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· Digital clocks to 2.05 GHz

· Less than 1 ps jitter

· CMOS, PECL, ECL, LVDS, RS-485

· Phase adjustment & time modulation

· PRBS for eye pattern testing (opt.)

· OCXO or rubidium timebase (opt.)

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 100 ps.

How clean? Jitter is less than 1 ps and phase
noise is better than −80 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.

2.05 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)

Clock and PRBS signals at 622.08 MHz
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Connect your 
OS136 or OS137 

to a precision controller
Model CNi8DH, $340, 

sold separately.

© COPYRIGHT 2005 OMEGA ENGINEERING, INC. ALL RIGHTS RESERVED

For Sales and Service, Call TOLL FREE

Shop Online at 

Patents issued and pending on many aspects 
of this device including but not limited to laser

circle and distance measurement.

PATENTED

EXCLUSIVE
FROM 

OMEGA!
®

What’s       at omega.comWhat’s       at omega.com

HH-DM
DISTANCE

MEASURING
OPTION

$75

DV-CAM
OPTIONAL 
DIGITAL 

CAM CORDER
$145

™

etestandmeasurement.com

Shop
Online

Available ONLY From OMEGA

OS533E-DM
BUILT-IN 

DISTANCE 
MEASUREMENT

$625

Handheld Infrared Thermometers
and Non-Contact Sensors
Handheld Infrared Thermometers
and Non-Contact Sensors

OS137
NON-CONTACT 

IR SENSOR/
TRANSMITTER

$345

OS136
NON-CONTACT 

IR SENSOR/
TRANSMITTER

$175

Next Generation
Supermeter®

™

HHM290
3 METERS IN 1

$245
COMPLETE*

*HHM290 Includes: Test lead set,
2 Type K thermocouples, 6 “AA”
batteries, rubber boot, tilt stand,

spare fuse and operator’s manual.

•
High Intensity Laser Dot

Range: Up to 12 m (40')

Laser Circle
Range: Up to 4.5 m (15')

Non-Contact, Temperature
Measurement 

Laser Circle to Dot Switchable™

Energy

Zone
TM

etestandmeasurement.com

Shop
Online

etestandmeasurement.com

Shop
Online
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Shopping is available
24/7 for hundreds of
automation products.
Order online or call

Our team of
experienced engineers
are standing by to
assist you both before
and after you
purchase the product.

Ask us about this risk
free way to try our
products.

I

- FREE standard
shi pp ing for online
orders over $199.

- FREE gift for
registering online.

- Chance to win $500

Place your order with
us by 1pm EST and
most items will ship
the same day.

As an lSO-90011
14001 certified
organization,
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quality control
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design , product and
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For some readers, this issue contains:

Machine-Vision & Inspection Test Report
●● High-speed sensors address inspection
●● A comprehensive imaging reference

Others wishing to read this supplement can access it in 
the online version of this issue at www.tmworld.com.

� Late-breaking news: semiconductor reliability
Vendors are taking aim at performing on-wafer time-depen-
dent dielectric-breakdown (TDDB) and other advanced mea-
surements for deep-submicron processes. Find late-breaking
news at www.tmworld.com.

� View the top articles
Make sure you didn't miss any of the top articles (based on
reader clicks) for March and April. See www.tmworld.com for
the complete list. 

www.tmworld.comTTEESSTT  RREEPPOORRTT  SSUUPPPPLLEEMMEENNTT
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info@keithley.com   • 1-800-588-9238   • Fax 440-248-6168

A  G R E A T E R  M E A S U R E  O F  C O N F I D E N C E

www.keithley.com 4200-SCS

device characterization • parametric I-V analysis • stress-measure 
• reliability tests • device modeling • materials research

The Model 4200-SCS, the industry’s most popular and productive parametric analyzer, is now your best choice for reliability testing, too.
New stress-measure capabilities in our 5.0 software release simplify testing. Exceptional current sensitivity (to 100 attoamps) and an
intuitive Windows XP® interface make the Model 4200-SCS the best, most cost-effective solution for a growing list of applications:

■ Semiconductor technology development ■ Organic LEDs
■ Incoming inspection, failure analysis ■ Hall Effect and Van der Pauw testing
■ Device reliability and lifetime testing ■ Semiconductor process integration
■ Nanotechnology research ■ Op-amp characterization
■ High and low κ dielectrics ■ RFIC, high power MOSFET/BJT

For a demo, contact us at 1-800-588-9238 or 
for more information, visit www.keithley.com/at/080.html

We’ve wrapped up everything 
you need in one package.
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Is engineering a wise career choice? It’s not an easy sell, according
to a recent Wall Street Journal article, which cites the failure of a
successful engineering executive to entice his sons to study engi-
neering—they both opted for economics (“Even Tech Execs Can’t
Get Kids to be Engineers,” March 29). That article resonated with
me, as my son has also chosen to study economics.

Shall we assume that students who are accomplished in math and
science aspire to control the federal funds rate rather
than invent quantum computers? Anecdotal accounts

regarding offspring of engineers should be taken with a
grain of salt—children often want to stake out their own
turf. But the Journal article does present hard statistics:

In 1975, the US ranked third worldwide in its number of undergradu-
ate engineers and natural scientists; today, it ranks 17th.

One might speculate on reasons for a lack of interest in high tech:
an aimless space program that lacks the focus of the 1960s’ moon
race or the outspokenness of politicians openly hostile to science
that doesn’t support an ideological
agenda. A recent study of 2800
Silicon Valley students, the Journal
article reports, found that 68% of
the participants eschewed high-
tech studies, citing tedious, intimi-
dating subject matter pursued by
socially awkward practitioners
obsessed with work. 

Compounding the difficulty is a rather murky employment situa-
tion in the US. Economist Paul Krugman, writing in the New York
Times (“A Whiff of Stagflation,” April 18), claims the employment sit-
uation may be worse than official figures suggest. Prospective engi-
neers might feel particularly vulnerable, with engineering skill sets
more prone to outsourcing than those of health-care providers, or
even economists. After all, E=IR in every culture and political
arrangement, and a line of Verilog code looks the same regardless of
the coder’s native language.

And finally, letter writers responding to the Journal article question
whether there is a shortage of engineers despite college-enrollment
trends; if there were, one writer contends, starting salaries would be
soaring but are not.

What’s your take on the engineering profession? Test & Measure-
ment World is now conducting a survey of randomly selected read-
ers to gauge their opinions on factors including salaries, opportuni-
ties for advancement, and overall job satisfaction; we will report the
results in our August issue. If you receive the survey, please com-
plete it promptly. Even if you don’t, we are interested in what you
have to say. Would you recommend the engineering profession to a
college student? Send your comments to me at the address below.

[ EDITOR’S NOTE ] 

RICK NELSON, CHIEF EDITOR

Is engineering a
tedious, intimidat-
ing subject pursued
by socially awkward
practitioners?
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E V E RY T H I N G  E L S E  FA L L S  S H O RT  O F  T H E  M A R K
There’s a simple reason 71,000 manufacturers test their products with UL 
each year. Regulators, retailers and consumers alike recognize and appreciate
the value of the UL Mark. So when you need expert guidance on achieving
total market access, demand what the market demands—The UL Mark.
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Copyright © 2005 Underwriters Laboratories Inc.®
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Your favorite clothing store isn’t the only one who
knows a thing or two about custom-tailoring and pre-
cise measurements. Now you can also get a premium-
quality signal generator perfectly designed to fit your
needs:

◆ R&S®SMU 200A: High-end gener-
ator for the most demanding of 
requirements – when developing 
base stations, for example. Up to 
two easily combinable generator 
paths mean maximum flexibility no 
matter what the application. The 
optional 40-channel fading simula-
tor opens up unlimited possibilities 
when it comes to developing 
mobile radio receivers that precise-
ly meet the needs at hand. 

◆ R&S®SMJ 100A: High-quality, general-purpose lab
instrument that can handle 1001 applications in 
the area of wireless development. Excellent signal 
quality plus superb operating convenience make 
every measurement fast and reliable.

◆ R&S®SMATE 200A: Ultrafast gen-
erator for use in automatic sys-
tems. Two complete generators up
to 6 GHz and ATE-optimized inter-
faces make it the instrument of 
choice.

To find out which generator best suits
you, just contact any Rohde &
Schwarz sales engineer. You’ll get the
perfect fit!

One size fits all?
Those days are over!

Exact measurements, right fit – 
the R&S®SMx Family of Signal Generators

www.smgen.rohde-schwarz.com
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TESTVOICES
[An exclusive interview with a test engineer]

Northwest passage
s a product engineer at Analog Devices’
Northwest Labs in Beaverton, OR, Ron
Simonson puts new IC designs through

rigorous tests. His tests verify that a device meets
engineering specifications, and he also develops
application circuits that go into data sheets to
help engineers with their designs. Simonson eval-
uates devices such as log detectors, rms detec-
tors, I/Q modulators and demodulators, log 
amplifiers for communications circuits, and RF ICs.

T&MW: What is your role in evaluating a new IC? 
Simonson: When I receive the first pieces, I measure
voltages and currents to make sure that the device draws
the proper amount of current and that it drives the spec-
ified load. I also test for stability and frequency response.
At first, I manually test a part on the lab bench.When I
reach a point where I need to repeat a set of measure-
ments many times or I have a time-consuming test, I 
automate the data collection.

T&MW: What do you use to automate your tests? 
Simonson: I use several software tools to automate tests
and analyze test data. For instrument control and data col-
lection, I use Agilent Vee running on Windows 98. I often
write code modules and DLLs in C to enhance Vee’s ca-
pabilities. I also get sample programs from the Vee e-mail
user group that I can modify to suit my needs. I then
move the data to a Linux PC where I use gnuplot to
view waveforms and use Octave for data processing.

T&MW: Why do you still use Windows 98? 
Simonson: I use it because it lets me write directly to a
PC’s I/O ports. Many of our devices have registers and I
can use the parallel port to write to them.Writing to a
parallel port is more difficult with Windows 2000 or XP.

T&MW: Why do you use Linux tools such as gnu-
plot and Octave? 
Simonson: I’m a Linux user, although I use Windows for
instrument control. I often test dozens of parts to get a
feel for a design’s typical performance.With Linux, I can
use tools that don’t bloat my data files. For example, my
tests can easily collect over 1 Mbyte of data. If I move that
data into Excel, the file can easily exceed 30 Mbytes
when you add math and plots.Although I can use Vee to
store data in a Excel files, I don’t because I find that writ-

ing directly to Excel while a long test runs isn’t reliable. If
I run a test over a weekend and the PC crashes, I lose a
lot of data and time. I prefer to save the data in binary
format because it’s more reliable and the files are small.

With gnuplot, I can leave the data in its original file,
and gnuplot will read and plot it. If I need to manipulate
data with FFTs or other functions, I use Octave, an open-
source program similar to Matlab. I just write a script and
Octave produces the results I need. Because I prefer
Linux, I don’t use Matlab, even though it comes with Vee.

T&MW: What can test-equipment makers do to
make your job easier? 
Simonson: Test-equipment makers may use proprietary
binary formats to save data.They don’t always clearly
specify data formats for these proprietary files. I also find
that instrument manuals have errors relating to program-
ming. On rare occasions, example programs don’t work.

I’d also like oscilloscope makers to get Windows out of
their instruments. I want my scope to make measure-
ments and collect data, not run Excel. I have scopes that
run Windows 98 and I’m forbidden from connecting
them to the corporate network. I had to create a local
network in the lab using a PC running Linux that has
two network cards.The PC lets me connect instruments
to a local network while isolating them from the corpo-
rate network.

From a performance perspective, I need instruments
with better dynamic range. I’d also like a scope that 
doesn’t change its sample rate when I change the time-
base setting. T&MW

A

Every other month, we will publish an interview with an elec-
tronics 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.
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Noise Com has for years supplied OEM modules, subsystems
and instruments for susceptibility testing, arbitrary
waveform signal jamming, broadband noise coverage
and reference signals in electronic warfare. Noise Com has
designed and qualified products between DC and 110 GHz
to MIL-STD-833 that are used in naval, land, missile and
airborne programs. Examples include 4,000 airborne 

multioctave 
broadband noise
sources, UAV 
medium-power 
jammers, GPS & CRPA
jamming emulators,
32-channel selective
frequency jammers
for helicopter 

applications, dispensable battery-operated jammers, fast-
responding jammer modules, frequency and bandwidth
agile jamming generators. 

Interested in a secure talk about 
jamming? Take a peek at 
www.noisecom.com/jam, 
then call Noise Com’s Masters 
of NoiseTM at +1 (201) 261-8797.

A WIRELESS TELECOM GROUP COMPANY

When you’re searching for a higher
level of jamming...ask the Masters.
When you’re searching for a higher
level of jamming...ask the Masters.

Noise Com can show you how to defend yourself.
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NEWSBRIEFS

IEC approves Ethernet
Powerlink Real-Time
Industrial Ethernet
The International Electrotechnical
Commission (IEC) has accepted Ether-
net Powerlink (EPL) as a Publicly Avail-
able Specification (PAS), according to
the Ethernet Powerlink Standardization
Group (EPSG).

The Industrial Automation Open
Network Association (IAONA) submit-
ted the EPL spec to IEC SC65C as a
real-time industrial Ethernet communi-
cation profile. EPSG reports that 96% of
all IEC national committees voted in
favor of EPL. At the same time, the
SC65C subcommittee approved the spec
as a new work item—a key step for Eth-
ernet Powerlink in becoming part of the
IEC Standard IEC 61784-2, “Digital
data communications for measurement
and control—Part 2: Additional profiles
for ISO/IEC 8802-3 based communica-
tion networks in real-time applications,”
which is under development.

The EPSG says it and its strategic
partners will also work on reformatting
the EPL specification to be integrated
into the next revision of the IEC-61158
Fieldbus standard. Among EPL’s major
advantages,EPSG reports, is the fact that
the protocol can be implemented on

any standard Ethernet hardware and
chip without proprietary hardware
components or ASICs.

EPSG claims more than 60,000
EPL-enabled devices are already in use

and more than 300 industrial compa-
nies worldwide support EPL, with
more than 30 companies offer ing 
EPL-enabled products or services.
www.ethernet-powerlink.org.

VeriWave has introduced what it calls a “real-world Voice over In-
ternet Protocol (VoIP) over WLAN test solution.” The VeriWave
VoIP over WLAN analysis test suite runs on the company’s
WaveTest traffic generator/performance analyzer to assess voice-
quality metrics of real-world VoIP over WLANs. It analyzes traffic
prioritization, evaluates the network behavior in the presence of
non-voice traffic, and measures overall call quality when users
roam between WLAN access points.

The VoIP over WLAN test suite provides for open-air testing of
mixed voice/data networks. The test suite evaluates mixed-use
networks by introducing data traffic to the networks, generated
by the WaveTest analyzer. The WaveTest also captures all traffic
on the WLAN and calculates a variety of performance metrics to characterize the network behavior.

One company that has employed the new test suite is Aruba Networks. “Voice is quickly becoming one of
the driving applications for wireless within the enterprise,” said Keerti Melkote, co-founder and VP of product
management for Aruba Networks. “VeriWave’s VoIP over WLAN test suite has proven to be the best-suited,
most reliable, and precise test tool to qualify our offering in real-world conditions.”

The VoIP over WLAN analysis test suite and the WaveTest traffic generator/performance analyzer are avail-
able now. WaveTest pricing starts at $28,995. www.veriwave.com.

Test suite analyzes VoIP over WLAN

Digitizer cards interleave for 
high speed
When your test application calls for high-speed digitizers, look to
the CompactPCI/PXI DC2x2 series from Acqiris, which consists of
three 10-bit models. The high-end DC282 is a four-channel unit
that runs at 2 Gsamples/s on all four channels, interleaved to 4

Gsamples/s on two channels and 8
Gsamples/s on one channel. The
DC252 is a dual-channel unit at 4
Gsamples/s and 8 Gsamples/s, while
the DC222 is a single-channel, 8 Gsam-
ples/s card. The cards bring 3 GHz of
bandwidth to their analog-to-digital
converters (ADCs) and 2 GHz band-
width with an attenuator. All cards are
6U size.

When running on fewer than all
channels, the cards use “ping-pong”

memory that alternates memory blocks with each sample. While
one of the card’s ADCs is digitizing, the previous samples move
out of acquisition memory to the card’s output. Two ASICs provide
signal conditioning, amplification, and interleaving of the chan-
nels. Software support includes drivers for Windows, Phar Lap, 
VxWorks, Linux, LabWindows/CVI, LabView, and Matlab. 

Base price: $21,980. Acqiris, WWW.ACQIRIS.COM.
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Rohde & Schwarz buys
scope manufacturer
Rohde & Schwarz (Munich, Germany)
has bought out Hameg Instruments
(Frankfurt, Germany), a 50-year-old
company known mainly for its low-cost
oscilloscopes. R&S has announced that
the Hameg name will continue and jobs
in development, production, and sales at
Chemintz, Mainhausen, and Munchen-
bernsdorf will not change. Karl Hart-
mann, owner of Hameg, will step down
due to his impending retirement.
www.rohde-schwarz.com.

Teradyne revenues
drop in Q1
Teradyne released its Q1 results in mid-
April, reporting that net orders had in-
creased over the previous quarter while
revenues and earnings had dropped.The
company reported net orders of $340.7
million for the quarter—an increase of
14% over Q4 2004.Yet, its Q1 sales of
$305.6 million represented a 19% de-
crease from Q4 2004.The company also
reported a Q1 net loss of $52.6 million
($0.27 per share), compared to a net in-
come of $3.3 million ($0.02 per share)
in the last quarter of 2004.

Teradyne’s numbers were also down
compared to Q1 2004, when the com-
pany had net orders of $551.2 million,
sales of $430.6 million,and a net income
of $40.2 million ($0.20 per share).
www.teradyne.com.
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NEWSBRIEFS

C A L E N D A R
International Microwave Sym-
posium, June 12–17, Long
Beach, CA. Sponsored by IEEE.
www.ims2005.org. 

Design Automation Conference
(DAC), June 13–17, Anaheim,
CA. Sponsored by IEEE.
www.dac.com. 

Semicon West, July 11–15, San
Francisco, CA. Sponsored by
SEMI. www.semicon.org. 

EMC Symposium, August 8–12,
Chicago, IL. Sponsored by IEEE,
EMC Society. www.emc2005.org. 

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

Communications service monitors 
support analog radio test
Aeroflex has introduced a pair of communications service moni-
tors for analog radio testing. Aimed at the Private Mobile Radio
(PMR) sector, which is used by first responders in emergency situ-
ations, the lightweight units (which, like their predecessors, weigh
less than 25 lbs) provide a full-span spectrum analyzer and a
tracking generator with full offset tracking. They can measure

power to 150 W and have a
frequency range from 400
kHz to 1.05 GHz. The 2948B
also offers a low-phase-noise
signal generator. 

The new instruments share
their predecessors’ testing
capability for radio service

and maintenance, base station service and maintenance, and
manufacturing test. Equipped with flexible audio and demodula-
tion filters and a sunlight-readable transflective color display, the
two new units include greater tracking-generator isolation. An
internal battery option for the Model 2945B allows up to 60 min
of field use. The new options include support for PMR’s Logic
Trunked Radio (available in October) and Tone Remote functions.

Base price: $17,200. Aeroflex, WWW.AEROFLEX.COM. 
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U.S. 1-800-829-4444, Ad #7966
Canada 1-877-894-4414, Ad #7967
www.agilent.com/find/openconnectivity

N6700 power system
Agilent Open

Agilent N6700 low-profile
modular power system
• Mix and match 1 to 4 outputs 

of 50W or 100W in 1U
• Ideal for ATE systems in 

R&D, design validation and 
manufacturing

• Fast command processing 
times to improve throughput

• Prices start at $1,000 per 
output

A lot of options for a little

price. The Agilent N6700

modular power system packs

a command processing time

of <1 ms and the flexibility

of one to four power outputs

into a tidy 1U mainframe.

You can easily mix and

match modules to fit the

system you have today—

and gain the flexibility to

meet system needs in the

future. All starting at just

$1,000 per output.

Of course the instrument

comes system ready, includes

standard PC I/O interfaces,

and lets you develop in the

environment you prefer.

That’s the powerful concept

behind Agilent Open. 
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U.S. 1-800-829-4444, Ad #7966
Canada 1-877-894-4414, Ad #7967
www.agilent.com/find/openconnectivity

Get a quick quote on Agilent Open test instruments

Presenting a whole new concept in testPresenting a whole new concept in test

Agilent Open means you’re open to develop in the software environment 
you choose, use standard PC I/O interfaces, and work with instruments that 
are not only system ready, but able to evolve with your test needs long term.

Say hello to a technology that works the way you want 
to work: fast and smart. That’s Agilent Open Connectivity.

It means you build your tests the way you want—with
the PC-standard I/O, instruments and the software envi-
ronment you choose. Start by plugging in your device
using any of Agilent’s standard I/O options—LAN, USB
and GPIB. Then, our new I/O Libraries Suite software
locates and verifies each instrument (whatever the make)
in your system. With just one reboot, you’ll be connected
and communicating with instruments in less than 15
minutes. What’s more, our system-ready instruments
are open to programming in whatever development
environment you prefer. Now that’s a warm welcome.

As the inventors of GPIB and with 38 years of test 
system expertise, Agilent supports more I/O standards
and delivers the broadest offering of instruments from 
any test and measurement vendor. Now Agilent Open
delivers yet another level of exceptional productivity 
to you. Ready to hear more? Pull up a chair and visit 
www.agilent.com/find/openconnectivity. With the 
possibilities this open, you may never want to leave.

Come on in to Agilent OpenCome on in to Agilent Open
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The Wonder Wave Series
Leading Features:

• 50, 100, 250 and 1 ,200MS/s Versions

• 1, 2 or Multi Channels

• Up to 16 Bit Vertical Resolution
• Up to 14 Digits Frequency Resolution
• Up to 16 Meg Waveform Memory
• Digital Pattern Outputs
• Comprehensive Memory Management
• 3.5” LCD, Color Display

• Ethernet 10/1 00, USB 2.0 and GPIB Interfaces
• AM, FM, Arbitrary FM & AM, FSK, Up to 256 Multiple PSK,

Frequency Hopping, Sweep Modulations and More

�:JJj

TABORELECTRONICS Ltd.

Ther&s a New

inTOWN!!

wwwiaborelec. corn

Tabor ’s New
Wonder Wave Series
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At this year’s  OFC/NFOEC,one thing
became apparent—fiber to the home
(FTTH),fiber to the premise (FTTP),or
fiber to the whatever you want to call it
(FTTx) is the technology driving the
communications business.That includes
test and measurement, as numerous test
equipment makers displayed handheld
equipment such as OTDRs that can test
newly installed short-run fiber.

Anritsu (www.us.anritsu.com)
demonstrated a 40-Gbps jitter and BER
tester used in R&D
labs. For development
of 10-Gbps products
and networks, Anritsu
introduced the MP
1590B SONET tester,
which complies with
ITU-T recommenda-
tion O.172 for jitter
measurements. Yoko-
gawa (www.yoko-
gawa.com) displayed light sources,
OTDRs,an optical sampling scope, laser
sources, optical packet switches, and a
10-Gbps BERT. Circadiant Systems
(www.circadiant.com) demonstrated an
optical standards tester (OST) that auto-
mates BER vs. optical power and BER
vs. OSNR tests. The company intro-
duced the A3318, an interface between
electrical signals and 850-nm multi-
mode fiber for the OST.

Peleton (www.peleton.com) intro-
duced the TM3100C multiwavelength
laser source that can produce light in the
C band at up to 40 wavelengths at 100-
GHz spacing. The TM3050C can pro-
duce 80 wavelengths at 50-GHz spac-
ing. Agilent Technologies (www.
agilent.com) introduced an 8X Fibre
Channel tester and displayed the E6000
series OTDRs.

Newport (www.newport.com) ex-
hibited power meters and polarization
measurement-and-control units that
you can use to build an optical control
loop. SHF Communication Tech-
nologies (www.shf.biz) showed a

BERT that the company says operates at
50 Gbps. dBm Optics (www.dbmop-
tics.com) introduced an optical power
meter and displayed a component spec-
trum analyzer that characterizes trans-
mitters and receivers.

