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WAVE STANDARD
SERIES

Some Are Simply
Better Than Others!

The Wave Standard Series is a family of single and dual
channel arbitrary / function generators, designed to provide
superior performance at a low price. The new series
incorporates Tabor’s award-winning “best of both worlds”
technology, having both memory-based, true arbitrary waveform
generator architecture for accurate, jitter-free waveforms
alongside a DDS-based generator to create all the standard
modulation formats. Packed into a compact and efficient
2U -rack size box, all in one easy-to-use high performance
unit, makes the Wave Standard series, by far, the best in its
category (AFGs) for size, price and performance.

For more information or to schedule a demo call EADS North
America Test and Services at 800-722-2528 or visit our website
www.taborelec.com/us

Tabor’s New WS8101/2
Arbitrary/Function Generators

c  Tabor Electronics Ltd. 2009
Specification compiled from Tabor 8101/2 data sheet, Agilent 33250a data sheet 5968-8807EN,
March 14, 2005 and Tektronix AFG3000 data sheet 76W-18656-3, 12 November 2007.
Prices are taken from the vendors websites.

Tabor  WS8101/2

1 | 2

True Arb + DDS

100MHz | 100MHz |
12.5MHz

250MS/s

512k

16 bits

16Vp-p

< 5ns

< 100ps

-8V to +8V

AM, FM, FSK, PSK,
Sweep

LAN, USB, GPIB

3 years standard

$3,750 | $4,950

Agilent 33250a

1

DDS Only

80MHz | 80MHz |
1MHz

200MS/s

64k

12 bits

10Vp-p

< 8ns

< 100ps

-5V to +5V

AM, FM, FSK,
Sweep

RS232, GPIB

1 years standard

$4,571

Tek AFG3102/2

1 | 2

DDS Only

100MHz | 50MHz |
1MHz

  250MS/s | 1GS/s

16k to 128k | 2 to 16k

14 bits

10Vp-p

< 5ns

< 200ps

-5V to +5V

AM, FM, PM, FSK,
PWM, Sweep

LAN, USB, GPIB

3 years standard

$3,760 | $4,960

MODEL

Channels

Architecture

Max Frequency
(Sine/Square/others)

Max. Sample Clock

Max. Memory Size

Vertical Resolution

Max Amplitude
(into 50W)

Rise / Fall Time

Square Wave Jitter
(rms), typ.

DC Levels (into 50 )

Modulation

Connectivity

Warranty

Strating from Price

Now on Special Introduction Starting
just from $3,750 until 6/30/2009$4,150

tmw090501covers.indd  00C2tmw090501covers.indd  00C2 4/17/2009  11:02:09 AM4/17/2009  11:02:09 AM



Go to: www.omega.com/dilbert for your daily dose of DILBERT! 

Where Do I Go for Temperature Measurement and Control Products?

omega.com, of Course!

© COPYRIGHT 2009 OMEGA ENGINEERING, INC. ALL RIGHTS RESERVED

Shop Online at 
omega.com/509TM3

Direct Link:For Sales and Service, Call TOLL FREE 

*PATENTED
Covered by U.S. and International
patents and pending applicationsCover Art: An Allen Welkis Adaptation Based on an Original Norman Rockwell Illustration 

© 1943 The Norman Rockwell Family Entities. 
Dilbert © United Feature Syndicate, Inc.

$1 ea
Sold in

Packages of
100 Elements

MOST ECONOMICAL!

� Class-A, B and 1⁄3 B DIN Tolerances

� Temperature Range: 
-70 to 500°C (-94 to 932°F)

� 100, 500 and 1000 Ω Configurations

� Faster Response than Most Wire Wound Elements

Actual Size
2.0 x 2.0 x 0.8 mm

Glass coating over 
wire bonds pattern

Connection 
wires

Connection 
pad

Ceramic 
base

Platinum thin 
film layer

High Quality at 
an OEM Price!

OMEGAFILM® Platinum
Thin Film Pt100 RTD
Elements for 
OEM Applications

Starts at
$139

Starts at
$139

Starts at
$395

Starts at
$95

Starts at
$295

Starts at
$184

Food Service 
INFRARED 

Thermometer with
Penetration Probe

SANITARY
RTD Assemblies

OS303

OS4000

wi8

PRS-S-NB9W
Series 

Fastest Industrial
Fiber Optic INFRARED
Temperature Transmitter
with Smallest Spot Size

Lens Probe 
Assembly  
Sold Separately.

Handheld INFRARED
Thermometer

*PATENTED

TM

OMEGASCOPE®

1⁄8 DIN Meter, 
Scanner and Controller

*PATENTED

ELC Graphic Panels
For PLCs

ELC-GP02 

USA

MADEMADE
ININ

USA

MADEMADE
ININ

USA

MADEMADE
ININ

USA

MADEMADE
ININ

Find thousands of temperature
measurement and control products
in one place!
Visit omega.com
to order your 
FREE copy of 
The Temperature
HandbookTM and 
Encyclopedia
6th Edition

FREE!
HARDBOUND
HANDBOOK

Your single source for process measurement and control products!

USA

MADEMADE
ININ

Manufactured By Omega

With 
NEW WIRELESS
Feature

OS530 LE

Starts at
$495

OS550A

Industrial Non-Contact 
INFRARED 
Thermometer/
Transmitter

sensor head
included 

USA

MADEMADE
ININ

Starts at
$265

SANITARY 
WIRELESS 

RTD
Probe/

Transmitter 
Assembly

UWRTD-NB9W
Series

USA

MADEMADE
ININ
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Are you looking for high ROI

for your test investment?  

Do you need low life-cycle cost

for your test applications?

Aeroflex's SMART^E 5000

(Synthetic Multifunction

Adaptable Reconfigurable Test

Environment) offers configurable

high throughput testing at the

lowest possible cost.  By

combining the best-in-class

throughput and measurement

components available on the

market today (i.e. PXI, cPCI, LXI,

object-oriented open software

architecture), SMARTˆE gives you

obsolescence resistance and

highly competitive cost-of-test for

all your needs.  When combined

with Aeroflex's worldwide fast

response global support,

SMART^E is the only fully

supported and customizable

system-level synthetic test

solution!

Let the Synthetic Test experts

at Aeroflex show you how to

solve your RF/microwave and

mixed-signal test needs. 

For a demonstration, data sheets

or more information, call us

today at +1 614 888 2700 or 

e-mail us at: 

SMARTE-Synthetic-Test@aeroflex.com

www.aeroflex.com/smarte

Aeroflex’s             is your only 
Synthetic Test Solution

www.aeroflex.com
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 ●   PXI pulls military duty
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TEST IDEAS

Program resistance in a bridge circuit
A programmable amplifier lets you find an unknown resistance for
measuring temperature or strain.
By Alexander Bell, Infosoft International, New York, NY

INSTRUMENTS COVER STORY

Finding firefighters through
heavy smoke
An RF-based locator system may someday help
fire departments pinpoint firefighters in trouble.
By Martin Rowe, Senior Technical Editor

RF TEST

Testing DigRF for 3G
handsets
The MIPI Alliance’s DigRF interface standards
can simplify the design of cellphone handsets,
but they challenge test engineers to find ways
to reduce test-time overhead.
By Ed Seng, Teradyne
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The Vision Show 2009:
The sun shines on
Much of the activity at The Vision Show 2009
seemed driven by solar, medical, and homeland
security applications. Dana Whalls, managing
director of the Automated Imaging Association,
which produces the show, said this year’s event
drew strong attendance from Argentina, Chile, and
Mexico, as well as large delegations from locally
represented giants such as Intel. Read our recap:

www.tmworld.com/2009_visionshow

APEX highlights test and
inspection
The IPC APEX Expo, held March 31 to April 2 in
Las Vegas, gave exhibitors the opportunity to pres-
ent boundary-scan tools, vectorless test capabili-
ties, software suites, optical and x-ray inspection
systems, and functional, flying-probe, and in-circuit
testers. Read our coverage from the show floor as
well as a transcript from this year’s Test and Inspec-
tion Summit:

www.tmworld.com/2009_apex

Blog commentaries and links
Rowe’s and Columns
Martin Rowe, Senior Technical Editor

● It’s the network, really
● HP-35 wins IEEE award
● Download a driver or write your own?
● DOS lives

Engineering Education and Careers
Puneet Lakhi, Contributing Editor

● i, RoboWaiter
● Learning with...Legos?
● Testing GPS on treacherous trails
● Testing new interfaces

www.tmworld.com/blogs

Take a T&M Challenge
Answer our new Instrumentation Challenge ques-
tion correctly, and you could be eligible to win a
$100 Best Buy gift card, courtesy of B&K Precision,
the challenge sponsor.

www.tmworld.com/challenge

ONLINEwww.tmworld.com
Check out these exclusive features on
the Test & Measurement World Web site:

THE ORIGINAL 
PUSH-PULL

CONNECTOR

Contact your local partner on www.lemo.com

LEMO SA - Switzerland

Phone: (+41 21) 695 16 00
Fax: (+41 21) 695 16 02 
info@lemo.com

More than 
50'000 connector
combinations

The modular design of
LEMO products provides
more than 50'000 
different combinations 
of connectors with a 
large choice of contact 
configurations: 

• High and low voltage
• Coaxial and triaxial
• Quadrax
• Thermocouple
• Fibre optic
• Fluidic and pneumatic
• Hybrid
• Custom solutions
• Cable assembly
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“I need the fastest DMM they make.”

© 2009 Agilent Technologies, Inc. 

Agilent Authorized Distributor

Download the latest measurement brief and tips 
www.agilent.com/find/fastestdmm

They don’t make them any faster.
Nobody but Agilent makes a range of DMMs this fast, this accurate, or 
this reliable. Up to 1000 times more readings per second than the near-
est competitor’s, and far easier to use, you’ll rip through tests in a fraction 
of the time. It’s what you’d expect from the leader in DMM technology.

DMM Digits DC Max Function/Range IO
  Accuracy Readings Changes

34405A 5 1/2 0.0250% 19 / sec 0.2 sec USB

34401A 6 1/2 0.0035% 1,000 / sec .02 sec GPIB, RS-232

34410A 6 1/2 0.0030% 10,000 / sec 2.6 ms GPIB, USB, 
   LAN (LXI)

34411A/ 6 1/2 0.0030% 50,000 / sec 2.6 ms GPIB, USB, 
L4411A   LAN (LXI)

34420A 7 1/2 0.0030% 250 / sec .02 sec GPIB, RS-232

3458A 8 1/2 0.0008% 100,000 / sec 3.0 ms GPIB

866-436-0887  www.metrictest.com/agilent 

6,000 instruments. One source.
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HMIDistributed
I/O

Industrial 
Computing

Digital
I/O

Serial
I/O

 SeaLINK USB Serial Adapters Provide:
• 1, 2, 4, 8, and 16-Port Models

• RS-232, RS-422, and RS-485
Serial Interfaces

• Data Rates to 921.6K bps

• State Machine Architecture to
Reduce Host Processor Overhead

• Operation as Standard COM Ports
to the Host Computer

• Lifetime Warranty

SeaLINK USB serial
adapters are the fastest,

most reliable way to
connect peripherals to any
USB-equipped computer.

We Listen. Think. And Create.We Listen. Think. And Create.

F CUS
On Success 

Reduce Host Process

• Operation as Standar
to the Host Computer

• Lifetime Warranty

F
O
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eruse any source of media these
days, and you’ll see or hear some-
thing about the perilous position of
media in today’s depressed economy
and in the face of ever-changing Web
tools. Can traditional print newspa-

pers and magazines—like Test & Measurement
World and EDN—survive the challenges posed
by blogs, Twitter, LinkedIn, and so on?

I think the survival question is the wrong ques-
tion to ask—it posits a competition among various
types of media, when in fact the question that
should be asked is: How can the different types of

media complement
each other? We’ve
had success with
blogs from editors
who use them to re-
port news, solicit
input, and comple-
ment our feature
coverage in print or
on our Websites.

Of course, Web media evolves rapidly, with
blogs having reached late middle age and even
the comparatively new Twitter already reaching
maturity. The question arises, does a technol-
ogy like Twitter have anything to offer tradi-
tional media companies?

Maureen Dowd at the New York Times doesn’t
seem to think so. In the recent column “To Tweet
or Not to Tweet,” she recounts asking Twitter co-
founder Biz Stone this question: “I would rather
be tied up to stakes in the Kalahari Desert, have
honey poured over me and red ants eat out my
eyes than open a Twitter account. Is there any-
thing you can say to change my mind?”

Stone had a ready reply: “Well, when you do
find yourself in that position…you might want
to type out the message ‘Help.’”

Dowd doesn’t say whether this argument wins
her over, but we do have on staff one editor
who has changed her opinion. That’s Suzanne
Deffree, managing editor for news at EDN, who
is posting her own tweets at www.twitter.com/
EDNmagazine. She says she first checked out
Twitter for EDN in early 2008 and “shrugged it
off as a fly-by-night waste of time that did little
more than share the mundane blips of life.”

She notes, though, that she had also written
off e-mail and blogging, and—just as she mod-
ified her position on those tools—she has now
reconsidered her position on Twitter. She says,
“Twitter is far from perfect. But don’t write this
tool off as a pre-teen sensation that will be
over and done with faster than the next boy
band. There’s real value here in making con-
nections, delivering information, and staying
informed.” She doesn’t see Twitter as a news
reporting mechanism but rather as a way to
complement the more traditional reporting
that takes place on our Websites, blogs, and
print magazines.

