¬ 
tion. Recent advances in power meter 

design have introduced new measure¬ 
ment techniques that give satellite 
system operators the ability to monitor 
the short- and long-term power status 
under operating conditions. 
Two of the new systems, Globalstar 

and Iridium, are known as Big LEOs. 
Big LEO systems are satellite systems 
that provide voice and data communi¬ 
cation. Little LEO systems are systems 
that do not provide voice connections. 
These systems provide packet data 
links, or “store and forward” services, 
for data such as electronic mail, 
paging, digital messages and other 
commercial services. 
A primary characteristic of the LEO 

system compared to the traditional geo¬ 
stationary (GEO) system is the low alti¬ 
tude. Low altitude results in the satel¬ 
lites not having a stationary position on 
the horizon. So, a larger number of 

GEO Globalstar IRIDIUM 

# Satellites 4-6 48 66 
# Planes 1 8 6 
Altitude (km) 36,000 1,401 785 
Modulation QAM QPSK QPSK 
Mobile User 
Uplink (GHz) 
Downlink (GHz) 

1.610-1.6265 
2.4835-2.500 

1.616-1.6265 
1.616-1.6265 

Gateway Terminal 
C/S Band 
K band (VSATs) 

C Band 
Uplink /Downlink 

Uplink 
27.5-30.0 GHz 
Downlink 18.8-20.2 GHz 

Avg. Satellite 
Connection Time 

10-12 min 9 min 

Transponder Bent Pipe Processing 
Two Way 
Time Delay (millisec.) 

600-1,400 300 local 
900 intercontinental 

300 local 
900 intercontinental 

Sat Mission Life (yrs) 10-15 7.5 5 
Crosslinks No No Yes; 4 crosslinks at 25 Mbps; 

22.55-23.55 GHz 
Data Rate (kb/s) 2.4 to 1.5 Mb/s 1.2-9.6 (Voice & Data) 4.8 (Voice) 

2.4 (Data) 
Battery Life 24 hrs standby, 

8 hrs @ 5% duty cycle 
24 hrs: 1 hr talk, 
23 hrs standby 

Table 1. Satellite communication systems. 

satellites are required in multiple 
planes to maintain connections. Other 
differences between LEO systems and 
GEO systems are found in the time 
delay and the power requirements of 
the personal mobile phone. 
GEO satellites have a typical orbit of 

more than 35,000 km compared to a 
typical LEO orbit of 700-1,400 km. 
Advances in GEO satellite technology 
have recently reduced the size require¬ 
ments of the end user terminal and can 
now be handled by very small aperture 
terminals (VSATs). A drawback of 
VSATs in telecommunications is the 
two-way time delay caused by the alti¬ 
tude of the orbit. The typical voice in¬ 
teraction delay for GEO systems is 
from 600-1,400 msec, although LEO 
systems have a typical delay in the 
300-500 msec range for local connec¬ 
tions and 900 milliseconds for intercon¬ 
tinental connections. Also, the VSATs 
still are not truly portable and are not 
considered a personal mobile communi¬ 
cation device. 
The fixed orbit of a GEO satellite al¬ 

lows a wide-distribution footprint for 
maximum coverage per satellite. A 
GEO system requires only three to four 
satellites for global coverage while the 
LEO systems need 12-66 satellites for 
complete coverage. The number varies 
depending on the altitude of the satel¬ 
lites, the planned capacity of the 
system and other market objectives. As 
the number of satellites increase, there 
is more opportunity to cover a larger 
area of the globe and to provide a 
higher average elevation angle. A high-
elevation angle reduces the effects of 
shadowing (blockages of the signal 
caused by buildings, trees) and results 
in less likelihood of a dropped call. 

Table 1 provides a summary of the 
big LEO systems with comparison to 
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Figure 1. A typical big LEO system. 

the traditional GEO systems. The big 
LEOs establish connections between 

the earth stations and the satellites in 
the C and Ka bands, while mobile con¬ 

nections are made via the handsets in 
the L and S bands. The earth stations 
may also double as gateways that pro¬ 
vide connection to the local public 
switched telephone network (PSTN). 
Connections between earth stations are 
provided either through crosslinks be¬ 
tween satellites, as in the IRIDIUM 
system, or through leased lines in other 
systems. Figure 1 provides an overview 
of a big LEO system. 

Satellite modulation techniques 
LEO systems use quadrature phase¬ 

shift keying (QPSK) modulation for max¬ 
imum channel efficiency. Although there 
are different variations of QPSK modula¬ 
tion, the basic structure is the use of all 
four quadrants of the constellation. 
Figure 2 provides an example of a QPSK 
modulated signal used in a typical com¬ 
munication system. The four clusters 
represent the points of data available 
when using this technique. The tighter 
the clusters, the lower the bit error rate 
(BER). As the phase of the carrier signal 
shifts from one quadrant to another, the 
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Figure 2. The QPSK-modulated signal experi¬ 
ences random power level fluctuations during 
the modulation process. The power amplitude 
chart gives an indication of the wide range of 
amplitude variations the carrier signal will track 
under a real-world condition. 

signal vector often passes near or 
through the zero crossing. Because the 
distance from the zero crossing repre¬ 
sents amplitude, Figure 2 indicates that 
the QPSK modulated signal experiences 
random power level fluctuations during 
the modulation process. The power am¬ 
plitude chart in Figure 2 gives an indica¬ 
tion of the wide range of amplitude vari¬ 
ations the carrier signal will track under 
a real-world condition. 

In satellite systems, there is a need to 
constantly monitor the power output of 
the satellite and ground stations. In 

low-power portable systems, issues such 
as building penetration, rain and tree 
attenuation, and horizon tracking result 
in the need to establish link budgets at 
the mobile phone, the satellite and 
ground station with margins as high as 
20 dB or more. Consequently, accurate 
power measurements are critical to the 
success of the satellite system. 

Power meter measurements 
Power meters are ideal for moni¬ 

toring the power transmission of satel¬ 
lite systems because of their accuracy, 
stability, and when available, user fea¬ 
tures. Diode sensors provide the best 
method for characterizing a complex 
modulated signal because of their 
ability of tracking the power envelope. 
A diode sensor provides a voltage 

output proportional to power input 
within the square-law region of the 
diode, -70 to -20 dBm. This is often re¬ 
ferred to as the linear region of the 
power sensor. Because diode sensors 
have a wide RF bandwidth, frequency 
modulated (FM) or phase modulated 

(PM) signals can be easily measured by 
diode sensors either inside the square 
law region or outside the square law re¬ 
gion when non-linear correction factors 
are applied. However, if the signal is 
amplitude-modulated (AM), such as in 
the case of a QPSK modulated signal, 
then additional factors must be consid¬ 
ered. If the power level of the modu¬ 
lated signal is within the square law re-
gion, then average power 
measurements are available when the 
meter is designed to properly take into 
account power variations. A properly 
designed power meter can accumulate 
multiple power readings of the modu¬ 
lated signal and average the data as 
long as the power level is within the 
square law region of the diode. 
An additional challenge is encoun¬ 

tered when the power level rises above 
-20 dBm and the diode is no longer in 
the square law region. In this case, the 
video bandwidth of the sensor, as well 
as the analog bandwidth of the meter 
front-end, must be wide enough to 
track the amplitude variations. If it is 
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ISO 9001 
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Figure 3. An example of an evenly distributed, random amplitude signal such as that found in a QPSK-
modulated signal. 

not, then a measurement offset will re¬ 
sult. Diode sensors designed with the 
proper video bandwidth will track the 
power envelope and provide the power 
meter with sampled measurements 

ready for averaging. The bandwidth of 
the sensor must therefore be high 
enough to track the highest modulation 
rate of the communication system 
being measured. Using this approach 

provides a method of measuring a mod¬ 
ulated signal outside the square law re¬ 
gion and thereby providing the max¬ 
imum dynamic range available for the 
measurement system. 
A consequence of wider bandwidths 

in the measurement system is a reduc¬ 
tion of dynamic range. To optimize mea¬ 
surement accuracy, power sensors with 
different bandwidths provide the oppor¬ 
tunity to match the power sensor to the 
application while maintaining max¬ 
imum dynamic range. A wide dynamic 
range offers the systems engineer the 
ability to accurately monitor the output 
of the system over the wide-link bud¬ 
gets typically found in satellite systems. 

Measuring QPSK modulated signals 
Figure 3 provides an example of an 

evenly distributed, random amplitude 
signal such as that found in a QPSK-
modulated signal. Because the broad 
definition of power is the amount of en¬ 
ergy per unit of time, the average 
power of a randomly modulated signal 
is the average power over the time pe-
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Figure 4. An example of the different levels of 
transmission that might exist in a communica¬ 
tion channel. 

riod of interest. 
A diode-based power meter provides 

power measurements of an AM signal 
by accumulating sampled measure¬ 
ments over a period of time and pro¬ 
viding an average. With random distri¬ 
bution of power, the power meter will 
arrive at the proper level when enough 
samples are accumulated. This time pe¬ 
riod can be indirectly controlled by the 
“Average N” number used. 
Now consider a situation where the 

average power of the modulated signal 
varies with time caused by real-world 

Figure 5. Crest factor is the ratio of the largest 
peak power encountered to the average power 
within the same measurement period. 

conditions. For example, in a satellite 
communications system, the average 
transmitted power will vary with envi¬ 
ronmental conditions such as cloud 
cover, rain and changes in tempera¬ 
ture. Also, changes in traffic occupancy 
cause variances in power output. 
Figure 4 provides an example of the dif¬ 
ferent levels of transmission that might 
exist in a communication channel. A 
power measurement over time T1 will 
be different than a measurement over 
time T2 because of the difference in the 
times of the measurement window. 

If the objective is to determine the 
power output of the transmitter at a 
specific point in time, then the power 
measurement window will have a rela¬ 
tively short duration. However, the sys¬ 
tems operator often needs to analyze 
both the long-term uninterrupted power 
as well as the short-term power. In this 
case, a different method of data accumu¬ 
lation is needed. The difficulty with per¬ 
forming long-term power measurements 
under remote control is that the power 
meter often requires housekeeping 
chores, such as temperature compensa¬ 
tion and display updates, that result in 
measurement gaps between readings. A 
power meter that takes into account this 
specific concern can provide an internal 
measurement mode that will eliminate 
meaurement gaps in the data. 

Another important measurement of 
QPSK-modulated signals is crest 
factor. Crest factor is the ratio of the 
largest peak power encountered to the 
average power within the same mea¬ 
surement period (Figure 5). The sys¬ 
tems engineer uses crest factor to track 
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the largest peak power encountered 
during transmission. Limiting the peak 
power requirements to levels within 
the design parameters cf the trans¬ 
mitter minimizes clipping or compres¬ 
sion of the carrier and thereby mini¬ 
mizes BER during transmission. 

Conclusion 
The evolution of mobile communication 

systems has led to the development of 
personal communication satellite systems 
for global coverage. The big LEO systems 
will provide global personal services for 
voice and data for mobile as well as fixed 
remote-site access. These systems use 
QPSK modulation techniques for op¬ 
timum performance of channel occupancy 
and data throughput. Accurate power 
measurements of QPSK-modulated sig¬ 
nals can be challenging because of the 
constantly changing nature of the signal. 
Techniques have been developed that pro¬ 
vide the capabilities necessary for a diode¬ 
based power meter to perform these mea¬ 
surements quickly and accurately. 
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tutorial_ 

Signal synthesis 
and mixed signal technology 

“Mixed signal” has become the buzz word of the ‘90s. So what is mixed signal technology1? 

By Ken Gentile 

Historically, there have been two 
distinct classes of integrated cir¬ 

cuits (ICs); digital ICs and analog ICs. 
Mixed signal technology combines both 
digital and analog technologies in a 
single IC. This is a relatively recent inno¬ 
vation. In the past, most IC manufac¬ 
turers tended to have two distinct 
product lines; one analog and one digital. 
In fact, several manufacturers specialize 
in producing only analog or digital ICs. 

For the engineer who has specialized 
in either analog or digital design but has 
not been formally introduced to the 
world of digital signal processing (DSP), 
a foundation will be laid that covers the 
basic concepts of DSP. Some specific de¬ 
sign considerations are unique to mixed 
signal systems. Knowledge of these de¬ 
sign considerations will help a designer 
determine if a mixed signal system is a 
viable solution and show how to imple¬ 
ment a sound mixed-signal design if so 
determined. 

Figure 1. Basic mixed signal synthesis system. 

Figure 2. Discrete to continuous translation. 

Mixed signal technology can be di¬ 
vided into two major categories: analysis 
and synthesis. Some systems incorpo¬ 
rate both forms. Analysis consists of a 
mixed signal system that accepts an 
analog input, converts it to digital and 
processes it in the digital realm. 
Examples include some types of elec¬ 
tronic measurement equipment, photo¬ 
copiers and digital cameras. Synthesis 
internally generates a digital (numeric) 
version of an analog signal and ulti¬ 
mately yields an analog output. 
Examples are electronic musical instru¬ 
ments, computer sound cards and cer¬ 
tain types of electronic test equipment. 

Mixed signal synthesis 
A basic mixed signal synthesis system 

is shown in Figure 1. The fundamental 
requirement of a mixed signal system is 
a clock source. This is because any mixed 
signal system is a sampled system and 
any sampled system requires a timing el¬ 
ement. The clock source may be gener¬ 
ated locally by an oscillator or may be 
provided by some external source. 
The digital input is merely the nu¬ 

meric information that models the de¬ 
sired analog output. It can take the form 
of externally provided real-time data, or 
data generated by a DSP chip, or data 
stored in a read only memory (ROM) 
table. In either case, this information is 
totally digital. 

The sampled system makes use of the 
clock source and digital input to create a 
digital output. The digital output is in 
the form of numeric information and is 
not useful until it is translated into 
analog form. 
The purpose of the digital-to-analog 

conversion block is to perform this 
translation. It takes the numeric infor¬ 
mation and translates it into its analog 
representation. Thus, the output is the 
desired analog product (a sound, a pic¬ 
ture, a waveform). 

Digital signal synthesis basics 
Digital signal synthesis is, at its 

heart, a time-domain operation. A sam¬ 
pled system operates on one sample at a 
time, building up the desired output. 
Numbers are produced from the sam¬ 
pled system at regular intervals, cre¬ 
ating a series of discrete numeric values 
occurring at regular intervals. The dig-
ital-to-analog conversion function trans¬ 
forms the sequence of numbers from a 
series of discrete values to a continuous 
analog output (effectively filling in the 
void between the numbers). This is a 
transformation from the discrete (dig¬ 
ital) world to the continuous (analog) 
world. This process is shown in Figure 2. 
The time between successive numeric 

values is At and is known as the sample 
period (the assumption is made that At 
is uniform). The reciprocal of the sample 
period is the sample rate or sample fre¬ 
quency, Fs. 

F = — 
At 

There is a fundamental relationship 
between Fs and the highest analog fre¬ 
quency that can be faithfully produced 
at the output using discrete digital 
values. This highest frequency is known 
as the Nyquist rate and is given by: 

F 
Nyquist Rate = -ÿ 

This relationship is the keystone of 
DSP and is of paramount importance in 
any sampled system. This relationship 
puts a limitation on the useable band¬ 
width of the final analog output signal. 
For example, if the sampled system op¬ 
erates at 10 Msps (mega-samples-per-
second), then the maximum analog 
output frequency must be 5 MHz or less. 

To elaborate on this concept, first con¬ 
sider a continuous analog signal in the 
time domain (Figure 3a). Assume that 
the spectrum of this signal (frequency 
domain) is such as shown in Figure 3b. 
Such a spectrum, one that starts at 0 Hz 
and covers a finite bandwidth, is called a 
baseband spectrum. Now, take samples 
at regular intervals (At) of the analog 
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Figure 3. The sampling process from both the time and frequency perspective. 

signal. Or mathematically, multiply the 
analog signal of Figure 3a by the im¬ 
pulses of Figure 3c. The result (in the 
time domain) is Figure 3e, and the fre¬ 
quency domain equivalent appears in 
Figure 3f. 
Where did the spectral replicas come 

from? The answer lies in two subtleties 
associated with the sampling process. 
First, each of the individual impulses in 
Figure 3c has a frequency spectrum that 
is a horizontal straight line (i.e., it is 
composed of an infinite number of fre¬ 
quencies). This means that the hori¬ 
zontal line shown in Figure 3d is not a 
single horizontal line, but actually a 
composite of horizontal lines superim¬ 
posed on each other. Each horizontal 
line is the spectrum of one impulse offset 
by a frequency of value Fs relative to the 
spectrum of the previous impulse. The 
frequency offset is because of the 
shifting property of the Fourier trans¬ 
form. The second subtlety is the fact 
that when the two time domain signals 
(Figure 3a and 3c) are multiplied, the re¬ 
sult is their product (Figure 3e). In the 
frequency domain, however, the spec¬ 
trum of Figure 3b must be convolved 
with the spectrum of Figure 3d to arrive 
at the result (Figure 3f). This, too, is a 
property of the Fourier transform and 
can be stated as: Multiplication in the 
time domain is equivalent to convolution 
in the frequency domain, and vice versa. 

Convolving the delayed, horizontal, 
spectral lines of Figure 3d with the 
baseband spectrum of Figure 3b yields 
the replicated baseband spectra in 
Figure 3f. Notice, also, that the base¬ 
band spectrum is mirrored around in¬ 
teger multiples of the sampling fre¬ 
quency, F8. This mirror effect stems 
from an assumption that the baseband 

spectrum was a real signal. A real 
signal has a spectrum that is sym¬ 
metric about the vertical axis at f = 0 
(that is, it has a negative frequency 
spectrum that is a mirror image to its 
positive frequency spectrum). Hence, 
the spectra centered on multiples of Fs 

reflect the baseband spectrum and its 
mirror image about f = 0. To the con¬ 
trary, a complex baseband spectrum is 
asymmetric about f = 0. That is, its 
negative frequency spectrum is not a 
mirror image of its positive frequency 
spectrum. So, when a complex base¬ 
band signal is sampled, it results in the 
appearance of the asymmetric base¬ 
band spectrum replicated at integer 
multiples of Fs. 

It should be apparent from Figure 3f 
that if a sampled system is used to gen¬ 
erate signals, the spectrum is infinite. 
Because the goal is to reproduce the 
baseband spectrum (not its replicas), it 
is necessary to lowpass filter the output 
signal. If an ideal filter were used with a 
cutoff frequency of t6Fs, then the output 
of the filter would be a reproduction of 
the original baseband spectrum-a per¬ 
fect reproduction, as long as the band¬ 
width of the original baseband spectrum 
is less than t4F8. Unfortunately, an ideal 
lowpass filter is not physically realiz¬ 
able. A realistic filter will have a fre¬ 
quency range in which the attenuation 
will gradually go from zero (the pass¬ 
band) to some acceptably large value 
(the stopband). Thus, an attenuation 
slope will be between the end of the 
passband and the beginning of the stop¬ 
band. This leads to a rule of thumb for 
designing mixed signal systems: 

Limit the baseband spectrum to 40% 
of Fs to allow for a realistic lowpass 
filter’s transition region. 