EXFO (www.exfo.com) demon-
strated its FTB-400 test platform,which
consists of several mainframes that ac-
cept 15 different input modules such as
an OTDR and optical spectrum ana-
lyzer.Acterna (www.acterna.com) dis-

played test equipment
for physical-layer test-
ing, including the
ONT-506, an optical
spectrum analyzer with
BERT capabilities.
Apex Technologies
(www.apex-t.com) ex-
hibited an optical spec-
trum analyzer and opti-
cal vector analyzer.

LeCroy (www.lecroy.com) demon-
strated its Serial Data Analyzer and its
WaveSurfer oscilloscope. ILX Light-
wave (www.ilxlightwave.com) dis-
played laser-diode test equipment, in-
cluding a current source, parameter
analyzer, and burn-in tester. PXIT
(www.pxit.com), a maker of PXI mod-
ular instruments, showed its power
meter, BERT, and optical attenuator.

Continuum Photonics (www.
continuumphotonics.com) showed its
optical switches working with test
equipment from Agilent Technologies.
NetTest (www.nettest.com) displayed
the CMA 5000 multilayer test platform
along with several handheld instruments
for field applications.

Synthesys Research (www.
bertscope.com) displayed its BERT-
scope line of BER testers that also dis-
play eye diagrams and operate on data
streams up to 12.5 Gbps. OptoTest
(www.optotest.com) introduced modu-
lar power meters that connect to a com-
puter’s USB port for portable, low-cost
measurements. T&MW

Optical test products on the rise
> > > Optical Fiber Communications/National Fiber Optic Engineers
Conference, March 7–9, Anaheim, CA. www.ofcconference.org.

SHOWHIGHLIGHTS

The MP 1590B SONET tester
complies with ITU-T recom-
mendation O.172. Courtesy of Anritsu.
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U.S. 1-800-829-4444, Ad #7966
Canada 1-877-894-4414, Ad #7967
www.agilent.com/find/openconnectivity

N5700 power supplies
Agilent Open

Agilent N5700 Series system
DC power supplies
• The highest power in 1U

• Outputs can be connected 
in parallel and in series

• Overvoltage, overcurrent, and
overtemperature protection

• Prices begin at $2,325 for 
750W, just $2,760 for 1500W

High power. High value.

They’re what you’ll find in

the Agilent N5700 Series DC

power supplies. For just

$2,325 for 750 W and $2,760

for 1500 W, you’ll get the

highest power available 

in 1U.

Plus, the N5700 Series 

is part of Agilent Open, so

each instrument is system

ready, comes with LAN,

USB, and GPIB interfaces,

and allows you to work in

the development environ-

ment of your choice. That’s

a high-power concept.
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Strongest
Now Sony, the most powerful
name in digita l technology, will
soon become the choice for Camera Link® compatible cameras.
You’ll love the size—unprecedented in a digital camera—which
makes them ideal drop-in replacements for most analog
cameras. You ’ll appreciate the selection of resolutions and
models to match your application perfectly. Even the price is
a powerful plus. Link up with Sony.

XCL-V500 B/W DIGITAL CAMERA . VGA image (648 x 494 square pixels).
Ultra-compact 29 x 29 x 30 mm. 1/3” progressive scan CCD. Binning,
partial scan and external trigger shutter.

XCL-X700 B/W DIGITAL CAMERA. XGA image (1024 x 768 square
pixels) . Ultra-compact 29 x 29 x 30 mm. 1/ 3 ” progressive scan CCD.
Binning, partial scan and external trigger shutter.

XCL-U1000 B/W DIGITAL CAMERA. UXGA image (1600 x 1200 square
pixels). 1/1.8” progressive scan CCD. Compact 44 x 56 x 95 mm.
Binning, partial scan , external trigger shutter and a monitor output.

XCL-U1000C COLOR DIGITAL CAMERA. UXGA image (1600 x 1200
square pixels). 1/1 .8” progressive scan CCD. Compact 44 x 56 x 95 mm.
Partial scan , white balance, external trigger shutter and a monitor output.
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Strongest
Now Sony, the most powerful [ Ic�name in digital technology, will
soon become the choice for Camera Link® compatible cameras.
You’ll love the size—unprecedented in a digital camera—which
makes them ideal drop-in repLacements for most anaLog
cameras. You ’ll appreciate the selection of resolutions and
models to match your appLication perfectly. Even the price is
a powerful plus. Link up with Sony.

XCL-V500 B/W DIGITAL CAMERA. VGA image (648 x 494 square pixels).
Ultra-compact 29 x 29 x 30 mm. 1/3 progressive scan CCD. Binning,
partial scan and external trigger shutter.

XCL-X700 B/W DIGITAL CAMERA. XGA image (1024 x 768 square
pixeLs). ULtra-compact 29 x 29 x 30 mm. 1/ 3 ” progressive scan CCD.
Binning, partial scan and external trigger shutter.

XCL-U1000 B/W DIGITAL CAMERA. UXGA image (1600 x 1200 square
pixels). 1/1.8” progressive scan CCD. Compact 44 x 56 x 95 mm.
Binning, partial scan , external trigger shutter and a monitor output.

XCL-U1000C COLOR DIGITAL CAMERA. UXGA image (1600 x 1200
square pixels). 1/1 .8’ progressive scan CCD. Compact 44 x 56 x 95 mm.
Partial scan, white balance, external trigger shutter and a monitor output.

www.sony.com/videocameras/Iink4 (201) 930-1000 sony.cameras@am.sony.com
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People who aren’t experienced
with machine vision may think

that measuring a linewidth on a
printed-circuit board and determin-
ing the presence or absence of a 
component on that same board are
essentially the same task. But the
equipment and techniques used for
each application will be very differ-
ent. Similarly, equipment used to
inspect an expensive, high-margin
product like a cellular-network base
station requires features quite differ-
ent from those used to inspect a
high-volume, low-margin (or zero-
margin) product such as a cellular
phone. According to Terry Guy,
product marketing manager for East-
man Kodak’s Image Sensor Solutions
Group in Rochester, NY, success in
any vision application requires keep-
ing the needs of that application
firmly in mind. 

At the “heart” of the system
Consider the image sensor, what you
might call the “film” part of a cam-
era, computer, or imaging system.
Light-sensitive sites (pixels) on the
sensor capture the image in much the
same way that the retina of the eye
captures its image. The sensor then

converts the pixels into electrical sig-
nals and transmits those signals out of
the sensor and eventually to the com-
puter system for analysis. Figure 1
shows a block diagram for a typical
machine-vision camera. 

The sensors capture an image using
either progressive-scan or interlaced
techniques. In progressive-scan, the
sensor exports the entire image in a
single read-out cycle. An interlaced
imager reads out the even-numbered
lines of the image in one cycle and the
odd-numbered lines in the next. The
use of two read cycles for each image
might suggest that this technique can
provide increased image resolution. In
many situations, however, interlaced
images suffer from motion-based
blurring because of the time delay be-
tween the two cycles. 

Guy suggests that selecting a cam-
era with the right sensor becomes crit-
ical to an application’s success, be-
cause the sensor defines the maximum
speed and resolution of the imaging
system as a whole. Assuming compa-

rable processing software and compa-
rable computer capability, the time re-
quired to analyze the image remains
relatively constant. Capturing the
image is the only real variable in the
process. 

Traditional sensors could capture 30
to 60 images per second at a resolution
of 640x480 pixels. Inspection systems
based on that technology could achieve
higher resolution, but only by operat-
ing at a slower frame rate. On the
other hand, Guy notes that new sen-
sors (Figure 2) are available that in-
crease the clock rate, and thereby raise
image-capture rates to 110 or 210
frames/s. These sensors increase resolu-
tion as well. They can achieve resolu-
tions of 1k-x-2k pixels at that frame
rate. Again, this solution permits
higher frame rates at the expense of
image resolution.

Some higher-resolution applica-
tions demand the ability to capture
even more information in each frame.
One new sensor manages up to 11

Analog front
end and timing

generator

Micro-
controller

Vertical
clock

drivers

LVD8
transmitter/

receiver

Camera link
digital output

connector

Channel link
transmitter

Horizontal
clock drivers

Analog front
end and timing

generatorImage
sensor

Camera lens

Fig. 1 A block diagram of a typical camera system. The sensor serves the same purpose as the
retina of the eye. C o u r t e s y  o f  E a s tm a n  K o d a k  Im a g e  S e n s o r  S o l u t i o n s .

I M A G E  A C Q U I S I T I O N

High-speed sensors address inspection 
Stephen F. Scheiber, Contributing Technical Editor
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Matrix Vision names
North American 
distributor

MATRIX VISION of Oppenweiler,
Germany, has selected Digital

Network Vision of Waltham, MA, as
its distributor for North America.
Matrix Vision’s products include the
BlueLYNX line of intelligent cameras
and the BlueFOX line of USB CCD
cameras. In addition, the company
offers mvIMPACT software, which
performs measurement tasks and 
also reads Data Matrix codes. Digi-
tal Network Vision is a distributor of
vision hardware and software fo-
cused on the machine/industrial vi-
sion, image analysis/biomedical
imaging, and security markets.
www.digitalnetworkvision.com. �

Cognex announces
.NET support

VISIONPRO PC vision software
from Cognex supports the Micro-

soft Visual Studio .NET programming
environment, enabling VisionPro
users to integrate third-party .NET
objects into their vision applications

and integrate vision applications with
their automation systems.

VisionPro with Visual Studio .NET
allows users to speed the development
of vision applications in several ways:
Vision applications can be merged with
motion control, I/O, and factory com-
munications; custom tools can be inte-
grated with VisionPro tools; and data-
bases and charting functions can be
incorporated into vision applications.

PC-based VisionPro includes a
vision-tool library and supports a
variety of Cognex frame-grabber and
industrial-camera options.
www.cognex.com. �

RVSI sells semicon-
ductor inspection
business

ANCORA MANAGEMENT has
purchased the assets of the Semi-

conductor Equipment Group from
Robotic Vision Systems Inc. (RVSI)
and will operate the business as RVSI
Inspection. Robotic Vision Systems
has been operating under bankruptcy
protection since November 2004. 

RVSI Inspection manufactures in-
spection systems for wafers and ICs.
The company will remain in its Haup-
pauge, NY, location. �

w w w . t m w o r l d . c o m

Machine-Vision & Inspection T E S T  R E P O R T

E D I T O R ’ S  N O T E

Looking outside 
the box
Steve Scheiber, Technical Editor

In the past few years, machine-
vision technology has become a

vital component in the inspection
and test arsenal. Frame grabbers
and analysis hardware have gotten
faster. Resolution has increased
enormously. Memory has soared. 

Yet if you look
closely, most of the
vision features and
capabilities that we
take for granted did
not start here. Bar

code readers that keep track of board
serial numbers and firmware versions
in high-throughput production began
in supermarkets and retail stores as
handheld and stationary devices to
improve sales volumes and inventory
control. Ditto optical character read-
ers that today read labels on the tops
of devices on assembled PCBs.

The trend continues. Dr. Stein’s
(see facing page) toll-enforcement
vision system for German motorways
requires high-speed high-resolution
imaging that can also address high-
throughput electronic component
production. Developed to inspect
aluminum ingots in Australia in real
time, parallel-camera 3-D imaging
systems can examine the “flatness”
of PCB substrates. State-of-the-art
vision systems may also come from
the pharmaceutical or medical-imag-
ing industries.

As electronics manufacturers face
ever greater challenges, we should
look beyond our own narrow applica-
tions to find solutions. Our universe
is too small to support innovative de-
velopment for us alone. We can
adapt engineering cleverness from
elsewhere to our own advantage. �

N E W S

The Vision Show West
May 17–19
San Jose, CA
Sponsored by: Automated Imaging
Association
www.machinevisiononline.org

Introduction to Infrared 
Thermography
FLIR Systems is conducting a series
of half-day seminars on infrared (IR)
imaging and IR temperature measure-
ment. Upcoming sessions:
June 9—Orlando, FL
June 17—Lexington, KY
seminar@flir.com

Coordinate Metrology Systems
Conference (CMSC) 2005 
July 17–22
Austin, Texas 
Sponsored by: CMSC Society
www.cmsc.org

International Robots & Vision Show 
September 27–29
Chicago, IL
Sponsored by: Automated Imaging
Association
www.machinevisiononline.org

To learn about other conferences and
courses, visit www.tmworld.com.

Calendar

Contact Steve Scheiber at
sscheiber@aol.com. 
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In recognition of his “outstanding contributions in promoting market ac-
ceptance of industrial and/or scientific imaging” through vision-based

products such as an innovative bar-code reading system that handles small,
dirty, or distorted bar codes accurately at high read rates, the Automated
Imaging Association (AIA; www.machinevisiononline.org) has awarded
Dr.-Ing. Norbert Stein its
Achievement Award for
2005. Dr. Stein, owner,
founder, and president of Vit-
ronic (Wiesbaden, Germany),
has spent more than 20 years
developing new vision tech-
nology applications. 

The company recently
installed more than 300 toll-
enforcement systems along
German motorways, provid-
ing fully automated free-
flowing multi-lane enforce-
ment of road-use charges for
more than 1 million vehicles
every day. Their 3-D shape-
recognition capability counts
axles, detects trailers, and can
recognize license plates from all over Europe. According to Dr. Stein, this
same technology can inspect electronic components and boards in high-
volume production.

Dr. Stein received his PhD from Technical University Darmstadt in
1984. He founded Vitronic that same year, introducing the bar-code
reader in 1986, an equally sophisticated optical character reader (OCR) in
1987, a vision system in 1989, and the first real-time 3-D system in 1990.
The latter utilized cameras in parallel to produce the real-time response. In
1995, the company introduced a 3-D whole-body scanner that adapts eas-
ily to a plethora of inspection tasks. What began as a one-person opera-
tion has evolved into a market leader with a staff of 250 and more than
$90 million in sales serving numerous automation, inspection, and mea-
surement applications.

In 2004, as VP of the Robot and Automation Division of the German
Machinery and Plant Manufacturers’ Association (VDMA), Stein helped
launch the Automatica international trade show for robots, assembly, and
machine vision in Munich. (The next Automatica will be held May 16–19,
2006, in Munich.) In addition to his technical accomplishments, Dr. Stein
sponsors numerous educational activities. He gives lectures to open stu-
dents’ eyes to the world of engineering and serves as a university lecturer
on machine vision. He supports “robot discipline in the classroom”—en-
couraging students to “learn while doing” with special robot kits designed
specifically for education. He also serves on juries for school competitions
in Wiesbaden and organizes school visits to technical fairs. �

Vitronic executive receives AIA 
achievement award
Steve Scheiber, Contributing Technical Editor

Dr. Stein (left) accepts the 2005 Achievement Award
from Jeff Burnstein, executive director of the AIA.
C o u r t e s y  o f  A I A .

www.stockeryale.com/lasers

SPECKLE REDUCTION
LASERS

NEW Lasiris™
Reduced 
Speckle Laser

StockerYale Inc.
275 Kesmark, Montreal, Quebec  
H9B 3J1  Canada
Tel.: (514) 685-1005   
Fax: (514) 685-3307

1-800-814-9552

lasers@stockeryale.com
NASDAQ: STKR

Copyright ©2005 StockerYale, Inc.  All rights reserved.

Celebrating 20 years 
in lasers and beam shaping!

•Diminishes speckle content

•High spatial coherence

•Spectrally broadband beam

•Tight focusing performance

•Thermoelectrically cooled

•Available in red and infrared

Some applications:
•The Lasiris™ Reduced Speckle laser is

designed to increase the accuracy of
machine vision equipment where
the laser beam is projected on any
type of rough surface.

•3D contour mapping

See Us at The VISION Show West, Booth #517
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1-800-762-6077 • askdvt@dvtsensors.com • www.dvtsensors.com/servantleadership
Ask us about Servant Leadership and agapé support

Customer Challenge: Find a single pallet of product among thousands of pallets containing
multitudes of products, stored randomly in a bulk storage warehouse. Locate it quickly, positively,
and efficiently, meeting the shipping schedule and exceeding the customer's expectation.

DVT Solution: Sky-Trax Inc. applied DVT machine vision technology to create a Local
Positioning System (LPS) that works like a Global Positioning System (GPS), but operates
reliably indoors. Sky-Trax LPS ™ tracks lift trucks in real time and automatically provides 
accurate location information about the lift truck location, and therefore the pallet load location,
to operators and managers. At the heart of the system is a DVT smart camera that mounts 
on the lift truck and views Sky-Marx ™ optical position markers, which are placed overhead. 
The camera calculates vehicle position and directional heading, and transmits the data 
to the on-board driver's console and to the manager's console via a wireless 
network. Sky-Trax controller software does the rest; creating navigation 
screens, warehouse graphic views, and inventory reports. While solving 
the primary problem of locating goods, Sky-Trax LPS is finding additional
applications in optimizing warehouse management, providing fleet 
management data, and improving safety.

New Technology 
To Solve Old Problems
Machine Vision Takes the “Where?” Out of the Warehouse

Richard Ungerbuehler
General Manager

Sky-Trax Inc.
www.sky-trax.com

ISO 9001:2000© Copyright DVT Corporation 2005.
All trademarks are the property of their respective owners.
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To help you get up to speed on a
variety of machine-vision topics,

Edmund Industrial Optics has assem-
bled a collection of application infor-
mation into its 2005 edition of The
Best of EO Application Notes. You
can download a copy of the entire
book from the company's Web site:
www2.edmundoptics.com/techsup/
bestofeoappnotes2005.pdf. Here are
some highlights:

“Optics and Machine Vision”
Anyone building or buying a
machine-vision system has to
understand the fundamental
image-quality specifications
(see figure) and how they in-
terrelate to define the system’s
overall performance. The goal
is to get sufficient image qual-
ity to meet your inspection
needs without overbuying. 

This note explores many of
the obvious and not-so-obvi-
ous factors that determine the
suitability of a particular
piece of hardware to a spe-
cific application. For exam-
ple, it defines depth of field—
an often overlooked
specification that in printed-
circuit board inspection can
ensure that the tops of tall de-
vices, device leads, and traces
on the board surface all re-
main in focus in a single image. Sen-
sor size is important to determine the
appropriate lens magnification re-
quired to produce a desired field-of-
view.

The discussion also explores the
impact of contrast, perspective error,
and distortion on overall image
quality. Although most data sheets
specify resolution and contrast sepa-
rately, they are closely related. Con-
trast—expressed as gray-scale or sig-
nal-to-noise ratio—describes how
effectively an image reproduces dif-

ferences between boundary areas rel-
ative to one another. Although its
meaning is usually well-understood,
its importance to image accuracy is
often underestimated. 

The note’s author contends that
resolution can be meaningless unless
it is defined relative to a specific
contrast and vice versa. Consider an
image consisting of two dots. If the

dots are far apart, the distinction
between them is unambiguous. As
they get closer together, the ability
to resolve them rather than perceive
them as a single object depends both
on the resolution of the camera and
the level of contrast between the
dots and their background. The au-
thor further explains how you can
use the modulation transfer func-
tion, which describes the relation-
ship between contrast and resolu-
tion, to determine a vision system’s
expected performance.

“10 Lens Specifications You Must 
Know For Machine Vision Optics”
Another discussion of vision funda-
mentals, this piece serves as a kind of
“cookbook”—a useful checklist of
considerations for specifying the lens
of a vision system. Overall, the note
aims to provide you with information
about lens characteristics so you can
assemble a vision system that provides

the best possible perfor-
mance at the lowest possible
cost. For example, the au-
thor recommends specifying
field-of-view rather than
magnification to ensure that
the vision system can inspect
the entire region of interest.
The author also suggests
considering factors such as
illumination integration,
charge-coupled device
(CCD) format, operator
error, and software develop-
ment to help reduce setup
costs and system downtime
while optimizing reliability
and repeatability. 

The paper also explores
factors that affect lens dis-
tortion and suggest ways to
minimize their impact. Dis-
tortion is an optical error
that causes differences in ob-
ject magnification at differ-
ent points in the image.

There is no loss of information, but it
is “misplaced.” Software can compen-
sate for lens distortion before analyz-
ing or producing the final image. 

The author also suggests that, de-
spite manufacturers’ reluctance to
share it, you should try to get as much
information as possible about the
lens’s design criteria. In particular, in-
quire about the optimal distance from
the object plane to the lens. If you
need a lens for a short working dis-
tance, you don’t want one that was de-
signed to focus at infinity. (continued)
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A comprehensive imaging reference 
Steve Scheiber, Contributing Technical Editor

The fundamental parameters of an imaging system, including the res-
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“Correcting Perspective Errors 
with Telecentricity”
This note, one of several in the book
that discuss specific applications, re-
lates how one manufacturer required

a system to inspect the prototype of a
hardware computer key connector to
verify the placement of its pins. The
author describes the customer’s sys-
tem requirements and shows how to
select the appropriate components to
meet them. 

Because conventional lens designs
suffer from perspective errors when
imaging objects with significant
height or depth, the note recom-
mends telecentric lenses to correct
the problem.

“Designing a Vision System to Meet 
Your Space Constraints”
The author of this piece contends that
planners sometimes begin working on
the design of the optical system only
after completing mechanical and
other system designs. Therefore, the
vision system must fit into whatever
space is left. 

This note outlines a series of steps
you can take in order to assemble a
workable imaging system in a too-
small box:
1. Define your mechanical con-
straints;
2. Define your fundamental para-
meters;
3. Lay out the imaging system as
though it were in a straight line;
4. Place the illumination and deter-
mine the minimum f-stop;
5. Compare the optical design with
mechanical constraints; and
6. Bend the system. 

To determine the mechanical con-
straints, for example, you must first
determine how much space is avail-
able for the imaging system. Deter-
mine the size of the box the system
must fit in and measure the length 
of the space allotted for optics. Re-
member that the space will have to
accommodate the length of the cam-
era lens and the length of cables and,
in most systems, the illumination
components.

The author recommends that you
first lay out the system in a straight
line to ensure it works before fitting
it into the allotted space. If the sys-
tem doesn’t fit, then you may need
to introduce “bends” into the opti-
cal path with prisms, mirrors, or
beam splitters. The author briefly
discusses the pros and cons of each
option and shows how an effective
optical system can be designed for a
space that initially seemed too small
to hold it. �
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www.thales-optem.com/tmw0505
USA Toll free: (800) 430-3041 or (585) 223-2370

THALES OPTEM INC.
Rochester, New York  USA  

Simply the best optical match to your
ever-changing machine vision environment

Thales Optem offers an extensive line of Optem®

Zoom and Fixed-Magnification Optical Systems to blend
perfectly with the varied needs of your ever changing 
inspection and machine vision environments.

Backed by a broad spectrum of illumination, motorization and optical
accessories, the signature Optem design permits seamless modular
interchangeability to modify performance and functionality for your exact
vision, inspection and research applications.

Contact Thales Optem today for more information, or to locate the
authorized Optem dealer nearest you.

Optem® is a registered trademark of Thales Optem Inc.
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Master this formula.
And solve your integration problem.

Looking to spend less time integrating your vision system and more time developing your application?
Matrox has the answer. 

Matrox 4Sight M is the third-generation of our highly successful industrial vision platform that
integrates image capture, processing, display, networking and general purpose I/O in a compact,
rugged enclosure. It offers the flexibility of capturing from a wide variety of cameras, including those
with a Gigabit Ethernet interface. And we carefully select and assemble 4Sight M’s components 
to ensure their interoperability and guarantee the system’s longevity of supply.

Available with 4Sight M are the industrial-strength and field-proven Microsoft® Windows® XP
Embedded and Matrox Imaging Library (MIL). Both are pre-installed on the platform so you can
simply load and execute your application. It’s a simple lesson with no homework required.

Test it yourself and see.
Matrox 4Sight M is the perfect solution.

Matrox 4Sight M

Call: 1-800-804-6243/+1-514-822-6020
Email: imaging.info@matrox.com
Visit: www.matrox.com/imaging/ads/4sightm/tm
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Mpixels—4008x2672 pixels. Higher
resolution also permits users to in-
crease the field of view captured in
each frame. With twice the resolution,
each image contains four times the
area at the same level of detail. In that
case, the camera can cover a large sur-
face with only a quarter as many im-
ages. In some situations, that might
mean fewer images required of each
camera. For high throughput, it can
mean that the system includes only a
quarter as many cameras—substan-
tially reducing system cost. 

