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Packed with switching possibilities
Agilent has the switch to handle any test
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Agilent has the switch to handle any test

u.s. 1-800-829-4444 ext. 5463

canada 1-877-894-4414 ext. 5463

www.agilent.com/find/LXISwitches

Agilent switches have you covered with the versatility to

take on whatever test situation you throw their way.

Take the Agilent 34980A. Equipped with an 8-slot mainframe,

this switch/measure unit squares off with complex tests by 

letting you plug in any of 19 modules. You can choose from

switching, digital I/O, and D/A converter modules. Just

buy the modules you need now, then expand as you require.

For smaller, distributed applications, the Agilent L4400 Series

offers self-contained switching, digital I/O, or D/A converters

in just 1U. It’s a half-rack unit that’s affordably priced for a

broad range of applications. 

Both high-speed, high-density solutions conform to Agilent

Open standards. That means every instrument is system ready.

You can develop in any environment you choose. Built-in LXI

compliance simplifies your control with Ethernet connections,

as well. 

For more information, visit our LXI switch/measure products

Web site or call an Agilent engineer directly to help you

identify the right model for you. 

Agilent 34980A multifunction switch/measure unit
• Choose from 19 modules in switching, digital I/O, D/A converters,

and counter/totalizer
• Built-in 6-1/2 digit DMM
• Standard LAN, USB, and GPIB
• LXI compliant
• Priced up to 40% less than comparable VXI/PXI solutions

Agilent L4400 Series switch and control instruments
• Choose from 7 instruments in switching, digital I/O, D/A converters
• LAN and GPIB connectivity
• LXI compliant
• Starting at US$1,500 
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RS-232 to RS-422/485 Converter

48- and 96-Channel USB
Digital I/O Interface 

Starts at
$199

Starts at
$1499

Starts
at $60

Starts at
$250

Starts at
$109

Starts at
$319

OM-DAQPRO-5300

Portable Handheld
Data Logger

OM-EL-USB
Portable Data
Loggers with
USB Interface 

*Temperature
+ Humidity
Microserver

DIN Rail Mount Signal
Conditioners

Starts at
$170

OM-CP-RF Series 

Wireless
Temperature
and Process
Transmitters

D5000

Starts at
$349

16-Bit Multifunction Boards

*iTHx Series

Starts at
$995

OM-PQR1010

Power Line and
Environmental

Monitor

OMB-DAQ-3000 Starts at
$1399

OMG-USB-DIO

In-Transit Temperature Recorder

USB Data Acquisition Modules

omega.com
off-the-shelf

data acquisition
products

ship within 
24 hours

Need More Options?
Shop online at omega.com
Need More Options?
Shop online at omega.com®

*PATENTED
Covered by U.S. and International

patents and pending applications

For Sales and Service, Call TOLL FREE 

© COPYRIGHT 2006 OMEGA ENGINEERING, INC. ALL RIGHTS RESERVED

Shop Online at 

etestandmeasurement.com

Shop Online:

4-Channel
Oven 

Temperature
Data Logger

*Temperature, Process and
Strain Controllers & Signal

Conditioners

Starts at
$240

*iDR
Series

Analog-to-Frequency Modules
for Micro PLC Digital Inputs

Starts at
$105

DRP-8500

Starts at
$999

8-Channel 4 to 20 mA
Current Data Logger

Starts at
$295

*Barometric
Pressure,

Temperature, 
& Humidity
Transmitter

OMP-MNL

Portable Data Logging 
and Alarming System

Starts at
$995

OMB-
DAQSCAN-2000

Starts at
$295

100,000 process control and measurement products (and counting)

*Internet Counter

Starts at
$245

OM-CP-TRANSITEMP-EC-13

Starts at
$240

OM-CP-
QUADTHERMOVAULT

OMB-DAQBOARD-500

™

4-Channel Sensor-to-Computer
Interface Modules

*IBTX-D

Ethernet-Based Data Acquisition
System Components

DRF Series

OMG-CONV-485

USA

MADEMADE
ININ*

*

Starts at
$995

Starts at
$1999
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· Square wave clocks from DC to 2.05 GHz

· Random jitter <1 ps (rms)

· 80 ps rise and fall times

· 16-digit frequency resolution

· CMOS, LVDS, ECL, PECL, RS-485

· Phase adjustment & time modulation

The CG635 generates clock signals ⎯ flawlessly.
The clock signals are fast, clean and accurate,
and can be set to standard logic levels.

How fast? Frequency to 2.05 GHz with rise and
fall times as short as 80 ps.

How clean? Jitter is less than 1 ps and phase
noise is better than −90 dBc/Hz (100 Hz offset)
at 622.08 MHz.

How accurate? Using the optional rubidium
timebase, aging is better than 0.0005 ppm/year,
and temperature stability is better than
0.0001 ppm.

You would expect an instrument this good to be
expensive, but it isn't.  You no longer have to
buy an rf synthesizer to generate clock signals.
The CG635 does the job better⎯at a fraction of
the cost.

2 GHz Clock Generator

Stanford Research Systems

Phone: (408) 744-9040 · Fax: (408) 744-9049 · info@thinkSRS.com · www.thinkSRS.com

CG635...$2490 (U.S. list)

Plot shows complementary clocks and PRBS (opt. 01)
outputs at 622.08 Mb/s with LVDS levels. Traces have
transition times of 80 ps and jitter less than 1 ps (rms).
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To help pilots land in zero-ceiling and zero-visibility conditions,
BAE Systems developed a system that uses radar, video cameras,
and infrared cameras to “see” where a pilot can’t.
Martin Rowe, Senior Technical Editor
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The world is still analog
Engineers at Analog Devices put amplifiers, converters, and RF
devices through rigorous tests so that consumer and industrial
products will work properly.
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Limits of test time reduction
Calculating the optimal compression level will provide the 
highest return on silicon resources.
Chris Allsup, Synopsys
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Post-test inspection boosts die yields
IC manufacturers rely on optical inspections at the end
of fab lines to catch physical imperfections as well as
defects caused by final-test probers.
Jon Titus, Contributing Technical Editor
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ONLINEwww.tmworld.com
> Check out these exclusive features on the 

Test & Measurement World Web site:

Automotive & Aerospace Test Report
● Weighing cost vs tolerances

In an exclusive interview, Larry Stockline, president of Promess,
explained how his company improves manufacturing quality in
automotive products by using looser tolerances. While it sounds
counterintuitive, the concept is validated by the fact that
Promess’s systems produce high-quality parts for demanding 
Big 3 and transplant automakers.

● Cold Regions Test Center supports US troops
We spoke with Jeffrey Lipscomb, technical director of the Cold
Regions Test Center in Delta Junction, AK, to learn about the
CRTC’s role in testing vehicles and aircraft in preparation for 
theaters of engagements. 

www.tmworld.com/aatr

A song for engineers struggling 
to make measurements
Senior technical editor Martin Rowe has written the
new theme song for all overworked and underbud-
geted test engineers. You can listen to his creation,
“The Measurement Blues,” on the Test & Measure-
ment World Web site. Once you’ve listened to the
recording, send us your comments as well as links 
to music you want to share with the T&M audience. 

www.tmworld.com/blues

“Taking the Measure” 
(blog commentary and links)

● Outsourcing’s out as world goes online
● Speaking up for CO2

● Amazon patent to face review 
● Fraud taints Chinese DSP effort
● A CEO’s misguided writing
● The future of design for test 

www.tmworld.com/blog

From the Archives
● Test-system development: Do everything first

For this month’s Test Voices column (p. 9), Martin Rowe inter-
viewed Norman Kirchner of Texas Instruments to learn how the
software infrastructure engineer manages his company’s test
code. When Kirchner previously worked at Engineering Special-
ists, he participated in a T&MW-sponsored panel discussion
about the design of test systems. We covered the discussion in
“Test-system development: Do everything first,” in our February
2005 issue.

www.tmworld.com/archives

.com

The Virtual Industrial

Exhibition celebrates its

5   birthdayth

20,000,000
visitors in 2005

7,000,000
visitors in 2003

14,000,000
visitors in 2004

2,500,000
visitors in 2002

700,000
visitors in 2001

Thank you
for your support
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Performance....it’s all about the details.

Switching?

We know switching since that’s our business, our only business. We learn the specific details about your switching
requirement, then match one of our thousands of standard products to fit your exact need! For nearly 15 years, we
have been manufacturing state-of-the-art automated switching systems for use in the ATE, communication, teleme-
try and broadcast industries. We provide connectivity solutions from 1x2 to 1024x1024, and larger if you need it.
Solid-state, digital, fiber-optic and relay technologies are leveraged for optimum and cost effective solutions. It’s
time to upgrade your manual patch panels or old crosspoint switch to a new high performance automated switch-
ing solution. Give us a call for your free catalog and tell us about your requirement. We’re listening. 

USUniversal
Switching
Corporation

7145 Woodley Avenue
Van Nuys, CA 91406  USA

State-of-the-Art Switching Solutions

Audio  -  Video  -  Digital  -  RF  -  IF  - ATE  -  Telemetry  -  Cellular  -  Microwave

Includes control via

TCP/IP

Solid-State
Digital
Fiber-Optic
Relay-Based
All technologies are leveraged
for optimum and cost effective
solutions.

Ethernet
GPIB
Serial
VXI/VME/LXI
All popular control types are
available. Redundant CPU’s
and control software.

Coaxial
2-Wire
Triaxial
Fiber
Single-ended, differential, bal-
anced, fiber-optic, 1xN or MxN
types of switching.

Advisory Member
LXI Consortium

Spanning
DC-40GHz

Phn
Fax
Email
Web

+1 818-785-0200
+1 818-785-0680
sales@uswi.com
www.uswi.com
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S E R I E S  2 6 0 0  S O U R C E M E T E R ® I N S T R U M E N T S

versatile � multi-channel � I-V test solutions

COMPARE:
Up to 400% faster test times 

Unparalleled system automation

Ease of integrating multiple instruments

Give us five minutes and we’ll cut your test time by50%.
Visit www.keithley/at/302 to see how.

Half THE SIZE.

THE COST.

YOUR TEST TIME.
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Patent common sense

TEST & MEASUREMENT WORLD www.tmworld.com

®

PPoosstt  yyoouurr  ccoommmmeennttss  aatt  wwwwww..ttmmwwoorrlldd..ccoomm//bblloogg..

Patent trolls have suffered a setback. The US Supreme Court has
ruled that judges need not issue injunctions in response to findings
of patent infringement. 

The ruling indicates that judges should weigh factors such as the
public interest and a patent’s “potential vagueness and suspect va-
lidity” when determining whether a product should be taken off
the market. If ever a patent suffered “suspect validity,” it seems to
me to be the one at issue in this case, held by patent-holding com-

pany MercExchange and said to be infringed by eBay’s
“Buy It Now” feature.

Unfortunately, eBay is not out of the woods. It must
still contend with a jury’s 2003 finding that eBay did in-
fringe on MercExchange’s patent. The case returns to

lower courts for further litigation.
All this leads to the question of how qualified juries are to deal

with technical patent issues. One proponent of juries is Rambus
CEO Harold Hughes, who spoke with Electronic Business after
Rambus’s recent victory over Hynix in a patent dispute. (See the
online version of this arti-
cle for a link to the
recorded interview, www.
tmworld.com/2006_06.)
He commented that key
for him was the fact that, for the first time, Rambus was able to
present its case to a jury, which accepted Rambus’s contention
that its patents were infringed.

Hynix takes a different view, issuing this statement to Electronic
News: “While disappointed in the result, the focus of this phase of
the trial was Rambus’s patents, which were drafted to cover JEDEC
standard SDR and DDR SDRAMs. The next phase will focus on
Rambus’s anticompetitive behavior in acquiring and enforcing
these patents. In the next phase...Hynix seeks to have all of
Rambus’s patents in dispute held unenforceable.”

The jury in the Rambus vs. Hynix case may have got it right. I’ve
heard equally believable claims: that Rambus nefariously pirated
and patented proposed JEDEC-standard technology, and that
JEDEC members acquired Rambus technology under nondisclo-
sure agreements and nefariously moved to embody that technol-
ogy in JEDEC standards.

But based on jury decisions on other patent suits, including the
one embroiling eBay, I have a hard time believing that having a jury
on your side necessarily puts you on the side of the angels. T&MW

Last month, I commented on a dispute between D-Link and Poul-Henning
Kamp, who maintains a time server. The dispute has been amicably resolved.
Kamp will allow access to existing D-Link equipment; new D-Link products will
not access Kamp’s server. No other details were disclosed.

[ EDITOR’S NOTE ] 

RICK NELSON, CHIEF EDITOR

Are juries qualified to
evaluate patent claims?
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Soaring to New Heights...
Without Leaving

the Ground

Toll Free 800-828-8840 • 24-hour SensorLineSM 716-684-0001 • E-mail info@pcb.com • Web site www.pcb.com
© 2006 PCB Group, Inc.  PCB and ICP are registered trademarks of PCB Group, Inc. All other trademarks are the properties of their respective owners. 

North American Eagle™ will soon attempt to break the current world 
land-speed record of 763 mph. As a proud sponsor, PCB Piezotronics 
has provided ICP® accelerometers, acoustic measurement products,
pressure sensors, strain gages, modal impact hammers and a Digital
Sensing System for data acquisition, to help ensure the ground 
vehicle is running safely at frighteningly fast speeds. 

PCB® products are used to conduct modal tests of wheel and suspension
systems; identify resonant modes in support beams, axles and wheels,
as well as torsional body modes and dynamic stiffness associated with
bouncing and rocking; assess damping properties of vehicle, suspension
and road surface; and to perform various acoustic tests.

Contact us today to find out how we can help you soar to new heights
in meeting your most challenging test and measurement needs.

Visit us at 

Sensors Expo
Booth 703

Stephens Convention Center

Rosemont, Illinois
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TESTVOICES
[An exclusive interview with a test engineer]

Q: How do you support characterization
engineering? 
A: Software engineers are an integral part of the charac-
terization team.We write software that characterization
engineers use to take measurements on ICs for wireless
consumer products.The parts use a variety of technolo-
gies including Bluetooth, 3G cellular, and wireless LAN.
The functions of those devices range from single-chip
analog-to-digital converters (ADCs) to full-level SOCs.
I work with TI engineers around the world to develop
the software that will be used by a global characteriza-
tion team.

Q: What’s the procedure for developing code? 
A: We work with design and characterization engineers
to learn which measurements they need for a specific
part.The characterization engineers take the part’s speci-
fications from design engineering and define the high-
level measurements. Next, we look through a library of
existing measurement routines and try to use prewritten
and validated code wherever possible.We may also mod-
ify prewritten code and adapt it to a specific task.

The code modules do more than just control instru-
ments and collect data.They perform data manipulation
and post processing, producing measurements such as
group delay and digital-to-analog-converter (DAC) lin-
earity. Software engineers write code at their desktops
and upload the software to a central source-code control
server, making the new software available to test systems
located around the world.We can remotely control any
test system from our desks, so we can test the code on
the system where it needs to run.

Q: How do you know if you have code that’s 
appropriate to reuse in a test? 
A: We keep a log of measurements taken by each code
module.We also keep a list of supported instruments and
the measurements they make. Experience helps in find-
ing the best code module.We are looking toward au-
tomating the selection process to decrease the time and
experience needed to design a test sequence.

Q: Do you write the entire test code, or does 
the characterization engineer get involved? 
A: We write the software modules that make the mea-
surements and compile the test results.We’ve also devel-
oped what we call “universal instruments.”These are
generic software modules for controlling generation
and capturing instruments.A characterization engineer
configures the universal instrument and it calls the un-
derlying test code, which executes the necessary instru-
ment drivers.The universal instrument software allows
the measurement software to not care which instru-
ment is behind it. Characterization engineers then use
TestStand to define the sequence and configuration of
the measurements.

Q: What challenges do you face in writing 
test code? 
A: The biggest challenge is in designing software mod-
ules that fit a wide variety of requirements so we don’t
end up writing unique code for every part. For example,
a module that calculates frequency response should work
with a variety of instruments at frequencies from audio
through RF. T&MW

Every other month, we will publish an interview with an electronics engineer who has test, measurement, or inspection responsibilities.
If you’d like to participate in a future column, contact Martin Rowe at mrowe@tmworld.com.

orman Kirchner recently joined Texas
Instruments’ Wireless Terminals Busi-

ness Unit (Dallas, TX) as a software infra-
structure engineer. He supports and writes
infrastructure software that characteriza-
tion engineers around the world use to
evaluate new products utilizing LabView
and TestStand. He has extensive LabView
programming experience, having previ-
ously worked at Engineering Specialists
(Brookfield, WI), a test-system integrator. 

N
The underlying test code
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your easy online ordering system, quality boards, and fast lead 
times.”    -  Sunstone customer feedback
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Easiest online quote and order for 2-6 layer quickturn proto boards

24/7/365 customer service and design checks on demand, backed 
by 30+ years of experience
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Come visit us today and check out our online facilities 
built with the design engineer in mind
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NEWSBRIEFS

GenICam releases 
slated for June
During The Vision Show East (see p.15),
the European Machine Vision Associa-
tion (EMVA) announced that compo-
nents of the new GenICam (GENeric
programming Interface for CAMeras)
standard are slated to be released in mid-
June.Dr.Friedrich Dierks of Basler,who
serves as secretary of the EMVA’s GenI-
Cam standard group, announced that
the GenApi applications programming
interface will be released at a GenICam
standard group meeting scheduled for
June 12–15 in Montreal. At the same
time,he said, the GenTL transport-layer
protocol (for grabbing an image) will be
issued in draft form.

The goal of GenICam is to provide a
generic programming interface for all
types of cameras, including ones em-
ploying GigE Vision, Camera Link, and
IEEE 1394 interfaces. GenICam will
specify a standard XML camera-descrip-
tion format that will make it easier for
vendors of image-processing libraries to
support diverse camera models.

From a customer viewpoint, Dierks
said, GenICam will provide a standard
user interface for configuring a camera,
grabbing images, delivering events, and

transferring image data.To comply with
GenICam, camera vendors, he said, will
provide a camera-description XML file
that describes how camera functions
map to specific camera registers or com-

mands. Initially, seven of the 180 defined
features are mandatory.

Dierks noted that the just-released
GigE Vision standard mandates that
GigE Vision cameras come with 

Agilent Technologies’ Measurement Systems Division has extended
the capabilities of its vectorless printed-circuit-board test technol-
ogy with the release of Medalist iVTEP (intelligent Vectorless Test
Extended Performance) software. The new iVTEP builds on vector-
less test capabilities of the company’s earlier VTEP and original Test-
Jet technologies, which rely on package capacitance and tend to
rely on the presence of substantial lead-frame metal. 

N K Chari, Agilent in-circuit test marketing manager, explained that
iVTEP targets micro-BGAs, flip chips, and other ultrasmall devices
with minimal or no lead frames—all of which can exhibit insufficient
capacitance to permit traditional vectorless approaches to work. Simi-
larly, said Chris Jacobsen, Agilent R&D manager and technical marketing engineer, iVTEP targets devices whose
attached heat spreaders introduce series capacitance, further limiting the effective capacitance available for tradi-
tional vectorless tests. 

Jacobsen said that TestJet works above about 20 fF, VTEP works down to 5 fF (accommodating 1.27-mm-
pitch BGAs), and iVTEP works well below 1 fF (accommodating 0.8-mm-pitch solder-ball packages). In an ef-
fort to protect Agilent’s IP, Jacobsen would not say exactly what iVTEP measures—only that the measurement
is less reliant on capacitance than were VTEP measurements. He did note that iVTEP is a software upgrade
that works with any Agilent 3070PC or Medalist i5000 system equipped with a VTEP-compatible fixture.
www.agilent.com/see/ICT.

Agilent augments PCB vectorless test 
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ELeCroy takes scope bandwidth lead

LeCroy’s SDA 18000 serial data analyzer boasts a bandwidth of 18
GHz, and the company claims that it achieves the bandwidth with-
out software enhancements. LeCroy also takes the single-channel
sample rate lead at 60 Gsamples/s with this instrument. Wave-
form memory can reach 150 Msamples with a memory option.