So, will Twitter turn out to be a long-term, in-
valuable tool for traditional media practitioners?
Who knows? Maybe, lacking a revenue model,
it will quickly fade into obscurity. What we do
know is that it’s a well-publicized service that’s
available now, and there’s no reason not to add
it to our reportorial toolbox.

Check out Suzanne’s tweets. She assures you,
“Your time will not be wasted with insignificant
blurbs. You will not be overrun with 50 tweets a
day. You have better things to do—we get that.
Be assured that our Twitter messages will be
held to the same high standards we here at
EDN hold all of our editorial products to.”

By the way, I’m joining Suzanne on the
Twitter bandwagon. Follow me at twitter.com/
Rick_editor. T&MW

Twitter is a well-
publicized service
that’s available now,
and there’s no reason
not to add it to our
reportorial toolbox.

Finally time to Twitter

RICK NELSON
EDITOR IN CHIEF

EDITOR’S NOTE

P
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Averna acquires broad-
band test competitor
Montreal-based Averna has acquired
DAQTron, a developer of communica-
tions test systems. In addition to giving
the company a US headquarters in
Atlanta, GA, Averna says the acquisition
will bring greater functionality to its
Universal Receiver Tester that supports
radio, video, and navigation signals.

DAQTron’s products include a
DOCSIS 3.0 RF protocol analyzer, the
Mercury and Jupiter manufacturing
and design-verification test systems,
and the Trident software for simulating
and testing digital signals.

“We believe that the convergence of
radio, video, and navigation content
into mobile devices will continue to
fuel demand for multifunctional test
instruments and systems,” said Pascal
Pilon, president and CEO of Averna.
He added that acquiring DAQTron
“concentrates our strengths and posi-
tions Averna to lead the trend towards
computer-based instrumentation.”
www.averna.com; www.daqtron.com.
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With optical network speeds about to increase to 40 Gbps and
then to 100 Gbps, the PSO-100 series of optical oscilloscopes
can show the signals to you. The Models PSO-101 (one-channel)

and PSO-102 (two-channel) oscilloscopes
connect to your PC through a USB port.
They use a sampling technique that opti-
cally captures and time stretches repeti-
tive signals, creating a time-stretched
copy of the original signal. The scopes
convert elongated samples to electrical

form before digitizing them. Using this technique, the instru-
ments can use a sample rate in the tens of megasamples per sec-
ond while maintaining 500-GHz overall bandwidth.

A PSO-100 series oscilloscope captures samples by using a
short pulse that opens an optical gate to capture light. The
instrument then converts the optical signal to electrical form and
digitally processes the captured signal, measuring jitter (RMS and
peak-to-peak), rise time, fall time, eye amplitude, duty-cycle dis-
tortion, extinction ratio, and other parameters. Both models let
you analyze signals that use return-to-zero and non-return-to-zero
modulation. The PSO-102 adds DPSK, DQPSK, and D8PSK com-
plex modulation formats with the use of a demodulator. The
instruments use software-based clock recovery and thus don’t
require an external trigger.

Price range: $124,500 to $157,500. EXFO, www.exfo.com.
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NEWSBRIEFS

Agilent Technologies has introduced an arbitrary load impedance
X-parameter option—Option 520—for its PNA-X nonlinear vector net-
work analyzer. When used in conjunction with Maury Microwave tuners
and software, the new option provides the capability to measure and
simulate nonlinear component behavior at all load impedances.

The addition of Option 520 to the PNA-X (pictured) allows R&D
engineers in the wireless communications and aerospace/defense
industries to extend X-parameter design cascadeability to arbi-
trarily large load mismatches; measure and predict dynamic load
lines at input and output ports under arbitrary loading conditions,
even under very large compression; measure and simulate magni-
tude and phase data at the input and output for each fundamental
and harmonic frequency as nonlinear functions of power, bias, and arbitrary load impedance; and model
devices as well as design multistage Doherty or other complex amplifier circuits within Agilent’s ADS
(Advanced Design System) software.

X-parameters are mathematically correct scattering coefficients for active components. They provide an
automated process for capturing nonlinear component behavior over arbitrary complex impedances, input
powers, and DC biases across various frequencies. Engineers can use the PNA-X nonlinear vector network ana-
lyzer to measure X-parameters and create X-parameter models that can be imported into Agilent’s ADS to sim-
ulate actual linear and nonlinear component behavior.

The behavior of a device under large-signal operating conditions can be captured and modeled in ADS
using Agilent’s new NVNA option, an external Maury load tuner, and Maury’s load-pull software. Option 520 is
priced at $8000. The Maury ATS (Automated Tuner System) software begins at $17,500, and a single Maury
ATS tuner begins at $22,500. www.agilent.com; www.maurymw.com.

Agilent, Maury Microwave support nonlinear measurement
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Visit iotech.com/6000 for more information

THE MOST ADVANCED 
Out-of-the-Box DAQ System

NEW Encore interactive measurement 
software offers users a powerful set of features 
in an intuitive package. Included with 6000 Series.

• Easy hardware configuration

• Data streaming & playback

• Comprehensive report generation

• Drag and drop directly to Excel®

• Built-in analysis including FFT 

Out-of-the-Box Data Acquisit ion ©Copyright 2009, IOtech. All trademarks are property of their respective holders. For a complete 
listing of IOtech worldwide sales offices, see www.iotech.com/sales. 090203. T&MW2.

NEW 6000 Series Data Acquisition 
System is the next generation of IOtech 
Out-of-the-Box solutions.

Mix and match several models to build an 
expandable, mixed-signal acquisition system. 

6220 high-speed voltage input module, 16-bit 

6224 high-speed strain gauge input module, 24-bit

More modules coming soon.

iotech.com/6000   (888) 890-1322  sales@iotech.com

NEW
!  

NEW
!  

NEW

INTERACTIVE

MEASUREMENT SOFTWARE

ETHERNET-BASED

HARDWARE+
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T H E  B E S T  V A L U E  I N  D A TA  A C Q U I S I T I O N  A N D  M E A S U R E M E N T  P R O D U C T S

THE VALUE LEADER IN DATA ACQUISITION

©2009 Measurement Computing Corporation, 10 Commerce Way, Norton, MA 02766 • (508) 946-5100 • www.mccdaq.com

MCCDAQ.COM

CALL US TODAY AT 1-800-234-4232

O

EMS/VOLUME

$
CALL FOR
PRICING

Money matters.

With more than 175 products under $500, Measurement Computing
offers the best value in data acquisition.

Starting at

$499

New USB-1208HS
High-speed multifunction DAQ module

• 13-bit, 1 MS/sec analog inputs

• Up to ±20 V differential range

Twenty years of experience have shown us that value goes well beyond low prices. Measurement 
Computing adds value in all price ranges with free technical support and lifetime warranties. 
This commitment to value keeps customers coming back year after year. 

If you haven't worked with us in the past, there is no better time to get to know the 
Measurement Computing advantage.

Visit us at mccdaq.com and see for yourself.

Call us today at 1-800-234-4232
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© 2009 Tektronix. All rights reserved. Tektronix products are covered by U.S. 
and foreign patents, issued and pending. TEKTRONIX and the Tektronix logo 
are registered trademarks of Tektronix, Inc.

Tektronix DPX 
Technology—See What 
You’ve Been Missing.

See a live RF demo
www.tektronix.com/rtsa-dpx

Discover what’s real with Tektronix DPX™

Technology. Now you can see your time-varying 
signals live with DPX technology, available on all 
Real-Time Spectrum Analyzers from Tektronix. 
DPX displays a live RF view of your signal changing 
over time. It shows you RF signal characteristics 
that are practically invisible with prior architectures.

The two screens represent a traditional swept tuned spectrum 
analyzer and a Tektronix Real-Time Spectrum Analyzer running DPX™,
each detecting an identical signal that changes every 1.28 seconds.

Tektronix
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reach 26.5 GHz
Aeroflex 3250 Series spectrum analyzers offer
RF frequency ranges spanning 1 kHz to 26.6
GHz and serve engineers working in military,
communications, satellite, radar, and PMR (por-
table mobile radio) applications. The compact
instruments weigh just 24 to 29 lbs.

The 3250 Series includes four spectrum ana-
lyzer models, each measuring a frequency range
beginning at 1 kHz, with the 3251 ranging up to
3 GHz, the 3252 to 8 GHz, the 3253 to 13.2 GHz,
and the 3254 to 26.5 GHz. All models have a
Windows XP operating system, a removable

hard disk, and a
7-in. touch-panel
screen. Three
traces can be dis-
played per win-
dow and as many

as nine markers can be selected with a marker
table viewable in an alternate window. The
instruments support remote control via LAN,
GPIB, and RS-232C interfaces.

The 3250 Series includes digital demodulation
capabilities for the analysis of 802.11a/b/g wire-
less networks. Optional measurement personali-
ties include GSM/EDGE, WCDMA, and WiMAX,
and the instruments can also perform EMC pre-
compliance tests. An optional built-in tracking
generator is available across the entire range.

Base price: $15,000. Aeroflex, www.aeroflex.
com.

International Microwave Symposium, June 7–12,
Boston, MA. IEEE Microwave Theory and Techniques
Society. www.ims2009.org.

Sensors Expo, June 8–10, Rosemont, IL. Questex
Media. www.sensorsexpo.com.

Semicon West, July 14–16, San Francisco, CA. SEMI.
www.semiconwest.org.

Design Automation Conference (DAC), July 26–31,
San Francisco, CA. IEEE, ACM, EDA Consortium.
www.dac.com.

To learn about other conferences, courses, and calls
for papers, visit www.tmworld.com/events.

C A L E N D A R
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Connect to your test equipment
directly from MATLAB ® using standard
communication protocols and hundreds
of available instrument drivers.

Analyze and visualize your test results
using the full numerical and graphical
power of MATLAB.

For more information on supported hard-
ware, visit www.mathworks.com/connect

Agilent

Tektronix

LeCroy

Rohde & Schwarz
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Keithley
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Tabor

Pickering

GPIB

TCP/IP

VISA

USB

UDP

RS-232

© 2009 The MathWorks, Inc.
MATLAB is a registered trademark of The MathWorks, Inc. Other product or brand
names may be trademarks or registered trademarks of their respective holders.
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Philippe Morin, president of Metro Ethernet
Networks at Nortel, Canada, told attendees at
the plenary session of the 2009 OFCNFOEC
conference that the current economic down-
turn is a challenge, but bandwidth demand
continues to increase. “The economic down-
turn is actually accelerating bandwidth growth
because people are staying home and they want
their entertainment delivered. Electronic de-
vices and connectivity have moved from ‘nice to
have’ to a necessity.”

Lawrence Lessig of Stanford Law School told
the audience that today’s copyright laws need to
be revamped for the digital age. He said that
“machines” such as TV and radio changed us
from what he called a “read-write” society to a
“read-only” society. Prior to radio and TV, peo-
ple used to sing songs and be artistic. “In the 21st
century,” he predicted, “we will become a pro-
ducing culture again” as people now remix audio
and video into their own work, which leads to
copyright issues that today’s laws don’t address.

Anritsu introduced several instrument cards
for its tester mainframes: a 10-Gbps Ethernet
plug-in module for its MD1230B Data Quality
Analyzer and a module for its MP1590B Network
Performance Tester that supports testing of SDH,
SONET, OTN, PDH, and DSn interfaces. Cen-
tellax introduced a multichannel signal-integrity
test system that uses up to five 10-Gbps pods to
produce PRBS (pseudorandom bit sequence) pat-
terns for performing BER (bit-error rate) tests.

Synthesys Research dis-
played its 17.5-Gbps BertScope
that decomposes jitter and dis-
plays it in a map form.Yokogawa
demonstrated its transport ana-
lyzer, which provides insight into
WDM (wavelength-division mul-
tiplexed) optical signals

Agilent Technologies showed
its N4391A optical modulation analyzer, based on
the Infiniium 90000 series oscilloscopes. The com-
pany’s N7700A photonic application suite of soft-
ware performs high-speed optical measurements,
and a new PXI optical communications analyzer
module analyzes serial data streams at rates from
155 Mbps to 10.518 Gbps.

JDSU added AMCC’s enhanced FEC (for-
ward-error correction) to its TestPoint 10-Gbps
line of testers used for Metro Ethernet and car-
rier-grade Ethernet applications. Picosecond
Pulse Labs exhibited the Model 8020 optical
splitter for its line of pattern generators. Polatis
introduced the Ser ies 2000 80x80 optical
switches.

Inphi demonstrated a reference design for
making BER measurements at speeds up to 28
Gbps. The reference design uses Inphi’s 5080MX
multiplexer. General Photonics demonstrated
the PMD-1000 polarization-optimized PMD
(polarization-mode dispersion) source. ILX
Lightwave announced the LDC-3700C series
of laser-diode controllers. T&MW

> > >  OFCNFOEC conference and exhibition, March 23–26, San Diego, CA, www.ofcnfoec.org.

SHOWHIGHLIGHTS

At the keynote session of the 2009 Measurement Science
Conference (MSC) on Thursday, March 26, MSC president
Arman Hovakemian of NSWC Corona welcomed attendees,
stating, “Test and measurement is key to all aspects of com-
merce in this historic time.”

