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NEW DATA ACQUISITION LOGGERS
LGR-5320 Series

High-speed, stand-alone data loggers

Advanced multi-channel triggering Contact us

Easy-to-use DAQLog™ software included (800) 234-4232

Flexible configuration and data retrieval options —
From $1499 mccdaq.com/LGR
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Where Do I Go for Data Acquisition Products?

omega.com, of Course!

Your single source for process measurement and control products!

Ideal Solution for Cold Chain Monitoring
| ) The Mini NOMAD® Series
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MATLAB
CONNECTS

TO YOUR TEST
HARDWARE

Connect to your test equipment
directly from MATLAB® using standard
communication protocols and hundreds
of available instrument drivers.

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

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

4\ MathWorks:

© 2010 The MathWorks, Inc.
MATLAB is a registered trademark of The MathWorks, Inc. Other product or brand
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LEMO SA - Switzerland

Phone: (+41 21) 695 16 00
Fax: (+4121) 695 16 02
info@lemo.com

THE ORIGINAL
PUSH-PULL
CONNECTOR

More than
50'000 connector
combinations

The modular design of
LEMO products provides
more than 50'000
different combinations

of connectors with a
large choice of contact
configurations:

¢ High and low voltage
e Coaxial and triaxial

e Quadrax

e Thermocouple

e Fibre optic

¢ Fluidic and pneumatic
e Hybrid

e Custom solutions

e Cable assembly

‘B, LEMO,

Contact your local partner on www.lemo.com
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Check out these exclusive features on
the Test & Measurement World Web site:

Mixed-signal multisite test

In a two-part series on the Test & Measurement
World Website, Jin-Soo Ko of Teradyne discusses
the use of multisite testing for mixed-signal SOCs
and SIPs. Part 1 discusses how the limited number
of channels on AC instruments and limited DIB real
estate restrict the number of sites that can be used
for multisite testing of mixed-signal devices. Part 2
describes an approach he calls ACEX that expands
mixed-signal multisite test capability.

www.tmworld.com/guest_multisite

Blog commentaries and links

Taking the Measure

Rick Nelson, Editor in Chief
® MSN cites the worst cars of all time
® What's inside the iPad

@ |s the US becoming a third-world country
of innovation?

® We need a space program that's not a
dead end

Rowe's and Columns

Martin Rowe, Senior Technical Editor
@ Classic hacks
® Sometimes, simpler is better

Engineering Education and Careers
Matthew Yiu, Contributing Editor

® MIT robotically works towards helping stroke
patients

@ Stanford discovers a potential environmentally
friendly energy

® Princeton uses noise for a new image revealer

www.tmworld.com/blogs

Stay connected

Become a member of the Test & Measurement
World group on LinkedIn.com or find us on Face-
book to join discussions on test, measurement, and
inspection. In addition, you can also follow our edi-
tor in chief, Rick Nelson, on Twitter.

www.tmworld.com

Take a T&M Challenge

Answer our latest challenge question, and you
could win a prize courtesy of the challenge sponsor.

www.tmworld.com/challenge
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Data acquisition just got a lot easier.

3¢ Agilent 34901A
20 Granmel alpirer

More ways to control. More ways to connect.
The new Agilent 34972 A Data Acquisition Switch Unit takes our best-selling Agilent 34970A
to the next level. For starters, you get convenient built-in LAN and USB connectivity. Plus,
you can control your data acquisition remotely via Web interface. And transfer logged
data to your PC with a simple flash drive. No more expensive adapters and connectors.

That's easy. That's Agilent.

USB and LAN GPIB and RS232
Graphical web interface Benchlink data logger software
Benchlink data logger software SCPI programming

SCPI programming
3-slot LXI unit with built-in 6 % digit DMM

srers $1,597" $1,597*

© 2010 Agilent Technologies, Inc.
*Prices are in USD and are subject to change.
See participating distributors for details.

Agilent Technologies

Agilent and our Distributor Network D 888-852-7234
Right Instrument. Right Expertise. Delivered Right Now. Rs ELEGTRONIGS www.rselectronics.com
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...with unique features and
leading-edge usability:

___ Phenomenal power
...up to 100 MS/s (megasamples/s) per channel

___ Supreme portability
...direct-to-disk streaming with 20 MB/s

___Unrivalled ease of use
...with large 17-inch touchscreen

___Intuitive data handling
...with lightning-fast display: 100GB in 4s!

www.hbm.com/GEN2i
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There seems to

be very little hard
data available on
the level of danger
the volcanic ash
presents.

EDITOR S NOTE

EDITOR IN CHIEF

Flight disruption lacks hard data

he amazing disruption to European

air travel continues, with wide-

spread repercussions. My colleague

David Greenfield of Design News

had expected to be attending

Hannover Fair last month, but vol-
canic ash kept him stateside. (According to
Hannover Messe, “Despite considerable obsta-
cles in international aviation, HANNOVER
MESSE 2010 will take place as scheduled. The
fair opened on the evening of Sunday, April
18.") Closer to home here in Boston, many in-
ternational runners were unable to get to the
Boston Marathon.

The Iceland volcano could continue erupting for
weeks or months, suggesting ongoing disruption.
From an EDN and Test & Measurement World
perspective, a variety of
upcoming events could
suffer the effects of air-
travel delays: the
International Microwave
Symposium in Anaheim
in May, the Design
Automation Conference
in Anaheim in June,
and Semicon West in
San Francisco in July. I'm also planning to attend
IMEC's annual technology review in Leuven,
Belgium, in June—my concern there would be
getting to Belgium and being prevented from re-
turning by another blast from Eyjafjallajokull, or an
initial eruption from its neighbor.

Of course, apart from its affects on interna-
tional conferences, the volcano could have
drastic effects on daily life. As Washington Post
columnist Ann Applebaum, who lives in Poland,
wrote last month, “Already, the past several
days have revealed that we rely on air travel for
far more things than we usually imagine. Things

such as supermarkets—all that fresh fruit—and
florists. Things such as symphony perfor-
mances, professional soccer matches and inter-
national relations. In fact, ‘European integra-
tion," as we have come to understand it, turns
out to be utterly dependent on reliable air
travel.”

What's frustrating is that there seems to be
very little hard data available on the level of
danger the volcanic ash presents. No one is
talking safe parts-per-million levels of ash parti-
cles, for example. The only effort at gathering
data seems to be to operate test flights and
look for damage afterward. That seems about
as reliable as driving one Toyota on a test track,
hoping to definitively reproduce an instance of
sudden unattended acceleration. Lack of dam-
age after one or a few test flights doesn‘t guar-
antee the ash poses no threat, just as successful
low-speed operation of an automobile on a test
track without observing sudden unattended ac-
celeration doesn’t mean the phenomenon
doesn’t exit.

Finding the proper course to take in the face
of continuing or resuming eruption remains the
challenge. The economic consequences are se-
rious, with airlines losing money. And there are
reports that the flight disruption is affecting the
electronic supply chain, with automotive facto-
ries in China unable to obtain electronic com-
ponents from Germany.

European transportation officials admit to un-
certainty with regard to the models they use to
predict the dispersion of the ash cloud and its
potential impact on airplane engines. In the
face of growing discontent from the airline in-
dustry, they are understandably erring on the
side of safety. Let’s hope the engineers and sci-
entists can refine the models to get planes back
in the air. T&mMwW

| POST YOUR COMMENTS AT WWW.TMWORLD.COM/BLOG. |
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Newark plays host to the best in test. Amprobe, Fluke, calibration services are available in our ISO 9001:2000
Tektronix and so many more top brands are in stock and certified metrology labs to the ISO/IEC 17025:2005 standard.
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TEST

[An exclusive interview with a test engineer]

Let the tester do it

ara Drennen is a test engineer with

Express Manufacturing, a contract
manufacturer with facilities in California
and China. Drennen, who works in the
company’s Santa Ana, CA, office, is respon-
sible for test-system integration, which
involves specifying equipment, system
troubleshooting, system upgrades, and
test reviews. Senior technical editor Martin
Rowe spoke with Drennen by telephone.

Q: What kinds of products do you manufacture,
and how is the manufacturing divided between
California and China?

A: Industrial controls and telecom boards are the bulk
of our manufacturing, although we’re moving into med-
ical and military. High-volume products are manufac-
tured in China, but we do a lot of manufacturing here.
All military products are manufactured in California. We
do all of the process engineering, manufacturing engi-
neering, and test engineering here. Engineers in China
build test systems per our instructions.

Q: How do you handle system integration?

A: Customers send us their test specifications and their
product specifications. I evaluate the specs and determine
what it will take to meet them. I report to the customer
on the time required to test their products and the trade-
offs between manual, semiautomatic, and fully automated
testing. The tradeoft is test time versus engineering costs.

I try to get the customer to let the tester do the mea-
surements wherever possible, because that produces
more repeatable results while minimizing human errors.
We also make recommendations to PCB [printed-circuit
board] designers on where to place components for test-
ability and optimize the boards per panel for production
and test efficiency.

Q: Do you specify entire test systems?

A: It varies. Some customers provide a test system for us
to upgrade and program, although some will provide
test code as well. Others have test procedures and per-

haps test fixtures, but they don’t supply the test system.
We adapt our in-house ICT [in-circuit test] systems to
perform ICT, but each product family requires a custom
functional test fixture.

Q: Do you write test code?

A:We may write the code ourselves, often in Visual
Basic, but some customers provide code written in
LabView or Python that our programmers can inte-
grate into our systems. For example, we used cus-
tomer-supplied LabView code for a system that uses
USB data-acquisition modules and RS-485 interfaces
integrated into a test fixture. The DUT [device under
test] uses an ARM-7 processor that contains eight
serial buses. The data-acquisition modules simulate
ADC:s in the DUT. Using these kinds of instruments
may eliminate using “golden” boards in many testers.

Q: When do you use golden boards?

A: We often use a golden power board from a customer
in a test system to properly apply power to a processor
board under test. That way, we don’t have to program
test equipment to simulate power switching for a DUT.

Q: Do you analyze test results?

A:Yes, and we can recommend design changes based
on test results. For example, we found one customer’s
boards had a tantalum capacitor that would often fail.
The board was applying 18V to a part rated at 25V—
that’s too close for tantalums. Changing to a 50-V
capacitor eliminated those failures. T&MW

Every other month, we publish an interview with an electronics engineer who has test, measurement, or inspection responsibilities. If
you would like to participate in a future column, contact Martin Rowe at mrowe@tmworld.com. To read past “Test Voices” columns,

go to www.tmworld.com/testvoices.

TEST & MEASUREMENT WORLD www.tmworld.com
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NEWS

Teradyne ETS-88 is the 2010 Test Product of the Year

On April 6, the editorial staff of Test & Measurement World announced that the Teradyne ; L‘f f‘“““’"’“““‘
ETS-88 multisite test system has been selected as the 2010 Test Product of the Year. The '
ETS-88, which won the 2010 Best in Test award in the Semiconductor Test category,

received the most overall votes in the annual Best in Test balloting.

The Teradyne ETS-88 features a modular architecture coupled with a multithreaded oper-
ating system to provide configuration flexibility and optimized cost of test for power-man-
agement and catalog linear devices. The system, available with one to four test “quadrants,”
supports 32 to 128 digital pins and 72 to 288 analog pins. Quadrants can be used indepen-
dently to test different devices on different peripherals; or quadrants can be linked for multi-
site testing with parallel test efficiencies approaching 100%, quadrant to quadrant. Alterna-

tively, multiple quadrants can be used to realize true concurrent test.

We announced Teradyne’s win during a ceremony held in Las Vegas,
during which we also honored the winners of the annual Test Engineer
of the Year award, Test of Time award, and Best in Test awards. Lisa
Moder, the Test Engineer of the Year, was profiled in our April issue,
where we also announced the winners of the Best in Test and Test of
Time awards. www.tmworld.com/awards.

Presto and CEA-Leti to
test 3-D devices

Presto Engineering and CEA-Leti, a
French research and technology public
organization, have begun a three-year
collaboration to extend Presto’s test,
reliability, and failure-analysis products
to the testing of TSVs (through-silicon
vias), the interconnects between levels
on 3-D devices. The two firms will
work together in a common lab that
will include Presto’s new R&D center
at CEA-Leti’s facility in Grenoble,
France.

“CEA-Leti has industry-leading
expertise in 3-D integration, advanced
interconnects, and TSVs, and by work-
ing side by side with CEA-Leti’s
experts, Presto will build on our
proven product engineering capabili-
ties for the arrival of TSVs,” said
Michel Villemain, CEO of Presto
Engineering, in a prepared statement.

Through the collaboration, Presto
and CEA-Leti will work to character-
ize the reliability, defect susceptibility,
and electrical performance aspects of
TSVs; identify existing test protocols
that are appropriate for 3-D structures
while developing new ones to meet
new challenges; and bring up new
diagnostic methods or tools to iden-
tify root cause of failures. The lab will
make the ATE and debug process as

10 MAY 2010

well as the product engineering plat-
form available for third parties. In
addition to its broad goals, the joint
lab will enable Presto to develop crit-
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ical test and analysis techniques, such
as probing specific areas of TSVs
without affecting the device itself.
WWW.presto-eng.com.

Agilent introduces 32-GHz
oscilloscope

The race for the highest bandwidth oscilloscope has a new leader
as Agilent Technologies has introduced the 90000-X series, which
includes a 32-GHz model. The 32-GHz instrument (when running
two of four channels), combined with its accompanying probes,
forms a 30-GHz measuring system. Using a probe head with SMA
connectors, you get a maximum band-
width of 28 GHz.

Agilent achieves the high bandwidth
through a multichip module designed to
act like a Faraday cage around sensitive
indium-phosphide analog components.
Its 13.5-ps rise time, amplitude noise floor
of 2 mV at 50 Mv/div, 32-GHz bandwidth, and jitter-measurement
floor of 180 fs maximize signal fidelity. The instruments in the
series don't use DSP techniques to boost bandwidth at the
expense of noise.

The series consists of five DSOs (digital sampling oscilloscopes)
and five DSAs (dynamic signal analyzers). The instruments start with
a bandwidth of 16 GHz and cover 20 GHz, 25 GHz, 28 GHz, and 32
GHz on two channels, with all models operating at 16 GHz on four
channels. All models sample at 80 Gsamples/s (two channels) and
40 Gsamples/s (four channels). Maximum waveform memory is 2
Gsamples/channel. Standard memory is 10 Msamples/channel.