To achieve the 18-GHz bandwidth,
LeCroy uses a digital bandwidth inter-
leave technique, which is based on RF
heterodyne. The scope converts the in-
coming signal into two 6-GHz frequency
bands for the 0–11 GHz range and one
8-GHz band for the 11 GHz to 18 GHz
frequencies before digitizing the signal.

The SDA 18000 comes with LeCroy’s Advanced Serial Data
Analysis and Jitter software package (ASDA-J). Several options
enhance the instruments for specific serial buses, including Serial
ATA (SATA), Serial Attached SCSI (SAS), Fully Buffered DIMM 
(FB-DIMM), and PCI Express. LeCroy also offers a decoder pack-
age for 8b/10b encoded data streams. With this package, you
select your data stream, and the SDA decodes the data and 
displays it with bus-specific commands.

Base price: $128,000. LeCroy has also introduced the 9-GHz
SDA 9000, with prices starting at $90,000. LeCroy, www.lecroy.com.

TMW06_06news.qxd  5/23/2006  11:05 AM  Page 11



GenICam-compliant files. Work is un-
derway, he said, on requirements for
IEEE 1394 cameras.

Dierks also noted that GenICam
source code will be available to members
of the GenICam group;runtime binaries
sufficient for creating camera-descrip-
tion files will be available to others.The
GenICam group has 10 members eligi-
ble to vote on the standard as well as 12
associate members. www.genicam.org.

Standards aim to reduce
the risk of tin whiskers
JEDEC and International Electronics
Manufacturing Initiative (iNEMI) have
published two documents that should
help manufacturers reduce the risk of tin
whiskers in lead-free products.The first,
JEDEC standard JESD201, “Environ-
mental Acceptance Requirements for
Tin Whisker Susceptibility of Tin and
Tin Alloy Surface Finishes,” provides an
environmental acceptance testing and
reporting method for tin whisker sus-
ceptibility of tin and tin alloy surface
finishes. The second document is a
JEDEC/IPC joint publication, JP002,

“Current Tin Whiskers Theory and
Mitigation Practices Guideline.” It de-
scribes theories about whisker forma-
tion and explains practices used to min-
imize whiskers.The documents can be
downloaded from the JEDEC Web site.
www.jedec.org.
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C A L E N D A R
Semicon West, July 10–14, San
Francisco, CA. Sponsored by
SEMI. www.semi.org. 

Design Automation Conference
(DAC), July 24–28, San Fran-
cisco, CA. Sponsored by IEEE,
SIGDA, EDA Consortium.
www.dac.com. 

EMC Symposium, August 14–18,
Portland, OR. Sponsored by
IEEE, EMC Society.
www.emc2006.org. 

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

The Supplier Quality Insight application provides OEMs with the
means to better manage and track the quality of suppliers’ com-
ponents. It’s designed to foster a collaborative effort between
suppliers and customers to ensure that suppliers meet target
performance goals based on test data.

For companies employing Supplier
Quality Insight, such data can be col-
lected directly from suppliers’ test
equipment, pulled from data files, or
loaded by suppliers into Web forms.
An OEM customer can define a tem-
plate indicating specification require-
ments. The data can span multiple
real-time and historical data sources and encompass an entire ex-
tended supply chain, and it can also be integrated with data from
design, ERP/MRP (enterprise resource planning/materials re-
quirements planning), MES (manufacturing execution systems),
and CRM (customer relationship management) applications.

The Supplier Quality Insight application can be accessed with
any Web browser; it uses Internet standards such as SML (seman-
tic markup language) and SOAP (Simple Object Access Protocol).
It can also be deployed across multiple sites with differing com-
puting infrastructures. The software is available for direct license
or as a SigmaQuest Web-hosted software service. It’s available as
a stand-alone offering or as part of the SigmaSure product suite.

Base price: $35,000. SigmaQuest, www.sigmaquest.com. 

The new, award 

winning SCANFLEX 

Boundary Scan Controllers from 

Goepel electronics provide access as fast 

as 80 MHz, up to eight independent TAPs 

and programmable output impedance.

Huntron’s flexible, automated 
diagnostic solutions help people 
solve circuit card problems.

For more information, call or click, 

800-426-9265 or www.huntron.com.

Automated diagnostics begin with the 

Huntron Access Automated Probing Station. 

  Automated Huntron

 systems have demonstrated 

test time reductions when compared to 

manual methods. Coupling automated 

probing with Huntron’s new TrackerPXI 

and Workstation 4.0 software establishes a 

new standard for integrating power-off

diagnostics into functional test platforms. 

SCANFLEX Firewire/
USB2.0/LAN Controller 

Huntron Access Prober 
and TrackerPXI 

SCANFLEX TAP-8
Desktop Transceiver

When you need to test, diagnose or 

troubleshoot complex circuit boards, 

Huntron lets you access, explore and 

discover more.

Essential for test coverage
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We’ve Taken
Performance To 

A New Peak.

boonton@boonton.com  •  +1 (973) 386-9696  •  Fax +1 (973) 386-9191  •  www.boonton.com

A WIRELESS TELECOM GROUP COMPANY

8.4" TFT color LCD display 
100 ps timebase resolution 
Automatic peak-to-peak, delay-by-time
and delay-by-events triggering 
GPIB, USB and LAN 
Text view of 15 time and power 
measurements per channel

Envelope, persistence and roll mode 
displays
Gated CCDF and PDF with log display
(optional)
Compatible with industry leading 56xxx
and 57xxx series peak power sensors 
Familiar user interface 

Totally redesigned from the inside out, our meter is changing the way the industry views and uses RF data.
From display to interface it will take you to the peak of performance.

INTRODUCING THE NEW 4500B PEAK POWER ANALYZER

Visit us at IEEE MTT-S, Booth #529
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Please visit us at our booth 841

IEEE MTT-S International Microwave 
Symposium & Exhibition
June 13-15

Moscone Convention Center San Francisco

The new star in the I/Q sky
R&S®AFQ 100 A – the brilliant I/Q modulation generator

If you need large memory depth plus outstand-
ing I/Q bandwidth, the new  R&S®AFQ 100 A is 
what you are looking for. Its brilliant features 
include a waveform memory of up to 1Gsample 
and a maximum I/Q bandwidth of up to 100 
MHz. The R&S®AFQ 100 A is truly a shining star 
in the I/Q sky due to its excellent signal quality 
with an unrivaled spurious free dynamic range 
(SFDR) of typ. 83 dBc (1 MHz signal at 100 MHz 

measurement bandwidth), a flat frequency 
response of typ. 0.05 dB across the entire band-
width as well as its other innovative features:
◆ Optimum adaptation of the variable memory  
 clock rate from 1 kHz to 300 MHz 
◆ Differential and digital I/Q outputs
◆ Operation from GUI, remote control via GPIB,  
 USB or LAN, compact dimensions 
 (two height units)

www.rohde-schwarz.com/ad/afq
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The GigE Vision standard formally debuted, and
many exhibitors indicated support for the new
spec. Dalsa Coreco (www.dalsa-coreco.com)
demonstrated a 15-camera, four-computer GigE
Vision application deployed throughout its
booth. National Instruments (www.ni.com)
announced it has added GigE Vision capability 
to its image-acquisition software. Pleora Tech-
nologies (www.pleora.com) demonstrated its
iPORT AutoGEV software-mapping technol-
ogy, which speeds compliance with the GigE 
Vision standard.

Interfaces such as FireWire, Camera Link, and
USB also found support. Pleora’s AutoGEV, for
example, supports Camera Link cameras within
GigE Vision applications. Matrox Imaging
(www.matrox.com) announced a GigE Vision
driver for the Matrox Imaging Library and also
added an IEEE 1394b adapter card for its 4SightM
vision computer. Newnex Technology (www.
newnex.com) demonstrated optical repeaters that
extend 800-Mbps FireWire over 10 km.

Several vendors aimed to speed image-pro-
cessing tasks. MathStar (www.mathstar.com)
introduced the Machine Vision Library for its
Field Programmable Object Array (FPOA) de-
vices. Celoxica (www.celoxica.com) high-
lighted its design tools for accelerating imaging
algorithms on FPGAs. And Matrox debuted its
FPGA developer’s kit for programming FPGAs
found on Matrox boards.

Among other board vendors, Active Silicon
(www.activesilicon.com) demonstrated PCI Ex-
press frame grabbers, and Euresys (www.eu-
resys.com) highlighted a PCI Express version of
its video capture card. Demonstrating illumina-
tion products was StockerYale (www.stock-
eryale.com),which introduced its SpecBright line
of LED modules, its Flat Top Generator laser-
beam shaping module, and its Lasiris Slick laser.
Edmund Optics (www.edmundoptics.com)
previewed its EOS illumination technology,
which combines fiber-optics with LED sources.

Camera exhibitors included Toshiba Teli
(www.toshiba-teli.com), which showcased the
CS6910G GigE Vision industr ial camera.
Basler-VC (www.basler-vc.com) introduced
Scout cameras that come with GigE or FireWire
interfaces and Pioneer cameras that come with
GigE interfaces.

Imperx (www.imperx.com) introduced soft-
ware utilities designed to provide extended ac-
cess to its Lynx line of Camera Link and GigE
cameras. Sony (www.sony.com/videocameras)
introduced a version of its XCI-SX1 smart cam-
era that’s compatible with Windows XP Embed-
ded. PPT Vision (www.pptvision.com) high-
lighted its Gigabit Ethernet Impact A-10
intelligent camera. JAI Pulnix (www.jaipul-
nix.com) displayed its GigE and dual-tap Accu-
Pixel cameras.

Dage-MTI (www.dagemti.com) launched
the XLM, an addition to its Excel line of 
FireWire cameras that offers a 2048x2048-pixel
format based on Kodak’s (www.kodak.com/go/
imagers) KAI-4021M progressive-scan sensor.

Allied Vision Technologies (www.alliedvi-
siontec.com) demonstrated its Guppy family,
which offers a IEEE 1394a interface, and its
Pike family, which offers an IEEE 1394b inter-
face.Point Grey Research (www.ptgrey.com)
debuted the Flea2 IEEE 1394b camera, which
fits within a 29x29-30-mm housing, and the
Firefly MV, which offers a 25x40-mm board-
level footprint.

Adimec (www.adimec.com) announced its
Adimec-4050m, a 4-Mpixel CMOS camera
with Camera Link interface that delivers the
image quality of CCD cameras. Sick IVP
(www.sickivp.com) highlighted its Ranger C
Camera Link model,which in 3-D mode can ac-
quire up to 30,000 profiles per second.

Lumenera (www.lumenera.com) demon-
strated its USB 2.0 digital cameras and an-
nounced that it has integrated its cameras with
MVTec (www.mvtec.com) Halcon 7.1 soft-
ware. Videology (www.videologyinc.com) fea-
tured its I-Net Stream Ethernet cameras and
video servers and its USB 2.0 cameras and I/O
boards. Siemens (www.siemens.com/simatic-
sensors/mv) demonstrated products like its
Simatic MV220 color area sensor. Hamamatsu
(www.hamamatsu.com) highlighted its Microfo-
cus x-ray sources and line-scan cameras. Leu-
tron Vision (www.leutron.com) demonstrated
its PicSight cameras, available with Camera Link,
Ethernet,USB 2.0, and analog interfaces. Finally,
IMI Tech (www.imi-tech.com) highlighted its
line-up of FireWire, Camera Link, USB 2.0, and
Ethernet cameras. T&MW

Cameras, interfaces highlight vision gathering
> > > The Vision Show East, May 9–11, Boston, MA, Automated Imaging Association, 
www.machinevisiononline.org.

Ranger C performs
the triangulation cal-
culations necessary
to develop 3-D coor-
dinates. Courtesy of Sick IVP. 
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testo 350, the portable flue gas analyzer system for complex thermal processes,

industrial burners and boilers and for stationary spark ignition engines. 

It opens up an almost unlimited spectrum of functionality  for many different

parameters and their measurement ranges: O2, CO(H2), COlow(H2), NO, NOlow,

NO2, SO2, HC, H2S, CO2(NDIR).

- More sensor accuracy with Low NOx and Low CO sensors (1.0 ppm res.)

- Wide range CO2 measurement with advanced NDIR technology (to 50 Vol. %)

- Revolutionary continuous temperature compensation and control

- Innovative dilution system for the widest CO testing range 

and longest sensor life

- Sensor replacement in seconds with pre-calibrated "plug and play" sensors

- Data management including advanced bus system for 

system-wide multi-unit logging

testo AG · Testo-Straße 1, 79853 Lenzkirch · www.testo.com · E-Mail: info@testo.de

Accurate Values for the Sake 
of Efficiency and Environment

Committing to the future
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A PANEL AT THE 2006 VLSI
Test Symposium held May 1 in
Berkeley, CA, explored the fu-

ture of design for test (DFT).The pri-
mary question was whether point tools
or integrated DFT environments are
best, reports Ron Wilson, executive edi-
tor of our sibling publication EDN
(Ref. 1). Panelists representing compa-
nies including Cadence Design Systems,
Mentor Graphics, Synopsys, SynTest,
and Virage Logic agreed that integration

would be essential to link DFT with
design tools, diagnostics tools, design-
for-manufacture tools, and ATE.

Wilson reports that panelist Sanjiv
Taneja,VP for the Encounter Test prod-
uct line at Cadence, commented that
the EDA industry started as a collection
of point tools that have evolved to fit
within an all-encompassing architecture.

An all-encompassing architecture that
addresses design, test, and yield is the
goal of Magma Design Automation.
The company targets the rapid design
of ICs fabricated in 65-nm and smaller
process geometries with its Talus plat-
form, which the company describes as a
lithography-aware implementation flow
from RTL to tape-out. Now in beta re-
lease,Talus addresses timing, area, power,
signal integrity, DFT, and manufactura-
bility, according to Behrooz Zahiri, a se-
nior marketing director at Magma.

When I asked Zahiri about the
technology, he told me that increased

automation is one of the key features
of Talus. He described previous EDA
methods as “electronic design assis-
tance,” with significant scripting and
other efforts required to tie together
DFT, built-in self-test (BIST), wireload
modeling, floor planning, and a host of
other functions that might exist as
point tools. Such manual approaches
become untenable, he said, as invest-
ments rise from $5 million per design
at 130 nm to potentially $50 million or
more at 45 nm.

Zahiri said that initially,Talus is
available in two versions:Talus LX and
PX, which target logic and physical
design, respectively.Additional en-
hancements, he said, will target manu-
facturability and yield learning. More
details, he said, will be available at the
Design Automation conference (July
24–28, San Francisco, CA).

But despite efforts to combine de-
sign, test, and yield functions into a sin-

gle flow, alternatives continue to
emerge. For example, Stratosphere So-
lutions has just debuted its StratoPro
platform, which, according to Prashant
Maniar, chief strategy officer, is part of
an effort to “build differentiated tech-
nology that meets a focused market de-
mand”—in this case, alleviating yield
fallout caused by parametric variability.
And Incentia Design Systems recently
released a new version of its TimeCraft
software, designed to improve the accu-
racy and efficiency of static timing
analysis for 90- and 65-nm designs.

Ultimately, the trend toward integra-
tion is inexorable, but so is the emer-
gence of new tools that address prob-
lems occurring on leading-edge
processes. T&MW

REFERENCE
1. Wilson, Ron, “Panel probes future of de-
sign-for-test,” EDN, May 3, 2006.
www.edn.com/article/ca6331013.
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Integration paces point-tool development

11.5-GHz QFN socket
Ironwood Electronics has introduced a QFN (quad flat-
pack no-lead) socket for 0.4-mm-pitch devices. The SS-
QFN104A-01 operates to 11.5 GHz with less than 1-dB
of insertion loss. Designed for up to 500,000 actuation
cycles, the socket can dissipate 7 W from –40 to +120°C
without the need for an additional heat sink. It accom-
modates a chip with 104 pins plus ground pad. Current-
carrying capacity is 1.5 A per pin. Actuation force is 20 g
per pin. Base price: $1480. www.ironwoodelectronics.com

Pin Scale HX supports 12.8 Gbps
Agilent Technologies has announced the Agilent Pin Scale HX high-
speed extension card for its 93000 SOC Series tester. The new card sup-
ports characterization for devices and interfaces with data rates up to
12.8 Gbps. The Pin Scale HX is designed to provide the signal integrity
required for at-speed design characterization and production test of
Serdes device interfaces such as PCI Express and HyperTransport.
www.agilent.com.

European lab buys Sapphire D-10
Credence Systems has announced that Microtec, an independent, certi-
fied European test lab, has purchased multiple Sapphire D-10 ATE sys-
tems. The lab will use the systems to test digital and mixed-signal de-
vices intended for multimedia audio and video as well as industrial
applications. www.credence.com, www.microtec.de.

TECHTRENDS
[SEMICONDUCTOR TEST] RICK NELSON 

CHIEF EDITOR  
rnelson@tmworld.com
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Talus LX and PX, which target logic
and physical design, respectively, com-
bine to implement the functions shown
here. Additional components will target
design for manufacturability and yield
learning. Courtesy of Magma Design Automation.
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ID PRODUCTS

TOP
GUN
ANY MARK. ANY PART.

ANY TIME.
Introducing DataMan™ 7500, 
the new performance standard for 

direct part mark (DPM) identification. 

DataMan is the only truly all-in-one DPM 

reader, thanks to its award-winning IDMax™

decoder software and patent-pending illumination 

system. DataMan delivers incredible read rates on 

degraded DPM marks — on almost any material, 

shape, size, or surface — regardless of the marking

method used. This breakthrough reader is not 

only fast and accurate, it’s built tough, too, with 

an impact-resistant housing. Get your hands on 

DataMan as fast as you can. 

See an online demo at cognex.com/dpm or call 1-800-677-2646
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Great New Products for Automation
and Communication Solutions!

Order Now !
Ethernet Seria l Servers

Serial Conve rters

Wireless

Contro llers , Term inal Blocks and Power Supp lies

Other Great Products Inside —

Cards, l,ldustrkil Phone Modems, USB Converters, Hubs and Extenders,
Fiber Optic, Digital and Analog I/O Products, Programmable Relays,
Mechanical Relays, Solid State Relays, Non-metal Endosures, Cabling
and Connectors, Surge Protectors and Supp lementaiy Protectors

Call 1.800.346.3119
or visit www.bb-elec.com/products

N aN e1ectrnnic �
MANUFACTURING COMPANY

-�������������

.pi

N &N e1ectrnnic �
MANUFACTURING COMPANY
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N &B E1�ctranicE
MANUFACTURING COMPANY
707 Dayton Road I P. O. Box 1040 1 Ottawa, IL 61350
Phone 1.800.346.3119 Fax 815.433.5104
E-mail sales@bb-elec.com -

5 reasons to order from R&B Electronics
- 1. Your sing le source for data communications hardware .