The real importance of the Nyquist 
Rate does not become evident until the 
situation in Figure 4 is considered. 
Assume that the time-domain signal in 
Figure 4a has a spectrum as shown in 
Figure 4b. Notice, however, the rela¬ 
tionship between Fs and the baseband 
spectrum; the baseband spectrum spans 
a range that exceeds 14FS. As in the pre¬ 
vious example, we once again sample at 
intervals of At (the same At as in the 
previous example) and show the spec¬ 
tral results. Notice that the spectral im¬ 
ages overlap. In the overlap regions, fre¬ 
quencies from one image are 
superimposed on the other (a summing 
operation) resulting in a spectrum that 
differs considerably from the original 
baseband spectrum. This mixing of sig¬ 
nals is an irreversible process; there is 
no way to recover the information con-
tained in the overlap regions. 
Furthermore, those frequencies not 
originally in the region from 0 to M>FS 

but that intrude into that region, are 
called alias frequencies (or aliases). 

It should be obvious from the results 
shown in Figure 4f that the baseband 
spectrum must be constrained to half of 
the system sample rate ('áFJ if a digital 
signal is to be synthesized. 

Digital-to-analog conversion 
Digital signal synthesis involves 

nothing more than the generation of a 
time series of numbers that represents a 
desired spectrum in the frequency do¬ 
main. Unfortunately, a time series of 
numbers is not usefill in the real-world. 
After all, time appears to progress in a 
continuous fashion, not in discrete steps 
(time quanta, so to speak). Certainly, it 
is desirable to have a means to convert 
our discrete time series of numbers to a 
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n x(n) D(n) e 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

128 
197.202 
244.443 
254.697 
224.736 
164.062 
91.938 
31.264 
1.303 

11.567 
58.798 

128 
197 
244 
255 
225 
164 
92 
31 
1 

12 
59 

0 
0.202 
0.433 
-0.303 
-0.264 
0.062 
-0.062 
0.264 
0.303 
-0.433 
-0.202 

Table 1. The computed values of x(n), D(n) and 
the error e, for N = 11. 

continuous (analog) signal. This is the 
function of the digital-to-analog conver¬ 
sion portion of a mixed signal system. 
The heart of the digital-to-analog con¬ 

version block is the digital-to-analog 
converter (DAC). The DAC is an elec¬ 
tronic device that accepts a number as 
an input and converts this number to 
some analog representation of that 
number (a certain amount of current or 
voltage, for example). Typically, the 
input to the DAC consists of a group of 
digital logic input lines. The input cir¬ 
cuitry of the DAC is usually configured 
to decode the group of input lines as a 
binary number. For example, a DAC 
with eight inputs (an 8-bit DAC) can de¬ 
code 2s (256) unique input combinations 
of logical Is and Os. Typically, the DAC’s 
internal circuitry is designed to trans¬ 
late the binary weighted number at its 
input to a linearly scaled voltage or cur¬ 
rent at its output. For example, for a 
particular 8-bit DAC, an input number 
of zero yields an output voltage of -5 V 
and each unit increment at the input 
yields a unit increment at the output 
such that an input value of 255 yields an 
output voltage of +5 V. This represents a 
linear input/output relationship, which 
is what we would expect. 

It should be obvious from the previous 
paragraph that one of the fundamental 
limitations to using a DAC is the fact 
that the input is only capable of ac¬ 
cepting a fixed range of numbers. Values 
outside of the range of the input are 
meaningless. So, any number gener¬ 
ating system that precedes the DAC 
must be constrained to generate num¬ 
bers within the DAC’s input range. In 
addition to this constraint, several other 
DAC related factors limit mixed signal 
performance: 

• Quantization noise 
• Harmonic distortion 
• Clock jitter 
• Switching transients 
• Zero order hold effects 

As previously described, both the 
input and output of a DAC are quan¬ 
tized—only specific values are allowed 
(no intermediate values). This funda¬ 
mental limitation produces an affect 
known as quantization error. The effect 
of quantization error becomes obvious 
when using the DAC to generate a si¬ 
nusoid. Suppose one cycle of a sine 
wave consisting of N sample points 
using the previously described DAC is 
generated. The sample values would 
then be given by: 

(
2jrn A 
— 
N J 

where n is the sample index (n = 
0,l,2...N-l). 

However, the DAC can only accept in¬ 
tegers between 0 and 255, so the actual 
DAC input values, D(n), must be con¬ 
strained to integers. Thus, the DAC 
input values are given by: 

D(n) = INT[x(n)] 

The INT(x) function simply implies 
rounding the argument, x, to the nearest 
integer. Table 1 tabulates the computed 
values (rounded to three decimal places) 
of x(n), D(n), and the error e, for N = 11. 

Obviously, the values of D(n) do not 
represent a perfect sinusoid. If the 
eleven D(n) values were sequentially fed 
to the DAC repetitively, the result would 
be an output waveform that approxi¬ 
mates a sinusoid. Its spectrum would 
consist of a vertical line corresponding to 
the frequency of the sine wave along 
with a finite noise floor. It can be shown 
that, in the absence of all other noise 
sources, the total noise power (because 
of quantization) is predictable relative to 
the power of a full-scale sinusoid at the 
DAC output. This is often specified as 
signal-to-quantization noise ratio 
(SQNR) and is usually expressed in 
decibel units (dB). 

SQNR = 6.02B +1.76 

where B is the number of bits associated 
with the DAC’s input section. For our 8-
bit DAC, the SQNR is approximately 50 
dB, which means that the amount of 
noise power produced by the quantiza¬ 
tion error will always be at least 50 dB 
below the power of a full scale sinusoid 
at the DAC output. This does not mean 
that the noise floor will be 50 dB below 
the signal. Instead, it means that if a 
wideband measurement is made of a 
DAC-generated sinusoid, then the sum 
of all the power in the band (excluding 
the sinusoid) will be 50 dB below the 

power contained in the sinusoid (pro¬ 
vided the amplitude of the sinusoid 
spans the full-scale range of the DAC). 

It follows from this discussion that 
the larger the number of DAC input 
bits, the smaller the e, and the larger 
the SQNR (that is, less noise). In the 
ideal sense, the more bits the better. 
However, this only applies to ideal 
DACs. Limitations associated with the 
physical realization of a DAC puts an 
upper bound on the number of bits that 
are attainable for a given application. 
Incidentally, the number of DAC inputs 
gives rise to the term “DAC resolution.” 
This is a measure of the smallest incre¬ 
mental voltage or current step at the 
DAC output. Specifically, the DAC in 
question would be considered a DAC 
with “8-bit resolution.” This infers that 
the DAC output consists of 256 equally 
spaced values. The absolute step size at 
the output, of course, is dependent on 
the range of the DAC’s minimum and 
maximum output values, but the resolu¬ 
tion is still 8 bits. 
The net result of quantization error is 

that quantization noise represents a the¬ 
oretical limit on the quality of the signal 
that a mixed signal system can gen¬ 
erate. Even if a perfect DAC could be 
produced, the best noise performance is 
defined by the SQNR equation. 

Obviously, it is not possible to pro¬ 
duce a perfect DAC. Normally, for a 
given input number, a DAC generates 
an output level that deviates slightly 
from the ideal output level. This is usu¬ 
ally specified by DAC manufacturers as 
differential nonlinearity (DNL) and inte¬ 
gral nonlinearity (INL). The net result of 
DNL and INL is that the DAC’s input to 
output relationship is not perfectly 
linear. This means that the input signal 
is transformed through some nonlinear 
process before being produced at the 
output. The result is that a perfect dig¬ 
ital sine wave at the input is trans¬ 
formed at the output to the desired sine 
wave plus harmonics. Thus, a distorted 
sine wave is produced at the DAC 
output. This form of error is known as 
harmonic distortion. Keep in mind that 
this error is in addition to the SQNR. 
As mentioned earlier, a sampled 

system is sampled at a specified sample 
rate, Fs. This, of course, implies that 
numbers are sent to the input of the 
DAC at the sample rate, as well. Thus, 
there must be some system clock source 
to derive the timing to feed numeric 
samples to the DAC. Errors in the accu¬ 
racy of the clock source must be consid-
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ered in the analysis of DAC errors. 
Thus far, it has been assumed that 

the sample clock occurs at precise inter¬ 
vals. In a real-world application, how¬ 
ever, this is not the case. There will al¬ 
ways be some finite deviation between 
clock intervals resulting in nonuniform 
sampling intervals. This deviation be¬ 
tween successive sampling instants is 
known as clock jitter. Clock jitter can be 
composed of periodic and/or random 
components. Another way to think of 
clock jitter is as a time variation in the 
phase of the clock signal. This, in turn, 
manifests itself as a time variation in 
the phase of the output signal and ap¬ 
pears as a modulation component in the 
output spectrum. This is particularly 
easy to spot with a spectrum analyzer if 
the clock jitter is periodic. As an ex¬ 
ample, suppose a DAC is being used to 
generate a sinusoid of frequency, f„, but 
there is periodic clock jitter present with 
a frequency of f^lO. Normally, the 
output spectrum is expected to be a 
single spectral line at f„ along with the 
expected quantization noise and any 
harmonic spectral fines because of DAC 
nonlinearity. The periodic jitter, how¬ 
ever, will produce additional spectral 
lines at 0.9fo and l.lf0 because of the 
modulation affect of the jitter frequency. 
Aperiodic jitter is less easily spotted. 
The result is instead of a sharp spectral 
line at fo, a spread out spectral peak cen¬ 
tered at f0 is achieved. 
Another source of DAC error is 

caused by switching transients. 
Ideally, sharp, square edges are de¬ 
sired when the DAC switches between 
two output levels. In the real-world, 
however, both fabrication issues and 
circuit layout issues cause a deviation 
from the ideal. Some sources of 
switching transients are: 

• Capacitive loading on the DAC’s 

output pin (voltage output DACs, only) 
• Timing skew 
• Impedance mismatching between 

the DAC output and the terminating 
load 

For voltage output DACs, capacitive 
loading causes large switching currents 
to flow through the DAC output as the 
load capacitor is rapidly charged and 
discharged. Each change of output 
voltage for such a DAC is effectively a 
step function; i.e., an instantaneous 
change in voltage. An instantaneous 
voltage change across a capacitor im¬ 
plies an infinite charging current (lim¬ 
ited by circuit resistance in this case). 
Because these transient currents must 
be provided by the DAC output, they 
must originate at the DAC’s power or 
ground connection. Large transient cur¬ 
rents give rise to transient voltages at 
the power or ground connection because 
of the finite impedance of the connec¬ 
tion. These transient voltages, in turn, 
appear as glitches superimposed on the 
DAC output. Because these glitches ap¬ 
proximate an impulse, the spectral re¬ 
sult is broadband noise with an increase 
in the level of the noise floor. 

Timing skew comes from sources in¬ 
ternal to the DAC. Variations in timing 
at the DAC’s output switches are the 
primary culprit. Recall that each of the 
DAC input lines is weighted in binary 
fashion. It is also the combination of all 
the input data signals that determines 
the final DAC output. If the signal paths 
internal to the device have asymmetric 
propagation times, then the output will 
consist of spikes as the various binary 
decisions arrive at the output at slightly 
different times. Thus, the rising and 
falling edges of the DAC’s output signal 
will contain glitches. These glitches ap¬ 
proximate impulses, so the spectral re¬ 
sults are broadband noise and an in¬ 
crease in the level of the noise floor. 
An impedance mismatch has a dif¬ 

ferent effect. The signal generated by 
the DAC is an electromagnetic wave 
that propagates along the path estab¬ 
lished by the external circuit. As the 
propagating wave encounters a change 
in the characteristics of the medium (an 
impedance mismatch), some of the 
wave’s energy propagates into the new 
medium and some of the energy is re¬ 
flected back to the source. The net effect 
is that the source will have time de¬ 
layed versions of the signal (echoes) su¬ 
perimposed on the original wave. 
Because the reflections are related to 
the physical characteristics of the cir¬ 

cuit, they are constant over time and 
occur periodically. The net result is the 
appearance in the output of spectral 
lines corresponding to the periodic na¬ 
ture of the reflections. 

The last form of DAC induced error is 
known as sine-x-over-x [SIN(x)/x] distor¬ 
tion. This error is a fundamental 
byproduct of a DAC. As numbers are 
presented to the DAC input, they are 
held (either internal to the DAC or by 
the external circuit) until the next 
number is available. The duration be¬ 
tween successive numbers is At. At the 
DAC output, this translates into holding 
an analog level for a period of At before 
changing to the next value. This process 
is known as a zero-order hold and can be 
thought of as passing the desired analog 
output signal through a filter as shown 
in Figure 5. Figure 5a shows the desired 
analog output signal, x(t), and the zero¬ 
order hold approximation, y(t), which is 
the actual DAC output signal. This is 
identical to passing x(t) through a filter 
with impulse response, h(t), as shown in 
Figure 5b and 5c. The Fourier transform 
of h(t) is H(D as shown in Figure 5d. 
Thus, the spectrum of the DAC output is 
the ideal analog spectrum multiplied by 
the SIN(x)/x envelope. It should be ap¬ 
parent from Figure 5d that the output 
level of the DAC is frequency dependent. 
For instance, if the DAC is generating a 
sinusoid at a frequency of M>Fs, then the 
magnitude of that sinusoid will be 3.92 
dB less than expected. 
Though SIN(x)/x error is an intrinsic 

DAC error, the fact that it is determin¬ 
istic makes it possible to correct. One 
such method is to precede the DAC with 
a digital finite impulse response (FIR) 
filter that has a frequency response that 
is the inverse of the SIN(x)/x envelope. 
This will effectively flatten the fre¬ 
quency response at the output of the 
DAC for frequencies as high as the 
Nyquist frequency (%FS). 

Having covered the systemic and in¬ 
trinsic errors that affect DAC perfor¬ 
mance, it is time to introduce a para¬ 
meter commonly used in industry to 
denote a more realistic measure of a 
DAC’s capabilities. Recall the formula 
for predicting quantization noise: SQNR 
= 6.02B + 1.76. This represents the theo¬ 
retical maximum in DAC performance 
and relates the DAC’s resolution (B is 
the number of bits of resolution) to the 
relative quantization noise power in 
decibels. The other forms of DAC errors 
add to the quantization noise. If all 
these sources of noise are summed up 
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Upconverter exemplifies 
mixed-signal technology 

Analog Devices’ new AD9856AST 
quadrature digital upconverter device 
exemplifies state-of-the-art mixed 
signal technology in action. It inte¬ 
grates a 12-bit high-speed DAC, direct 
digital synthesizer, interpolation fil¬ 
ters and high-speed multipliers/adder 
onto a single high performance chip. 
The AD9856AST accepts 12-bit (par¬ 
allel or serial) complex data words at a 
rate as high as 45 mega-samples-per-
second, in burst or continuous mode. 
An input demultiplexer splits the data 
into I/Q paths and an interpolation 
stage up samples the effective data 
rate to match the DDS clock rate. 
Sine/Cosine carriers are modulated 
with the I/Q data, and finally, the de¬ 
vice outputs an analog modulated car¬ 
rier that is frequency-agile over the 
range of DC-70 MHz. The AD9856AST 
targets modulation/upconversion ap¬ 
plications in the communication and 

networking industries where low cost, 
small size, low power and complete 
digital control are critical attributes. 
The AD9856AST provides an interface 
between the VLSI digital ASIC and 
the RF output. 

AD9856AST device package. 

and continue accumulating when it per¬ 
forms an addition that causes an over¬ 
flow (a circular adder). Also, it should be 
pointed out that the accumulator is up¬ 
dated at the system sample rate, Fs. 
The AAC is a 2P length table of values 

that represent the amplitude of the cor¬ 
responding input angle. The precise 
table values, k,, are determined by the 
following equation: 

and expressed as dB relative to a full 
scale signal, then that value can be sub¬ 
stituted into the left-hand side of the 
quantization noise formula and the 
equation can be solved for B. The result 
is a value of B less them ideal that repre¬ 
sents the effective number of bits 
(ENOB) of the DAC’s performance. So, a 
12-bit DAC may be indicated on a data 
sheet as having an ENOB of 10.9 bits. 
This indicates that in addition to quanti¬ 
zation noise, there is an additional 6.62 
dB of noise (6.02x[12-10.9]) because of 
other sources. In practice, the ENOB 
rating excludes any error because of 
SIN(x)/x distortion. 

Direct digital synthesis 
Digital synthesis is the process 

whereby the sampled system (Figure 1) 
generates the time domain numbers re¬ 
quired to produce the desired output 
spectrum. For complicated spectra, 

TUNING V 
WORD | 

RECURSIVE ADDER 
(ACCUMULATOR) 

Figure 6. DDS block diagram. 

SINUSOIDAL 
NUMBER 

^—►STREAM 
D 

ANGLE TO 
AMPLITUDE 
CONVERSION 

where numerous single frequencies 
must be generated simultaneously, the 
sampling system must be capable of 
monumental computing power and will 
require a DSP chip. At relatively high 
sample rates however, even a DSP chip 
can become completely overwhelmed. 
When the spectrum remains constant 
over time, using the DSP to precalculate 
the time domain data and store it in 
memory can reduce the DSP burden. 
Then, dedicated hardware can sequen¬ 
tially read from memory and pass the 
data to the DAC, wrapping back around 
to the beginning of the data set when 
the end is reached (without the wrap 
around feature, the spectrum would 
only be a burst lasting as long as it takes 
to exhaust the data set). 

In a wide range of mixed signal appli¬ 
cations, however, the requirement is to 
generate a single sinusoid at any given 
moment. For such applications, a direct 
digital synthesizer (DDS) is ideal. A 
basic DDS block diagram is shown in 
Figure 6. 
The DDS is composed of a W-bit re¬ 

cursive adder (or accumulator) where 
the P most significant bits are tapped off 
and routed to an angle-to-amplitude 
converter (AAC). Furthermore, the accu¬ 
mulator is designed to drop the “carry” 

where i = 0, 1, 2, ... , 2P1
Remember that the values of k, pre¬ 

sented previously are limited only by 
the precision of the method used to com¬ 
pute them. In the case of the AAC, the 
values of k, are represented at the 
output with only D bits of resolution 
(because output of the AAC is typically 
connected to a D-bit DAC). Thus, the ac¬ 
tual values contained in the table are 
not the high-precision values as com¬ 
puted, but rather the computed values 
quantized to D bits. 
To understand the operation of a 

DDS, the output of the accumulator is 
set to zero and the W-bit tuning word is 
set to some value T, where 1 < T < 2W~1. 
As the accumulator is updated at the 
sample rate, it repeatedly adds T to it¬ 
self. After n samples, the accumulator 
output is nT. Eventually, the accumu¬ 
lator will roll over, and the long-term 
output of the accumulator, A(n), is 
given by: 

A(n) = (nT)MODULO{2“ ) 

This implies that the accumulator 
rolls over every 2W/T samples on av¬ 
erage. Because a sample occurs every At 
seconds, the accumulator rolls over 
every (At x 2W/T) seconds. In terms of 
the sample rate (Fs), the rollover period 
of the accumulator is 2W/(T x Fs). This 
leads to a rollover frequency, f0, of: 

Because the output of the accumu¬ 
lator is routed to the input of the AAC, 
the output value can be considered as a 
linearly changing angle. Converting this 
linearly changing angle to an amplitude 
effectively generates a numeric sine 
wave of frequency fo in the time do¬ 
main. This technique makes it is pos¬ 
sible to generate sinusoids with fine fre¬ 
quency resolution simply by selecting 
the appropriate value of T (the tuning 
word) as described by the previous equa¬ 
tion. For example, if we have a 32-bit ac-
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Figure 7. DDS double sideband suppressed 
carrier modulator. 