On the factory floor
Two of the largest users of high-speed
cameras are manufacturers of elec-
tronics and manufacturers of semi-
conductors. Vision-based inspection
systems look at pat-
terns on silicon
wafers in real-time
production to iden-
tify shorts and
opens. The goal is
to eliminate defec-
tive material and
provide process in-
formation to in-
crease future yields.
On diced chips, a
system may look at
lead-bonding oper-
ations, including examining the edge
of the die. On both packaged compo-
nents and finished boards, a system
looks for bent or broken leads; on
boards, it also looks at the interface
between device leads and the board
surface, including the quality of the
solder joints.

Production-rate requirements have
increased dramatically over the past
few years. Until a few years ago, for
example, a wafer inspection system
at full speed could examine 100
wafers/hr. With higher production
rates and demands to reduce factory
floor space, new systems must handle
150 wafers/hr with no compromise in
frame rate or image resolution. A
manufacturer must choose a camera
that can achieve the necessary resolu-
tion even at the higher speeds.

Let it be a challenge
Imperx designs and manufactures
imaging products that produce high-
resolution black-and-white and color
still images and full-rate motion im-
ages for high-demand applications.
President and CEO Petko Dinev
underscores the importance of attain-
ing the highest possible frame rate
and resolution, including high-speed
sensors, in his camera designs. 

As an example of a high-demand
application, he cites the explosive
growth in the manufacture of flat-
panel liquid-crystal displays (LCDs)—
relatively small ones for notebook
computers and computer monitors as
well as the large panels that have ap-
peared for presenting high-definition
television (HDTV). Dinev notes that
supplying high-speed cameras for

LCD inspection
represents a sub-
stantial portion of
Imperx’s business.

LCD manufac-
ture is a compli-
cated multi-step
process that re-
quires testing at
every step to weed
out bad panels. As
with any product
aimed at con-
sumers, manufac-

turers must drive costs down—which
requires increasing factory throughput
as much as possible—while keeping
yields and quality up. A 21-in. flat-
panel monitor with 1600x1200 reso-
lution, which only a few years ago
would have sold for thousands of dol-
lars, can cost less than $700 today. 

Flat-panel displays consist of two
pieces of glass spaced 0.8 mm apart.
Companies manufacture the panels in
sheets larger than 2 m2 and then cut
individual displays from the sheets. As
a first step, inspection must verify that
the glass is perfectly flat and defect-
free. Then, tiny spacers are placed be-
tween the two pieces. Another inspec-
tion step ensures that the spacer
positions are correct and that the
glass panels are parallel, with the dis-
tance between them remaining strictly
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Fig. 2 A high-speed, high-resolution sensor.
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constant. Any spatial variation will
cause pixel colors to bleed and there-
fore cause the panel to be rejected. 

Once the crystal cells are in place,
the displays must be inspected again.
The size of the panels and the neces-
sary throughput require manufactur-
ers to use many cameras simultane-
ously for each inspection. The use of
high-speed imaging sensors with high-
resolution can reduce the number of
cameras needed to acquire informa-
tion in real time. 

Flexibility is key
Dinev says that there is another ad-
vantage to designing a camera around
a high-speed sensor: flexibility. For
example, his company’s 11-Mpixel
camera inspects the LCD panels in
high resolution at 210 frames/s. With
that same camera, NASA can inspect
jets from the Space Shuttle at more
than 1000 frames/s. In extreme cases,
you might even look at a small field
of view at 3000 frames/s.  

In addition, building a camera
around a high-speed sensor dramati-
cally reduces the cost of that level of
performance. With a tweak of the
software, the same camera hardware
can offer lower-resolution images even
at slower speeds, when that is what an
application demands. Because they
contain fewer bits of information,
such images permit faster analysis
than their high-resolution counter-
parts and take up less storage space. 

Imaging flexibility can offer enor-
mous advantages to users. Consider
the plight of the contract manufac-
turer. For vertical manufacturers, the
next product generally resembles the
last one, at least to some extent. Man-
ufacturing and inspection and test
strategies remain relatively constant
as well. But a contract manufacturer
never knows what the next project
might be. Since inspection has become
such an integral part of the contract
manufacturer’s arsenal, the freedom
to specify a single camera that will
meet needs ranging from low speed
with low resolution to the most de-
manding high speed with high resolu-
tion has enormous appeal. 

Time marches on
Like all electronics technologies, the
capability of image sensors has grown
dramatically in the past few years,
while prices have fallen. Incorporating
such sensors into camera designs per-
mits a single system to perform a

plethora of inspection tasks, from the
relatively mundane to the most de-
manding. While one size does not fit
all, this type of versatility simplifies
the task of specifying a camera that
will meet uncertain and ever-changing
needs. �

Our X-Ray 
Line-Scan Cameras can

help you see what
you’ve been

missing.

Hamamatsu X-Ray Line Scan Cameras image the interior of
objects ranging from food products to aluminum castings at
high resolution and high speed revealing product non-
uniformity, defects and dangerous foreign matter. Consider
the advantages of the Hamamatsu line of X-Ray Line Scan
Cameras. It's like having Superman work for you. 

To see what you’ve been missing, visit our website at
www.whatifcameras.com/tmw.

360 Foothill Road, P.O. Box 6910, Bridgewater, NJ 08807     908-231-1116, Fax 908-231-0852     E-mail: usa@hamamatsu.com

JAPAN: +81-53-431-0214 GERMANY: +49-8152-375-0     FRANCE: +33-1-69 53 71 00     UK: +44-1707-294888
SWEDEN: +46-8-50 90 31 00     ITALY: +39-02-93 58 1733     SWITZERLAND: +41-31-879 7070

Answering the challenge.
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Electron microscope
FEI has announced the Titan 80-300
scanning/transmission electron micro-
scope (S/TEM), which yields atomic-
scale imaging with resolution below 0.7
Angstrom. The Titan announcement
comes one year after FEI achieved
sub-Angstrom resolution on its Tecnai
microscope using a monochromator
and an aberration corrector. FEI says
the Titan 80-300 is designed as a ded-
icated and upgradeable aberration-cor-
rected system that will enable corrector
and monochromator technology to
enter into mainstream nanotechnology
research and industrial markets. FEI
Co., www.feicompany.com.

AOI system
To verify the adhesive integrity of bond
connections on SMD assemblies and
to identify deficient wires in multiple
bonds, Viscom AG has introduced the

S6053BO
automated
optical in-
spection
system. Dur-
ing inspec-
tion, the sys-

tem scans all bond positions and bond
leads with high-resolution cameras and
evaluates them with the assistance of
Viscom’s inspection software. The sys-
tem inspects ball bonds, leads, wedge
bonds, the die itself, and the position of
the components, and it can inspect
heavy-gauge aluminum as well as light-
gauge aluminum and gold leads in a
single pass. The S6053BO can also
check for the emergence of conductive
adhesive beneath dies and recognize
scratches and eruptions on die sur-
faces. Viscom, www.viscom.de.

Line-scan cameras
With resolutions of 8k and 12k and
with line rates up to 33 kHz and 23
kHz, Dalsa’s new Piranha3 cameras
target the throughput demands of flat-
panel display and electronics manufac-

turing inspection. Dalsa claims that the
12k resolution surpasses that of other
line-scan cameras and that the Pi-
ranha3 series’ 320-MHz throughput al-
lows users to inspect more material in
less time. A Camera Link interface
makes it easy to integrate the Piranha3
cameras into existing systems.
Dalsa, www.dalsa.com

Single-board smart camera
Vision Components has introduced the
SBC4018, the first member in its 40xx
series of single-board smart cameras
aimed at OEM applications and inspec-
tion. The rugged SBC4018, which of-
fers 3200 MIPS of onboard DSP com-
putational power, features 16 Mbytes
of onboard SDRAM image memory and
2 Mbytes of flash EPROM for data and
program storage. The camera also of-
fers outputs for lighting control, pro-
gressive scan CCD, instant triggering,
full-frame integration, and electronic
shutter, all in a 60x80-mm package. A
Fast-Ethernet remote-head option ad-
dresses applications where space is
scarce. Pre-emptive multi-tasking per-
mits users to run several processes si-
multaneously so they can change para-
meters on-the-fly without affecting
either inspection or communication
processes. Vision Components, 
www.vision-comp.com. 

High-precision measuring
Combining two high-precision measur-
ing systems into one, the MarSurf
XCR20 from Mahr Federal permits tak-
ing both roughness and contour mea-
surements on the same unit with the
same setup. The combined station in-
corporates drive units from the MarSurf
XR20 roughness and the XC20 con-
tour systems. The arrangement elimi-
nates the need to change the drive unit
or the probe when changing from
roughness to contour measurements,
saving time, work space, and financial
resources. The unit also allows users to
semi-automate some operating se-
quences, such as measuring stand po-
sition and drive-unit position. Mahr
Federal, www.mahr.com. 

P R O D U C T S
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e�Newsletters
Brought to you by our editors, 
Test & Measurement World’s 

e-newsletters deliver 
the most current test industry 

news and information right 
to your desktop!

T&MW Online Update:
This twice monthly e-newsletter 

features product profiles, 
application tips, industry news, 

industry events and more.

T&M International Report:
Produced monthly, this e-newsletter 
provides an international perspective, 

with information on the latest 
test industry developments from 

around the world.

Targeted e-Newsletters:
On occasion, T&MW will produce 
special e-newsletters with content 
focusing on specific segments of 
the test market, such as product 

specifiers, job functions, or industries.

To subscribe, 
visit our website: 

www.tmworld.com

Can’t wait for 
your next issue 

of T&MW?
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Why Checker? It’s simple. From the 

straw on a juice box to the lugs on a 

wheel hub, Checker lets you know if 

everything is in place ... simply and 

reliably. This innovative sensor gives you an

entirely new approach to error-proofing your

production line. Checker is impressively simple

to set up and operate. Even first-time users can

be up and running within a matter of minutes!

Checker easily handles tasks that are too com-

plex for photoelectric sensors, yet it’s faster

and simpler to use than a vision system.

Simple setup in four quick and easy steps

Speedy inspection at up to 3000 ppm

No training or machine vision experience needed

Detects and inspects multiple part features

All-in-one design with lighting, optics, I/O, and processor

Industrial-grade, rated to IP67

Check out the revolutionary Checker vision sensor today.

Visit www.cognex.com or call 1-800-677-2646
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ID readers
For reading 1-D and 2-D codes marked
on parts, packages, or labels, Cognex
has introduced the In-Sight 5410 and
the In-Sight 5411. The 5410 can read
at line speeds of 7200 ppm with a

640x480 resolution. The 5411 offers
higher resolution (1024x768) for a
larger field of view or to handle greater
variation of position and orientation of
parts and packages. The new systems

offer omnidirectional reading of 1-D
and 2-D bar codes and support a wide
variety of standard formats. Cognex,
www.cognex.com. 

Progressive-scan camera
JAI Pulnix’s CV-M71 compact 1/2-in.
digital progressive-scan RGB color
machine-vision camera offers an im-
proved digital interface over the com-
pany’s CV-M70 model. The CV-M71
features a Sony ICX415AQ imager
with 782x582 pixels and operates at
60 frames/s at full resolution and at
250 frames/s with 1/8 partial scan
24-bit RGB output via a Camera Link
base configuration. The camera is ca-
pable of a range of speeds, from 1/60
s to 1/300,000 s. Features include
edge preselect, pulse width, RCT trig-
ger modes, programmable exposure,
and auto shutter. JAI Pulnix, 
www.jaipulnix.com.

Products ● from page M10
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Anaconda Attributes

Features Benefits

Autonomous Program 
Execution

Predictable, uninterrupted program 
execution improves reliability

FPGA Accelerated 
Real-time Image 
Processing

Massively parallel processing 
algorithms for blazing fast execution

Embedded Pattern 
Search Engine

Dedicated RISC processor frees up 
host CPU and delivers optimized 
pattern recognition

Powerful Camera 
Interface Technology

Utilizes the latest image sensor 
technologies with standard 
or custom cameras

Download White Paper: Applying Real-time Image Processing 
www.imaging.com/anaconda/tmw
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Put Real back into Real-time
AnacondaTM Vision Processor
Your vision system has been worked to capacity
and bandwidth limitations are now compromising yield.
Solution: Coreco Imaging’s Anaconda. The Anaconda
combines high-speed acquisition with a user
configurable FPGA and versatile PowerPC® CPU
to deliver real-time image processing on a single
slot platform .
Contact us today — We’ll put vision to work for you.

Features Benefits
Autonomous Program Predictable , uninterrupted program
Execution execution improves reliability

FPGA Accelerated Massively parallel processing
Real-tIme Image algorithms for blazing fast execution
ProcessIng

Embedded Pattern Dedicated RISC processor frees up
Search Engine host CPU and delivers optimized

pattern recognition

Powerful Camera Utilizes the latest image sensor
Interface Technology technologies with standard

or custom cameras

Download White Paper: Applyin g Real-time Image Processing
www .imaging .com/anaconda /tmw

CORECO
IMAGING

E X C E L L E N C E  I N  M A C H I N E  V I S I O N

Anaconda AttributesAnaconda Attributes

OEMs around the world rely on Coreco ImagIng s
machine vision Components and systems
for Critical applications like PCB assembly.

Vision at



Choose Your Platform!Choose Your Platform!

Switching
Solutions

from 
DC to Light!

Racal Instruments delivers for VXI, GPIB, RS-232 and Ethernet!

We Have the Switching Solution for You!

High Performance in a Compact Package. Racal Instruments'
Model 1256 controls up to eight Adapt-a-Switch® plug-ins for 
high-density switching capability in a compact, 2U, rack mountable
package. With intuitive front panel control, it provides high-speed
switching, a wide variety of plug-ins, and Ethernet, GPIB and 
RS-232 remote interfaces – which means high throughput, 
ease of testing, and reduced test time.

Revolutionary Modular Switch System. The Model 1260-100
delivers unprecedented density and flexibility in a two-slot, C-size
VXIbus module. It accommodates up to six plug-in switch cards, 
providing optimum switching solutions while reducing the ATE size
requirements. The plug-ins are conveniently inserted from the front
panel without removing the carrier module. (Single-slot, 2 plug-in 
carrier also available.)

High Density Saves Money. Racal Instruments' Model 1255A
utilizes 1260 C-Size VXIbus Switch cards. Its built-in controller 
with both IEEE-488 and RS-232 interfaces eliminates the need 
for a VXIbus mainframe or Slot 0 Controller.

We have it all! RF, Microwave, Optical, high-current, low-noise, 
high-power – from 20 amp DC to 18 GHz microwave – and 
everything in between!

E-mail info@racalinstruments.com our latest Switch Solutions Brochure!

Racal Instruments
An EADS North America Company

4 Goodyear Street  • Irvine, CA 92618  • Tel: 1 800-722-2528 • 1 949-859-8999
www.racalinstruments.com
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it, with fashion outstripping technology
in attracting consumers. But even
within the technical community, it’s
often not technology itself, but the way
it’s deployed, that best serves customers.

A case in point is Teradyne’s micro-
FLEX zero-footprint semiconductor
test system, which packs the features

of Teradyne’s FLEX architecture in a
single test head that can mount di-
rectly on a handler.“We designed the
microFLEX platform to address mar-
kets such as automotive, where maxi-
mizing production floor space is criti-
cal,” said Jim McEleney, platform
marketing manager at Teradyne, adding
that Japanese semiconductor manufac-
turers have found the microFLEX for-
mat particularly attractive.

Another example is Agilent Tech-
nologies’ InstaPin program for 93000
SOC Series testers equipped with Pin
Scale cards.The program offers per-pin
licenses that can be shared among pins
of one card, one tester, and multiple
testers.

According to Tom Newsom,VP and
GM of Agilent’s SOC business unit,
“Each pin of the 93000 Pin Scale digi-

tal cards can be software-scaled over its
memory depth and speed range, allow-
ing test systems to be configured to
match device requirements, pin by
pin.” If, for instance, a test requires two
differential pins at 2.5 Gbps for PCI
Express, a license needs to be pur-
chased for only two pins, not the
whole card. Because no hardware is
moved, there is no need to recalibrate
and risk hardware damage.

Yet a third example is the Synopsys
DFT Compiler MAX, a DFT synthesis
tool that offers one-pass test-data com-
pression capabilities to address design
and test challenges occurring in 130-
nm and smaller process technologies.
DFT Compiler Max, said Bijan Kiani,

Synopsys VP of marketing, provides
some of the features of Synopsys’s
SoCBIST (aimed at high-end cus-
tomers) in an easy-to-use tool that
meets the needs of mainstream cus-
tomers who are moving from 180-nm
to 130-nm designs for the first time.

All three cases did involve technical
prowess:Teradyne engineers pulled off
some deft engineering to fit standard
FLEX cards into the microFLEX en-
closure while ensuring adequate elec-
trical and thermal performance;Agi-
lent had to develop the Pin Scale cards
that make the InstaPin program possi-
ble; and Synopsys tailored its adaptive-
scan technology for use in DFT Com-
piler MAX.

But in all three cases, it’s not the gi-
gahertz, or test-vector compression ra-
tios, that count.As Agilent’s Newsom
put it, the goal is “maximum asset uti-
lization and minimum capital expendi-
ture” for the firms’ customers. T&MW
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Technology adapts to user needs

Advantest debuts memory tester
Advantest says its newest memory tester, the Model T5372, reduces
wafer test time by more than 30% for DRAM, SDRAM, double-date-rate
(DDR) SDRAM, flash-memory, and other general-purpose memory chips,
as well as for multi-chip packages and other specially packaged memo-
ries. The T5372 offers test speeds to 143 MHz (286 MHz in DDR mode)—
double those of its predecessor, the T5371. www.advantest.com.

High-power burn-in
Micro Control Co.’s HPB-5B high-power burn-in
system performs burn-in-with-test of both high-
power VLSI devices (up to 150 W) and memory de-
vices. It features individual pattern and tempera-
ture zones per burn-in board, allowing device types
to be mixed within one oven. The HPB-5B provides
precise, individual temperature control for up to 48
devices per burn-in board. www.microcontrol.com.

SST chooses PK2
Credence Systems has announced that Silicon Storage Technology (SST)
has chosen the Personal Kalos 2 (PK2) test system to test its FlashFlex51
microcontrollers, which are used in the portable appliance and digital
consumer markets. “The fact that Kalos 2 addresses both our memory
and logic requirements improves the overall cost effectiveness of the
test system,” said Chen Tsai, senior VP of worldwide backend opera-
tions at SST. www.credence.com; www.sst.com.

TECHTRENDS
[SEMICONDUCTOR TEST] RICK NELSON 

CHIEF EDITOR  
rnelson@tmworld.com

Increasingly, innovation occurs in the ways in which
technology is deployed—not in technological func-

tionality itself. In April’s “Editor’s Note,” I facetiously
commented that gigahertz and gigabytes no longer cut

Scan out

SE Scan in

XOR circuitry

Synopsys’s DFT Compiler MAX deploys
multiplexers to enable adaptive al-
liances between scan inputs and scan
chains. 
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Machine Vision Takes Flight

Customer Challenge: Mate two large fuselage sections of a
supersonic fighter jet – Lockheed Martin's F/A-22 Raptor – with an
accuracy of 0.004 inches across 18 wing lugs on each side of the 
aircraft over a 16 foot wing root. Approximately half of the wing 
lugs are on the mid-fuselage section, while the other half are on 
the aft-fuselage.

DVT Solution: DVT certified integrator Delta Sigma Corporation,
working with Automation Solution Provider Advanced Control
Solutions, placed a DVT Smart camera inside of a “pin” that was the
identical size of the pins that attach the wing to the fuselage. There
are 16 of these special “vision pins” which are placed into jigs that

simulate an ideal wing. While the cameras monitor the position 
of the key fuselage points and supply real-time 3-dimensional

data to the control computer, the computer sends position
commands to 14 servo motors that position both of the

fuselage sections in six degrees of freedom with an
accuracy better than 0.001inch.  When the alignment

is complete – typically a 30 second operation –
the fuselage sections have relative positions for

ideal wing attachment.

For more information visit Delta Sigma
Corporation at: www.deltasigmacorp.com; 
or Advanced Control Solutions at: 
www.acs-ga.com.

Photo of F/A-22 Raptor courtesy Edwards Air Force Base.
© Copyright DVT Corporation 2005. All trademarks are the property of their respective owners.

1-800-762-6077 • askdvt@dvtsensors.com • www.dvtsensors.com/servantleadership
Ask us about Servant Leadership and agape support

Roger C. Richardson
President
Delta Sigma Corporation

Precision Alignment Enables 
Rapid Attachment of Raptor Wings
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Buyers have already seen a steep de-
crease in camera prices, according to
Art Stout,VP of sales and marketing at
Electrophysics. By way of example, a
basic IR-camera system that cost
$50,000 a few years ago now sells for
$25K. Prices should continue to drop,
probably to about
$10K over the
next two years.

Stout doesn’t
expect low-cost
cameras to appear
in many new ap-
plications, though.
Instead, he thinks
people who
couldn’t afford a
camera will now
buy one and use it
as a bench instru-
ment.“Engineers
will use IR cam-
eras as they design
and validate the
operation of new products,” said Stout.
When they need to test a new PCB
design, they won’t use individual ther-
mocouples that measure temperature at
only a few points. An IR camera will
let them see the entire board.

To emphasize the importance of
falling prices,Tom Scanlon,VP of the
thermographic group at FLIR Systems,
noted that most IR cameras used to
include display screens, viewfinders,
and so on. Removing those accessories
automatically reduced costs. Labs, after
all, have PCs that provide processing
and display functions.

The availability of sensors that oper-
ate at room temperature also reduced
the cost of IR cameras.“People can
buy an IR camera with a 160x120-
sensor array for between $10K and
$15K,” explained Scanlon. People
who repair PCBs, for example, can

power a board and look for parts that
operate outside a known-good ther-
mal range. Often, a thermal signature
will identify a defect faster than other
techniques.

The appeal of IR cameras goes be-
yond lower prices. Doug Malchow, an

applications engi-
neer at Sensors
Unlimited, ex-
plained that new
technologies
open new appli-
cations.The com-
pany’s latest cam-
eras operate from
400 nm (blue) to
1700 nm (IR).
That extended
range lets cameras
“see” both visible
light and invisible
IR radiation.

“Technicians
often align optical

fibers and waveguides,” explained Mal-
chow.“An IR camera lets the techni-
cians see the IR signals from the fibers,
but they cannot see visible reference
points on the fibers or waveguides.The
extended-range sensors let them see
both, which means they can align pre-
cise components faster.”

In addition, because silicon starts to
become transparent at about 1000 to
1200 nm, failure analysts can use back-
side emissions from silicon wafers to
locate circuit faults. Simultaneously
observing visible reference points helps
them relate circuit defects to physical
features on the wafer.

Will the new technologies and
price reductions move more IR cam-
eras into labs and test facilities? Only
time will tell. If you use an IR camera
now or plan to buy one, I’d like to
hear from you. T&MW

MAY 2005 21TEST & MEASUREMENT WORLD www.tmworld.com

IR cameras ride again

TECHTRENDS
[MACHINE VISION] JON TITUS 

CONTRIBUTING TECHNICAL EDITOR  
jontitus@comcast.net

Although infrared (IR) inspection technologies
seemed to fade from the T&M scene several years

ago, lower costs and new technologies should rejuve-
nate engineers’ interest in IR cameras.

Grab four frames
The PC_Eye/Async frame-grabber
board from American Eltec can
gather images from as many as
four video sources. The PCI 
Express board works with mono-
chrome cameras, and its four in-
dependent ADCs acquire 8-bit
video data at 25 Msamples/s.
Data can flow into a host PC’s
graphics or main memory through
a DMA channel. Developers re-
ceive basic tools that run under
Linux and Windows NT/2000/XP,
or under the VxWorks or OS-9
real-time operating system. Price:
$1195. www.americaneltec.com.

Watch a drop
The Drop Watcher III system cap-
tures images of ink droplets as
they emerge from an ink-jet print
head, and users
can focus the
50-mm camera
at individual
nozzle open-
ings. Image-
analysis software
($5000) lets
users examine the formation and
flight characteristics of droplets.
Price: $34,000. www.imagingtech-
nology-corp.com.

