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Designing FMC-test products 
requires WLAN and cellular 
expertise
Arranging the marriage of WiFi and cellular net-
works is far from simple. Contributing editor Dan 
Strassberg writes that Agilent Technologies and Azi-
muth Systems have found that testing the perfor-
mance of dual-mode equipment requires products 
designed by people familiar with both technologies.

www.tmworld.com/ag_az

Blog commentaries and links
Taking the Measure
Rick Nelson, Editor in Chief

● Does McCain owe the patent troll?
● Commercial test technology drives DoD ATE

Engineering Students at Work
Jessica MacNeil, Contributing Editor

● Think outside the bubble
● Iraq veteran is honored for designing 

life-saving equipment

www.tmworld.com/blogs
 

How does your salary compare?
Read the results of our 2008 Salary Survey to learn 
whether your salary and benefits are competitive 
with those of your peers.

www.tmworld.com/salary_2008
 

Take a T&M Challenge
Answer our DAQ challenge question correctly, and 
you could win an AMEX gift card, courtesy of Data 
Translation. The winner of the Oscilloscope chal-
lenge receives a TomTom ONE system, courtesy of 
Yoko gawa.

www.tmworld.com/challenge

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

WHAT IS YOUR SURPLUS 
EQUIPMENT WORTH?
SHOULD YOU RECYCLE, REUSE, OR RESELL 
YOUR SURPLUS EQUIPMENT? 

Visit the site that helps you determine what is best for you.

   www.tmworld.com/dispodog
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“How can I tell if a power supply is reliable?”

For three measurement tips and 
the entire Agilent Power Products Brochure go to
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There’s an indicator on the front.
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of experience, and with more than 250 models to choose from, Agilent’s 

power supplies are the ones you can count on. In fact the array of our power 

supplies is so extensive, it wouldn’t fi t on this page. For clean, low-noise, 

programmable power to countless DUTs, there’s an Agilent power supply 

with your name on it. Actually, it’s our name on it, but you know what we mean.

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

6,000 instruments. One source.
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■ High performance family of digital 
multimeters offers a wide range of price and 
performance options for virtually any application.

■ Maximum resolutions from 6½ to 8½ digits and 
a complete set of built-in measurement tools to 
simplify and improve even the most critical 
measurements.

■ High speed, low noise 28-bit A/D converter 
technology for superior measurement 
precision, sensitivity, and traceability.

■ Integrated switch mainframe options simplify 
configuring complete test systems economically.

Caught in a balancing act between accuracy and price? 
Only Keithley DMMs offer you the perfect balance                           

of high precision and affordable cost.

Go to www.keithley.com/balance and try a demo.

NEW Model 2100 USB DMM offers 
6½-digit accuracy, features, and  

speed at a 5½-digit price.
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RICK NELSON
EDITOR IN CHIEF

EDITOR’S NOTE 

Innovation should be focus of next president
he French philosopher and author 
Bernard-Henri Lévy has some advice 
for the next US president in light of 
Asia’s rise in strength. In a September 
14 open letter on www.huffington-
post.com, he discusses America’s de-

clining manufacturing base: “The ground that 
was lost in the factories of Ohio and Michigan will 
never be recovered.” But, he adds, the next pres-
ident can take three steps to deal with the coun-
try’s decline: ensure that the patents behind the 
products manufactured in Asia continue to be 

“made in the USA,” 
ensure that people 
continue to think that 
American universities 
“offer the best possi-
ble education for the 
movers and shakers 
of the world,” and 

“ensure that American banks continue to offer 
the most sophisticated and secure financial ser-
vices to those in possession of the world’s ac-
crued profits.”

Certain American financial institutions are not 
fairing well as I write this, so perhaps innovation 
and education offer the next president the most 
promising opportunities for accomplishment. 
How might each candidate respond to Lévy’s ad-
vice? Their answers to questions on innovation 
and education posed by Science Debate 2008 
(www.sciencedebate2008.com) offer some hints.

Asked what policies he would implement to 
foster innovation, Barack Obama states “...the US 
annually imports $53 billion more in advanced 
technology products than we export. China is 
now the world’s number one high technology 
exporter. This competitive situation may only 
worsen over time because the number of US stu-
dents pursuing technical careers is declining.” He 

wants to increase funding for basic research at a 
rate that would double basic research budgets 
over the next decade. And he would make the 
federal R&D tax credit permanent. In addition, he 
writes, he would work to guarantee students ac-
cess to strong science curricula “at all grade lev-
els so they graduate knowing how science 
works—using hands-on, IT-enhanced education.”

Responding to Science Debate 2008’s question 
on innovation, John McCain says he is committed 
to “effectively protecting American intellectual 
property in the United States and around the 
globe.” He says he would streamline burden-
some regulations and cut “wasteful earmarks in 
order to allocate funds for science and technol-
ogy investments.” He also says, “My policies will 
provide broad pools of capital, low taxes and in-
centives for research in America, a commitment 
to a skilled and educated workforce, and a dedi-
cation to opening markets around the globe.” He 
would also support STEM education programs at 
government scientific agencies and believes 
these agencies can and should play a key role in 
the education of future engineers and scientists.

So how do the candidates stack up on inno-
vation? Obama’s response to Science Debate 
2008 is more specific, with calls to double basic 
research budgets and make the R&D tax credit 
permanent. McCain takes a look back—“In the 
last decade, there has been an explosion in the 
ways Americans communicate with family, 
friends, and business partners; shop and con-
nect with global markets; educate themselves; 
become more engaged politically; and con-
sume and even create entertainment”—intimat-
ing, perhaps, that progress will continue with 
minimal government intervention.

Perhaps what’s most encouraging is that the 
campaigns took the time to respond to Science 
Debate 2008. T&MW

T
Perhaps innovation 
and education offer 
the most promising 
opportunities for 
accomplishment. 

 > > >   POST YOUR COMMENTS AT WWW.TMWORLD.COM/BLOG.
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for frequency sources
from PTS, you don’t
even have to ask,
all our technical information, (web,

catalog, data sheets) shows

the price of our units.  PTS produces

fast switching, low noise

synthesizers with the best

performance/price ratio on the

market.   Our total installed base, 

first in the ATE industry, confirms

this fact.

Are there products out there that have

even better performance? Absolutely.

If you have to ask how much those

cost...we think you 

know the story...

If you should need information on our

products, you’re free to ask.  We shall

gladly answer your questions about

specs and price.

If you have to ask how much it costs.....
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synthesized

LO sources

with:

crystal control

ultra-low phase noise

µs-switching

multi-octave coverage

fine resolution

0.1 MHz - 6.4 GHz

you can afford it

PROGRAMMED TEST SOURCES, INC.

9 Beaver Brook Road

Littleton, MA 01460

Tel: 978 486-3400 

Fax: 978 486-4495

http://www.programmedtest.com

e-mail: sales@programmedtest.com
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anything from a 
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And our 34401A is now even better looking

Specifi cation
 34405A     34401A                    34410A                       34411A

Resolution 5½ digits     6½ digits                     6½ digits                         6½ digits
                                    dual display                    dual display

Basic DC 250 ppm      35 ppm                       30 ppm                            30 ppm
Accuracy 

Max Readings/s 19     1,000                            10,000                              50,000
(continuous to PC)   

Connectivity USB     GPIB                            GPIB, USB, LAN         GPIB, USB, LAN 
       RS-232                         LXI Class C                    LXI Class C

Price $745*     $1,172* $1,595*                       $1,995*    
   

Agilent’s 34401A DMM, 

the long-held industry 

standard, now sports 

a new look along with 

a 9% price cut. And 

the high performance 

34410A is 19% less 

than it was before.  Take

advantage of these 

new prices today; go 

to www.agilent.com/

fi nd/dmmcompare

Spend up to 19 %less

© Agilent Technologies, Inc. 2008

* Prices in USD and subject to change

Agilent Authorized Distributors

Allied Electronics
800-433-5700

Davis Instruments
800-358-5525
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TESTVOICES
BRAD THOMPSON 

CONTRIBUTING TECHNICAL EDITOR  
brad@tmworld.com

We’re immersed in the earth’s magnetic 
fi eld, but most of the time we’re un-
aware of its presence unless we see a 

spectacular auroral display, or a solar-event-induced fi eld imbal-
ance disturbs the power grid, or we use a compass to fi nd our way 
home. Magnetic fi elds cause problems in the test lab by affecting 
CRT-display alignment and color purity. Helmholtz coils provide 
a magnetic-fi eld-free space for accurate evaluation of display 
performance. 

In the June 1999 issue of Test & Measurement World, Jim Ericson 
described how to construct a magnetic-fi eld immunity tester from 
PVC pipe, plywood, and a few additional components. A search for 
“Magnetic Field (Gauss/Tesla) Meters” on www.tmworld.com reveals 
that the 2008 Buyer’s Guide listed several manufacturers of measure-
ment instruments.

Straying further afi eld for measuring magnetism, how about 
using…cows? According to an article appearing in the Proceedings of 
the National Academy of Sciences (see sidebar), domestic cattle and 

certain deer species orient their bodies in a north-south direction 
while grazing or resting. Using satellite photos, fi eld observations, and 
analysis of body impressions left by resting deer in snow fi elds, the 
authors eliminated ambient light and wind as possible infl uences and 
arrived at the earth’s magnetic fi eld as a statistically valid predictor of 
body orientation.

Before you purchase a herd of four-legged test instruments, though, 
be aware that certain maintenance requirements—power supply and 
by-product-disposal considerations—may present problems in an 
urban setting. On the other hand, availability of fresh dairy products 
would greatly enhance the average offi ce’s coffee break. 

Anecdotes of exceptional feats of animal navigation abound. 
Homing pigeons seek their lofts, magnetotactic bacteria align 
themselves with the local magnetic fi eld, and Monarch butterfl ies 
travel thousands of miles to their wintering grounds. Biologists pose 
various theories to account for these navigation feats, but devising 
an instrument for, say, butterfl y telemetry remains a formidable 
challenge.

The next time you drive past a herd of cattle, check your dash-
board GPS display and marvel at Mother Nature’s equivalent. The 
chips are in the fi eld—not the cows. T&MW

Magnetic field sensors [sic]
MAGNETICS: AN ATTRACTIVE 
NUISANCE?
To read more about constructing a sys-
tem to test your designs for magnetic-
field effects, see: “Build a Magnetic Field 
Immunity Tester,” by Jim Ericson, Test & 
Measurement World, June 1999: 
www.tmworld.com/article/CA187497

Atmospheric CO2 levels momentarily 
spike when thousands of test engineers 
heave sighs of relief upon realizing that 
LCD displays no longer need to go 
through complex convergence rites such 
as those outlined in “TCO ‘99—Manda-
tory and recommended requirements 
for CRT-type Visual Display Units…”
www.d-silence.com/downloads/99crt.pdf

After reading Section 4.15 of “TV and 
Monitor CRT (Picture Tube) Informa-
tion,” which discusses the fine points of 
using CRT displays in the northern and 
southern hemispheres, you’ll gaze 
fondly at the LCD display on your desk:
www.walshcomptech.com/repairfaq/
REPAIR/F_crtfaq.html

Read an online abstract of “Magnetic 
alignment in grazing and resting cattle 
and deer,” by Sabine Begall et al., 
PNAS (Proceedings of the National 
Academy of Sciences of the United 
States of America), August 25, 2008: 
tinyurl.com/5zpjzp

Training pigeons to sense changes in the 
geomagnetic field? Helmholtz strikes 
again:
jeb.biologists.org/cgi/reprint/173/1/295.
pdf

TECH TIP OF THE MONTH
If you’ve ever had to extract numeric 
data from a graph that’s available only in 
printed form, you’ll want to look at 
Engauge, an open-source digitizer that 
works from a screen image and delivers 
data that you can drop into a spread-
sheet or report. Engauge is available for 
a variety of operating systems, and you 
can download it at no cost from:
digitizer.sourceforge.net
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NEWSBRIEFS

IEEE, IEC to jointly 
develop standards 
The IEEE and the IEC (International 
Electrotechnical Commission) have 
agreed to extend their existing cooper-
ation agreement to include a proce-
dure for the joint, parallel development 

of projects in both organizations that 
could lead to IEC/IEEE international 
standards. The agreement is an adden-
dum to the original IEC-IEEE Dual 
Logo Agreement, signed in October 
2002, that described a procedure for 
the submission of IEEE standards to 
the IEC for approval.

Under the new agreement, the two 
organizations may jointly develop stan-
dards by consulting to establish the need 
for new standards projects, initiating a 
joint development project, preparing 
and circulating draft standards, and vot-
ing to approve those standards. The 
agreement also includes processes for 
maintenance of approved standards to 
keep them up to date, as well as details 
on publication, copyright, and sales.

“This new procedure will allow 
both IEEE working groups and IEC 
Technical Committees to jointly 
develop standards in the same field 
while sharing information and devel-
opment from all parties,” said Terry 
deCourcelle, director of the IEEE-SA 
Governance & International Stan-
dards Programs. “This type of interna-
tional cooperation is critical for the 
development of future standards that 
will be accepted by the worldwide 
technical community.” www.ieee.org; 
www.iec.ch.

7 layers now performs 
HSUPA tests in US
Rohde & Schwarz recently announced 
that the 7 layers test lab in Irvine, CA, 
has upgraded its WCDMA test equip-
ment from Rohde & Schwarz and will 
now have the ability to perform 
HSUPA (high-speed uplink packet 
access) tests. 7 layers operates indepen-

Johnstech International has announced that King Tiger Technology 
has chosen to use Johnstech Edge 400a test contactors on King 
Tiger’s new KT-3 testers for testing DDR3, DIMM, and SODIMM mem-
ories. The companies highlighted their alliance at the Intel Developer 
Forum in August and at Semicon Taiwan in September.

The Edge 400a test contactors, released in July 2007, are designed 
to handle low-voltage (1.8-V and 1.5-V) high-speed DDR3 memory 
modules. The technology combines a modular design for easier com-
ponent configuration and replacement and an improved warped-
module-handling capability. To meet multisite requirements, standard 
and custom designs are available for 8, 16, 32, and 64 parallel test 
options. The Edge 400a contactors are also used in DIMM, DDR-DDR5, and PCI/PCI Express applications.

King Tiger’s KT-3 tester offers advanced programming features and high-frequency testing for DDR2/DDR3 
devices and modules; it includes the firm’s behavioral test technology, which enables test engineers to use 
actual memory-device targets—such as PCs—as test-pattern-generation sources, thus more closely replicating 
real-world test conditions, according to the company. www.johnstech.com; www.kingtigertech.com.

Johnstech contactors featured on new King Tiger testers
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ELeCroy jumps into basic oscilloscopes

The WaveAce series of DSOs (digital storage oscilloscopes) from 
LeCroy takes aim at the Tektronix TDS1000B/2000B and the Agi-
lent DSO3000A with six 2-channel models from 60 MHz to 300 
MHz. All models feature color displays and memory depth of 
4 ksamples/channel (WaveAce 100, two models) or 8 ksamples/
channel (WaveAce 200/300, four models).

To help you view and analyze wave-
forms, the WaveAce series let you zoom 
in by pressing the time/div button. Once 
you’ve captured a waveform, you can 
use the 32 measurement functions, 
which include phase delay, timing, addi-
tion, subtraction, and fast Fourier trans-
forms, and you can also perform mask 

pass/fail testing. Digital filters include low pass, high pass, band 
pass, and band stop. A wave-sequence recorder lets you view up 
to 2500 screens for later replay. In addition, the WaveAce can store 
up to 20 waveforms and setups in nonvolatile memory. 

Acquisition modes include real time, equivalent time, averag-
ing, and peak detect. Sample rates range from 250 Msamples/s 
to 2 Gsamples/s. All models in the series include USB and RS-232 
interfaces and PC software.

Price range: $950 to $2290. LeCroy, www.lecroy.com.
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dent test and service centers in Ger-
many, Asia, and the US for wireless 
communications. 

The companies claim that with the 
new capabilities, 7 layers has become 
the first independent lab in North 
America that can run required HSUPA 
test cases. The 7 layers group has 
already gained experience with 
HSUPA testing and certification at its 
laboratory in Germany. 

“In order to make 7 layers Inc. 
capable to offer these new services we 
will upgrade their existing Rohde & 
Schwarz test equipment, the R&S 
CRTU-W, R&S TS8950W, and R&S 
CRTU-RRM system,” said Michael 
Gieselman, US Western Region sales 
manager for Rohde & Schwarz. 

The R&S CRTU-W is a signaling 
protocol tester for WCDMA and dual-
mode mobile phones that supports 
HSUPA. The R&S TS8950W per-
forms transmitter, receiver, and perfor-
mance tests according to the 3GPP test 
specification TS 34.121. The R&S 

CRTU-RRM performs 3G/UMTS 
radio resource management tests. 
www.rohde-schwarz.com/us; 
www.7layers.com.

World-Trusted
Data Acquisition

Simple, Secure, Wi-Fi DAQ

� Up to 50 kS/s/ch, 24-bit 
measurement resolution

� 128-bit AES data encryption
� Starting at $699*

Multifunction USB DAQ

� Up to 1.25 MS/s, 16 bits
� Starting at $159*

High-Performance PC DAQ

� Up to 4 MS/s/ch, 16 bits
� PCI and PXI Express 

options available
� Starting at $429*

©2008 National Instruments. All rights reserved. National Instruments, NI,
and ni.com are trademarks of National Instruments. Other product and
company names listed are trademarks or trade names of their respective
companies. *Prices subject to change. 2008-9625-301-101-D

>> Find the right DAQ
device for your 
project at ni.com/daq

800 454 6119

Vision 2008, November 4–6, 
Stuttgart, Germany. Produced by 
Messe Stuttgart. www.messe-
stuttgart.de.

Electronica, November 11–14, 
Munich, Germany. Produced by 
Messe München. www.electron-
ica.de.

AeroTest America, November 
18–20, Ft. Worth, TX. Produced 
by Leading Edge Events. www.
aerotestamerica.com.

To learn about other conferences, 
courses, and calls for papers, visit 
www.tmworld.com/events.
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EPCI Express frame grabber captures 

16 channels
Sensoray has extended its line of OEM video-capture cards with 
the release of the Model 817 PCI Express JPEG frame grabber. 
The PCI Express x1 card captures 16 separate channels of com-
pressed JPEG or uncompressed bit maps at 480 total fps. To pro-
vide capture flexibility; the board permits all capture parameters 
to be set independently for each capture channel. The Model 
817 supports x1 or wider (x4, x8, x16) PCI Express slots.

An internal 16x4 analog cross-point video switch 
can route any combination of four input 
channels to external video monitors. 
Each of the four video outputs can be 
individually turned on or off, allowing the 
outputs of multiple Model 817 frame grab-
bers to reach the same monitor. The Model 817 
contains four identical VCPUs (video capture and processing units), 
each of which handles four input video channels. Each VCPU 
employs a four-channel video decoder to convert analog video 
into digital. A DSP (digital signal processor) captures digitized 
video and handles processing tasks such as frame decimation, cap-
tion overlay, JPEG compression, and status reporting. A software 
development kit for the Model 817 includes drivers and demo 
applications for both Windows and Linux operating systems.