Price range: from $131,000 for a 16-GHz DSO to $286,000 for a
32-GHz DSA. Agilent Technologies, www.agilent.com.

www.tmworld.com TEST & MEASUREMENT WORLD




CALENDAR

Sensors Expo, June 7-9, Rose-
mont, IL. Questex Media Group.
WWW.SEeNsorsexpo.com.

Design Automation, June 13-
18, Anaheim, CA. ACM SIGDA
and IEEE, www2.dac.com.

Semicon West, July 13-15, San
Francisco, CA. SEMI, www.semi-
conwest.org.

EMC Symposium, July 25-30,
Ft. Lauderdale, FL. [EEE, www.
emc2010.org.

Autotestcon, September 13-16,
Orlando, FL. [EEE, www.autotest-
con.com

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

Netropy assesses WAN conditions

Apposite Technologies’ Netropy network emulator simulates com-
plex WAN topologies so engineers can benchmark, troubleshoot,
and optimize enterprise applications, including those involving file
sharing, network storage, and IP voice and video. The performance
of applications operating over a WAN depends not only on the
available bandwidth but also on the latency, jitter, loss, and network
congestion. Netropy models dozens of -
concurrent WAN links at up to 10 Gbps.
Netropy allows engineers to simulate
multisite networks by emulating simul- I ot
taneous connections between central- -
ized resources and remote offices, benchmark multiple products or
conditions by running side-by-side comparisons, run multiple tests
concurrently to slash test time, isolate applications to measure the
impact of particular conditions on each one, and model advanced
queuing and loss to build models of complex network conditions.
The Netropy family consists of the Netropy N60 (one 1-Gbps
emulation engine with up to 15 WAN links), Netropy N8O (four
separate 1-Gbps emulation engines of 15 WAN links each), and
Netropy 10G (one 1-Gbps and two 10-Gbps emulation engines).
Base price: $8000. Apposite Technologies, www.apposite-tech.
com.

Accurate
measurement results
are important.

Even under pressure!

Find out more at: www.omicron-lab.com/extreme

Smart Measurement Solutions

TEST & MEASUREMENT WORLD www.tmworld.com

1 Hz to 40 MHz with
the portable VNA Bode 100

5,490.- US$

(Cabin, Tractor & PC not included)
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We'll be glad to make you a proposal.

Provide your internal customers with standardized equipment nomenclature

so they can better manage your organization’s mission critical resources. Couple

the power of SMARTIENCATS’ structured catalog data with your equipment
inventory data in your own Property Management, Equipment Management, Calibration
Management or ERP system.

SMARTIENCATS™ breaches the information gap with a bonus of easy to search performance
specifications tied to your equipment inventory—so that your engineers and equipment specialists
can spend their time managing projects instead of ordering new equipment.

Let us help you make the perfect union today with our turnkey software and master catalog containing
data on 300,000 test, instrument and IT equipment products. Transform your system into a true asset
management system.

Call us at 1.800.755.3968. We'll help you plan a great honeymoon.

*If not in California

AssetSmart

smart asset management software

by PMISC

2800 28th Street, Santa Monica, California 90405 USA 310.450.2566 info@assetsmart.com www.assetsmart.com




SHOW

Bandwidth demand pushes optical communications

> > > OFC/NFOEC conference and exhibition, March 21-25, San Diego, CA, www.ofcnfoec.org.

At this year’s OFC/NFOEC, it became clear that
40G/100G Ethernet is for real, and the economy
is rebounding. Many people reported improving
business because the demand for bandwidth
keeps growing.

Alcatel-Lucent executive VP Philippe Keryer
told an audience that 100G Ethernet will arrive
in core networks this year. “This will be the year
of coherent modulation,” he said, “using the
same infrastructure as today’s 10G Ethernet.”

Exfo demonstrated 100G (111-Gbps) trans-
missions using its optical modulation analyzer
and an Ixia 40G/100G Ethernet tester. Exfo
also exhibited its constellation analyzer and its
optical sampling oscilloscopes.

Agilent Technologies introduced an optical
modulation analyzer for 28/32-Gbaud transmit-
ters and links. Agilent also introduced single-
port and four-port tunable laser modules and
two-channel and four-channel multimode at-
tenuator modules for its 77-Series optical test
instruments.

Yokogawa demonstrated the AQ1200 Multi
Field Tester OTDR. The company’s AQ7275
OTDR supports optical links from the home
through the network core, and its AQ1300 10G
Ethernet tester includes electrical and optical
ports for 10-Mbps through 10-Gbps links.

Aragon Photonics exhibited its Bosa Phase
optical complex spectrum analyzer that displays
complex spectrums, complex fields, eye diagrams,
and constellation diagrams. Centallax exhibited
its 12.5-Gbps parallel-channel BER tester, its 40-
Gbps BER tester, and its 10-Gbps BER testers,
clock-recovery modules, and clock synthesizer.

Anritsu’s MS9740A optical spectrum ana-
lyzer has a better than 58-dB dynamic range and
—90-dBm minimum light-reception sensitivity.
Averna demonstrated its Proligent data-analysis
software used for optical tests. JDSU exhibited
the ONT-506 40G/100G network physical-
layer tester. Tektronix showed the DSA8200
digital phosphor oscilloscope series with optical
modules. Optametra exhibited its 28-GHz co-
herent receiver connected to LeCroy and Tek-
tronix oscilloscopes. The receiver lets you ana-
lyze QPSK signals with constellation diagrams
and eye diagrams. Picosecond Pulse Labs ex-
hibited its pattern generators and BER testers
with LeCroy oscilloscopes.

Synthesys Research showed the BertScope
with an increased speed of 26 Gbps for 100-Gbps
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links. The company’s
25000A clock-recovery
unit now runs at 28 GHz.
ILX Lightwave exhib-
ited is 79008 laser-diode
test system. Luna Tech-
nologies showed its
OVA 5000 optical vector
network analyzer and its Optical Backscatter Re-
flectometer platform—a high-resolution OTDR
with millimeter resolution that helps users find
faults in optical fibers close to connectors.

Optical transducer manufacturer Opnext
had several demos of 40G and 100G optical
links. A 100GBase-LR 4 demo used an Ixia
40G/100G Ethernet tester connected through
120 km of fiber to an Anritsu MS9710C opti-
cal spectrum analyzer. Another demo featured
a 40G-LR4 link, which consisted of four 10-
Gbps links running on four wavelengths in a
single fiber. T&’MW

The N7711A adds
four laser sources
to the 77-Series of

optical testers.
Courtesy of Agilent Technologies.

Aldrin buzzes at MSC

> > > Measurement Science Conference, March 22-26,
Pasadena, CA, www.msc-conf.com.

Former astronaut Buzz Aldrin spoke during the 2010 MSC luncheon about
how measurements played an important role in the space program. He
pointed out how reaching the moon was truly a joint effort among NASA;
numerous companies; Congress; Presidents Kennedy, Johnson, and Nixon;
and the American people.

Technical sessions covered issues such as RF and temperature measure-
ments, measurement uncertainty, and metrology education. In the RF mea-
surement session, Mike Ashcroft of Fluke discussed calibrating spectrum
analyzers so they have minimal effect on measurements. He noted that you
need to understand the harmonic distortion that a spectrum analyzer adds
to a measurement, and he discussed how to test for distortion. He suggested
that you set the mixer at around =30 dBm and look at relative amplitude.
Then, change the input attenuation by 10 dB. If the distortion doesn’t
change, then the spectrum analyzer isn’t contributing to the distortion.

Fluke exhibited a multifunction calibrator for handheld digital multi-
meters and analog meters. Tegam introduced an RF transfer standard that
covers frequencies up to 26.5 GHz. Applications include automotive col-
lision-avoidance systems and wireless HDMI.

Agilent Technologies exhibited several signal analyzers, including the
PNA (N5242A), which is designed for noise-source calibration. Spectra-
com exhibited a line of microwave instruments it has acquired from Pen-
dulum Instruments as well as its 8195B GPS master oscillator. Guildline
Instruments demonstrated its 6623A-300 current source and the 6664
scanner for automating high-resistance measurements. T&«MW
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Our prochucts have always outlasted
and outperformed the competiti

now we're giving them another prob

We've shrunk our “S”amplifiers giving you more power with an even greater price-performance ratio.

Our new 1 to 4.2 GHz “S” Series solid-state amplifiers are giving the competition a lot to worry about. These new, smaller
amplifiers simply give you more for your money than any amp on the market.
They're lighter, more portable, and up to 50% smaller. Yet they're available with all the power you need — up to 800 watts.
Our new design is more efficient. These amplifiers use less energy, which is good for you, good for the environment,
and bad for our competition.
Our “S” Series amps are smartet, too. When you need more power, you can add additional amplifiers, instead of tossing
out your amp and starting all over. And you can use the amps independently, even in different locations,
for those tests that don’t require as much power. This is a unique, flexible, money-saving feature that we call Subampability™.
Our competitors have some other choice words for it. But that’s their problem.

To learn more, visit www.ar-worldwide.com or call us at 215-723-8181.

ISO 9001:2008
Certified
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Interfacing North American OEMs and Asian CMs

ontract manufacturers can excel

at building products, but they

may not excel at testing them.
That’s the premise of Robin Tian, the
CEO of SiFO Technology, who is
positioning his firm, headquartered in
Suzhou, China, to be the interface be-
tween North American OEMs and
Asian CMs (contract manufacturers).

In an interview I conducted with

Tian at last month’s IPC APEX Expo in
LasVegas, he noted that OEMs have
traditionally developed board-test pro-
cesses to ensure their CMs are deliver-

CEO Robin Tian is positioning SiFO
Technology as a test-services supplier
who can work on behalf of North Amer-
ican OEMs at their Asian CMs.

ing quality products. Given travel-
budget and other restrictions, however,
the OEMs often lack the resources nec-
essary to install, troubleshoot, monitor,
and upgrade test programs and systems
at their CMs’ Asian facilities. To alleviate
this problem, SiFO at APEX introduced
its Independence test services program,
under which the company’s China-
based engineers will develop test pro-
grams as well as in-circuit and func-
tional test fixtures for CMs’ use on
behalf of North American OEM cus-
tomers. In addition, Tian said, SiFO can
also serve as a China-based third party
that can monitor a CM’s test processes.
Tian explained, “The Independence
program is the direct result of SiIFO’s
experience working with well-known
OEMs in Silicon Valley, as well as [the
result of] what my team and I learned
while working for companies like Agi-
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lent and Teradyne to support OEMs
and their contract manufacturers in
China.” More than a consulting firm,
SiFO has 18,000 ft* of manufacturing
space in Suzhou and an additional
10,000 ft* in Shenzen, where it can
build fixtures and configure test sys-
tems. Tian said SiFO has already deliv-
ered 120 functional test systems and
more than 2000 fixtures and programs
purchased by US OEMs for use by
their CMs in China.

Tian cited several examples of suc-
cess. In one instance, a CM was experi-
encing damage to a networking board
during in-circuit test—a problem the
CM couldn’t resolve and that the OEM
lacked the resources to address. SIFO
engineers located and solved the prob-
lem’s root cause while adding bound-
ary-scan test to improve test coverage.
In another example,a CM was unable
to meet volume test requirements after
the launch of an electronic book reader.

SiFO delivered four additional func-
tional test systems within five weeks
while reducing tester footprint and im-
proving operator ergonomics.

In yet another example, an OEM
determined it couldn’t rely on its CM
to procure functional test fixtures of
sufficient quality to test its notebook
computers. SiFO acquired an addi-
tional 8000 ft* of manufacturing capac-
ity, purchased 12 CNC (computer nu-
merical control) machines, and hired
30 operators and 10 engineers to de-
liver 70 fixtures per day.

Tian acknowledged that CMs might
balk at working with SiFO as they
would prefer to provide the services
and systems themselves, but he added
that ultimately the ability to deliver
high-quality products is a win for the
CM as well as for the OEM. T&MW

To read past “Tech Trends” columns, go
to www.tmworld.com/techtrends.

Verigy ships V93000 Port Scale RF systems

Verigy reports it has shipped multiple V93000 Port Scale RF systems to a
repeat customer for testing RF SOC devices used in low-cost handsets.
“This customer currently has several V93000 Port Scale RF test systems
being used to test RF SOC devices in production,” said Pascal Ronde,
VP of worldwide sales, service, and support at Verigy. “The flexible
architecture of the platform enables users to increase their manufactur-
ing throughput by testing not only radio receivers, but also other critical
parts.” www.verigy.com.

Teradyne debuts Test Expert for Spectrum v9.0

The latest version of the software for Teradyne’s Spectrum test system
includes Test Expert, a component of Siemens PLM Software’s Tec-
nomatix productivity software. The integrated software, Test Expert for
Spectrum v9.0, interacts with the Spectrum test-program development
environment to expedite the importation of electronic CAD data, the
selection of test-probe locations, and the automation of the test-fixture
design. www.teradyne.com, siemens.com/plm.

Advantest introduces 3-D imaging analysis system
Advantest has commercialized the TAS7000 3-D imaging
analysis system, which employs the company’s terahertz
wave technology to perform nondestructive scans of sample
materials and deliver 3-D visualization of results. The system
is initially being marketed to the automotive and heavy-
equipment industries, where it can be used to evaluate par-
ticulate matter in emissions from diesel engines. www.advantest.com.
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LeCroy Real-Time Oscilloscopes
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Insight With Confidence

LeCroy's oscilloscope line is broader than ever, and each product benefits
from LeCroy's rich, 45-year heritage of providing deep insight into
complex signals. Whether you need to measure, characterize and analyze
the highest speed signals using the world's fastest (30 GHz) real-time
oscilloscope; require a lower cost, portable oscilloscope; or something
in-between, LeCroy has the bandwidth you want and the performance
you need.

To learn more, visit www.lecroy.com or call 1-800-5-LeCroy
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he drive to increase both produc-

tion efficiency and product effi-

ciency of crystalline-silicon PV
(photovoltaic) wafers and cells is leading
manufacturers to explore a number of
different inspection techniques. Engi-
neers are using SWIR (short-wave in-
frared) technology, primarily in design
or failure-analysis labs, to check PV
wafers for voids and cracks, as well as
checking cells and panels for short cir-
cuits and incomplete current conduc-
tion, which can decrease efficiency or
lead to the failure of an entire panel.

“Manufacturers of solar wafers and

cells use other techniques to perform
these checks, and they work pretty well
to sort good from bad,” said Doug

i

cell panel (Ieft) Courtesy of Goodrich.