Figure 8. DDS quadrature modulator. 

cumulator (W = 32) and a sample rate of 
20 MHz (F, = 2-107), it is possible to gen¬ 
erate any frequency as high as 10 MHz 
with a resolution of 0.00466 Hz. 
The previous description shows 

where a DDS can generate a single si¬ 
nusoid. With a slight modification, it is 
possible to use the DDS as the primary 
building block of a digital modulator 
(see Figure 7). 

All that is required is a DDS tuned to 

some carrier frequency, co„, and a digital 
multiplier. The only stipulation is that 
the modulating signal, x(t), must be a 
digital signal sampled at Fs. With an¬ 
other slight modification, the DDS archi¬ 
tecture can be extended to build a quad¬ 
rature modulator as shown in Figure 8. 
Note that both the cosine and sine 

components of the carrier signal can be 
generated with a single DDS. This is be¬ 
cause the AAC portion of the DDS con¬ 
tains a table that is composed of cosine 
data. The sine data is automatically ob¬ 
tained by picking up data at an offset of 
14 the length of the table (corresponding 
to a phase shift of 90°). 
DDS architecture also lends itself to 

phase and frequency modulation 
schemes (see Figure 9). In the case of a 
phase modulator, an additional adder 
prior to the AAC is required. The output 
of the accumulator generates the time 
domain carrier frequency as prescribed 
by the input tuning word. The modu¬ 
lating signal, x(t), is summed with the 
carrier data. This results in instanta¬ 
neous modification of the carrier phase 
information as it arrives at the AAC. 
This is phase modulation. In the case of 
a frequency modulator, the addition of 
an adder is again required, but at the 
input to the accumulator instead of prior 
to the AAC. In this scheme, the tuning 
word is modified by the modulating 
signal, x(t). Because the tuning word es¬ 
tablishes the carrier frequency, instan¬ 
taneous variations of the tuning word 
result in instantaneous variations of the 
carrier frequency. This is frequency 
modulation. The only stipulation in both 
cases is that x(t) be numeric samples oc-

Figure 9. DDS phase and frequency modulator. 

curring at the 
sample rate, F,. 
The ability to 

generate sinusoids 
with extremely fine 
frequency resolu¬ 
tion is the hallmark 
of a DDS. 
Unfortunate-ly, the 
high frequency reso¬ 
lution is compro¬ 
mised by imperfect 
spurious perfor¬ 
mance. Spurious 
performance refers 
to the appearance of 
unwanted discrete 
spectral lines ap¬ 
pearing in the 
output spectrum. 
For example, if an 
absolutely pure sine 

wave is generated, then its spectrum is 
a single vertical line at the desired fre¬ 
quency. If other spectral lines appear in 
the spectrum, these are known as spurs 
and are referred to as spurious noise. So, 
if spectral purity is required, then it is 
important to know the limitations of 
DDS generated sinusoids. 

Spurious noise in DDS systems is 
caused by phase truncation (this is sep¬ 
arate from the random noise effects as¬ 
sociated with finite word length in the 
AAC and quantization errors associated 
with an output DAC). Phase truncation 
occurs because only a portion of the ac¬ 
cumulator’s most significant bits are 
passed on to the AAC (see Figure 6). 
The purpose of phase truncation is to 
minimize the amount of hardware re¬ 
quired. To demonstrate the need for 
phase truncation, consider a 48-bit 
DDS. In this case, the AAC would need 
a cosine table with 248 (281 trillion) en¬ 
tries. That’s an inconceivable amount of 
hardware. Phase truncation allows us 
to maintain the phenomenal frequency 
resolution of the DDS at the expense of 
spurious noise. 
A thorough analysis of spurious noise 

caused by phase truncation is treated in 
paper [1], The results offer two inter¬ 
esting points. First, the distribution of 
spurs is dependent on the choice of the 
tuning word, T, and the number of 
phase truncation bits, B (where B = W -
P [see Figure 6]). For choices of T, such 
that T is an integer multiple of 2B, there 
are no spurs at all. All other choices of T 
result in a distribution of spurs of 
varying magnitude. The second inter¬ 
esting point is that when spurs are pre¬ 
sent, the worst case spur magnitude 
(WCSM) is also dependent on T and B 
and can be shown to have an upper 
bound. It turns out that for B > 4 (not at 
all unreasonable) the WCSM relative to 
the magnitude of the fundamental sinu¬ 
soid is closely approximated by: 

WCSM = -6.02P (dB) 

This tells the designer the largest 
spur levels that can be expected based 
solely on the number of non-truncated 
phase bits (P) in the DDS design. Not 
only does the paper predict the magni¬ 
tude of the WCSM, it also defines the 
choices of T that produce the WCSM. 
The worst spurs occur when T is chosen 
to be an odd integer multiple of 2B4 . All 
other choices of T result in spurs smaller 
than the WCSM. 
A considerable improvement can be 

made in the spurious performance of a 
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DDS using a technique known as phase 
dithering. This technique is only applic¬ 
able, however, if one can tolerate a 
slight reduction in the spectral purity of 
the desired output sinusoid. Figure 10 
demonstrates the modifications neces¬ 
sary to convert the standard DDS archi¬ 
tecture to a phase-dithered architecture. 

In Figure 10, the W-bit output word of 
the accumulator has been expanded for 
clarity. We still pass P bits to the AAC 
as in the original DDS architecture. 
However, the truncated bits are divided 
into three groups (Q, R and S). The Q 
bits are the dithered bits and the R and 
S bits are the remainder of the trun¬ 
cated bits above and below the Q bits. 
Instead of feeding the Q bits back to the 
adder, they are substituted with a Q-bit 
random pattern (i.e., the pattern 
changes with each update of the accu¬ 
mulator). This is the equivalent to ran¬ 
domly phase-modulating the desired si¬ 
nusoid at the rate of the sample clock. 

Dithering causes the energy contained 
in the spurs to be distributed across the 
spectrum greatly reducing (or com¬ 
pletely eliminating) the spurs. This ben¬ 
efit must be paid for by two tradeoffs, 
however. First, the spectral smearing is 
indiscriminate, so even the desired sinu¬ 
soid is smeared. This results in a broad¬ 
ening of the desired sinusoid’s line spec¬ 
trum. Secondly, an artificial noise floor 
is produced because of the spectral 
smearing. This is not much of a penalty, 
however, if the number of dithering bits 
is small because the noise floor can 
easily be kept to -90 dBc or less. In fact, 
Figure 11 shows the result of a 
MathCad simulation of a DDS system. 
The system is designed with the fol¬ 
lowing parameters: 
Fs = 10 MHz (system sample rate) 
f0 = ~550 kHz (DDS output fre¬ 

quency) 
W = 32 (accumulator word size) 
P = 13 (phase bits) 

D = 30 (AAC output bits) 
The large value of D was chosen to 

emulate an ideal 30-bit DAC to prevent 
the quantization errors associated with 
the DAC from masking out the spurious 
effects of the DDS. Figure Ila shows the 
DDS output spectrum with no phase 
dithering and the tuning word chosen to 
yield the worst case spur magnitude. 
Note the 0 dB output signal near 0.5 
MHz and the -75 dB spur near 4.5 
MHz. Figure lib shows the result with 
two bits of dithering (Q = 2) and the 
same tuning word. Notice that the spur 
at 4.5 MHz is completely obliterated. 
Keep in mind that this was accom¬ 
plished simply by randomizing two bits. 
The reduction in spectral purity is also 
apparent by the noise skirt around the 
500 kHz tone. Whether or not this spec¬ 
tral impurity is acceptable is dependent 
on the particular application where the 
DDS is to be used. The size and place¬ 
ment of Q affects the tradeoff between 
spectral purity and spur reduction. The 
optimal choice is dependent on the 
system configuration and requires some 
empirical engineering. 

Oversampling 
Given a desired output spectrum with 

maximum frequency fmax , we know from 
sampling theory that a sample rate (Fs) 
of at least 2fmax is required to properly 
reconstruct the sampled spectrum. 
Oversampling is nothing more than 
choosing a value of Fs considerably 
greater than 2fmæ[ . The main reason that 
oversampling is used is that it greatly 
reduces the complexity of the lowpass 
antialiasing filter that ultimately follows 
the output of a DAC in a mixed signal 
system. Figure 12 graphically demon¬ 
strates how oversampling affects the 
filter requirements. In Figure 12a, the 
sample rate is chosen so that the base¬ 
band spectrum fits within the range of 
t6Fs. The filter must rolloff quickly to 
offer a flat passband over the range of 
the baseband spectrum and, at the same 
time, offer significant attenuation at fre¬ 
quencies above '/¿Fs. This implies a com¬ 
plicated filter. If the same baseband re¬ 
quirement is kept but a higher Fs is 
chosen, the result of Figure 12b is 
achieved. The less stringent filter re¬ 
quirement implies a reduction in both 
complexity and distortion. An additional 
advantage, is that by choosing a sample 
rate much higher than necessary, the 
baseband spectrum can be kept in the 
fairly flat portion of the SIN(x)/x enve¬ 
lope inherent in the DAC portion of any 
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mixed signal system. This can obviate 
the need for an inverse SIN(x)/x filter. 
One of the drawbacks to oversam¬ 

pling is that for high-speed applications, 
the required value of Fs can be greater 
than 100 MHz. This poses a problem for 
the clock source portion of any mixed 
signal system. To maintain reasonable 
drift and jitter performance, a crystal os¬ 
cillator is usually used. Unfortunately, 
crystals in the 100 MHz range are not 
feasible. Though commercial crystal os¬ 
cillators are available in this range, they 
use the crystal’s harmonic overtones and 
are relatively expensive. One solution is 
to use a relatively low-frequency crystal 
oscillator (in the 10’s of megahertz 
range) and a frequency multiplier circuit 
using a phase locked loop (PLL) (see 
Figure 13). The crystal oscillator pro¬ 
duces a stable output frequency, fXTAL, 
that is phase compared to the output of 
a voltage controlled oscillator (VCO) de¬ 
signed with a nominal operating fre¬ 
quency of Nx fXTAL . The output of the 
phase comparator (gf) is a time varying 
signal that represents the phase error 
between the two input frequencies. The 
error signal is passed through a lowpass 
filter that effectively averages the phase 
error. The averaged error controls the 
VCO by causing its output frequency to 
deviate from nominal in proportion to 
the control voltage. The VCO output fre¬ 

quency is fed through a divide-by-N fre¬ 
quency divider back to the comparator. 
Thus, the feedback path back to the 
comparator operates near the frequency 
of the crystal oscillator. The feedback re¬ 
sults in the loop stabilizing when both 
inputs to the comparator are phase syn¬ 
chronous and, therefore, frequency 
locked. Thus, the system clock runs at N 
times the crystal frequency. 

Keep in mind that any intrinsic drift 
or jitter associated with the crystal oscil¬ 
lator will appear at the VCO output 
multiplied by N. So, it is important to 
choose both the crystal and oscillator 
with sufficiently low drift and jitter to 
meet the drift and jitter requirements of 
the system clock. 
When designing a mixed signal 

system, a significant advantage can be 
realized if the frequency multiplier cir¬ 
cuitry can be integrated into the same 
silicon as the rest of the design. The ad¬ 
vantages are twofold. First, there is the 
reduction in the amount of external 
hardware required. Secondly, the poten¬ 
tial for broadcasting high frequency sig¬ 
nals around a printed circuit board via 
the external frequency multiplier cir¬ 
cuitry is eliminated. Both of these ad¬ 
vantages make an integrated frequency 
multiplier an attractive feature. 

Conclusion 
Mixed signal synthesis offers a wide 

range of application and flexibility. One 
of the key features of mixed signal de¬ 
signs is that the signal processing ele¬ 
ments (filters, signal sources) are im¬ 
mune to drift caused by thermal effects 
and variation in component values 
caused by temperature and aging. These 
factors wreak havoc in analog designs. 
Another key feature is the flexibility of¬ 
fered by the programmability of the 
signal processing building blocks. For in¬ 
stance, if a digital filter is designed so 

that the filter coefficients can be pro¬ 
grammed, then almost any frequency re¬ 
sponse characteristic can be realized by 
changing the filter coefficients without 
the need to modify hardware. 
On the down side, there are some con¬ 

siderations that may prevent the use of 
a mixed signal design. Power consump¬ 
tion probably offers the largest handicap 
to mixed signal implementations. DSP 
circuitry tends to be power hungiy, espe¬ 
cially at high sample rates. However, 
progress is being made on this front as 
newer low power, high-speed processes 
become available in the semiconductor 
industry. Another drawback is 
switching noise. Because mixed signal 
systems are inherently digital, switching 
transients can be an issue when the 
final analog output must offer a high 
signal to noise ratio. However, careful 
layout in both the silicon that contains 
the mixed signal elements and on the 
host circuit board can go a long way to¬ 
ward achieving a high quality analog 
output signal in spite of digital 
switching transients. 
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Piezoelectric 
RF oscillator designs_ 

Design guideline for 
quartz crystal oscillators 
To get the best performance, designers must understand the theory behind the design. 

By S.S. Chuang 
and Jim Varsóvia 

Complementary metal oxide 
semiconductor (CMOS) pierce oscil¬ 

lator circuits are well known and widely 
used. The circuits offer excellent fre-

Figure 1. Basic pierce oscillator circuit. 

quency stability and a wide range of fre¬ 
quencies. They are designed for use in 
small, low-current and low-voltage bat¬ 
tery-operated portable products for low-
frequency applications [1,2], Designing 
with miniaturized quartz crystals re¬ 
quires careful consideration to the fre¬ 
quency, gain and crystal drive level. 

The design equations used in a typical 
crystal-controlled pierce oscillator circuit 
design are derived from a closed loop and 
phase analysis. The frequency, gain and 
crystal drive current equations are de¬ 
rived from this method. 

Basic crystal oscillator 
The basic quartz crystal CMOS pierce 

oscillator circuit configuration is shown in 
Figure 1. The crystal oscillator circuit con¬ 
sists of an amplifying section and a feed¬ 
back network. For oscillation to occur, the 
Barkhausen criteria must be met: 

a.) The loop gain must be equal to or 
greater than one. 

b.) The phase shift around the loop 
must be equal to n360°. 

The CMOS inverter provides the am¬ 
plification and the two capacitors, CD and 
Co, and the crystal work as the feedback 

network. RA stabilizes the output voltage 
of the amplifier and is used to reduce the 
crystal drive level. 

Crystal characteristics 
To analyze the quartz crystal oscillator, 

the crystal itself must be understood. 
Figure 2 shows the electrical equivalent 
circuit of a quartz crystal. The Lb Cj and 
R] are referred to as the electrical equiva¬ 
lent of the mechanical parameters: in¬ 
ertia, restoring force and friction. These 
parameters can be measured using a 
crystal impedance meter or a network an¬ 
alyzer. Co is the shunt capacitance be¬ 
tween terminals and the sum of the elec¬ 
trode capacitance of the crystal and 
package capacitance. 

This equivalent circuit can effectively 
be simplified as a resistance (Rj in series 
with a reactance (Xj at a frequency f as 
shown in Figure 3. 
Re(f) and X^f) as a function of fre¬ 

quency are as follows: 

Figure 2. Crystal electrical equivalent circuit. 

Figure 3. Effective electrical circuit of a quartz 
crystal. 

Af/f ABOVE f. (ppm) 

Figure 4. Re (£2) vs. Af/f (ppm). 

(1) 

(2) 

where: 

X’ = ¿ : X“=<ÚL'"¿ (3) 

The series resonant frequency of the 
crystal is defined as: 

The quality factor Q is defined as: 
Q=^k=_L_ 

R, wR^, (5) 

From Equations 1 and 2, ar. example of 
the magnitude of R„ and X„ as a function 
of frequency are shown in Figures 4 and 5 
respectively for f = 32.768 kHz, C, = 2.4 
fF and Rj = 28 kii. The frequency is ex-
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Piezoelectric 

of the oscillator voltage, current and im¬ 
pedance are shown in Figures 7 and 8. 
Assume that the oscillator is oscillating at 
a frequency f and the amplifier output 
current ID is 180° out of phase with the os¬ 
cillator input voltage V!. 

Frequency equation 
From the imaginary part of the current 

phase diagram (y-axis): 

Figure 6. Pierce oscillator AC equivalent circuit. 

I1cos0 = lx+Iosin0 (g) 

and from the equations derived from the 
equivalent circuit, the voltage and imped¬ 
ance phasor diagram, Equation 6 be¬ 
comes: 

tain: 

XX 

Xc .X/ 
Xm = — -

Then: 
cL' 

(8) 

pressed in terms of parts per million 
(ppm) above the series resonant frequency 
(Q of the crystal (ACT). These two graphs 
are useful in the analysis of the crystal os¬ 
cillator. 

Crystal oscillator design 
The AC equivalent circuit of the ampli¬ 

fier and feedback network of a pierce os¬ 
cillator is shown in Figure 6. For the fol¬ 
lowing analysis, RA is omitted and will be 
reintroduced later. 
From Figure 6: 
V V 

^o = Z — ' > ^D = ?m^G^X 

XD= — = —— ; Xo= — = —— 
<oCD 2ttfCD 0 O)CG 2ttfCG

From Equations 3 and 4: 

„ . 1 1 f(œ-< Xm = mL. - =- -
toC, œC, [ 

2(<0-CÛ,) 
m œ’C, 

From Equation 8: 
2(co-<o.) 1 

co2C, 

The phase and amplitude relationship 

Figure 7. Current and voltage phase diagram. 

Figure 8. Impedance phase diagram. 