Richard Turner, executive director of the USATA (US
Army Test, Measurement, and Diagnostic Equipment Activ-
ity) gave the keynote address, during which he discussed the
Army’s measurement capabilities. “We have to be traceable
[to NIST] or we’ll fail,” he said. Turner noted that the me-
trology community is aging and there’s a need for new talent
to replace aging metrologists.

On the exhibit floor, Fluke displayed its AC and DC cur-
rent shunts. The company’s Hart Scientific division intro-
duced the Model 4181 infrared temperature calibrator for
calibrating infrared thermometers and thermal-imaging cam-
eras. The 4181 features software that compensates its tem-
perature readouts for differences in emissivity between itself
and a thermometer under test.

Guildline Instruments exhibited the 6622A resistance
bridge.Ectron displayed its Model 1140A thermocouple ther-
mometer and calibrator. Tegam introduced the Model 1830A
RF power meter for metrology. It supports calibration of therm-
istor RF power sensors from Agilent Technologies. T&MW

Broadband demand continues

> > >  Measurement Science Conference, March 26–27, Anaheim, CA, www.msc-conf.com.

Measurement quality remains important

The 17.5-Gbps Bert-
Scope decomposes
jitter and displays it
in a map form.
Courtesy of Synthesys Research.
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This Little Piggy
Went To Market

This Little Piggy
Stayed Home

An AR Test Cell can help you get your electronic product to market faster
… ahead of your competition.

ISO 9001:2000
Certified

In this competitive marketplace, timing is everything.  If you’re late to market, 
you may as well stay home.  And if you unexpectedly fail at the test house, you lose some serious time.

But what if you could test as you go?  AR’s test cells make it practical and affordable to
conduct your own pre-compliance radiated immunity and radiated emissions testing. 

On everything from cell phones and circuit breakers to auto parts, computers,
and remote control devices.

AR Cells bridge the gap between size-limited TEM cells and expensive anechoic chambers. 
They help guard against remedial design, speed time to market, and get to the test house 

ready for certification.
We have a variety of cells to accommodate your space and the size of your EUTs – up to 100 cm/side.  Our unique design 

enables the free-space systems to fit into small areas within a few inches from existing walls and ceilings. AR even has test cells on wheels,
so you can roll them out whenever you need them.

AR supplies a multitude of unique RF solutions to companies around the world.  Our limitless support network reaches the far corners
of the globe, and everything we sell is backed by the best comprehensive warranty in the industry.

To learn more, and to see how AR can help you get to market faster, 
visit www.ar-worldwide.com or call us at 215-723-8181.
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Industry executives scrutinized the
evolving role of PCB (printed-cir-
cuit board) test and inspection dur-

ing the Test and Inspection Summit
held April 1 as part of IPC APEX
Expo 2009 in Las Vegas. Building on
the 2008 Test and Inspection Summit,
participants commented on test chal-
lenges and the technologies that are
emerging to deal with them, including

electrical test, optical inspection, x-ray
inspection, and boundary-scan test.

David Buhrkuhl, president of SPEA
America, kicked off the discussion, cit-
ing cost of test as a key concern. “At
APEX this year, we are introducing [the
SPEA 4040 Multimode] flying-probe
low-cost tester, knowing that cost con-
trol this year is more critical than ever.”

Peter van den Eijnden, president of
JTAG Technologies, presented bound-
ary scan as a way to control costs.
“With boundary scan, you don’t need
as much in-circuit test. And boundary-
scan equipment is far less expensive
than in-circuit test.”

Mark Harding, director of sales for
North America at Digitaltest, which
provides flying-probe and other board-
test systems, said his firm partners with
JTAG Technologies to integrate bound-

ary scan. He sees a continuing role for
in-circuit test, noting, “In-circuit test
won’t go away, though many say that it is
fading. In a high-mix, low-volume envi-
ronment, in-circuit remains a useful test.”

Jack Rozwat, general manager of SST
Americas Field Operations at Agilent
Technologies, concurred with the need
for boundary scan, saying, “People are
reducing budget amounts set aside for
test. In electrical test, built-in testability,
such as boundary scan, is necessary. And
we should take advantage of any type of
validation test that can be built into sili-
con.” On the APEX exhibit floor, Agi-
lent highlighted its work with Aster
Technologies to measure the test cover-
age afforded by electrical test, bound-
ary-scan, and inspection techniques.

Rozwat’s firm recently exited the in-
spection business, citing, in part, the high
cost of x-ray systems. When asked if
x-ray is too expensive, Carsten Salewski,
president and CEO of Viscom, coun-
tered with, “In fact, the real question is:
What is the cost of failure?” He added,
“The more you know about the process

of electronics manufacturing, the better
you can know what types of test fit. To
do it right, rather than doing it again, is
the goal. DFT [design for test] moves the
process during the beginning.”

Phil Vere, managing director for
Bond Test at Dage Precision Industries,
which makes x-ray and bond-testing
systems, agreed, saying, “Designing a
product to be tested should be an inte-
gral part of NPI [new product introduc-
tion]. Virtual simulation models aren’t
enough, though. You need to have test
strategies ready for products early on.”

Buhrkuhl concluded, “As the panel
said last year, there’s no one system that
solves all problems...if you need a criti-
cal electronics product, let’s say a pace-
maker, you probably want all types of
tests, including vision, functional, and
everything else available here from all
the panelists.” T&MW

See the online version of this article for
links to an edited transcript of the panel
discussion and a summary of the 2008
summit: www.tmworld.com/2009_05.

APEX: Panelists tout test and inspection

[DESIGN, TEST & YIELD] RICK NELSON
EDITOR IN CHIEF

rnelson@tmworld.com

Agilent highlighted its partnership with
Aster Technologies to enable integra-
tion of Aster’s TestWay Coverage Ana-
lyst across Agilent’s Medalist i3070 and
i1000 printed-circuit-board assembly-
test platforms. Courtesy of Agilent Technologies.

Goepel debuts ATPG, TIC
Goepel electronic at APEX highlighted an ATPG (automatic test-pro-
gram generator) for hierarchical test at the board level based on the
company’s System Cascon boundary-scan software platform. The com-
pany also launched the TIC02/LV TAP interface cards. These members of
the company’s ScanFlex boundary-scan platform, which serve low-volt-
age and ultra-low-voltage applications, support GTL (Gunning trans-
ceiver logic) interfaces. www.goepel.com.

ECT presents 2-D spring pins
Everett Charles Technologies Contact Products Group pre-
sented its next-generation patented spring-probe technol-
ogy, the Z-Axis Interconnect Pin, or ZIP. The ZIP’s 2-D design
features sliding planar contact surfaces, maximizing surface
area for reliable contact. The 2-D geometry allows the com-
pany to employ efficient reel-to-reel fabrication and assembly
processes to control costs. www.ectinfo.com.

Manufacturing software gets upgrade
Aegis Software unveiled the third major release of its Version 7 Manu-
facturing Operations Software, known as R3. R3 incorporates customer-
driven enhancements that support process planning, paperless deliv-
ery, product tracking, quality collection and repair, dashboards, and
ana lytics. www.aiscorp.com.

TECHTRENDS
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With capital investment funds
at a premium, companies can
ill afford to make a mistake

on machine vision. “Very often when I
get called in, companies are fairly cer-
tain about what they want to do, but I
have to talk them out of it because the
approach just isn’t right for their appli-
cation,” said Perry West, founder and
president of Automated Vision Systems,
San Jose, CA.

With 30 years of experience in the
field, West always asks companies to first
state in a single sentence what will con-
stitute success in the vision system they
plan to install. For some, it might be

labor savings or scrap reduction; for
others, it could be an increase in inspec-
tion throughput. Only with a goal in
mind, said West, can you start to define
the actual specifications of a system.

West also has devised a simple tax-
onomy (see figure) that helps compa-
nies get closer to their ideal system. “In
broad terms, R&D people gravitate to
general-purpose vision systems because
of the flexibility,” explained West. “End
users, such as a semiconductor fab,
often look for application-specific sys-
tems that have proved successful
throughout their industry.”

What’s the best option among gen-
eral-purpose solutions? West offered
this perspective on the three primary
choices:
● Component. While it may offer
cost savings and greater flexibility, a
component-based system can be diffi-
cult to implement because you must

buy a PC, frame grabber, camera, soft-
ware, and light source. Integrating these
elements can baffle vision newcomers.
● Packaged. To avoid the complexity
and compatibility issues of component
systems, some vendors integrate vision
components into modules that include,
at minimum, a camera, a processor, and
an operator interface. The downside of
these packages: higher costs.
● Smart cameras. Because the image
processor is typically built into the
camera, users get an easier-to-imple-
ment system with a smaller design
footprint. Overall, it’s a cheaper alter-
native to both the component and

packaged approaches.
When general-purpose

machine vision won’t do,
West suggests three alter-
natives that deliver appli-
cation-specific solutions:
● Integrated. Here, a sys-
tem integrator tailors a
complete vision system, in-
cluding programming, to a
specific end-user applica-
tion. The outside expert
may also provide engineer-
ing for parts handling, ro-

botics, and motion control. At first blush,
this solution might appear expensive, but
it can substantially reduce risks—and
costs—in complicated applications.
● Product. You gain cost advantages
with this approach because you’re buy-
ing a catalog item, typically a plug-
and-play vision module that can be
dropped into a manufacturing line.
These products often include part-
handling or conveyor capability.
● Embedded. A prime example
would be an OEM designing a smart
camera into a machine programmed
for a specific task, such as inspecting
leads for integrated-circuit packages.

What’s hot among these vision
choices? “Clearly, it’s the smart cam-
era,” said West. He also sees strong in-
terest in turnkey vision systems that
meet the needs of specific high-vol-
ume applications, such as semiconduc-
tor manufacturing. T&MW

Ordering from the vision menu

[MACHINE VISION] LARRY MALONEY
CONTRIBUTING TECHNICAL EDITOR

larrymaloney@verizon.net

Machine-vision systems

General purpose

Component

Smart camera Integrated Product

EmbeddedTurnkey

Application specific

Packaged

Camera tackles tough
conditions
Changing light intensities and
reflective surfaces won’t hurt the
performance of the latest Giant-
Dragon GigE industrial camera
from Toshiba-Teli America. The
model CSGS15BC23 camera
provides 1280x1024 resolution
at 15 fps, while oper-
ating in the visible,
UV, and NIR portions
of the light spec-
trum. It can inspect
products for blemishes, surface
artifacts, or defects not observ-
able in standard lighting condi-
tions. www.toshiba-teli.com.

SOC targets vision
applications
The Swiss Center for Electronics
(CSEM) has developed a smart
sensor for machine vision that in-
tegrates a DSP (digital signal
processor) with a CMOS imager.
The single-chip “icycam,” de-
signed to minimize costs and
power consumption, features a
new compression algorithm that
uses mixed-signal processing to
extract features from video
streams. www.csem.ch.

Frame grabber sports
PoCL interface
The PCIe-CPL64 PCI Express x4
frame grabber from Adlink Tech-
nology has a PoCL (Power over
Camera Link) interface and ac-
commodates two Camera Link
base configuration cameras with
data transfer rates of up to 4.0
Gbps and pixel clock rates of up
to 85 MHz. The board provides
two TTL/LVDS trigger inputs (to
synchronize the image acquisi-
tion process with an external en-
coder or position sensor) and
two programmable trigger out-
puts. www.adlinktech.com.

R&D specialists gravitate to general-purpose vision
systems because of the greater flexibility, while end
users often seek application-specific solutions tai-
lored to their industry.
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Most residences and commercial build-
ings in the US use old-style electrome-
chanical utility power meters to track
electricity use. The meters are reliable and
cheap but are inadequate for use by a
power-distribution system that requires
accurate, repeatable power metrics as well
as wired or wireless communications—in
other words, the coming Smart Grid
electrical-power-distribution system.

The Smart Grid depends on smart
meters with sophisticated communica-
tion capabilities to monitor energy us-
age and allow residential and business
consumers alike to make informed
choices about how much energy to use
and when to consume it. The Smart
Gr id faces difficulties, though. Al-
though Washington has passed legisla-
tion such as the 2007 energy bill and

the 2009 stimulus plan that encourage
widespread use of the Smart Grid, util-
ities actually deploy power on a state-
by-state basis, so the technology won’t
be fully deployed until each state takes
action. California and Texas are the
states most aggressively moving toward
smart metering in preparation for the
Smart Grid.

Regardless of whether the Smart Grid
in some form will proceed at the national
level smoothly and seamlessly, enough
individual utilities are purchasing and in-
stalling electronic power meters to make
this market signifi cant. Utility companies
could replace 500 million meters world-
wide over the next 10 years.

Current transformers, Rogowski
coils, and resistive shunts make up the
three main types of current-sensor
technology for power meters. To make
a smart meter, current sensors team up
with power-meter ICs, which can per-
form some digital signal processing
calculations on voltage waveforms,
communicate the information to a dis-
play, and store the information to be
sent over a wired or wireless communi-
cations interface. To learn how to select
smart power meter components, read
the full article in our sibling publica-
tion EDN at www.edn.com/article/
CA6643364.html.