Small camera runs fast
Prosilica’s compact EC750 cam-
era (29x39x22 mm), which pro-
vides a FireWire interface, does
not require the use of a frame
grabber. Available in mono-
chrome and color versions, the
1/3-in. progressive-scan sensor
offers 752x480-pixel resolution.
The camera operates at 60
frames/s, but can run faster over
a small region of interest. Be-
cause the camera complies with
the DCAM standard, it works
well with many machine-vision
software packages. Price: $950.
www.prosilica.com.

A ThermaCAM IR camera can detect
energy sources as small as 15 µm on
an integrated circuit. A thermocouple
would act as a heat sink on such a
small area, thus altering the measured
temperature. Courtesy of FLIR Systems.
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www.dataio.com
800.426.1045

New! Powerful In-System Programming 
in a Compact Package
Are you challenged by a need for production ISP programming?  Tested by device serialization?  Pressured for greater
speed and throughput?  Relax. Now there’s ImageWriter.

ImageWriter is a fast, compact, in-system programmer robust enough for fast paced manufacturing lines.
It mounts neatly into any test fixture, ready to execute programming on command from the tester, LabVIEW™ or
other process control application.

ImageWriter provides high-speed programming of flash microcontrollers and serially programmable memory
devices. Compatible with ICT, MDA, and functional test systems from major manufacturers such as Agilent,
Teradyne, or any test rack or fixture in your line. Flexible enough to handle single boards or panels, boosting
your productivity.

Meet the ISP challenge with ImageWriter. Good things come in 
small packages.

A new in-system programming solution from
Data I/O, the leader in device programming.

Read our application note on 
“Tips for In-System
Programming.” You’ll find it
at www.dataio.com/isp

All company and product names mentioned may be trademarks or
registered trademarks of their respective holders and are used for
identification purposes only.
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TESTDIGEST

The Practical RF Handbook by Ian Hick-
man is primarily a design book, pub-
lished as part of the “EDN Series for De-
sign Engineers,” and as a design book, it
is clear, concise, and accessible. (EDN is
our sister publication that targets the de-
sign and development community.)

The first two editions were published
in 1993 and 1997.This third edition up-
dates the maximum “RF”(as opposed to
microwave) frequency limit from 1000
MHz to beyond 2.5 GHz. In part, says
Hickman in his preface, multiple giga-
hertz frequencies are no longer the sole
domain of microwave “plumbers,” who
wield waveguides and cavity resonators
to make their millimeter-wave signals
behave.Thanks to advances in surface-
mount technology and high-frequency
transistors, miniature circuit boards in
portable cellular, GPS, and Bluetooth

products can readily accommo-
date 2.5-GHz signals.

The book is organized in
such a way that you can jump
in where you want, based on
your background and inter-
ests. If you need a thorough
review, you can begin at the begin-
ning—chapter 1 provides the math de-
scribing capacitors and inductors, pre-
sented with an RF slant. Subsequent
chapters present transmission lines,
transformers, couplers, active compo-
nents, and modulation and demodula-
tion techniques. Other chapters de-
scr ibe transmitters, receivers, RF
propagation, and antennas.

Of particular note is the 10-page
chapter on measurements. It provides a
concise description of ways to make
CW amplitude measurements (through,

or bridging, vs. termi-
nated, and linear vs.

RMS). It describes the
use of a spectrum analyzer

to make harmonic and
phase-noise measurements,

and it describes when to use
scalar or vector network ana-

lyzers. It concludes by de-
scribing signal generators and synthesiz-
ers, and it introduces special-purpose
radio-communications test sets, which
combine the functions of several stand-
alone benchtop instruments into one
convenient system.

The book is limited in the number of
specific instruments it discusses; for that,
you will still need magazines.(Disclosure:
The book’s publisher is owned by Test &
Measurement World’s parent company.) 

Rick Nelson, Chief Editor

B O O K  R E V I E W

RF design handbook provides test tips
Practical RF Handbook (third edition), by Ian Hickman, Newnes 
(www.newnespress.com), 2002. 278 pages. $41.95.

As the sizes of features within semicon-
ductor packages shrink, acoustic micro-
imaging (AMI) systems have evolved to
keep pace, resulting in the development
of transducers that pulse higher ultra-
sonic frequencies that achieve higher
spatial resolution. Once, 100 MHz was
the upper frequency limit for imaging
deep within a package. As target sizes
shrank, transducers of 180, 240, and 300
MHz emerged.

The ultrasonic transducer in an AMI
system scans a semiconductor package
while alternately pulsing ultrasound
into the package and receiving the re-
turn echoes. Both of these events occur
several thousand times a second and
produce the pixels from which the
acoustic image is made.

Ultrasound pulsed into the package
reflects from internal interfaces—where
the molding compound is bonded to sil-

icon, for example.The strongest reflec-
tions come from an interface between a
solid and a gas, such as at a delamination
between molding compound and sili-
con.A solid-gas interface is characteris-
tic of delaminations, cracks, and voids—
the vast majority of internal packaging
defects that create field failures.

A delamination covering half of a die
face can easily be imaged at low fre-
quency. But imaging a tiny 20-µm void
nestled beside a flip-chip solder bump
that is itself only 60 µm in diameter re-
quires high resolution.To ensure that the
transducer and the operating system are
functioning optimally and that the
acoustic image you see best represents
the internal features, you can employ a
calibration wafer such as the one in the
figure, a 2-in. glass/silicon anodically
bonded sandwich with features of vari-
ous sizes etched into the silicon. The
range of feature sizes permits the wafer
to be used to calibrate AMI systems hav-
ing transducers that operate at 100 MHz
or above and produce resolution down
to the 5-µm level.

Etched into the silicon portion of the
calibration wafer are groups of lines and
dots of successively smaller sizes. Bond-

I N S P E C T I O N

Calibrating acoustic micro-imaging systems

A calibration wafer permits you to cali-
brate an acoustic micro-imaging sys-
tem. These calibration lines are for fea-
ture sizes at the 25-µm to 100-µm level.
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Keep test variables in line
How accurate is your ATE
system? How do you
know? 

An inaccurate ATE sys-
tem will yield poor test re-
sults, which in turn can re-
duce profits by causing you
to fail good parts or pass bad
parts. Using a statistical
method,you can predict the
accuracy of your ATE sys-
tem and the measurements
it makes.

John Gresham, test engi-
neering manager at Exar,
uses bench instruments and
statistics to correlate and ver-
ify ATE measurements. He
first uses several ATE systems
and bench instruments to
take numerous measure-
ments on a “golden” device.
Then, he uses statistical
methods to calculate a mean and standard
deviation of the measurements. He has
developed his own software tool for cal-
culating guard bands from the measure-
ments, and this lets him set measurement
limits for production test that are tighter
than a part’s published specifications.
Thus, Gresham ensures that customers
will receive acceptable parts.

Gresham bases his statis-
tics on the Central Limit
Theorem: “The distribu-
tion of an average tends to
be Normal, even when the
distribution from which the
average is computed is de-
cidedly non-Normal” (Ref.
1). To achieve a normal dis-
tribution, Gresham always
takes at least 30 measure-
ments of each electrical pa-
rameter, from which he cal-
culates the mean and
standard deviation.

Gresham provides more
details about his method in
“The Economics of Using

SPC in a Manufacturing Test Environ-
ment,” a paper that you can download
from the online version of this article at
www.tmworld.com/archives.

Martin Rowe, Senior Technical Editor

REFERENCE
1. Annis, Charles, PE, www.statisticalengi-
neering.com/central_limit_theorem.htm.

Sampled population

n = 2

n = 6

n = 30

�

�

�

�

When the number of sam-
ples reaches 30, the distrib-
ution of results takes on a
normal, Gaussian shape.

ing the glass layer onto the silicon wafer
creates the solid-gas interfaces that make
the lines and dots visible acoustically.

The smallest feature groups (for ex-
ample, three parallel lines each a few mi-
crons wide and spaced only a few mi-
crons apart) give you a known standard
against which to measure a system.You
can select and image a pattern group on
the wafer to determine both the AMI
system’s detection (the ability of the sys-
tem to image a feature of a certain size)
and resolution. A low-frequency trans-
ducer, for example,might image a group
of three fine lines as a single feature. It is
detecting the lines, but not resolving
them. A high-frequency transducer
should be able to resolve the individual
lines in the group.

The difference between detection
and resolution is important in specific
applications. If a flip chip has a tight
group of small underfill voids, then a
low-frequency transducer may image
the group as a single feature.But a high-
frequency transducer will resolve the in-
dividual voids and facilitate the search
for the cause of this anomaly.

The calibration wafer is useful when
you are aiming for compliance with an
ISO 9000 program, where thorough
documentation of system functions and
capabilities is essential. It is also a candi-
date for selection by a joint IPC/JEDEC
task group that is currently considering
the adoption of a test sample as a cali-
bration tool for AMI systems.

Tom Adams, Consultant, Sonoscan

Calibrating acoustic micro-imaging systems (continued)

www.datatranslation.com

800-525-8528

Features

42 Solutions.

Everything you need

to make accurate

measurements.

ECONseries

Mini-Instruments

. . .Starting at $149

� 8/16/32 channels: 10, 12,
16, 24-bit resolution

� Up to 500 kHz throughput

� Up to 96 DIO and 5
counter/timers

� Up to 4 waveform D/A’s

� Simultaneous operation
of all subsystems

� 500 V isolation and very
low power

� GO! software application
- 8 instruments in one

� Free software for VB, C++,
LabVIEWTM

Isolated

Multifunction

. . .Starting at $519

Isolated 500 kHz

High Performance

. . .Starting at $1395
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USB Data

Acquisition:
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NET is more than just a programming language or paradigm; it isa completely
new development framework for creating everything from simple Windows forms
to advanced muhitier distributed acquisition applications. This framework is based
on a set of common libraries ranging from network communication to
multithreading to file I/O to database connectivity. With this common base , you can
reuse existing libraries and not reinvent the wheel every time you need to use
common constructs such as hash tables or thread synchronization locks.

In addition to common libraries, there are more than 20 NET programming
languages - most important fo r test and contro l a pplications are Visual Basic NET,
an object -oriented version of Visual Basic , and C# .NET, a comp letely new
language with roots in Java and C++. In addition to these languages , other
languages such as Fortran .NET and Cobol .NET have joined the .NET fami ly.
Regardless of the NET language you choose , each compiles to a common form
called Microsoft Intermediate Language (MSIL). MSW code is contained in the
fundamental building block of all NET applications , called assemblies. An
assembl y is similar to a DLL, except it also contains se lf-describing metadata.
Because MSIL is common to all NET languages , you can create an app lication in
Visual Basic .NET and a colleague can seamlessly add and reuse the assembly in
a C# .NET project. As shown in Figure 1, a simple function that adds two integers in
both Visual Basic .NET and C# NET generates identical MSIL code .

To run a .NET
���������������������������� application , your

computer must
have the Common

�������� 
Runtime (CLR)

_ _ _ _  
_ _  

r e

���������������� 
________ 

compiles your
MSIL code into

[VB NEIl
Namespace VisualBasic.NET

Public Class Classi
Private Function Add(ByVal x As Integer, —ByVel y As Integer) As Integer

Return x + y
End Function

End Class
End Namespace

IC#]
namespace CSharp
{

public class Classi

m t  Add(int x, m y )

return x+y;

}

method private instance int32Add(mnt32 x, int3Zy) cil managed

I/Code size 4 lOx4)
.maxstack 2
locals mi t  {1nt32 Vj )
lL_0000: ldarg.l
ILJIOO1: ldarg.2
IL_0002: add.ovf
lL_0003: ret

Figure 1. C#and Visua/Basic NET Code Compiled to MSIL

machine-specific code which actually executes on your computer.
Microsoft Visual Studio NET 2003 brings everything together in a single

development environment (see Figure 2). Visual Studio NET provides a source
code editorfor C# .NET, Visual Basic NET, C++ NET, and J# NET, as well as a
graphical user interface editor and a debugger .Figure 2. The Visual Studio .NETArchitectur e

Successfull y Conquerin g .NET
Test and Control Challeng es
by Nate D’Anna, nate.danna@ni.com
National Instruments Pro duct Engineer

Whether you are an experienced .NET developer or considerin g your first .NET program, it is essential that you

learn to conquer the challenges you face when develo ping test and control applications on the .NET platform.
With the emergence of .NET in 2002, Microsoft introduced a completely new technology that brings many
benefits to engineers, especially for Web and database connectivity. As with many disruptive technolog ies,
.NET presents new challenges , especially because it was not designed from a test and control engineer
perspective, but from that of a system and IT developer. This article introduces you to .NET for test and control
applications and teaches you how to successfully implement your next-generation .NET system.

Learning about .NET

7NATIONAL
INSTRUMENTS
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OLE VBX COM OCX ActiveX COM+ NET ?

Figure 4. The Evolution of Microsoft Technology

Ident ifyi ng Four .NET Challenges
.NET brings a comp letely new set of benefits to your applications ,
including connectivity to the Web via Web services , suppo rt for many
l anguages , object orientation , and a completely managed
environment with garbage collection . With these benefits, however,
come challenges . When .NET was designed , the needs of test and
control engineers were not at the forefront. Here are some common
challenges that you may face , and how to successfull y conquer them.

Challenge 1 — NET is general-purpose , but I need test- and
control-specific functionality .
Because .NET is a comp lete framework for program development, you
_______________________ can create a wide range of applications

from financial , to information technology,
���Cortrols I to test and control.This is possible

because the .NET Framework provides an
A 

pointer 
array of libraries ranging from database

A Linktabel connect ivity, to threading, to remoting;
 6.tton and user interface controls ranging from

�l TeXt�OX text boxes, to calendar controls, to data
 MainMe�u grids. For test and control applications
 ced�a that require graphing, analysis, and
 hardware I/O, you could use the default
[ ]  Gtouj�Box controls provided with Visual Studio NET
 PictweBox to create a business application (see
o panel Figure 3), but not to graph and visualize
��O�taGr�i test data. Also, considerthat scientific
 Li�Box analysis libraries such as a fast Fourier
çi transform (FFT) are not provided by the
Mea�.Jrement Studio NET Tools NET Framework , thus requiring you toComponents .———- . design and implementthese librariesClipboard Ring I
Generai from scratch . Finally, itwould be ideal to

interact with your instruments and
Figure 3. General-Purpose User control systems before actually writing all
Interface Controls the code .

Challenge 2-. This is new technology, but how do I preserve
my existing investment?
Your company may have spent years developing thousands , if not
millions, of lines of code that you do not want to simply throw away
and rewrite in NET You may have also seen your app lications first
incorporate C code , followed by ActiveX, then COM+, and now NET
(see Figure 4) . The big question is, “What is coming after NET?”

Incorporating existing C, C++, or Visual Basic 6.0 code into a .NET
application is not trivial. With C or C++, you can create DLLs out of
your existing code and call them from a NET app lication . Calling a
JLLfrom NET requires Platform Invoke (P/Invoke) to call unmanaged
code from the managed world . As shown in Figure 5, this requires
manually declaring each function from the DLL you want to import . If
you have 500 functions that you want to reuse , you need to manually
wrap all 500 functions with Dlllmport in C# or Declare Function in
Visual Basic .NET. The most challeng ing part, though, is not lust
declaring the function name , but ensuring that all the NET data types
match the data types in the DLL. For example , character arrays
become strings, C pointers become lntPtr, and so on . You might think
you are done after your program successfull y compiles , but data type
mismatches will be discovered only at run time when the CLR actually
invokes the DLL.

With existing Visual Basic projects , Visual Studio NET provides the
Visual Basic Upgrade Wizard to upgrade existing Visual Basic 6.0
applications to Visual Basic NET. Although this process does eliminate
the majority of manual work in the upgrade process , you must realize
that Visual Basic 6.0 and Visual Basic NET are two distinct languages
that are notfully compatible . Variants are one of the most common data
types in Visual Basic 6.0. Because Visual Basic .NET is strongly typed,
you have to remove all variants from your code and rep lace them with
the actual NET data types such as strings or integer arrays.

[Visual Basic .BET�
aeclare Function MessageBeep Lib “User32.dlL”

ByVal beepType As U1nt32) As Boolean

[Dlllmport( User32 dli )�
static extern bool MessagoBeep (U1nt32 beepType);

Figure 5. Calling DLLs from NET

Incorporating ActiveX components into a NET application is easier
than doing so for DLLs because Visual Studio .NET automaticall y
generates a runtime callable wrapper (RCW) around existing ActiveX
components . This .NElwrapper exposes ActiveX components as
objects in your .NET app lication. Similar to Visual Basic 6.0, many
ActiveX components use variants which you must manually castto
actual NET data types.

Challenge 3— .NET is managed , but I need access to
low-level I/O
NET is a complete ly managed environment, isolating you from the
underlying hardware . The NET CLR provides a programming
infrastructure that automatically handles programming tasksthat used
to be manual coding challenges. One example is memory management .
Languages such as C and C++ require you to track and delete unused
memory manually. With both Visual Basic NET and C#, you can allocate

[\1iaual BaSic NET�
Try

Place hardware I/O code here
Catch e As Exception

Place code to handle error here
End Try

[Ci)
try

/ /  Place hardware I/O code here

catch (Exception e)

I/Place code to handle error here

Figure 6. Try-Catch-Finally Blocks

Try Measurement Studio today. Visit ni.com/into and enter NET.

Th is rate of change may be acceptable for IT
applications whose life spans are on t he
order of months , but not for test and control
applications whose life spans may he on
order of years or decades. So, when moving
to a new technology, the first question you
should ask is, “ How can I reuse my existing
programming investment?”
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NET brings a comp letely new set of benefits to your applications , application is not trivial. With C or C++ you can create DLLs out of
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Visual Basic .NET. The most challeng ing part, though, is not lust
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from f inancia l , to information technology, mismatches will be discovered only at run time when the CLR actually
������ rol�
Wi,does Form to test and control .This is possible invokes the DLL.
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Languages such as C and C++ require you to track and delete unused
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memory manually. With both Visual Basic .NET and C#, you can allocate
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- Interface Cortrols and the DAD Assis tant

require writing your own NET class libraries and controls from scratch .
Measurement Studio provides a complete suite of native .NET

scientific user interface controls such as grap hs, knobs , gauges ,
thermometers , and more . All of these controls are designed to be fully
extensible so you can use them as a base class to define your own
custom controls , For engineering analysis , Measurement Studio
includes libraries for curve fitting, frequency domain analysis ,
filtering, windowing, signal generation , and more. Finally,
Measurement Studio includes code generating assistants to help you
interactively program data acquisition tasks and instrument control
operations . With Measurement Studio, you can take advantage of all
the features that .NET offers , plus measurement -specific controls ,
libraries , and assistants . And because Measurement Studio is an
add-on toolkit for Visual Studio , it fits in seamlessl y with your current
.NET controls and C# and Visual Basic .NET source code.

National Instrument s LahVIEW —

ni.coni/Iabvi ew
NI LabVIEW is a fully functional graphical ( ������
programming environment with which Challenges Conquered:

you can quickly create virtual
instruments with intuitive graphical code .
This graphical approach to programming has revolutionized the way
test and control applications are developed and deployed since its
introduction in 1986. With function blocks such as FFTs, wires to
connect these blocks , and programming structures such as loops ,

1991 1993 1996 2002

memory on the heap with the new
keyword and rely on the CLR to track ��  

—

and clean up (“ garbage collect ”) 0 -

unused memory automatically. I

Another value-add of NET is managed I  
,
�

exception (error ) handling. With it, you ��
can logically separate program code uI
from error handling code as shown in 

- 
‘ “

.

Figure6.When an except ion occ urs . 
-

code in the catc h block is automatically 
- 

�‘ I

executed to handle the error. l 
, 

=.� 
-
 

-

This managed environment is ���� —
 -

fantasti c if you deal purely in the realms —-—  ‘! -
- 

of software , but poses limitations when —
accessing hardware . The CLR acts as a /“�. ��-( � -—

buffer between your application and �� �‘ �‘I�’ �
the actual memory on the host i.:.:

computer, thus preventing direct Figure 7. Measurement Studio USI

access to memory and registers. To
control devices such as GPIB boards , serial ports, and data acquisition
devices , your program still needs direct memory access . This is
typ ically done through a DLL. But, according to challenge 2, you must
manually wrap every DLLfunction using P/Invoke and then ensure all
data types match . If you want to write your own device driver, you
need to choose an unmanaged language such as C that can run in the
low-level “kernel mode” of your OS and not just in “user mode to
which NET applications are restricted .

Challenge 4—What about multi ple OSs?
One of the advantages of languages such as Java and C/C++ is that
they support numerous OSs , including Windows , Linux, Unix, and
Solaris . In theory, .NET is even more powerful because it has the
potential of supporting multip le OSs in addition to supporting multiple
languages such as Visual Basic NET and C#. This is possible
because the design of the CLR is publicl y documented . Using this
information , there is an open-source project called Mono underway,
with a goal of creating the .NET Framework for Linux. Unfortunately,
today, NET is still primarily for Windows.

Since .NET focuses on computers running Windows , your
applications cannot benefitfrom the strict determinism guaranteed by
a real-time OS or the open-source code provided by Linux. The
managed environment and the garbage collection prevent the .NET
Framework from being deterministic. This might be a major limitation
for control applications that require precision motion . Other
in dustr ies, such as defense , are very specific about OS choice. In
cases where an OS such as Solaris is required , you must remove
NET from the list of possible development platforms.

Conquering the Four Challenges
Desp ite the pitfalls introduced by NET, you can still be successful
using this new techno logy. National Instruments has specialized in
measurement and automation for more than 28 years and offers a
varie ty of development and driver software to help you overcome the
aforement ioned challenges .

National Instruments Measurement Studio —

ni .com/mstudio
To account fort hefactthat Challenges Conquered:Visual Studio NET is des igned as a •general -purpose development
environment. NI Measurement Studio
supplements Visual Studio .NET with functionality specific to test and
control . Without Measurement Studio, simply acquiring measurement
data , performing an FF1 and displaying the results on a graph would

Figure 7. Measurement Studio User Interface Controls and the DAD Assistant

C Code OLLs ActiveX MATLAB® .NE1

OLE VBX COM OCX Act iveX COM+ .NET

Figure 8 LabV/F W Calls Third-Party Party Technology

you can create comp lete app lications without ever typing a line of
text code . Overtime , as other technology such as OLE evolved into
ActiveX , then into NET, LabVIEW has continued to provide a stable
programming platform based on grap hical code .

Every time a new technology is introduced , LabVIEW shields you
from rewrfting your applications from scratch or struggling to
incorporate old technologies with new technologies. Instead, LabVIEW
provides a common code base from which you can still incorporate
other technologies , including NET assemblies , ActiveX, DLLs, C code,

National Instruments • Tel: (800) 433 3488 • Fax: (512) 683 9300 • info@ni.com • ni.com
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and The MathWorks, Inc . MATLAB® scri pt (see Figure 8) . Specificall y
for NET, you can use LabVIEW to instantiate .NET classes , invoke
methods, and set and get properties . Figure 9shows LabVIEW source
code that is invoking a .NET assembly to access the current CPU
utilization and disp lay the results on a waveform chart.

In terms of OS support , LabVIEW offers full support for Windows ,
Macintosh , Linux , and Solaris . LabVIEW even can execute
deterministica lly on real-time targets . To exchange code between
OSs , simply exchange virtual instrument ( vi) files and comp ile to
machine code locally.

and set properties , as well as debug .NET source code directly from
NI TestStand. With a sing le NI TestStand project , you can easily
sequence old test modules created in C along with new test routines
created using the latest .NETtechnology. To configure a test step in NI
TestStand, simply point and click to the location of your module as
shown in Figure 10.

National Instruments Device Drivers —

ni.co nilduwn loads
As mentioned earlier , you cannot create
device drivers in .NET because the CLR is Challenges Conquered:
restricted from “kernel mode ” of the OS.
As a result , National Instruments
provides NET hardware APIs for many of its hardware drivers (see
Figure 11). These NET APIs provide an obiect-oriented in terface to
the hardware , managed exception handling, and event handlers. This
implementation provides a natural .NET programming experience
with hardware .

Successful NET Use
— 

NET is a new technology that offers many
benefits for test and control app lications , but±�] also presents challenges. You can successfull y

j  overcome these challenges , but you must first
understand them and then use the right tools.

ro, ou National Instruments tools such as
Measurement Studio , LabVIEW, NI TestStand ,
and NI drivers make the migration to NET,
easier and your app lication more powerful.