2. We’re experts, so you don’t have to be.

3. Quick service by phone, fax or online.

4. Ample inventory makes same day shipping our norm.

5. A 30 day absolute assurance of satisfaction, 5 year warranty�

ITI�
r

www bb elec corn/products
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Ethernet Media Conv erters
for Industrial Applications

Industria l Series
Model No Descri ption Fiber Port Price

EIS-M-ST Multi-mode ST �129.�
EIS-M-SC Multi-mode SC 929Y�
EIS-S-SC Sing le-mode SC �289Y�

Commercia l Series
Model No. Descri ption Fiber Port Price

�oute Ethernet signals through hostile RFI /EMI environments and extend
Jistances up to 1.2 miles with muEti-mode fiber, up to 12.4 miles with
;ingle-mode fiber. B&B Hectronics offers a series of Ethernet media
:onverte rs in a rugged industrial DIN rafi mount package with extended
oltage and temperature specifications (E!R series), and commercial
i�odels in a desk, wall, or rack mountable package that include a
ower supply (EIS series) .

eatures of the EIR arid EIS Series
• Auto MDI-X for hassle free cabling
• LEDs for Power, Link/Activity, Data Rate, Duplex/Collision
• DIP switch configuration for

Link-fault-pass-through (enabled or disab ed)

• 10/100 Mbps data rates (auto o forced �ode�)

• Full or half-duplex (auto or for�ed �edes)

Wditional features of the Indu5trial EIR Series
• Rugged DIN mount meta l case
• Wide -34 to 74 C temp range

ER Eth�rn�
• Redundant 10 -48 VDC power inputs
• A larm relay output

EIR-M-ST Multi-niode ST �229.�
EIR-M-SC Multi-mode SC �229.�
EIR-S-SC Sing le-mode SC �389,�

Ch��i a�d power guppy
S ��v.bb-d��o,,,/EIR

1.800.346.3119www•bb-elec.com/EIR
g

Conver
for Industrial Ap�

EIR-M-ST Multi-riiode ST �229.�
EIR-M-SC Multi-mode SC �229.�
EIR-S-SC Sing le-mode SC �389,�

Industrial Series
Model No. Descr iption Fiber Port Price

Commercial Series
Model No Description Fiber Port Price

Ethernet Media

EIS-M-ST Multi-mode ST �129.�
EIS-M-SC Multi-mode SC 929Y�
EIS-S-SC Sing le-mode SC �289Y�
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Model No. Descri ption Price

If it has a serial port and you have
an Ethernet LAN , you can connect
with Vlinx Serial Servers. Your legacy
equipment will communicate over
the LAN just as if it was directly
connected to your PC. Use your
existing application software without
leaving your desk. Even connect from
outside your IAN vi the Internet.
Vlinx Serial Servers are dvaildb!e in
Industrial and Commercial versions
to best fit your application.

ESR Series Industri �I
Ethernet Serial Servers
The Vlinx ESR Series Industrial
Ethernet Serial Servers are built for
use in tough environments. The
rugged meta l cases are P30 and
D�N rail mountable. They operate on
a wide range of AC or DC voltages
and support redundant DC power.

ESR Series Industrial Serial Server Features
• Supports TCP serveç TCP client, UDP, paired and virtual COM modes
• Low latency performance
• Auto detecting 10/100 Ethernet port
• Ports software selectable RS-232, RS-422 or RS-485
• Easy setup and management with web and telnet consoles
• LED indicators provide at-a-glance status
• Wide operating temperature: -1 O�C to 8O�C
• Dimensions: ESR9O1 /902 1.75 x 6.1 x 4.1 in. ESR9O4 1.75 x 7.1 x 4.1 iii .
• Slim-profile DIN rail mounting
• Wide range power input: 9 VDC to 48 VDC or 8 VAC to 24VAC
• Redundant DC power input for failsafe operation
• Compatible with POTS, cellular, �nd satellite modems

ESR9O1 1 -Port RS-232 /4221485 �i 99.’�
ESR9O2 2-Port RS-232 /422 / 485 1299.�s

ESR9O4 4-Port RS-232 /422 / 485 $499� S

www .bb-e lec.com /ESR NaB �! ! I�! 1.800 346.3119

A

ESR9O1 1-Port RS-232/422/485 �i 99.’�
ESR9O2 2-Port RS-232 /422 / 485 1299.�s

ESR9O4 4-Port RS-232 /422 / 485 $499� S

Descri ption
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Ethernet to Serial
Ethernet enable serial ports on industrial equipment

Model No. Descri ption Price

ESP Series Ethernet Seria l Servers
The Vlinx ESP Series Ethernet Serial Servers are ideal for demanding commercial applications such as retail point-of-
sale, fuel stations and hospitality. VIinx servers offer the same great communications features as the industrial ESR line,
but with mounting and power options optimum for commercial installations.

—s--
ESP Series Serial Server Features

• Supports TCP server, TCP client, UDP, paired and virtual COM modes
• Low latency performance -

• Auto detecting 10/100 Ethernet port
• Ports software selectable RS-232, RS-422 or RS-485
• Easy setup and management with web and te’net consoles
• LED indicators provide at-a-g lance status

Wide operating temperature 10 C to 80 C
• Dimensions: ESP9O1/902 3.4 x 4.5 x .9 in.

E5P904 7.3 x 4.2 x 1.1 in.
• Rugged panel mount case
• Power Input: 12 VDC power jack,

power supply included
Compatible with POTS cellular L 

________and satellite modems ESP Ethernet S al Serve ______________

ESP9O1

E5P902

ESP9O4

ES 1 A

Single-port RS-232 /422/485 �1 49?�
One RS-232 /422/485 port , one RS-232 port ���
4-port RS-2321422/485 $399• OS

Senal/Ethemet LAN converter �1 29.�

________ 

Space a problem?
This uft ra compact Ethernet serial converter fits almost anywhere. Mo

 powered by S VDC power supply (included>

www.bb-elec.com/ESP flafi �����1!O!� 1.800.346.3119

U

Space a problem?
This uftra compact Ethernet serial converter fits almost anywhere. Model ES1 A is
powered by S VDC power supply. (included>

ESP9O1 Single-port RS-232 /422/485 �1 49?�
E5P902 One RS-232 /422/485 port , one RS-232 port ���
ESP9O4 4-port RS-232 1422/485 $399•�S
ES1A Senal/Ethemet LAN converter �129. 

�

Ethernet to Serial
Ethernet enable serial ports on industrial equipment

Model No. Descri ption
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USB
Industrial Converters & Isolators
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Connect your PC or lapwp’s USB

port to any RS-232, RS-422 or
RS-485 port with B&B Electronics
USB to Serial Converters. Windows
automatically configures the output as
an additional COM port, compatible
with your Windows application.
2000 VDC optical isolation protects
your PC or laptop from dangerous
surges, spikes and ground loops.

Features
• 2000 VDC optical isolation
• LEDs for transmit and receive lines
• Automatic configuration on

Windows 98, ME, 2000 and Xl’
• No power supply required

-
. Includes 1 m eter USB cable

RS-232 USU/seria! converter �t1ique features
• Full handshake support (TD, RD, RTS, CTS, DIR, DSR, DCD, RI, GND)

• DB9 male (DIE)

• Baud rates up to 460 Kbps

RS.422/48S USB/serial converter unique features
• Covered terminal blocks
• Supports TDA, 1DB, RDA, RDB, CND

• Baud rates up to 115.2 Kbps
• Use on RS-485 2-wire or RS-422/485 4-wire networks

Automatic Send Data Control (for hassle free RS-485 compatibility)

USB to isolated RS-232 converter

USB to isolated RS-422/485 converter

Non-isolated USB to RS-422 /485 converter

939.”

9 39�S

�119.�

USO9ML2

USOTL4

USTL4

Ideal for
field service

www .bb-e lec .com fUS B B8B !!�I� www •bb-elec.com /USB
p

USB
Industrial Converters & Isolators

Descri ption

I
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Communicate USB Data up
to 500 meters (1640 feet)
‘legall y” The USB standard calls
or a maximum range of 5 meters.
Jlinx Extenders increase USB up
to 100 meters with standard
:at5 cab’ing, and up to 500
neters with fiber optic cabling.

Jlinx Extenders are fully compliant
Nith the USB specification and deliver
�Il of the benefits of USB, including
-emote device powering and plug-
�nd-p lay operation. Coniplete with
�ower supp lies and 1 meter USB Fe
:able when required. User provides
:ategory 5 and fiber optic cables
or �lI models except UEF1 OM
Nhich includes an attached 1 Om
iber cable.

NEW low price!

�v1odel No. LJSB Extension USB Power IJSB Hub Unique Price
Type Media IDist .  Ports Suppy Support feature s

Features
• Extend USB up to 500 meters over fiber
• Extend USB up to 100 meters over Cat5 copper
• Fuily compliant with the USB standard
• Available for USB 1.1 or 2.0
• 4 USB ports on UEC100M/4, UEF500M/4

LJEC5OM 1.1 Copper/SO rn (1.64 ft . 1 None (b powered) Distance N�o power
tradeoff supply required

LJEC1 OOM /4 1.1 Co�perJ1 00 m (330 ft) 4 Included Yes 4 USB ports �329Y5
L)2EC5OM 2.0 Copper / 50 m (164 ft) 1 Included (qty 2) Yes 480 Mbps �549.’�
LJ EF1 OM 1.1 Fiber /lO rn(33ft) 1 Included Yes Isolated 999�S
JEISOOM /4 1.1 Fiber/500 m (1640 ft) 4 Induded (qty 2 Yes Longest distance �699.°�
�NYW HEREUSBJ5 1.1 Ethernet lP/Unl�mited 5 Included Yes USB over P �262.°�

Contact us for techn kal su pport B8cB ������� 1.800.346.3119

g

JEC5OM 1.1 Copper/SO rn C1 .M ft  . 1 None (b powered) Distance N�o power
tradeoff supply required

LJEC1 OOM /4 1.1 Co�DperJ1 00 m (330 ft) 4 Included Yes 4 USB ports �329Y5
L)2EC5OM 2.0 Copper/ 50 m (164 ft 1 Included (q 2) Yes 480 Mbps �549.’�
LJ EF1 OM 1.1 Fiber /lO rn(33ft) 1 Included Yes Isolated 999�S
JEISOOM /4 1.1 Fiber/5 00 m (1640 ft) 4 Induded (qty 2 Yes Longest distance �699.°�
�NYW HEREUSBJ5 1.1 Ethernet lP/Unl�mited 5 Included Yes USB over P �262.°�

�v1odel No. LJSB Extension
Type Media IDist .

USB Power
Ports Suppy

IJSB Hub Unique
Support eatures

Price
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Industrial Converters & Isolators
Convert R5-232 s igna ls to RS-422 or RS-485

I ! i ��L 
___

•  , 

•• • • • . I, I

1 . 
Model No, Des cr [pti on Pdce

��

��

Convert , Protect and
Extend RS-232/422/485
Extend serial communications up to
4,000 feet with these Industrial
Serial Converters and Isolators. Wide
temp and voltage range inputs and
slim-line DIN rail mounting make
these converters a perfect fit in any
industrial installation.

Optical isolation protects your
devices from surges and ground
loops. Each converter includes 2000
volts of optical isolation to protect
your equipment from these electrical
hazards.

Model No, Descr ption Pdce

Common Features .
Multidrop to up to 32 nodes
Increase communication range up to 4,000 feet
Wide temperature range (-4O to 8O C)

Wide power range (10 to 30 VDC)
MODBUS compatible
DIN rail mount
2000 V optical isolation; built-in RS-485 surge protection

485LDRC9 RS-232 to RS-485 DIN rail mount converter 9 39.’�
48SOPDR RS-422 /485 optically isolated repeater s1 54 9S

2320PDR RS-232 opticaLly isolated repeater 9 54.�
PS5R�A1 2 DIN rail power supplyl 2 VIX @ 600 mA 44.”
DR-30-1 2 DIN rail power supply 12 VDC @2 A 47 00

Ind us tria l Converters & Is o lat o rs

www.bb-elec.com/converters www.bb-elec.com/converters

Industrial Converters & Isolators
Convert R5-232 s igna ls to RS-422 or RS-.485

485LDRC9 RS-232 to RS-485 DIN rail mount converter 9 39.’�
48SOPDR RS-422 /485 optically isolated repeater s1 54 9S

2320PDR RS-232 opticaLly isolated repeater 9 54.�
PS5R�A1 2 DIN rail power supplyl 2 VIX @ 600 mA 44.”
DR-30-1 2 DIN rail power supply 12 VDC @2 A

Model No, Desc rEptio n
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hese port-powered converters
.hange TD and RD RS-232 lines
o RS-485 signals. All are port
owered and feature Automatic
end Data Control. (SDC)

DC automatica lly enables the
5-485 driver when data is present
n the RS-232 side. Control of the
river is automatic at rates up to
15.2 kbps.

Features

• Powered from RS-232 handshake lines - no power supply needed!
• Extend RS-232 signals to 4,000 feet (1.2 km)

• Automatic Send Data Control - no software drivers needed!
• Communicate at baud rates to 115.2 kbps
• Alternate power supply methods shown below

Order Today!

�74 9S

485SD9R DB9 female DB9 female Port powered 2-wire RS-485
485SD9TB D89 femate Terminal block Port powered ( 485PS2) 2-wirE RS-485
4WSD9R DB9 female D89 female Port powered (or 485P5) 4-wire RS-422

(2-wfre or 4-v�ire RS-485)

Contact us for technical sup port B8B ���� 1.800.346.3119

I

485SD9R DB9 female DB9 female Port powered
485SD9TB D89 femate Terminal block Port powered (or 485PS2)

4WSD9R DB9 female D89 female Port powered (or 485P5)

Port Powere d Converters
Convert RS 232 to RS-48S with no power supp ly

• S • I
• ;

.

Port P0 ered Converters 
— .

hese port-powered converters Features
hange TD and RD RS-232 lines • Powered from RS-232 handshake lines - no power supply needed!
o RS-485 signals. All are port • Extend RS-232 signals to 4,000 feet (1.2 km)

owered and feature Automatic • Automatic Send Data Control - no software drivers needed!
end Data Control. (SDC) Communicate at baud rates to 115.2 kbps

• Alternate power supply methods shown below
DC automatically enables the
5-485 driver when data is present
n the RS-232 side. Control of the Order Today!
Iriver is automatic at rates up to
15.2 kbps.

Modd No , �S- 232 RS-485 Power Supp ’y Output Prfte
Connector Conr�ector

485SD9R DB9 female DB9 female Port powered 2-wire RS-485 $74•�
485SD9TB D89 femate Terminal block Port powered (or 485PS2) 2-wirE RS-485 ��
4WSD9R DB9 female D89 female Port powered (or 485P5) 4-wire RS-422 �79Y�

(2-wfre or 4-v�ire RS-485)

Contact us for technical sup port NaB ���� 1.800.346.3119

I
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Wirelessly connect your legacy
serial devices with 802.11
The Vlinx’ family of wireless Ethernet Seria’ Servers
transparently connects, configures, and communicates
with serial devices over industry leading 802.119
54Mb ps, and 802.11 b 11Mbps compatible Wif I
wireless connections. For app lications where
running cable is not an option.

Space a problem?
This uItr compact Ethernet seria’ converter fits
almost anywhere. Model ES1AWB is powered by
a 5 VDC power supply �ncIuded).

Features
• High performance up to 54 Mbps 802.llg connectivity
• Wireless ly connect legacy serial devices to your LAN
• Ease of installation and setup via integrated web server
• Remote device monitoring and diagnostics
• Ideal for applications requiring virtual COM ports,

serial tunneling, TCP socket , or UDP socket
• Rugged, P30 enclosure, DIN , or panel mount options
• Omni Directional, revers SMA antenna included

ESR901W232 �

ES1AW ‘MreIes Serial

ESR901W232 Single-port RS-232 DB9 9/b �349•9S

ESR9O1W48S Single-port RS-422/485, terminal block 9/b �349.�
ESR9O2W Dual-port DB9: one RS-232 only; one RS-232/422/485 g/b �449.�
ESR9O4W 4-Port DB9: two RS-232, Two RS-232/422/485 g/b �649.�
ES1 AWB Wireless Serial /Ethernet LAN converter b ‘249.�

www .bb-e lec.com/wire less B8B elettrnnirs
MANUFACTURING COMPANY 1.800.346.3119

I

Order One Today!
Model No. Descri ption 802.11 PriceDescri ptionModel No.

— w . .  ���������

Wirelessl y connect your legacy serial devices

ESR901W232 Single-port RS-232 DB9 9/b �349•9S

ESR9O1W48S Single-port RS-422/485 , terminal block 9/b �349.�
ESR9O2W Dual-port DB9: one RS-232 only; one RS-232/422/485 g/b �449.�
ESR9O4W 4-Port DB9: two RS-232, Two RS-232/422/485 g/b �649.�
ES1 AWB Wireless Serial /Ethernet LAN converter b ‘249.�

802.11 Price

�ss
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Common features
• Operation modes: Peer-to-peer, point to multi-point, point-to-point,

m ulti-drop transparent network, MODBUS

• Configuration: AT command line, Windows softw are
• Spread Spectrum: Fu SS (Frequency Hopping Spread Spectrum)

• Frequency: ISM Band, 902 to 928 MHz or 2.400 to 2.4385 GHz
• Moduldtion: FSK (Frequency Shift Keying)

• Antenna: Reverse polarity SMA 2.1 dB 1,2 wave dipole
(included with packaged radios unless otherwise specified)

• Mounting: Panel mountable (OEM solutions use a p�n headei and standoffs)

• Power supply: Included (OEM modules do not include a power supply)

MaxStream Proprietary RF wireless radio
for long and short range communications
Some data communications applications defy cabling. Whether you’re facing

long distances, impossible cable routing, or frequent relocation of devices,
the simplicity, functionality and reliability of these wireless solutions is the
answer. These radio modems are easy to install and transparent to use. This
range and reliability, offered at a lower price, set these modems apart from
their competition.

Transmit
Fa m i l y Throughput Power 0 to 70 C Model No. Price -40 to 85 C Model Pike

�MreIess Senal RF
Order Today!

I 9XTend 115 Kbps 1 mW to 1 W XTO9-PKI-RA 299.”I 9XStream 9600 bps 100 mW X09-OO9PKC -RA �249. X09-OO9PKI-RA �264.�
24XStream 9600 bps I 50 mW X24-OO9PKC-RA �199. X24-OO9PKI-RA ‘213.’�
XPress 935 Kbps 125 mW XEBO9-C (pair of two) �698.” XEBO9- l (pair of two) �998YS

www.bb-elec.com/wireless B&N e1ectrnnir�
MANUFACTURING COMPANY 1.800.346.3119

I

Transmit
Throughput Power

9XTend 115 Kbps 1 mW to 1 W XTO9-PKI-RA 299.”
9XStream 9600 bps 100 mW X09-OO9PKC -RA �249. X09-OO9PKI-RA �264.�
24XStream 9600 bps 50 mW X24-OO9PKC-RA �199. X24-OO9PKI-RA ‘213.’�
XPress 935 Kbps 125 mW XEBO9-C (pair of two) �698.” XEBO9- l (pair of two) �998YS

0 to 70 C Model No. Price -40 to 85 C Model Pike

t�LJ�JkJ1
Family
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Term inal Bloc ks
All Terminal Blocks are riot alike!
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Vis it www bb-e lec coni/te rni i rjal
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Subtle design enhancements make significant performance differences. We
use our design and manufacturing experience to select the best. As a direct
supplier we efficiently offer you the best on the market! Starting at only
$0.31 each!

Feed throug h seed through terminal blocks allow one-to-one connections.

Multi-level Multi level terminal blocks offer 2 and 3 times the wiring of a
standard feed through terminal block on same DIN space.

Ground Ground terminal blocks mechanically and electrically link wires
to the DIN rail by using a metal clamping bar.

Disconnects B& Electronics offer an abundance of disconnects in an
array of cdpacities to fit your needs.

Fuses
Ferraz Shawmut world
standard ñ,ses at B&B
Electronics prices
Your electrical system is your
system s lifeline!
For more information visft
www.bb-elec.coni/fuses

Fuse holders For all of your fuse needs, from Class CC,
midget, 5 x 20 mm, and 1 1 /4’ x

ER2.5 Terminal 6�ocks

www .bb-elec.com /te rmina lblock s B8B ���� 1.800.346.3119

Term inal Bloc ks
All Terminal Blocks are riot alike!

Starting at S 3 1  eac h
Visit www bb-e lec,com/te rni iria l

blocks for more details.
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SG2-1OHR-A Yes 6 4 Yes Yes Yes 9O2.��I
I SG2-121-IR-D Yes 6 2 4 Yes Yes Yes Yes I

SG2-2OVR-D Yes 8 4 0 Yes Yes Ye5 No

www.bb-elec.com/re lays B8B !! !�!�!!!�! 1.800.346.3119

Relays
These relays are powerful , flexible, expandable, and effective

Programmable Relays Real
AC Power DC Power Discrete Analog Relay Time LCD 1KHz

Model No. 100—240 DC 24V Inputs Inputs Outputs Clock Display Keypad Input Price

Programmable Relays
Programmable Relays
B&B Electronics selected SG2 series offers the price of a programmable relay with the capability of a small PLC. It
comes with Free software that wi lt empower you with its simplicity offering ladder logic programming, function block
programming and simulation and testing.