Base price: $705 each in OEM quantities. Sensoray,
www.sensoray.com.
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Your declaration
of independence
The new ¸SMBV 100A vector signal generator – 
a stand-alone solution with unmatched flexibility

Where other mid-range signal generators make 
you buy add-ons to do common tasks, the new 
R&S®SMBV 100A comes fully equipped to do the job 
right out of the box. It supports all important digital 
standards, and has a wide 528 MHz modulation band-
width as well as the highest output power up to 6 GHz 
in its class. It all means: 
J Simpler testing – signal creation with no need to  
 connect to a PC 
J Faster testing, with big ARB memory and short   
 switching times
J More accurate testing, with excellent RF performance

And much more than we can possibly tell you about 
here. To find out about everything this instrument can 
do, go to www.rohde-schwarz.com/ad/smbv
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The 2008 NCSLI symposium began with a key-
note address by Dr. Richard S. Davis with the 
International Bureau of Weights and Measures. 
Davis explained why the kilogram, the last stan-
dard of the International System of Units, is still 
an artifact. “It’s only a matter of time until we 
redefine the kilogram,” he said. 

In a technical session, Dean Jarrett of NIST 
(National Institute of Standards and Technology) 
discussed measurement methods and NIST 
traceability paths for high-resistance measure-
ments. He showed a measurement system that 
lets a primary standards lab use a teraohmmeter 
to transfer resistance from NIST. George Jones 
of NIST discussed power loading of 1-Ω resis-
tance standards. He found that reference resis-
tors were producing different values depending 
on the excitation current. 

Paul Roberts of Fluke explained how phase 
noise affects the calibration of RF spectrum an-
alyzers. He discussed how the different compo-
nents of a spectrum analyzer contribute to over-
all noise as you move away from a carrier. 

Dr. Li Pi Su from the US Army Primary Stan-
dards Lab reported on a comparison of vector 
network analyzer measurements conducted at 
the three primary standards laboratories of the 

US Department of Defense and two 
industry labs. The method involved 
calibrating four attenuators at frequen-
cies from 1 GHz to 26.5 GHz.

Steven Stahley of Cummins dis-
cussed the construction of a new me-
trology lab. He cited issues with loca-
tion, lab planning, and unforeseen 
circumstances in his presentation.

ON THE EXHIBIT FLOOR
Fluke showed an RF calibration system for 
spectrum analyzers for frequencies above and 
below 4 GHz. The company’s Hart Scientific 
division exhibited blackbody sources for cali-
brating infrared thermometers. Keithley In-
struments exhibited the 2636 SourceMeter, 
for low-current, high-resistance measurements, 
and its latest bench multimeter, the 6½-digit 
Model 2100. Yokogawa exhibited the DL9140L 
1-GHz oscilloscope. 

Agilent Technologies demonstrated its preci-
sion network analyzer, the E4448, used as a cali-
brator for RF devices such as attenuators. Ame-
tek displayed a dry-well calibrator with a 
temperature range of –90° C to 650° C that works 
with an eight-channel probe scanner. T&MW

> > >  NCSL International Workshop and Symposium, Orlando, FL, August 3–7, www.ncsli.org.

Keithley’s 2636 
SourceMeter makes 
low-current, high-
resistance measure-
ments. 
Courtesy of Keithley Instruments.

SHOWHIGHLIGHTS

At the 2008 EMC Symposium, EMC (electromagnetic compli-
ance) consultant Doug Smith demonstrated how to use two 
current probes with a spectrum analyzer to find resonance in a 
cable, and he explained how using ferrite cores around the cable 
reduces the amplitude of the resonant current. Professor Keith 
Hoover from Rose-Hulman Institute of Technology showed 
experiments used to teach EMC to college juniors majoring in 
computer engineering. Randal Vaughn of Silent Solutions used 
a spectrum analyzer to show how poor shielding due to “pig-
tails” decreases a cable’s shielding effectiveness.

In a technical session, Professor Nathan Ida from the Univer-
sity of Akron covered his course for juniors majoring in com-
puter engineering. “CE majors need an understanding of EMC 
as it relates to high-speed digital communications,” he said. The 
course covers measurements, regulatory compliance, ESD, and 
designing for EMC. Professor Arnold de Beer from the Univer-
sity of Johannesburg presented “Problematic Concepts in the 
Introduction of EMC.” He explained that “common-mode is a 
difficult concept to grasp, and it’s crucial to EMC.”

ON THE EXHIBIT FLOOR
Agilent Technologies unveiled an EMC option for its MXA 
and EXA signal analyzers, which adds CISPR emissions limits, 
an RMS detector, a quasi-peak detector, EMI averaging, noise-
figure measurements, and phase-noise measurements. Teseq 
exhibited several new products including the AES 5500, an au-
tomotive transient emissions test system. LeCroy demonstrated 
an EMC option for its WaveRunner Xi 2-GHz oscilloscopes. 

AR Worldwide introduced the CER 2018A EMI re-
ceiver and PL7004 laser-powered probe for characterizing 
chambers. ETS-Lindgren has added several EMI antennas 
to its portfolio. The Model 3142D BiConiLog covers 
26 MHz to 6 GHz, and the Model 3180 mini-biconical an-
tenna covers frequencies from 30 MHz to 1 GHz. Amber 
Precision Instruments exhibited an EMI immunity scan-
ner system consisting of a mechanical arm that scans a radiat-
ing probe over a PCB assembly. Rohde & Schwarz intro-
duced the ESL precompliance EMI test receiver. Two models 
range from 9 kHz to 3 GHz or 9 kHz to 6 GHz. T&MW

Calibration at Disney World

> > >  EMC Symposium, Detroit, MI, August 19–22, IEEE, www.emc2008.org.

EMC in the Motor City
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View Advanced Graphic Analysis in
Real-Time

- Graphic display of jitter, histograms, trend and
modulation
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TimeView SW

Pendulum Instruments
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Phone: 510-428-9488 (USA/Canada) +46 8 598 510 57 (Worldwide). Email: info@pendulum.se

www.pendulum-instruments.com
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With 64-Gbyte flash drives and 
terabyte external hard drives 
now available, USB 2.0 has 

become a data bottleneck. USB 3.0, 
with its 5-Gbps bit rate, will change 
that. If you plan to develop USB 3.0 
products and you’re not currently test-
ing other high-speed buses such as 
PCIe (PCI Express) Gen2 or SATA-3 
(Serial ATA III), start making a case to 
your manager for a faster oscilloscope.

USB 3.0 will leverage technology 
from PCIe Gen2 (5-Gbps) and SATA-3 
(6-Gbps) serial buses. It will use 8b/10b 
data encoding, which reduces the data 
throughput rate to a maximum of 4 
Gbps. “In practice,” said Mike Engbret-
son, USB test solution marketing man-
ager at Tektronix, “the data throughput 
may be around 3 Gbps.” Still, the 5-
Gbps bit rate is more than 10X faster 
than USB 2.0. (The online version of 
this article contains a link to a discus-
sion with Engbretson, covering USB 

3.0 technology in more detail, www.
tmworld.com/2008_10.)

Like PCIe Gen2, USB 3.0 will use 
a 2.5-GHz fundamental clock fre-
quency. So, you’ll likely need a 12.5-
GHz oscilloscope if you need to see a 
signal’s fifth harmonic. USB 3.0 will 
also require you to measure a sig-
nal at the receiver, which isn’t 
necessary for USB 2.0. 
With the higher bit rate, 
USB 3.0 receivers will 
need equalization at the 
receiver because the sig-
nal eye will be closed 
after traveling through PCB traces, 
connectors, and cables.

Just how much oscilloscope band-
width you’ll need is still open to de-
bate. Jim Choate, product management 
engineer at Agilent Technologies, 
suggests that using a 10-GHz oscillo-
scope at the receiver will reduce the 
amount of jitter and noise you’ll see 

because some noise is generated by 
the instrument itself. “There’s very lit-
tle high-frequency content at the re-
ceiver,” he said.

Engbretson countered that you’ll 
need 12.5 GHz to capture the signal’s 
fifth harmonic and that using a lower-

bandwidth oscilloscope will reduce 
the amplitude of the measured signal. 
Engbretson, Choate, and Mike Miche-
letti, senior product marketing man-
ager at LeCroy, agree that you’ll need 
to use a 12.5-GHz oscilloscope at the 
transmitter.

Sample rate will be equally impor-
tant because of the USB 3.0 signal’s 
rise time. “At the transmitter,” noted 
Choate, “edges will rise in less than 
70 ps.” You’ll need a sample rate fast 
enough to measure the signal’s rise 
time. 

“The USB 3.0 specification could 
specify a 50-ps minimum rise time, al-
though actual hardware may not reach 
that speed,” said Steven Sanders, prod-
uct development engineer at LeCroy.

USB 3.0 should have a specification 
version 1.0 in time for a USB develop-
er’s conference in November. Initial 
USB 3.0 interface ICs and consumer 
products should appear in mid-2009, 
with widespread deployment in 2010. 
You can expect the first USB 3.0 
products to be data-storage devices 
such as flash drives, external hard 
drives, digital music players, and digital 
cameras. After that will come video 
products and, eventually, data-acquisi-
tion systems that need the high data 
throughput. T&MW

USB 3.0 is coming

[ INSTRUMENTATION] MARTIN ROWE 
SENIOR TECHNICAL EDITOR  

m.rowe@tmworld.com

TECHTRENDS

Programmable power supplies
Lambda’s NV-350 and NV-700 series 
programmable power supplies provide 
up to 350-W and up to 700-W continu-
ous output, respectively. Both series 
are 1U high and operate from 90 VAC 
to 264 VAC. Outputs are 3.2 V–3.6 V at 
40 A and range up to 24 V–26.4 V at 
25 A. www.lambdapower.com/
products/nv-series.htm.

Oscilloscope consulting service
Amherst Systems Associates (ASA), maker of M1 oscilloscope software, 
has started a consulting service to help you choose an oscilloscope. 
ASA’s ScopeMatch program can keep you from buying more oscillo-
scope than necessary. ASA will discuss signals, probing, software, and 
oscilloscope specifications with you. www.amherst-systems.com/
scope-match.htm.

Instrument software for PC sound card
FreeView-Sound-Pro from Hacker Technology turns your PC sound 
card into a datalogger, chart recorder, oscilloscope, or FFT analyzer. 
With an eight-channel sound card, the software can operate on all 
eight channels at the full speed and resolution of the card. It can store 
data files up to 2 Gbytes and operates with Windows 95 through Vista. 
www.hacker-technology.com/100493.html.

USB flash drives such as the Kanguru 
FlashBlu now hold up to 64 Gbytes of 
data. Courtesy of Kanguru. 
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The world standard.

TDS3000 Series
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TDS1000/TDS2000 Series
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DPO7000 Series
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DSA8200 Series
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8 out of 10 engineers the world over rely on Tektronix oscilloscopes 
to help them meet their design goals. So can you.
The vast majority of engineers depend on the industry-leading performance, precision, fl exibility, ease-of-use and 

reliability of Tektronix oscilloscopes, software applications and accessories. In short, they set the standard by which all 

others are judged. Our broad portfolio includes everything from complete debug and analysis to the most advanced 

acquisition engines, including the 20 GHz DPO72004 and DSA72004, the world’s fastest real-time scopes. In fact, 

Tektronix has remained an innovator in test and measurement for over 60 years. So rely on a Tektronix scope, and 

the experts standing behind it, to help you take on the world.

The best scopes on the planet.

Download the product catalog at: 
www.tektronix.com/catalog

Source: Reed Research.  © 2008 Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign patents, issued and pending. TEKTRONIX and the Tektronix logo are registered trademarks of Tektronix, Inc.
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350 MHz to 1 GHz

tmw081001.indd   18tmw081001.indd   18 9/19/2008   3:11:38 PM9/19/2008   3:11:38 PM



OCTOBER 2008   19TEST & MEASUREMENT WORLD  www.tmworld.com

There is a prevailing trend in the 
telecommunications industry to 
offer VoIP, data, and IPTV ser-

vices over a single converged network. 
The integrated triple-play test-equip-
ment market registered revenues of 
$121.1 million in 2007—an increase 
of 32.1% from 2006. Revenues will 
likely reach more than $1 billion in 
2014 at a compound annual growth 
rate of 36.0% from 2007 to 2014 
(figure). 

Triple-play networks must support 
multiple technologies as well as a va-
riety of standards and protocols. There 
are currently five VoIP protocols in 
use and three different ways to deploy 
IPTV and VoD (video on demand). 

Successful test equipment will 
likely test new network elements en-
tirely to ensure that they will work as 
designed. A monitoring system must 
be capable of capturing and decoding 
media and signaling information, 
which means it must also support a 
wide range of technologies, protocols, 
and standards.

The main challenge for a service 
provider is getting breadth of coverage 
by having all multiplay services in 

place. Test-equipment vendors have to 
pay careful attention to the industry 
in order to offer cutting-edge test and 
monitoring systems that fulfill the end 
users’ needs. 

Network optimization also chal-
lenges service providers. Network op-
erators must optimize their networks 
to handle new services and applica-
tions that impact the bandwidth, 
routing, and traffic flows. With IP 
video services such as IPTV and VoD, 

the need to understand the real-time 
performance of a network increases. 
Operators try to fully optimize their 
networks in order to reduce unneces-
sary capital expenditures and save 
money, but the lack of appropriate 
network optimization tools is a cur-
rent challenge.

Consolidation remains a challenge 
to the growth of the integrated triple-
play test-equipment market. As the 
telecommunications industry contin-
ues to consolidate, test-equipment 
vendors have fewer companies avail-
able with which to do business. Major 
test-equipment vendors such as Spi-
rent Communications, Ixia, and Tek-
tronix continue to overcome this 
problem by developing business rela-
tionships and consistently supplying 
high-quality test and monitoring 
equipment.

With the introduction of con-
verged networks offering multimedia 
services, network operators can no 
longer afford to monitor the quality 
of their network alone, instead, they 
must monitor the end-to-end quality 
of the service and the quality of their 
end users’ experience. T&MW

Demand grows for multiple-services testing

PCB book-to-bill
For rigid PCBs (printed-circuit boards) and flexible cir-
cuits combined, industry shipments in July 2008 in-
creased 6.9% from July 2007 and orders booked de-
creased 6.9% from July 2007. Year to date, combined 
industry shipments are up 5.8% and bookings are up 
3.6%. Compared to the previous month, combined in-
dustry shipments for July 2008 are down 15.0% and 
bookings are down 17.6%. The combined (rigid and 
flex) industry book-to-bill ratio in July 2008 was 0.94. 
www.ipc.org.

Semiconductor equipment book-to-bill
North American-based manufacturers of semicon-
ductor equipment posted $905 million in orders in 
July 2008 (three-month average basis) and a book-
to-bill ratio of 0.83. “Orders for semiconductor 
equipment continue [to] reflect the pronounced cut-
back in capital expenditures this year and are at the 
lowest levels since November of 2003,” said Daniel 

Tracy, senior director of industry research and statis-
tics at SEMI. “While chipmakers remain attentive to 
cost controls, this remains a highly cyclic industry. 
Factory utilization levels, unit demand growth, and 
planned fab projects suggest that new investment 
activity will resume in 2009.” www.semi.org.

Ultra-mobile devices to outsell PCs
Ultra-mobile computing devices could far outsell 
desktop and notebook PCs in the long run, and mo-
bile devices are garnering much attention from semi-
conductor firms, reports In-Stat (the market-research 
firm owned by T&MW’s parent company). Intel, In-
Stat reports, is gearing up to do battle with ARM—
the RISC-based incumbent IP (intellectual-property) 
company that has dominated the embedded mobile 
semiconductor market for consumer electronics de-
vices for much of this decade. The firm elaborates in 
the $3995 report “Unleashing the Mobile Internet: A 
UMD Microprocessor Perspective.” www.in-stat.com.

MARKETTRENDS
OLGA YASHKOVA

INDUSTRY ANALYST
www.frost.com

[ TRIPLE-PLAY TEST]

Total market revenue for the global 
integrated triple-play test-equipment 
market from 2007 to 2014.
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We’re Driven!
The same things that drive you, drive us.  We’re passionate about finding new ways to help our customers be more productive.  To make testing
faster, easier, and more accurate.  To make equipment more reliable and more cost-effective. To be ready for the future, today.

Building Blocks!  That's The Idea
Behind Our Subampability™ Concept!
We’re building amplifiers that can grow as 
your needs change.  When you need a more
powerful amp, you simply add the power
instead of tossing out the old amplifier.  Smart!

Adaptable, Constantly Changing.
The TGAR system, for automotive transient immunity
testing, is so flexible it can handle most existing specs …
and most new ones as they emerge.

WOW!
AR Systems like the AS40000 Radiated Immunity 
Test System can perform entire tests with just the
press of a few buttons … and with unmatched
accuracy and reliability.  

Your Test Is Only As Good
As The Sum Of Its Parts.
It doesn't make sense to compromise
the quality of AR amplifiers with 
inferior parts.  AR offers accessories 
that are power and frequency 
matched to our amps.

Powerhouse!
When it comes to power and reliability,
those who know come to AR.  For amplifiers
like the 10000A250A, with 10,000 watts of
power, 6:1 VSWR tolerance, and a frequency
range of 100 kHz - 250 MHz.

Our Conducted Immunity 
Test Systems Stand Alone!
The CI self-contained RF
Conducted Immunity 

Test Systems have no equals.  For ease of use,
accuracy, flexibility, reliability, or any 
features that really matter. Testing to CE, 
MIL and Auto Standards.

We’ve Seen The Future.
And We’re In It.
No one knows exactly
what's next in EMC
and Wireless testing.  
But AR will always be
several steps ahead, with
the amps and accessories
that meet the changing needs.

Survival Of The Fittest.
AR amps stand up to the toughest 
conditions with infinite VSWR
tolerance.  You get every watt

of power, every time.

Radiant Arrows.
Our unique “bent element” 
Radiant Arrows are about 

60% smaller than standard log 
periodic antennas.  They produce 
high fields even in the 
toughest applications.

Safe Bet!
AR's highly-advanced Starprobe®

laser probes have 3 levels of
safety to protect your equipment
and the reliability of your data.
AR battery and laser probes cover
5 kHz to 60 GHz.

AR Modular RF Is A Leading Supplier Of Booster Amplifiers For Tactical Military Radios.
Our battle-tested booster amplifiers cover the broadest frequencies and 
wave forms and are compatible with virtually every transceiver.  We’re also
supplying some of the most high efficiency modules for jamming applications.

A Wide Range of Modules and Amplifier Systems. 
AR Modular RF not only offers modules and rack mounted amplifiers 
from 10 kHz to 6 GHz (with power that goes from watts to kilowatts), 
we also provide customer-specific designs and modifications of our products 
to meet the most demanding requirements.

One Company, Infinite Solutions

Get Ready For The Next Wave In EMI Receivers.
The CER2018A Receiver is a complete EMI test solution with continuous 
coverage from 9 kHz to 18 GHz.  It exceeds CISPR 16-1-1 Ed.2 Oct. 2007
and features Peak, Quasi-Peak, Average and RMS-Average detectors.  
Easy to use, menu-driven and self calibration with internal standard.
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TESTDIGEST

Whenever you make a measurement, 
the result you get is an estimate of the 
true value. Instrument makers publish 
accuracy specifi cations, usually expressed 
as a percent—but a percent of what? 
Through the accuracy specifi cation, the 
manufacturer guarantees that a measure-
ment is within some tolerance of the ac-
tual reading. Therefore, accuracy really 
indicates the measurement uncertainty. 