72 

Then: 

X =_Lfi +̂ +_L 
^-D I Ro J 

Assuming: 

and R,2
XmX0

(7) 

Equation 2 becomes: 

x.(f)= Xm, xm1- -
X/ 

(7a) 

x.'=-^-; co' = c0+cSM 
œC„ 

From Equations 7a and 7b, one can ob-

Figure 9. Effective load capacitance (CJ vs. out¬ 
put resistance (Ro). 

www.rfdesign.com 

f=fji+— — .1 (io) 
I 2(Co+Cl)J 

where CL = CSM + CL’ 
Equation 10 is the oscillating frequency 

of the crystal oscillator. CL is called the 
load capacitance of the oscillator. With a 
specified CL, the crystal manufacturer can 
then match the crystal to the customer’s 
circuit to obtain the desired oscillation fre¬ 
quency. From the CL equation, the rela¬ 
tionship between the other circuit para¬ 
meters can be established (i.e. CD, CG, Rq 
and CSM) as it relates to the oscillation fre¬ 
quency of the crystal oscillator. 

In a typical CMOS oscillator, Rq gener¬ 
ally decreases as the supply voltage in¬ 
creases. This causes a decrease in load ca-
pacitance and an increase in the 
oscillation frequency. Figure 9 shows the 
effective load capacitance (CL) changes as 
the output resistance (Rq) changes. 

Gain equation 
From the real part of the current phase 

diagram (x-axis): 
ID =Iocos0+I1sin0 (11) 

and from the equation derived from the 
voltage and impedance phase diagram, 
Equation 11 becomes: 
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Piezoelectric 

Figure 10. Comparison of minimum gm require¬ 
ments vs. amplifier's output resistance (Ro). gm1 
= first term and gm2 = 2nd term of Equation 12. 
For CD = 20 pF, CG = 30 pF, CSM = 1.1 pF, Co = 1.4 
pF, R, = 28 k£l, fo = 32.768 kHz and CL = 13 pF. 

Figure 11. For Ro = 2.5 Mil, g„ comparison between 
CD and Co, where = 1.1 pF, Co = 1.4 pF, R, = 28 
kilf0 = 32.768 kHz. 

Figure 12. For Ro = 500 k£l gm comparison between 
CD and CG, where C^ = 1.1 pF, Co = 1.4 pF, R, = 28 
kil, f0 = 32.768 kHz. 

= X/ Re X/ 
G P Y ’ V V D V 

and from X’e = X,. - Xq and Equation 7: 

gm= —— + —— XDil +—] 
xDx0 r„xg[ d( rJJ 

c r r a 
gw=4n2f2CDCGRe+—Ml + -^ (12) 

where: 

Rt = R, 1 + 

Equation 12 gives the minimum gm re¬ 
quired for the oscillator to maintain oscil¬ 
lation. In practice, 5-10 times the calcu¬ 
lated value is required to insure fast start 
of oscillation. This equation also aids the 
designer in selecting the component 
values for CD and CG to match the CMOS 
amplifier and the crystal. 

We offer a full line of competitively priced, superior quality SMD and Thru-Hole quartz crystals and oscillators. 
Call us today for more information and a FREE Product Guide. Standard and Custom specifications available. 

Experience our “Personal Touch’’ Customer Service! 

ISO 9002 Certified EDC ISO 9002 Certified 

electro dynamics crystal corp • www.electrodynamics.com • Tel: (913) 888-1750 • (800) EDC-XTAL 
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Piezoelectric 

lb= ) M LM Af (14) 
V(Re2+x/)K xj IxJ 

where X’e = Xe-XG
From Equation 14, the crystal drive 

can be calculated from: 

P = ib2R, (in Watts) 

where Rt = crystal’s motional resistance. 

Figure 13. Oscillator AC equivalent circuit with the crystal electrical equivalent circuit. 

Typical effects of RA in the oscillator 
circuit 

In many cases, a resistor RA is intro¬ 
duced between the amplifier output ter¬ 
minal and the crystal input terminal as 
shown in Figure 1. The use of RA will in¬ 
crease the frequency stability because it 
provides a stabilizing effect by reducing 
the total percentage change in the ampli¬ 
fier output resistance Ro and also in¬ 
creases the effective output impedance by 
Ra as shown in Figure 9. RA also stabilizes 
the output voltage of the oscillator and is 
used to reduce the drive level of the 
crystal. 

The complete AC equivalent circuit of 
Figure 1 is shown in Figure 16, where 
is the total output capacitance of the am¬ 
plifier. Using the same analytical ap¬ 
proach, the frequency, gain and crystal 
drive current equations with RA are 
shown. 
The gain equation is: 

It is important to note that in most 
analyses, only the first term of Equation 
12 is used. The second term must be 
taken into account, especially for low-fre-
quency applications where the second 
term becomes larger than the first term 
as shown in Figure 10, when R, , is less 
than 1.2 Mil. 

Using Equation 12, Figures 11 and 12 
show the change in the minimum gm re¬ 
quirements caused by a change in either 
CD or CG, while maintaining the other ca¬ 
pacitor constant. For a 32.768 kHz oscil¬ 
lator, as shown in Figure 11, trimming 
the output capacitor (CG) will produce 
more change in gm than the input capac¬ 
itor (CD). As shown in Figure 12, a de¬ 
crease in the amplifiers’ output resistance 
(Ro) increases the minimum gm require¬ 
ment. 

Crystal drive current 
To analyze the current flowing through 

the crystal, the AC equivalent circuit from 
Figure 6 is redrawn to show the crystal’s 
electrical equivalent circuit as shown in 
Figure 13. The crystal drive current (Ib, 
and ia) is the current through the shunt 

capacitance Co. 
The crystal voltage, current and imped¬ 

ance phase relationships are shown in 
Figures 14 and 15. 

From: 

I’.pTT and V^I.^rJTxJ) 
Ao 

i.7(R?+x?) dæ 
'* X. 

where: 

X - 1 - 1
° coC/ œ(C0+C,m) 

From the current phase diagram of 
Figure 14 and the relationship: 

ib = ̂ (l„ +i, cos0)2 +(i, sin <t>): 
and from the crystal impedance phase di¬ 
agram Figure 15: 

R X sin ò = ; cos0 = , ;
7(r7+x7) -/(R/+X,2) 

substituting sin <[> and cos <|> and from 
Equation 13: 

g^4n2f2C0

+— Cc
_ f, Ra 

TJ 

f R 
(CD+Cd)Rt + Cd+—^Cd

k Ko 

- [4n2f2CDCdRA A 

k 

4n2f2CDCdRAR(

The crystal drive current: 

Conclusion 
Using the closed loop and phase dia¬ 

gram method allows the frequency, gain 
and crystal drive current equations for a 
simple quartz crystal pierce oscillator to 
be derived. As the equations show, the 
stray capacitance, minimum gain re¬ 
quirements and the output resistance of 
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select the appropriate component values 
to achieve proper crystal drive, start up 
and a stable oscillation. 
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Figure 15. Crystal impedance phase diagram. 

Figure 16. Pierce oscillator AC equivalent circuit 
with R, included. 

the amplifier must be carefully consid¬ 
ered to obtain optimum oscillator perfor¬ 
mance. The minimum gain requirements 
should include consideration for the full 
range of operational temperature and 
voltage. The stray capacitance (CSM) is 
especially critical because of the negative 
feedback effects and will increase the 
minimum gain requirements of the oscil¬ 
lator [1], As crystal manufacturers con¬ 
tinue to miniaturize the crystal res¬ 
onator, the oscillator designer must take 
into account the trade off in the crystal, 
amplifier and the circuit layout strays to 
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Ig7 product forum_ 

Oscillators becoming smaller, faster, cheaper 
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 
oscillators. This information was com¬ 
piled by Gregg Miller, Technical Editor. 

Precision Control 
“The trend is better stabilities and 

smaller sizes, getting down to the half¬ 
inch height,” says Robert Zeigler, 
President of Precision Control. 
“Ovenized or temperature stabilized 
oscillators have been a real producer of 
power and also of size, and lately they 
have gotten down to about a half-inch 
high.” Zeigler also sees a trend toward 
using SC cut crystals instead of the 
normal AT cut crystals. “SC cuts gives 
us approximately a five- to ten-time 
improvement over temperature than 
the AT cuts; it also gives us about five-
or ten-time improvement as far as 
aging goes, and the prices are very 
competitive. This leads to less and less 
height in the package,” Ziegler says. 

Temex 
“I think we’re seeing the same trends 

that we’ve seen for the last 20 or so 
years—smaller, higher frequencies, and 
less expensive,” says Bill Beck, Temex 
marketing manager for time and fre¬ 
quency products. With more oscillators 
being manufactured for very specific pur-

Check out the advertisements from 
these oscillator manufacturers in 
this issue: 
• Anderson Laboratories, p. 61 
• Cal Crystal Labs, p. 46 
• Connor-Winfield, p. 77 
• CTS Reeves, p. 20 
• Electro Dynamics Crystal, p. 75 
• Fox Electronics, p. 80 
• Hy-Q International, p. 79 
• MITEQ, p. 47 
• Monitor Products, p. 16 
• M-tron Industries, p. 14 
• Murata Electronics, p. 57 
• Princeton Electronic Systems, p. 12 
• PTS, p. 89 
• Raltron Electronics, p. 48 
• Statek, p. 40 
• Temex Electronics, p. 29, 65 
• Vectron International, p. 22-23 
• Z-commuincations, p. 53 

poses such as cellular phones, Beck sees 
technology and miniaturization as being 
applied to what has traditionally been 
more custom-type applications. This is 
because of the great advantage of price 
and size. 
As for the future, Beck thinks the 

most interesting thing has been the 
development of the small AT strip crys¬ 
tals that have some inherent advantage 
over the round AT type crystals. “They 
seem to do extremely well for aging, hys¬ 
teresis and activity dips,” he says. Beck 
also sees fundamental crystals in the 
200-400 MHz range, which has opened 
up the ability to do high-pole voltage con¬ 
trolled crystal oscillators (VCXOs) at 
higher frequencies. 

Oak Frequency Control Group 
“Customers are asking for smaller, 

faster, cheaper, and more stability as 
well,” says John Cline, President of Oak 
Frequency Control Group. “I think board 
real estate is valuable, and smaller 
miniaturized devices are very impor¬ 
tant.” Surface mountable, even on the 
larger, more traditional devices such as 
oven-controlled crystal oscillators 
(OCXOs), is also important. Cline also 
believes devices that have a crystal in 
them have to withstand robust manu¬ 
facturing processes. “No longer are they 
hand-assembled after the rest of the 
printed circuit board is assembled. 
Manufacturers like to include this oper¬ 
ation all in one-step,” he says. 

Cline is suprised by the globalness of 
the frequency control market. “No longer 
is it a U.S. market. The pressures that 
we see from the Far East, China and 
Europe all collaborate with smaller, 
faster, cheaper,” he says. 

MITEQ 
Dave Krautheimer, MITEQ’s director 

of sales and marketing, is seeing a desire 
for lower price and quicker delivery. “The 
customers are really looking for virtually 
off-the-shelf hardware, but unfortunate¬ 
ly, the stuff is being made basically to 
order.” He also sees a larger request for 
smaller, lighter, more compact, lower 
current oscillators. High military rail 
and space requirements are also popular. 
As far as the future goes, Krautheimer 

believes there may be some techniques 
using microwave monolithic integrated 
circuits (MMICs) and newer technologies 
where it would be less value added from 
the work standpoint. Some of the assem¬ 

bly technologies will be used more and 
more as opposed to the RF engineer hav¬ 
ing to “tweak” the oscillator to work. 

Sawtek 
“A lot of our oscillators right now are 

designed to cater to the military and 
higher performance types of applica¬ 
tions,” says Bob Proulx, manager of 
Sawtek’s RF subsystems. “Some of the 
trends that we are seeing are a contin¬ 
ued push towards high frequency, run¬ 
ning around L-band.” Proulx also says 
that military customers are concerned 
with g-sensitivity. G-sensitivity is an 
immunity to microphonics, and are noto¬ 
rious for generating side-bands. An oscil¬ 
lator style has been developed that is 
designed to make the oscillator relatively 
immune to that kind of phenomena. 

CTS Reeves 
“One of the more interesting trends 

that we’ve seen is the concept of just-
good-enough specification performance,” 
notes Terry Luxmore, business develop¬ 
ment manager for CTS Reeves. “We have 
a number of customers who feel that they 
have been overspecing their products. So, 
we’re seeing a conscious effort to lower 
the specification criterion to reduce the 
cost but still meet the end applications 
performance needs,” he says. 
Luxmore believes there will be more 

and more semiconductor integration use, 
as well as miniaturized quartz reducing 
the size. In packaging, he sees a trend 
towards more ceramic packaging as the 
price comes down, where size constraints 
can be met while still having a refiable, 
high-quality product. 

Vari-L 
According to Derek Bailey, Vari-L 

Vice President of sales and marketing, 
“The big area is power consumption. 
We’re looking at reduced power con¬ 
sumption modes, ways for people to save 
power in a stand-by mode where they 
can actually turn the oscillator off,” he 
says. Reducing its fundamental current 
to 50%, the oscillator can still generate 
an application signal a little bit lower in 
amplitude with a little bit worse phase 
noise, but Bailey notes it works just fine 
for signal detection. Bailey says if an 
oscillator is operating at 2.8 V drawing 6 
or 7 mA in a full-up mode, you can turn 
on the stand-by mode and drop the cur¬ 
rent to half of that. “As soon as the signal 
presence is detected, you can go ahead 
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Piezoelectric 

and put it back into full up mode and 
you’ll get the integrity in terms of the 
output and the phase noise being what it 
needs to be to be full-function,” he says. 

ICS Tropical 
“The trends that we are seeing are 

requests for custom parts that are not off-
the-shelf and more stringent specifica¬ 
tions, such as with phase noise and linear 
tuning,” says Eliot Fenton, Vice 
President of engineering for ICS Tropical. 
“Normally, customers are asking for the 
integration of oscillation into small signal 
force packages. They are also looking to 
higher frequencies,” he says. 

Fenton sees innovations in: quieter 
and higher frequency semiconductors, 
smaller packages, improved models and 
improved software, the developing of 
new architecture and packaging. He 
believes all this will improve the perfor¬ 
mance, the reliability and the repeatabil¬ 
ity of future products. 

Ecliptek 
“We see the trend towards program¬ 

mable oscillators that we could program 
in house and ship to our customers,” says 
Mark W. Stoner, Ecliptek director of 
sales and marketing. A programmable 
oscillator is an integrated circuit (IC) 
with a set frequency, usually 14.318 
MHz, that is prepackaged in any differ¬ 
ent number of packages, including thru-
hole or surface-mount ceramics. The fre¬ 
quency is burned on and the oscillator is 
shipped to the customer, cutting the lead 
time down from 12-14 weeks to one day. 
However, according to Stoner, right now 
it is not being offered because of the 
trade-offs in jitter. “The jitter specifica¬ 
tion is a little bit higher than a standard 
oscillator. In some applications, it may 
be a little sketchy,” he says. 

Monitor Products 
“The number one thing on our cus¬ 

tomers’ wish list is programmable oscilla¬ 
tors,” says Robert Blasier, Monitor 
Product’s western regional sales manag¬ 
er. “They are also looking for surface¬ 
mount voltage controlled crystal oscilla¬ 
tor (VCXO) and temperature-controlled 
crystal oscillator (TCXO) solutions. They 
are looking for small, ceramic or plastic 
surface-mount packages that can be used 
in automated assembly,” he says. Blasier 
also sees a lot of transition in the telecom¬ 
munications side of the business from 
thru-hole to surface mount technology. 

Blasier sees innovations coming most¬ 
ly out of the semiconductor business, pri¬ 

marily silicon solutions including pro¬ 
grammable oscillators and digitally com¬ 
pensated TCXOs. 

C-MAC Frequency Products 
There is a trend in the natural reduc¬ 

tion in size to 5 X 7 millimeter packages 
for TCXOs. “The trend in VCXOs I see is 

the surface mount and frequencies 
increasing significantly above 100 MHz,” 
says Bob Pearson, C-Mac Frequency 
Products’ North American sales and 
marketing manager. Person notes as far 
as TCXOs are concerned, surface mount 
packaging is a natural trend and stra¬ 
tum 3 compatibility is becoming “fash-

See us at Wescon Booth #1950 and PCS #2050 INFO/CARD 54 
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Precision Frequency Control 
for Wireless Applications. 

Fox offers an extremely broad range of advanced 
frequency control products targeted to the wireless 
communications market, including: 

• TC\Os - broad product family, including digital 
control to +/- il’PM 

• I CWs - thru-hole and SMD packages, priced 
competitively 

• Crystals and Oscillators - ultraminiature SMD packages 
in a wide selection of temperature ranges and stabilities 

For frequency control products for any wireless 
application... plus total technical support, call 
Fox today. Because in the wireless business. 
liming is everything. 

a« US A8oUT 0UR ̂̂ 7 
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Piezoelectric 

FOX Electronics 
We re On Your Frequency. 

5570 Enterprise Parkway 
Fort Myers. FL 33905 
Tel: 8KHaaj.2-F0\ Fax: 941-693-1554 
on Ulf Heb. mrn.rouinliiir.com 

ionable.” OCXOs with precisions of bet¬ 
ter than IO-10 are becoming apparent for 
base station applications, and at the 
other end of the scale, miniaturization of 
OCXOs and surface mount compatibility. 

Z-Communications 
Chuck Eapen, director of sales and 

marketing for Z-Commnications, says, 
“From the perspective of the voltage con¬ 
trol oscillator (VCO) market, what we 
see are greater demands on vendors to 
develop lower phase noise products.” The 
more exotic modulation schemes necessi¬ 
tate a quiet voltage-controlled oscillator 
(VCO), more quiet than what is commer¬ 
cially available through present day 
microstrip designs. In response to that, 
there are normalized VCO products that 
offer single sideband performance figures 
that are about 10-15 dB better than the 
current market. 

Eapen believes other things include a 
continuing effort on packaging reduc¬ 
tions. “There is already plans to find out 
how we can improve upon the 0.3" x 0.3" 
package structure,” he says. That is 
where further advances in technology-
come into play. Of 

The 1998 IEEE-APS Conference on Antennas 
and Propagation for Wireless Communications 

November 2-4, 1998 
WESTIN HOTEL, Waltham, MA 

Plan to attend the IEEE-APS Conference on Antennas and Propagation for Wireless Communications 
(APWC98). The purpose of this conference is to provide working engineers with an up-to-date view of prob¬ 
lems and solutions in antennas and propagation that are relevant to the rapidly expanding wireless communi¬ 
cations industry. Contributors worldwide are invited to submit original papers in the areas listed below: 

Military to Commercial Technology Transition 
Trends in Architecture for Future Wireless Systems 
Base-Station and Satellite Antenna Developments 
Adaptive and Active Arrays for Wireless Applications 
Novel Antennas and Passive Array Configurations 

♦ Multiband Operation and Polarization Characteristics 
♦ Antennas for PCS, WLL, WLAN, RFID, LMDS, GPS 
♦ Mobile Antennas and Vehicle Modeling 
♦ Human Interactions with Antennas 
♦ Indoor /Outdoor Propagation 

The original and three copies of the Full-Length paper (limited to four pages) in camera-ready form are due by 
April 1, 1998, at the address given below. Figures and photographs (in glossy prints) should be a convenient size 
and affixed on 8.5" x 11" white paper with appropriate captions. Margins of 1" should be used on all sides of the 
paper, and the font size should be 10 point. Footnotes should not be used except for credits to sponsoring agen¬ 
cies. A signed copyright form, available at the conference Home Page (see URL below), is necessary with submis¬ 
sion. A missing copyright form will result in rejection. It will be assumed that all submissions have been cleared 
by the sponsoring agency. 