In addition to these programmable relays we cany Electromechanical /Solid State Relays. Visit
www.bb-elec.corn/relays for more information on these great products.

Programmable Relays Real
AC Power DC Power Discrete Analog Relay Time LCD

Model No. 100—240 DC 24V Inputs Inputs Outputs Clock Display
SG2-1OHR-A Yes 6 4 Yes Yes Yes 9O2�1
SG2-121-IR-D Yes 6 2 4 Yes Yes Yes Yes

SG2-2OVR-D Yes 8 4 0 Yes Yes Ye5 No

1KHz
Keypad Input Price

Relays
These relays are powerful , flexible, expandable, and effective
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Universa’ PCI cards suit most any application. Output can be RS-232 , R5�422, or R5-485. Use RS-422 to extend range,
RS-485 to extend range and provide multi-drop ability.

Isolated models
Model No. Ports Inte rface Connector Price

3PCIOU2, 3PCIU2, 3PCLIJ4 Universal PCI Cards

Features
• Available in 1, 2, 4 or 8 ports
• Optically isolated and standard mode’s
• Multi-interface: RS-232 /422 1485 selectable

• 5 V and 3.3 V PCI bus compatible
• PCI-X compatible
• Positive-connecting DB9M ports

Non-isolated models
Model No. Ports Interface Connector Price

I RS-232/422/485
2 RS-232 14221485
4 2 Ports RS-232/422/485

2 Ports RS- 422/485

DB9 male I 99.�
DB9 male �289.°�
2x DB9 male on card �449Y�
2x DB9 male use 2nd expansion slot
(ribbon �bIe �nd br�ket ir�cI�ded)

3PCIU2 2 RS-232 /422/485 DB9 male I 79yS

3PCIU4 4 RS-232 /422/485 DB37 female �239�
(includes D637 to 4x DB9 m&e cable>

3PCIU8 8 4 Ports RS-232/422/485 D878 female S399�
4 Ports RS 232 (indude DB78 to Bx DB9 n-�Ie cable)

3PCIOU1
3PCfOU2
3PC�OU4

www.bb-e lec.com /PClcard s B8N ElEctrunics
MANU�AcT UrnNa COMPANY 1.800.346.3119

/

Isolated models
Model No. Ports Inte rface

3PCIOU1 I RS-232 /422/485 DB9 male I99.�
3PCfOU2 2 RS-232 /422/485 DB9 male �289.°�
3PC�OU4 4 2 Ports RS-232/422/485 2x DB9 male on card �449Y�

2 Ports RS-422/485 2x DB9 male use 2nd expansion slot
(ribbon �bIe �nd br�ket ir�cl�ded)

3PCIU2 2 RS-232 /422/485 DB9 male I 79yS

3PCIU4 4 RS-232 /422/485 DB37 female �239�
(includes D637 to 4x DB9 m&e cable>

3PCIU8 8 4 Ports RS-232/422/485 D878 female S399�
4 Ports RS 232 (indude DB78 to Bx DB9 n-�Ie cable)

Non-isolated models
Model No. Ports Interface

Mu lti-Interface Universal PCI Cards
One to eight port RS-232 / 422/ 485 cards - standard
and optically isolated models
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The B&B Electronks Technical Support Team f�as helped tens of
thousands of customers with their data communications problems.
In that time, we’ve earned a few things and have a few hints for
our existing and new customers .

Don ’t waste hours testing and retesting a broken link.
Give us a calL We’re here to help. Chances are good we
can save you both time and stress.

SomeLimes it just helps to talk your system through
with someone. Consider us your camp counselor.
Give us a call . We’ll talk the system through and
figure it out together.

If you think you’re going to use time-on- t
hold to read a manual or get another cup .

of coffee, think again. B&B Electronics .

customers don’t get put on hold (well, . ���

almost never anyway). - .‘ .

• LARGE INVENTO RY
• PRODUCT CUSTOMIZATION
• EXPERT TECHNICAL SUPPORT
• 5 YEAR WARRANTY
• 30-DAY MONEY-BACK GUARANTEE

Call toll-free
1.800.346.3119
www .bb-elec .com/p roduct s B8B

B &B e1�ctranic �
M A N U F A C T U R I N G  C O M P A N Y

Your Serial & Data Communication Experts

Technical Support
We’re experts so you don’t have to be.

1 800 346 3119
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- Wireless

Enclosures

—I Programmable Relays

• •:�
- 1 Relays

Digital & Analog I/O Products

Cabling and Connectors

Term�naI Blocks, Fuses, and Power Supplies

-  Surge Pro leclois and Supp lementary Protectors

Order our New 100 page catalog today !
See over 400 new products.
Ethernet Serial Servers

—1 Ethernet Infrastructure Products

tt�
Serial Converters

�sB elEttruni (5
MANUFACTURING COMPANY

To get all our great products call 1.800.346.3119
Or v isit www.bb-�eIec.com/products



MANY ENGINEERS think a
vision system requires a big
budget and a lot of headaches

to get cameras, lights, and software
working together. Powerful micro-
processors and dense memory chips
now let vendors offer small, inexpen-
sive vision sensors that handle sophisti-
cated inspection tasks with ease.These
sensors can take over for older, expen-
sive equipment that requires regular
maintenance and programming.

In addition, small inexpensive sen-
sors let engineers add inspection
equipment to a production line where
high costs previously prevented its use.

Adding inspection stations along a pro-
duction line helps catch defects quickly
and prevents defective products from
going through additional processing
steps. Rejects get swept off a line—and
accounted for—as soon as sensors de-
tect them.

Companies such as Cognex and
Banner Engineering offer a variety of
vision sensors that vary in their capa-
bilities. Buyers can choose simple ab-
sence/presence detectors or sophisti-
cated vision systems that match
geometrical patterns and detect image
features. Sensor prices start in the
$1000 to $2000 range.

Vision sensors provide a graphical
user interface (GUI) that lets you enter
information about what you want to
inspect and the features you want to
look for on an object.A laptop com-
puter, connected through an Ethernet
cable, serves as a GUI display and data-
entry terminal.A vision sensor requires
no knowledge of machine-vision
algorithms.

For the most part, sensor “learning”
involves the capture of one or more
images of known-good products as
well as products that get close to the
known-bad category.Then, you iden-
tify regions of interest.

“Say you must inspect a cell-phone
keypad,” said Jeff Schmitz, corporate
business manager for vision sensors at
Banner Engineering.“You’d image a
known ‘good’ cell keypad, and draw a
boundary around the keys you wish to
verify.Then, the software will match
the image of each keypad inspected
with the stored pattern to give a per-
cent match.”

Vision sensors make pass/fail deci-
sions and generate an output that
causes immediate action. But they
also can communicate with other
equipment.

“The DVT sensors offer communi-
cation tools,” said Conner Henry,
product marketing manager for the
DVT product line at Cognex.“Those
tools control the Ethernet port to
communicate with most devices—
from programmable logic controllers
to robots—that use a standard proto-
col.A uniform series of setup steps for
each protocol makes it easy for new
users to communicate vision informa-
tion to other equipment.”

An Ethernet port also lets vision
sensors communicate with a host com-
puter that can pass inspection results to
statistical process-control software
available from third parties.And some
sensor networks let you simultaneously
monitor the images from each con-
nected sensor.These products prove
good things really do come in small
packages. T&MW

JUNE 2006 19TEST & MEASUREMENT WORLD www.tmworld.com

Sensors simplify vision systems

TECHTRENDS
[MACHINE VISION] JON TITUS 

CONTRIBUTING TECHNICAL EDITOR  
jontitus@comcast.net

JEOL untethers TEM
JEOL USA has demonstrated
wireless remote-control capability
for its transmission electron mi-
croscopes. The wireless remote-
control functionality builds on a
wired TEM remote-control capa-
bility the company introduced
last summer with its Sirius TEM
enhancement, designed to let
you “see atoms from 6000 miles
away,” as Dr. Mike Kresker, JEOL
USA VP and product manager,
put it in a press release issued at
the time. Sirius consists of a knob
set that, in the wireless imple-
mentation, connects to a laptop
that’s in turn outfitted with a cel-
lular communications card.
www.jeolusa.com.

BlueRay gets automated
Suss MicroTec reports that its
semiautomatic BlueRay prober
can be field-upgraded to a fully
automatic configuration within a
couple of hours.
An upgraded
BlueRay can pro-
vide the electrical
and optical mea-
surement capabili-
ties necessary to
test any optoelectronic, MEMS,
or RF device with throughput of
up to 70,000 dies per hour.
www.suss.com/blueray.

Sherlock 7 debuts
The ipd group of Dalsa has an-
nounced the release of its Sher-
lock 7 machine-vision software.
Sherlock 7 adds support for color
image processing to features
such as positioning, measuring,
analysis, and identification tools.
For customers with proprietary
processing requirements, Sher-
lock 7 supports the inclusion of
custom algorithms that can be
directly plugged into the design
environment. www.goipd.com.

The PresencePLUS P4 Edge 1.3 sensor
from Banner Engineering provides a
1280x1024-pixel image detector that
lets the unit capture many regions of
interest. Internal memory saves as
many as 12 inspection “recipes” for
different products. Courtesy of Banner Engineering.
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TESTDIGEST

The effectiveness of
semiconductor man-
ufacturing test has a
direct impact on the
quality of shipped sil-
icon and on the eco-
nomical efficiency of
the overall test cost in
the supply chain.Typ-
ically, suppliers and
customers have nego-
tiated agreements on
acceptable defects per
million (DPM) levels
that represent an opti-
mum tradeoff between test coverage and
cost. Applications in the medical, auto-
motive, and aerospace fields, however,
have quality requirements that super-
sede supply-chain optimization consid-
erations. In these environments, achiev-
ing “zero defects” is the objective and
the main challenge.

In many applications requiring zero
defects, engineers traditionally focused

on testing analog circuits and on address-
ing overall reliability. Vendors and cus-
tomers did not have to devote expensive
resources to testing digital components,
because the digital content was small,and
digital devices were predictable in terms
of their defect behavior.

Today, however, the digital content of
zero-defect applications is increasing sig-
nificantly, and designs are migrating to

90-, 65-, and even 
45-nm technology
nodes. At these ad-
vanced nodes, defect
behavior of digital
circuitry is far less
predictable using tra-
ditional fault models.
Today’s designs con-
tinue to require the
traditional structural-
test techniques, but
they also require spe-
cialized fault model-
ing and test proce-

dures to detect the subtle timing defects
that can appear in nanometer designs.

Successful zero-defect designs require
a full-chip test infrastructure; the ability
to perform stuck-at, at-speed, and faster-
than-at-speed tests; and tests that target
defect-based fault models, all in an archi-
tecture that supports test cost manage-
ment by using on-chip compression. In
addition, process improvement requires

S E M I C O N D U C T O R  T E S T

Test’s role on the path to zero-defect devices

Scientists often need to correlate mas-
sive amounts of data located at different
sites, and today’s networks are begin-
ning to accommodate this need. One
example is the OptIPuter project
(www.optiputer.net), a collaborative re-
search project of the University of Cal-
ifornia San Diego (UCSD), the Univer-
sity of Illinois Chicago (UIC), and
others that was built to show that today’s
technology can handle the task.

The backbone of the OptIPuter is a
10-Gbps optical network that can dy-
namically allocate bandwidth as
needed, which lets the OptIPuter put
unused resources to work handling
data-intensive applications such as life
science, earth science, microscopy, and
imaging. Because network engineers at
participating sites are free to expand or
reconfigure their network nodes (each

site, or “cluster,” may contain several
hundred nodes), the testing of the net-
work never stops.

Computing and network researchers
have developed custom software that
automatically assigns bandwidth where
needed. Part of the bandwidth alloca-
tion comes at the physical layer, where
optical switches from Glimmerglass and
Calient let engineers reconfigure the
network to accommodate changing
bandwidth demands.

“Because it’s a research project, the
network is in fact a test bed,” said OptI-
Puter chief infrastructure officer Greg
Hidley at UCSD.“Every time someone
reconfigures or adds to the network, we
have to test that it can still allocate band-
width as needed.”Testing involves mea-
suring the throughput at the application
layer with network software, but Hidley

and others can also perform lower-layer
tests such as packet monitoring and op-
tical power measurements. The online
version of this article contains a link to
a diagram of the UCSD OptIPuter net-
work (www.tmworld.com/2006_06).

Martin Rowe, Senior Technical Editor

C O M M U N I C AT I O N S  T E S T

The network is the test bed

Optical switches let researchers recon-
figure the OptIPuter network under
software control. Courtesy of Glimmerglass.
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The zero-defect manufacturing test ecosystem extends from design and veri-
fication through wafer sort and manufacturing test and on to diagnostics.
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volume diagnostics that can identify yield
limiters as well as precision diagnostics to
locate root failures.To read more about
meeting the individual challenges of dig-
ital zero-defect testing and to learn details

of  approaches to dealing with these chal-
lenges, see the online version of this arti-
cle at www.tmworld.com/2006_06.

Mick Tegethoff and Vivek Chickermani,
Cadence Design Systems

TESTDIGEST

Test’s role on the path to zero-defect devices (continued)

This massive compendium
(706 pages in manuscript
form in the version I re-
viewed) of semiconductor
test information is intended
to serve as a textbook,but it
is also a thorough reference
that deserves space on the
engineer’s shelf. Twenty-
seven contributors represent both acad-
emia and industry. Editors and contrib-
utors Chen-Wen Wu and Xiaoquing
Wen represent, respectively, National
Tsing Wa University and Kyushu Insti-
tute of Technology, while LT Wang is
founder,president, and CEO of SynTest.

Representatives of Cisco Systems,Ca-
dence Design Systems,Wavecrest, Intel,
LogicVision,Mentor Graphics,and Syn-
Test represent EDA toolmakers and
semiconductor designers and manufac-
turers, yet they refrain from giving the
hard sell on any particular products.One
of the few sections to mention specific
EDA products is a chapter on test com-
pression, and the editors provide a bal-
anced look at multiple vendors’ offer-
ings.A section on RAM BIST compilers
notes that commercial implementations
are available, but it confines its descrip-
tion to an academic version.The book,
expected to ship June 30,will come with
a CD containing SynTest software.

Chapter 1 defines some basic test
terms.You can skip this section, but if
you’re unclear on the distinction be-
tween fault and failure, for instance, you
may want to give it a look.To demon-
strate that the authors aren’t restricting
their efforts to chip test, the opening
chapter introduces board test and
boundary-scan technology as well.

Chapter 2 delves into
design-for-testability, cov-
ering controllability and ob-
servability and various types
of scan cells. Chapters 3, 4,
and 5 build on this informa-
tion, covering logic and fault
simulation, test generation, and
BIST. Chapter 6 introduces test
compression and includes com-

ments on five vendors’products.Chapter
7 rounds out the broad discussion of
testability by covering logic diagnosis and
its application to design debug, failure
analysis, and yield ramp-up.

You can choose among subsequent
chapters based on your area of interest.
Chapters 8 and 9 address memory test
and repair. Chapter 10 goes into detail
on boundary-scan and core-based test-
ing, covering the IEEE 1149 dot-4 and
dot-6 extensions for AC-interconnect
and analog test as well as the IEEE 1500
standard for SOC core test. Chapter 11
covers analog and mixed-signal test.The
concluding chapter looks at the emerg-
ing problems facing scan and BIST as
process geometries shrink below 65 nm.

Much of the information here could
be gleaned from industry white papers
and from perusing years and years of
ITC and VLSI Test Symposium pro-
ceedings, but this book is a valuable col-
lection of relevant material in a conve-
nient package.

For a longer review of this book, see
the online version of this article,
www.tmworld.com/2006_06. Dis-
claimer:Elsevier Science is a subsidiary
of Test & Measurement World’s parent
company.

Rick Nelson, Chief Editor

B O O K  R E V I E W

A semiconductor test primer
VLSI Test Principles and Architectures: Design for Testability, Laung-
Terng Wang, Chen-Wen Wu, and Xiaoquing Wen (editors), Elsevier
Science (www.books.elsevier.com), 2006. 706 pages (prepublication
review copy). $49.95.
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PROJECT DESCRIPTION
BAE Systems (Los Angeles,CA) has developed
a vision system (figure) that helps pilots land
in zero-ceiling and zero-visibility conditions.
The system uses radar, two video cameras, and
three infrared cameras to “see” where a pilot
can’t.An embedded processor with industrial-
grade PCI video cards processes images, and
the system contains a database of still images
from landing sites.By scrolling through the im-
ages of a landing site, the processor forms a
moving map.The processor fuses images from
the radar sensor, vision cameras, and infrared
cameras to produce images on the map that the
pilot uses to land an aircraft.

Three infrared cameras provide left, center,
and r ight views from the
cockpit.To accurately process
the camera and radar images
into a single image, the
processor collects data on the
aircraft’s location, altitude,
and pitch; the radar antenna
position; and the position of
where the pilot is looking.

In order to test the system
prior to deployment in a test
aircraft, the BAE engineers
needed to integrate the sys-
tem components and write
image-processing code. First,
they had to verify that video
cards would properly operate
in the image processor.A PCI
bus analyzer and a logic ana-
lyzer monitored and captured
bus activity between the cards and the embed-
ded CPU.A spectrum analyzer verified that the
radar was working by measuring the frequency
and amplitude of signals from objects at known
distances from the radar antenna.

Once engineers integrated the system, they
performed lab tests. At first, they pointed the
cameras at objects located known distances
from the cameras and radar antenna. When
they were convinced that the system could fuse
the video images into a single image, they tried
using it to capture moving objects. They
pointed the cameras out the window of their
lab and took images of automobile traffic.

After debugging their own embedded code
and verifying data integrity, the BAE engi-

neers were ready for a flight test. They in-
stalled the system into a Boeing 757 at NASA
Langley Research Center (Ref 1). Flight tests
proved that the system was ready for larger
deployment.

LESSONS LEARNED
“We had difficulty getting some of the com-
ponents to work because they lacked Linux
drivers,” said senior hardware engineer Don
Brown.“We had to work side by side with card
manufacturers to get drivers that worked be-
cause some of the drivers they developed for us
had code bugs.”

“We assumed that each component would
work right out of the box,” added senior soft-

ware engineer Ben Montalvo.“But we had to
qualify each component to give us confidence
in our data.We also should have verified our
data by simulating the sensor outputs with
Matlab scripts before relying on a functional
test. We also should have integrated our data
recorder into the overall system earlier than we
did. Doing so would have let us more easily
verify the integrity of our data before switch-
ing to the code used in the image processor.”

Martin Rowe, Senior Technical Editor.

REFERENCE
1. Hughes, David, “MMW Ready To Roll,” Aviation
Week, November 28, 2005. www.baesystems-
ps .com/capab i l i t i es /dayn igh ta l lwea the r /
1-13660246%20Eprint.pdf.

See the unseen

PROJECTPROFILE

DEVICE UNDER TEST
A radar and vision sys-
tem that provides views
of landing sites that the
naked eye can’t see. The
system helps pilots land
in rain, snow, dust,
smoke, and other ad-
verse weather condi-
tions. An embedded
image processor fuses
images from the radar
and camera with still
photos of a landing site
to form real-time moving
images that help pilots
land safely. 

THE CHALLENGE
Integrate and test a sys-
tem consisting of an em-
bedded controller, a mil-
limeter-wave (94-GHz)
radar, infrared cameras,
and a flat-panel display.
Test the ability of system
components to commu-
nicate with the controller.
Simulate a landing in
order to perform system-
level tests in the lab be-
fore deploying the sys-
tem into an aircraft.