Margery Conner, Technical Editor, EDN

Power meters gear up for Smart Grid service

Smart power meters comprise a microcontroller with onboard analog-to-digital
and digital-to-analog conversion, a sense component for both voltage and cur-
rent, an AC/DC-power converter, battery backup, and wireless or wired communi-
cation capability.

P O W E R  M E T E R S

Wired or
wireless
network

communications
interface

Neutral Line

Register

ISENSE

VSENSE

+

_

System
power

PWM
AC/DC

Embedded
signal

processor
SOC

DME (distance measuring equipment)
provides a way for a civilian aircraft to
measure its distance from a land-based
transponder. DME is often paired with
VOR (VHF omnidirectional radio) to
determine azimuth. TACAN (tactical
air navigation) is a military variant that
determines azimuthal direction as well
as distance.

With DME, a plane transmits shaped
double pulses to a ground station, which
replies after a set delay. A receiver on

the plane uses the pulse round-trip time
to determine distance.

The ICAO (International Civil Avia-
tion Organization) specifi es DME pa-
rameters that must be checked at regu-
lar intervals, and DME manufacturers
and station operators may specify addi-
tional parameters. Such parameters are
usually tested using BITE (built-in test
equipment), but the BITE itself may
fail and deliver false measurement re-
sults, leading to system malfunction.

In the application note “Test of
DME/TACAN Transponders,” Rohde
& Schwarz presents an external-mea-
surement approach using an R&S
SMA100A signal generator connected
to an R&S NRP-Z81 wideband
power sensor. To make DME measure-
ments, the signal generator feeds DME
interrogation pulses via a coupler to a
DME ground-station receiver. The
power sensor, via an additional cou-
pler, detects the transponder’s reply

Signal generator, power sensor test DME
R F  T E S T
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pulses. Signal-generator software ana-
lyzes the detected pulses, and the gen-
erator display indicates measurement
results.

The setup can measure reply delay,
reply efficiency, ground-station pulse-
repetition rate, transmit-pulse power,

pulse shape, pulse spac-
ing, receiver sensitivity,
and receiver bandwidth;
it can also test decoder
and monitor-a lar m
functions. Adding a sec-
ond signal generator
permits measurement of
receiver recovery time
and receiver sensitivity
with load.

The 34-page application note (a link
appears in the online version of this ar-
ticle at www.tmworld.com/2009_05)
provides details on making each of these
measurements and offers more infor-
mation on DME/TACAN operation.

Rick Nelson, Editor in Chief
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The cover of this book tells you every-
thing you need to know about it: It’s a
textbook on using LabView for data
acquisition. If you have a Na-
tional Instruments data-ac-
quisition card (as shown on
the book’s cover) and you
use the NI-DAQmx driver,
you can learn how to
automate your measure-
ments. You can also use
this book with other Na-
tional Instruments data-
acquisition hardware that uses
the DAQmx driver, such as the compa-
ny’s USB-based instruments. But the
book won’t help you if you use GPIB
instruments.

The author, who uses the book in
his college-level course, uses a tem-
perature-measurement application to
walk readers through the steps in-
volved in data acquisition. He explains
how to develop code and how to dis-
play measurements with clean, usable
interfaces. Readers will learn about

timing, state machines, arrays, shift
registers, and charts, as well as how to
use LabView’s DAQ Assistant graphi-

cal interface and other time-
saving tools.

King does a super ior
job of explaining how to
use LabView through pro-
grams and examples that
readers can use right away.
So, if you have or can get a
National Instruments data-
acquisition card and you
need to learn how to make

measurements, this book is for you.
Readers who lack an NI data-acquisi-
tion card will be in trouble after chap-
ter 1, where King explains how to
write a simple LabView program. I
enjoyed that experience, but I have an
instrument connected to my computer
through GPIB, and there isn’t enough
information in the book to learn how
to make measurements over that bus
and get data into LabView.

Martin Rowe, Senior Technical Editor

A LabView short course
B O O K  R E V I E W

Introduction to Data Acquisition with LabView, by Robert
H. King, McGraw-Hill Higher Education, New York, NY
(www.mhhe.com), 2009. 288 pages. $115.63.

Ground
station

Interrogation signal of aircraft
Range distance
Relay signal of ground station

With DME, a plane transmits shaped double pulses to
a ground station, which replies after a set delay. A re-
ceiver on the plane uses the pulse round-trip time to
determine distance. Courtesy of Rohde & Schwarz.
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Product Selection Chart

Analog Input Features

Model Summary
# of 

Channels
Throughput Resolution Input Range
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TEMPpoint Thermocouple, voltage, or RTD 
inputs, A/D and CJC per input, high
accuracy

8-48 10Hz per 
channel

24-bit ±1.250V (0.15mV LSB)

DT9805
DT9806

7 thermocouples, 1 CJC, temperature
applications, 500V isolation

8DI/16SE 50kHz 16-bit ±20mV, 100mV, 
1V, 10V 
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DT9832A Simultaneous, 2 A/Ds @ 2.0MHz each,
500V isolation

2SE 2.0MHz per 
channel

16-bit ±10V

DT9832 Simultaneous, 4 A/Ds @ 1.25MHz
each, 500V isolation

4SE 1.25MHz per
channel

16-bit ±10V

DT9836 Simultaneous, up to 12 A/Ds @
225kHz each, 500V isolation

6 or 12SE 225kHz per
channel

16-bit ±5V, 10V
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DT9834 High-speed, up to 16 analog inputs,
500kHz, 16-bit, 500V isolation

16SE/8DI 500kHz 16-bit ±1.25V, 2.5V, 5V, 10V

DT9834-32 High-speed, up to 32 analog inputs,
500kHz, 16-bit, 500V isolation

32SE/16DI 500kHz 16-bit ±1.25V, 2.5V, 5V, 10V

o
se

DT9801
DT9802

Multifunction analog I/O, 100kHz, 
12-bit, 500V isolation

16SE/8DI 100kHz 12-bit 0-1.25V, 2.5V, 5V, 10V;
±1.25V, 2.5V, 5V, 10V
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DT9837
DT9837A

4 IEPE (ICP) sensor inputs,
tachometer, simultaneous A/Ds

4 IEPE (SE) 
+ 1 Tacho

52.7kHz per 
channel

24-bit ±1V, 10V

DT9841-VIB 8 IEPE (ICP) sensor inputs,
simultaneous A/Ds with DSP, 500V
isolation

8 IEPE (SE) 100kHz per
channel

24-bit ±10V
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Sensors such as strain gages,
RTDs (resistance tempera-

ture detectors), and thermis-
tors produce a resistance that’s
proportional to force or tem-
perature. If you measure a sen-
sor’s resistance, you can calcu-
late the physical parameter.
Circuits such as resistance
bridges can help you measure
the unknown resistance.

Figure 1 shows a typical
bridge circuit where RT is the
unknown resistance. By substi-
tuting a programmable ampli-
fi er for REQ, you can balance
the bridge. Resistance REQ can
force VBRIDGE to 0 V, from
which you can calculate RT
and convert its value to units of force or temperature.

The circuit in Figure 2a is a programmable amplifier
whose output voltage is proportional to the digital input code
of the DAC (digital-to-analog converter). The DAC and am-
plifi er A1 form a programmable inverting amplifi er. The cir-
cuit actually functions as a divider because its gain, or transfer
function, is less than 1. The difference between voltages VIN
and VOUT forces a current through resistor R. You can use that
value to calculate REQ in the bridge circuit. Figure 2b shows
the equivalent circuit for the programmable amplifi er.

Using a microcontroller or a PC, you can adjust REQ by
programming the DAC’s output voltage and then measuring

the voltage across the bridge and adjusting REQ until the
bridge comes into balance. Because A1 is an inverting ampli-
fi er, the circuit’s gain is KMDAC = –(D1 • 2–1 + D2 • 2–2 + ... +
DN • 2–N), where the D terms represent the values of the
DAC’s bits. If you use a 12-bit DAC, then N = 12.

To calculate REQ, you need to know the current in the
circuit. If you assume that buffer amplifi er A2 has infi nite in-
put impedance and zero bias current, then you can calculate
IIN, which is

To test this circuit, simply connect a variable DC voltage
source to VIN and measure the effective resistance with an
ohmmeter. The online version of this article contains a table
of the expected and actual resistance and the calculated er-
ror for the circuit with a 12-bit DAC (www.tmworld.
com/2009_05).

The online article also contains a schematic of a circuit
that uses a comparator across the bridge. You can connect the
comparator’s digital output to a microcontroller or PC that
then can adjust the DAC’s output voltage. You can calculate
REQ and then calculate RT, from which you can calculate
strain or temperature based in the resistance curve of your
sensor.

Using the circuit in Figure 1, you can generate digitally
controlled resistor values with just one precision component,
resistor R. If you need to increase the gain of the circuit, you
can replace voltage-follower A2 with a noninverting ampli-
fi er confi guration. T&MW

Program resistance in a bridge circuit

Measurement tips from readers

R

VOUT

VOUT

VIN

VIN

IIN

MDAC
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Digital input code: D1, D2, ..., DN

IIN
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+ –
A2

–
+

A1 +

+

Do you have a test or design idea you’d like to share? Publish it here, and receive $150.

Send your ideas to: tmwtestideas@reedbusiness.com.

A programmable amplifier lets you find an unknown resistance for measuring temperature or strain.

By Alexander Bell, Infosoft International, New York, NY

Figure 1 By measuring
VBRIDGE and adjusting REQ,
you can balance a bridge
circuit and calculate RT.

V+

R2

RT

VBRIDGE

R1

REQ

IIN =
VIN – (–KDAC • VIN)

 =
VIN(1 + KDAC)

, and REQ =VIN/IINR R

Figure 2 a) Programming the
DAC’s output voltage changes
REQ, which can balance a bridge
circuit. b) Equivalent circuit.

a) b)
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WORCESTER, MA—In December 1999, six fire-
fighters in this city lost their lives because they
couldn’t find their way out of a burning ware-
house building through heavy smoke. Had

firefighters outside the building been able to locate their lost
comrades, some, if not all, might have been saved.

This tragedy led professors at WPI (Worcester Polytech-
nic Institute) to initiate the PPL (Precision Personnel Loca-
tor) system project in 2000. When completed, the RF-
based PPL system should enable rescue teams to find
injured firefighters in burning buildings. It may also have
military applications.

Today, finding a firefighter in heavy smoke requires a res-
cue team to search each room in a building, usually by feel-
ing around because smoke completely obscures their vision.
With the PPL, an incident commander outside the building

An RF-based locator system may someday help fi re
departments pinpoint fi refi ghters in trouble.

BY MARTIN ROWE, SENIOR TECHNICAL EDITOR
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could direct rescuers to the room containing the
firefighter in distress. That could drastically cut
the time needed to find the firefighter, possibly
saving a life.

ECE (electrical and computer engineering) pro-
fessors R. James Duckworth and David Cyganski
lead a team of graduate students who develop and
test the PPL. Graduate student Vincent Amendolare
works on the project as part of his PhD program.
Five other graduate students and technician Bob
Boisse round out the team. Duckworth and Cygan-
ski also call on other ECE faculty members when
they need additional expertise.

Boisse supports the efforts of the graduate stu-
dents, who design and test hardware, firmware,
and software. Through bench tests, open-field
tests, and indoor tests, the students collect data

that they use to make design changes
and add features that improve the sys-
tem’s performance.

PPL at a glance
The PPL consists of battery-powered RF
transmitters that are worn by firefighters
(Figure 1), four receiver stations that can
be located in fire trucks around the site,
and a base station that resides in one of
the trucks. The base-station computer
calculates the locations of the transmit-
ters by measuring the phase shift in trans-
mitted signals received from up to four
“bowtie” antennas per receiver. The com-
puter then displays the locations of the
transmitters.

Figure 2 illustrates the relationship
of the system components. Each trans-
mitter sends a signal consisting of ap-
proximately 100 unmodulated carriers
over a range of 550 MHz to 700 MHz
to the receiver. Figure 3 shows a spec-
trum analyzer display of the signal.

Each receiver unit
downconverts the
signals to a bandwidth from
30 MHz to 180 MHz. The
receiver then digitizes the sig-
nals with four 400-Msam-
ples/s ADCs (analog-to-digi-
ta l  conver ter s)  for each
channel. After performing an
FFT (fast Fourier transform)
on the signals, the receiver
encapsulates the frequency-
domain data into Ethernet
packets and sends the data to
the base station (a Linux-

based PC) over Ethernet. Early designs used
wired Ethernet, which is impractical at a fire
scene. The current design uses wireless Ether-
net (IEEE 802.11).

FIGURE 1.  A firefighter tests the
Precision Personnel Locator sys-
tem, whose transmitter unit is
mounted to the oxygen tank.

Escape
route

Incident commander’s
tactical display

Scattered
signal

reflections
Transmitter
(firefighter)

Transmitter/
receiver

(fire truck)

Technician Bob Boisse (left) and
graduate student Vincent Amen-
dolare work on a receive station
that contains two RF receiving
(bowtie) antennas and a wireless
Ethernet antenna that receives
data from another receive station.
The receive unit is inside the bin.
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The base station runs Matlab
scripts that process the data in the
frequency domain. From the phase
shifts, the station can calculate the
locations of the transmitters and
display those locations on its
screen in real time (Figure 4),
which provides enough informa-
tion for firefighters. As part of the
system development, researchers
can analyze data in the lab for
greater insight.