Here’s an example using a B&K Pre-
cision Model 2707A handheld multi-
meter. Assume you want to measure 
around 10 V. The B&K 2707A has a 
2000-count display, meaning that it has 
a range of 0 to ±1999. To measure 10 V 
with the meter’s finest resolution, set 
the dial to 20 VDC. The measurement 
range is 0 V to ±19.99 V. Now, assume 
you make a measurement and get a 
reading of 10.00 VDC. What’s the un-
certainty of the measurement?

B&K specifi es the meter’s DC accu-
racy at “±0.5% plus 1 digit,” but is that 

±0.5% of reading or of 
full scale? Unless the 
manufacturer specifi es a 
percentage of reading, 
you must assume the 
uncertainty is a percent-
age of full scale. So, 0.5% 
of 20 V is 0.1 V. 

Then, you must add 
one digit (sometimes 
called a count), which is 
0.01 V (10 mV) on the 
20-V range. Thus, the 
uncer ta inty of  your 
measurement is ±0.11 V. 
A 10.00 reading, assum-
ing that the meter is 
perfectly in calibration, means that the 
true value can range from 9.89 V to 
10.11 V.

There’s a lot more to measurement 
uncertainty, a topic that would take 
many pages to cover thoroughly. For 
example, it’s still possible to get a mea-

surement reading that is 
outside the uncertainty 
range even when the 
actual value is within 
the range. Every mea-
surement, therefore, has 
an associated uncer-
tainty and a confi dence 
level. When you have 
an  in s t r ument  ca l i -
brated, you can request 
an uncertainty specifi -

cation and a confi dence level that your 
measurements will be within the man-
ufacturer’s specifi cations. Remember 
that instruments drift over time, which 
increases uncertainty and decreases 
confi dence.

Martin Rowe, Senior Technical Editor

A 3½-digit multimeter 
has a display range of 0 
to ±19.99 V on the 20-V 
scale. Courtesy of B+K Precision.

I N S T R U M E N T S

All measurements are estimates

Perhaps the most common mistake told 
about measurement is the phrase “A 
voltage is developed across the junction 
of a thermocouple that’s proportional 
to temperature.” It’s repeated so often 
that even experienced engineers take it 
for granted. It’s also incorrect.

A thermocouple is made two of wires 
of different metals where the tips are 
connected (often welded) to produce a 
good electrical connection. This junc-
tion is the temperature measurement 
point. Figure a shows the incorrect as-
sumption about thermocouples. There 
is no voltage developed across the junc-
tion, although there will be a voltage 
across the open ends of the wires (VT).

In Figure b, assume that the ther-
mocouple junction is at temperature T1 
and, for simplicity, assume that the open 
ends of the wires are both at T0 = 0°C. A 
wire whose ends are at different tem-

peratures will produce a small voltage 
across those ends, called the Seebeck Ef-
fect. That voltage depends on the com-
position of the wire and the tempera-
ture difference across the wire’s ends.

The material of a wire affects the 
voltage across its ends, so wires of two 

different materials produce two differ-
ent voltages (V1 and V2) for the same 
temperature difference. Thus, the volt-
age across the terminals is VT = V1 – V2. 
The voltage develops across the wires, not 
across the junction.

Because keeping the wire ends at 
0°C is impractical, equipment manu-
facturers use a circuit to measure the 
temperature at the ends of the ther-
mocouple wires and electronically 
compensate for that temperature. It’s 
called cold-junction compensation 
(CJC). Even with CJC, the thermo-
couple wire connections must be as 
close to each other’s temperature as 
possible to minimize measurement er-
rors. Most connections to thermocou-
ple measuring equipment, therefore, 
are mounted on a thermally conduc-
tive block.

Martin Rowe, Senior Technical Editor

VT = V1 – V2

T0 = 0ºC

V1

T1

(b)

(a)

Thermal
block

+

–

+

–
TVT

V2

Thermocouples generate a difference 
voltage proportional to a temperature 
difference.

Thermocouples often described incorrectly
D ATA  A C Q U I S I T I O N
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Engineers often need simple measurement circuits that con-
nect to a PC. When you don’t have the resources to buy a 

digitizer for low-speed signals, you can build one yourself with 
just two ICs connected to a PC’s serial port. The throughput 
rate of the digitizer depends mainly on the performance of the 
PC’s operating system, processor speed, and memory. I was able 
to achieve 250 samples/s with a 2.4-GHz Pentium-based PC 
with 512 Mbytes RAM running Windows XP. Faster processors 
will produce higher sample rates. You can calculate your 
throughput rate by counting the number of conversions for 1 s. 

The circuit in Figure 1 shows that you can use an 
MCP3201 12-bit successive-approximation ADC (analog-
to-digital converter) with a MAX232 RS-232 interface IC. 
Using an application written in C#, you can get data into a 
PC that runs Windows XP or Vista. You can download the 
source code from the online version of this article at www.
tmworld.com/2008_10.

The MCP3201 uses RTS (ready-to-send), CTS (clear-to-
send), and DTR (data-terminal ready) serial-port lines to 
communicate with a PC. Its standard SPI (serial peripheral 
interface) port communicates to the MAX232. The analog 
signal connects to the MCP3201’s IN+ pin, and the MAX232 
converts RS-232 signal levels to TTL-compatible levels.

The digital output stream from the DOUT pin goes through 
the MAX232 to the serial point on the IC’s CTS line. The 

RTS line provides clock pulses to the ADC’s CLK (clock) 
pin. Each separate bit appears at the DOUT pin on the falling 
edge of the CLK signal. Thus, a software application must 
latch the bit on the rising edge of the clock pulse. Finally, the 
DTR line produces the CS (chip select) signal that frames 
the conversion process. The CS bit must be low while the 
conversion is in progress. Figure 2 shows a timing diagram 
of the process.

In Figure 2, the valid data bits (most-signifi cant bit fi rst) 
appear on the DOUT line after the third CLK pulse goes low. 
Thus, you must use software to discard the fi rst three bits 
after reading the data.

The software application is written in free Microsoft Visual 
C# 2008 Express Edition. The built-in SerialPort compo-
nent in C# provides full control over the port. The software 
is implemented as a simple console application. You don’t 
need a device driver to use a serial port with this code.

You can easily repeat or modify the source code to fi t your 
application. For example, you can send the data from the 
ADC to another location over the Internet or pass data to 
Excel or another application for analysis.

You can also improve on the hardware design in Figure 1. 
For example, placing a low-pass fi lter in front of the ADC 
will reduce noise and thus reduce errors caused by alias-
ing. Always use a bypass capacitor on the MAX232’s VCC 

Serial port controls ADC

Measurement tips from readers  

Using a PC’s serial port, C# code, and an ADC, you can digitize an analog signal.

By Yury Magda, Consultant, Cherkassy, Ukraine
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Figure 1 A MAX232 IC interfaces an MCP3201 ADC to a PC’s serial port.
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pin. Place the 1-µF capacitor (recom-
mended value) as close as possible to 
the device pin.

You can replace the MCP3201 with a 
similar successive-approximation ADC 
that also has an SPI-compatible 
interface. For instance, you may 
use  a  L inear  Technology 
LTC1286 or LTC1297. If you 
plan to use a different ADC, 

you will need to make some hardware 
modifi cations, so check the manufactur-
er’s data sheet for details. Instead of a 
MAX232 line driver, you can use similar 
parts such as MAX225 or MAX233. 

These parts don’t require any external 
components, thus simplifying the design.

If you use other hardware, you may 
need to modify the application source 
code, too. As an example, you may need 

to change the for (int i = 0; i < 
15; i++) loop statement in the 
source code according to the 
timing diagram of the part 
you select. T&MW

DOUT

1 2 3 4 5

HI-Z HI-Z

CLK

6 7 8 9 10 11 12 13 14 15

CS

Null
bit

B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 B0

Figure 2 Software latches 15 bits, discarding the first three after reading the data.

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

Send your ideas to: tmwtestideas@reedbusiness.com.
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AWARDS

VOTE for the 2009 Test   

MEDICAL 

Eddie Abshire
St. Jude Medical

Ninety million people in the US suffer 
from chronic pain, often associated with 
failed back surgery. While many patients 
resort to medication, which can lead to 

dependency, an increasing 
number now get effective 
relief from implanted pace-
maker-like devices that de-
liver neurostimulation to 
control the pain. 

ANS, a division of St. 
Jude Medical, this year gained FDA ap-
proval for the Eon Mini, said to be the 
world’s smallest neurostimulator for such 
applications. Slightly larger than a silver 
dollar, the device is more comfortable 
for patients and requires a smaller inci-
sion. A key figure in that development 
effort was Eddie Abshire.

The senior test engineer, whose 21-
year career includes work in missile sys-
tems for Texas Instruments, helped verify 
low-level firmware and electrical circuitry 
of the Eon Mini early in the project and 
worked closely with chief engineers to 
characterize the functionality of the im-
plant and uncover problem areas. He 
then leveraged this knowledge to de-
velop system-level tests to ensure correct 
functionality between the implant, char-
ger system, and programming software.

Managers at ANS praise Abshire’s 
skills in testing embedded software and 
hardware, as well as his tenacity in iden-
tifying and solving problems. Now, ANS 
is putting his talents to work on a new 
neurostimulation therapy for those suf-
fering from depression. Said Abshire: 
“There’s tremendous gratification in 
seeing a medical product getting into 
the marketplace and helping people.”

AUTOMOTIVE

Jeff Greenberg
Ford Motor

As senior technical leader at Ford Re-
search & Advanced Engineering, Jeff 
Greenberg has focused on devising ways 
to test perhaps the most overlooked 
part of the vehicle system: the human 
driver. Since 1989, he has led teams that 
have built four generations of advanced 
driving simulators that allow people to 
drive vehicles in a virtual environment. 
“The biggest value of simulators is hav-
ing a place to study the customer before 
the car is ready,” said Greenberg. 

The latest of these simu-
lators is VIRTTEX (VIRtual 
Test Track EXperiment). En-
closed in a 24-ft-diameter, 
carbon-fiber dome, the 
simulator features a full-
sized vehicle cab and six-

degrees-of-freedom motion. Drivers see 
the world via life-sized, computer-gener-
ated images and feel the motion from 
six 64-in. hydraulic actuators that move 
the entire dome based on a mathemati-
cal model of vehicle dynamics.

Greenberg has led teams that have 
used the simulator to develop active 
safety systems, including forward-colli-
sion and lane-departure warning systems. 
The simulator required an enormous 
amount of data collection and analysis, 
including video capture of driver re-
sponse, a data-acquisition system involv-
ing several hundred channels, a network 
analyzer for CANbus, and a fiber-optic 
shared cable ring throughout the lab.

The biggest challenge? “System inte-
gration,” said Greenberg. “Your success 
depends on how well you’ve married 
the subsystems, such as data acquisi-
tion, motion, and graphics.”

CONSUMER ELECTRONICS

Vince McGarry
Seagate Technology

In the sharply competitive disk drive 
business, Vince McGarry is described by 
Seagate managers as “a consummate 
test engineer,” with extensive knowl-

edge of a wide range of 
test equipment. That makes 
him a logical choice for 
high-stakes projects, such 
as FDE (full disc encryption) 
and hybrid disk drives that 
incorporate flash memory.

McGarry’s work on FDE required the 
integration of new ASICs and a deep in-
volvement in the interaction of disk 
drives and operating systems. Using bus 
and logic analyzers, he identified major 
problems, such as data miscompares, 
and developed key debug processes.

On hybrid disk drives, McGarry cre-
ated the ability to capture the bus activ-
ity on a hybrid-HDD (hard disk drive), 
process the data, and then analyze 
NAND flash versus disk activity. He also 
developed a method for creating a test 
script that exactly duplicates a captured 
command stream. That allows engi-
neers to repeatedly run the same se-
quence on a hybrid-HDD and observe 
the response with varying algorithms.

A native of Ireland, McGarry got 
valuable experience in communica-
tions systems with the US Air Force be-
fore getting his EE degree from the 
University of Oklahoma. Early work in-
cluded systems engineering in Ireland 
for Tyco Healthcare. No matter what 
the project, McGarry said that “I’ve al-
ways had a passion for hands-on work, 
like being very stubborn in tracking 
down root causes of faults in develop-
ing new devices.”

At a time when global competition is tougher than ever, product quality and at-
tractive prices win the day for manufacturers. And the technical professional at 
the center of delivering both benefits is the test engineer.

In development labs, test engineers devise the tests that validate the functions of 
new features designed to make products distinctive. In manufacturing, too, test engi-
neers must select systems that will ensure product reliability while at the same time 
meeting the throughput requirements needed to keep costs in check.

To acknowledge the essential role that test engineers play at every stage of a 
product’s life—from R&D to field test—Test & Measurement World is presenting 
its sixth annual Test Engineer of the Year award. Thanks to the sponsorship of 

Our editors have 
selected the six 
fi nalists. To help 
choose the winner, 
cast your ballot 
by December 5.
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 Engineer of the Year

DEVICE TEST

Mark Pearson
Sanmina-SCI

An electronic-manufacturing-services 
giant with $10 billion in sales, Sanmina-
SCI values versatile engineers who can 
devise cost-effective testing strategies. 

Mark Pearson, senior engi-
neering program manager 
in the New Technologies 
and Ventures Group, fits 
that description well. In 
nearly 25 years of engi-
neering, he has tested 

CCD cameras, scanners, magnetic opti-
cal disk drives, multimedia devices, and 
photolithography equipment.

For the last six years, Pearson and his 
teams at Sanmina-SCI have been test-
ing home monitoring medical devices, 
consumer electronics products, and 
fiber security devices for virtual private 
networks and firewalls. And always, said 
Pearson, the challenge is the same: 
“How can we devise test strategies that 
will drive down costs for customers?” 

For security appliances for networking 
companies, Pearson integrated eight-up 
testers to optimize throughput. This 
year, he designed an innovative system 
for testing set-top boxes for home enter-
tainment systems. In the past, Sanmina 
created a tester system for every new 
box. Working with VI Technology, a test 
engineering services firm, Pearson fash-
ioned a generic platform that is scalable 
and easily configurable for testing differ-
ent set-top boxes. Thanks to Pearson’s 
innovative thinking, the new four-up tes-
ter has reduced test times from several 
minutes to mere seconds, while saving 
floor space and operator costs. The ap-
proach reflects his personal approach to 
engineering: “Try to keep it simple.” 

FUEL CELLS/MATERIALS TEST

Jay Sayre
Battelle Memorial Institute

The quest to build a highly efficient fuel 
cell is fraught with problems, prompting 
PhD engineer Jay Sayre to call on his 
hands-on knowledge of polymers, chem-
istry, and testing to solve them. The re-
ward? “We at Battelle view cells as hav-
ing the potential to replace the internal 
combustion engine and reduce our de-
pendence on foreign oil,” said Sayre.

The materials challenge is especially 
tough. Observed Sayer: “Cells need a 
membrane technology that meets the 

high-temperature, low-rela-
tive-humidity, and cost-effi-
ciency requirements of 
commercial products.” 

Even before the Battelle 
team developed its poly-
mer-electrolyte-membrane 

chemistry, now ready for portable power 
applications, Sayre had to design a lab 
for synthesizing, fabricating, characteriz-
ing, and testing fuel cells. That task en-
tailed purchasing a long list of test 
equipment as well as designing fuel-cell 
test stations for handling a variety of 
chemistries, including hydrogen-air and 
direct methanol. Such potentially volatile 
materials pose safety issues, which 
prompted a series of compliance steps, 
such as installing hydrogen detectors.

Sayre’s work isn’t confined to fuel 
cells. During his eight-year Battelle ca-
reer, the former Virginia Tech varsity 
football player was instrumental in de-
veloping composite armor for the mili-
tary and a “self-healing” polyurethane 
guard rail that gradually regains its 
shape after a collision. For his many 
contributions, Battelle named Sayre its 
“Inventor of the Year” in 2006.

SEMICONDUCTOR TEST

David Seiler
National Institute of Standards and Technology

As chief of the Semiconductor Electron-
ics Division of NIST’s Electronics and 
Electrical Engineering Laboratory, David 
Seiler is responsible for tackling some 

of the most pressing issues 
that confront the micro-
electronics industry. He and 
his team work to ensure 
that proper standards, 
measurements, and reli-
ability test methods are in 

place to support current semiconductor 
production, and they conduct leading-
edge research on future technologies.

A PhD physicist and IEEE fellow, Seiler 
has led many efforts at NIST, including 
characterizing nano scale reference arti-
facts that use the spacing between 
atoms to measure chip dimensions. His 
division has also developed measure-
ments in molecular electronics and con-
fined silicon devices, as well as the first 
MEMS standards and test structures.

Among future technologies that his 
group is addressing, Seiler cites develop-
ment of metrology standards for nano-
scale devices, organic electronics, and 
“lab-on-chip” devices that marry elec-
tronics and microfluidics. Throughout 
such research, Seiler emphasizes the role 
that test plays. “We’ve developed one-
of-a-kind testers, for instance, in power 
electronics for fuel cells to test silicon 
carbide devices at very high speeds and 
voltages,” he said. Seiler, whose research 
has appeared in some 200 journals, co-
operates with semiconductor firms to 
shape the NIST research agenda. He also 
works with standards organizations to 
ensure that NIST’s measurements and 
test methodologies are adopted. T&MW 

National Instruments, the winning engineer will designate an engineering school to 
receive a $10,000 grant.

Test & Measurement World will present the 2009 Test Engineer of the Year award at 
our “Best in Test” event during the 2009 APEX Show, taking place March 31 to April 2 in 
Las Vegas, NV. The winner will also be the subject of our April cover story.

In recent weeks, we’ve received nominations of leading test engineers from a broad 
range of fields. Our editors have selected the six individuals on these pages as the finalists 
for the 2009 award. Please review their profiles both for on-the-job skills and for overall 
contributions to the field. Then, cast your vote online by visiting www.tmworld.com/teoty, 
where you will find links to additional information on the candidates and their companies.
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Engineers at EPCOS employ multiport vector network analyzers to test 
multifunction miniature front-end modules that support multiple wireless 
communications standards.

BY RICK NELSON, EDITOR-IN-CHIEF
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RF MODULES 
POSE TOUGH 
TEST CHALLENGES
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M
unich, germany—
The proliferation of 
wireless communica-
tions devices is creating 
a voracious demand for 

the RF components and modules that 
make those devices work. The compo-
nents must, of course, be small enough to 
fit comfortably within the mobile wire-
less consumer products they populate 
and not crowd out ancillary functions 
like MP3 players and digital cameras. 
And because consumer products increas-
ingly support multiple communications 
standards, the miniature devices them-
selves must incorporate the functionality 
necessary to implement WiFi, WiMAX, 
Bluetooth, GPS, DVB-H, UWB, and the 
various multiband cellular technologies.

On the digital side, Moore’s Law has 
enabled vendors to make great strides in 

providing increased functionality within 
a single CMOS integrated circuit. Ra-
dios, however, require numerous other 
active and passive components as well as 
baseband digital chips, power amplifiers, 
switches, and low-noise amplifiers. Dis-
crete passive components don’t follow 
Moore’s Law and are not amenable to 
continual miniaturization. Christian 
Block, VP and CTO of the SAW divi-
sion at EPCOS (see “The Evolution of 
EPCOS, p. 36) described the problem—
and the solution—in a 2004 interview 
(Ref. 1). “Major progress can no longer 
be made by continuing to miniaturize 
discrete passive components alone,” he 
said. “So we are opting for passive inte-
gration based on LTCC technology.”