THE TOOLS
● Agilent Technologies:
spectrum analyzer.
www.tm.agilent.com.
● MathWorks: simulation
software. www.math-
works.com.
● Tektronix: logic ana-
lyzer and oscilloscope.
www.tektronix.com.
● VMetro: PCI bus ana-
lyzer, data recorder.
www.vmetro.com.
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An embedded controller receives video images from cameras
and from a radar system, then fuses them with still images to pro-
duce a visual representation of a landing site. Courtesy of BAE Systems.
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WILMINGTON, MA—Many people say,“It’s a digital world,” but don’t say that
to engineers at Analog Devices. At the company’s facility here, engineers
test preproduction ICs that handle analog signal processing in cell phones,
base stations, audio equipment, instrumentation, and many other “digital”
products.

The Wilmington facility includes a complete wafer-fab line that pro-
duces engineering prototypes and production wafers.The assembly of en-
gineering ICs takes place in Wilmington or at a third-party contractor’s
facility. Production wafers are assembled at other facilities around the
world.

Before an op amp, digital-to-analog converter (DAC), analog-to-digital
converter (ADC), audio coder/decoder (CODEC), or RF IC is ready for
production, it must endure weeks of tests by product engineers.These engi-
neers test devices for every specification that’s intended for a data sheet, and
they also perform other tests they deem necessary.Test results often become
the “typical” performance characteristics published in data sheets. Upon
completing an evaluation, product engineers write a 30-to-40-page test re-
port. (My first job after college was as a product engineer at Analog Devices.
The online version of this article contains a summary of my experience,
www.tmworld.com/2006_06.)

Each preproduction IC needs an evaluation board that provides engineers
with access to signal pins and programming registers. Boards often contain
communication ports such as USB to communicate with a PC.A product
engineer is responsible for developing an evaluation board. During my visit
to Wilmington, I heard a common refrain about performing a product eval-
uation:“Is it the board or is it the device under test that’s causing the prob-
lem?” Often, the engineers must go through a process of elimination to lo-
cate a problem’s source.

When they initially test a product, the engineers measure the DUT with
manually controlled bench instruments. Once they’re convinced that the
part functions properly, they often run automated tests with in-house test
software on the bench or connect the evaluation boards to automated test
racks. Finally, they use production ATE systems to perform tests on devices
over a range of temperatures and power-supply voltages.The ATE systems
are built by a former division of Analog Devices.The company now focuses
entirely on the design and manufacture of ICs.

Engineers at
Analog Devices
put amplifiers,

converters, and
RF devices

through rigorous
tests so that

consumer and
industrial

products will
work properly.

MARTIN ROWE, SENIOR TECHNICAL EDITOR
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Flanked by an amplifier THD
test rack, Francisco Santos
oversees evaluations of op

amps, video filters, active RF
splitters, equalizers, and

ADSL line drivers.
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Op amps, splitters,
filters, and more
Francisco Santos is the product
development engineering man-
ager for the high-speed ampli-
fier group. His team of engi-
neers evaluates products such as
high-speed, low-distortion am-
plifiers, video filters, active RF
splitters, cable drivers, equaliz-
ers, and ADSL line drivers.

Engineers in Santos’ group
evaluated the AD8099, a low-
noise, low-distortion, high-
speed op amp that has a gain-
bandwidth product of 3.8
GHz. Because Analog Devices
develops numerous amplifiers
each year, engineers have built
several automated test systems
for the engineering lab. One of
these systems measures total-
harmonic distortion (THD),
an important specification for
op amps.“Distortion levels for
our low-distortion op amps
can run 140 dB below the fun-
damental frequency of a test
signal,” said Santos,“so the noise floor of
our instruments is very important. We
don’t want to be measuring the noise in
the instrument.”

When performed manually, har-
monic-distortion measurements can take
weeks, but engineers such as Greg
DiSanto now run the test in just hours
with an automated test station in the lab
(Figure 1). DiSanto characterizes THD
versus frequency, amplitude, supply volt-
age,and common-mode voltage.This sta-

tion uses a Stanford Research signal
source to produce test frequencies up to
200 kHz and a Rohde & Schwarz unit at
higher frequencies.When used to charac-
ter ize video amplifiers, both signal
sources produce 2-Vp-p sine waves set to
the 3-dB point of the selected low-pass
filter. Low-pass filters from Allen Avion-
ics—connected through 18-GHz RF
switches from Keithley Instruments—re-
move harmonics before they reach the
DUT. More RF switches connect the

DUT’s output to filters, which
enables an Agilent Technologies
spectrum analyzer to measure
distortion caused by second and
third harmonics.

The engineers also adjust the
DC offset of the input signal,
looking for the point where clip-
ping causes distortion. “Open
loop gain loss causes distortion,”
said Santos.“We adjust the input
signal’s bias level until we find a
voltage that saturates the op
amp’s output stage.”

Engineers in Santos’ group
also evaluate active video split-
ters such as the ADA4302-4 1:4
splitter. Product engineer Frank
Ciarlone’s automated test station
(Figure 2) measures composite
second-order (CSO) distortion,
composite triple-beat (CTB)
distortion, and cross-modulation
(XMOD) distortion. The signal
generator, built by Matrix Test
Equipment, contains an array of
frequency sources producing
135 distinct sine waves with

frequencies from 55.25 MHz to 865.25
MHz.The engineers terminate one out-
put with a 75-� load and connect the
other output to a programmable band-
stop filter. A 75-�-to-50-� wideband,
low-insertion-loss transformer is used to
match the input impedance of a Rohde
& Schwarz spectrum analyzer.

To characterize CSO and CTB, Ciar-
lone measures intermodulation products
generated by the 135 channels.The band-
stop filter on the DUT’s output removes
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FIGURE 1. An automated test system measures THD in high-speed op amps.

Product engineer Gina Colangelo evaluates high-speed
DACs prior to production.
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out-of-band carr iers. He measures
XMOD by modulating all channels ex-
cept the one of interest and measuring
the resulting “spill over” in the unmodu-
lated channel band.“We can get the data
we need in a fraction of the time with all
channels on,” noted Ciarlone, “and fully
evaluate a splitter.”

Engineers in the high-speed amplifier
group use Agilent Vee to control both the
THD and splitter testers.They have auto-
mated several other measurements such as
noise-spectral density using spectrum an-
alyzers from Agilent and Rohde &
Schwarz, and video-filter frequency re-
sponse and group delay with an Agilent
network analyzer and Keithley RF switch.

DACs and ADCs
Well known for its DACs and ADCs,
Analog Devices makes components that
go into cellular handsets and base stations,
instrumentation equipment, and embed-
ded systems. Product engineers Justin
Munson and Gina Colangelo test high-
speed DACs. Munson focuses on parts
that use LVDS digital inputs while
Colangelo focuses on DACs that use sin-
gle-ended, CMOS digital inputs.

Munson’s most recently released prod-
uct is the AD9736, a 1.2-Gsample/s, 14-
bit DAC. He’s currently evaluating a
higher-speed part. He measures noise
spectral density (NSD), THD, spurious-
free dynamic range (SFDR), intermodu-
lation distortion (IMD), adjacent-chan-
nel power, bit-to-bit skews, linearity, and
power consumption.Test signals include
a single-tone and dual-tone sine wave.An
Agilent ParBERT generates the signals in

digital form, and it provides 14 pairs of
differential signals.

When he evaluated the AD9736,
Munson tested the devices at 600 Msam-
ples/s,800 Msamples/s,1 Gsample/s, and
1.2 Gsamples/s. At 1 Gsample/s,Munson
programs the ParBERT to sweep from
DC to 490 MHz, just under the Nyquist
frequency of 500 MHz.

“When you evaluate DACs that run at
speeds over 1 Gsample/s,” said Munson,
“the layout of your evaluation board is
critical. It’s often difficult to isolate prob-
lems that come from the board or from

the device under test. An evaluation
board requires good power-supply de-
coupling, and its digital traces need to be
separated from analog traces.”

DACs such as the AD9736 have differ-
ential analog outputs,which minimize sys-
tem errors caused by ground loops.That’s
fine for engineers who design the devices
into systems,but it makes testing more dif-
ficult than with single-ended outputs.
Munson uses transformer loads instead of
amplifier loads in his evaluations.

“Transformer loads make it easier to
evaluate a DAC because they convert dif-
ferential outputs to single-ended outputs
without having to worry about the addi-
tional nonlinearities of an amplifier out-
put stage,” he said. Munson found that he
needs more than one transformer to fully
test a DAC because of the operating band-
width limitations of each transformer.

For her part, Colangelo evaluates
DACs such as the AD9779, which use
single-ended CMOS inputs. She per-
forms the same measurements as Mun-
son. “Some customers are not yet com-
fortable with the high-speed LVDS
interface DACs so they choose a CMOS
interface DAC with added digital func-
tionality,” she said.The input data rate can
run at speeds up to 300 Msamples/s.To
generate the single-ended test signals,
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Product engineer Chirag Patel evaluates audio CODECs for use in automotive sound
systems.
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Colangelo uses a pattern generator de-
veloped at Analog Devices.

Used primarily in cellular base sta-
tions, the AD9779 contains two DACs to
generate I/Q modulated signals. Users
can power down parts of the device to
conserve power. For example, they can
power down the DAC cores when a
handset isn’t transmitting.

The AD9779 uses digital filters to
smooth the device’s analog output. The
digital filters require their own clocks,but
those clocks can add distortion to a
DAC’s analog output. Isolating clocks
from analog circuits is a challenge for
both IC designers and product engineers.
“We have to test not only the device,”said
Colangelo,“but the evaluation board,too.
If you power down the DAC section of a
device but leave the digital control sec-
tion powered and measure its output with
a spectrum analyzer, you shouldn’t see

any spurious signals. If you do, you may
have a board issue.”

When they initially evaluate a DAC,
Munson and Colangelo perform bench
tests manually. “We need to first under-
stand how the device works,” said Colan-
gelo. “After that, we can automate our
testing.We must also make sure that the
spectrum analyzer isn’t adding distortion
to our measurements.” To get the best
possible performance, they use two spec-
trum analyzers to evaluate their DACs.
“We use a Rohde & Schwarz spectrum
analyzer up to 100 MHz,” noted Colan-
gelo.“Above 100 MHz, we switch to an
Agilent instrument.”

After Munson and Colangelo are con-
fident that the part works and that their
evaluations don’t add distortion, they run
a series of automated measurements.
They control the pattern generator and
spectrum analyzers using software writ-
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FIGURE 3. The spectrum analyzer measures noise, adjacent channel leakage ratio
(ACLR), and sidebands in an I/Q modulator.
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ten in National Instru-
ments’ LabView. Follow-
ing bench tests, Munson
and Colangelo will use an
ATE system to make
many of the same mea-
surements over a range of
temperature and power-
supply voltages.

ADCs are another
core product for Analog
Devices, and product en-
gineer Chr is Carney
evaluates them. He tests
ADCs that use both dif-
ferential LVDS and sin-
gle-ended CMOS digital
outputs.

“Typically, 350 Msam-
ples/s is the switchover
point from CMOS to
LVDS,” said Carney, “but
some customers want LVDS outputs even
at lower speeds.” Customers who use
ADCs at speeds of 100 Msamples/s to
200 Msamples/s may prefer LVDS be-
cause the differential outputs use a smaller
voltage swing.

Carney’s ADC evaluation boards con-
nect to a FIFO memory board.Two ver-
sions, with 16 kbytes and 32 kbytes of
memory, let him run an ADC at full speed
and analyze the data offline after transfer-
ring the data to a PC. Like Munson and
Colangelo, Carney begins his evaluations
running manual tests on the bench before
automating his measurements.

His FIFO board works with in-house
ADC test software called LabAlyzer,
which is an executable written in Lab-
View.With LabAlyzer, Carney can con-
figure an ADC,capture data, and perform
FFTs to measure distortion and integral
nonlinearity.One of his tasks is to control
a register that adjusts the ADC’s input bias
voltage. Once he finds the optimal bias
voltage, design engineers can set that
voltage in silicon for production devices.

Audio CODECs
Analog Devices also manufactures a line
of audio ICs that contain DACs, ADCs,
sample-rate converters, and digital-signal
processors that run several audio algo-
rithms. Under the direction of digital
audio products engineering manager
Steven Roy, product engineer Chirag
Patel evaluates audio CODECs. His lat-

est is the AD1938, designed for automo-
tive sound systems.It contains four stereo
DACs and two stereo ADCs.The device
is an upgrade to the AD1836A, which
has three stereo DACs and two stereo
ADCs. New cars have sound systems
with eight speakers and they need four
stereo DACs.

Starting with an evaluation board,
Patel configures the CODEC for a spe-
cific mode of operation. He configures
the sample rate, serial data format, and
volume by writing to registers through a
serial peripheral interface (SPI) port.The
device has 18 user registers and several
others for in-house diagnostics only.The
evaluation board communicates with a
PC through a USB port.

When first debugging a new part,Patel
runs into some of the same issues as his
colleagues Munson and Colangelo—
identifying the source of noise. “It’s a
process of elimination,” noted Patel.“If I
see noise on the power-supply lines, I use
an external power supply instead of the
evaluation board’s supply.”

Patel measures IMD,THD+noise, lin-
earity, signal-to-noise ratio (SNR), and
crosstalk by exciting the CODECs with
single and multitone signals from an
Audio Precision tester. In a THD+noise
test, he typically uses a 1-kHz sine wave
with an amplitude 1 dB below the de-
vice’s maximum input level, and he mea-
sures second and third-order harmonics
with the audio tester.
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Patel initially receives about 50 devices
for evaluation and debug. As part of his
bench evaluation, Patel checks for device
functionality in all possible modes of op-
eration.After the bench tests,Patel uses an
ATE system to further characterize the
device, looking for critical digital-inter-
face timing limits.

Digital timing characterization may in-
volve skewing digital signals with respect to
each other, which is how Patel measures
setup-and-hold time. He characterizes
CODECs over the specified temperature
range, power-supply voltages, and varia-
tions in the wafer-fabrication process.If the
parts meet specifications, he evaluates
about 500 parts on an ATE system for sta-
tistical evaluations. From the statistics, he
can assign typical and guaranteed values for
the part’s published data sheet.The statisti-
cal measurements include the analog char-
acteristics THD+noise and SNR.

“We typically hold back about 50% of
a preproduction run of partially processed
wafers in case we need to make changes,”
said Patel. “If changes are simply to the
logic circuits of the CODEC, then new
prototype parts can be ready in about
three weeks. If changes are required to the
device’s analog circuits, a change may take
as long as 12 weeks.”

RF devices
Analog Devices also manufactures RF
and optical components developed and
tested by engineers in the RF and wire-
less (RFW) group. Senior product engi-
neer Tom Kelly evaluates RF products
such as power detectors, amplifiers, mul-
tipliers, and modulators as well as optical
components such as log detectors. The
RFW group has several automated test
benches, one of which Kelly used to test
the AD8349, a 700-MHz to 2.7-GHz
quadrature modulator used in GSM and
CDMA cell phones.

During his evaluation of the AD8349,
Kelly measured noise, adjacent channel
leakage ratio (ACLR),and sidebands with
the test setup shown in Figure 3. The
Aeroflex signal generator produces a car-
rier as well as the I and Q modulation sig-
nals.To measure the modulator’s perfor-
mance, Kelly measures the modulator’s
output spectrum with a Rohde &
Schwarz spectrum analyzer.

Figure 4 shows an ACLR measure-
ment of a two-carrier 101 W-CDMA sig-

nal. To make the measurement, Kelly
modulates two W-CDMA channels
spaced in frequency so that one channel
separates them.Then, he looks at the sig-
nal leakage in the unused channel and at
frequencies above and below the two car-
riers. In this case, the difference between
the radio-link modulator (AD_RLM)
and its predecessor, the AD8349, is about
4 dB in the adjacent channels. Figure 5
shows the sideband measurement.

Calibration is important in measuring
sideband suppression. “Traditionally,
we’ve calibrated the signals using an HP
vector voltmeter,” he explained. “Since
this piece of equipment is no longer sup-
ported, we’re looking at using either a
VNA or high-speed scope.”

Kelly is concerned about how calibra-
tion affects a modulator’s I and Q base-
band inputs. If the signals aren’t equal in
amplitude and in quadrature, Kelly will
see an undesired sideband. Just 1° of
phase error, even with perfect amplitude
match, causes a –40-dBc undesired side-
band. A 1° phase and 0.5-dB amplitude
error generates a –30-dBc undesired
sideband.

Engineers at Analog Devices spend
weeks evaluating new IC designs on the
bench, on automated test stations in the
lab, and on production ATE systems. A
product engineer must approve a product
for production, and he or she provides
valuable feedback to designers. T&MW

FOR MORE INFORMATION
The May 2005 issue of Test & Measurement
World included an interview Martin Rowe
conducted with a product engineer at Ana-
log Devices’ design center in Beaverton, OR.
See “Northwest passage,” www.reed-elec-
tronics.com/tmworld/article/CA528092.
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N
anometer fabr ication
processes offer higher circuit
density and better perfor-
mance but also present new

challenges. Systematic and random de-
fects that were a nuisance above 90 nm
are now killer defects.To maintain qual-
ity, more test patterns must target larger
numbers and more types of defects.And
as circuit density increases, the number
of internal scan elements, and hence the
length of scan chains, increases. More
scan patterns and longer scan chains can
inflate test-execution time by a factor
approaching the square of the die area,
and SOC test costs increase by the same
factor.

On-chip scan compression technol-
ogy has emerged as a way to reduce test-
execution costs by reducing the time
spent testing digital circuits (Ref. 1).Var-
ious scan-compression architectures are
available, all of which reduce test time by
creating x times more scan chains with
approximately x times fewer scan ele-
ments in each scan chain. Compression
effectively reduces the time it takes to
scan each test pattern. For a scan-com-
pression factor of x (assuming the scan
chains are well balanced with no pattern
inflation issues), test application time re-
duction is:

Note that TATR is an asymptotic
function. For example, a 20-times scan
compression (x = 20) reduces test appli-
cation time by 95% (TATR = 95%),
whereas a 50-times compression
achieves 98% TATR. 100-times com-
pression reduces test application time by
99%, an improvement of only 1% com-
pared with 50-times compression.

By using a cost model, you can deter-
mine whether there are benefits in tar-

Calculating the optimal compression level will 
provide the highest return on silicon resources.

CHRIS ALLSUP,  SYNOPSYS
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geting more than about 20-times scan compression. Some re-
searchers (Ref. 2) have expanded upon a DFT cost model (Ref.
3) to compare different scan-compression methods, but you
need an additional model to determine the optimal amount of
compression.

I have developed a framework for evaluating the full economic
impact of implementing scan compression. Using this model,
you can determine whether additional compression offers any
benefits and, if so, what the actual cost savings are. Moreover, I
have developed equations that let you compare compression im-
plementations in terms of their impact on silicon area so you can
evaluate which approach is the most cost effective.

Test execution and silicon area
Companies most likely to value large reductions in test appli-
cation time are those with very high manufacturing volumes
where even a penny saved per die could add up to millions of
dollars over the lifetime of a product. Under these conditions,
very high TATR is desirable despite the fact that, as is evident
from equation 1, the cost savings in percentage terms dimin-
ishes beyond 20-times compression.

The decision to add more compression, assuming it is easy
to implement, comes down to a tradeoff between two costs:
test-execution cost, Cexec, and silicon area overhead cost, Csilicon.
Increasing the amount of compression to reduce test applica-
tion time will continue to provide cost savings as long as the
sum of test-execution cost and silicon area overhead cost con-
tinues to decline.You should therefore increase compression
from a nominal level x to an optimal level � that minimizes
total cost, where Ctotal = Cexec + Csilicon (Figure 1).