Malchow, business development man-
ager for industrial products for Sensors
Unlimited Goodrich ISR Systems.
“This past year, we’ve seen more inter-
est in improving solar-cell efficiencies,
and therefore more interest in the use
of our SWIR technology and two im-
aging techniques, photoluminescence
and electroluminescence, to find out
why performance is bad.”

Although light in the SWIR band of
the spectrum is invisible to the human
eye, it casts shadows and creates contrast
in images created with linescan and
array cameras based on InGaAs sensors,
said Malchow. These sensors are ex-
tremely sensitive and can detect discon-
tinuities in conditions with extremely
low visible light.

At SWIR wavelengths, silicon be-

comes transparent. Since circuits are

SWIR technology combined with electrolumines-
cence imaging techniques reveals defective areas in
the solar cells (right, close-up) of a commercial solar

CONTRIBUTING TECHNICAL EDITOR

Short-wave infrared looks at solar wafers

created on a wafer’s front side, InGaAs
sensors can create images of these cir-
cuit patterns on crystalline-silicon PV
wafers and standard silicon wafers
through their back sides, to determine
whether they are aligned properly and
to find cracks and voids, said Malchow.
“When finished crystalline PV solar
cells are connected to a power supply
and voltage is forced into them, it cre-
ates an electroluminescent glow that can
be imaged to find cracks, dead spots,
contaminants, and weak areas,” he said.

The glow’s intensity indicates the
amount of collection efficiency in each
cell and each panel. When a panel con-
tains a mix of cells of different efficien-
cies, the more efficient cells waste huge
amounts of energy pump-
ing current through the
less efficient or dead cells,
bringing down overall
panel output and efficiency.

“Cell manufacturers
want to identify problems
long before they put the
electrodes on the cell,” he
continued. “Imaging pho-
toluminescence from cells
or even unprocessed wafers
permits catching major
material or processing
problems before building expensive in-
ventory that ends up being scrapped.”

InGaAs linescan or area cameras can
be used in conjunction with an IR mi-
croscope to inspect very fine detail in
surface or buried layers of standard sili-
con wafers, said Malchow, as well as to
give a rough measure of layer thick-
nesses. For those who need to inspect
wafers at very high speeds, the new
Goodrich SU1024LDH2 linescan
camera will reach line rates of over
91,000 lines/s, reducing exposure
times. “Our cameras are also used for
examining structures inside MEMS de-
vices, to ensure that nothing is left
from the process to obstruct move-
ment,” he said. T&’MW

To read past “Tech Trends” columns, go
to www.tmworld.com/techtrends.

TEST & MEASUREMENT WORLD www.tmworld.com

ANN R. THRYFT

ann@tmworld.com

Multispectral camera
gains GigE Vision

JAI has added two GigE Vision
interfaces to its multispectral,
two-CCD camera that simulta-
neously im-
ages visible
and near-
infrared
light spectra
through one lens. The new
model AD-080GE incorporates
two 5-in., 1024x768 resolution,
progressive-scan sensors,
bonded to a customized optical
prism that splits light into visible
and NIR channels. The camera’s
frame rate in continuous opera-
tion is 30 fps. www.jai.com.

Driver package adds
language support

Release 2.2 of Basler Vision
Technologies’ Pylon camera
driver package adds support for
C and C# and Microsoft's .NET,
Visual Basic 6.0, and VB.NET
programming languages. The
release also provides a Genl-
Cam-compliant API (application
programming interface) for con-
figuring Camera Link cameras.
The 2.2 package and software
development kit can be down-
loaded for no charge from the
company's Web site. www.
baslerweb.com.

Smart-camera software
is Windows 7 compatible
PPT Vision’s 9.0 release of its
Impact smart-camera vision
software suite is compatible
with Microsoft Windows 7.
Other changes include the ad-
dition of an OPC (OLE for Pro-
cess Control) server for a sup-
plemental communications link
with plant process-control sys-
tems and reorganized tool-
boxes for a more intuitive lay-
out. www.pptvision.com.
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Not Your Average Test Bench

Now it’s easier than ever to debug those complex designs

T Add el
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Debug is hard enough. Don’t let your test instruments get in the way. Our test bench offers the same ease-of-use
you've come to expect from our oscilloscopes. From dedicated buttons for common functions to USB ports for saving
data. To simplify your most complicated tasks, you can connect your test bench with the included copy of LabVIEW
Signal Express™ from National Instruments. Control your Tektronix instruments right from your PC. Automate measurements
and analyze data across multiple instruments. Capture and save results. Create reports. Take your test bench from average
to extraordinary.

Basic Oscilloscopes Digital Multimeters NEW!

= 40 MHz to 500 MHz bandwidth = 5.5 digit and 6.5 digit resolution

= Up to 25 automatic measurements = Dual display

= Battery operation available* = Statistics, histogram and trending modes
Bench Oscilloscopes Arbitrary/Function Generators

= 100 MHz to 1 GHz bandwidth = Up to 240 MHz bandwidth

= Up to 4 analog and 16 digital channels = One or two channel models

= Parallel and serial bus analysis = 12 standard waveforms, including arbitrary

= Power and video analysis
= Wave Inspector® for fast navigation of data

*Depends on model.

Industry Leading 3-Year Warranty included with all Tektronix bench instruments.

www.tektronix.com/extraordinary Tektronix:
/

© 2010 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 and LabVIEW Signal Express is a trademark
of National Instruments.
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Friction

fundamentals

and accelerating cars

In elections it’s always the economy; in engineering it's the fundamentals

riction may well be nature’s most useful phenomenon.

Without it, walking would be impossible and there would

be no belt drives, no clutches, no wheels, and no brakes. In
machinery in which it is not the driving force, however, friction
is an undesirable parasitic effect, generating heat, causing wear,
and wasting energy. So, whether the goal is to reduce friction or
enhance it, the proper combination of geometry, materials, and
lubrication must be employed in a design—a proper tribological
approach. Tribology is the study of friction and wear. It has been
estimated that the correct application of tribology throughout
US industry could save the country $500 billion annually.

Much has been written about the problems with uncontrolled
acceleration of automobiles due to faulty accelerator pedals. Fric-
tion has been identified as the likely culprit, and the proper com-
bination of geometry, materials, and lubrication will likely lead to
a solution. Why did this happen? It is too early to answer that
question with any certainty, but I do know that most engineers,
including mechanical engineers, do not fully understand the fric-
tion phenomenon. Failure to understand the fundamentals of
such a pervasive physical effect is bound to lead to design failures,
some of which might be catastrophic.

Stick-slip motion is a common behavior associated with fric-
tion. In a typical stick-slip experiment, one end of a spring is
attached to a block sitting on an unlubricated horizontal surface.
The other end is moved horizontally with a constant velocity.
How will the block move? It depends on the physical system
parameters, but one possible outcome is stick-slip motion, as
shown in the figure. When the spring force exceeds Fq, the
mass accelerates, the spring elongates, and the mass comes to rest.
The process then repeats, creating the stick-slip behavior. A
model used to describe the friction phenomenon must be able
to show this behavior. The automobile accelerator pedal relies on

F M =0.1kg Fe
. V, vV K'=100 N/m .
Fstlck Fslip 0 Fstick ~ 025N stick —
Fip=020N  F

v K Vg = 0.002 m/s constant

Yy - B

“Stiction” coulomb
friction model
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S curve mass
displacement

a balance between the return-spring
force and sliding friction, which
could vary over time due to wear
and contamination, to perform effec-
tively and safely.

In the automobile electronic accel-
erator pedal assembly—it’s electronic,
because when the gas pedal is
depressed, a sensor tells the car to
accelerate—a certain amount of fric-
tion makes it easier for the driver to
maintain a steady throttle setting and
also reduces fatigue from pushing
against the pedal return spring con-
tinuously. The designed-in friction is
meant to simulate the intrinsic fric-
tion that is present in a traditional
throttle cable as it passes through the
cable housing. If the friction is exces-
sive, the pedal return spring cannot
return the pedal when the driver’s
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foot is removed, and the pedal sticks in the partially open position.

Changing the friction characteristics will change the accelera-
tor feel for the driver. In addition, if wear or contamination is
allowed to occur and change the friction characteristics, not only
will the pedal feel change, but the safe operation may also
change. The original problem and proposed solution for Toyota
can be viewed at designnews.hotims.com/27742-516.

The Toyota pedal assembly includes a shoe that rubs against an
adjoining surface during normal operation. Due to the materials
used, wear, and environmental conditions, these surfaces may,
over time, begin to stick and slip instead of operating smoothly.

In some cases, friction could increase to a point
that the pedal is slow to return to the idle posi-
tion or stick, leaving the throttle partially open.

Friction
force

Time

A solution is to insert a spacer that will reduce
the friction between the friction shoe and the
adjoining surface, thus eliminating the excess
friction that can cause the pedal to stick.

In a mechanical design, a proper tribological
approach must be taken to ensure safety, perfor-

mance, and energy-efficient operation. T’MW
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Forum to define network test interface

On March 16, the Network Test Auto-
mation Forum (NTAF) was launched by
companies in the networking and com-
munications industries. The forum con-
sists of several network test-equipment
makers, network equipment manufactur-
ers, and two service providers. According
to a press release, “The forum asks test
equipment vendors to collaborate with
their customers to define an open and
advanced automation framework.”

What does that mean? To find out, I
met with Vikas Arora, CTO of Exfo, on
March 23, during this year’s OFC/
NFOEC conference in San Diego. Arora
explained that the goal of the forum is to
develop a software layer that resides be-
tween network equipment such as
switches and routers and network test
equipment. The software layer should
know what’s on the network and pro-
vide a communications interface. The
idea is to minimize integration of net-

INSTRUMENTATION

Network test equipment
(BreakingPoint, Empirix, Exfo,
FanFare, Ixia, JDSU, Spirent)

/]

Software interface layer
(to be defined)

/]

Network equipment
(Cisco, Ericsson)

Network operators
(British Telecom, Verizon)

work and test equipment and provide a
common communications platform
rather than a set of proprietary interfaces.
The figure shows the layer between test
equipment and network equipment.

A software layer between network
elements and test equipment forms a
common application programming
interface.

The concept is similar to that of
VISA (virtual instrument software ar-
chitecture), which was developed in the
early 1990s.VISA provides a common
API (application programming inter-
face) between instrument drivers and
low-level devices drivers. A user simply
defines the communications bus for
each instrument (GPIB,VXI, PXI, se-
rial, USB, or Ethernet), and the instru-
ment driver sends read, write, and other
commands to VISA. Test-equipment
makers have their own version of VISA,
but the API is common to all. In the
case of NTAE the communications bus
that connects test and network equip-
ment will be Ethernet.

Martin Rowe, Senior Technical Editor

Transparent clock improves network timing

When Ethernet-based measurement sys-
tems call for precise timing, you can use
instruments and network switches that
comply with the IEEE 1588-2008 Pre-
cision Time Protocol to synchronize
clocks (Ref 1). To get the most out of
IEEE 1588 in an instrumentation net-
work, you need Eth-
ernet switches that
support the standard.
These switches use a

transparent clock that
minimizes latency and delays in the net-
work by providing a local clock for net-
work nodes rather that letting instru-
ments rely on the IEEE master clock.
Researchers at the School of Electri-
cal Engineering and Computer Sci-
ence at Seoul National University in
Korea set out to prove how a transpar-
ent clock can minimize timing with
errors as low as 30 ns—a result that
goes beyond the 100-ns error tolerance

20 MAY 2010

|IEEE 1588
master <:>

specified in IEEE 1588. Their paper is
available from a link in the online ver-
sion of this article (Ref. 2).

The IEEE 1588 master clock and
Ethernet switches use an FPGA (field-
programmable gate array) developed by
the researchers to implement the trans-

parent clock. The researchers compared
the timing errors between identical net-
work configurations using switches with
and without the transparent clock. Using
a four-channel oscilloscope, the research-
ers found maximum errors of about 30
ns with the transparent clock (figure).

When using standard Ethernet

Prototype IEEE 1588
Ethernet switch

-

Slave 1

switches, errors increased by 1000X
to 30 ps for slave 3. The network

with transparent clock

g

used Gigabit Ethernet running at
50% capacity. Without traffic, timing
errors for slave 3 were about 500 ns.

The FPGA consists of the Ether-

Prototype |IEEE 1588
Ethernet switch
with transparent clock

-

Slave 2

net switch fabric, transmitter, re-
ceiver, clock, and MAC (media ac-
cess control). A GMII (gigabit

g

media-independent interface) con-
nects the functional blocks to a

Prototype |IEEE 1588
Ethernet switch
with transparent clock

Slave 3

Transparent clocks transfer IEEE
1588 timing information from a

master to slaves.
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PHY (physical-layer interface) IC. The
paper’s authors report that the network
latency varies depending on the PHY

manufacturer, which adds a few cycles of / g — OH«e \s o ’ u,-,. o n ~

timing uncertainty to the measurements. > -
IEEE 1588 is closely aligned with the Infme‘@enne_c#{eﬁs -
LXI Standard, which requires that all
Class A and B instruments conform Ruaaed Connector
with the timing protocol. But a net- 99 10,000 CYCIGS

work need not be based on LXI to reap R
the benefits IEEE 1588 offers. Sp"ng Locks

Martin Rowe, Senior Technical Editor
> Rugged engagement mechanism engineered
for 10,000 cycles
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MULTIPORT. MULTIMODE. MULTI-SMART
VNA S-parameter measurements...

with EXTREME speed, accuracy,
convenience, and cost saving.

Imagine testing 72 ports of a DUT faster and more accurately than manually testing a 4-port
device. Now you can: Our new multiport, multimode, multi-smart ATS combines sophisticated
hardware with advanced software to offer these special advantages:

* Unique high performance switch matrix routes multiple ports of a DUT to measure all

S-parameters and isolation between any DUT ports n ase
e Full 12-term error correction at the measurement plane; each path can be calibrated in less =

than 1 minute (60 minutes’ maximum calibration time for all 72 paths) Technalagios gy ) 4 /n
* Wide operating flexibility—DC to 18 GHz; 1.28:1 VSWR typical with discrete microwave

frequencies on request
* “Smart” software permits fast, easy configuration changes to test new devices and for

instrument control, data acquisition, and signal processing with multiple format test reports Details at in-phasetech.com
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Measurement tips from readers

ideas

Comprehensive automated subassembly testing

USB data-acquisition modules stimulate, measure, and control RF amplifiers.

Doug Parrish, Comtech PST, Melville, NY

unctional testing often requires you to simulate analog and

digital signals that a UUT (unit under test) encounters in
actual operation.You also may need to emulate control signals
and commands. I recently developed a system that tests four
digital control board subassemblies used in RF amplifiers.
Twelve USB data-acquisition modules built into a test fixture
provide the necessary stimulus signals and measurements.