Close the reFerence
this inu�ance

.NET Hardware APIs:
• NI-DAOmx for data acquisition devices
• NI-VISA for GPIB, serial , Ethernet, USB, and

VXI instrument control
• NI-488.2 for GPIB instrument control
• Modular instrument NET wrappers for digitizers , arbitrary

waveform generators , DMMs , hi gh-speed digital,
and switches

• Machine vision .NET wrappers to acquire and
analyze images

Figure 11. (‘JET-Supported Hardware APIs

Figure 9. Performance Monitoring with Lab VIEW and NET

NI TestStand —
ni.coinfteststand

.NET Hardware APIs:
• NI-DAOmx for data acquisition devices
• NI-VISA for GPIB, serial , Ethernet, USB, and

VXI instrument control
• NI-488.2 for GPIB instrument control
• Modular instrument .NET wrappers for digitizers , arbitra ry

waveform generators , DMMs , hi gh-speed digital ,
and switches

• Machine v ision .NET wrappers to acquire and
analyze images

NI TestStand is a ready-to-run test
management environmentfor automating Challenges Conquered:
and sequencing yourte st and validation • I • 2
systems. With NI TestStand, you can
sequence test modules created in a variety of languages and
technologies , including .NET assemblies , LabVIEW VIs, DLLs, ActiveX
comp on ents, and HT Basic code. For NET, NI TestStand includes a fully-
functional .NET adapter with which you can call NET methods and get

Figure 70. NI TestStand Manages .NETand Other Test Languages

ni.com/mstudio • (512) 683 0100 • Fax (512) 683 9300 • info@ni.com

c�2OO5 National Instrunents Corporation. All ri ghts reserved. IahV lEVt Measurement Studio. NI . NI TestStand. NI488.Z
NI-VISA, and ni.com are Trademarks of National Instruments. Other product and cmnlpany names listed are trademarks or
Trade names oltheir respective companies.
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Because Max the Kellysearch Mole knows. When you
take the Max Traffic Challenge from Kellysearch.com,
you’re primed for new business. Lots of it. For 90
days, your website will attract qualified prospects you
never knew existed – from industries specifically inter-
ested in what you have to sell. Get all this from the
leading i2i (industry-2-industry) search engine on the
planet. And all for only $150. Find out how by calling
us at 800-550-0827.
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a wider world to your products or services by signing up today for
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PROJECT DESCRIPTION
When a manufacturer of automotive dash-
board controls needed an automated manufac-
turing and test system, the company hired
Meikle Automation (Kitchener, ON,
www.meikleautomation.com) to develop and
deliver it.The system consists of a manufactur-
ing portion run by a programmable-logic con-
troller (PLC) and a test portion controlled by a
PC. The test portion uses a camera, a frame
grabber, and vision software to capture and
analyze multiple images of the control under
test. A 2-cm x 3-cm area in the center of the
knob lets light from a bulb pass through to
indicate function to a driver. Data-acquisition
and motion cards mea-
sure the torque, resis-
tance, and angle of each
control.

The system starts in
calibration mode where
it monitors the control’s
torque through 200° of
rotation. “We calibrate
out the torque induced
by the mechanical
components of the sys-
tem,”said software team
leader Dean Mills.“The
encoder gives us
enough pulses to pro-
duce a relatively con-
stant velocity because it
removes any jitter from
the motor.”

An analog-input channel in the data-acqui-
sition card digitizes the torque sensor’s signal,
which the software continuously monitors.
When the control reaches the end of its arc,
torque rapidly increases.The system halts the
motor and reads the encoder’s value, thus
finding the position of the control’s minimum
electrical resistance. The system then rotates
the control clockwise until it detects the other
end of the arc. From those two points, the 
system knows how many steps it needs to 
traverse the range (the system tests several
models of control, which have varying num-
bers of steps).

Throughout the rotation, the system con-
tinuously monitors torque, resistance, and
angle.The system decides if the part passes or

fails based on the torque reading being
between a minimum and maximum range
throughout the curve, the potentiometer resis-
tance linearity compared to a master resistance
curve, and the minimum and maximum resis-
tance at the extreme ends of travel. In addition,
the overall angle of rotation must fall within a
minimum and maximum range.

RESULTS
The PC-based system turns the DUT at 60°/s,
and it tests a part in 4.5 s to 5 s.The previous
system, which used a PLC for testing and for
manufacturing, turned the DUT at 20°/s.The
new system, in operation for over 18 months,

uses a PC for its test portion, which is far bet-
ter suited for the testing tasks.The PC also per-
forms the visual inspection in parallel with the
electrical measurements,something the old test
system couldn’t do with a PLC.“With the PC,
we can take images without waiting for other
events to conclude,” said Mills. “The previous
system performed one measurement at a time.”

“The hardware works very well, with
torque measurements accurate to within
0.001 N-m. Our software lets us tie data
acquisition, digital I/O, instrument I/O, and
interfacing with a programmable-logic con-
troller that drives the assembly line,” said soft-
ware engineer Ben Zimmer.“The system has
run 10 hours a day for over 18 months, test-
ing a new part every 10 seconds.”

Martin Rowe, Senior Technical Editor

Spin, look, and measure

PROJECTPROFILE

DEVICE UNDER TEST
Dimmer controls for
automotive dashboards.
Each control consists of a
knob with an embedded
light bulb. The knob
attaches to a poten-
tiometer. A 2-cm x 3-cm
area in the center of the
knob illuminates for
night use. 

THE CHALLENGE
Develop a test system
that performs a visual
inspection of each knob,
measures torque and
electrical resistance and
current, and measures
light intensity of the
backlit area in the center
of the knob. The system
must turn the knob and
keep track of its position
over a 200° arc.

THE TOOLS
● Galil Motion Control:
motion-control card (PCI
bus). www.galilmotion.
● Kistler: torque trans-
ducer and amplifier.
www.kistler.com.
● Kollmorgen: motor.
www.danahermotion.com
● National Instruments:
PCI bus data-acquisition
and frame-grabber cards,
graphical programming
language, and vision
software. www.ni.com.
● Pentax: camera lens.
www.pentax.com
● Renishaw: motor-posi-
tion encoder.
www.renishaw.com
● Sony: industrial cam-
era. www.sony.com

DUT

Torque
amplifierResistance-

measurement
circuit

Bulb-current
measurement

circuit

Relays

Data-acquisition
card

Motion-control
card

Frame-grabber
card

Analog
inputs

Digital
outputs

Motor

Encoder

Torque
sensorCamera

An automated system performs a visual inspection and measures
electrical parameters of automotive dimmer controls.
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INTHICUM, MD—Whenever you
place a long-distance call or use the
Internet, you likely use a Ciena
CoreStream optical transmission sys-
tem without knowing it. Major tele-
com carriers throughout the world
rely on CoreStream systems to carry
voice,data, and video between metro
networks in different cities. Part of
that reliability comes from the in-

tense testing that Ciena engineers perform dur-
ing design verification at the component, subsys-
tem, system, and network level.

Ciena takes an unusual approach to product de-
velopment, as some of the people who define the
technical details of new products and upgrades
also perform design-validation tests. Greg Bar-
tolomei, director of systems validation, and James
Allard, senior director of systems and verification,
are two key people at the beginning and ending
of a product’s development cycle. Allard works
closely with Ciena’s customers and with market-
ing to obtain feedback to define a new product or
feature upgrade.After marketing develops a func-
tional feature specification,Allard’s systems-engi-

neering team transforms it into an engineering
requirements and specifications document.

When Ciena begins work on a new design,Al-
lard assigns a systems engineer to follow the prod-
uct throughout its development.Allard says the en-
gineer lives in the engineering labs and is the “one
neck to grab”when other engineers need a resource
or if something goes wrong.“The process not only
ensures quality,” said Allard,“but it ensures that we
developed the product we set out to design.”

After Allard’s systems-engineering team writes a
product’s engineering specs, the specs are passed on
to digital hardware engineers, software engineers, a
power-supply specialist, and mechanical, reliability,
network, and automation engineers who all con-
tribute their expertise to the product’s design. Be-
cause the heart of a long-haul transport system is
its optics, engineers in the optics lab, electronics
lab, lightwave systems lab, and systems-validation
lab test the optics at the component, board, sys-
tem, and network levels to verify that a product
will meet Ciena’s specifications.At the end of the
development phase, Bartolomei and others vali-
date the final engineering product design, and
then Allard’s group has the final say on whether a
product is ready for production, based on tests
from Bartolomei’s group.The entire process can
take up to four months.

It starts with optics
Photonics director Jean-Luc Archambault man-
ages eight engineers in the components lab who
evaluate optical products for new designs. Upon
receiving engineering specs, engineers including
senior principal engineer Dr. Doyle Nichols test
optical receivers, transmitters, amplifiers, and pas-
sive components such as splitters. (For a complete

MARTIN ROWE, SENIOR TECHNICAL EDITOR
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Director of systems validation
Greg Bartolomei and his team
perform system-level tests on
Ciena's new products to ver-
ify that they meet engineering
specifications.
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TESTS ENSURE
THAT CIENA'S
CORESTREAM
OPTICAL
TRANSPORT
SYSTEMS
COMMUNICATE
RELIABLY
BETWEEN 
CITIES.
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list, see “Products tested in Ciena’s com-
ponents lab” in the online version of this
article at www.tmworld.com/archives.)

Ciena tests optical components to ver-
ify that they meet manufacturers’ specifi-
cations and that they will perform prop-
erly in the company’s equipment. “We
compare our measurements against those
of the manufacturers” noted Archam-
bault, “If we see large discrepancies be-
tween our measurements and manufac-
turers’ specs, we must resolve them.
Often, we require component makers to
add tests to their products.”

The components lab has four test
benches for active components, two each

for evaluations at 10 Gbps and two for
slower speeds (1 Gbps and 2.5 Gbps). On
the day of my visit, Nichols tested an op-
tical receiver at 10 Gbps. He often tests
components at the slower speeds when
they will connect to a tributary line.

To test a component, Nichols uses a
test mounting board roughly 2 ft x 3 ft in
size, on which he mounts the device
under test (DUT), fiber-optic cables, at-
tenuators, splitters, and connectors.
Nichols knows the characteristics of all
components other than the DUT, which
ensures that no unforeseen variables will
alter his measurements.

Nichols routes the receiver’s electrical
output to a clock-recovery circuit,which
extracts embedded clocks from data
streams. He runs the receiver’s recovered
clock and data stream into a bit-error-
rate tester (BERT), an optical spectrum
analyzer (OSA), and a digital communi-
cations analyzer (DCA). With these in-
struments, Nichols performs tests such as
BER versus optical power and BER ver-
sus optical signal-to-noise ratio (OSNR).
A receiver evaluation usually takes one or
two days in the optics lab. (For details on
how Nichols performs BER versus

OSNR tests, see “Bits battle
noise,” Ref. 1.)

Optical signals must pass
through dozens of amplifiers
as they travel the long dis-
tances between cities. Ciena
engineers typically perform
more than 100 measurements
when they qualify an ampli-
fier. “Testing is an Nth-di-
mensional problem,” said Archambault.
“You can spend as much time testing as
you want.”While Ciena purchases most
of the amplifiers it uses,Archambault said
the company gets heavily involved in an
amplifier’s design.“Sometimes, we come

up with our own prelimi-
nary designs and show
them to our suppliers,” he
noted.

Homegrown testers
Amplifiers add noise to
optical signals.To simulate
a light pulse traveling
through amplifiers, Ar-
chambault’s engineers
built a recirculating fiber-
optic loop that contains

one or more amplifiers (Figure 1).The
switch forces the pulse through the loop
many times.The loop simulates light pass-
ing through an amplifier or small chain of

amplifiers each time around, letting the
engineers conduct long-distance testing
with relatively few amplifiers. A digital
delay generator regulates the time the
light runs around the loop. When the
time expires, the switch lets the light
pulse exit the loop.Engineers can test the
effects of a pulse passing through 30 am-
plifiers by passing light 15 times through
a loop that contains two amplifiers.

The recirculating loop is but one
homegrown tester in the components
lab. Ciena engineers also built an auto-
mated test system that measures how well
an amplifier boosts optical 1’s and 0’s.
Other tests the system performs include
gain level, gain flatness, and gain accu-
racy. The engineers use a comb laser
source to generate more than 2000 opti-
cal signals of different wavelengths across
a 38-nm wavelength band. Using an
OSA, they can take measurements at
each wavelength. (continued)

The CoreStream system
Ciena’s CoreStream optical transmission system uses
dense-wavelength division multiplexing (DWDM) to de-
liver up to 2 Tbps of data in the C band. DWDM puts
data from different sources on their own wavelengths of
light and then multiplexes them on a single optical fiber
for transmission over long distances. CoreStream con-
tains optical terminals, amplifiers, and add/drop multi-
plexers connected through a chassis backplane. Optical
terminals interface the system to OC-12 (1 Gbps), OC-48
(2.5 Gbps), and OC-192 (10Gbps) optical data streams
where the system multiplexes the lower-speed tributaries
into the OC-192 streams. 

The system supports synchronous optical network/syn-
chronous digital hierarchy (SONET/SDH), asynchronous
transfer mode (ATM), and Internet Protocol (IP). It can
send and receive data at 10–15 BER. Ciena also provides
LightWorks ON-Center, a management software applica-
tion that telecom service providers can use to manage
their networks.—Martin Rowe

Oscilloscope

Circulate
N times

Optical 
switch

Light pulse

FIGURE 1. An optical switch routes a light pulse
around a loop to simulate the effects of the pulse going
through a chain of amplifiers.
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A CoreStream optical transmission system is scalable to meet
the needs of communications carriers. Courtesy of Ciena.

James Allard, senior 
director of systems and
verification, leads the
group that writes engi-
neering specs; his group
also has the final say on
when a design is ready
for production. 
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Archambault’s team also test disper-
sion-compensating fibers (DCFs), which
compensate for dispersion of light as it
travels through a fiber-optic cable. The
engineers measure loss and dispersion as
a function of wavelength, and they per-
form multipath interference measure-
ments. Backscattering will occur in a
DCF that isn’t properly designed.

Besides performing bench-level per-
formance tests, the engineers also test
components for reliability by placing
them in thermal chambers.Archambault
pointed out that a component will un-
dergo a thermal stress at 75�C, 90% rela-
tive humidity for about three weeks.
Components also undergo temperature
cycling from –40�C to 85�C.

Operational tests take place at tempera-
tures from 0�C to 65�C.During these tests,
an engineer drives a component with a
pattern generator and measures BER.The
engineer also looks at a component’s eye
diagram with a sampling oscilloscope to
measure how a device’s output changes
with temperature.An optical switch, con-
trolled by a PC, lets engineers run thermal
tests on up to 18 devices at once.

Add the electronics
Engineers in the electronics lab design
the hardware and software that will inte-
grate with the optical components eval-
uated in the components lab. Headed by
senior director Cecil Smith, the lab em-
ploys 25 engineers who develop products
and write test software.“To develop one
board,” noted Smith,“we may use an RF
analog engineer, one or two digital de-
signers, a mechanical en-
gineer, a power special-
ist, and a PCB designer.
Automation engineers
write test code that au-
tomates engineering
tests and production
tests. Our people are
very good at what they
do, and we can often use
a circuit design in more
than one application.”

Hardware and soft-
ware development takes
place simultaneously.
Hardware engineers
manually test the first it-
eration of a product such
as a line card by testing

the card’s physical-layer functions. Fig-
ure 2 shows the test equipment on a typ-
ical engineer’s bench. Engineers use the
equipment to measure parameters such as
signal power, jitter, and BER.

To perform these tests, engineers built a
test bed that includes a CoreStream back-
plane. It also provides access to optical and
electrical data streams that the card needs.
Engineers start by looking at waveforms
from the backplane and from the line
card’s electrical interfaces to its optical
components. The test bed connects to a
PC that exercises and calibrates the card.
(Calibration involves setting the card’s op-
tical power levels and wavelengths.)

For time-domain measurements,
Smith’s engineers use DCAs to observe
eye diagrams of transport signals in elec-
trical form on the card and in optical form
as the signals enter and exit a card’s line
interfaces. They look for reflections and
check for correct waveform shapes, and
they use logic analyzers to investigate data
patterns.They then adjust drive levels, ex-
tinction ratios, or impedances to get the
best jitter performance.

The engineers also measure a card’s
optical output power and make BER
measurements on both transmitted and
received data streams.To make the opti-
cal BER measurements, they use

SONET test sets that
transport payloads of
pseudorandom bit se-
quences encapsulated in
SONET frames. The
frames start as OC-3
(155 Mbps) and OC-12
(622 Mbps) streams mul-
tiplexed up to OC-192
(10 Gbps) streams. They
also add noise to the sig-
nals so they can measure
a card’s ability to accu-
rately transport data
under less than ideal
conditions.

If a card requires de-
sign changes, its second
iteration usually goes to
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Tunable
optical filter

Optical
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Digital
multimeter

Optical
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FIGURE 2. Engineers’ benches in the electronics lab contain optical and
electrical test equipment.

Jean-Luc Archambault manages the components lab, where engineers evaluate ac-
tive and passive optical components.
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the automation group, where engineers
run the card through a series of auto-
mated tests.“We have an extensive set of
I/O libraries that we use to bring up new
cards,” said Smith.Automation engineers
use those libraries to write test code in
LabView, and they often reuse the code
in production test systems.

As software engineers complete soft-
ware modules, testing moves from check-
ing the hardware to checking that the
hardware and software work together.For
example, a line card must report errors if
SONET frames fail to arrive at their des-
tination.The software must also fill a pay-
load frame when errors occur.

When engineers are convinced that a
card and its embedded software meet
specifications, they perform environmen-
tal tests.“Some countries don’t have good
environmental controls,” said Smith.
“Transport systems could reside in cen-
tral offices that, although heated, could
receive a blast of cold air if someone
opens the door in the winter, so we test
our cards for thermal shock.” A typical
test subjects a card to a temperature
change of 40�C in one minute.

On to the systems
When a card passes its tests in the elec-
tronics lab, it’s ready to run in a system
and communicate over a simulated net-
work.In the lightwave systems (LWS) lab,
Dr. B. Sridhar tests cards and systems
under simulated real-world conditions.
He uses racks of test and network equip-

ment, 30,000 km of fiber, and dozens of
optical amplifiers to emulate networks in
the field.“People characterize communi-
cations systems in terms of distance and
capacity,” said Sridhar.“We test line cards
and systems to see how they perform
under different conditions.” Sridhar also
uses the lab’s network to test purchased
optical amplifiers by looking at the signals
they produce and by running BER tests.

From his network measurements,Srid-
har can evaluate new products and can
recommend to customers how they
should configure new networks for opti-
mal performance. Ciena has developed a
network-design software tool that cus-
tomers use to configure their networks
with amplifiers and fibers. The tool is
based on Sridhar’s work at characterizing
networks in the LWS lab.

On the day of my visit, Sridhar tested
a 93-channel system configured with
1600-km of fiber and 20 erbium-doped
fiber amplifiers (EDFAs) spaced 80 km
apart (Figure 3).Typical long-haul net-

works have amplifiers every 80 to 120
km.A CoreStream system can accommo-
date up to 192 channels,each on a unique
wavelength, in a 10-Gbps link. A single
EDFA can amplify all 192 wavelengths,
eliminating the need for an individual
amplifier for each channel.The test net-
work needs two EDFAs, one for each
transmission direction.

The LWS lab’s network also consists of
patch panels that let engineers choose
fiber types. A 1x16 optical switch lets
Sridhar measure the noise produced by
optical amplifiers along a fiber-optic link.
Because each amplifier adds noise, the
total noise in a network is proportional to
the number of amplifiers and the amount
of gain each one provides. In a network
that must maintain a 20-dB signal-to-
noise ratio,even 0.1 dB to 0.2 dB of noise
from each amplifier can be enough to re-
duce performance.

Sridhar tests each transport system or
line card with different vintages of fiber
because each produces different amounts
of dispersion in the optical signal. He
then adds dispersion-compensation fiber
to compensate for the network’s disper-
sion, as Ciena’s customers will do.“Once
we design a transport system,” said Srid-
har, “we test it with different fiber types
to ensure that it will work in the real
world.”

To perform his tests,Sridhar uses a tun-
able filter that selects each wavelength.He
looks at each channel’s optical power with
an OSA. Although an OSA indicates a
wavelength’s power, it provides no infor-
mation about the signal’s integrity.There-
fore,Sridhar uses a DCA to view a signal’s
shape and jitter in the time domain.

Because communications service
providers demand that their networks
operate at 10–12 BER or lower, Sridhar
designs networks to run at 10–16 BER,
which lets him attain a good margin of

38 MAY 2005

COMMUNICATIONS TEST

Digital 
communications

analyzer

BERT

96
lasers

80 km 80 km 80 km

FIGURE 3. In the LWS lab, engineers test the effects of amplifiers in an optical
network.
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Senior director Cecil Smith manages 25 electrical, software, and automation engi-
neers who develop products and test software in the electronics lab.
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error.“We’re trying to figure out how far
we can go between amplifiers,” noted
Sridhar.“We look for the optimum con-
figuration for each customer.More chan-
nels results in shorter distances because
channels close in wavelength will more
likely interfere with each other as dis-
tance increases.”

Full circle
After a new product passes tests in the
components lab, electronics lab, and LWS
lab, it goes to the systems-validation lab
for final approval. Bartolomei and Allard,
who wrote the product’s engineering
specs, now test the product to verify that
it meets or exceeds the system require-
ments and specifications.

Allard and his engineering team test
new products under conditions that sim-
ulate a customer’s existing network,
bringing hardware, its embedded soft-
ware, and system software together for
the first time. In this lab, engineers verify
that a product or product upgrade will

work with the network-management
software that Ciena’s customers use.
Ciena provides network operators with
network-management software, but so
do third-party developers. Some opera-
tors develop their own
management software,
and Ciena uses that soft-
ware in the systems-val-
idation lab to verify that
products are ready for production.

Product upgrades must also pass tests in
the systems-validation lab. “Customers
don’t need a new box to get the latest fea-
tures,” said Allard,“They can add the lat-
est features to existing equipment in the
field.” Bartolomei and Allard verify all
product upgrades because they have at
least one of every Ciena product built
over the last 10 years.Thus, they can em-
ulate any customer’s network in the lab.

As part of systems validation, Bar-
tolomei and Allard configure optical
switches controlled through a LabView
program that simulates real-world hazards

such as broken fiber-optic cables.When a
simulated break occurs, they check that
the system properly recovers from the
break.They also check a system’s physical
layer to make sure it’s compatible with

the customer’s net-
work. “It’s a luxury to
be able to simulate so
many customer net-
works,” said Bar-

tolomei, to which Allard added “we can
quickly mimic a customer’s network
from the management software layer to
the physical layer.”

When Allard’s group approves a prod-
uct or upgrade, it goes to production.The
systems that test production units were
developed by automation engineers in
the electronics lab, which completes the
circle of light. T&MW

REFERENCES
1. Rowe, Martin, “Bits battle noise,” Test &
Measurement World, March 2005. p. 59.
www.tmworld.com/archives.
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Instead of a pure Fourier transform, engineers and researchers
must settle for the discrete Fourier transform (DFT), which

operates on sampled data. That data may come from a digital
oscilloscope, a data-acquisition system, or another instrument.
Because the DFT operates on discrete points taken over a finite
sampling period, its results are not perfect. Apply a DFT—usu-
ally implemented as a fast Fourier transform (FFT) algorithm—
to a sampled sine wave, for example, and the power-vs.-fre-
quency plot shows “leakage” of energy into frequency bins
where you know it doesn’t exist. In this example, the leakage
appears as side lobes close to the frequency of the sine wave.

You cannot remove all leakage from the results of an FFT
because acquiring samples for a finite period causes the FFT to
spread the results across many frequencies. You can, however,
apply window functions to the sampled data to reduce leak-
age. Simply by sampling a signal you have already applied a
rectangular window to it. Think of the sampling process: An
instrument opens a window on the data and during its sam-
pling period, it acquires and multiplies each sample by 1.

The abrupt “opening” and “closing” of the rectangular win-
dow—inherent in measuring instruments—results in discontinu-
ities that cause problems. To see what happens, duplicate the
sampled data and tape together several samples end-to-end. The
abrupt transition from one group of samples to the next becomes
obvious. Windowing functions eliminate or reduce the abrupt
transitions and thus increase the sensitivity of FFT results.