If you assume that tester utilization is high (greater than
90%) so that test-execution time for digital circuit testing is a
bottleneck, and that non-tester hardware costs for test are
much less than tester hardware costs, then test-execution cost
as a function of compression level x is:

and the silicon area overhead cost per die is:

From equations 2 and 3, the total cost is:

In these equations, Ract is the cost of active testers ($/s);Ttest

is the test-execution time (s);Tsetup is the setup time for an IC
on the tester; Kt_time is a constant relating test time to die area
(s/cm2); and �(x) is a scalar that takes into consideration the fact
that failing die require less test time:

where ßfail is the percentage of good-die test time required on
average to test a defective die. A(x) is die area at compression
level x.The amount of compression circuitry increases as the
number of scan chains is increased, so A(x) can be represented
as a linear function of compression:

where A0 is the area of the die without any compression, and �
is a scan compression area scaling factor representing the frac-
tional area increase in die size per unit increase in compression.
Cs is a silicon area cost multiplier ($/cm2).Y(x) is the yield at
compression level x and depends on the defect density D (de-
fects/cm2):

Cost saving at optimal level
The cost saving gained by increasing compression from x to the
optimal level � corresponding to where the total cost Ctotal

reaches its minimum is:
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FIGURE 2. Cost savings are shown per 1 million units for dif-
ferent die areas, A0. Here, D=0.3 cm–2, Kt_time=20 s/cm2,
Ract=$0.06/s, Cs=$4.00/cm2, ßfail=50%, and �=10–4.
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Figure 2 illustrates cost savings for various die areas A0 after
substituting equations 5–7 into equation 4 and then applying
equation 8.The input parameters used for this example are typ-
ical of current manufacturing environments. For each com-
pression level x, the cost saving for a particular curve corre-
sponds to savings that would be incurred by increasing the level
of compression from x to �. (In Figure 2, values of � are very
close to the compression numbers corresponding to the low-
est portion of the curves, intersecting the $10 cost saving grid
line.) For example, for the curve A0=1.0 cm2, the cost saving
gained by increasing compression from x=10 to �=46 is just
under $100,000 per 1 million units.

All designs benefit from compression, but because test-exe-
cution time is proportional to the square of the die size, the
largest designs benefit the most in dollar savings. At any com-
pression level less than the optimal compression level, there is
more time left over to “squeeze” incremental savings by apply-
ing further compression.

Cost difference of compression schemes
You can evaluate the difference in test costs between two scan
compression implementations, SC1 and SC2, assuming the same
design effort but different silicon area overheads for the same
level of compression.All other factors being equal, the solution
with the lowest area overhead across compression levels will be
the most cost effective. Using equation 6, the areas are:

where the ratio �2/�1 represents the comparative area overhead
between SC1 and SC2.

Consider the case in which SC2 has a higher scan compres-
sion area scaling factor than SC1: �2>�1.The higher area scaling
factor �2 means the optimal compression level for SC2 (�2) is less
than that for SC1 (�1). Comparing the total cost difference be-

tween the two implementations at compression levels x<�2 un-
derestimates the cost difference that is attainable when both are
implemented at their optimal levels. Conversely, cost compar-
isons at x > �1 overestimate the difference.The total cost differ-
ence,�cost , should instead reflect the difference between the two
cost minima:

Substituting the relations in equation 9 into equation 4 and
then using equation 10 for the cost comparisons, observe from
Figure 3 that total cost difference due to an increase in the
comparative area overhead �2/�1 increases rapidly in proportion
to die size.

Derived formulas for optimal compression
You can derive simple formulas to evaluate the cost savings from
compression, the optimal compression level � for a design, and
the cost difference between scan compression implementations.
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FIGURE 3. Cost difference per 1 million units are shown here
as a function of �2 /�1 for different die areas A0. Here, D=0.3
cm–2, Kt_time=20 s/cm2, Ract=$0.06/s, Cs=$4.00/cm2, ßfail=50%,
and �=10–4.
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FIGURE 4. Cost difference per 1 million units as a function of
�2 /�1 for different die areas A0 illustrate the accuracy of de-
rived formulas vs. full calculation. Here, D=0.3 cm–2, Kt_time=20
s/cm2, Ract=$0.06/s, Cs=$4.00/cm2, ßfail=50%, and �=10–4.

Nonlinear effects
Keep in mind that these results are based on the
linear equation 6, which is accurate as long as the
number of added gates per scan chain remains
constant with increasing compression. Some com-
pression schemes, however, may entail silicon over-
head that increases disproportionately with higher
compression levels. Similarly, some compression
schemes entail an initial fixed amount of circuitry
even for very small compression levels. To learn
how to account for these nonlinear effects, see
“Nonlinear effects” in the online version of this ar-
ticle at www.tmworld.com/2006_06.
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First,Tsetup does not influence compression tradeoff and can be ignored for compara-
tive analysis. Second, the scan compression area scaling factor � is small (on the order
of 10–4), so if you expand the expression for A(x) in the equation that defines Ttest for
equation 2, you find the contribution of compression logic to test-execution time is
negligible.This is reasonable from the perspective that the compression logic can be
tested very quickly compared to the rest of the chip.

As a result, the expression for A(x) in equation 2 can be approximated by A0 with-
out much loss in accuracy. Furthermore, you may simply replace the product term
Kt_timeA0

2 with T0, the test-execution time in seconds that would be in effect for 
a design without the use of scan compression. Assuming the scan chains are well 
balanced:

In addition,Y(x) in equation 2 can be approximated by Y0 because the increase in
test execution cost due to the very small decrease in yield caused by adding compres-
sion circuits is negligible compared to the cost saving. Finally, note that the scalar that
accounts for less time spent testing failing die has very little dependence on the amount
of compression, so �(x) can be approximated by �0.With these simplifications in mind,
equation 4 reduces to:

The cost saving gained by implementing compression level x is the difference be-
tween test-execution cost without compression and total cost with compression:

Substituting the linear expressions for compression area (equation 6) and yield
(equation 7) into equation 13 gives:

The total cost reaches a minimum where the derivative of equation 14 is zero:

Substituting equations 6 and 7 into equation 12 and solving equation 15 for x yields
this formula for the optimal compression level �:

The derived formula values are accurate to within ±1.2%, standard deviation =
0.6%, compared with the entire data set of � measured from equation 4.

You can also derive a closed expression for the cost difference between compres-
sion solutions that can be used to evaluate the cost effectiveness of alternative com-
pression implementations.The comparison can be made by substituting the simplified
form of Ctotal (from equation 12) into equation 10 and then using the derived formula
of � in equation 16 to find the cost difference. �cost reduces to:
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Figure 4 displays total cost difference �cost just as in Figure 3, except it focuses on
three initial die areas to compare the derived estimates for �cost in equation 17 with
those obtained using the full calculation.

Scan compression greatly reduces test-execution costs, but the silicon area overhead
cost of compression limits how much test application time reduction is cost effective.
For any design, there is an optimal compression level proportional to the square root
of the die size that provides the highest return on silicon resources.This optimal level
is sensitive to the area overhead of compression and other architectural aspects. T&MW
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Wafers produced for prod-
ucts as diverse as LEDs
and MP3 players vary
greatly in function, but

they have one thing in common: They
often undergo optical inspection after they
pass an electrical test.

Increasingly,wafer fabs are turning to au-
tomated optical inspection (AOI) equip-
ment to locate defects so they can deliver
known-good die and simultaneously in-
crease their yields. Unlike human inspec-
tors, AOI equipment consistently locates
and classifies defects, and it provides infor-
mation that process engineers can use to
track and head off potential problems.

But why would wafers of flash-memo-
ries, LEDs, or other devices require a final
visual examination? After all, they just
went through an electrical test that iden-
tified faulty devices.The answer is that an
electrical tester cannot identify defects
such as scratches, nicks, and missing passi-
vation material that might lead to prob-
lems later in a product’s life.

Another reason is that the electrical
tester itself can be the source of problems,
because the movement of test probes as
they touch a wafer can create defects. Indi-
vidual probes should touch only a bonding
pad and leave only a small mark (Figure 1).

Smaller semiconductor geometries, how-
ever, decrease the area of bonding pads,
which makes them more difficult targets
for a prober to “hit.”

During electrical testing, slight mis-
alignments may cause probes to damage
passivation material that surrounds a pad
and thus open semiconductor areas to de-
structive moisture (Figure 2). If a probe
hits a pad at too great an angle, it might
scrape off metal that can cause a short cir-
cuit in a packaged device.

Even when a probe touches down in the
center of a pad, the physical contact can
gouge or scrape the pad, which leads to a
poor bond between the pad and a con-
necting wire.Although enough of a wire-
to-pad bond can exist to let a packaged de-
vice pass final electrical tests,later on a small
stress may cause the wire bond to fail.

“In a stacked-die package, those bond
pads attach to other devices,” said Mike
Plisinski,VP and GM of the data-analysis
and review business unit at Rudolph
Technologies. “So, if you have combined
five expensive die and one of them has a
bond-pad defect you didn’t find, you have
‘killed’ the four good devices and wasted
an expensive package.”

To guard against such defects, probe-
mark inspection (PMI) has become a key

IC manufacturers
rely on optical
inspections at the
end of fab lines
to catch physical
imperfections as
well as defects
caused by final-
test probers.

Post-Test Inspection
BOOSTS DIE YIELDS

JON TITUS, CONTRIBUTING TECHNICAL EDITOR
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back-end step on wafer-fab lines. Most
back-end wafer-inspection systems deter-
mine if a probe mark is too big or if a probe
has run off a pad or has broken through the
passivation material. Inspection results let
process engineers find physical defects that
could have harmed a die, even though the
die passed electrical tests.The AOI equip-
ment that examines probe marks also de-
tects and measures the dimensions of for-
eign materials, scratches, polyimide
delamination, photo-resist residue, and
nicks on wafer edges (Figure 3).

In addition to detecting probe-mark
defects, inspection equipment can mea-
sure the distance between a probe mark
and a pad’s edge.“You reject a die if a probe
touched the passivation window,” said
Amir Gilead,VP of the semiconductor-in-
spection products division at Camtek,“but
on some wafers, you reject a die if probe
marks get too close to the passivation ma-
terial.You don’t want to take a chance that
greater probe excursions will hit the pas-
sivation material.”Process engineers preset
the probe-to-passivation thresholds based
on the wafer types they will inspect.

To properly inspect a wafer, inspection
equipment must “learn” what a good die
looks like and how to find the bond pads.
That process varies from vendor to vendor.

Although CAD files might simplify the
training of an AOI system to locate die fea-
tures, process engineers often don’t have
that type of information, according to
Rudolph Technologies’ Plisinski.“Even if
they had those files, they still would have
to manually align the wafer with the in-
spection system because lithography pat-
terns may have shifted slightly on a wafer’s
surface during fabrication. So, engineers
start with a wafer on a chuck in Rudolph’s
NSX August inspection system and go
through a series of automated setup steps
that take only a few minutes and depend
on the required ‘recipe’ options.”

The engineers then program the sys-
tem with bond-pad characteristics. As it
runs a geometrical pattern match during
a wafer scan, the system automatically
finds the pads.“The pad-location process
takes only a few minutes,” said Plisinski.
“Some engineers label each pad so they
can easily track changes in probe-mark
characteristics or positions.”

ICOS Vision Systems uses a recipe for
each wafer type to set up its WI-2000
inspection station. Gert Sablon, product
manager for wafer inspection products at
ICOS, explained that process engineers
start with an example wafer on which
they locate a perfect or close-to-perfect
die.An image of that die provides the ref-
erence for comparisons and becomes part
of the recipe.The recipe also contains ref-
erence information about other types of
defects, such as nicks, scratches,and so on.
Software compares scanned wafer images
with the reference image and groups vi-
sual features into defect categories that
process engineers have established.

Carl Smets, research and development
director at ICOS, stressed the importance

of proper alignment in an inspection sys-
tem. “If you have diced wafers or diced
wafers on hoop rings, slight stretching
may change the position and orientation
of the die from what you would find on
an undiced wafer. So, to inspect the wafer
properly, you must perform an accurate
alignment for individual die.” (See
“What’s a hoop ring?” p. 49.) ICOS em-
ploys scalable DSP processors in its in-
spection system to align die positions
with recipe information that includes a
reference-die image.

The Falcon 500 from Camtek requires
about 15 min to set up. Instead of relying
on a known-good die, the system uses a
proprietary technique that scans die on a
production wafer to create a “clean-refer-
ence” image for comparison.

“A user or process engineer doesn’t
have to know in advance which wafers or
die are good,”explained Camtek’s Gilead.
“They can even take bad die with defects
and still generate a good reference.A min-
imum of five die will provide a clean-ref-
erence image, although engineers report
using an average of seven to nine die.They
can increase the number of die scanned
when they observe wide color variations
across a wafer.” Process engineers can
schedule “relearn,”or update,scans that let
the system adjust to process variations.
(Camtek has several patents pending on its
inspection technologies.)

After the learning step, operators can
set run-time parameters such as the sizes
of defects and the acceptable sizes of
probe marks.“Some engineers may want
to find defects above 25 microns,” said
Gilead.“So, they set the system to ignore
anything 25 microns or smaller.They have
complete control of inspection criteria.”

Classify defects
After an inspection system acquires die
images, automatic defect-classification
software sorts defects into categories such
as scratch, pit, or probe mark.The recipe
for a given wafer type includes defect
classifications and parameters.

“The classifications depend on what
users require,” explained Smets of ICOS.
“You can classify a scratch as a long ob-
ject with a length greater than x and a
width greater than y. But pits, for exam-
ple, are typically round, so they have only
a diameter dimension. Process engineers
combine characteristics such as position,

FIGURE 2. This image shows a probe
mark that exceeded the limits of a bond
pad and damaged surrounding passiva-
tion material. Courtesy of Camtek.
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FIGURE 1. (Top) These octagonal bond
pads show the small marks made by
test probes. (Bottom) A close-up view
shows scrape marks and the relative
size of probe marks on small pads. 
Courtesy of Rudolph Technologies. 
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dimensions, and optical contrast with
logical operations such as AND, OR, and
IF to classify defects.”

The economic benefits of post-test in-
spection center on how many die a system
can inspect in a given time and how many
“false calls” its software produces. (A false
call identifies a defect where none exists.)

“Engineers see a wafer move quickly
on a chuck and think speed is every-
thing,” said Gilead of Camtek. A com-
pany’s profits depend to a great extent on
how many wafers it can inspect in a day,
not just to how fast it can scan each wafer,
so productivity calculations must include
setup times as well as scanning speeds.
“Say it takes two hours to set up System
A and 15 minutes to set up System B,”
said Gilead.“If you inspect three types of
wafers in a day, you spend six hours ver-
sus 45 minutes on setup. Even if System
A scans faster than System B, the latter
may offer a higher efficiency.”

Engineers also should pay attention to
the balance between scanning speed and
the size of the defects they want to de-
tect. Equipment may offer a scanning
speed of x wafers/hr and a capability to
detect defects as small as, say, 2 �m. But

an inspection system cannot provide both
capabilities simultaneously, cautioned
Gilead.“If you need a higher resolution,
or a higher magnification, to find smaller
and smaller defects, the inspection speed
decreases in proportion.”

At the end of an inspection run, soft-
ware identifies defective die so process
engineers or operators can “reverify” the
defects found. People review the defects
and classify them as critical or noncriti-
cal.This process requires extra time and
money, and cuts productivity, but you
may need to do it.

Suppose your AOI system reports 20
defective die, but unknown to you, only
three have critical defects.Can you afford
to throw away all 20? Probably not. So
you inspect all 20 and scrap only the three
bad ones.The reverification step not only
reclaims good die, but also lets you
tighten your inspection criteria so subse-
quent inspections identify fewer false-call
defects. But you must balance the bene-
fits of eliminating false calls against the
possibility that tighter specs will let AOI
software pass defective die.

Economic benefits accrue from an-
other aspect of post-test inspection—

What's a hoop ring?
You cannot cut a wafer into individual die (also known as singulated die)
without some sort of supporting material that holds die in place during
and after slicing. That flexible material, called wafer mounting tape, sticks
temporarily to the back of a wafer. Additional processing steps may require
that die remain in place for testing, inspection, or packaging operations.

To make the flexible tape more rigid, you position the die-tape combi-
nation over a small “hoop” and press a larger concentric hoop over the
smaller one. The process stretches the tape slightly and forms what looks
like a drum head. (Embroiderers use a similar set of hoops to stretch ma-
terial so they can stitch patterns through semi-rigid cloth.) Exposure to ul-
traviolet light reduces the tape’s adhesive capability and releases individ-
ual die for packaging.—Jon Titus

FIGURE 3. Post-test inspection software can detect and classify defects such as 
(left) foreign materials and (right) a scratch. Courtesy of ICOS Vision Systems.
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statistical process-control (SPC) informa-
tion derived from inspection results.
Using this quantitative information,
equipment operators can identify and
correct immediate problems. In addition,
process engineers can examine long-
term trends to determine, for example,
why a probe pin has gone out of align-
ment or shows an excursion toward the
edge of a bond pad.

“Say probe marks start to drift to the
left and cause defects,” said Plisinski of
Rudolph Technologies. “The engineers
see this trend, determine which prober
causes the problem, and correct it. Or

they may use the SPC data to uncover a
problem with their alignment recipe.”

The inspection information also lets en-
gineers “stack” images to look for wafer-
to-wafer trends. If they see scratches in the
same place on many wafers, the SPC in-
formation can lead them to a robot end ef-
fector as the problem, explained Plisinski.

Until now, you may have thought a
final electrical test provided the last word
about the quality of your die. Placing an
inspection system after the last test sta-
tion, though, will help you weed out de-
fective die you didn’t know existed, keep
test processes in control, and reduce field
failures. T&MW

JUNE 2006 51TEST & MEASUREMENT WORLD www.tmworld.com

INSPECTION

Pre-test inspect, too
Some companies have found a
benefit in performing pre-test in-
spections. Small dust particles
on 300-mm wafers can provide
enough mass to permanently
reposition—and damage—tiny
test probes. In effect, these
“killer” particles can shut down a
fab line. (The cost of a ruined
probe card for large wafers may
amount to more than the cost of
inspection equipment.)

“The need for pre-test inspec-
tion came as a surprise,” said
Camtek’s Gilead. “In a Class-100
or Class-1000 clean room, you
wouldn’t think dust particles on a
wafer would cause concern. But
even in a controlled environment,
once in a while a killer particle
will come along and cause a cata-
strophe. Simple inspections can
prevent that from happening.”

Jon Titus

This image shows the arrangement of a
microscope and camera in the WI-2000
wafer-inspection equipment. The wafer
moves underneath this assembly. 
Courtesy of ICOS.
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National Instruments is recog-
nized as a world leader in the

development of PXI software and
instrumentation. Recently, I called
Richard McDonell, NI’s PXI market-
ing group manager, to ask about the
future of PXI.

Q: How is the PXI market doing? 
A: PXI has been the fastest growing
part of our business, at or above
40% annually, and market research
firm Frost & Sullivan expects it to be
the fastest growing segment of the
test-and-measurement market for the
next five years.

Q: But the PCI bus on which PXI is
based is running out of steam in the
face of today’s gigahertz processors.
What does that imply for PXI? 
A: The buzz today in the market-
place is PCI Express. It has pretty big
shoes to fill if it is to replace PCI,
which is still selling well and has a
tremendous installed base. But PCI
Express is exactly the bus that
National Instruments has been look-
ing for. The way PCI Express is archi-

tected it does a fantastic job of ex-
tending PCI. It can achieve 45 times
the bandwidth of PCI and it provides
dedicated bandwidth, not shared.
That’s up to 2 Gbps of dedicated
bandwidth.

Q: What is the status of the PXI ver-
sion of PCI Express? 
A: The PXI Express specification
was finalized in August 2005. We
plan to introduce a PXI Express chas-
sis and controller board this spring,
and we know of at least half a dozen
other vendors with PXI Express prod-
ucts in development. (Ed. note: See
box, p. 54.) And it’s important to
note that PXI Express and PXI are
completely hardware and software
compatible so applications can move
to PXI Express quickly.

Q: What other benefits besides
greater bandwidth does PXI Express
bring to the party? 
A: Along with the increased capac-
ity, there is better synchronization
available. The bus offers a shared
100-MHz clock for synchronizing ac-
tions within the chassis. PXI had a
10-MHz clock, so this represents
more precise timing. 