The transmitters are also equipped
with sensors that monitor the fire-
fighter’s heart rate and temperature,
sending that data to the receivers
over a 915-MHz data link. Because
firefighters can only find each other
through touch in heavy smoke, the
PPL system needs location accuracy
to within 30 cm. To reach that goal,
students perform bench tests, open-
area tests, and building tests. From
the test results, they make improve-
ments to hardware and firmware in
the transmitters and receivers, mod-
ify the software in the base station,
and then repeat the tests. Thus far, tests
inside buildings have shown accuracy to
within 10 cm.

One recent change to the design in-
volved changing the transmitter signal
bandwidth from 60 MHz to 150 MHz.

Before running an open-field test, the
students measured the transmitted spec-
trum in the lab using an Agilent Tech-
nologies spectrum analyzer. Bench test-
ing lets the students verify the engineering
characteristics of new hardware, firmware,

and software. The wider bandwidth
resulted in reduced errors when the
students tested the system in a cam-
pus building (Ref. 2).

Open-field tests
Rather than go from performing
tests on the bench to performing a
test in a building, the team first
conducts trials in an open area such
as a football field, something they
didn’t do in the early stages of the
project. “Several years ago, we
learned not to go from the lab to a
test in a building,” said Duckworth.
“We found some errors that needed
correcting, resulting in invalid data
and wasted time.”

Performing tests in an open field
eliminates a significant variable. In
a building, multipath signals caused
by reflections can produce location

errors. To eliminate that variable, the
team will first test the system in a field
where they have line-of-sight conditions
and minimal signal reflections. This in-
termediate step provides the team with a
“sanity check” that the system is func-
tional before testing it in a building.
“Multipath is by far the greatest chal-
lenge to RF precision positioning,” said
Cyganski. “No matter what RF specifics
are involved, multipath is a fact often
overlooked by newcomers to the prob-
lem of indoor location.”

Recently, the students added a wire-
less Ethernet link between the receiver
stations and the base station, a change
that created a new technical requirement:
the synchronization of ADCs among the
receiver units. Synchronization is crucial
because of the nanosecond timing re-
quired to accurately measure signal tim-
ing delays (signals travel at about 30 cm/
ns). The students needed an open-field
test to verify that the system could syn-
chronize receiver ADCs.

A clock in a receiver unit can syn-
chronize ADCs within that unit, but it
cannot synchronize the ADCs in other
receivers when communicating over
wireless Ethernet. Graduate student
Amendolare explained how the PPL

INSTRUMENTS

Transmitters
on firefighters

Reference
transmitter

Data link
(915 MHz)

Multicarrier
RF broadcast

(550–700 MHz)

 Base station
• Signal processing
• User interface

Antennas
and cables
(up to 16)

Up to four
receivers

Wired or
IEEE 802.11
wireless
Ethernet

 Receiver
• Downconvert
• Digitize
• Send by Ethernet

 Receiver
• Downconvert
• Digitize
• Send by Ethernet

 Receiver
• Downconvert
• Digitize
• Send by Ethernet

 Receiver
• Downconvert
• Digitize
• Send by Ethernet

FIGURE 2.  The PPL system consists of transmitters, receivers, and a base station.
Firefighters carry transmitters, and the receivers are located on fire trucks.

Professor R. James Duckworth with
a receiver unit in the lab.
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achieves synchronization. The clocks in
the receivers tend to drift relative to
each other over time. A reference trans-
mitter in the system transmits a signal
that the receiver units lock onto. The
system calculates the timing er-
rors from the received data and
corrects them.

At an indoor line-of-sight
test on December 22, 2008, on
the WPI campus, the students
ran a test to verify synchroniza-
tion of the ADC clocks. The
test, conducted in a 15-m2 area,
proved that software synchroni-
zation could bring the clocks to
within 0.5 ns of each other.

A 15-m2 test area is good
enough for a small building.
But the project’s current spon-
sor hopes to use the system at a
much greater distance, perhaps
up to 1 km2 as a vehicle locator.
So, the team set out to try the
system on a 200-m2 grid at a former
military airstrip on March 17, 2009. I at-
tended that open-field test, the first one
conducted off campus.

Test prep
Prior to the field test, the students simu-
lated the increased transmission distance
at the 15-m2 test. Amendolare explained
that they simulated the greater distance
by reducing the transmitter’s power using
RF attenuators. Those tests gave them
confidence that the system could work
at the larger test site.

The team must conduct a survey of the
test site before bringing in the PPL equip-
ment. On March 16, several students con-
ducted a spectral survey of the airstrip test
site with an Agilent spectrum analyzer.
The PPL operates in the 550 MHz to 700
MHz band, which is currently used for
broadcast TV. (The team needs a tempo-
rary FCC license to conduct an open-
field test or a test in a building.) Depend-
ing on the results of the spectral survey,
the team may need to avoid using carriers
at certain frequencies. Students can change
the waveform with a command over the
wireless Ethernet link, but the mobile lo-
cators must be reprogrammed over a
cable.

Students also performed a site survey
where they formed a grid by placing a
mark every 20 m on two adjacent sides

of the runway. The PPL team had several
plans for this test:
● Check that the wireless Ethernet links
between the receivers and the base sta-
tion functioned properly, which they did.

● Verify the integrity of the tripods that
hold the receiving antennas to see if they
needed guy wires to prevent them from
tipping in the wind. (There was virtually
no wind on this day.)
● Test the system with eight RF receiv-
ing antennas instead of 16 to simplify
setup and reduce costs.
● Test the accuracy of the locator on
the larger grid by placing a transmitter
at each of the 20-m marks along the

gr id, transmitting a signal, and then
moving the transmitter to the next
marked location.

The students arrived early on March
17 to set up a receive station at each

corner of the grid. The tripod
for each of the four receive sta-
tions held two bowtie RF an-
tennas connected to a receiver
unit. Each receiver unit’s Eth-
ernet port connected to an
Ethernet switch, which in turn
connected to a wireless Ether-
net transmitter on the tripod.
A gas-powered generator at
each corner of the grid pro-
vided power to the receivers
and base station. (The online
version of this article contains
a diagram of the test site and
photos of the site’s equipment:
www.tmworld.com/2009_05).

Three of the four receivers
communicated to the base sta-

tion over wireless Ethernet. The receiver
at the corner closest to the base used a
wired connection. Because three of the
stations needed a wireless link to the
base, the students needed three data-link
receive antennas at the base station.

They placed two of the three wireless
data-link receive antennas on a fifth tri-
pod containing one bowtie antenna,
which is used for the reference trans-
mitter. Boisse mounted the third wire-

FIGURE 3.  Transmitters worn by firefighters broadcast
about 100 unmodulated carriers over a 150-MHz bandwidth.

Professor David Cyganski (foreground) advises graduate students such as Vincent
Amendolare (background) on RF technology.
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less data-link receive antenna 
on the tripod for the receive 
station that was wired to the 
base station. Each wireless 
data-link receive antenna was 
pointed to a different corner 
of the grid.

At the March 17 field test, 
the project team encountered a 
problem. At the longer (200-
m2) distance, the system couldn’t 
find the reference transmitter’s 
signal. Students experimented 
by moving the reference trans-
mitter across the grid, but they 
were still unable to get a strong 
enough signal. 

Before leaving for the day, 
student Jorge Alejandro used 
an Agilent spectrum analyzer 
to measure the signal strength from the 
reference transmitter. Amendolare 
wanted the measurement to see if the 
reference signal was in fact strong 
enough to use on the large grid, as his 

bench tests had indicated. “We need to 
ver ify if the problem is with signal 
strength or if our software is not prop-
erly detecting the signal,” he said. The 
students left for the day, intending to re-

turn the following week to 
test the system again, but my 
schedule prevented me from 
returning with them.

During a typical open-field 
test, students check how accu-
rately the system locates a 
transmitter at known loca-
tions. If the displayed locations 
are within tolerance, a student 
wil l  move the transmitter 
around the grid to unknown 
locations by walking around. 
In the case of the 200-m2 test 
site, the transmitter will be on 
a truck. The base station’s dis-
play should be able to keep up 
with the transmitter as  i t 
moves. Early versions of the 
PPL system lacked that fea-

ture. “Adding the real-time display saves 
a great deal of time,” said Professor 
Duckworth. “At first, we had to go 
back to the lab to process and analyze 
the data.” 

FIGURE 4.  With the base station’s display, an incident com-
mander can view the location of firefighters and monitor 
their physiological conditions such as temperature and 
heart rate. 
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Back at the lab
Even with the real-time display, stu-
dents still process and analyze the data
in the lab. Over the course of a week
following an open-field test or building
test, Amendolare will adjust parameters
and compare results. For example, he
can adjust the spatial density of the
scan. That provides greater resolution
on the display, which lets him see how
finely he can measure displacement. In-
creasing spatial density slows the pro-
cessing speed.

Amendolare compares the results to get
an idea of how the system performs under
different conditions. For example, he can
remove half the bandwidth from the
transmitters and check location accuracy
or remove the data from half of the RF
receive antennas to see how that affects
location accuracy. He performed that
analysis on the data from the December
22 open-field test, which led him to be-
lieve that the system could perform satis-
factorily with eight antennas.

The students have also performed PPL
system tests in buildings, which is the
rea l  te s t . They s t a r ted in  a  WPI
lab and have since moved to a house on
campus. For the past few years, they’ve
conducted these tests as part of a work-
shop on the system. They’ve even con-
ducted building tests with
Worcester firefighters, who  are
eagerly awaiting a system they
can use. T&MW
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wpi.edu/Research/PPL.
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Location and Navigation Symposium, May
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ON THE WEB
Information on the Decem-
ber 1999 fire in Worcester,

MA, that took the lives of six
firefighters is available from the

Worcester Telegram:
www.telegram.com/
static/fire

Complete information
about the history of the
PPL project is available
on the WPI Web site:
www.ece.wpi.edu/
Research/PPL

Visit the online version
of this article to see a
diagram of the PPL test
site as well as photos

of the equipment and the project
team:
www.tmworld.com/2009_05
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DigRF stands poised to replace the two main
forms of data-communication paths between
RF and baseband semiconductor devices: ana-

log signaling and design-specific, proprietary digital sig-
naling (parallel or serial). With the DigRF (Digital
Radio Frequency) standards, the MIPI (Mobile Indus-
try Processor Interface) Alliance is striving to replace
the assortment of I/Q (in-phase/quadrature-phase) sig-
naling interfaces with a common digital, packet-based
serial interface. A MIPI Alliance working group has de-
veloped DigRF specifications for the 2.5G and 3G mo-
bile standards, and a follow-on revision with increased
data throughput to support 4G standards is expected.

The use of a standard interface like DigRF provides
designers with more flexibility in component selection.
A designer, for example, may want to purchase an ex-
pensive baseband IC (which tends to be one of the
more expensive chips in a cellphone) from one vendor
while buying RF, power-management, and other de-
vices from others. Yet, the very flexibility of the DigRF
technology that leads to versatile products also creates
challenges that affect your test strategy.

The main goal of the test engineer during
RF receive tests remains the same as before
DigRF—capture the I/Q information, exe-
cute custom digital signal processing algo-
rithms on the resulting data set, and log the
parametric result to determine whether the
device passes or fails. But compared to previ-
ous generations of RFICs, DigRF devices
can add significant overhead to production

test. Finding ways to minimize this overhead is the
major challenge for engineers designing an automated
production test system.

Understanding the interface
DigRF 3G defines a minimum number of signals re-
quired to implement the interface; only six wires are
needed in a basic handset configuration (Figure 1).
The RxData/TxData signals transfer the digital repre-
sentation of I/Q data as well as the control and status
messages in a packet protocol.

Data transferred on the DigRF signals is encompassed
in protocol packets, or frames. Each frame comprises
three pieces: sync, header, and payload (Figure 2). The
beginning of every packet consists of the same 16-bit
synchronization sequence, used by the digital receive cir-
cuit for real-time strobe-phase alignment on every frame.

The subsequent eight bits make up the header, defining
the purpose and content of the payload. The header itself
is made up of three sections: three bits for the payload size,
four bits to describe the LCT (logical channel type), and
one bit for a CTS (clear-to-send) signal.

BY ED SENG, TERADYNE

RxData

SysClk

TxData

SysClk_En

Clock ref

DAC

3G/2.5G RF Tx

RFIC

ADC

3G/2.5G RF Rx

DigRF 3G
core

Clock
multiplier

Clock
multiplier

DigRF 3G
core

Baseband
IC

FIGURE 1.  The basic DigRF handset configu-
ration requires only six wires.

RF TEST

The MIPI Alliance’s DigRF interface standards can simplify
the design of cellphone handsets, but they challenge test
engineers to fi nd ways to reduce test-time overhead.

Testing DigRF for
3G HANDSETS

(continued)
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The payload may vary in size from
packet to packet, resulting in different
levels of encoding overhead. The LCT
defines “what” the payload contains and
can be categorized into control or I/Q
data. The CTS allows the RF device to
control data flow from the baseband de-
vice during RF transmission.

The remaining N bits of the frame
contain the actual data to be transferred;
for example, in the nondiversity mode of
DigRF 3G, the RxData frame will use
data channel C and 256-bit payloads
consisting of alternating 8-bit I-data and
Q-data.