The subassemblies the system tests are two digital automatic
loop-control boards that control the power output of the RF
amplifier, one power amplifier logic board used for controlling
and interfacing between the internal com-
ponents and subassemblies of the RF am-
plifier and the internal motherboard, and
one motherboard that is the primary in-
terface board for communicating with our
customer’s interfaces that use Ethernet/
LAN, RS-485, and RS-232 protocols.

The I/0 signal types consist of TTL
signals used as single-ended bits as well as
8-bit bytes that simulate discrete control
and communication between subassem-
blies. The test system needs single-ended
and differential-input analog channels to
measure distributed power-supply volt-
ages and RF detector outputs.

RS-485, half-duplex, eight channels

the UUT for the magnitude of the differential analog input
signal. This process repeats over a 0-V to 5-V dynamic range
in 1-V increments. These signals simulate the analog voltage
from RF detectors that logarithmically represent the output
power level of an RF amplifier. Software compares the mag-
nitude of the UUT’s incoming analog signal against pass/fail
criteria and then stores the results in Excel.

Six MCC USB MiniLab multifunction modules provide
30 single-ended analog inputs, one differential analog input,
eight single-ended analog outputs, and digital I/ O.The single-

TTL1/O >

MCC 3112
DAC Differential DAC Digital
(3 units) control
board
under test

SE and differential ADC

TTLI/O >
>

Minilab
(6 units)

Single-ended DAC

»
»

The tester also must create single-
ended and differential analog voltages to
dynamically simulate RF detector signals
for the controller boards. Because the RF amplifier operates
under software control, the tester has Ethernet, RS-485, and
RS-232 ports for communicating with its motherboard.

The test system uses three different types of USB data-
acquisition modules from Measurement Computing (MCC).
The modules mount inside the test fixture, which provides
portability among the test stations. That lets us change PCs
without having to remove and reinstall PC plug-in cards.

Three MCC USB-DIO96H modules provide the TTL
1/0 signals. Although you can assign each 8-bit port to be an
input or an output port, we needed two of the 96-channel
digital I/O modules configured as outputs and a third config-
ured as an input device. To test the TTL I/O signals of the
digital-control boards, one DIO module stimulates the UUT’
TTL inputs and the other two monitor the UUT’ outputs.

Three MCC USB-3112 DAC:s satisfy the requirement for
differential analog signals. To stimulate the difterential analog
inputs of the UUT, we drive the DACs in pairs. The test
system also uses an RS-485 half-duplex interface to query
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A USB hub in the test fixture connects 12 instruments to a board under test.

ended analog outputs simulate current or voltage metering
from an external power supply. Differential analog signals con-
trol proprietary RF subassemblies over a 0-V to 1-V dynamic
range. Differential signals maximize noise rejection.

The NI RS-485 half-duplex interface sends commands to
the UUT, telling it to drive its analog outputs across various
dynamic ranges. At the same time, the single-ended and dif-
ferential ADC inputs measure the UUT’s analog outputs. The
results of a comparison to pass/fail criteria are stored in Excel.

All of the USB data-acquisition modules mount inside a
5%-in. rack-mountable chassis. A self-powered USB hub pro-
vides a single-point USB connection to a PC. The UUTs
mount on standoffs atop the cover of the chassis. All signals
from the USB modules connect to the UUT through stan-
dard mating connectors in a wire harness (Figure 1). The
online version of this article contains a link to a schematic of
the test system (www.tmworld.com/2010_05).

The test software, written in Agilent Vee 7.5, lets the sys-
tem test from one to four subassemblies. The operator can

www.tmworld.com TEST & MEASUREMENT WORLD



High Power Density
at Your.

Command

choose between testing each subassembly in its entirety or
simply testing all signals relative to a specific connector or
connectors. The test software automatically programs the
UUT’s programmable logic devices—FPGAs, microcon-
trollers, and DSP controllers.

Once the testing begins, the operator can see the test re- 850 & 1700 Watt DC
sults and pass/fail status for each signal, connector, and subas-
sembly. The overall test time of each subassembly is approxi-
mately 5 min. For troubleshooting purposes, the operator can
use a manual panel to stimulate and observe the response of a
particular signal or pin. Operators can see test data on the PC
monitor in real time while the system writes test data to Ex-
cel. We store the test data on the local PC’s hard drive. When
testing is complete, the system copies the data to a remote
server for redundant and permanent data storage. T’RMW
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THE FACULTY AT THE MISSOURI UNIVERSITY
OF SCIENCE AND TECHNOLOGY PROVIDES
THE ELECTRONICS INDUSTRY WITH
ENGINEERS WELL-EDUCATED IN EMC.
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Research technician
Kenny Allison disassem
bled and reassembled a

}

semianechoie chamber
and a shielded room
donated to the lab.

24 MAY 2010




((, \

- b | / .
©, | [ | Giorgi Muchaidze,
\( L'\ aformerstident )
¢l | J | atiMissouri S&T,
/ '\ performs an ESD
(r immunity test on a
cellphone.

CONTINUUM




EMC

come to us to get a better understanding
of EMI [electromagnetic interference]
and how to prevent the problem from re-
curring. We sometimes can'’t get into the
details of a design, but we try to under-
stand why an EMC fix might work.”

Associate professor David Pomme-
renke emphasized that “We try to study
the most difficult EMC problems such as
intrasystem coupling. In cellphones, for
example, we’ve seen RF signals interfere
with audio.”

Pommerenke advises students on nu-
merous other projects, many of which
revolve around ESD (electrostatic dis-
charge) and radiated immunity. “We try
to understand and make projections
through models for circuit behavior,” he
said. “We look for coupling paths and try
to learn where current flows.”

Under Pommerenke’s direction, MSEE
candidate Argha Nandy studied how
ESD can travel through a flat flexible
cable and couple into a circuit. Nandy
developed a test set (Figure 1) consisting
of two PCBs (printed-circuit boards).
One board lets him inject an ESD pulse
whose current travels through a flexible
circuit to a second board that contains a
D flip-flop IC. Nandy has two versions of
the test board. One contains a typical
TTL flip-flop, while the other contains a
high-speed (8-GHz) device.

To characterize the flex cable, Nandy
injected pulses into the blank board (left
side of Figure 1). Using an oscilloscope, he
measured how the pulse propagated
through the flexible circuit to the flip-flop,
looking for pulses on the flip-flop’s clock
line that would cause the device to change
state. He also developed a full-wave model

of the circuit in both the
time domain and frequency
domain. Figure 2 compares
the measured and predicted
voltage at the flip-flop’s clock
input. The peak is enough to
produce a change of state in
the flip-flop.

Nandy and Pommerenke
presented their findings at an
EMC Consortium meeting
in 2009.You can download a
copy of their presentation,
“Numerical prediction of
ESD upset level,” from a link

Associate professor
David Pommerenke
stresses that students

Beetner, who is a professor of
computer engineering, works
with a Consortium member
company to model how ICs
respond to EFT (electrical fast
transient) events. His current
goal: Develop a model of how
energy couples into ICs so the
company can design parts
with greater immunity.

To develop the models,
Beetner and PhD student Ji
Zhang try to acquire as much
information about an IC as
possible. In some cases, IC

X - - ~  apply a systematic - )
in the online version of this  gpproach to solving manufacturers will provide
article (www.tmworld. EMC problems. equivalent circuits, but rarely

com/2010_05).

Pommerenke teaches students to use a
systematic approach to locating sources
and resonances in circuits. “Suppose that
noise in a laptop’s memory couples into
another part of the system.We want to un-
derstand the coupling paths. We run EMI
scans on a product to find how electric and
magnetic fields radiate in a circuit.” Using
mathematical processing of scan results,
students find the coupling paths.

“We are developing software in Mat-
lab to do the analysis,” noted Pomme-
renke. “When we’re satisfied with the
models, we’ll implement them in C++.”

Software tools predict EMC
behavior

Pommerenke’s students aren’t alone in de-
veloping software tools. Associate professor
Daryl Beetner spends much of his time
working with students to develop com-
puter models of circuits that Consortium
members use to predict EMC behavior.

XESD simulator

Oscilloscope
(50 Q)

]

Shielded
flexible
cable

TDH /

(50 Q)

]

CLK 1nF
oI =
Test board T

FIGURE 1. To understand the effects of ESD, students constructed two boards con-
nected by a shielded ribbon cable. The second flip-flop on the chip is not used.
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will they provide complete
schematics of an IC’s protection circuits.

In addition to learning about ICs, stu-
dents learn how energy gets into the de-
vices. For example, current could enter
an IC directly through an I/O line. Elec-
tromagnetic fields caused by interfering
signals can also couple to I/O lines, pro-
ducing unwanted current. Students run
tests by firing an EFT generator into
traces connected to the IC and tracking
how current travels through a circuit.

Beetner and Zhang are currently mea-
suring and modeling the I/O circuits in a
microcontroller, and they plan to publish
their results in a paper at the 2010 IEEE
EMC Symposium in July (Ref. 3). Fig-
ure 3 shows the test setup they use to
measure the microcontroller’s V-I charac-
teristics at any two pins. An Agilent Tech-
nologies function generator creates the
test signals, and an Agilent oscilloscope
measures the response. One oscilloscope
probe measures the voltage across the IC
pins; the other measures the voltage across
the 47-Q resistor to find the input cur-
rent. “We know there’s some kind of
diode structure in the microcontroller,”
said Beetner. “We look for breakdown
voltage, parasitic resistance, and threshold
voltage to build our models.”

From the measurements, Beetner and
his students developed a model of the IC
that’s far simpler than the actual device
because of the difficulty in modeling ac-
tive components. They also developed a
model for a test board. Using the models,
they apply a simulated EFT signal to the
board and then predict performance of a
powered device.“We have a good SPICE

model of the IC that we want to use to
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EMC

predict the IC’s susceptibility to
electromagnetic fields produced
by an ESD gun,” Beetner said. IC
designers can now use that model
as a design tool.

Assistant professor Jun Fan has
also been involved in the develop-
ment of software tools that model
circuits for signal integrity and in-
trasystem interference. A former
EMC laboratory student, Fan
worked in industry after complet-

— Simulation

— Measurement |

in other parts of a system that
manifest as localized vibrations.
For example, we might modulate
an RF system’s digital circuits with
a 2.4-GHz signal and look for
traces in the RF section.”
Finding solutions to EMC
problems often requires an under-
standing of the materials used in
electronic products. Research as-
sociate professor Marina Koledin-
tseva studies how a material’s

ing his PhD and before joining the
EMC lab faculty. He and his stu-

Time (ns)

20 composition and geometry aftect
its ability to absorb unwanted sig-

dents study signal integrity to look
for degradation of desired signals
that can lead to false triggering in a
digital circuit.Very often, a degradation in
signal integrity is associated with some
parasitic electromagnetic effects, similar to
those effects associated with EMI.

Fan has updated the university’s course
on signal integrity and has continued the
development of existing courses in com-
putational electromagnetics. The signal

FIGURE 2. Oscilloscope measurements show how well
the flexible circuit behaves compared to its simulation.

integrity course is available on videotape
and online though Missouri S&T’s con-
tinuing-education program.

Fan is currently investigating how to
use acoustic mechanical vibration as a
means of detecting EMI at frequencies
much higher than audio. “We’re looking
for traces of interfering electrical sources

nals. From her research, she can
develop mathematical models of a
material’s frequency behavior.
Koledintseva currently works with
eight students on four projects. Working
with equipment-maker John Deere, her
students are investigating how to design
ferrite chokes for use in automotive ap-
plications. Common-mode currents in
cables can cause interference with cir-
cuits and systems, and Koledintseva’s stu-

ARIES lest sm:kets-
with more of what ynu.want..., -
aml less of wliht.vnu'dnn’fl .

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.

NOW Avaj
for ICs DgLvt\nBLE
to 0.3mm Pjtch)

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

PARIES

. . B eLecTRONICS, INC.
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!

28 MAY 2010

INDEPENDENT
EMCC ™

DR. RASEK E "

TEST LABS

* all ElectroMagnetic tests
* highly qualified staff
* 20,000 sgqm lab areas
* 16 shielded rooms, mode stirrer
* 7 fully anechoic/semi anechoic rooms FAR/SAR
* the EMCC trapeziform FAR
*3 m to 300 m open area test sites OATS
* sheltered 40 m OATS, TEM and GTEM cells

* the EMCC underground lab

* A2LA, EA/DAR/DATech, KBA, ... accredited
* CE Notified Body EMC and R&TTE
* CAB/TCB for Canada, Japan, USA
*EBA, FCC, ... VCCI registered
* world-wide acknowledged - since 1977

EMCC DR. RASEK

Moggast, Boelwiese 8 * 91320 Ebermannstadt

Germany
T: +49 9194 9016 - F: +49 9194 8125
partner@emcc.de * www.emcc.de

EMEC, RADIO, TELECOM
ENVIRONMENT, SAFETY

www.tmworld.com TEST & MEASUREMENT WORLD



dents look to mitigate common-mode
currents with ferrite chokes.

Koledintseva is also working with
Cisco to characterize PCB dielectric
materials, research that is important for
signal integrity and high-speed digital
design. The roughness of a PCB trace’s
surface can lead to signal loss in trans-
mission lines, and this loss will affect the
quality of the extracted dielectric param-
eters. This lack of accuracy becomes a
problem as frequencies exceed 1 GHz.
Koledintseva said, “We developed a
method called DERM [differential ex-
trapolation-redistribution method] that
lets us separate the loss of conductors
and dielectric materials on PCBs that
takes into account the roughness of con-
ducting surfaces in our analysis.”

Custom probes simplify
calculations

Measurements that students make to find
coupling paths often require custom
probes. DuBroft and Pommerenke advise

students in the design and construction

Oscilloscope

of near-field probes. R
“Near-field probes can give a good
representation of a field without too Vs
much mathematical process-
ing,” said DuBroff, whose buT
background is in antenna the- Function | Cable A Voo
ory. Probes respond to the S 47 Q
angle of incidence of a field to Connector

a probe and to the field’s activ-
ity. The probe will average the
field over its loop area.
Electric fields, however, can affect a
probe pointing in any direction. They can
couple on the metal part of the probe and
induce currents. Thus, electromagnetic
fields aren’t completely decoupled from a
circuit. To compensate for that, Dubroft
and others developed a process that in-
volves measuring a known source with a
probe in different orientations and then
trying to characterize the probe’s response.
From that response, students can use soft-
ware to compensate for deficiencies in

the probe.