Q: Are there applications that require
the extra capabilities of PXI Express? 
A: The market will be going after
high-speed digital applications such
as streaming video, machine vision,
and semiconductor ATE. The extra
capabilities of PXI Express allow cre-
ation of high-frequency, high-channel-

count systems that are difficult to im-
plement in PXI. Imagine being able to
handle 60 channels of 100-MHz
streaming video simultaneously or
recording RF signals live to a RAID
system—PXI Express can do it.

Q: Do you think PXI Express will spell
the end of PXI? 
A: It’s very rare that one size fits all.
We will need PXI Express for the
highest bandwidth applications, but
there are many things besides perfor-
mance that will attract end users to
PXI. These include its low cost, com-
pact size, and design flexibility.
Despite the fact that there are more
than 1200 PXI products available
today, more often the limitation of
PXI is the lack of a particular PXI
module and not performance of the
PCI-based PXI backplane. 

Thus, there is growing importance
in PXI serving as the core of hybrid
test systems and a growing opportu-
nity for more vendors in the PXI mar-
ketplace. National Instruments, work-
ing with the PXI Systems Alliance,
will continue extending PXI through
research and by expanding its ability
to meet new applications. �

PXI Express set to
speed PXI market
Richard A. Quinnell, Contributing Technical Editor
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Contact Rich Quinnell at richquinnell@att.net.

Goepel looks to 
PXI Express
During the recent Virtual Instruments
in Practice (VIP) event sponsored by
National Instruments Germany,
Goepel electronic introduced the de-
velopment of a new series of
JTAG/boundary-scan controllers with
PXI Express interfaces as part of its
ScanFlex boundary-scan hardware
platform. The prototype of the new
ScanFlex Boundary Scan controller
family (SFX controllers) is named
SFX/PXIe1149-(x) and includes three
models for different performance
classes, which differ in offering maxi-
mum TCK frequencies of 20, 50, and
80 MHz, respectively. 

The new controller family’s x1 con-
figuration achieves transfer rates up
to 264 Mbytes/s in zero-wait-state
burst mode and is based upon the
PXI Express hardware specification
1.0. In combination with additional
modular ScanFlex components, PXI

Express-based boundary-scan systems
with up to eight Test Access Ports can
be configured and synchronized with
other functional modules. All TAPs
provide programmable input and out-
put voltage as well as programmable
input and output impedance.
Furthermore, resources such as 32
dynamic I/O, two analog I/O chan-
nels, three static I/O, and trigger lines
are standard features.

“We rate PXI Express as one of the
most important strategic test and
measurement standards for modular
instrumentations with an enormous
market potential in the future,” said
Thomas Wenzel, director of the
boundary-scan business unit at
Goepel electronic. “The new series of
SFX controllers will be the first to
apply the PXI Express standard’s per-
formance to extended JTAG/bound-
ary-scan applications. On this basis,
an unrivaled data throughput for
complex tests, as well as high-speed
in-system programming of Flash and
PLD components, can be achieved.”
www.goepel.com.

Innovation never seems to come
in one big burst. Instead, it is a

one-two punch.
For PXI Express, the first punch

was the creation of the technology
itself. Creating a high-speed, serial
data-handling bus that faithfully

mimics the behavior
of the older parallel
bus required a com-
bination of inspiration
and clever execution.
Those attributes

essentially define innovation.
The immediate result of creating

PXI Express will be a tremendous
boost in the data-handling capabil-
ity of PXI-based instrumentation.
PXI Express offers more than 40
times the data bandwidth of PXI
while offering complete software
compatibility with PXI.

The second punch is now the one
to look for. Whenever an innovation
provides a jump in the performance
of an existing capability, it usually
follows that up with something en-
tirely new. Engineers will inevitably
discover that they can now imple-
ment a design that was previously
not feasible. With this discovery will
come inspiration, and wholly new
applications and design approaches
will appear. The innovation in equip-
ment thus produces innovations in
applications, the second punch.

While the first punch is essential
to what follows, it is this second
punch where fortunes are won or
lost. The new applications and ap-
proaches will open significant rev-
enue opportunities for those who
pioneer them. Study that first punch
carefully so you can determine
where to land the second. �

H I G H L I G H T S

National Instruments has released what it calls the industry’s first PXI
chassis and controllers based on PCI Express signaling. The company says
these PXI Express products are ideal for high-channel-count, high-through-
put, or multimodule applications, such as IF
streaming, mixed-signal, and image acquisition.
(PXI Express integrates PCI Express signaling
into the PXI standard.)

The NI PXIe-1062Q chassis offers up to 1-
Gbyte/s per-slot dedicated bandwidth and eight
card slots: a PXI Express system slot, a PXI
Express slot with system timing capabilities,
four PXI peripheral slots, and two hybrid slots that accept both PXI and
PXI Express modules. The NI PXIe-8103 embedded controller includes a
2.0-GHz Intel Pentium M 760 processor and offers 250 Mbytes/s per-slot
dedicated bandwidth for up to 1 Gbyte/s of total system bandwidth. 

Other available controllers include the MXI-Express for PXI Express
controllers, the NI PXIe-PCIe836x, and the NI PXIe-ExpressCard8360.
These controllers offer desktop PC and laptop computer control of PXI
Express systems with up to 250 Mbytes/s of cabled system bandwidth. 

The new PXI chassis and controllers work with all existing PXI modules
and software. Engineers can use existing code written for NI’s LabView,
LabWindows/CVI, and Measurement Studio. www.ni.com.

NI introduces PXI Express chassis 
and controllers

PXI  T E S T  R E P O R T

E D I T O R ’ S  N O T E

Innovation’s 
one-two punch
Richard A. Quinnell, Technical Editor
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Predicting the performance of an
embedded processor in an appli-

cation is a challenging task that re-
quires careful control and measure-
ment. The Embedded Microprocessor
Benchmark Consortium (EEMBC) has
developed a series of software tests to
facilitate making such predictions as
well as to facilitate comparison-shop-
ping among design alternatives (Ref.
1). Now, EEMBC is using PXI tech-
nology to tackle its latest benchmark
effort: power utilization.

A key factor in most portable sys-
tem designs is the power consumed
during operation. This power usage
affects battery size, operating lifetime
between battery charges or changes,
packaging design for thermal manage-
ment, and weight, all trading off
against device performance and fea-
tures. The ability to evaluate the
power performance of design alterna-
tives is thus a significant need in the
portable device market.

The EEMBC has addressed this
need with the creation of its Energy-
Bench power and energy benchmark.
EEMBC president Marcus Levy ex-
plains that EnergyBench simultane-
ously measures system performance
and power consumption of embed-
ded processors with all of their built-
in I/O peripherals. The resulting
score is a metric that product devel-
opers can use to evaluate their de-
signs and that processor vendors can
use to promote their product’s effi-
cient use of energy.

To make benchmark scores useful
for industry-wide comparison, how-
ever, EEMBC has to certify the scores.
“For us to certify benchmark scores,”
said Levy, “we need vendors to send in
their test platforms. We don’t want all
kinds of homemade versions being
sent in, so we defined a standard plat-
form.” That standard platform uses
PXI instruments running LabView
software to control the test and make
measurements.

Control of timing is key
As shown in the figure, the benchmark
platform monitors the power source
voltage and measures the current pass-
ing to the device under test (DUT) by
using a sense resistor. This requires
only a modest data-acquisition capa-
bility that is not unique to PXI. The
control and timing features of PXI,
however, are critical to making the
right measurements.

According to Levy, the platform
starts and stops the running of bench-
mark software and keeps the execu-
tion synchronized with the power
measurements. “We need to coordi-
nate data collection with the bench-
mark run,” said Levy. “Further, we
needed to control the timing of the
sampling. The scores are based on sev-
eral runs of the benchmark software,
and we need to alias the sampling
times on the multiple runs to ensure
that we are not sampling on the same
processor event each time.” 

To fully exercise the processor and
I/O, the platform also generates signals
and measures response times for such
parameters as I/O and interrupt la-
tency and context switch times. The
platform further controls overall test
timing. Because power consumption
varies with temperature, for instance,
the platform exercises the processor
for 30 min to warm it up before run-
ning the benchmark. The platform

also automatically completes the 
required number of runs. 

The choice of PXI as the basis for
the power benchmark is due partly to
its ability to provide all of the neces-
sary timing and control functions.
Cost was another issue. “EEMBC 
customers are always concerned with
their budgets,” said Levy. Finally,
there was the human element. “We
considered making a custom board,
but that becomes a political nightmare
as we address the question of which
processor to use,” Levy explained.
“PXI was a much easier approach 
politically as well as technically.”

The PXI standard platform for
processor power benchmark testing is
only the beginning of PXI’s use within
EEMBC. The same test setup can be
used to evaluate telecom and network-
ing devices using the appropriate
EEMBC benchmark software. PXI’s
modularity also allows it to accommo-
date new benchmarks as they become
defined. “We could add new hardware
if needed or even just make changes at
the LabView level,” said Levy. Auto-
motive benchmarks based on the PXI
platform are already planned. �

REFERENCE
1. The EEMBC was originally named the EDN
Embedded Microprocessor Benchmark Consortium,
because it arose from a “hands-on” project con-
ducted for EDN magazine in 1996. There is no
relationship between EDN and the EEMBC.

PXI  T E S T  R E P O R T

The EEMBC EnergyBench platform measures
the current and voltage drawn by the device
under test. Cour tesy  o f  Nat iona l  Ins t ruments .

PXI tackles processor benchmarks
Richard A. Quinnell, Contributing Technical Editor
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Test instruments based on the
PXI standard have been rapidly

gaining ground in the test-and-mea-
surement market, generating increased
business for companies that have
caught the wave. One such company,
Geotest—Marvin Test Systems, has
seen enough growth to require a move
to larger quarters in order to meet de-
mand. I phoned company president
Loofie Gutterman, also the president
of the PXI Systems Alliance
(www.psia.org), to discuss the reasons
behind the surging interest in PXI.

Q: So, business was booming so
much that you had to expand? 
A: Yes, we ran out of room. We saw
a growth rate of 25% last year and
are forecasting 35% to 40% this year.
We needed more space for engineer-
ing, production, and integration. We
were literally working in the hallways.

Q: What’s causing this surge 
in interest in PXI? 
A: There are two things happening.
One is growing acceptance of PXI in
markets such as mil-aero. Also, there
is a rotation from other types of sys-
tems to PXI.

Q: What kind of systems are 
moving to PXI? 
A: Modular instrumentation tech-
nology such as VXI is moving over.
VXI is getting long in the tooth, suf-
fering from obsolescence, and nothing
really new is being developed. The
data bandwidth for VXI just isn’t
there, so new programs looking for
modular instrumentation are turning
to PXI. It’s amazing the performance
being squeezed out of PXI now. Size
is another factor. Users are looking
for a smaller footprint.

Q: What are the new applications
areas that PXI is entering? 
A: There are a couple of areas that
PXI is entering. One is semiconductor

test systems. Companies are under
pressure to get their costs down. One
way to do that is to use open architec-
ture test systems where there are mul-
tiple suppliers for the equipment, and
companies are turning to that ap-
proach. The Semiconductor Test
Consortium OpenStar platform, for
instance, is getting PXI. This approach
also has the benefit that customers can
build on the platform themselves.

RF is another applications area for
PXI that is growing. There has been an
amazing increase in RF capabilities for
a modular platform. Companies are
delivering products now that operate
up to 6 GHz, fast enough for cellular
testing. And they keep ratcheting up
performance all the time.

Q: What do you see as the keys to
success in the PXI market—ones that
give you the ability to ride the wave? 
A: One is to keep on the forefront of
technology. Companies need to con-
tinuously come up with new technol-
ogy, performance increases, and inno-
vative new products. You also need to
spend a lot of time with customers, to
keep pace with what they really want.
For instance, we have found it best to
offer both 3U and 6U products. Most
companies only offer 3U products,
but having both form factors allows
us to cover more applications.

Geotest has an advantage in that
we have a system-integration busi-
ness in addition to manufacturing,
so we are users of our own products.
We get to see how usable our prod-
ucts are, and our internal users help
refine the product. That way, our
customers get a product that was not
only designed for test but was suc-
cessfully used in test before it got to
market.

Technical support is also a key.
Most PXI vendors give good instru-
ment support; they know how their
product works. Our support people
are experienced test engineers, so they
know how the product works and
how to test. This lets us help cus-
tomers use the equipment more effi-
ciently in their application.

All these things are letting us keep
pace, or better, with the growing PXI
market. �

PXI  T E S T  R E P O R T

Riding the PXI wave
Richard A. Quinnell, Contributing Technical Editor

Using its own
products in its
system-integra-
tion business
helps keep
Geotest on top 
of the PXI wave. 
Cour tesy  o f  Geotes t .

Loofie
Gutterman,
president of
Geotest and
the PXI
Systems
Alliance,
speaks out
on riding
the wave 
of interest
in PXI. 
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Module simulates batteries

Pickering Interfaces has introduced the 41-750 battery-sim-
ulator PXI module that behaves as a battery supplying
power to handheld and portable electronic devices in manu-
facturing test. The 3U single-slot module can supply up to 6
V at 2.8 A to remote loads. Typically, its transient response is
<10 µs when delivering power to loads 2-m distant. You can
program output voltage and set the module to source 2.8 A
or sink current 0.5 A in order to test charging or discharging
behavior. The module’s output can float ±50 V relative to
ground to fully simulate battery isolation.

A monitor port allows you to measure voltage and cur-
rent with a DMM, and an inbuilt switch allows the DMM to
monitor multiple simulators by daisy-chaining monitor ports.
Pickering Interfaces, www.pickeringtest.com. 

PXI chassis gains features
Geotest—Marvin Test Systems has added several new fea-
tures to its GX7000 6U series of PXI chassis. The 20-slot
GX7000A chassis features per-slot temperature monitoring,

system power-supply monitoring, and software-controlled
PXI trigger mapping. Available in desktop, rack-mount, and
ITA configurations, the GX7000A accommodates up to 19
3U or 6U PXI or cPCI instruments. Slot 1 is dedicated for an
embedded or remote controller, slot 2 can be used by a PXI
star trigger controller or by a PXI/cPCI instrument, slots 3
through 15 provide star trigger support, and slots 16
through 20 accommodate PXI or cPCI instruments without
the star trigger. The GX7000A provides an integral 10-MHz
PXI clock and is available with 800 or 1100 W of system
power. Geotest—Marvin Test Systems, www.geotestinc.com. 

Test system leverages PXI flexibility
To enable expansion as production test needs change,
Digitaltest is offering the MTS300 Sigma test system with
PXI-based instrument options. Sigma test systems provide
analog and digital in-circuit test capabilities, vectorless test-
ing, functional test, boundary scan, and onboard program-
ming. Designed for high throughput, the MTS300 performs
up to 1000 measurements/s.

Initially, the system will be configured with a National
Instruments PXI-6115—a multifunction data-acquisition
card that provides two 12-bit analog outputs, eight digital
I/O lines, two 24-bit counters, and analog triggering. Other
boards are available on request.

An inline version of the Sigma tester is available with a
PXI rack to allow for system expansion as well as rack
space for VXI and IEEE 488 instruments. Digitaltest,
www.digitaltest.de. 

6-U module features 128-channel I/O
Taiwan-based Adlink Technology has introduced the 6U
high-density cPCI-7452 CompactPCI or PXI module with
128 channels of digital I/O. Optical isolation protects all
channel inputs and outputs up to 2.5-kV RMS. All outputs
use an open-collector Darlington configuration with up to
500-mA switching capacity. The module includes a change-
of-state detector that outputs an interrupt on any state
change. The module supports Windows or Linux operating
systems and comes with drivers for development environ-
ments such as C, Visual Basic, Delphi, LabView, or Matlab.
Adlink Technologies, www.adlinktech.com. 

Signal generators output DC to 6.6 GHz
National Instruments has announced a range of PXI 3U sin-
gle-slot signal generators with outputs from DC to 6.6 GHz.
The NI PXI-5650, PXI-5651, and PXI-5652 output from 500
kHz to 1.3 GHz, 3.3 GHz, and 6.6 GHz, respectively. Phase
noise is typically –110 dBc/Hz at 1-GHz and 10-kHz offset.
All models use direct digital synthesis generation, which
readily enables analog or digital modulation for FM, FSK, or
BER testing. On-off keying enables amplitude modulation.
National Instruments, www.ni.com.
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Keithley enters pulse generator market
Keithley Instruments has introduced two pulse/pattern
generators, the single-channel Model 3401 and dual-
channel Model 3402. Both produce pulses at speeds
up to 165 MHz with pulse widths down to 3 ns. The
instruments let you adjust pulse parameters such as
rise and fall times from 2.5 ns to 200 ms. You can also
adjust amplitude, time delay, and offset of a pulse.

The instruments operate in four modes. Pulse mode
provides one pulse per internal or external trigger.

Burst mode lets you initiate a series of pulses with a
single trigger. Pattern mode lets you produce PRBS
patterns in return-to-zero or non-return-to zero formats
with pattern lengths from 25–1 to 214–1. External width
mode lets you combine two or more instruments with 
a single external trigger.

The instruments are available with rear-mounted 
terminals for rack-mounted applications or with front-
panel terminals for bench applications. You must spec-
ify the location at the time of ordering. 

Prices: Model 3401—$12,500; Model 3402—
$17,500. Keithley Instruments. www.keithley.com.

AOI system boasts fast setup, 
small footprint
With the M1 Series automated PCB inspection system,
operators typically take less than 30 minutes to create
a complete inspection program, its vendor reports.
The M1 Series uses a standard package library to sim-
plify training and ensure program portability across
manufacturing lines.

Offering 3-Mpixel resolution and telecentric optics,
the M1 Series inspects solder joints and verifies cor-
rect part assembly, all within a footprint that is less
than 1 m wide. It provides the defect coverage and
low false-call rate necessary to reduce costs, improve
quality, and increase throughput in high-volume man-
ufacturing environments. The system adapts to pre- or
post-reflow inspection and supports rework and data-
tracking requirements.

Base price: $82,500. YESTech, www.yestechinc.com.

ProVision assists boundary-scan
development
JTAG ProVision is designed to accelerate and simplify
the development of boundary-scan applications based
on the IEEE 1149.x standards. The product’s applica-
tion wizard is aimed at engineers with minimal bound-
ary-scan knowledge or experience. The wizard leads
users through the sequence of steps to prepare test
and in-system programming applications. Graphical
tools simplify the management of design data for all
boundary-scan applications without compromising 
design accessibility or test coverage.

JTAG ProVision creates a full set of tests and in-sys-
tem programming functions, automatically analyzing
the boundary-scan and non-boundary-scan portions of
a design. JTAG ProVision can handle multiple levels of
target complexity from single boards with one or more
Test Access Ports (TAPs) through complex, multi-board
configurations.

Base price: $11,500 for a node-locked, Windows-
based license. JTAG Technologies, www.jtag.com.

Sapera adds geometric search
The Sapera Essential machine-vision software toolkit
bundles board-level acquisition and control, image-pro-
cessing capability, and a new geometric search tool.
Compliant with
Dalsa Coreco’s Trig-
ger-to-Image relia-
bility framework,
Sapera Essential in-
cludes image-pro-
cessing libraries that
provide morphol-
ogy, filter, segmen-
tation, transform,
and measurement
functions and that
support point-to-
point operations
with subpixel accu-
racy. The geometric
search tool uses edge- or area-based techniques. The
software also supports blob analysis and offers 1-D and
2-D bar-code capability.

Base price: $800. Dalsa Coreco, www.coreco.com.

Software performs WLAN roaming tests
VeriWave’s WLAN Roaming Test application measures
the performance of WLAN systems as clients roam
between access points (APs). The software runs on
the company’s WaveTest 90 and WaveTest 20 traffic
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generators/analyzers to help manu-
facturers fine-tune the performance
of wireless networks that are de-
signed to support thousands of mo-
bile devices. 