DigRF 3G supports three timing
modes for digital transfer, determined by
the type of RF information being trans-
ferred (Table 1). The DigRF standard also
supports three common input reference-
clock frequencies (19.0, 26.0, and 38.4
MHz); the clock is passed to the baseband
over the SysClk signal. Independent of the
speed mode, the DigRF processor man-
ages the data flow with a local FIFO buf-
fer, leading to an unpredictable timing of
when the frame is transmitted.

Production testing
challenges
The key to successfully testing
devices that use the DigRF pro-
tocol is finding a way to manage
the nondeterministic behavior
of RxData packets during RF
receive tests. During RF receive
tests on DigRF products, the re-
sulting behavior of the RxData
signal is viewed at multiple lev-
els of uncertainty:
● phase timing,
● frame timing,
● frame type, and
● data in payload.

A 312-Mbps data rate is de-
rived from a 1/4 divider from a
1248-MHz master clock, typi-
cally generated with a PLL
(phase-locked loop). In the pro-
duction test system, the device clock
input should be provided by RF instru-
mentation, considering the importance
of phase-noise performance affecting the
RF front end. The start-up phase of this
clock source is usually not controlled
relative to the normal digital subsystem.
The combination of the unknown input
clock phase of the DUT (device under

test) and the phase-uncertainty gener-
ated by the PLL multiplier/divider re-
sults in RxData output timing that is
unpredictable—both between device
power cycles and between different de-
vices in a multisite parallel test setup.

A production tester should have the
ability to keep the digital subsystem run-
ning while making the necessary tester-
hardware and DUT changes between
tests. This enables the tester to preserve
the strobe timing relative to the DUT
output, saving test time by avoiding the
need for strobe-phase realignments dur-
ing the job run.

The next major test challenge is find-
ing a way to handle the multiple levels of

nondeterministic packet transfer behav-
ior. As depicted in Figure 3, during each
of the DUT’s RF receive tests, the tester
will not know on which tester cycle
each packet will be transmitted, what
type of packet it will be, or if the packet
type is expected (for example, the RFIC
could generate an unsolicited control
status message).

It is immediately clear that the test pro-
gram cannot use fixed-cycle strobes in a
digital test pattern to isolate the desired
I/Q data. Similarly, digital match loops on
the sync or header cannot flush through
an ATE instrument’s pipeline fast enough
at DigRF speeds, nor can the instrument
perform the real-time recognition and de-
cision making of the header information.

Comparison of ATE strategies
Traditional production test systems have
static-strobe timing and a primitive com-
pare functionality (for instance, H, L, X,
M, V, store), so they do not inherently
have the strong alignment necessary for
addressing the nondeterministic behavior

expected from DigRF de-
vices. The digital instru-
ments in such testers do,
however, have the necessary
digital-capture capability,
which is commonly used
for ADC (analog-to-digital
converter) output data or
DUT register-read actions.
As a result, you can preserve
your investment in this
equipment and address the
RF receive test challenges
of DigRF by employing a
block-capture-and-post-
processing test strategy.

For RF receive tests,
1-kbyte to 4-kbyte I/Q
samples are common for
CW (continuous-wave)
tests, while the increasingly
common system-level tests

using modulated waveforms use 16-
kbyte to 32-kbyte I/Q samples. Note
the conversion to actual serial bits:
1k I/Q = 1024 � [8 bits (I) + 8 bits (Q)]
� protocol_overhead = number of serial
bits

To address the nondeterministic be-
havior in real time, the tester must pro-
vide digital logic coded specifically for

SYNC Header I-data(1)

16 bits 8 bits Payload 8 to 512 bits

Q-data(1) I-data(N) Q-data(N)Q-data(0)I-data(0)

S H PS H P S H P

FIGURE 2.  A DigRF 3G data frame begins with a 16-bit synchronization sequence,
followed by an 8-bit header and I and Q data.

RF TEST

S H Channel C–P0

S H Channel C–P1

S H Channel C–P2

S H Channel C–P3

S H Channel D–P0

S H Channel D–P1

S H Channel D–P2

S H Channel D–P3

S H Control

FIGURE 3.  Because of packet nondeterminism, during each
of a device’s RF receive tests, the tester will not know on
which tester cycle each packet will be transmitted, what type
of packet it is, or if the packet type is expected.
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DigRF 3G between the DUT and the
digital capture. The goal is to mitigate all
the timing and data uncertainty while
the capture is taking place, before the
data reaches the tester’s DSP (digital sig-
nal processor).

One test option is to design an FPGA
(field-programmable gate array) circuit on
the DIB (device interface board) itself.
This approach would enable you to pro-
vide custom logic in an inexpensive com-
ponent, but it introduces three obstacles:
● interfacing and providing support sig-
nals to the circuit will be much more
complex,
● there is an increased risk of adding a
digital noise generator so close to these
sensitive RF signals with limited ability
for isolation and shielding, and
● adding components to each device
load board will increase cost and test de-
velopment time.

As another option, you could use a
digital test instrument that offers an em-
bedded real-time capability, which would
reduce costs while simplifying the DIB
complexity. The downside to this ap-
proach is it lacks the flexibility needed
by test engineers who must test a prolif-

eration of communication protocols.
Providing a solution solely for DigRF
may not be practical.

In this option, the test program cap-
tures a large block of data on the RxData
bus when it is known that RF receive
data is available; the block must be sized
to reliably capture enough packets that a
sufficient number of I/Q samples will be
present for postprocessing algorithms.
The data is moved from the digital in-
strument’s capture memory to a DSP
engine, where a preprocessing algorithm
executes a three-step process:
● find the start index of each packet,
● analyze the header of each packet, and
● sequentially de-interleave the embed-
ded I/Q samples in the payload and store
into new individual arrays.

Once the data is preprocessed, the us-
er’s custom processing algorithms can
execute the desired I/Q data sets or ex-
port them to other ATE software tools
that will perform tests for properties such
as EVM (error vector magnitude).

The success of this method relies on
the data-move time and the efficiency
of the required processing step. The key
to minimizing overall test time is to

avoid unnecessary host-
PC interactions that
require the test pro-
gram to pause execu-
tion of the DUT tests.
If the tester possesses
the ability to move the
data during the pattern
capture, the entire time
to transfer the data to

the DSP is hidden in the background,
resulting in a zero test-time penalty.

If the tester does not have this capabil-
ity, the test engineer would have to find
ways to reduce the amount of data
moved. One option would be to only
capture fail data, but this would add a
new processing step for reconstructing
the original data in the DSP; this unnec-
essary step alone could add multiple mil-
liseconds of critical test time.

A complete DigRF solution needs to
execute both the preprocessing algo-
rithm and the I/Q processing completely
in the background. Thus, a third option
would require the tester architecture to
support dedicated processors to execute
the digital signal processing algorithms,
allowing the test program to immedi-

ately begin the setup of the next test
once the capture of the DUT signal is
complete. Additionally, multisite testing
requires high parallel efficiency of this
background processing.

Figure 4 illustrates the possible test-
time impact of the three options. In the
first option, the lack of background pro-
cessing creates a serialized test flow, re-
sulting in the longest test time. The third
option, which employs real-time process-
ing, seems most ideal, as it addresses the
test challenges in the most efficient man-
ner with full background processing.

Yet, the block-capture and post-pro-
cessing approach can also have a low
test-time overhead, as long as the data
move takes place in the background and
the processing is performed efficiently—
without wasted steps and on separate
multisite parallel processors. With the ap-
propriate system capabilities, the prepro-
cessing time can reach less than a few
milliseconds in an octal-site program,
good enough to remain hidden behind a
typical RF setup time. T&MW

FOR FURTHER READING
“Dual Mode 2.5G/3G Baseband/RFIC Inter-
face v3.09.04 (DigRF),” MIPI Alliance, www.
mipi.org.

Ed Seng is an applications engineer in the
Semiconductor Test Division of Teradyne,
with seven years of experience in the ATE
industry focused on high-speed digital, se-
rial, and mixed-signal applications, along
with new product development. He has a
BSEE from Pennsylvania State University.
edward.seng@teradyne.com.
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FIGURE 4.  Shown here are the test-time over-
head of three test options: (a) serialized execu-
tion flow, (b) a block-capture-and-post-process-
ing approach, and (c) real-time processing.

Table 1. DigRF timing modes for
digital transfer
Speed mode Speed Usage

Slow SysClk / 4 2.5G (interface start-up)

Medium SysClk 2.5G RxData

Fast 312 Mbps 3G and 2.5G (diversity, etc.)
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For RF test applications
requiring both RF vector signal
generation and RF vector signal
analysis,  Aeroflex solves your RF
test needs by combining the best
attributes of configured solutions
and the benefits of modularity.

The Aeroflex 3000 Series PXI
modular RF instruments together
with Aeroflex PXI Studio
application software provide
stimulus and response
measurement capability for a
wide variety of application needs
to 6 GHz, including advanced
digital communications systems
such as WiMAX and WLAN.

The modular system is
configurable to satisfy different
application needs.  

Just about any combination of
Aeroflex’s extensive range of PXI
modular instruments can be
selected to provide the best
combination of performance,
functionality and cost.

The PXI system is a truly open
hardware platform that delivers
the flexibility for just about any
future application need, at the
same time offering an out of the
box ready-to-go solution for
today.

Contact Aeroflex today to
receive a PXI brochure, request a
quote or arrange a product demo.

www.aeroflex.com/tmw0509
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At first glance, PXI, which was
originally developed for a

benchtop environment, does not
seem like a promising candidate for
military test systems. Yet the mili-
tary test market is a large part of
where instrument developer Giga-
tronics targets products such as
its recently released PXI signal-
switching starter kit. I spoke with
Malcolm Levy, the company’s VP of
sales and marketing, to learn more
about the role PXI can play in mili-
tary test applications.

Q: Where is PXI fitting into mili tary
test applications?
A: Everywhere. There are a whole
slew of applications where PXI can
have a role, from depot-level repair
facilities to front-line system test in
Humvees.

Q: Really? PXI can pull front-line duty?
A: I’m not aware of any PXI sys-
tems at the front line yet, but there
are older VXI systems in place, and
PXI has enough options available
that it can replace the VXI systems
and be equally reliable. The Marine
Corps, for instance, has the VXI-
based TETS (Third Echelon Test Set)

in vehicles to provide a go/no-go test
of a vehicle’s other equipment. There
is no reason that PXI cannot do the
same thing. It is a natural progression
as companies move out of VXI to the
next generation, and PXI is the next
generation.

Q: How should PXI vendors prepare
their products for military applications?
A: There are no stringent require-
ments to concern PXI vendors with.
Typically, the prime contractor for
the military system takes on the task
of adding any ruggedization needed
by doing things like mounting the
system inside shock-proof boxes.

That is easier for PXI than for
VXI because PXI is more compact
and so the bounce factor is easier to
handle. And there are different levels
of ruggedization. A standard rack
won’t pass the harshest requirements
but can be suitable for many other
environments such as the repair
depot.

Q: What role does PXI have at the
depot?
A: The depot is platform agnostic.
They [the depot commanders] don’t
care how it’s done, they just want
the best solution. PXI is a convenient
platform to use, especially as the cur-
rent VXI-based instruments go obso-
lete. So, if the functions they need
are available in PXI, that’s what they
will use.

Q: Are there any restrictions in the
depot environment?
A: The size of the ATE requirement
might have an impact. For instance,
if there are thousands of switching

lines to configure to test equipment
under a variety of configurations,
PXI might need two or three racks to
provide the right number of switches.
In that case, PXI might not make
sense. But for smaller-scale testing,
PXI can handle it.

Q: Are the military opportunities for
PXI growing?
A: There is a new opportunity be-
coming available: supplying military
R&D labs. We developed our starter
kit for those labs to get them into
PXI and understand how it can be
used for lab repair.

There are also a number of pro-
grams today that are upgrades of ex-
isting systems, and the prime contrac-
tors are looking for solutions. They
will consider PXI, and as the PXI
world grows, there will be more op-
portunity in the military market. The
restriction is that the military wants
to buy solutions—not a DMM here
and a digitizer there—and all from
one source. Test equipment compa-
nies need to make it really clear to
the prime contractors what capabili-
ties they have. �

PXI pulls military duty

36 Guest commentary:
PXI instrumentation rivals
benchtop performance

36 Highlights

39 Reduce test costs with
careful PXI design

 INSIDE THIS REPORT

Malcolm Levy
VP of sales and marketing
Giga-tronics

By Richard A. Quinnell, Contributing Technical Editor
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PXI system performs
WLAN tests
National Instruments has introduced a
WLAN test system that the company
says can generate and analyze RF sig-
nal measurements four times faster
than other modular systems and up to
10 times faster than traditional box in-
struments. The system combines NI’s
new WLAN Measurement Suite soft-
ware with its 6.6-GHz PXI Express RF
hardware, enabling engineers to test
for compliance with IEEE 802.11a/b/g.
NI says the software-defined system
can also be reconfigured for GPS,
WiMAX, Bluetooth, and RFID testing.

The WLAN Measurement Suite
comprises NI’s WLAN Generation
Toolkit and WLAN Analysis Toolkit
for LabView and LabWindows/CVI.