LTCC drives miniaturization
“LTCC” refers to low-temperature co-
fired ceramic technology, which EPCOS 
uses to create multilayer ceramic sub-
strates that embed passive components. 
Compared with the FR4 material or 
laminates, LTCC substrates provide 
lower loss and allow for the integration 
of many passive components in a com-
pact space (Ref. 2).

An LTCC module, said Dr. Patr ic 
Heide, director of product development 
for modules at EPCOS, might have any-
where from 10 to 20 layers, with each 
layer between 30 and 50 microns thick. 
Within those layers, EPCOS can build in-
ductors and capacitors to implement filter 
functions and baluns. Dr. Heide explained 
that to help the drive toward miniaturiza-
tion, the modules also accommodate 
semiconductor chips such as power am-
plifiers and switches typically fabricated 
in GaAs technology. “We’ve developed a 
lot of knowledge here of how to integrate 
these active GaAs devices with LTCC 
structures, and we’ve leveraged our expe-
rience in flip-chip and wire-bonding in 
order to achieve high manufacturing 
yields in mass production,” he said.

The result of the high levels of inte-
gration, he continued, is that “we ship to 
our customers a fully tested RF system 
in a single package. In a mobile phone, 
you have the CMOS-based radio IC 
built in on one side, and on the other 
side you have the antenna. We provide a 
fully featured front-end module that 
goes between the two.”

An example is a compact all-in-one 
front-end module for Bluetooth and 
IEEE 802.11b/g/n WLAN applications, 
introduced in January. The module inte-
grates a WLAN power amplifier, a 
WLAN/Bluetooth switch, and a receive 
balun as well as bias circuitry and ESD 
(electrostatic discharge) protection for all 
RF and DC ports, yet it offers an inser-
tion height of only 1.4 mm and occupies 
a footprint of only 4.5x3.2 mm² on a 
circuit board. Designated the D6101, it 
also includes a coexistence filter that al-
lows simultaneous operation of WLAN 
and Bluetooth applications with all 
worldwide cellular standards.

Multiport test challenges
During my visit to EPCOS headquarters, 
Dr. Heide and his colleagues outlined the 
particular challenges they face in testing 
such modules. Dr. Jörg Schuler, who is re-
sponsible for manufacturing engineering 
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Measure power sweep
(gain, current, detected voltage)
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(IEEE 802.11 and 802.16)

Measure EVM 
(IEEE 802.11 and 802.16)

Measure harmonics (H2, H3)

FIGURE 1.  Test for a combined WLAN 
and WiMAX front-end module extends 
from S-parameter measurements 
through harmonic measurements. The 
OFDM modulation scheme of WLAN and 
WiMAX devices requires the measure-
ment of EVM (error-vector magnitude) as 
an indication of linearity.

Patric Heide prepares automated 
measurements of LTCC front-end 
modules for WiMax and WiFi 
applications. He said that the 
testing of such modules involves 
a small-signal test of the many 
embedded filter functions as well 
as the comprehensive large-signal 
characterization of the modules’ 
power amplifiers.
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and testing strategies at the EPCOS SAW 
division, discussed the complexity of the 
tests needed for miniaturized, highly inte-
grated packages with multiple RF ports: 
“For a GSM-quad-band WCDMA-tri-
ple-band module you have to test four 
GSM balanced ports, two Tx ports, three 
wideband CDMA ports, and one an-
tenna. You need to test 14 ports alto-
gether at final testing.” (Each of the bal-
anced GSM ports includes a balun that 
presents two ports to a test system). He 
said that important specifications include 
high dynamic range and good stop-band 
performance, “so your test system needs 
to provide as low loss as possible.”

Early test systems employed by EPCOS, 
Dr. Schuler said, included a two-port 
VNA (vector network analyzer) and 12-
port matrix. He added that EPCOS had 
early discussions with Rohde & Schwarz 
about test-equipment needs (see “Uni-
versity ties boost network-analyzer devel-
opments,” p. 32). The discussions ulti-
mately led to today’s use of an eight-port 
R&S ZVT VNA, which supports test 
coverage up to 20 GHz, combined with a 
10-port matrix. The combination, he said, 
results in fewer switches connected to the 
unit under test, thereby minimizing loss, 
increasing dynamic range, and providing 

for a more accurate mea-
surement.

Also important, accord-
ing to Dr. Schuler, are fast 
calibration times, prefera-
bly with calibration able 
to be performed onsite. 
“What we use today is a 
16-port calibration stan-
dard,” he said, “which of-
fers the possibility to auto-
matically calibrate 16 ports 
in one shot—just connect 
test equipment to the cal 
standard and start the au-
tocalibration routine. It is 
very practical for mass 
production.” He added 
that automated calibration 
is particularly important at 
EPCOS’s manufacturing 
plant in Wuxi, China, and he explained 
that with color-coded cables and connec-
tors, an operator can quickly make the 
necessary connections and push a button.

Keeping test time short
Dr. Schuler said the team needed to keep 
test times short despite ever-increasing 
levels of integration, with modules includ-
ing active components that require non-

linear measurements. He 
added that ACPR (adja-
cent-channel power ratio), 
harmonics, and other pa-
rameters can be measured 
with a signal-generator and 
spectrum-analyzer combi-
nation, but such a test re-
quires long measurement 
times over three or four 
power levels for a full char-
acterization. In contrast, a 
VNA can quickly measure 
gain, the 1-dB compres-
sion point, and harmonics, 
said Dr. Schuler, and  “The 
resulting test-time reduc-
tion means cost reduction 
for us.”

Dr. Heide descr ibed 
specific testing challenges 

posed by highly integrated LTCC front-
end modules that also include active 
components such as power amplifiers. He 
said that testing such modules involves 
small-signal measurement of the filter 
functions inside the ceramic itself as well 
as large-signal characterization of the am-
plifier functions also embedded within 
the module package. Specific tests vary 
with the application but typically include 
steps such as S-parameter measurement 
and harmonic measurements—the latter 
to ensure compliance with spurious emis-
sions regulatory requirements.

Figure 1 shows test procedure re-
quired for WLAN and WiMAX mod-
ules. A key requirement for IEEE 802.11 
and 802.16 devices, Dr. Heide said, is the 
linearity of the transmitter operating in 
OFDM (orthogonal frequency-division 
multiplexing) format. EVM (error-vec-
tor magnitude), he added, is a key indica-
tor of linearity. To implement a compre-
hensive character ization of modules 
under development, the EPCOS engi-
neering lab typically employs automated 
PC-based test stations that include an 
R&S ZVA24 VNA, a customized multi-
port test set, an R&S FSQ26 vector sig-
nal analyzer, and an R&S SMJ100 vector 
signal generator.

Dr. Heide explained that a time-con-
suming test procedure will not be ade-
quate for mass production. “We cannot 
accept a test that takes half a minute or a 
minute. We need to complete the test in 
just a few seconds.”

INSTRUMENTATION

Tx (5.5 GHz)

Tx (3.5 GHz)

Tx (2.5 GHz)

Rx (5.5 GHz)

Rx (3.5 GHz)

Rx (2.5 GHz)

Rx balun/filter

Antenna

SP4T

Tx balun/filter PAs Harmonic filter

Switch

FIGURE 2.  An LTCC tri-band front-end module, implementing 2.5- and 3.5-GHz 
WiMAX as well as 2.5- and 5.5-GHz WiFi, includes baluns and filters; it also includes 
power amplifiers and an SP4T switch mounted on the RF-tested LTCC substrate.

Jörg Schuler says that the 
drive toward miniaturiza-
tion and high levels of inte-
gration results in a pack-
age with multiple RF ports 
that presents tough test 
challenges.
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Testing on a sample basis 
to speed production is not an 
option. “We do a full charac-
terization of each and every 
product leaving our factory,” 
said Dr. Schuler. He added 
that EPCOS wanted to min-
imize the need for test-pro-
gram adjustments when be-
ginning production on a 
new module. “Our approach 
is always to be able to have 
the same test setup in the lab 
as we have in the test envi-
ronment on the production line.”

Dr. Heide said that EPCOS has re-
cently developed a combined module 
(Figure 2) that supports all worldwide 
WiFi and WiMAX standards (2.5-GHz 
WiFi, 2.5-GHz WiMAX, 3.5-GHz 
WiMAX, and 5.5-GHz WiFi) in a single 
unit. This tri-band module operates in 

four modes, he said, with WiFi and 
WiMAX sharing the 2.5-GHz band 
while the 3.5-GHz band supports 
WiMAX only and the 5.5-GHz band 
supports WiFi only.

The module consists of six baluns, 
three transmit filters, three receive filters, 
and three harmonic filters. “That’s a lot 

of filters to characterize,” said 
Dr. Heide. The device also 
includes three power-ampli-
f ier  chips  and an SP4T 
switch. Its architecture con-
sists of three balanced trans-
mit and three balanced re-
ceive paths and one antenna 

port. As a result, there are 13 RF ports to 
test—a task for the R&S ZVT VNA.

Integrating the software
Of course, multiport RF-measurement ca-
pability alone isn’t enough to develop an 
effective test strategy. Software plays a key 
role, both in controlling the instrumenta-

University ties boost network-analyzer developments
EPCOS engineers’ use of Rohde & Schwarz VNAs grew 
out of a longstanding relationship between the two com-
panies, according to Christian Evers, head of R&D for net-
work analyzers at Rohde & Schwarz. He said the relation-
ship enabled EPCOS engineers to let their Munich-based 
neighbor know which features they would need in next-
generation test equipment. In turn, it gave Rohde & 
Schwarz engineers insight into which features the network-
analyzer market in general might demand.

Rohde & Schwarz pioneered the network analyzer in 
1950, when the company developed the first complex 
network analyzer—called the Zg diagraph—that enabled 
the direct measurement of S-parameters. Evers recounted 
that in 1992, “We made a strategic decision to again focus 
squarely on the network-analyzer business—not to build a 
‘me too’ product but a top-level instrument instead.”

In pursuit of that goal, Rohde & Schwarz worked with 
Professor Burkhard Schiek and his students and col-
leagues at Ruhr University-Bochum. This relationship led 
to some vector-network-analysis patents, which are now 
owned by Rohde & Schwarz.

As it happened, Dr. Werner Faber, then head of oper-
ations of the EPCOS SAW division and now a member of 
the management board and CTO of EPCOS, had earned 
his PhD at Bochum. The affiliation that both Dr. Faber 
and Rohde & Schwarz had with Bochum led to a man-
agement meeting between Rohde & Schwarz and 
EPCOS, Evers explained. During the meeting, “We pre-
sented what we had in our basket,” he continued, add-
ing that Dr. Faber outlined what features EPCOS wanted 
to see in network analyzers as EPCOS embarked on its 
system-in-package development effort (Ref. A).

An initial success, according to Evers, came about 
because EPCOS test engineers needed to build match-
ing networks to test passive components. The task was 
time-consuming, and the matching-network tolerances 
had to be accounted for in the specifications of the 
SAW devices under test. Evers explained that by relying 
on one of Professor Schiek’s patents for system error 
correction, Rohde & Schwarz engineers were able to 
replace the matching networks with software developed 
for a network analyzer.

Other cooperative efforts followed. They included 
integrating Rohde & Schwarz network-analyzer software 
into the EPCOS production-test software platform, 
extending multiport capabilities to eight or more ports, 
and enabling multiport measurements for active compo-
nents, with work continuing on true differential measure-
ments for active components. Evers added that Rohde & 
Schwarz has also worked on automated calibration using 
a 16-port calibration standard in close association with 
PTB (Physikalisch-Technische Bundesanstalt, the German 
counterpart to NIST in the US) to ensure traceability.

Evers concluded that Rohde & Schwarz offers to work 
closely with all its customers, as it does with EPCOS. A 
close working relationship, he said, “enables us to pro-
vide exactly the new features that are needed. In turn, 
our customers learn how to obtain maximum output 
from our instruments—which is exactly what we want to 
achieve.”—Rick Nelson

REFERENCE
A. “A trendsetter in systems,” Components, EPCOS, October 
2006. www.epcos.com/en/1037.

Patric Heide and Jörg Schuler 
monitor the production-test 
process in EPCOS’ Munich RF 
front-end-module manufactur-
ing line.
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tion and handler and acquiring and analyz-
ing data for statistical-process-control pur-
poses. To that end, Rohde & Schwarz 
engineers supported EPCOS engineers in 
the effort to integrate EPCOS’s proprie-
tary test software with the Rohde & 
Schwarz VNA software. “The big advan-
tage for us,” explained Dr. Schuler, “is that 

we have a single software 
interface for controlling 
the VNA and the switch-
ing matrix.”

Despite the emphasis 
on Rohde & Schwarz 
instruments, EPCOS 
engineers do have in 
their labs instrumenta-
tion from other suppli-
er s of measurement 
equipment. Dr. Heide 
said that this additional 
equipment lets EPCOS 
engineers ensure full compatibility and 
reproducibility of test results for specific 
measurements performed by EPCOS 
customers or reference-design partners, 
for example. These measurements some-
times use very special digital modulation 
schemes generated using instruments 
from multiple vendors.

Nevertheless, EPCOS values the estab-
lished working model with Rohde & 
Schwarz. “It can be difficult to work with 

a test-equipment maker without local 
support,” said Dr. Schuler, adding that it’s 
not easy to write down the features you 
expect to need in three to five years. He 
continued, “It’s important to work inter-
actively to take full advantage of the capa-
bilities of the test equipment,” because 
putting together all the pieces of the mea-
surement puzzle requires a continuous 
dialog between instrument vendor and 
customer. 

To fully characterize the FEMs at up to 20 GHz, EPCOS 
engineers employ a PC-based test station that includes 
an R&S ZVB20 vector network analyzer, a 10-port switch 
matrix, an FSQ26 vector signal analyzer, and an SMJ100 
vector signal generator.

Patric Heide and Jörg Schuler discuss 
production-test concepts for the WiMax/
WiFi front-end modules under develop-
ment in the EPCOS Munich laboratory. C
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Dr. Schuler added that through close 
cooperation with Rohde & Schwarz 
customer support, EPCOS also has the 
opportunity to work with products not 
yet on the market. “That gives us a 
chance to provide a lot of feedback, and 
it lets us make sure the instrumentation 
is mature when we deploy it in high-
volume production.” T&MW

REFERENCES
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Components, EPCOS, October 2004. 
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The evolution 
of EPCOS
EPCOS, formed as Siemens Com-
ponents Group in 1968, evolved 
into the joint-venture Siemens 
Matsushita Components and 
went public as EPCOS AG in 
1999. The company announced 
July 31 that it is pursuing a com-
prehensive partnership with 
Japan-based TDK Corp., which 
would result in the formation of a 
new company, provisionally 
named TDK EP Components KK. 
The TDK and EPCOS brands are 
expected to be retained.

In addition to radio front-end 
modules, EPCOS makes electro-
lytic and film capacitors, inductors, 
ceramic components, and SAW 
(surface acoustic wave) and BAW 
(bulk acoustic wave) filters for auto-
motive, telecom, industrial, and 
consumer applications. The com-
pany has 18,300 employees and 
reported EUR 1.44 billion in sales 
for its last fiscal year.—Rick Nelson
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T
he semiconductor industry has 
long relied on scan ATPG (au-
tomatic test pattern generation) 
tools instead of functional test to 
create stimulus-response patterns 

with very high fault coverage. But ATPG 
patterns are designed to converge to high 
fault coverage in as few patterns as possible, 
making them comparatively power-hungry: 
Dynamic power consumption is much higher 
during scan testing than during normal op-
eration. The higher-than-normal power con-
sumption can exceed the power rating of 
devices and damage them during production 
testing or can cause false failures that require 
significant time and effort to diagnose. To 
compensate, many designers are now turning 
to power-aware ATPG technology to manage 
power during test.

Instantaneous switching
When a logic state transition occurs in a de-
vice, numerous parasitic capacitors charge 
and discharge. The more state transitions that 
occur during a small instant of time—such as 
the portion of a clock cycle immediately fol-
lowing the rising (or falling) edge of the sys-
tem clock—the higher the capacitive switch-
ing and the larger the transient currents. 
These instantaneous switching currents con-
tribute to voltage drops along power rails 
that can add undesirable circuit delays.

Proper design of the power rails ensures 
that IR-drop delays arising from switching 
currents are within the allowable range dur-
ing normal device operation. Scan ATPG 
patterns, however, can increase the magni-

tude of switching currents in a device by up 
to 10 times that of mission-mode patterns.

ATPG begins by targeting a primary fault 
with stimulus-pattern care bits that set up 
the conditions to sensitize and propagate the 
fault to a scan flop or primary output. The 
pattern generator then targets additional 
faults, called secondary faults, by assigning 
more care bits to the same stimulus pattern. 
Eventually, the pattern generator stops tar-
geting secondary faults and just assigns ran-
dom values to the remaining bits in the pat-
tern to detect additional “bonus” faults not 
explicitly targeted by the care bits.

Both care bits and random-fill bits in each 
scan pattern create a large number of logic 
state transitions that lead to an increase in the 
magnitude of instantaneous switching cur-
rents in a device relative to levels that occur 
when the circuit operates under normal 
conditions. But the effects of this increase in 
magnitude vary depending on whether the 
device is in scan-shift mode or capture mode; 
the switching currents affect the dynamic 
power consumption, which is the current-
voltage product measured over time.

Shift mode
Dynamic power consumption averaged over 
a large number of clock cycles (such as the 
hundreds or thousands of cycles needed to 
scan a single stimulus pattern into a design 
while scanning out the response to the pre-
vious pattern) can lead to excessive average 
power, which in turn can lead to thermal 
problems such as hot spots on the die that 
can damage the device.

Power-aware ATPG 

technology controls 

thermal and power-

rail-droop problems 

that can damage 

devices or lead to 

false failures during 

production test.

 PLAYING IT 
COOL

BY CHRIS ALLSUP AND 
BILL LLOYD, SYNOPSYS

SEMICONDUCTOR TEST

(continued)
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Power rail collapse is another shift-
mode problem related to high dynamic 
power consumption. If transient currents 
are excessive during scan shifting, bits 
shifted into a circuit along a scan chain 
will be dropped, resulting in pattern mis-
matches on the tester. In power rail 
droop, which is less severe, the IR-drop 
delays prevent scan data from propagat-
ing to the next stage in the scan chain at 
the target scan-shift frequency, also re-
sulting in test program failure.

Both excessive average power and 
power rail droop during scan shifting can 
be addressed by lowering the shift fre-
quency sufficiently, in the latter case to 
allow enough time for scan signals to 
meet the shift cycle timing under corner 
conditions. The downside of reducing 
scan shift frequency is that it increases 
the time spent testing each device.

A better approach to these problems is 
to reduce the number of state transitions 
during shift. One case study of IR-drop 
behavior in fabricated devices showed 
that reducing flop switch-
ing activity during scan 
testing is an effective way 
to avoid power-related 
failures (Ref. 1). Methods 
that reduce flop switching 
during shift, such as the 
adjacent fill technique, 
take advantage of the fact 
that typically less than 10% 
of bits in a scan pattern are 
actually used to sensitize 
and propagate fault effects.