The latest addition to VeriWave’s
WaveApps series of applications,
WLAN Roaming Test can conduct
automated, repeatable tests of
roaming capabilities throughout the
development, quality assurance, and
deployment of large-scale WLAN
systems. Metrics that can be estab-
lished include roaming delay, call
quality during roaming, and the net-
work’s overall ability to support large
numbers of mobile clients. 

Price: $6000. VeriWave, 
www.veriwave.com.

Connect to VXI 
over Ethernet
VXI Technology’s
EX2500 lets you
control a VXI chassis
and instruments
over an Ethernet
link. This slot-0 con-
troller lets you re-
motely control a VXI
chassis with Cat5
cable over distances
up to 200 m. With a
fiber-optic link, you
can control a VXI chassis and its in-
strument modules from as much as
10 km away. Data transfer rates can
reach 40 Mbps.

The EX2500 is VXIplug&play com-
pliant; a VISA I/O library supports
communication with instruments.
Thus, you can still use your VXI-
plug&play instrument drivers and
application code. The controller also
supports the Agilent I/O Library
suite, version 14.1.

The EX2500 lets you convert any
of the eight VXI backplane trigger
lines into LXI triggers through its
front-panel LXI trigger-bus connec-
tors. Therefore, you can initiate a
trigger signal from a VXI instrument
and have it trigger an LXI-compliant

instrument. You can also use the
LXI trigger as an intermediary to
pass a trigger from one VXI chassis
to another. 

VXI Technology, www.vxitech.com.

Berkeley introduces
portable power meter
Berkeley Varitronics Systems has in-
troduced its YellowFrog power
meter, which makes measurements
from 800 MHz and 2.2 GHz with an
accuracy of ±0.5 dB. It connects di-
rectly to the company’s Gator,
Dragon, Lizard, or other CW trans-
mitters with a type N adapter for in-
stant verification of power levels in
dBm or watts. 

YellowFrog can operate on two
AAA Ni-MH batteries continuously
for more than 8 hrs. A USB port pro-
vides both power and communica-
tion to any PC. YellowFrog includes
PC controller/monitoring software
for setting frequencies and record-
ing power-out levels, but it does not
require a PC to operate.

Berkeley Varitronics Systems,
www.bvsystems.com.

IDDQ current monitor adds
on to ATE systems
Belgium’s Q-Star Test has an-
nounced the transient current moni-
tor module QT-1411 for use as an
add on to any ATE to perform IDDQ

tests in production. The single-in-
line module performs as a
dynamic/transient supply current
monitor and includes a digital inter-
face and onboard memory.

The current monitor operates
with any ATE in analog or digital
applications. You can configure the
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monitor to measure in the ranges 
5 mA to 100 A, from 2 to 50 Msam-
ples/s, and with up to 14-bit reso-
lution. The monitor also provides
up to 3-MHz measurement repeti-
tion rate, 5-�A resolution at 5 mA,
and 0.1% charge resolution on the
10-mA range. Measurement win-
dow is 20-ns minimum, 20-ms sam-

pling at 50 MHz, or 0.5-s sampling
at 2 MHz.

The monitor includes a 256-ksam-
ple internal memory, which can cap-
ture a complete current signature for
off-line analysis. Driver software en-
ables you to integrate the monitor
into a test program.

Q-Star Test, www.qstar.be. 

Power analyzer figures 
out fluctuations and flicker
UK-based Thurlby Thandar Instru-
ments has introduced the HA1600A
power analyzer that measures line
harmonics and flicker to standards
EN61000-3-2 and EN61000-3-3. As
an upgraded version of the earlier
HA1600, the new model provides
firmware to meet the latest stan-
dards, and it enables users to self-
certify compliance with the stan-
dards for CE marking.

The analyzer has a 16-A current
capability and uses shunt resis-
tance of 3 m�. An LCD provides
both graphical and numeric read-
out. In addition to RS-232C and
USB interfaces, isolated monitor
outputs provide reconstructed volt-
age and current signals. The ana-
lyzer provides numerical and
graphical analysis of the 1st to the
40th line harmonics, which it dis-
plays as lists or histograms with
compliance limits. 

Thurlby Thandar Instruments,
www.tti-test.com.

GPIB card transfers data 
at 1.5-Mbytes/s
The eAutomation Group of Advan-
tech has introduced its PCI-1671UP,
a low-cost, universal PCI/GPIB con-
troller in MD1 low-profile form fac-
tor that allows for data transfer
rates of up to 1.5 Mbytes/s. Driver
and utility software allows users to
control instruments from a variety
of command line and programmatic
interfaces.

Features include full IEEE 488.2
compatibility, a complete talker/lis-
tener controller, a 1024-word FIFO
buffer, HS488 compatibility for up 
to 7.7-Mbytes/s data transfer to and
from instruments that support the
high-speed protocol, shared inter-
rupt capability, and transparent in-
terrupt enabling/disabling. The 
PCI-1671UP includes a complete 
NI-488.2 API and NI-VISA driver 
and library for support of diverse
programming tools, including Visual
C++, Borland C++ Builder, Visual
Basic, Delphi, LabWindows/CVI, 
and LabView.

Base price: $470. Advantech,
www.eautomationpro.com/us.
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Be Prepared
ATEasy – All The Tools You Need
Combining a test development environment and test
executive into one integrated, complete package, ATEasy’s
open architecture offers all the tools necessary to develop
and maintain software components—from instrument
drivers to complex test programs.

Full-featured Runtime & Development Environment 
� Seamless integration of DLL, .h files, ActiveX/Com,

.NET, and IVI components
� Fast and easy integration or migration of LabView

and LabWindows/CVI code
� Supports GPIB, PXI, VXI, PCI, TCP/IP, and

RS-232 interfaces
� VB-like form editor for creation of GUIs
� Supports royalty-free, run-time executables

Flexible Test Executive
� Full control of test execution, sequencing,

debugging and data logging
� Customizable user interface
� Integral touch panel user interface
� Fault analysis module to troubleshoot and fix UUTs

As a seamless rapid application development framework
for functional test, ATE, data acquisition, process control,
and instrumentation systems, ATEasy contains all the tools
you need in one integrated package. No other software
package offers the value and versatility of ATEasy!

www.geotestinc.com

To find out how ATEasy can help you be

prepared, go to www.geotestinc.com and

download a free 30-day evaluation copy.
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Analog-output devices
employ USB interface
Measurement Computing’s
OLE_LINK1USB-3110, USB-3112,
and USB-3114 16-bit analog-output
devices have integrated high-drive
voltage outputs, eliminating the
need for external high-drive ampli-
fiers. They are fully compatible with
both USB 1.1 and USB 2.2 stan-
dards and run under Windows 2000
and XP.

The USB-3110 provides four chan-
nels of analog voltage output, eight
digital I/O connections, and one 32-
bit event counter. The USB-3112 has
eight analog voltage outputs, while
the USB-3114 furnishes 16 analog
voltage outputs. Each voltage out-
put is capable of sinking or sourcing
up to 40 mA (maximum) of load cur-
rent. Modules ship with a USB cable,
a 5-V, 2-A AC power adapter, and
InstaCal installation, calibration, and
test software. 

Prices: 3110—$399; 3112—$449;
3114—$599. Measurement Comput-
ing, www.mccdaq.com. 

Signal conditioner inter-
faces with accelerometers
The latest member of Dataforth’s
SCM5B family of isolated analog
signal-conditioning devices is a

field-configurable accelerometer
input module. Designated the
SCM5B48, the module provides
excitation to piezoelectric sensors
with built-in microelectronic ampli-
fiers, commonly known as ICP or
IEPE sensors.

The SCM5B48 delivers constant
current excitation to the sensor, then
isolates, filters, and amplifies the
sensor output to yield a high-level
analog voltage output. The excita-
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tion current, signal gain, and filter
high-pass and low-pass cutoff fre-
quencies are field-configurable
through a set of slide switches. 

Six poles of signal filtering result in
greater than 100 dB of normal-mode
rejection for signal frequencies above
the cutoff frequency. To ensure pro-
tection of data-acquisition equip-
ment, the SCM5B48’s signal inputs
and sensor excitation outputs are
protected against accidental connec-
tion of voltages of up to 240 V rms. 

Dataforth, www.dataforth.com.

PC/104 digital I/O module
is field programmable
A flexible and reconfigurable
PC/104 digital I/O module, the
GPIO-MM from Diamond Systems,
employs a Xilinx Spartan II FPGA
that allows the hardware to be re-
programmed in the field to serve
multiple applications with different
digital I/O requirements. Onboard
flash memory stores the FPGA code
and can be reprogrammed through
a JTAG interface.

The GPIO-MM offers 48 program-
mable-direction digital I/O lines,
eight fixed-input lines, eight fixed-
output lines, and 10 16-bit counter/
timers supported by a 40-MHz clock.
Three pin headers provide a total of
100 I/O pins.

Price: $180. Diamond Systems,
www.diamondsystems.com. 

LXI video switch matrix is
software-configurable
Housed in a 1U rack-mount enclo-
sure, the Model 60-710 dual 24x8
matrix module from Pickering Inter-
faces switches video signals in 75-�
transmission lines. You can also con-
figure the 60-710 through software
to operate as a single 48x8 switch-
ing matrix. 

The unit’s LXI Class C-compliant
interface allows it to be remotely
controlled through its built-in Ether-
net port using a Web browser. The
LXI interface serves up a soft front-
panel application that lets you con-
trol the switch matrix without in-
stalling and configuring drivers. All
video connections are easily accessi-
ble from the front panel. 

Pickering Interfaces, 
www.pickeringtest.com. 
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CLASSIFIED

8, 16 and 32-Channel USB
Thermocouple
Measurement
System
The OMET-USB-73T Series data acquisition devices
support all standard thermocouple types: J, K, E, T,
R, S, B, C and N, with USB 2.0 compatibility, ±2°C 
accuracy (including CJC) and maximum sampling 
of 200 readings persecond. 

• Twenty-four digital inputs and outputs
• Perfect for environmental applications: monitoring 

of furnace, cold storage and computer rooms 
• The series ensures accurate results without the 

high cost of PLC and SCADA systems. 
• Available in 8-, 16- and 32-channel models.
• Price starts at $785.

For more information, 
go to the OMEGA Engineering Inc. web site at

http://www.omega.com/DAS/pdf/OMET-USB.pdf

OMEGA ENGINEERING, INC.
203-359-1660 • www.omega.com

Looking For A Perfect RF Tight
Test Environment?

We think you’ll
find our patent-
ed STE Series RF
Test Enclosures
your better
choice!

✔✔ Perfect for 802.11a, b, g
✔ Cellular, PCS, GSM Tests
✔ Bluetooth, RFID, 3G Tests
✔ Wide Variety of Interface

& Connector Options
✔ Isolation Up To 18GHZ!
✔ FAST Delivery!
✔ Thousands Shipped

Worldwide!

Wireless Device Testing...Made Easy!

800-446-2295

www.ramseytest.com

Great Deals @
CirCircuit Specialists, Inc.cuit Specialists, Inc.

Programmable DCProgrammable DC
Power SuppliesPower Supplies

32903290 2.9GHz RF Field2.9GHz RF Field
SStrengthtrength AnalyzerAnalyzer

wwwwww.CircuitS.CircuitSpecialistpecialists.coms.com

wwwwww.CircuitS.CircuitSpecialistpecialists.coms.com under
Test Equipment

FLUKE IR ThermalFLUKE IR Thermal
ImagingImaging SystemsSystems

in Sin Stock attock at
CircuitSCircuitSpecialistpecialists.coms.com

WWide Bandide Band
Reception for:Reception for:
Mobile Systems
Cellular
Cordless
CB
Paging
Cable TV
Satellite TV
Hidden Camera
Teletapping

$1899.0$1899.000 !!
OnlyOnly

2.9GHz2.9GHz
VVersionersion

AA Sophisticated ScopeSophisticated Scope
AdapterAdapter

200MHz USB DSO200MHz USB DSO
$749.00$749.00

Full Details on web Item#: 200DSO

CirCircuit Specialists, Inc.cuit Specialists, Inc.
wwwwww.Cir.CircuitSpecialists.comcuitSpecialists.com
800-528-1417 // Fax:480-464-5824

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

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

•Low output
ripple & noise 

•LCD display
with backlight

•High resolution at 1mV

Price Breakthrough!Price Breakthrough!

10 GHz Signal  Probing
Noise Free -  Hands Free
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DESIGNING SOLUTIONS.  CONNECTING TECHNOLOGY.  DELIVERING RESULTS.   SINCE 1983

408-982-0660   www.emulation.com  sales@emulation.com

• High frequency signal measurement at 1 GHz, 
3 Ghz, 5 GHz, 10 GHz range

• Hands free clip on probing
• Excellent for single-ended and differential signal measurement
• Works with Agilent, Tektronix, Lecroy scopes and analyzers

REFURBISHED TEST EQUIPMENT
DC-26GHZ    Bought and Sold

A-Comm Electronics
303-770-4855   303-770-6266 Fax

Sales List: http://www.a-comm.com

Kathy McNamara
Phone: (800) 438-6597

E-mail: kathy.mcnamara@reedbusiness.com

please contact:

TO ADVERTISE
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VIEWPOINT
[An exclusive interview with a technical leader]

A relentless drive for greater testing accuracy
Q: In 2005, Fast Company magazine
called Gore the nation’s most innova-
tive company. What are the roots of
this innovation? 
A: Gore’s corporate culture encourages
problem solving and inventiveness, relying
on teamwork and direct communication
rather than cumbersome chains of com-
mand.We operate in small teams that can
move with greater agility,which has served
us well for nearly 50 years in obtaining
hundreds of patents and reducing time to
market for innovative products in diverse
consumer, industrial, electronic, and med-
ical markets.

Q: How does this approach influence
the development of test products? 
A: It has helped us stake out a leadership po-
sition in our microwave/RF cable test as-
semblies.These products deliver guaranteed
phase and amplitude stability with flexure,
ensuring signal integrity from the measure-
ment instrument to the device under test.
Holding calibrations for accurate and re-
peatable measurements allows engineers to
make better decisions and assessments dur-
ing product design, while minimizing
downtime.We’re proud that our 110-GHz
test cable options won a 2005 Best in Test
award in the accessory category from the
editors of Test & Measurement World.

Q: What are some of the most com-
mon applications for these assemblies? 
A: Both in metrology labs and in cutting-
edge R&D settings, our VNA assemblies
are used with vector network analyzers for
critical measurements and device charac-
terization. We also have a line of light-
weight Gore Phaseflex cables that feature
internal ruggedization.This product serves
vector network uses outside the lab, such as
on the production floor or on flight-line or
field-test applications. The assemblies are
also used in scalar analyzers, scopes, and
probes. In terms of extreme demands on
these assemblies, probably the most chal-
lenging area is in thermal vacuum cham-
bers for applications in space.

Q: What is driving the growth of these
products?
A: The entire market is demanding test
products that will operate reliably at higher
and higher frequencies, as devices get more
sophisticated. Design requirements are get-
ting more complex,which means that R&D
labs are pushing the envelope in their test-
ing. For example, we see more demanding
requirements for test cable performance
over temperature at higher frequencies.

Q: How do you harness the Web for
customer service? 
A: Engineers go to Gore’s Online Store to
order our most popular connector and
length configurations for our test cable as-
semblies. There’s also an online cable
builder, which helps engineers identify the
right cable/connector combinations for
the job.Using this tool, along with our on-
line microwave loss calculator, engineers
do not have to guess when making design
decisions or determining design margins.
Gore provides the guaranteed and typical
loss values for their specific configuration.

Q: In January, Fortune named Gore
one of the best companies to work
for—for the ninth consecutive year.
From an engineer’s standpoint, what
makes the company so special? 
A: Engineers at Gore are not entangled in
cumbersome reporting systems, but rather
are organized around specific projects.They
are also motivated by the freedom to set
their own goals, with guidance from spon-
sors and mentors,not bosses,to ensure align-
ment with company and product line ob-
jectives. This type of environment builds
satisfaction and commitment, which di-
rectly relates to the cutting-edge perfor-
mance and success of our products. T&MW

Steve Baldo serves as the
global business unit
leader for test and mea-
surement in the Electronic
Products Division of W.L.
Gore & Associates. He
joined Gore in 1998 as a
product manager for high-
speed digital intercon-
nects and later held a
number of positions, in-
cluding product manager
for the flagship micro-
wave/RF test cable as-
semblies product line and
marketing leader for test
and measurement. He
earned a BSEE from the
University of Notre Dame
and an MBA from the Uni-
versity of Delaware. He is
also a Professional Engi-
neer registered in the
state of Delaware.

Contributing editor
Larry Maloney spoke with
Baldo about Gore and its
products in a recent tele-
phone interview.

STEVE BALDO
Global Business Unit Leader
Test & Measurement Products
W.L. Gore & Associates
Newark, DE

Steve Baldo comments on test
products, customer needs, and

new business ventures for product de-
velopment in the online version of this
interview: www.tmworld.com/2006_06.
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Debug faster and easier than ever before with Wave InspectorTM in the new DPO4000
Series oscilloscopes. Now you can zoom, pan, play, pause, set, and clear waveform

marks and even search for user-defined events using simple, dedicated front-panel

controls. Combine that with integrated serial triggering and packet-level decoding on I2C,

SPI, and CAN buses, and you’ve got a serious breakthrough in the complicated task of

embedded systems debug. All in a deceptively small box that delivers outstanding

performance. Start solving.

You’ve never seen anything like it. See for yourself. 
www.tektronix.com/newdpo4000
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Wave Inspector is a trademark of Tektronix, Inc.

Meet the Wave Inspector.
Solve debugging challenges in record time.
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(800) 891 8841To learn why each of these customers chose PXI, 
visit ni.com/pxi.

PXI is a modular, software-defined platform
for measurement and automation systems. 
• Open industry standard supported by more than 

70 vendors and 1,200 products

• Highest-accuracy instruments, including the highest-
resolution digitizer with -120 dBc typical SFDR

• Industrial-grade, cost-effective system based on
standard PC technologies

• Direct connectivity to existing instruments using 
GPIB, Ethernet/LAN, USB, CompactPCI, 
PCI, and PCI Express 

• Software-defined configuration and automation with
National Instruments LabVIEW and LabWindows/CVI,
C/C++, NI TestStand, and Microsoft .NET

Choose from a complete set of PXI chassis, 
controllers, and modular instruments from NI.

PXI Chassis 3U, 6U, rack-mount, 4 to 18 slots
PXI Controllers Remote or embedded
Digitizers/Oscilloscopes Up to 24 bits, 250 MS/s
Signal Generators Up to 16 bits, 200 MS/s
High-Speed Digital I/O Up to 400 Mb/s
RF Up to 6.6 GHz, 20 MHz RTB
Digital Multimeters Up to 71⁄2 digits, LCR, 1,000 V
Programmable Power Supplies Up to 20 W, 16 bits
Audio Analyzers Up to 24 bits, 500 kS/s
Switches Multiplexers, matrices, RF, relays
Multifunction I/O Analog I/O, digital I/O, counters

PXI The Test Platform of Choice for 
Thousands of Companies Worldwide

Microsoft

Boeing

BAE Systems

Lockheed Martin

United States Air Force

Honeywell

Saab

Johns Hopkins University

Pyrex 

DePuy, 
a Johnson & Johnson Company

Samsung

Stanford University

National Institute of 
Oceanic Technology

Lund Institute of Technology

Sandia National Laboratories 

Lexmark

Magneti Marelli,  a Fiat company

Renault

Summitek Instruments

United States Navy

United States Army

Toshiba

Flextronics

Fiat

Niksar Australia Pty Ltd.

NEC Aerospace Systems

Siemens

SELEX Sistemi Integrati

Huari Telecom

Soliton Technologies

Active Signal Technologies

PC-Based
Controller 

Modular
Instruments

DC to 6.6 GHz

Rack Mount
or 

Portable 
Chassis
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