FIGURE 3. Students use an oscilloscope to mea-
sure the V-l characteristics of an IC’s pins.

There’s a tradeoff between a probe’s
size and its sensitivity. Because a loop
probe responds to the time-changing
magnetic fields that pass through the
loop, the smaller the probe, the finer the
resolution. Finer resolution makes isolat-
ing an emissions source easier, but it also
makes the probe less sensitive. Pomme-
renke is pushing the limits of probe
manufacturing by working with students
to develop a probe that will measure the
current in a single ball of a BGA (ball-
grid array) IC package. (continued)
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faculty also use field probes to in-
duce voltages and currents into
devices as they research device
failures. They often mount the
probes on a scanner from Amber
Precision Instruments (which
leased space in the same building
as the EMC lab) and look for
emissions or inject interference
into a board under test (Figure

4). Giorgi Muchaidze, a senior  FIGURE 4. An EMI scanner moves probes over

e 58 ;‘

engineer at Amber and a former  a PCB to measure current in the board or to in-
student at Missouri S&T, contrib-  ject current.

uted to the scanner’s design and
uses it to create maps of PCBs or ICs that
show the sensitive areas. He uses a TLP
(transmission line pulser) in the scanner to
produce pulses with controlled rise times
of around 200 ps. (The TLP produces
pulses with more controlled shapes than
an ESD simulator.) The electromagnetic
field that a pulse generates can couple
into PCB traces and produce current in
the circuit. “We look for
functional failures,” he said.
“We want to see how the
current flows in the EUT
[equipment under test].”
The scanner uses probes
developed at Missouri S&T.
Muchaidze demonstrated a
magnetic-field probe that
has a 5-mm x 5-mm loop.
He uses the probe to inject
magnetic fields generated by
a TLP pulse into a circuit
and runs scans in both hori-
zontal and vertical orienta-
tions to find fields generated
by the resulting current.
Other equipment includes a mechanical
arm that can hold an ESD gun and move it
to a device under test. Students use the arm
because they can program it to achieve re-
peatable distances from the device. Students
often use it to test handheld devices such as
cellphones and MP3 players.

behavior.

Obtaining equipment

The lab also includes one semianechoic
chamber, one shielded room, several net-
work analyzers and spectrum analyzers, a
direct-contact probe station for working
with very fine-pitch components, and
some specialized equipment assembled
in the lab that measures ESD and near-
field radiated emissions.

Professor Daryl Beet-
ner advises students
who develop software
models of circuit

The laboratory has equipment for mak-
ing swept-frequency measurements of
two-port parameters, impedance and ma-
terials characterization, radiated emissions,
and ESD. These facilities cover the range
of 100 Hz to 20 GHz. A four-port net-
work analyzer and test set also lets students
and faculty make balanced differential
S-parameter measurements. Time-domain
measurement equipment in-
cludes high-speed digital os-
cilloscopes for measuring sig-
nals with subnanosecond rise
times and for time-domain
reflectometry characterization
of signal paths.

Over the years, test-equip-
ment manufacturers and EMC
Consortium members have
come through with donations
and substantial discounts to
equip the lab. For example,
ETS-Lindgren donated a
shielded room, and Advanced
Micro Devices donated an
ETS-Lindgren semianechoic
chamber. Each chamber is large enough to
permit a 1-m distance between the EUT
and a transmitting or receiving antenna.
“We don’t use the chambers to make com-
pliance measurements,” said Van Doren.
“We use them to make baseline measure-
ments, then make comparisons after design
changes to verify their effectiveness.”

Both chambers had to be disassembled
at the donor facilities and reassembled in
Rolla. Research technician Kenny Alli-
son noted that “disassembling a chamber
is more difficult than assembling one.”
The semianechoic chamber, which had
ferrite tiles glued onto its walls, wasn’t
built to be moved, so Allison had to cut
through the tiles to reach the joints be-
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tween the walls, then reinstall the tiles
during reconstruction.

Professor James Drewniak, who has
been a self-proclaimed “loud voice” for
the lab, has taken on the role of fundraising
and equipment acquisitions. He came to
the University of Missouri—Rolla in 1991.
Drewniak, along withVan Doren and Todd
Hubing (now at Clemson University), was
looking for a niche because “everyone was
doing computational magnetics and we
needed to do something else.”

To get the lab equipped, Drewniak
approached several companies. Bill Cur-
ran at Lindgren (now ETS-Lindgren)
donated a shielded room worth $30,000.
Mike Hart of EMCO (also now ETS-
Lindgren) donated $20,000 worth of an-
tennas. Tektronix sold oscilloscopes,
spectrum analyzers, and time-domain re-
flectometers to the lab at cost. Hewlett-
Packard and later Agilent Technologies
have also provided oscilloscopes, signal
sources, and network analyzers at cost.
“The EMC community has been very
good to us,” said Drewniak with a smile.

Van Doren added “We can always use
a few more 1-GHz oscilloscopes. They’re
fast enough for measuring noise in power
supplies and for many other student
projects. A lot of equipment has 20-MHz
clocks, and we can use 1-GHz oscillo-
scopes to measure clock harmonics.”

Besides bringing in funds, Drewniak
brings in students from all over the world.
“Missouri S&T students come to the lab
when they hear about us as undergradu-
ates. Each year, we put out a call for stu-
dent projects.”

Students from China learn about the
EMC program through professors at their
undergraduate universities. “We have col-
leagues at several universities in China
who send us students,” said Drewniak.
Numerous other students come from
India and Europe. The ability to work
with commercial companies in the Center
for Electromagnetic Compatibility is an-
other reason that students travel to Rolla
to study. Those company members often
hire the lab’s students after graduation.

The students usually take classes in the
morning, then work in the lab during af-
ternoons and evenings. Drewniak noted
that much of the lab’s funding is used to
pay for student stipends and tuition.

Programs such as the one at Missouri
S&T produce engineers who will solve

EMC problems in ICs, boards, and sys-
tems. Those problems will only get
more difficult to solve as clock speeds
increase and circuits shrink. Missouri
S&T EMC lab graduates will solve
many of those problems, which will re-
sult in safer and more reliable electronic
products. T&MW
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POWER
to the OPENS

As circuit-board
complexity increases,
identifying structural
defects such as opens
and shorts represents
a significant manufac-
turing challenge.

BY ANTHONY J. SUTO, TERADYNE

ver-higher bus speeds and logic densities on today’s PCBs (printed-circuit

boards) enormously complicate the board-test task. In particular, identifying
structural defects such as opens and shorts represents a significant challenge.

Today’s boards are more likely to contain opens and shorts than did their pre-
decessors, and high node counts make finding these defects considerably more difficult.
In recent years, many companies have turned to a capacitance test as a way to find
opens on digital devices during in-circuit test. The technique involves placing a sensor
plate on top of the device package to form a capacitor of 10 to 100 fF between it and
the board node in contact with the bed of nails (Figure 1). (See “How capacitance
test works,” p. 35.) Unfortunately, the evolution of some board technologies has re-
duced the usefulness of the conventional capacitance technique. Maintaining bed-of-
nails access has become increasingly difficult for designs that include ball-grid arrays,
flip chips, and other high-density devices that defy conventional probing. Even when
access is theoretically possible, the

force required to make sufficient
contact to test numerous pins in a
small area can exert stresses on the
board that can cause damage to the

Probe .
selector

Active buffer

Capacitive
sensor plate

Device
under test

W

soﬁie \ /

Guards

solder joints or to the board itself.
Improving bed-of-nails access to
the nodes on the boards has gener-
ally involved adding test pads as
contact targets, but such test pads
occupy precious board real estate.
In addition, signal speeds are con-
stantly rising, and adding a test pad
to a particular length of signal etch
increases trace capacitance, creating
a nonuniform impedance for the
overall signal path. Such variations
along the transmission line can
Printed cause reflections and other signal
circuit board degradation when the board is run-
ning in high-speed mission mode.

\ / DSP-based
AC detector FIGURE 1. A traditional open-pin
Guards detection technique employs a
capacitive sense plate.
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FIGURE 2. The open-pin detection scheme depicted here employs boundary scan as the stimulus source.

Taking advantage of

boundary scan

You can improve upon the capacitance-
based test by supplementing it with
boundary-scan (IEEE 1149) techniques.
Many complex devices contain bound-
ary-scan circuitry, allowing access to their

time, and the test devices themselves
would wear out and have to be replaced.
A more viable option would be to place
a capacitive probe in the test fixture over
the target socket or connector to easily
detect opens between nodes on those de-
vices and a boundary-scan component.

The fact that the probe sits on top of the
connector or socket rather than being in-
serted directly eliminates probe or socket
wear out. This approach, which I call a
“powered-capacitive test,” combines the
access advantages of boundary scan with
traditional capacitive opens detection.

1/0 structures through a four- or
five-pin TAP (Test Access Port). If
all devices on a board contain
boundary-scan circuitry, the in-
terconnections can be verified
using boundary-scan test methods
alone. Of course, not all devices
offer such a luxury, and the ones
that do are often connected to
unpopulated connectors or empty
sockets during in-circuit test.
Although the boundary-scan
circuitry can provide a stimulus
signal or measure a response, pas-
sive devices cannot interact with
the boundary-scan tests designed
to locate process defects. A custom
test device plugged into the socket
or connector could channel the
output signal to the tester, but em-
ploying such a device proves im-
practical in high-volume manu-
facturing. It would increase test

34 MAY 2010
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QPI bus

i \TAP (Test Access Port)

JuL
ATE digital drivers

FIGURE 3. In this test example incorporating an LGA
1366 socket and an IOH chip, a TAP connects to ATE
digital driver resources that generate boundary-scan
commands and stimulus vectors.

The high-level block diagram
in Figure 2 illustrates a test setup
for implementing the combined
approach. A tester’s digital drivers
connect to the TAP of a bound-
ary-scan device, providing input
signals to the boundary-scan
chain that get clocked out of each
of the output pins. The output
stimulus consists of a single pulse
per target-device pin (one rising
edge and one falling edge). When-
ever possible, all other DUT (de-
vice under test) pins are held at a
logic-high or a logic-low to iso-
late the capacitive sensor plate
from any other onboard activity.

The signal from the sensor
plate is processed through a local
low-noise transimpedance ampli-
fier and continuous-time analog
filters; it is then digitized, digitally
filtered, and finally analyzed. As in

www.tmworld.com TEST & MEASUREMENT WORLD



a traditional capacitance-

though higher tester fre-

based test, comparing the

quencies are achievable, the

measured signal against
thresholds measured on a
known-good equivalent
identifies any open pins.

Changing domains

To stimulate the board under
test, the tester could apply a
repetitive signal, such as a
square wave, or a single event
signal, such as a pulse. Analy-
sis of the output signal could
occur in either the time do-

necessary specialized fix-
ture hardware would in-
crease fixture costs.
Single-event edge-rec-
ognition techniques in the
time domain overcome
these limitations. A test that
uses these techniques does
not require a specific test
frequency and, therefore, is
not restricted by TCK
clock frequency. The test
simply generates the equiv-

main or the frequency do-
main. The powered-capaci-
tive test method applies a
nonrepetitive pulse and ana-
lyzes it in the time domain,
because this combination provides signifi-
cant benefits over the alternatives during
production testing.

Most opens-detection techniques use a
frequency-domain approach, applying a
sine wave with a frequency that falls into
a narrow range—typically 8 to 10 kHz—
before taking a measurement. Lower fre-
quencies reduce the capacitive reactance
between the probe plate and the compo-
nent under test, reducing fault coverage.
Frequencies higher than 10 kHz can cause
coupling between the board and the mea-
surement plate, so a board can pass despite
an open pin. This narrow stimulus-fre-
quency range complicates the task of
sending stimuli through a boundary-scan
chain, because the output square-wave
frequency is roughly equal to:

R < S
TOGGLE 2 (#scan_cells)

where:

o 1 56Le 1 the IC pin toggle frequency
in hertz,

e TCK is the boundary-scan clock fre-
quency in hertz, and

e #tscan_cells is the number of bound-
ary-scan cells in the chain.

The effects of fixture wiring in an in-
circuit-tester generally limit the frequency
of the boundary-scan clock to 2 MHz or
less. With more than 125 cells in the scan
path, generating the required 8- to 10-kHz
signal becomes difficult. Most devices con-
tain boundary-scan testability structures
that can include hundreds of scan cells.
Therefore, shifting signals through several

FIGURE 4. These typical test results illustrate the startling differ-
ence between a connected pin measurement and an open pin
measurement.

such devices can easily require propagation
through thousands of cells, further dividing
down the toggle frequency.

Even putting all other ICs in a scan
path into a bypass mode may not alleviate
the frequency problem, because it would
not reduce the number of scan cells below
the number inside the DUT itself. Al-

alent of a single pulse with
two edges that can be
placed anywhere in the
vector stream, eliminating
frequency-domain scan-
cell-length restrictions.

In addition, the time-domain approach
works well with all devices that conform
to the IEEE 1149.1 and 1149.6 standards,
and it does not require boundary-scan
devices to support custom commands or
fixtures to support additional electronics.
Finally, a single pulse offers a throughput

How capacitance test works
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advantage over a repetitive test signal.
Throughput typically improves by 50% to
400%, depending upon the number of
scan cells in the chain and the number of
cells that are actually being tested.
Unfortunately, the time-domain tech-
nique has some drawbacks. A repetitive
signal such as a square wave of known

frequency in the presence of noise can
easily be averaged over time to reduce
the unwanted noise components. Using
a DFT (discrete Fourier transform) to
measure a single tone, the equivalent
noise bandwidth is proportional to the
digitizer’s sampling rate (Fs) divided by
the number of samples (N). Because di-
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mensionally this quantity is reciprocal
time, measuring the signal over a longer
time produces a narrower DFT bandpass
filter with less noise in the measurement.
The only downside is the added test time
required to integrate stochastic noise to a
lower value.

In contrast to a square wave, a single
pulse consists of a positive step followed
by a negative step that can be spliced to-
gether later. Measuring the rich har-
monic content in this single pulse re-
quires significantly more bandwidth than
is required for measuring the fundamen-
tal frequency of a square wave. This ad-
ditional bandwidth admits additional
noise to the system, increasing the mea-
surement’s standard deviation, requiring
a technique for removing the noise from
the signal to make the measurements
more repeatable.