The adjacent fill tech-
nique, instead of random-
filling the remaining bits, 
replicates the value of each 
care bit to succeeding bits 
in the scan chain up to the 
next care bit of opposite 
value (Figure 1). The rep-
lication of care-bit values 

reduces by 85% to 98% (or more) the total 
flop-state transitions during scan-in se-
quences across an entire pattern set (Ref. 
2). After capture, when data is scanned out, 
the flop switching activity is still signifi-
cantly lower than random fill, resulting in 
a total combined average power reduction 
that is typically in the range of 50%.

Capture mode
The most subtle and intractable power 
problem occurs during scan capture. Al-
though the phenomenon is associated with 
both stuck-at and transition-delay ATPG 
patterns, it is more common in delay-sen-
sitive at-speed testing.

During scan testing, after a pattern has 
been shifted in, the test clock is pulsed 
while the scan enable is deactivated (de-
pending on the ATPG technique, the 
capture mode may include a launch se-
quence followed by one or more capture 
sequences). Excessive flop switching dur-
ing the capture mode can result in 
enough IR-drop delay that logic values 

fail to transition within the capture win-
dow, causing an otherwise “good” device 
to produce incorrect responses. There are 
few easy workarounds to resolve this 
problem at the tester, and tracing the 
source of the false-positive device fail-
ures is not a trivial task.

To illustrate the type of flop switching 
activity that occurs during capture mode, 
Figure 2 displays results from an ATPG 
run on a relatively small industrial design 
with a single clock and adjacent fill en-
abled during scan shifting. The graph 
plots both fault coverage and flop switch-
ing activity during capture (as a percent-
age of total flops in the design) versus 
pattern count, based on the power-analy-
sis summary report produced by Synop-
sys’ TetraMAX ATPG product (Ref. 3).

There are two characteristics worth 
noting. First, although the switching 
peaks are higher near the beginning of 
the pattern set when patterns have more 
care bits, there is no letup in the switch-
ing “spikes” even as the fault coverage 
converges to its maximum. Second, adja-
cent fill, while effective at lowering 
switching activity during shift, does not 
limit it during capture.

In fact, high flop switching activity can 
occur whenever a large number of logic 
states change simultaneously. Regardless 
of whether there are few or many unde-
tected faults remaining—or whether ran-
dom or low-power fill techniques are used 
during shifting—the transition from scan 

mode to capture mode re-
sults in the most state tran-
sitions during ATPG test-
ing. This is because the 
scanned-in state is almost 
completely unconstrained, 
whereas the first clock 
pulse in capture mode re-
sults in a state that is highly 
constrained by the circuit’s 
state machines. Subsequent 
capture clock pulses, if any, 
almost always result in 
fewer state changes.

The best approach to al-
leviating this peak power 
problem is to limit the 
number of state transitions 
that occur when first en-
tering capture mode and to 
use low-power fill tech-
niques to reduce switching 

100%

80%

60%

40%

20%

0%
0 50 100 150 200 250

Fault coverage

Switching activity

Pattern number

FIGURE 2.  This typical profile of switching activity in capture mode illus-
trates two characteristics: First, although the switching peaks are higher 
near the beginning of the pattern set when patterns have more care bits, 
there is no letup in the switching “spikes” even as the fault coverage 
converges to its maximum. Second, adjacent fill, while effective at lower-
ing switching activity during shift, does not limit it during capture.
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FIGURE 1.  Adjacent fill replicates care bits to their nearest neighbors in the scan chain.
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activity during shift mode. The challenge 
for test architects is to accomplish this with 
minimal impact on DFT (design-for-test) 
logic, ATPG run time, and pattern count.

Clock control
To avoid an explosion in the number of 
test patterns and a substantial increase in 
ATPG run time, you do not need to 
minimize switching activity during cap-
ture—in fact, it’s essential that you not try 
to do this. Instead, your goal should be 
only to reduce peak switching to levels 
that are commensurate with switching 
rates observed when a device operates in 
mission-mode. By doing this, you will 
suffer no unnecessary yield loss when ap-
plying the power-aware ATPG tests even 
under corner conditions. If the designer 
can determine the peak flop switching 
activity of a design based on simulations 
of mission-mode patterns, the ATPG tool 
can then apply constraints so the peak 
switching during capture mode doesn’t 
exceed this switching budget.

Consider the example in Figure 3 de-
picting a small design with multiple inter-
nally gated clocks that fan out to the indi-
cated number of scan flops. The clocks 
CLK1 and CLK2 can either be external 
or PLL-derived. There are six internal 
clocks: ϕ0 and ϕ1 directly fan out to scan 
flops, while ϕ2 through ϕ5 are each driven 
by a clock-gated latch, referred to in this 
context as a CGC (clock gating cell). The 
control logic enabling the CGCs is not 
shown, but it is assumed that clocks ϕ2 
and ϕ3 can be independently enabled and 
controlled by ATPG via scan-chain care 
bits. The two CGCs at the bottom indi-
cate their control logic is constrained so 
they’re mutually dependent: Whenever ϕ4 
and ϕ5 are activated by ATPG, they’re ac-
tivated simultaneously. In addition, since 
CLK2 feeds all the internally gated clocks, 
they are each dependent on ϕ1 (though 
not mutually dependent).

Because of these clock dependencies, 
it’s necessary to distinguish between the 
internal clocks and their corresponding 
clock domains, listed in the second col-
umn of the table in Figure 3. Each of 
these five primary clock domains can be 
considered independently controllable 
by ATPG, and each fans out to its own 
unique bank of scan flops with fan-out 
calculated in the third column. Each 
entry represents the maximum switching 

level for that primary domain since the 
number of scan flops that can change 
state is less than or equal to the fan-out.

While it’s essential to activate all five 
primary clock domains to achieve maxi-
mum coverage, ATPG needs to activate 
only one at a time to target (and detect) 
any given primary fault in the design (an 
exception to this observation is described 
under “DFT requirements and excep-
tion-handling” near the end of this arti-
cle). Activating more than one primary 
domain simultaneously to target more 
secondary faults with the same pattern is 
purely discretionary. The table in Figure 
3 shows several domain combinations, 
referred to as discretionary domains. For 
example, ϕ123 represents the combination 
in which primary domains ϕ12 and ϕ13,  
corresponding to internal clocks ϕ1, ϕ2, 
and ϕ3, are activated at the same time. 
Nine additional discretionary clock do-
mains (not shown) have fan-outs ranging 
from 650 to 1250.

Switching budget
Without a peak switching budget, ATPG 
is free to target as many secondary faults 
per pattern as possible by activating any 
combination of domains. This is the way 
ATPG normally behaves so it can reach 
the maximum fault coverage with as few 
patterns as possible. But with a switching 
budget of 600 flops, for example, the 

combinations are limited: Only the three 
discretionary clock domains shown in 
the table will be activated in addition to 
the primary domains.

ATPG assumes there are enough in-
dependently controllable primary clock 
domains to meet the designer’s switching 
budget. In general, ATPG will meet the 
power budget if 

(n/F) ≤ B

where B is the designer’s switching bud-
get expressed as a percentage of the total 
number of scan flops F in the design, and 
n is the number of scan flops in the pri-
mary clock domain that has the highest 
fan-out.

The fraction n/F is the theoretical 
maximum ATPG switching activity rate, 
CMAX. The design in Figure 3, for exam-
ple, has a maximum fan-out of n = 400 
flops (primary domains ϕ0 and ϕ145). The 
theoretical maximum CMAX = n/F = 
400/1250 = 32%, so if B � 32%, the 
power budget will certainly be met.

Figure 4 displays two profiles of flop 
switching activity during capture mode 
for an industrial design with many inter-
nally gated clocks. The red data is associ-
ated with standard transition delay pat-
terns, whereas the blue data reflects 
TetraMAX power-aware transition delay 
patterns. The design comprises approxi-
mately F = 262,700 scan flops, and the 

CLK1 ϕ0

Domains that satisfy
switching budget = 600

Clock Domain Maximum
switching

ϕ0 ϕ0 400

ϕ1 ϕ1 100

ϕ2 ϕ12 300

ϕ3 ϕ13 350

ϕ4

ϕ5

ϕ01 500
Discretionary

domains: ϕ123 550

ϕ1245 600

ϕ145 400

400

CLK2 ϕ1
100

ϕ2
200

ϕ3
250

ϕ4
150

ϕ5
150

CGC

CGC

CGC

CGC

FIGURE 3.  This design includes six internal clocks: ϕ0 and ϕ1 directly fan out to scan 
flops, while ϕ2 through ϕ5 are each driven by a clock-gated latch, referred to in this 
context as a CGC (clock gating cell).
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clock domain with the highest fan-out 
has n = 14,545 scan flops. If the design’s 
mission-mode patterns reach a peak 
switching level of 6%, then standard 
ATPG generates 1145 patterns that 
switch higher than this level. So, the de-
vice is at risk for incurring additional 
IR-drop delays that could cause scan test 
pattern mismatches on the tester.

In contrast, with a designer-specified 
flop switching budget of B = 6%, power-
aware ATPG generates patterns that all 
switch below this level, thereby avoiding 
unnecessary yield loss. You would expect 
to meet the switching budget since, from 
equation (1)

CMAX = 14,545/262,700 = 5.5% < 6%

Actual peak switching
It turns out that the actual ATPG peak 
switching rate CPEAK for the industrial 
design was 5.3% with no loss in test cov-
erage. CPEAK can be less than the theo-
retical maximum because only a fraction 
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FIGURE 4.  In these profiles of flop switching activity during the capture mode for an 
industrial design with many internally gated clocks, the red data is associated with 
standard transition delay patterns, whereas the blue data reflects power-aware tran-
sition delay patterns.

More Performance... Aries ultra high 
frequency sockets have a mere 1 dB 
signal loss at up to 40 GHz!!! Center probe 
and Microstrip sockets deliver more than
a half million insertions with no loss of
electrical performance.

More Choices... Aries offer a full range of 
sockets for handler-use, manual test and 
burn-in...for virtually every device type, 
including the highest density BGA and CSP
packages. Choice of molded or machined sockets 
for center probe and Kapton interposer models, too!

Less Cost... in addition to extremely competitive 
initial cost, Aries replacement parts and repair 
costs beat the competition, assuring you of 
lowest total cost of ownership.

Less Wait... Aries can deliver the 
exact sockets you need in four 
weeks or less!

So why settle? Aries makes it easy
to get the world's best test sockets. 
Call or visit our web site to find 
out how!

Bristol, PA 19007-6810
(215) 781-9956  fax: (215) 781-9845
e-mail: info@arieselec.com

www.arieselec.com
Sensible Solutions... Fast!

ISO 9001
Certified

NOW AVAILABLEfor ICs Down to 0.3mm Pitch!

from concept to manufacturingfrom concept to manufacturing
System Architecture & Design
Analog & RF Design
FPGA Design
SI and EMC Consulting
PCB Layout
Manufacturing & Prototyping
Embedded Hardware 
& Software Design
DSP Hardware and Firmware/
Algorithm Design
Quality Assurance
Mechanical & Industrial Design
Function & Design Specification 
Writing

System Architecture & Design
Analog & RF Design
FPGA Design
SI and EMC Consulting
PCB Layout
Manufacturing & Prototyping
Embedded Hardware 
& Software Design
DSP Hardware and Firmware/
Algorithm Design
Quality Assurance
Mechanical & Industrial Design
Function & Design Specification 
Writing

Call A2e Technologies today for a free technical consultation!

www.A2eTechnologies.com

Design Centers: San Diego   |   Boston   |   Guadalajara

Sales Contacts:
West Coast: (877) 223-8350, Email: wc_sales@A2eTechnologies.com
East Coast: (877) 223-8351, Email: ec_sales@A2eTechnologies.com
Central: (877) 223-8390, Email: c_sales@A2eTechnologies.com

Designing applications to electronics

TMW08_10F2_ID.indd   42TMW08_10F2_ID.indd   42 9/24/2008   10:42:32 AM9/24/2008   10:42:32 AM



tmw081001.indd   43tmw081001.indd   43 9/19/2008   3:11:56 PM9/19/2008   3:11:56 PM



44   OCTOBER 2008 www.tmworld.com  TEST & MEASUREMENT WORLD  

SEMICONDUCTOR TEST

� of the maximum 
flop fan-out n may ul-
timately change state. 
This means that ATPG 
could still meet a bud-
get even if it’s less than 
n/F. The fraction � 
depends on the design 
and the type of fault 
model used, and it 
tends to be lower for 
transition delay tests 
than for stuck-at tests.

Assuming a switch-
ing budget reflects the 
actual peak switching 
level of mission-mode 
patterns, is it possible 
that  ATPG’s  peak 
switching rate CPEAK 
could exceed this budget? The answer de-
pends on the number of independently 
controllable primary clock domains in the 
design. In the example illustrated in Fig-
ure 5, assume that � = 90% and the prob-
ability that CPEAK > B is 60% in a single-
domain scenario (as presented in Figure 
2). As the number of domains increases, 
peak switching CPEAK = �n/F decreases, 
as does the probability that it could exceed 
the switching budget.

In other words, it is highly unlikely 
that a device having a relatively large 
number of primary clock domains will 
have peak switching levels that exceed 
the peak level that can be achieved by 
ATPG in full control of activating all 
these domains. Furthermore, under these 
conditions, there are enough discretion-
ary domains such that CPEAK approaches 
the theoretical switching maximum n/F. 
That is, CPEAK – CMAX � 0.

DFT requirements and 
exception-handling
The advantage of a power-aware ATPG 
methodology based on control of inter-
nally gated clocks is that no special DFT 
logic needs to be added to a design and 
no special DFT flows are required. Un-
like ad hoc methods that require parti-
tioning a design into separate blocks 
with different scan enables, control of 
peak power consumption is fully auto-
mated within ATPG.

Still, there are certain classes of faults 
that can’t be detected exclusively by 
clock gating, and these require special 

treatment by ATPG to comply with 
switching requirements. For example, 
some faults can only be detected by as-
serting an asynchronous global reset. For 
these, ATPG must assign the reset value 
to enough flops to ensure that when the 
reset is asserted in the pattern, switching 
doesn’t exceed the budget. Power-aware 
ATPG technology is rapidly evolving to 
accommodate a range of “exceptions” 
like this that are, in fact, routinely en-
countered in the design of today’s com-
plex systems-on-a-chip. T&MW
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FIGURE 1.  SFP+ modules move more signal processing to the host board 
than other transceiver modules.
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Manufacturers of transceivers, line cards, and components fi nd that working together 
helps them create Small Form-Factor Pluggable products that comply with standards.

 
COOPERATION 

to COMPLIANCE
BY MARTIN ROWE, SENIOR TECHNICAL EDITOR

L
arge data centers such as those at 
Facebook or YouTube have 
thousands of servers that must 
connect through switches and 
fiber-optic lines. These data cen-

ters need an ever-increasing supply of 10-
Gbps links to keep up with traffic. To re-
duce costs and save space, network 
equipment manufacturers need to put 
more links onto line cards. Because of 
their size, SFP+ (Small Form-Factor Plug-
gable) optical transceivers let line cards 
hold more data lines than other transceiver 
modules.

SFP+ modules are smaller than other 
transceiver modules because CDR (clock 
data recovery) and SerDes functions have 
been moved off the module and onto the 
line card, or host (Figure 1). SFP+ mod-
ules are also unusual in that they have two 
variants, called limiting and linear. The 
limiting variant includes a limiting ampli-
fier that resets the amplitude of the signal 
eye. Linear SFP+ modules don’t need the 
limiting amplifier. They send an analog 
representation of the incoming optical sig-
nal to the host where an EDC (electronic 
dispersion compensator) compensates for 
dispersion in the optical transmission and 
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for losses in the electrical signal. “Why 
two variants?” (p. 49) explains the appli-
cations for limiting and linear modules.

Both variants challenge engineers be-
cause they permit signals in the module 
to travel farther before they are restored 
to a clean form than do other optical 
transceiver modules. The longer path can 
add jitter and loss to the signal.

Testing SFP+ modules requires electri-
cal and optical measurements. Because of 
the longer electrical signal 
channel, you must make mea-
surements on the channel 
within the module and at the 
module’s input (for transmit) 
and output (for receive) ports. 
You must characterize the 
channel on the host, too. Op-
tical measurements such as 
receiver sensitivity and trans-
mit jitter and power are based 
on compliance to standards 
such as IEEE 802.3ae and 
802.3aq (Refs. 1, 2). Optical 
measurements, therefore, are 
the same as those for other 
10-Gbps modules.

The electrical measurements, however, 
differ from those for other modules, and 
they also differ for the limiting and linear 
SFP+ variants. The SFP+ specification 
defines test processes designed to ensure a 
product’s compliance to the specification 
(Ref. 3). Although some tests remain 
under development as of the May 8, 2008, 
draft, manufacturers are moving ahead 
with designs and production.

Jitter tests need definition
The test for jitter at the output of the 
receive-side limiting module and at the 
input for the limiting host is one test that 
needs defining before the SFP+ standard 
is finalized. George Noh, senior systems 
engineer and senior member of the tech-
nical staff at Vitesse, explained that the 
current SFP+ specification for the limit-
ing receiver calls for a maximum total 
jitter of 0.7 UI (unit interval) and a max-

imum deterministic jitter of 0.42 UI. 
How you arrive at those numbers de-
pends on whether you use an oscillo-
scope or a BER (bit-error rate) tester.

“One of the remaining open items in 
the SFP+ standard is how we want to 
measure jitter, and what limits make 
sense with that particular methodology,” 
noted Noh. “Some people prefer the 
dual-Dirac method using a BertScope 
from Synthesys Research or an Agilent 

J-BERT, while others prefer to use an 
Agilent DCA-J sampling oscilloscope. 
The dual-Dirac method uses low-prob-
ability jitter to fit Gaussian curves to 
two Dirac functions from which it mea-
sures total jitter, deterministic jitter, and 
random jitter at a particular BER. In 
contrast, the DCA-J tries to find deter-
ministic jitter by subtracting extrapo-
lated random jitter measured in the fre-
quency domain from extrapolated total 
jitter at a particular BER. Our goal in 
the SFP+ committee is to specify the 
jitter methodology that better quantifies 
the host receivers’ weaknesses in a real 
system.” 

Testing SFP+ modules and hosts re-
quires the use of compliance test boards 
that provide test equipment with access to 
the module or host system under test. 
Compliance test boards provide standard 
points that provide access to modules and 
line cards regardless of manufacturer. Fig-
ure 2 shows where test equipment con-
nects to a module compliance test board. 
The test board’s electrical signal path has 
known characteristics. Another option is 
to connect a vector signal analyzer to the 
module’s or host’s electrical transmit and 
receive ports and measure its S-parame-
ters. Engineers at module makers may 

share their S-parameter 
measurements with manu-
facturers of line cards. 
Module manufacturers may 
also share design simula-
tions with designers of line 
cards and PCBs (printed-
circuit boards). Manufac-
turers of CDR, EDC, and 
TIA (transimpedance am-
plifier) devices also may 
share S-parameter data and 
design simulations with 
customers. 