The PXI Express hardware consists of
a 6.6-GHz vector signal analyzer (NI
PXIe-5663), a 6.6-GHz vector signal
generator (NI PXIe-5673), an 18-slot
chassis (NI PXIe-1075), and a dual-
core controller (NI PXIe-8106).
Engineers can generate 802.11a/b/g
signals with data rates from 1 Mbps to
54 Mbps with the WLAN Generation
Toolkit. Using the WLAN Analysis
Toolkit, engineers can perform PHY
layer measurements such as power,
EVM (error vector magnitude), and
spectrum mask margin. www.ni.com.

Pickering unveils
two PXI chassis
The 40-922 (eight-slot; pictured) and
the 40-923 (19-slot) PXI chassis from
Pickering Interfaces provide support
for a three-slot embedded controller
or a PCI-to-PXI interface. Pickering

says that the use of a temperature-
controlled variable speed fan gives
each chassis a high cooling capacity
with low acoustic noise.

An intelligent chassis-management
system monitors power-supply volt-
ages, internal operating temperatures,
and fan-speed status. Optional rack-
mounting kits ensure the chassis can
be quickly mounted into rack sys-
tems. The 40-923 permits the use of
an external 10-MHz clock, enabling
instrumentation in the chassis to be
easily frequency-synchronized to
other instruments in an ATE system.
www.pickeringtest.com.

H I G H L I G H T S

PXI instrumentation rivals benchtop performance

G U E S T C O M M E N T A R Y

By Boyd Shaw, Director of Sales & Marketing, ZTEC Instruments

Originally, modular instruments, including PXI, did not
have all the performance or comprehensive feature

sets of benchtop units. Because of this, modular instru-
mentation was used primarily for automated testing,
while benchtop instruments best served the needs of
users performing manual tests in the lab.

That is quickly changing, however, as
many of today’s PXI instruments match,
and in some cases exceed, the perfor-
mance and feature sets of their benchtop
counterparts. To achieve these high levels
of performance and advanced functionality,

some PXI instruments take advantage of the latest hard-
ware technologies including ADCs (analog-to-digital con-
verters), DSPs (digital signal processors), and FPGAs
(field-programmable gate arrays).

For example, by using the latest ADC chipsets, 8-bit PXI
oscilloscopes and digitizers now have specifications as
high as 1-GHz analog bandwidth and 4-Gsamples/s real-
time sampling rates. Similarly, using onboard DSPs, PXI
oscilloscopes perform the same waveform math and anal-
ysis functions as benchtop units. Onboard DSPs enable
fast calculation of waveform parameters, waveform math,
frequency-domain analysis, waveform filtering, and more.

Other advanced features, like segmented memory and
automated mask generation for pass/fail testing, have ex-
isted in benchtop scopes for years and are now showing
up in some PXI oscilloscopes. The ability to take an in-
strument’s long acquisition memory and partition it up
into thousands of segments lets users capture many
waveforms, overlay them, and see how the acquired
waveforms change over time. With automatic mask gen-
eration, the oscilloscope starts with a “golden waveform”
and then generates upper and lower waveform limits
around the golden waveform. Subsequent waveforms are
compared to these masks—waveforms that completely
fall inside the mask pass, while waveforms that fall out-
side the mask fail.

When combined with powerful software, an intuitive
GUI, and the latest controllers, these full-featured PXI
instruments can be used for manual testing, much like
benchtop instruments. These same instruments are also
still used in their traditional role within automated test
systems. �

Boyd Shaw holds BS degrees in electrical engineering and business adminis-
tration from the University of Colorado, Boulder, and has 10 years of experience
in test and measurement. bshaw@ztec-inc.com.
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As the economic downturn in-
creases pressure on companies to

reduce test costs, engineers may find
that the configurable nature of PXI test
systems offers a cost advantage over
stand-alone instruments. Developers
can trim costs further by fully assessing
their test needs, carefully planning the
system architecture, and selecting ver-
satile, low-power components.

One of the first steps in cost optimi-
zation is evaluating how a system will
address both present and future needs.
Mike Dewey, senior product manager
at Geotest—Marvin Test Systems, said
“Don’t over-design your system by put-
ting in too many features for possible
future use. Narrow it down to just
what you need now. Future require-
ments may be totally different from
what you expected, and with PXI, you
can always swap modules later.”

This does not mean you should
completely neglect future needs; in fact,
many vendors recommend leaving ex-
pansion room in your PXI chassis. “In
chassis selection, the number of slots
gives a tradeoff between expandability
and cost,” said Matthew Friedman,
PXI platform manager at National
Instruments and PXI Systems Alliance
marketing co-chair. “You will want to
leave some space for upgrades.”

Aeroflex’s PXI product manager Tim
Carey agreed. “Expansion is a good
thing to plan for. It’s false economy to
minimize the number of slots in a sys-
tem. The cost of the chassis is only a
small fraction of the system cost, espe-
cially in RF, but the rework effort that
would be needed to change the chassis
can be substantial.”

Vendors also suggest caution when
assessing current needs. “Developers
sometimes focus on minimizing test
time,” said Geotest’s Dewey, “but they
need to look at that issue closely to
avoid paying too big a penalty. Run
the numbers to compare asset cost ver-
sus test time cost. A cheaper configura-
tion may be a good tradeoff.”

Dewey also pointed out that require-
ments may have declined. “With sales
dropping off a cliff, for instance, a
semiconductor manufacturer may not
have enough production volume now
to justify the cost of the highest test
throughput.”

Placing the processing power
With requirements in hand, you can
plan an architecture that keeps costs
down while permitting easy and inex-
pensive upgrades. One of your main
decisions will be what type of system
controller to use. The controller can be
an external PC that bridges into
the PXI chassis system or an em-
bedded processor card residing in
the chassis. This controller can
be responsible for all of the
data processing, or it can sim-
ply provide a data display and
user interface while other
modules handle data process-
ing, or it can operate somewhere
in between those extremes.

Cost and flexibility vary signifi-
cantly among the options. Carey
said that using an embedded controller
yields several advantages, including a
more compact system and nearly 40%
better data throughput than you get
by bridging to a PC. On the other
hand, he noted, an external controller
PC can be less expensive for a given
performance level, can allow you a
wider choice of suppliers, and can be
more readily upgraded than an embed-
ded module. Using PCI Express in-
stead of PCI as the bridge would help
recover the lost data throughput.
Thus, the optimum choice may be ap-
plication specific.

The same sort of ambiguity applies
in deciding how much of the system’s
data processing the controller must
provide. Richard Soden, product mar-
keting manager for the signal networks
division at Agilent Technologies, said
that having individual modules provide
substantial onboard data processing

lessens the requirements on the con-
troller’s performance, allowing design-
ers to use a less-expensive unit. But he
added that this choice may increase the
cost and complexity of the other mod-
ules, so you should evaluate total sys-
tem cost not just individual boards.

A rough rule of thumb calls for the
system controller to handle processing
when the design has general-purpose
applicability and modest performance
needs, according to Pat Cupo, president
of test system developer Instrumen-
tation Engineering. Highly targeted ap-
plications, those requiring the highest

performance, or those dealing with
complex waveforms, said Cupo, are
better handled with dedicated on-mod-
ule processing. “A single controller just
can’t keep up,” he said.

Developers should also evaluate the
impact on system flexibility when de-
ciding where processing should occur.
NI’s Friedman pointed out that using
the system controller to handle data
processing makes it easier for develop-
ers to create custom functions and al-
gorithms than when processing occurs
on a module. Aeroflex’s Carey noted
that local processing on a module can
reduce system flexibility: “Onboard
processing puts a wrapper around a
module, defining what it can do and
making it more like a boxed instru-

Reduce test costs with careful PXI design
By Richard A. Quinnell, Contributing Technical Editor

Fig. 1  Modules that support simpli-
fied upgrade and repair, such as those
that employ mezzanine boards (indi-
cated by arrow), can reduce long-term
system costs. Cour tesy  o f  Ag i l en t  Techno log ies .

TMW09_05PXITR_ID  39TMW09_05PXITR_ID  39 4/21/2009  5:07:10 PM4/21/2009  5:07:10 PM



40 May 2009 ● PXI TEST REPORT w w w . t m w o r l d . c o m

PXI T E S T R E P O R TPXI T E S T R E P O R T

ment rather than remaining configu-
rable for new or different tasks.”

Another way to reduce costs lies in
making modules or even the entire sys-
tem perform multiple roles. Devel opers
should “map resources to needs in
order to get double or triple duty out

of their boards,” according to Geotest’s
Dewey. “Do you need a DMM mod-
ule, or does your digitizer offer ade-
quate performance?”

IE’s Cupo gave as an example of
such architectural multitasking a cus-
tom system that his company designed

that tested two different devices con-
currently using a single PXI rack. The
multiplexer and DMM served both
tests while other modules were dedi-
cated to a specific device. The design
filled an 18-slot cage but proved highly
cost effective. “The customer couldn’t
afford two independent test stations,”
said Cupo.

Blending systems can save
You may also save on costs by leverag-
ing PXI’s ability to blend with other
buses. “Not all of your test functional-
ity needs to be in PXI,” said Carey.
“Custom or proprietary elements such
as RF switching, for instance, may be
more cost effective and yield quicker
time to market than trying to reconfig-
ure an off-the-shelf PXI module.”
Agilent’s Soden added, “You can also
avoid buying new hardware and [can]
create a hybrid system using other in-
struments you already have.”

Once the system architecture is
planned, developers can further hold
the line on costs through their choice
of individual modules. Power require-
ments are one area to consider, said
Soden. “Using lower-power cards can
allow the chassis to also be low power.
This saves on the power supply as well
as on cooling, and reduces direct elec-
trical cost during operation.”

How readily a module can be re-
paired or upgraded can also be a fac-
tor. Agilent, for instance, has intro-
duced a series of PXI digitizer cards on
a common base that use a mezzanine
card to carry the front-end electronics
(Figure 1) that dictate function and
performance. This allows the company
to develop new variations more

Fig. 2  By reducing development ef-
fort, off-the-shelf chassis, such as
this enclosure with a built-in cable
tray, may provide more in savings
than they add in acquisition costs.
Cour tesy  o f  Geo tes t—Mar v in  Tes t  Sys tems.
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PXI/cPCI Data Acquisition

Compact, single-slot solution

8 channels of Bridge Signal Conditioning feeding 8 independent 16-bit
250 Ks/s ADCs

16 multi-function digital I/O channels

SoftViewTM, a powerful graphical user interface for immediate access to all of
an instrument’s features and functionalities - no programming required

C, Visual Basic, and LabVIEW drivers also provided

Also available:
- Analog & digital I/O, multi-function modules, digitizers
frequency counters, multiplexers, and chassis

- 3U & 6U form factors

- From 32 to more than 800 channels in a single chassis

- Starting as low as $20 per channel

Everything you need to build your system

Built upon proven technology - used by leading military,
aerospace and industrial companies worldwide

NEW! CP246 ADC Card With Built-in
Bridge Signal Conditioning

1-815-838-0005 www.kscorp.com/pxi

Contact us today for more information:

not set up yet for handling PXI sys-
tems, and calibration can be a large
hidden cost if not addressed up front.”

Ultimately, cost optimization for PXI
systems depends on your making deci-
sions based on the total cost for acqui-
sition, development, deployment, and

lifetime operation. In some cases, this
may mean spending more up front to
garner savings downstream. “People
can get hung up on a few hundred dol-
lars,” said Friedman. “You need to
look at the impact on your overall test
system and your overall business.” �

quickly and at lower cost, reducing up-
grade and repair costs for customers.

Consistency in choosing suppliers
can also reduce long-term costs, IE’s
Cupo pointed out. “When you expect
to be designing multiple platforms,” he
said, “it pays to standardize on one
source for stimulus generators, one for
measurement, and so on. Otherwise,
each tester design looks a little differ-
ent and adds cost downstream in soft-
ware development and maintenance.”

Other system elements can also rep-
resent an opportunity for savings, espe-
cially if developers discuss their needs
with vendors to learn what’s available.
Geotest, for instance, has more than 30
chassis types with built-in features such
as mass termination receivers and cable
trays (Figure 2). “We offer lots of op-
tions so developers can be further up
the system-integration curve right out
of the gate. Having the cable tray inte-
grated into the chassis, for instance,
saves developers from having to design
and fabricate their own cable-manage-
ment solutions,” said Dewey.

Software support significant
As important as evaluating hardware
costs, though, is examining the soft-
ware support available. “A big part of
the cost in creating a test system is the
implementation and deployment of
software,” said Agilent’s Soden, “so
you don’t want to spend a lot of time
getting the system going.”

NI’s Friedman agreed: “Developer
productivity is an important consider-
ation, yet the cost for development and
integration of a system is often missed
when evaluating design options.”

Vendors recommend that developers
verify the availability of drivers for the
operating system they are using and
look for tools and programs for mod-
ule configuration, calibration, and
maintenance. IE’s Cupo, for instance,
looks for modules that have .IVI driver
support because he uses direct driver
calls from NI’s TestStand test executive
to speed software development by
eliminating a programming layer. Cupo
underscored the importance of calibra-
tion routines in the support package:
“Most customer metrology groups are

TMW09_05PXITR_ID.indd  41TMW09_05PXITR_ID.indd  41 4/22/2009  9:57:01 AM4/22/2009  9:57:01 AM



tmw090501.indd 42tmw090501.indd   42 4/17/2009 11:26:54 AM4/17/2009   11:26:54 AM



MAY 2009 43TEST & MEASUREMENT WORLD  www.tmworld.com

> > > > > > >

Oscilloscopes challenge low-end market
The DS1000B series of four-channel oscilloscopes
from Rigol Technologies consists of three models with
bandwidths of 60 MHz, 100 MHz, and 200 MHz. In-
struments in this class are commonly found on test
benches, in repair depots, in field service, and on
hobbyist benches. The DS1000B series uses two
ADCs for channels 1–2 and 3–4. When using one
channel per ADC, the oscilloscopes can sample at
2 Gsamples/s. When sharing an ADC, the sample rate
drops to 1 Gsample/s. Memory depth is 16 ksamples,
also shared between the two ADCs.