Such a technique can be found in the
world of radar systems. The method,
called “matched filtering” or “optimal
filtering,” correlates a known signal or
template with the measured signal in the
presence of environmental noise, as de-
fined by this equation:

K
R(d) = 3, [(X(i) - Mx) * (Y() -~ My)]
i=0
where:
e X(i) andY(i) are the data vectors,
e Mx and My represent the mean values
of those vectors, and
e R (d), which is the cross-correlation
coefficient, denotes the likelihood that
the measured signal matches the refer-
ence signal both in temporal response
and in magnitude.

Knowing the shape and amplitude of
the signal you are trying to detect ahead
of time, you can apply a matched filter to
significantly reduce the noise compo-
nents largely attributed to the increased
signal-path bandwidth.

Determining whether a node is open
requires first performing a de-normal-
ized autocorrelation through the learn
process on known-good boards. One
way to do this is to calculate a mean and
standard deviation from several autocor-
relation values and determine whether
there is any undesirable variation caused
by surrounding noise and whether the
magnitude is too small. You should aver-
age the learned vectors to create a final
autocorrelation coefficient and a refer-
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ence vector. When the autocorrelation
value is compared with the results from
the cross correlation during production
test, any deviation greater than a maxi-
mum percentage or less than a minimum
percentage will indicate a defective pin.

In addition, because the board is
powered during the test, noise coming
from locations on the board away from
the node under test can reduce the
measurement’s signal-to-noise ratio.
This phenomenon is common to both
the time-domain and the frequency-
domain techniques, so you must care-
fully manage it regardless of which ap-
proach you select.

An example

Consider the test setup for the Intel LGA
1366 server-board processor socket
shown in Figure 3.The left side of the
figure shows an I/O controller hub IC
(IOH) with boundary-scan capability.

The TAP is connected to the ATE
(automated test equipment) digital driver
resources, which will generate the re-
quired boundary-scan commands as well
as the stimulus vectors. A QPI (quick-
path-interconnect) bus operating at 6.4
Gbps connects the IOH chip to the pro-
cessor socket. Without node-pad access,
testing this configuration requires the
powered-capacitive technique.

The capacitive sensor plate above the
LGA 1366 pin field detects the output sig-
nals and, in combination with the bound-
ary-scan device, can identify open con-
nections. Figure 4 shows some typical
results; note the significant difference be-
tween a connected pin measurement and
an open pin measurement. The average of
the pin measurements is a little less than
250 mV?, as shown by the upper horizon-
tal line in the figure. Faulty pin AG40
shows up in this graph as a small red bar.
The average connected pin values differ
from the open pin value by a ratio of about
10:1. (The data in the graph represent the
output value for each pin after processing
the raw temporal data through the time-
domain algorithms, rather than an ampli-
tude reading that would come from a con-
ventional analog opens measurement.)

The combined key attributes of
boundary-scan and capacitive-based
opens techniques extends in-circuit test
coverage in the presence of limited ac-
cess to test pads and on densely popu-

lated boards that cannot afford test-pad
real-estate. Using a single event pulse as a
stimulus and analyzing the test results in
the time domain eliminates the major
drawback of an upper boundary-scan
cell limit when testing complex PCB as-
semblies. Boundary scan and capacitive
opens have quietly co-existed for nearly

two decades. By giving “power to the
opens test,” a unique technology mar-
riage will facilitate testing complex
boards for years to come. T&*MW

Anthony J. Suto is Teradyne'’s chief sci-
entist responsible for the Assembly Test
Division’s ICT and AXI technologies in
North Reading, MA.
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PXI expands
processing potential

By Richard A. Quinnell, Contributing Editor

ith last November’s release of

the PXI-7 (hardware) and
PXI-8 (software) specifications—col-
lectively called PXIme (PXI Multi-
Computing)—the PXISA (PXI Systems
Alliance) standardized the implemen-
tation of multiprocessing in PXI sys-
tems. For PXImc, modules connect to
the PXI host system through a non-
transparent bridge. The goal was to
provide a high-bandwidth, low-latency
interconnect between computing de-
vices in either a modular or stand-
alone system configuration. I spoke
with Mark Wetzel of National Instru-
ments, who is chairman of the PXISA
technical committee that developed
the standards, to find out what test
engineers should know about PXImc.

Q: What prompted development of the
PXIme specifications?

The introduction of PXI Express
triggered a growing need for in-
creased processing power in PXI sys-
tems. There were also needs for mul-
tiprocessing coming out of the syn-
thetic instruments group. So, about
two years ago, the technical commit-
tee began looking at ways to add
multiple CPUs for data processing to
a PXI platform.

LB tHis REPORT

40  Guest commentary
40 Highlights

43  User-configurable FPGA mod-
ules boost PXI versatility
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Q: What issues needed addressing?
On the hardware side, we
wanted to ensure that existing PXI
Express hardware would work in a
PXImc configuration without needing
modification. That drove decisions
about where the bridge chips are
located, how clocking is handled, and
how to set up cabling for connection
to external devices. On the software
side, the key considerations were to
ensure that multivendor hardware
configurations and hardware substi-
tutions would work without prob-
lems and to ensure that the software
had minimal overhead so it wouldn’t
compromise the bandwidth and low
latency of the PXI Express links.

Q: How do the specifications ensure
this kind of interoperability?

There are two pieces that ensure
interoperability. One provides a
shared software component for
PXImc devices that developers get
from the PXISA, which gives users an
API [application programming inter-
face] that will work with all vendors’
implementations. The user interacts
only with the shared component,
even though there may be vendor-
specific software below it. The second
piece ensures that the software masks
any differences in nontransparent
bridge hardware implementations.

Q: Any unusual challenges arise in
creating the specifications?

One thing we did that was un-
usual for the PXISA is that we wanted
to go beyond the PXI chassis to con-

Mark Wetzel
Chairman
PXISA Technical Committee

nect to things like external PCs and
other box instruments. The nontrans-
parent bridges used to connect to
PXImc systems are not used just in
PXI; they appear in other platforms as
well. We wanted users to be able to
connect these other platforms to PXI
just as easily as PXImc. This gives en-
gineers the best of both worlds: the
ability to integrate a system into a sin-
gle chassis or use external system com-
ponents for highest performance.

Q: Any advice for test engineers
considering PXIm¢?

There is information in the speci-
fications on where logos and markings
are to be placed that is important to
follow. The PXImc cables do not guide
connections the way USB cables do, so
users need to know where the bridges
are located and in which direction sig-
nals are flowing in order to configure
their systems properly. That’s what the
labeling provides. It’s also good to un-
derstand that PXImc is an enhance-
ment to PXI. There are plenty of ap-
plications that will not need it.
Instrument suppliers will be able to
give users good guidance on where
PXImc will be most valuable. []
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PXI and electric transportation

By Bob Stasonis, Pickering Interfaces

ith our depleting petroleum stocks, it is clear that the

transportation scene for most people in the world is
changing. The next big “thing” in transportation will likely
be electric vehicles, be they resort shuttle carts, warehouse
forklifts, hybrid vehicle systems, or full electric vehicles—
even subway trains are electric. J.D. Power predicts that
hybrid vehicle production for the US market
will exceed 1.4 million vehicles by 2015.
Add to that the electric vehicles at resorts, in
distribution centers, and under the city, as
well as devices like the Segway, and you’re
talking about a lot of batteries to charge.

This paradigm shift in transportation technology calls
for advances in power systems and in the ATE (automated
test equipment) systems that make sure a vehicle works
before you step on the accelerator. Fortunately for the test
engineering community, PXI is up to the task.

For example, several PXISA (PXI Systems Alliance) mem-
bers offer switch modules that have the performance needed
for the high voltages—greater than 300 V—in the battery
stacks. There are also sensor-emulation PXI modules that
can help test a vehicle’s BMS (battery-management sys-
tem)—the complex circuit that addresses the charging and

monitoring of the many battery cells that make up a stack.
The sensor-emulation modules simulate temperature moni-
tors in the stack, and high-density switch matrices are used
to inject signals and faults and monitor the response of the
UUT (unit under test). Add battery simulators, CAN com-
munication modules for querying the BMS and running di-
agnostics, and digital multimeters for performing voltage
checks, and you have a complete test system in PXIL.

In addition, the small size of PXI test systems makes it
more convenient to use them in areas such as environmen-
tal chambers, allowing the systems to be as close as possi-
ble to the UUT during product development and also dur-
ing HALT (highly accelerated life testing) and HASS
(highly accelerated stress screening) applications.

As emerging technologies call for new test techniques,
the PXISA community will clearly be ready with solutions.
Just as PXI has been used for applications in the internal
combustion engine arena for over 10 years, PXI will be
addressing the testing needs of the electric transportation
industry for years to come. []

Bob Stasonis is the sales and marketing manager for Pickering Interfaces.
bob.stasonis@pickeringtest.com

Suite tests TD-
SCDMA handsets

The PXI 3030 TD-SCDMA Measure-
ment Suite from Aeroflex is designed
for the testing of mobile handsets and
RFICs based on ETSI 3GPP TS 34-122.
The suite works with the company’s
PXI 3000 series instruments, which
currently support 3GPP LTE,
CDMA2000, 1xEVDO, GSM, W-
CDMA, and mobile WiMAX, as well
as WLAN and Bluetooth; Aeroflex
says that customers can use software
upgrades to add the TD-SCDMA stan-
dard to their PXI 3000 test systems.
“Aeroflex is targeting the rapid
growth in demand for TD-SCDMA
cellphones with our new test suite,”
said Tim Carey, product manager, PXI
3000 Series, in a prepared statement.
“With the total number of Chinese cell-

40 May 2010 = PXI TEST REPORT

phones exceeding 300 million units, the
need for high-throughput test systems
is vital to manufacturers who need to
keep up with the growth in China.”

The PXI Measurement Suite makes
parametric measurements of TD-
SCDMA transmitters and supports
high-speed alignment and performance
verification of devices operated in a
nonsignalling mode. The suite can be
used in testing of high-speed and high-
throughput mobile handsets as well as
in RFIC characterization. The TD-
SCDMA Measurement Suite is com-
patible with any Aeroflex 3030 Series
RF digitizer. www.aeroflex.com.

Pickering expands
PXI offerings

The new 41-924-001 interface kit
from Pickering Interfaces provides a

seamless connection between a PC’s
PCle (PCI Express) bus and a PXI

chassis backplane. The kit contains a
single-lane PCle card, a connecting
lead, and a PXI module for insertion
into Slot 1 of any PXI chassis; it is an
alternative to the company’s 41-921-
001-KIT, which uses a PCI slot rather
than a PCle slot in the PC.

The company has also announced
the 40-873 (50-Q) and 40-833 (75-Q)
multiplexer modules that feature one
or two 4:1 multiplexers with termi-
nated inputs in a single PXI slot. The
modules are designed for switching
applications up to 3 GHz.

Pickering’s new 40-555 solid-state
8x2 switch matrix is a two-slot PXI
module that features a 30-A current
rating and high inrush current toler-
ance. In addition, the company has
added the 40-160-003 to its 40-160
switch matrix line. The single-slot
PXI module supports 20 SPST 10-A
relays and is suited for switching DC
signals up to 30 V and AC voltages
to 250 V. www.pickeringtest.com.
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Battery Management Systems Testing?

Pickering Interfaces has all the hardware you need

As more and more hybrids/plug-in
hybrid vehicles are introduced, the
testing of the Battery Management
System, or BMS, is becoming an
important part of an automobile’s
manufacturing process. The ability
to simulate problems such as
overcharged, shorted, or failing
cells while testing the entire system
response is crucial to validating a
safe BMS. That is why Pickering
has introduced the 41-752, the only
multi-channel battery simulator in
PXI. In addition, Pickering has

1 kV switching, Sensor Emulation

/.&“‘t 1“ X

*Photo courtesy of Argonne National Laboratory

6 Channel Battery
Simulator Module

using our precision resistor family,

DMMs, and CAN Interfaces -

everything you need to create

the perfect BMS Test System. o

Contact your local Pickering tdhiial
sales representative or go to E
pickeringtest.com and see why LV < |5
Pickering Interfaces should be , :
an integral part of your BMS test

strategy.

PXI Chassis with sixteen 41-752s, simulating
96 cells of a Lithium lon battery stack.
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User-configurable FPGA modules

boost PXI system versatility

By Richard A. Quinnell, Contributing Technical Editor

he advent of PXI Express cre-

ated new opportunities for PXI
systems to handle more data faster.
Module developers turned to the
FPGA (field-programmable gate array)
as a hardware-configurable alternative
to high-speed or multicore CPUs for
handling this data. Now, such FPGA
performance and configurability is be-
coming available to system developers
and end users, adding a new range of
design possibilities for PXI systems.

PXI module developers began using
FPGAs in their high-performance de-
signs nearly a decade ago to handle
ever-increasing data rates and to re-
duce latency. The configurable hard-
ware offered significant performance
advantages over software-based de-
signs. Sebastien Maury, Sundance
Multiprocessor Technology’s regional
director for the Americas, estimated
that an FPGA can provide 20X to
30X more digital processing perfor-
mance than a PXI host controller.

Ryan Verret, FPGA-for-Test product
manager at National Instruments, said
the performance boost can be even
greater, up to several orders of magni-
tude. “It’s really staggering what com-
putation you can do on an FPGA,” he
said. “Some devices have more than
500 DSP blocks on them, allowing
you to do lots of FFTs [fast Fourier
transforms] in real time.”

Flexibility has been another reason
for incorporating FPGAs into module
designs. David Manor, VP of hardware
engineering at Geotest—Marvin Test
Systems, pointed out several advan-
tages that stem from field configura-
bility: “Using FPGAs allows us to get
products that relate to new standards
out early, even before the standards
are fully defined. We have to make
some assumptions, SO we may not get
everything exactly right at first, but
[we] can release updates and bug fixes
for users to download without the
need to return their boards to us.”

www.tmworld.com

The use of FPGAs also sim-
plifies the creation of unique
functionality for customers.
“The customer simply installs
new firmware to gain new fea-
tures,” Manor said. He pointed out
that the ability to upgrade and mod-
ify module functionality in the field
helps keep Geotest’s products viable
longer in a given application. “This
extension of a module’s useful life is
really good for mil/aero applica-
tions, which need a design life-
time of at least 10 years.”

User-configurahle FPGA

modules arise

Until recently, however, the FPGAs in
PXI modules have been nearly inac-
cessible to the end user. Upgrades and
enhancements came from the module
vendor, and users could not readily
implement their own design ideas.
That changed in the last year with the
introduction of user-configurable
FPGA modules for PXI from at least
four manufacturers: Geotest, NI,
OpenATE, and Sundance.