“Because of this shared 
responsibility,” said Rob 

Hannah, applications manager at Avago 
Technologies, “we must deliver simula-
tions of our products to our custom-
ers.” Similarly, Vitesse, which manufac-
tures limiting amplifiers, laser drivers, 
and transimpedance amplifiers, provides 
device data to module makers. “We 
swap hardware with module makers 
and test devices in both labs, and we 
analyze all signals,” said Noh. Noh will 
also work with line-card manufacturers 

Oscilloscope
or BER tester O/E

converter

Oscilloscope
or BER tester

Optical signal
generator

Electrical signal
generatorModule 

under test

Optical Electrical

FIGURE 2.  A module compliance board provides optical and electrical test equip-
ment with access to an SFP+ module’s ports. Photo courtesy of ClariPhy Communications.
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FIGURE 3.  A host compliance board attaches to a host board, 
providing access for test equipment. Photo courtesy of ClariPhy Communications.
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because Vitesse manufactures CDRs 
and EDCs for line cards. 

In order for this data sharing to be 
effective, all of the manufacturers must 
use identical test setups for test consis-
tency. Figure 3 shows a host compli-
ance test board with associated test 
equipment. (The SFP+ specification 

shows the host and module test 
setups in more detail.) Design-
ers of host boards can charac-
terize parameters such as trans-
mit jitter and receiver sensitivity. 
A vector network analyzer can 
also measure S-parameter s 
looking into a host. Line-card 
designers can use these mea-
surements along with those 
provided by module makers to 
verify impedance matches be-
fore designing a host.

SFF-8431 defines several tests 
for transmitters and receivers, 
including two sets of receiver 
measurements that cover the 
limited and linear variants. The 
document also defines tests for 

hosts boards. Figure 4 and Table 1 high-
light the measurements and test points. In 
addition, the standard defines a calibra-
tion procedure you should follow prior 
to making measurements. “Calibrate be-
fore testing” (p. 52) highlights the need to 
calibrate a test setup.

Host system (line card)

Host compliance board
ASIC or
SerDes

C

B

Module compliance board

SFP+ module

C�

B�

FIGURE 4.  SFF-8341 defines test points (B, C, B�, 
C�) and measurements (Table 1) for the electrical 
paths of modules and host boards.

Table 1. Primary host and module electrical transmitter 
and receiver tests.
 Test point  
Test (see Fig. 4) Measurements

Host transmitter B • Differential S-parameters (SDD22)
  • Common-mode reflection
  • Termination mismatch
  • Rise time/fall time
  •  TJ, DDJ, DDPWS, and UJ
  • Eye mask

Host receiver  C • Differential S-parameters (SDD11)
(limiting variant)  • Common-mode reflection
  • SRS (DJ, DDPWS, and TJ)
  • Eye mask tolerance

Host receiver C • Differential S-parameters (SDD11)
(linear variant)  • Common-mode reflection
  • SRS (RN and WDP)

SFP+ module receiver  C’ • Differential S-parameters (SDD22)
(limiting variant)  • Common-mode reflection
  • Termination mismatch
  • Rise time/fall time
  • TJ and DJ tolerance

SFP+ module receiver  C’ • Differential S-parameters (SDD22)
(linear variant)  • Common-mode reflection
  • Term mismatch
  • RN
  • WDP

SFP+ module transmitter B’ • Differential S-parameters (SDD11)
  • Common-mode reflection
  • TJ, DDJ, DDPWS, and UJ tolerance
  • Eye mask tolerance

Abbreviations: DDJ—data dependent jitter; DDPWS—data dependent pulse width shrinkage; 
DJ—deterministic jitter; RN—relative noise; SRS—stressed receiver sensitivity; TJ—total jitter; 
UJ—uncorrelated jitter; WDP—waveform distortion penalty

Why two 
variants?
SFP+ has two module variants, 
limiting and linear. The limiting 
modules work with 805-nm SR 
(short reach) and 1330-nm LR 
(long reach) single-mode fiber. 
IEEE 802.3ae defines the Ether-
net signals for SR and LR fibers, 
called 10GBase-SR and 
10GBase-LR. The linear variant 
is primarily designed for legacy 
networks that use LRM (long-
reach multimode) optical fiber, 
or 10GBase-LRM, based on IEEE 
802.3aq. “LRM is for installa-
tions that use the older multi-
mode fiber where network oper-
ators still want 10-Gbps 
speeds,” said Hannah.

LRM fiber produces more dis-
persion than the newer OM2/3 
multimode fiber and single-
mode fiber and thus requires an 
EDC (electronic dispersion com-
pensator). The EDC makes the 
decision if an incoming bit is a 0 
or 1. Because the EDC chip 
won’t fit in the SFP+ module, it 
resides on the host board. The 
EDC must compensate for dis-
tortions caused by everything 
from the remote end of the 
fiber, through the SFP+ module, 
its connector, and the copper 
traces on the host board. With 
linear modules, an analog signal 
from a receiver must travel along 
several inches of copper to 
reach the EDC. Distortion 
caused by crosstalk and imped-
ance mismatches make the 
EDC’s job even harder. 

Although the linear variant is 
mostly for LRM fibers, it can be 
used with SR or LM applications. 
“LRM fibers must use the linear 
variant,” said Lindsay. “But SR 
and LR fibers can use either. It’s 
possible that some line-card 
manufacturers will opt for linear 
modules over limiting modules to 
cut costs.”—Martin Rowe

(continued)
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Transmitter tests
Optical tests  on SFP+ 
transmitters are the same 
for both linear and limiting 
modules because both vari-
ants use the same transmit-
ter circuit. Transmitter tests 
usually use an electrical sig-
nal such as a 9-bit or 31-bit 
pseudorandom bit sequence 
(PRBS9 or PRBS31) in-
jected into the module 
through a module-compli-
ance test board.

To perform optical mea-
surements on transmitters, 
you need an oscilloscope 
with an optical input. Os-
cilloscopes that lack optical 
inputs require an optical receiver to con-
vert the optical signal to electrical. Opti-
cal measurements include mask margin, 
extinction ratio, jitter (total, determinis-
tic, and random), optical rise time and fall 
time, and RIN (relative-intensity noise).

Hannah noted that specialized oscillo-
scopes, commonly called digital signal ana-
lyzers or communications signal analyzers, 
measure these quantities through features 
not commonly available on general-pur-
pose oscilloscopes. The online version of 
this article contains photos of equipment 
that engineers use for these measurements 
(www.tmworld.com/2008_10).

Tests that don’t require oscilloscopes 
include TDP (transmitter dispersion 
penalty) for IEEE 802.3ae SR (short 
reach) and LR (long reach) applications 
and TWDP (transmitter waveform dis-
persion penalty) for IEEE 802.3aq LRM 
(long-reach multimode) applications 
(Ref. 4). TDP and 
TWDP quantify 
the degradation of 
signals caused by 
transmitters and fi-
be r s . TDP i s  a 
ha rdware  se tup 
that uses a refer-
ence receiver and 
B E R  t e s t e r  t o 
measure a trans-
mitter’s effect on receiver sensitivity. 
TWDP tests use software to process a 
digitized transmitter signal. The software 
calculates TWDP based on calculated 
SNR (signal-to-noise ratio) from a sim-
ulated receiver and reference fiber.

To test whether the electrical signals 
transmitted by line cards comply with 
SFF-8431, you can use a host compli-
ance board that inserts into the SFP+ 
cage on a line card. The compliance 
board’s SMA connectors provide access 
for an oscilloscope or a BER tester. Be-
cause the CDR circuit resides on the 
host, the transmitted electrical signals 
from the line card will travel along sev-
eral inches of PCB trace before reaching 
the host compliance board. At 10 Gbps, 
the digital signals from the CDR will 
experience distortion. Thus, to perform 
compliance tests on the electrical signals 
sent by hosts, you must measure for am-
plitude, jitter, and BER. 

Receiver tests
Test methods for SFP+ receivers depend 
on the Ethernet standard to which a 
module and host board must comply. 

Limiting SFP+ modules need tests with 
an open eye per IEEE 802.3ae (Figure 
5). Jitter, noise, and low amplitude add 
stress to the eye, but the eye opening will 
still be clearly visible. You must also add at 
least 0.3 UI of jitter in the signal. Under 

these and other conditions, 
a module under test must 
pass a 10–12 BER test.

Linear modules, which 
produce analog outputs, 
may be less familiar to digi-
tal engineers than limiting 
modules. Figure 6 shows 
how dispersion in the LRM 
fiber causes adjacent light 
pulses to interfere with each 
other, resulting in ISI (inter-
symbol interference) and a 
closed eye at the receiver. 
SFF-8431 requires that you 
test linear SFP+ modules 
for compliance using three 
ISI test conditions—precur-
sor, postcursor, and sym-

metric. These three conditions simulate 
wave shapes (Figure 7) that often appear 
as a result of dispersion in LRM fibers.

Because of the closed eye, SFP+ mod-
ules can’t use a limiting amplifier and 
need an EDC. “Ultimately, you’ll see the 
EDC integrated into the host ASIC 
where its cost gets absorbed,” said Tom 
Lindsay, principal systems engineer at 
ClariPhy Communications and chair of 
the SFF-8431 committee. “Because an 
open eye isn’t needed, the linear TIA can 
potentially have lower bandwidth and 
thus a lower cost. Power and heat man-
agement are easier to implement on a 
host than on a module.”

To test a linear SFP+ module, use a 
module compliance test board. You 
must observe the distortion that a mod-
ule adds to the outgoing electrical ana-
log signal. Joey Thompson, executive 
VP at Circadiant Systems, noted that 

t h e  amoun t  o f 
added distortion 
isn’t currently de-
f ined. Thus, i t ’s 
important to make 
sure that the line 
card’s EDC will 
be able to convert 
the incoming sig-
na l  into dig i ta l 
form. 

Testing the EDC circuit on a line card 
requires an electrical stressed-eye signal 
injected into the circuit. EDC evaluation 
boards, available from EDC manufactur-
ers, let you test the device under stressed-
eye conditions prior to incorporating 
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them into a line-card design. SFP+ man-
ufacturers need to test their modules 
with numerous EDCs and thus will use 
evaluation boards. Test equipment lets 
you create electrical or optical stressed-
eye signals, letting you test the module, 
the EDC chip, or both as a system. To 
test an EDC once it’s on a line card, use 
a host compliance board to inject 
stressed-eye signals.

Although some of the SFP+ specifi-
cations and test requirements are still 
open to debate, manufacturers are push-
ing ahead with creating SFP+ products 

because of the economic benefits. The 
quest to lower costs for network opera-
tors continues. T&MW
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Calibrate before testing
Module and host compliance test 
boards provide your test equipment 
with access to SFP+ modules and 
hosts where you can inject signals 
and make measurements. Because 
of the high data rates, signals will 
lose integrity as they travel along 
the board’s copper traces. Thus, you 
need to account for amplitude 
losses and increased jitter when 
characterizing a transmission chan-
nel, host board, or module.

Calibration lets you measure the 
amount of amplitude loss and jitter 
added from a compliance test 
board. SFF-8431 section D.11.4 
provides a calibration procedure and a test-setup diagram.

“To calibrate a host compliance board, you need to insert it into a module 
compliance test board,” said Lindsay. “That provides access to pattern gen-
erators, filters, and jitter sources on one side and oscilloscopes on the other 
side through SMA connectors.” Using the SFF-8431 procedure, you’ll be able 
to calibrate your test signals for amplitude, jitter, and noise.—Martin Rowe

Inserting a host compliance board 
(green board) into a module compliance 
board (blue board) provides SMA con-
nectors for signal sources and mea-
surement equipment for calibration. 
Courtesy of ClariPhy Communications.
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Agilent enhances WiMAX drive test
Agilent Technologies has announced a new software 
option—labeled E6474-655—for its E6474A network 
optimization platform that turns a standard WiMAX PC 
card or other commercial WiMAX CPE (customer 
premises equipment) into a handheld WiMAX scanning 
tool for drive test. The software gives network equip-
ment manufacturers and wireless operators’ RF engi-
neering teams a cost-effective way to confirm WiMAX 
coverage and perform basic troubleshooting tasks to 
assess signal quality. 

With the software, a single WiMAX CPE can be used 
either in “phone” mode or in “scanning mode,” pro-
viding dedicated RF measurements on up to 10 chan-
nels. Phone mode can be used to validate WiMAX ser-
vice performance; scanning mode assesses WiMAX 
coverage and signal quality. The same software license 
used for the WiMAX scanning mode also enables 
WiMAX measurements using an Agilent W1314A re-
ceiver (shown at left in the photo).

Base price: $15,600. Agilent Technologies, www.
agilent.com.

Measure current in the calibration lab
Fluke’s A40B precision current shunts let metrology 
and calibration labs produce current measurements 
from 1 mA to 100 A, producing 0.8 V at rated current. 
Comprising 14 shunts with cables and connectors, the 
A40B series can be used 
to measure AC or DC cur-
rent with a precision volt-
meter, AC measurement 
standard, AC/DC transfer 
standard, or thermal volt-
age converter.

The A40B set consists of 
four enclosed shunts (1 mA 
to 50 mA) and 10 radial 
shunts in three sizes: small 
(100 mA to 2 A), medium 
(5 A to 20 A), and large 

(50 A to 100 A). The shunts use a fin design to minimize 
thermal drift and interference from external magnetic 
fields. Their low inductance lets the shunts operate from 
DC to 100 kHz with minimal phase distortion. 

Prices: individual shunts—$1850 to $9995; set of 14 
shunts with cables, adapters, and a transit case—
$47,495. Fluke, www.fluke.com.

Instrument senses temperature 
and humidity
Omega’s ETF012 electronic 
hygrotherm senses the am-
bient temperature and rela-
tive humidity when mounted 
in an enclosure containing 
electrical or electronic com-
ponents. It can turn on a fan 
or heater at high- or low-
temperature set points, 
helping prevent the forma-
tion of condensation in the 
enclosure. LEDs integrated 
in the adjustment knobs indicate device operation. The 
77x60x43-mm product weighs approximately 0.20 kg 
(7.1 oz) and is equipped for 35-mm DIN rail mounting. 
The ETF012 series is CE compliant. Operating temper-
ature range is 0 to 60°C.

Base price: $90. Omega Engineering, www.omega.
com.

Keithley debuts 8x8 MIMO test system
Keithley Instruments has introduced an 
8x8 MIMO system that targets primary 
research of next-generation RF MIMO 
devices and technologies such as 4G 
LTE (long term evolution) and UMB 
(Ultra Mobile Broadband). The new sys-
tem builds upon 4x4 MIMO test equip-
ment that the company introduced in 
late 2007.

Keithley MIMO RF test systems are 
built on the company’s RF signal-gener-
ator and -analyzer platforms that in-
clude Model 2820 RF VSAs (vector sig-
nal analyzers), which have a frequency range of 400 
MHz to 6 GHz; Model 2920 RF VSGs (vector signal gen-
erators), which can generate frequencies from 10 MHz 
to 6 GHz; Model 280111 WLAN 802.11n signal-analysis 
software, which provides a measurement suite for ana-
lyzing single- or multiple-channel RF devices with up to 
4x4 MIMO configurations; and Model 2895 MIMO syn-
chronization units, which provide precise and stable sig-

PRODUCTUPDATE
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nal alignment. The new 8x8 system 
holds signal sampler synchronization 
to within ±1 ns; sample jitter is less 
than 1 ns peak-to-peak, and RF-car-
rier phase jitter is less than 1º peak-
to-peak.

Base prices: Model 2820—
$25,000; Model 2920—$23,000; 
Model 2895 synchronization unit—

$9900. Keithley Instruments, www.
keithley.com.

IR thermometer uses 
visible light camera
The Extech/FLIR i40, i50, and i60 in-
frared thermometers feature a visi-
ble-light camera that lets you see 

the target and point the instrument. 
The i40 has a 0.6-Mpixel camera, 
while the i50 and i60 have 2.3-
Mpixel cameras. All models feature 
a picture-in-picture dis-
play with fixed (i40), 
three-step (i50), or 
scalable (i60) im-
ages on a 3.5-in. 
LCD. With the 
i40, you can view 
the target image; 
the i50 and i60 
include a semi-
conductor laser 
target, and the 
i60 is able to display 
the laser on the 
screen. The instru-
ments can also find 
the hottest or cold-
est spot within a 
designated area and 
mark that area.

Temperature range on all three 
models is –20°C to 350°C (–4°F to 
662°F) with ±2% accuracy and 0.1°C 
thermal resolution. All models in-
clude a 1-Gbyte SD storage card 
that can store up to 1000 jpg im-
ages. The thermometers can run up 
to 5 hr on a rechargeable lithium-ion 
battery. Extech Instruments, www.
extech.com/iseries.

DTVinteractive unveils 
ATSC-M/H signal generator
To support the ATSC-M/H (Ad-
vanced Television Systems Commit-
tee Mobile and Handheld) standard, 
DTVinteractive offers the ATX2000 
signal generator, which integrates a 
real-time software multiplexer capa-
ble of handling mainstream, mobile 
audio/video, data, and ESG (Elec-
tronic Service Guide) packets. The 
ATX2000 can be used for ATSC-M/H 
chipset hardware and software de-
velopment, broadcast engineering 
simulation, middleware develop-
ment, receiver R&D, and product 
manufacturing.

The instrument provides high-
quality RF performance, an embed-
ded operating system, an 8.4-in. 
TFT color LCD touch screen, a USB 
port, and an RS-232 interface, as 
well as optional analog I/Q output, 
AWGN (additive white Gaussian 
noise), and fading modules. RF 
specifications include an adjustable 
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The PCIe-DIO24 is connector- and 
software-compatible with the compa-
ny’s PCI-based PCI-DIO24 and ISA-
based CIO-DIO24 boards, for seam-
less migration of existing applications. 
Similarly, the PCIe-DIO96H is connec-
tor- and software-compatible with the 
company’s PCI-based PCI-DIO96H 
board. Since the boards are com-

pletely plug-and-play, there are no 
switches or jumpers. In addition, they 
are supported by the same external 
relay and solid-state I/O module racks 
as their predecessors.

Prices: PCIe-DIO24—$199; PCIe-
DIO96H—$349. Measurement 
Computing, www.measurement-
computing.com.

output frequency of 50 MHz to 870 
MHz with a resolution of 1 Hz. Power 
consumption is less than 300 W from 
a 100-VAC to 250-VAC supply 
(50/60-Hz).

DTVinteractive, www.dtvinterac-
tive.com.

PXI embedded controller 
increases speed to 2.53 GHz
National Instruments reports that its 
PXI-8108 embedded controller for 
PXI and CompactPCI systems offers 
a 25% performance improvement 
over the dual-core PXI-8106, and a 
2X performance improvement over 
the single-core PXI-8196. The new 
controller features a 2.53-GHz Intel 
Core 2 Duo T9400 dual-core proces-
sor and 800-MHz DDR2 memory. 

The PXI-8108 works with LabView 
8.6 software as well as with LabView 
Real-Time and LabWindows/CVI 
Real-Time modules. It can be up-
graded to include a 32-Gbyte PXI 
solid-state hard drive in place of the 
standard rotating magnetic disk 
drive. When paired with the solid-
state drive, the PXI-8108 offers an 
extended operating temperature 
range of 0 to 55°C.

Base prices: PXI-8108—$4999; 
solid-state hard drive—$449. 
National Instruments, www.ni.com.