Luckily, you do not have to come up with your own window
functions; mathematicians have developed many that suit partic-
ular needs. The equations for windows exist in many references,
and commercial software, such as LabVIEW, includes window
functions as part of the FFT data-analysis tools. Common FFT

window functions include the Hanning (Hann), Hamming,
Blackman-Harris, and Kaiser-Bessel. Time-domain plots of the
window functions shows curves that start and end at 0 and reach
1.0 at the median point. A frequency-domain plot shows the
roll-off and ripple for each window type (Figure 1). 

The Hanning window works well in most of cases because it
offers good frequency resolution and reduces spectral leakage.
When you don’t know the nature of a signal, start with the
Hanning window. The following general rules serve as guides
for applying a window to a set of data:

� When a signal contains strong interference at “distant” fre-
quencies, choose a window with a high side-lobe roll-off rate. 

� When a signal includes strong interference near the fre-
quency of interest, select a window function with low
maximum side-lobe levels. 

� When you must resolve two or more signals near in frequen-
cy, choose a smoothing window with a narrow main lobe.

� When amplitude accuracy of a single frequency component
is more important than its exact location in a frequency bin,
choose a window with a wide main lobe. 

� When a signal’s spectrum appears flat, or broadband, use
the uniform window, or no window.

Keep in mind that applying a window may reduce frequency
resolution. To overcome this reduction, increase the sampling
rate and proportionately increase the acquisition time.

For Further Reading
“Windowing: Optimizing FFTs Using Window Functions,”
www.ni.com.

Lyons, Richard G., “Understanding Digital Signal Processing,”
2nd ed., Prentice-Hall, Upper Saddle River, NJ. 2004.
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A recent shipment of high-quality oscillators to
Fred’s company included several modules that did
not pass a test of incoming devices. A test engi-
neer provided only a no-go/go report, so Fred has
spent time in the lab looking at electrical charac-
teristics of the failed oscillators. Now he has taken
his measurements into the frequency domain to
look carefully at the oscillators’ outputs.

The Missing Window

»

Like Fred, can you apply frequency-domain tools to look
for possible problems in the oscillators’ output signals?
Get clues and test out your data-analysis detective skills at 

http://rbi.ims.ca/4391-500.

Go to http://rbi.ims.ca/4391-500 to solve the challenge!
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When you need to measure
the frequency of a high-
speed clock, you probably
look for an expensive rack-

mounted box to do it. Not so fast. Instead,
try using the digital-capture capability on
your cheap digital tester, along with a few
DSP library functions.Here’s how to do it.

Nyquist was just an alias
Sampling theory, most people believe, says
that you must take samples at more than
two times the highest frequency of inter-
est, so if you want to capture a 160-MHz
clock (for example), you must capture at
greater than 320 MHz. This is not really
what Nyquist said, however.You need to
obey this rule only if you want to avoid
aliasing. (And by the way, telecommunica-
tions pioneer Harry Nyquist’s name is itself
an alias. His family name was Jonsson, but
Harry’s father,Lars, changed it,because an-
other Lars Jonsson lived just down the road,
and mail delivery became a real problem.)

If you capture a 160-MHz clock with a
33.333-MHz sampler, such as the Nextest

Maverick’s digital capture instrument
(DCI), the clock signal will indeed exhibit
aliasing—that is, it will look like another,
lower frequency.This could be a problem
if you don’t expect this to happen, but if
you do, you can use aliasing to your 
advantage.

A 160-MHz clock will alias back to
6.666 MHz. (160 MHz is just 6.666 MHz
below 33.333 MHz times five, or 166.666
MHz.) Figure 1a shows the various bands
created in the frequency domain by sam-
pling at sampling frequency fS equals
33.3333333 MHz.At the far right of Fig-
ure 1a is the band of 133 MHz (4x33
MHz) to 166 MHz (5x33 MHz). An in-
strument like the DCI doesn’t allow you
to actually see signals in these bands, but
they do exist, and the proof of that is the
alias that falls back into the Nyquist band,
denoted here in yellow, running from DC
to 16.666 MHz (fS/2).

Since 160 MHz falls just 6.666 MHz
below 166.666 MHz, it will alias back
through the various bands (which you also
can’t directly observe), denoted as dashed

You can use 
an inexpensive
digital tester 
to measure
frequencies
into the
hundreds of
megahertz.

TEST
FAST CLOCKS

ON THE

CHEAP

TEST
FAST CLOCKS

ON THE

CHEAP
DAN BULLARD, NEXTEST SYSTEMS, AND DAVID REYNOLDS, PROTEST

MAY 2005 43TEST & MEASUREMENT WORLD www.tmworld.com

ATE

TMW05_05F2.qxd  4/21/2005  2:50 PM  Page 43



red arrows.Eventually,an alias that you can
see,6.666 MHz,will appear in the Nyquist
band.The reason the alias fell 6.666 MHz
above DC is that it came from the upper
half of the band, above 4.5 times the sam-
pling frequency, so it folds back, appearing
in reverse like an image in a mirror.The
phase is reversed too,although for this pur-
pose, that’s not really important.

Now that you can see 6.666 MHz in
the Nyquist band,does this mean that you
are capturing 160 MHz? Not exactly. If
you do see 6.666 MHz in the Nyquist
band, it could indicate 160 MHz, or it
could indicate any one of the other fre-
quencies listed across the top of Figure 1a
(26.6,39.9,60,73.3,93.3,106.6,126.6,or
139.9 MHz). Concrete proof that 6.666
MHz in the Nyquist band came from cap-
turing 160 MHz has to come by sampling
again at a different sampling frequency.

Which alias is which?
If you sample the 160-MHz clock again
with a sampling frequency that is differ-
ent from the original 33.333 MHz, the
aliases will fall in different places. If you
see an alias fall in a place that also suggests
that you captured 160 MHz, then it’s
pretty likely that you captured 160 MHz
in both instances and you can rule out the
possibility that any of the other frequen-
cies was captured.The new sampling fre-
quency can’t be closely related to the
original, however; otherwise they will
have common factors that will cancel and
arrive at lower frequencies than the 160
MHz. For example, if you sampled 160
MHz again with a sampling frequency of
25 MHz (the inverse of 40 ns) the true
answer won’t be so obvious (Figure 1b).

Sampling at 25 MHz means that 160
MHz shows up 10 MHz above 150 MHz
(6 times 25 MHz), so it will alias down to
be 10 MHz above DC
back in the Nyquist
band. The bad news is
that because 33.333
MHz (the inverse of 30
ns) and 25 MHz (the inverse of 40 ns)
share a common factor of 1/(10 ns), or
100 MHz, they end up with common
alias products.

Comparing Figure 1a and Figure 1b,
you can see the problem. Note that 60
MHz appears in both lists of alias fre-
quencies (the numbers across the top).
This means that if you see something ap-

pearing at 6.666 MHz when sampling at
33 MHz, and you see something appear-
ing at 10 MHz when sampling at 25
MHz, the captured signal could be 160
MHz,but it could also be 60 MHz.Now,
if you are pretty sure that you aren’t going
to see 60 MHz, this could be fine. But
how many test escapes are you willing to
explain to your customer when the clock
on the device turns out to be defective?

Let’s get orthogonal
For the second sampling that will con-
firm the actual captured signal, you need
a sample frequency that will not be re-
lated in any way to the original sample
frequency; that is, it should have no com-
mon factors. One way to achieve this is
to use a PLL to offset the system clock so
you can get away from the standard sys-
tem-clock-period resolution.

In the Nextest Maverick, you can use
the APG PLL for this
purpose.You must pick
a frequency that has few
if any common factors
with the 33.333-MHz

sample rate. For this example, we picked
what looked like a fairly obscure system
clock rate of 77 MHz (the inverse of
12.987013 ns), for a period of 38.961039
ns (three times the system clock period).
This gives a sampling frequency of
25.666666 MHz. Unfortunately, you
can’t switch in the PLL on the fly, so
you’ll have to do one capture, reset all the

timing, and then do another capture, but
since the capture time is pretty fast
(about 1 ms for 1-kHz resolution), it
doesn’t add much to the test time.

Using this sampling frequency, the
alias diagram should now look like Fig-
ure 1c, where 160 MHz falls exactly 6
MHz above 154 MHz (25.66 MHz times
6), so the alias ends up at 6.0 MHz in the
Nyquist band. Note that the list of alias
frequencies (across the top), are wholly
different from the list generated by sam-
pling at 33.333 MHz. This is crucial in
making this technique work. You can
confirm this yourself by once again look-
ing at Figure 1a.There are no frequen-
cies that appear in both alias lists (the top
row of numbers) except the right answer,
160 MHz.

Remember, you’ll need two different
timing setups, two different patterns, and
two different functional bursts. It’s no
good trying to switch timing sets on the
fly, because most testers do not support
switching time bases on the fly.

You’ll need to set up your capture in-
strument to capture a single pin (the
clock pin); the instrument will collect a
sequence of 1’s and 0’s that represent the
clock pin’s transitions. Obviously, the
comparator voltages need to be set to
the 50% point of the clock, and an ac-
tive load may be applied if the pin needs
termination.

Once the functional test process has
completed the capture, extract the digital
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26.6 39.9 60 73.3 93.3 106.6 126.6 139.9 160
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12.5 50 75 100 125250

(b)
15 35 40 60 65 85 90 110 115 135 140 160

150

165

6

12.83 51.33 76.99 102.66 128.3325.660

(c)
19.66 31.66 45.33 57.33 70.99 83 96.66 108.6 122.3 134.3 147.9 160

154

Frequency (MHz)

FIGURE 1. Sampling a 160-MHz signal at (a) 33 MHz and (b) 25 MHz leads to ambi-
guities that (c) an orthogonal sampling rate, such as 25.66 MHz, removes.
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data to move it into a waveform. Next,
subtract 0.5 from the waveform, that way,
a captured “1” represents a voltage of
0.5, and a captured “0” represents a volt-
age of –0.5. (We’ll explain the reason for
this later, under “Resolution and
Nyquist issues.”)

Be sure the waveform X scale is set to
the actual sample rate of the capture, or
you will never get the right answer.Some
testers do this for you automatically; oth-
ers cannot because the capture instru-
ment is not intended for time based
waveform capture.

Just what frequency is it?
Now that you have two waveforms cap-
tured at two different sample frequencies,
how can you measure the frequency of
the clock signals they hold? While it is

tempting to count the number of transi-
tions in the waveform and then divide by
the UTP (unit test period), this method
just won’t work.

The waveform may contain a small
number of “runt transitions”—extra
edges that occur close to the comparator
threshold induced by noise. These extra
transitions will cause this technique to
overestimate the clock frequency, causing
false readings.

One technique for turning time-
domain data into frequency-domain—the
FFT—data also provides very high noise
immunity. The FFT will treat the runt
transitions as noise so they won’t interfere
with your measurements.

All you have to do is perform an FFT,
convert to magnitude (ignoring the
phase), and look for the highest amplitude

FIGURE 2. Nextest’s Mixed Signal Wavetool shows the frequency-domain version of
a 160-MHz clock captured (a) at 33.333 MHz and (b) at 25.666 MHz.
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signal. Since the data in the waveform is a
square wave, there will be other compo-
nents too (mostly odd harmonics), but by
looking for the maximum value in the
magnitude spectrum, you can find the lo-
cation of the highest amplitude signal that
has to be the fundamental of the clock that
you captured.

Figure 2 shows the frequency-domain
version of a 160-MHz clock captured
first at 33.333 MHz and then at 25.666
MHz. The resolution of the frequency
data in an FFT depends on two factors,
the sample rate and the number of sam-
ples. The formula for the Fourier fre-
quency is fF = fS/N. The example here
has two sampling frequencies,so you have
two resolutions:

33.333 MHz/32768 = 1017.25 Hz 

and 

25.666 MHz/32768 = 783.28 Hz

Your number of samples should be a com-
promise between test time and resolution.
But being able to measure a 160-MHz
clock with better than 1-kHz resolution
is pretty good (approximately 6 ppm), es-
pecially given the fact that you can do this
on a 33-MHz base-rate tester.The accu-
racy is half the resolution.If you want bet-
ter, you’ll pay for it, because the FFT time
goes up pretty fast from here.

You could get 24.5-Hz resolution if
you capture a million (220) samples,but an
FFT on 1 million samples will bring even
a dual Xeon computer to its knees for sev-
eral seconds. Remember also that FFTs
are most efficient when they operate on a
power-of-two number of samples. Also
note that this is one place a slower tester
has an advantage—sampling slower gives
you better resolution!

Stop at the intersection
Once you’ve measured the two alias fre-
quencies, search the list of frequencies
that the signal could be and see if you
find an intersection.You’ll need to write
some code to look at the aliased fre-

quencies to try to figure out where they
intersect.

The best way to do this is to build a
table having two rows containing the
candidate frequencies for each of the
sample rates. Search the rows for an in-
tersection, or a match between the two
lists (Table 1).

Because this example used two sam-
pling frequencies that were orthogonal—
that is, without common factors—there
is no chance for overlap until you get
above the gigahertz range. This is not
likely to be a problem because the pin
comparators on most cheap testers just
don’t have the bandwidth to go into the
gigahertz range.

Once you have a match, you can infer
that 6.666 MHz captured at 33.333 MHz
and 6.0 MHz captured at 25.666 MHz are
actually aliases of a 160-MHz clock. If it’s
not exactly 160-MHz, that will be appar-
ent too, because the aliases will have
drifted the same amount relative to their
sampling frequencies, and will show up as
159.5 MHz or 160.2 MHz or whatever.
In other words, this is not just a solution
for a 160-MHz clock; this is a solution for
just about any frequency you can capture
with a digital pin comparator.

Resolution and Nyquist issues
You generally have to allow a little leeway
when you look for matches in the two ta-
bles.This is done in case the frequency has
drifted between the two captures, and to
allow for the noncoherent nature of the
capture. You have to avoid giving too
much slop, however, because of a poten-
tial problem that could happen near the
Nyquist and DC frequencies.

If the clock you are measuring gets
very near a boundary, it’s difficult to tell
which side of the boundary the alias ac-
tually belongs to. For example, if you
capture a 133.0-MHz clock with a
33.333-MHz sample clock, you’ll see an
alias appear at 333.333 kHz in the
Nyquist band (333.333 Hz below 4
times 33.333 MHz). But that alias could
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33 
MHz 6.66 26.6 39.9 60 73.3 93.3 106.6 126.6 139.9 160

25.66 
MHz 6 19.6 31.6 45.3 57.3 70.9 83 96.6 108.6 122.3 134.3 147.9 160

Table 1. List of candidate frequencies
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also mean that you actually got a clock at
133.666 MHz (333.333 Hz above 4
times 33.333 MHz). If you allow for too
much slop, you could pick the wrong
number.

There are certain frequencies that are
harder to measure than others,specifically
K times one of the sample frequencies
(where K is an integer). If the frequency
you are measuring is exactly the same as
one of the sample frequencies,most if not
all of the samples will fall on either all
high or all low. If they fall on all high,
that’s fine, the FFT will reflect that by
putting a high value in the DC bin, and
the software will find an intersection be-
tween DC and an alias of the frequency
sampled at the other sample rate.

If, however, you failed to subtract 0.5
from your captured waveforms as we
mentioned previously and you capture
all lows, there will be no amplitude in
the DC bin to detect. By subtracting 0.5
from the captured waveforms, you as-
signed a value of +0.5 to a solid high,

and –0.5 to a solid low just in case the
measured frequency falls into the DC
bin due to aliasing. The polarity of the
voltage doesn’t matter to the FFT; it sees
a magnitude of 0.5 either way.

You don’t need to bolt an expensive
box onto your cheap digital tester to
measure a high frequency, even if it is far
faster than your little digital tester can
run. Just use the flexibility that’s built into
most testers to sample twice and beat
Nyquist at his own game. T&MW

Dan Bullard is a marketing applications
engineer for mixed-signal products at
Nextest Systems. He has previously
worked at GenRad, Credence systems,
and Schlumberger, and he began special-
izing in mixed-signal test in 1990. He
works in Nextest’s Portland Oregon
Development Center.

David Reynolds is the director of soft-
ware at ProTest. Previously, he was a prin-
cipal software engineer for Credence Sys-
tems. He has 30 years of experience in the
software industry. daver@protestinc.com.
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O
verwhelmingly, electronic manu-
facturers are seeking solutions to
the end-of-line test bottlenecks
that appear on high-volume prod-

uct lines, where assembly beat rates are now
faster than test rates. In addition, manufactur-
ing engineering teams require techniques that
can maintain test coverage and not increase the
unit cost of test.

Until recently, the only viable solution re-
quired replicating the test platforms to gain
more capacity to deal with the higher volume
demand. But that approach requires more
floor space, a higher capital budget, more op-
erators, and longer maintenance times. New
solutions using concurrent-test techniques
promise to unblock the test bottleneck by
using test-platform resources to test multiple
units simultaneously.

Higher production rates
The gains in production-line assembly rates
have come largely from product designs that
use highly integrated components, which

combine more functionality into smaller foot-
prints and allow products to shrink in size, as
seen in the portable electronic devices we
carry. Instead of building individual small
boards that go into such products, it is more
effective to build large,multi-image boards and
later separate them into individual units.This
situation arises because of the desire to opti-
mize the balance of load/unload time with
machine build time. On consumer and auto-
motive product SMT assembly lines, it is com-
mon to see boards with image multiples of two
to eight units.On very small units, such as radio
key locks, you might find 48 or more units for
each board assembled.

Manufacturers may also find it more cost-
effective to assemble many odd-shaped units in
one easily transported multiple-image board,
than to assemble them individually, as individ-
ual complex shapes would present a difficulty
in automated transfer between machines. Ex-
amples include automobile steering-column
sensor boards, which have a shape similar to
that of a crescent moon (Figure 1).Six to eight

MAY 2005 51TEST & MEASUREMENT WORLD www.tmworld.com

A nonmultiplexed tester
with integrated
functional-test resources
unblocks end-of-line
production bottlenecks.
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It is with regret that we an-
nounce that Dr. Grant Boctor,
president of Digitaltest,
passed away in late March. He
died of a sudden heart attack
while traveling in Egypt. 

Dr. Boctor founded Digital-
test 25 years ago and has pio-
neered many printed-circuit-
board test techniques,
including the concurrent-test
approach described in this ar-
ticle, which his staff submitted
to us in February.

Before his death, prepara-
tions for Digitaltest's 25th an-
niversary celebrations were
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such units can be built on one rectangu-
lar board at a line beat rate of around 120
boards per hour.Units then go to end-of-
line test at this rate, multiplied by the
number of units per board, or one unit at
test every 7.5 s for a four-image board.
This would immediately present a prob-
lem at test, as the normal allowance for
unit load/unload alone is 5 to 6 s.

Smaller footprints, more 
functions
The adoption of smaller component
technologies has lead to a reduction in
the available space for probe-access test
pads at production test. Active compo-
nents also include more functionality per
component, so the number of connec-
tions per device has increased, leading to
higher connection densities. Because the
higher density connections have contact
pads much smaller than that required for
test probe access, many sections of SMT
boards are no longer fully accessible by
probe-contact test methods such as in-
circuit test (ICT). To make up for the
drop in ICT fault coverage, manufactur-
ers have turned to functional test tech-
niques, such as BIST, boundary scan, and
in-system-programming (ISP), in addi-
tion to conventional performance and
compliance test techniques.

Products with multiple functions—
such as mobile phones with cameras or
pocket PCs that incorporate Bluetooth
wireless communication and GPS naviga-
tion—further complicate the test process.
The same-sized product, produced at the
same line beat rate, now has multiple test

demands. And tests of such devices must
do more than ensure product quality; in
many cases, they also must ensure the
product complies with standards covering
electromagnetic emissions.

How, then, do you develop a test that
can handle higher line production rates,
multiple image boards, and increased
product functionality—without creat-
ing a major end-of-line bottleneck? As
Eliyahu M. Goldratt has pointed out in
several books (Ref. 1, for example), nor-
mal test asset costs range from 10% to
25% of the capital cost of the complete
assembly line. If traditional thinking is
applied to solve the test bottleneck by
deploying multiple replicas of the exist-
ing test setup, then test costs will rise as
a percentage of total line costs—an ob-
viously undesirable situation.

Recent advances in test architecture
and test-management software have

made concurrent test a feasible alterna-
tive. In concurrent test, a flexible, non-
multiplexed test system with integrated
functional test resources completes the
test on multiple units simultaneously.
Allowing the load/unload time to be
shared by up to four units, and then com-
pleting the basic electrical test on all units
simultaneously, the per-unit test time is
dramatically reduced. Only when the
more expensive functional test resources
are needed to complete the test sequence
are these used serially, thus ensuring only
the lower cost resources need be repli-
cated per unit under test.

Implementing concurrent test
In one concurrent-test implementation
(Figure 2), a single test platform contains
four test heads interfacing to four units
under test. Each test head has its own
controller managing its test. All stimulus
and measurement for each unit is man-
aged with the four test controllers.A mas-
ter controller manages the complete test
cycle and allocates common resources
needed to conduct the functional test.
These can include test instruments,VXI,
PXI, or serial-bus-standard instruments
as used in automobile electronics.

As with conventional test systems,con-
current test-development software gen-
erates the test program to be loaded in
each test head. If the units under test are
identical, then the same software can be
loaded into each test head.The software
can generate the control program that
will run on the master controller, and it
includes tools that allow the user to de-
termine where synchronization points
are needed to execute the jump from the
parallel test mode to the sequential test
mode.The master controller manages the
overall test system, starting and stopping
the test sequence and compiling the data-
log files needed for quality reporting and
board routing.

Concurrent test lowers per unit test
cost,but the calculation to determine the
maximum load for a test process can be
complex because, unlike assembly ma-
chine capacity, it is more than the
addition of load/unload time plus
process time. It must include factors for
test repeats and test-failure diagnosis, and
it must allow some capacity for returns
test. Most engineers simplify the calcula-
tion by allowing a standard 25% factor for

Test head 1
controller Test head 1 B1

Test head 2
controller Test head 2 B2

Test head 3
controller Test head 3 B3

Test head 4
controller Test head 4 B4

Master
controller

Et
he

rn
et

FIGURE 2. In this concurrent-test implementation, a single test platform contains
four test heads interfacing to four units under test. Each test head has its own con-
troller managing its test.
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FIGURE 1. Steering-column sensors,
having shapes similar to that of a cres-
cent moon, would present significant
handling problems, but multiple images
can be assembled in a single rectangu-
lar board.
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4x8 Two-Wire Matrix Module for Measurement and Automation

The PXI-7931 is matrix module with 32 cross-point two-wire
relays (DPDT, 2 Form C), 22OVDCI125VAC and switching
capacity of up to 2A switching and 2A carrying. Using a
terminaUon board, users can choose between multiple
conhigurations, (one 4x8, two 4x4, one 2x1 6, two 2x8 or four
2x4), and easily change the internal connection paths. It is
PXI Rev. 2.1 and PICMG 21 R2.O CompactPCl Hot Swap
compliant and can be used in either PXI or CompactPCl
systems. The PXI-7931 provides Direct-Update and
Auto-Scan operation modes to accommodate various
application requirements.

For more info, go to:
www.adlfnktech.coin4iroducts

High -Pert omiance 1EEE488 2 GPIB Interface Card

ADLINK’s PCI-3488 GPIB controller interface
card is fully compatible with the 1EEE488.2
instrumentation contro l and communication
standard. It is capable of controlling up to 14
stand-alone instruments via 1EEE488 cables.
Dual 1KB on-board FIFOs and a block transfer
mode provide more thani .5MB/s GPIB transfer
rate. Designed to meet the requirements for
high performance and maximum programming
portability, the PCI-3488 provides the greatest
compatibility with your existing applications and
instrument drivers.

For more info , go to:
www.adlinktecli. corn/products

For more info , go to:
wwwadlinktecl,.co,nln,oducts

2-CH 6SMSJs 14-Bit Digitizer with SDRAM

ADLINK’ s PCI-9820 and PXI-9820 are 2-CH
65 MS/s, high-resolution PXI digitizers with
51 2MB SODIMM SDRAM memory. They
features flexible input configurations including
programmable input ranges and user selectable
input impedance. With lots of on-board
acquisition memory, these digitizers are riot
limited by the PCI 132MB/s bandwidth and can
record the waveform for a long period of
time. The PCI-9820 and PXI-9820 are ideal for
high-speed waveform capturing, software radio
applications, and signal digitizing applications
which require ample memory.