The Geotest GX3500 PXI module
connects 160 digital /O channels to
an Altera Cyclone III FPGA having
55,000 logic elements, four PLLs, and
2.34 Mbits of memory. The FPGA
has access to all PXI bus resources,
including clocks and triggering. The
module also supports an internal ex-
pansion card assembly that customers
can use to customize the front-panel
I/O connections (Fig. 1).

NI offers a family of FPGA mod-
ules called the FlexRIO series that use
Xilinx Virtex-5 FPGAs of varying ca-
pacities. The NI PXI-795x series con-
sists of conventional PXI modules,
while the PXIe-796x series instru-
ments are PXI Express modules.
FlexRIO modules offer 132 T/O lines
and accept front-panel-mounted
adapters that customize the I/O inter-
face for connection to analog, Ether-

Fig. 1 The GX3500 FPGA module
provides space for an internal
daughter card to customize 1/0 sig-
nals without exceeding the envelope
of a standard 3U module.

Courtesy of Geotest—Marvin Test Systems.

net, IEEE 1394 (FireWire), Camera
Link, and other specialized interfaces
(Fig. 2). Adapter modules are avail-
able from NI as well as from third-
party partners such as Adsys Con-
trols, Averna, NexFrontier Solutions,
and Prevas.

OpenATE also uses a Xilinx Vir-
tex-5 FPGA on its FPGA carrier card.
The OpenATE card offers a more
basic design than those from Geotest
and NI, however, with the FPGA
handling the PXI bus interface in-
stead of requiring a separate interface
device. The company does provide
PXI interface IP, however, as well as
IP for a DIMM interface. The FPGA
carrier supports a user-defined
daughter card that handles 156 /O
lines but provides no built-in front-
panel connections. Users must cus-
tomize the front panel along with the
daughter card.

The Sundance SMT-700 FPGA
card offers a PXI Express interface, a
variety of front-panel serial interfaces,
and internal digital I/O headers along
with a choice of several different
Xilinx Virtex-5 devices. Front-panel
serial interfaces include 10/100/1000
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Ethernet, fiber optic, and USB. Dual
internal mezzanine connections allow
developers to attach Sundance analog
modules or additional digital I/O to
the FPGA card. The connections are
located on both sides of the board,
causing the FPGA card to occupy two
PXI slots when populated.

Daughter cards customize 1/0
While these FPGA modules have sig-
nificant differences, they do share
some attributes. For example, each of
them can be converted from a simple
data-processing card into a fully de-
fined instrument with the addition of
customization circuitry, through ei-
ther a mezzanine card or an extension
card. The FPGA module vendors
offer both predefined cards and open
specifications from which users can

WNOUVN.
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Fig. 2 The FlexRIO series FPGA modules use exter-
nal adapter modules for 1/0 customization and are
available in both PXI and PXI Express versions.

Courtesy of National Instruments.

develop their own cards. This ability
to define the module’s I/O signal con-
ditioning and formatting combines
with the FPGA’s configurability to
give users an unprecedented opportu-
nity for creating innovative PXI mod-
ule functions from off-the-shelf build-
ing blocks.

An FPGA module with high-speed
ADCs on the customization card, for
instance, has all the hardware needed
to serve as a digital spectrum ana-
lyzer. Because of the tremendous par-
allelism available in the FPGA, that
analyzer can provide continuous
monitoring across a wide frequency
band in place of the usual swept-spec-
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trum analysis. As NI’s Verret pointed
out, this allows the FPGA-based in-
strument to analyze time-multiplexed
communications protocols such as
RFID that use short energy bursts.
Swept-spectrum instruments can eas-
ily miss these bursts.

Verret also noted that the continu-
ous monitoring allows an FPGA-
based instrument to generate trigger-
ing signals based on complex power-
frequency spectrum masks. This can
be helpful in reducing the capture-
depth requirements of downstream
data-acquisition systems.

Developers can also configure an
FPGA module to generate test signals
dynamically, reducing the number of
test vectors needed in an ATE (auto-
mated test equipment) system. For
example, when a conventional ATE
system needs to send
data to a communi-
cations port on an IC
under test, the system
must use a long series
of test vectors to
drive arbitrary wave-
form generators that
produce the signals
driving the port.
These vectors must
describe the signal
values at every time
step throughout the
duration of the data
transfer and can be
quite long. By using
an FPGA, developers
can create a state machine that will
control the signal timing so that the
test vectors only describe data values
to be transferred and not the signal’s
entire time history.

Dynamic signal generation also al-
lows an FPGA-based instrument to
handle situations that are difficult or
impossible to handle with static vec-
tors. Testing of RFID devices, for in-
stance, is difficult with static vectors
because the multiple stimulus-response
interactions involved may have vari-
able timing. Similarly, the testing of an
engine-control module requires that
the tester emulate how the engine and
drive shaft will behave in response to

the control signals. Such responses are
virtually impossible to emulate with
vectors, and host-controller-based em-
ulation is often too slow or has too
much latency. An FPGA-based emula-
tor can resolve all these issues.

FPGA modules can even adapt
their functionality on the fly. Accord-
ing to Sundance’s Maury, systems can
partially reconfigure an FPGA while
the module is running to change its
behavior in response to incoming sig-
nals. Such dynamic changes might in-
clude altering test vectors to more ex-
tensively test functions that appear
marginal, or automatically revising
signal-processing algorithm parame-
ters to tune them for the current test
conditions.

Vendors provide

development support

The extreme flexibility that user-con-
figurable FPGA modules provide PXI
developers does come at a price. NI’s
Verret, for instance, pointed out that
designing the logic of an FPGA may
not be within the skill set of many test
engineers because of the need to work
with an HDL (hardware description
language) to define their designs.
“Even if they have the skills,” said
Verret, “it [configuring an FPGA] is
harder to do than writing processor
code.” To minimize the FPGA config-
uration effort, most module vendors
offer development support.

NI, for instance, has created an
FPGA Module extension for its Lab-
View development tool. This exten-
sion allows developers to describe
their entire test-system design and
data-processing algorithms in Lab-
View and have the tool automatically
prepare the FPGA programming
code. The company is also providing
a library of IP for more complex, ap-
plication-specific functions. NI’s
third-party partners offer additional
IP as well as full turnkey solutions.

Geotest has made its FPGA module
fully compatible with standard Altera
object files. This means developers
can use the free Quartus I Web Edi-
tion development tools that Altera
provides in support of its FPGAs

www.tmworld.com



rather than needing proprietary tool-
sets. Geotest also provides drivers
and a virtual panel for interactive de-
sign, debug, and deployment of the
FPGA configuration. Interface files
for this tool support programming
tools and languages such as ATEasy,
C/C++, Visual Basic, and LabView.
The company offers an online tutorial
to help developers get started.

Sundance, which caters to more ex-
perienced hardware design customers,
provides only some basic software to
developers. For full development sup-
port, the company works in partner-
ship with software company 3L. The
3L Diamond toolset allows develop-
ers to create a task-based model of
the FPGA’s function, and it then auto-
mates the design’s compilation to
FPGA programming vectors. It also
supports the synchronization of mul-
tiple FPGAs for achieving extended
performance through multiprocessing.
Developers can also use a tool such
as The Mathworks Matlab to capture
their design and convert the tool’s
output to an HDL for compilation
using Xilinx tools.

Will a user-configurable

FPGA help you?

While the level of programming in-
volved in customizing a user-configu-
rable FPGA module for their unique
application may be daunting to many
PXI users, the results can be well
worth the effort. The key is deciding
if the effort is necessary.

NI’s Verret recommended that
users consider an FPGA module if
they can benefit from custom trigger-
ing that will reduce the amount of
data the host controller must process
and when data-processing require-
ments demand the performance pro-
vided by an FPGA. Geotest’s Manor
said that the use of an FPGA card is
justified when there is nothing avail-
able to support a special function that
an application requires or when there
is a need to change functionality on
the fly, such as while running a test.

Ultimately, customer feedback will
determine the long-term future of
these user-configurable PXI modules.

www.tmworld.com

Vendors anticipate continuing to offer
larger, faster FPGAs as they become
available and will likely create addi-
tional daughter cards and IP based on
the frequency of customer requests.
But even if the FPGA module re-
mains only a specialty item, the fu-

ture of FPGAs in stock PXI instru-
ment modules is secure. “We couldn’t
be where we are today in PXI with-
out FPGAs,” said Geotest’s Manor.
“They have been a key component in
the success of PXI as a performance
platform.” [J
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USB oscilloscope adds TDR analysis

The PicoScope 9211A USB oscilloscope includes TDR
(time-domain reflectometry) and TDT (time-domain
transition) analysis. With TDR/TDT analysis, you can use
the 12-GHz sampling oscilloscope to characterize signal
paths such as PCB traces, connectors, and cables. The
instrument produces pulses with 100-ps rise times and
then measures the response.

The PicoScope 9211A also performs mask-limit test-
ing for communications standards such as SONET/SDH,
Fibre Channel, Ethernet, InfiniBand, XAUI, RapidIO, PCI
Express, and Serial ATA. It has three trigger inputs: a DC
to 1-GHz direct trigger, a 1-GHz to 10-GHz prescaled
trigger, and a 12.3-Mbps to 2.7-Gbps clock-recovery
trigger. It also has a 10-Gbps pattern-sync trigger for
averaging eye diagrams. The 9211A can also perform
histogram analysis on waveforms to characterize jitter
distribution. The 9211A comes with calibrated cables,
filters, power splitters, and adapters.

Price: £7,495 (approximately $11,500). Pico Technol-
ogy, www.picotech.com.

Instrument calibrates DC measurements

The Model 526 precision DC voltage/current source/
calibrator lets you calibrate measuring devices such
as ADCs and dataloggers. lts four voltage ranges
(100 mV, 1V, £10 V, and £100 V) and resolutions
from 100 nV to 100 pV let you calibrate a wide range
of products. The instrument can source current in a
+10-mA range and a £100-mA range. A carry-and-
borrow feature lets you change ranges without an in-
terruption in output.

TEST & MEASUREMENT WORLD www.tmworld.com

The instrument has five gold terminals on the front
panel for bench testing and a six-pin Amphenol mili-
tary-style connector on the rear panel for production
use. The terminals provide four-wire source-and-sense
connections plus ground. You can operate the Model
526 from the front panel, through stored settings, or
remotely through the GPIB and Ethernet ports.

Price: $3750. Krohn-Hite, www.krohn-hite.com.

VTI adds analog-output modules

VTl Instruments has expanded it EX-1200 chassis and
card-based instrument line with two analog-output
modules: the eight-channel EX1200-3608 and the
four-channel EX1200-3604. All outputs are differen-
tial with 100-V isolation, which minimizes noise
caused by ground loops. You can use any channel as
a static voltage output or as a 400-ksamples/s arbi-
trary waveform generator. Each channel includes a
pair of sense lines so you can verify the output at the
device under test, thus eliminating errors produced
in current-carrying wires.

Each output on the EX1200-3608 and EX1200-3604
has £20-V, £10-V, £1-V, and +0.1-V output ranges. You

3608

can connect channels in series when you need voltages
above 20 V. Each channel can source up to 20 mA. You
can build waveforms with the modules’ 1 Msample of
memory and program them with loops and branches
to increase effective waveform length. The instrument
cards let you store up to 4096 unique signal patterns.

Prices: EX1200-3604—$1200; EX1200-3608—$2400.
VTl Instruments, www.vtiinstruments.com.

Kelvin test contactor is reconfigurable

Built to accommodate pad-style IC packages, the Pad
ROL 200K (Kelvin) test contactors from Johnstech can
be used to test high-power analog devices that re-
quire tight test guard-bands. The Kelvin-ready design
allows you to configure and reconfigure the test
socket for standard contacting, selective Kelvin test-
ing, or full Kelvin testing. (continued)

> > > >
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The Pad ROL 200K employs a
solid-force contact and a dual-touch
sense contact to guarantee a high-
current, low-resistance connection,
regardless of device contact varia-
tions. Johnstech claims that two self-
cleaning features enable the Pad
ROL 200K to deliver the lowest Kel-
vin contact resistance available on
the market. Its oxide-removal wipe
action prevents surface debris from
accumulating on the force-contact
tip. In addition, the socket’s force
and sense contacts work in combi-
nation to remove debris build-up
between the two contacts.

Johnstech International, www.
johnstech.com.

Generator helps support
WiFi, radar coexistence

VeriWave's new RF Interference and
DFS Pulse Generator system lets
developers of 802.11n-compliant
WiFi chipsets, receivers, APs (ac-
cess points), and user devices ex-

pand test coverage, reduce devel-
opment cycles, and reduce the cost
and complexity of testing. The gen-
erator speeds the development of
products that comply with new
rules for WiFi devices sharing radio
bands with Bluetooth devices,
microwave ovens, and civilian radar
installations.

Rather than requiring multiple sig-
nal generators to handle MIMO test
capabilities, the RF Interference and
DFS Pulse Generator system makes
use of a VeriWave 802.11n Wave-
Blade instrument, which supports
three spatial signal streams. Veri-
Wave's interference generator sim-
plifies the creation of interfering
waveforms in popular 802.11 bands
to a point-and-click process, allow-
ing testers to configure and modify
traffic characteristics including signal
strength, burst lengths, and burst
rates while automating and repeat-
ing tests.

Base price: $8995. VeriWave,
www.veriwave.com.

Aeroflex rolls out portable
RF radio-altimeter test set
Aeroflex claims that its ALT-8000 is
the world's first RF-based portable

radio-altimeter flightline test set.
The universal test set provides full

RF loop testing for 4.3-GHz FMCW
(frequency-modulated continuous-
wave) radio altimeters and pulse
radio altimeters.

Outfitted with a 12-in. color touch
screen, the compact test set can be
used to test radio altimeters installed
in aircraft and unmanned aerial vehi-
cles. It can be directly coupled to the
radio altimeter Tx/Rx ports or con-
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Network - Fiber Optic - Inspection - Power
RF/Microwave - Safety - and more

RENT THE GERAR YOU NEED

Amplifiers - Analyzers - Data Loggers
Environmental Chambers - TDRs/OTDRs
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Call a Rental Agent today at (888) 544-ATEC (2832)
or visit us on the web at www.atecorp.com/tmw

Advanced Test
Equipment Rentals

Rentals Made Easy.