Measurement Computing 
releases PCIe DIO boards
Measurement Computing recently 
released PCI Express versions of two 
of its PCI digital I/O boards. The 
PCIe-DIO24 provides 24 channels of 
digital I/O with selectable 3.3-V and 
5-V logic levels. The PCIe-DIO96H, 
a 5-V-compatible digital I/O board, 
furnishes 96 bidirectional I/O chan-
nels in four independent port 
groups. Each group is divided into 
two 8-bit ports and two 4-bit ports. 
Outputs of the PCIe-DIO96H are 
high-drive TTL that can source 15 
mA and sink 64 mA.

Both of the RoHS-compliant I/O 
boards offer software-selectable 
pull-up and pull-down resistor con-
figurations and 82C55 mode zero 
emulation. Digital I/O lines are ac-
cessed through a 37-pin D-type con-
nector on the PCIe-DIO24 and 
through a 100-pin connector on the 
PCIe-DIO96H.

Toll Free: 1-877-322-7693
www.aspowertechnologies.com
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EXFO software examines 
40G network operation
A new software release for analyzer 
modules in EXFO’s Transport Blazer 
and Power Blazer product lines gives 
insight into 40G network equipment 
behavior, network service opera-
tions, and network management sys-
tem configuration. The software en-
ables the analyzers to perform a 
host of new tests (including auto-
matic protection switching and ser-
vice disruption time tests) to ensure 
compliance with Telcordia GR-253 
and ITU-T G.841 specifications.

The software update provides 
40G round-trip delay analysis to 
measure network latency—an impor-
tant parameter for delay-sensitive 
traffic such as video. It also provides 
error/alarm injection for evaluating 
the behavior of 40G network equip-
ment and carrier NMS (network 
management software) configura-
tions. This feature sends periodic 
bursts of errors and alarms to vali-

date that 40G network equipment 
properly reports recurring network 
issues and that the NMS is properly 
configured to handle these issues.

EXFO Electro-Optical Engineer-
ing, www.exfo.com.

BNC digital delay 
generator furnishes 
eight timing channels
The Model 725 digital delay genera-
tor from Berkeley Nucleonics syn-
chronizes complicated test setups, 
providing eight timing channels with 
programmable logic, unique timing 
modes, and 10-ns resolution. You 
can use the Model 725 to synchro-
nize cameras, lasers, shutters, chop-
pers, solenoids, or igniters. 

The generator accepts a variety of 
inputs, including logic signals, 
switches, transducers, interlocks, 
computer commands, and gauges. In 
addition to eight inputs, the Model 
725 has eight outputs and eight sep-
arate timers. Each of the eight logic 

channels can operate independently, 
functioning as a clock, delayed trig-
ger, or counter. You can use the gen-
erator’s internal clock or an external 
clock, as well as select the time base 
that each channel uses.

The Model 725 hardware control-
ler operates in stand-alone mode or 
via computer control. You can use 
the embedded, compiled software, 
called timerPRO, or LabView to cre-
ate control schemes. A Windows-
based interface lets you program 
each experiment, channel by chan-
nel. In stand-alone mode, the Model 
725 can store and recall up to 64 
complete settings, with triggering 
and monitoring done from the unit’s 
front panel. You can design experi-
ments offline and then embed the 
controller in your test environment 
for automated operation. Firmware 
is field-upgradeable, allowing access 
to new timing modes and capabili-
ties as they become available.

Berkeley Nucleonics, www.berke-
leynucleonics.com.
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GPIB and isolated analog control are standard
and an LXI-approved LAN (Ethernet, RJ-45)
connector is also available.

Call us to TALK about the Series KLP Power Supplies 
or visit www.kepcopower.com/klp.htm

1-877-551-4129        www.testcoach.com
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TestLit Review® 

SAVE TIME, MONEY & DATA
Use the $429 HotMux data logger to 
digitize 8 thermocouple sensors, save 
data to file, and display results on com-
puter monitor. RS-232 interfaced line 
powered HotMux provides a remote 
sensing capability and eliminates the 
sensor wire rat-nest at the computer. 
Visual Basic Windows® MS based 
software provides applications data 
transfer. Multi com-port capability for 
additional channel monitoring. Can 
also handle other linear sensors.
DCC Corp.
Pennsauken, NJ 08110
856-662-7272 FAX: 856-662-7862
Web site: www.dccCorporation.com

THERMOCOUPLE TEMPERATURE DATA 
LOGGER 
This battery powered (optional 
ac adapter for long term use) data 
logger has an internal temperature 
sensor and one external input for 
thermocouple types J, K, T,E, R, 
S, B, and N. This wall mountable, 
real-time operated device has one 
of the largest memory capacities 
of any similar data recorder on 
the market. It features a front keypad with lock feature, high speed 
downloading, programmable start/stop time, and user selectable 
measurement units. NIST traceable calibration is available for 
users needing to meet regulatory requirements. Price starts at $499 
Omega Engineering, Inc.
203-359-1660, www.omega.com/pptst/OM-CP-TCTEMP2000.html

GATEWAY TESTER – “MAPS SIP – MEGACO” 
CONFORMANCE TEST TOOL  
MAPS - SIP and MEGACO Conform-
ance test tool is an ideal tool to evaluate 
Gateway / ATA product features such as 
call connectivity, call signaling, traffic 
generation, voice quality testing, codec, 
and hundreds of other features. Other 
notable features include:
• Interfaces to T1E1, and VoIP 
• SIP and Megaco protocol conformance 
• testing
• Test echo canceller performance and •  • 
• compliance
• Multi-protocol call trace for TDM / VoIP
301-670-4784, www.gl.com/maps.html
GL Communications Inc.

FREE TIPS AND TECHNIQUES 
FOR INTEGRATED SWITCHING CD
Keithley’s new “Tips and Techniques for 
Integrated Switching” CD offers insights 
system builders can use to achieve 
maximum flexibility when designing, 
configuring, and integrating switching 
into a contemporary test system. The 
CD includes tips for switch system 
optimization, information on Keithley’s 
switching hardware, and a glossary of 
switching terminology. Request your 
FREE copy at: www.keithley.com/at/506 
or call 1-888-KEITHLEY (588-9238) 
in the U.S. today to receive your copy.
Keithley Instruments, Inc.

T3/E3 T1/E1 ETHERNET ANALYZER
GL’s T3/E3 T1/E1 Ethernet Analyzer is a compact, powerful, and 
portable unit addressing testing requirements across all these interfaces. 
It allows recording & playback of entire T3/E3 streams. It supports 
channelized (M13, E12, G.747) as well as unchannelized T3/E3 modes. 
The unit interfaces to Notebook PC via USB.  Other features include:
• PPP, ATM, HDLC, & Frame Relay 
• protocol testing
• Error injection & Alarm generation
• T3/E3 interface with T1/E1 drop & insert
• Ethernet testing
• Remotely manage via an Ethernet port
301-670-4784, www.gl.com
GL Communications Inc.

The NEW Davis Instruments V74 Sourcebook  
For a complete selection of test, 
measurement, control, and calibration 
instruments get the NEW Davis 
Instruments V74 Sourcebook. This 
annual catalog features 1,400+ pages of 
top-quality products from the industry’s 
premier manufacturers. Inside, 
find more than 25,000 innovative 
products—over 5,000 NEW—for 
electrical and electronic test, pressure, 
flow, temperature, process control, and 
much more. To request your FREE 
copy, call 800-358-5525 or visit 
Davis.com/3840
Davis Instruments
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Visit our website to download product specifications and technology primers 
www.dalsa.com

sensors - cameras - frame grabbers - processors - software - vision solutions

The need to maximize yield in today’s 
competitive manufacturing markets 
is greater than ever. DALSA is committed 
to providing leading OEMs and System 
Integrators with advanced machine vision 
technology to meet their requirement 
for reliable throughput and increased 
yields. Our advanced technology includes 
image sensors, cameras, acquisition 
boards, processors, sophisticated imaging 
software and robust vision solutions.

Discover the power of DALSA machine vision
Download DALSA’s Machine Vision Product Overview brochure. 
www.dalsa.com/mvb_t10

DISCOVER 
  PERFECT 
   BLUE VISION
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The resolution of cameras based 
on cost-effective CMOS image 

sensors has continued to improve. 
Newer sensor technology has led to 
better light-sensitivity levels and has 
helped reduce noise levels in the 
CMOS-based cameras that are pene-
trating high-speed machine-vision ap-
plications. Al Sabeh, VP of sales and 
applications for Toshiba Teli, ex-
plained some of the improvements in 
CMOS cameras and the sensors on 
which they are based.

Q: Where are CCD cameras still used 
in machine vision? 
A: Today, the major difference in 
usage between CMOS and CCD cam-
eras for machine vision occurs in situ-
ations where light levels are very low. 
In those cases, you still need CCD 
sensor technology because it is more 
sensitive to light: The minimum sensi-
tivity for CCD cameras is 1 lux, but 
for CMOS it’s 5 to 10 lux. 

But if there’s sufficient illumination 
during inspection, CMOS camera 
performance is excellent. And that’s 
the case with the majority of ma-
chine-vision applications, since they 
are usually well lighted. Also, some 
applications that need a higher near-
infrared response, like about 900 to 
1000 nm, will require CCD cameras, 
because those cameras are more sen-
sitive at a higher spectrum.

Traditionally, CCD technology has 
also delivered lower noise levels, or a 
higher SNR (signal-to-noise ratio). 

Q: What are the benefits of CMOS 
cameras?
A: For one thing, CMOS sensors are 
less expensive than their CCD coun-
terparts. So, for some customers, if 
CMOS technology meets their sensi-
tivity needs, that’s what they will use.

But at least as important is the 
ability of CMOS cameras to increase 
frame rates by letting users choose a 
smaller, lower-resolution area within 
the image—a window of interest—
and sending out only those pixel 
addresses. Let’s say you have a 
1020x768-Mpixel camera, but 
you’re interested in an area that’s 
700x500 Mpixels. On a PC, you can 
set the camera to that resolution and 
select the rectangle anywhere on the 
monitor. So, you can view that area 
of interest while also increasing cam-
era speed.

For example, our 12-Mpixel 
CleverDragon camera’s window-of-
interest feature can be programmed 
to display a maximum of 28 square 

windows within a single image. The 
camera can perform at 4096x3072-
pixel resolution, at 25-fps full-frame 
speed, with an SNR greater than 54 
db. No 12-Mpixel CCD camera will 
do that. They can only give you 5 fps 
at that resolution. 

Q: Why did Toshiba Teli design its 
own proprietary image sensor instead 
of using a commercially available chip?
A: A CMOS image sensor lets you 
set the camera to any resolution you 
want, including lowering the resolu-
tion to increase speed. We designed 
our 12-Mpixel, 1.9-in., CMOS 
mono chrome progressive-scan sensor 
to be extremely flexible. For in-
stance, you could set our 12-Mpixel 
camera to 2000x2000 pixels and get 
30 fps.

We also designed it for higher 
performance because there are 
emerging applications in machine 
vision and inspection that will de-
mand that performance. A major 
example is the industry move from 
6-in. to 12-in. wafers. Now those 
bigger wafers can be inspected at 
much faster speeds. �

CMOS cameras rival 
their CCD cousins
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Al Sabeh
VP of sales and applications
Toshiba Teli

By Ann R. Thryft, Contributing Technical Editor
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Contact Ann Thryft at ann@tmworld.com.

Machine vision’s 
changing times

As I’ve talked with vendors, ana-
lysts, and industry observers 

to learn more about the state of 
the machine-vision industry, what 
has struck me is how energetic 
and forward-looking everyone is.

This industry is 
experiencing major 
changes, including 
maturing markets, 
price erosion, and 
simultaneous de-

mands for higher resolution and 
bandwidth while process technolo-
gies shrink and new materials 
come into play. But there’s also a 
huge amount of creativity being 
aimed at these challenges, and 
much of it was on display at 
Semicon West (see facing page). 

Nearly every corner of the indus-
try is harnessing new technologies, 
or new uses of existing technology. 
These include the increasing use 
of 3-D paste inspection for high-
reliability and complex parts, the 
growing role of software, and new 
high-resolution capabilities of scan-
ning electron microscopes that put 
these systems into another class 
altogether (see p. 66).

The digitization trend, such as 
in camera sensors, and open in-
dustry standards bring more flexi-
ble and scalable systems, im-
proved interoperability, and ulti-
mately lower costs. They also 
bring open platforms. And with 
digitization, open platforms, and 
standardization comes greater 
connectivity, such as the GigE 
Vision interface (see p. 64).

It’s an exciting time to be in ma-
chine vision and inspection. �

By Ann R. Thryft 
Contributing Technical Editor

E D I T O R ’ S  N O T E
Microscan acquires 
Siemens’ M-V 
business 
In September, Microscan announced 
plans to acquire the Siemens Machine 
Vision business, which was originally 
Acuity CiMatrix, the company that 
developed the 2-D Data Matrix code. 
Microscan, a manufacturer of preci-
sion data-acquisition and control 
products used in the electronics, life 
sciences, and automotive industries, 
plans to keep the division’s headquar-
ters in Nashua, NH, open and to re-
tain the majority of the workforce.

“Vision products for identification 
and inspection are a growing aspect 
of the precision data-acquisition and 
control market,” said Jeff Timms, 
president of Microscan. “The acqui-
sition of the Siemens Machine Vision 
business brings with it a depth of ex-
pertise in Data Matrix and vision 
product design that is second to 
none. Combined with Microscan’s 
deep experience in data-acquisition 
solutions, the purchase of this busi-
ness tremendously augments our 
product portfolio and brings with it a 

unique and complementary offering 
to our customers.”

According to Dennis Sadlowski, 
president and CEO of Siemens Energy 
& Automation, Siemens will continue 
to produce industrial identification 
(Auto ID) and RFID code-reading 
systems. www.microscan.com.

Stemmer announces 
CVB version 10
Stemmer Imaging has introduced ver-
sion 10 of its Common Vision Blox 
(CVB) programming library. In addi-
tion to CVB’s hardware independence 
and connection flexibility, Version 10 
includes a new installation routine 
and support for the 32-bit version of 
Microsoft Windows Vista.

The Version 10 installation proce-
dure makes system restarts unneces-
sary, even after the installation of the 
hardware drivers. Once the software 
is installed, all system settings can be 
accessed via a central management 
console.

The update is free for registered 
users of Common Vision Blox, and a 
free 14-day full version is also avail-
able for evaluation. www.commonvi-
sionblox.com.

H I G H L I G H T S

Carl Zeiss SMT has launched a new SEM (scanning electron microscope) as 
well as an argon ion beam column for its NVision 40 CrossBeam nanoscale 
workstation. Based on the company’s Gemini field-emission technology, the 
new Sigma SEM accommodates specimens up to 250 mm in diameter and 
145 mm tall and performs material analysis at high resolution using both 
energy-dispersive and wavelength-dispersive x-ray spectroscopy techniques. 
In addition, its coplanar chamber design allows simultaneous energy disper-
sive x-ray spectroscopy and electron backscattered diffraction.

To enable the production of highly polished TEM (transmission electron 
microscope) lamellas, Zeiss offers an argon ion beam column that can be 
retrofitted to the NVision 40 CrossBeam workstation. This third column 
enhances sample quality by almost completely removing surface damage 
that typically occurs during the initial FIB (focused ion beam) milling steps. 
The NVision 40 Argon is available in two models: a process-oriented, 
high-throughput version for preparing routine TEM samples for semicon-
ductor customers and a multipurpose model for processing and analytic 
applications in materials science and in the semiconductor lab. 
www.smt.zeiss.com.

Zeiss rolls out electron microscopes
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Semicon West, San Francisco, CA, July 15–17, SEMI. www.semiconwest.org.

Qioptic Imaging Solutions showed the compact A-Zoom Micro probing 
microscope, which streamlines PCB (printed-circuit board), semiconductor, 
and flat-panel display probing. The company also showed its programma-
ble Fetura advanced-zoom imaging lens that provides zoom magnifications 
of 0.52X to 6.5X, covers a 12:5:1 zoom range in 500 ms, and includes 
multiple interfaces for OEM integration.

Aiming at applications that need a portable microscope system, Hirox-
USA introduced its KH-7700 system that integrates a digital camera, a 
light source, a computer, an LCD monitor, and software. The system 
blends information from multiple exposures to produce a wider dynamic 
range than can be accomplished with other digital imaging techniques.

Targeting optical inspection and quality control, Leica Microsystems 
showed several microscopes and macroscopes. The company’s Z16 macro-
scopes have a 16:1 zoom range and provide zoom magnifications of 0.57X 
to 9.2X. Leica’s DM6000 automated digital microscope systems can be 
used with all incident light methods and are designed for use in R&D labs.

FEI debuted the XHR SEMs (extreme high-resolution scanning electron 
microscopes), which provide subnanometer resolutions and use very low 
beam energies to avoid distortions caused when the beam penetrates the 
material underneath the sample (see p. 66). The Magellan 400L model, op-
timized for semiconductor labs, can view critical details with clarity and 
contrast on complex 3-D structures in 32-nm nodes and below.

Surface Imaging Systems introduced its NanoStation 300. The system 
augments atomic force microscopy (AFM) with optical inspection capabil-
ity to rapidly identify regions of interest. Viscom exhibited its MX100IR 
desktop system, which uses transmitted and reflected infrared to inspect 
wafers. Nikon Instruments introduced two new systems. The WES-3000 
inspection tool makes it easier to inspect wafer edges, where defects have 
proliferated and become more complex along with the increased use of im-
mersion lithography. The APM-3000 series leverages a form of birefrin-
gence in a Fourier space to detect critical dimension and pattern edge 
roughness variations in wafers.

Machine Vision Products exhibited its Ultra 850G modular AOI (auto-
mated optical inspection) system for packaging and semiconductor inspec-
tion, used primarily in flux paste, die placement, component, and underfill 
processes. Matrox demonstrated the Matrox Imaging Library 9.0, which is 
tailored for high-throughput, processing-intensive applications such as 
wafer and mask inspection, and is designed to take advantage of high-per-
formance computing clusters based on graphics processor units. 

The new surface-mount device and chip-on-board versions of the high-
brightness LED light-line products from Schott Fiber Optics offer high lu-
minosity beams for better contrast in applications such as surface inspec-
tion. Schott also showed its new LLS LED light source for machine-vision 
devices, which runs on less than 15 W and has a 50,000-hr lifetime.

At the InterSolar North America show co-located with Semicon West, 
KLA-Tencor exhibited its new P-6 surface-profiler system, a bench surface-
metrology system for samples up to 150 mm. It applies semiconductor 
profiler system technology to scientific research and production environ-
ments, such as photovoltaic solar cell manufacturing.—Ann R. Thryft

Vision and inspection products focus on 
higher resolution, faster processing
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The GigE Vision interface stan-
dard brings several benefits to 

machine-vision inspection of PCBs 
(printed-circuit boards), semiconduc-
tors, and wafers. A flurry of product 
introductions this year has demon-
strated the growing popularity of 
the interface in machine-
vision cameras, from 
small embedded boards 
to two-box, 12-Mpixel 
cameras (see “Machine-
vision cameras get 
GigE,” p. 65).