For more info , go to:
www.agllinktecf t.comlij roducts

Call us toll-free at 1-866-4-ADLINK
or emai l  info©adlink tech com

The PXI Starter II features:
PXI-3800 3U PXI System Controller
• Equipped with Pentium® M 1.6GHz CPU,

512MB DDR RAM and 40G HDD
• Built-in two USB 2.0 ports, two serial ports.

Gigabit Ethernet port and one parallel port on
front panel

• VGA Output supports 2048x1 536 Resolution

PXIS-2506 Chassis
• 6-slot 3U PXI/CompactPC l Instru ment

Chassis with Power Module
• Accepts both 3U PXI and CompactPCl Modules
• One System Slot and Five PXI/CompactPCl

Peripheral Slots
• Modular AC or DC 250W Power Supply

40MB/s High Speed Data Recof ding System
The DAaStreaming is a Windows-based
turnkey system for capturing and recording
analog signals. It provides up to 40MB/s
real-time data recording throughput and up to
1.5 hours of continuous recording. This 12-bit,
2OMS/s DAQ device features a C-like file API
to manage data and includes complete
software architecture for customized data
processing. Both portable and PC platforms
are available .

PCI/PXI-8570 PCI-to-PX I/PXI-to-PXI Extension
• Direct PC control of PXI/CompactPCl Systems
• Up to 64-bit 66MHz PCI bus extension,

528MB/s peak
• Shielded Copper Cable up to 61/2 feet in length

PXIS-2630 Chassis
• 8-slot 3LJ PXI/CompactpCl Instrument Chassis

with 400W ATX AC Power Supply
• PXI Specifications Rev. 2.1. Compliant
• Filtered, Forced-Air Cooling
• Accepts both 3U PXI and CompactPcl Modules
• Temperature, Voltage, and Fan Monitoring LED

TWQ $tart r KIts�
Two Ways to Set Ysut PXI Systems Su ng.

The PXI Starter I features:

A ADLINK
TECHNOLOGY INC.

www. ad linktech .com

I;

____ 
A ADLINKr,� I ���� ___

_______ 
_____ TECHNOLOGY INC.

www. ad linktech .com

Call us toll-free at 1-866-4-ADL INK
or emai l  info©adlink tech com



these. The simple calculation of maxi-
mum allowable test time is

[(beat rate – (0.25 x beat rate)] –
(load + unload time)

Thus, a 15-s unit production beat rate,
with a 6-s load plus unload time can tol-
erate a maximum test time of only 5.25 s.

Once the single-unit test time exceeds
this maximum allowance, additional
capacity must be found. As previously
mentioned, this would traditionally have
required replica test sys-
tems. But these bring a
high overhead of capital,
floor-space, and opera-
tor time.

Concurrent test can significantly re-
duce this overhead. By loading/unload-
ing four units and running all tests con-
currently, the maximum test time allowed
would become

[4 x 15 s – (0.25 x 4 x 15 s)] – 
(load + unload time) = 39 s.

In any real case, this maximum would be
reduced by the serial tests that use com-
mon resources. So, the actual achievable
maximum will need to be calculated for
each application.

The cost-saving calculation is similar.
Savings would be gained from requiring
one test platform, one floor-space allot-
ment, and one operator instead of four.
Some cost for the concurrent test plat-
form must be added, as that platform will
have extra resources. But the cost is sig-

nificantly lower than
that required for four
replica resources.

Results indicate that
significant savings can

be achieved using concurrent test systems
at board-unit test.The additional benefits
of lower demand on floor-space and sup-
port resources are equally valuable.T&MW

REFERENCE
1. Goldratt, Eliyahu M., Critical Chain, North
River Press, Great Barrington, MA, 1997.
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* On board test, visit
WWW.TMWORLD.COM/BOARD 

FOR MORE INFORMATION

Fax: (512) 683-9300 • info@ni.com

© 2003-2004 National Instruments Corporation. All 
rights reserved. Product and company names listed are
trademarks or trade names of their respective companies.

More
Functionality 
Than Three
Smart Cameras

ni.com/info

Request a brochure and evaluation
software today. Visit ni.com/info
and enter tgba2g.

Traditional 
NI CVS 1454 Smart Camera

Vision Builder for 
Configurable Software Automated Inspection Available

Programmable Software LabVIEW Real-Time Not Available

Typical Processor 
Performance 883 MIPS* 60-360 MIPS*

Digital I/O Channels 29 2-20

Cameras up to 3 1

Resolution up to 1300x1030 640x480

Frame Rate up to 100 fps 30 fps

Memory 128 MB 16-64 MB

Mix Color and 
Monochrome Inspection yes no

Operating Temperature 0 to 55 ˚c 0 to 45 ˚c

Base Price $2,995 $3,295

*MIPS: Million Instructions Per Second

National Instruments Compact Vision
System offers more processing power, 
camera options, and I/O for your 
inspection needs.

(888) 280-5761
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AEROTECH Gantries
Proven by the world’s most successful manufacturers

Aerotech designs and manufactures gantries for many of the largest manufacturers in the world. These
systems are perfectly engineered to provide superior performance in applications as varied as pick 'n'
place, automated assembly, vision inspection, dispensing stations, and packaging applications. With
our extensive experience and broad line of linear and rotary motors, linear-motor-driven and ball-
screw stages, controllers and drives, Aerotech can deliver the ideal gantry for your application.

Whether you require hundreds of high-performance gantries or a one-of-a-kind system, Aerotech is the
gantry manufacturer of choice. We look forward to discussing your application.

Dedicated to the 
Science of Motion

Aerotech, Inc., 101 Zeta Drive, Pittsburgh, PA 15238 
Phone: 412-963-7470 • Fax: 412-963-7459 • Email: sales@aerotech.com

AND introducing our LMA Series (single-axis
actuator and gantry systems)
· High speed, high acceleration, linear-motor drive
· Eliminates ball-screw or belt wear and belt

slippage problems
· Modular design benefits: single-axis

actuators easily combined in X-Y, “T”
configurations, and gantry assemblies
(pictured)

· LMA gantry options include dual
independent X-axis mounting heads,
customized mounting base, and risers

Customer
Top-five semiconductor and electronics
metrology and inspection equipment
manufacturer
Specifications
· Velocity to 3 m/s and acceleration to 5 g
· Dual Y-axis brushless linear servomotors
· Dual Y-axis linear encoders
· Optimized mechanical structure for high

servo bandwidth
· Travel up to 1 m x 1 m

Customer
Number-one global semiconductor
manufacturer
Specifications
· Extremely low profile with custom

mounting plate
· Driven with brushless linear servomotors
· Noncontact linear encoder feedback
· Optimized cable management system for

long life

Customer
Leading U.S. military/aerospace manufacturer
Specifications
· Large custom granite with through-hole

and machine base with integral controller
and drive chassis

· High-power X-axis brushless linear
servomotor stage

· Ball-screw-driven Z-axis stage

Customer
Largest independent disk drive manufacturer
Specifications
· Velocity to 3 m/s and acceleration to 3 g
· High-power brushless linear servomotors
· Optional machine base and risers with

integral controller and drive chassis
· Travel up to 1 m x 1 m 

Customer
World-leading cell phone, pager,
and semiconductor manufacturer
Specifications
· Driven with brushless linear servomotors
· Rugged design for 24/7/365 use
· Noncontact linear encoders
· Customizable Z and theta axes
· Travel up to 1.3 m x 1.5 m

AF1202A

www.aerotech.com
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One-Stop
Power Shop
Vicor offers power 
architects a One-Stop
Power Shop, including:
• Component power converters
• Configurable power supplies
• Custom power supplies
• Accessories for all

Vicor offers families of high power density, component-level DC-DC 
converters, families of configurable power supplies, and custom 
solutions. Choices include input voltage, output voltage, power 
ratings, performance characteristics, and package size. 
This broad range of choices allows designers to select 
products to fit their individual applications. 

Configurable and custom products use standard 
converters as core elements to offer higher 
performance, higher power densities, lower 
costs, greater flexibility, and faster delivery 
than traditional competitive offerings.

Component-based, configurable, military 
COTS, or custom power solutions? You’ll find 
them all at Vicor, the One-Stop Power Shop.

Call 800-927-9474 to talk with a Vicor 
Applications Engineer, or visit our website at:

vicorpower.com

Factorized Power
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USB data-acquisition modules
Keithley Instruments is the latest to offer data-acquisi-
tion products for USB. The KUSB-3100 series consists
of five modules. The Model KUSB-3100 and Model
KUSB-3102 feature 12-bit resolution and sample rates
of 40 ksamples/s and 100 ksamples/s, respectively. The

Models KUSB-3108 and KUSB-3116 provide 16-bit res-
olution and sample speeds of 50 ksamples/s and 500
ksamples/s, respectively. 

Each module provides eight differential or 16 single-
ended analog inputs, up to four analog outputs, 16 to
33 digital I/O lines, and up to five counter/timer inputs.
The KUSB-3160 provides 96 digital I/O lines for moni-
toring or controlling switches, relays, and alarms. All
modules come with Quickstart applications, visual pro-
gramming tools and drivers, and support for LabView
and TestPoint.

Prices: $349 to $2495. Keithley Instruments,
www.keithley.com. 

No-lead SMD removal kit
The Chip Quik lead-free surface-mount-device removal
kit is designed to assist engineers and technicians con-
ducting SMT rework. The Chip Quik removal method
requires no expensive removal equipment, encourag-
ing easy removal of QFPs, PLCCs, SOICs, and other
SMD chip components at safe, low temperatures (less
than 300°F) using a standard soldering iron. 

A user applies the kit’s rework flux to all leads of the
device to be removed
and uses a standard
soldering iron to melt
the no-lead Chip Quik
removal alloy. The flux
and alloy react with
the existing solder to
create and maintain a
molten state. Once
this state is
achieved, a user
can remove the

SMT device using

precision tweezers or a vacuum pen, which are pro-
vided in the kit along with cleaning wipes, liquid flux
remover, and swabs to assist users in cleaning the
printed-circuit board.

Base price: $150 for a kit with sufficient materials to
remove 12 to 15 SMDs. Emulation Technology,
www.1800adapter.com.

Semiconductor device analyzer
The B1500A Windows-based self-contained, expand-
able parametric-characterization analyzer for semicon-
ductors integrates capacitance versus voltage (CV) and
current versus voltage (IV) measurements into a single
instrument. Able to handle 65-nm lithographies and
beyond, the modular instrument has a 10-slot configu-
ration that supports high-resolution, medium-power,
and high-power measurement units. 

The instrument supports Agilent’s new EasyExpert
software, which provides a top-down approach to de-
vice characterization.
EasyExpert software
provides a library of
device tests from
which the user selects
based on the mea-
surement required.
After the user makes
a few selections, such
as identifying the
technology by classifi-
cation and selecting
the appropriate device type, the software selects the
appropriate settings, makes the measurements, ana-
lyzes the data, and displays it graphically. 

A 4.2-A ground unit is included with each B1500A
mainframe. A multi-frequency capacitance measure-
ment unit is also available, as is an atto-sense and
switch unit (ASU), which provides measurement resolu-
tions of 100 aA and 500 nV.

Base price: $45,000. Available: August 2005. Agilent
Technologies, www.agilent.com.

Arbitrary waveform generators
Tabor Electronics has introduced two Wonderwave
arbitrary waveform generators that create waveforms
for simulating systems such as brakes and motor
drives. The single-channel WW1281 produces wave-
forms at sample rates up to 1.2 Gsamples/s with 12-
bit resolution. As a function generator, it creates sine
waves and square waves at frequencies up to 400
MHz. It also can store waveforms up to 8 Msamples
long (16 Msamples optional).
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The dual-channel WW5062 cre-
ates waveforms at 50 Msamples/s/
channel. It generates sine and
square waves at frequencies up to
25 MHz with 14-bit resolution.
Waveform memory is 512 ksamples
with 1 Msample optional.

Both models come with ArbCon-
nection 4.0 software, which lets you
generate and edit waveforms on
your PC. You can draw waveforms or
create them using an equation edi-
tor and download them to either in-
strument through the Ethernet, USB,
or IEEE 488 port.

Base prices: WW1281—$17,000;
WW5062—$2,150. Tabor Electron-
ics, www.taborelec.com.

Surface-mount test sockets
Dimensions Consulting has an-
nounced a new surface-mount BGA
test socket for use with high-speed
Serdes applications operating be-
yond 10 Gbps. In addition, the com-
pany announced a test socket for

CSP and QFN devices. The socket
for use with high-speed Serdes ap-
plications is based on a Pogo design
with dual independent plungers to
optimize force and deflection. In 1-
mm pitch applications, each pin ex-
hibits a rise time of less than 40 ps
and an insertion loss of 2 dB at 40
GHz with an inductance of 0.6 nH. 

The pins employ a radius inter-
face to printed-circuit boards to ex-
tend board life; a self-cleaning DUT
plunger minimizes solder contami-
nation. A version is also available for
lead-free packages.

The new surface-mount test
socket for CSP and QFN devices can
be used for frequencies beyond 30
GHz. Available in pitches from 0.4
mm to 0.65 mm, it uses injection-
molded lids and frames that are con-
figurable per package; 3-mm Pogo-
pin-style contacts connect a board
and a DUT.

Base price: $550 per socket plus
$6 per pin. Dimensions Consulting,
www.dci-us.com.

Continuity monitoring 
system
Typically used with accelerated
stress testing equipment, the Conti-
nuity Monitoring System (CMS) de-
tects solder and connection faults
due to cracks, degradation, mis-
alignment, and oxidation. The CMS
simultaneously
monitors for
discontinuities,
while measur-
ing and record-
ing resistance
for thousands
of channels in
parallel. Not only
does the CMS accurately de-
tect discontinuity events of intermit-
tent solder joint and connection fail-
ures as short as 100 ns, but it also
measures and logs resistance for
trend analysis and validation of hard
failures. Each CMS module has 32
channels, and each chassis accom-
modates up to 11 modules, or 352
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Sequence your power outlets to 
prevent inrush current from tripping 
circuit protection and bringing 
down critical equipment. Our AC
SMARTstart® Jr.  power distribution
units allow remote management of 
individual power outlets or groups 
of power outlets.

+24 VDC and -48 VDC products 
provide low profile and lightweight 
power distribution and circuit 
protection. These units sequence
power on or off, and feature auto
reset circuit breakers and real 
battery voltage status.

Making a site visit to reboot your 
critical electronic equipment is often
inconvenient and costly. Our AC or 
DC power distribution units provide 
you with highly reliable and flexible
remote control over the power to
your equipment. Allowing you to
reboot from anywhere, anytime. 

If you’re an EF&I engineer looking 
to validate hardware performance 
and set-up, SMARTstart is the 
perfect tool for you.

Call 814-474-2207 
or visit us online @ www.specpower.com

Remote AC or DC 
Power Distribution…

Simulate real world testing of equipment shutdown and power cycling

AC Power Distribution

DC Power Distribution

Ideal for automated test
racks in ATCA, industrial
and manufacturing 
applications

tmw0505_58.qxd  4/22/2005  9:32 AM  Page 1



...creating order out of wiring chaos

With over 45 years of engineering excellence, 

VPC provides Mass InterConnect Solutions for 

test and measurement applications in defense, 

aerospace, automotive, medical, contract 

manufacturing, and other high-volume testing 

environments. VPC’s Mass InterConnect interfaces 

accommodate a variety of test and measurement 

chassis sizes and confi gurations. Rapid and 

reliable unit under test changeover and reduced 

test costs add to test value.

Contact VPC for Your
Next InterConnect Solution...

540.932.3300  •  info@vpc.com vpc.com

Reliable Connections.

Flexible Confi gurations.

Multiple I/O Options.

Reduced Test Costs.

VPC_AD_TMWmay05.indd   1 4/19/2005   3:40:46 PM
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channels. Multiple chassis can be
rack-mounted for applications re-
quiring higher channel counts. Ther-
motron, www.thermotron.com/pts. 

PXI flexible-resolution 
digitizer
You can combine the NI PXI-5922
digitizer with LabView 7.1 to create
any of a variety of instruments, such
as an AC voltmeter, audio analyzer,
frequency counter, spectrum ana-
lyzer, or I/Q modulation analyzer.
The digitizer employs National In-
strument’s FlexII ADC, which sam-
ples anywhere from 15 Msamples/s
at a resolution of 16 bits to 500
ksamples/s at a resolution of 24
bits. With its large dynamic range
and low noise, the module can di-
rectly digitize low-level signals with-
out the need for external signal
conditioning, which in turn im-
proves measurement accuracy and
reliability. National Instruments,
www.ni.com. 

Field simulation tester
Offered with a variety of connector
interfaces and fiber types, the Fiber
Lab 3200 exactly simulates field ap-
plications in
the devel-
opment lab,
manufactur-
ing test
area, central
office, head
end, hub
site, or even at a trade show. This
fiber management package houses
individual spools of fiber that pro-
vide 1, 2, 4, or 8 dB of real fiber at-
tenuation (or 1 to 25 km) in each of
four individual attenuation areas.
Each spool has both ends termi-
nated on the front panel with
SC/APC connectors or other con-
nector options of your choice. The
Fiber Lab 3200 eliminates fiber
crimping and breakage and is suit-
able for the bench or for 19-in.
rack-mounting. M2 Optics,
www.m2optics.com. (continued)
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Request a NEW
catalog today!

Optical
Solutions

over
7,600
Products
In-Stock

800.363.1992
www.edmundoptics.com/TM
Visit us at Vision West, Booth #216.

e-mail: TMW05@edmundoptics.com
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15GHz Dired Down Conversion
Rockwell Scientific introduces the

RTHO5O, its newest dual track and
hold. With 15GHz small signal

bandwidth, 1 GS/s operation
and longer hold time, it

enables capture of
wideband signals at

multi GHz carrier
frequencies with

greater flexibili�
than before

��� For more information please contactR 0 C KVV EL L Ron Latreille , rlatreille@rwsc.com ,

S (805) 373-4686
CIENTIFIC or visit our website at:

Delivering the Winning Technical Edge www.rockwellscientif ic.com/highspeed

“Go digital with your RF applications ”

Rockwell Scientific introduces the
RTHO5O, its newest dual track and

hold. With 15GHz small signal
bandwidth, 1 GS/s operation

and longer hold time, it
enables capture of

wideband signals at
multi GHz carrier

frequencies with
greater flexibility

than before.

For more information please contact
Ron Latreille , rlatre ille@rwsc.com ,

(805) 373-4686
or visit our website at:

www.rockwellscientif ic.com/highspeed

ROCKWELL
SCIENTIFIC

Delivering the Winning Technical Edge

“Go digital with your RF applications”

15GHz Dired Down Conversion



IP video test suite
Teamed with the HST-3000 hand-
held service tester, this IP video test
suite provides set-top box emula-
tion, including signaling for both
broadcast video (IGMP) and Video-
on-Demand (VoD) using RTSP; offers
detailed analysis of the video trans-
port stream, including PID discovery,
packet loss, and jitter; and enables
PCR jitter analysis. Test access in-
cludes both an Ethernet interface
and an ADSL interface. The ADSL2+
option for the HST-3000 provides
ATU-R emulation supporting ADSL1,
ADSL2, and ADSL2+ in one module.
Acterna, www.acterna.com. 

Geometry scan unit
Used with the PSV-400 series of
scanning vibrometers, the Geometry
Scan Unit (GSU) combines a laser
range finder with scan mirrors that
position the vibrometer measure-
ment beam to determine the 3-D
geometry of test objects. After

defining the measurement grid, but
prior to measuring the test object’s
operational deflection shape, the

GSU sam-
ples the
grid and
constructs a
geometry
file for the
object.
Within min-

utes, the 3-D geometry model of the
structure can be plotted to a moni-
tor giving a static baseline for ob-
serving the dynamic vibration of the
object. Polytec, www.polytec.com. 

Reverse debugging tool
To speed software development and
improve software quality, Simics
Hindsight allows reverse execution
and debugging of arbitrary virtual
systems on your desktop machine.
With Simics Hindsight, you can step
back just before the error and then
run forward again to reproduce the
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Accelerate
Your Data
Analysis
National Instruments DIAdem
gives you a unified environment
for data analysis and report
generation. This software offers
analysis and report generation
capabilities that directly 
increase your productivity.

Maximize your data 
investment and reduce 
your data analysis time by:

• Managing data from multiple
databases and file formats 

• Inspecting data in a 
dynamic environment

• Analyzing data using 
engineering math libraries 

• Reporting results with 
customized, reusable reports

© 2004 National Instruments Corporation. All rights reserved. NI DIAdem and ni.com
are trademarks of National Instruments. Other product and company names listed

are trademarks or trade names of their respective companies.

Read the white paper on how to 
reduce your data analysis time by as 
much as 90 percent. Visit ni.com/info 
and enter tg4z27.

(800) 991-9013

The smart way
to test LEDs

Make the 
smart choice. 

Contact your Test Coach
representative today
and find out what puts
the Smart FINNTM at
the head of its class.

Discover why engineers 
and quality managers are
choosing the Smart FINNTM

for their LED testing needs.
Smart FINNTM is the intelligent
solution for delivering full
LED color and strength
readings in any test
environment. 

This dime-sized, adaptable,
and durable component is
easy to install, and delivers
proven performance in 
a variety of applications
across multiple industries,
including:

Automotive

Networking

Communications

Health

Defense

Call us toll-free
1.877.551.4129
www.testcoachcorp.com
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error and look more closely at what
occurs in detail without having to re-
launch the program. Hindsight can
even unboot an operating system,
running the code backward until it
reaches the initial hardware launch
instruction after a hardware reset.
Simics Hindsight is part of the Simics
full-system simulation platform.
Virtutech, www.virtutech.com.

Power dividers
Two-, three-, and four-way power
dividers in the Dx-64FN series op-
erate from 800 MHz to 2500 MHz,
covering the cellular, PCS, and
UMTS bands in a single unit. The
Wilkinson style power dividers are
intended for low-power applica-
tions where output isolation is
preferable over lowest possible
loss. The wide frequency range of
the dividers allows them to be used
with multiband antennas and leaky
cable systems. Microlab/FXR,
www.microlab.fxr.com. 

Water baths
PolyScience stationary and shaking
water baths are equipped with mi-
croprocessor-based PID controllers
to maintain bath temperatures from
ambient +5°C to +100°C with

±0.1°C accuracy and ±0.2°C unifor-
mity. Models are available with sin-
gle-chamber reservoirs in capacities
of 2, 5, 10, 20, or 28 liters. The water
baths provide a digital temperature
readout, one-touch set-point recall,
and three user-defined temperature
preset buttons. PolyScience,
www.polyscience.com. (continued)
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Think
board
test
is too
expensive?

hink
Analyst Series
Manu facturing
Defects Ana lyzers

MDA in-circuit board test (ICT)
Identifies manufacturing
defects

Combined functional and MDA
testing
Test high-volume or high-mix
low-volume
Through-hole and SMT
assemblies
Testiet Techno logy*
Boun dary-scan for in-system
test and programming
Turn-key bed-of-nails fixtures
an d programm ing serv ices

Com plete MDA test systems,
with CheckSum ’s unsurpassed
support, are typically priced
from $1 OK - $20K

(360) 435-5510
www .checksum.com

info@checksu m.com

CHECKSUM

*T esUet T e no�og protected unde r U.S. Patent ‘ os. .U 124 U5U and SUt 4 .9. 53.
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Identifies manufacturing
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Combined functional and MDA
test ing
Test high-volume or high-mix
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Through-hole and SMT
assemblies

Testiet Techno logy*
Boun dary-scan for in-system
test an d programm ing
Turn-key bed-of-nails fixtures
an d programm ing serv ices

Com plete MDA test systems,
with CheckSum ’s unsurpassed
support, are typically priced
from $1 OK - $20K

(360) 435-5510
www .checksum.com

info@checksum .com

CHECKSUM
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Genera! Purpose — featuring IEEE-488.2 GPIB control

100 Volt, 1 MHz
PULSE GENERA TOR

Model AV-1O11-B

BOX 265, OGDENSBURG
NY , 13669-0265

ph: 800-265-6681 , 613-226-5772
fax: 800-561-1970 , 613-226-2802
e-mail: info� avtechpulse.com

ELE CTROSYSTEMS hUp:/iwww.a�echpuIse.com
NANOSE COND Gern�any I Aust I Switz: Schulz-Electronic

WAVEFORM ELE CTRONICS France: K.M.P. Elec. Japan: Meisho Corp.
SINCE 1975 Kor ea: MJL Crys te k Taiw an , Chin s : Qustek

* GPIB & RS-232 control
* LabVIEW driver
* 1 MHz repetition rate
* 0 to ±100 Volts , to 500
* 10 ns rise & fall times
* 100 ns -1  ms pulse width
* 20 W average power out
* Single pulse mode
* Internal or external trigger
* Switchable Z0 (20 / 500)
* PW n = PW 0 mode

* Average and peak power
overload protection

The AV-1011-B is a genera l-purpose pu lser
featuring IEEE-488.2 GPIB and RS-232 bus control
(ethernet optional) and is perhaps the only pulser
you need - it delive rs up to ±100V into 500, and it
works equally well as a 5V , 1MHz pulser. For laser
diode applications , it will deliver up to 8 Amps using
an AVX-MR accessory transformer!
Model AV-1O11B1-B features even shorter rise &
fall times (2 ns) and will operate up to 100 kHz.
For details on our complete general-purpose line of
pulsers and for over 500 faste r pulse , impulse , delay
and function generators , laser diode drivers , probes,
amplif iers, and more , call us or visit our web site
and download the latest complete data sheets and
application notes.