Advanced Test Equipment Rentals is a division of Ad! d Test

C
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and 1SO 9001 Certified Company. Equipment, shipping and calibration options are subject to availability.
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Microwave
Test Chambers

Expertise is one click away:
www.ets-lindgren.com/chambers
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An ESCO Technologies Company

www.tmworld.com TEST & MEASUREMENT WORLD




Ju3juo jeuifiig

vSiA

oL

140

eyby

xponyey

Aosey

ziemyss 3 epyoy
sy

IVMANYH 1531
dNOA OL

SL1O3INNOD
VLY

SUBWISIIBADY

b T o

S 590718 1y g «

aiopy

7]
w.*m_.... ,wmmc L é8usy woy op Nof op asaym
NG~ "pajenpe,s 8ANnoL _.w:o.am_am.acoo
Sleuoisssjo.q
Bunos Sawoojem 1831
6002 'zt aunp
Prom
JUsuRInsesy P58 oupy
m:,uao..h:ou ‘sdwayy “3j1uusy
S¥3IIYY) any
NOLLYOna3 ONRII3INIONT

alopy

Il diay paposse ey

PeaJaA| Zy sunp €PLJ Uo pausddey

uonisuen A1 g aiy N3,

a)9idwos uonisuen p1g
600Z ‘p1 sunp
Priom
JBUBInsESyY P 531 uoupz
1ea1uyoay 4OIUBS “amoy unieyy
SNWN10D any S.3Mmoy

aiopy
emes)|

8JBum Yaamse| wnisodwig semosnIy

leuonewsu g-1 1y 3331 8y) papusye |
Moys anemousdiw ay) je

SWBHYGY 3s8) pue ubisag

600Z '§L aunp
PHOM JusuRInsesyy B

3531 40up3 J1yD uosy yory

ainsesyy ay) bupjey ..
ASVO83IM OveNTvL Frren ]

ouizebew priopg Juowains. Y 3 7$0L 0} 3344 3814288NS

sSauvmyv

nsjJu

isuonaduasqns JayssmaN

SIN3A3

§30HNnOs3y

@ o0y

18169y |

Kowaw £4aag
81e/M0s adoos Xonys

fqwasse Sipuey msy e pue
$821040 10103 8501y Supnpu
‘Sainjes) fay 183 yym
ainsopus X08siis g1 adiy sy
P3apesbdn sey dluonas)3 ew)3
ainsojpus donisapaunow
41 sapeibdn ewj3

‘suopeandde

10u03 pue ‘soey ey g-z

Pue apoaseq us asn 10} 186wy

SImeluw e oyuy Swyuobe
Suipeas pyq S}oed ueasor

W imen | UL

Silew ved 3oap speas

J8bew asmejuny ueasosany

‘LI 49 papoddns
SIS8) 3oueydwoo sy Jo fue uy
Punoj syswainseaw sypads
1581 34y Jo fue asedwos pue
‘aJo|dxs ‘fejdsip 0} 8|qIssod
¥ SaeW ey j8s aumesy
€ Jnoyesig souendwon
$32nposul sjo0) adodsopso
LFIJ0 €0°g voisiap
asemyos
2d0950J11950 0} SIsOUBRIP
ddueldwod sppe vSvy

‘31N

Jyow N¥v3y oy JU3H o7y

188 Jsg) Uoneinaq ueypy pue

OSION aseyy om:mmybwbcwnxm Aﬁcgnto&.cm.f
vseis w.EcoEuEExm msu:voas

810l Jspsruoadn DI-L68Z 1apojy mau SU PaWGyGy

> "S8WN Juswainsesw pue uo)
Iqedes mau yum suy sazijeus 1eubis

401284 3y sy papesbdn SeY )1 ey psounouue wnjsodus;

anemo,

SHILLITSMIN

eai0y WL s@ eud muz N

[euoRewsau) sy je sswnysy falygay

48u8Auocodn Sadnposuy

‘49zfjeue jeubis so300n JY sepesbdn fejysey

S3IFOLS dOL

ANIZVOVIN

IO PIISAINLL

W1 1eqoo

S19]19|SMIN-3 e
S1SEIqaj ©

sapiny ubisag
2 siaded ajym ¢

03PIA
S]S3JU0")
sho|g e

SMap Ansnpuj

Wod*plMoAAINLL

arTyom

Ewm_.wsvmmﬁ



ASUR NT

TestLit Review:

RODUCT

TEMPERATURE
MEASUREMENT

Omega’s Temperature Measurement
Handbook offers detailed
information and specs on more

than 40,000 products for process
measurement and control, including
sanitary temperature sensors and
devices, wireless connectors and
instruments, profile temperature
labels, thermal imagers, and infrared
temperature products.

Omega Engineering,
WWW.omega.com.

RF MODULES

Panasonic Electronic
Components provides
flexible, cost-effective |-
RF modules for a
variety of wireless
personal-area-network
applications.
Extended range
products featuring
small footprints combined with network firmware flexibility are
available in 802.15.4, Bluetooth, ISM, and new RPA (relative position
awareness) hardware technologies.

Panasonic, www.panasonic.com/indcomp/rf.

Test & Measurement World’s
ANNUAL BUYER’S GUIDE

Our 2010 Buyer’s Guide contains
more than 60 product and service
categories, divided into five main
sections. Each section includes
hotlinked vendor names and a
sampling of products from the past
year. If you’d like more information
about advertising in the Test &
Measurement World 2010 Buyer’s
Guide, please e-mail Judy Hayes at
judith.hayes@cancom.com or phone
(800) 438-6597. www.tmworld.com
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nected via the supplied Tx/Rx antenna couplers, which
accommodate most aircraft-antenna variants.

The ALT-8000 performs RF simulation of radio altitude
from =100 ft to +50,000 ft, accurate to within 1.5 ft. You
can set the altitude rate to provide smooth ramping alti-
tude simulation to verify decision heights and altitude
trips. Up to three ALT-8000 test sets can be linked via an
altitude sync line for executing two-channel or three-
channel coordinated altitude simulation for dual-installa-
tion or triple-installation auto-land-system testing. The RF
looped test verifies Tx frequency, power, and sweep rate.

Price: $15,000. Aeroflex, www.aeroflex.com.

LMS enhances noise-test software

Revision 10A of LMS International’s Test.Lab integrated
software environment for noise and vibration testing
performs time-domain TPA (transfer-path analysis) and
MIMO RF testing and also offers new capabilities for
acoustic testing.

Time-domain TPA complements Test.Lab’s frequency-
domain TPA and is useful for analyzing transient phe-
nomena. MIMO RF testing extends the modal testing
techniques of Test.Lab and allows users to specify their
excitation signals, define a shaped amplitude spectrum,
and extend the application to multisine excitation.

For engineers who perform acoustic tests, the soft-
ware's Sound Quality measurement feature has been ex-
panded with new psycho-acoustic metrics used in the
automotive and aerospace sectors, while the Sound In-
tensity feature gained a 3-D acoustic mesh generator.
The software provides an overview of all measured and
processed data, quality indicators, and related compo-
nents to help users analyze the data for sound power,
source ranking, and sound source localization.

LMS International, www.Imsintl.com.

Hamamatsu introduces scientific
CMOS camera

Intended for low-light imaging at high frame rates, the
ORCA-Flash2.8 digital camera from Hamamatsu lever-
ages a scientific CMOS image sensor that achieves a
resolution of 2.8 Mpixels. A combination of high speed,
low noise, and ease of interface with external peripheral
equipment makes the camera suitable for a wide variety
of applications, such as semiconductor inspection, in-
dustrial imaging, and sensitive analytical measurements.

The ORCA-Flash2.8 delivers 45 fps at a full resolution
of 1920x1440 pixels. In addition, the camera achieves a
maximum frame rate of 1273 fps in subarray mode. The
FL-280 cooled CMOS image sensor keeps readout noise
minimal at just 3 electrons, even at very fast readout
speeds.

Other features of the ORCA-Flash2.8 camera include
an on-chip microlens and a high dynamic range of
4500:1, as well as on-chip analog gain and correction
functions. External trigger functions and timing output
functions ensure proper timing control with peripheral
equipment. A Camera Link Base configuration interface
is standard.

Hamamatsu Photonics, www.hamamatsu.com.
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USB Digital Storage Oscilloscopes

* High performance: NEW
* USB connected: Uses ITEM
USB and supports ¥

plug'n play, with 12Mbp 2
communication speed. % -

* Best performance for 5 A
your dollar: Thease units < ?f’ )
have many features that L -
are comparable to the high speed stand-alone
DSOs. But costs a fraction of the price.

* No external power required: Bus-powered from
the host computers USB port.

* Probes & USB cable included.

* Easy to use: Intuitive and easy to understand.

* Various data formats: Can save waveform in the
following formats:.txt .jpg .bmp & MS excel/word

40MHz DSO-2090 $169.00
60MHz DSO-2150 $194.00
200MHz DS0-5200 $289.00

Programmable DC Loads
The 3710Ais a
programmable
electronic DC
load, capable of
supporting up to
150W of power
& the Model
3711A, 300W of power.These devices can
be used with supplies up to 360VDC and
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[An exclusive interview with a technical leader]

MICHAEL VOHRER

President and CEO
Rohde & Schwarz
Munich, Germany

Michael Vohrer studied
communications engineer-
ing and began his profes-
sional career at Rohde &
Schwarz in 1975. Starting
as a development engi-
neer, he rose to become
head of the Test and Mea-
surement Division in 1996,
responsible for the market-
ing, design, and develop-
ment of T&M instruments
and systems. In 2003,
Vohrer became a member
of the executive board
and was appointed presi-
dent and COQ, in charge
of the Broadcasting, Test
and Measurement, Radio-
communications Systems,
and Radiomonitoring and
Radiolocation Divisions. In
January 2006, he became
CEO of the company,
which employs 7400
people in more than 70
countries.

Contributing editor Larry
Maloney spoke with
Michael Vohrer about
trends in communications
test in a recent telephone
interview.
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One-box solutions score with engineers

Q: Rohde & Schwarz celebrated its
75th anniversary in 2008. What fac-
tors have sustained the company
during that long history?

A: There are two important factors from
my viewpoint. First, we have continually
expanded our portfolio of test and mea-
surement products to offer a full basket of
solutions for a wide variety of applications.
And we’ve done this while meeting the
customers’ budget requirements. Second,
we have established subsidiaries all over
the world to be closer to the market and
to support our customers. Currently, we
have subsidiaries headed by our own peo-
ple in more than 70 countries.

Q: What applications will be the
biggest growth drivers for Rohde

& Schwarz in 2010?

A: One of the biggest growth drivers now
for our Test and Measurement Division is
LTE technology. We see a big demand for
the higher data rates in the wireless com-
munications world offered by LTE. There’s
great potential for implementation of LTE
in hundreds of existing cellular networks
all over the world.

Q: How did the global recession
change your company’s product
development and strategies?

A: Like many companies, we implemented
cost-cutting measures at a very early stage,
and that helped get us through the crisis.
We had to lay oft only a few people, and
managed to strengthen our R&D teams to
bolster our product portfolio. Recessions
last for a limited time, and it is more im-
portant to concentrate on preparing your
company for the business recovery.

Q: Isn’t it becoming more impor-
tant to offer affordable test and
measurement solutions?

A: Our aim, especially during tough eco-
nomic times, is to offer customers the best
price-to-performance ratio. Increasingly, we
achieve this goal by integrating all required
test and measurement functions into one

instrument. This allows you to perform
necessary applications without any addi-
tional instruments, while offering fully au-
tomatic measurement routines. Our “one-
box” solutions interact with the devices
under test in real time in applications that
are often not possible with single instru-
ments. They are also more economical.
Among the many examples of our one-box
products are the R&S DVSG digital video
signal generator and the CMU and CMW
radio communications testers for mobile
phone development and production.

Q: What were your most significant
product introductions of the past year?
A: One of the most important develop-
ments is not an actual instrument but the
ability of all our instruments to comply
with the new LTE standard. This is essential
to supporting customers in developing base
and mobile stations. Moving to specific in-
struments, there’s the new R&S ETL, a
multistandard platform for the analysis of
TV signals. It combines TV test receiver
and spectrum analyzer functionality in a
single unit, while providing high measure-
ment accuracy. Its a “just in time” product
that addresses the transition from the analog
to digital TV world. Another new key prod-
uct is our portable receiver, the R&S
PR100. Featuring an internal spectrum
analyzer, this compact instrument detects
signals up to 7.5 GHz for such diverse ap-
plications as radio reconnaissance, locating
interference sources, and frequency moni-
toring. Combined with our portable hand-
held antennas, the instrument serves as a
direction finder, with an integrated GPS re-
ceiver that shows not only where the signal
is coming from but also the location of an
interferer. T&’MW
e N\
Michael Vohrer talks more about
communications test and product
development in the online version of this
interview: www.tmworld.com/2010_05.

To read past Viewpoint columns, go to
www.tmworld.com/viewpoint.
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SAS,SATA, Fibre Channel, FCoE
— it doesn’'t matter with MRV

SAS/SATA, 2, 4, 8Gb Fibre Channel, FCoE, 10/100/1000 Ethernet

More corner cases covered in product design

Controlled simulation of cable breaks and intermittent links

MRV's 8Gb Fibre Channel Physical Layer Switch enables testing new generation
storage products and offers the most complete solution for the storage test lab.
Test automation allows you to thrive in tight budget periods by reducing costs and
increasing the test velocity in your lab with a nearly immediate RO,

For more information about the 8Gb products in MRV’s Media Cross Connect product line
visit www.mrv.com/tap email info@mrv.com or call 800 338 5316

KEEP UP WITH

MRV ON TWITTER! @ mrvc ™
%M Rv Connectivity Unlimited™



336 Volts of Green Engineering

MEASURE IT - FIX IT

Developing a commercially viable fuel cell vehicle has been a significant challenge because
of the considerable expense of designing and testing each new concept. With NI LabVIEW
graphical programming and NI CompactRIO hardware, Ford quickly prototyped fuel cell control
unit iterations, resulting in the world's first fuel cell plug-in hybrid.

S MEASURE IT FIXIT
Acquire Analyze Present Design Prototype Deploy
Acquire and Analyze and Present data Design optimized Prototype designs Deploy to the
measure data extract information with HMls, Web control algorithms on ready-to-run hardware platform
from any sensor with signal interfaces, and systems hardware you choose
or signal processing and reports

Ford is just one of many customers using the NI graphical system design platform to improve the world around
them. Engineers and scientists in virtually every industry are creating new ways to measure and fix industrial
machines and processes so they can do their jobs better and more efficiently. And, along the way, they are
creating innovative solutions to address some of today’s most pressing environmental issues.

>> Download the Ford technical case study at ni.com/336 800 258 7018
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