Send submissions to: 
APWC98 Tel: 508-788-5152 
52 Agnes Drive Fax: 508-788-6226 
Framingham, MA 01701, USA E-mail: tuli@tiac.com 

HOME PAGE URL: http://www.tiac.net/users/tuli/apwc98/welcome.html 
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jRF products 
Two vector network analyzers have an 
extended frequency range of 8 GHz 

The ZVC and ZVCE are 
vector network analyzers 
that feature wide dynamic 
range, high measurement 
speed and accuracy. An 
important attribute to these 
analyzers is their extended 
frequency range of 8 GHz in 
comparison to 4 GHz with 
the other models, which 
enables measurements also 
on satellite components. To 
round off the functionalities, 
a new firmware version 
includes the optional mea¬ 
surement functions “level 
calibration” and “measure¬ 

ments on frequency-converting 
devices.” Features include a 
dynamic range of more than 
130 dB at 10 Hz, a high 
measurement speed of as 
high as 125 ps/point, and a 
wide frequency range from 
20 kHz to 8 GHz. Both 
models include two mea¬ 
surement channels and a 
reference channel. An elec¬ 
tronic switch and a second 
standing wave ratio (SWR) 
bridge enable bidirectional 
measurements. 
Rohde & Schwarz 
INFO/CARD 132 

Mini VCO for 
WLAN market 
The V630ME13 surface 

mount mini-voltage con¬ 
trolled oscillator (VCO) has 
been designed for the wire¬ 
less local area network 
(WLAN) market. Designed 
to ease any phase-locked 
loop (PPL) designers task, 
the VCO features a frequen¬ 
cy range from 2,700-2,900 
MHz within 0.5-4.5 VDC of 
control. Other features 

High-performance 
GaAs MMICs 
A series of gallium 

arsenide (GaAs) monolithic 

Impedance 
matching adapter 
The TEI 105-1816 imped¬ 

ance matching adapter com¬ 
plements the line of connec¬ 
tors, cable assemblies and 
adapters already available 
for military 1553 data bus 
applications. This adapter 
uses an embedded trans¬ 
former to accomplish the 
impedance step-up/down. 

0603 surface-mount 
capacitors 
The ATC 500 series of 

broad-band microwave sur¬ 
face mount ceramic capacitors 
provides rugged, surface-
mountable, stable NPO tem¬ 
perature-characteristic, laser-

include a signal source of 
-95 dBc/Hz typically at a 10 
kHz offset while attenuating 
the second harmonic to bet¬ 
ter than -15 dBc. 
Z-Communications 
INFO/CARD 133 

microwave integrated cir¬ 
cuits (MMICs) offer high-per¬ 
formance, cost effective 
options for designers of cellu¬ 
lar and personal communica¬ 
tions service (PCS) infra¬ 
structure applications. The 
AWT921 (900 MHz range), 
AWT1921 (1.6 GHz band) 
and the AWT1922 (1.9 GHz 
PCS and GSM bands) fea¬ 
ture high levels of integra¬ 
tion in small, surface-mount 
packages. All three parts are 
packaged in wide body 28-
pin, enhanced SSOP pack¬ 
ages. The AWT921 is priced 
at $20 while the AWT1921 
and AWT1922 are priced at 
$25 in quantities of 100,000. 
Anadigics 
INFO/CARD 134 

RF Design 

The product offers the engi¬ 
neer a simple, elegant 
adapter for mismatched data 
signal devices and interfaces, 
adapter is available in both 
male and female inputs and 
outputs for BNC and TNC 
type coax and TRB or TRT 
triax cable. The frequency 
range is as high as 500 MHz. 
Trompeter Electronics 
INFO/CARD 135 

www.rfdesign.com 

marked devices with high self-
resonant frequencies in values 
as high as 10 pF. These capac¬ 
itors feature first parallel res¬ 
onant (FPR) frequencies 
exceeding 35 GHz for values 
of 0.1-2.2 pF and exceeding 
20 GHz for values as high as 
10 pF. The high FPR makes 
these capacitors suitable for 
broadband DC blocking/RF 
coupling. Typical unit pricing 
is between 20-50 cents for 
quantities of 100,000. 
American Technical Ceramics 
INFO/CARD 136 
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SIGNAL PROCESSING 
COMPONENTS 

Fifth-order, lowpass 
elliptic filters 
The MAX7411 and MAX7415 fifth¬ 

order, switched-capacitor, lowpass 
elliptic filters consume 1.2 mA of cur¬ 
rent from either a 5 V or 3 V supply. 
These filters feature a transition ratio 
of 1.25 and provide 37 dB of stop-band 
rejection. Corner frequencies are clock 
tunable from 1-15 Hz. Package options 
include an eight-pin pMAX or an eight¬ 
pin plastic dual-inline package (DIP) 
with prices beginning at 99 cents. 
Maxim Integrated Products 
INFO/CARD 137 

Switchmode rectifier 
delivers 100 A at 48 V 
The WLR5600 is an ultra-density, 

microprocessor-controlled switchmode 
rectifier for distributed- and bulk¬ 
power telecommunications applica¬ 
tions. Features include delivering 100 
A at 48 V, power factor correction and 
is fan-cooling for efficient and reliable 
operation. The WLR5600 is also hot-
pluggable so that it can be inserted 
into a live voltage bus without disrup¬ 
tion, and is priced at less than 40 cents 
per watt. 
Lambda Electronics 
INFO/CARD 138 

Inductive proximity sensors 
with linear output 
A line of inductive productive sensors 

feature a 1-9 VDC linear output rang¬ 
ing in size from 12-30 mm in diameter 
cylindrical models. All models operate 
with input voltages from 18-30 VDC 
with an output current as high as 5 mA. 
Linear output sensors of this type can 
be used for positioning, differentiating 
metal materials and sorting by size, 
shape or surface texture. Pricing starts 
at $137 for single quantities. 
Altech 
INFO/CARD 139 

70 MHz LC filters 
for telecom applications 
A line of 70 MHz intermediate fre¬ 

quency (IF) inductive-capacitive (LC) 

filters for telecom industry applications 
are designed with bandwidth ranges 
from 2.5-60 MHz. Available with vari¬ 
ous insertion loss and shape factors, 
these filters are available in several 
package sizes and configurations. 
Piezo Technology 
INFO/CARD 140 

Two-way power divider 
for LAN applications 
The PB-5 two-way power divider is 

designed for local area network (LAN) 
applications. Features include a fre¬ 
quency range from 2,200-2,500 MHz 
and an insertion loss of 0.4 dB typical. 
Other features include 24 dB typical 
isolation and amplitude balance of 0.3 
dB maximum. 
Pulsar Microwave 
INFO/CARD 141 

Low-phase noise 
frequency synthesizer 
The PSA-770C low-phase noise fre¬ 

quency synthesizer measures 0.94" x 
0.94" x 0.232" with a frequency range of 
750-790 MHz. Features include spuri¬ 
ous suppression better than -65 dBc 
and second harmonic suppression 
exceeds -15 dBc. Phase noise is -100 
dBc/Hz at 10 kHz offset. The synthesiz¬ 
er operates from a 5 V supply. 
Princeton Electronic Systems 
INFO/CARD 142 

High-current 
powerline choke 
The DC 780 series high-current pow¬ 

erline choke offers current handling 
capabilities that make them suitable 
for use in switching regulated power 
supply applications. Features include 
current ranges from 100-2.3 A and 
inductance ranges from 1.0-2,200 uH 
with current rating of 0.8-11.4 A. The 
DC 780 series is priced at $1.32 in 
quantities of 1,000. 
API Delevan 
INFO/CARD 143 

SEMICONDUCTORS 

CMOS single-chip 
RF receiver 
The MICRF001, single-chip comple¬ 

mentary metal oxide semiconductor 

Optimizes 
base station 
site location. 

CDMA Transmitter 
Simulates a base station via 
IS-95 compatible modulated signals. 

Berkeley's Newest CDMA 

Propagation Analysis 

& Testing Equipment 

Transmitters & Pilot Scanners 

Troubleshoots pilot pollution, 
island cells or distant 

interference 
problems. 

CDMA 
Pilot Scanner & 

Hawkeye™ Software 
FAST...complete snap-shot 

of all 512 base stations. 

Berkeley 
Varitronics Systems 

Call us today for more information: 

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

Visit us at PCS '98 Booth #751 
INFO/CARD 56 
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(CMOS) RF receiver that integrates a 
complete radio receiver onto a single 
silicon chip. Features include a 
300-450 MHz frequency range with 
seamless interface to standard 
decoders and microprocessors. 
Designed for use in remote actuation 
systems, the MICRF001 is priced at 

$3,00 in quantities of 1,000. 
Micrel Semiconductor 
INFO/CARD 144 

8-bit, quad-channel 
voltage-output DACs 
The AD7304 and AD7035 quad volt-

age-output digital to analog converters 
(DACs) are designed for general-pur¬ 
pose DC and AC gain with offset 
adjustment in system designs where 
cost, low-power consumption and a 
small footprint are the design criteria. 
Features include a single 3 V or 5 V 
voltage supply and a reference multi¬ 
plying-bandwidth of 2.6 MHz. An inter¬ 
nal power ON reset places both parts in 
the zero-scale state at turn ON. The 
AD7304 and the AD7305 are priced at 
$3.25 and $3.75, respectively, in quan¬ 
tities of 1,000. 
Analog Devices 
INFO/CARD 145 

SIGNAL SOURCES 

CONSIDER II YOUR LITTLE SECRET UNDER THE HOOD. 

Take your digital radio 

project to the fast lane 

with Spectrum's line 

of digital radio 

receiver solutions. 

Our architecture allows 

you a solution that is 

flexible, and supports multiple platforms 

such as VXI, PCI, VME, and ePCI. 

Spectrum's digital radio products can be 

configured for use in "one tuner - one signal" 

as well as “one tuner - many signal” appli¬ 

cations, such as: 

Surveillance 

Beam Formina 

Spectrum's mezzanine-based modules 

and software libraries can be easily ported 

from one platform to another giving you 

faster time to market, scalable functionality 

and lower costs. Spectrum’s ‘C4x and 'C6x 

digital radio solutions include Analog Input 

modules. Down Converter modules, a Single¬ 

channel Digital Radio Receiver module and 

Multi-channel Software Radio libraries. 

Spectrum has a proven track record in 

providing Digital Radio and DSP solutions in 

a variety of applications to customers world¬ 

wide. And, as the global leader in DSP sys¬ 

tems, our digital radio solutions are just the 

start to what we offer. 

Finish first with Spectr 

To see how our full product 

Ground Stations 

Base Stations 

88 

can rev up your applications, e-mail 

surveillance@spectrumsignal.com. or 

visit our web site at 

spectrumsignal.com/survelllance/ 

DSP SYSTEMS IUORLDUJIDE 

Spectrum Signal Processing Inc. 

In North America call: 
1.800.663.8986 
1.604.421.5422 

In Europe call: 
+44 (0) 181.263.2910 
Fax:+44 (0) 181.263.2911 

Quick-turn 
clock oscillators 

This line of quick-turn clock oscilla¬ 
tors feature a frequency range from 
0.9-135 MHz with a frequency stabili¬ 
ty of ±100 ppm over a temperature 
range of 0-70°C. Features include 
grounded metal covers that reduce 
electromagnetic interference (EMI). 
International Crystal Mfg. 
INFO/CARD 146 

Miniature OCXO 
in a standard four-pin DIP 
The QEO 93 is a 1-35 MHz minia¬ 

ture oven-controlled crystal oscillator 
(OCXO) in a standard four-pin dual¬ 
inline package (DIP). Features 
include a low-aging SC crystal or an 
economical AT crystal. 
Temex Electronics 
INFO/CARD 147 

VCO delivers better 
phase noise performance 
The CLV1000E voltage-controlled 

oscillator (VCO) generates frequencies 
between 900-1,100 MHz within 1-10 
VDC of control voltage with an average 
tuning sensitivity of 27 MHz/V. The 
wideband oscillator provides a spectral¬ 
ly clean signal of -111 dBc/Hz typically 
at 10 kHz from the carrier. In addition, 
the design of this VCO also improves 
second harmonic attenuation to better 
than -14 dBc. Designed to enhance 
phase-locked loop (PLL) designs, the 
CLV1000E minimizes power consump¬ 
tion by operating off a 5 VDC supply 
while typically drawing only 22 mA into 

INFO/CARD 9 
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a 50 Í2 load. The VCO measures 0.5" x 
0.5" x 0.22" and is priced at $24.95. 
Z-Communications 
INFO/CARD 148 

TOOLS, MATERIALS & 
PROCESSES 

matched to make a different adapter. 
RF Connectors 
INFO/CARD 151 

Right angle adapter for 
data bus applications 
Featuring a completely concentric 

one-piece design, the ADRMF70 right¬ 
angle TRB male-to-female adapter is 
suited for telemetry and ground-sup-
port data bus applications where cable 
management, strength and security 
are required. The ADRMF70 features 
include the ability to mate with any 
standard 70 series connector, and is 

Thermally conductive 
epoxy for optoelectronics 
Tra-bond 2155 high-performance 

epoxy has die shear strength of 19 kg 
on a 100 x 100 mil pad. Developed for 
microelectronics assembly and pack¬ 
aging, thermal conductivity is more 
than 0.9 W/mK with thin bond lines, 
and adhesion is greater than 2,000 psi 
when cured at room temperature. 
With a pot life of three hours and a 
working life of as much as eight 
hours, this epoxy is easily dispensed. 
Tra-Con 
INFO/CARD 149 

AMPLIFIERS 

Amplifiers with a 
built-in test feature 
The ABIT series of amplifiers feature 

a built-in test feature for monitoring 
the power output. In addition to the RF 
output, the unit includes a detected 
transistor-transistor logic (TTL) com¬ 
patible output whose threshold can be 
externally adjusted via a variable volt¬ 
age source. The amplifier is hermetical¬ 
ly sealed kovar, which will meet the 
rigorous environments of military and 
space applications. The unit is also 
available with various electrical options 
and an assortment of connector combi¬ 
nations. 
MITEQ 
INFO/CARD 150 

CABLES & 
CONNECTORS 

Adapter kit joins 
universal adapter series 
The PT-4000-150 unidapt female-to-

female barrel adapter has joined the the 
universal adapter series. This connector 
kit comes with two male and two female 
each of BNC, mini-UHF, N, TNC, SMA 
and UHF coaxial adapters. Each of 
these adapters can be mixed and 

INFO/CARD 100 
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available in two-, three- and four-lug 
and threaded versions. 
Trompeter Electronics 
INFO/CARD 152 

Backplane connector for 
high-performance applications 
A rugged, shielded, high-density 

backplane connector is specified to sup¬ 
port the high data rates and demanding 
physical requirements associated with 
next-generation industrial computer 
and telephony applications. Four- and 
eight-slot backplanes in both 3U and 
6U formats are available using the Z-
Pack 2 mm HM backplane connectors. 
AMP 
INFO/CARD 153 

SUBSYSTEMS 

modem digitizes receive baseband sig¬ 
nals and uses DSP algorithms to pro¬ 
duce demodulated data based on the 
received packets of data. 
Synetcom Digital 
INFO/CARD 155 

Charge controller for 
lithium-ion battery packs 
The LM3620 is a highly integrated, 

low-cost controller for charge and end-
of charge control of single-cell and dual¬ 
cell lithium-ion battery packs for hand¬ 
held communication products. Rated at 
1.2% regulation accuracy, the LM3620 
precisely controls charge voltage from a 
current-limited DC-DC switching 
charger or linear charger. In its sim¬ 
plest form, an application circuit using 
the SOT23-5 sized controller package 
would consist of a capacitor, a diode, a 
transistor and a resistor. 
National Semiconductor 
INFO/CARD 156 Line of products 

based on DSP C6000 
A line of 14 digital signal processor 

(DSP) development board-level prod¬ 
ucts have been developed to satisfy the 
cost and performance requirements 
based on Texas Instruments’ C6000 
target markets. These markets include 
telecommunications, image processing 
and defense. The product line includes 
the Quad C6201 PCI and Compact PCI 
boards targeted at wireless telecommu¬ 
nication systems based on wireless 
modulation standards. The range 
includes support products such as ana¬ 
log converter boards and digital down¬ 
converter sets. 
Blue Wave Systems 
INFO/CARD 154 

Board-level modem for 
base station applications 
The SynetBase Gaussian minimum 

shift keying (GMSK) board-level 
modem using digital signal processing 
(DSP) technology is configured for 8 
kb/s, GMSK3 operation using packe-
tized data and transmit analog base¬ 
band interfaces. This modem interfaces 
with data transmissions from mobile 
data networks, automatic vehicle loca¬ 
tion systems and low-earth orbiting 
satellite (LEOS) applications to tie the 
base station receive chain using base¬ 
band interfaces or intermediate fre¬ 
quency (IF), providing radio hook-up 
versatility. The receive side of the 

DISCRETE 
COMPONENTS 

Chip resonator delivers 
wide frequency range 

The SSR series ultraminiature 
ceramic chip resonator provides 
portable electronics design engineers 
with a high-performance timing device 
in a surface-mount package that mea¬ 
sures 3.2 X 2.1 X 1.5 mm. Designed 
for clock applications in devices such 
as cellular telephones, the resonators 
feature an operating frequency range 
from 16-60 MHz with several stan¬ 
dard frequencies available. Other fea¬ 
tures include a 100 Q resonant imped¬ 
ance, with a temperature stability of 
±0.3% over the operating tempera¬ 
tures of-20°C to 80°C. Pricing for the 
resonators is less than 30 cents each 
in quantities of 100,000. 
AVX 
INFO/CARD 157 

Chip size 
trimmer capacitors 
The JS series of ultraminiature sur¬ 

face-mount chip size trimmer capaci¬ 
tors features a capacitance range of 
0.4-1.0 pF. The series features a self 
resonant frequency at 4 GHz, making it 

suitable for telecommunications appli¬ 
cations. The capacitors also feature 
high stability and measure 2.8 x 2.2 x 
1.0 mm. The JS series is available in 
tape and reel and priced at less than 60 
cents in quantities of 1,000. 
Voltronics 
INFO/CARD 158 

Coaxial resonator 
design kit 
A line of coaxial resonator design 

kits each contain 40 resonators, giving 
a variety of mechanical profiles to 
assist the design engineer. Each kit 
specifically addresses existing frequen¬ 
cy bands from 300 MHz to 4 GHz. 
Whether used for voltage controlled 
oscillator (VCO) or filter applications, 
the kits offer the engineer multiple fre¬ 
quency and mechanical options. 
Trans-Tech 
INFO/CARD 159 