Online data sheets and pricing - www.avtechpulse.com

BOX 265, OGDENSBURG
NY , 13669-0265

ph: 800-26S-6681, 613-226-S772
fax: 800-561-1970 , 613-226-2802
e-mail: info� avtechpulse.com
http://www.avtechpulse.com

Germany I Aust I Switz : Schulz-Electronic
France: K.M.P. Elec. Japan: Meisho Corp.
Korea: MJL Crys te k Taiw an , China: Quatek

ELE CTROSYSTEMS
NANOSE COND

WAVEFORM ELE CTRONICS
SINCE 1975

100 Volt, 1 MHz
PULSE GENERA TOR

Model AV-1O11-B



www.ets-lindgren.com

tmw0505_ets_542299_63.qxd  4/19/2005  10:49 AM  Page 1

Change
Until now, when you bought one of our EMC probes they
were labeled with another company’s logo. We’re flattered
they chose our probes to carry their name and we’re
grateful for the success we shared together. But we feel it’s
t ime for a change.

The Source
Start ing now, you can buy these probes - the EMC
industry standard - direct from the source; ETS-
Lindgren. That means you’ll also be able to communicate
directly with the engineers , technicians and support
people most knowledgeable about the product.

Service
If you have one of our probes that needs repair, service or
calibration - no problem. Whether ifs under warranty or not ,
we’ll be glad to assist. As the manufacturer , we have the right
calibration equipment , parts and people to put your probes
in service quickly.

Future
We recently released a new laser powered EMC probe , a
shaped frequency response probe , and new probe software.
In the next several months we’ll be making several more new
product announcements. Stay in touch and visit our website
for more information.

Enabling Your Success

�fETS • LINDGREN
An ESCO Technologies Company

Corporate offices: USA +512.531.6400 and Finland +358.2.8383300
Company locations in the USA, UK , Finland, France, Singapore , J apan , and China

Representatives an d Distributors worldwide

Actual product appearance and color may differ from this photograph . copyright © 2005 ETS-Lind gren

:flIT�1�=, I

Color Isn’t the Only ThingNew
About These Probes

Tc�



DC power supply
Housed in a 1U 19-in. rack-mount
chassis, the VSP12010 high-power,
low-noise switching DC power sup-
ply generates up to 1.2 kW of power
at an output voltage of 120 V. Pre-
cise output voltage control is
achieved through manual tuning
using front-panel 10-turn poten-
tiometers and three-digit meters or
remotely via an RS-232 serial port.
Up to nine units can be cascaded to
produce more than 10 kW of DC
power. Price: $1725. B&K Precision,
www.bkprecision.com. 

X-ray software
The quality|assurance 2005 software
package is a full inspection environ-
ment that reduces the time it takes
to program an automated x-ray in-
spection test, while improving the
automated testing of area-array
packages as well as QFP, MLF, and
PTH packages. The software, which
works with phoenix|x-ray’s family of

2-D x-ray equipment, lets you im-
port any CAD file to enable the x-ray
machine to align and self-identify all
package types. Program setup is fast
since part types are saved to a com-
mon library and optimized inspec-
tion routines are aligned with the
part geometry. Phoenix|x-ray,
www.phoenix-xray.com. 

3-GHz bypass switch
Targeting the wireless market, this 3-
GHz bypass switch operates from 24
VDC to 32 VDC (28 VDC nominal at
300 mA typical at 20°C). The panel-
mount switch, designated P/N
411FL-2308-2, employs a failsafe ac-
tuator and switches in 15 ms maxi-
mum. The panel side of the switch is
equipped with N-type connectors,
while internal system connections are
through SMA connectors. VSWR is
1.10:1 from DC to 1 GHz, 1.15:1 from
1 GHz to 2 GHz, and 1.2:1 from 2
GHz to 3 GHz. Dow-Key Microwave,
www.dowkey.com. (continued)
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www.getfreemag.com/TMW

Subscribe Online
Order your free subscription to 

Test & Measurement World

In PRINT or... ...DIGITAL
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So��are included:T
Measurement AdvantageTM

USB-TEMP

• Four sensor types:
• Thermocouples J , K, R, S, T, N, E, B
• RTDs (2-, 3- , or 4-wire)
• Thermisto rs
• Semiconducto r temperature sensors

• Eight temperature input channels
• Built-in ambient temperature sensor
• Independent temperature inputs

• Eight digital I/O bits
• USB 1.1, 2.0 compatible

• FREE software:
• TracerDAQm strip chart recorder and

data logger application
• SoftWlRE 5, graphical programming

interface for Visual Studio NET
• Universal Libra ry programming

language support for Windows
languages

• Lab VIEW TM drivers and VIs

• VB and C# .Net drivers

Also available

99
USB -TC

(thermocouples only)

Ifor more information, visit
�_ ww W. mc Cdaq .com

MEASUREMENT
COMPUTING.
www .m Ccdaq .com

(508) 946-5100

8-channel
Temperature
Measurement

Module

-

8-channel
Temperature
Measurement

Module

Software included

1�for more information, visit
L_ www.mccdaq . com

BUILT
�to WIN



www.yokogawa.com/tm 

For more information or a demonstration of this product, contact your local Yokogawa representative 
or go to: promo.us.yokogawa.com and enter key code AD5503.

Yokogawa’s new Model WT3000 Precision Digital Power Analyzer offers an unprecedented combination of
measurement accuracy and features. It is designed for the most demanding power measurement needs,
such as transformer testing, low power factor measurements and efficiency measurements on Power
Inverters, Variable Speed Motor Drives, and Electric Motors.

■ 0.02% Basic Accuracy
■ DC to 1 MHz Frequency Range

■ 1000 V Common Mode Voltage

■ Speed & Torque Inputs for 
Motor analysis

■ GPIB Interface & Ethernet Port
■ PC Card Storage Media 

K E Y  B E N E F I T S

Join us for the Power Measurement & Analysis Seminar webcast sponsored 
by Test & Measurement World, to be held on Tuesday, May 24 at 2 PM ET.

Register now at  www.tmworld.com/webcast

tmw0505_yoko_540795_65.qxd  4/19/2005  10:49 AM  Page 1

YOKOGAWA800-447-9656 yoko gawa.com/t m

Yokogawa has

Revolut ionized
Power Measurement!
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Revolut ionized
Power Measurement!
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Digital cameras
Useful for measurement engineer-
ing, process automation, and scien-
tific diagnostics, the DX 4 mono-
chrome and DX 40
color digital cam-
eras employ a
2/3-in. CCD
sensor to
deliver a res-
olution of
1384x1032 pixels at 20
images/s. The cameras also provide
12-bit real-time processing, a Cam-
era Link interface, external trigger,
binning, and restart/reset. Both
cameras boast a noise specification
of just 61 dB. A software develop-
ment kit offers a library of functions
for user-specific programming.
Kappa opto-electronics,
www.kappa.de. 

DC/DC converters
Housed in low-profile surface-
mount packages with industry-
standard pinouts, Astrodyne’s HNA
series of point-of-load, non-isolated
DC/DC converters delivers output
current of up to 10 A. The eight
models in the series accept inputs
from 3 VDC to 5.5 VDC and pro-
vide single outputs of 0.9 VDC to
3.3 VDC with efficiencies to 95%.
Devices operate over –40°C to
+85°C and include remote on/off
control, over-current protection,
and over-temperature protection.
Base price: $20 (OEM). Astrodyne,
www.astrodyne.com.

Vision sensor
Highly detailed automated inspec-
tions are now possible at almost half
the cost of comparable vision sen-
sors with the PresencePLUS P4 GEO
1.3 vision sensor, according to the
manufacturer. The sensor performs
fixture-free inspections with 360°C
rotation and 1.3-Mpixel resolution to
capture minute details of multiple
features at ranges from a few inches
to several feet. Banner Engineering,
www.bannerengineering.com. 
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Visit www.tmworld.com/
webproducts for Web 

exclusive product writeups

...test points with the Huntron Access 

Automated Probing Station.

- Flexible and extremely accurate probing

- Interface to PXI instrumentation

- Reduce test time versus manual probing

- Reduce burden on engineering resources  

...component level troubleshooting with

Huntron ProTrack power-off test

technology.

- Test boards that cannot be powered up

- Software control and signature storage 

- Use manually or with a Probing Station

- Troubleshoot without PCA documentation

...SYSTEM CASCON™ software and 

hardware tools for extended Boundary 

Scan applications.

- Integrated software environment

- Flexible Automatic Test Generation Tools

- Wide selection of high-speed controllers

For more information, call or click, 
800-426-9265 or www.huntron.com

A C C E S S

EXPLOREEXPLORE

DISCOVERDISCOVER
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HUNTRON
A c c e s s  E x p l o r e  D i s c o v e r

Ethernet
Data Acquisition

Data acquisition from your web browser!

web DAQ/1 QQ TM

500 KHz
32 Channels

12 Bi ts
with eight 10-bit waveform

o u t p u t s
and 4 to 128 MB of memory
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A True Data Acquisition
Appliance:

Plug, Browse , Download

• No Programming Required
• High Performance
• Local or Remote Operation

www.cectp . com/tmw

Capital Equi pment

800 234 4232
603 . 472 . 1068
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TestLit Review
®

DIGITIZER, AWG, DIGITAL I/O CARDS 
PCI, PXI, CPCI
Strategic Test offers the widest range
of Digitizer, Arbitrary Waveform
Generator, Digital I/O and Pattern
Generator cards. More than 150 differ-
ent models with sampling rates from 1
to 500 MS/s, up to 512M samples
onboard memory, and drivers for
MATLAB, LabVIEW, Agilent-VEE,
VB, c/c++, Delphi and Linux.
Strategic Test Corp.
Phone: (866)898-3278
e-mail: sales@strategic-test.com
www.strategic-test.com/tmw505

FREE 2005 AGILENT TECHNICAL
LIBRARY CD ROM
This new 2005 edition of the Agilent
Right Tools CD includes demos, data
sheets and application notes for new
products such as the Agilent 6000
series oscilloscopes, N6700 power sup-
plies, and 34980A multi-function
switch. Includes many new Hints and
Tips documents for all the T&M test
equipment you need to help you per-
form your job. Order your copy today! 
www.agilent.com/find/righttools

SPEED YOUR WIRELESS DESIGN DEVELOPMENT
Tired of waiting to use conformance test
systems to debug wireless device
designs? Using Agilent Technologies'
8960 test set and technology-specific lab
applications creates an affordable, bench-
top network in a box, complete with
Internet connectivity and real data traffic
flows. Minimize time-to-market without
risking product reliability. Order this
brochure today. For more info see
www.agilent.com/find/8960devicedesign

OMEGA 4-IN-1 AIR VELOCITY METER 

The HHF81 anemometer can measure
air flow, humidity, temperature and
light. The built-in microprocessor cir-
cuit assures excellent performance and
accuracy.

HHF81 $150.00

For More Information, please contact
OMEGA Engineering, Inc. at
203-359-1660 or go to: 
http://www.omega.com/pptst/HHF81.html 

FULL MIL-SPEC TEMPERATURE FORCING AT
YOUR BENCH!
FTS Systems introduces the new 120
volt AirJet XE benchtop temperature
forcing system for temperature testing
of electronic devices or assemblies.
AirJet XE is the only temperature sys-
tem that exceeds full mil-spec tempera-
ture range (-75°C to +225°C) in a com-
pact benchtop platform. And AirJet XE
offers fast transitions, from +125°C to -
55°C in 20 seconds.
FTS Systems
1.800.824.0400 
www.ftssystems.com

THERMOCOUPLES, MAKE YOUR OWN
The HOTSPOT welding unit allows
thermocouple wire to be formed into
freestanding head or butt welded junc-
tions, or to be directly welded to metal
surfaces. The HOTSPOT provides a
quick, simple, accurate, low cost means
of fabricating thermocouples on a “when
needed, where needed” basis. Brochure
and specification sheet available.
DCC Corporation
7300 North Crescent Blvd.
Pennsauken, NJ 08110
856-662-7272 • Fax: 856-662-7862
www.dccCorporation.com

RELIABILITY CD

Keithley’s Understanding Measurements
– Reliability CD presents three informa-
tive seminars on reliability testing of
semiconductor devices. The CD also
includes a useful glossary, hotlinks to
important papers on reliability testing,
and related application notes and white
papers. To request a free copy of the CD,
visit http://www.keithley.com/at/152.html
or call 1-800-588-9238.
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C/SMBus
CONTROLLER

USB 2.0 SUPPORT

DEBUG MODE

WWW.M3ELECTRONICS.BIZWWW.M3ELECTRONICS.BIZ
919-924-3525919-924-3525

SELF-POWERED
VOLTAGES FROM 2.5vdc TO 5.5vdc
MULTI-MASTER SUPPORT CLOCK

SPEEDS UP TO 600KHz COLOR-CODED 

INCLUDED

SINGLE AND MULTI-BYTE
TRANSFERS ALL NECESSARY CABLES

$229.99

INCLUDES EASY TO USE
POWERFUL PC SOFTWARE

™2I

I C is a trademark of Philips Corporation
2

����� (732) 548-3737 www.bvsystems.com

BERKELEY VARITRONICS SYSTEMS
METUCHEN, NJ 08840
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Spectrum
Analysis
• Calibrated Receiver
• iPAQ® PocketPC®

interface
• 3 Waveform traces
• Peak hold / search
• Packet / interface

triggers
• Screen snapshots

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

sales@sealevel.com

www.sealevel.com

Sealevel Systems, Inc.

864.843.4343 TEL

USB to Serial
� 1, 2, 4, and 8-port models
� RS-232, RS-422, and RS-485 interfaces
� Data rates to 921.6K bps

USB to Digital
� 48/96 TTL (SSR rack compatible)
� Reed and Form C relay outputs
� Optically isolated inputs
� Daisy chain multiple units

Great Deals @

CirCircuit Specialists, Inc.cuit Specialists, Inc.

32013201 2GHz2GHz RF FieldRF Field
SStrengthtrength AnalyzerAnalyzer

32903290 2.9GHz2.9GHz RF FieldRF Field
SStrengthtrength AnalyzerAnalyzer

$1699.00$1699.00

Compare at over
$2000.00!$2000.00!

Extensive Details &
a Special Offer at

our web site under
Test Equipment

Over 8,000 items at:Over 8,000 items at:

wwwwww.CircuitS.CircuitSpecialistpecialists.coms.com

wwwwww.CircuitS.CircuitSpecialistpecialists.coms.com

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

34 Channel Logic 34 Channel Logic AnalyzerAnalyzer

500MHz T500MHz Timing Modeiming Mode
Sample RateSample Rate

$369.00!$369.00!
Full DetFull Details on Wails on Web Siteeb Site

Item#Item# LOGICPORTLOGICPORT

Bench PowerBench Power
SuppliesSupplies

GREAGREATT

DEALS!DEALS!

Triple Output,3A, 0-30VDC x2,
5VDC fixed..................$179.00$179.00

Pro Quality Programmable
0-36VDC, 0-3A, 10 pre-sets,
RS-232 option.............$199.00$199.00

Details & Ordering Details & Ordering @@

CirCircuit Specialists, Inc.cuit Specialists, Inc.

800-528-1417 // Fax:480-464-5824

$1299.00 !$1299.00 !

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
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section, please contact:
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your next product launch approaches.
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time to get some help.
fast, professional, electronics expertise–
accelerate with motorola’s testing services.
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SILICON VIDEO® 9M001 camera
1.3 megapixel, 10 bit, progressive
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with a maximum programmable
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SILICON VIDEO® 9T001C color
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2000/NT/ME/98/95 and Linux
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camera control including exposure,
sub-windowing, sub-sampling,
mirror/flip modes, color balance,
and frame rate.
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capabilities.
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and control.

$995either at complete
system

2048 x 1536 at 12fps
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Complete imaging systems:
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"I can sell 
my test 

equipment?"

selldirect.testmart.com

888-665-2765 toll free

sell@testmart.com

•Free listings

•We sell it for you

•Guaranteed payment

Now you can.

SellDirect

powered by

tmw0505_71.qxd  4/22/2005  10:29 AM  Page 1

�o)EPIX �f •‘�PIx

��EPIX®

�testmart

S



72 MAY 2005 www.tmworld.com  TEST & MEASUREMENT WORLD

VIEWPOINT
[An exclusive interview with a technical leader]

Keeping costs in check always matters
elping engineers obtain the measurements they need—
at an affordable price—drives the strategy of Measure-
ment Computing Corp. (MCC). Co-founder Ben

Bailey described some of his firm’s latest cost-saving moves
in a recent interview with Test & Measurement World.

Ben Bailey has been 
involved in the test and
measurement industry for
more than 20 years. He
graduated from Babson
College, where he focused
on quantitative methods
and operations research,
and went on to serve as
the VP of sales at Metra-
Byte. In 1989, he co-
founded ComputerBoards
(the company changed its
name to Measurement
Computing Corp. in 2000),
and he eventually led the
MCC team that developed
the patented SoftWIRE
graphical programming 
interface and served as
founder and CEO of the
company’s SoftWIRE Tech-
nology subsidiary. 

BEN BAILEY
CEO
Measurement Computing
Corp. (MCC)
Middleboro, MA

H
T&MW: How big a factor is cost control
to engineers involved in test and mea-
surement?
Bailey:We get our feedback from the mar-
ketplace.Whenever MCC makes a break-
through in reducing the cost of a measure-
ment, we increase our sales volume
significantly. Our company is organized
operationally—not technically—around
cost control. The cost of a DAQ board is
small compared to the costs of operating a
company, marketing products, and paying
engineers’ salaries. So, we are always push-
ing the envelope to control those opera-
tional costs.

We also keep close watch on new ideas
from manufacturers of analog-to-digital
converters and other basic components.
Controlling costs always matters, which is
how we got to be number two in PC mea-
surement, following National Instruments.

T&MW: Can you cite some MCC prod-
ucts that reflect this cost-control strategy?
Bailey: An important example is the 6000
series DAQ and PCI boards,which we po-
sitioned as functionally equivalent to NI
products but costing 30% less. These in-
cluded analog-to-digital boards, digital-to-
analog boards, counter/timers, and digital
I/O.The reception in the marketplace was
astounding, which is proof that customers
are greatly concerned about costs.

The exciting news this year has been
our new Personal Measurement Devices.
An alternative to PCI boards, these DAQ
modules easily connect to the USB port
of a desktop or laptop computer. About
the size of a pack of cigarettes, the devices
cut down on installation time and reduce
costs, since they can be easily moved and
shared within the engineering team. In
short, here’s a product selling for as little

as $100 with all the capability of a $500
board that had to be installed in your PC.
And they really lend themselves to field
test and other portable applications.

T&MW: How about software innovations?
Bailey: Releasing our SoftWIRE graphi-
cal interface for Microsoft’s Visual Stu-
dio.NET was very significant.There’s a lot
of interest among engineers in graphical
programming, and SoftWIRE allows both 
nonprogrammers and occupational pro-
grammers to create powerful software 
applications without having to write 
any code.

SoftWIRE operates within Visual Stu-
dio and allows you to freely integrate C
code, Basic code, and graphical program-
ming diagrams.We also offer this software
package at no charge, so its adoption has
jumped dramatically.

T&MW: Looking ahead, what new direc-
tions do you see for PC-based test?
Bailey: The big advances are likely to be
in software developments that make it less
complex to connect sensors, acquire and
use data, and give your data more context.
For example, I may have the data I’ve
gathered from my dynamometer,but what
does this information mean in terms of
the overall application?

I also think that test engineers will be
gaining access to more and more special-
ized services through the Internet, such 
as information or software from engineers
skilled in niche areas of measurement 
science. Engineers once employed by 
big companies are breaking away and sell-
ing such services to everyone via the Web.
As a company, we will be looking for 
ways to help our customers tap into such 
services. T&MW

� The online version of this
article includes more Q&A with
Ben Bailey on such topics as
engineering challenges, Web
issues, and product standards.

www.tmworld.com/archives
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Smart choice for power

The Xantrex XDC Series of programmabie
dig itai control power suppiies offer
current sharing capabiiity that aiiows
para iieiing severai units together for
hi gher power appiications.

The XMP is a muitipie output
programmable power suppiy suited to
the exacting demands of ATE
app iications.

Designed for iaboratory benchtop use,
our new Va iue Line of DC power suppiies
is ava iiabie in single, dua i, and tripie
outputs wit h power ieveis ranging
from 30 to 420 watts.

www.xantrex.comFor more in f ormat ion call 1-800-667 -8422
or visit our website at www.xantrex.com/programmable

xantrex
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Your smart choice for
programmable DC power

Output rang ing from 60W to 12kW Up to 8 outputs , 160W to 2.4kW
Embedded controiier for auto-sequence Moduiar and expandabie
Ethernet , GPIB, R5232 , anaiog inter laces Extensive software , protection features

Smart choice for power xantrex

c. - I - IVI 1t I I h t
Output rang ing from 60W to 12kW Up to 8 outputs , 160W to 2.4kW Singie , duai , tripie outputs , 30W to 840W
Embedded controiier for auto-sequence Moduiar and expandabie Auto-rang ing output with PowerFiex
Ethernet , GPIB, R5232 , anaiog interlaces Extensive software , protection features USBIGP iB/RS232 interfaces
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To view a seven-minute online demo of the 
NI PXI-5922, go to ni.com/modularinstruments. (800) 449 6347 or  ni.com

Discover the Signals You’ve Been Missing
The new National Instruments PXI-5922 flexible-resolution digitizer 
uses patented techniques to deliver the highest resolution and 
highest dynamic range of any digitizer today up to 15 MS/s. 
The dual-channel digitizer features:

• Flexible resolution from 24 bits up to 500 kS/s to 16 bits at 15 MS/s
• Spectral, audio, vibration, and communications analysis software
• -120 dBc typical SFDR and -120 dBFS rms noise
• Deep onboard memory up to 256 MB per channel
• Integrated antialias protection for all sampling rates

With innovative hardware capabilities and more than 400 measurement
and analysis functions, the NI PXI-5922 revolutionizes dynamic
measurements for user-defined applications. From DC to RF, 
NI modular instruments power measurements from prototype 
to production.

Industry’s Highest-Resolution Digitizer
From 24 bits up to 500 kS/s to 16 bits at 15 MS/s

All Other Digitizers

Performance Audio Test I and Q Baseband Digitization

High-End Converter Test
Re
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its
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Sampling Frequency (Hz)

Multimeters 71⁄2 digits, 1000 V
Audio Analyzers 24 bits, up to 500 kS/s
Digitizers 8-24 bits, up to 200 MS/s
Signal Generators Up to 16 bits, 200 MS/s
High-Speed Digital I/O Up to 400 Mb/s
RF 2.7 GHz, 20 MHz RTB
Switching Multiplexers, matrices,

RF switches, relays
Multifunction I/O Analog input and output, 

digital I/O, counters

Define your test system with 
NI modular instrumentation.
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