Perhaps GigE Vision’s 
main benefit is its 125-
Mbps speed, which allows what previ-
ous Ethernet standards did not: the 
ability to reliably handle streaming, 
uncompressed image data and transmit 
that data over cables as long as 100 m. 
Compared to Camera Link’s 10-m and 
FireWire’s 5-m cable lengths, GigE’s 
longer reach opens up new configura-
tion possibilities for keeping PCs and 
related image-processing hardware far 
away from the harsh production line 
environment. GigE’s 100-m cable 
length—and the ubiquity and low cost 
of standard Ethernet hardware, cables, 
and connectors—makes that possible 
without repeaters or extenders.

These aspects of GigE also make it 
possible for manufacturers to set up 
control centers where images are pro-
cessed in multiple, clustered PCs, said 
Eric Carey, R&D director for Dalsa 
Montreal. “Some of our customers 
are considering using a GigE Vision 
link to transfer images to a control 
center for processing,” he said.

But when you send GigE camera 
data to an Ethernet switch and then 
to the PC, bandwidth can’t be guaran-
teed and packet loss is likely. “With 
higher-bandwidth cameras, you need 
to be careful about aggregating cam-
era bandwidth so you don’t overload 
the link,” Carey said. “So, most cus-
tomers are presently implementing a 
point-to-point connection.”

Ethernet’s multicast capability is 
what makes it possible to decouple 
image acquisition at the camera from 
image processing at the PC, said 
George Chamberlain, president of 
Pleora, a co-founder of the GigE Vision 
standard. “In a LAN, multicast capa-
bility lets you send video data simulta-
neously from one source to multiple 
locations,” he said. “Processing, ar-
chiving, monitoring, or even additional 
processing, perhaps using multiple PCs, 
can be done at multiple locations.” He 
added that using FPGAs (field-pro-
grammable gate arrays) instead of 
DSPs (digital signal processors) to per-
form image processing can make a 
multicast solution more scalable, less 
expensive, and simpler to develop.

GigE Vision is also scalable to ac-
commodate networks operating on the 
10 GigE standard, and it eliminates 
frame grabbers, which can cost as 
much as $3000 depending on func-

tionality, said Ravi Guntupalli, business 
manager for Princeton Instruments’ im-
aging division. He explained that up-
grading a network to handle GigE 
Vision in the first place and coping 
with the loss of frame grabbers can 
each pose separate design challenges.

Since frame grabbers traditionally 
handle image processing, eliminating 
them increases the load on the host 
CPU, adds image-processing CPU cy-
cles, and decreases the number of CPU 
cycles available for object recognition 
and registration. Guntupalli said that 
using cameras with built-in image-pro-
cessing capabilities can help reduce the 
CPU load considerably. In Princeton’s 
MegaPlus line, for example, those ca-
pabilities include RGB color interpola-
tion, flat-field formalization, and de-
fect correction. Implementing them 
with FPGAs instead of DSPs, as 
Princeton has, can reduce time, cost, 
and programming effort, he said.

GigE Vision expands in machine vision

In this example of a manufacturing line, images are sent over an IP network 
using standard Category 5 or 6 Ethernet cables to a control room where 
rack-mounted servers process them in real time. Cour tesy  o f  P leora  Techno log ies .

By Ann R. Thryft, Contributing Technical Editor
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Alternatively, the task of converting 
GigE Vision packets into usable im-
ages can be offloaded from the host 
CPU by using a general-purpose co-
processing board and a NIC (network 
interface card) on the PC’s PCI Express 
bus, said Carey. “Many of our cus-
tomers are still using typical analog 
cameras with a frame grabber and a 
dedicated link, so aggregating is a new 
concept,” he said. “It becomes easy to 
scale a system and easy to try to do 
too much, so you need to be aware of 
the average bandwidth that can be sus-
tained on the link.” In many inspec-
tion systems, this bandwidth is still 
only about 10 to 15 Mbps, so multiple 
cameras can be handled with a NIC.

Of course, modifying an existing 
network to take advantage of the GigE 
Vision standard can be an issue with 
cameras, because sensors are more ex-
pensive components than interface elec-
tronics, yet they don’t need to be 
swapped out nearly as often, said 
Guntupalli. One way to address this 
problem is to place the bus-interface 
electronics in one box and the more-
expensive image sensor electronics in 
another. You can swap out the inter-

face and use the camera head with 
whatever interface you choose. “At res-
olutions of around 11 or 16 Mpixels, 
sensor prices will not be coming down 
that much because volumes are lower, 
and because the amount of silicon used 
is a lot more,” Guntupalli said. 
Princeton is one vendor that has taken 
this approach in its MegaPlus line. 

Although many manufacturers have 
accepted the GigE Vision standard and 
are encouraging widescale adoption, 
adoption rates have been slow to 
match initial expectations—as is often 
the case with new standards. Princeton, 
for example, expects customers who 
have complex inspection setups on 
their PCB production lines to stay with 
Camera Link because of its high data 
throughput, said Guntupalli. “But in 
offline semiconductor wafer inspection, 
customers have more incentive to use 
GigE, since their throughput needs are 
lower and they can benefit from its re-
duced cost, longer cable length, and 
ease of use,” he said. �

The online version of this article includes a chart 
comparing the main features of GigE Vision, Camera 
Link, and FireWire: www.tmworld.com/2008_10.

Machine-vision cameras get GigE
Last spring, Prosilica launched the GB-Series Gigabit Ethernet CCD 
cameras, which are single-board versions of its GC-Series GigE Vision 
models. Intended for OEM applications that need machine-vision cam-
eras in a small space, the credit-card-sized GB-Series cameras come in 
monochrome or color versions and with vertical or inline connection 
methods. Four models deliver resolutions ranging from VGA to 5 Mpixels 
and full-resolution frame rates up to 120 fps. Other capabilities include 
configurable IP addresses and multicasting.

Meanwhile, NET USA introduced the GimaGO family of GigE Vision-
enabled, progressive-scan cameras. Offered in 8-bit and 12-bit versions, 
the cameras are equipped with a variety of CCD image sensors in mono-
chrome and color versions, with resolutions from VGA to UXGA. Also last 
spring, FLIR Systems debuted the A325 GigE Vision infrared camera, 
designed for integration into machine-vision systems that require non-
contact imaging and temperature measurements.

Other GigE Vision product introductions include Pleora’s iPORT NTX-
Mini with GigE Vision and Princeton Instruments’ existing CCD-based, 
two-box MegaPlus cameras that are now GigE Vision-enabled. The 
iPORT NTX-Mini is an embedded, IP in-camera engine, measuring 
42x42 mm and dissipating 1.45 W. Ranging from 1.6 to 16 Mpixels, 
Princeton’s MegaPlus cameras feature Camera Link and IEEE 1394a 
(FireWire) interfaces in addition to GigE Vision.—Ann R. Thryft
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As semiconductor process geome-
tries shrink to the 32-nm node 

and below, obtaining clear images and 
data of critical IC structures is becom-
ing a lot tougher using traditional 
SEMs (scanning electron microscopes) 
for surface inspection. Scientists in 
process-development labs and engi-
neers at logic and memory manufac-
turers are struggling to quickly see 
complex 3-D surfaces, as well as ma-
terials interfaces and profiles. They 
also need to see all of this from multi-
ple angles and at resolutions 
below 1 nm without increasing 
the electron-beam voltage.

To address these problems, FEI 
has begun leveraging techniques 
and components used in dual-
beam systems, which integrate 
SEM and FIB (focused ion beam) 
methods.The result is a new class of 
instruments that the company calls 
XHR (extreme high-resolution) SEMs. 
FEI introduced the first such machine, 
the Magellan XHR SEM, at Semicon 
West (July 15–17, San Francisco, CA). 
The new system achieves surface sen-
sitivity and subnanometer resolution 
at voltage levels from 1 kV to 30 kV.

Traditionally, SEMs have been fa-
vored in both semiconductor labs and 
production facilities for their nanome-
ter-level imaging and ability to handle 
bulk samples, as well as for their wide 
imaging range, simple sample-prepara-
tion requirements, and analytical ca-
pabilities. But just as capturing clear 
images of smaller features has become 
more challenging, so has achieving 

good contrast on the surfaces of sensi-
tive dielectrics and resists without in-
creasing voltage. Lower voltages are 
needed to minimize the damage to 
sample materials. They also avoid the 
distortions caused when a higher volt-
age beam passes below the sample’s 
top surface and into the material 
below, creating artifacts in images.

Solving these challenges with UHR 
(ultra-high-resolution) SEMs has been 
difficult, said FEI’s Richard Young, 
technologist for scanning electron mi-

croscope and small dual-beam systems. 
Some of these machines have stringent 
sample-preparation requirements.

“Many UHR SEMs are limited to 
samples less than 10 mm per side and 
do not allow the rotation and tilt flex-
ibility needed for good examination of 
edges and interfaces,” said Young. 
“They often require extra preparation 
steps just to get the sample into the 
system.” Other UHR SEMs use beam 
voltages of 5 to 10 kV in order to get 
higher-resolution images.

Due to these constraints, most UHR 
SEMs are not designed for high sam-
ple throughput. Yet, demand for 
higher throughput is increasing at pro-
cess-development labs, where scientists 
work to reduce development time, and 
at manufacturing support labs, where 

SEM technology sees 
below 1 nm

This XHR SEM image shows a 
tilted view of a deprocessed 
logic device sample, imaged at 
1-kV beam voltage and 600,000 
times magnification. Cour tesy  o f  FE I 

and  STMic roe lec t ron ics , Ma l ta /Grenob le .

By Ann R. Thryft, Contributing Technical Editor
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Intelligent CamerasArea Scan Cameras Line Scan Cameras

50 Digital Camera Models with 
GigE Vision and FireWire-b

click. see. smile!www.baslerweb.com/scout

  Up to 100 meter cable lengths for more fl exibility
  Enhanced bandwidth that allows even more cameras on one bus
  Price/performance ratio at its best! Starting at 499 EUR 
for a 60 fps VGA camera

  Progressive scan CCD sensors ranging in size from 
VGA to 2 megapixels

  Easy to integrate with a footprint of 29 x 44 mm

Flexible and cost effective

engineers must speed up the ramp-to-
volume-yield rates in new devices.

Other technologies, such as FIB or 
TEM (transmission electron micro-
scope) systems, are not designed to 
achieve the XHR SEM’s combination 
of features and abilities. The XHR 
SEM addresses multiple limitations of 
UHR SEMs, including high beam volt-

ages, sample handling constraints, 
and low throughput. It combines 
the column, stage, and platform 
from FEI’s dual-beam FIB/SEM 
products with new technology 
that permits the system to offer 
improved low-voltage perfor-

mance by reducing the electron beam’s 
energy spread. This results in de-
creased probe size and improved sam-
ple contrast, producing rapid surface 
imaging at tens of images per hour. 
The machine’s 100-mm, high-preci-
sion, high-stability, five-axis tilting/
rotating stage accommodates large 
samples or multiple smaller samples, 

while an optional automated loadlock 
further improves sample throughput. 

Although FEI has pushed its XHR 
SEM’s low-voltage resolution below 
1 nm, that doesn’t mean that the need 
for FIBs or TEMs is going away, said 
Todd Templeton, the company’s 
product marketing manager for scan-
ning electron microscope and small 
dual-beam systems. FIBs and TEMs 
may not offer the XHR SEM’s combi-
nation of features and abilities, but 
both can reveal defects below the sur-
face in advanced materials and de-
vices. For example, even though TEM 
samples take longer to prepare and 
image, TEM systems provide chemi-
cal analysis and resolutions as high as 
10 times those of the XHR SEM. 
Both of these capabilities are some-
times needed in process development 
and failure analysis where engineers 
need to get more accurate profile and 
metrology information. �

This XHR SEM image shows a 
top-down optimal working-dis-
tance view of a deprocessed 
logic device sample, imaged at 
1-kV beam voltage and 600,000 
times magnification. Cour tesy  o f  FE I  and 

STMic roe lec t ron ics , Ma l ta /Grenob le .
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matroximaging.com/1-800-804-6243/+1-514-822-6020/
imaging.info@matrox.com

For ten years, our Matrox 4Sight embedded systems have
taken industrial imaging to new places. Our newest addition,
4Sight X, features x4 PCIe™ interconnects, multi-core CPU
support and a GPU for display and even image processing.
It’s all here: hardware and software support for GigE Vision™

and IEEE 1394 through our field-proven Matrox Imaging
Library, pre-installed on every unit. And we manufacture in-
house with stringent change control, so you have a
consistent supply throughout a long life cycle.

Matrox 4Sight X: everything’s inside.
Take a tour:
matroximaging.com/4sightx

Think outside
the box. inside

Shown with Matrox Nexis camera heads (sold separately).
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Point Grey adds USB 2.0 
digital cameras
Joining Point Grey Research’s line of 
FireWire digital cameras are models in-
corporating USB 2.0 interfaces. The 
new cameras include the Chameleon, 
which employs a 1.3-Mpixel Sony 
EXview HAD CCD, and a USB 2.0 ver-
sion of the Firefly MV. The cameras use 
an FPGA chip to control exposure, reso-
lution, frame rate, pixel binning, and user 
memory channels. 

Point Grey Research, www.ptgrey.
com.

SVS-Vistek recorder captures 
high-speed events
By monitoring high-speed manufactur-
ing lines, the SVMonitor digital image 
recorder from SVS-Vistek helps engi-
neers analyze and debug the sources 
of errors in automated processes. The 
recorder is compatible with cameras 
incorporating GigE, Camera Link, 
FireWire, and USB 2.0 interfaces. Both 
the starting and stopping of a sequence 
recording can be triggered through a 
variety of external signals, including 
those from hardware, software, changes 
within a picture, or by absolute and rel-
ative time. 

SVS-Vistek, www.svs-vistek.com.

Basler adds color line-scan 
cameras
Basler Vision Technologies now offers 
color versions of its sprint line-scan cam-
eras with resolutions of 2000, 4000, 
and 8000 pixels. The 2000- and 4000-
pixel models have maximum line rates of 
70 kHz, while the 8000-pixel camera 
has a rate of 39 kHz. The cameras are 
based on a dual-line CMOS sensor that 
combines the image quality of CCD sen-
sors with the high speed of CMOS. 
Basler says the sensor has a high quan-
tum efficiency of up to 60%, a fill factor 
of 100%, and an increased signal-to-
noise ratio at low light conditions.

Basler Vision Technologies, www.
baslerweb.com.

P R O D U C T S
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Model CSI3644A CSI3645A CSI3646A

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

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

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

•LCD display
with backlight

•High resolution at 1mV
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The 3710A is a
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electronic DC
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Multimeter with TrendCapture
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40/60/100MHz DSO’s40/60/100MHz DSO’s

•Bandwidth: 40, 60 or 100MHz
•Real Time
Sampling Rate:
100MS/s

•Measurements
via USB interface

•Includes Windows XP & Vista 
compatible software, Oscilloscope Probe
Kit, USB cable and User Manual
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In 2003, John VanNewkirk 
engineered the acquisi-
tion of CheckSum by an 
investor group, Teton 
Industries. Earlier, he led 
a successful turnaround 
of a steel service center 
in southern China for Van 
Shung Chong Holdings 
(VSC), a public company 
in Hong Kong. Prior to 
joining VSC, VanNewkirk 
served as a management 
consultant with Bain & 
Co. in Hong Kong and 
San Francisco. During his 
years at Bain, he devel-
oped and implemented 
growth strategies for 
Fortune 500 companies. 
VanNewkirk holds a BS 
degree from Brown Uni-
versity and an MBA from 
Harvard Business School.

Contributing editor Larry 
Maloney conducted a 
phone interview with Van-
Newkirk on new technolo-
gies for board test and 
onboard programming.

Q: How has growing electronics 
complexity increased the challenges 
in board test?
A: With surface mount, system-on-chip, 
and other innovations, density has in-
creased to the point where we often lack 
sufficient access for test. The result is that 
in-circuit testers are challenged to provide 
the 90% coverage we saw years ago. The 
second issue is the increased use of ISP 
(in-system programmable) chips, seen in 
such devices as embedded microcon-
trollers, flash, and FPGAs (field-program-
mable gate arrays). Lastly, more manufac-
turers are building many boards at the 
same time. Combine these multiboard 
panels with use of ISP devices and you’ve 
got a tremendous manufacturing chal-
lenge. It’s remarkable that yields in board 
test have improved substantially over the 
past decade, despite this complexity.

Q: What changes do you see in the 
kinds of defects that crop up?
A: Overall, the number of defects has 
dropped in half over the last decade, but 
the make-up of the fault spectrum has 
changed. Solder-related defects have actu-
ally grown significantly over the last 10 
years with the predominance of surface-
mount and very fine-pitch devices. You 
also see more mechanical-related defects 
linked to surface mount. For example, a 
capacitor might pass an electrical test, yet 
not be located precisely on the board. 

On the other hand, digital device de-
fects, which used to account for up to a 
third of all defects in the mid-’90s, have 
declined to almost nothing. In a study of 
five of its biggest plants, Jabil Circuit found 
that only one board out of 2200 had a 
digital device failure. 

This data confirms what test engineers 
already knew when they decided to drop 
digital vector test. So the question is: 
How far should manufacturers go in 
their test investment to catch a defect at 
ICT (in-circuit test) that occurs so rarely, 
when the defect will still be caught at 
functional test?

Q: In this environment, what is the 
place of high-end in-circuit testers?
A: The issue I have with these so-called 
“big-iron” testers has more to do with 
economics than technology. These testers 
have been doing a good job for 20 years in 
catching defects. The problem comes in 
the pain they cause manufacturers. Fix-
tures and programming can cost twice as 
much as they do for lower-cost ICT. You 
also have issues with maintenance and 
training, which can be a major problem at 
plants in developing countries where you 
often don’t have people who have spent 
months in training courses.

Q: What keeps manufacturers from 
opting for lower-cost solutions?
A: There is still a huge group of electronic 
manufacturers who have an installed base 
of expensive ICT platforms and are reluc-
tant to try new technologies. They view 
ICT as a solved problem. Although they 
may have excess ICT capacity and shrink-
ing profit margins, some of these firms are 
simply unwilling to change.

Q: How do you change that mindset?
A: We appeal to the technical needs of en-
gineers and focus on areas that cause pain, 
such as in-system programming of chips. 
CheckSum invented the MultiWriter on-
board system that can program up to 384 
ISP chips at the same time, usually in sec-
onds instead of the minutes required by 
conventional ICT programmers. For cus-
tomers that have panels of boards and need 
high throughput, this is a technique that 
offers great advantages. MultiWriter has 
prompted more companies to look at 
CheckSum, giving us the opportunity to 
show our other products, such as low-cost 
ICT platforms. T&MW

VIEWPOINT
[An exclusive interview with a technical leader]

Time to break away from “big iron”?

JOHN VANNEWKIRK 
President and CEO
CheckSum
Arlington, WA

John VanNewkirk answers more 
questions dealing with onboard 

programming and lower-cost ICT systems 
in the online version of this interview: 
www.tmworld.com/2008_10.
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Acquire environmental data from thousands of sensors Design and model more energy efficient machines

>> Download green engineering resources at ni.com/greenengineering 800 890 1345

For more than 30 years, National Instruments has empowered engineers and scientists to measure, diagnose, and solve
some of the world’s most complex challenges. Now, through the NI graphical system design platform, engineers and scientists
are using modular hardware and flexible software to not only test and measure but also fix inefficient products and processes
by rapidly designing, prototyping, and deploying new machines, technologies, and methods. Today, a number of the world’s
most pressing issues are being addressed through green engineering applications powered by NI products.
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