Surface-mount 
resistor networks 
The SMR series of high-reliability, 

precision resistor networks for fine-
pitch, surface-mount applications fea¬ 
ture lead pitch of 0.8 mm and are avail¬ 
able in 4-16 pin out styles. The stan¬ 
dard value range is 2 Í2 to 10 MO in 
isolated or common bussed configura¬ 
tions with tolerances to 0.5%. High-reli¬ 
ability construction offers abrasively 
trimmed resistors for improved stabili¬ 
ty and power handling as well as 
reduced noise. The protruding, five¬ 
sided, nickel barrier terminations 
enhance solder attachment and inspec¬ 
tion. The footprint for a SMR 8, four 
resistor network, is a 1206 case size. 
Mini-Systems 
INFO/CARD 160 

Highest-power LDMOS 
available in market 
The GOLDMOS 120 W, 2 GHz transis¬ 

tor is the highest power laterally diffused 
metal oxide semiconductor (LDMOS) 
transistor available in the market today. 
Using an all-gold technology for increased 
product reliability, features of the product 
include a 11 dB gain, 42% more power, 
120 W pep and low drift IIXJ . These prod¬ 
uct features provide communications sys¬ 
tems designers with the maximum RF 
signal power at a lower cost. 
Ericsson Components 
INFO/CARD 160 
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KF software 
Test software for CDMA¬ 
based mobile phones 

Noise Com’s version 2.1.1 of its code¬ 
division multiple-access (CDMA) auto¬ 
mated test software (CATS-98A) is 
designed for testing mobile receivers 
and transmitters, as specified in IS-98A 
and J-STD-018. The CATS-98A inte¬ 
grates Noise Com’s wireless impair¬ 
ment system (WIS-98A) with a base 
station simulator for testing of CDMA¬ 
based mobile phones. 
Noise Com 
INFO/CARD 115 

DSP design software offers 
integrated development 
HP EEsof offers a new digital signal 

processing (DSP) product that allows 
integrated co-development of DSP 
designs with analog circuits and radio 
frequency integrated circuits (RFICs). 
The HP DSP Designer is part of HP 
EEsofs HP Advanced Design System 
and includes a development environ¬ 
ment for behavioral-level algorithms 

from synthesis of RTL-level VHDL or 
Verlog. A new simulation technology, 
HP Ptolmey, is built in. 
HP EEsof 
INFO/CARD 116 

Software developed to 
support new DSP 
3L Limited’s Diamond RTOS soft¬ 

ware is designed to support digital sig¬ 
nal processing (DSP) applications based 
on Analog Devices’ new 32-bit, floating¬ 
point multiprocessing DSP, the ADSP-
21106. The Diamond multi-DSP real¬ 
time operating system offers a parallel 
programming environment with multi¬ 
tasking, multi-threading and inter¬ 
processor communications facilities. 
3L Limited 
INFO/CARD 117 

Electromagnetic simulation 
for the PC upgrade 

Applied Wave Research offers an 
upgrade to its EMSight 3D electromag¬ 
netic simulation software used to ana¬ 

lyze the electrical behavior of radio fre¬ 
quency integrated circuits (RFICs), 
microwave monolithic integrated cir¬ 
cuits (MMICs) and other devices. The 
update includes new functions such as 
an integrated, schematic-driven, linear 
circuit simulator, bi-directional 
AutoCAD and GDSII translators and a 
number of other features. 
Applied Wave Research 
INFO/CARD 118 

Measurement and control 
software updated 

National Instruments’ Measure 2.0 
allows users to configure and control 
data acquisition hardware, as well as 
serial or GPIB instruments, and drop 
acquisition results directly into spread¬ 
sheets for analysis and graphing. The 
software adds support for the DAQ 
Channel Wizard to reduce the time 
spent on defining signal types, connec¬ 
tions and transducer equations before 
beginning development of a system. 
National Instruments 
INFO/CARD 119 

RFD^rgn Gß Conference F Frpe fJprfsfe 
The development of intelligent 

transportation systems will be one 
of the next century’s fastest grow¬ 
ing industry segments. Topics 
will include everything from 
“smart cars,” freeway traffic man¬ 
agement, electronic fare and toll 
collection systems, intelligent 
vehicle-highway systems, fleet 
management, and public trans¬ 
portation to traveler information, 
collision avoidance and fully 
automated vehicles on instru¬ 
mented highways. 
The opening session, presented 

by ITS America’s president Paul 
Najarían, will take an insightful 
look at the technologies, direc¬ 
tions and issues that every engi¬ 
neer, manager and company in 
the RF industry will have to 
address in the future. Don’t miss 
this exciting presentation by one 
of the industry’s most respected 
and knowledgeable experts. 

Financial Seminars 
Morris Engleson, president of Joint 

Management Strategy will be pre¬ 
senting an extremely practical and 
hands-on all day seminar for senior 
engineering staff, technical managers, 
purchasing managers, business man¬ 
agers and anyone involved in the 
development of product positioning, 
marketing and pricing. This seminar 
will look at the strategies, business 
theories, value assessments, cost and 
competition analysis theories and the 
factors that determine product suc¬ 
cess or failure, after the design and 
manufacturing stages. Engleson’s 
approach takse tracks from both the 
engineer’s approaches as well as 
“cookbook” sales and marketing theo¬ 
ries to present a timely and pertinent 
topic in a world of price driven prod¬ 
uct. A not-to-be-missed opportunity. 

New for 1998 
Conference sessions on topics such 

as EMC, personnel recruitment, pro¬ 
ject management, engineering soft¬ 
ware, wireless networks, develop¬ 
ments in GaAs and silicon substrates, 

equipment testing, DSPs, ATM, D/A -
A/D conversion technologies, develop¬ 
ments in high-speed ASICs, spread 
spectrum, RFIC technologies, VLSI 
updates, RFID and many other cut¬ 
ting edge topics. These one-hour tech¬ 
nology, management and general 
information sessions will bring you 
up to date on emerging trends and 
RF technologies and applications 
being unleashed at a frantic pace 
within the industry. 

Applications Showcase 
The applications showcase is a pre¬ 

mier opportunity for exhibitors to 
present a spectacular demonstration 
of what their products can do. See 
how these manufacturers have 
stepped up to the plate and developed 
solutions to often unique and formi¬ 
dable problems. These one-hour pre¬ 
sentations will provide the attendee 
with new ideas, directions and the 
opportunity to see products and com¬ 
panies in action. 

For more information, call 1-
800-601-3858 or 303-220-0600. 
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RF literature 
Book explains FDTD 
electromagnetic analysis 
Advances in Computational 

Electrodynamics: The Finite-Difference 
Time-Domain Method, from Artech 
House is designed to supplement Allen 
Taflove’s 1995 book, Computational 
Electrodynamics: The Finite-Difference 
Time-Domain Method. The book assem¬ 
bles the latest techniques and results of 
theoreticians and practitioners of Finite-
Difference Time-Domain (FDTD) com¬ 
putational electromagnetic modeling. 
Artech House 
INFO/CARD 120 

EMC encyclopedia features 
tutorials, terms, formulas 
The 1998 EMC Encyclopedia, from 

emf-emi control, contains 624-pages of 
terms, definitions, formulas, design, 
diagnosis and case histories concerning 
electromagnetic compatibility (EMC). 
Also included are 149 tutorials, 452 
illustrations and 151 photographs. The 
encyclopedia is available on CD-ROM. 
emf-emi control 
INFO/CARD 121 

Catalog features bridges, 
diodes, rectifier assemblies 
The 1998 catalog of bridges, diodes 

and high-voltage rectifier assemblies 
rom Electronic Devices contains com¬ 
plete specifications and engineering 
information on more than 1000 items. 
Details are shown on bridges as high as 
100 A, and 12 KV and diodes from 50 to 
20,000 V, to 6 V, with recoveries as low 
as 35 ns. Package styles for these prod¬ 
ucts include standard, miniature, sur¬ 
face mount and special design. The cat¬ 
alog also covers night-vision diodes, 
high-temperature rectifiers, 32 KV 3-
phase bridges and custom rectifiers. 
Electronic Devices 
INFO/CARD 122 

Thermal management 
brochure 
AI Technology offers a brochure that 

features thermal management solu¬ 
tions for heat sink attachment. The 
brochure describes features and bene¬ 
fits, availability, shelflife, applications 
procedure, cure schedules and typical 
properties of the EG series of heat sink 
attach epoxy. The brochure specifically 
addresses the EG7655 , one or two part 

heat sink attach epoxy. Also described 
are the epoxy’s thermal mechanical 
analysis, dynamic mechanical analysis. 
Other descriptions are also provided. 
AI Technology 
INFO/CARD 123 

Brochure details new series 
of RF coaxial connectors 
Tru-Connector’s brochures details 

the company’s new series of high-
power, low-frequency RF coaxial con¬ 
nectors and complete cable assemblies 
for sputtering and wafer process sys¬ 
tems. The SQS Series Super Quick 
Coaxial Connector brochure features a 
line of panel receptacle, in-series and 
between series adapters and cable 
assemblies that are rated at 10,000 V 
and 5,000 W of RF power. 
Tru-Connector 
INFO/CARD 124 

Bulletin introduces fast cure 
die attach adhesive 
Ablebond 8510B die attach adhesive 

is detailed in a bulletin from Ablestick 
Electronic Materials & Adhesives. The 
adhesive is a silver filled epoxy that 
allows for reduced cycle times by cure-
ing in 15 minutes at 150 C. The adhe¬ 
sive is designed for Ball Grid Array 
semiconductor packages and is 
designed to adhere large die to bare 
laminate, gold, solder mask or copper 
oxide surfaces. 
Ablestick 
INFO/CARD 125 

Catalog features 
microwave filters 

Lorch offers a catalog that provides a 
company description, ordering informa¬ 
tion and filter selection criteria. The 
catalog features cavity filters, wave¬ 
guide filters, wireless products, discrete 
filters, ceramic filters and tunable fil¬ 
ters. The catalog also provides specifi¬ 
cations, design guides and outline 
drawings. 
Lorch Microwave 
INFO/CARD 126 

Brochure describes 
frequency control products 

Fox Electronics’ brochure describes 
the company’s frequency control prod¬ 
ucts for wireless applications. Included 
are detailed descriptions of Fox’s preci¬ 

sion crystals, oscillators, voltage-con¬ 
trolled crystal oscillators (VCXOs) and 
temperature-controlled crystal oscilla¬ 
tors (TCXOs). 
Fox Electronics 
INFO/CARD 127 

Catalog describes three-
phase powerline filters 

This 24-page catalog from Schaffner 
describes three-phase powerline filters 
featuring a range of components from 3 
A to 1,200 A. The catalog details tech¬ 
nical information and component per¬ 
formance characteristics. The filters 
are constructed to meet the test 
requirements of IEC 950. The catalog is 
available in English, French and 
German. 
Schaffner 
INFO/CARD 128 

Electrical products catalog 
features disconnects 
Bussmann Circuit Components 

offers a 31-page catalog that features 
the Magnum double row terminal 
blocks, power distribution blocks, quick 
connect blocks, disconnects and other 
products. The catalog also details the 
company’s line of DIN rail mounted 
products including terminal blocks, cir¬ 
cuit breakers and fuse holders. 
Bussmann Circuit Components 
INFO/CARD 129 

Power supply catalog 
offered on CD-ROM 
Power Trends’ 120-page catalog for 

its power conversion devices is avail¬ 
able on a CD-ROM. The catalog fea¬ 
tures DC to DC converters and inte¬ 
grated switching regulators. 
Power Trends 
INFO/CARD 130 

On-line 
Noise Com Web site adds new 

features —Noise Com has updated 
its Web site with a database-driven 
format that enables the user to find 
technical specifications on all Noise 
Com test systems and components. 
The site also offers application notes 
and frequently asked questions. The 
Web address is for the update site is 
www.noisecom.com. 
Noise Com 
INFO/CARD 131 
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■■ RF Literature/Product Showcase O 

SysCalc 4 for Windows 95/NT Eclipse 4 for Windows 
HIGH-LEVEL SYSTEM DESIGN 

• New AGC block provides 
dynamic power control 
capability. 

• New Component 
parameters 
include 1 dB Compression 
Point, 2nd Order Intercept 
Point, tolerance and 
temperature coefficients. 

• Specialized reports 
(standard, linearity, graph, 
yield and link-budget) 
can be attached to any 
system page. 

• SNR/BER support added 
for PAM/QAM signaling. 

• User interface can be 

CIRCUIT-LEVEL DESIGN 

•Comprehensive 
element library 

• User-defined 
equations 

• Flexibe sweep 
capability 

• Multiple graph 
sheets 

• Manual 
element/variable 
tuning 

• Optimization 

• Customizeable 
graphs 

• Network analyzer 
style markers 

customized on any system page. 

• Build library models lor 
frequently used components. 

SAVE! HF Design Suite 
includes both tools for only 

Arden Technologies, Inc. 
$945 

PO Box 286 • Forest, VA 24551 Soles: 804/525-6837 or 888/535-6837 (US only) Fox: 804/525-5376 • E-mail: soles@ardente<h.com 
http ///www ardentech com for a fu»y functional demo 

INFO/CARD 200 INFO/CARD 201 

Any Waveform you want! 
Is possible with the SG-100 FREE ELECTRONIC 

HARDWARE CATALOG 
U.S’ largest selection of quality hardware. 320 
illustrated pages describing spacers, standoffs, 

•Synthesized Signal Generator 
Sine/square waves DC-20 MHz, .001% accuracy! 

•Arbitrary Waveform Generator 
40 Megasamples/Sec, 32,768 points. ¡2 bit DAC 

• Function Generator 
Ramps. Triangles. Exponentials & more 

• Pulse Generator 
Digital waveforms w/ adjustable duty cycle 

locking fasteners, captive 
screws, washers, han¬ 
dles, etc. Custom parts 
delivered 1 week or less. 
Samples. For printed 
catalog, circle number 
203. For diskette, circle 
204. For CD-ROM, circle 
number 205. Electronic 
formats have full-scaled 
ANSI Std Dwgs import¬ 
able into most CAD Draw¬ 
ing Software. 

Ml _ ■ 
2455 Old Middlefield Way S. Mountain View. Ca. 94043 
Tel: (650) 938-0240 Fax: (650) 938-0241 
http://www.telulex.com 

INFO/CARD 202 

ACCURATE SCREW MACHINE CO. 
1-888-208-2008 Fax: 973-244-9177 

E-mail: ASM2000@AOL.com. 
Website: www.accuratescrew.com 

INFO/CARD 203, 204, 205 

GaAs FET Protection 
DC Power Boards 

DC/DC converter splits a single 
positive power source into regulated 
positive and negative voltages. 

2672 Bayshore Pkwy, Ste. 702 
Mtn. View, CA 94043 

Tel: 650-967-2828 Fax: 650-967-8428 
1-800-TECDIA-1 

E-mail: tecdia@mcimail.com 
www.tecdia.com 

• Atomic Resonance Rubidium Standard 
• <5x10-10peryear 
• 10 MHz, 1 MHz and 100kHz Buffered 
• Small Size: 2.5“ H x 7.3“ W x 9.5“ L 
Low Cost. just $3995 

Novatech Instruments, Inc. 
(206) 310-8986 FAX(206) 363-4367 
http://www.eskimo.com/-ntsales 

INFO/CARD 207 

NOVATECH INSTRUMENTS_ 

INFO/CARD 208 

CIRCLE 559 

RF Design 

INFO/CARD 206 

Pin-Diode Switches 

• All Frequencies from 100 Mhz to 18 Ghz 
• Reflective or Absorptive Types 
• TTL, CMOS. ECL. Control Logic families 
• Switching speed as fast as lOnS (Rlse/Fall) 
• Miniature Outlines with Removable Connectors 
• Numerous factory options for any applications 

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

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

E-Mail: UMCC111® AOL.Com 
mriKL 

INFO/CARD 209 
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B RF Literature/Product Showcase 8 
HYBRID FREQUENCY SOURCE 

CRYSTAL OSCILLATOR-

FREQ. RANGE: 10 MHz to 4.0 GHz. 
FREQ. STABILITY: ±5ppm, 0°c to +50°C 
POWER OUT: +8 dBm to +15 dBm 

Wilmnnpn 5350 Kaajko Court, Moorpark, Ca. 93021 
"HIHUHbU (805)523-2390 Fax:(805)523-0065 

INFO/CARD 210 

0.1 MHz to 2GHz Portable Spectrum Analyzers 
• PS - 550 0.1 - 550MHz PS - 5A 0.1 -1100MHz 
• PS -58 0.1 -1100 & 900 - 2000MHz 
•Digital center/marker frequency display at 0.1MHz resolution 
• Measurement range: -108 to +20 dBm 
•5 resolution bandwidths: 10KHz - 1MHz 
•50 dB input attenuator in 10 dB steps 
•2/10 dB/Div log scale display with on screen marker cursor 
• Built-in AM I FM demodulation with monitoring speaker 
• Optional built-in Tracking Generator 
• AC / DC / Battery 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: (973) 546-7635 
171 Burns Ave, Lodi, NJ 07644 Fax: (973) 546-7651 

Spectrum has a 
proven track 
record in provid¬ 
ing Digital Radio 
and DSP solu¬ 
tions in a variety 
of applications to 
customers world¬ 
wide. To see how 
our full product 
line can rev up 
your application, 
visit our web site 

atwww.spectrumsignal.com/surveillance/ 
or email surveillance @spectrumsignal.com 

Spectrum Signal Processing Inc. 
In North America call 1-800-663-8986 
In Europe call +44 (0) 181 263 2910 

INFO/CARD 211 INFO/CARD 212 

Iff1marketplace 
SSIIIEDS At a glance... 

Fax Phone Mail 
Jody Schrader Jody Schrader ad materials to: 

Classified Ad Manager Classified Ad Manager Annette Hulsey 
+1 303-793-0454 +1 303-220-4288 9800 Metcalf 

1-888-234-0448 Overland Park, KS 
W 66212 

E-mail: jody_schrader@intertec.com Jody Schrader 

Toll-Free: 1-888-234-0448 
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Career Opportunities 

I HAVE 32 YEARS EXPERIENCE 
As a Nationwide RF Specialist, Microwave, Amplifiers. 

Transmitters, Receivers, Synthesizers, Filters, NMIC, 

L-Band, KU-Band, Satellites, Antennas, Audio, Video, 
Telecomm, CATV, Wireless, VHF, UHF, Radio, Commercial 

or military Communications. 