The oscilloscopes feature 22 automatic measure-
ments as well as edge, pulse width, video, pattern, and
alternate triggers. You can connect the instruments to
a PC through an LXI-compliant Ethernet port or a USB
port. You also get two USB host ports for storing data
on a thumb drive.

Prices: 60 MHz—$1295; 100 MHz—$1595; 200
MHz—$1895. Rigol Technologies, www.rigolna.com.

Mohr adds Internet streaming to
TDR cable testers
Mohr and Associates has introduced software up-
grades for its CT100 series RF/microwave TDR (time-
domain reflectometer) cable testers and bundled CT
Viewer host PC software. The upgrades add real-time
Internet streaming and remote control to allow users to
leverage remote engineering expertise. The upgrade
also allows CT Viewer to remotely store and replay

TDR waveforms at more than 250 fps, allowing the
operator to capture and analyze transient impedances
remotely.

Although existing CT100 series TDRs already store
TDR trace data at up to 500 fps, the software upgrade
gives CT Viewer the ability to store and replay TDR
waveforms over a network connection in the form of
AVI videos at frame rates of more than 250 fps. The
company reports that the new upgrade is suitable for
analyzing intermittent cable faults, quantifying real-
time switch and button performance, and exploring
TDR-based geophysical sensor techniques.

The instruments offer system rise times as low as 60
ps (20% to 80%) and cursor resolution of 75 microns.
The company targets the CT100 as a replacement for
the discontinued Tektronix 1502C metallic TDR.

Base price: $13,500. Mohr and Associates, www.
mohr-engineering.com.

Digitizer cards handle wide-ranging
applications
Engineers often use high-speed digitizer cards for
radar, communications, and disk-drive testing. The
Razor series of PCI digitizer cards provide two or four
channels with 16-bit resolution and sampling speeds of
100 Msamples/s or 200 Msamples/s. The 200-Msam-
ples/s models fea-
ture 125-MHz ana-
log bandwidth; the
100-Msamples/s
models have 65-
MHz bandwidth. All
models feature 12-
bit ENOB (effective
number of bits).

The Razor cards
have separate
ADCs for each
channel, so you can
simultaneously
sample on all channels. You can trigger acquisitions on
an internal clock or an external clock and store 128
Msamples of data (options up to 2 Gsamples).

Software support includes drivers for Windows XP
and Vista. The cards also come with GageScope Lite
edition, which you can use to verify card operation and
to make measurements. Standard and professional edi-
tions are optional, as are software development kits for
C/C#, LabView, and Matlab.

Prices: two-channel card—$6495; four-channel
card—$8995. Gage Applied, www.gage-applied.com.

PRODUCTUPDATE
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Test suite aimed at all-wireless networks
VeriWave is addressing the advent of all-wireless net-
works with the VeriWave Client Test Solution, a test suite
that provides interoperability metrics that can assist in
device design as well as deployment. The new offering,
which enables device developers to mimic actual opera-
tion in a lab, is aimed at ensuring that wireless networks
work with the variety of devices that will connect to
them in real-world scenarios.

The VeriWave Client Test Solution measures the real-
world behavior of a mobile device, its impact on other
devices, and overall network performance, as well as the
impact of the network on the device’s own performance.
It consists of three components: the WaveClient applica-
tion, the WaveAgent software, and a set of RF isolation
chambers and attenuators.

The WaveClient application runs on a VeriWave traffic
generator controlling RF distance and path emulation,
generating client traffic, and collecting performance
metrics from the DUT (device under test). Because the
application generates client devices with characteristics
of various vendors’ equipment, testers can see how spe-
cific combinations of devices will interact.

WaveAgent is a 64-kbyte software utility loaded onto
the mobile device being tested. As the VeriWave system
generates different mixes of traffic and conditions, Wave-
Agent measures the performance of the mobile device,
and it reports performance metrics as well as the config-
uration state of the device back to the VeriWave system.

 The RF isolation chambers and programmable atten-
uators provide RF distance and path simulation, allowing
WaveClient users to measure the effect of varying dis-
tance and paths on client device performance.

The test suite measures the impact of varying configu-
rations on both the DUT and the overall network so that
network administrators, for example, can gauge the im-
pact of a specific brand and model of instrument on
their network. Testers can stress the network with both
real-world and worst-case scenarios, and establish ven-
dor interoperability and device-optimal configurations.

VeriWave, www.veriwave.com.

Vision Research rolls out 4-Mpixel camera
Targeting industrial, military, and R&D applications re-
quiring high spatial resolution and high speed, the
Phantom v640 digital camera from Vision Research has a
4-Mpixel sensor and boasts a 6-Gpixels/s throughput
and enhanced light sensitivity. The Phantom v640 deliv-
ers a recording speed of greater than 1400 fps at its full
2560x1600-pixel resolution and of up to 300,000 fps at a
resolution of 256x16 pixels. The v640 can also record at
more conventional frames rates for normal use. When
recording at 1920x1080 pixels, for example, you can ad-
just frame rates from 10 fps to over 2700 fps.

Configured with either a color or monochrome CMOS
imaging sensor, the Phantom v640 supports both 8-bit
and 12-bit pixel depths. The camera comes with 8
Gbytes of dynamic RAM, with the option to upgrade to
16 Gbytes or 32 Gbytes.

Vision Research, www.visionresearch.com.
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THE GREEN BOOK®, FLOW, LEVEL AND
ENVIRONMENTAL HANDBOOK
Contains over 1300 pages of the latest
information on flow, level & environmental
products and includes a NEW Sanitary
temperature, pressure, and flow product
section with technical reference information.
This FREE hardbound handbook has a
technical reference section with an overview
on flow measurement, with aids on selecting
a complete flow measurement system, unit
conversion tables and a glossary. Go to
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THERMOCOUPLES, MAKE YOUR OWN
The HOTSPOT welding unit allows
thermocouple wire to be formed into
freestanding head or butt welded
junctions, or to be directly welded
to metal surfaces. The HOTSPOT
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A very convenient & small
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(Surface Mount Device)
components, for example
chip type resistors, capaci-
tors & diodes. It also has a
continuity function.  The
MS8910 works as a smart
tweezer & will automaticly
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allowing fully automatic
detection & measurement.
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Model CSI3644A CSI3645A CSI3646A

DC Voltage 0-18V 0-36V 0-72V
DC Current 5A 3A 1.5A

Power (max) 90W 108W 108W
Price $199.00$199.00 $199.00$199.00 $199.00$199.00

•Up to 10 settings stored in memory
•Optional RS-232, USB, RS-485 adaptors
•May be used in series or parallel modes with
additional
supplies.

•Low output
ripple & noise

•LCD display
with backlight

•High resolution at 1mV
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Programmable DC LoadsProgrammable DC Loads
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Item #Item # CSI371CSI3711A:1A: $499.00$499.00

Smart SMD TSmart SMD Tweezersweezers

The 3710A is a
programmable
electronic DC
load, capable of
supporting up to
150W of power
& the Model 3711A, 300W of power.These
devices can be used with supplies up to
360VDC and 30A. They feature a rotary
selection switch and a numeric keypad
used to input the maximum voltage, current
and power settings. Optional RS-232, USB
& RS-485 adaptors are available.

Close Focus Small SClose Focus Small Spotpot
Size Infrared ThermometerSize Infrared Thermometer

Featuring spot-on, dual-
laser aiming, the TN01U
close-focus, non-contact IR
thermometer measures the
temperature of electronic
components as small as 0.1
in. with pin-point accuracy.
Compact and lightweight,
the instrument provides a
large LCD and a bright
dual-laser aiming system.

Item #Item # TN01U:TN01U: $129.95$129.95
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An expert in finding solu-
tions to IC nanometer
design and manufactur-
ing challenges, Joseph
Sawicki is responsible for
Mentor Graphics’ design-
to-silicon products, includ-
ing the Olympus-SoC
place-and-route system,
the Calibre physical-veri-
fication and design-for-
manufacturing platform,
and the company’s silicon
test and yield analysis
product line. Sawicki
joined Mentor Graphics
in 1990 and held previous
positions in applications
engineering, sales, mar-
keting, and management.
He earned a BSEE from
the University of Roch-
ester and an MBA from
Northeastern University’s
High Technology Program.

Contributing editor Larry
Maloney interviewed
Sawicki by phone on the
latest test technologies
for preventing failure and
boosting productivity in IC
design and manufacturing.

Q: How important is DFT (design
for test) in IC design?
A: DFT is really the fundamental driver of
the economics affecting the IC design
chain. It’s the primary method of eliminat-
ing defective parts. If you do a poor job of
test planning or if you introduce ineffec-
tive tests, you risk damaging product qual-
ity and your company’s reputation. Test
costs also have a direct impact on the cost
of goods sold, which is why it’s essential to
prevent inefficiencies in manufacturing
tests that cause false rejections and reduce
yield. There’s a major trend toward lever-
aging test and diagnostic information over
a product’s life cycle to improve yield and
company profitability.

Q: What factors are making IC test
more challenging?
A: Obviously, as you increase functionality
on a chip, you add to the number of test
vectors needed to verify that functionality.
So, we see growth in test data volume
caused by growing gate counts, as well as
new tests required to detect subtle defects as
IC feature sizes shrink. In addition, because
of high-speed serial buses and packaging
limitations, there’s been a reduction in the
number of digital pins available for test.

Q: What are some of the new failure
mechanisms that crop up?
A: Engineers encounter subtle timing-re-
lated and parametric types of defects, such
as resistive shorts and opens, resistive vias,
crosstalk, and other noise-related issues. As
a result, at-speed scan testing has become a
crucial part of test suites. This can increase
test data volume by up to five times, which
is driving adoption of embedded compres-
sion. By reducing the size of test patterns
that need to be fed externally from the
tester, compression ensures that test data
can fit on the available test equipment, and
it helps minimize test duration and costs.
It’s important to choose a test methodol-
ogy and compression technology that can
generate test patterns to detect hard de-
fects and subtle issues as well.

Q: Whose responsibility is it to
perform DFT?
A: The trend is to move silicon test away
from the designer toward engineers who
understand test, device failure mechanisms,
and the impact of test strategies on manu-
facturing costs. With aggressive design re-
quirements and schedules, designers are
less willing to make design changes spe-
cifically for test. They rely on test engi-
neers to implement systems and software
that carry out test requirements without
impacting design architectures. This puts
more pressure on test engineers to main-
tain high test quality with minimal test ac-
cess, while keeping costs manageable.

Q: What are Mentor’s prime
DFT products?
A: FastScan is our original test pattern
generation tool, but many customers have
adopted our newer TestKompress tool,
which features high test pattern compres-
sion to manage growing test data volume.
TestKompress provides the same test pat-
terns as FastScan, but it also compresses the
volume of test data and test application time
in manufacturing by as much as 100 times.

Q: What role does your YieldAssist
tool play in DFT?
A: YieldAssist analyzes test failure data and
identifies systematic defect mechanisms
that affect yield. This tool works directly
with production test failure data from test
patterns generated by TestKompress, Fast-
Scan, or MBISTArchitect. Instead of using
test data only as a pass/fail defect-screen-
ing mechanism, this tool helps you to un-
derstand the cause of failures and to iden-
tify defects that affect yield. As a result, it is
becoming a vital tool to help customers
ramp up yield and reach their DPPM (de-
fective parts per million) goals. T&MW

VIEWPOINT
[An exclusive interview with a technical leader]

Going beyond design for test

JOSEPH SAWICKI
VP and General Manager
Design-to-Silicon Division
Mentor Graphics
Wilsonville, OR

Joseph Sawicki addresses more
questions on DFT and yield im-

provement in the online version of this
interview: www.tmworld.com/2009_05.
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Look no further.
Infi niiVision scopes are engineered for the best signal visibility.

It’s a bold claim — let us prove it to you.

Agilent engineered the custom MegaZoom III technology in our Agilent Infi niiVision scopes 

so you get the best possible signal visibility on every measurement you make.

 1. Fastest uncompromised update rate shows you critical signal detail and gives 

  you statistically valid measurement results in seconds.

 2. Industry’s only hardware accelerated 

  mixed signal oscilloscope gives you 

  analog, logic, and protocol views.

 3. Customize your scope with software

   applications including mask testing, 

  RS-232/UART, CAN/LIN and more.

Take the 5-minute Scope Challenge online and 

register to win a free Agilent MSO7104 scope.

www.agilent.com/fi nd/bestscopes

100 MHz to 1 GHz MSO and DSO models

u.s. 1-800-829-4444 canada 1-877-894-4414
Prices in USD and subject to change without notice.

© Agilent Technologies, Inc. 2009  

“I need to see the most signal detail.”

Starting at

$4246

Get
15% OFF
until 9/30.
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