Call, Fax, Mail Resume to: Bill Elias, Dept. RF 

P.O. Box 396, East Brunswick, NY 08816 

Phone: 732-390-4600 Fax: 732-390-9769 

ELIAS ASSOCIATES 
Annually A National Award Winning Search Team 

Resources 
Positions Available Nationwide 

• RF / Analog & Digital Circuit Design 
• Hardware / Software Design 
• Cellular / PCS System Design 

Send resume to address below 
ALL LEVELS OF POSITIONS FILLED GLOBALY 

Employer Inquiries Invited 
P.O. Box 14303 Cincinnati OH 45250 

Phone 606-491-5410 Fax 606-491-4340 
E-Mail: careercom@aol com Web www.personnell com 

94 

RF & Microwave Engineering 
Job-Site™ 

Wireless industry employment listings 

www.job-sites.com 

Free for $100 flat fee 
job-seekers for employers 

R.F. ENGINEERS: NATIONWIDE 
Post a job opening and 
promote your company! 

Advertise in the Career Opportunities 
section of RF Design! 

Visit us at 
www.rfdesign.com 

R.F./WIRELESS/RECEIVERS/AMPS 
CDMA/TDMA/SPREAD SPECTRUM 
SATELLITE & ANTENNA DESIGN 

Respond to: CTH, Ltd. 
2204 Bahia Vista #D7, Sarasota, FL 34239 

Phone: 941/362-2773 • Fax: 941/362-0217 
_ E-mail : ccth@mindspring.com 
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Career Opportunities 

¡DEN is our Integrated Dispatch 

Enhanced Network, which can combine 

mobile telephone, conferencing, 

text messaging and data 

communications in a single 

hand-held device. Join the 

innovators at Motorola’s 

Land Mobile Products Sector 

and take this incredible 

technology to the next level. 

AA MOTOROLA 
Land Mobile Products Sector 

fíFHñRDWafíE ENGINEER 
Schaumburg, Illinois 

To design a highly competitive line of radio products, 
you’ll need a BSEE (or the equivalent), 0-7+ years in a 
cutting-edge design environment and experience with 
HP-MDS, Libra and other RF circuit modeling and 
simulation tools. Familiarity with RF receiver/transmitter 
circuits and associated test equipment is also expected. 

Along with the opportunity to directly impact our 
continued global leadership, we offer an attractive 
salary and benefits package as well as ongoing 
opportunities for professional development. For 
consideration, send your resume to: Motorola Land 
Mobile Products Sector, 1301 E. Algonquin Rd., Rm. 
1254, Schaumburg, IL 60196, Fax: (847) 576-1961. 
Motorola is an equal opportunity/affirmative action 
employer. We encourage diversity in our workforce. 

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 

GDI 
CDI Telecommunications is part of a 

large public corporation (NYSE) serving 
customers nationwide. 

We are seeking experienced personnel 
for the following positions: 

CELLULAR & PCS 
Program Managers Construction Managers 

Network Engineers Real Estate Specialists 

RF Engineers Salespersons - Testers 

Installers Technicians 

Fax resume to:_ 
CDI Telecommunications, Inc. 

Advertise in the Marketplace! 

Redesign 
800-669-1890, Ext 396 
Fax: 80O-875-19O4 

P.O. Box 4056, Oept.RFD, 
Scottsdale. AZ 85261-4056 

E.O.E. 

Phone: 800-527-0373 
Fax: 800-784-0499 

2425 N. Central Expresswy, #101 
Richardson. TX 75080 

E.O.E. 

RF Design 

...your connection to the best 
opportunities nationwide! 

National Engineering Search • 
is the leading search firm placing 
Engineers nationwide. Contact us for 
immediate access to today's most 
exceptional career opportunities! Our 
clients range from the Fortune 500 
to the most successful emerging 
technology companies. 

800/248-7020 
FAX: 800/838-8789 
email: nes@nesnet.com 

3700 East Avenue • Rochester. NY 14618 
1235-E East Btvd, 146 • Charlotte. NC 28227 

See many of our current 
opportunities on-line at: 

www.nesnet.com _ __ / 

DESIGN/DEVELOPMENT 
ENGINEERS: 
IMMEDIATE 
OPPORTUNITIES IN: 

Communications (Data, PCS, 
Cellular, Networks, Satcom, 
GPS), CATV, Computers, 
Medical, Security. Defense, 
Semiconductors, Software, 
Consumer Electronics 

Skills in any of the following: 

Wireless Design, Digital & 
Analog Design. ASIC. FPGA, 
SiBipolar/BiCMOS/GaAs , 
Mixed Signal, MMIC, Spread 
Spectrum, DSP, Antennas, 
Passive Components, PLL, 
Synthesizers, Simulation, 
Verification, Embedded SW 

What are you worth? 
See our on-line Salary Survey! 
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In addition to exploring surrounding Boulder, Colorado on weekend hikes, rafting excursions and 
skiing trips.. .pioneers at Ball Aerospace & Technologies Corp, are busy unraveling the mysteries of 
the universe. Today we're designing and developing the most sophisticated technology on the plan¬ 
et in many of the nation’s fastest growing high-tech markets. And we’re looking for a few more bold, 
adventurous engineers ready to take the ultimate hike. 

Director, Wireless Operations 
Requires strong manufacturing ability 
in state-of-the-art. commercial, wire¬ 
less (PCS) telecom systems. 

Rf Antenna Desiyn Engineers 
Design, analysis and development of 
state-of-the-art, low observable anten¬ 
nas. arrays, or commercial PCS/wire-
less telecom antennas. 

Rf Systems Program filanayer 
Responsible tor program cost, sched¬ 
ule and technical performance on 
phased arrays. 

Wireless Telecom Sales iltanaypr 
Domestic and Internal wireless prod¬ 
ucts sales. 

Rf Technicians 
Antenna development and pattern test¬ 
ing. 

Senior RF/flntenna Design 
Engineer 
ftt and RflS technologies over 
microwave spectrum. 
Antenna Alarketiny Alanayer 
Military and commercial customers. 
PCS telecommunications products. 

Senior manufacturing Engineer 
Oversee entire process of telecom 
product development: from prototype 
to volume manufacturing. Familiar 
with SPC, ISO 9001 and conducting 
productability reviews. 

Sr. I-DEAS fflaster Series (AD 
Application Support Engineer 
Support l-DEAS users to function effi¬ 
ciently on NT/UNIX platforms. 
Administer training classes, mentoring, 
data management setup and trou¬ 
bleshooting. 

Ball Aerospace & Technologies Corp, otters a competitive salary and an outstanding benefits pack¬ 
age. Please send your resume and salary history, in confidence, to: Ball Aerospace & 
Technologies Corp., Human Resources Dept. 32-054, P.O. Box 1062, Boulder, CO 
80306 or submit it electronically (with no attachments) by visiting our web site at 
http://www.ball.com/aerospace/jobhome.html. All resumes are optically scanned. To make your 
resume ‘'scannable,” please keep it clean and simple with clear, readable fonts. EOE M/F/D/V 

Ball Aerospace 
& Technologies Corp. 

wuuu.bdllaerotpace.com 

...YOUR CAREER 
Wireless IC Design Centers: Major corporation seeks several key Sr Technologists to staff wireless design 
centers located throughout the US Technical expertise in the area of Si RF IC's for wireless communication 
appl.cat.ons (AMPS. DAMPS, GSM. DECT, POS). Si RF IC design experience in the 400-2400 MHz Past RF PLL 
synthesizer design experience BS/MS/PhD_ 
Sr. Systems Architecture. Wireless Handsets A Base Stations: Define RF system architectures in low-cost re-
ceiver-transmitter design on discrete circuit level Knowledge of integrated circuit architecture, modulation theory 
and digital signal processing 
Director of Operations: Responsible tor existing operation and growth al division into new 
business opportunities 

Process Manager/Staft Engineers: Responsible for technical support in water fabrication. 
process development and sustaining engineering in device manufactunng Directs the 
development and implementation of new water fabrication process formulas and establishes 
operating equipment specifications 

Expansion at Kalmus has led to 
the creation of two new positions 

for broadband high power 
RF amplifier specialists... 

CATV Design: Rf Design experience should include LC filter, microstrip amplifier, circuit modeling and system analysis in the 5-1000Mhz 
range BS/MSEE fiber optics a plus 

RF Test Engineer You will develop automated test software and procedures for RF/analog circuits Experience using celular test equip¬ 
ment GPIB (HP VEE/labVIEW) programming and CDMA/AMPS knowledge a plus Will consider highly motivated entry-level RF Engi¬ 
neers with BSEE. 

I Regional Field Sales: Aggressive individuais to create and serve new accounts. Positions are located throughout the USA An engineer 
I who wants to enter sales world is acceptable Base salary, commission and car BSEE_ 

Applications Engineers Responsible for providing customers with RF technical product development developing application notes and 
data sheets Requires BSEE/MSEE with minimum 3 years RF design/product experience, strong RF/Microwave measurement skills: design 
experience with analog and digital modulation schemes (AMPS. GSM. TDMA. CDMA), and strong communication and customer relation 
sMs. 

I RF Engineer" RF circuit design and development for wireless phones Develop radio architectures and RF circuit design for systems 
I operating n the 800-900MHz and the 1800-2000MHz regions _ 

Sr. Project Antenna Design: Lead the conception design and development of a wide variety of antennas and antenna systems, including 
both reflector and array systems using microstrip, stnpline and waveguide technologies BS/MS with 5 years experience 
RF Design Manager Lead a team of RF engineers from initial design and implementation through product integration and testing into high 
volume production 8* years of RF design with emphasis on low cost radio design 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, buffer amplifiers RF frequencies are 900 and 1800 MHz. 
Product Line Manager Wireless: Specific responsibilities include product line strategic planning, establishing revenue and pnce objectives, 
setting internal cost targets and oversight of internal product realization schedules 
RF PA Engineers: Requires 3+ years experience in design test and manufacturing of high efficiency GaAS MESET and HBT class A and C 
power Amplifiers (c2watts) in the frequency range (-2GHz) Experience in both discrete and MMIC design a plus 

Sr. Analog IC Designers: Responsible for conceptual circuit design and developing new analog/mixed signal ic s BS/MS experience in A/ 
D D/A. ASIC s bipolar and BiMOS 

Filter Design Engineer Development of microwave high V coaxial cavity and machine filter designs for PCS base stations BS/MS familiar 
with simulation and modeling tools, three plus years filter design experience with direct designs (6-8000 Q s) 

RF Systems Engineers: You will analyze, design, develop and simulate RF systems architecture (DC to 
2 GHz) for next generation of cellular phones working in a multi-disciplinary team environment usrg 

integrated product development approach Requires a minimum of seven years experience in RF 
communication systems BSEE or MSEE preferred 

Senior RF Engineer Design RF and Microwave components for microwave digital communication 
links Develop RF hardware block diagrams and perform analysis for communication systems BSEE or 
MSEE with 5+ years experience in Microwave circuit design such as mcrostnp. low notse amplifiers 
power amplifiers, mixers, oscillators and RF circuits_ _ 

RF Amplifier Designer 
Experienced senior level RF Engineer for high power broadband 
amplifier design. Frequencies from 10kHz to 1 GHz and beyond, power 
levels from 1 W to 25kW. BSEE or equivalent required, MSEE desired. 
Strong analytic capabilities and communications background a plus. 

Sales/Applications Engineer 
The successful candidate will be an experienced, self-motivated sales 
person with a strong RF engineering background and a comprehensive 
knowledge of high power amplifier applications. 
Located near Seattle in the Pacific Northwest, Kalmus offers a fine 
working environment with competitive salaries and generous benefits. 

Mail, fax or e-mail resume to: Human Resources Manager, Kalmus, 
11807 North Creek Parkway South, Suite 109, Bothell, WA 98011 

Fax: (425) 486-9657 E-mail: catherinem@kalmus.com 

COMMUNICATIONS 
EXECUTIVE SEARCH 

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: 978-685-2272 E-mail: micsearch@aol.com FAX: 978-794-5627 
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Career Opportunities 

Visit 
US at 
WWW. 

rfdesign. 
com 

RF ENGINEERING TECHNICIAN 
Individual will develop and test thin and thick film RF and microwave resistor 
products and flexible and semi-rigid cable assemblies and delay lines. Re¬ 
sponsibilities include testing and evaluating prototype products including elec¬ 
trical and mechanical measurement, environmental stress testing and destruc¬ 
tion testing, designing test control apparatus and equipment, determining test¬ 
ing procedures, evaluating products and recommending design modifications. 
Candidate will have either an A.A. degree from a college or 
technical school, or have one to five years related experience 
and/or training. Mechanical assembly capability required. 

"EEO-M/F/V/H" 
DRUG FREE WORKPLACE 

Interested parties should mail or fax their resumes to Human Re¬ 

CAREER OPPORTUNITIES 
NATIONWIDE 
Engineers & Tech's 

Labs 

Systems and Components, RF, PCS, Microwave, 
Antenna, Network, Software, Sales, Dig. & Ana¬ 
log, Mixed Signals, many more. Resume to: 
Peter Ansara, c/o ABF, P.O. Box 239, W. Spring¬ 
field, MA 01090. Tel: (413) 733-0791, Fax: 
(413) 731-1486 or pa@ansara.com. 

See our web site: http://www.ansara.com 

sources Dept., Florida RF Labs, Inc., P.O. Box 899, Stuart, FL Passive Power 
34995, fax 561 -283-5286. E-mail resumes to: rflabs@rflabs.com SotutiooS. WIRELESS OPPORTUNITIES 

Place your business on top 
of the world with 40,000+ 
worldwide circulation! 
Advertise in R F Design! 

ENCORE 
If you were featured in this 
magazine — spread the news! 

Reprints have a proven posi¬ 
tive effect on corporate image. 
Sign up for your encore 
performance today! 

Call Cherie Wood 
913-967-7212 

fax 913-967-1900 

My clients need top-notch RF Design and RF Sys¬ 
tems Engineers. 3 to 10+ years experience. HF to 
3Ghz, Receivers, Transmitters, Power Amplifiers, 
Synthesizers, Spread Spectrum, ASIC/MMIC De¬ 
sign, Modems, DSP, PCS, Cellular, Mobile Radio, 
Handheld radios and Basestations. Nationwide. 
Employer paid fees. 

Randy Brei, BSEE 
Brei & Associates, Inc. 

2598 28th Ave. • Marion, IA 52302-1210 
Phone: (319) 377-9196 • Fax: (888) 566-2363 
Email: RFDESIGN@ENGSOURCE.COM 

Web Site: http://engsource.com 

Business Opportunity 

Wanted to Bu 

RF Manufacturing 
Company/Product Line 

Looking to fill a 
position in your 

company? 
Advertise in the 

Career Opportunities 
section of RF Design! 

Call Jody at 888-234-0448 
for more information. 

Connectors, Modems, 
Transmitters/Receivers, 

Components, etc. 

Sales to 5 million 
dollars annually. 

Phone: 562-861-1341 

Invest your 
advertising 
dollars where 
your prospects 
invest their 
time... 

Redesign 
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Products & Services 

Get The Rubidium Advantage -
Only From Datum 

/Advanced AutoCAD Converters 
No DXF required, runs inside AutoCAD 

GDSII In & Out 
Maps multiple AutoCAD layers to GDS 

layers & omits selected AutoCAD layers. 
Fully hierarchial, variable vectorization, 
positive or negative etch compensation. 

Gerber In & Out 
GerbARX: The GerbArt engine now runs 

directly from AutoCAD. 

All software fully Automatic and easy to use. 

Electronics Packaging Designer ! RF Designer. 
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When you need performance but you don't 

want to compromise, Datum has a solution — 

the Rubidium Advantage. A full line of cost-

effective, low-profile Rubidium Standards, cus¬ 

tomized to fit your unique application. 

• Plug-and-play 

• Low aging 

• Power conditioning 

• Output flexibility 

• Compact IU Rack-Mounting or 

Bench top 

• 0° C to 50° C temperature range 

C Datum me 
34 Tozer Road, Beverly, MA 01915 

TEL: 800 544 0233 
FAX: 978 927 4099 
www.datum.com 

email: rubidium@ftsdatum.com 

Fully intelligent PCB design in the 
AutoCAD environment. 
Automatic: Parts Creation. 
Ground planes. Routing, 
Coplanar. Ground Ties. Miters. 

Netlist Verification and DRC. 

www.cad-design.com 
Call for Free demos, etc. 408-748-0124 

CAD Design Software 
A Division of CAD Design Services. Inc. 

filters lo 40 GHz! 
• Waveguide 
• Stripline/Microstrip 
• Transmission Line 
• Miniature/Subminiature 
• Lumped Constant. 

For more information, ask for 
our RF Catalog. 

MKROWAVt FILTÍR COMPANY 
6743 KINNE STREET, E. SYRACUSE. NY 13057 

(315)438-4700 -800-448-1666 ’ FAX: (315)463-1467 

E-MAIL mfcsales @ microwavefilter.com 

Advertise your 
product or service 

in RF Design 
Marketplace! 

Do your colleagues need their own copy? 
Surf on over! 

'design Redesign Redesign Redesign Rpctesk 
Subscriptions on the Web 

www.intertecsub.com 
August 1998 



DISCRETE COMPONENTS ELECTRONIC COMPONENTS/EQUIPMENT MATERIALS/HARDWARE/PACKAGING 
CAPACITORS 

Mica High Power 

Surcom Associates, Inc. 

2215 Faraday Avenue. Suite A. Carlsbad. CA 92008 

Phone: (760) 438-4420 

Fax: (760) 438-4759 

EMI SUPPRESSION COMPONENTS 

Ferrite Beads. Rods, Forms 

Fair-Rite Products Corp. 

P.O. BoxJ, Wallkil, NY 12589 

Phone: (800) 836-0427 

SHIELDING MATERIALS 

Shielding Foils and Tapes 

Venture Tape Corp. 

30 Commerce Rd.. Rockland. MA 02370 

Phone: (800) 343-1076 

Fax: (781) 871-0065 

1 ■ _ 'I—'Í- MICROWAVE 
I l—i I —I COMPONENTS 

2672 Bayshore Pkwy., Ste. 702, Mountain View, CA 94043 
Tel 650-967-2828 • 1-800-TECDIA-1 • Fax: 650-967-8428 

E-mail tecdia@mcimail.com • Website: http://www tecdia.com 

Manufactures of: Single Layer Ceramic Chip Capacitors. 
GaAs FET Protection DC Power Boards, Bias-Tees, 

High-K Alumina Substrates 

TRANSFORMERS 

• RF TRANSFORMERS UP TO 300 MHZ 
. POWER SPLITTERS & COMBINERS 2-30 MHZ 
AND 88-108 MHZ 

• TRANSFORMER DESIGN CONSULTATION 

JrMW&y 7 17827 N. 26th. Street 
/VZ Phoenix. AZ 85032 

Ph: (602)867-0389»Fax: (602)971 -9295« www.rfpcweisystems.ccm 

United Glass to Metal Sealing 

11A Executive Park Drive. North Billerica. MA 01862 

Phone: (978) 670-6494 

Fax: (978) 670-6492 

Vacuum 

Surcom Associates, Inc. 

2215 Faraday Avenue, Suite A, Carlsbad, CA 92008 

Phone: (760) 438-4420 

Fax: (760) 438-4759 

MATERIALS/HARDWARE/PACKAGING 
SHIELDING MATERIALS 

MODULAR COMPONENTS 
OSCILLATORS 

Variable 

Surcom Associates, Inc. 

2215 Faraday Avenue, Suite A, Carlsbad, CA 92008 

Phone: (760) 438-4420 

Fax: (760) 438-4759 

Conductive Adhesives 

Venture Tape Corp. 

30 Commerce Rd.. Rockland, MA 02370 

Phone: (800) 343-1076 

Fax: (781) 871-0065 

Oscillators - VCXOs - TCXOs 

^aRonix 
151 Laura Lane • Palo Alto • CA 94303 
650 - 856 6900 • 800 - 327 - 4032 

saronix@saronix .com 
www.saronix.com 

CRYSTALS/RESONATORS 

Quartz 

Conductive Fiber/Fabric 

Venture Tape Corp. 

30 Commerce Rd., Rockland. MA 02370 

Phone: (800) 343-1076 

Fax: (781) 871-0065 

Crystal 

Oak Frequency Control Group 

100 Watts St.. PO Box B, Mt. Holly Springs. PA 17056 

Phone: (717) 468-3411 

E-mail: sales@ofc.com 

Web site: http://www.ofc.com _ 

Oak Frequency Control Group 

100 Watts St., P0 Box B. Mt. Holly Springs, PA 17056 

Phone: (717) 468-3411 

E-mail: sales@ofc.com 

Web site: http://www.ofc.com 

Quartz Crystals 

SaRonix 
151 Laura Lane • Palo Alto • CA 94303 
650 - 856 - 6900 • 800 - 327 - 4032 

saronix@saronix.com 
www.saronix.com 

Ferrite Absorber Tiles 

Fair-Rite Products Corp. 

P.O. BoxJ. Wallkil, NY 12589 

Phone: (800) 836-0427 

Wenzel Associates 
‘Quietly the Best' 

• Standard and Ultra Low Noise Crystal Oscillators 
• New Low Noise RF Modules 
• Ultra Low Noise Frequency Standards 

Ph 512-450-1400 Fax 512-450-1490 wwwwenzeicom 

WAVEGUIDES AND COMPONENTS 

Varactor 

Knox Semiconductor, Inc. 

13 Quarry Rd.. P.O. Box 609. Rockport. ME 04856 

Phone: (207) 236-6076 

Fax: (207) 236-9558 

Gasketing Materials 

Venture Tape Corp. 

30 Commerce Rd., Rockland. MA 02370 

Phone: (800) 343-1076 

Fax: (781) 871-0065 

Phase Locked 

Universal programmer for phase-locked loop ICs 

MYcom Instruments 

142 N. Milpitas Blvd.. Suite 277, Milpitas, CA 95035 

Phone: (408) 946-1973 

Fax: (408) 262-4763_ 

Visit us at 
www.rfdesign.com 

Laminates 

Venture Tape Corp. 

30 Commerce Rd.. Rockland. MA 02370 

Phone: (800) 343-1076 

Fax: (781) 871-0065 

Redesign , „ c „ 
- Jody Schrader 

1-888-234-0448 
Classified Advertising Manager 

_ n_ n_ 
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¡^design Buyers’ Source 
PRODUCT DEVELOPMENT SERVICES TEST LABORATORIES/CONSULTANTS 

CUSTOM OEM PRODUCT 
DEVELOPMENT/SUPPLY 

DESIGN AND MANUFACTURING LABORATORIES 

Locus, Inc. 

1842 Hoffman St., Madison, Wl 53704 

Phone: (608) 244-0500 

E-mail: www.locusinc.com 

RF/Microwave Design 

Designs that Work! 
Transmitters, Receivers, Up/Downconverters 

WaveCon 
PO Box 2697, Escondido, CA 92033 

Phone: (760) 747-6922 • Fax: (760) 747-5270 

Product testing and certification for Telecoms (TTED), 
EMC, ISO 9000 & more. 

1-800-609-1287 
www babtps.com ♦ Fax:408-919-0585 

RF TRANSMISSION COMPONENTS 
INDUCTORS AND CHOKES 

PRECISION MACHINING 

MyyMachine 
RF Housings - Antennas - Prototypes - Microwave Cavities 

Quality at Competitive Prices - Fast Personal Service 

2769 Stonebrook • Medford, OR 975O4« (541)779-1911 
FAX (541) 772-9209 • email: mwm2000@juno.com 

• Lightning Suppressors 
• D.C.-26GHz Coaxial 
• Powerline • Digital 

SOFTWARE & SYSTEMS, CAD/CAE 
SYSTEM SIMULATION 

FISCHER CUSTOM COMMUNICATIONS, INC. 
2917 W. Lomita Blvd., Torrance, CA 90505 

Phone: (310) 891-0635 
Fax: (310) 891-0644 

E-mail: sales@fischercc.com 

Circuit Simulation 

ingSoft Ltd. -the providers of the RF Designer Solution 

213 Dunview Ave.. North York, Ontario M2N-4H9 

Canada 

Phone: (416) 730-9611 

Fax: (416) 226-0861 

Kintronic Labs 

144 Pleasant Grove Rd.. Bluff City, TN 37618 

Phone: (423) 878-3141 

Fax: (423) 878-4224 

Rf Intercept. Increase your design confidence by 
simulating and optimizing entire systems: IM, 
noise. S/N, BER. eye pattern, spectral occupancy. 

RHR Laboratories, 207 Harding Blvd. W. 
Richmond Hill, ON, L4C 8X6, Canada 

Tel. (905) 884-2392 • Fax: (905) 884-6843 
I04673-3I I0@compuserve.com 
http.//iypn.com/rhrlaboratories 

Microwave Isolator/Circulator, Coax & Droo-in 

Aerocomm Satellite Technology Company Limited 

89 & 89/1 Infamara 41, Kwang Dindaeng, Dindaeng, 

Bangkok 10320, Thailand 

Phone: (662) 693-8300 • Fax: (662) 693-8304 

E-mail: pairoj@ksc15.th.com 

Web: www.aerocommthailand.com 

Tesoft, Inc. 

205 Crossing Creek Ct., Roswell, GA 30076 

Makers of TESLA for Windows Simulator 

Phone: (800) 631-1113 

Fax: (770) 664-5817 

Inti: (770) 751-9785 

Because 
it works. 
The RF Design direct mail 
maintains a clean, qualified 
subscriber list. 

RF Design magazine meets 
the tough audit standards of 
BPA International. So when 
we say you'll reach over 
40,000’ professionals in 
radio frequency design — 
we mean it. 

When you're ready to reach 
this qualified group of profes¬ 
sionals call Lori Christie and 
let our names work for you! 

’Based on the June 1997 BPA International 
Circulation Statement 

TEST EQUIPMENT 

Just 
Think... 
...if this had been your 
ad, you'd have a 
prospect right now! 

Call 888*234-0448 to 
place your ad today. 

RF TEST & MEASUREMENT EQUIPMENT 

Coaxial Dynamics, Inc. 

15210 Industrial Pkwy.. Cleveland, OH 44135 

Phone: (216) 267-2233 

Fax: (216) 267-3142 

913-967-1875 

fax 
913-967-1897 

e-mail 
lori_christie@intertec.com 

website 
www.interteclists.com 
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RE guide to editorial coverage 

COMPANY . PAGE # 

3Com . 20 
3L Limited. 91 
Ablestick . 92 
Aermacchi S.p.A . 20 
AI Technology . 92 
Al tech. 87 
American Technical Ceramics . 81 
AMP. 90 
Anadigics . 81 
Analog Devices . 54, 88 
API Delevan . 87 
Applied Wave Research . 91 
Artech House. 92 
AVX . 90 
Aydin Telemetry . 20 
Blue Wave Systems . 90 
Bussmann Circuit Components. 92 
C-MAC Frequency Products . 78 
CommQuest. 20 
CTS Reeves . 78 
Ecliptek . 78 
EiC . 102 
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Electronic Devices. 92 
emf-emi control . 92 
Ericsson Components . 90 
Fox Electronics . 92 
Giga-tronics . 42 
Hewlett Packard . 24 
HP EEsof. 91 
ICS Tropical . 80 
Inside R&D . 18 
International Crystal Mfg. 88 
Lambda Electronics . 87 
Lorch Microwave. 92 
Maxim Integrated Products. 87 
Micrel Semiconductor. 88 
Mini-Systems . 90 
MITEQ. 78, 89 
Monitor Products . 79 
National Instruments. 91 
National Semiconductor. 20, 90 
Noise Com . 91, 92 
Oak Frequency Control Group . 78 
Piezo Technology. 87 

COMPANY . PAGE # 

Power Trends . 92 
Precision Control. 78 
Princetion Electronic Systems. 87 
Pulsar Microwave . 87 
Qualcomm . 20 
RF Connectors. 89 
Rohde & Schwarz . 81 
Sawtek . 78 
Schaffner . 92 
Statek. 70 
Synetcom Digital. 90 
Tektronix . 18 
Temex Electronics. 78, 88 
Tra-Con . 89 
Trans-Tech . 90 
Trompeter Electronics . 81, 90 
Tru-Connector. 92 
Truly Telecommunications . 20 
VariL . 79 
Voltronics. 90 
Yankee Group . 18 
Z-Communications . 79, 81, 89 
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RF Design *98 

Son Jose 
October 19-21 
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Phil Cook 
Marketing Manager-West 
16795 Von Karman Ave. Suite 110 
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RF A moment with... 

Nicky Lu 
president and chief executive officer, EiC 

Nicky Lu is the co-founder of EiC, and is 
the company’s president and chief executive 
officer. Lu co-founded the company after 
founding Etron, a Taiwan-based semicon¬ 
ductor company. Lu spent seven years with 
IBM where he was involved in development 
of dynamic random-access memory 
(DRAM) related technologies. He co-invent-
ed and pioneered the emergence of a 3D-
DRAM technology , known as Substrate-
Plate Trench-Capacitor (SPT) cell. The 
technology is used in IBM’s 4 Mb and 256 
Mb DRAMS. 
Lu holds 20 U.S. patents and has pub¬ 

lished over 50 technical papers and is on 
the technical program committees of the 
IEEE International Solid States Circuits 

Conference (ISSCCC) and the symposium 
on very large-scale integration (VLSI) cir¬ 
cuits. In addition, he has received a number 
of awards including a Stanford fellowship, 
three IBM Outstanding Innovation! 
Technical Achievement awards. He was 
elected as an AdCom member of the IEEE 
Solid-State Circuits Society since 1977'. He 
is also a director of the Taiwan 
Semiconductor Industry Association. Lu 
received his MS and Ph.D degrees from 
Stanford University and his BSEE from the 
Nation Taiwan University. 

The interview was conducted by Roger 
Lesser, Senior Associate Editor and Gregg 
Miller, Technical Editor. 

RF Design: As a co-founder of a start¬ 
up company in the wireless communica¬ 
tions industry, what are your impres¬ 
sions of the challenges you have to meet? 
Lu: It is certainly very challenging and 
rewarding. We have a team spirit that 
has been the foundation of meeting the 
goals we have set. Everyone puts in 
extra effort and hours. This is very 
common in the Bay area. We have had 
a lot of challenges, but this is to be 
expected. We know we are going to 
face unexpected challenges and prob¬ 
lems. The key issue for us is how 
quickly we can access the situation 
and come up with a solution. We need 
to adapt to the changes in the market¬ 
place. We have learned to expect the 
unexpected and adapt to the changes. 
RF Design: What advice would you 
offer to someone who wants to start a 
company? 
Lu: Startup requires a lot of hard work 
and down to earth work. A common 
saying we have is: It doesn’t matter 
what your title is, the president means 
the janitor. He needs to serve everyone 
best. That is the startup spirit. You 
may see the manufacturing director 
doing an operators job. You also have 
to enjoy the work. Not just the man¬ 
agement work, but also the real effort 
it requires to make things happen. 
RF Design: What is EiC's primary 
business strategy in today's dynamic 
wireless market place? 
Lu: We are both technology driven as 
well as customer driven. We want to 
offer the best technology suitable to 
the customer. Several of us have 

worked on cellular or cordless phones 
including RF design. We have been the 
customer before, so we know the gener¬ 
al attitude of the customer, what they 
require and what kind of service they 
want from the manufacturer. At the 
same time, we believe customers in the 
RF wireless market need something 
better than what they can receive now. 
So we need to offer something that 
really does advance the technology. 
This allows the customer to advance 
their product design as well. 
RF Design: Given that most compa¬ 
nies strive to meet customer require¬ 
ments, what challenges does this pre¬ 
sent to you, the supplier? 
Lu: Depending on their project, there 
are several major standards such as 
code-division mulitple access (CDMA), 
time-division multiple access (TDMA) 
and global system of mobile communi¬ 
cation (GSM). Now everyone is talking 
about broadband CDMA in the future. 
Each standard has different technical 
requirements so the approach must be 
different. This presents a communica¬ 
tions problem. For example, the 
CDMA manufacturer may say they 
care about the spectral regrowth in the 
transmitter side or have other con¬ 
cerns. How does this translate to the 
IC designer, who may not know what 
the application is? 
RF Design: With the need to meet the 
various challenges each standard has, 
what common issues do you see? 
Lu: Beyond the communication issue, 
the general market is looking for 
smaller IC size, more function, better 

production and uniformity. We are not 
committed to one particular standard. 
We work with the customer to find the 
right solution. 
RF Design: Your company has func¬ 
tions in both the United States and in 
Asia. What advantages does this offer? 
Lu: EiC's fab is located in Fremont, 
CA. Offshore manufacturing offers 
lower labor cost but less technical 
expertise in the RF market. 
Combination of the strength is the 
management objective. We want to 
combine the strengths of the Pacific 
rim including the U.S. West Coast. In 
the San Francisco Bay area, the over¬ 
all atmosphere of the people in the 
industry is very aggressive, very inno¬ 
vative and you can find world class tal¬ 
ent here. The labor intensive effort is 
not as suitable for the Bay area, so we 
want to use the Pacific Rims strength 
which is known for its labor quality, 
turn around time and reduced cost. 
RF Design: There is a real debate 
between the GaAs advocates and those 
who believe Silicon is the future of IC. 
Is there room for both ? How do you 
view the future of GaAs? 
Lu: Each device technology has 
strength in different applications. The 
advantage of GaAs is in the high fre¬ 
quency analog circuit including power 
amplifiers. The mainstream for semi¬ 
conductors is digital circuits and this 
will be dominated by Si CMOS. GaAs 
will not replace that role for sure. 
GaAs HBT on the other hand offers 
obvious advantages in the analog cir¬ 
cuit operation above 1 GHz. RI 

102 www.rfdesign.com August 1998 



Innowtive Mixers 

•smaller size -better performance -lower cost 1 to 3500MHz from$2 
Searching high and low for a better frequency 
mixer? Then take a closer look at the 

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

an ultra-slim, patent pending package with a profile as low as 
0.078 inches (2mm) in height. Electrically, ADE mixers deliver 
better performance than previous generation mixers through all 
welded connections and unique assembly construction which 
reduces parasitic inductance. The result is dramatically improved high 
frequency and IP2-IP3 performance. Plus, ADE’s innovative package 
design allows water wash to drain and eliminates 
the possibility of residue entrapment. Another 2mm

ADE high point is the lower cost... priced from • J 
only $2.95 each (qty. 10-49). So, if you’ve been 
searching high and low for a mixer to exceed 
expectations...ADE is if ” 

ADE* TYPICAL SPECIFICATIONS: 

Height Freq. LO 
Model (mm) (MHz) (dBm) 

ADE- 1 ASK 3 2-600 +7 
ADE-2ASK 3 1-1000 +7 
ADE-12 2 50-1000 +7 
ADE-14 2 800-1000 +7 

ADE-901 3 800-1000 +7 
ADE-13 2 50-1600 +7 
ADE-20 3 1500-2000 +7 
ADE- 18 3 1700-2500 +7 

ADE-3GL 2 2100-2600 +7 
ADE-3G 3 2300-2700 +7 
ADE-35 3 1600-3500 +7 
ADE-18W 3 1750-3500 +7 

ADE-10H 3 400-1000 +17 
ADE-20H 3 1500-2000 +17 

Conv. Loss L-R Isol. 
Midband Bandwide IP3 (dBm) 

(dB) (dB) @ Midband 

5.3 50** 16 
5.4 45** 12 
7.0 35 17 
7.4 32 17 

5.9 32 13 
8.1 40** 11 
5.4 31 14 
4.9 27 10 

6.0 34 17 
5.6 36 13 
6.3 25 11 
5.4 33 11 

7.0 39 30 
5.2 29 24 

Price ($ea.) 
Qty. 10-49 

3.95 
4.25 
2.95 
3.25 

2.95 
3.10 
4.95 
3.45 

4.95 
3.45 
4.95 
3.95 

7.95 
8.95 

Component mounting area on customer PC board is 0.320"x 0.290". 
Available in tape and reel. 
“Specified midband. 

★Patent Pending. 

ADE Mixers... Innovations Without Traditional Limitations! 

C3 Mini-Circuits 65 66 
CIRCLE READER SERVICE CARD 

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

ISO 9001 CERTIFIED 



www.here do you find 
L&S Band Power? 

Need power for your MMDS transmitter? NEC’s 

NES2527B-3O Class A MESFETs deliver, with 

NE6500496 
4W Driver 
11.5 dB Gain, 45% Efficiency 
Fax Document If 205 

4W 
Driver 

high efficiency and low distortion. For PCS, 

our NES182 IB-30 delivers the power and linearity 

Output 
Stages 

10W 
Drivers 

your new designs demand, NE6501077 
10W Driver 
10.5dB Gain, 40% Efficiency 

Fax Document # 207 with Class A or AB operation. 

— Combine them with our 

NE65O Series drivers and 

the benefits of our 

low-distortion devices 

reálly begin to multiply. 

Best of all, we 

design these devices 

right here at CEL. 

So if you ever have a 

question, the guys you’ll really 

NES2527B-30 
30W MESFET 
45dBmPidb, 13.0dBGain 

40% Efficiency 

Fax Document # 231 

want to talk to are just a phone call away. 

Want data sheets? That’s easy too. Download 

them directly from our website. Or we’ll fax them 

to you right now. Just dial 800-390-3232. 

CEL California Eastern Laboratories 

4590 Patrick Henry Drive Santa Clara, CA 95054 

NES1821B-30 
30 W MESFET 
45dBm @ 1.9Ghz, 13.0 dB Gain 
Class A or AB Operation 
Fax Document # 227 

ir.. 

www.cel.com 
Booth 

2421 
W escon 

408 988-3500 

NEC 
http://www.cel.com 

DISTRIBUTORS: Reptron Electronics (888) REPTRON Bell Industries (800) 525-6666 

Mouser Electronics (800) 346-6873 Electro Sonic (800) 567-6642 (Canada) 

INFO/CARD26 




